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!Elementary Analysis of the Future

ELEMENTARY analysis by micromethods is the
accepted and preferred procedure. The

glamour of special apparatus, small samples, and
delicate balances is intriguing, especially to those
outside the field. There is a rather conservative
attitude among microanalysts, because in their
work individual technique is so important. This
attitude tends to crystallize and prevent change of
method if acceptable results are obtained. Be
cause of these things the field of elementary analy
sis, in so far as instrumentation is concerned, has
not kept pace with the developments in spec
troscopy. Here automation and high-priced
gadgetry have reached a point where diminishing
returns have begun to appear.

However, looking at this example of what can
be done has made us believe that another look
should be taken at better instrumenting of some
procedures in elementary analysis. While we have
felt for some years that this was feasible, the
amount of research and money involved were
rather discouraging. The high development costs
of mass spectrometers and automatic emission
spectrometers and their purchase price, running
into thousands of dollars, give us courage to take
a fresh look at a determination like carbon and
hydrogen.

There is much handling of weighing and ab
sorption tubes,.so that even with automatic com
bustion it is still a rather laborious procedure.
Over the years the cost cif single-purpose instru
ments has reached a point where they are attrac
tive for wide application. The reason for this is,
of course, that an instrument-e.g., infrared-for
the measurement of the concentration of one ele
ment or compound can now be built rather simply
and hence at a reasonable price.

The carbon and hydrogen determination can be
run in a total of 30 minutes with automatic burn
ing equipment, but it is more likely to consume
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from an hour to an hour and a half. It has been
demonstrated that rapid burning in 5 minutes at'
a high temperature, 1000 0 to ~500° 6.,' a~d r~pid
sweeping of coml;mstion products could reduce the
time considerably. More research is necessary to
develop a technique whereby the sample could 1;>e
oxidized in 1 to 2 minutes. If this could be com
bined with a system whereby the carbon dioxide
and water could be collected and recorded in a
closed system, with the elimination of absorption
tubes whose conditioning and weighing consume
a large proportion of the time, then it is con
ceivable that the time could be cut to 5 minutes.
Actually, a steel analysis for carbon can be run in
this length of time, so that what we are proposing
is not so impossible as present procedure practice
would have us believe.

We write this therefore, not for the reason that
there is not a reasonable solution to this'problem,
but because there is such a gap between the
microanalysts and those skilled in instrument de
sign that they are likely to continue to go their
separate ways. It is to be hoped that some day a
combination of interests and imaginative research
will put elementary analysis on a par with other
instrument methods requiring highly developed
sensing and measuring equipment. To know that
such thi.ngs go slowly we need only look back to
the history of automatic program burning fur
naces. It took almost 10 years for the manufac
turers and microanalysts to accept the idea that
this type of furnace was practical and if built could
be sold.

In time we would like to see equipment designed
to measure rapidly all the combustion products
from one sample. By the time this has been
accomplished and accepted, we hope enough will
be known to make it possible to determine quanti
tatively all the elements in an organic compound
without destroying the sample.
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Figure 2. Potential-tilDe curve for reduction. of
4rnM cadIDiuID(II) in 1M potassiuID nitrate

Mercury pool electrode. Increasing time from right to left
Reproduced by permission of the Faraday Society
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E = Eo + RT In fCd++ CCd++ (1)
. 2F fCd CCd

the standard potential for the cadmium-amalgam
electrode

activity coefficient
concentration at the electrode surface

where Eo

It is seen from Equation 1 that variations of potential during
electrolysis are determined by the ratio. CCd++/CCd. The con
centration of cadmium ion at the electrode surface decreases
during electrolysis because of the consumption of this ion in the
electrode process. Conversely, the concentration of cadmium in
mercury increases since cadmium is continuously produced.
As a result, the potential becomes more cathodic as the electrol
ysis proceeds (Figure 2). Initially there is no cadmium in
mercury, and the potential of the mercury pool electrode accord
ing to Equation 1 should be + 00. Actually, this equation does
not hold when cadmium is not present, but at any rate the po
tential is markedly anodic. As the electrolysis proceeds, the
concentration of cadmium ions at the electrode surface decreases
and is finally equal to zero; the potential according to Equation
1 should then be - 00. Actually, the potential becomes so
cathodic that some process other than the reduction of cadmium
ion occurs-for example, the supporting electrolyte is reduced.

The time T at which the concentration of electrolyzed species
is equal to zero at the electrode surface is called transition time
according to a suggestion of Butler and Armstrong (2, 3). This
time is represented by segment AB in Figure 2. The square
root of the transition time is generally proportional to the con
centration of analyzed substance, and consequently the constant
current method has some potentialities in analytical chemistry.
Determinations can be made over a wide range of concentrations
-10-6 to 1O-2M-with good precision (possibly less than 1 to
2% error).

The foregoing comments concern electrolysis at constant cur
rent, but methods in which the current varies in a known fashion
during electrolysis can be conceived. Indeed; such a method in
which the current is a sinusoidal function of time was developed by
Heyrovsky (15). Valuable information on electrochemical

v

FundaIDentals of voltalDlDetry at constant current are
discussed and potentialities of the Jrnethod as an analy
tical tool are exalJllined. Concentrations are deterIDined
by IDeasuring the transition tilDe on potential-tilDe
curves. Relationships for transition-tilDe and/or
potential-tilDe (:urves are discussed for reversible, ir
reversible, consecutive, stepwise, and kinetic processes.
The influence of the capacity current in the selection of
the density of electrolysis current is also considered.

p

Figure 1. Schem.atic diagraID of apparatus
for 'voltalDlDetry at constant current

T HE potential of the working electrode in conventional vol
tammetry is controlled and the electrolysis current is the

measured quantity. The opposite method, in which the current
through the cell is controlled and the variations of potentilll of the
working electrode are followed during electrolysis, has seldom
been applied. Yet electrolysis at constant current is the oldest
voltammetric method, as its origin can be traced to the work of
Weber (27) in 1879. The method was applied about 1900 by
Sand (22), Cottrell (.4), and Karaoglanoff (16) to the verification
of Fick's law of diffusion and to the determination of diffusion
coefficients. A similar application was recently made by von
Stackelberg and coworkers (25). The method was applied by
Butler and Armstrong (2, 3) in electrochemical kinetics, but it is
only recently that the potentialities of the constant current
method in analytical chemistry were first realized, thanks to
the work of Gierst and Juliard (12, 13). Contributions to the
theory of voltammetry at constant eurrent, which recently had
not been fully developed., were made by Delahay and coworkers
(1,6-9).

Electrolysis at constant eurrent can be performed with the in
strument schematically represented in Figure 1. The cell is
connected to a power supply, P, which controls the current.
The potential of the working electrode e[ is measured against a
reference electrode, e2, by meaIlS of instrument V, which is
generally a pen-and-ink recorder or a cathode-ray oscillograph.
In general, the resulting potential-time curves can be analyzed
quantitatively when the following conditions are fulfilled: The
electrolysis current is constant, and the solution is not stirred
and contains a large excess of supporting electrolyte-Le., dif
fusion is the sole mode of mass transfer of the electrolyzed species.
Only linear diffusion is considered here.

A qualitath"e analysis of potential-time curves is described for
the simple case of the reductioIl of cadmium ion on a mercury
pool electrode. This process is reversible, and the potential of
the mercury pool electrode can be expressed by the N ernst equa
tion. If one assumes that the activity of mercury is equal to
unity (dilute amalgam), one has
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kinetics can be obtained by this method, but the quantitative
treatment of potential-time curves would be far more difficult
than for the constant current method. Analytical applications
of Heyrovsky's method are also possible, although the method is
more useful in qualitative analysis than in quantitative determi
nations (1.n

The theory of voltammetry at constant current is discussed
here, while applications are described by Reilley, Everett, and
Johns (20). Fundamental relations are listed in Table 1. The
notations are as follows:

TRANSITION TIME

The concentration of electrolyzed substance at the electrode
surface is equal to zero at the transition time. Hence,' this con
centration must be determined to obtain the transition time.
The derivation was carried out by Weber (27), but his value of
T is in the form of an infinite series which is rather cumbersome
to use. A more elegant solution was proposed by Sand (22),
who derived Equation 2 in Table 1. Sand solved Fick's equation
for linear diffusion for the proper initial and boundary conditions.
The boundary condition is obtained by expressing the current
as constant-i.e., the' flux of electrolyzed substance at the elec
trode surface is constant. If Co represents the concentration of
electrolyzed substance, the boundary condition is (t > 0)

substances involved in electrode process
electrode potential, volts
time, seconds
transition time, seconds
bulk concentration, moles per ml.
current density in amperes per sq. cm.
number of electrons involved in over-all electrode

process
transfer coefficient for electrode process
rate constant for an irreversible process, in cm. per

second and at E = 0 (vs. normal hydrogen elec
trode)

gas constant
absolute temperature
the faraday
0.059 volt at 25 0

3.14

Investigators

It is seen from Equation 2 that the precision of the transition
time for a given concentration depends on factors D and io. The
value of the diffusion coefficients, D, can be kept constant in com
parative measurements by using the same concentration of sup
porting electrolyte and by maintaining the temperature con
stant within, say, ±0.1° C. The precision of the current density
depends on the errors made in the measurement of the current
intensity and on the reproducibility of the electrode area. Since
current intensities can easily be controlled within ±0.1 %, it is
the reproducibility of the electrode area which is. determinative
At concentrations of the order of 10-2 to 1O-3M the maximum
deviation of T does not exceed approximately 1 to 2%, and the
maximum error of temperature is 0.5 to 1% (T 1I2 is proportional
to temperature, 0 C.). However, the current density at the
electrode surface will generally not be the same over the whole
electrode area, unless special care is taken in the design of the cell.
As a result, the calculated current density (current per area of elec
trode) differs somewhat from the actual current density in the
area of the working electrode whose potential is measured against
a reference electrode, Because of this uncertainty about current
densities, concentration determinations based on the application
of Equation 2 are not advisable and calibration of the cell is pref
erable. Thus, the current density in Equation 2 should be
multiplied by a factor (3 to take into account the variation in cur
rent density; (3 is generally smaller than unity because of the
shielding of the working electrode by the tip of the reference elec
trode. The value of the transition time can be calculated with
relatively good precision by introducing in this modified Equa
tion 2 diffusion current constants available in the polarographic
literature (19).

substance is consumed more rapidly at
the electrode, and the transition time is
shorter.

It is seen from Equation 2 that the
square root of the transition time is
proportional to the· concentration of
electrolyzed species and inversely pro
portional to current density. Hence,
the product iOT 1I2 is independent of cur
rent density for given conditions of elec
trolysis, and transition times obtained
at different current densities can be
correlated by Equation 2. The valid
ity of this conclusion has been verified
by several authors (12, 13, 16, 21, 22,
25). Equation 2 is not applicable when
there are kinetic complications (see
below).

Since T 1I2 is inversely proportional to i o, the transition time can
be adjusted over a wide range by proper selection of the current
density. In practice, values of T smaller than 1 millisecond can
not be measured precisely because of the effect of the residual
current which is discussed below. The upper limit of T depends
on, the care which is taken to avoid vibrations of the cell and
concomitant interference of convection with diffusion. The
authors have measure,d repeatedly transition times of the order
of 1 minute with a maximum deviation of approximately 1%.
These measurements, which are discussed by Reilley and cowork
ers (20), were made on the second floor of a building (with air
conditioning machinery in the building) without any special
precautions. Possibly much longer transition times could be
measured with precision although there is no real need for such
measurements.

Delahay and Berzins (7)

Karaoglanoff (16)

(8) Berzins and Delahay (1)

(7) Berzins and Delahay (1)

(6)

(5)

(4)

(3)

(2) Sand (22)

(9)

[e n')' n']72=71 ~ +2 m

Fundalllental Relationships

Equation

7rl/2 n FDl/2 CO
T

1
/

2 = 2io

RT T'I' - til'
E = ET/4 + ;:F In til'

RT 10 DR'/'
ET/' = E' + nF In IR Do'l'

E = E, +~ In [1 - (.!)'/']
anaF T

RT nFk'C' .
E, = anaF In -i-.-

Table I.

Do(oC%x)x _ 0 = io/nF

Process

Process without kinetic com
plication

Irreversible process involving
single rate·determining step

Stepwise processes

Reversible process, reaction
products soluble

Consecutive processes

O,R
E
t
T

Co
io
n

a
kO

R
T
F
2.3 RT/F

(10)

POTENTIAL-TIME CURVES FOR REVERSIBLE PROCESSES

The potential of the working electrode for a reversible process
can be calculated from the Nernst equation. The concentration
of the oxidant at the electrode surface is given by Equation 10,
and the concentration of the reductant, which is derived by
solving Fick's equation, is

where x is the distance from the electrode. The initial condition
is Co = Co if there is no gradient of concentration before electrol
ysis. The concentration for x = 0 is

2 io t 1l2

(Co)x_o = Co - 7r1/2 nFDo1/2CO

From Equation 10 one deduces that C decreases continuo~sly

during electrolysis and that C = 0 at the transition time t = T

(compare with Equation 2). The decrease in C is more pro
nounced as the current density is increased; the electrolyzed (

Do) 1/2
(CR)x_o = DR [CO - (Co)x_o] (11)
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Figure 4. Potential-tillle curve for the reduction of
4m,M potassiulll iodate in 1M sodiulll hydroxide
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the transition time from Equation 2, one obtains Equation 5 for
irreversible electrode processes.

It follows from Equation 5 in Table I that the potential, im
mediately after time t = 0, varies abruptly at the potential E.
defined by Equation 6. This is essentially the case for experi
mental potential-time curves, as can be seen from Figure 4. One
also deduces from Equation 5 that a plot of log {I - (t/r)lI'}
V8. E should yield a straight line whose reciprocal slope is 2.3
RT/ ",naF (Figure 5). This conclusion was verified experimen
tally by Delahay and Mattax (8).

The shape of irreversible potential-time curves is determined
by the value of the product ana-i.e., by the transfer coefficient '"
and by the number of electrons na involved in the activation step.
The transfer coefficient", is smaller than unity and na is in general
equal to 1 or 2. As a result, potential-time curves for irreversible
processes are more drawn out in the scale of potentials than in
the case of reversible processes. For example, the curve of
Figure 4 for iodate should have been very steep, had the process
been reversible (n = 6).

The potential Ei defined by Equation 6 depends on the current
density, and consequently current-potential curves for irrever
sible processes can be shifted somewhat in the scale of potentials
by adjustment of the current density. This might be interesting
in the case of overlapping curves (one reversible and one irrever
sible process), but the usefulness of this procedure is limited by the
small amplitude of the shift of potential (logarithmic dependence,
see Equation 6). The value of E. observed with a mercury elec
trode can be predicted from polarographic half-wave potentials
as follows:

.12

\.5r--.,--.--....-------,------,-------r--.i'l

-I

.40 .45 .50

E (volts vs. Ag -A 9 CI electrode)

Figure 3. Plots of log{ (r'f, - t'j,)/t'f,} t'S. E for reversible processes
Mercury pool electrode. O.lmM solution of reducible species [data supplied by Reilley et al.

(20) I. O.OIM potassium nitrate for thallium and lead, IN sulfuric acid for bismuth

By introducing (CR)%-O and (Co)% - 0 in the
Nernst equation, one obtains Equation 3 of
Table I which was derived by Kara,oglanoff
(16). This equation holds for cases in which
R is soluble either in solution or in the elec
trode (amalgam formation).

It'is seen from Equation 3 that a plot of log
\ (ri/ " - tll')/t i/ '} V8. E should yield a straight
line whose reciprocal slope is 2.3 RT/nF-e.g.,
O.059/n at 25° C. Karaoglanoff (16) at
tempted to verify this conclusion experimen
tally. Transition times were too long (several
hours), and discrepancies were observed be
tween theory and experiment on account of
interference by convection. Turner and
Winkler (26) were not successful either, be
cause they failed to work in the preBence of
a large excess of supporting electrolyte; the
effect of migration cannot be neglected under
these conditions. More reliable results were
obtained by Delahay and Mattax (8) who
used a fast pen-and-ink recorder (Brown, 1 second full scale de
flection, chart speed of 480 inches pel' hour) and selected values
of r of the order of 1 minute. The experimental slopes of the
logarithm diagramB for the reduction of thallium(I), cadmium(II)
on a mercury pool electrode and the reduction of ferricyanide
on a platinum electrode were essentially those predicted by
theory. The same conclusion was reached by Reilley and
coworkers (20). An example of logarithmic plot is shown in
Figure 3 for processes for which n = 1, 2, and 3.

One deduces from Equation 3 that the potential E has the
value ET/4 (Equation 4) at one fourth of the transition time.
Potential Em might therefore be called the quarter-time potential
or, as Reilley et al. suggested.(20), the quarter-wave potential.
The potential ET/4 is approximately equal to the standard poten
tial EO since the ratio fo DeY'/fRDoll" in Equation 4 is close to
unity. If a mercury electrode is utilized, Em is equal to the
polarographic half··wave potential as was pointed out by Delahay
and Berzins (7); Equation 4 is identical to the formula for the
polarographic half-wave potential (17). The validity of this con
clusion was demonstrated by Delahay and Mattax (8) who re
ported values of Em which do not differ from the Ell, by more
than 0.01 volt for the reduction of cadmium(II), thallium(I),
and ferricyanide. The Er/4 potentials in Figure 3 are also in good
agreement with the corresponding half-wave potentials (17).

Equation 3 is identical to the equation for the corresponding
polarographic wave, except that id and i are replaced by r ll'
and pI', respectively. Likewise, Equation 2 for the transition
time is the counterpart of the Ilkovic equation in polarography.
T.hese equations for the constant current method, which unfor
tunately remained buried in the literature for so long, were
derived approximately 30 years before the corresponding for
mulas in polarography were established by Heyrovsky and Ilkovic.

POTENTIAL-TIME CURVES FOR IRREVERSIBLE PROCESSES

No .assumption about the degree of irreversibility of the elec
trode process is introduced in the derivation of Equation 10, and
consequently Equation 2 for the transition time is also valid for
irreversible process. The potential of the working electrode
was derived by Delahay and Berzins (7) by equating the current
to the rate of electron transfer. Thu~

i o = nF'(Coh_o kO expo ( _ "'~~E) (12)

Equation 12 is written on the assumptions that the influence
of the backward process can be neglected and that the kinetics
of electron transfer is controlled by a single rate-determining
step; these hypotheses are valid for numerous irreversible proc
esses. By rearranging terms in Equation 12 and introducing
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Since the order of magnitude of ana is one, it follows from
Equation 15 that the potential Ei is not very different from Ell•.

Potentials Ell. calculated from Equation 15 on the basis of

The polarographic half-wave potential can be deduced from
the treatments of irreversible polarographic waves which have
been developed by various authors (5, 10, 11, 2.n for linear diffu
sion and by Koutecky (18) for diffusion at an expanding sphere.
One deduces from the latter author's treatment that the following
condition is fulfilled at the half-wave potential

where tp is the drop time. Equation 13 is written for cathodic
processes on the assumption that the backward process can be
neglected and that the maximum current during drop life is
measured. Equation 13 virtually holds for average currents.
By deducing kO from Equation 13 and introducing the' resulting
value in Equation 6 for Ei, one obtains, after simple transforma
tions,

or for 25°

kOt 11' (_ ot.naF Ell,)
p expo RT

DlI. = 0.76

Eo' - E + RT I 2 X 0.76
- 11' '" naF n ...11.

0059 (7')1/2E i = Ell. + _.-- log 0.86 -t
ana p

(13)

(14)

(15)

data obtained by the constant current method are in good agree
ment with experimental half-wave potentials as was demonstrated
by Delahay and Mattax (8).

CONSECUTIVE ELECTRODE PROCESSES

Two substances 0 1 and O. are reduced (oxidized) at somewhat
different potentials, and the resulting curve exhibits two steps.
The transition time 1'1 for the first step can be calculated by
Equation 2, but this is not the case for the second step. The
potential of the working electrode after the transition time 1'1

adjusts itself at a value at which substance O. is reduced. How
ever, substance 0 1 continues to diffuse toward the electrode at
which it is reduced. Because of this contribution of substance
0. to the current, the concentration of O. at the electrode surface
decreases less rapidly than it would have, had substance 0 1 not
been present. The contribution of substance 0 1 to the total
current is plotted against time in Figure 6 which shows that the
contribution of 0 1 is still important even when t is several times
7'1. This diagram was given by Berzins and Delahay (1) in
their derivation of the equation for the transition time 7'" This
derivation is involved but the result is expressed by the simple
Equation 7 in Table 1. Equations 2 and 7 are identical, except
that it is now the quantity (7'1 + 7'.)11' - 7',1/2 which is propor
tional to concentration instead of the square root of the transi
tion time. The validity of Equation 7 was verified for mixtures
of cadmium and zinc ions (1).

(17)

STEPWISE PROCESSES

Consider the stepwise reduction (oxidation) of a substance 0
in two steps involving nl and n. electrons, respectively. Only
the transition time for the first step can be calculated by Equa
tion 2. After time 1'1 substance 0 continues to diffuse toward the
electrode where it is reduced (oxidized) in a process involving
nl + n. electrons. Furthermore, the product formed during
the first step of electrolysis diffuses back toward the electrode
where it is reduced (oxidized) with the consumption of n. elec
trons. The value of 7'. was derived by Berzins and Delahay (1)
who reported Equation 8. This formula yields 7'. = 3 7'1 for

The case in which more than two substances are involved has
not been treated. It has been suggested by Reilley et al. (20)
that Equation 7 might be applicable in the form

The increase in transition time 7', resulting from the contribu
tion of substance 0, can be judged by considering the case in which
the diffusion coefficients and bulk concentrations of substances
0, and O. are the same. The transition times, 7'1 and 7'2, measured
in separate electrolyses are the same, while 7'. = 37'1 when both
substances are present in solution. This increase in the value of
7'. is advantageous when concentration C~ is much smaller than
C~. Furthermore, there is also the possibility of decreasing
manually or automatically the current density after the first
transition time is reached. The transition time 7'. can then be
adjusted at a value comparable to 7', although C~ is much smaller
than C~, but Equation 7 must be modified to take into account
the change in current density. Thus

)7'1 [«~»'J' + 7', (11' _ 7'111. [«~O»IJ ...lI2n.F D~ 12C~ (16)
I 1-0 • \ ~o • 2(i o).

where (io)1 and (io). are the current densities for the first and sec
ond step, respectively.

(7'1 + T • ••• + 7'p)I/' - (7'1 + 7', ... + 7'p-,)lI'
... 11. npF Dp C~

2io

Obviously Equation 17 yields Equations 2 and 7 when p is made
equal to 1 and 2, respectively. Equation 17 seems also valid
for larger values of p as indicated by experimental results (20),
but the derivation of this equation appears very arduous even
for p = 3. Cases in which p is larger than 2 or 3 have little

·practical value in view of the accumulation of errors in the de
termination of consecutive transition times.
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which shows that the ratio Te/T increases with io. Hence, the dis
tortion of potential-time curves is more pronounced when the
current density is increased. Since P is proportional to the bulk
coneentration Co of electrolyzed substance, the distortion of
potential-time curves is more aceentuated as the bulk concen
tration of electrolyzed substance is decreased. In practice it is
observed that even with solutions as coneentrated as 5 X 1O-2M
the distortion of potential-time curves becomes very pronounced
when the current density is so large that the transition times are
shorter than 1 milliseeond.

Because of the distortion of potential-time curves, standardized
methods must be adopted in the graphic determination of transi
tion times. The method illustrated in Figure 8, A, which is in
spired from polarographic practice, was recommended by Delahay
and Berzins (7). It is applicable when the segments AH and CF
are almost parallel. One constructs AB = 1/4 AC and HG =
1/. HF; line BG interseets the potential-time eurve at E T14, and
KL represents the transition time. When lines AK and CF are
markedly diverging, the construetion of Figure 8, B, is to be
preferred. The transition time is represented by segment KL·
L is the point at which the potential-time curve becomes essen~
tially linear. The eonstruetion of Figure 8, A, is justified for
reversible processes in view of the definition of potential ETI•.
This is not the case for irreversible proeesses, but any other
graphic construction would be just as empirical when the seg
ments AH and CF are not parallel.

Electrolysis times eaI;l obviously be plotted along the ordinate
axis instead of the abscissa axis; potential-time eurves have
then the same appearance as polarographic waves.

It follows from these equationsnl = n2 and T2 = 8TI for 2 nl =~. Equation 8 was verified
experimentally (1) for the reduction of oxygen (T2 = 3 TI) and
uranyl ion (T2 = 8TI).

COMPLICATIONS RESULTING JFHOM KINETIC AND
ADSORPTION PROCllSSES

The transition time for numerous processes is accounted for
by Equation 2. However, there are exceptions for which the
product i oT I / 2 decreases with increasing; current densities, while
this product should be constant according to Equation 4. This
effect is shown in Figure 7 where Tk is the observed transition time
and Td is the transition time which would have been observed
had there not been any departure from Equation 2. This ab
normal behavior, which was first observed by Gierst and Juliard
(12, 15') for the reduction of cadmium cyanide, was explained by
these authors by ;~ssuming that the complex undergoes some
chemical reaction before the electron transfer process. Such
"kinetic" complications have been reported in polarography for
certain substances, although not for complex ions in general;
the polarographic behavior of the complexes of Figure 7 is
normal-Le., limiting currents obey the Ilkovic equation. Thus
kinetic effects which can be detected by yoltammetry at constant
current. do not necessarily appear in polarography. Gierst and
Juliard (12, 13) ca.lculated the transition time by introducing
the reaction layer thickness, but their results are approximate
because the concept of reaction layer thickness is somewhat
artificial. A rig-orous treatment was given by Delahay and Ber
zins (1 ) who reported

various terms in Equation 2.
that

~=
T

Q io
p2 (19)
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POTENTIALITIES OF CONSTANT CUR,RENT METHOD

Voltammetry at constant eurrent has interesting features which,
in some cases, may render the method more advantageous than

-4
CURRENT (10 amp.)

Figure 7. Variations of (n/T<I) 112 with current for the
reduction of various complex ions

1. ImM zinc, 2M' ammonium hydroxide, 2M ammonium chloride
2. ImM cadmium. 1M potassium iodide, 1M potassium nitrate
3. 1mM nickel(II), 1M potassium cyanide. 1M potassium nitrate
4. 2mM cadmium, 0.5M sodium tartrate, 1M sodium nitrate
5. 1mM cadmium, 0.1M dipyridyl, 1M potassium nitrate
Electrode area, 0.02 sq. em., approximately (dropping mercury electrode)

Reproduced by permission of the Faraday Society

MISCELLANEOUS PROCESSES

In addition to the foregoing theoretical developments, the
following problems have been solved: transition time in elec
trolysis with reversal of current after the transition time (1);
equation of potential-time eurve for the second step in the elec
trolysis of two substances (1); kinetic processes in whieh the
product of electrolysis undergoes a chemical reaction (9); cata.
lytic processes involving a first order chemical reaction (9);
anodic oxidation of metals with formation of a sparingly soluble
substance or a complex ion (9); transition time in the case of
mixed eontrol by linear diffusion and electric migration (9); and
transition time for spherieal diffusion (9).

(18)

where '~b = rate constant for the baekward chemical reaction
preceding the elect:ron transfer and K = equilibrium constant
for the chemical process. Equation 18 holds for values of k~1/2

Tk l12 larger than 2 and for first-order chemical reactions [for
other conditions see (7)]. It follows from Equation 18 that Equa
tion 2 ean be applied, provided that the quantity T<l1/2 K kb

l /2

is mueh larger than unity. This will be the case when the tran
sition time T<I is sufficiently long-i.e., when the current density
is low enough (see Equation 2). Since 7'<11/2 is inversely propor
tional to current density, one can, in principle, find a
value of i o so large that (Tk/T<I)1/2 < 1. This current density
may in some cases be in the range usually selected, and a serious
error may arise from application of Equation 2 in the conversion
from onp current density to another. Therefore, it is essential
to verify that the product i oT I/2 is actually independent of current
density before converting, by means of Equation 2, transition
times obtained at different current densities.

Another cause of error may result from the adsorption of
substances such as gelatin on the electrode. Gierst and Juliard
(12, 13) studied this effect in the case of the dropping mercury
eIectrode. Potential-time curves were recorded in a small frac
tion of drop life, and consequently the mercury drop behaved
practically as a stationary electrode. The addition of gelatin
(0.001 % or even less) caused an appreciable decrease in the tran
sition time. Observations on the behavior of the mercury pool·
electrode would be of great interest.

INFLUENCE OF DOUBLE LAYER

Since the potential of the working electrode varies during elec
crolysis, the surface charge density of eleetricity at the interlace
electrode-solution varies, and a fraction of the current through
the cell is used in the charging or discharging of the double layer.
As a result, potential-time eurves are distorted, as can be seen
from Figure 2; the segments traced in dashed lines in this dia
gram should be essentially vertical, had there been no double
layer effect. The quantity of electricity used in the charging
(or discharging) of the double layer between two potentials E I

and E 2 is Q = iOTe where Te is the time elapsed from E I to E 2 in
the absence of any electroehemical reaction. Furthermore, one
has io T I/2 = P where T is the transition time and P represents
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Figure 8. Graphic deterDlination of transition
tiDle
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other electrochemical methods of analysis and in particular con
ventional polarography: good precision; no fluctuation in the
measured quantity (in contrast with the fluctuations of the dif
fusion current in polarography); possibility of determining con
centrations as low as 1O-6M; possibility of using solid or mercury
electrodes; possibility of analyzing certain two-component sys
tems without preliminary separation (see above); and utiliza
tion of instruments in which the electrolysis can be stopped
automatically at the transition time, as was demonstrated by
the work of Sartiaux (23). Two disadvantages should be 'men
tioned: no steady reading is observed; and consumption of
mercury is larger than in polarography. Finally, voltammetry
at constant current is a useful tool in electrochemical kinetics
(6-8).

Voltammetry -at constant current appears to be a promising
new analytical tool. In future work it might be worth while to
designate this method by the term "chronopotentiometry,"
which is less cumbersome than "voltammetry at constant
current."
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Voltammetry at Constant Current
Experiinental Evaluation
CHARLES N. REILLEY, GROVER W. EVERETT, and RICHARD H. JOHNS

University of North Carolina, Chapel Hill, N. C.

The feasibility of voltaDlDletry at constant current
(chronopotenti~Dletry) as an analytical Dlethod is
elucidated in the cathodic reduction and anodic oxida
tUm of siDlple ions at platinuDl and Dlercury pool elec
trodes where transition tiDles vary between 4 and 60
seconds. Interpretation of potential-tiDle curves yields
successful analytical results for solutions of single and
Dlixed ions in concentrations of 5 X 10 -5 to 1 X 10 -2M.
Theoretical and experiDlental cODlparisons to other
polarographic Dlethods are discussed. Several support
i~g electrolytes are exaDlined, and practical apparatus
and technique are described.

CLASSICAL polarography has in 20 years attained a position
of unique importance in analytical chemistry. While there

has been great progress in instrumentation and technique, the
method is hampered by two characteristics of the dropping

mercury electrode itself: The charging current of the growing
drop is exceedingly large, and the pulsating nature of the meas
ured current variable makes its evaluation difficult. These
factors constitute a practical limitation to analytical polarography
in lower concentration ranges where the diffusion currents en
countered are small.

Several recent contributions to the polarographic field have
been directed toward enhancing the sensitivity of the method
by lessening the charging current of the system caused by an
increasing electrode surface area. Stationary and moving
platinum electrodes are advantageous in this respect, but lack the
surface reproducibility and favorable hydrogen overvoltage of
mercury. Mercury macroelectrodes have proved advantageous in
oscillographic polarography but, because of the short scanning in
terval involved, the charging current density is relatively great (5).

From the analytical standpoint (especially for voltammetry at
constant current, chronopotentiometry, where voltage-scan or
transition times are made relatively long for accurate measure-
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ments), the quiet mercury pool electrode would seem ideally
suited. Its surface is constant and reproducible, and its hydro
gen overvoltage is high. The strictly linear diffusion problem
encountered with a pool may be treated more rigorously than that
of a growing spherical. drop. While the surface area of the elec
trode has no theoretical influence upon the detectability of the
electroactive species, a large pool is practically advantageous in
being flatter and more reproducible. The pool used here is
slightly less than 2 em. in diameter, and platinum electrodes used
for comparative studies ~re of similar area.

The measurement of transitory phenomena affords a unique
analytical adva,ntage: The combined ability to use quiet solutions
(because a state of complete rest can be better reproduced than a
state with a definite stirring action) and electrodes of constant
area (to minimize charging current).

The transitory methods might be classified along the following
pattern :

A. Application of potential to electrode-solution interface and
measurement of resulting tmnsitory current

1. Potential constant with tinle
2. Potential varies linearly w;.th time
3. Potential varies sinusoidally with time
4. Potential varies as squarE,-wave with time
5. Potential with small superimposed alternating current

pOl;,mtial varies linearly with time
6.

B. Applical;ion of current to electrode-solution interface and
measurement of resulting transitory potential

1. Current constant with time ("chronopotentiometry")
2. Current varies sinusoidally with time
3.

C. Indirect application and measurement of current and/or
potential

1. Bridge methods
2.

Methods A 2 and B 1 have the advantages of covering a
potential spectrum in a single trial and yielding results that may
be interpreted in a relatively simple and straightforward manner.
In addition, these two methods have properties which allow the
distorting effect of the charging current to be minimized.

In chronopotentiometry, .. the charging time comp~nent varies
inversely with the current density, whereas the transition time for
the diffusion-controlled electrochemical reaction varies inversely
with the square of the current density. Thus halving the current
density will double the charging time, but will increase the transi
tion time four-fold. The use of smaller current densities, neces
sary for very low concentrations, actually produces an enhance
ment of the response ratio of the system, and yields a great over
aU sensitivity. The ultimate limitation for increasing the re
sponse ratio by decreasing the current density occurs when the
transition time becomes greater than approximately 1 minute.
After about I minute, convection currents begin to contribute
and abnormally large and erratic tI'&.nsition times are encountered.

Linear voltage-scan polarography, transient method A 2, has a
similar advantage. The charging current is proportional to the
scanning rate.. Hence, for less clhltortion, lower scanning rates
must be used, but this in turn causes the peak-current response to
decrease. This decrease in peak-current response may be com
pensated to some extent by using more sensitive current recorders.
The real limitation in decreasing the scanning rate is caused
whenever the time required to semI the voltage from the foot of
the first wave to the peak of the last wave exceeds about 1 minute.
If longer times are employed, eonvection currents will begin
to contribute and results will be erratic.

Chronopotentiometry has a defmite advantage over method
A. 2 for systems containing more than one reducible species. In
method A 2 the peak current for the second wave depends upon
the concentration of the species yielding the first wave, the con
centration of the species yielding the second wave, and the differ
ence between the two half-wave potentials. In chronopotenti
ometry, the height of the second wave depends upon the concen
trations of both species, but is independent of the difference be-
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tween their half-wave potentials. Furthermore, in method A 2
as the time required for the total scan should not exceed about 60
seconds, the wider the separation of the half-wave potentials
between the first and last waves, the greater will be limitation on
the minimum rate of searl that can be tolerated. Thus two
species with half-wave potentials very widely separated cannot be
determined in as low concentrations as for two species with half
wave potentials closer together. No consideration of this type is
necessary for chronopotentiometry. Streuli and Cooke (5) have
used quiet mercury pools in the A 2 technique, and have obtained
better sensitivity than that available in conventional dropping
mercury electrode polarography; a comparison between their
results and those obtained by chronopotentiometry is therefore of
interest.

Ag/AgCI

Figure 1. ChronopotentiOluetry cell

The present e'l'aluation of chronopotentiometric analysis is
based upon constant-current, diffusion-controlled electrolysis in
unstirred solutions (3). Included are a study of single- and multi
ple-iron reductions at the mercury pool electrode; an investiga
tion of several background electrolytes; and a comparison of
theoretical and practical relationships among current, concentra
tion, and transition time. Use of the platinum electrode is
investigated and discussed for the sake of comparison with polaro
graphic techniques.

APPARATUS AND MATERIALS

Electrolysis Cell. The cell used for chronopotentiometry is
adapted from the design of Streuli and Cooke (5), and is illus
trated in Figure 1.

It consists principally of a glass cylinder, 2 em. in diameter,
connected through a sintered disk to a silver-silver chloride refer
ence electrode. A stopcock at the bottom of the cell permits
easy draining, and an integral glass jacket provides for the
circulation of constant-temperature water (25 0 ± 0.1 0

' C.).
The ground-joint top supports a small platinum wire electrode
and a bubbling tube terminating in a sintered disk; the fritted
glass increases the dispersion of nitrogen used in sweeping, thereby
decreasing the time necessary for oxygen removal. A. three
way stopcock may be adjusted for the initial sweeping of the
solution, or alternatively for the passage of nitrogen above the
solution during electrolysis. .

The pool electrode consists of about 5 ml. of mercury, to which
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PROCEDURE

Figure 3. Circuit for chronopotentiolDetry

LaN STRIP CHART

RECORDER

pH or
POTENTIAL

METER INTERVAL

TIMER

Current Supply. Electrolysis current is supplied by a bank of
five 45-volt dry batteries connected in series and tl;tpped for
various potentials as shown in Figure 3. A series of fixed resist
ances is inserted in the circuit in such a way that, by varying
both voltage' and resistance, a large variety of constant currents
from 10-3 to 10-7 ampere may be obtained. Current values
were calibrated, while electrolysis was in progress, by measuring
the potential drop across a standard resistance by means of a
potentiometer.

E. Series of 45-volt batteries with taps for 90-225 volts
RI. Series of fixed swam ping resistances
R2. Standard resistance box
... Reference half cell
e2. Auxiliary electrode
e3. Polarizing electrode

e2-e3. Polarizing current circuit
el-e3. Potential indicating circuit
L&N pH meter. line-operated Model 7664

Measuring Circuit. The changing potential of the working
electrode is followed during electrolysis by a direct-reading milli
volt meter of high input resistance. A Leeds and Northrup
Catalog 7664 pH meter serves the purpose, and its output was
connected to a potentiometer-type strip-chart recorder. The
Brown Electronik recorder with a full-scale scanning speed of 4.5
seconds and a chart speed of 8 inches per minute was used.

The changing potential may be followed with fair accuracy by
watching the millivolt meter and timing the scanning interval
between two points by means of a stop watch. Automatic
interval timing could be attained by connecting the output of
the meter of a trigger relay system, which would start and stop a
timer at predetermined potentials. .

Chemicals and Solutions.' Chemicals used were of reagent
grade and were analyzed as necessary by conventional procedures.
StockO.IM solutions were prepared from the nitrates of thallium,
copper, cadmium, bismuth, lead, and zinc; solutions of potas
sium ferrocyanide, ferric chloride, and ferrous chloride were also
prepared, and all were diluted volumetrically to the concentra
tions used in electrolysis. It was found that water produced by a
Barnsted Bantam ion exchange demineralizer contained less
electro-reducible contamination than the available distilled
water. The standard supporting electrolyte was potassium
nitrate in either 0.1 or 0.01111 concentration. Hydrochloric,
nitric, and sulfuric acids were used where noted, as well as potas
sium chloride and buffered phosphate (pH 7.2).

Commercially obtained mercury was found to contain im
purities which caused erratic results. Mercury was redistilled
in the laboratory and freed of last traces of oil by allowing it to
stand for a few hours in a grease-free buret.

Nitrogen used for sweeping was of the oxygen-free Seaford
grade (Air Reduction Co.), and was used without further puri
fication. It was saturated with water vapor at 25 0 and led to the
cell through a system of Tygon tubing.

The cell is mounted on a special heavy stone ring stand, spring
supported and'further cushioned with sponge rubber to minimize
vibration. A pump provides circulation of constant-temperature
water to the outEtr jacket of the cell.

Five milliliters of mercury are run into the cell to form the pool
electrode.' Alternatively, the pool is omitted and a platinum
foil electrode, supported by an auxiliary cell top, is used. Ap
proximately 20 ml. of solution are added, and the three-way stop
cock is adjusted for bubbling of the liquid with nitrogen. After
a bubbling period of 10 to 20 minutes, the gas flow is changed for

electrical contact is made by a platinum wire fused into the
glass; the area of the pool was calculated to be 2.76 cm. A
coating of Beckman Desicote on the inner surface of the cell
prevents wetting of the glass by mercury or solution, thus main
taining a mercury-solution interface of constant area. An
auxiliary cell top supports a platinum foil electrode for use in
electrolysis at the platinum surface.

Delahay (2) developed the cell shown in Figure 2. He and
Mamantov used it to obtain the very precise results in the elec
trolysis of iodate which are presented in Table 1. The lower plug
is of Lucite, and the mercury cavity is accurately machined on a
lathe. Because Lucite is wet by neither mercury nor solution,
the interface.is constant and reproducible. The area of a mercury
pool depends upon the potential because the extent of curvature
around the edge of the pool depends upon the interfacial tension,
which in turn depends upon the potential. The use of large pools
minimizes this consideration. The reference electrode is very
close to the mercury surface, thus minimizing the effect of ohmic
potential differences caused by the electrolyzing current.

"1. Current, 1.057 rna.
2. Current, 5.324 rna.
3. Current, 10.33 rna.
4. Current, 0.136 rna.
5. Supporting electrolyte, 1M NaOH, T measured at -1.30 volts

(S.C.E.)' ,
6. Supporting electrolyte O.IM KNOa, T measured at -0.578 volt

(S.C.E.).
b Data supplied by Delahay and Mamantov (8).

Figure 2. ChronopotentiOln-
etry cell (2)

Table I. Precision for Transition TilDe DeterIDinations
with Mercury Pool

10 -3 Iodate, 5 X 10 -, Iodate. 10 -2 Iodate, 7 X 10-' Cd ++.
Moles/L. Moles/L. Moles/L. Moles/L.
0.5)a,b (2, 5)a, b (3, 5)a, b (4,6)"

Dev., T. Dev., T, Dev., T, Dev.,
sec. % sec. % sec. % sec. %

58.5 0 55.15 -0.09 56.9 -1.04 37.5 -1.8
58.4 -0.17 55.9 -1.27 57.65 0.26 37.7 -1.3
58.55 -0.08 55.45 0.45. 57.5 0 38.9 1.8
57.9 -1.03 54.8 -0.73 57.35 -0.26 39.1 2.4
58.5 0 55.1 -0.18 57.8 0.52 38.5 0.78
58.6 0.17 55.3 0.18 57.5 0 38.3 0.26
58.95 0.77 55.35 0.27 57.85 0.61 37.3 -2.4
58.6 0.17 54.9 -0.54 57.0 -0.87 39.1 2.4
58.8 0.51 55.0 -0.36 57.5 0 38.0 -0.52
58.45 -0.08 55.05 -0.27 57.5 0 37.5 -1.8

58.5 0.30 55.2 0.43 57.5 0.36 38.2 1.55'
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DeB A

Effect of supporting electrolytes using
m.ercury pool

A. 4.62 X 10-' ampere
B. 2.30 X 10-' ampere
O. 7.30 X 10-' ampere
D. 3.28 X 10-' ampere
E. 1.47 X 10 -, ampere

sweeping of t,lle upper portion of tile cell, and the system is
allowed to come to a complete stal,e of rest before electrolysis is
begun.

A double-pole single-throw switch could serve to start the elec
trolyzing current and the chart drive of the recorder simul
taneously. However, more accurate results are obtained by
allowing the chart drive to come up to full speed before the
electrolyzing current is turned on. When no electroactive species
iE present, the cathode potential sweeps rapidly and continuously
to the decomposition voltage of hydrogen ion, and the recorded
potential-time curve, of the type shown in Figure 5, registers
merely the charging of the double l.'Lyer of the working electrode.
lf, on the other hand, an electroaetive ion is present in the solu
tion, the potential scans rapidly, a,1 before, to the decomposition
potential of that ion; then a potential holdup occurs as a diffu
sion layer is e~tablished. When a state of complete concentra
tion p.olarization is attained, the seHn continues, but at a reduced
rate, produeing a potential-time curve of the sort illustrated in
Figure 4. The scanning rate for the upper plateau is decreased
by virtue of the fact that the total current is now divided between
the charging current and an import.~ntdiffusion current resulting
from the electrochemical reaction. Electrolysis is discontinued
as soon as the upper portion of the curve is well defined; unless
stated otherwiEe, the transition time is determined graphically as
described by Delahay and Mamantov (3).

~AB I

- 5U

'"m

'"nE A atc

0.2

Figure 5.

0.1 M KN0!i SUPPORTING ELECTROLYTE

DBA E

0.1 M Hel

- 0.2 -04 -06 -OB 'lO -1.2 -1.4 . -1.6

POTENTIAL (vs. S.C.E., volts)

'"..
5 e

60

Pb

Figure 4, Potential-tim.e cU:rve for lead, cadm.ium.,
and zin(, ions

Mercury pool using O.lM liNO,
Lead ion 1 X 10-' M, 1.8 ~ 10-' ampere
Cadmium ion 6.90 X 10-' M, 1.8 X 10-' ampere
Zinc ions 1.15 X 10-' M, 2.73 X 10-' ampere

0, I, 1.,.I!t, 1.,.1114

Moles/L. .., Amp. Amp. Sec.
'
/· --0--

X 103 Sec. X 10' X 10' X 10+'

4 35.8 2.93 1.75 0.438
15.4 4.40 1.73 0.433
8.4 5.87 1. 70 0.425
5.3 7.47 1.72 0.430

6 35.8 4.40 2.64 0.440
19.5 5.87 2.59 0.432
12.2 7.47 2.61 0.435
8.4 8.90 2.58 0.430
4.5 11.9 2.52 0.420

8 37.9 5.87 3.60 0.450
23.6 7.47 3.60 0.450
16.1 8.90 3.57 0.446
8.8 11. 9 3.54 0.442
5.6 15.0 3.56 0.445

10 35.5 7.47 4.44 0.444
24.9 8.90 4.44 0.444
13.5 11.9 4.37 0.437
8.4 15.0 4.35 0.435

Average 0.438
Average deviation 0.0068
% a.verage deviation 1.55

• 0 in moles/mi.

as the working electrode, solutions of 0.1 or O.OIM potassium
nitrate are found to be the most useful. The generation of
hydrogen does not begin until well beyond -1.0 volt (V8. S.C.E.)
for currents of 3.5 X 10-5 ampere or larger, and hence would
cause no interference in the reduction of many ions. The method
of plotting is taken to resemble purposefully that of polarographic
convention, in which cathodic currents are represented by a posi
tive current scale and anodic currents by a negative one. As time
is the measured variable in chronopotentiometry, cathodic
transition times are plotted above the zero axis while anodic
transition times are measured below it.

One effect must be realized which may be ascribed to the
adsorption of oxygen or a thin layer of mercuric oxide on the
mercury surface, since it persists despite prolonged sweeping of
the solution with nitrogen. It was often noticed that an
anomalous wave occurred during an electrolysis. A second run,
after stirring with nitrogen or shaking to remove the diffusion
layer, showed practically complete elimination of this wave.
Also the transition times of ions reduced at more negative
potentials than this anomalous wave were practically the same for
the two trials. Had this anomalous wave been caused by an im
purity in the solution, the height of the subsequent waves would
have been enhanced, following the general theory of consecutive
reductions discussed later. Bowden and Rideal (1) in their

Table II. Chronopotentiom.etric Analysis of Potassium.
Ferrocyanide Solution by Anodic Oxidation with Platinum.

Electrode

Zn

-1.1-0.9-0.7-05

POT EN TIAl {vs. S.C.E.)

CdLL-
-0.3

20

o

u
~ 40

w
::;:

t--

RESULTS

Background Electrolytes. Potential-time curves resulting
from the electrolysis at several current densities of two support
ing electrolytes are shown in Figure 5. With the mercury pool

The coupling circuit between the pH meter and recorder is so
ll.rranged that the full strip-chart width corresponds to a scan of
1 volt. A variable auxiliary 1.5-volt source, placed in series
with the input to the meter, provides a bucking potential which
allows any I-volt scan within the range of -2.5 to +2.5 volts to
be recorded.

'Two runs per solution may be made with reproducible results.
If more trials are attempted, the transition times decrease, owing
to reduction of the bulk concentration in solution. The deviation
becomes more pronounced 'for smaller currents and larger pools.
The requirement of frequent changes of a relatively large quantity
of mercury constitutes one of the most serious disadvantages of
the method.

Transition times may be arbitrarily varied over wide limits by
appropriate selection of electrolyzing currents. In practice, scans
of less than 4 seconds are likely to be distorted by the lag in re
sponse of the recorder, while SCaI\H appreciably longer than 1
minute are more subject to the effect!1 of convection in the solution
en. The diffusion !.ayer extends further into solution with longer
times and hence is more susceptible to distortion by vibration.
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that cleaning decreased the hydrogen overvolt
age of the electrode but did not alter its effec
tive area.

With the platinized platinum electrode, the
curves were neither as reproducible nor as well
defined. The evolution of hydrogen from the
hydronium ion as well as from water began at
more positive potentials, as would be expected.
Platinizing an electrode will increase its pro
jected area only slightly, but its microscopic
area will be increased manyfold. At low cur
rent densities, the diffusion layer will extend
well beyond the surface roughness and the tran
sition time will therefore depend more upon the
projected area than upon the microscopic area.
Thus the height of the hydrogen wave is in
creased relatively little by platinization. The
steep slope of the curve in the region just beyond
the transition period is attributed to the greatly
increased microscopic area with its large double
layer capacitance and its increased ability to elec-
trolyze the water.

Single-Ion Reductions. Delahay and Maman
tov (3) have presented equations describing var
ious chronopotentiometric processes. The key
relationships for interpretation of potential-time
curves from single-ion reactions are as follows:

(symbols are those of Delahay and Mamantov; 1 is current
and A is electrode area)

-1.0-0.8-06
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Effect of supporting electrolytes using platinuDl electrode

1. 1.50 X 10-, ampere
2. 3.00 X 10 -. ampere
3. 6.12 X 10-' ampere
4. 2.25 X 10-' ampere
5. 4.50 X 10 -, ampere
6. 1.35 X 10 -, ampere
A. Wave due to adsorbed oxygen (1.35 X 10-' ampere)
B. Wave due to adsorbed hydrogen (1.35 X 10-' ampere)
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If chronopotentiometry is to be of value as an analytical
method, experimental data should be consistent with theoretical
conclusions.

Equation 1 was verified in this laboratory by preparing from a

(2)

(3)

POTENTIAL (vs.S.C.E.l

2iO"T1/' 21"TI/'

Co = nF7f'I/' Dl/2 - nF7f'l/2 DI/. A

Figure 8. Effect of electrolyzing
currents on potell;tial-tiDle curves

Mercury pool
Cadmium nitrate (5 X
lO'M in O.lM KNO,)

1. 6.00 X 10 -, ampere
2. 7.50· X 10 -, ampere
3. 9.00 X 10 -, ampere
4. 1.35 X 10 -. ampere

For a particular ion and a constant electrode area it may be
seen from Equation 2 that:

1"T 1 /2---co - a constant

study of the electrolytic behavior of thin films observed the same
phenomenon.

Other supporting electrolytes examined with the mercury pool
were potassium chloride, sodium acetate, and hydrochloric, nitric,
and sulfuric acids. The working range of acid solutions is limited,
of course, by the evolution of hydrogen.

Potassium chloride and buffered phosphate solutions offer a
wide potential range for oxidation or reduction reactions at the
platinum electrode with currents of 2 X 10-6 ampere per square
centimeter or larger. Again, the effects of adsorbed films are
evident at low currents; the dotted curves of Figure 6 show the
effect of perhaps A, oxygen, and B, hydrogen films.

Figure 7 illustrates the potential-time curves for hydrogen
evolution from a solution of O.OOlM hydrochloric acid in O.IM
potassium chloride at bright and platinized platinum electrodes of
almost the same projected geometrical area. Well-defined curves
are obtained for the bright electrod~; the quarter-wave potentials
for the electrode varied considerably with its "cleanliness," a
freshly-cleaned electrode evolving hydrogen at more positive
potentials. An interesting result is that the same transition time
was obtained for the various stages of cleanliness. This implies
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T"2 - t1/2
wave a plot of log~-- versus the voltage, E. The results (3)

showed the relation to be linear, and the slope yielded n-values
within 1% of theory.

The evaluation of the theoretical relationship of current, time,
and concent.ration (Equation 2) is presented by Figures 8, 9, and
10, and by the data of Table III. Before the initial phase of the
work and without the authors' knowledge, data for the proof of
Equation 2 had been taken with fairly short transition times (1
to 1O-~ second) using oE:eillographic techniques. Beeause longer
transition times eould be more accurately and easily measured,
the author,' data were taken to show the validity of Equation 2
for transition times between 4 and 60 seconds. Figure 8 illus
trates the effect of current upon the potential-time curves ob
tained in the ion-amalgam reduction of a given concentration of
cadmium ion. Figures 9 and 10 illustrate the linearity between
Til. and concentration; according to the equation, such a plot
should be a straight line with slope dependent upon electrolyzing
current. This is seen to be the case, both in the ion-amalgam
reduction of cadmium (Figure 9) and in the reversible oxidation of
potassium ferrocyanide at the platinum electrode (Figure 10).

charging current component. Empirical calibration curves must
then be constructed from data on standard solutions.

The precision obtained in graphical transition time deter
minations for mercury pool reductions is shown in Table I. The
iodate data, contributed by Delahay and Mamantov (3), show
precision superior to those obtained in this laboratory for cadmium
ion. This would be anticipated from the increased dilution in the
case of cadmium, and from the possibility of distortion due to the
amalgamation of cadmium at the mercury surface. It is also
probable that the cell design employed by Delahay and Maman
tov gives a more constant mercury surface area.

Examination of Equation 1 reveals that when t,he scanning
time, t, is equal to one fourth the total transition time, T, the
potential of the electrode becomes E1I4, the "quarter-wave"

4

Figure 9. Relationship of concentra
tion vs. T';'o at various current values

Mercury pool

10

(Mercury electrode. Effect of current-density and concentration)

a, I, Ir i / 2 ,
IT l /:a I rl/2a

Metal Moles/L. Amp. Amp. Sec. 1/'
--a- nC Dl/'

Ion X 10' X 10' X 10' X 10-' X 10-5

Pb++ 10.0 0.273 13.9 1.39 2.22
10.0 0.366 13.6 1.36 2.18
10.0 0.180 14,1 1. 41 2.25
5.00 0.183 6.86 1.37 2.19
5.00 0.136 7.02 1.40 2.24
5.00 0.0898 6.97 1.39 2.22
1.24 0.0328 1. 89 1.53 2.44
1.24 0.0258 1. 81 1.46 2.34
1.24 0.0263 1.82 1.47 2.35

Cd++ 6.90 0.136 8.82 1 28 2.38
6.90 0.183 8.64 1 .25 2.33
6.90 0.230 8.38 1 22 2.28
6.90 0.180 8.40 1 .22 2.28
3.45 0.0730 4.13 1.20 2.24
3.45 0.0898 4.37 1.27 2.36
3.45 0.0136 4.05 1.17 2.18
3.45 0.0565 4.48 1.30 2.42
1.00 0.0328 1.37 1.37 2.56
1.00 0.0258 1.35 1.35 2.52
1.00 0.0263 1.36 1.36 2.54

Zn++ 11.5 0.462 13.3 1.16 2.17
11.5 0.366 13.7 1.19 2.22
11.5 0.273 13.7 1.19 2.22
5.75 0.136 7.00 1.22 2.28
5.75 0.183 6.95 1. 21 2.26
5.75 0.0898 7.08 1.23 2.30
1.15 0.0263 1.56 1.35 2.52
1.15 0.0410 1.53 1.33 2.48
1.15 0.0565 1.46 1.26 2.35

Average 2.32
Average deviation 0.10
% average deviation 4.3%

a Cin moleslml.

Anodic waves on platinum
1. 1.50 X 10 -, ampere 5. 5.87 X 10 -, ampere
2. 1.19 X 10-' ampere 6. 4.40 X 10-' ampere
3. 8.90 X 10-' ampere 7. 2.93 X 10-' ampere
4. 7.47 X 10-' ampere

CONCENTRATION' OF K4 Fe(CN)6 - M x 10
3

Figure 10. Relationship of concentration vs. T'j, at
various current values

Table III. ChronopotentiOlnetry of Lead, Cadmium, and
Zinc Ions

x 10-6 AMP.

x 10-5 AMP.
x 10-5 AMP.

A

/

~
2 3. 10" M

CONCENTRATION

A·5.0
B = 1.0
C = 2.3

•

15

10

:I'..

IT"2 IT '12
Calculated values for the constants ('0 and Co D'/2 from

I...., n
the experimental ion-amalgam reductions of lead, cadmium, and'
zinc, are summarized in Table III. From a quantitative stand
poin'G, reproducibility in these values determines the applicability

IT '/
2

of the method. The average value of nCo D"2 for all ions studied

had an average deviation of 4.3%. Considering the range of
concentrations and currents employed, this deviation is not ex
ressive and confirms the usefulness of Equation 2.

As a further check of the validity of Equation 2, the value of
t,he area of the mercury surface was compu.ted using this equation

. I T" 2

and the experimental average of nCo D1!2' The computed result

was 2.72 sq. cm. as compared with 2.76 sq. cm. calculated on the
basis of the geometry of the pool. In practice, the effective area
of the working electrode should be determined by running a
chronopotentiogram on a standard solution and using Equation 2.
Lead ions give well defined waves with platinum and mercury
electrodes and stable lead solutions are easily prepared.

At the lower concentrations, graphical measurement of transi
tion times is complicated by the greater slope in the upper regions
of the curves, resulting from the increased relative value of the
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POTENTIAL (vs. Ag CI

and 1/2T (in the case of larger preceding waves). The reproduci
bility of quarter-wave potentials was examined in replicate runs on
lead-cadmium mixtures. The data in Table V (columns 8 and 9)
show average deviations of 1 and 2 mv. for cadmium and lead,
respectively. For the purpose of qualitative identification of ions
in mixtures by chronopotentiometric means, this precision s~ems

encouraging.
Platinum Electrode. While the cathodic working range of

platinum is limited by the smaller hydrogen overvoltage, the
electrode is advantageous in the respect that plated metals may
be anodically stripped back into solution, and the solution re
used for a subsequent run. Potential-time curves for the
deposition of metal ions on platinum are illustrated in Figure 11.
The curve for lead is as well defined and as reproducible as with
the mercury electrode, but there has been a negative shift in the
quarter-wave potential of about 0.15 volt. This shift is noted
for all metal ion reductions, and is expected, as amalgam forma
tion at the mercury electrode decreases the activity of the
deposited metal. The upper portion of the curve for the
cadmium ion is distorted by the simultaneous reduction of hydro
gen ion. The case of the cupric ion (chloride media) is of partic
ular interest; the curve shows three distinct. potential holdups.
The hydrogen ion reduction potential is altered by the presence of
plated copper at the electrode.

-0.9-.07

Figure II. Potential-tim.e eurves for various
m.etallie ions

Platinum electrode
Supporting electrolyte O.IM KCI
Current 2.70 X 10-' ampere
Copper, lead, and cadmium ions each 1 X 10-' M

OL-_.<L ~ ~"____ .L.. ~ _

-0.1 -0.3 -0.5
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potential. Quarter-wave potentials are characteristics of the
ion itself, independent of its concentration, and are comparable to
polarographic half-wave potentials. In the case of mixtures, the
scanning time corresponding to the polarographic half-wave
potential varies between 1/4T (in the case of no preceding waves)

Table IV. Chronopotentiom.etric Analysis of Anodie and Cathodie Waves

(Comparison of methods for obtaining transition times. Platinum electrode. Anodic oxidation of 1O-'M
ferrous ion) .

Transition Times by Potential-Interval

4.39 11. 5 2.41 4.7 11.5
7.67 8.65 2.40 8.2 8.65

10.5 7.15 2.31 11.6 7.15
17.5 5.78 2.42 18.6 5.78

Av. 2.39

% average deviation 1.3

Transition Times by Recorder Method
Et/' I, IT

'
/',

volt, 7, amp. amp. 8eo. 1/ 2

V8. AgCI/Ag sec. X 10' X 10'

+0.440 2.78 14.5 2.42

Potential
interval,

volt
(V8. Ag/AgCI)

+0.37 to
+0.60

T,

sec.

3.0

I,
a.mp.
X 10'

14.5

1T1 / 2,

amp. 8eo. 1/ 2
X 10'

2.51

2.49
2.48
2 .. 43
2.49

2.48

0.8

Cathodic Reduction of Ferric Ion 10 -,M

+0.420 2.24 14.5 2.18 +0.37 to 2.6 14.5
+0.60

3.76 11.5 2.23 4.1 11.5
7.02 8.65 2.29 7.40 8.65.

10.3 7.15 2.28 10.7 7.15
16.2 5.78 2.33 16.7 5.78

Av. 2.26

% average devia tioD 2.0

2.34

2.38
2.35
2.33
2.36

2.35

0.6

Table V. Consecutive Reduction of Two Metal Ions

(Mixtures of lead a'od cadmium ions subjected to various polarizing currents. Mercury pool)

2 3 4 5 6 7 8 9
P,

P P Q QI, amp. Et, E"
Mixture amp. sec. Ct nlCIDl l / 2 Q Co n2C2D2112 volt volt
Mole/L. X 10' X 10' X 10-' X 10-' X 10' X 10-' X 10-' (S.C.E.) (S.C.E.)

Pb++ 0.0450 1.44 1.44 2.31 1.18 1.18 2.20 0.369 0.559
(10-') 0.0410 1.48 1.48 2.36 1.24 1.24 2.31 0.368 0.557
+Cd++ 0.0565 1. 53 1. 53 2.44 1.14 1.14 2.12. 0.366 0.560
(10-')

Pb++ 0.0328 1.39 1.39 2.22 0.570 1. 14 2.13 0.371 0.558
(10-')

Cd++ 0.0352 1.36 1.36 2.18 0.560 1.12 2.09 0'.374 0.559
(5 X 10-')

Pb++ 0.0410 1.40 1.40 2.24 2.54 1.27 2.38 0.366 0.558
(10-') 0.0565 1.33 1.33 2.13 2.49 1.24 2.32 0.366 0.558
+Cd++ 0.0450 1.47 1.47 2.35 2.44 1.22 2.28 0.368 0.558
(2 X 10 -') 0 .0730 1.50 1.50 1.39 2.46 1.23 2.30 0.366 0.562

Average 1.43 2.29 1.20 2.24 0.368 0.559
Average deviation 0.06 0.10 0.05 0.10 0.002 0.001
% average deviation 4.2 4.2 4.2 4.2

P = 1711 / 2 amp. sec. 1 / 2
Q. = [[(Tl + T2)\I2 - Tl1l2] amp. sec.l!2
C1 and C, expressed as moles/m!.
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T,ahle VI. Consecutive Reduction of Three Metal Ions

(Various mixtures of lead, cadmium, and zinc ions subjected to various polarizing currents. Mercury pool.)

10 11 12 13 14 15 16 17 18 19

I, p p Q Q R R
Mixture, amp. P C, nlCIDl l/2 Q Co n'J.C2D2112 R c-; naCaDal !2

Moles/L. X 10' X 10' X 10-' X 10-' X 10' X 10-' X 10-' X 10' X 10-' X 10-'

Pb++ (10-') 0.0565 1.44 1.44 2.30 1.27 1.27 2.36 1.26 1.26 2.34
Cd ++ (10 -')
Zn+ + (10 -') 0.0450 1.49 1.49 2.38 1.24 1.24 2.31 1.19 1.19 2.23

Pb++ (10-') 0.0565 1.50 1.50 2.40 0.616 1.23 2.30 0.645 1.29 2.40
Cd++

(5 X 10-')
Zn++ 0.0410 1.49 1.49 2.38 0.619 1.24 2.31 0.627 1.25 2.34

(5 X 10-')

Pb++ 0.0565 0.819 1.64" 2.62" 1.27 1.27 2.36 0.615 1.23 2.30
(5 X 10-')

Cd++
(10-')

Zn ++ 0.0410 0.850 1.70" 2.72" 1.27 1.27 2.36 0.615 1.23 2.30
(5 X 10-')

Average 1.48 2.36 1.25 2.34 1.24 2.32
Average deviation 0,02 0.04 0.02 0.03 0.02 0.03
% average deviation 1.4 1.7 1.6 1.3 1.6 1.3

" Not included in average (see text).

C values computed in moles/ml.
P = 1711/2 amp. sec:. 1/2 Q = 1[(1"1 + n)1/2 - Till!l amps. sec.l/~
R = I[(Tl + n + .,,)'/, - (Tl + n)'''lamp. sec.'!'

40

"0
020
c
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Consecutive Reductions. The final problem in this study was
to investigate the qualitative and quantitative analysis of
mixtures of cations by means of the chronopotentiometric
method. When two or more ions are present in solution which
are reduced at different potentials, the concentration of the ion
first reduced may be calculated from its transition time by means
of Equation 2. This is not true of subsequently reduced ions,
as the total electrolysis current now divides between the diffusion
currents of the first and second ions. The state of concentration
polarization with respect to the second ion is reached less rapidly,
and the transition time is correspondingly enhanced.

Potential-time curves for the reduction of three-component
mixtures of lead, cadmium, and zinc are illustrated in Figure 13.
The solution is 1 X 1O-4M with respect to each of its com-

40 80 2

1.0 O.E, Q6 Q4 0.2 o ~O.2 -Q4

-1.0 -12

__-----/----- 3
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W 40
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20
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0
-0:4 -0.6 -0.8

POTENTIAL ( vs. S.C.E.)

Figure 13. ChronopotentiOInetric curves for Illix
tures of lead, cadIlliuIll, and zinc ions in O.IM

potassiuIll nitrate

Mercury pool
Concentration of each ion 1 X 10 -<M
1. 5.65 X 10 -, ampere (Pb Cd, Zn)
2. 4.50 X 10-' ampere (Pb Cd, Zn)
3. 5.65 X 10-' ampere (Pb Cd)
4. 4.50 X 10-' ampere (Pb Cd)

POTENTIAL ( \/5. Ag CI )

Platinum electrode
Supporting electrolyte 0.5M HCI
Current 7.50 X 10 -, ampere
A. 0.005M FeCI, + 0.005M FeCl,
B. O.OlM FeCl,
C.' O.OlM FeCl,

Figure 12. Potential-tim.c curves for ferric
ferrous ions

The ferrous-ferric system is of interest because of its commer
cial importance and because it forms a convenient reversible redox
system. Expe:riments were conducted on the anodic oxidation
and cathodic reduction of these ions. Figure 12 shows the results
of oxidizing a solution of ferrous ion, C, of reducing a solution of
ferric ion, B, and of oxidizing and reducing an equal mixture of
the two, A.. Theoretical equations for the potential-time curves
of this redox pair, A, show that the anodic-cathodic curve
should cross the zero-time axis with finite slope and at the reversi
ble' potential of the eleetrode. Experiments show that this is not
quite the case for the slope, and j;hat a measurable degree of
irreversibility is present. The degree of irreversibility was found
to decrease with smaller current densities. This effect was shown
to be independent of any IR drop in the solution or leads.
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When applied to a two-component mixture, this general equation
reduces to Equation 7 of Delahay and Mamantov (3). With
proper substitution, it also reduces to Equation 2 or 8 of the same
authors. For the analysis of the three-component mixture under
consideration here, Equation 4 may be written:

ponents. The effect of enhancement is clearly seen in the in
creasing height of successive breaks in each trace. A general
equation found applicable to all diffusion-controlled chrono
potentiometric systems studied may be used to find the concen
tration of each ion in a mixt~re:

iO[(TI + T2 + " .Tn)1/2 - (TI + T2 + ... Tn_I),12] =

71"1/2 nnFDn l/2 C~

2
(4)

tion of a quantity of lead ion to the solution. This is illustrated in
a slightly different manner by Figure 15. If it is assumed, for
example, that a given concentration of cadmium ion alone yields
a transition time of unity, as portions of the enchancing lead ion
are added, the transition time for the added ion will increase as the
square of 'its concentration in solution, shown by A in Figure 15.
The enhancing effect upon the transition time of the cadmium ion
initially prese'nt is shown by B. It may be shown from Equation
4 that the enhancement of the transition time is directly propor
tional to the concentration of the added ion. For the 'general
case, the enhancement varies directly as the square root of the
sum of all preceeding transition times. An upper useful limit of
the procedure is reached when the concentration of the added ion
is two to four times that of the ion initially present.

16

iOT1 1/ 2 iol( Tl + T2)1/2 - T,1/2]

= n 2C2° D 21/2 =

iol( TI + T2 :+ T3)1I2 - (TI + T2)1I2]

n3C3° D,1I2
(5)

A

12

The graphical transition times from the reduction of various
mixtures of lead, cadmium, and zinc were used to calculate the
data of Tables V and VI, by means of Equation 5. Reference to
columns 4 and 7 (Table V) and 13, 16, and 19 (Table VI) indicates
fair agreement in values for the fixed concentration of one com
ponent, under conditions of varying the concentration of the
other components of a mixture. Only one set of values in Table
VIshows appreciable errors: The discrepancy in the last two values
of the column 13 which is to be expected in view of the small
magnitude of the transition times encountered.
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CONCENTRATION OF ADDED ION

100

A. Transition time of added ion
B. Transition time of original ion

Figure 15. Enhancement of transition tillle
of one ion by addition of Illore easily reduced

ion
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Potenti~-IntervalTiming. In the absence of a recorder, it is
possible to obtain satisfactory transition time measurements by
timing the interval between two predetermined potentials, as
observed on a pH meter. The recorder and interval-timing
methods are compared in Table IV for the oxidation of ferrous
ion and for the reduction of ferric ion at the platinum electrode.
The precision of I T 1I2 values obtained by potential-interval timing
actually exceeds that of the graphical method, but observed times
are invariably somewhat longer. It is projected that an elec
tronic relay be designed which would start and stop a timer at the
two predetermined potentials, thereby making the interval
timing method automatic.
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Figure 14. Potential-tillle curve for consecutive
reductions of two ions at extrellle dilution

Mercury pool

For analytical purposes, best results are obtained in mixture
analysis by using smaller currents for the analysis of the more
easily reduced species, so that longer transition times can be
obtained and measured.

Inspection of Equation 4 shows that the analysis of a given
wave does not require a knowledge of the concentrations or kinds
of each species reduced at earlier potentials, but rather the experi
mental value of the square root of the total time elapsed between
the initiation of electrolysis and the commencement of the wave
in question. Figure 14 shows the degree of separation of two
ions in an extremely dilute mixture. The waves are fairly well
defined and transition times can be easily measured.

A consequence of the enhancement principle is the possibility of
increasing the "detectability" of one ion by the addition of an
other which is more easily reduced. For instance, the response
due to a cadmium concentration, too small to produce an accu
rately measurable wave, may be increased by the deliberate addi-



Spectrophotome:tric Determination of Niobium in
niobium-Bearing Steels
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School 0'£ Chemistry, Metallurgy, and Ceramics, University 01 Alabama, University, Ala.

A sim.ple procedure for the colorin~etricdeterInination
of niobiuIn in niobiuIn-bearing steels has been de
veloped which involves only two separations: a per
chloric acid hydrolytic precipitation and a chloroforIn
extraction of thtl m.etal derivative or 8-quinolinoI. The
great bulk of the steel ClI>Inponents is rem.oved as soluble
perchlorates in the first separation. EleInents that
IIlay contaIninate the niobic acid precipitate do not
interfere because they do not react with 8-quinolinol,
their oxinates (quinolilllates) are insoluble in chloro
form., or they are not extracted by chloroforIn frOIn the
am.Inoniacal citrate solution. The m.ethod m.akes use
of the yellow color of chloroform. solutions of niobiuIn
oxinate which shows InaxiInum. absorbance at 385 InJL.
The Inethod has been applied succesHfully to a niobiuIn
bearing steel standard and to a series of COInposite
steels. It involves a considerable 8aving in tiIne and
fewer InechanicaJ operations without a sacrifice in
accuracy.

THE hitherto little known element, niobium, is no longer a
laboratory curiosity but is an important element of metal

lurgy because of its role in preventing intergranular corrosion
in stainless steels used at high temperatures.

Niobium is usually found along with tantalum, and their ac
curate separation by conventional wet methods is one of the most
difficult of analytical problems. Schoeller (.9) thoroughly studied
the chemistry of these elements and developed the basic tech
niques for their separation and analysis. Modifications de
veloped by Slavin (10) reduced the time for an analysis from about
15 to 5 days.

A number of new methods have recently been developed for
the analytical separation of and the spectrophotometric deter
urination of this element. Hiskey and coworkers (2) proposed the
removal of interfering elements by the diHtillation of chlori·
nated products. Geld aJ1d Carroll (6) discussed a colorimetric
method based on the yellow color of perniobic acid in concen
trated sulfuric acid solution. Telep and Boltz (11) modified
the method by making use of the absorbance of perniobic acid in
the ultraviol.et region. The yellow color of the niobium thio
cyanate complex was also employed in a spectrophotometric
method described by Freund and Levitt (5). Hiskey (8) also
has developed a simultaneous spectrophotometric method for
the determination of tantalum and titanium using the peroxy
complexes in concentrated sulfuric acid solution.

In this paper is described a procedure involving the spectro
photometric measurement of a chloroform solution of niobium
oxinate, which has been extracted from an ammoniacal citrate
solution. By this procedure four to six determinations can be
performed in a day. The precision and accura,cy of the method
are good.

REAGENTS AND EQUIPMENT

Ammonium hydroxide, 1 ± O.OIN, prepared from reagent
grade.

Chloroform, reagent grade.
Citric acid solution, 25 :± 0.05 grams per 100 mI., prepared

from reagent grade.

, Present address. University of Puerto Rico, Rio Piedras, Puerto Rico.

8-Quinolinol (oxime), analytical reagent.
Hydrochloric (37%) and nitric (70%) acids, 1 to 1 ratio,

reagent grades.
Hydrochloric acid wash solution, 2%.
Niobium metal and oxide, C.P.
Oxine solution, 1 ± 0.01 %, in chloroform.
Perchloric acid (71 %), reagent grade.
Potassium bisulfate, analytical reagent.
Sulfuric acid (97%), reagent grade.
Sulfurous acid (freshly prepared).
Tantalum metal.
Beckman pH meter, Model H-2.
Beckman spectrophotometer, Model DUi l.OOD-cm. matched

cells; slit, 0.10 mm.

PROPOSED PROCEDURE

Weigh a 200-mg. sample (for steels containing between 0.3 and
3% niobium, otherwise change accordingly), place in a 600-ml.
beaker, and dissolve with 50 ml. of a 1 to 1 mixture of 37%
hydrochloric and 70% nitric acids. Carry along a reagent
blank treated exactly like the sample in this and succeeding
operations. Add 35 ml. of 71 % perchloric acid and heat until
the acid begins to boil. Cover the beaker and heat so that the
perchloric acid boils under reflux for about 30 minutes (6).
Cool, dissolve with 50 ml. of distilled water, add 50 ml. of a freshly
prepared saturated sulfurous acid solution and a small quantity
of paper pulp, and dilute to about 300 ml. with dist.illed water.
Stir and boil gently for about 10 minutes, then digest for 2 hours.
Cool, filter through No. 40 Whatman filter paper, wash well with
2% hydrochloric acid solution, and ignite the precipitate.

Fuse the oxides with 2.5 grams of potassium bisulfate in
platinum crucibles at as Iowa temperature as possible in order
to avoid spattering, then cool and moisten with 5 drops of con
centrated 97% sulfuric acid. Repeat the fusion and, after
cooling, dissolve the melt in about 40 ml. of a hot citric acid
solution containing 10 ± 0.02 grams of the acid, and dilute to
250 ml. with distilled water in a volumetric flask. Transfer a
15-ml. aliquot to a 125-ml. separatory funnel and add 15 ml. of a
recently standardized 1 ± O.OlN ammonium hydroxide solution.
Mix thoroughly and then add 10 ml. of a 1 ± 0.01 % solution of
Oldne in chloroform. Shake uniformly for 3.0 minutes, draw off
the chloroform layer, and read the absorbance at 385 mp. With
the use of a previously calibrated. working curve, calculate the
percentage of niobium in the sample.

DEVELOPMENT OF PROCEDURE

Steel Composition. Niobium is one of approximately 25
elements which may be present in steels. These elements may
be classified into four general groups: elements common to all
steels such as iron, carbon, phosphoru)3, and sulfur; common
alloying and scavenging elements such as chromium, tungsten,
molybdenum, cobalt, vanadium, aluminum, and titanium;
elements used in special steels suoh as niobium, tantalum, and
zirconium; and elements generally occurring as impurities such
as tin, antimony, and arsenic.

Perchloric Acid Digestion and Separation. Because of the
large number of elements and the rather low selectivity of oxine,
a prior separation of most of the elements in steel is necessary.
The perchloric acid hydrolysis was selected because most of its
salts are highly soluble and because of its strong oxidizil1g proper
ties. The soluble perchlorates may be separated from the
elements silicon, niobium, tantalum, tungsten, tin, and antimony,
which form insoluble acids. Niobium and tantalum are precipi
tated quantitatively as the earth acids if the digestion is assisted
with sulfurous acid (1).

The insoluble acids may be contaminated with molybdenum,
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vanadium, manganese, boron, and bismuth, which may be co
precipitated to a small extent if they are present in large amounts
or if the precipitates are voluminous. Titanium and zirconium
phosphate may contaminate the acid precipitate if appreciable
amounts are present, but are dissolved in a prolonged digestion
with perchloric acid. A more nearly pure precipitate can be ob
tained by keeping the acid concentration quite high, thus pre
venting the formation of basic salts (12).

Of the approximately 25 elements found in steels only six
elements-namely, niobium, tantalum, tungsten, silicon, tin,
and antimony-are precipitated by the perchloric acid hydrolysis.
Molybdenum, manganese, vanadium, and boron may coprecipi
tate under special conditions. Titanium and zirconium may be
present, as their phosphates are very slowly soluble in perchloric
acid.

8-Quinolinol. The reactions of numerous organic complexing
agents with niobium and tantalum solutions were examined.
Of these ~-quinolinol appeared to be the most useful in aqueous
tartaric and citric acid solutions. Niobium produced a yellow
color, while tantalum produced no color. The color in the citric
acid solution was much more intense than that in the tartaric acid
solution.

The action of 8-quinolinol with the interfering elements that
may remain from the acid hydrolysis is summarized in Table 1.
Many of the data were obtained from Feigl (4.); however, the solu
bilities were also verified in this work. Boron, phosphorus, and
silicon do not react. The reaction of tin and antimony are doubt
ful, since the extract does not show any absorbance. Molyb
denum and tungsten form insoluble oxinates in chloroform.
This .is important, because tungsten is completely precipitated
by the perchloric acid digestion and molybdenum, which may
be coprecipitated, is often found in relatively large.,quantities.
Tantalum and vanadium salts also are not extracted. Although
the titanium oxinate is extracted and has high absorbance values
at 385 mil, it did not introduce an error in composite ste.el samples
(Table II), and thus it must have been eliminated as a soluble
perchlorate in the initial separation. Titanium probably exists
chiefly as the carbide (3) and appears to go into solution quite
readily.

18161+

Impurity Ratio

Si 5: 1
Si 5: 1
Mo 1:1
Ti 1:1, Mn 3:1
P 1:1. Mn 9:1
V1:2.Si6:1
Mo 1: 1, Mn G: 1
W 1:1
Zr 1: 1
Ta 1:1
V 1:1, Mn3:1
Sn 1:1
Sb 1: 1
B 1:1 .
Ti 1:1, Si 2:1
W5:1,MnlO:1
Zr 1: 1
Ta 1:1

Error,
%

-2.5
+2.2
-1. 7

0.0
+0.37
-1.9
-1.9

0.0
-1.4
-2.7
-1.0
+1.4
-1.4
-1.5
-2.0

0.0
+1.4
-1.4

\
NIOBIUM OX/NATE

/

0.39
0.46
0.57
0.31
0.116
0.103
0.103
0.72
0.72
0.72
0.196
0.75
0.73
0.66
0.243
0.102
0.73
0.73

0.40
0.45
0.58
0.31
0.115
0.105
0.105
0.72
0.73
0.74
0.198
0.74
0.74
0.67
0.248
0.102
0.72
0.74

Analyses of COIllposite SaIllplcs Prepared from
NBS SaIllples·

Niobium, %
In sample FoundSample

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Table II.

8 10 /2
Ml.I.DN BASE

Figure 1. Effect of bases on chloroform extraction of
niobiuIll and tantaluIll oxinates

G Tantalum, zirconium, antimony, and boron added to NBS samples.

These were then diluted to 35 m!' with water and extracted with
10 m!' of a 1% solution of oxine in chloroform.

The effects that various volumes of the LON ammonium and
sodium hydroxide solutions have on the amount of niobium
oxinate and tantalum oxinate extracted is shown in Figure 1.
The absorbance was measured at 385 mIL.

The solution is highly buffered at about a pH of 9.4 when 12
to 18· ml. of LON ammonium hydroxide are added to 15 m!' of
a 4% citric acid solution of the sample.

Under these conditions the niobium oxinate extract exhibits a
well defined color while the tantalum oxinate shows no absorbance
and so does not interfere.

....
~a
<:
co
a:
~aco
<:

Extracted
Not extracted
Extracted

Not extracted
Not extracted
Extracted
Not extracted
Not extracted
'Extracted

Soluble
Insoluble
Soluble

Sol~bie

Sol~bie
Insoluble
Soluble
Soluble

Action

Doubtful
No action
Reacts
Reacts
Reacts
No reaction
No reaction
Reacts
Doubtful
Reacts
Reacts
Reacts
Reacts

Action of Oxine on Possible Interfering EleIllents
Solubility of Extraction from
Oxinate in Ammoniacal Citrate

CHCIa Solution, pH 9.4

Not extracted

Table I.

Element

Antimony
Boron
Manganese
Molybdenum
Niobium
Phosphorus
Silicon
Tantalum
Tin
Titanium
Tungsten
Vanadium
Zirconium

Thus, of the potential interfering elements only manganese
and zirconium remain to be considered. Manganese may be
present because of coprecipitation and zirconium possibly because
of the slow attack by perchloric acid. The procedure calls for
an extended digestion in order for the perchloric acid to' act on
any resistive compounds of zirconium that may be present.
The results obtained with synthetic samples (Table II) containing
relatively high ratios of manganese. and zirconium to niobium
indicated no interference.

Optimum Conditions for Extraction. To determine the
proper conditions for the complexing reaction and extraction,
15-m!. aliquots of 4% citric acid solution containing 0.080 mg. of
niobium and 0.100 mg. of tantalum were treated with different
quantities of 1N sodium and ammonium hydroxide solutions.

Effect of Time and ·Light. Chloroform solutions of certain
other 8-quinolinates have been reported to undergo slow photo
chemical decomposition (7), especially whEm exposed to bright
light. A niobium sample, along with a blank, was extracted
under the described conditions and the persistence of the de
veloped color was studied for a period of 30 hours. The samples
were kept in the Beckman Corex cells and protected constantly
from light. The effect of the elapsed time was found to be negli
gible (Table III), as the difference between the absorbance value
of the oxinate and the blank remained constant. However,
samples exposed to strong sunlight decomposed rapidly.

Precision. The precision of the method, based on six samples
of niobium containing 0.040 mg. per sample, is shown in Tabl~
IV. The deviations of the readings are within the experimental
error.

Absorption Characteristics. The absorbance of niobium
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ANALYSIS OF STEEL SAMPLES

The validity of the procedure was checked by the use of
NBS niobium-bearing steel 123a, which contains tantalum and

Table III. Effect of Time on Color Stability of Niobium.
Oxinate in Chloroform. (protected from. Light)"

Absorbance

titanium in small quantities. The results are summarized in
Table V. The average error of the seven samples is 1.3% based
upon the amount of niobium present.

As steel 123a contained only tantalum and titanium in small
quantities, composite samples were prepared with steel 123a
and other NBS samples to provide samples with relatively high
ratios of the potentially interfering elements to the amount of
niobium present. The results of these analyses are summarized
in Table II including the ratio of the impurities. The elements
that may occur as major constituents, such as silicon, manganese,
and tungsten, were tested in different ratios. Less important
elements were examined only once.

The errors of the determinations are small, although the ratios
of the interfering elements to niobium are large. The procedure
effectively removes the interfering elements although they are
present in relatively large quantities.

Figure 2. Absorption spectra of niobium.
oxinate

Present per 15 ml. of solution
1. 0.120 mg. of niobium 5. 0.060 mg. of niobium
2. 0.096 mg. of niobium 6. 0.048 mg. of niobium
3. 0.084 mg. of niobium 7. 0.024 mg. of niobium
4. 0.072 mg. of niobium 8. 200 mg. of oxine

QZ

as

}.O,.------,-----r-----r-~,----,

0.317
0.316
0.315
0.317
0.318
0.318
0.318

Nb oxinateBlank

0.125
0.126
0.129
0.130
0.132
0.134
0.135

Total

0.442
0.442
0.443
0.447
0.450
0.452
0.453

o
1
3
6

18
24
30

Time, Hours

oxinate shows a maxima at 385 mIL, Figure 2. The strong ab
sorption band below 360 mIL is due to the unreacted oxine; there
fore its concentration must be kept as low as possible. One
lO-m!. portion of 1% solut,ion was found to be sufficient to react
with all the niobium present in the samples used in this work.

Seven samples of niobium oxinate-chloroform solution ex
tracted from the buffered citric acid solution were studied. At the
concentrations employed the interference of the unreacted oxine
was shown to be negligible, Figure 2. Also there is no displace
ment of the band as the concentration of niobium is changed.

The absorptivity a (the relation log 10/1 = acl) averaged 122
when the concentration, c, was expressed in grams of niobium
per liter and the light path was 1 em. The calculated molar
absorptivity, E, averaged 1.13 X 10'.

The absorbance data at 385 mIL adhere to Beer's law. A
graph of the data at 385 InIL from Figure 2 VB. concentration of
niobium shows a straight line intercepting at the origin. Thus,
such factors as ionization, dissociation, and association may be
considered to be absent. Since these factors are negligible,
they can have no effect upon the distribution constant between
the two liquid phases. In the procedure, accurate control of
the volumes of the two immiscible liquids is possible and recom
mended. Also, the oxinate is highly soluble in the chloroform
solution. Therefore, unde:r these conditions only one extraction
is necessary. Results obtained using three extractions were no
better than those obtained with one extraction.

In terms of milligrams of niobium, the concentration range
corresponds to about 0.02 to 0.08 mg. per 15-m!. sample or from
about 1.5 to 6.0 p.p.m. The niobium concentrations were
brought into this optimum range by the proper selection of sam
ple size and/or aliquoting.

" Sample contained 0.040 mg, ,)f niobium per 15 m!. of solution.

Niobium. Mg. Absolute.
Sample Present Found Error, Mg.

1. 0.040 0.039 -0.001.. 0.040 0.039 -0.001
3 0.040 0.038 -0.002
4. 0.040 0.039 -0.001,. 0.040 0.038 -0.002<'t; 0.040 0.039 -0.001

Average 0.039 -0.001

Precision of Chloroform. Extraction of Niobium
Oxinate

Table IV.

Table V.

Sample

1
2
3
4
5
6
7

Analysis of Niobium-Bearing
Niobium, % •

. Certified Found

0.75 0.74
0.75 0.74
0.75 0.73
0.75 0.75
0.75 0.76
0.75 0.74
0.75 0.75

Average 0.74

Steel 123a

Absolutp
Error, %

-0.01
-0.01
-0.02

0.00
+0.01
-0.01

0.00
0.01
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Spectrophotometric Determination of Aliphatic Sulfides in
Crude Petroleum Oils and Their Chromatographic Fractions
HARRY V. DRUSHEL and JAMES F. MILLER

Mellon Institute a/Industrial Research, Pittsburgh, Pa.

Research programs for the study of organic sulfur com
pounds in crude petroleum by chromatographic tech
niques have demanded the development of methods for
the determination of the sulfur types. A method,
based upon a modification of the procedure of Hastings,
is described for the determination of aliphatic sulfides
in sIllall saIllples of high molecular weight material
such as a crude oil chromatographic fraction. In
creased sensitivity has permitted the use of sIllall
samples, which .substantially reduces saIllple absorp
tion in the ultraviolet region, thus making possible the
analysis of samples containing high concentrations of
aroIllatic hydrocarbons. Interference due to forma
tionof hydrocarbon-iodine complexes has been shown to
be negligible. This Illethod should be useful for follow
ing the course of the separation of aliphatic sulfides
from crude petroleum by chromatography or thermal
diffusion. As the method is directly applicable to
crude oil, it should be valuable in the characterization
of crude petroleum prior to refinery operations.

concentration slightly lower than that employed in the following
procedure. Considering the differences in iodine concentration,
solvent, and technique, the results by the two modified procedures
agree remarkably well.

PROCEDURE

Apparatus. Beckman DU spectrophotometer equipped with
the photomultiplier attachment and one pair of I-cm., matched,
fused-quartz cells.

Volumetric flasks and pipets.
Reagents and Chemicals. Carbon tetrachloride, technical.
Iodine, analytical reagent grade.
Iodine reagent, prepared by dissolving exactly 10.00 grams of

iodine in carbon tetrachloride and diluting to 1 liter.
Procedure. A weighed sample is dissolved in carbon tetra

chloride and diluted to the proper volume. Dilutions of this
solution may be prepared in order to produce absorption of the
sample-iodine blend falling in the range of optimum accuracy (an
absorbance of between 0.4 and 1.0). For very small samples,
such as chromatographic fractions, a micro- or semimicrobalance
may be used to weigh the required quantity of sample for dilu
tion to 25 ml. in order to conserve material. A list of appropriate
sample weights is given below.

where A, is the absorbance of the sample-iodine blend at 310 mil
and A, is the absorbance due to iodine (blank). Subtraction
of this blank not only accounts for absorption due to iodine in
the blend but also corrects for differences in cell' absorbances, as
pointed out by Hastings (.4-). The average absorptivity is taken to
be 400 liters per gram-em. The absorptivity for the sulfide
iodine complex is calculated on the basis of the total aliphatic
sulfide concentration rather than on the true concentration of the
complex. The factor 0.9 is the dilution factor necessary to correct
for diluting 1 ml. of iodine to 10 m!. with the sample solution, the
concentration of which in grams per liter is represented by c in
the equation above.

Dilute 1 ml. of the iodine reagent to 10 ml. with the above
sample solution at the proper concentration.

Dilute 1 m!. of carbon tetrachloride to 10 m!. with the same
sample solution and use this solution as the reference solution for
the spectrophotometric measurement.

Immediately after preparing the sample-iodine blend and the
reference solution, obtain the absorbance of the iodine blend at
310 mil. Make the measurements as soon as the solutions have
been placed in the cell compartment. As the absorbance has
been noticed to increase slowly in the case of crude oils if the
iodine blend is allowed to stand, it is recommended that meas
urements consistently be made immediately after the preparation
of the blend.

A blank value for the iodine reagent is obtained as follows:
One milliliter of the iodine reagent is diluted to 10 ml. with car
bon tetrachloride 'and the absorbance of this solution measured
at 310 mil using carbon tetrachloride as the reference.

Calculations. The weight percentage of aliphatic sulfide sul
fur is calculated as follows:

Wt. % aliphatic sulfide sulfur

I N THE course of studying sulfur compounds in crude oil, it
has become necessary to develop methods for the determina

tion of various sulfur types in crude oil and crude oil chromato
graphic fractions (7). Such methods must be applicable to
very small samples of high average molecular weight which are
complex in nature and, in many instances, dark in color.

The classical method developed by Ball (2) for the schematic
determination of the sulfur types in petroleum distillates requires
large samples (250 m!.). Crude petroleum contains sulfur com
pounds which exhibit such low reactivities toward the reagents
used in the Ball procedure that only a low percentage of the total
sulfur in most crudes can be accounted for. The method is also
time-consuming.

Recently a unique method for the det(lrmination of aliphatic
sulfides in petroleum distillates boiling below about 450 0 F.
was developed by Hastings (.4). This method, which is based
upon the formation of intermolecular complexes of aliphatic
sulfides and iodine having intense absorption at 308 mil, cannot
be applied to crude petroleum because of the intensity of the
absorption due to the sample itself.

This paper describes a procedure, based upon a modification of
Hastings' method, for the determination of sulfide sulfur in crude
petroleum or crude petroleum chromatographic fractions. Since
complex formation with iodine follows the equilibrium

Aliphatic sulfide + I, <== aliphatic sulfide·I, (1)

consideration of the mass action law has led to the supposition
that the sensitivity of the Hastings' procedure could be increased
considerably by using much higher iodine concentrations.
This increased sensitivity, together with the use of a Beckman
DU spectrophotometer with photomultiplier attachment, made
possible the analysis of crude oils through the use of lower sample
concentrations which, in turn, decreased the sample background
absorption. The rapid decrease in the absorbance of the iodine
blend after being placed in the dark (cell compartment) has not
been observed.

Hastings and Johnson (5) have recognizedthe mass action law
effect and have proposed a similar modification using an iodine
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Aliphatic Sulfide
Sulfur in Sample, %

0.05
0.10
0.20
0.40
0.60
0.80
1.0
1.5
2.0

Approximate Weight of Sample
Diluted to 25 Ml. to Obtain

Absorbance between 0.4 and 1.0, Mg.

60-140
30-70
15-35
8-18
5-12
4-9
3-7
2-5
1-3

CA, - A 2 ) X 100'
400 X 0.9 X c
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360340280

1. Iodine blank (I graIll per liter)
2. Curve 3 ntinus curve 1
3. 2-Methylthiacyclopeutane-iodine blend
4. Curve 5 minus curve 1
5. 7-Thiatridecane-iodine blend

1.0

0.8

w
u
z 0.6
<l:
m
a:
oen
m
<l: 0.4

Absorptivity of the Aliphatic Sulfide
Iodine Complex. The absorptivities of
the iodine complexes of a number of
sulfur compounds were determined at
an iodine concentration of 1 gram per
liter. These values are given in Table I.

The absorptivities of the sulfide
iodine complexes are also plotted in
Figure 3. Values for the symmetrical
di-n-alkyl sulfides (except 2-thiapropane)
fall on a straight line as shown. As is
observed so often in physical data of a
homologous series of compounds, the
compound containing the methyl group
(or groups) is out of line. In general,
it is also observed that absorptivities for
the sulfides with see- or tert-alkyl groups
are somewhat low. The five-membered
cyclic sulfides have slightly higher ab
sorptivities than the acyclic sulfides.

As it is unlikely that sulfides of low
molecular weight, such as 2-thiapropane
and 2-thiabutane, are to be found to
any great extent in crude oil, and
cyclic sulfides such as thiacyclopentane
derivatives are thought to be present
in relatively high concentration, it is
concluded that an average absorptivity
of 400 liters per gram-cm. should be
used for the determination of sulfides

in crude oil and crude oil chromatographic fractions. This value,
which is based on limited data, must suffice until more work
is done on the separation and identification of sulfides in crude
oil by techniques such as chromatography or thermal diffusion
where no extensive thermal degradation takes place.

Table I shows that the sulfur types other than the aliphatic
sulfides form iodine complexes with absorptivities which are only

Source

API, RP48A, Bur. Mines, Laramie, Wyo.
API, RP48A, Bur. Mines, Laramie, Wyo.
API-U8BM standard sample 13-58
API-U8BM standard sample 902-58
API-U8BM standard sample 18-58
API·U8BM standard sample 20-58
API, RP48A, Bur. Mines, Laramie, Wyo.
API, RP48A, Bur. Mines, Laramie, Wyo.
API-U8BM standard sample 10-58
API-U8BM standard sample 17-58
Eastman Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co.
E.,stman Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co.
E:tstman Kodak Co.
Eastman Kodak Co.
E:tstman Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co.
Phillips Petroleum Co.
Phillips Petroleum Co.
API, RP48A, Bur. Mines, Laramie, Wyo.
Matheson Coleman & Ben
Matheson Coleman & Ben
Matheson Coleman & Ben
Matheson Coleman & Ben
Matheson Coleman & Ben
E:astman Kodak Co.
Matheson Coleman & Ben
Eastman Kodak Co.
I:astman Kodak Co.
Eastman Kodak Co.
Socony-Vacuum Oil Co., Inc.
Elocony-Vacuum Oil Co., Inc.

rable I. Absorptivities of Iodillle COInplexes of Sulfur COInpounds in Carbon
Tetrachloride at an Iodine Concentration of 1 GraIn per Liter

Absorptivity,
Liters/Gram-Cm.a

433 ± 4
403 ± 3
185 ± 1
265 ± 2
262 ± 1
308 ± 2
364 ± 1
301 ± 1
198 ± 1
324 ± 1
379 ± 1
280 ± 2
385 ± 3
391 ± 2
403 ±4
402 ±3

72 ± 0
1.5±0.0

17 ±O
32 ± 1

4.8 ±_0.1
0.3
2.5±0.0
4.0 ± 0.2
6.9

13.1 ±0.2
1l.6±0.1
9.9 ±0.2
9.0 ±0.3

10.6 ± 0.3
12.5 ±O.O
4.2 ±0.5

12.2±0.1
5.3 ± 0.2
0.6
0.5
0.6
0.3

Compound

fhiacyc10pentane
!-'Hethylthiacyclopentane
?- Thiapropane
~-Thiabutane

~-Thiapentane

~-Methyl-2-thiabutane
~-Thiapentane
2,2,4,4-Tetramethyl-3-thiapentane
Thiacyclobutane
Thiacyclohexaue
5-Thianonane
2,6-Dimethyl-4-i;hiaheptaue
6-Thiaundecane
2,8-Dimethyl-b-"thianonane
7··Thiatridecane
8-Thiapentadecane
1,3-Diphenyl-2-thiapropane
Diphenylthiamethane
1-(p-Methylphenyl)-I-th!aethane
1-(p-Methylphenyl)-I-thlapropane
5,6-Dithiadecane
1,2-Diphenyldithiaethane
1,4-Diphenyl-2,3-dithiabutane
tort-Butyl trisulfide
teTt-Butyl polysulfide
I-Dodecanethiol
I-Decanethiol
1-Tetradecanetbiol
1.-Hexadecanethiol
I-Octadecanethiol
:L,1-Dimethyl-l-hexanethiol
'P-Meth~·lben.enethiol
2-Phenyl-l-eth..nethiol
:Phenylmethanethiol
9,10-Dithia-9, 1O-dihydroanthracene
Dibenzothiophene
2,5-Di-tert-butylthiophene
2,5-Di-tert-octylthiophene

a DeterminEd at 26 0 ± 10 C.

DISCUSSION OF METHOD

Wave Length of Maximum Absorption. The average wave
length of ma,ximumabsorption fol' the aliphatic sulfide-iodine com
plexes at an iodine concentration of 1 gram per liter (in carbon
tetrachloride) was found to be inO ml-' (Figure 1), in good agree
ment with the value given by Hastings for an iodine concen
tration of only 0.1 gram per liter in iso-octane (2,2,4-trimethyl
pentane).

Effect of Iodine Concentration. A standard solution of iodine
in carbon t.etrachloride was added from a buret to 95 m!. of a
0.00015921-1 solution of thiacyclopentane (tetrahydrothiophene)
in carbon tetrachloride. The absorbance at 310 ml-' was meas
ured after each increment of iodine solution was added. The
small quantity of liquid required for the measurement was re
turned to t.he bulk of the solution. No correction was made for
small changes in the concentration .of the solution owing to
evaporation of the solvent.

The results, shown in Figure 2, indicate that a large increase in
sensitivity is obtained by increasing the concentration of iodine
in the sulfide-iodine blend. An iodine concentration of 1 gram
per liter in the sample-iodine blend was arbitrarily chosen as
desirable for the method. Beeause of the greater solubility of
iodine in carbon tetrachloride than in iso-octane carbon tetra
chloride was chosen as the solvent for these investigations.
Hildebrand and Scott (6) list the solubility of iodine in iso-octane
and carbon tetrachloride as 0.5()2 and 1.147 mole %, respectively,
which correspond to about 9 and 30 grams per liter.

An iodine concentration higher than 1 gram per liter would in
volve the use of iodine blanks which are objectionably high. The
possibility of lowering the blank value has not been investigated,
but it might be accomplished through purification of the carbon
tetrachloride by passing it through a silica or alumina column.
A higher iodine concentration than 1 gram per liter, even if the
blank could be reduced, would not increase the absorptivity
significantly.

Theoretical treatment of these data shows that the system
follows the equilibrium formation of a 1 to 1 complex between the
sulfide and iodine.
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notted line drawn through values tor di-n-alkyl sulfides

(2)

Kc

0.22
0.30
0.28
0.43

Kc

0.15
0.16
0.27
0.31
0.31
0.82
0.63
0.88
1.35
0.13
0.13
0.15
0.25
0.31
0.31
0.46

Emax
X 10-'

12.1
9.9
6.2
5.7

Emax
X 10-'

16.4
16.7
12.5
12.5
10.1
8.85
9.00
9.26
8.20

16.7
10.4
13.0
7.64
7.35
7.14

11.2

303
308
360
399

Arnall I mp

Amax. mp

1 1 1
KeEc X [Ar] + ;,; for [Ar] » [12]

Aromatic

I [l2]
A

0
0 I 2 3 4· 5 6

1/ [ETHYL BENZENE] (LITERS / MOLE)

Figure 4. Plot of equilibrium data for
ethylbenzene-iodine complex

Benzene 292
Toluene 302
a-Xylene 316
m-Xylene 318
p-Xylene 304
Mesitylene 332
Durene 332
Pentamethylbenzene 357
Hexamethylbenzene 375
Hexaethylbenzene 378
Bromobenzene 290
Phenantbrene 396
Naphthalene 360
Styrene 330
Stilbene 373
Bibenzyl 304

" Determined by Andrews and Keefer (1).

Aromatic

Ethylbenzene
p-Di-tert-butylbenzene
Naphthalene
Acenaphthene

a Determined by authors.

20
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Table II. Equilibrium Constants for Some Arolllatic
Hydrocarbon-Iodine Complexes in Carbon Tetrachloride

at 25° C."
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Table Ill. Equilibrium Constants for Some Aromatic
Hydrocarbon-Iodine COlllplexes in Carbon Tetrachloride

at 26° C."

where [12] and [Ar] are the molar concentrations of iodine and
aromatic hydrocarbon, respectively, I is the cell path length,
A is the absorbance at the wave length of maximum absorption,
K c is the equilibrium constant, and Ec is the molar absorptivity
of the complex. Five or more points were obtained at different
aromatic and iodine concentrations, and the values for Ec and K c

for Equation 2 were obtained by the method of least squares.
A typical plot of values for the ethylbenzene-iodine complex is

2016

81ank (95ml.of CCI.)

0- n· Alkyl Sulfides

8 - sec.-Alkyl Sulfides

0- fert.- Alkyl Sulfides

'] - Cyclic Sulfides

4

V Thlocyctopentone

Concentration of
12 in Hastings'
Procedure

0.4

1.2

8 12
ML 12 IN CCI.(O.OI98M)

Figure 2. Effect of iodine concentration upon
absorption at 310 ml£ due to complex formation

between thiacyclopentane and iodine
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NO. OF C - ATOMS

Figure 3. Absorptivities of some aliphatic sulfide-iodine
complexes in carbon tetrachloride at an iodine con

centration of 1 gram per liter

1.6

very small percentages of the average absorptivities for aliphatic
sulfides. .

Nitrogen- and oxygen-containing compounds which would also
form complexes with iodine are expected to be present in only
relatively small concentration and would not cause serious inter
ferences.

Interference Owing to Formation of Aromatic Hydrocarbon
Iodine Complexes. Even though small absorptivities were re
ported by Hastings for the aromatic hydrocarbons, it was feared
that crude oils and especially the latter fractions from a chroma
tographic fractionation would contain such high concentrations
of aromatics in proportion to the aliphatic sulfides that inter
ference because of the formation of aromatic-iodine complexes
would be serious.

Andrews and Keefer (1) have determined the equilibrium con
stants and molar absorptivities of a number of aromatic-iodine
complexes. These values, along with the wave lengths of maxi
mum absorption, are given in Table II.

The equilibrium constants and molar absorptivities for iodine
complexes of several additional hydrocarbons readily available
in pure form have been determined. The method used by An
drews and Keefer and by Blake; Winston, and Patterson (3) was
followed. This method involves the following easily derived
equation:
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presented in Figure 4. The results of 'these measurements are
given in Table III.

On the·basis of values in the above tables, it is estimated that
E. (for Xmax) is about 15,000 liters per mole cm. and K. is about
1.0 liter per mole for the aromatic hydrocarbon-iodine complexes.
All assumptions or approximations here were chosen so as to
maximize the interference-i.e., the average values for E. and
K. were chosen to be higher than they probably are for most
samples which. will be encountered.

Using these values, and assuming that the entire sample con
sists of aromatic hydrocarbons, the interference, in terms of
apparent weight per cent aliphatic sulfide sulfur can be calculated
as follows: For the equilibrium

Aromatic -+ I. p aromatic· I.,

the equilibrium constant is written

K _ [aromatic·I.]
• - [aromatic] [I.]

Thus,

[Aromatic·I.] = K. [aromatic] [I.]

(3)

(4)

(5)

Experiment Station, Bartlesville, Okla.) which was reported to
contain 0.12% by weight total sulfur for the whole crude and
30 to 32% by volume aromatics in the 300 0 to 600 0 F. boiling
range fractions. This was considered a representative sample
relative to aromatic content, and was assumed for the purpose of
this investigation, to contain no aliphatic sulfides. The absorb
ance of the iodine complex of this sample was determined at
several sample concentrations and the apparent sulfide content
calculated to be 0.016 weight %. This should represent a rea
sonable "interference value" for aromatics for most samples.
If anything, it may be slightly high, as there is no reason to believe
that no aliphatic sulfide sulfur was present.

On the basis of these studies, it is suggested that the interference
due to aromatics may reasonably be assumed to be 0.01 to 0.02
weight % aliphatic sulfide sulfur. Referring to Table IV and
Figure 9, it is apparent that this would constitute negligible
interference for most crude oils and chromatographic fractions.
However, until the aromatic content of a sample and its inter
ference can be more precisely determined, it is not recommended
that this method be applied to samples containing less than 0.05
weight % aliphatic sulfur.

However,

where A is the absorbance, E is the molar absorptivity of the aro
matic-iodine complex, in liters per mole centimeter; I is the cell
path length in centimeters, and c is the concentration of the com
plex in moles per liter. Substituting Equation 5 in Equation 6,

Aliphatic
Sulfide Sulfur, %

0.45
0.79
0.61
0.27
0.78
0.41
0.26
0.93
0.82
0.46

Total
Sulfur, %

1.91
4.67
2.46
0.87
2.40
2.37
1.94
2.34
1.39
1.40

Crude Oil

Light Mara, Venezuela
Heavy Mara, Venezuela
Kuwait
Light Eastern, Venezuela
Reavy Eastern, Venezuela
Permian McElroy, West Texas
Coniferous sulfur, Kentucky
Santa Maria Valley, California
Wilmington, Calif.
North Ward Estes, Tex.

Table IV. Sulfide Sulfur Content of Several Crude Oils
Relative

Percentage
of Sulfide

Sulfur

24
17
23
31
31
17
13
40
59
33

(6)

(7)

(8)

A = E Ie

But

A = ElK. [aromatic] [I.]

Apparent wt. % aliphatic sulfide sulfur =
A X 100

I X grams of sample/liter X a

where a is the average absorptivity of aliphatic sulfide-iodine
complexes in liters per gram (01' aliphatic sulfide .sulfur) cm.
Substituting Equation 7 in Equation 8,

[aromatic]

Apparent wt. % aliphatic sulfide sulfur =
ElK. [aromatic] [I.f X 100

I X grams of sample/liter X a

Since it was assumed, for simplicity, that

grams of sample/liter
mol. wt.

(9)

(10)

Interference Due to Sample Absorption. If a sample solu
tion containing high concentrations of certain aromatic hydro
carbons is to be analyzed, interference attributed to background
absorption may be encountered. Fortunately, this interference
is greatest below 300 mI'. Above the analytical wave length,
310 m!£, interference owing to background absorption is not
serious for most samples. As can be seen.from Figure 5, stray
light effects produce anomolous absorption below 300 m!£ when
the sample concentration is too high. By decre~sing the sample
concentration stray light effects are reduced and a more typical

Equation 9 becomes

Apparent wt. % aliphatic sulfide sulfur
EKe [I.] X 100
mol. wt. X a

(11)

SUbstituting the values:

the apparent weight % aliphatic sulfide sulfur = 0.049 for a sam
ple of average molecular weight 300. For samples of average
molecular weight 200, 400, and 500 it becomes 0.074, 0.037,
and 0.0:::0, respectively. These data represent greater than
maximum interference which would be encountered in any
actual sample of crude oil. It was presumed that actual inter
ference would be nearer 0.01 to 0.02 weight % aliphatic sulfide
sulfur (3,hsolute).

A sample of erude oil low in sulfur and high in aromatics was
obtained from H. M. Smith (U. S. Bureau of Mines, Petroleum

1.0

12 Complex (Somple
/ Concentrotion 0.1791 <ilL>

w
u
Z
<l

~ 06
o
(fl

OJ
<l

0.8

0.2

0.4

~L,-60=-'-=2-=-80:-'-3:::l0'-:0,---t--=-32:'-:0:--'---,:3:-'4:::0==36"0==3""80~""40..I0
WAVELENGTH (mp)

Figure 5. Ultraviolet spectra of chrOluato-
graphic fraction 9 and its iodine blend

Sample Concentrotion
/ 0.0199 G./L= 15,000 liters per mole cm.

= 1.0 liters per mole
= 0.00394 mole per liter
= 400 liters per gram-cm.
= 300 grams per mole

E

K.
[I.]
a
mol. wt.
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Figure 6. Ultraviolet spectra of chromatographic
fraction 8 and its iodine blend

of sulfide sulfur for the Wilmington crude oil analyzed at
29.8° C. (Table V) and at 26° C. (Table IV) when the same ab
sorptivity is used. A convenient reliable procedure for tempera
ture correction when the spectrophotometer is not equipped with
thermospacers c.onsists of using the absorptivity of the 7-thia
tridecane-iodine complex which is near 400 liters per gram-cm.
at 26° C., at the same temperature at which the sample is an
alyzed. Figure 8 shows the variation of the absorptivity of the
7-thiatridecane-iodine complex with temperature.

Reproducibility of Method. A crude oil and a combination of
several chromatographic fractions were analyzed for aliphatic
sulfides at several different concentrations. The results are set
forth in Table V. Reference to these results shows that the
reproducibility is about 1 or 2%. The Wilmington crude was
analyzed at 29.8° C. and the combined fractions at 25.5° C.

Recovery of Added Sulfide. Different amounts of 7-thiatri
decane were added to a crude oil (Wilmington), and the pro
cedure for the determination of aliphatic sulfides was applied to
the mixtures. After correcting for the aliphatic sulfides present

1.0

0.2

Sample Concentration
0.8 00265 (ilL.

w
v
z
«
~ 06

~ 12 Complex (Sample
~ // Concentration 0.1192 G/l)

OA

35,-·------------------..,

25

~
- V) - 7-Thiotridecone in presence of

Crude Oil (30.4°C,)

0- 7-Thiotridecane (24.8°C.)

0- 7- Thiotridecone (29.9°C)

8- 7- Thiotridecone in presence of Crude
Oil but corrected for absorption due
to sulfides in the crude oil (30.4°CJ

1.0

1.2

w
~08
«
co
ll:
o::l 0.6
«

0.001 0.002 0003
GRAMS OF SULFIDE SULFUR I LITER

Figure 7. Absorptivity of 7-thiatridecane at an
iodine concentration of 1 gram per liter under

various conditions
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Figure 9. Aliphatic sulfide sulfur content and lllolecular weight of a
series of chrolllatographic fractions frolll North Ward Estes (West

Texas) crude oil

spectrum is obtained, as illustrated in Figure 6. Even though
background absorption for most samples is more intense than is
usually encountered in routine spectrophotometry, reliable
analytical results may be obtained with the use of the photo
multiplier attachment.

Effect of Temperature. The Beckman DU
spectrophotometer used for this investigation was
not equipped with thermospacers for precise tem
perature control, but all measurements were made
immediately after the solutions had been placed
in the cell compartment, before any appreci
able temperature change occurred. Tap water
was circulated through the lamp housing to keep
the cell compartment as near room temperature
as possible. Therefore, any relationships concern
ing temperature reported here are based upon
room temperatures at the time of measurement.
From the data in Figures 7 and 8 and other data
from the analysis of certain crude oils, it is esti
mated that the absorptivities decrease about 2
or 3% per degree Centigrade increase in tem
perature. This large coefficient is probably at
tributable to the temperature dependence of the
equilibrium constant and very slightly to the
thermal expansion of carbon tetrachloride. There
is a significant difference between the percentage
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Average 0.75 ± 0.01

a Aliphatic sulfide sulfur content, calculated. from experimentally deter
mined aliphatic sulfide sulfur content of each fraction used in preparing the
mixt.ure, was also 0.69%.

a Thiacyclopentane, API 48A.
b 2-Methylthiacyclopentane, API 48A.
" 2,2,4,4-Tetramethyl-3-thiapentane, API 48A.
a 2,8-Dimethyl-5-thianonane, Eastman Kodak Co.
8 7-Thiatridecane, Ea,stman Kodak Co.
a 7-Thiatridecane, Eastman Kodak Co.
I 8-Thiapentadecane, Eastman Kodak Co.
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Figure ll. Typical spectra of crude oil-iodine
blends

1. Iodine blank (I gran> pel' Jit~r)
2. Light Mara, Venezuela
3. Light Eastern.. Venezuela
4. Corniferous sulfur, Kentucky
5. Heavy Em"tern, Venezuela
6. West Texas, Perntian McElroy
7. Kuwait
8A Heavy Mara, Venezuela
9. North Ward Estes, West Texas

10. Light Mara, Venezuela
II. WilDlington Field, California

0.2

fides are shown graphically in Figure 9. These fractions were
obtained by Clarence Karr, Jr. (Multiple Fellowship on Petro
leum of the Gulf Research & Development Co.), by means of a
chromatographic technique which has not, as yet, been published.
Typical ultraviolet absorption spectra of a sample and an iodine
blend are presented in Figure 6.

Typical spectra for a crude oil and a crude oil-iodine blend are
illustrated in Figure 10. The spectra of the iodine blends of
some additional crude oils are shown in Figure 11. The calcu
lated aliphatic sulfide sulfur contents of these crudes are also
given in Table IV.

The data in Table IV, although not extensive, indicate that the
relative proportion of aliphatic sulfide sulfur is probably very
similar for different crude oils from the same general field, regard
less of the total sulfur content, as shown by a comparison of the

Table VI. Absorbance vs. Time in Dark Data for Several
Aliphatic Sulfide-Iodine Complexes

Time in Absorbance at 310 mil

Dark, Min. 1a 2b 3" 4a 58 61

0 1.240 0.610 0.930 0.528 0.613 0.672
2 1.239 0.610 0.930 0.528 0.612 0.670
4 1.239 0.612 0.930 0.529 0.612 0.670
6 1.239 0.612 0.930 0.529 0.612 0.667
8 1. 239 0.612 0.935 0.530 0.615 0.668

10 1.238 0.612 0.935 0.530 0.617 0.668
15 1.240 0.612 0.935 0.532 0.617 0.668
20 1.237 0.611 0.930 0.532 0.617 0.667

400380

0.0371
0.1112
0.10183
0.1854

0.674
0.683
0.705
0.698

Average 0.69 ± 0.01

Crude Oil, Wilmington Field, California

0.0678 0.775
0.1356 0.753
0.2035 0.748
0.2713 0.740
0.3391 0.750

12 Blank (l GIL)
0.21-----_ ~
O~~-~'[
260 280 300 320 340 360

WAVELENGTH (m,u)

Figure 10. Spectra of Santa Mari.a Valley,
Calif., crude oil and its iodine blend

Table V. Reproducibility of Method Over Range of
Sample Concentrations

Concentration of Sample
in Iodine Blend,

GraIllil/Liter Sulfide Sulfur Found, %

Mixture of Several Chromatographic Fractionsa

141-_-,--,.-.-----.--,.---r<- [

1.2 12 Complex \
(Sample Concentration Sample Concentration

0.2195 GIL) / 0.4064 Cit L.

" \ \~
Semple CClncentrotion\ "-

0.08128 GiL.
/

in the crude oil, complete recovery of the added sulfides was ob
tained (Figure 7). The average absorptivity for 7-thiatridecane
alone (at 29.9' C.) was 362 ± 4 liters per gram-cm. while the ab
sorptivity for 7-thiatrideea.ne in the presence of crude oil (at
30.4 0 C.) was 363 ± 9 liters per gram-em.

Effect of TUne in the Dark. The rapid dec:rease in the absorb
ance of the iodine blend when placed in the dark (cell compart
ment), as reported by Hastings, was not observed under the con
ditions used in this investigation. Table.VI g;ives some absorb
ance vs. time in the dark data for several aliphatic sulfide-iodine
blends. Variations in absorbance are of the order of magnitude
of the accuracy of instrumental measurement.

Estimated Over-all Accuracy of Method. Considering the
estimated interferences from formation of aromatic hydro
carbon-iodine complexes and from sample absorption and the
uncertainty in establishing an average absorptivity for the iodine
complexes of aliphatic sulfides likely to be present in crude oil,
the accuracy of the method is believed to be of the order of 10%.
This degree of uncertainty must be considered tolerable in the
analysis of extremely lJomplex samples such as crude oil.

RESULTS

Results of the analysis of a series of chromatographic fractions
froUl No.rth Ward Estes (West Texas) crude oil for aliphatic sul-
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relative percentages of sulfide sulfur in the Light Mara and Heavy
Mara of Venezuela, the Light Eastern and Heavy Eastern of
Venezuela, and the Santa Maria Valley and Wilmington crudes
of California.

This method should prove valuable in following the course of
the isolation or concentration of aliphatic sulfides from crude
petroleum by tech'inqu~s such as chromatography and thermal
diffusion, and should be helpful in characterizing crude petroleum
prior to refinery operations.
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Mlnlll Ind Continuous Recording AUachments
for the Beckman Model DU Spectrophotometer
G. L. ROYER, H. C. LAWRENCE, lind S. P. KODAMA

American Cyanamid Co., Bound Brook, N. J.

lind

c. W. WARREN

Warren Electronics, Inc., Bound Brook, N. J.

The Beckman Model DUspectrophotometer has found
wide application in the field of "visual and ultraviolet
spectrophotometry. To reduce the time required to
plot a spectral curve with this instrument, the authors
built a manual plotting attachment which would re
cord the data from the ~pectrophotometerdirectly on a
plotting paper. This saves time but suffers from the
inherent disadvantages of point-by-point plotting in
that one can only obtain spaced points on the curve.
The continuous recording attachment described in this
paper has the advantage of giving a complete record of
the per cent transmittancy at all wave lengths through
which the instrument is operated.

T HE Beckman Model DU spectrophotometer was first de
scribed by Cary and Beckman in 1941 (5). Since that time

about 10,000 instruments have been built for use in the field of
visual and ultraviolet spectrophotometry. The authors believe
this large use has resulted because, as stated by Gibson and
Balcom (9) of the U. S. Bureau of Standards in 1947, "The instru
ment is capable of precise and accurate measurement of spectral
transmittance or transmittancy."

The BeckIpan Model DU instrument was one of the instru
ments used by Haupt (10) of the Bureau of Standards for estab
lishing an alkaline solution of potassium chromate as a trans
mittancy standard in the ultraviolet. This solution along with a
Tropex neutral glass filter was used by Brode, Gould, Whitney,
and Wyman (9), also of the Bureau of Standards, to carry out a
comparative survey of Beckman Model DU instruments located
in a number of cooperating laboratories. They report that, in
general, the results show good agreement among the spectro
photometers. A paper by Caster (6) presents and discusses data
on the variability in the Beckman Model DU spectrophotometer
and refers to a number of publications which report the precision
of both the instrument and the over-all analytical methods in
which the instrument is used. The performance of the Beckman
Model DU instrument, a~ indicated by these reports and" the

experience in many laboratories, has made it a required analytical
tool for chemical research and process control. Its reasonable
cost has also made it available within the budget of the average
laboratory.

Because of the wide availability of the Beckman Model DU, a"
number of SySteIns for the automatic recording of spectral data
which incorporate this instrument have been devised and de
scribed in the literature. Coor and Smith (7) have described an
automatic recording spectrophotometer which gave high-speed
recording of per cent transmittancy. This instrument was re
ported to have worked satisfactorily for a number of years, but it
has the disadvantage that the "correction device" is not readily
adjustable. The Beckman Model DK recording spectrophotom
eter is based on the design originally made by Kaye, Canon, and
Devaney (11) and Kaye and Devaney (12) of the Tennessee
Eastman Co. With change in light sources and detectors and
by a change in the Beckman Model DU Spectrophotometer itself,
it is possible to cover the range of 200 to 2700 mJ£. Etzel (8)
has also decribed a single detector split-beam automatic recording
instrument which incorporated the Beckman Model DU spectro
photometer. Per cent transmittancy versus wave-length data
have been recorded automatically in the region 205 to 400 mJ£

with the hydrogen lamp as a source and 320 to 700 mJ£ with a
tungsten lamp as a source.

Beckman (1) has described a means of recording for process
control the per cent transmittancy at a set wave length using the
Beckman Model DU spectrophotometer as a source of mono
chromatic light. Cahn and Gale have described (4) the Beckman
automatic operator, which can be attached to the Beckman
Model DU spectrophotometer to produce point-by-point plots.
The time for obtaining a normal curve of 22 points is about 3
minutes, and for a curve of 400 points about 60 minutes. The
Model DU spectrophotometer can also be used for manual opera
tion by the usual procedure. Recently, Muller (14) described
the Process and Instruments recording spectrophotometer which
also incorporates the Beckman Model DU monochromator. A
t~nfold increase iIi resolution and lo~ scattered ligh(over the
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manual operation is claimed through the use of a photomultiplier.
Curves can be drawn at speeds of 5 to 50 minutes for the spectrum
of 215 to 700 m~. The apparatus referred to above indicates the
importance of tool'! of this type. In this article two attach
ments are described, which have been built and found useful in
the authors' laboratories.

MANUAL PLOTTING ATTACHMENT

The relatively time-consuming nature of taking and recording
da:ta fFom the Beckman Model DU led the authors to build a
manual plotting attachment (3) which would record the data from
the spectrophotometer directly on plotting paper as soon as the
balance was obtained. Figure 1 shows a photograph of the
attachment as combined with the Beckman Model DU. Figure
2 shows the same instrument with the eover removed.

Figure 1. Manual plotting attachlDent cOlDbined with
BecklDan Model DU spectrophotometer

Figure 2. Manual plotting attachlDent with cover relDoved

In Figure 1 the large fluted aluminum knob on the left con
trols the change in wave length and is coupled by cable with the
rotating drum. The wave-length eam within the spectropho
tometer itself has been replaced with another cam, so that the
wave-length abscissa on the plotting paper will be in octavaJ, or
log log wave length. This octaval wave-length scale has been
used on a number of laboratory spectrophotometers and has been
found useful when ultraviolet, visl!lal, and infrared spectra over
lap or are joined together. It applies the usual advantage of log
plotting to the wave-length ordinate. The direct coupling
locates the pen at the same wave-length point at which the
wave-length dial of the spectrophotometer is set. Hence, it is
not necessary to adjust the dial of the spectrophotometer pre
cisely to a given wave-length vailue before each reading, as is

ANALYTICAL CHEMISTRY

Figure 3. Detail of cam lDechanislD of
lDanria! plotting attachlDent
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Figure 4. Ultraviolet SpectrUID of
. chromotropic acid in O.lN hydro
chloric acid plottedby manual plot

ting attachment

the usual case, when the data are being recorded for later use.
In actual practice,_ tb,e wave-length points which are taken are
dictated by the ,complexity of the curve being measured, the
choice of w!love-Ierigth'spac~ng being made by the operator who
moves the knob "to" o,btain the wave-length position desired.

The large. fluted aluminum knob on the right in Figure 1 is
directly connected to the transmission dial of the spectrophotom
eter. By means of cables this is coupled to a cam mechanism
shown in the upper right of Figure 2 and then to the horizontal
motion of the pen mechanism. The cam mechanism shown in
greater detail in Figure 3 changes the ordinate from one linear
in transmittancy to one linear in log absorI:lancy. A descrip
tion of the usefulness of the log absorbancy type of plot can be
found in the book by Mellon (13).

In operating the manual plotting attachment, the instrument
is balanced in the usual manner employed with the Beckman
Model DU. Mter proper balance has been obtained, the push
button switch mounted on top of the cover just to the right of
the transmittance knob is closed momentarily. This excites a

Figure 5. Over-aU view of continuing recording instru
ment with Beckman DU lDonochromator in position
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Description

40-49 mid.• 450 volts (Mal
lory FP-238)

0.5 mid.. 600 volts (C-D
PJ 6P5)

0.5 mid., 6QO volts (C-D
PJ 6P5)

30 mid., 350 volts (Mallory
FP-135)

30 mid., 350 volts (Mallory
FP-135)

0.1 mfd., 400 volts (C-D
PJ-4P1)

1.0 mid., 1500 volts (C-D
TJU-15010)

1.0 mid., 1000 volts (C-D
TJU-1oo10)

1.0 mid., 400 volts (C-D
PJ-4Wl)

1.0 mfd., 400 volts (C-D
PJ-4W1)

1.0 mfd., 400 volts (C-D
PJ-4W1)

5R4GY
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12AU6
6X5
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Amperit<l
2X2
Victoreen 5841
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5687
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VI
V.
V.
VII
T,
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T•.
CHi
CH,
8,
8.

8.

Part No.

Sfol.:lEt.
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POWER SUPPLY

$TAG!).. ,.

Description

STAGll
1:10

Block diagram of ratio-recording system

680 K. 1 watt
33 K. 1 watt
47 K. 2 watt
22 K. 2 watts
560 ohms
560 ohms
1 meg.
100 K
50 K (IRC 6104425 A 423)

voltage adjust
47 K
2500 ohm, 20 watts (Ohm

ite Brown Devil)
2500 ohm, 20 watts (Ohm

ite Brown Devil)
2 K. 10 watts (Ohmite

Brown Devil)
1 K, 10 watts (Ohmite

Brown Devil)
100 ohm, 10 watts (adjust-

able Ohmite)
56 K
100 K
100 K
330 K
150 K
100 K
120 K
47 K
68 K
500 ohms, 5 watts
Alden 440-5FH. 5 amp.
Alden 440-5FH. 'j. amp.
DPST, on-off
DPST. interlock
DPST, interlock
Cornish cord set

S1AGI!...

Figure 9. Power supply for ratio recording system

RI
R.
R.
R.
R.
R.
RI
R.
R.

R.o
RII

RII
Rll
RII
RII
RIO
RIl
RII
R..
R..
R..
P.
F.
Sw.
SW,
SW.
PL.

Ra

RII

RlO

Ra

Part No.

All resistors O.S-watt ::I:: 10% un
less otherwise specified.

Figure 8.

Figure 6. Unit containing photOlnulti
pliers, cell chambers, mirrors, and cylindri
cal shutter attached to end plate of mono-

chromator

solenoid which causes the pen to strike the plot-
ting paper, thus marking a dot on the paper at
the proper wave-length and transmittancy
values which correspond to the settings of the
wave-length and transmittance dials of the
instrument. The wave-length knob is moved to
the next position, balance is carried out, and the
next point is recorded. This is continued until
enough points are obtained to produce a spec
tral curve over the range desired. This attach
ment does not shorten the time necessary to
balance the spectrophotometer, but it eliminates
the time for reading both wave-length and
transmittance scales. In addition, it has the
advantage that the spectral curve is obtained
directly, plotted with the log absorbancy ordinate
which allows for ready interpretation of spectral
data. Thus considerable time is saved, and the data do not
have to be subsequently plotted by hand from the recorded
transmittancy and wave-length values.

Figure 4 shows the ultraviolet curve of chromotropic acid
plotted by this manual attachment. The approximately 75
points were made in about 25 minutes or about 20 seconds per
point. This point-by-point attachment was built inexpensively
and is finding considerable use in the authors' laboratories, since
it has speeded up the recording of entire spectral curves plotted
with an ordinate which is desired for use in spectrophotometry.

CONTINUOUS RECORDING AITACHMENT

Automatic continuous recording has many advantages over
the point-by-point method of the Beckman Model DU or the
manual point-by-point plotting attachment. It gives a complete
record of the per cent transmittancy at all wave lengths through
which the instrument is operated. In view of the advantages,
one of the authors (C. W. Warren) proposed the general optical
and electronic layouts of an automatic attachment and several
physical modifications have been built in the American Cyanamid
laboratories at Bound Brook. In this paper the authors' latest
continuous recording attachment for the Beckman Model DU
spectrophotometer is described from the point of view of construc
tion, operation, and performance.

Figure 7. Schematic drawing of continuous recording
attachment
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CONSTRUcnON AND OPERATION

FS,

Figure 5 shows the over-all view of
the instrument with the Beckman
monochromator in position.
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Figure 10. Signal alllplifier for ratio recording systelll

Description

10 K, 5 watts
100 meg., 5% (Victoreen)

RlI
Rl1
Ra-

R"
C,

V,
V.
V.
FSl

Part No.

100 K
0.005 mfd., 200 volts (Gudeman XFH-

2535)
Electrometer tube (Victoreen 5803)
12AU7
5879
Fanning strip (C-J 7-160-A-R)
IP28 photomultiplier tubes (matched

pair)

All resistors ± 10%, 0.5-watt unless otherwise
specified.

R,

tiometer as required for balance. A rate generator coupled to
the pen balance motor develops a feedback signal which is used
to stabilize the ratio recording pen system. A variable control
in this feedback loop allows adjustment to suit the operator.

Slit COlltrol COntinuous control of the slits of the mono
chromator-fu maintain signals of a reasonably constant level from
the photomultipliers through the wave-length region being
scanned is accomplished automatically by the slit servo. The
reference Signal is compared at the slit summing amplifier with
a constant reference voltage, the slits being opened or closed by
the slit drive motor as necessary to maintain the ratio between
photomultiplier signal and reference voltage reasonably con
stant. Varying the reference voltage potentiometer varies the
slit width and provides control of resolution. An over-all control
of sensitivity is obtained by varying the high voltage supply to
the photomultipliers.

Recording Platen. The recording platen is mechanically
connected to the wave-length knob of the Beckman mono
chromator through cable drives and is driven by a continuously
variable-speed motor. While any wave-length range can be
chosen, it was decided to standardize on two, one covering 220
to 385 m!4 and the other 300 to 750 mI'.

Adjustment of the Zero and 100% T Lines. The level of the
zero line is adjusted electrically by means of a potentiometer
control. The adjustment is made with radiation falling on
the reference photomultiplier only, the shutter in the sample
beam being closed. The zero line has been found to be stable
at the level at which it is set.

The level of the 100% T line is also adjusted electrically by
the balance control potentiometer with radiation falling on both
sample and reference photomultiplier tubes. The position of
the 100% T balance point was found to be stable at the level
to which it is set. The 100% T line can be made straight over
the entire spectral range by means of the adjqstable cam differ
ential compensat-or. The differential compensator cam is con
nected to the wave-length scanning mechanism. The adjust
able cam consists of a flexible metal band which is backed up by
screws which can be adjusted to determine its shape. These
screws, which can be seen along the back of the platen in Figure
5 and along the front of the platen in Figure 7, are adjusted at
each of these wave-length settings to give a correct 100% reading

3525

~+--J"

Description

GND,-----l.------J---------i

68 K
120 K
20 K, 10 watts
5 K, 10 watts (Ohmite Dividohm)
100 K
1.2 K, 2 watts
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1K
270 K
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33 K
3 meg., 1~ (IRC-DCF)
2 meg., 1'10 (IRC-DCF-1 W)
27 K, 1 watt
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Part No.

The regular Beckman cell chamber
and photocell compartment have been
removed from the Model DU, but the
Beckman hydrogen or tungsten source
is retained. The separate mono-
chromator portion without any elec-
trical circuits of the Beckman Model
DU was obtained for use with the
recording attachment, but the attach-
ment can be placed directly on the
regular Model DU spectrophotometer,
since the original electrical circuits
are not used with the attachment. In
placing the recording attachment on
the Model DU, only two new·
mechanical connections are necessary.
The wave-length drive is connected to
the wave-length knob and the slit drive
to the slit knob on the Beckman
Model DU. The cell chamber and
photocell compartment of the original
Mooel DU are removed and instead
there is attached to the monochro
mator end-plate a unit containing the
photomultipliers, cell chambers,
mirrors, and cylindrical shutter. This
is shown with the cover removed in
Figure 6. Figure 7 is a schematic view
of the instrument.

Sample CeU and Detector Compart
mellts. The beam from the exit slit
of the monochromator is interrupted
at 60 cycles per second in order to
provide an alternating current signal
for the electronic system. This beam
is then split into sample and reference
heams by means of a classical reflect
ance type of beam splitter which
samples all portions of the beam for each of the two beams
into which it is split. It is folded into two parallel beams
by two concave spherical mirrors. These two beams pass
through the reference and sample compartments which hold
standard cylindrical-type absorption cells up to a maximum
light-path length of 10 em. The holder could be readily adapted
j;@ the use of the square I-em. cells if desirable. The beams
then fall upon selected IP28 photomultiplier tubes which are
mounted integrally with their associated voltage dividers and
amplifie1'8. The Model DU spectrophotometer can be removed
readily and be reassembled with the regular Beckman accessories
for other uses since no changes were made to the spectropho
tometer.

Ratio Recording. Ratio recording is accomplished by a
unique circuit for which patent claims have been allowed (15).
Figure 8 shows a block diagram of the recording system and
Figures 9, 10, and 11 are the diagrams and parts lists of the
power supply, signal amplifier, and pen or slit servo-amplifier,
respectively. In the system under discussion a portion of the
reference signal is added to the sample channel as necessary to
raise the sample channel level to equal the reference channel.
At zero per cent transmission all of the reference signal is used to
oppose itself to raise the sample channel to the reference channel
level and the noise in the reference channel cancels because of
the opposite sign. The signal from the reference amplifier is fed
to the summing amplifier and also across a balance potentiometer
which is connected to the recording pen and pen drive motor.
The differential compensator attenuates the sample signal and
eollllists of a single potentiometer with two mechanical inputs
arranged in differential fashion. One input is from an adjust
able cam which is traversed by the wave-length drive. This in
put controls the flatness of the 100% line by compensating for
speetral differences in detectors and mismatch of cells. The
other mput is a manual control which applies a bias to the angu
lar position of the potentiometer body to raise or lower the over
aU level of the 100% line. This input is called the balance con
trol A portion of the reference signal is then added to the sample
signal by the balance potentiometer, and the sum is fed to the
summing amplifier. If, 'at this point, the sum of the sample
signal plus part of the reference signal does not equal the refer
ence lllgIlal, the pen motar drives the pen and balance poten-
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Figure 11. Pen or slit servo-anlplifier for ratio recording systenl

ADAPTER

slowest speed gives a complete ultra
violet spectrum in approximately 1·
'minutes. Scanning speeds outside thi
region can be obtained by changini
the scanning gear ratios.

PERFORMANCE

Resolution. The resolution of th
recording attachment was observe,
by measuring benzene vapor at tho
increasingly narrow slit widths whicl
are possible as the photomultiplie
dynode voltages are increased. Fig
ures 13, 14, and 15 present threi
curves of benzene vapor recorde<
with mechanical slit widths of 0.3
0.1, and 0.033 mm. at 250 mIL. Th,
slit widths at other wave lengths ar,
shown in Table 1. The slit widths 0

0.3 mm. used in Figure 13 are repre
sentative of the smallest slit use<
within the workable sensitivity rang.
of the normal. Beckman photocel
operation. Figures 14 and 15 sho"l1
curves for increasingly narrower slit:
which are possible with the use 0

photomultiplier tubes. The secondarJ
absorption' peaks on the side of th,
main absorption bands definitely be·
come resolved at the narrower slits
Also, as the slits are made narrower
the intensity of the narrow absorp·
tion bands is gradually increased
The limit of the resolution of Beck
man monochromator in the ultra·
violet region appears to be easilj
approached without an excessive noisl
level.

V3o. V3b

PLUGS

V2b

Part No. Description

R.. 220 Ohm
R20 1 K
R20 1 Meg.
R21 22 K
R28 2.7 Meg., 5%
R20 150 K
C, a. 15 Mfd, 450 volts (Mallory FP-345.5)

b. 15 Mfd., 450 volts (Mallory FP-345.5)
c. 40 Mfd., 25 volts (Mallory FP-345.5)

C. a. 20 Mfd., 450 volts (Mallory FP-426)
b. 15 Mfd., 450 volts (Mallory FP-426)
c. 20 Mfd., 25 volts (Mallory FP-426)
d. 20 Mfd., 25 volts (Mallory FP-426)

C, 0.1 Mfd.
C, 0.1 Mfd.
C, 0.01 Mfd., 1%
C, 0.01 Mfd., 1%
C, 0.5 Mfd.
C, 0.01 Mfd.
CIO 0.1 Mfd.
Cll 0.5 Mfd.
Pill-Pin plug (Amphenol 86RCP-ll)
P. 8-Pin plug (Amphenol 86CP-8)
p, 8-Pin plug (Amphenol 86CP-8)
VI 12AX7 Pen service, 12AU7 slit service
V. 12AX7 Pen service, 12AU7 slit service
V, 5687

VibVi.

OUT

TACH. -----l

SIG.GND.

REf

SAMPLE -.....;oJ-:C.>--J

RL.(6.3\OlCl

B.(.250VI ------::---:;:::::;;=.=::::;:::;=:::::;:;:;:::=====;:::::=;;=:::::::;:::=;==;:::=;;1:1
Ci:iASSIS

GND

SLIDEWIRE

Part. No. Description

RI 1 Meg., 1 % (IRC-DCF)
R, 1 Meg., 1 % (IRC-DCF)
R, 68 K, 1% (IRC-DCF)
Rd 47 K, 1% (IRC-DCF)
RI; 680 K
Ro 180 K
R7 10 K (IRC Type Q) (phase)
R. 1 K
R, 500 K (IRC Type Q) (gain)
RiO 47 K, 1 watt
RII 27 K, 1 watt
R" 390 K
RII 10 K (IRC Type Q) (Tach)R,. 1 Meg.
RIO 22 K, 1 watt
Rlil 100 K
RL7 100 K
RI' 10 K, 1 watt
RIO 2.7 K
R" 680 K
R21 100 K
R" 500 Ohm, 5 watts
R.. 1 K

All resistors ±10%, 0.5-watt unless otherwise
specified.

under any desired cell conditions. As the instrument ~cans

through the wave-length range, the follower on the adjustable cam
actuates the differential compensator potentiometer, so that the
balance point is maintained at 100% T over the entire spectral
range being scanned. A 100% line which was flat to ± 1.0% T
can be plotted even with mismatched absorption cells in the
sample and reference beams as shown in. Figure 12. While this
compensator accomplished the results shown in Figure 12, it was
difficult to adjust and for routine laboratory use electrical com
pensation might be more desirable.

Scanning Time. The ultraviolet region from 220 to 385 mIL
can be scanned in a continuously variable range of speeds. At
the fastest speed, the scanning time is 12/3 minutes, while the

100

25

Table I. Slit Width Settings

Recorded with mechanical slit width of 0.3 mm. at
250 ml'

Figure 13. Spectrunl of benzene vapor

230

Figure 10

0.024
0.029
0.033
0.040
0.053

235

Figure 9

0.080
0.085
0.10
0.12
0.17

For Curve on
Figure 8

0.23
0.26
0.30
0.37
0.48

270 265 260 255 250 245 240
WAVELENGTH MIlliMICRONS

Wave Length

270
260
250
240
230Figure 12. Ultraviolet absorption spectra of potassiunl

chronlate in O.05N potassiunl hydroxide
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Table Ii. ]'hotoITletric Scale Checked with Neutral Gray
Filters

Linearity of Photometric Scale. A series of National Bureau
of Standards calibrated gray glass filters was measured at a
wave length of 530 mIL. Table II presents the comparison of
the measured values with the calibrated values for each of the
twelve filters or combinations. These data confirm the linearity
of the photometric scale.

oL.,27~0"'"'2""65----c2:'-60,-----=2:::55,---::250::0---;2::-:45,---7.240;;;-,--~23'"'5~·--:'23"

WAVElENGTH MILLIMICRONS

Figure 15. . Spectruill of benzene vapor

Recorded with mechanical slit width of 0.033 mm. at
250 mIL

Figure 16. Ultraviolet absorption spectra of benzene in
iso-octane showing superposition of curves run at fast

and slow scanning rates

Fast rate, 2 minutes
Slow rate, 14.5 minutes for ultraviolet range
385 to 220 mIL

Difference

0.0
-0.1

0.0
0.0
0.0
0.4
0.0
0.6
0.3
0.5
0.0

-0.1

Vnlue
Found

2.0
3.7
:, .1

10.0
19.1
26.9
30.3
37'.6
41.5
52.7
55.8
71.3

Calibrated
Value

2.0
3.8
7.1

10.0
19.1
26.5
30.3
37.0
41.2
52.2
55.8
71.4

Stability during Continuous Operation. The balance point
at 100% T was found to remain fixed within ±0.5% during 18
hours of continuous recording at a fixed wave length of 300
mIL with air in the sample and reference beams as seen in Table
III. As was shown in another test the balance point is little if
any affected by.line voltage changes as great as 30 volts or by
small frequency changes. It is believed that the relatively small
variations which occurred during the continuous operation test
are more likely to be due to changes in ambient temperatures.

Reproducibility. The reproducibility of plotting a spectrum
was checked by the use of the ultraviolet curve of benzene in
iso-octane solution. The ultraviolet curve was plotted on the

25

same plotting paper repeatedly, first at slow and then at fast
scanning speed. The slow speed was at the rate of 14.5 minutes
for the ultraviolet range of 385 to 220 mIL, while the fast speed
was 2 minutes. The curves were found to be superimposed over
each other within the width of the pen line, or approximately
0.1 % T as shown in Figure 16, which shows that the instrument
can be operated satisfactorily at high speeds.

C~27::-0726=-=5----c2::'::60,-----=2=-=55--=2::::50.---;2"'45;-------;024;;,'0-----;;:23:.-5-----::230

WAVElENGTH MILLIMICRONS

Table HI. Continuous Stability Run

%
HOUfS Transmittance

l<'igure 14. Spectruill of benzene vapor

Recorded with mechanical slit width of 0.1 mm. at
250 mIL

o
2
4
6
8

10
12
14
16
18

l\'Iaximum variation

100.0
99.8

100.1
100.4
100.5
100.3
100.4
100.2
100.2
100.0

±0.5%
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Thiocyanate Spectrophotometric Analysis of Titanium,
Vanadium, and liobium
C. E. CROUTHAMEL, B. E. HJELTE, and C. E. JOHNSON

Argonne National Laboratory, Lemont, III.

The forIllation of the thiocyanate cOIllplexes of the ele
Illents of subgroups IV and V has been critically ex
aIllined. There was little or no difficulty in adjusting
these eleIllents to the correct valence state. However,
it was found relatively difficult to establish that the
eleIllents in the IV and V valence states were quantita
tively reactive in a reasonable tiIlle. Thus, depending
on the solution history, a given eleIllent formed the
thiocyanate cOIllplex at varying rates. Special 'pre
treatIllent of saIllples was necessary to obtain uniforIll
and correct color development. The effects of variables
of the color developing Illedia-such as acid, salt, tem
perature, Illiscible solvent, and thiocyanate content
are discussed.

THE advantages of the thiocyanate-acetone medium in
spectrophotometric analysis have been discussed in previous

studies (2, 3). This system has a particular advantage when
applied to such easily hydrolyzed and/or polymerized elements as
those of subgroups IV and V. Here the employment of high
acidity and high organic to aqueous ratios in the complexing
medium is necessary to keep the ionic and reactive species in
solution and to obtain the high spectrophotometric sensitivity
required for trace analysis of these elements. In this group only
vanadium develops any appreciable absorbance in an aqueous
medium. The intense absorbances are not associated with any
one valence state. Thus, in the thiocyanate-acetone medium,
titanium(IV), vanadium(III), and niobium(V) form very in
tense absorption spectra in the visible region, whereas titanium
(III), vanadium(V), vanadium(IV), zirconium(IV), hafnium
(IV), and tantalum(V) show relatively little absorbance. Of
the three elements found to produce an intense absorbance in the
thiocyanate medium, only niobium (V) has been recently applied
analytically (4,8).

REAGENTS

After recrystallization from absolute methanol, reagent grade
ammonium thiocyanate was dried and stored in a dry atmosphere
(3). Acetone solutions were prepared and used on the same
day; they were never kept at temperatures greater than 20° C.

Niobium oxide, C.P. grade, was obtained from the Fansteel
Metallurgical Corp., Chicago. A special niobium metal sample
obtained from the metallurgy division of this laboratory was
also used. Both samples were analxzed spectrographically and
found to contain approximately 0.5% tantalum, and less than a
total of 0.2% of 29 other metal components.

Tantalum oxide was also obtained from Fansteel and analyzed
spectrographically. Less than 0.1 % niobium was found and 28
other metal components which were analyzed totaled less than
0.4%.

Stock solutions were prepared from C.P. fused vanadium metal,
C.P. titanium dioxide, pure zirconium metal (hafnium-free, and
more than 99% pure by spectrographic an~lyses), and a special
sample of hafnium oxide of greater than 98% purity by spectro
graphic analysis.

The niobium metal, niobium oxide, tantalum oxide, zirconium
metal, titanium oxide, and hafnium oxide were each dissolved
in concentrated hydrofluoric acid in a platinum casserole. Sul
furic acid was added after solution was complete. Excess hy
drofluoric acid was removed by fuming. Water was added to
the cooled sulfuric acid solutions, and the samples were heated
to white sulfur trioxide fumes. This procedure was repeated four
times. The final 0.5 to 1.0 m!. of sulfuric acid solution in the
platinum casserole was diluted to 1 liter with hydrochloric acid,
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tartaric acid, oxalic acid, or sulfuric acid to make the stock solu
tions desired. Similar solutions were prepared by a potassium
bisulfate fusion in platinum ware. The prepared stock solutions
ranged from 0.01 to O.OOlM in total metal concentration.

Vanadium metal was dissolved in hydrochloric acid. Vana
dium(V) stock solutions in 6M hydrochloric acid were prepared
by oxidation with permanganate. Vanadium(IV) stock solutions
were prepared by reduction of vanadium(V) with sulfurous acid.

The blanks employed throughout were prepared according to
the standard procedure with only the metal sample replaced
with the approximate equivalent of acid. With the proper
reagents, the blanks were identical with water at 383 mIL or above.
Below 350 mIL, the blank absorbance was generally too large and
unreliable.

APPARATUS

A Beckman Model DU quartz spectrophotometer and a Cary
Model 11 recording spectrophotometer were both used. One
centimeter quartz cells were used throughout. The counting
equipment used to assay niobium-95 directly in solution con
sisted of a conventional decade scaler with a sodium iodide
thallium activated well-type crystal, packaged by Harshaw
Chemical Co. The well was 0.5 inch in diameter by 1.5 inches
deep. The crystal wall and base thickness was 0.5 inch. The
entire crystal was encased in a cylinder with 4-inch thick lead
walls to minimize the background count.

TITANIUM

Standard Procedure. The final titanium solution is reduced
to 2.0 m!. of concentrated sulfuric acid by fuming. If hydro
fluoric acid had been employed previously in the solution of the
sample, repeated additions of 1.0 m!. of water and evaporation to
sulfuric acid fumes will reduce the fluoride concentration below
the interference leve!.

Transfer the final 2.0 m!. of concentrated sulfuric acid contain
ing the titanium(IV) to a 25-m!. volumetric flask. Add 3.0 ml
of water (used in making the transfer) and cool; add 2.0 m!. of
concentrated hydrochloric acid, and then 15 m!. of 3.0M am
monium thiocyanate in acetone. Dilute to volume with water.

Shake the solution for 15 to 30 seconds and allow the acetone
and aqueous phases to separate. Remove the aqueous phase
by means of a transfer pipet placed under the acetone phase. It
is not necessary to remove the aqueous phase quantitatively, and
as much as 0.5 m!. is usually left in the volumetric flask.

To the remaining acetone thiocyanate phase containing the
yellow titanium(IV) thiocyanate complex, add an additional 5.0
m!. of 3.0M ammonium thiocyanate in acetone and 1.0 m!. of 6M
hydrochloric acid.

Dilute to 25 m!. with water, mix, and place in a 20° C. water
bath for 5 minutes. The absorbance maximum is at 417 mIL.
The concentration of titanium(IV) which gives an absorbance of
unity at 417 mIL and 20° C. in 1-cm. cells is 1.28 X 10-5 mole
per liter.

Discussion. The development of tre titanium(IV) thiocyanate
complex in acetone-aqueous medium is an exacting procedure,
with the maximum color intensity being unobtainable without
the use of mixtures of sulfuric and hydrochloric acids. Appar
ently both a strong complexing agent (sulfuric acid) for titan
ium(IV) and a very strong acid (hydrochloric acid) are needed,
to keep the titanium(IV) in a complexed state which reacts
readily with thiocyanate and to prevent the decomposition of
the complex in the nonaqueous medium. Thus, with sulfuric
acid alone, the development of the titanium(IV) thiocyanate
complex in acetone-aqueous medium shows an initially high ab
sorbance which steadily decreases with time. With hydrochloric
acid alone, the absorbance is initially low, and usually shows a
slow increase with time: These results are attributed to the fact
that, in sulfuric acid medium, the titanium(IV) is oomplexed
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Heveloped by standard )~rocedure

Figure 1. Titaniulll(IV) thiocyanate
cOlllplex at 20 0 C.

erratic in behavior. The 10M sulfuric acid titanium(IV) stock
solutions were used as a standard.

The rate of color development is an important factor for it
decreases with a decrease in temperature (by a factor of 3 from
20 0 to 50 C.), with lower acidity, and with increased water con
tent. With the standard procedure, the low water and high
thiocyanate concentration during phase separation accelerates
the rate of formation of the color, so that less than 5 minutes is
required for the development of the maximum absorbance.

The rate of color development also varies markedly with the
order of addition of the reagents. For example, when the
titanium(IV) was added last as a 25 iLl., 10M sulfuric acid solution
to the 25 ml. of acetone-aqueous thiocyanate solution, adjusted
to the same concentrations obtained by the standard procedure,
the rate of color development appeared to be slower than that
obtained by the standard procedure.

The intensity of the absorbance is affected markedly by the
temperature. Figure 2 shows this effect on a typical solution.
The volume contraction from 300 to 50 C. is only about 3%,
whereas the observed increase in the absorbance over the same
temperature range is about 30%. Repeated raising and lowering
of the temperature on the solutions examined gave reversible
absorbance changes.

Developed by standard procedure

Figure 2. Effect of telllperature on
titaniulll(IV) thiocyanate cOlllplex

0.5

1.5

w
u
z 1.0..
lD
0::
o
Ul
lD..

VANADIUM

Standard Procedure. Prepare the sample for reduction by
fuming in sulfuric, nitric, or hydrofluoric acids to remove organic
matter, silica, and volatile matter. Continue fuming until not
more than 0.5 ml. of concentrated sulfuric acid is present.

Add 1 ml. of concentrated hydrochloric acid, or if no sulfuric
acid is present, add 2 m!.

Add approximately 200 mg. of stannous chloride, reagent grade,
crystals and shake the solution until the crystals dissolve. Crys
talline stannous chloride is added in order to avoid diluting the
high acid concentration needed for rapid, complete reduction to
vanadium(III). Allow the solution to stand at room tempera
ture for 10 minutes.

Dilute the above solution with a few milliliters of distilled
water. Add 15 ml. of 3.0M ammonium thiocyanate in acetone.
Dilute to 25-ml. volume with water and mix thoroughly. The
absorbance maximum. is at 396 miL. The color forms rapidly
and may be read immediately.

Discussion. The vanadium(III) and vanadium(IV) thiocy
anate spectra in aqueous solution have been studied recently

BO Volume Per cen1 Ace10ne
2.4M· NH4CNS
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more strongly, possibly favoring a nonoxygenated TiSO,++
speeies. In hydrochloric acid apparently a larger percentage of
the titanium is the titanyl species, or pos5ibly more complex poly
meric forms. This would account for the observed slow and
partial color development with hydrochloric acid aldne. The
sulfuric acid, however, is not a strong enough acid to supply the
necessary hydrogen ion in the acetone-aqueous medium to sta
bilize the titanium(IV) thiocyanate. complex. The addition
of hydrochloric acid immediately arrests the decrease in the ab
sorbance of the titanium(IV) thiocyanate complex developed
with sulfuric acid alone.

1.5

Figure 1 shows the spectra of the titanium(IV) thiocyanate
complex in the acetone-aqueous medium and the obedience of the
total titanium(IV) concentration to Beer's law. The molar
absorbance index is unusually high for the visible region, being
78,000 ± 800 at the 417 miL peak at 20" C.

The color development of titanium(IV) thiocyanate complexes
can be highly unreliable if the complex nature of titanium(IV)
solutions is not recognized. The thiocyanate complexes are gen
erally not regarded as strong complexes; hydration, hydrolysis,
etc., will, under most conditions, interfere very effectively with
the formation of the titanium(IV) thiocyanate complex, result
ing in erratic color development. Titanium(IV) solutions are
,generally in a very complex state of partial hydrolysis .01' poly
merization, which aEl yet is not very well understood. \Vhen
small aliquots (:l5 to 100' iLl.) of various 1O-3M titanium(IV)
solutions are added to a given volume of the standard thio
cyanate acetone medium kept at constant temperature, the solu
tion will exhibit widely variable behavior in the initial absorbance,
the rate of growth, and the final absorbance obtained. The re
active titanium present in the solutions examined was apparently
indicated by the ratio of the absorbance obtained, and the
known maximum calculated from the molar absorbance index
for the thiocyanate medium employed.

To avoid effects of previous history, the titanium(IV) solutions
have been fumed in concentrated sulfuric acid. Stock solutions
of O.OIM titanium(IV) in 10M sulfuric acid were analyzed over a
period of a year by the standard procedure and showed no appre
ciable decrease in the rate of formation of the correct absorbance.
Eight molar hydrochloric acid solutions were considerably more

2.0
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V+++ + CNS- __ VCNS++, K ~ 100

Although the species in the acetone medium is undoubtedly a
higher complex, possibly V(CNS)6--- or mixed complexes, the
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Add water, ammonium fluoride, concentrated hydrofluoric,
and concentrated sulfuric acid to the niobium sample, in a mini
mum volume, so that their concentrations are the same as in the'
aqueous phase used to equilibrate the methyl ethyl ketone. It
is usually convenient to restrict the volume extracted to 10 ml.
Add an equal volume of equilibrated methyl ethyl ketone to the
aqueous solution, and mix for 5 minutes to ensure equilibrium.

Transfer the organic phase (transfer pipet) to a platinum dish
and make a second extraction from the aqueous phase with an
equal volume of equilibrated methyl ethyl ketone. Add the
second organic phase to the first in the platinum dish and evapo
rate at a moderate rate to prevent spattering and excessive char-
ring. .

When most of the methyl ethyl ketone has evaporated, add to
the tarry mass 1 m!. of concentrated nitric acid, followed by 1

thiocyanate concentration must be kept high and constant to
obtain maximum sensitivity and accuracy. Figure 4 demon
strates this point quantitatively and also shows the importance
of the acetone. It is difficult to separate completely the effects
of acetone in the color developing medium on hydration and on
various hydrolysis reactions. However, in the case of uranium
(VI), iron(III), cobalt(II), and vanadium(III), a large part
of the effectiveness of the acetone is due to a decrease of com
PE<tition of water of hydration with the thiocyanato ligand for
coordination positions around the metal ion. The color stability
was excellent. Vanadium solutions examined for more than 2
hours in ground-glass-stoppered cells showed no more than the
usual instrument variations, 0.35%. In making stability studies,
care must be taken to avoid loss of acetone by evaporation.
Ground-glass-stoppered cells and water-cooled (20 0 C.) cell
chambers were always employed. The effect of temperature on
the absorbance of vanadium(III) thiocyanate was not· so pro
nounced as titanium(IV) thiocyanate shown in Figure 2.
Vanadium(III) thiocyanate complex showed about one fourth
this variation.

NIOBIUM

Standard Procedure. EXTRAc'rION OF NIOBIUM FLUORIDE.
The extraction procedure need be used only for the separation
of niobium from other metals.

In a 100-m!. plastic, graduated cylinder, dissolve 8 grams of
ammonium fluoride in 60 m!. of water. Add 10 m!. of concen
trated hydrofluoric acid followed by 20 m!. of concentrated sul
furic acid, and dilute the solution with water to 100-m!. final
volume. Then bring this solution to room temperature and
equilibrate it with an equal volume of methyl ethyl ketone by
shaking in a polyethylene bottle.

~5!-:0:-----=-=-=----4:-:5':-:0'-----=":"!'=---5-J50
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Figure 4. Effect of alllllloniulll thiocy
anate and acetone on vanadiulll(III)
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by Furman and Garner (5). They reported that the vanadium
(III) thiocyanate complex formed with 3.89 F ammonium thio
cyanate has a molar absorbance index of 7200 at 400m!'. This
species was applied analytically in the acetone-aqueous medium.
However, the molar absorbance index in the acetone-aqueous
medium at 1.80M ammonium thiocyanate is 11,750 at 396 m!'.
No analytical applications of this complex have been found in the
literature. Figure 3 shows the absorption spectra and the
obedience of total vanadium(III) concentration to Beer's law.
There is a small drop of 1.8% in the molar absorbance index at
the highest concentration of vanadium (1.52 X 1O-4M).

°35Lo,-------l.,----L-:::::':~!lii=!!!!!!--.J
450 500 550

LENGTH. mp.

Figure 3. Vanadiulll(III) thiocyanate
cOlllplexes

'With the proper reduction procedure, the quantitative results
of the vanadium analysis were excellent. Ten analyses on a
sample of vanadium metal dissolved in 8M hydrochloric acid (to
give a concentration of 0.0379M) and oxidized to vanadium(V)
before applying the standard procedure gave a molal' absorbance
index of 11,750 ± 82. Ten analyses on a mixed-valent sample
taken directly from a 6M hydrochloric acid solution after the
metal dissolution gave identical results. Both solutions were
analyzed frequently during a 6-month period, and no difficulty
was encountered in obtaining quantitative results without pre
fuming 01' other pretreatment.

In approximately 6M hydrochloric acid the reduction to
vanadium(I1I) with stannous chloride was complete in 2 hours,
and in 10M hydrochloric acid, the reduction was complete in 10
minutes at room temperature. The stannous chloride concentra
tion during reduction was approximately 3% by weight. Heat
ing the solution appeared to make the results somewhat erratic
probably because of reoxidation of vanadium(III) by oxygen in
the hot solution. The vanadium(III), for all practical purposes,
was stable in ail' in the 10M hydrochloric acid with excess
stannous chloride present. Solutions containing a small excess
of tin(I1) and which were allowed to stand in the air for 15 hours
developed the correct absorbance. Similar solutions shaken
vigorously in ail' for 30 minutes also developed the correct
absorbance.

Furman and Gamel' (5) have made an approximation of the
first stability constant of vanadium(III) thiocyanate complex in
solutions of ionic strength 2.5.
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Figure 6. Effect of acid concentration on devel
opm.ent of niobiuD1 thiocyanate in acetone

aqueous m.ediuD1

niobium(III) with any of the complexing ligands employed
in this investigation, and the intense absorbance peak at 383 m",
may be assigned to a niobium(V) thiocyanate complex. Niobium
(V) thiocyanate complex is relatively weak, and its absorbance
is affected by changes in thiocyanate concentration, by hydrolysis
or by hydration. The color-developing procedure was stand
ardized and the maximum molar absorbance index was establiahed
for standard reactive niobium(V) solutions. Figure 5 shows the
niobium thiocyanate spectra. The total niobium concentration
follows Beer's law over a wide concentration range. In this pro
cedure, the acetone to aqueous ratio is higher than in previous in
vestigations on this element; this results in increased sensitivity,
minimizes the effects of niobium hydrolysis, and reduces foreign
anion interference to a considerably lower level.

Figure 5 shows the effect of sulfuric acid and hydrochloric acid
concentrations on the color development. The decreased
absorbance at low acid concentrations is associated with the
partial hydrolysis of niobium(V) in the acetone-aqueous medium.
The lesser effectiveness of sulfuric acid in this medium is asso
ciated with its weaker acidity rather than with its ability to com
plex niobium. At higher concentrations of sulfuric acid, the
absorbance approaches very closely that achieved with hydro
chloric acid. The hydrogen ion appears to playa more important
role in the color development than does reduction of the water
content in the medium, because it is possible to develop appre
ciable absorbance in aqueous thiocyanate solutions if the acidity
is very high.

The effect of hydrolysis upon the niobium thiocyanate complex
color development was demonstrated by using oxalic acid solutions
of niobium and developing the niobium thiocyanate complex
under varying conditions. A O.IM oxalic acid solution of
niobium(V) was prepared relatively salt-free by dissolving the
wet washed freshly precipitated hydrated oxide in the dilute
oxalic acid. A 0.5-ml. aliquot of this oxalate solution
rapidly developed an absorbance of 1.00 when the standard
procedure was applied. However, addition of a 0.5-m!. aliquot
of this solution to 25 m!. of 3M ammonium thiocyanate
acetone solution with no added water or acid present produced a
clear colorless solution. Addition of 6M hydrochloric acid be
came effective when a concentration of about O.IM was reached
(Figure 6), and the color developed as additional acid was added.
The niobium remained in reactive forms in all of the above solu
tions, as indicated by the rapid color development in the standard
medium when acid was added. This suggests that two distinct
series of complexes exist in acid medium. The titanium(IV) (10)
is also believed to have two similar series of complexes in acidic
medium.

An acetone solution of the niobium thiocyanate complex was
passed through a Dowex 2, 200-mesh, anion exchange column
(previously equilibrated with acetone-thiocyanate), and a well
defined yellow band formed ·at the top of the column.
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m!. of concentrated sulfuric acid. Increase the heat, and add
carefully successive portions of concentrated nitric acid, as
needed, to remove the color of the remaining organic matter.
Finally, evaporate to dense white fumes of sulfur trioxide.

Reactive niobium will develop the eorrect absorbance im
mediately. But some nonreactive niobium solutions will de
velop the correct absorbanGe in a reasonable time (5 to 60 min
utes). Examination of the color stability for approximately 10
minutes should be routine in a careful analysis. It is essential
that all niobium solutions of uneertain history be freshly fumed
in sulfuric and nitric acids before color. development. Addition
of fluoride ion before fuming will also ensure the eorrect coror
de'lelopment in solutions containing silicates and fluosilicates.
The extraction procedure if Ilsed will provide this treatment.
However, when the extraction procedure is not used, the color
development should be preceded by the following treatment:

Place the niobium sample in a platinum dish, add 0.5 mL of
concentrated hydrochloric acid and 0.5 m!. of concentrated sul
furic aeid, and heat the solution to dense white fumes. Also,
add concentrated nitric .1cid to solutions containing organic mat
ter as described in the extraction procedure before fuming in
sulfuric acid.

Dilute the cooled sulfuric acid solution with 1 m!. of water
just before transferring to the color-developing medium.

1.5

Developed by standard procedure
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Figure 5. Niobium. thiocyanate
complex

COLOR DEVELOPMENT OF NIOBIUM SOLUTIONS. Add 2 m!. of
concentrated hydroehloric acid to a. 25-mL volumetric flask,
followed by 15 drops of a clear 10% stannous chloride solution
in 611f hydrochloric acid. Add 15 rnl. of 3.0M ammonium
thiocyanate in acetone. Add approximately 1 ml. of water
and mix the solution. Transfer the cooled niobium sulfate
solution from the platinum dish into the flask and dilute to volume
with diatilled wate:r.

Shake the solution until it is well mixed and free of any pre
cipitate. Read the absorbance at 383 m", in glass-stoppered
I-em. sUica cells. Allow 15 minutes for maximum absorbance
to develop at 20° C. Molar absorbance index was 88,000 ± 400.

Discussion. Quinquevalent niobium develops a sta.ble and very
sensitive, colored complex with thiocyanate in many organic
or mixed organic-aqueous media. The complex may be extracted
int{) a variety of organic liquids. Two recent papers by Freund
and Levitt (.1) and Lauw-Zecha, Lord, and Hume (8) review the
important literature on the niobium thiocyanate analytical
method.

There is no difficulty with valence adjustment, since niobium
(V) ia the only stable valence state of this element in aqueous
solution. No evidence was found for abnormal stabilization of
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Fro:rn O.5M-tartaric acid stabilized solution at 22° C.

tions were also reproducible and rapid in color development.
Potassium bisulfate melts of niobium which were dissolved in
O.IM oxalic acid to give a 1O-3M niobium(V) concentration
rapidly developed 90% of the color and required approximately
10 minutes to obtain the stable and correct molar absorbance
index.

Potassium bisulfate melts of either niobium metal or niobic
oxide dissolved in 0.511'[ tartaric acid showed a more startling
effect. There was essentially no color formed on mixing the
niobium(V) with the thiocyanate, indicating the initial absence
of the reactive niobium(V) species. However, the rate of color
development was a first order reaction in niobium(V) with a
specific velocity constant of 0.198 reciprocal minutes (Figure 7).
This constant was obtained immediately after preparing the
solution and remained the same for over a year of storage.

Although the reactions were always first order" with respect
to the niobium(V) concentration, the specific velocity constant
varied with the tartaric acid concentration. Increasing the
tartaric acid from 0.5 to l.OM showed that approximately 50%
of the niobium was initially in a reactive form in the higher
tartaric acid concentration, probably as a NbO(C.H.06)+ com
plex. The maximum molar absorbance index on tartaric acid
solutions was the same as that obtained rapidly on sulfuric or
hydrochloric acid solutions.

Figure 7. Rate of growth of niobiuIll(V) thiocyanate
cOIllplex

Potassium bisulfate melts of niobium(V) dissolved in 0.2 to
l.OM citric acid showed no initial color develbpment. These
solutions differed from tartaric acid in that no formation of
niobium(V) thiocyanate complexes was observed over a period of
several hours. Colloids, as indicated by the Tyndall effect,
were not evident in the tartaric or citric acid solutions.

The unreactive forms of niobium(V) formed in citric or tartaric
acid were partially converted to reactive forms when allowed to
stand in contact with 9M hydrochloric acid. This was also
evident in the observation that the order of additiop. of the re
agents made large differences in the rate of formation of the
niobium(V) thiocyanate complexes. The lack or slowness of
color development was associated with the failure of citrate and
tartrate to complex the' niobium completely, resulting in the
formation of complex niobates similar to the vanadates. In
tartaric acid, the first rapidly formed complex niobate species
appeared to be stable, as indicated by the immediately repro
ducible first order specific velocity constant, the stability with
time, and the zero initial reactive niobium concentration. The
relative complexing ability indicated is niobium(V) oxalate >>
tartrate > citrate.

It is concluded that niobium(V) complexes and NbO+++ or
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Tartaric acid solutions showed slow
color development.

HBr ",,10' 0.01

NH.F 55 -1.6
110 -7.1

H2SiF, 10 -50

NaOAc 1200 0.01
K2EIPO. 234 ~3.0

Oxalic acid 180 -1.7
400 -21

Citric acid 2600 -0.70
Tartaric acid 2000 -0.50

A summary of recent investigations of the two groups, titanium
zirconium-hafnium and vanadium-niobium-tantalum, shows that
a graduation in the stability of the oxygen metal bond decreases
with the heavier elements. When in solution, van~dium(V) and
(IV) oxygenate, and they show little or no evidence for the
formation of VXn -nH. Zirconium (1, 6) hafnium, and tantalum
(7, 11) show a preference for the ZrXn _n H type complex, and the
existence of the oxygenated species of these elements in solution
is doubtful. Titanium(IV) (10) and niobium(V) (6) show evidence
of both types of complexes in solution.

The effects of anionic interference on the color development are
summarized in Table 1. Some care must be exercised in inter
preting the results of the interference tests, as the pH and aging
of the solutions may play an important and unpredictable role in
the reactions of the various anions with niobium(V). The
compounds tested for interference were added to the aqueous
niobium solution just prior to the color development.

It appeared that reactive forms of niobium(V) in aqueous solu
tion were possible only with the aid of complexing agents. The
criterion for reactivity of niobium(V) in solution was the ability of
a niobium(V) aliquot to form the thiocyanate complex rapidly.
To determine the reactivity of the niobiurri(V) in solution requires
knowledge of the total concentration niobium(V) in the solution
examined and the molar absorbance index of a 100% reactive
niobium solution. The molar absorbance index was determined
with standard solutions of niobium(V) as a complex fluoride,
sulfate, oxalate, chloride, and tartrate. Each solution of
niobium(V), when properly complexed, quantitatively produced
the same molar absorbance index when the standard procedure
was applied. The molar ratio of niobium(V) to complexing
agent was such that there was no interference (Table I) to the
described standard procedure. The complexed niobium(V) was
added last to the adjusted thiocyanate medium and mixed, and
the absorbance observed continually in the Cary recording spec
trophotometer at 383 m}.' within approximately 45 to 50 seconds
of the initial mixing. When certain .nonreactive forms of
niobium(V) are employed, addition of the niobium(V) aliquot to
strong acids prior to color development may increase the rate of
formation of the niobium(V) thiocyanate complex and the final
absorbance.

Fuming niobium with sulfuric acid and mixed sulfuric-hydro
fluoric acids gave solutions which were very rapid and reproduc
ible in color development. When potassium bisulfate melts of
accurately weighed niobium metal or niobic oxide were dissolved
in concentrated hydrochloric acid or 10M sulfuric acid, the solu-

Table I. Effect of Foreign Anions on DevelopIllent of
NiobiuIll Thiocyanate COIllplexes

(Niobium concentration, 4.96 X lO-'M)

Molar
Ratio,

Inter- Foreign Error,
ference Ion/Nb % Remarks

H2S0. ",,10' 0.01 Sulfuric acid alone was unable to
furnish a high enough hydrogen
ion concn. 1.00 Ml. of coned.
HOI also added

3 Ml. of .8M HBr used in place of
same HOI conen. with no ob
servable deviation

No detectable error at molar ratio
of 30

Easily removed by adding excess
HF and fuming in coned. H2S0.

Solution heated to point of fuming
in H2S0. before color develop
ment

No detectable error at molar ratio
of 100
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Table II. Distribution Coefficient of NiobiuID Fluoride
Between Equal VoluIDes of Methyl Ethyl Ketone and an

Aqueous Solutiuna
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Molar % Errora
Ratio
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Foreign Ion Ion out With

Conen., Nio- extrac- extrac-
M./L. bium tion tion Remarks

2.30 X 10-3 100 44.0 0.00
0.0167 725 500 0.00 % error estimated using

SnCh, which cannot
effectively eliminate
all Fe + + + at 0.0167M

1.38 X 10-' 55 2000 0.30
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Figure 9. Effect of acid and salts on niobiuID
color developlllent
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the water in the color developing medium. The salt and acid
and added acetone or alcohol all contribute to a decrease in the
activity of water in the medium. The relatively high tempera
ture sensitivity of the absorbance of the titanium, vanadium, and
niobium complexes is probably also a reflection of the changes
in the activity of water with temperature changes. This was
borne out by the observation that as the water content of the
medium decreased, the change in absorbance per unit of tempera
ture change lessened.

A number of things may complicate the observations of the
effects of color development. With niobium, a reactive sample
must be used to avoid slow or partial color development in the
various media due to hydrolysis or polymerization of the niobium.
Also the reactive niobium must be added last to the homogeneous
solution and the absorbance allowed to develop to a stable value.
All absorbances (Figures 8 and 9), werE~ stable within 15 minutes;
and immediately upon mixing, produced an absorbance within
10% of the stable value. In Figure 8, the absorbance develop
ment of niobium thiocyanate was studied in a standard acetone
aqueous thiocyanate medium. The base composition of the
medium was selected to give relatively large absorbance changes
with the salt or acid variables. The additional chloride added
such as acid, lithium, sodium, and potassium chloride--to the
base solution has been plotted in Figures 8 and 9 against the
absorbance at a constant niobium concentration. In Figure 8,
the initial effectiveness in development of the absorbance followed
the expected order of the lyotropic series hydrochloric acid >
lithium chloride> sodium chloride> potassium chloride. How-

Extraction of NiobiuID froID Metal Ions Which Interfere in
Spectrophotollletric Method

Niobium
Conen.•
M./L.

2.30 X 10-'
2.30 X 10-'

2.48 X 10-'

190
213
215
209

Distribu
tion

Coefficient
Organic
Aqueous

He!

Table III.

a In each case, per cent of error was average of six experiments.

Inter
ference

500
300
490
490

U02S0,

NiCh
FeCL,

2500
1000
2000
2.500

28
20
40
60

3000
1230
2400
3100

i NoGI

~GI I

30400
32,300
31200
30,WO

0.4 0.8 1.2 1.6 2.0 2.4

XCI MOLAR CONCENTRATION

Effect of acid and salts on niobium
color development

20 VOLUME PER CENT ACETONE
0.95 M HC[; 0.08 M Sn CIZ
0.60M NH4CNS
XCI M ADDITIONjll. CHLORIDE

160
150
145
145

Nb" Distribution, Total Counts/Min.
First Equilibration Second Equilibration

Aque- Or- Sur- Aque- Or- Sur-
ous ganic face ous ganic face

0.,J50
0.0

Figure 8.

(1.600

0.550

O.tIOD

C.450

w 0.4C10
u
z...
CD 0.350
a:
0

'"CD 0.300..
0.250 -

0.200 _.

0.[50 -

Sample
No.

1b
2
3
4b

Nb(OH)5; x and its complexes are the
reactive forms of niobium. Nonreactive
forms are probably niobates and poly
meric forms.

Solutions which were observed to
contain niobium(V) colloid showed no
color development when added to the
thiocyanate-acetone standard medium.
These solutions, and others in which
the thiocyanate complex developed
slowly or not at all, could be quanti
tatively converted to a reactive form
by treating the sample in a platinum
dish with concentrated hydrofluoric acid
and fuming with sulfuric acid. Except
when silicates were present, fuming with sulfuric acid or
sulfuric-nitric acid mixtures was equally effective in converting
niobium(V) quantitatively into reactive forms.

The development of the niobium complex does not appear to
be particularly dependent on the chloride ion concentration, as
previously suggested (4). The hydrogen ion activity un
doubtedly acts to prevent hydrolysis of the metal thiocyanate
complex. However, at higher concentrations both the hydrogen
ion and added alkali metal saIts appear to aid the development of
the absorbance in proportion to their ability to orient or hydrate

a 2.8M HF. 3.6M H 2SO" 0.002M NH,F, Nb"(0.757 Mev.) tracer (Total
of 43.5 I'g. niobium/sample = 33650 c./m. in the well-type scintillation
erystal counter).

b Drifilmed polyethylene container.
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The dotted curve in Figure 10 shows the effect of adding 10
drops of water to the fumed tantalum in 0.5 m!' of concentrated
sulfuric acid before developing the color. It was much more
difficult to keep the reactive species of tantalum in solution than
in the case of niobium.

The tantalum inhibited the niobium color formation only when
reactive tantalum hydrolyzed in the presence of reactive niobium.
Thus, if a tantalum solution were diluted with water to approxi
mately 6 to 7M sulfuric acid and then mixed with niobium, the
inhibiting effect on the niobium color development was not
evident. Also it was possible to apply the procedure to mixtures
of tantalum and niobium in sulfuric acid (1 to 5 parts of tantalum
and 1 part of niobium) and develop the color without inter
ference. However, extreme care had to be exercised to prevent
hydrolysis· before complexing. Tantalum(V) and niobium(V)
mixtures were oxidized to peroxy compounds in fuming sulfuric
acid with a few drops of peroxide. The peroxy compounds of
tantalum(V) and niobium(V) were then added to the thio
cyanate-acetone medium and reduced to the quinquevalent com
pounds in the color developing solution with the stannous chloride.
Although this technique was not completely trouble free, a
large number of the niobium(V) thiocyanate absorbances de
veloped correctly in the presence of reactive tantalum (> 75%),
where failure was almost certain previously.

counts on the surface were obtained by difference and are known
with an accuracy of approximately ±15%.

The extraction procedure was especially effective in separating
niobium from nickel, iron, and uranium (Table III). Vanadium
and tungsten were partially extracted with niobium.

The color formation of tantalum in thiocyanate acetone
medium was judged not to be analytically useful. Figure 10
shows a scan of the tantalum thiocyanate absorbance and the
order of magnitude of the deviations. The errors were a result of
the inability to prevent hydrolysis and/or polymerization of the
tantalum.

The sample, in platinumware, was fumed with concentrated
sulfuric acid or hydrofluoric-sulfuric acid mixtures to a final
volume of 0.5 ml. The sample was then transferred into 15 ml.
of 3M ammonium thiocyanate in acetone with 3 ml. of 8M hy
drochloric acid, followed by rinsing with 15 drops of 10% stan
nous chloride in 6M hydrochloric acid and finally was diluted to
25 m!' with water. Any direct dilution of the fumed tantalum
with water caused a marked decrease in the absorbance.

\
\

0.5 \

\
\

\ ,
" -...

w
u

~ 1.0

'"a:
o
Ul

'"..

5.32 x 10-4 M To
60 Volume Per cent Acetone

1.5 1.8 M. NH4CNS

o L-__--l.-=:::.-====- ..J

350 400 450 500

WAVE LENGTH, ml'

Figure 10. Tantah.llll thiocyanate
cOlllplex

The literature on the analysis of niobium-uranium mixtures
was examined in some detail. Milner and Wood (9) have
studied the extraction of niobium fluoride from uranyl ion. The
extracted niobium fluoride finally was determined gravimetrically.
This extraction procedure, with slight modifications, has been
applied successfully to the spectrophotometric analysis of
niobium.

Table II shows the results of niobium-95 tracer studies of the
extraction procedure, each extraction being made on a total of
43.5"y of niobium. Based on analyses of both phases, the
distribution coefficient is sufficiently high so that after one ex
traction with equal volumes of organic and aqueous solutions,
only 0.5% of the original niobium should remain in the aqueous
phase. However, the amount of activity remaining on the sur
face of the 50-ml. polyethylene vessel was surprisingly large for a
fluoride solution. Thus, after two extractions in the same
polyethylene vessel, slightly more than 1% of the total niobium re
mained on the surface. Drifilming this surface appeared to be
without effect. This emphasizes the necessity for special care in
handling niobium solutions of low concentrations. The total

ever, the lithium chloride and hydrochloric acid did not maintain
their effectiveness at higher concentrations in the acetone medium.
Appreciable reaction with acetone and lithium chloride and
acetone and hydrogen chloride, but not with sodium and
potassium chlorides, apparently takes place. A second series
shown in Figure 9 where methanol replaced acetone showed no
evidence of abnormal solvent interaction with any of the
chlorides, and the lyotropic series hydrochloric acid > lithium
chloride> sodium chloride> potassium chloride was maintained
at all concentrations observed. Repeated checks of many of
the points in both Figures 8 and 9 gave very reproducible results.
With media of higher acetone and acid content, the absorbance is
not so sensitive to salt or acid variations (Figure 6). Sulfuric acid
shown in Figure 6 will show marked bleaching effects in low
acetone media, because the bivalent sulfate ion concentration
becomes appreciable and complexes the ni,obium very effectively.
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Table 1. Index to Steroid X-Ray Diffraction Powder Data
Pattern Melting Point

No. Name (Uncorr.), 0 C.

PROCEDURE

The melting point of each compound (Table I) was determined
and cheeked with the literature to be certain of the purity and
identity of these steroids. The crystahl were powdered in a

X-ray diffraction powder data and powder diffraction
photographs for 27 steroids are presented. Visual
comparison of the powder patterns for known and
unknown steroids was found to be sufficient for identi
fication.

LARGE numbers of well crystallized organic compounds exist
which give x-ray diffraction patterns satisfactory as a means of

identification when their pattern data are available. Most of the
steroid group of compounds fall into this category. Bernal,
Crowfoot, and Fankuchen (1) published crystallographic and
optical data for some 80 sterol derivatives but did not include
powder diffraction data. The purpose of this paper is to present
powder data for 27 steroids.

I/Ild, A.

Estradiol
4
9
4

10
4
9
4
6
4
6
5
6
3
3
3
2
4
1
2
4
2
1
2
2
4
2
2
3
2
2

A4. as-Stigmas
ten-3 (jl)-ol

13.2 1
9.36 1
7.41 6
7.00 4
5.91 10
4.81 9
4.61 7
4.05 7
3.48 5
3.27 2
2.92 1
2.83 1
2.43 1
2.28 2
1.19 1

3.
7.50
6.71
6.03
5.64
5.00
4.78
4.63
4.32
4.08
3.92
3.72
3.35
3.24
3.13
3.02
2.90
2.80
2.65
2.56
2.49
2.40
2.32
2.27
2.21
2.14
2.08
2.00
1. 93
1.86
1. 79

CIS STEROIDS

2. Estronea

9.36 2
7.26 2
5.56 2
6.19 6
5.85 9
5.13 7
4.85 8
4.40 to
4.01 6
3.85 6
3.70 5
3.59 1
3.27 6
3.18 1
3.14 5
3.01 1
2.94 5
2.74 5
2.57 6
2.44 4
2.43 4
2.36 4
2.23 6
2.17 2
2.10 2
2.06 2
2.01 6
1.95 2
1. 92 2
1.88 1
1. 79 1
1.74 1
1. 70 1
1.65 1

d, A. 1/11 d, A. I/Il

CI9- 29 STEROIDS

A. Monohydric Alcohols

I/Il

1. Estriol
8.08 3
6.73 8
6.05 5
4.81 3
4.34 10
4.16 4
3.36 3
2.85 2
2.47 2
2.28 2
2.11 1
1.138 3

Table II. Powder Diffraction Data for Steroid~

d, A. 1/11 d, A. 1/11 d, A. 1/11

d, A.

AI. Stigmasta- A2. as-Choles- A3. Cholestan-
a', 22-dien-3(jl)-01 ten-3(jl)-01 3 (jl)-ol

12.9 6 17.0 3 17.0 7
9.21 4 13.4 4 13.6 5
7.87 7 11.4 3 11. 3 6
6.69 8 9.26 3 9.76 2
6.30 2 8.43 7 8.76 4
6.01 8 7.76 2 7.31 4
5.77 6 6.86 6 6.71 6
5.50 1 6.26 6 6.21 7
5.13 10 5.74 9 5.59 9
4.75 5 5.26 10 5.17 10
4.47 6 4.91 8 4.76 5
4.25 4 4.58 5 4.52 3
4.05 3 4.22 5 4.33 3
3.88 5 3.97 1 4.10 5
3.45 4 3.80 4

3.58 3
3.41 2
3.19 2
2.94 1
2.66 1
2.42 1
2.27 2
2.22 1
2.14 3

B. Dihydric Alcohols

B1. a'-Androstene-3(Jl) ,17(a1- B2. as-Androstene-3(jl),17(jl)-
diol diol-17 benzoate

10.8 6 3.11 5 14.9 2 2.92 2
8.47 7 3.02 5 8.31 3 2.83 2
7.09 1 2.94 7 7.38 2 2.78 2
6.05 7 2.82 5 6.05 10 2.72 1
5.87 10 2.71 6 5.59 4 2.59 1
5.58 10 2.58 5 5.32 10 2.50 1
5.39 7 2.56 4 5.02 1 2.39 2
5.00 8 2.48 4 4.67 7 2.32 3
4.82 6 2.38 5 4.50 4 2.22 2
4.50 2 2.31 6 4.30 7 2.13 2
4.28 8 2.10 6 3.92 6 2.09 2
4.09 7 2.05 5 3.69 6 2.03 2
3.85 6 1.98 5 3.59 6 1.96 1
3.72 6 1. 94 1 3.47 6
3.60 2 1.87 1 3.35 2
3.46 2 1.78 1 3.23 2
3.38 7 1.73 1 3.14 2
3.27 5 3.05 2

a Six-sided plates.
(Cantinued an page 516)

514

167-169
146-148
141-142
138-140

291-293b
234-,-23.6

196-198
171'-173
234-236

180-182
218-220

172-174
120-122

151-153

191-193
152-155
168-170

184-185
173-175

155-158

149-·151

161-164

125-127

183-185

280-282a
259-261
176-179

Ct9-29 STEROIDE,

A. Monohydric Alcohols

Stigmasta-fI5,22-dien-3({3)-01 (stigmasterol)
a'-Cholesten-3(jl1-ol (cholesterol)
Cholestan-il (13)-01 (dihydrocholesterol)
a'-Stigmaste'!-3(jl)-01 (jl sitosterol)

B. Dihydric Alcohols

a'-Androst"ne-3(jl) ,17 (jl)-diol
a'-Androstene-3 (jl) ,17 (jl)-diol-17-benzoate

C. Diketones

a'-Androstene-3,17-dione
a'-Pregnene-3,20-dione (progestercne)

D. Monohydroxy-Monoketones

a'-Andro,·t.ene-3(jl)-01-17-one (dehydroepian-
drosterone)

a'-Pregnene-3(jl)-01-20-one (pregn<:nolone)
a '-Androstene-17(",)-01-3-one (test,osterone)
a'-Androstene-3(Jl)-01-17-onec3-ac"tate (de-

hydroepiandrosterone acetate)
Androstao-3(a1-ol-17-one (androsterone)
a'· 15-Prel:nadiene-3 (13)-01-20-one (dehydro

pregnenolone)
16,17-Epoxy-a '-pregnene-3 (jl)-01-:W-one-3

aceta to (epoxypregnenolone acetate)
a'-Pregnene-3(jl1-ol-20-one-3-acetate (preg

nenolone acetate)
17(jl1-m"thyl-a'-androstene-17 (al-ol-3-one

(methyltestosterone)
a'-Pregnene-3(jl)-01-20-one-3-methyl ether

(pregnenolone methyl ether)
a '-Pregnene-3 ({3) ,21-diol-20-one-:! I-acetate

(acetoxypregnenolone)

E. Monohydroxy-Monocarboxyacii::ls

3({3)-Hydroxy-bisnor-a'-cholenic acid·
3(jl)-Acetoxy-bisnor-as-cholenic acid

BILE ACIDS

Estriol
Estrone
Estradiol

CIS STEROIDS

A1
A2
A3
A4

1
2
3

B1
B2

Dl

D2
D3
D4

D5
D6

D7

D8

D9

DI0

D11

E1
E2

C1
C2

F1 Cholic •.cid
F2 Desoxycholic acid
F3 Deh~'drocholicacid

a 4° rise per minute.
II Decomposed.
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Figure 1. X-ray diffraction powder patterns of steroids

Key round in Table I
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Table II. Powder Diffraction Data for Steroids (Continued)

D. Monohydroxy-Monoketones (Co71linued)

D7. 16,17-EpoxY-~'-pregnene- D8. ~'-Pregnene-3(p)-ol-20-
3(P)-ol-20-one-3-acetate (continued) one-3-acetate (continued)

4.82 10 2.19 2 5.74 10 2.29 3
4.68 3 2.12 1 5.50 10 2.23 3
4.16 5 2.08 1 5.16 .3 2.17 3
3.87 4 2.02 4 4.75 10 lL07 1
3.70 7 1.95 1 4.47 6 2.04 1
3.54 2 1.90 3 4.26 4 2.'01 2
3.41 3 1.85 2 4.02 4 1.96 4
3.30 2 1. 77 2 3.82 4 1.88 3
3.23 6 1.62 2 3.63 10 1.84 3
3.00 4 1.57 1 3.41 4
2.94 3 1.54 1 3.29 3
2.85 2 1.49 2 3.21 3
2.81 2 1.32 2 3.11 4
2.71 1 1.23 1 2.97 3

d, A.

Cl.

10.4
8.51
7.09
6.71
6.01
5.57
5.16
4.68
4.45
4.24
4.00
3.66
3.53
3.19
3.13
3.05

III. d, A. 1/1, d, A. //11 d, A. //11

ClI-" STEROIDS (Continued)

C. Diketones

~'-Androstene-3,17-dione C2. ~"'Pregnene-3,2O-dione(13)

1 2.98 5 9.33 3 3.08 2
1 2.80 6 8.33 8 3:01 3
7 2.69 1 6.96 9 2.90 2
1 2.51 6 6.12 7 2.78 3

10 2.43 5 5.73 7 2.69 3
7 2.38 3 5.24 10 2.60 2
9 2.31 4 4.83 7 2.39 2
2 2.24 4 4.64 4 2.32 3
3 2.12 5 4.51 4 2.26 3
8 2.08 2 4.19 5 2.22 2
3 2.03 4 3.95 7 2.16 2
4 2.00 4 3.71 3 2.11 2
7 1.95 3 3.46 6 2.04 3
6 3.36 7 1.97 2
2 3.24 1 1.86 2
2 3.16 1 1.83 3

d, A. 1/1. d, A. III. d. A. 1/1. d, A. 1/1.

d, A. III. d, A. //11 d, A. //11 d, A. //11
D7. 16,17-EPOXY-~'-pregnene- D8, ~'-Prej!nene-3 (13)-01-20-

3(f3)-o1-20-0ne-3-acetate one-3-acetate

13.1 3 2.62 2 8.15 6 2.84 3
8.04 9 2.50 2 7.66 3 2.71 3
7.53 5 2.41 2 7.00 9 2.66 1
7.09 5 2.35 3 6.61 2 2.54 1
5.79 8 2.28 3 6.28 8 2.48 2
5.01 8 2.21 2 6.0e 8 2.41 2

Dl. ~'-Androstene-
3 (fj)-ol-17-one D2. ~'-Pregnene-3(f3)- D3. ~"'Androstene-

(Leaflets) ol-20-0ne 17(a)-oI-3-one

10.9 5 12.1 5 10.2 4
7.53 6 8.47 5 7.56 4
6.78 5 5.97 10 6.84 8
5.95 10 5.47 10 5.77 10
5.72 10 4.95 8 5.54 8
5.29 7 4.30 6 4.84 9
5.00 8 4.02 9 4.36 7
4.71 9 3.83 6 4.04 1
4.22 4 3.47 1 3.87 1
3.94 2 3.35 1 3.74 2
3.60 3 3.20 9 3.48 4
3.33 4 2.92 7 3.26 4
3.05 7 2.83 4 3.01 4
2.82 1 2.74 1 2.59 4
2.51 1 2.66 1 2.41 3
2.20 2 2.59 1 2.18 ·3

2.37 2 2.02 2
2.23 2
1.99 6
1.87 1
1.80 1
1.72 1

d, A. 1/1. d, A. 1/1. d, A. 1/1.

D4. ~'-Androstene- D5. Andr08tan- D6. 6.6,18_Pregnadiene
3 (13)-01-17-one-3-acetate 3 (a)-oJ-17-one 3(fjl-ol-20-0ne

9.99 8 11.1 4 12.5 8
8.31 3 8.67 4 10.6 3
6.73 8 7.38 2 8.12 1
6.05 3 6.81 4 6.13 4
5.49 3 6.46 2 5.74 10
5.17 10 5.91 10 5.44 10
4.99 2 5.11 7 5.01 4
4.70 2 4.80 8 4.83 2
4.54 10 4.63 6 4.22 9
4.41 6 4.52 6 4.10 9
4.12 6 4.28 5 3.93 1
3.72 7 4.12 5 3.81 1
3.58 4 3.94 4 3.47 2
2.95 5 3.79 4 3.30 7
2.74 4 3.63 5 3.18 2
2.62 4 3.51 1 3.08 3
2.47 4 3.30 1 2.97 3
2.28 1 3.19 6 2'.73 1
2.14 1 3.06 4 2.02 1

2.96 4 1.88 1
2.84 5
2.70 4
2.54 1
2.48 1
2.42 1
2.33 4
2.25 3
2.20 3
2.15 6
1. 97 5
1.91 5
1. 79 1

D. Monohydroxy-Monoketones

5
10

5
9
6

10
9
7
6
4
1
1
4
7
3
4
1
5
4

·3
7
1
1
1
3
4
2
4
3
3
2
2
3
3
1
1

1/1.d, A.

14.4
5.97
5.75
5.55
5.37
5.08
4.82
4.68
4.53
4.43
4.22
4.01
3.81
3.72
3.53
3.39
3.32
3.14
3.08
3.01
2.96
2.86
2.78
2.68
2.62
2.55
2.47
2.38
2.28
2.21
2.13
2.06
2.00
1.91
1.82
1. 74

3
2
2
9

10
7
5
5
5
3
2
3
3
2
7
6
5
1
1
2
2
1
2

1/1.d, A.

13.7
8.85
7.26
5.91
5.25
5.03
4.66
4.15
4.02
3.76
3.53
3.35
3.27
3.12
3.01
2.92
2.69
2.48
2.39
2.31
2.14
2.07
1. 98

E. Monohydroxy-Monocarhoxyacids

El. 3(fj)-Hydroxy-bisnor-~'- E2. 3(fj)-Acetoxy-bisnor-~'-
cholenic acid cholenic acid

d, A. 1/1> d, A. //11 d, A. 1/1.

D9. 17(fj)-Methyl-~'- Dll. ~'-Pregnene-

androstene-17(a)-oI-3- DI0. ~'-Pregnene-3(fj)- 3(fjl,21-diol-20-0ne-21
one -ol-20-one-3 methyl ether acetate

12.3 3 11.9 5 9.77 7
10.8 3 8.39 6 9.03 7
9.56 3 6.49 1 6.66 3
7.06 3 6.07 10 6.37 3
6.09 8 5.74 10 5.97 10
5.87 3 5.41 4 5.72 10
5.64 10 5.10 9 5.17 3
5.31 9 4.71 9 4.85 10
5.06 5 4.43 4 4.28~ 4
4.76 5 4.22 3 4.15 4
4.48 7 3.92 9 3.97 4
4.18 6 3.82 2 3.66 4
3.82 4 3.70 2 3.51 2
3.67 6 3.43 2 3.29 4
3.46 4 3.30 3 3.00 4
3.24 4 3.18 7 2.82 2
3.06 4 3.05 3 2.69 3
2.98 4 2.92 3 2.56 3
2.86 3 2.74 3 2.38 2
2.75 1 2.71 3 2.36 2
2.53 5 2.63 3 2.20 3
2.43 1 2.50 1 2.09 2
2.38 1 2.39 8 1.98 2
2.25 1 2.25 2 1.89 1
2.21 1 2.19 2
2.04 1 2.10 1
1.99 1 2.00 2
1.85 1 1.96 2
1.78 1 1.80 1

1/l>d, A.//11d, A.//11d, A.
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mortar to a fineness of about 200 mesh. The powders were placec
in thin wall plastic tubes of O.OI-mm. wall thickness and 0.2-mm.
diameter (2, 3)0 The mounted samples were exposed to nicke
filtered copper radiation produced at 35 KVP and 20-ma. currenl
for 5 hours in Norelco (North American Philips Co., Inc., Mounl
Vernon, N. Y.) of 114.59-mm. diameter, Debye-Scherrer cameras.
The patterns (Figure 1) were recorded on Kodak No-Screen x-ray
film, developed for 5 minutes at 68 0 F. in Kodak x-ray developer.
Relative intensities (l/I,) of the pattern lines (Table II) werE
determined by visual estimation with the strongest line noted as
10. The d values are given in Angstrom units with the copper
radiation weighted wave-length value of 1.5418 A. used as the
basis of spacing calculations.

The wider use of the x-ray method of analysis for organic com
pounds should supplement melting point determinations and the
use of infrared absorption analysis (.n. A distinct advantage of
this method is that very small quantities of sample are required
one milligram is usually sufficient for an analysis. Visual com
parison with standard diffraction patterns usually (Figure 1) has
been found sufficient for identification of these steroids, without
resort to d value calculation.

Tabla II. Powder Diffraction Data for Steroids
(Continued)

d, A. 1/11 d, A. 1/1, d: A. 1/1,

Fo BILE ACIDS
F2. Desoxycholic F3. Dehydrocholic

Fl. Cholic Acid Acid Acid
11.4 6 12.0 6 15.1 5
9.83 3 8.98 8 12.9 4
7.94 6 6.92 2 11. 9 2
7.06 2 6.28 10 10.3 5
6.78 9 5.87 3 9.61 4
6.49 9 5.66 3 7.83 1
6.19 1 5.41 7 6.86 1
5.93 1 5.19 3 6.39 4
5.74 10 5.03 6 5.93 5
5.37 2 4.47 3 5.66 10
5.16 3 4.27 4 5.26 7
4.94 2 3.97 6 4.95 7
4.75 3 3.85 4 4.76 1
4.45 8 3.59 5 4.52 3
4.24 2 3.41 3 4.47 6
4.00 5 3.33 3 4.25 5
3.82 2 3.24 4 4.15 6
3.69 4 3.07 2 3.97 4
3.56 4 2.88 1 3.84 2
3.43 1 2.77 2 3.63 2
3.31 2 2.71 1 3.45 4
3.19 3 2.51 3 3.32 3
3.11 1 2.52 3 3.15 4
3.02 1 2.45 4 3.03 3
2.87 1 2.40 1 2.95 3
2.72 2 2.36 1 2.67 2
2.64 1 2.32 2 2.55 2
2.56 4 2.13 1 2.57 2
2.51 2 2.00 2 2.46 2
2.46 2 1.94 2 2.41 1
2.41 2 1.83 2 2.35 2
2.35 2 2.29 1
2.24 2 2.23 2
2.19 1 2.13 2
2.13 2 2.07 2
2.06 1
1.99 1
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Infrared Spectra of Alkyl Hydroperoxides
HOMER R. WILLIAMS and HARRY S. MOSHER

Department of Chemistry, StanForcl University, StanForcl, CaliF.

n-Propyl
n-Butyl
Isoamyl
n-Amyl
n-Hexyl
n-Heptyl
n-Octyl
n-Nonyl
n-Decyl
sec-Butyl
Cyc!opentyl
2-Pentyl
3-Pentyl
2-Hexyl
3-Hexyl
2-Heptyl
2-0ctyl
I-Butyl

EXPERIMENTAL

Materials. The spectra were taken in each case on analyti
cally pure (determined by combustion) alkyl hydroperoxides
made by the methods outlined previously (9). The samples
were used soon after preparation and were stored in the dark
and cold until ready for use. The determinations were made
without solvent using both a 0.003-inch polyethylene spacer
and a thinner film which resulted when no spacer was employed.
The spectra for both thicknesses are represented in Figures
1, 2, 3, and 4. .

Spectral Determinations. All spectra were determined on the
Perkin-Elmer double beam recording Model 21 infrared spectro-

R

The infrared spectra of 17 alkyl hydroperoxides, both
primary and secondary, have been recorded between
2 and 15 microns. In each case the hydroperoxide
showed a characteristic but rather weak absorption in
the region 11.4 to 11.8 microns, which has been previ
ously correlated with the oxygen-oxygen stretching
vibration. This is a region in which some of the cor
responding alcohols also absorb and thus it is not a
unique means of characterizing the hydroperoxide.
All primary and secondary alkyl hydroperoxides showed
absorption in the 12.0- to 12.5-micron region. A most
interesting alternating pattern is shown by normal
alkyl hydroperoxides in this region; those which had
an even number of carbon atoms (butyl through decyl)
showed two maxima (at about 12.1 and 12.4 microns)
while the odd-numbered members of the series showed
a single maximum at about 12.3 microns.

STUDY of the infrared spectra of hydroperoxides has been
hindered by lack of sufficient examples of pure members of

this class. The availability of many new primary and secondary
alkyl hydroperoxides (9) has permitted a more extensive study
than was previously possible (3, 4, 7). In the present study the
infrared spectra of nine primary and eight secondary pure liquid
alkyl hydroperoxides (9) were recorded in the range 2 to 15
microns. The spectra of the corresponding alcohols were taken
in each case for comparison. The important features of these
spectra are recorded in Tables I to IV and Figures 1 to 7.

Table I. Wave Length of OH Stretching Band of Alkyl
Hydroperoxides and Corresponding Alcohols

R-OH, R-OOH, Shift,
# # #

2.98 2.94 0.04
2.99 2.96 0.03
2.99 2.95 0.04

~:bg ·U~ 8:8g
3.01 2.92 0.09
3.00 2.96 0.04
3.02 2.97 0.05
3.00 2.98 0.02
2.99 2.95 0.03
2.98 2.95 0.03
3.00 2.96 0.04
2.95 2.90 0.05
2.96 2.93 0.03
2.98 2.95 0.03
2.99 2.98 0.01
2.96 2.91 0.05
2.95 2.91 0.05
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9.45
9.45

c

7.44
7.52
7.52

7.54
7.42

7.28
7.44 c

7.44 c

Fb (9)

n.45
9.30
9.45
9.45
9.45,

Alcohol
HbG

7.20
7.24
7.23
7.20
7.24
7.24
7.24
7.25
7.24

7.26

Alcohol Wave Length,

"E

9.32,944
9.32
9.46
9.42
9.44
9.44
9.46

. 9.46
9.46

7.28

mation vibration of the CH2- group (5). In addition, all of the
primary hydroperoxides showed characteristic weak absorption
maxima near 6.72 and 6.98 microns-that is, this region was a
singlet for the primary alcohol (column D, Table II) but a triplet
for the primary hydroperoxide (columns A, B, and C, Table II).
As the homologous series was ascended these maxima near 6.72
and 6.98 microns became progressively less discrete until in the
case of n-decyl, these were inflections on the main 6.80-micron
band. This is shown in Figure 5. It seems likely that secondary
bands whieh are present in the hydroperoxide but absent in the
alcohol result from interactions of the hydrogen of the alpha
methylene group with the unsymmetrical hydroperoxy radical.
The secondary hydroperoxides and alcohols also absorbed at or
near 6.80 microns, but none exhibited the characteristic triplet
absorption of the primary hydroperoxides. Accordingly this ap
pears to be a definitive, although not very prominent, feature of
the infrared spectra of the saturated primary alkyl hydroperoxides
studied.

All of the spectra, except those of cyclopentyl hydroperoxide
and cyclopentanol, showed absorption at or near 7.20 microns
(columns E and G, Table II) which has been attributed to the
wagging or rocking vibration of the CH3- group (5). In addition
to this major band, all of the secondary hydroperoxides showed
a somewhat weaker band at 7.40 to 7.50 microns (column F,

Table II, Figure 6). This ab
sorption was absent in the
spectra of the primary hydro
peroxide and thus this is a de
finitive characteristic of those
secondary alkyl hydroperoxide
stu<lies.

The absorption of cumene
hydroperoxide at 9 to 10
microns has been attributed
to the isopropyl group. As
seen in Table III, both the
a Ic 0 hoI sand hydroperoxides
absorb in this region and
there does not appear to be
any particular absorption band
in this region which is
uniquely characteristic of any
one of the classes of com
pounds studied. Absorption
at 9.26 to 9.71 microns has
been ascribed to the defor
mation frequency of the OH
group (2).

Alcohols absorb in the region
between 8 and 10 microns and
Zeiss and Tsutsui (10) have
assigned a wave length of 9.30
to 9.45 microns to the carbon
oxygen stretching vibration of
th(;) saturated normal primary
alcohols with the exception of
methyl alcohol which absorbs
at 9.7 microns in this region.
A similar assignment of 8.95
to 9.03 microns for the simple
unbranched saturated second
ary alcohols was made.
Branching, unsaturation on
the alpha carbon, or an
aromatic ring on the alpha
carbon atom, was shown by
Zeiss and Tsutsui to cause
considerable shift of this char
acteristic band.

Hydroperoxide

A B C Da

8. 9.'~ n.H n.60 9.08
8.86 9.40 9.76 8.98
8.84 9 53 9.72 8.94
8.75 9.52 9.88 8.88
8.84 9.50 9.86 8.94
8.86 9.46 9.72 8.94
8.86 n.M 9.88 8.94
8.87 9.56 9.88 8.93
8.88 9.64 8.90

Absorption Spectra in the Region of 8.7 to 9.7 Microns for Alkyl
Hydroperoxides and Corresponding Alcohols

Alkyl Hyd1operoxide Wave Length,

"

Absorption of Alkyl Hydroperoxides and Alcohols in the Region
6.7 to 7.1> Microns

Hyd~operoxides Alcohol
Aa B ca D E

6.72 6.82 6.93 6.83 7.20
6.72 6.81 6.96 6.82 7.24
6.72 6.80 6.96 6.80 7.23
6.72 6.80 6.96 6.80,7 0 7.20
6.72 6.80 6.96 6.82 7.22
(j, 72 6.80 6.96 6.81 7.23
6.74 6.81 6.96 6.82 7.24
6.74 6.82. 6.96 6.84 7.25
6.74 b 6.82 6.96 b 6.81 7.24

Table H.

Table III.

Alkyl
Group

n-Propyl
...-Butyl
n-Amyl
Isoamyl
n-Hexyl
n-Heptyl
n-Octyl
n-Nonyl
n-Decyl

Alkyl
Group

n-Propyl
n-Butyl
n-AmyJ.
Isoamyl
n-.Hexvl
n-Hep'tyl
n ..Octyl
n-NoDyI
n-Decyl

2-Butyl 6.83 6.84 7.24 7.49
Gyclopentyl 6.94 6.86 7.42
2-Pentyl 6.83 6.84 7.24 7.41 7.25
3-Pentyl 6.81 6.82 7.20 7.39 7.23
2-Hexyl 6.81 6.82 7.24 7.48 7.24
3-Hexyl 6.82 6.82 7.22 7.38 7.22
2-Heptyl 6.84 6.84 7.25 7.50 7.25
2-0ctyl 6.80 6.80 7.23 7.46 7.24
t-Butyl 6.71; 6.80 6.76 7.29 7.22 7.30

a In al:nost every case these secondary bands in the triplet, columns A and C, or the doublet, column F, were
weak.

b These point:: were inflections only. These bands became progressively less discrete as homologous series was
ascended..

t: Yer.y weak and scarcely diseernible.

2-Butyl 8.80-9.00d 9.72 8.62-9.02d 9.69 9.05a
2-Pentyl 8.80-8.94d 9.42 9.70 8.72-8.98d 9.66 n.04 a
3-Pentyl 8.80-8.92d 9.66 8.70-8.88,9.0' 9.60 9.04 a

Cyclopentyl .. . . 9.66 8'.'7'1-8'.'99' d 9.33,9.64 9. 40
a

2-Hexyl 8.i2-8.96d 9.48 9.82 - 9.48,9.80 9.04a
3-Hexyl 8.80-8.92d 9.40 9.64 8.74-8.92d 9.38,9.62 9.03"
2-Heptyl 8.74-8.96 d 9.40 9.70 8.74-8.98d 9.43,9.70 9.03 a
2-0ctyl 8.70-8.93d 9.32 9.60 8.72-8.96d 9.34,9.60 9.02a
tert-Butyl 9.68 8.30 9.76 ... 8.30

a Values for maxima obtained for secondary alcohols by Zeiss and Tsutsui (column F) do not coincide exactly
with any repo.rted here. Presumably they are the second peak of the doublet reported in column D with exception
of cyclopentuDol.

b Column F reports values recorded in (10); Zeiss and Tsutsui (10) have assigned this band to C-O stretching
vibration of alcohols.

C Nat reported in (10).
d Bands reported by a dash are dosely associated as a doublet.

DISCUSSION

The absorption in the region of 2 to 5.6 microns for the 16
hydroperoxides was almost identical for both the alcohol and the
corresponding hydroperoxide. In every case, however, the O-H
stretching band of the hydroperoxide appeared at a slightly
shorter wave length than that for the corresponding alcohol,
indicating a slight but appreciably greater hydrogen bonding in
the pure liquid state fur the alcohol. :vIilas and Mageli (1) found
the reverse shift in several acetylenic hydroperoxides. The
wave lengths of the O-H stretching band for both the hydro
peroxide and the eorresponding alcohol are compiled in Table 1.
In these compounds the only difference in structure is the re
placement of the -OH group with the ~OOH group. The
spectra of tert-butyl hydroperoxide (7) are added to this and
subsequent tables for purposes of comparison.

All the hydroperoxides and alcohols absorbed moderately
strongly near 6.80 and 7.2 mierons, regions assigned to the defor-

photometer equipped with a rock salt prism. The instrument
wa', operated at the following· settings: resolution 927; response,
1: 1; gain, 6; suppression, l.

In .several 'cases there was occasion to retake the spectra of a
particular hydroperoxide (in two cases on a sample which had
been stored for 10 months); in all these cases the spectra were
c~mpletely reprodueible.
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6 7 9 10 12 13 14

Figure 1. Infrared spectra of n-alkyI hydroperoxides,
6 to 14 Illicrons

This region of the spectra of the primary and secondary satu
rated alkyl hydroperoxides is tabulated in Table III. It is
seen that the band at 9.32 to 9.46 microns for the normal primary
alcohols has been more or less uniformly shifted to longer wave
lengths (about 10 microns on the average) in the corresponding
hydroperoxide. In general, the band broadens as the molecular
weight of the alkyl hydroperoxide increased.

1413121097

Figure 2. Infrared spectra of n-alkyl hydroperoxides,
6 to 14 Illicrons

In the case of the secondary alkyL hydroperoxides the picture
is not nearly so clear-cut. Zeiss and Tsutsui (10) designate a
band at 9.02 to 9.05 microns as characteristic of the carbon-oxygen
stretching band in unbranched secondary alcohols; their figures
are given in column F in Table III. The authors did not record
this exact band but presume that the one found at 8.88 to 9.02
microns was the same as reported by these workers. Not as much
care was taken with the purification of the alcohols as with the
purification of the hydroperoxides, nevertheless the alcohols were
essentially pure and these differences are in excess of experimental
error. It will be noted that both the alcohols and alkyl hydro
peroxides absorb in the region 8.75 to 9.0 microns (column D,
Table III), with the exception of the cyclopentyl derivatives,
and the region is not therefore very definitive for the secondary
alkyl hydroperoxides. Considerable study and additional exam
ples would be necessary before definite assignments could be
made with any certainty in this region; accordingly, the values
for the maxima in this region are recorded in Table III and in
Figures 1, 2, 3, and 4 without further speculation.

All of these saturated alkyl hydroperoxides absorbed in the re
gion of 11.4 to 11.8 microns. Shreve (7) reported absorption in
this region as resulting from vibration within the OOH group.
The maxima in this region which are weak to medium in intensity
are reported for the hydroperoxides in Table IV. Several of the
alcohols also absorbed in this region and thus this is not an ideal

11.52

11 40

11.86
11.70
11.68
11.85
11.86

11.86

11.57
II. 73
11.52
11.64
11.52
11.67,11 82
11.64
11.64
11.66
11.66
II. 50 (weak)
11.58
11.55
11.48
11.54
II. 75
11.53
11. 2.5 (weak)
11 .82 (strong)

Alkyl
Hydroperoxide
Wave Length,

p.

Infrared Absorption by Alkyl Hydroperoxides
in Region of 11.4 to U.8 Microns

Alcohol
Conflicting
Absorption

Wave Length,
p.

11.64
11.79

Alkyl Group

n-Propyl
n-Butyl
Isoamyl
n-Amyl
n-Hexyl
n-Heptyl
n-Octyl
n-Nonyl
n-Decyl
2-Butyl
Cyclopentyl
2-Pentyl
3-Pentyl
2-Hexyl
3-Hexyl
2-Heptyl
2-0ctyl
tert-Butyl

Table IV.

The top curve in each case was taken on a thin film. without
spacer while the bottolD. curve was taken with a O.OO3-inch

spacer

The top curve in each case was taken on a thin fihn without
spacer while the bottODl curve was taken with a O.OO3-inch

spacer
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8 9 ~ ~ ~ ~

Infrared spectra of sec-alkyl hydroperox
ides, 6 to 14 lllicrons

6 7

Figure 4.

141312\098

Infrared spectra of sec-alkyl hydroperox
ides., 6 to 14 lllicrons

6 7

Figure 3.

Iii~~v:::::::."~",,,~
v[\MJ0y

The top curve in each case was taken on a thin fihn without spacer
while the bottOlD curYe was taken with a O.OO3-inch spacer

The top curve in each case was taken on a thin fihn without
spacer while the bottODl curve was taken with a O.OO3-inch spacer.
The single curve for 2-hexyl hydroperoxide is with the 0.003 inch

spacer

method of characterization. In every case, however, the absorp
tion curve of the hydroperoxide differed greatly from the corre
sponding alcohol and could serve as a reliable method for dis
tinguishing between the two. Table IV lists these characteristic
bands for the hydroperoxides in the region 11.4 to 11.8 microns

along with any conflicting absorption bands for the corresponding
alcohol in this same region.

All hydroperoxides showed absorption maxima in the region of
12.0 to 12.5 microns (Table V) ; in the case of the n-alkyl hydroper
oxides an extremely interesting alternating patternwas apparent as

MICR S MICRONS

}'igure 5. COInparison of
infrared spectra of the
norlllal alkyl hydroperox-

ides, 6 to 8 rnicrons

Figure 6. COlllparison of
infrared spectra of the
secondary alkyl hydroper-

oxides, 6 to 8 lllicrons

Figure 7. Comparison of
infrared spectra of the norlllal
alkyl hydroperoxides, II to 14

lllicrons
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Table V. Infrared Absorption by Alkyl Hydroperoxides
in Region of 12.0 to 12.5 Microns

Hydro- Wave Length,
peroxide p

n-Propyl 12.20
n-Butyl 12.18,12.45
n-Amyl 12.26
n-Hexyl 12.10 ,12.46
n-Heptyl 12.26
n-Octyl 12.16,12.46
n-Nonyl 12.26
n-Decyl 12.18,12.42

bon atom n-paraffinic hydrocarbons in the solid state, but these
alternations were not distinguishable in the liquid state. These
alternations in the solid n-paraffins (which are due to skeletal
stretching modes) show the doublet for the odd carbon atom n
paraffin and the singlet for the even carbon atom homologs
whereas the reverse of this is true in the above case of the n-alkyl
hydroperoxides.
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shown in Figure 7. The hydroperoxides with an even number
of carbons showed two maxima at about 12.1 and 12.4 microns,
while those with an odd number of carbons showed a single maxi
mum at about 12.3 microns. This is a very characteristic region
for the normal hydroperoxide series and only in the case of n-octyl
alcohol was there an interfering band with the alcohols and in
this case it was very weak. This alternation in frequency must
pertain to the hydroperoxide group since the liquid alcohols do
not show .this characteristic phenomena. No other reports of
such an alternation in the infrared spectra of a homologous series
taken in the liquid state is known to the authors. Sinclair (8)
observed no systematic variations in the spectra of a series of even
and odd chain length aliphatic acids. An extensive study of
hydrocarbons by Sheppard and Simpson (6) has shown a similar
regOlar alternation of infrared frequencies for even and odd car-
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Effect of Concentration and Sorption upon Migration of
Cations in Paper Electrochromatography
TAKUYA R. SATO, WILLIAM P. NORRIS, and HAROLD H. STRAIN

Argonne National Laboratory, Lemont, 1/1.

TlI.is investigation was designed to test the effect of
concentration and sorption of cations upon their elec
trical Dligration through Dloist paper. Under the
conditions eDlployed in electrochroDlatography and
with zones of ions such as lead and bisDluth, that are
readily sorbed by the paper, the rate of the electrical
rnrigration is least at the lowest concentration and
increases with concentration, approaching a liDlit as
the concentration of the ions in the Dligrating zones
approaches the ionic concentration of the background
electrolytic solution in the paper. In chroDlatogl'aphic
tests based upon How of the electrolytic solution
through the paper, the Dligration of the zones of sorbed
ions also increases with concentration. Consequently,
the proportion of the ions sorbed by the paper Dlust
decrease with increasing concentration; conversely,
the proportion of the ions reDlaining nonsorbed in the
solution DlUst increase with the increasing concentra
tion. As the nonsorbed fraction of the ions should
undergo faster electrical Dligration than the sorbed
fraction, the electrical Dligration of all the ions should
be proportional to the fraction not sorbed and should
increase with concentration. For the precise descrip
tion of Dligration rates, Dligration sequences, and
separability, the concentration and the sorbability.of
the Dligrating ions should be specified. The effect
of concentration upon the electrochroUlatographic
separation of radiuDl froDl its principal radioactive
daughters and from bariuDl has been determined.

I N PAPER electrochromatography, the separability of mix
tures of various ions depends primarily upon the differential

migration rates. These. rates vary with many conditions such
as the nature and concentration of the background electrolytic
solution moistening the paper, the treatment and wetness of the
paper, the temperature, and the magnitude of the electroosmotic
effect (3,4,6-8,11,14).

Many ions, particularly those not sorbed by the paper, migrate
at a rate independent of their concentration, provided the
concentration is less than that of the background electrolytic
solution (7). With zones of the mixture at concentrations higher
than that of the electrolytic solution, the migration decreases
with increasing concentration. At the leading boundaries of the
zones, however, the ions diluted by diffusion and convection
migrate rapidly, producing long diffuse leading regions (7).

Certain ions have now been found to migrate very slowly at
low concentration, the rate of migration increasing with the
concentration. With these ions at the lowest detectable con
centration (as with carrier-free, radioactive isotopes), the rate of
migration increases until the concentration approaches that of
the background electrolytic solution. Only at concentrations
significantly higher than that of the electrolytic solution do the
migrating zones form diffuse, leading regions.

Separate chromatographic experiments with flow of solvent
as the driving force have revealed a relationship between the
sorbability of the ions by the paper and the rate of electrical
migration. Ions such as phosphate migrate at a rapid rate with
flow of the solvent and are, therefore, not sorbed by the paper.
These ions exhibit a uniform rate of electrical migration at various
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levels of concentration below t,hat olthe background electrolytic
solution (7). By contrast, ions such as bismuth and lead are
transported at a slow rate by flow of solvent and are, therefore,
sorbed by the paper (9,10). The transport of these bismuth and
lead ions by flow of solvent also increases with concentration;
hence a smaller proportion of the ions must be sorbed at high
concentration than at low concentration, a phenomenon fre
quently encountered and clearly revealed by the sorption isotherm
(9, to).

Figure 1. Apparatus for electrochromatography with
paper 2 meters long

Lucite electrode vessels, graphite electrodes, lucite harrier between electrodes
and paper, moistened paper in polyethylene wrapping supported on water

cooled. thermopane window

The variation of the sorption of ions with their concentration
must now be considered in the specification of the electrical
migration rates. This variation and its effect upon the rate of
electrical migration must also be considered in the use of the
electromigration sequences for the comparison and identification
of substances even though the sequence is established in a single
piece of paper (8).

ANALYTICAL CHEMISTRY

APPARATUS

The electrical migration apparatus shown in Figure 1 is a
modification of earlier "models. The moistened paper wrapped
in polyethylene sheeting (0.005 inch thick) was supported on a
Thermopane window (nearly 1 or 2 meters long) cooled with
running water. "

The electrode vessels were made of plastic (Lucite). They
were provided with electrodes of large, flat strips of graphite
supported edgewise in tbe solution and separated from the
paper by an "upright sheet of plastic extendin~ nearly to the
bottom of the vessel. 'rhe direct current potential was obtained
from an electronic rectifier (7) that provided about 800 volts.

MATERIALS

Carrier-free preparations of calcium-45, of strontium-90 with
its daught-er yttrium-90, and of barium-140 with its dau~hter

lanthanum-140 were obtained from the Oak Ridge NatiOnal
Laboratory. Radioactive salts of lead-210 (RaD), bismuth-21O
(RaE), and polonium-21O (RaF) free of carrier and free of the
parent radium were obtained from radon. The solutions with
decay products of radon provided about 50,000 counts per
minute per 10 ,..1. of solution (about 0.1 microcurie). These
carrier-free elements were also obtained by the use of aged sohi
tions of radium salts (usually 5 to 50 'Y of radium per 100 ,..1.).
In these solutions, only those decay products with a long half life
(indicated by bold face in the following series), were detectable
by autographic methods:

Ra226 __ Rn222 __ Po2l8 /' At218 "" Bi21• '
,,"Pb2

" /'

/' PoUt,," Pb210 B'210 /' P0210 "" Pb206 (. t' )
"" Tl210 /' -- 1 "" T1206 /' lOac lve

The paper employed in these experiments was Eaton-Dikeman,
grade 301, 0.03 inch thick. This wood-pulp paper was employed
without treatment and also after thorough extraction by down
ward percolation with (1M) nitric acid, (1M) acetic acid, and
water. The unwashed paper contained about 0.12% ash which
was some 46% calcium. The washed and dried paper contained
about 0.01% "ash" which was about 0.9% calcium. The paper
strips were several centimeters longer than 1 or 2 meters and were
arranged so that there were either 1 or 2 meters of paper between
the solutions in the electrode vessels.

PROCEDURES

The relative electrical migration rates of the ions at various
concentrations were determined in wide strips of paper. No
attempt was made to determine the absolute rates or the effect
of electroosmosis upon the migration (14).

Before use, the paper was moistened with the electrolytic
solution, usually O.lM lactic acid. It was blotted lightly and
wrapped in the polyethylene sheet, and the ends were placed
in the electrolytIC solution (about 8 liters in each electrode
vessel). With the polyethylene wrapping opened momentarily,

Figure 2. Autograph of electrochromatogram showing effect of concentration upon electrical
migration of various ions

A. Barium and lanthanum

~: ii:~~: :.i'thloJfJ.-Jt;!:a~e~~~~i~~~1t'
D. E. O.OIM lead and bismuth located with hydrogen sulfide
F. Blank

Potential. 700 volts per 200 em.
Migration time. 23.5 hours
Electrolyte. O.IM lactic acid·

A to F. 25 em.
Unwashed filter paper
Ra contained decay products
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'.the solutions to be examined (about 50 1'1. each) were added at
marked starting points, as indicated by the figures, and the
migration was carried out for some 20 to 24 hours with 3.5 or 7
volts per em. After the migration, the zones containing non
radioactive ionl! were located by spraying the paper with solutions
of sodium sulfide or hydrogen sulfide for lead and bismuth and
with sodium rhodizonate for barium. The paper was then dried,
and the zones of radioactive ions were located by autographic
methods using several juxtaposed sheets of Kodak No-screen
x-ray film 14 X 17 inches (ex'posure about 8 to 16 hours). .

RESULTS

The relative migration of barium and its daughter lanthanum is
shown in Figure 2, A. The migration of radium-226 and of its
decay products lead-21O, bismuth-210, and polonium-21O are
shown in Figure 2, B (trailing portions of radium zones not
identified). Addition of lead and bismuth ions (each O.OIM)
to the radium solution before the migration increased the rate of
migration of the tracers as shown in Figure 2, C. Separate zones
of nonradioactive lead and bismuth ions (each·O.OIM) migrated
at the same rate as the zones of tracer plus the O.OIM solutions
(Figure 2, D, E). The radioactive lead zones exhibited distinct
trailing regions as indicated by the figure. Similar trailing regions
were observed when the zones formed with O.OIM lead solutions
were located with sulfide (Figure 2, D, E).
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Separations of lead, bismuth, and polonium similar to those
illustrated in Figure 2 were also obtained with the radioactive
daughters of radon. The migration of these lead and bismuth
zones was likewise accelerated by the addition of O.OIM lead and
bismuth solutions to the mixture of tracers before the migration.

The effect of concentration upon the migration of bi.$muth ions
is illustrated in Figure 3. Bismuth from radium (or from radon)
migrated extremely slowly (Figure 3, D). The rate of migration
increased progressively with the addition of O.OOOIM, O.OOIM,
and O.OIM bismuth solutions. As in the previous illustration,
the tracer plus the inactive carrier (Figure 3, A to C) migrated
at the same rate as the carrier alone (Figure 3, E to F). This
rate was determined primarily by the concentration of the
carrier. 'In all these comparati\:e migrations, the bismuth zones
became elongated yielding large trailing regions. As might be
expected, the addition of the bismuth to the mixture of the
tracers had no effect upon the trailing of the zones or upon the
rate of migration of the lead.

The extent to which the migrating radium remained in a single
zone was determined by llstimation of the ,,-ray activity.. To this
end, aliquot portions of a dilute radium solution 'were sealed in
glass tubes. Similar aliquot portions of ·the solution were sub
mitted to electrical migration, and after the migration, the

Figure 3. Autograph of electrochromatogram showing effect of concentration upon
'electrical migration of bismuth ions

'A to C. Bismuth tracer plus bismuth carrier, polonium remains at start
D. Bismuth and polonium tracers remain at start
E to G. Bismuth located with hydrogen sulfide

Potential. 700 volts per 100 em.
Migration time. 24 hours
Electrolyte. O.IM l..ctic ..cid (in vessels)
A to G. 30 em.

Unw..shed filter p..per
A,B,C,D. R..dium dec..y products
A,D. Po'lO tr..iled Bi'"
R.. off p..per

Figure 4. Autograph of electrochromatogram showing effect of concentration upon electrical
migration of barium, strontium, and calcium ions in unwashed filter paper

B..rium in h..tched regions loc..ted with rhodizon..te. Yttrium ..nd l..nth..num d..ughters of strontium ..nd b..rium

Potenti..l. 700 volts per 200 em.
Migration time. 24 hours
Electrolyte. 0.05 M l..ctic acid
A to H. 35 em.
Unwashed filter p..per
A. C.... plus B ..

B. B..H'
C. Sr" plus B..
D. B..H'
E. Ca"
F. Sr"
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Figure 5. Autograph of electrochromatogram shoWing effect of concentration upon electrical
nrlgration of barium and strontium ions in washed filter paper

Potential. 700 volts per 200 em. A to E. 20 em. ,
Migration time. 21 hours Washed filter paper
Electrolyte. 0.05M lactic acid

DISCUSSION

From Talble I, the R values for bismuth and lead ions increase
with concentration. Because the R value is directly propor-

tional to the fraction of the ions that remains nonsorbed in the
solution (10), this increase of R with the concentration of lead
and bismuth ions shows that an increasing proportion of the
ions remains nonsorbed as the concentration increases. And as
indicated by the vall,les of l-R in Table. I, a decreasing proportion
of the ions is sorbed as the concentration increases.

The decrease in the relative sorbability of the ions with in
creasing concentration is in agreement with analogous chromato
graphic observations by Frierson and Jones (2).' These in
vestigators found that, with solvents composed of butyl alcohol
and mineral acids or of butyl alcohol, pyridine, acetic acid, water,
and concentrated hydrochloric acid, the addition of unspecified
amounts of carrier increased the R values of radium D and E
(lead-210 and bismuth-21O).

The above effect was not 'observed by Dickey (1), who has
described an independent chromatographic procedure for the
separation of radium D, E, and F.

The observations illustrated by Figures 2 and 3 show that the
electrical migration rate of lead and bismuth ions in moist paper
increases with increasing concentration.

From the results in Table I, this increase in electrical migration
may be ascribed to relatively less sorption at the higherconcentra
tions, the nonsorbed ions being free to undergo electrical migration
in the solution.

The trailing of the radioactive lead and bismuth zones as shown
in Figure 2 may be attributed to the relatively strong sorption
at low concentratipn and also to the formation of decay products
as the radium migrates through the paper.

With nonradioactive lead and bismuth ions, however, long
trailing zones could also be detected with hydrogen sulfide.
In this case, the trailing must be due, primarily, to the rel
atively greater sorbability (and possibily also to the lower
rate of elution) of the lead and bismuth ions at the low con
centrations.

With these sorbed ions, the principal, more concentrated por
tion of the zone migrates faster than the more dilute trailing
regions. It follows, therefore, that the greater the distance of the
electrical migration, the longer the t~ailing -region of the' zone.
As in conventional chromatography, the ions forming these trail
ing zones will contaminate all the other ions that form zones in
the same region. Only the' ions forming the leading zone will
be free of all the other species. For the most complete electro
chromatographic separations, the migration systems should be
selected so that sorption is at a minimum or so that sorption is
virtually independent of concentration as in many ion exchange
resins.

The small differences among the migration rates of the alkaline
earth ions illustrated by Figure 4'may be attributed to the calcium
ions in the unwashed paper. These calcium ions displace the
alkaline earth' tracers which then migrate at a more rapid rate
analogous to the migration of the carrier-containing solutions
shown in Figure 5.

The observations summarized by Figures 2 and 3 represent
practical procedures for the separation of radium from its longer-

l-R

0.51
0.47
0.31
0.20

0.79
0.64
0.43
0.37

Bi

Pb

Ion

Table I. Effect of Concentration upon Chromatographic
R Valu~ of Lead and Bismuth Ions in Paper with O.lM

Lactic Acid as Solvent
Concentration, M R

Tracer 0.49
0.0001 0.53
0.001 0.69
0.10 0.80

Tracer 0.21
0.0001 0.36
0.001 0.57
0:10 0.63

portions of the paper containing the radium were cut out and
were also sealed in glass tubes. After several weeks, the -y-ray
activity of all the samples was determined with a pressurized
ionization chamber. In 12 determinations, 97. to 100% of the
radium was al,ways obtained in the principal radium zone after
migration.

Small scale separations of radium from its daughters were
performed rapidly in hardened filter paper moist~med with
O.IM lactic acici. With as little'as 1 pI. of solution containing
only 0.05 -y of radium, the separation of radium, lead, bismuth,
and polonium was completed quantitatively in less than 1 hour.

The relative migration rates of the alkaline earth ions were
found to depend upon their concentration and upon the prior
treatment of the paper. In unwaShed filter paper, the relative
migration rates of radioactive barium, strontium, and calcium
were nearly the same with or without the addition of carrier as
shown in Figwre 4. But in filter paper previously washed by
pe1'colation with acid, the relative migration rates of the tracers
were increased by the addition of nonradioactive carrier to the
tracer as shown in Figure 5.

Lanthanum and yttrium, the radioactive daughters of barium
lUld strontium, respectively, migrated more rapidly in the un
wsshed paper than in the washed paper. Addition of carrier
(O.01M) to these rare earths also increased the rate of r: igration,
particularly in the washed paper. The degree of separation was
DOt very different under the different conditions.

The effect of concentration upon the sorption of lead and
bismuth ions was determined by standard chromatographic pro
cedures. Small zones of the tracer ions and of the tracer plus
carrier were placed near one end of a dry sheet of the unwashed
filter paper. These zones were then washed by downward per
colation with O.IM lactic acid until the liquid had traveled 84
em. The excess paper was cut off at the liquid front. The moist
portion was dried; the zones of the ion~ were located by auto
radiography; and the distance of migration relative to the migra
tion of the solvent (the R value) iWas determined (Table I).



VOL U M E 2 7, N O. 4, APR ILl 95 5 525

lived daughters. In principle, this separation is similar to the
separation of radium and its daughters by electrical migration in
a gel described by Veil in 1934 (13).

As shown by numerous experiments like those illustrated by
Figures 2 and 5, the separations of radium from barium and of
barium from strontium were usually incomplete. These separa
tions were most effective at low concentration and in washed
filter paper wherein sorption plays an effective role. By con
trast with chemical methods of separation, barium ions do not
serve as a carrier for radium ions or for strontium ions during the
differential electrical migration.

The ion exchange column separation of radium and barium
has recently been improved by the use of suitable complex-form
ing anions such as citric acid (5, 12). By analogy, the use of
similar complex-forming substances in the electrolytic solution
may facilitate the separation of barium and radium by electrical
migration.
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Polarographic Determination of 5-(l,2-Dicarbethoxyethyl>
O,O-Dimethyl Dithiophosphate (Malathion)
WALTER H. JURA

Stamford Research Laboratories, American Cyanamid Co., Stamford, Conn.

Free ester, B

o
/

HC-C-OEt
II+ Eta-C-CR' (1)

~o

S
/'

(CH30)2-P-S-H +

the analysis of crude samples, such as were encountered in process
development studies, the colorimetric method was not satisfac
tory.

In this paper, a polarographic method for the determination of
malathion is described. One of its greatest advantages has been
its successful application, for more than two years, to a wide
variety of samples. An advantage, in so far as technique is con
cerned, is the fact that the reaction conditions do not have to be
as rigorously controlled as in the case of the colorimetric method.
This is due to the fact that the polarographic method is based
upon the determination of the stable breakdown product-i.~.,

fumaric acid-and not on the determinationof the O,O-dimethyl
ester of phosphorodithioic acid, which is unstable and undergoes
partial decomposition in the alkaline medium used to break down
the insecticide.

Malathion is prepared (2) by the reaction of the O,O-dimethyl
ester of phosphorodithioic acid with diethyl maleate (Reaction 1).

o
-I'

HC-C-OEt

II -+
HC-C-OEt

~
o

Malathion, A

S 0
/' /

(CH30)2-P-8-CH-C-OEt
I
CH2-C-OEt

~o

A polarographic method for the assay of technical
grade malathion is described. Unreacted diethyl
fumarate is first determined in 0.3N hydrochloric acid
30% ethyl alcohol solution, in which Ulalathion is
polarographically inactive. On treatUlent with alkali,
both unreacted ester and Ulalathion are quantitatively
hydrolyzed to fUUlaric acid which is also deterUlined
polarographically after acidification of the solution.
The contribution of the unreacted ester to the fUUlaric
acid wave Ulay be calculated and the corrected fUUlaric
acid wave cOUlputed to its equivalent Ulalathion.
Evidence of filUl formation at the dropping Ulercury
electrode by Ulalathion, with resulting displaceUlent of
the waves of maleic and fUUlaric acids, their ethyl
esters, oxygen, and hydrogen peroxide towards Ulore
negative potentials, is discussed. The half-wave po
tential of thallous ion, however, reUlains unchanged
in the presence of Ulalathion.

THE discovery that S-(1,2-dicarbethoxyethyl)-O,O-dimethyl
dithiophosphate, commercially known as malathion, was a

potentially valuable insecticide, and the decision to investigate
its manufacture and application, necessitated the development of
methods of analysis applicable to the technical product and to its
determination as residue on plant materials.

For residue analysis, Averell and coworkers (1) have worked
out a colorimetric method which is based upon the alkaline
decomposition 9f the insecticide and reaction of copper(II) with
the O,O-dimethyl ester of phosphorodithioic acid to form an
intense yellow-colored complex in carbon tetrachloride.

The colorimetric method has also been extended to the analysis
of formulations and the relatively pure product. However, for
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Table II. Calibration Data for Free Ester in Malathion

a Mg. of diethyl fumarate per 0.0359 gram of malathion per 50 m!. of
30% ethyl alcohol, 0.3N hydrochloric acid.

b Corrected for iresidual.

Diethyl fumarate,. resulting from the isomerization of the maleate,
may be expected as an impurity in the technical product. This
unreacted ester, henceforth referred to as "free ester," may, how
ever, be readily distinguished from malathion because it is polaro
graphically active in acid solution-a medium in which malathion
is stable and gives no polarographic waves. Diethyl fumarate is
hydrolyzed to disodium fumarate by sodium hydroxide and,
under the same conditions, it was found that malathion was
rapidly and quantitatively broken down to the sodium salt of the
O,O-dimethyl ester of phosphorodithioic acid and disodium
fumarate by a ba",e-catalyzed elimination reaction (Reaction 2).

Diethyl Fu-
Standard marate, Mg. a

1 0.718
2 2.58
3 5.11

Ester. %
1. 95
6.64

12.5

/'B.b

0.277
0.964
1.966

Mg. Ester per 50
MI. of Solution

per JlS.

2.59
2.8.5
2.60

REAGE'''lTS

o Final volume of solution is 100 m!. as p"r procedure outlined.
b Corrected for iresidual.

PROCEDURE

Preparation of Typical Calibration Curve for Malathion.
The malathion used in the preps.ration of the calibration curve
was a highly purified sample pr,epared in these laboratories.
It was subsequently shown that Eastman Kodak diethyl fuma
rate (white label grade) could be used for calibration purposes.

Figure 1. Typical polarograms of malathion sample
before and after hydrolysis

a. Malathion sample hydrolyzed by alkali. Solution: 0.3N hy
drochloric acid, 25% ethyl alcohol, oxygen removed

b. Malathion sample containing 1.1 % diethyl fumarate. Solu
tion: 0.3N hydrochloric acid, 30% ethyl alcohol, oxygen removed

Samples of approximately 0.1 to 0.35 gram (weighed to nearest
milligram) were weighed, dissolved, and diluted to 250 m!. with
95% ethyl alcohol This gave solutions of malathion ranging from
0.001 to 0.004M. A 25.0-m!. aliquot of a given standard solution
was put in a 100-m!. volumetric flask. To this were added 25
ml. of O.IN sodium hydroxide. After a hydrolysis time of 3
minutes, the contents were acidified with 10 ml. of 3N hydro
chloric acid. The solution was then diluted to 100 ml. with
distilled water at 25° C. A portion of this solution was then
placed in a Heyrovsky cell, freed of oxygen, and the dropping
mercury electrode polarized from -0.1 volt vs. S.C.E. to hydro
gen ion discharge. A blank was also run to provide the residual
current correction. Table I shows data obtained in a typical
c'.alibration.

Preparation of Typical Calibration Curve for Unreacted
Diethyl Fumarate. A 1.91-gram sample of highly purified
malathion (free of diethyl fumarate) was weighed, transferreq
to a 20D-ml. volumetric flask, and diluted to the mark with 95%
ethyl alcohol (Solution A). Into a 100-ml. volumetric flask,
0.1705 gram of diethyl fumarate was transferred and diluted
to the mark with 95% ethyl alcohol (solution B). In each of four
100-ml. volumetric flasks, 25.0 ml. of Solution A were placed.
To these solutions, 0.0, 2.8, 10.0, and 20.0 ml. of Solution B were
added and the solutions diluted to 100 ml. with 95% ethyl
alcohol. These solutions were equivalent to approximately
0.25 gram of samples of insecticide containing 0, 2, 6, and 12%
free ester.

A 15-ml. aliquot of each of these solutions was pipetted into a
50-ml. volumetric flask, 5.0 ml. of 3N hydrocWoric acid added,
and the solution diluted to the mark at 25° C. A portion of the
solution was placed in a Heyrovsky cell, freed from oxygen, and
the dropping mercury electrode polarized from -0.1 volt VS.
S.C.E.to hydrogen ion discharge. Table II shows data obtained
in a typical calibration.

Analysis of Technical Grade Malathion. Weigh out 0.2 to
0.25 gram (to the nearest milligram) of sample into a 100-m!.
volumetric flask and dilute to the mark with 95% ethyl alcohol.
Pipet a 15-ml. aliquot into a 50-m!. volumetric flask, add 5 m!.
of 3N hydrocWoric acid, and dilute to 50 ml. with water. Deaer
ate as indicated earlier and polarize from -0.1 volt VS. S.C.E.
to hydrogen ion discharge. The percentage of diethyl fumarate
may be calculated with the aid of the calibration curve.

Hydrolyzed Malathion
Mg. Malathion per 100
MI. of Solution per I'a.

9.74
9.77
9.79
9.85
9.81

Table I. Calibration Data for
Malathion Hydrolyzed,

GramB .ua.l~

0.01212 1.25
0.02116 2.17
O. 02424 2 .48
0.03096 3.16
0.03528 3.59

APPARATUS

A Leeds and );I'orthrup Electrochemograph, Type E, was used
throughout this work.

Analyses were carried out in a Heyrovsky cell. Connection
to the external saturated calomel electrode (S.C.E.) was made
via an agar-potassium chloride bridge.

Oxygen was removed from the s.!\mple solution with Airco
prepurified nitrogen which was saturated with the sample solu
tion by passing it through a reservoir containing a portion of the
solution in the Heyrovsky cell.

A Serfass conductivity bridge, Model RC-M 15, was used to
measure the cell resistance of all solutions studied. In every
case, the IR drop was negligible.

Uttlizing the above chemical properties, the polarographic
assay of technical malathion consists of: examining the sample in
acid :solution (0.3N hydrochloric acid, 30% ethyl alcohol) to de
termine the free ester, and hydrolyzing both the free ester and
malathion with alkali, acidifying the solution, and determining
the total fumaric acid. The determination of the free ester makes
it possible to subtract its contribution to the fumaric acid wave.
The corrected fwuaric acid wave thus represents the acid result
ing from the hydrolysis of the insecticide and may then be calcu
lated to its equivalent malathion.

o
S HC-t-O-Na

/' A
A + 3NaOH -- (CHaO).-P--8Na + Na-o-C-vH

~
o

+ 2EtOH + H20 (2)

Ethyl alcohol, 95%.
Hydrochlorie acid, 3N.
Sodium hydroxide, O.lN.
Diethyl fumarate, Eastman Kodak (white label).
Malathion, highly purified material obtainable from American

Cyanamid Co." Stamford, Conn. Purification procedure anal
ogous to that Ulsed for parathion (7). Boiling point = 156-7° C.
at 0.7 nun. of mercury with decomposition; refractive index
n'~ = 1.498.5; specific gravity = 1.2284 at 26.5/26.5 0 C.
Complete physical data will be published at a later date.
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Table IV. Effect of Malathion on the Electrocapillary
Curve of a Solution of 0.3N Hydrochloric Acid, 30% Ethyl

Alcohol

also shifted toward more negative potentials by approximately
0.2 volt and appears to be more reversible. Heyrovsky (5) also
observed that when hydrogen peroxide is reduced in the presence
of camphor-a strongly capillary-active material-the wave is
shifted to more negative potentials and appears to be more rever
sible.,

•
66 • • • •6'5 seconds

per •drop

64 • •
63

0 0 0 •0
0 0

62
0 0 •0

61 • 0

6:0
.-30% EtOH, 03N HCI

0 0- 2.27mM Malathion

Weigh out approximately c).30 gram (to the nearest milli
gram) of sample into a 250-ml. volumetric flask and dilute to the
mark with 95% ethyl alcohol. Pipet a 25-ml. aliquot of this
solution into a IOO-ml. volumetric flask and add 25 ml. of O.lN
sodium hydroxide. After 3 minutes-longer time is harmless
acidify the solution with 10 ml. of 3N hydrochloric acid and
dilute to the mark with water. Deaerate a portion of the
solution and polarize the dropping mercury electrode from -0.1
volt VB. S.C.E. to hydrogen ion discharge. After subtracting the
contribution of the hydrolyzed free ester to the fumaric acid wave,
the malathion content may be computed with the aid of calibra
tion data.

All waves are corrected for residual currents and typical re
sults obtained on technical grade malathion are tabulated in
Table III.

In Figure 1, curve b, is shown a typical polarogram obtained in
the determination of the free ester in a technical grade sample.
The material responsible for the small wave appearing at ap
proximately -0.2 volt VB. S.C.E. has never been identified.

Figure 1, curve a, shows the polarogram obtained after acidifi
cation of a hydrolyzed solution of the same sample.

DISCUSSION

Early in the polarographic work on this problem, it was noticed
that malathion had the capacity of displacing the polarographic
waves of many substances towards more negative potentials by
as much as 0.1 to 0.3 volt. For example, the waves of maleic
acid, fumaric acid, diethyl maleate, and diethyl fumarate (at con
centrations of approximately 0.00015M) were all shifted towards
more negative potentials in a medium of 30% ethyl alcohol, 0.3N
hydrochloric acid, containing O.00227Mmalathion (Figure 2).
In the presence of malathion, and under the same conditions, the
wave representing the electroreduction of oxygen to hydrogen
peroxide is shifted to more negative potentials by 0.3 volt; the
second wave, representing the reduction of hydrogen peroxide, is

Table III. Typical Results Obtained by Polarographic
Analysis Malathion {Technical Grade)a

Sample Malathion, % Diethyl Fumarate, %

CS 1 93.5,90.8 2.46,2.42
CS4 86.6,85.9,87.1 3.70,3.66
CS 5 87.5,88.6,88.5 2.45,2.38
CS 9R 91.9,91.1 2.18,2.26
CS 13R 89.4,88.7 3.37,3.47
CS16R 89.6,89.1 2.70,2.76
CE-18-493 87.8,88.2 4.53,4.57

(J Each analysis represents an analysis of separate sample and not an
analysis of separate aliquots of a single master solution of the sample in
question.

Eapplied V8. S.C.E.,
Volt

-0.1
-0.2
-0.3
-0.4
-0.5
-0.6
-0.7
-0.8
-0.9
-1.0
-1.1

30% EtOH,
0.3 NHCl

40.4
41. 7
41.9
42.0
41.5
41.2
40.7
40.4
39.8
39.4
38.6

Seconds per 10 Drops
30% EtOH, 0.3N

HCl, 0.00015M'
30% EtOH, 0.3N diethyl fumarate,

HCl,O.00015M' 0.00227M'
diethyl fumarate malathion

40.4 39.8
41.5 40.2
41.9 40.2
42.0 40.2
41.8 40.0
41.3 40.0
40.9 40.0
40.3 39.5
39.7 39.4
39.0 39.2
38.1 38.9
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Heyrovsky and coworkers (6) obtained oscillographic potential
time curves by polarizing the dropping mercury electrode or a
streaming mercury electrode with an alternating current. The
resulting patterns showed marked time lags when certain elec
trolytically inactive substances, such as pyridine in alkaline solu
tions, are present. These same substances also caused a dis
pla~ement of polarographic waves towards more negative poten
tials, and it was concluded by Heyrovsky and coworkers that the
phenomenon was due to the formation of a film of nonelectrolyte
(pyridine) adsorbed at the electrode surface The electrode proc
esses of several cations and nitrobenzene were found to be
hindered by the adsorbed film and proceeded freely only with a
breakdown of the film which occurred at more negative poten
tials. An exception. to these results was found, by the same
workers, in the case of the behavior of thallous ion. It was

Volts "S. SCE.

Figure 3. Electrocapillary curves showing suppressive
effect of lllalathion

-1'1-10
I I I II I

-04 -0'5 -06 -07 -08 -09
Volts vs. S. C. E.

Figure 2. DisplacClnent of diethyl fUlllarate wave in
presence of lllalathion

a. Oxygen-free solution. 0.00015M' diethyl fumarate, 0.3N
hydrochloric acid, 30% ethyl alcohol

b. Oxygen-free solution. 0.00015M' diethyl fumarate, 0.3N
hydrochloric acid, 30% ethyl alcohol, 0.00227M' malathion
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Table V. Effect of Ethyl Alcohol Content on Half-Wave
Potentials of Maleic and. Fumaric Acids and Their Ethyl

Estersa

a Solutions were O.5m.M" in electroaetive component, O.IN hydrochloric
aeid, temperature was 25° ± 0.1 0 C., and solutions were free of oxygen.
Nitrogen was saturated with portion of .sample before it was passed through
polarographic eel.!.

b 0.005% sodium methyl red present to suppress maximum.

found that the reduction procea~of the thallous ion was unaffected
by the presence of the pyridine film. Identical results were ob
tained by the present author in the electroreduction of the thal
lous ion in the presence of malathion. The half-wave potential
of the thallous ion wave was found to be the same in the presence
and absence of malathion.

Capillary activity of malathion is further indicated by its sup
pressive effeet on the electrocapillary curve as indicated by the
data in Table IV and by Figure :3.

A number of compounds were examined to ascertain their
effect on the diethyl fumarate and malathion determinations.
No interferences were found.

In the presence of malathion, diethyl maleate is reduced at a
more negative potential than diethyl fumarate. If present, it
coul.d readily be distinguished from;, and determined along with,
the diethyl fumarate. Only in very special experiments have
both esters been found. The presence of maleic and fumaric
acids is not expected in view of the conditions under which the
preparation of malathion is carried out. Unreacted O,O-di
methyl ester of phosphorodithioic acid and the corresponding
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disulfide are without effect on either the free ester and malathion
determinations. It was thought.' that the wave appearing at
-0.2 volt V8. S.C.E. in unhydrolyzed solutions (Figure 1, curve b)
was due to the disulfide, but the half-wave potentials were not
the same.

While the effect of malathion on the half-wave potentials of
maleic and fumaric acids and their ethyl esters was studied, it was
observed that a separation of the maleic and fumaric acid waves
could be effected in acid solutions simply by increasing the alcohol
content to approximately 40 to 50%. Table V shows the half
wave potentials obtained for 0.00051111 concentrations of these
acids and their ethyl esters for different concentrations of ethanol
in O.IN hydrochloric acid (IR drop negligible in all cases). While
an explanation for the separation of the acid waves is beyond the
scope of the present paper, the data are offered, inasmuch as they
may prove useful where it is not feasible to work in the ammonia
ammonium chloride buffer (pH 8.2) system which is usually
employed for tne differentiation of the maleic and fumaric acids
(3,4).
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Identification 0" Cu ring Agents in Bu bber Products
Ultraviolet Absorptiometric Analysis of Selective Solvent Extracts
K. E. KRESS and F. G. STEVENS MEES

Firestone Tire ami Rubber Co., Akron, Ohio

A nnethod has been devised for id.mtification of organic
cOD::lpounds that accelerate the vulcanization of rubber
products. Identification of these .active trace Dlaterials
aids product iDlproveDlent and quality control. Identi
fication is m.ade through ultraviolet spectrophotoDletric
absorbance curves over the 220 to ;380 DlIL region on the
aqueous alkali or acid extracts, or on liquid-liquid ethyl
ethel!' extracts of the aqueous solutions. Thiazole,
thiuraDl, thiocarbaDlate, aDline, and guanidine classes

. of coDlDlercial accelerators are regularly identified in
2 grams of uncured or cured rubber products with less
than 4 hours' elapsed tiDle. Interference of CODlDlon
softeners and antioxidants is usuaUy negligible. The
n~eth(ldis Dlore rapid than chroDlatographic procedures
and nlOre sensitive and specific than spot test Dlethods.
Quantitative results Dlay be obtained if calibration
work is undertaken.

PREVIOUS published methods used for accelerator identifica
tion in compounded rubber products have fallen into four

classes: chemical spot tests or color reactions, precipitation and
melting point tests, chromatography of colored accelerator prod
ucts, and spectrophotometric identification of chromatographed
fractions.

Spot tests or colorimetric methods have been reported for 2
mercaptobenzothiazole and other accelerators (1, 3, 13; 18-20).
Most of these methods were applied to the acetone extracts of
large amounts of the rubber compound, and the formula seldom
was as complex in softener and antioxidant content as tOday's
commercial products.

The precipitation of guanidine picrates and their identification
by melting point have been well developed (8, 21). Precipitation
of thiazoles as the cadmium salts ha's also been reported (15).
It has been established in this laboratory that the ultraviolet
spectrophotometric method is at least 10 times more sensitive
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a Major or most reliable test. Other tests are more or less confirmatory and
are not always needed for identification.

OUTLINE OF METHOD

In the method outlined (Tables I and II) the
accelerator is directly and rapidly extracted from
the stock, with little interference from other com
pounding ing~edients. The. various classes are
identified by matching the ultraviolet spectral
curve of the unknown with that of a similar selec
tive solvent preparation of known compounds.

It has been established that guanidines are com
pletely extracted from a compounded, cured stock
in as little time as 2 hours (12), with a much
shorter period being required for a qualitative
check. Qualitative extraction of other acid- and
alkali-soluble accelerators has been made. in about
the same time. Size of the sample is not acritical
factor, and as little as 0.1 gram of stock may be
used for the qualitative detection of thiazoles.

A spectral identification of the prepared "frac
tion" is made using a Beckman quartz ultraviolet
spectrophotometer with the usual I-em. quartz
cells. Most organic accelerators will show some
selective absorption in the 220- to 38Q-mJL region,
when the accelerator is dissolved in a suitable
solvent (Table III).

Familiarity with the techniques and the spectral
curves of the various accelerator fractions from
selective solvent extractions enables an analyst to
complete a survey for all of the five classes of accele
rators in approximately 4 hours. This time could
be shortened considerably if a recording instru
ment were available.

Although this paper is concerned only with
qualitative analysis, most of the accelerators men
tioned have been quantitatively recovered from
different types of cured or uncured sto~ks. The
authors plan to publish quantitative techniques
utilizing these basic qualitative procedures.

ultraviolet absorbance curves of a number of sulfur-bearing ma
terials used as accelerators in the rubber industry are given.

Ultraviolet spectrophotometry has been used for analysis of
accelerator masterbatches by Kress (11), while Fink, Field, and'
coworkers (6) have combined chromatography and ultraviolet
spectrophotometry in the determination of 2-mercaptobenzothia
zole in a cured compounded stock.

Hilton and Newell (7) have determined the amount of thiurams
and dithiocarbamates in a rubber compound by the ultraviolet
spectrophotometric analysis of products formed from the de
composition 9f thiocarbamates to carbon disulfide by acidulated
alcohol.

Infrared absorption spectroscopy has been successfully used by
Mann (1.n but all work had to be preceded by
time-consuming chromatographic separations.
Mann was of the opinion that ultraviolet spectros
copy and polarography were more promising
tools than infrared in this respect. Preliminary
work using polarographic techniques has been
reported for a number of accelerators (17).

In most of the reported techniques for the
determination of accelerators involving chromatog
raphy, much time is consumed in the initial
separation (2, 16), while other methods are not
sensitive enough to detect small quantities (6).
Some methods make no allowance for the softeners
and antioxida~ts now commonly incorporated in
a rubber compound, which in the case of spot tests
could introduce serious errors. Many methods
now used require a large quantity of sample which
is not always available.

y
Thiocarbanilidea

Azoline
Amine

Sulfenamidea

(6) Made acid with HCl
(Aqueous phase)

Procedure for Accelerator Identification
with Acid Extract

Outline A.Table I.

Amine

(5) Addition :f CuSO, and~
chloroform phase extract
(Chloroform phase)

than the cobalt oleate spot test for 2-mercaptobenzothiazole.
It has also proved more sensitive and reliable for guanidine identi
fication in today's complex stocks than the picrate melting point
method (12).

Ultraviolet spectrographic techniques have been used by Du
fraisse and Houpillart (5) in following th'e progress of 2-mercapto
benzothiazole and 2,2'-benzothiazyl disulfide in the curing of
simple rubber products, and Jarrijon (9) has used the same
technique in following the transformation of tetramethyl
thiuram disulfide to zinc dimethyldithiocarbamate during vul
canization.

Extensive work has been reported by Koch (10) on spectral
absorption and structure of organic sulfur compounds. The

2-hour r.efl.ux extraction 2-hour refl.ux extraction
with aqueous 1% HCl alone with aqueous 1% HCl an4

(Cured stock)
benzene (50/50 mixture)

Guanidine
(Uncured stock)

Aldehyde-amine
Sulfenamide
Azoline Discard benzene I
Thiocarbanilide phase
Salicylic acid

Chloroform phase

(1) Chloroform phase Extract to purify

~
Thiazole

and discard

Chloroform phase extract Azolinea

1
Salicylic acida

Some antioxidants

(2) 1% aqueous HCl as is

Aldehyde-aminea (3) 1% HCl made alkaline to

Salicylic acida
litmus with NH,OH and

~ extracted with etherGuanidinea
(Ether phase)Azolinea

Amine Guanidinea

Salic lic' acid

Evaporate ether below 5 ml., add a little silica
gel to dry, a pellet of NaOH, and an equa,l
volume of CS,. Evaporate on water bath to
dryness, dissolve in water, and extract. with
ethyl ether

t ~

(4) Alkaline aqueous phase Ethyl ether phase

Sulfenamidea Guanidine
Aminea
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Table II. Outline B. Procedure for Accelerator
Identifi(~tionwith Alkali Extract
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N -oxydiethylene benzothiazole-2-sulfenamide' (Nobs) or benzo
thiazyl-2-monocyclohexylsulfenamide (Santocure) will exhibit
this same maximum, for the alkali causes the molecule to split
and yields the characteristic thiazole salt. When the alkaline
solution is made acid to litmus, the maximum shifts to 322 m!£
(Figure 1), which represents the absorption associated with
mercaptobenzothiazole itself.

Aliphatic Thiazoles. The aliphatic thiazoles, Texas and Erie,
which are mixed ethyl- and dimethylmercaptothiazoles, also
exhibit a gradual shift in location of absorbance maximum as the
pH is varied. Texas, in a solution alkaline to litmus, shows
a relatively symmetrical maximum at 298 m!£ with a shift to
318 m!£ when the solution is made acid to litmus. Erie in
alkaline solution has a maximum at 294 m!£, and, when acidified,
the maximum is located at 314 mI'. The 4- and 14-m!£ dif
ference in location of maxima in acid and base serves to dif
ferentiate the aromatic and aliphatic thiazoles.

The presence of a thiazole is further confirmed by acidifying
the aqueous alkaline solution with concentrated hydrocWoric
acid and extracting with ethyl ether. The ether phase will give
a spectral curve similar to that in aqueous acid, but with the
maximum at 326 mI'. This is the normal absorption curve for
2-mercaptobenzothiazole in an organic solvent.

Figure 1. Tbiazoles in aqueous bariulD hydroxide
and hydrochloride acid solutions

Because of the formation of 2,2'-benzothiazyl disulfide when
2-mercaptobenzothiazole is used in a compounding formula, or
vice versa, depending on the conditions of vulcanization, it cannot
be determined which aromatic thiazole was added. It is also
known that zinc salts of the thiazoles may be formed under the
conditions of vulcanization where zinc oxide is present, if either
2,2'-benzothiazyl disulfide or 2-mercaptobenzothiazole has been
used. Here, the thiazole will be found as 2-mercaptobenzothia
zole alone, and not as the individuaI2,2'-benzothiazyl disulfide or
zinc mercaptobenzothiazole.

Thiocarbamates. The alkaline solution will contain added
thiocarbamates and any thiocarbamates which have been
formed by the action of zinc oxide and thiurams during vul
canization, or during the extraction by the alkali itself. Ab
sorbance of thiocarbamates in aqueous alkali (Figure 2) is as
characteristic as that of the copper salt in chloroform, but is
subject to greater interference from other alkali-soluble acceler-

Thiurama
Thiocarbamatea

(2) 1% aqueous alkali
after ether phase
extraction

(4) Addition of CuSO. and
chloroform solution of
the precipitate

Thiazolea
Thiurama
Thiocarbamatea
Oximea

/

Thiocarbanilidea
Azoline

2-hour reflux extraction
with 1% barium hydroxide
(cured or uncured stock)

Thiazole
Thiuram
Thiocarbamate
Oxime
Thiocarbanilide
Azoline

t
Eth:rl ether phase

Extract at room
temperature

---.

Thiazolea

Oxime
Azoline
Thiocarbanilide

(3) Alkali acidified with HCI

(1) Ether phase

Guanidine
Amine
Certain anti-

oxidants

a Major or most reliable test. Other tests are more or less COn
firmatory and are not always needed fer identification.

AQUEOUS ALKALI EXTRACT

Aromatic Thiazoles. Aromatic thiazoles are characterized by
a maximum found in the alkali at 308 mI'. This is the barium
salt of mereaptobenzothiazole. Substituted thiazoles, such as

EXTRACTION PROCEDURE

Alkali. The stock to be used for analysis is thoroughly milled
and sheeted thinly in a cool mill, and 1 to 2 grams are added to
a ground-glass-j,ointed Erlenmeyer flask. The sample is refluxed
in about 50 ml. of 1% barium hydroxide, with the flask connected
to a condenser fitted with a ground-glass tapered joint. The hot
solution, when filtered and cooled, is ready for the spectral
analysis indicated in Table II.

Before a spectral analysis is maide, the solution should be
liquid-liquid extracted with cWoroform or ethyl ether to remove
small amounts of dissolved antioxidants and softeners, which
are known to be present in the hot alkaline solution but which
are only slightly soluble on cooling. Guanidines may also be
qualitatively identified in this ethyl ether extract, if they are
present alone or in largll quantities.

Acid. The procedure is identical to that for the alkali extrac
tion, with the exception of the solvent. Here approximately 50
ml. of 1% hydrochloric acid are used if the stock is cured and an
additional 50 m!. of benzene if an uncured stock is being analyzed.
If benzene has been used, the bemene is removed after cooling
and the acid solution boiled for a few minutes to remove any
traces of benzene. At this stage the acid solution is ready for
any special preparation which may be required for the complete
analysis.

Thiazoles will be extracted from the aqueous acid by the initial
ethyl ether phase extraction, but as they are best determined in
the alkaline extract, they may be eonsidered as interference here.

*---r-------,
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Figure .2. Thiocarhalllate derivatives of sulfen
alllides in aqueous sodhllll hydroxide and hydro

chloric acid

location of the maximum at the shortest wave length increases
altogether about 8 m/-l, and the prominence of the secondary
maximum is reduced as the molecular weight of the attached
group increases through methyl, ethyl, butyl, and benzyl groups.

Thiocarbamates also react with many ions other than copper to
yield white or colored complexes which show selective absorbance
in the ultraviolet region. Nickel or cobalt salts give a thio
carbamate with a spectral curve distinctly different from that of
the copper complex. The difference is so pronounced that so
dium diethyldithiocarbamate has been used for spectrophoto
metric detection of copper, cobalt, and nickel simultaneously (4).
However, copper appears to be as good as any metallic ion tested
for the purpose of distinguishing the different thiocarbamates.

Thiurams. Thiurams are normally extracted by the aqueous
alkali as the thiocarbamate derivative. It is not possible to
distinguish tetramethylthiuram monosulfide from tetramethyl
thiuram disulfide in a cured stock, as both are normally con
verted partially or almost completely to their zinc thiocarbamate
salts. The absorbance curve of tetramethylthiuram mono
sulfide itself in an organic solvent is distinctly different from that
of tetramethylthiuram disulfide, and identification is simple if the
accelerators are recovered in their original form. If the stock is
uncured, much of the soluble tetramethylthiuram monosulfide
may be extracted with distilled water, in which tetramethyl
thiuram disulfide is essentially insoluble. As with thiocarblL
mate accelerators, the copper complex will distinguIsh between
ethyl and methyl thiurams.

AQUEOUS ACID EXTRACT

Guanidines. The guanidines, being alkaline materials, are
found in the acid phase after extraction with ethyl ether to remove
any thiazole. The curve of the guanidine hydrochloride in acid
is characteristic for triph~nylguanidine, diphenylguanidine, and
di-o-tolylguanidine (Figure 4). Confirmatory identification of the
type of guanidine is carried out by making the acid extract strongly
alkaline to litmus with ammonium hydroxide and extracting this
alkaline solution with ethyl ether. Each of the three types of
guanidines mentioned here will give a characteristic single maxi
mum which is the same as that of the individual guanidine ac
celerator in an organic solvent.

- SANToe URE IN ALKA LI
• ----5ANTOCURE IN ACID
• ····NOBS IN ALKALI
: ---NOBS IN ACID
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ators, particularly thiazoles. If thial"oles are absent from a
stoc:k, then identification can be made in the alkali alone without
res<llrting to formation of the copper complex.

Positive identification of the type of thiocarbamate can be made
hel'e by precipitating any thiocarbamate with 1% copper sulfate
solution. The resulting deep brown copper thiocarbamate pre
cipitate, soluble in chloroform, is a positive test for the presence
of the thiocarbamate. (If a brown precipitate is formed which is
insoluble in chloroform, free sulfur is most probably present in the
stock in rather large quantities.) The thiocarbamate is identi
fied by a spectral check of the copper complex in chloroform
(Figure 3). Here distinct double maxima are found at positions
dependent upon the structure of the thiocarbamate formed. The
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Figure 3. Copper cOlllplex of thiurallls and
thiocarhalllates in chloroforlll
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Figure 4. Guanidines in aqueous 1%
hydrochloric acid
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It is also possible to determine the presence of a guanidine
material in such compounds as diphenylguanidine oxalate and
diphenylguanidine phthalate, which are substituted diphenyl
guanidines. The guanidine component of the molecule is nor
mally determined as such.

Guanidines are easily separated from thiazoles in stocks where
they occur together by the prelinJinary ethyl ether extract of the
aqueous acid stock extract. It is advisable to extract the acid
phase two to three times with ethyl ether to remove the last
traces of any thiazole.

Sulfenamides. The presence of a substituted thiazole or sul
fenamide, such ItS N-oxydiethylene benzothiazole-2-sulfenamide
or benzothiazyl-:2-monoeyclohexylsulfenamide, can be detected
by identifying the amine associated "ith this compound. Here
the acid breaks up the molecule to form a thiazole and an amine
hydrochloride. Since the amine itself does not absorb selec
tively, it is treated with carbon disulfide to produce a thiocarbam
ate which exhibits characteristic ultraviolet absorption. The
amine present in the acid extract of a stock can be removed by
making the acid extract strongly alkaline to litmus with sodium
hydroxide and extracting with chloroform. The chloroform is
evaporated carefully on a water bath to less than 5-ml. volume.
To this are added one pellet of solid reagent sodium hydroxide,
an equal volume of carbon disulfide, and a few pieces of coarse
silica gel to ensure as anhydrous a solution as possible. (The
preparation should be dry to prevent formation of interfering
carbon disulfide absorbance at 308 to 812 mil attributed to xan
thate formation.) The mixture is evaporated to dryness on· a
water bath and the residue dissolved in water. Ultraviolet
absorbance of the aqueous alkali is then recorded. It will show
characteristie absOl'bance of the sodium salt of the particular
thiocarbamate present.
. Confirmation of the type of sulfenamide present can be ob
tained by acidifying this alkaline solution. If benzothiazyl-2
monocyclohexylsulfenamide is present, two maxima are observed
at approximately the positions of the two minima in the alkaline
solution (Figure 2.L N-oxydiethylene benzothiazole-2-sulfen
amide presents a spectral curve in the alkaline solution similar
to benzothiazyl-2-monocyclohexylsulfenamide, but with maxima

at different wave lengths. Making the solution acid to litmus
will destroy any strongly selective absorbing material, thus dif
ferentiating N-oxydiethylene benzothiazole-2-sulfenamide from
benzothiazyl-2-monocyclohexylsulfenamide. The absorbance of
the acidified solution is unstable and should be recorded immedi
ately.

If copper sulfate is added to a part of the alkaline solution, a
brown precipitate soluble in chloroform is further proof of the
presence of thiocarbamates. Spectral absorbance here will aid in
identification of an amine added as such originally. Any amine
residue from thiocarbamates or thiurams added to the stock and
decomposed by the acid may be expected to appear here. How
ever, absorbance characteristics are sufficiently different so that
sulfenamides may be identified by this procedure.

Aldehyde-Amines. Aldehyde-amines will be found in the
aqueous acid extract of a cured, compounded stock after the
initial ethyl ether extraction. If aromatic amines· and certain
aliphatic aldehyde-amines are present, the spectral curves in
aqueous acid are usually characteristic enough for identification,
where thiazoles and guanidines are absent (Figure 5). If
thiazoles are present, they will be removed by ethyl ether extrac
tion, leaving the characteristic absorbing material associated with
the amine in the acid extract. By following the outlined pro
cedure and preparing thiocarbamate derivatives, the common
aliphatic amines may also be deteeted. It should be noted that
sulfur vulcanization of a rubber compound with an aldehyde
amine may yield a trace of a thiocarbamate residue. If an alde
hyde-amine is deteeted as sueh in eonsiderable quantity, and only
a trace of a thiocarbamate is present, it is probable that the thio
carbamate was formed from the amine during vulcanization.

SPECIAL PURPOSE ACCELERATORS

There are a number of special purpose accelerators which can
be detected in the alkali and acid extracts of eured compounded
stocks.

Oximes. A stock accelerated with p,p'-dibenzoquinone
dioxime shows a maximum in alkali at 361 mil, while the maxi
mum in the same solvent for p-quinonedioxime is found at 317
m!'.

Azolines. The presence of 2-mercaptothiazoline can be
detected by the sharp maximum found in alkali at 246 mil, with
a "shoulder" at 264 m!'. Acidification of the alkaline solution
gives a single symmetrical maximum at 268 mil. 2-Mercapto
imidazoline can be differentiated from 2-mercaptothiazoline by
the single maximum in alkali at 232 mil. No change is observed
when this solution is acidified.

Thiocarbanilide. This exhibits a broad maximum at 252 m!'
in alkali and in the alkali extraet after it is made acid. Ethyl
ether phase extraction of the acid gives the normal single 280
m!' maximum of this material in an organic solvent.

Xanthates. Little work has been done with xanthates, but
the eommercial compound dibutylxanthogen disulfide exhibits
~elective absorption in alkali solution with maxima at 226 and
302 mil. If the xanthates do not decompose completely during
curing, it is believed that some qualitative detection could be
made. Identification would be more certain if an uneured
sample were used.

Several other speeial purpose accelerators not mentioned here
will give characteristic absorbance eurves at some point, using the
method outlined. Any new accelerators which are acidic or
alkaline in nature may be expected to fit into this scheme of
analysis.

RETARDERS

Retarders are sometimes added to prevent premature vul
canization of a stock. They are usually acid in nature and can be
detected along with accelerators. Salicylic acid could be con
sidered as interference in the deteetion of guanidines and thia
zoles with the hydrochloric acid extract. The characteristic

3GO240 Z80 .320
WAVE LENC;;TH (lTI)J)

Figure 5. Aldehyde-alIlines in aqueous
hydrochlorie acid

zoo

1.8

"I'
I

,
1.6 I

I

I 'I

I
,
"1.4 I
I --k52

I I -----#8.33I \
uJ

1.2
I I

U ,
IZ I I

<l: ./
Ia:l 1.0 /

a: I
1

0 I I
</l I I
(J:) 0.8 I

I<C
,, I,

I0.6 I
\,,

O.t
,,

--.. , , ,
0.2

, , , ,,



VOL U M E 2 7, NO.4, APR IL 1 955 533

double maxima of salicylic acid at 236 and 306 miL are observed
in the aqueous acid itself, when thiazoles are absent. When
present, the thiazoles are removed by first adjusting the pH of the
eolution to between 8.5 and 9.0. It has been determined that

ACTIVATORS

Some of the compounding
formulas in use in the rubber
industry at the present time
employ the use of an organic
activator of the amine type.
If present in a stock, these
will be extracted with 1%
hydrochloric acid and their
presence can be determined

a Index No. refers to proced"u~e
for accelerator identification-either
Outline A (acid) or Outline B (base)
with the number representing a
given block within each outline.
Thus, A3/ indicates acid outline,
block 3. For the solvent, the follow
ing abbreviations apply: A, aqueous
acid; B, aqueous alkali; E, ethyl
ether; and C, cWoroform. CWoro
form and ether may usually be' used
interchangeably. Where chloroform
is used· in place of ether. the wave
length of the maximum will be
shifted about 2 m" toward the longer
wave-length region.

b Primary or most. characteristic
maximum listed first. In a few
cases the secondary maximum is no
more than a "shoulder," but it is
characteristic.

c Ratio of absorbance of strongest
and next most intense maximum
where two maxima are present. Rep
resents ratio of maximum to ad
jacent minimum where single maxi
mum is' present. If no minimum is
present, ratio is that of maximum
absorbance to an arbitrarily selected
wave length 20 m" toward longer
wave-length region. Purpose of
ratio is to indicate selectivity or
sharpness of maximum. which is im
portant for identification. Ratio
given is believed reasonably accu
rate, but may be expected to vary
somewhat depending on purity and
amount of interference in extract.

d Barium salts are :represent.ed in
all alkaline solutions except for
(A4/B)d, where absorbance reported
is that of sodium salt. Prepared
thiocarbamate derivatives of sulfen
amides and amine activators are
sodium salts.

Absorbance c
Ratio

329/274 ~ 14
329/236 = 1. 8
232/308 = 1.1

322/232 = 1. 8

326/276 = 16
298/248 = 4.6
318/266 = 9.5
294/242 = 3. 2
314/246 = 3.8

258/282 = 1. 3

242/322 = 4.3
228/280 = 2.2
278/242 = 3.7
278/244 = 5.6
242/324 = 3.7
268/298 = 1. 3
237/314 = 2.9

268/230 = 5.0
268/248 = 2.3
246/264;= 1.1
268/230= 5.1
268/230 = 4.6
278/248 = 2.2
232/252 = 11.3
232/252 = 6.2

240/288 = 4.3
252/272 = 1. 4
280/246 = 2.3
240/280 = 6.1

360/380 = 3.5
314/254 = 2.0
313/334 = 2.6
317/336 = 2.0
316/336 = 1. 9
314/334 = 2.7

258/282 = 1. 1
274/290 = 1. 7
258/284 = 1. 1
276/294 = 1.9

236/304 = 2.2
236/306 = 1. 8
230/280 = 5.5
224/276 = 6.4

thiazoles are completely extracted with ethyl ether in this pH
range, but that salicylic acid is retained in the aqueous alkali.
Salicylic acid itself can be identified by again making the alkaline
solution acid to litmus with hydrochloric acid and liquid-liquid

extracting the salicylic acid
with ethyl ether. Phthalic an
hydride (changed to phthalic
acid by the action of the sol
vent) may be detected in a
similar manner and is readily
distinguished from s a Iicy Iic
acid by its absorbance curve
in aqueous acid solution.

Identical with A3/E
226/246 = 1.7
258/278 = 1. 6

Identical with A3/E
254 (shoulder) 254/274 = 9.3
254 254/274 = 1.9

Identical with A3/E
235/226 = 1. 02
263/284 = 1. 4
276/250 = 2.8
274/254 = 1. 8
254/274 = 1. 9

226
258

235
263
276
274
254

326
298
318
294
314

258, 282

252, 278 252/278 = 1. 0
268,290 268/290 = 1.6
258, 282 258/282 = 1. 0
272, 290 272/290 = 1.6

Identical with methyl Tuads

Identical with methyl Tuads'

Identical with ethyl Tuads

258:282 258/282 = 1. 0
274,290 274/290 = 1.7
258, 290 258/290 = 1. 1
276,294 276/294 = 2.1

Identical with ethyl Tuads

242, 322, 280
228", 280
278
278
242, 324
268, 298
237, 314

268
268, 248
246,264
268
268
278, 248
232
232

240, 288
252
280
240 280

360
314
313
317
316
314

258, 282
274
258, 284
276, 294

236, 304
236,306
230, 280
224,276

329
236
308
232
322
232

Identical with MBT

Index
No./Solventa

Al/C; B5/E

B2/B

B3/A

Thiazole portion identical with MBT
A4/Bd 284, 252 284/252 = 1.1
A6/A 270, 236 270/236 = 1.1
A4/Bd 286, 262 286/262 = 1.0
A6/A No maxima

Identical with MBT

B2/B
B4/C
B2/B
B4/C
B2/B

A2/A
Al/E, A3/E
B2/B
B3/A
A2/A
Al/E, A3/E
B2/B
B3/A

A3/E
B2/B, B3/A
B5/E
A2/A

B2/B
B3/A
B5/E
B2/B
B3/A
B5/E

A4/Bd
A5/C
A4/Bd
A5/C

A2/A
Al/E;
A2/A
Al/E

B4/C
A2/A
B2/B
A2/A
B2/B
A2/A
B2/B
A2/A

B5/C
B2/B
B3/A
B2/B
B3/A

Bl/E
A2/A
A3/E
Bl/E
A2/A
A3/E
Bl/E
A2/A
A3/E
B2/B
A2/A
A3/E

B2/B
B4/C
B2/B
B4/C
B2/B
B4/C
B2/B
B4/C
B2/B
B4/C
B2/B

Chemical Names

Absorbance Characteristics of Accelerator Fractions
Wave Length
of Maxima,

m"b

2-Mercaptobenzothiazole

2,2'-Benzothiazyl disulfide

Benzothiazyl-2-monocyclo
hexylsulfenamide

N-Oxydiethylene benzothi
azole-2-sulfenamide

Zinc benzothiazyl sulfide

Di-o-tolylguanidine

Mixed ethyl and dimethyl
mercaptothiazoles

Mixed ethyl and dimethyl
thiazyl disulfides

Diphenylguanidine

Triphenylguanidine

Dibutylammonium oleate

Dibenzylamine

p-Quinonedioxime

Zinc dimethyldithio
carhamate

Zinc diethyldithio"
carbamate

Zinc dibutyldithio
carbamate

Zinc dibenzyldithio
carbamate

Selenium diethyldithio
carbamate

Piperidine pentamethylene
di thiocarbamate

Tetramethylthiuram
disulfide

Tetraethylthiuram disulfide

Tetramethylthiuram mono
sulfide

Butyraldehyde and aniline
reaction product

Di-o-tolylguanidine salt of
dicatechol borate

p.p'-Dibenzoquinone
dioxime

2-Mercaptoiniidazoline

Butyraldehyde-monobutyl
amine reaction product

Triethyltrimethylenetri
amine

Acetaldehyde-formalde
hyde-aniline product

2-Mercaptothiazoline

Salicylic acid

Phthalic anhydride

Table III.

MBTS, Altax, Thio
fide

Santocure

Nobs, Amax

DOTG

TPG

DBA

Erie

GMF

Monex, Thionex

E-S-E-N

NA-22

Trimene base

A-19

Accelerator 833

Permalux

Pip-Pip

Selenac

Trade Names

Aromatic Thiazoles
MBT, Captax,

Thiotax

Guanidines
DPG

Aniline
Vulcanizing agents

Dibenzo GMF

OXAF, Zenite
Special

Aliphatic Thiazoles
Texas

Thiurarns
TMTD, Methyl

Tuads, Tuex
TETD, Ethyl Tuads

Retarders
Retarder W

Thiocarbamates
Methyl Zimate,

Methazate
Ethyl Zimate,

Ethazate
Butyl Zimate,

Butazate
Arazate

Aldehyde-Amines
A-32,808

Activators
Barak

Azotines
2-MT

Special purpose
Thiocarbanilide
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following Table I with particular attention to the blocks concern
ing t,he identification of amines,

DISCUSSION

Selective solvent extraction coupled with ultraviolet spectro
photometry offers a strong tool for the identification of many
alkaline and acidic organic materials when present in trace
amounts in natural or commercial products.

It is generally agreed (14) that ultraviolet spectrophotometry
is more sensitive than infrared. This is of particular value in
identification of trace amounts of rubber compounding materials
such as accelerators and antioxidants, which are usually put into
a compounding formula in quantities of 1% or less.

The infrared may be more specific than the ultraviolet in dis
tinguishing between similar accelerators. However, it has been
shown here that similar compounds 'lan often be converted by
simple chemical treatment to give dis·tinctly different ultraviolet
absorbance charaC'teristics which will readily identify them. The
short spectral range of the ultraviolet also makes for more rapid
identification. Where applicable, the 0.12-micron range of 220
to 340 m!' in the ultraviolet will give as positive identification of
most common rubber accelerators as will complete coverage of
the l- to 14-micron range in the infrar.,d..

The tedious ehromatographic isolation of aeeelerators will
usually recover the accelerator as the eompound or compounds
present in the stock. This has bOl;h advantages and disad
vantages. Chromatography coupled with ultraviolet and in
frared spectroscopy may be the ideal method for identification of
accelerator reaction produets in a cured stock. Many acceler
ators are converted partially or entirely during vulcanization to
different compounds. Therefore, identification of a single added
accelerator by chromatography may mean isolation of two to four
'compounds which might. confuse matters as to which material
was added originally. Thus a tetramethylthiuram disulfide
cured stock may have tetramethylthiuram disulfide, zinc di
methyldithiocarbamate, or tetramethylthiuram monosulfide pres
ent. A benzothiazyl-2-monocyclohexylsulfenamide cured stock
may have the original benzothiazyl-2-monocyclohexylsulfenamide,
2-mercaptobenzothiazole, 2,2'-benzothiazyl disulfide, and traces
of cyclohexylamine or thiocarbamate formed from the cyclo
hexylamine. Aldehyde-amine accelerators may leave traces of
thiocarbamates on curing.

The rapid selective solvent extraction of accelerators outlined
here will often convert accelerator breakdown products in a cured
stock to a single material of known eomposition. This fact, and
the use of aqueous solutions to eliminate interference of such
m,aterials as softeners, presents a practical procedure for the iden
tification of general classes of accelerators.

Though barium hydroxide is used here, the solvent could just
I1S well be sodium or po·tassium hydroxide, or sodium sulfite in
many cases. Also, ethyl ether used for som~ phase extractions
and as a solvent for uIt.raviolet absorbance might be replaced
by chloroform. Chloroform is a stronger solvent and is non
flammable, but ether is usually preferred because chloroform
does not transmil; ultraviolet below 24,6 m!" whereas ethyl ether
transmits to about 220 m!'.

One factor working in the analyst's favor is the fact that ac-

ANALYTICAL CHEMISTRY

celerators which might possibly interfere with each other in the
proposed method of analysis are rarely used in the same rubber
compound. Thus, thiocarbamate and aldehyde-amine acceler
ators are both considered fast curing and are not commonly used
together in rubber products. As sulfenamides are used primarily
where scorching is a problem, no ultra accelerators such as amines
or thiocarbamates will be used in the same stock. Also, .common
practice dictates that where more than one accelerator is used, a
combination of an acidic thiazole with an alkaline guanidine,
thiuram, or amine is normal procedure.

Therefore, this method of selective solvent extraction to sepa
rate alkaline and acid materials fits in well with present-day
rubber compounding practices.
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Chelation of Platinum Group Metals
Complexometric Titration of Palladium
WILLIAM M. MACNEVIN and OWEN H: KRIEGEl

McPherson Chemical Laboratory, The Ohio' State University, Columbus 10, Ohio

Palladous solutions can he titrated corrtplexoDletrically
hy addition of excess ethylenediarrtinetetraacetic acid
followed hy hack-titration with zinc nitrate. The pH
is controlled at 10 ± 1 and EriochroDle Black T is used
as an indicator. The titration has heen applied to 0.6
to 30 Dlg. of palladiuDl. Bivalent and quadrivalent
platinuDl do not interfere. IridiuDl and rutheniurrt
interfere partially at higher concentrations. The
titration is not applicahle in the presence of rhodium
or oSDliurrt.

T HE spectrophotometric determination of palladium has been
. discussed (8). It depends upon the formation of a yellow

complex between ethylenediaminetetraacetic acid and palladous
ion. In a continuation of the general study of the chelation of the
platin\llm group metals with ethyJenediaminetetraacetic acid, it
has been found that the formation of this complex may be used
as the basis for a volumetric determination of palladium.

Pre\·ious titrations of palladium have involved titration with
iodide (1, 7), addition of excess salicylaldoxime followed by oxidi- .
metric titration of excess reagent (4), oxidimetric titration with
ferrous sulfate and ceric sulfate (12), addition of ,8-furfuraldoxime
followed by oxidimetric back-titration with eerie sulfate (13),
and the acidimetric titration of palladium based on the liberation
of hydroxyl ions from the reaction between the palladous cyanide
complex, Pd(CN).--, and excess mercuric oxide (2). Flaschka
(3) has also reported the use of ethylenediaminetetraacetic acid
in a titration of palladium in which an excess of nickel cyanide is
added and the displaced nickel is then titrated with ethylene
diaminetetraacetic acid. Direct complexometric titrations for a
number of ions using the reagent ethylenediaminetetraacetic acid
have been reported by Schwarzenbach and coworkers (9-11).
The direct titration of palladous ion with ethylenediaminetetra
acetic acid is not applicable in the presence of chloride ions be
cause there is not enough free palladous ion to produce a satis
factory color change with the .indicator Eriochrome Black T.
In addition, palladous hydroxide precipitates at the pH necessary
for the proper functioning of this indicator. Harris and Sweet
(5) have modified this procedure by adding an excess of ethylene
diaminetetraacetic acid to the metal ion and then back-titrating
the excess with zinc nitrate using Eriochrome Black T as indi
cator.

It has been found that the Harris and Sweet modification can
be applied to the complexometric titration of palladium. It is
applicable to macro and micro quantities of palladium and the
precision is better than that claimed by previous authors. Bi
valent and quadrivalent platinum do not interfere 'but iridium
and ruthenium interfere at high concentrations.

The analytical results obtained in analyses with known amounts
of palladium are shown in Table I. The average of the errors in
six sets of triplicate determinations ranging from 0.6 to 30 mg. of
palladium is 0.2%.

The pH of the palladium solution was regulated at 10 ± 1 by
the addition of dilute potassium hydroxide so that the indicator
Eriochrome Black T would function properly. Buffers were not

I Present address, LOB Alamos Scientifio Laboratory, University of
California, Los Alamos, N. M.
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satisfactory for the control of pH because of the tendency of
palladium to form strong complexes with the buffer materials.

In general, best results were obtained when the excess of ethyl
enediaminetetraacetic acid was kept small. In the more con
centrated solutions of palladium, the yellow color of the palla
dium-ethylenediaminetetraacetic acid complex tends to obscure
the color of the indicator and alarge amount of Eriochrome Black
T must be added in order to make the end point visible. At lower
concentrations the color change of Eriochrome Black T is blue to
pink while at higher concentrations, the color change is from
yellow-green to pink. Chloride ion concentrations of 0.01 to
1.0M had no effect upon the titration.

The interferenGe of other platinum group metals was studied by
adding known amounts of hydrochloric acid solutions of osmium
(IV), ruthenium(III), platinum(II), platinum(IV), rhodium
(III), and iridium(IV) to the standard palladium solutions. An
excess of ethylenediaminetetraacetic acid was added, the pH
adjusted to 10, Eriochrome Black T added, and the solutions were
immediately back-titrated with the standard zinc solution. In
all cases, the solutions containing other platinum metals were

Tahle I. CODlplexometric Titration of PalladiuDl
Pd

Pd Found Error in MeanTaken,
Mg. Mg. Mean Mg. %

30.67 30.58
30.65 30.59 -0.08 0.3
30.53

21.42 21.32
21.37 21.40 -0.02 0.1
21.51

15.21 15.25
15.27 15.25 +0.04 0.3
15.23

6.128 6.136
6.132 6.135 +0.007 0.1
6.136

3.. 064 3.063
3.061 3.061 -0.003 0.1
3.059

0.620 0.621
0.622 0.621 +0.001 0.2
0.621

Average error 0.2%

Tahle II. Effect of Other Platinum Metals on
Complexorrtetric Titration of PalladiuDl

Pd Metal
Pd Found Error in MeanTaken, Added.

Mg. Mg. Mg. Mean Mg. %
3.064 4.7 (Pt'V) 3.057

3.059 3.060 -0.004 0.1
3.062

3.064 4.0 (Pt'I) 3.063
3.060 3.061 -0.003 0.1
3.059

3.064 2.0 (IrIV) 3.099
3.090 3.094 +0.030 1.0
3.094

3.064 1.0 (RuIIl) 3.146
3.144 3.139 +0.075 2.4
3.134
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treated in a manner identical. with that used for those containing
only palladium. The results are shown in Table II. The chlo
ride complexes of bivalent and quadrivalent platinum are suffi
ciently stable to prevent the reaction of these ions with ethylene
diaminetetraacetic acid under these conditions, hence, platinum
does not interfere with the complexometric determination of
palladium. ~owever, if the titration is made at room tempera
ture, and as rapidly as possible after the ethylenediaminetetra
acetic acid is added, ruthenium or iridium does not interfere
seriously.

The rhodium cWoride complex is sufficiently strong to prevent
the formation of a rhodium-ethylenediaminetetraacetic acid
complex in cWoride solution. However, the presence of rhodium
seriously interferes in another way with the complexometric
titration of palladium. The effect of the rhodium is to increase
the amount of zinc solution required for a back-titration, thereby
decreasing the apparent concentration of palladium by as much
as 50%. The nature of the reaction is not known.

CWoride solutions of palladium containing even small amounts
of osmium inactivate and decolorize several milliliters of Erio
chrome Black T, making the end point almost impossible to
detect. It was found that palladium solutions containing more
than a trace of osmium could not be satisfactorily titrated com
plexometrically using Eriochrome Black T as an indicator.

RECOMMENDED PROCEDURE

Add a slight excess of a standard solution of the disodium salt
of ethylenediaminetetraacetic acid to a chloride solution of
bivalent palladium. Regulate the pH to 10 ± I with O.IN
potassium hydroxide. Add 5 drops of the Eriochrome Black
T indicator solution and titrat,e with a standard zinc solution
until the equivalence point is reached, as shown by the color
change from blue or green to pink.

REA{;ENTS

Standard Paliadium Solution. A 2.5-gram sample of palladous
chloride, from Coleman and Bell Co., was dissolved in 500 ml.
of 0.2M hydrochloric acid. Spectrographic investigation showed
only traces of platinum present. This solution was standardized
by precipitation of the palladium with dimethylglyoxime followed
by drying at 1l0° C. (6).

ANALYTICAL CHEMISTRY

Standard Zinc Solution. A l.8-gram sample of Mallinckrodt
analytical reagent grade zinc oxide was dried for 2 hours at 100°
C. dissolved in a minimum amount of I to I nitric acid, and di
luted to I liter with distilled water. This solution was stand
ardized by precipitating with ammonium ~hosphate and weigh
ing the zinc as the pyrophosphate accordmg to the procedure
of Vance and Borup (14).

Standard Ethylenediaminetetraacetic Acid Solution. A 5.5
gram sample of the disodium salt of ethylenediaminetetraacetic
acid, analytical reagent grade from Versenes, Inc., was dissolved
in I liter of distilled water. The molarity of this solution was
obtained by a complexometric titration using Eriochrome Black
T and the standard zinc solution.

Indicator Solution. A O.l-gram sample of Eriochrome Black
T from W. H. and L. D. Betz Co. was dissolved in 50 ml. of dis
tilled water which had been made slightly basic with 3 drops of
IN potassium hydroxide.

Other Platinum Metals. Reagent grade perosmic acid, Tuthe
nium chloride, platinous chloride, platinic chloride, rhodium
chloride, and iridium chloride were used for the study of inter
ferences. Spectrographic analysis showed less than significant
amounts of impurities. All solutions were standardized, using
modifications of the Gilchrist-Wichers scheme (6).
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Action of N-Bromosuccinimide on Ascorbic Acid
New Titrimetric Method for Estimation of Vitamin C
MOHAMED ZAI<I BARAKAT, MOHAMED FATHY ABD EL-WAHAB, and
MOHAMED MAHMOUD EL-SADR

Biochemistry Deparfment, Faculty of Medicine, Abbass;a, Cairo, Egypt

Esthnation of ascorbic acid with 2,6-dichlorophenol
indophenol is limited by the presence of interfering
substances such as reductones and reductic acid.
Slow reducing substances that may be present in
biological fluids render r-J;,e end point less distinct.
This detect induced the authors to investigate the
estimation of ascorbic acid by N-bromosuccinimide,
the oxidizing action of which might be selective. The
fact that ascorbic acid is selectively oxidized by N
bromosuc.cinimiide before other reducing substances
that may be present provides a reliable titrimetric
method of extensive applicability. The proposed
method is simple, rapid, and sufficiently sensitive to
determine a concentration as low as 7.04 'Y of ascorbic
acid per nlilliliter. The experimental error does not
exceed ±::!%.

AvARIETY of bioassay and c.hemical methods for the de
termination of vitamin C activity or ascorbic acid content

has been developed (4, 11, 12, 17). Although bioassays have
the advantage of measuring the summation of chemical entities
that possess vitamin C activity, they are time-consuming and
expensive, and leave much to be desired in precision. Conse
quently, bioassays are now confined to use in comparative studies
to establish the specificity of chemical methods for determining
ascorbic acid in individual products.

Chemical methods fQr the determination of vitamin Care
based mainly upon the reducing properties of the vitamin.
These methods include titration of an acid extract with iodine,
methylene blue, ferricyanide, and 2,6-dichlorophenolindophenol
(9,19,20). Oxidation of ascorbic acid with the dye 2,6-dichloro
phenolindophenol is the most satisfactory and extensively used
method (5, 6). However, the value of the 2,6-dichlorophenol-
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Table I. Titration of Equimolecular~SolutionsofAscorbic
Acid and N-Bromosuccinimide

comparison with the melting point and mixed .melting point of
an authentic sample. Yield was 2.42 grams-i.e., 81.92% of
the theoretical yield.

VALIDITY OF REACTION FOR QUANTITATIVE ESTIMATION

Before applying the reaction to the estimation of ascorbic
acid in pure solutions, pharmaceuticals, biologicals, and fruits,
the authors decided to verify the action of N-bromosuccinimide
on ascorbic acid from a quantitative point of view. It was
assumed that 1 molecule of ascorbic acid was oxidized by 1 mole
cule of N-bromosuccinimide and accordingly equimolecular and
bimolecular solutions of ascorbic acid and N-bromosuccinimide
were prepared.

Ascorbic Acid Solutions. Ascorbic acid (0.176 gram, 1 milli
mole), A, and ascorbic acid (0.352 gram, 2 millimole), B, were
separately dissolved in distilled water and made up to 100 m!.
with distilled water in a standard flask. Solution A contained
half the number of molecules of ascorbic acid present in solution
B.

N-Bromosuccinimide Solution. N-Bromosuccinimide (0.178
gram, 1 milli~ole) was dissolved in hot distilled water, .and the
aqueous solutIOn was allowed to cool, and made up to 100 m!.
with distilled water in a standard flask.

As the molecular weight of ascorbic acid is 176 and that of
N-bromosuccinimide is 178, it is clear that ascorbic acid solution
A contains the same number of molecules as that present in the
N-bromosuccinimide solution; ascorbic acid solution B contains,
double that number of molecules.

Each of the two above-mentioned equimolecular solutions
of ascorbic acid and N-bromosuccinimide (freshly prepared)
was serially diluted 10, 100, and 1000 times with distilled
water in 100-m!. standard flasks; various concentrations such
as "1 m!. of ascorbic acid solution containing 176, 17.6, and
1.76 'Y of ascorbic acid were obtained (Table II).

The above dilutio~s of ascorbic acid solution were estimated
simultaneously, with 2,6-dichlorophenolindopheno!. The dye
was standardized so that 1 m!. was equivalent to 0.117 mg. of
ascorbic acid, but in the case of urine 1 m!. of the dye was equiva
lent to 0.125 mg. of ascorbic acid (Tables II and IX).

When 1 m!. of the ascorbic acid solution diluted 1000 times
i.e., containing 3.52 'Y per m!.-was estimated by N-bromosuc
cinimide oxidation, the end point was not clear. Practically
it has been found that the reaction between ascorbic acid and
N-bromosuccinimide proceeds quantitatively in equimolecular
concentrations, and that the validity of the values reported
(Tables I, II, and III) is also dependent upon that assumption.

0.28
0.56

0.38

Error,
%

0.34

8.80

35.1
17.5

0.28

N-Bromosuccinimide
Soln., M!.

(l M!. = 1.78 Mg.)

1.00
1.99 '
3.01
4.00
5.00

10.00

Comparative Analysis by Proposed Method and
by 2,6-Dich1orophenolindophenol

Ascor- Found Found
bic Acid Con- by by

Soln., tent, NBsa, Error, Dye,
M!. l' l' % l'

0.24 877
704

0.19 530
352
176

Ascorbic Acid
Soln., Ml.

(l Ml. = 1.76 Mg.)

1
2
3
4
5

10

Dilution

lOX, 176 l' ascor- 5 880 882
bie acid per ml. 4 704 704

3 528 529
2 352 352
1 176 176

100X, 17.6 'Y as- 2 35.2 35.1
corhie acid per 1 17.6 17.6
m!.

1000X, 1.76 l' as- 5 8.80 8.80
corhie acid per
ml.

a N-bromosuccinimide solution.

Table II.

indophenol reagent for measuring ascorbic acid is limited by the
presence of other reducing substances such as reductones, reductic
acid, and dihydroxymaleic acid, which give rise to errors, par
ticularly in food products. Inorganic and organic ferrous and
ferric compounds also interfere with the determination by 2,6
dichlorophenolindophenol (3, 13, lEn. Ferrous ion reduces the
dye in the presence of metaphosphoric acid, so that pharmaceuti
cal preparations containing reduced iron should be titrated in
8% acetic acid solution free from metaphosphoric acid. On the
other hand, ferric ion interferes with the end point in the absence
of metaphosphoric acid, so· that metaphosphoric-acetic acid
mixture should be employed as the titration medium in testing
pharmaceutical preparations containing oxidized iron (10).

The end point with plant tissues is stable for some time, but
many animal tissue extracts and urines contain sufficient amounts
of slow-reducing substances to make the end point less distinct,
especially when small quantities of ascorbic acid are being ti
trated. In such cases the accuracy of the titration depends on
the skill of the observer in detecting the point at which rapid
reduction is replaced by a slow fading of the indicator.

Colorimetric methods for estimating ascorbic acid, which are
not based upon oxidation-reduction properties, include the 2,4
dinitrophenylhydrazine method (14-16), which is too tedious and
time-consuming for routine analyses. The photoelectric colori
metric method for the determination of ascorbic acid, by means of
uranium nitrate (1), has been applied only to test solutions and
pharmaceutical products.

A new easy, rapid, and accurate titrimetric method for the
estimation of ascorbic acid in pure solutions, pharmaceutical
preparations, biological fluids-e.g., blood and urine-and
edible fruits, which overcomes the disadvantages previously
mentioned, is based on the selective oxidation of ascorbic acid
by N -bromosuccinimide.

EXPERIMENTAL

Equipment and Reagents. A microburet of 5-m!. capacity,
graduated in hundredths of a milliliter.

Graduated pipets of 1-, 2-, and 5-m!. capacity.
Erlenmeyer flasks of 25-, 50-, and 100-m!. capacity.
Four per cent weight per volume of potassium iodide in dis

tilled water.
Three per cent volume per volume of acetic acid.
One per cent starch solution prepared by dissolving 1 gram of

soluble starch in 10 m!. of boiling water and adding to 90 m!. of
saturated sodium chloride solution.

A 0.1 % weight per volume N-bromosuccinimide aqueous solu
tion which is freshly prepared and may be serially diluted 10 or
100 times as required.

Concentration of N-bromosuccinimide solution used in titra
tion. 0.1 % weight per volume aqueous solution for pure ascor
bic acid solutions and pharmaceuticals; 0.01 % weight per volume
aqueous solution for urine and fruits; 0.001% weight per volume
aqueous solution for blood.

Action of N-Bromosuccinimide on Ascorbic Acid. Ascorbic
acid (1.76 grams, 0.01 mole) was dissolved in distilled water
(30 m!.) and N-bromosuccinimide (1.78 grams, 0.01 mole) was
added to the ascorbic acid aqueous solution. The mixture was
refluxed for 15 minutes, when all N-bromosuccinimide went into
solution. The colorless solution was distilled off in vacuo, and
the solid residue was crystallized from benzene giving colorless
crystals, with a melting point of 125:"'6 0 C., which were proved to
be succinimide by comparison of the melting point and mixed
melting point with an authentic sample. Yield was 0.7 gram
i.e., 71.42% of the theoretical yield.

In another similar experiment, after the reaction was com
plete, a small portion of the colorless solution (5 ml.) Wf\S treated
with dilute nitric acid and 10% silver nitrate solution, when a
yellowish white precipitate of silver bromide was deposited,
indicating the presence of hydrobromic acid. To the rest of the
colorless reaction mixture was added a mixture of phenylhydra
zine hydrochloride (5.78 grams, 0.04 mole) and crystalline
sodium acetate (5.44 grams, 0.04 mole); the'mixture was heated
in a boiling water bath for 30 minutes. Deep orange crystals
were deposited from the solution while hot. The crystals were
filtered off, dried, and recrystallized twice from ethyl acetate,
giving uniform orange crystals with a melting point of 218 0 C.
which were proved to be dehydroascorbic acid osazone by
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Table][lI. Titration of Bhnolecular Solutions of Ascorbic
Acid a:nd Molecular N-Brmnosuccinixnide Solution

Ascorbic
A~id NBS

Soill. B, Used,
1\11. M1.

(1 Ml.. = Content, (1 M1. = Found, Error,
Dilution 3.52 Mg.) Mg. 1.78 );Ig.) Mg. %

1 3.52 2.00 3.52
2 7.04 4.00 7.04
3 10.56 6.00 10.56
4 14.08 8.00 14.08
5 17.60 10.(11 17.62 0.05

10 35.20 20.01 35.22 0.06

10 ><, 352 l' per mi. 5 1.760 9.99 1.758 0.11
4 1.408 8.00 1.408
3 1.056 6.00 1.056
2 0.704 4.00 0.704

0.352 2.00 0.352

100X, 35.2 l' per mi. " 0.0704 4.00 0.0704
0.0352 2.00 0.0352

1000 X , 3.52 l' per mi. l) 0.0176 10.00 0.0176
2 0.00704 4.00 0.00704

Table IV. Esthnation of Pure Ascorbic Acid Solutions by
0.1% N-BromosucciniIllide Solution

Ascorbic 0.1%
Acid Soln., Volume, Content, NBS, Found, Error,

% Ml. Mg. Ml. Mg. %

0.5 1 5 5.05 4.99 0.2
2 10 10.10 9.98 0.2

0.4 . 1 4 4.05 4.00
2 8 8.10 8.00

0.3 1 3 3.02 2.98 0.66
2 6 6.05 5.98 0.33
3 9 9.10 8.99 0.11

0.2 1 2 2.02 1.99 0.5
2 4 4.05 4.00

0."1'63 6 6.06 5.99
4 8 8.10 8.00
5 10 10.10 9.98 0.2

o 1 10 10 10.10 9.98 0.2
9 9 9.06 8.96 0.4
8 8 8.05 7.96 0.5
7 7 7.02 6.94 0.85
6 6 6.02 5.95 0.83
5 5 5.05 4.99 0.2
4 4 4.05 4.00
3 3 3.02 2.98 0.66
2 2 2.00 1.98 1.00
1 1 1.01 1.00

method is recommended. A known volume of the solution is
diluted with distilled water in a standard flask so that 5 mI.
contain 0.5 to 10 mg. of ascorbic acid. Five milliliters of this
dilution are accurately measured and introduced into an Erlen
meyer flask of 25- or 50-mI. capacity. Then 5 ml. of 4% potas
sium iodide solution, 2 ml. of 3% acetic acid, and 2 drops of
starch solution as an indicator are added. The 0.1% N-bromo
succinimide solution-Le., 1 mI. contains 1 mg. of N-bromo
succinimide--is run into the ascorbic acid solution drop by drop
with continuous shaking after each addition until the end point
is reached. From the number of milliliters of N-bromosuc
cinimide solution used in the titration process, the amount of
ascorbic acid present can be readily calculated.

This method has been successfully applied to several kinds of
injections obtainable in Egypt. One example is sufficient to
illustrate the validity of the assay method. The injection con
sisted of 0.5 gram of ascorbic acid and 1 gram of calcium gluco
nate made up to 10 ml. with distilled water. One milliliter of
this injection contained 50 mg. of ascorbic acid. One milli
liter of this preparation was diluted with distilled water up to
50 ml. in a standard flask. Therefore, 5 mI. of this diluted
solution should contain 5 mg. of ascorbic acid (see Tables VI
and VII).

TABLETS. Ten tablets are weighed and powdered and an
accurately weighed quantity of the powder, equivalent to 50
mg. of ascorbic acid, is introduced into a 50-mI. standard flask.
Successive small quantities of distilled water (10 mI.) and glacial
acetic acid (5 mI.) are added with continuous and vigorous shak
ing and the volume is made up to the mark with distilled water.
The mixture is shaken well for 15 minutes and then filtered.
The assay is carried out using 5 mt of the filtrate, as described
for injections. The result obtained, multiplied by 10, gives the
amount of ascorbic acid in the original weight taken (see Tables
VI and VII).

The assay can be carried out even on one tablet with reproduc
ible results (see Table VIII).

Biological Fluids. DETERMINATION OF ASCORBIC ACID IN
WHOLE BLOOD AND PLASMA. Five milliliters of oxalated whole
blood or plasma are added, dropwise with shaking, to 5 mI. of
20% trichloroacetic acid in a 25-mI. centrifuge tube, and stirred
to obtain a fine suspension. The suspension is allowed to stand
5 minutes, then centrifuged. The clear supernatant solution is
filtered and 5 mI. of the filtrate are titrated immediately against
0.001 % solution of N-bromosuccinimide; 1 mI. contains 0.01 mg.
of N-bromosuccinimide (Table IX).

1.6
5.0

1.0

2.0
0.6

Error,
%

0.8
0.8
1.0

Error,
%

Error,
%

0.2
0.8

51
503

Found
by

Dye,
Mg.

495

Ascorbic
Acid

Found,
Mg.

4.99
5.04

1.8
0.02

Error,
%

1.2

0.1%
NBS
Used,
Ml.

5.05
5.1

50.9
499.9

Found
by

NBS,
Mg.

494

Ascorbic
Acid

Content,
Mg.

5
5

50
500

5
5

Comparison of Results by N-BroIllosuccinimide
and 2,6-Dichlorophenolindophenol

Ascor- Found Found
bic Acid Con- by by

Soln., tent, NBS, Error, Dye,
Ml. l' l' % l'

5 500 497 0.6 496
2.5 250 248 0.8 248
1 100 100 99

5 50 50 50
2.5 25 25 24.6
1 10 10 10.5

VII. COIllparison of Results by N-Bromosuccin-
imide and 2,6-Dichlorophenolindophenol

Ascorbic
Acid per
Ampoule

or Tablet,
Mg.

500

Dilution

Sample

Injection,
10 mi.

Tablet

Sample

Injection
Tablet

lOX, 100 l' per mi.

100X, 10 l' per ml.

Tahle

Table VI. EstiIllation of Ascorbic Acid in Injections and
Tablets by 0.1 % N-BroIllosucciniIllide Solution

Diluted
Ascorbic

Acid
Solution,

Ml.

Table V.

CALCULATION

176
Ascorbic acid content = V X C X 178 (mg. or 1')

where
V volume of N-bromosuccinimide solution
C = concentration of N-bromosuccinimide solution either in

milligrams or micrograms

METHOD OF ASSAY

Pharmaceutical Products. INJECTIONS. For the estimation
of ascorbic acid in solutions prepared for injection the following

ESTIMATION OF PURE ASCORBIC ACID SOLUTIONS

Procedure. Into a50-mI. conical Erlenmeyer flask, a known
volume of the unknown. ascorbic acid solution is introduced
Le., 1 ml. contains 1 mg. of as.corbic acid. Then 5 mI. of 4%
potassium iodide solution, 2 m!. of 3% acetic acid, and 2 drops of
starch solution as an indicator are added. The aqueous N
bromosuccinimide solution (0.1 % weight per volume) is intro
duced into the microburet and is allowed to run drop by drop,
into the ascorbic acid solution, with continuous shaking. The
end point is reached when the last drop of the N-bromosuc
cinimide solution added produces a permanent blue color in the
ascorbic acid solution {Table IV).

Each of the above two solutions of 0.1 % ascorbic acid and
0.1 % N-bromosuccinimide was diluted IO and 100' times, so
that 1 ml. contained 100 and 10 l' of ascorbic acid, respectively.
The estimation was done at the same time by means of 2,6
dichlorophenolindophenol (Table V).
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Table VIII. Assay on Ten Tablets and One Tablet
Weight of Ascorbic Ascorbic

Original Powder Acid Acid
No. of Weight, Assayed, Content, Found, Error,

Tablets Grams Gram Mg. Mg. %

10 2.0 0.20 50 50.03 0.06
I 0.198 0.198 50 49.95 0.1

10 5.00 0.50 100 100.1 ·0.1
I 0.503 0.503 100 100.2 0.2

Table IX. Estimation of Ascorbic Acid in Blood and
Urine by N-Bromosuccinimide and 2,6-Dichlorophenol-

indophenol
0.001% Dye Used,

Blood NBS Ml.
Filtrate, Used, Found, (l Ml. ~ Found,

Ml. Ml. Mg. % 0.117 Mg.) Mg. %

5 2.25 0.89
5 2.50 0.99
5 5.00 1. 98 0.45 2.11
5 3.00 1.18 0.25 1. 17

0.01% Dye Used,
Acidulated NBS Ml.

Urine, Used, Found, (l Ml. = Found,
Ml. Ml. Mg. % 0.125 Mg.) Mg. %

2 3.80 23.48 3.00 23.43
2 3.70- 22.86 2.90 22.65
2 1.80 11.12 1.40 10.94
2 2.60 16.06 2.10 16.40
2 2.28 14.08 1.80 14.06
5 1.35 3.33 1.08 3.37
5 2.80 6.92 2.20 6 ..88
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fering substances such as protein and thereby facilitate subse
quent clarification of the extract. The acidulated juice is fil
tered anti the determination is carried out on a known volume
of the dear filtrate as described previously. The N-bromo
succinimide solution used in the titration is 0.01 %-Le., 1 m!'
contains 0.1 mg. of N-bromosuccinimide (see Tables XI and
XII).

RESULTS

Interfering Substances. The following substances which
might interfere have no influence on the titration process:
carbohydrates such as glucose, lactose, sucrose, and starch;
diketogulonic ~cid; reductones and reductic acid; urea; uric
acid and creatinine; alcohols; formaldehyde; acetone; ethyl
acetate and acetoacetic ester; thiamine hydrocWoride and ribo
flavine; oxalates, tartrates, and citrates; amino acids such as
glycine, alanine, valine, and isoleucine; and ferrous and ferric
salts. The only interfering substances that are also oxidized
by N-bromosuccinimide beforeiodine is liberated from potassium
iodide in acetic acid medium include sodium sulfite, sulfide,
thiosulfate, and thiourea.

Experimental Error. From the results given in Tables IV
to VII, it has been deduced that the error of the proposed
method does not exceed ±2%. Every result is the average of
at least duplicate or triplicate titration processes.

DISCUSSION

Table XI. Estimation of Ascorbic Acid in Fruits by
N -Bromosuccinimide

Table XII. Comparative Determination of Ascorbic Acid
in Fruits

N-Bromosuccinimide acts as an oxidizing agent-e.g., it .con
verts primary and secondary alcohols into the corresponding
aldehydes and ketones, respectively (2). Its oxidizing action
is peculiar and highly selective in many cases; as is shown in the
oxidation of the 7a-hydroxyl group of cholic acid (7) and the 6fJ
hydroxyl group of cholestane-3fJ,Sa,6fJ-triol by use of N-bromo
succinimide. Selective oxidation of a 3-acyl derivative of methyl
cholate (8) to the 7-ketone can be accomplished in high yield
with N-bromosuccinimide.

There seem to be no references in the literature to the reaction
between N-brorriosuccinimide and ascorbic acid. N-Bromosuc
cinimide in aqueous medium readily oxidizes an aqueous 'solution
of ascorbic acid to dehydroascorbic acid, while N-bromosuccin
imide is irreversibly reduced to succinimide with the formation
of hydrogen bromide. Dehydroascorbic acid has been isolated
in the form of its osazone. Succinimide has been separated from
the reaction mixture and the formation of hydrogen bromide has

DETERMINATION OF ASCORBIC ACID IN URINE. To 40 m!' of
the urine sample (better freshly passed) 10 m!' of 20% meta
phosphoric acid are added to retard the oxidation of ascorbic acid,
and mixed well. Two or S m!' of the acidulated sample are
measured accurately accordin~ to the ascorbic acid content;
then S m!' of 4% pota.ssium iodide solution and 2 drops of starch
solution are added and titrated against 0.01 % N-bromosuc
cinimide solution; 1 m!' contains 0.1 mg. of N-bromosuccinimide
(Table IX).

Table X. Recovery of Added Ascorbic Acid to Whole
Blood and Urine

Original
Recovery of RecoverySample Ascorbic

Content Acid Ascorbic Acid of Ascorbic
by NBS, Added, Added by NBS, Acid by Dye,
Mg. % Mg. % Mg. % Mg. %

1.06 1. 00 0.99 1.04
Blood

1.06 2.00 2.00 2.11
0.93 10.00 9.98

14.06 10.00 9.98 10.89
Urine

14.06 20.00 19.97 20.74
22.75 35.00 35.04 35.06
3.35 2.00 1. 96 2.02

14.07 14.00 14.04 14.05

RECOVERY OF ASCORBIC ACID ADDED TO WHOLE BLOOD AND
URINE. Some'recovery experiments were carried out in which the
ascorbic acid added to whole blood and urine was in the same
range, less than the amount originally present and also several
times as great in amount as the amount originally present. The
original sample content was estimated by means of N-bromosuc
cinimide; and the recovered ascorbic acid determined by N-bro
mosuccinimide and dye methods was expressed in terms of the
added ascorbic acid (Table X)..

Edible Fruits. The new method has been applied to the
estimation of ascorbic acid in certain edible Egyptian fruits
known to contain ascorbic acid-e.g., oranges, lemons, tomatoes,
grapes, watermelons, and water cress. The fruits used in the
estimation of ascorbic acid were almost ripe. The sampling
and extraction of the material under examination must be carried
out with the minimum delay, so that no significant change in
ascorbic acid content takes place prior to analysis.

Each sample is squeezed or bruised and the' juice is directly
received in a known volume of 20% trichloroacetic acid, so that
the juice is diluteq with the stabilizing acid at least twice, to
avoid the oxidation of ascorbic acid and also to precipitate inter-

Fruit Sample

Orange (Balady)
Orange (Soccary)
Orange (Abo-Sorrah)
Orange (Shammouti)
Mandarin
Lemon Banzaheir
Tomato
Grapefruit
Watermelon
Water cress
Pomegranate

Fruit Sample

Orange (Seifi)
Orange (Seifi)
Water cress
Watermelon
Lemon Banzaheir
Tomato
Guava
Grapefruit
Mango

Found
by NBS,
Mg. %
39.55
35.63
17.79
27.68
45.44
27.66
43.96
24.90
55.72

Ascorbic Acid
Determined by
NBS, Mg. %

72.78
56.15
52.57
35.59
37.57
32.00
24.80
29.84
27.90
13.02
33.59

Found
by Dye,
Mg. %
39.60
36.00
18.40
28.23
46.56
29.10
44.62
25.29
57.04
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been confirmed. The reaction proceeds quantitatively in equi
molecular concentrations according to the equation:

The fact that ascorbic acid reacts very rapidly with N-bromo
Buccinimide, whereas many of the interfering substances react
more slowly or even do not react at all, provides It reliable titri
metric method for the determination of ascorbic acid.

N-Bromosuccinimide is an oxidizing agent and thus can lib
erate iodine from potassium iodide in aqueous acetic acid medium,
but it oxidizes ascorbic acid to dehydroascorbic acid preferen
tially. Until all the ascorbic acid present in the solution is
oxidized, no iodine is liberated from potassium iodide. The
slightest excess of N-bromosuecinimide added, after all the ascor
bic aeid C'ontent has been oxidized, will liberate iodine from po
tassium iodide, which is easily detected by the blue color devel
oped with a few drops of starch solution added at the beginning of

CH2CO

+ I ).Br

CH2CO

O=C-,

Ho-6 I
HO-~JO
H-6

I
UO-C-H

dH20H

~ ~-l
0=6 I +
H-6-...J

Ho-6-H

6HtOH

CH2CO

I )-H + UBI'

CH2CO

the titration process. The end point is thus easily observed by the
appearance of a blue color in the ascorbic acid solution or extract.

The presence of other reducing substances does not interfere
with the titration with N-bromosuccinimide, since iodine is selec
tively liberated from potassium iodide before redueing substances
present, other than ascorbic acid, are oxidized by N-bromosuccin
imide, and consequently the end point is easily determined in the
presence of starch. The end point is definitely blue in the case
of pure solutions and pharmaceuticals, but violet in the case of
biologicals and fruits.
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Method of Assay for Ethylenimine Derivatives
EUGENE ALLEN and WILLIAM SEAMAN

Research Division, American Cyanamicl (0., Bound Brook, N. J.

A method was devised for the determination of ethyl
enimine derivatives, which are being studied experi
mentally for use in the treatment of cancer. It is
based on a r.apid reaction between the ethylenimino
group and thiosulfate ion at pH 4. This reaction con
su:mes 1 lllole of acid for- each ethylenimino group. A
large excess of thiosulfate is needed to suppress com
peting reactions. As this ,excess is difficult to measure
with precision, the acid consumption is rneasured in
stead, by adding standard acid and thiosulfate and
titrating the excess acid with standard :alkali. The
method has heen studied for the assay of the following
ethylenirnine derivatives and hOlllOlogs: :!,4,6-tris{l
aziridyl)-s-triazine (triethylenemelallline), 2-amino
4,6-bis{l-aziridyl)-s-tri~lzine (diethylenemelamine),
N, N ' ,N " - triethylenephosphoramide, N, N ' , N " - tri
ethylenethiophosphoralllide, N - (3 - oxapentamethyl
ene)-N',N'-diethylenephosphoramide, N,N',N"- tris{l
methyletbylene) phosphorarnide, N,N',N"-tris{l,l-di
metb)'letbyleIlle) phosphoralllide, p-tolluenesulfon
N-ethylenearnide, and N,N'-diethylenehtmzene-I,3
disJ!lfonamide. The standard deviation of these deter
minations, wbere applicable, is i.n the neighborhood of
±O.l%.

SEVERAL derivatives of ethylenimine have recently been
studied as possible agents for the treatment of certain types

of cancer. These compounds have physiological effects similar
to those of the nitrogen mustards, which have been used for the
palliative treatment of cancer (3). However, the ethylenimines
are reported to be easier to administer and to bring about un
pleasant side effects less often (2).

When a nitrogen mustard is dissolved in water, it is transformed
to an ethylenimonium ion (1). Equation 1 shows such a reac
tion for methylbis (l3-chloroethyl)amine, a typical nitrogen
mustard:

The ethylenimonium ion is thought to be the active chemothera
peutic agent.

The ethylenimino group has a structure similar to that of the
ethylenimonium ion, except that the nitrogen atom does not
have a positive charge. 2,4,6-Tris(1-arizidyl)-s-triazine (tri
ethylenemelamine) (I), also known as TEM, is the ethylenimine
derivative which has been most thoroughly studied clinically.
Another typical ethylenimine derivative is N,N', N"-triethylene
phosphoramide (II).
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A method for the assay of the ethylenimines was needed both
for the regulation of dosages and for synthetic research.

THEORY OF METHOD

Golumbic, Fruton, and Bergmann (1) have shown that the
ethylenimonium ion can be determined in aqueous solution by
reaction with thiosulfate according to Equation 2.

CHa>N/''-'-CHa + NaaSaOa -.. >N-CHaCHaSaOaNa + Na +
(2)

Since each molecu~e of methylbis (}3-chloroethyl)amine has two
}3-chloroethyl groups, it reacts with 2 molecules of thiosulfate.
The titration is conducted by treating the solution of the nitrogen
mustard with excess standard thiosulfate solution and then back
titrating with standard iodine solution. The data presented by
these authors show that the results are not quantitative. The
reason is probably the occurrence of side reactions mentioned by
these authors. For example, the imonium ion can undergo hydrol
ysis as shown in Equation 3.

CHa>NACHa + HaO -..>N-CHaCHaOH + H+ (3)

Anoth@r possible ~ide reaction is dimerization, which produces a
piperazine ring.

Preliminary work showed that low results were also obtained
when the thiosulfate reaction was applied to triethylenemela-

mine, but the reaction could be speeded by lowering the pH.
Furthermore, when the reaction was conducted at pH 4 (found to
be the optimum pH), about 4 equivalents of acid p~r mole of
triethylenemelamine were consumed. A partial explanation of
the acid consumption may be the reaction of Equation 4. This
would account for 3 equivalents of acid per mole of triethylene
melamine. Monobasicity of the reaction product would account
for the additional equivalent.

The basicity of the reaction product was verified by running a
potentiometric titration curve on the reaction mixture. This
curve showed two breaks, at pH 4 and 8. The difference be
tween the breaks corresponded to 1 equivalent of acid per mole
of triethylenemelamine. The phosphoramides so far investi
gated give reaction products with thiosulfate which are not quite
so basic, and consume less than 1 equivalent of acid per mole be
tween pH 4 and 8.

The method finally chosen is to use a large excess of thiosulfate
solution in high concentration. This suppresses side reactions.
The thiosulfate. consumption is' not measured because of the
large excess involved, but the acid consumption is measured in
stead. The effect of the basicity of the reaction product is can
celled by back-titrating the solution to the phenolphthalein end
point after the reaction has proceeded at pH 4 for 0.5 hour.

A similar method in which the titration is made directly with
acid to the phenolphthalein end point, in a refiuxing acetone
water solution, is used by Ross en.

DESCRIPTION OF METHOD

To an accurately weighed portion of about 3 meq. of sample (1
equivalent corresponds to 1 ethylenimino group) add 50 mI. of
sodium thiosulfate solution (20 grams of NaaSaOa.5HaO per 100
mI.), followed by 1 drop of methyl orange indicator solution.
Titrate the solution immediately with O.IN hydrochloric acid to
a pH of 4, as indicated by the methyl orange color. (The proper
color may be judged by comparison with a pH 4 buffer solution
containing methyl orange.) If the end point does not persist for
at least 10 seconds, continue the titration until it does. Allow
the solution to stand for 0.5 hour. Add several drops of phenol
phthalein indicator solution and titrate with O.IN sodium hy
droxide to the phenolphthalein end point. Run a blank in the
same manner on 50 ml. of the sodium thiosulfate solution without
the sample. The acid consumption minus the consumption of
alkali, corrected for the blank, is equivalent to the ethylenimino
groups present.
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PURE TRIETHYLENEMELAMINE Assay of Triethylene

melamine. Table I shows
assay values of several sam
ples of triethylenemela
mine. The standard devi
ation, in the neighborhood
of ±0.2%, indicates that
the method has adequate
precision for the purpose
for which. it is intended.
In general, the samples
which are known- to be
crude or which have been
aged give lower values, as
is to be expected. How
ever, the aged samples
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Table II. Assay of Triethylenemelamine Polymers
Description Values, %

Isolated from crude sample 3.1,3.0
TEM

Heated with water on steam bath 1 hour
Heated 24 hours at 55° C.
Heated 18 hours at 100° C.
Heated 12 days at 55° C.

only a minor effect in the
assay value. It is possible
that these samples are only
partially polymerized. They
contain appreciable insolu
ble matter, but a quantita
tive determination of solu
bility was not made and
the amount of insoluble
may be small. However,
the sample which was
heated for 18 hours at
100° C. gave a low assay
value. Polymerization in
this case was probably fairly
complete.

Independent evidence
for the relation between
the polymers and the pure
compound was obtained
from infrared spectra.
Figures 1, 2, and 3 show
spectra of pure triethyl
enemelamine and the two
polymers prepared by heat
ing triethylenemelamine in
the dry state at 55° C. for
12 days and at 100° C. for
18 hours. The spectra of
the pure material and of
the 55° C. polymer are very
similar, whereas that of the
100° C. polymer is different.

Assay of Other Ethyl
enimines. Table III shows
assay values obtained on
other ethylenimines and
ethyl en imine homologs.
The homolog with 1 methyl
group on each ethylenirnine
ring yields almost quantita
tive values, whereas the

homolog with 2 methyl groups on each ethylenimine ring is only
partially titrated. Steric hindrance may be responsible. The
procedure is not applicable to the two sulfonamide derivatives
shown in the table.

Stability Studies on Ethylenimines. When clinical trials
were started on the ethylenimines, it was important to know
in which form the compound would be most stable-in the solid

Table III. Assay of Other Ethylenimines and Homologs
Designation Values, %

2-Amino-4,6-bis(l-aziridyl)-s-triazine (diethylenemelamine) 99.7, 99.7
N,N',NH-Triethylenephosphoramide" 99.6, 99.3
N,N',N H

_ Triethylenethiophosphoramide" 99.9, 100.0
N-(3-0xapentamethylene)-N', NH-diethylenephosphoramide 99.3
N,N',NH-Tris(l-methylethylene)phosphoramide 98.6, 98.4
N,N',NH

- Tris(l,I-dimethylethylene)phosphoramide 53.8, b 52.6
p-Toluenesulfon-N-ethyleneamide
N,N' -Diethylenebenzene-l ,3-disulfonamide b

a Weighings conducted under stream of dried nitrogen because of hygro
scopicity of compound.

b Reaction too slow to be practical.
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Assay of Triethylenelllelamine Salllples
Description Values, %

99.7,99.6,99.6
99.7,99.8,99.8
80.9,82.5
95.5,95.5
98.2,98.2
98.9,98.9
97.3,97.1,97.4
98.9,99.4
99.7,99.7
09.8,99.7
99.5,99.5

MICRONS

Spectrum of polymer prepared by heating triethylenemelamine in the dry
state at 100' C. for 18 hours

Spectrum of polYlller prepared by heating triethylenemelamine in the dry
state at 55' C. for 12 days

Purified

Crude 1
Crude 2

Recrystallized
Twice "'crystallized

Two years old
One year old
One year old
Purified (slightly turbid in water)
Purified (decomposition point slightly low)

Table I.

Figure 2.

were not aged under ideal conditions, as no effort was made
to keep them absolutely dTy.

Assay of Triethylenemelamine Polymers. Triethylenemela
mine shows a tendency to polymerize. Samples of triethylene
melamine which have been aged always show the presence of
polymer by forming a milky solution when dissolved in water.
Polymerization of triethylenemelamine can be induced by heat
ing the sample, either with water or in the dry state. Table II
shows assay values for some of the triethylenemelamine poly
mers. The first polymer, which was simply isolated from the
crude sample by filtration, has a low assay value. The second
polymer, prepared by heating triethylenemelamine with water,
likewise shows low purity. The three last polymers in the table
were prepared by heating triethylenemelamine in the dry state.
The table shows that heating at 55° C. for up to 12 days produced
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state, or dissolved in physiological saline solution, phosphate
buffer solution, or sesame oil. Accordingly, stability studies in
these solvents and in the dry state were carried out on N,N',N"
triethylenephosphoramide and N,N',N"-triethylenethiophos
phoramide. The analytical procedure for these determinations,
except for the solutions in sesame oil, was the same as the pro
cedure already described. (With the phosphate buffer solution
it was necessary to run careful blanks to allow for the effect of
the buffer in consuming alkali.) For the solution of the thio
phosphoramide in sesame oil a modification was used in which
each addition of the acid or alkali was accompanied by vigorous
shaking. The purpose was to extract tl\e compound from the
sesame oil layer into the water layer. But with phosphoramide
dissolved in sesame oil, this extraction into the aqueous phase
was much too slow. Therefore, boiling thiosulfate solution was
added to the sample, followed immediately by a measured volume
of boiling standard hydrochloric acid solution. The titration
was then completed at the boiling point with standard hydro
chloric acid and sodium hydroxide solutions. The procedure
gave results of relatively poor precision, but served to indicate

. the stability in a satisfactory manner. Results of these deter-
minations show that the aqueous solutions, both physiological
saline and phosphate buffer, were unstable. However, the com
pound in the solid state and in the sesame oil solution showed
little, if any, loss in strength over the period studied.
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Volumetric· Determination of Nitrocellulose and' Nitroguanidine
By Transnitration of Salicylic Acid
HARRY STALCUP and RICHARD W. WILLIAMS

U. S. Naval Powder Factory, Indian Head, Md.

This investigation was undertaken because of the need
for a direct chelllical Illeihod for the determination of
per cent nitrogen in nitrocellulose for specialized
applications where the nitrOIneter was either inappli
cable or inaccurate. Nitrogen in nitrocellulose samples
of various levels of niiration and nitrallline nitrogen
in nitroguanidine were deterlllined volullletrically by
the transnitration of salicylic acid in sulfuric acid solu
tion, the salllple being used as the nitrating agent, fol.
lowed by reduction of the resulting nitrosalicylic acid
with standard titanous chloride. Deterlllinations on
salllples of known nitrogen content showed a standard
deviation of 0.02% and were in good agreelllent with
nitrometer values. The Illethod offers a new approach
to the deterlllination of nitrallline-type ingredients in
propellant-powder forlllulations.

THE determination of nitrate nitrogen in nitrocellulose and
nitramine nitrogen in nitroguanidine is of importance in the

production of gun and propellant powders. A nitrometer is
ordinarily used, but because of their low solubility in cold sul
furic acid, some nitrocellulose fractions prepared in this labora
tory under various experimental conditions failed to yield their
true nitrogen values in the nitrometer. For this reason a rapid
and accurate titration procedure was sought. A procedure has
been developed, based in part on the Moore (.n modification of
the Forster (2) salicylsulfonic acid method for nitrate nitrogen,
in which the nitrate compound is used as the agent for the
nitration of salicylic acid in a sulfuric acid medium. The result
ing nitro compound is then reduced with standard titanous chlo
ride by the Knecht-Hibbert method (3). Compounds containing

both nitrate and nitramine nitrogen-such as p-nitroxyethyl
nitroguanidine-----have'been analyzed, and nitroguanidine in gun
propellant compositions has been determined. The compound
produced in the salicylic acid-nitrate reaction has been identified
ItS 5-nitrosalicylic acid.

APPARATUS

Cylinder of carbon dioxide or nitrogen gas.
Heat source, Variac-controlled hot plates or heating mantle to

fit 250-ml. refluxing flask.
Refluxing flask, 250 ml.
Soxhlet unit, 20-ml. capacity siphoning cup.
Reflux condenser, water-cooled to fit Soxhlet unit.
Reflux condenser, water-cooled with ground-glass standard

taper tip.
Glass bottle of 2-liter capacity, equipped with an automatic

buret for storage and use of the titailous chloride solution.
The siphon tube and buret must be connected in such a way that
only carbon dioxide or nitrogen gas, supplied from a tank, will
be drawn into the reagent bottle as the solution is used. The
bottle should be covered with black paint or black paper to
exclude light.

Refluxing flask, 500-ml. capacity, with a round bottom and
two necks. One of the necks should be of ground glass with a
standard taper to fit the reflux condenser.

REAGENTS

TITANOUS CHLORIDE SOLUTION (0.3N). For each liter of
titanous chloride solution,· 225 ml. of 20% titanium trichloride
is mixed with 100 ml. of 38% hydrochloric acid. The mixing
operation should take place before diluting, and in these opera
tions the solution should be protected from the air as much as
possible by means of carbon dioxide. The solution should
then be thoroughly mixed by means of a current of carbon
dioxide and stored in reagent bottle. An alternative procedure

. for making titanous chloride from titanous hydride is as follows:
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Table I. Per Cent Nitrogen Content of Various Compounds
Comparison of Salicylic Acid Nitration Method with Nitrometer

Salicylic Acid-Titanous Chloride Method

a Corrected for nitration of 13.41 % (99 63% theoretical); obtained by
dividing uncorrected values by 99.63.

is added, and the excess titanous chloride is titrated with 0.15N
ferric ammonium sulfate solution to the red end point. A blank
is run on the reagents, only the sample being omitted, and any
significant correction applied.

Calculations.

M!. of TiCb used X N of TiCb X 0.002aa5 X 100
Grams of sample

per cent of nitramine or nitrate nitrogen

where 0.002a5 = gram of nitrogen equivalent to I m!. of normal
titanous chloride

M!. of TiCI, used X N of TiCL X 0.D17a5 X 100
Grams of sample

per cent nitroguanidine

where 0.017a5 = gram of nitroguanidine equivalent to 1 m!. of
normal titanous chloride.

Smaller samples of nitroguanidine may be used with cor
respondingly smaller volumes of titanous chloride.'

Volumetric Procedure for Determination of Nitroguanidine
in Propellant Compositions. A 0.5-gram sample (ground in a
Wiley mill to 20-mesh particle size) is weighed accurately into a
small paper extraction thimble. A plug of glass wool is inserted
into the thimble and the latter is dropped into a small Soxhlet
extraction tube having a siphoning-cup capacity of approxi
mately 20 m!. The sample is extracted for a hours with dry
carbon tetrachloride under a water-cooled condenser. A heating
mantle or other Variac-controlled heat source is adjusted so that
the solvent vapors will condense in an almost continuous stream
above the sample.

After extraction the paper thimble is removed and both the
thimble and Soxhlet tube are dried thoroughly. The thimble is
then reinserted into the Soxhlet tube. A 250-m!. refluxing flask
containing 40 m!. of 70% acetic acid is attached to the Soxhlet
tube and the sample extracted for 2.5 hours. The heat source
should be adjusted so that a siphoning cycle is obtained in 6
minutes or less. After the extraction the siphoning cup is allowed
nearly to fill (15 to 20 m!.) and the heat is then turned off. The
refluxing flask containing the nitroguanidine and lead acetate
in 20 to 25 m!. of acetic acid is detached and cooled in an ice
bath. A cold solution containing 85 m!. of the sulfuric-salicylic
acid mixture is introduced into the flask and the contents are
thoroughly mixed. The solution is permitted to stand 15 to ao
minutes, then it is diluted with 150 m!. of water, and transferred
to a 500-m!. round-bottomed two-necked refluxing flask. Carbon
dioxide is bubbled through the solution for 5 minutes and 75 mJ.
of O.aN titanous chloride (or a calculated 25% excess) is added.
The flask is attached to a water-cooled condenser, the carbon
dioxide flow is continued, and the contents are boiled for 2 or 3
minutes. The heat source is removed and while the flask is
still attached to the condenser, it is cooled to room temperature,

S.D.

0.02
0.01
0.01
0.01

Range

0.04
0.02
0.03
0.0213.46

14.50
17.50

Calcd.Av.

14.54
17.45

11. 75
12.61
13.16
13.40

11. 75
12.61
13.15
13.40

Per Cent Nitroguanidine in Nitroguanidine
Propellant

14.51
17.46

Salicylic Acid Nitration-
Water

Extraction-
Titanous Chloride Reduction Oravimetric

Replica Uncorrected Correcteda Method

1 58.78 58.95 59.04
2 58.70 58.87 58.88
3 58.83 59.00 59.04
4 58.85 59.02 58.65
5 58.89 59.06 58.98

Av. 58.81 58.98 58.92
Range 0.19 0.19 0.39
S.D. 0.07 0.07 0.16

Table II.

14.56
17.44

11. 73
12.60
13.15
13.41

Ni:;~:U- ---'I--_2-;;-_T=es:.:~,-:N,,-·0=.:·-----;-4---,5;-

11.74 11.77 11.74 11.75
12.61 12.61 12.60 12.62
13.17 13.16 13.16 13.14
13.39 13.40 13.39 13.41

CompO-"Iud

Nitrocellulose
Nitrocellulose
Nitrocellulose
Nitroguanidine
II-Nitroxyethyl-

nitroguE'.nidine
Ammonium nitrate

PROCEDURE

Determination of Nitrogen in Nitroguanidine or Nitrocellulose.
A o.ao ± 0.05-gram sample is weighed accurately into a glass
weighing bottle of 20~ to 25-m!. capacity. Ten milliliters of the
sulfuric-salicylic-acetic acid mixture is added. The solution is
then stirred carefully until dissolved and allowed to stand for
about 20 minutes.

Nitrocellulose samples above la% in nitrogen content must
first be dissolved in 10 m!. of concentrated sulfuric (room tem
perature) and left in contact with the acid for a period no longer
than 20 minutes. Then 10 m!. of the sulfuric-salicylic-acetic
acid solution is added with stirring and the mixture is allowed
to stand for an additional 10 minutes.

The contents of the weighing bottle are transferred to a 500
m!. two-necked refluxing flask attached to a carbon dioxide tank
and washed in with 40 to 50 m!. of distilled water. After the air
in the flask has been replaced with carbon dioxide, 75 m!. of
standard O.aN titanous chloride solution is added. A 20 to
25% excess of reagent is sufficient. The flask is attached to a
water-cooled reflux condenser and th~ contents are boiled for 1
minute. Then the heat is removed and while the flask is still
attached to the condenser, it is cooled to room temperature by
means of a container of cool running water. It may be neces
sary to increase the flow of carbon dioxide before cooling to
prevent air from entering the reaction chamber and oxidizing
the titanous chloride. The flask is removed from the condenser,
1 m!. of a saturated solution of ammonium thiocyanate indicator'

To 22 grams of titanous hy
dride weighed into a I-liter
Erlenmeyer flask, 200 mJ. of
concentrated hvdrochloric aeid
is added slowly. The mixture
is heated on a steam bath
(eaution, hydrogen evolved) in
a hood in an atmosphere of
carbon dioxide. After the re
action has subsided, 200 m!. of
hydrochloric acid is added and
the solution allowed to sta.nd
for 1 hour. The solution is
then filtered (under carbon di-
oxide), diluted to 2 liters,
mLxed, and stored as previously described.

For standardizing titanous chloride solutiQn the following
procedure is recommended. A current of carbon dioxide is
passed for 5 minutes through the 500-m!. refluxing flask equipped
with an inleT, tube. From a buret 25 m!. of 0.2N solution of
potassium dichromate (reagent grade) is added, followed by 50
m!. of 10% sulfuric acid solution. The titanous chloride solution
is used for the titration, a drops of a 0.5% aqueous solution of
sodium diphenylbenzidine sulfonate being !tdded near the end
point. The indicator color change is from a distinct light blue
to bright green. Diphenylamine (0.5%) in strong sulfuric acid
may be used instead of sodium diphenylbenzidine. The color
change at the end point is from blue to sea green.

FERRIC AMMONIUM SULFATE SOLUTION (0.15N). For each
liter of ferric ammonium sulfate solution 75 grams of hydrated
ferric ammonium sulfate [Fe2(S04)3.(NH4)2S04.24H20j is mixed
with 25 ro!. of 95% sulfuric acid. The mixing should be done
by means of a current of carbon dioxide. The solution is stand
ardized as follows: The air in a two-necked refluxing flask is
displaced with carbon dioxide. A solutibn of 40 to 45 mJ. of
ferric ammonium sulfate is accurately measured into the flask
and 25 mJ. of 1 to 1 hydrochloric acid solution and 50 mJ. of
water are added. The solution is titrated with the O.aN titanous
chloride until near the end point; then 5 m!. of 20% ammonium
thiocyanate solution is added. The titration is continued until
the red color just disappears. Temperature and buret cor
rections are applied to the observed readings, and the normality
of the ferric ammonium sulfate solution is calculated.

AM:lilONIUM THIOCY.\NATE (20%). Twenty grams 'of am
monium thiocyanate (c.p.) is dissolved in 100 m!. of distilled
water.

ACETIC ACID (70%). Seven hundred milliliters of glacial
acetic acid is mixed with aoo m!. of distilled water.

S1..·LFURIC-SALICYLIC-AcETIC ACID MIXTURE. One part by
volume of glacial acetic acid is mixed with 9 parts by volume of
concentrated sulfuric acid; then 100 grams of dry salicylic acid
is dissolved in 1000 mI. of the mixture.

SULFURIC-SALICYLIC ACID MIXTURE. Twelve grams of dry
salicylic acid is dissolved in 1000 m!. of concentrated sulfuric
acid.

DRyCARBOl'( TETRACHLORIDE.
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o Reflux time begins when first drop falls from condenser.

per cent nitroguanidine

M!. of TiCla consumed X N of TiCl. X 0.01n5 X 100
Grams of sample

by means of a vessel of cold running water. The flask is detached
from the condenser, 5 m!. of a 20% solution of ammonium thio
cyanate indicator is added, and the excess of titanous chloride
titrated with 0.15N ferric ammonium sulfate to the red-brown
end point. A blank is run on the reagents for the presence of
reducible impurities, and any significant corrections are applied.

Calculations.

N,
%

13.17
13.16
13.14
13.16
13.15
13.16
13.21
13.26
13.16
12.82
12.87
12.47

10
15
10
10
15
15
20
25
15
15
10
20

Modified

15
15
20
20
20
20
20
15
30
60
90

120

Contact Time, Min.
Sulfuric
salicylic-

Sulfuric acetic
acid mixture

N,
%

12.24
12.03
13.17
13.14
12.87
13.16
13.01
13.26
13.41
13.40
13.62
13.82
13.86

Original

10
10
15
15
15
15
15
20
20'
20
30
35
35

Nitrogen in Nitrocellulose of 13.15% Nitration
(Determined with two methods)

Salicylic Acid-Nitration Method

Contact
time in

salicylic
sulfuric
mixture,

min.
Test
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

Salicylic
NO, by acid
TiC\, (alkali

Hydro- reduc- titra-
Compound Carbon gen tion tion)

Synthesized nitro compound,
found 45.79 2.76 25.19 75.68

5-Nitrosalicylic acid, calcd. 45.91 2.75 25.12 75.43
3-Nitrosalicylic acid, calcd. 41.80 3.50 22.88 68.66
3-Nitrosalicylic acid

(anhydrous), calcd. 45.91 2.75 25.12 75.43
o-Nitrophenol, calcd. 51.80 3.62 10.07

The nitro compound was reduced to the corresponding amine
with sodium thiosulfate and the nitrogen then determined by the
Kjeldahl method. Dickinson (1) stated that the salicylic acid
is converted to 5-nitrosalicylic acid and submitted evidence to
show that aminosalicylic acid is the derivative produced upon
reduction of the nitro compound with sodium thiosulfate.

The identity of the nitro compound produced is only of aca
demic interest because its final measurement, whether based on
the modified Kjeldahl or the method described here, depends
only on the presence of a nitro group. However, because of the

tion permissible to ensure a ffillllmUffi solubility of the nitro
cellulose during the extraction of nitroguanidine and other com
pounds from the powder. During this investigation 85 m!. of
concentrated sulfuric acid containing 1 gram of salicylic acid was
found to be the minimum quantity that could be added to 25 mi.
of 70% acetic acid containing nitroguanidine in solution and still
effect quantitative nitration.

Table V. Analysis of Synthesized Nitro Compound

%

Salicylic acid

OH (1)

2C6£ + 2C02 +:Na2SO. + 2H20

"-N02

Nitrophenol

OH
/

2C6H. + 2NaN03 + H2SO.~

'oOOH

IDENTIFICATION OFLNITRO COMPOUND

Conflicting statements appear in the literature regarding the
identity of the nitro compound formed from the action of nitrates
on salicylic acid in sulfuric acid medium. In his extensive work
on the estimation of nitrates in fertilizers by the Forster method
(2), Moore (4) suggested the following reaction:

Table IV.

N,
%

12.66
12.69
12.64
12.71
12.66
12.68
12.63
12.64
12.63
12.61
12.62
12.61
12.61

Test
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

Table III. Volumetric Determination of Nitrocellulose
of 12.60% Nitration by Salicylic Acid-Nitration Method

Refluxing O Nitro-
Time, cellulose,
Min. G.

5 0.1720
5 0.2655
5 0.3258
5 0.2184
5 0.2776
5 0.2810
3 0.2358
3 0.3296
2 0.2547
2 0.4099
1 0.3387
1 0.3043
1 0.3919

DISCUSSION

The described method was originally designed for "specialty"
applications-i.e., for samples of nitrocellulose either too small
or too insoluble in cold sulfuric acid to be readily determined by
the nitrometer. However, standard lots of nitrocellulose and
nitnoguanidine were used in comparing the accuracy and pre
cision of the new method with the nitrometer.

'l!he results given in Table I on three lots of nitrocellulose and
one' lot of nitroguanidine show a maximum range of 0.04% and
a standard deviation no greater than 0.02% in any case. Ex
cellent agreement with the nitrometer was also obtained. Dupli
cate determinations on amqlonium nitrate and l3-nitroxyethyl
nitroguanidine indicate further applicability of the method.

A practical application of the method is demonstrated by the
llesults shown in Table II on a typical nitroguanidine propellant.
A range of 0.19% and a standard deviation of 0.07% indicate a
more satisfactory degree of precision for powder analysis than
that obtainable by a water extraction-gravimetric method.

Commercial nitroguanidine used in powder manufacture
usually ranges between 13.39 and 13.43% in nitration values as
compared with the theoretical value of 13.46%. Therefore, for
an accurate determination 'Of the nitroguanidine content of a
powder, the nitration value of the nitroguanidine should be
known.

Table III shows experimental results obtained on a sample of
nitrocellulose of 12.60% nitration. The refluxing period be
comes a critical factor if continued beyond 2 minutes.

In Table IV, nitrocellulose of 13.15% nitration gave unreliable
results when the procedure for the lower nitrations was used.
However, when the sample was first dissolved in 10 m!. of pure
sulfuric acid for a contact period of 20 to 30 minutes and then the
sulfuric-salicylic-acetic acid reagent added for an additional con
tact time of 10 to 15 minutes, results agreed closely with the
nitrometer values. No serious difficulty was encountered with
the nitroguanidine determination. However, in order to make
the procedure applicable to. a determination of the nitroguanidine
in a gun propellant, further investigation was necessary. Seventy
per cent acetic acid has been found to be the strongest concentra-
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This comparison further substantiates the conclusion that the
nitro compound formed is essentially 5-nitrosalicylic acid with a
small amount of the 3-nitro isomer.

No attempt was made to identify the nitroguanidine--salicylic
acid reaction products. However, conclusions based on the

conflicting opinions expressed, an effort was made to identify the
nitro compound produced.

Salicylic acid in sulfuric acid solution was added to an excess
of sodium nitrate. The resulting solution was then poured over
cracked ice and the insoluble nitro compound filtered off, washed,
recrystallized twice, and dried lilt 125 0 C. No carbon dioxide
generation was observed during the reaction, an indication that
the carboxyl group was not displaced.

Nitrogen was determined by the titanous chloride reduction
method of Knecht and Hibbert (3). Table V shows a compari
son of the actual analysis of the synthesized nitro compound with
the calculated analysis of ortho-nitrophenol and the 3-nitro and
5-nitro isomers of nitrosalicylic acid.

Melting points for these compounds are as follows:
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Melting Points.
o C.

185-192
228-230
123-125; 148-149 (anhydrous)
44-45

Compound

Synthesized nitro compound
5-Nitrosalicylic acid
3-Nitrosalicylic acid
o-Nitrophenol

Analytical listillation in Miniature Colu.ns
Equipment and Operation

J. C. WINTERS end R. A. DINERSTEIN

Researclt Department, Stanc/aM Oil Co. (lnc/.), Whiting, Incl.

Miniature distillation columnsgiveexcellentseparations
of 15- to 50-mi. saIDpies equal to those obtainable with
proportionally larger salDples on lDacro high-efficiency
laboratory columns. Controls and.accessories adapted
to the needs of the slDaller coluJDns are necessary to
obtain such performance. AlDong these are a closely
controlled power supply for the distilling flask heater, a
receiver systelD that avoids lDixing of fractions and
allows accurate lDeasurelDent of distillate volumes, and
a vacuum systelD designed for leak-free .operation.
Spinning-band columns are especially useful for
vacuum distillation.

THE need for fractional distillation of small quantities of
organic liquids has increlliBed with the trend in research

toward small scale experiments. Modern autoclaves (3, 4)
and new separation techniques give samples of 15 to 50 mI.
that need further separation for analysis. Microanalytical
methods such as spectroscopy can analyze minute quantities.
Thus, miniature distillation is an essential step between prepara
tion and final analysis in small scale research.

Effective miniature distillation requires more than just scaling
down large columns. Although efficient columns have been de
signed for distilling small samples (1, 5, 7), less has been done
in developing techniques for scaled-down operation. On the
smaller scale, control of throughput and reflux ratio must be
more precise; a fluctuation as little as 0.1 volt in the power to the
distilling fI8IBk heater can upset column operation. Losses of
sample must be avoided; distillate volumes must be read ac
curately and entrainment of vapors during vacuum operation
must be eliminated. Contamil'Ul.tion of fractions must be mini-

Figure 1. Installation of lDiniat~redistilling units

mized; a single drop of distillate can represent 10% contamina
tion in a succeeding fraction if it is held on the walls of the receiver
system. Improved distilling units and controls would make
miniature distillation a more practical technique.

A fractionation installation has beel) designed and built that
meets the needs of the small scale. The present paper describes
the equipment and method of operation; a future paper will re
port testing and evaluation of the columns.

EQUIPMENT AND OPERATION

Figure 1 shows the installation for. eight miniature distilling
units, four on each side of the central instrument section. Three
types of columns are used: sp~ing band, Hyper-Cal, and con-
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Figure 2. Distilling unit

Concentric Tube

8
60
10-50
0.5

20-30
0.2-0.5

100:1
0.9
3.2b

EQUALIZER

Table I. Typical Column Data
Spinning Band Hyper-Cal

5 8
90 60-90
10-50 20-100
0.5 0.5--1.0

10-30 20-30
0.5--1.5 0.5--1.5

40:1 40:1
1.1 0.7
1.9 4.8

CALIBRATED
RECEIVER

TO PUMP.---

Figure 3. Receiver
aaseDlbly

o At 20 ml. per hour throughput and total reflux.
b Determined on 60-cm. column.

Inside diameter, mm.
Length, em.
Sample aize, ml.
Fraction size, rol.
Throughput, ml./hour
Take-off rate, ml./hour
Reflux ratio
HETP, cm.O

Holdup per 90 cin., ml.°

In the column heads, condensate is prevented from leaking
past the needle seat by careful alignment of the stainless steel
needle (8) and by keeping the needle tip clean. The column
head should be adjusted so that the needle is vertical and moves
freely in the glass guide near the solenoid. For cleaning, the
needle is removed and the tip is gently rotated on cotton impreg
nated with oil and polishing compound. This operation cleans
rather than grinds; the original finish on the metal should not be
disturbed.

In spinning-band columns, a loose-fitting or vibrating band
reduces fractionation efficiency. The band should be tight
enough that it does not turn freely until reflux is established;
the final criterion for judging the fit of the band is plate testing.
Vibration is likely to occur at speeds above 2200 r.p.m. and can
occur at lower speeds if the band and column are not properly
aligned.

The motors used with the spinning band are rigidly mounted
and easily aligned with the magnetic drives. Direct-drive ball
bearing motors are better than those with gear or friction drives.

Figure 5 shows a mounted motor.
The slotted bracket permits ver
tical and horizontal adjustment;
the rubber cushions reduce vibra
tion. A tachometer-generator,
coupled to the motor by rubber
tubing, is connected electrically
to. a tachometer on the instru
mentpanel.

Controls. Good separations
require more precise controls
than are used ill large scale dis
tillation. Especially important
are controls for throughput,
column pressure, and reflux ratio.
The spinning-band units also re
quire regulation of band speed.

Each half of the instrument
section serves four units. Figure
6 shows the type and 'arrange
ment of the instruments. Across
the top are timer clocks for con
trolling reflux ratio by activating
the solenoid at the column head.
To the left is an indicating
potentiometer that. measures
vapor and flask temperatures up

to 260 0 C. To the right are a pyrometer for melisuring higher
flask temperatures, a tachometer, and variable tranBformers for
controlling band speed. Below' these i;struments on an in
clined Bakelite panel are wattmeters,. transformers, and switches
for controlling the power to the flask heaters.

Column throughput is controlled by the power to the heaters.
Both regulation and fine adjustment of the voltage are needed.
An electronic voltage regulator, serving the eight units, controls
line voltage within 0.01 %. This degree of regulation is provided

centric tube. Each may be installed at any of the eight positions.
'iI'a~ks and pumps for the vacuum systems are located below.

Distilling Units. One distilling unit, shown in Figure 2,
consists"of a flask, column, receiver, and accessories.. Multilayer
metal radiation shields in evacuated jackets surrounding the
flask and column (8) eliminate the need for external heaters.
The receiver assembly is to the left of the column. Also shown
,are a light-ends trap at the upper left, Dubrovin and tilting Mc
Leod gages for measuring reduged pressures, .J.l'nd flowmeters at
the lower right for controlling water or air to tlie condenser.

The jacketed 25- .to lOO-rnl.
distilling flasks (8) reduce
th.ermal decompositio.n of
samples; low heat losses per
mit temperatures of 350 0 C.
wiith a 50-watt heater. The
heater is Ii removable cartridge
inserted' from the bottom of
the flask into a well. This con
struction· gives good circulation
oti the sample and minimizes
bumping.
. The three types of columns
make it possible' to fractionate,
most organic liquids. As
shown in Table I, all havel
heights equivalent to a theo
retical plate (HETP) near 1
em. at 20 rnl. per hour through~
put and total reflux. The spin
ning band has a low holdup and
pressure drop and is especially
useful at reduced pressures.
The Hyper-Cal, which contains
Meli-Grid packing (7), is useq
110 best advantage at atmos
pheric pressure and where the
volume of components being
~ractionated is sufficient so that
theoretical plates, rather than
holdup, is the most importan,t
factor. The all~glass conceq'
trio-tube column has an annu
his of 0.7 rom. and is not ail
tacked by corrosive,liquids; It
has a low HETP but requires a
high reflUx ratio (8).

The receiverassembly, shown
in Figure 3, is designed so that distillate does not come in contact
with any wall, stopcock, or grease, but falls from the drip tip
through the large-bore stopcock. A male joint on the receiver
allows the sample to be poured without contacting grease. The re
ceivers, 1.5- to 2.5-ml. capacity, are calibrated in O~02-rnl.divisions.

Solid distillates are kept liquid by heating the take-off arm
with resistance wire and the receiver with a small radiant heater.
The heater is a semicylindrical sheet of polished metal backed
with resistance wire. To permit easy changing of receivers, the
heater is hinged at the top.

The head of a spinning-band column is shown in Figure 4. (Cer
tain apparatus improvements described are the subject of pending
patent applications.) The band is driven at 2000 r.p.m. through
a ball-bearing-supported magnetic coupling (2) that eliminates
the need for a stuffing box. To avoid affecting vapor·tempera
tures, the top of the band must not be above the rectifying tube.
The thermocouple is encased in hypodermic-needle tubing; to
give correct readings it has to be experimentally located while
refluxing a pure compound. The heads for the other columnR
have similar parts but differently arranged.
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Figure 7. Circuit for a flask heater

HIGH RANGE v.o..IoIo.LI: ,.........0lNlII LOW RANGE

Figure 6. Detail of instrument panel

TYPICAL DISTILLATIONS

Miniature Hyper-Cal and spinning-band units have been ap
plied to a wide variety of samples. Typical of the results ob
tained al'e those from the routine distillation of three different
samples of hydrocarbons.

Figure 9 is a plot of the refractive-index and temperature
volume data from the distillation of 50 mI. of olefin polymer in a
spinning-band coluIDn. Fractions of 0.5 mI. were taken. The
sample is composed of compounds of four to more than 24
carbons. Despite the broad range of components and the use
of reduced pressure, the distillation gave clearly defined data
for each carbon number through 16. Larger charges of similar
materials gave well-defined data above the 16-carbon range.

tubing. Pressures from 10 to 20 rom. are measured on a Du
brovin I!;age and those below 10 rom. on a calibrated tilting
McLeod gage.

Operation. The selection of column type and operating condi
tions depends on volume of the key components, degree of separa
tion desired, distillation pressure, and corrosiveness to metals.
With. the sensitive controls built into the equipment, operation of
the miniature units is similar to that of larger units. Columns
containing fixed packing are preflooded. All are refluxed at the
desired throughput for about 4 hours before beginning take-off.
Throughput is measured by counting the drops from the con
denser drip tips. The timer clocks, set to give the desired reflux
ratio, govern take-off rate.

The attention needed -by a single unit depends on the type of
sample, distillation pressure, and fraction size. One operator
can normally take care of four units. With take-off rates of
0.5 to 1.5 mI. per hour, a 3D-mI. sample requires 20 to 60 hours
of distillation time.

EXPANSION
BELLOWS

Figure 4. Head of spinning
hand col~mn

Figure 5. Motor for spinDling-band co~umn

becaiIse neither 1.0% reg
ulation by a constant
-voltage transformer nor
0.1% by an electronic
regulator was adequate.
Each unit has a heater
control circuit, as shown
in Figure 7. A high or
low range is chosen by the
three-pole double-throw
switch. A base voltage is
then selected, and a fine
adjustment is added by
the variable transformer.
Because the output of the
transformer is stepped
down by an 18 to 1 ratio
through filament trans
formers, the range of the
fine adjustment is 6.3
voHs. The smallest
change that can be made is
0.015 volt. The watt-
meter serves only as a
rough guide for the oper
ator.

To reduce vapor losses,
a closed vacuum system is
used rather than continuous or intermitte'nt pumping. Because
the system is kept free from leaks, no automatic pressure regu
JatoI' is needed. This design gives simpler control and better
measurement and avoids oxidation of samples because no air
enters the column.

Figure 8 shows the layout of the vacuum system. The 5
gallon surge tank is kept at the minimum pressure of the pump
and serves two columns. The 2-gallon tank is set a~ any desired
distillation pressure by the three-way stopcock below the tank.
All vacuum lines are solder-sweated copper tubing; metal-to
glass connections are made by short lengths of rubber pressure
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Figure n. Distillation of 7- and 8-carbon fraction of
virgin naphtha

Throughput, 28 m!. per hour; reflux ratio, 56 to 1; time, '10Q hours

and aromatics. 'Refz:active-index peaks A, B, C, D, and E rep
resent concentrates of toluene, '8ccarbon naphthenes, ethylben
zene, p- and m-xylene,' and o-xylene. Some estimate of the degree
of separation can be realized from' the fact that the toluene
content of 'th~ charge was ~nly' 0.7, m!.

The average recovery in these 'samples was 98%, typical of
routine operation.
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Figure 9. Distillation of olefin polymer

Figure 10 shows the results of a spinning-band distillation of
only 20 m!. of an aromatic concentrate. This run demonstrates
the ability of the column to concentrate components present in
small quantities. The alternate refractive index peaks and val
leys represent clear differentiation between aromatic and ali
phatic compounds across a broad range of temperature and pres
sure, although some of the aromatics were present in quantities
of less than 1 m!.

A Hyper-Cal distillation of a 50-m!. sample of the 7- and 8
carbon fraction of a mid-continent virgin naphtha is shown in
Figure 11. This complex mixture included paraffins, naphthenes,

CONCLUSION

With proper equipment, miniature distillations are, as useful
for analytical purposes as those done on a larger scale. Al
though they do not save distillation time, they increase the value
of small scale experimentation. Many of the techniques and
controls should be. useful in other laboratories for operating a
single unit. Evaluation of the usefulness of the columns will
be completed by plate testing.

ACKNOWLEDGMENT

The authors thank A. G. Nerheim fOf the distillation data and
H. M. Grubb for the design 'of the heater-control circuit.



550

lLlTERATURJE CITED

(1) Donnell, C. K., and Kennedy, It. M., Ind. Eng. Chern., 42,
2327-31 (1950).

(2) Foster, N. G., and Green,_ L. E., Jr., ANAL. CHEM., 24, 1869
(1952).

(3) Kuentzel, 'W. E. [to Standard Oil Co. (Ind.) 1, U. S. Patent
2,661,938 (Dec. 8,1953).

(4) Kuentzel, W. E., and Field, E. [to Standard Oil Co. (Ind.)],
Ibid., 2,631,091 (March 10, 1953).

(5) Piros, J. J., and Glover, J. A. (to Sinclair Research Laboratories,
Inc.), Ib'id., 2,608,528 (Aug. 26, 1952); paper presented before

ANALYTICAL CHEMISTRY

Chicago Section, AMERICAN CHEMICAL SOCIETY, one-day
technical meeting, Jan. 24, 1947.

(6) Podbielniak, Inc., Chicago, Ill., Bull. A-3 (1953).
(7) Podbielniak, W. J., IND. ENG. CHEM., ANAL. ED., 13, 639-45

(1941).
(8) Weissberger, A., "Technique of Organic Chemistry," Vol. IV,

pp. 178 ff., Interscience, New York, 1951.

RECEIVED for review May 26, 1954, Accepted December 18, 1954, Pre
sented before the 19th Midyear Meeting of the Division of Refining, Ameri
can Petroleum Institute. Houston, Tex., May 1954.

Determination of Carboxylic Amides by
Reduction to the Corresponding Amine
SIDNEY SIGGIA and C. R. STAHL

Central Research Labol,'atory, General Aniline & Film Corp., Easton, Pa.

A method .is described for determining primary, sec
ondary, and tertiary amides based on reduction of the
amides to the corresponding lllmine using lithium alu
minum hydride. The amine formed is steam-distilled
from the reaction mixture and is then titrated with
standard acid. The procedure was initially developed
for deterrrtining sodium N-Iauroyl sarcosinate (N
lauroyl-N-lIlCthyl sodium glycinate). Once the proce
dure was established fot' this o{l<[)mpound, it was tried on
other samples of atmides and found to work satisfacto
rily. The range of the method is large, extending from
aliphatic amides of low Illolecular weight to the fatty
amides. Other types of amides were also found to be
determinable by the Illethod. The accuracy and preci
sion of the procedure are usually within ±2% and are
often within ±l%, depending on the particular amide.

THE nitrogen content of a sample has been used to determine
amide content (1,3-5,11,12,14,15), but this approach lacks

specificity for the amide grouping. Hydrolysis (13, 1.n is mainly
applicable only to some primary amides and is very seldom ap
plicable to any ;secondary or tertiary amides, as these are rather
difficult to hydrolyze. A colorimetric method has been devised
(2) involving conversion of the arpide to the corresponding hy
droxamic acid and formation of the colored ferric chloride complex,
which is measured colorimetrically. This method is excellent
for determining small amounts of amides, but where the amount
of amide compound in a sample is rather large (10 to 100%), a
higher precision and accuracy than are obtainable by the colori
metric approach are generally needed.

Mitchell and Ashby (8) determined primary amides by reac
tion with 3,5-dinitrobenzoyl chloride. Olleman (10), Krynitsky
(7), Hochstein (8), and Zaugg and Horrom (16) determined am
ides via active hydrogen analysis, using lithium aluminum hydride
among other reagents which react with active hydrogen atoms.
These methods lack in specificity, aEi many organic compounds
contain active hydrogen atoms, and tertiary amide groups do
not.

Nystrom and Brown (9), in an article on reactions of lithium
aluminum hydride, report that the reduction of amides proceeds
to the formation of the corresponding amine:

2RCONR2 + LiAlH. --+ 2HCH2NR2 + LiAl02

It was though'~ that an analytical method could be devised
based on this chemical reaction, and the procedure described
below was evolved.

The method is based on reduction of the amide with the hy-

dride and steam distillation of the amine formed. It was first
thought that the amine formed could be titrated in the reaction
mixture. It was supposed that one break would be obtained
for the strong bases (metal hydroxides) and a second break for
the weaker base (amine). However, the results obtained by this
approach were very high, probably because aluminum hydroxide
is not so strong a base as was first supposed. In view of these
results, the steam distillation step was added to the analysis.

In the determination of fatty acid amides the corresponding
amines formed on reduction steam distill very slowly; so ethyl
ene glycol was used instead of water in the distillation.

The glycol distillation is used for the determination of the
o

.~sodium N-lauroyl sarcosinate ( Medialan, CllH23 -~CH2COO:Na).

CH,
The amine formed in the reductioJ;l of this compound is distillable
from a caustic solution (the Kjeldahl distillation). The sarcosi
nate contains a carboxyl group that in the resultant amine should
be in the form of the salt in the alkaline solution. This amino acid
salt should be difficult to distill. However, it is presumed that in
the reduction step, the carboxyl group is reduced to the alcohol, so
that the resultant amine would be CllH 33CH.NCH.CH20H, which

I
CH3

o
is distillable. Amides of the type R~-~CH2CH2S03Nacannot

R,
be determined by this method. Evidently the sulfonic acid
group is not satisfactorily reduced, and the salt of the amine will
not distill. Very low results are obtained on these compounds.

This method is applicable to a large range of amides, as seen
in Table 1. Primary, secondary, and tertiary amides of low
molecular weight acids and fatty acids, as well as difunctional
amides, were successfully determined. A cyclic amide (methyl
pyrrolidone) was also determined. Unsatisfactory reductions
were noted for acrylamide, N-tert-butyl acrylamide, and urea.
In the case of N,N-diphenyl acetamide, the resulting amine
(diphenylethylamine) is too weakly basic to titrate, even in sol
vents designed for titrating weak bases.

Many functional groups react with lithium aluminum hydride,
but very few result in the formation of a volatile base. Nitriles,
im'des, and aliphatic nitro compounds are the only others which,
to date, are known to form an amine on reduction with the hy
dride The aliphatic nitro compounds are rarely found in amide
samples; nitriles are sometimes found in samples of primary
amides.

Lithium aluminum hydride will reduce nitriles to the corre-
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sponding amine, and this will result in high values for the amide.
The reduction of nitrile does not proceed to completion in all
cases of nitriles; therefore, this would not be a good general
method for ~itriles. Benzonitrile, butyronitrile, capronitrile,
and chlorobenzonitrile were determined satisfactorily by this
approach (see Table II). Nitriles which were tried and could
not be reduced completely to amine in a convenient length of
time were acetonitrile, acrylonitrile, succinonitrile, adiponitrile,
phenylacetonitrile, 3-butenenitrile, 'Y~phenoxybutyronitrile, lac
tonitrile, m-nitrobenzonitrile, and 1-naphthonitrile.

Table I. Results
Compound % % byN Procedure

Acetyl diethylamine 99.2 97.7 A
(N,N-diethylacetamioe) 98.1

98.2
98.4
98.4

N-butyramide 95.4 97.1 A
97.2
96.2

N-methyl acetamide 93.5 95.2 A
92.8
93.8
94.2

N-methyl pyrrolidone 98.2 97.8 A
98.6
98.1

Acetamide 100.6 99.8 A
100.8
100.3

Propionamide 101.1 100.4 A
100.8
100.3
100.0
100.0

"y-Hydroxybutramide 96.3 96.1 A
96.0
95.8

Methyl glycolamide 95.6 96.3 A
9.5.2
95.4

N,N'-dimethyloxamide 99.9 100.8 A
99.8
99.5
99.8

Benzamide 98.5 100.8 A
100.0
99.7

Formamide 99.0 100.6 A
98.9
98.6

Dimethyl formamide 90.7 93.4 A
89 ..5
92.2

Octanamide 96.4 96.6 A
98.1
97.5

Hexadecanamide 95.2 95.1 B
94.6
94.6
94.9

Methyl stearamide 97.4 98.3 B
98.0

100.0
98.0

Stearamide 92.4 94.5 B
92.7
93.7

Dodecanamide 96.0 96.6 B
95.8
94.2

Methyl dodecanamide 94.4 97.6 B
92.3
93.1

Succinimide 99.3 98.8 A
99.9

N-lauroyl sarcosine 100 ..5 99.1 BO
100.2
100.3
99.8

Sodium N-lauroyl sarcosinate 30.27 BO
30.11
30.04

Sodium lV-lauroyl sarcosinate C 94.7 9.5.8 BO
93.7
93.7
94.6
94.4

a Reflux time fOfL:reduction step was increased to 1.5 hours for these
compounds.

b A 30% aqueous solution of sodium N-Iauroyl sarcosinate. Each sample
was dried at 100° C. before reduction

C Sample contairaed 5.7% water as determined by Karl Fischer titration.
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It is advisable, therefore, if nitriles are suspected in a sample of
a primary amide, to use the procedure of Mitchell and Ashby
.(8) for determining the primary amide. Nitriles seldom occur
in secondary and tertiary amides, so that possible interference is
minimized.

Figure 1. Distillation apparatus

Compounds that contain active hydrogen atoms as well as
alkyl halides, esters, epoxides, and azoxy compounds will consume
hydride. If such compounds are present in quantity, enough
hydride must be present in .the reaction mixture to convert all
the amide to amine. It is impossible to run dilute aqueous solu
tions of amides by this method, as too large an excess of reagent
would be needed. However, samples containing 10% water
were successfully run by this method. Samples containing 50%
water showed results which were 10% low in amide, but using
more hydride reagent may make it possible to run 50% aqueous
solutions. It may be possible to run samples containing 25%
water, but this was not tried.

The precision of the analysis described below is usually within
±2% and very often within ± 1% for the various amides tried.
The accuracy is about the same as the precision; however, in
many of the amides tried the precision of the nitrogen analysis
(Dumas) used to assay the amides is poorer than the precision
of .the reduction method being tested. For the amides of nitrogen
content below 10%, the accuracy values are controlled not by
the reduction method but by the nitrogen method (the Dumas
nitrogen analyses are reproducible to ±0.2% of nitrogen).

The analysis is very simple to carry out and the apparatus is,
for the most part, standard laboratory equipment. Precautions
are required in handling lithium aluminum hydride; these are
described on every package of the material. It is well not to
use a hydride sample that is too old or that has been stored in a
loosely stoppered container; it may be too hydrolyzed to be
effective.

REAGENTS

Lithium aluminum hydride. Ten grams of lithium aluminum
hydride are refluxed with 500 ml. of anhydrous diethyl ether for
several hours. If the hydride is finely divided, it will dissolve in
a relatively short time. Insoluble products, formed by the reac
tion of impurities in the ether with the lithium aluminum hydride,
settle on cooling, and the clear solution can be pipetted off as
needed. The solution should be protected from atmospheric
moisture. The usable life of the solution is about one month.

Standard 0.02N sulfuric acid.
Standard 0.02N sodium hydroxide.
6N sodium hydroxide.
Methyl purple indicator (Fleisher methyl purple, Burrell Corp.,

Pittsburgh, Pa.).
Ethylene glycol.
Isopropyl alcohol.

DISTILLATION APPARATUS

The distilling apparatus used in Procedure A is the standard
Kjeldahl steam distillation equipment.

The distilling apparatus in Procedure B consists of a 200-ml.
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p-Chlorobenzonitrile

99.65

98.86

102.06

refluxed on a steam bath for 0.5 hour. The flask is cooled to room
temperature and the excess reagent is decomposed by dropwise
addition of water. After the reagent is completely decomposed,
the sides of the flask are washed with about 10 ml. of water, and
5 mI. of 6N sodium hydroxide are added. A few boiling chips and
25 ml. of ethylene glycol are added before the flask is attached to
the distilling apparatus. The solution is distilled at a rapid rate
nearly to dryness and 25 ml. of ethylene glycol are added through
the stopcock on the connector at such a rate that boiling does not
stop. The addition and distillation of 25-ml. portions of ethylene
glycol are continued until 100 mI. have been distilled. The con
denser is washed with approximately 50 mI. of hot isopropyl
alcohol, and the amine contained in the distillate and washings is
titrated potentiometrically with 0.02N sulfuric acid. Per cent
amide is calculated in the following manner:

A

A

A

Procedure

Table n. Nitrile Results
% %byN

98.90 98.67
98.69
98.81
96.15
96.40
96.72
98.45
99.07
97.76
99.95
98.93
99.76

Butyronitrile

N-capronitrile

Compound

Benzonitcile

PROCEDURE A

round-bottomed :flask connected to a Kjeldahl bulb which is at
tached to a water condenser by a 75 0 connector. A stopcock and
funnel are sealed on the connector at the bend so tha1: ethylene
glycol can be dropped into the flask (see Figure 1).

PROClmURE B

A weighed sample containing approximately 0.0006 mole of
amide is placed in a 200-mI. round-bottomed flask, and 10 ml. of
lithium aluminum hydride reagent are added. The mixture is

An exactl:y weighed sample containing approximately 0.0006
mole of amide is placed in'a 100-ml. Kjeldahl flask, and 5 ml. of
lithium aluminum hydride reagent are added. The solution is
allowed to stand for 15 minutes at room temperature to ensure
complete reduction of the amide, and the flask is then attached
to the Kjeldahl distillation apparatus. A 200-ml. Erlenmeyer
flask containing exactly 50 ml. of 0.02N sulfuric acid is placed
on the apparatus, so that the end of the condenser i8 below the
surface of the acid.. Water is added dropwise to the reaction
flask until the excess lithium aluminum hydride is decomposed.
Ten milliliters of 6N sodium hvdroxide are added and steam dis
tillation is carried out as in a Kjeldahl determination. About 50
mI. of distillate are collected in the 0.02N sulfuric acid and the
excess acid is titrated with standard 0.02N sodium hydroxide to
the green end point of methyl purple indicator. Per cent amide
is calculated as follows:
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% amide

(Titration for 50 mI. of acid- titration for
sample) X N of NaOH X M.W. amide X 100

Weight of sample >( 1000

Polarographic Determinationo' Traces o' Fluoride and Iron
CARLYLE E. SHOEMAKER I

Mound Laboratory, Monsanto Chemical Co., Miamisburg, Ohio

A lllethod of analysis was required for lllicrogralll quan
tities of 8uoride and iron in the presence of radioactive
substances, Active o}:ygen and peroxid.,s are forllled
in aqueous solutions as a result of intense radioactivity.
These active substan<,es attack dye and 8uorescent
salts used in lllany analytical lllethods for 8uoride.
A polarographic lllethod, using rotating platinulll
rnicroelect:rodes, was developed in which the fluoride
ion forllls a cOlllplex: with ferric iron and the iron
fluoride c<'lllplex is r.,duced irreversibl-y at potentials
lllore negative than the reduction of feuic iron. The
dissociation constant of FeF++ was deterlllined and
found to be 6.9 X 10--5. The lllethod is suitable for
determination of rniclrogralll quantities of 8uoride and
iron in solutions containing radioactive substances.
One lllicrogralll of 8uoride and 0.33 IIlti.~rogralllof iron
lllay be deterlllined with an accuracy of about 15%.

BECAUSE there were few satisfactory methods available, an
analytical procedure for the determination of microgram

amounts of fluoride and iron in the presence of high-level radio
activity has been developed. Many of the microgram analytical
methods reported for determination of fluoride depend on a
bleaching action of fluoride on a colored or fluorescent metal
organic salt (15, 22). These methods are not accurate because
of insensitivity of the end point, but some improvement in them
has been made by using a spectrophotometer (6) or fluorometer
-(17, 23) to determine the end point. Other amperometric titra
tions for fluoride could not be used on a micrograrp scale because
of limitations of solubility or interferences (3, 4, 16, 20).

Active oxygen and peroxides are formed in aqueous solutions
as a result of intense radioactivity (8). This active oxygen at
tacks the dye in colorimetric methods for fluoride analysis, caus-

1 Present address, J. T. Baker Chemical Co., Phillipsburg, N. J.
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CELL
Figure 1. Electrodes and polaro-

graphic cell

A. Sa:mple, It! :mI.
B. Coarse glass filter plate
C. Agar salt bridge of saturated KNQ,
D. Saturated KNOa solution
E. Paraffin coating

REAGENTS AND APPARATUS

Reagents. Calcium fluoride was prepared by reaction of cal
cium nitrate and sodium fluoride. The precipitate was centri
fuged and washed several times by decantation and centrifuga
tion with 1% ammonium nitrate solution. It was then dried
at 1200 C. and ignited at 5000 C. for 3 hours.

Standard iron solutions were prepared from electrolytic iron
rods obtained from Johnson, Matthey and Co., Ltd., London,

90mm.

STILL

e:t=5Imm'l
SAMPLE HOLDER

Capillary Tip

Figure 2. I)istillation
apparatus

Lead chlorofluoride was
prepared according to a
modified method of Starck(21).
An equivalent amount of
sodium fluoride solution was
added to a saturated lead
chloride solution and the pre
cipitate was filtered, washed,
and dried at 120 0 C. for 20
hours.

Analytical reagent grade
sodium fluoride, driedjat
110 0 C. for 12 hours, was used.

Apparatus. An Electro
chemograph Type E polaro
graph was used to record the
polarograms. The platinum
wire microelectrodes are illus
trated in Figure 1. The three
electrodes differed from those
previously described (10, 14,
19) in that they moved through
the solution in a different
manner. These electrodes con
sist of a piece of smooth and
new 20-mil platinum wire
sealed into 6-mm. soda-lime
glass tubing. It is desirable
to round off the exposed end
of the wire with fine emery

. cloth; sharp edges and points
must be removed because oxidation occurs more easily from
these portions than from a smooth surface. The 'glass-platinum .
seal is made in an oxidizing flame. Any cracks or imper
fect seals at the tip of the glass-platinum seal cause
noticeable effects on the polarogram. The platinum wire must
be bent with care near the seal of electrodes of Types 2 or 3 of
Figure 1. A recalibration is necessary if the shape of the elec
trode is changed in any way. The electrodes are designed
so that the platinum wire moves through the solution perpendicu
lar to its axis. By moving in this manner the wire,continually
comes in contact with fresh portions of solution, resulting in con
stant diffusion conditions. The electrodes are designed so that
there is no exposed wire near the center of rotation of the elec
trode where unsteady diffusion conditions exist.

The platinum microelectrode is washed with concentrated
hydrochloric acid and placed in 10% sodium cyanide solution
for such a time as is necessary for the individual electrode to give
a background current of the order of 0.1 p.a. at 0.2 volt measured
against a saturated calomel electrode. If the electrode is smooth
and bright, only a few hours are required to condition it in the
sodium cyanide solution. If the electrode is not properly pre
pared, the reduction polarogram of ferric iron deviates consider
ably from reversible behavior, an oxygen reduction wave appears,
and erratic behavior is observed. The electrodes are cleaned
frequently in 10% sodium cyanide solution, especially if poten
tials more negative than 0.2 volt are to be used. The surface
of the platinum appears to change owing to discharge of hydrogen,
and sodium cyanide solution dissolves enough of the platinum
to present a new inert surface to the solution.

The polarographic cell is shown in Figure 1. A saturated
calomel electrode is used as a reference electrode (7). The arm
of the reference electrode is placed in the side arm of the cell.
The top of the side arm, D, was coated with paraffin to prevent
the potassium nitrate solution of the salt bridge from establishing
electrical contact with the constant temperature bath. When
this happened,. stray currents were introduced into the polaro
graphic circuit.

The glass distillation apparatus shown in Figure 2 was sug
gested by a platinum still described by Watters and coworkers
(18). An aluminum heating block 1.5 inches in diameter is
provided to hold the still, and is electrically heated by resistance
wire wrapped around the block on. asbestos insulation. The'
wire is covered by asbestos and Sauereisen cement. Power
required to heat the aluminum block is about 200 watts. Tem
perature is measured by a thermometer in a hole of the block
0.5 inch from. the sample.

through Jarrell-Ash Co., Boston, Mass. A weighed sample of
iron was dissolved in concentrated hydrochloric acid, and diluted
to 100 ml. A 10-ml. aliquot was evaporated to near dryness
several, times with concentrated nitric acid, and diluted to 1QO
ml. Tests of the diluted sample for chloride' ion were negative.

Lanthanum fluoride was prepared according to the method of
Hirsch (5). Analysis gave the following results: lanthanum
found, 70.12%; calculated, 70.91 %; fluoride found, 28.96%;
calculated, 29.09%.

32

ELECTRODES

r: 35mm.:!

B A

ing an error in results. The polarographic methods for fluoride
and iron described here are not affected by oxygen or peroxides
because ferric iron is more easily reduced than is oxygen.

The concentration of ferric iron in a solution is measured
polarographically by using a rotating platinum wire microelec
trode to reduce ferric iron to ferrous iron. As fluoride ion is
added to the iron solution, a complex is formed which is reduced
irreversibly at potentials more negative than ferric iron. The
decrease in the concentration of ferric iron is related to the
amount of fluoride ion added for analytical purposes. Substances
which form equally stable complexes with iron must be eliminated.
The fluoride frequently must be distilled from insoluble com
pounds. It was found that a borosilicate glass microstill was
satisfactory, indicating that silica did not interfere directly in the
analysis.

The rotating platinum wire microelectrode has been used to
indicate the end point of a titration with silver nitrate or other
reducible substance (9, 10, 13). One advantage of the platinum
electrode is that it is useful in studying redox potentials in the
range where mercury would be oxidized. The diffusion current,
which is proportional to the concentration of the measured ion,
is a function of the speed of rotation of the platinum electrode.
In the method described the rotating speed of the electrode is ad
justed to expand the polarographic wave to the full scale of the
recorder of the polarograph, thus increasing the sensitivity of the
determination. A constant speed of rotation of the electrode is
difficult to maintain; generally, synchronous motors with a gear
reduction drive are used. In the present application a Sargent
cone-drive induction motor with a constant voltage source func
tions satisfactorily. The adjustable speed knob is clamped se
curely after the desired speed is obtained. Daily calibration
of the electrode is required, because of slight wear of the rubber
O-ring on the cone reduction-drive.
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Table II. Ratio of Diffusion Current to Concentration of
Iron(III)"

0.1

KN0 3
M.

Supporting Electrolyte 0.1 N
0.01 N HN03 ; Fe-I.091x 10-4

A. Fem
B. FelIl, 0.1 N No CI
C. Fem. O.OIM He S04
D. Fell

0.6 0.5 0.4 0.3 0.2
POTENTIAL OF MICROELECTRODE

VOLTS (V5. S.C.E)

Figure 3. Polarograrns of iron
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The effect of sulfate and chloride on the reduction polarogram
of ferric iron was studied (Figure 3). The half-wave potential of
ferric ion reduction was shifted to a more negative value but the
reduction was not reversible. Sulfate has more of an effect than
chloride and as the sulfate and chloride concentrations increase it
becomes increasingly difficult to estimate the correct diffusion cur
rent plateau. Chlorides at a concentration greater than 5 X
1O-2M (170 mg. of chloride per 100 ml.) and stilfates at a concen
tration greater than 5 X 1O-4M (5 mg. of sulfate per 100 ml.)
show definite interference with the polarogram of 1 X 1O-4M
iron (0.56 mg. of iron per 100 ml.).

A significant amount of iron (about 1 to 2%) is reduced during
a polarogram owing to the large reduction currents. A compari
son of the diffusion coefficient of ferrous iron to ferric iron was
made. A ferrous sulfate solution approximately O.OOIM was
prepared and a 10-ml. aliquot of the ferrous solution was oxidized
to ferric iron by evaporating to near dryness with nitric acid.
The residue was diluted to 100 ml. in the usual manner with inert
electrolyte and nitric acid. A similar aliquot was not oxidized
before dilution. The 100 l' of sulfate were not sufficient to cause
interference with the iron polarogram. Polarograms of the two
solutions indicated that the diffusion coefficients of ferric and
ferrous ions were the same in the inert electrolytes used (Figure 3,
curves A and D). The half-wave potentials of the oxidation and
the reduction reactions agree, showing a reversible reaction. The
arrows. on the curves indicate how polarograms were made.

Variation of diffusion current as a function of temperature was
studied. The data show a 2.5% change in the diffusion current
for each degree change in temperature at 25 0 C.

In Figure 4 the diffusion current is shown as a function of the
speed of the electrode. The variable speed drive was adjusted
so that the polarographic wave was expanded to the full scale

grams were tested for reversible behavior according to the usual
I

procedure (11). Values of the slope of the curve of log ~.~
I D -I

versus potential E deviated only slightly from the theoretical
value of 0.059 which corresponds to a l-electron reduction.

Reversibility
Test Slope
of Curve.
E V8. log

I
ID - I

-0.057
-0.065
-0.063
-0.0695

Diffusion
Current,

p.&.

13.6
13.6
14.0
13.5
13.7
13.6
14.0
13.5
3.3

R
. Half-Wave

Concentration Diffusion . . aho: Potential b,
Iron(III). Current, D,ffuSIon Current V.olt vs~

Mole/Liter "a. Concentration S.C.E.

1.063 X 10-' 1.54 1.453 X 10' 0.503
5.31 X 10-' 7.75 1.46 X 10' 0.494
1.063 X 10-' 15.4 1.45 X 10' 0.496
5.:n X 10-' 76.5 1.44 X 10' 0.490

a I:n O.IN potassium nitrate, O.OlN nitric acid.
b Corrected for IR drop (resistance of ce11600 ohms).

EXPERIMENTAL

Electrodes. Some characteristics of the oxygen reduction
waye in O.IN potassium nitrate and O.OIN nitric acid were
studied. It was found that the wave was reproducible with a
half-wave potential of 0.078 volt (versus the .saturated calomel
electrode) whe!1 the electrode was cleaned after each polarogram.
If hydrogen was discharged on the platinum electrode during the
preparation of a polarogram and the eleetrode was not cleaned
before the next polaJ'Ogram, the oxygen wave was larger and dis
placed to a more positive potential. The height of the dis
placed oxygen wave was not reproducible and appeared to vary
with the amount of current flowing through the electrode.

Distillation of Fluorides. The borosilicate glass still shown in
Figure '2 was satisfactory and no indication of silica interference
was noted. The finely divided bubbles produced at the capil
lary tip of the still delivery tube have a high surface to volume
ratio and all of the fluoride is dissolved in the receiving solution.

Various times and temperatures of distillation were tried, using
both perchloric and sulfuric acids in the still to decompose the
insoluble fluorides. Concentrated perchloric acid starts to distill
at about 140 0 C., while 70% sulfuric a,~id does not distill until
about 180 0 C. Sa.tisfactory and consistent distillations were
made at a temperature of 150 0 C. for :l hours. The time neces
sary to distill the fluoride was prolonged many hours at a tem
perature of distillation below 150 0 C. To avoid any distillation
of acid, 70% sulfuric acid was used.

Polarographic Study of Iron. The polarographic reduction
of ferric iron was studied, and a reversible reduction 'was ob
served. Table I shows the effect of different acidities on the
half-wave potential and diffusion current. As the pH increases
above 2.3 the half-wave potential becomes more negative,
thereby indicating hydrolysis. A pH of 3 is near the upper limit
for a satisfactory polarogram of ferric iron at 1 X 1O-4M and the
diffusion current decreases rapidly above a pH of 3.1. At high
nitric acid coneent.rations the half-wave potential of the iron
is shifted to a slightly more negative value, indicating weak
complexing.

Experimental results tabulated in Table II indicate that the
ratio of diffusion current, I D , to concentration of iron, C, was
found to be constant within experimen.tal error. The resistance,
R, of the cell was 550 to 600 ohms an.d all potential measurements
tabulated in Table II were corrected for IR drop.. The polaro-

Table I. Effect of pH on Half-Wave Reduction Potential
and Diffusion Current"

Half-Wave
Potential.

Volt vs,
pH S.C.E.~

0.301 e (0.5N HNO,) 0.473
0.699' (0.3N HNO,) 0.486
1.0' {O.IN HNO.) 0.495
1.15 0,489
1. 75 0.487
2.0 0.486
2.3 0.487
3.1 0.435
3.7 0.426

~ ~~~'t:~~~c~'~?~efi l~O-~~m~:(III) in 0 .1N KNO,.
f: No potassium nitrate present in these experilIwnts.
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Table III. Opthnum Range for the Determination of
Fluoride

1.0

Estimated
Error,

%
12

7-12
3-7
<3
<3
<3
<3
<3

Iron(III)
Concentration,

Mole/Liter

1 X 10-'
1 X 10-'
1 X 10-'
1 X 10-'
5 X 10-'
1 X 10-'

2.5 X 10-'
5 X 10-.'

10
20
28
57

100

Optimum
Range

Fluoride
Analysis,

"Y

Range
Fluoride
Analysis,

"Y

Below 1
1-2
2-8
8-20
7-47

11-64
21-130
33-200
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.02 0.1
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Figure 5. Calibration curves
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with its diffusion rate. This assumption is supported by the
invariance of the ratio of wave heights with rotation rate.

Calculation of the free energy of formation AF of FeF++ was
made by the equation

AF = -RT In K = 56.6 kcal./mole (1)

An attempt was made to calculate the dissociation constant of
FeF2 +, but it was unsuccessful.

METHODS

Procedure for Iron. Iron can be determined in the presence
of many other cations, since only a few of these Cl).n be reduced
at a potential as positive as ferric iron. Ferrous iron should
be oxidized to ferric iron before determination. If complexing
agents are present in relatively large amounts, iron should
be precipitated as iron hydroxide, collected on a microfilter, and
redissolved directly in 10 ml. of O.IN potassium nitrate, O.OIN
in nitric acid. The solution need not be transferred quantita
tively to the cell unless an internal standard is used. As the
current is proportional to the concentration of iron, a comparison
of the current of the unknown sample with a standard solution
of iron can be conver.ted to concentration of iron in the unknown.

Procedure for Fluoride. The still and sample holder are shown
in Figure 2. The sample holder is used as a weighing bottle
and assures the placing of the sample in the bottom of. the still.
The still is placed in the aluminum heating block and 0.5 ml. of
70% sulfuric acid is pipetted into the still. The standard-taper
glass joint is lubricated with sulfuric acid.

An absorbing solution consisting of 10 ml. of a standard iron
solution containing O.IN potassium nitrate and O.OIN nitric

400 500 600 700 800
SPEED OF ELECTRODE - R. PM.

Figure 4. Effect of speed of electrode on
diffusion current

({l20
w
a::
w
Q..
::2: 18
g
a::
u
5E 16
I

I
Z
W
~ 14
::>
u

B 12
in
::>
u.
u.
is 10 1...---'-__--'-__--'-__--'-__---'-----'

of the recorder, thereby increasing the accuracy and sensitivity
of the estimation of the wave height. In general, speeds above·
600 revolutions per minute are to be preferred to slower speeds
because the variation in diffusion current is smaller with a change
in speed. The full scale of the recorder was used for a concentra
tion of I X lO-·M iron, which corresponds to approximately
5.6 l' of iron in 10 ml. of solution, so that a polarographic error
of Qne half of a division at 80 divisions or 0.62% is equivalent tl
0.035 l' of iron.

Polarographic Study of Iron-Fluoride Complexes. When
fluoride ion is added to a ferric iron solution part of the iron is
complexed, so that the height of the iron wave is lowered (Figure
5). The complex is reduced at more negative potentials, but
not reversibly. The FeF++ complex is formed first, followed by
some FeF2 + at higher concentrations of fluoride.

Since hydrofluoric acid is a weak acid, a pH as high as possible
is desirable to increase the fluoride concentration. If the pH is'
too high, however, ferric iron does not reduce properly at the
electrode. For the present work a pH of 2 was used. It is not
desirable to use buffers because competitive complexing of fluoride
or iron would occur, decreasing sensitivity of the method.

Data from experiments in which a known amount of fluoride
was added to a known amount of iron were plotted as calibration
curves such as are shown in Figure 5. These calibration curves
were found to be independent of the shape and speed of the elec
trode within tested limits.

The optimum range of fluoride concentration for each iron
concentration was estimated and is tabulated in Table III. It is
not necessary to prepare exact iron standards for the determina
tion 6f fluoride if standard fluoride samples are properly cali
brated against the iron solutions used.

The dissociation constant of FeF++ was calculated by a
method similar to that of Babko and Kleiner (1). Results of
such calculations, using data from the calibration experiments,
give a value of K = 6.9 X 10-6• The value agrees with 5 X 10-6

reported by Babko and Kleiner (1) and 7.0 reported 'by Brosset
and Gustaver (2). Kury (12) neglected the contribution of HF.
and found K = 3.7 X 10-6, which compares to 4.0 X 10-6 calcu
lated similarly. The assumptions made in the present work are:

1. FeF,++ is the first complex formed when there is an excess
of ferric iron present.

2. There is no complexing of iron by nitrate media. (Changes
were made in the nitrate concentration, but the half-wave
potential changed only slightly, Table II.)

3. Ferrous ion is not affected by fluoride ion.
4. The dissociation rate of FeF++ is negligible compared
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Table IV. Results of Analyses for Fluoride
Sample Fluoride
Weight, F]uoride, Recovered, Error,

Compound 'Y 'Y 'Y %
NaF 33 37 2.5

19 19 0
19 19 0
19 19.3 2
19 18.9 0.6
19 19.1 0 ..5
19 19.1 0.5
3.8 3.95 4.0
1.9 1. 75 8
1.9 1.9 0
0;95 0.826 -13
0.95 0.721 -24

PbCIF 442 ~:2 .1 30.9 3.5
420 aO.5 29 - 4.8
520 a7.8 37.9 0.3
515 :17.4 34.1 - 9.0

CaF, 180 87.5 78 -11
117 1)7 57 0
173 34.1 84.9 1.0
228 111 110 1.0

LaF, 213 62 62.7 1.0
154 14.8 45.8 2.0

Table Y.

Compound

NaF

Fluoride,

"18.5
18.5
18.5
18.5

Interferences in Fluoride Analysis
Fluoride

Interference Recovered,
in Still 'Y

0.4 mg. boric acid 11. 6
0.4 ml(. boric acid 11.6
0.4 mil. NaH,PO,H,O 18.5
0.4 mg. NaH,PO,H,O 18.5

Error,
%

37.3
37.3
o
o

ANALYTICAL CHEMISTRY

directness of the fluoride determination. Larger platinum elec
trodes and smaller volumes of solution should allow the iron and
the fluoride determination to be scaled down further. There ap
pears to be no reason why iron cannot be determined in a large
variety of inert electrolytes. An internal standard which in
volves the addition of a known amount of iron to an unknown
allows the direct calibration of the electrode.

If polarograms are made in the potential range more negative
than 0.2 volt (S.C.E.) the cell should be provided with an inert
atmosphere. A cap with a hole of sufficient size so that the
rotating electrode will not rub may be used. A tube providing
for the introduction of nitrogen or other inert gas may be sealed
onto the cell or the cap. Stirring action of the electrode is suffi
cient to remove oxygen from the solution.

The polarographic analysis has several advantages over some
of the other methods' of analysis. Rapid, relatively accurate

. analyses for traces of fluoride and iron ion have been developed.
The method has relatively few interferences. A direct formation
of iron fluoride complex is measured in the fluoride analysis,
whereas in the colorimetric and some of the other microgram
methods, a competition between dye and fluoride ions exists.
The polarographic method is not affected by active oxygen or
peroxides which may be formed as a result of radioactivity.
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acid is pipetted into a test tube (13 mm. internal diameter X
85 mm.). The test tube is placed in a beaker of cracked ice,
and the capillary tip of the still is inserted into the absorbing
solution to the maximum depth. A slow continuous stream of
air is passed through the still over the acid to sweep the volatilized
fluoride into the absorbing solution. Carbon dioxide is removed
from the air by an Ascarite tube. A plastic test tube is recom
mended for the absorbing solution.

The aluminum block is brought to a temperature of 150 0 C.
and the distillation is continued for 2 hours. After completion
of the distillation the exit tube of the still is washed free of any
traces of fluoride. A rubber bulb at the standard taper joint is
used to draw the absorbing solution as far as possible into the
exit tube of the still several times. The absorbing solution is
transferred into a clean, dTy polarographic cell (Figure 1). A
quantitative transfer is not, necessary, since concentration only
is measured. The cell is immersed in a constant temperature
bath maintained at 25.1 0 C. Polarograms are made in the
potent.ial range 0.7 to 0.2 volt versus the saturated calomel
electrode as soon as possible after distillation if glass containers
are used.

To determine the amount of fluoride in a sample from the
polarogram, the ratio /il/ID is calculated, where I D is the dif
fusion current of the standard iron solution and /iI is the decrease
in diffusion current caused by the complexing of iron by fluoride.
From a set of calibration curves (Figure 5), the ratio of M/ID is
comrerted to a ratio of fiuo:ride to iron present, then micrograms

F ·- - I' 'F ++.f- ~ ~ 19 106- norma It) e X [Fe+++] X 1000 X X

Analyses of both soluble and insoluble fluorides are sum
marized in Table IV. The errors are in the range predicted in
Table III.

A few interferences in the fluoride determination were tested
with the results tabulated in Table V. Large amounts of borates
show some interference. Only relatively large amounts of
chlorides (over 0.05N or 1'7 mg. per 10 m!. of absorbing solution)
interfere in the determina.tion unless removed by precipitation.
There is little chance of sulfuric acid distilling if the temperature
is properly controlled. The absorbing solutiol1B containing
fluoride c.annot be allowed to stand in glassware for several hours.

DISCUSSION OF RESULTS

The method for iron analysis is more accurate on a molar con
centr.~tion basis than the method for fluoride because of the in-
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Chromatographic Determination of Carboxyl Groups in Filter ~Pap.er

A. J. ULTEE, JR.t, end J. HARTEL

Vezelinstituut T.N.a., Delft, The Nether/antls

Average 40.60 mg.
Standard deviation 1.48%

" One spot is copied and weighed 19 'timee.

Table II. Determination of Error in Calculating Weights
of Spots

Weight of Spote, Mg.o

Table I. Reproducibility of Determinations
Weight of Spote, Mg."

1. 58.95' 9. 58.25
2. 59.30 10. 58.05
3. 57.45 11. 59.40
4. 59.90 12. 57.25
5. 58.10 13. 55.55
6. 56.25 14. 56.50
7. 57.60 15. 58.00
8. ,58.05 16. 55.70

Average 57.77 mg.
Standard deviation 2.16%

o Obtained' by applying 4.5 X 10 -, meq. of lead acetate on a strip of
Whatman No. 1.

the presence of such groups might be responsible for some error
in carboxyl group determinations. '

A chromatographic method of estimating the carboxyl ~nf,enl;

of filter paper has been outlined recently (S4). A measured
quantity of hydrogen or alkaloid ions was used to saturate the
available carboxyl groups in a certain area of the paper.' .Mt.er
elution the spot was made visible by spraying, and its area was
determined; this area should be inversely proportional -iQ~ ~h~
carboxyl content of the paper. Similar investigatioIis hixd been
proceeding in the authors' laboratory for some time witk th~ Use'
of various metal ions to establish their suitability for~boxYl
determinations. The best results were obtained with lEj80d iOPJIi
which are strongly bound to the carboxyl groups and· c@ 'be
easily detected with hydrogen sulfide. Directions! lia'v'e ;been
worked out for this case.

11. 41.30
12. 40.50
13. 40:70
14. 40.10

,15. 41.20
16. 41. 70
17. 39.48
18.. 41.80
19. 40.45

1. 40.07
2. 40.00
3. 40.50
4. 40.90
5. 40.50
6. 40.30
7. 40.80
8. 39.80
9. 40.85

10. 40.45

EXPERIMENTAL

Modification of Filter Paper. Samples of Wha,tman No.1
filter paper and cellulose powder were oxidized with nitrogen
dioxide gas (84) in the absence of air, with a view toward intro
ducing Qarboxyl groups. The concentration was 0.5 gram of
nitrogep dioxide per liter; the ratio nitrogen dioxide to c~l1ulOB~
was 1 to 6 grams; the reaction period was 18 hours. The treatea
cellulose was thoroughly washed with water and dried. Under
these conditions, filter paper is obtained with about 1.5% COOH,
determined by titration with calcium acetate (84). The presence
of lactone groups was investigated by spraying with hydroxyl
amine and iron chloride (30).

Samples of both untreated cellulose and oxidized cellulose
were treated with a solution of diazomethane in ether for 18 hours'
at a temperature below 50 C. The free carboxyl grOl~ps are con,
verted into methyl esters by this procedure.

A part (1 gram) of the oxidized cellulose powder was treated
with 160 mI. 0.2M calcium acetate for 30 ririnutes, as is.customary
for the carboxyl group determination (34). The calcium salt was
then filtered off and dried.

Infrared Spectroscopy. Infrared spectra in the range of 5.5
to 6.5 microns were recorded for slurries of cellulose powder in
paraffin oil (about 20 mg. of cellulose, 27Q-mesh, in 100 mg. of

"

THE ion exchange properties of filter paper may invalidate
the results of analytical procedures in\Tolving filtration

through filter paper (1S, S8)-for example, in the determination
of the solubility of radium sulfate. On the other hand, Schute
(S4-) has taken advantage of the ion exchange property of filter
paper in the chromatography of alkaloids in aqueous media.
While Schute used papers of ordinary varieties, others (14, 81)
have used paper especially enriched in carboxyl groups for chro
matographic separations. Because of the wide use of such
papers, a rapid method for the determination of carboxyl groups
in filter paper is of considerable practical interest.

El\.cept'for the determinations involving infrared spectroscopy
(5) and decarboxylation (S9), all previous carboxyl group deter
minations are based on ion exchange. The ions present are
usually exchanged for hydrogen ions, which are determined by
titration, preferably in the presence of electrolyte, in order to
avoid difficulties arising from Donnan equilibria. (18). Neutral
a.lkali salts are suitable for thiS purpose (9), although the end
point shows considerable drift, owing to the presence of the cel
lulose. This can be avoided by the use of an excess of alkali (18).
It is supposed that any lactone groups present are opened by this
procedure (10), but other reactions liberating carboxyl groups
may also occur, especially when a large excess of alkali is used
(SS). Another electrolyte often added is calcium acetate (15).
In this case the buffering action of the salt and the strong affinity
of the calcium ions for carboxyl groups cause the ion exchange to
take place before titration, although the same buffering action
makes the method less reliable when the carboxyl content is low
(8S).

A further method of determining the hydrogen ions is based
upon iodometric titration (17).
, For the determination of carboxyl groups the paper can also

be converted into the calcium form, whereupon the calcium can
be determined after being exchanged fOr hydrogen ions (26) or
by electrodialysis (25). As this method is a matter of equilib
rium reactions, there are advantages in carrying out this process
chromatographically (20).

Other .methods for carboxyl determinations, involving the use
of ions of heavy metals, are known for silver (27), copper(II)
(S3), tin(II) (8), lead(II) (8, 23), and uranyl(II) ion (4). Often,
use is made of ion exchange with methylene blue (1, 28), although
this method may involve some difficulties.

Considerable uncertainty existed in most of the previously
use!! method~ for carboxyl determination.. Although the ion
exchange or' filter paper is usually ascribed to the presence of
carboxyl groups, it was believed that part of the ion exchanging
groups might be present in the form of lactone or ester groups,
which are easily opened (9, 10, 16). Hence, an attempt was
made, with the aid of infrared spectroscopy, to determine whether

I Preeent addreee, Benger Laboratory, E. I. du Pont de Nemoure & 00.,
Inc., Waynesboro, Va.

.It :chromatographic method for determining the car
boxyl groups in filter paper was developed. Experi
ments were carried out with several kinds of metal ions,
making use of the strong bond of different metal ions
to the carboxyl groups of the paper. Lead(I1) ions
gave the most satisfactory results. The influence of
ester and lactone groups on the carboxyl group deter
minations was studied. The method is rapid and
reliable.

557



558 ANALYTICAL CHEMISTRY

o.~0.200.080.040.40

Right. Duplicate spots

0.20

will shift only on the addition of complex-forming ions to the
elution agent (31). Complex formation also seems to be re
sponsible for the fact that the method cannot be used with
mercury(II) and iron(III) ions. Copper(II) and tin(II) ions,
on the other hand, produce very clear spots. However, these are
larger than the spots obtained in the lead method (Table V);
hence it becomes evident that part of the carboxyl groups have
not reacted with copper(II) or tin(II) ions.

Uranyl(II) is one of the most firmly bound ions. [The deter
mination .of carboxyl groups in carboxymethylcellulose (6) is
actually carried out at a pH as low as 4.] The chromatographic
determinations have shown, however, that with certain types of
paper, uranyl ions exhibit abnormal absorption phenomena as a
result of which the spots obtained are too s.qJ.all. The use of
silver ion leads to complications if reducing groups are present
in the paper (3, tt): Methylene blue produces very clear spots,
but in a weakly acid medium complete ion exchange does not
take place, owing to its position in the ionic series.

Spots obtained by applications of 10 ~l. of lead acetate with
concentration of 0.04, 0.08, 0.20, and 0.40M

0.08

Figure 1.

0.04'

paraffin oil). SimilAr spectra of modified.
cellulose, galacturonic acid, glucuronic
acid lactone, and calcium galacturonate
were recorded.

Chromatographic Determination of Car
boxyl Groups. PROCEDtffiE. By means
of a micropipet 10 ~l. of lead salt solution
(acetate or nitrate) of known concentra
tion (0.01 to O.IM, depending on the
type of paper) is applied on a strip of
paper, about 2 cm. from the lower edge.
Immediately afterwards the strip is
suspended in boiled distilled water (water
and strip are kept in an enclosed space)
in such a way that the bottom of the
strip is just in the water. If necessary,
the paper is stretched by means of a glass
hook. The water is then allowed to rise
to a height of at least 10 em., which
usually takes place within half an hour.
The lead spot is made visible by reaction
with hydrogen sulfide. In order to
measure the area, it is traced on a
heavy type of sized paper with the aid
of carbon paper. The 13POt thus copied
is cut out and weighed. If the weight
per square centi.qJ.eter of the types of
paper is known, the area of the spot and
the carboxyl content of the paper can be
calculated.

The same procedure has been used with solutions of stannous
chloride, copper sulfate, silver nitrate, mercuric acetate, and
ferric nitrate. In the case of uranium salts, the spots were made
visible by coating them with powdered potassium ferrocyanide,
followed by steaming. With methylene blue the spots are visible
Msuch.

RESULTS AND DISCUSSION

If the surface area of the spots is plotted against the number of
milliequivalents of lead(II), a straight line is obtained for all
types of paper, which almost passes through the datum point
(Figures 1 and 2).

With uniform types of paper the reproducibility of various
determinations is satisfactory. For Whatman No.1, for ex
ample, the standard deviation from the average was 2.16% (Table
I). The error in the determination of the size of the spots is
stillsmaIkr (Table II). Usually no difference is found for elution
periods varying between 20 minutes and· 24 hours, but with some
types of paper the water rises so slowly that the definite size of
the spot is not reached within 20 minutes (Table III).

Table III. Influence of Varialtion of Elution Periods
Time, Min. Weight of Spots. Mg.·

20 26.6
30 27.8
60 25.8

180 28.5
24 Hours 27.2

• Obtained by applying 8.2 X 10-' meq. lead acetate on Schleicher and
8chon No. 589. For Schleicher and SchUll 1l0lL an elution period of
almOllt 60 minutea is nece88lU'Y.

It is known from the literature that the affinity of different
cations for carboxyl groups varies. In this connection it is
possible to draw up a series (t, t3):

UO,++ "" Pb++ > Sn+ r > Cu++ > H+ >
methylene blue + > Ba ++ > ell. ++ > Ag+ >

TI+ > K+ > Na+ > Li+ > N(CH3),+

The most striking feature is the strong bonding of the hydrogen
ion (13)'and of some multivalent metals of the secondary groups.
The lead ions are capable of displacing the hydrogen ions, so
that the carboxyl determinations are fairly independent of the
pH. Consequently, pretreatment of the paper with acid does
not affect the results (Table IV). It may be assumed that in this
process all carboxyl groups react with the lead ions. The spot

n

15

Figure 2. Carboxyl content

I. Methyl ester of WhatJnan No.1
II. WhatJnan No.1

III•.Schleicher and SchOO No. 589
IV. Oxidized WhatDlan No.1
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In the case of galacturonic acid (Figure 3, I) (see Figure 5 for
the formula), a pronounced absorption peak is found at 5.8
microns which is attributed to the stretching frequency of the
C=O bond of the carboxyl group. With glucuronic acid lactone
(Figure 3, II), the peak occurs at 5.7 microns; with calcium
galacturonate, on the other hand (Figure 3, III), the salt form
maximum absorption occurs ~t 6.25 microns.III

56
35

1I5
51
32

Lead Acetate, Meq.

9.7 X 10-'
19.4 X 10-'
19.4 X 10-'

Type of Paper

Whatman No.1
Schleicher and Schiill No. 1I0IL
Macherey, Nagel No. 613

Table IV. Influence of PretreatInent of Filter Paper on
Carboxyl Detennination

(Treated papers washed with dilute HCI and water)

Weight of Spot, Mg.
Untreated Treated

Table V. Deterlllination of Carboxyl Groups with Lead
Acetate and Copper Sulfate on Whatinan No.1 Paper

Weight of Spot, Mg.

The results obtained with the lead method for various types
of paper have been §ummarized in Figure 2 and Table VII. The
calcium acetate method usually produces higher values (Table
VI). With a view toward ascertaining whether this difference
must be ascribed to the presence of easily opening lactone or
ester groups, the authors recorded infrared spectra in the range
5.5 to 6.5 microns (Figures 3 and 4).

Salt Solution Used, Meq.

1. 94 X 10-'
3.88 X 10-'
5.82 X 10-'

Copper sulfate Lead acetate

46.7 31.8
85.0 49.3

123.0 71. 2

Figure 4. Infrared spectra

I. Paraffin oil
II. Untreated cellulose

III. N02-oxidized cellulose
IV. Methyl ester 01 No.-oxidized cellnlose
V. CalCiUlll salt of N02-oxidized cellulose

0"" 0"I I

ObH ~ r O -

-0-1 H I

I "

tOOK PECTlNI' ACID

Figure 5. Hexose derivatives,
Illentioned in text

0: ;" -oQ:,}~-0.., ~H OH I ~ l OH 0

~ ~ 0 L 0 - ~ ~ ,/ 0 Lo_

~oOH ALGINIC ACID o=~ AlCIlNfC ACID LACTONE

The spectrum of untreated cellulose (Figure 4, II) exhibits
absorption only in the range of 6.1 microns, which is ascribed to a
bending frequency of absorbed water (21). In the case of
oxidation with nitrogen dioxide (Figure 4, III), absorption ap
pears at 5.8. microns, which could indicate the presence of both
acid and lactone. In the case of treating the oxidized cellulose
with diazomethane (Figure 4, IV), the peak is sharper and lies
at 5.75 microns. When oxidized cellulose is titrated according
to the calcium acetate method, the infrared spectrum of the cal-

cium 'salt formed (Figure 4, V) no longer shows any
signs of absorption in the range of 5.75 microns.
It must be assumed, therefore, that under these
conditio~s the lactone ring is split open. The titra
tion of alginic acid (16) is somewhat similar, since
in a dry state its carboxyl groups are nearly all in the
lactone form (11).

During the titration of glucuronic acid lactone in
the presence of calcium acetate considerable drift was
found at the end point. This indicates that the
lactone ring opens, especially in a weakly alkaline
medium.

In applying the lead method to the methyl esters
of Whatman No.1 and nitrogen dioxide-oxidized filter
paper, it was invariably found that part of the car
boxyl groups were still reacting (Figure 2 and Table
VII). In particular with esterified "celluronic acid,"
the wide variation in spot sizes is indicative of
partial splitting of ester during the chromatography.
Whatman No. 1 gave no visible reaction when
spraYed with hydroxylamine and iron(III) chloride;

---

6.25 6.5

~~

656.25

6.0

60

5.i'5

575

I. Galacturonic acid
II. Glucuronic acid lactone

III. CalciuDl. galacturonate

Figure 3. Infrared spectra
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0.046
0.064
0.420

0.08
0.10
0.65

Type of Paper
ScWeicher and Schilll No. 1l01L
Macherey, Nagel No. 613
Oxidized Whatman No.1
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Tahle vn. Carboxyl Content of Some Filter Papers
Type of Paper Carboxyl Content, Meq./Gram

Whatman No.1 0.008
Methylester of Whatman No.1 0.002
Oxidized Whatman No.1 0.420
Meth:rlester of oxidized Whatman No.1 0.017
Whatman No.4 0.007
Munktell No. 20 0.007
Schleicher and Schull No. 589 0.035
ScWeicher and Schull No. 1l01L 0.046
:Macherey, Nagel No. 613 ·0·.064

Table VI. Results Obtained with Calcium Acetate and
Lead Method

Carboxyl Content, Meq./Gram
Calcium acetate Lead acetate

nitrogen dioxide-oxidized paper showed 11 faint color and the
methyl eEiters of these papers colored strongly. It is evident
that oxidized celiuloEle contains a certain quantity of lactone
groups which are readily split open. Such groups can also
occur in native cellulose; therefore,' no conclusions should be
drawn regarding the acid value of the ionizable groups by ex
trapolation of titration curves (33).

In titrations with an excess of alkali the splitting of lactone is
probably not the principal reaction involving the liberation of
extra carboxyl groups. Carbonyl groups can, in an alkaline
medium, be subject to conversions resulting in the formation of
carboxyl groups. Furthermore, cellulose is very sensitive to
oxidation at a high pH value.

Apart from difficulties arising at very high lactone concentra
tions, the chromatographic determination of carboxyl groups
carried out by means of lead ions seems to be a rapid and reliable
method for determining the carboxyl content of filter paper.

Rapid Determination ol Water in Silicate Rocks
LEONARD SHAPIRO and W. W. BRANNOCK

U. S. Geological Survey, Agricultural Res~arch Center, Beltsville, Mel.

A rapid and simple method for the determination of
total water in si1i.~aterocks has been developed by modi
fying the Penfield. procedure. In this method, the time
required for a single determination has been reduced to
less than 10 minutes. Comparison of the data obtained
by this modification and the Penfield method indicates
the same degree of accuracy.

THE value obtained for total water in a rock analysis includes
water of crystallization, water held uncombined in the grains

or on their surfaces, and water formed, as the result of heating,
from hydrogen or hydroxyl groups present in regular atomic
arrangement in molecular or crystal structtu'e.

The determination of water in rocks invariably involves initial

ignition of the powdered sample, either by itself or with a flux, and
subsequent measurement of the expelled water. The expelled
water can be measured in several ways. It can be absorbed in a
desiccant in a preweighed tube (1), condensed and determined by
measurement of volume (3), or measured as in the method of
Penfield (4), which is more widely used than any other method.
In the Penfield method the' upper part of the glass tube, contain
ing the condensed water expelled from the sample powder, is
separated by fusion from the lower part of the glass tube, contain
ing the powder. The part containing the water must be allowed to
reach thermal and moisture equilibrium with the laboratory air
before weighing. A second time-consuming heating and equili
bration step is necessary in getting the final or "dry tube" weight
to subtract from the initial weight to obtain the amount of water
in the sample. Because of these time-consuming steps, the
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Table I. Relationship between' Water.in SaInple,
Absorbed and COInputed Waters

Error, Mg.
Water, Mg. After

In sample Absorbed Computed a Experimental·' correction

4.0 3.2 3.5 '--0"8 -0.5
5.0 4.6 5.0 -0.4 0.0
8.0 7.4 8.1 ~0.6 +0.1

10.0 9.0 9.9 .-1.0 -0,1
13.4 12.2 13.4 -1.2 0.0
20.0 18.5 '20.5 '-1.5 +0'.5
26.8 25.5 27.5 -1.3 +0.7
40.2 39.0 41.0 -1.2 +0.8
50.0 48.0 50.0 -2.0 0.0
67.0 65.9 67.9 -1.1 +0.9
80.0 78.2 80.2 -1.8 +0.2

100.0 98.2 100,2 -1.8 +0.2
134.2 132.1 134.1 -2.1 -0.1
150.0 147.2 '149.2 -2.8 -0.8
167.5 165.2 167.2 -2.3 -0.3

__ a_Correc.tiQn_~uk.applied. For range 0.0 to 20.0 mg. of absorbed water
add 10% of the amount obtained; above this value add 2.0 mg. to the
amount obtained.

wate~ absorbed. The result obtained after the correction is
applied is equal to the weight of water in the sample.

EXPERIMENTAL DATA

Effect of Handling Filter Paper with Bare Fingers. A 2 X
2-inch piece of filter paper, an IS X 65-mm. weighing tube, and a
stopper were placed on the pan of the'balance with the bare fingers
and weighed. .With the bare fingers the paper from the balance
pan was rolled into a cylinder and inserted into the weighing tube.
The tube was stoppered and weighed. An increase in weight of
about 3 mg. was observed. The experiment was repeated but
with the fingers covered by rubber finger covers. No change
in weight was observed. Each experiment was repeated three
times, with no change in results. These experiments indicate
the desirability of avoiding contact of the bare fingers with the
filter-paper absorber.

Correction for Unabsorbed Water. A small part of the water
expelled from the rock samples fails to be absorbed on the filter
paper strip. A part of the unabsorbed water is driven out of the
tube as a result of the expansion of the air in the tube when the
tube is heated. An additional small amount remains unabsorbed
as vapor in the tube. .

A series of tests was made to relate the amount of water
absorbed to the amount of water actually present in the samples

Figure 1. Apparatus for deterInination of.water

Penfield method, though it takes less time and is simpler than
other methods, usually requires 30 to 40 minutes fora single
determination.

A value for water can also be obtained by determination of loss
on ignition. Values so obtained vary in accuracy from good to
poor depending upon the composition of the samples.

The U. S. Geological Survey has need for analyses of many rock
samples and has described rapid methods for the determination of
the major constituents of silicate rocks (5). In this described
analysis an "ignition loss" determination is used in lieu of a water
determination. For samples in which carbonate and ferrous iron
concentrations are low, values based on ignition loss determination
are entirely adequate. When the samples contain appreciable
carbonate or appreciable ferrous iron or both, direct determi
nation of water is desirable.

The method described-a modification of the Penfield pro
cedure-requires less than 10 minutes per sample and was
developed to meet the need for a rapid method for the determi
nation. It consists of expelling the water from the sample in a
test tube, absorbing the water on apreweighed strip of filter
paper placed inside the tube, and subsequently reweighing the
paper. The difference in the weight of the paper before and after
absorption of the water is then used, after correction for water
lost in handling, to calculate per cent water in the sample.

APPARATUS AND REAGENTS

Test tube for ignition, IS X 150 mm., borosilicate glass.
Test tube for weighing paper, IS X 65 mm.
Rubber stopper for ignition tubes, one-hole, No. 1.
Filter paper strips, 2 inches square cut from any grade of paper

except hardened types.
Funnel for transfer of sample to bottom of ignition tube.
Analytical balance.
Finger stalls or rubber gloves for covering the tips of the fingers

of one hand. . .
Support to hold the test tube during ignition.
Burner, Fisher type.
Anhydrous sodium tungstate for use with samples containing

sulfur. Fuse several hundred grams of reagent sodium tungstate
dihydrate (Na,WO•.2H,O). Cool and grind to a fine powder and
store in a bottle with a tight sealing cap.

PROCEDURE

Transfer 1.000 gram of sample powder to a dry IS'X 150-mm.
borosilicate glass test tube by means of a funnel. (For samples
containing an appreciable amount of sulfur it is advisable' to mix
3 grams of anhydrous sodium tungstate with the sample powder
prior to ignition to prevent high results.) Cover the fingers of the
hand with finger stalls or a rubber glove. Roll a piece of filter
paper (2 inches square) into a cylinder and slip it into the IS X 65
mm. weighing tube; stopper the tube with a solid stopper and
weigh. (To avoid absorption of moisture from the fingers, the
paper should be handled only with covered fingers.) Quickly
transfer the paper cylinder from the weighing tube to the upper
part of the IS X 150-mm. test tube, which contains the sample
powder and stopper with a one-hole stopper. Next, place a piece
of wet paper (2 X 3 inches) around the outside of the upper
portion of the ignition tube to cool the tube. Then place the tube
in a horizontal position in a holder at a height that will allow the
tube to get maximum heat from a Fisher burner (Figure 1). Heat
the closed end of the tube gently at first, then at full heat of the
burner for 5 minutes. The flame should then be played along the
tube below the filter paper for 1 or 2 seconds to drive the water
into the upper part of the tube. Allow the tube to cool for at
least a minute. Remove the stopper; and, with the aid of a rod or
narrow spatula, quickly wipe the walls of the tube surrounding the
paper by gently pressing and rotating the filter-paper cylinder
for one full rotation. With the fingers covered quickly transfer
the paper from the test tube to the weighing tube, stopper, and
weigh the tube. The increase in weight represents the water
caught by the filter-paper strip.

A small amount of the expelled water is not condensed and
caught by the filter-paper strip. Part is driven out of the tube
and part remains as unabsorbed vapor in the tube. To take care
of these losses a simple correction is applied, based on an empiri
cally determined rule. If the amount of water absorbed on the
filter paper is 20 mg. or less, increase the value obtained by 10%.
If the absorbed water is over 20 mg., add 2 mg. to the weight of
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in the connentration range anticipated for rock samples. Different
amounts of National Bureau of Standards Standard Sample No.
97 (clay) were carried through the procedure. In Table I the
amounts of water absorbed are tabulated against the amounts of
water contained in the several sample weights. The results
obtained by two analysts have been used in the preparation of the
table. In each case, the amount of water absorbed is a little less
than that originally in the sample portions. Inspection of the
data showa that a simple rule can be used to correct for the
deficiency in the amount of water absorbed. On samples for which
the water absorbed is 20 mg. or less the value should be increased
by 10%, a.nd on samples for which the water a.bsorbed is 20 to
160 mg. the value should be increased by 2 mg. Table I also
shows the result of applying this rule to the set of data.

Table III. CODlparison of Results by Rapid and Penfield
Methods

Water. %
Rapid Penfield

Sample AG Bb Co

W-1d 0.61 0.59 0.59
G-ld 0.30 0.19 0.34

1 0.58 0.50 0.54
2 0.40 0.36 0.35
3 1.0 0.94 1:0
4 2.1 2.2 2.1
5 2.3 2.2 2.4
6 2.2 2.1 2.3
7 7.8 7.7 7.8
8 13.4 13.2 13.4

a Determinations by Leonard Sha.piro.
b Determinations by Harry F. Phillips. U. S. Geological Survey.
o Determinations by Paul W. Scott, U. S. Geological Survey.
d Two carefully prepared rocks for collaborative study (2).

RESULTS

Precision of the method has been tested by running samples
aix times at each of four concentration levels. The results are
shown in Table II. Results obtained by the rapid method for
total water in eight rock samples by two analysts are compared in
Table III with results obtained by a third analyst who used the

Sample

Water. %

RECEIVED for review October 23. 1954. Accepted December 16. 1954.
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conventional Penfield procedure. The values are in close agree
ment.

A collaborative study of silicate rock analysis (2) reports the
results of water determinations by the Penfield method and some
of its modifications. The reported values varied by 0.3 to 0.4%
at the 0.5% level of water. The rapid method gives values well
within the range indicated by this collaborative study.
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(1)
(2)

(3)
(4)
(5)

12b

13.2
13.4
13.4
13.2
13.2
13.2

13.3

Table II. Precision
9 G lOG llb

0.23 l.9 7.9
0.28 1.9 7.7
0.28 1.9 7.9
0.29 1.9 7.8
0.29 1.9 7.8
0.30 1.9 7.7

Average 0.28 1. il 7.8

G Determined by Leonard Shapiro.
b Determined by Harry F. Phillips. U. S. Geological Survey.

Polarographic Determination of Sulfite
DONALD B. AULENBACH and JEAN L. BALMAT

Department of Sanitation, Rutgers University, New Brunswick, N. J.

A Dlethod was needed fordeterDlining sulfite in the
presence of other reduced compounds, in order to study
the transforDlation of sulfur cODlpounds in biological
sewage treatDlent. The use of the polarograph is satis
factory for deterDlining sulfite in concentrations of 1
to 250 p.p.lll. as sulfur. The Dlethod involves the de
aeration of the saIllple in neutral or alkaline conditions,
acidification of the saDlple to convert all the sulfite to
sulfur dioxide, deterDlination of the height of the anodic
wave produced by the sulfur dioxide, desorption of the
sulfur dioxide, and deterDlination of the height of the
wave at the saDle applied potential in the absence of
the sulfur dioxide. The difference between the two de
terDlinations is directly proportional to the concentra
tion of sulfite originally present.

AN ACCURATE method for the determination of sulfite
in the range of 0 to 250 p.p.m. was needed for the study of

sulfur transformations occurring in waste treatment processes.
The two methods more frequently used for determining sulfite

in low concentrations, oxidation and subsequent determination
as aulfate (4) and oxidation with iodine (5), are subject to inter
ferences from other inorganic sulfur compounds and other oxi
diz-lng or reducing compounds, which occur in sewage and in
du:;~trial wastes.

Therefore, a method had to be found which was sufficiently

sensitive and accurate to measure low concentrations of sulfite
in highly heterogeneous mixtures, such as wastes. Kolthoff and
Miller (2) showed that sulfite in O.IN nitric acid produced a
polarographic wave in pure solutions of sodium sulfite having
concentrations of approximately 5 X 1O-4M (15 p.p.m. as sulfur).
This indicated that the polarographic method was sufficiently
sensitive; however, it had to be proved that this method would
give accurate results when used to analyze waste samples of a
highly complex nature.

APPARATUS

The apparatus used was the Fisher Elecdropode. The scale
of the galvanometer was calibrated and it was found that each
division of the scale at the IX sensitivity was equivalent to
0.0186 /lB.. The temperature of the samples was maintained
at 25 0 C. by immersing the polarographic cell in a constant tem
perature water bath. Water-pumped nitrogen was used for de
aeration of the samples.

EXPERIMENTAL

Effect of pH. The nitric acid supporting electrolyte used by
Kolthoff and Miller was tried. However, the deoxygenation
of the sample prior to polarographic analysis resulted in the de
sorption of the sulfite, present as sulfur dioxide in such acid con
ditions. Although the loss of sulfur dioxide from the sample
initially appeared to be detrimental, it later served as the basis
for the method of sulfite determination described in this paper.
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Figure l. Effect of pH on polarographic sulfite wave

It was found that neutral or alkaline sulfite solutions could be
deoxygenated with nitrogen without the loss of sulfur dioxide.
When this was followed by acidification with nitric acid, the
sulfur dioxide formed could be quantitatively removed by further
scrubbing with nitrogen. The difference between the diffusion
current immediately after acidification and after removal of the
sulfur dioxide was directly proportional to the sulfite concentra
tion. That the sulfur dioxide was completely removed was
shown by the return of the diffusion current to the same value
as that of the base electrolyte alone.

For the conversion of sulfite to sulfur dioxide and its subse
quent quantitative desorption, a pH of 1 to 2 was needed. Figure
1 shows the effects of pH upon the determination. Above pH 2,
the sulfite was not quantitatively converted to sulfur dioxide,
as shown by the reduced diffusion currents accompanying the
bigher pH values. Also, the sulfur dioxide was not quantita
tively removed by scrubbing with nitrogen, as shown by the fact
that the diffusion current was greater than the residual current of
the base electrolyte. Between pH 1 and 2 the diffusion current
was directly proportional to the sulfite concentration. As the
pH was decreased below 1, the diffusion current continually
diminished for solutions of the same sulfite concentration. This
may be due to the evolution of nitrogen dioxide gas, produced by
the reaction between mercury and nitric acid, which partially
desorbs the sulfur dioxide. The. evolution of nitrogen dioxide
WlllS not observed at pH 1 or above. In addition to the polaro
graphic wave produced by the reduction of sulfur dioxide another
wave of different character appeared within the same voltage
range, thereby complicating the sulfite determination below pH
1. This wave was very similar to the one produced by IN
nitric acid alone. Within the pH range of 1 to 2, the current
produced was maximum and directly proportional to the sulfite
concentration. Therefore, this pH range was used for all the
polarographic sulfite determinations.

Prevention of Sulfite Oxidation. Pure solutions of sulfite at
pH 7 or greater are rapidly oxidized in the presence of air. How
ever, Mangan (3) shows that the presence of 5% glycerol or su
crose greatly reduced the rate of oxidation. Neither glycerol
nor sucrose interfered with the sulfite determination, and they
were responsible for more reproducible results.

Nature of the Polarographic Curve. A typical polarogram
for the reduction of sulfur dioxide in the pH range of 1 to 2 is
shown in Figure 1. The diffusion current reached a maximum
at -0~60 volt VB. the saturated calomel electrode (S.C.E.). The
potentials recorded in this figure have not been corrected for the
IR drop of the solution. The resistance, R, of the solution was
found to be 950 ohms. Each part per million of sulfite sulfur
'caused a galvanometer deflection of 18 divisions, which is equiva
lent to 0.335 }.'a;. The applied potential of -0.6 volt was chosen
as standard for the determination.

Interferences. Measurement of the 'sulfite concentration as
the difference between the diffusion current after acidification
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and after the desorption of the sulfur dioxide eliminated most
interferences. In addition to sulfite, there may be other sub
stances present in waste samples which are reduced at a potential
of -0.60 volt VB. S.C.E. or less. Those which are not desorbed
with the sulfite will produce the same increase in the diffusion
current both before and after the removal of the sulfur dioxide
from the acidified sample and will produce no error. Those
which are desorbed with the sulfur dioxide by nitrogen will
produce a positive error.

Sulfide in any concentration interfered with the sulfite deter
mination (Table I) due to an anodic current produced by the sul
fide in the region of -0.6 volt (1). The effect of sulfide may be
eliminated by precipitating it with zinc acetate or by the method
of Mangan (3). Thiosulfate also interfered with the sulfite
determination. While not producing a wave of its own, the
thiosulfate in the presence of sulfite produced a rapidly increasing
diffusion current with any small increase in the applied potential,
so that a limiting diffusion current was never reached. Thio
sulfate may be removed by the differential solubility of the lead
salts of sulfite and thiosulfate as described by Mangan (3).

METHOD

Standard Curve. To prepare a standard curve of sulfite
concentration VB. diffusion current, a solution of known sulfite
concentration is used; this is standardized by adding a known
volume of iodine and back-titrating the excess iodine with stand
ard sodium thiosulfate, using starch as an indicator (5). Suffi
cient glycerol is added to produce a 5% concentration in the
standard sulfite solution. Using this standardized sulfite solu
tion, the height of the polarographic wave is determined as
described below. Knowing the galvanometer deflection for a
known concentration of sulfite, the deflection for each part per
million is determined. This relationship is linear for the con
centration of 1 to 250 p.p m. of sulfite sulfur.

Preparation of Sample. To the sample is added sufficient
glycerol to produce a 5% concentration. Particulate matter
is removed by centrifugation. Any sulfide present is precipi
tated by the addition of zinc acetate and removed by centri
fugation. Thiosulfate present is separated from the sulfite by
the method of Mangan (3). The pH of the sample is adjusted
to 7 or higher.

Analysis. A 15-m!. portion of the prepared sample containing
1 to 200 p.p.m. of sulfite sulfur is placed in the polarographic
cell. The oxygen is removed by scrubbing with nitrogen for 5
minutes. The nitrogen bubbler is then removed, and the sample
is acidified with a few drops of concentrated nitric acid to lower
the pH to 1 to 2. Five drops of acid are usually sufficient to ad
just the pH of a -I5-m!. sample, but for exceedingly alkaline or
well-buffered samples, the amount of acid to be added should be
determined on a separate portion of the prepared sample. The
mixture is stirred for a few seconds with a small stirring rod.
The bubbler is placed so as to maintain a nitrogen atmosphere
over the sample. With an applied potential of -0.6 volt VB.
S.C.E., the diffusion current is noted immediately. Nitrogen is
bubbled through the solution for 5 minutes to remove the sulfur
dioxide. Removing the bubbler and again maintaining the ni
trogen atmosphere over the sample, the diffusion current is

TablefJ. Effect of Sulfide and Thiosulfate on Polaro_
graphic DeterIIlination of Sulfite

(P.p.ill. as sulfur)

Calcd. Sulfide Detd.
SO. Concn. Concn. SO. Concn. Error, %

56 22 61 +5
62 0.8 58 -4
84.0 ca. 200 66.8 -17.2
82.4 ca. 200 74.4 -8.0
82.4G ca. 200 83.1 +0.7
82.4G ca. 200 84.6 +2.2
25.5 247 24.0 -1.5
25.5 247 25.5 0
15 346 13 -2
12.5 371 18 +5.5
12.5 371 14.5 +2.0
12.5 371 13 +0.5

5 450 14 +9
25 352 11 -14
23 391 30 +7
33 78 35 +2

G Excess zinc acetate added.
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noted at the same applied potential. The difference between the
two galvanometer readings is directly proportional to the sulfite
concentration in~he sample. This proportionality has been
determined previously above.

DISCUSSIO~'

The accuracy of the polarographic method is shown (Table II)
by the recovery of sulfite added to distilled water, sewage, and
sludge liquor from which the sulfite, thiosulfate, and sulfide
were removed (3). The method is sensitive to at least 1 p.p.m.
of sulfite sulfur. The diffusion current produced by this' concen
tration corresponds to 18 divisions (0.335 .ua.) on the scale of
the galvanometer used. The method is not recommended for

use with samples containing more than about 200 p.p.m. of sulfite
sulfur because of the longer time required for the desorption of
the sulfur dioxide at higher concentrations. Of all the substances
present in sewage and sludge liquor, only sulfide and thiosulfate
were found to interfere. When these were removed, the average
error of the method was reduced to about 4%. The removal of
sulfide and thiosulfate from the sample by the method of Mangan
(3) required about 2 hours. Centrifugation consumed the major
portion of this time. Several samples may be treated simultane
ously, thereby reducing the time per sample. In most wastes,
thiosulfate and sulfide are' seldom found in the presence of sulfite.
The conditions under which these compounds occurred together
were artificially created in order to study the transformations
of these sulfur compounds during sewage treatment. After
the preparation of the sample, to remove these interfering com
pounds, the polarographic determination required only 15 min
utes.
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Error,
%

5.9
2.6
9.2
2.6
0.7
3.2
1.3
2.3
1.4
7.9
3.6
6.2
3.8

Error

+0.9
+0.1
-0.7
+0.3
+0.1
-1.0
-3.0
+0.7
+0.4
-2.3
-0.8
+2.8
±1.2

Polarographic Deterlllination of Sulfite in
Various Solution~l

(P.p.m. as sulfur)

Calcd. Detd.
SO. Concn. SO. Concn.

15.2 16.l
3.8 3.0
7.6 6.0

1l..4 11.7
15.2 15.3
31.0 30.0

225 222
31.0 31.7
20.0 29A
29.0 26.7
22.5 21..7'
45.0 47.8

Table II.

So'lution

Dist. wai;;er

Av~rage

Sewage
Sludge liquor

Spectrophoto'metric Determination of Aliphatic Sulfides
S. H. HASTINGS and B. H. JOHNSON

Humble Oil ancJ ReFilling (0., Baytown, Tex.

K - [R'SR.I'] (2)
- ([R'SR] i - [R'SR.I2])([I2]; - [R'SR.I2])

"apparent" is employed because the absorption due to the com
plex has been correlated with the initial sulfide sulfur concentra
tion and this relationship is significantly affected by the tem
perature.

The iodine concentration specified in the original work was
later found to be far from optimum. Study of the iodine-sulfide
complex has shown that the complex is a 1 to 1 combination of
iodine with the sulfide, as indicated above. The equilibrium
constant for this reaction is

where i indicates the initial concentrations. Calculations based
on the iodine and sulfide concentrations specified in the analytical
procedure (1) show that the two species must be present in very
close to a 1 to 1 mole ratio, and as a consequence, the complex
concentration is very sensitive to slight changes in the concentra
tion of either of the partners making up the complex. This is
undesirable, as it is known that aromatic and olefinic hydro
carbons tie up some iodine and consequently the iodine concen
tration is not constant, as was previously assumed. However,
if the iodine concentration is made large with respect to the
sulfide concentration, the factor ([12]; - [R'SR.I2]) in Equation 2
is essentially constant and the absorbance due to the complex is
significantly affected only by changes in [R'SR];. Another
important advantage results when [I2]i»[R'SR];. The
equilibrium constant can then be written, to a good approxima
tion, as

A procedure for spectrophotollletric deterlllination of
aliphatic sulfides has been lllodified to illlprove its
accuracy and reproducibility.

I N A previous paper (1) a procedure was given for the deter
mination of aliphatic sulfides, utilizing the intense ultraviolet

absorption spectrum of the complex formed between these sulfides
and molecular iodine. Certain modifications have been made to
improve the accuracy and reproducibility of the method and an
error in the original paper has been noted.

The decrease in absorbance of the iodine-sulfide complex with
time while in the cell compartment of the Beckman DU quartz
spectrophotometer was thought to be due to the fact that the
sample was in the dark; howeveJ', it was caused simply by a shift
in the equilibrium brought about by the higher temperature of
the cell compartment. The thermal effect noted on the Beckman
spectrophotometer also occurs with the Cary ultraviolet spectro
photometer (Model 11). The equilibrium involved is

R'SR + I. ( 'R'SR.I2 (1)

where R'SR is an aliphatic sulfide, 12 is molecular iodine, and
R'SR.I2 is the complex.

This reaction has been found to be temperature-sensitive, lower
temperatures favoring the formation of the complex. As a
result, it is necessary to perform the analysis under controlled
temperature conditions or apply a temperature correction. The
temperature coefficient of the "apparent" absorptivity of the
complex is approximately - 13 absorptivity units per degree
Fahrenheit at 79 0 F., and absorptivity is 372 liters per gram cm.
(at thermal equilibrium in the cell compartment). The term

K = [R'SR.I2]

[I21;([R'SR]; - [R'SR.I2])
(3)
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and

[R'SR]. = ([I2~.K + 1) [R'SR.I2]

Therefore, the initial sulfide concentration is linearly relate'd
to the complex concentration and a Beer's law equation can'be
used to calculate the sulfide concentration from the measured
absorbance due to the complex. The deviation in the apparent
absorptivity for the condition, [12]. ~ [R'SR] is 17% over an
absorbance range of 0.5 to 2.0. With the proposed changes in
[12]. and [R'SR]. the deviation is redllced to 4%.

The procedure has been modified to provide a large excess of
iodine over sulfides by taking 1 m!. of the appropriate dilute
sample and making up to 10 m!. with the stock iodine solution.
In this manner, the iodine concentration is increased 9-fold,
while the sample concentration is reduced by a factor of 1/9.
Under these conditions the absorptivity for sulfide sulfur is 372
liters per gram-cm. (on the Cary instrument) for a cell compart
ment temperature of 79 0 F. The absorptivity is adjusted for
actual cell compartment temperature using the temperature
coefficient of -13 absorptivity units per degree Fahrenheit in
crease. Thermal equilibrium is generally approached closely
in about 10 minutes. The use of a rower sample concentration
has the added advantage of permitting the examination of more
highly absorbing samples than would otherwise be possible. As a
matter of fact, it has been possible to analyze stocks such as
heavy gas oils, which generally have considerable absorption near
310 m!'. The sulfide sulfur contents of a number of heavy virgin
gas oils, as determined by this method, are shown in Table I,
along with the total sulfur content determined by the Dietert
method. A significant proportion of the sulfur in these gas oils
is of the sulfide type. This sulfide sulf~r may be in acyclic or
cyclic saturated systems or in side chains attached to aromatic
nuclei.. It is definitely not directly connected to an aromatic
ring (1).

A further modification of the method is employed when it is
desired to know the sulfide sulfur content of samples whose actual
sulfide content is extremely low. In cases of this sort, consider
ably improved accuracy may be obtained by treating a portion of
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Table I. Aliphatic Sulfide Sulfur Content of Virgin Gas
Oilso

Sulfur, Weight %
Source of Gas Oil Sulfide b Total"

West Texas 0.46 2.15
Panhandle 0.25 0.43
Tomball 0;07 0.17
Heavy coastal 0.16 0.27
Hawkins 0.56 2.41
West Texas 0.61 2.05

a Nominal 700-1000° F. equivalent atmospheric boiling range.
b Determined by revised iodine-complex method.
" Determined by Dietert method.

the sample with solid mercurous nitrate to remove sulfides.
This is followed by a wash with 10% aqueous mercuric nitrate
solution to assure complete removal, a water wash, and filter
paper drying. The treated sample may then be employed as a
blank by adding iodine to the treated sample in the manner in
which it is added to the untreated sample. Comparing the two
solutions directly on the Cary spectrophotometer yields a delta
spectrum which is due only to the sulfide sulfur complex (after a
slight correction for differences in cell absorbance). This pro
cedure is more' or less restricted to the gasoline boiling range.
Attempts to remove sulfides from. stocks of gas oil boiling range
showed that the mercurous nitrate-sulfide complex, although
actually formed, was oil-soluble. Attempts to remove the com
plex by water washing resulted in destruction of the complex and
regeneration of the original sulfides.
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Determination of Acetovanillone in Oxidized Alkaline Cleaved
Sulfite Liquor by Paper Chromatography
E. T. REAVILLE and G. W. SHREVE

Monsanto Chemical Co., St. Louis, Mo.

A rapid method of analysis for acetovanillone in oxi
dized alkaline cleaved waste sulfite liquor by pap'er chro
matography has been developed. An accuracy within
±5% is indicated.

THE oxiqation of waste sulfite liquor in strong caustic solution
at elevated temperatures produces vanillin, vanillic acid,

acetovanilIone, guaiacol, and many other substances with a
guaiacyl nucleus (2).

To study the formation of cleavage products from waste sulfite
liquor, . rapid analytical methods are desirable. Stone and
Blundell (3) have devised a paper chromatographic technique
for determining vanillin directly in oxidized alkaline cleavage
hardwood liquors.

In this laboratory, experiments on oxidized waste sulfite
liquor from gymnosperm lignin showed that it was not possible
to separate vanillin from acetovanillone with any of the solvent
systems used or modifications of them (3). In an analysis for va-

nillin, the failure to separate vanillin from acetovanillone is of little
importance. The vanillin content in a solution of vanillin and
acetovanillone is calculated readily from ultraviolet absorbance
using. a suitable pair of wave lengths. However, where aceto
vanillone contributes little to the total absorbance, the ca'cula
tion of the acetovanillone content by this method results in
differences of large numbers and gross inaccuracies.

Newcombe and Reid (1) reported a method of separation of
vanillin from acetovanillone by pretreatment of the paper with
sodium bisulfite but gave nothing quantitative nor any applica
tions.

A paper chromatographic method for determining the aceto
vanillone content of oxidized alkaline cleaved waste sulfite
liquor has been developed through which, by the action of the
developing solvent, vanillin, acetovanillone, p-hydroxybenzalde
hyde, and vanillil are separated from the other organics but not
completely from one another.

The action of the developing solvent is therefore supplemented
by the application, just above the sample, of a bisulfite "block"
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Sample Absorbance
Wt., ~~~~~=::;;~=~~~~~
Mg. 4000 3600 3375 3200 2750

56.2 0.128 0.330 0.375 0.338 0.297
70.1 0.159 0.410 0.469 0.429 0.379
59.9 0.160 0.379 0·.421 0.379 0.322
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which retards the vaniHin and p-hydroxybenzaldehyde but not
the acetovanillone or vanillil. The acetovanillone content is
then determined in the presence of the vanillil as described below.

EXPERIMENTAL

To a strip of Whatman No.1 filter papel', 2.5 inches wide and
15.5 inches long and at a position 2 inches from one end, approxi
llliltely 60 mg. of liquor is added from a micropipet designed for
the purpose. The exad amount is determined by weighing the
pipet before and after delivery. (The pipet, eonsists of a reservoir
of about 1-ml. capacity, with a fine capillary tubing on either end
about 2.5 inches long. One end is ground. to a point to serve as
delivery tip.) The sample is acidified by holding the paper over
boilin,g glacial acetic acid for a few moments. Then approxi
mately 0.1 mi. of a warm solution of 41 % sodium metabisulfite is
added in a band about 0.5 inch wide just above the sample. Too
Iowa coneentration of bisulfite will not effectively stop the vanil
lin; too high a coneentration picks up water and provides a
barrier which retards the progress of the developing solvent. The
bisulfite band is allowed to air dry or is d!l'ied over a hot plate
and the paper is then placed over water in a closed container for
about 0.5, hour in order to bring the paper to equilibrium with
water vapor at room temperature. When eompletely humidified,
the lower end is dipped into n-butyl ether (A cut, boiling point
141-143° C., from Carbide and Carbon's technical grade, is
satisfactory) and the chromatograph allowed to develop 2 to
2'.5 hours.

Mter development the paper is air dried., held briefly over am
monia vapors, and the position of the acetovanillone detected
by ultraviolet light. The acetovanillone band is cut from the
paper in small squares and dropped into a beaker containing 10
ml. of a phosphate buffer, 0.02635M disodium phosphate and
O.00575i1f monosodium phosphate, at pH 7.3. The paper is
leached for about 1 hour with one or two very gentle swirls dur
ing the leaching period. (The swirling must be very gentle, for
too much or too vigorous swirling breaks down the paper, result
ing in a rather high a,nd variable paper blank. In a well-executed
experiment the paper blanks will not ex,}eed a reading of 0.010
on the absorbance scale of the Beckman spectrophotometer.)
The absorbance of the solution is then measured with a Beckman
Model DU spectrophotometer at 4000, 3600, 3375, 3200, and
2750 A. with a buffer solution in the reference cell obtained by
leaching a blank piece of paper "carried through a procedure
identical with the sample. (Several blanks are checked with
one another and an average one is selected.)

The concentration of the acetovanillone in the buffer can be
calculated from the following equation:

. D" -- D' (kv" /kv')
Acetovamllone concn. = ka" __ ka' (kv" /kv')

where D U and D' refer to the absorbance at any two wave lengths,
ka u and ka' the corresponding extinction coefficients for aceto
vanillone, and (kv"/kv') the ratio of the extinction coefficients of
vanillil at the same pair of wave lengths.

In routine practice, the absorbance of the buffer solution at
4000 A. is subtracted from the absorbance at 3375 and the dif
ference divided by the extinction coefficient of acetovanillone
at 3375 A., was found to be 44.4 sq. em. per mg. The absorb
ances of vanillil at 3375 and 4000 A. are the same, whereas the
absorbance of acetovanillone in pH 7.8 buffer is zero at 4000 A.

Chromatographing of pure acetovanillone at a concentration
level of 0.05 to 0.1 % showed a recovery of 90 to 91 %. The
final results should be corrected accordingly.

It is not essential to know or to identify the substance for which
correction is made in the analysis for acetovanillone. However,
the ratio of the absorbances of the interfering material at a
selected pair of wave lengths is required.

The spectrum of the interfering material was determined in
two ways. Firs);, several strips of paper with chromatographs
developed were cut to include only the interfering material. This
was possible because the interfering material has a slightly higher
Rt value than aeetovanillone. (The acetovanillone was located
by ultraviolet light and by spraying with 2,4-dinitrophenyl
hydrazine. )

The cuttings were extracted with ether. The ether was
filtered, dried with anhydrous sodium sulfate, filtered, and evap
orated to dryness. The residue was taken up in buffer, pH 7.3,
and its spectrum determined. Seeond, 12 strips of paper with
developed chromatographs were cut to include both acetovanil
lone and the yellow int,erfering material, and the combined cut
tings leached with 25 ml. of distilled water. The solution was
chromatographed on a micro ion exchange column consisting of
a fine capillary about 3 inches high packed with Duolite A-2
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Table I. Deterlllination of Acetovanillone
% Acetovanillone

Calcd. from Pairs of h
4000/ 3600/ 3600/
3375 3200 2750

0.099 0.102 0.098
0.099 0.101 0.097
0.098 0.100 0.098

(160 to 200 mesh) in the hydroxyl form. The binding forces of
acetovanillone on this resin are very weak. The column was
washed with 200 ml. of distilled water to remove the acetovanil
lone. The microcolumn was cut, the top 0.5 inch was extruded
and leached with buffer. The spectrum of the yellow material
was found to be almost identical with that determined by the
first method and both closely approximated that of vanillil.
Vanillil was chromatographed on paper and was found to have an
Rt value identical with the unknown interfering material.

DISCUSSION

If oxidized alkaline waste sulfite liquor is chromatographed in
the described manner but omitting the bisulfite block, vanillin,
acetovanillone, and p-hydroxybenzaldehyde move to about the
same position on the paper strip. Vanillil overlaps but is slightly
higher. The amounts of vanillil and p-hydroxybenzaldehyde are
so low relative to vanillin that, in the analysis for vanillin, cor
rection need be made for acetovanillone only. (p-Hydroxy
benzaldehyde is known to be present from electrophoretic anal
ysis.) In the analysis for acetovanillone, with a bisulfite block,
the p-hydroxybenzaldehyde is stopped and correction need be
made for vanillil only.

If the development .time is extended from 2.5 to 4 hours,
vanillil can be completely separated from acetovanillone. How
ever, within the concentration range studied, the blank from the
p9.per can be a significant part of the total absorbance and varia
tions in the paper blank can cause scattering in the results from
replicates. The vanillil present raises the total absorbance and
thus reduces percentage variability due to the paper. It has
been found more satisfactory to include some vanillil with the
acetovanillone in the paper cuts and to calculate out its effect
rather th!l.n to chromatograph for a longer period of time.

To determine if substances other than vanillil contributed to
the absorbance of the solution formed by leaching the aceto
vanillone from paper, the concentration of acetovanillone was
calculated using several pairs of wave lengths as shown in 'l;:able
I which records the analysis of a sample in triplicate.

It is highly improbable that such a constant value could be
obtained over such a wide range of wave lengths if other sub
stances were present that absorbed in the region indicated.

As a check on the recovery of acetovanillone, 10.25 grams of a
solution of autodave product were added to 11.41 grams of a
solution consisting of 0.082% acetovanillone in dilute sodium
hydroxide. The autoclave product analyzed 0.079%; the aceto
vanillone analyzed 0.0748%, a recovery of 91.2%; and the
mixture analyzed 0.0754%. The mixture should have analyzed
0.0768%-the difference, somewhat less than 0.2%. These
data, together with those in Table I, indicate an accuracy within
±5%.

Vanillil may be determined at the same time, if desired by in
cluding all of it with the acetovanillone.
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Preparation and Halt Life of Carrier-Free Yttrium-90
MURRELL l. SALUTSKY and H. W. KIRBY

Mound Laboratory, Monsanto Chemical Co., Miamisburg, Ohio

A rapid method was needed for obtaining a continual
supply of carrier-free yttrhun-90. The lack of agree
Dlent among the reported half-life values indicated
that a precise deterDlination of the half life of yttriUDl
90 would be desirable. ICarrier-free yttriuDl-90 was
"Dlilked:" periodically fro!!Il a purified strontiuDl-90
saDlple hy precipitation of the strontiuDl-90 with stron
tiuDl nitrate carrier in 80% nitric acid. The half life,
deterDlined by beta counting, was found to be 64.029 ±
0.024 hours. By use of the recoDlDlended procedure
high purity yttriUln-90 with yields of 95% is available
when needed for an indefinite period of ti.Dle.

REAGENTS

Ten millicuries of strontium-yttrium-90 equilibrium mixture
as the chlorides in dilute hydrocWoric acid solution were obtained
from the Radioisotopes Division of Oak Ridge National Labora
tory. The isotopes were reported to be carrier-free. Strontium
89 (less than 0.1 %) was the only radioactive impurity reported
to be present. Spectrographic analysis indicated that trace
amounts of the following elements were present: boron, chro
mium, nickel, lead, aluminum, iron, magnesium, calcium, and
strontium.

The red fuming nitric acid was Baker and Adamson reagent
grade and assayed 93.1 % nitric acid and 7.05% nitrogen trioxide.
The concentrated (70%) nitric acid, strontium nitrate, potassium
dichromate, and potassium cyanate were analytical reagent
grade.

Table I. Survey of Reported Half-Life Values for
Yttrium-90

RECOMMENDED PROCEDURE

Purification of Strontium-90. Dissolve the desired quantity
of strontium-yttrium-90 and 0.75 gram of strontium nitrate
carrier in 2 m!. of water. Add dropwise 2 m!. of concentrated
nitric acid and evaporate with stirring unt.il the volume of the
mixture is approximately 2 m!. Cool in an ice bath and add 3
m!. of red fuming nitric acid. Digest at 0° C. for 15 minutes
with stirring. Filter the strontium nitrate and wash three times
with I-mI. portions of 80% nitric acid. Discard the filtrate and
washings.

Dissolve the strontium nitrate in 2 mI. of water, and add 20
mg. of barium nitrate and 50 mg. of potassium dichromate. Ad
just the acidity of the solution by the dropwise addition of dilute
nitric acid and ammonium hydroxide until a slight precipitate of
barium chromate just redissolves in 1 drop of dilute nitric acid.
Add 0.5 mI. of glacial acetic acid. Dilute the solution to 5 mI.
with water. Add 50 mg. of potassium cyanate. Heat to about
60° C. and stir for 30 minutes. Cool and filter, but do not wash
the barium chromate. Discard the precipitate. Add 20 mg.
of barium nitrate to the filtrate, readjust the acidity with dilute
nitric acid and ammonium hydroxide, and carry out a second
barium chromate precipitation by the described procedure. Nc,
additional potassium dichromate need be added to the filtrate fo::
the second precipitation, as a considerable excess was used in
the first precipitation.

Add 2 m!. of concentrated nitric acid to. the filtrate from the
second barium chromate precipitation and precipitate the stroll
tium nitrate by evaporating the solution to 2 mI. Cool the mix
ture in an ice bath, filter, and wash the strontium nitrate with a..
few milliliters of cold concentrated (70%) nitric acid until the
washings are free of the orange dichromate color. Discard 1;he
filtrate and washings. Set aside the strontium nitrate containing
the purified strontium-90 for about 2 weeks to permit the growth
of yttrium-90. In the preceding step, strontium nitrate was pre
cipitated from 70 rather than 80% nitric acid because red fuming
nitric acid was observed to reduce chromate ion to an insoluble
brown oxide.

1936 Yen, 'Y) (10)
1937 Y(n,'Y) (18)
1937 Y(d,p) (33)
1938 Y(n,'Y) (20)
1938 Nb(n,a) (21)
1940 Zr(n,p) (22)
1941 Y(n,'Y) (32)
1946 Y(n,'Y) (1)
1946 Fission products (8)
1948 Fission products (9)
1949 Not reported (28)
1949 Fission products (7)
1951 Sr(2n,1l> (12)
1951 Fission products (17)
1953 Zr(n,p) (26) .
1954 Fission products (4)

a Probably incorrect mass assignment.

Half Life, Hr.

70
57.6 (2.4 days)
60.5 ± 2.0
66
66 ± 3
66 ± 2
60
61 ± 1
72
60

108 (days)G
62

>60
65
65
64.60 ± 0.43

ReferencesSourceDate

EXPERIMENTAL

RADIOCHEMICAL methods are particularly useful in the
determination of yttrium in fractionation and coprecipita

tion studies (29) because many of the physical methods used in
rare earth analyses-e.g., absorption spectroscopy, magnetic
susceptibility, etc.-are not applicable. Yttrium-90 is a suitable
nuclide for these tracer expe'ciments because it. has a convenient
half life of about 64 hours, is a pure beta emitter which decays
to a stable isotope (zirconium-90), and since a continual supply
of yttrium-90 can be obtained by "milking" it at desired intervals
from its long-lived parent, strontium-90 (19.9-year half life) (19).

Although carrier-free yttrium-90 has been separated from
strontium-90 by radiocolloidal formation of the yttrium in basic
solutions (2, 15, 27, 30), by ion exchange (34), by electrochro
matographic methods (3, ,35), by solvent extraction (4), by mass
spectroscopy (9), and by vacuum evaporation (31), the authors
have found that carrier-free yttrium-90 can be separated rapidly
with a high yield and purity by precipitation of the strontium-90
with inert strontium nitrate carrier in 80% nitric acid. The
procedure, which is based on an analytical method developed by
"Villard and Goodspeed (36), is similar to that previously re
ported (23) for the separation of carrier-free lanthanum-l40
from barium-I40. Modifications of the Willard and Goodspeed
method have been used by other investigators (5, 6, 16, 35) to
separate strontium and barium activities from fission product
mixtures. Nottorf (II') used the fuming nitric acid procedure to
s-eparate yttrium-90 with yttrium carrier from strontium-90.

The lack of agreement among the reported half-life values
shown iiI Table I indicated that a precise determination of the
half life would be deBirable. Accordingly, such a determination
was made on a highly purified sample of yttrium-90.

In the recommended procedure the strontium-90 parent is
first purified. Thill is accomplished by a nitrate precipitation
in 80% nitric acid with inert strontium carrier followed by two
homogeneous chromate precipitations (24) with barium carrier.
The strontium is finally recovered from the chromate filtrate
by precipitation of strontium nitrate in 70% nitric acid. The
strontium-90 need be purified only once, after which yttrium-90
can be "milked" when needed for an indefinite period of time.
The nitrate precipitation in 80% nitric acid removes all possible
contaminants with the exception of isotopes of strontium, bar
ium, radium, and lead (36). The chromate precipitations rem.ove
barium, radium, and lead. Strontium-89, which may still be
presen~ as an impurity, does not interfere since it decays to a
stable isotope, yttrium-89.

The purified strontium is reconverted to the nitrate and set
aside to allow for the regrowth of yttrium-90. The yttrium-90
is then separated from strontium-90 by reprecipitation of the
strontium nitrate in 80% nitric acid. Carrier-free yttrium-90 is
recovered from the filtrate.
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Separation of Yttrium-90. After fresh yttrium-90 has grown
in, dissolve the strontium nitrate in 2 m!. of water. Reprecipitate
the strontium nitrate from 80% nitric acid as in the strontium-90
purification. Filter the strontium nitrate, but do not wash it.
Evaporate the filtrate to dryness in a small beaker (20 or 30 m!.).

be substantially in accord with published values (11). Stron
tium-90 was not detected.

The telescoping technique, by means of which a radioactive
material can be counted for many half lives without loss of count
ing precision, is illustrated in Figure 1. Five samples of yttrium
90 of ascending magnitude were prepared for beta counting.
Sample A, which originally contained 0.33 microcurie of yttrium
90, was counted daily beginning l day after purification. By the
23rd day, it had decayed to less than 1000 counts per minute,
the arbitrary lower limit.

Meanwhile, Sample B, which originally contained 5 micro
curies of yttrium-90, had decayed to less than 350,000 counts per
minute, the upper limit of the counter. It was counted daily
from the 12th to the 30th day after purification. Samples C, D,
and E, containing 62, 179, and 350 microcuries of yttrium-90,
respectively, were treated in the same manner.

Thus, while no one sample was counted for more than 8 half
lives, their composite decay spanned a period of 18.4 half lives.
Instrumentation, counting techniques, and mathematical treat
ment were identical with those previously described (14).

Corrections were made for residual strontium-90 in all samples
in which the contamination contributed .more than 1 ,count per
minute. The half life of each sample was determined, and the
five half-life values were examined for consistency. No syste
matic deviation was observed.

The mean half life, obtained by weighing the five determina
tions inversely as the squares of their probable errors, was 64.029
± 0.024 hours (external probable error).

P.E.
0.0494
0.0425
0.0294
0.0443
0.0578
0.018 (int.)
0.024 (ext.)

T'h, Hr.
64.1060
63.9699
64.0483
63.9211
64.1418
64.029

Sa:rnple

A
B
C
D
E

Mean
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Figure 1. Decay of yttriuDl-90

Dissolve the slight residue in dilute nitric acid and dilute the
solution to the desired volume. Save the strontium nitrate for
future milkings.

The sep.aration can be carried out in small beakers using small
sintered-glass funnels for the filtrations or, more conveniently,
in a modified filter-beaker described in an earlier paper (23). The
filter-beakers are particularly suitable since the strontium-90 is
confined and need never be removed. In either case, it is sug
gested that reagents be added with medicine droppers, stirring
effected with a magnetic stirrer, and heat supplied by an infra
red lamp.

One millicurie is a convenient quantity of strontium-yttrium
90 to use, although larger quantities may be used with suitable
shielding. At least 2 weeks should be allowed between successive
milkings.

DISCUSSION

The purity of the carrier-free yttrium-90 .prepared by the rec
ommended procedure was determined by following its decay.
The yttrium-90 showed no significant deviation from a half life
of 64.029 hours for at least 26 days, as shown in Figure 2. After
this length of time less than 0.2% of the original yttrium-90
remained.

7.5

HALF LIFE

Table I shows the need fora precise determination of the half
life of yttrium-90. .The reported half-life values are listed by
date. Yttrium-90 was prepared by a variety of methods:
neutron bombardment of yttrium, niobium, zirconium, and
strontium; deuteron bombardment of yttrium; and separation
from fission products. The half-life values vary from 57.6 to
72 hours with most of the values falling between 60 and 66 hours.
The 108-day. half life is probably the result of an incorrect mass
assignment.

The yttrium-90 used for the half-life determination was first
separated and purified by the recommended procedure. A
sample was taken for the determination of the yttrium-90 yield
and of the quantitativeness of precipitation of strontium nitrate
in 80% nitric acid. To the remainder was added inert strontium,
and the strontium nitrate precipitation in 80% nitric acid was
repeated. The filtrate was evaporated to dryness, and the residue
was dissolved in dilute nitric acid.

The yttrium-90 preparation, as calculated from the data on
the yield and quantitativeness of precipitation,· contained ap
proximately 90% of the original yttrium-90, 10-7% of the
original strontium-90, and 20 'Y of inert strontium. The re
sidual strontium-90 was also determined by counting after the
yttrium-90 had decayed to radioactive equilibrium.

A sample of the yttrium-90 solution was mounted for beta
ray-spectrometer analysis. The beta spectrum was found to
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Figure 2. Decay of yttriuDl-90

Prepared by reconunended procedure

A yield of 96% was obtained when the separation was carried
out in a filter-beaker. If small beakers and sintered-glass
funnelS are used, the yield is lower (23) due to a greater re
tention of filtrate on the strontiuIn nitrate crystals. Although
washing the crystals in 80% nitric acid would increase the yield,
it· would also increase slightly the amount of strontium-90 im-
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purity. Therefore, the strontium nitrate crystals should not
be washed.

The quantitativeness of precipitation of strontium nitrate in
80% nitric acid was determined by analyzing the filtrates for
strontium-90 by the method of differential decay (13), and by
allowing the yttrium-90 to decay to equilibrium and counting
the residual strontium-yttrium-90 activity. The average stron
tium concentration in the 80% nitric acid filtrates was 0.004
mg. of strontium per mI. Since the total volume was 5 mI.,
and about 300 mg. of strontium carrier was used, the amount of
strontium-90 remaining in the filtrate as a radioactive impurity
in the yttrium-90 was about 0.007%. The quantitativeness
value for strontium nitrate precipitation in 80% nitric acid
solution is approximately the same as that previously found (23)
for barium nitrate (0.05 millimole of strontium nitrate per m!.
a8 compared to 0.07 millimole of barium nitrate per mI.).
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CRYSTALLOGRAPHIC DATA

93. Hexahydro-1 ,3,5-trinitroso-s-triazine
(1,3,5-Trinitroso-1 ,3,5-triazacyclohexane>
Contributed by RALPH J. HINCH, JR., Armour Research Foundation of Illinois Institute of Technology, Chicago 16, III.

Structural Formula of Hexahydro-l,3,5
trinitroso-s-triazine

EXCELLENT crystals of hexahydro-1,3,5-trinitroso-s-triazine I
can be obtained by recrystallization on a macro scale from

isopropyl alcohol, amyl alcohol, or benzyl alcohol. The best

crystals for optical and x-ray analysis are obtained from benzyl
alcohol (Figure 1). Figure 2 represents an orthographic projec
tion of a typical hexahydro-1,3,5-trinitroso-s-triazine I tablet
obtained by slow recrystallization from benzyl alcohol at room
temperature.

CRYSTAL MORPHOLOGY
Crystal System. Monoclinic.
Form and Habit. Needles and tablets elongated parallel to b

lying on the orthopinacoid {100}, upper positive orthodome
{20l}, or lower positive orthodome {2011 and showing the basal
pinacoid {OOI} and clinodome {O11}.

Axial Ratio. a: b: c = 2.050: 1 : 1.450.
Interfacial Angles (Polar). 100 A 201 = 36 0

; 001 A 201 =
56 0 35'.; 011.A 011 = 69 0 14'.

Beta Angle. 92 0 35' (reflection goniometry).
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~lOther rellections might contribute to these lines and indicated indices
aref8llggested only as possible contributing reflections.

Modification I recrystallized from supercooled D1el~
(crossed Nicols)

Same field showing modification II af~er ~raD8forma
tion of I w II (crossed Nicols)

Upper.

Lower.

OPTICAL PROPERTIES
Refractive Indices (5893 A.; 25° C.). a = 1.582 ± 0.002.

{3 = 1.607 ± 0.002. l' = 1.613 ± 0.002.
Optic Axial Angles. 2E = 89° (blue); 100° (yellow); 108°

(red). 2V (calculated from (3 and 2E) = 52° (blue); 57° (yel
low); 61 ° (red).

Dispersion. r > v, very strong.
Optic Axial Plane. 010.
Sign of Double Refraction. Negative.
Acute Bisectrix. a.
Extinction. l' Ii. a = 3° 35' in obtuse {3.
Molecular Refraction (R) (5893 A.; 25° C.). ..;;a{31' = 1.60.

R (calcd.) = 37.9; R (obsd.) = 37.5.
FUSION DATA. Two polymorphic modifications of hexahydro

1,3,5-trinitroso-s-triazinc have been observed from fusion. Form
I is birefringent; form II is isotropic. On heating, modification
I transforms to modification II, the latter melting at 107-107.5° C.
The system is enantiotropic. The transformations I ...... II and
II ...... I occur rapidly a fraction of a degree above or below the
transformation temper~ture, 97° C. Form I shows characteristic
shrinkage cracks (Figure 3) when recrystallized from the super
cooled melt.
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Figure 3. Hexahydro -1,3,5 - trinitroso - s - triazine
from fusion
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Figure 1. Crystals of hexahydro-I,3,5-trinitroso-s
triazine I from benzyl alCohol on microscope slide

Fi~ure 2. Orthographic projection of typical crystal of
hexahyd·ro-l,3,5-trinitroso-s-triazine I

ri-''------r --''~OOI

X-RAY DIFFRACTION DATA
: Cell Dimensions. a = 12.83 A.; b = 6.26 A.; c = 9.08 A.

Formula Weights per Cell. 4 (3.999 calculated from x-ray
data).

Formula Weight. 174.13.
Density. 1.585 (flotation and pycnometer); 1.586 (x-ray).
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Radioactivity
Geiger-Muller Gas-Flow

Counter Counter
Mean Standard Mean Standard

c.p.m. B deviation c.p.m.B deviation

Table I. Radioactivity of Bariulll Carbonate and Alanine
Salllpies

5.6

8.8

283.
804

2.0

0.8422

146.
No.
of

Plan" Thickness.
chets Sample Mg./Sq. Cm.

6 BaCO, 80-130
2 BaCO,b 48-66
4 Alanine 32-47

a Corrected for background.
b Barium carbonate not labeled .
• No significant difference from background.

which had been plated directly after active samples'and were
used to measure any contamination present in consecutive
mountS. Similar information as to precision was obtained on four
planchets prepared from carbon-I4--labeled alanine. The
similarity of sample activity noted with both barium carbonate
and alanine indicates the uniformity of samples prepared by this
.method. The procedure is further recommended by its simplicity.
Its use becomes practical and desirable when a compound whose
activity is to be determined must, for other reasons, be dried
and weighed prior to counting. The procedure requires a fairly
large amount of active material, which may limit its use.
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A NUMBER of methods for the preparation of solid samples
~ are in general use for. determining radioactivity. Filtration
techniques (1,3,5), centrifugation (2), or the removal of a solvent
or suspending fluid (2) are often satisfactory for plating a sub
stance, but there are instances when it is advantageous to prepare
mounts of infinite thickness from a dry solid.

The authors have found it desirable to employ infinitely thick
samples in in vivo experiments where respiratory carbon dioxide
is trapped, precipitated as bariuin carbonate, collected, dried,
weighed, and counted. Such mounts have been prepared by
manually packing the solid material in ~he planchet with the
aid of a small spatula. The method is time-consuming and ex
tremely difficult with most materials, and the problem of obtain
ing a smooth flat surface with granular solids is also encountered.

William W. Burr, Jr., and John A. Marcia, Deportment of
Biochemistry, Southwestern Medical School, University of Texas, Dallas, Tex.

Figure 1. Press for preparing solid lllounts

Preparation of Pressed Samples for
Counting Carbon-l4-Labeled Compounds

To avoid these difficulties, a small inexpensive press has been
designed and built to prepare uniform solid mounts. This
method has been tested for the uniformity of the sample pre
pared, contamination of successive samples, and adaptability to
materials other than barium carbonate.

METHODS AND MATERIALS

This press is shown in Figure 1, both disassembled and in its
operating position.

The base of the press measures 0.5 X 23/ 8 X 4 inches. The
cylinder has a height of 2 inches and the cylinder bore has a
slight recess to accommodate the sample holder. The packing
piston is slightly tapered to correspond to the sides of the con
tainer. The material to be plated is distributed in an approxi
mately even manner in a I-inch aluminum planchet and placed
in the press, considerable pressure is applied, and the sample is
removed from the press. A small amount of material may creep
upward along the side of the planchet, but it may be easily re
moved with the tip of a spatula. Traces of the compound left
in plating are wiped from the packing piston between preparations
of successive samples. Mounts prepared in this manner display
a smooth surface and appear to be of uniform thickness.

All samples reported exceed minimal infinite thickness (3), and
were counted with both a thin-window Geiger-Muller tube and
a windowless gas flow counter. A minimum of 10,000 counts
was made on each radioactive sample. When the gas flow cotin
ter was used, the mounts were covered with aluminum foil in an
attempt to improve counting (4). The usual precautions must
be observed for handling radioactive compounds. Periodically
the press must be thoroughly cleaned.

RESULTS

The radioactivity of samples of carbon-I4--labeled barium car
bonate measured with both counters is shown in Table 1. Two
planchets contained samples of nonactive barium carbonate

Rapid Preparation of Mineral Oil Mulls
A. K. Presnell, The Andrew Jergens Co., Cincinnati, Ohio

ASIMPLE apparatus for rapid and efficient grinding of mineral
oil mulls for infrared spectroscopy may easily be prepared.

A pestle is formed from a
borosilicate glass rod about 1/.

CHUCI< inch in diameter and 4 inches
I long. One end of this is

heated until a roughly spher
ical portion approximately 1/2
inch in diameter is formed
on it. The enlarged portion
should be accurately aligned
with the rod.

A mortar is made from a
No. 'J:l standard-taper boro
silicate glass stopper or some
similar piece of glass. The
stopper is strongly heated and
a carbon rod is pressed into
the flat end to form a de
pression about 1/. inch deep,
roughly fitting the pestle.
The pestle is mounted in the
chuck of a stirring motor and
ground to give a spherical fit
with the mortar, using No. 180
Carborundum and water.
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Grinding ,,·jih a .finer grade 9f Carborundum might result in
still 'better dis~rsions.

In use the'pestle'is rapidly rotated in the vertical chuck of a
variable-speed stirring motor, and the mortar is moved over its
'ground sooace from' below. Unless very small quantities are
used, the.material being ground is rapidly forced out, and at inter
vals of a few .seconds must be scraped back onto the grinding
surfaces. This can be done quickly, without stopping the motor,
by collecting'theexpressed <luspension with a spatula.

similar apparatus but replaced the carbon dioxide bubbler with a
convEmtional ..stirrer...A..magnetic. stirrer employed in a Beck
man Model B spectrophotometer has been described by Hume (2).
Because of the greater versatility of. the Beckman Model DU
spectrophotometer, an interchangeable cell compartment was
constructed to adapt this instrument for photometric titrations.
Alterations of the instrument proper were not required for 'this
modification. .

Photometric Titration Assembly for Beckman
Model DU Spectrophotometer

Oo.nn W •.Klingman, Donald T. Hooker, and Charles V. Banks,
Institute for Atol1'lic Research and Department of Chemistry,
Iowa Stale College, Ames, Iowa

LITERATuRE CITED

(1)' Bricker, C. E., and Sweetse~,P:'B., ANAL. CHEM.• 24, 409 (1952)..
(2) Goddu, R. F .. ,and:Hume.D.·N.,I.bid:, 26. 1740 (1954).
(3) Reilley; C: N., and Schweitzer, B .• Ibid .• 26,·1124 (1954).

Figure 2. Photograph ofmounted'~8sembly

The titration cell for use in the visible region'of the spectrum
was a l80-ml. electrolysis beaker. The bottom 1/2 hlCh.·of one
side of the beaker was flattened slightly to per~t it to fit firmly
between the guide bars. A similar cell for use in the ultraviole.t
region of the spectrum was constructed from a fused si~ca "tJ,i."be.· .

The titra,tion cell, containing the sample and magnet.ic stjtring
b:;Lr, wa,s pJaced in the cell compartment and. the.. !!t.ir,ri'ng Jhotor
started. The stirring'rate was adjusted sqch .that ~he 'V.QtteX.· of
the solution'did not interfere with the light beam. 'rh~.aqdition
;of eaclvincrement of titFant .was terIJ?-inated .by rapidl1- rotating
·the stepco.ck ~rom off to on to off. ThiS techruque.left a small and
repr.oducible <lroplet .on. the' billet tip.

This photometric ,titr!1tion...!tttaqhment has been employ.ed in
this "laboratory-in 'studying: chelate-kinetics, molar 'absorptivities,
and rotitine analytical detlffJllinations.· Thes,e particUlar applica-
tions will b-e·described in fbrthconiing publications. .

A Beckman test tube adaptor assembly for the Model DU spec
trophotometer was modified for construction of the titration
assembly. A I/.-inch hole was drilled in the center of the top of
the compartment cover and fitted with a rubber grommet of suit
-able size to permit the light-tight insertion of a buret tip. The
test tube holder platform was removed and the two guide rods
were used for positioning the titration cell. A 3/a-inch support
rod 20 inches long was mounted on the back of the cell compart
ment cover and equipped with a clamp to support the buret.
Thus the buret is mounted firmly on the hinged cell compartment;.
cover. The entire buret below the graduation marks was'spr~yl;ld

with optical black paint to prevent entrance of external light'.
A Labline "magne-stir" magnetic stirrer was adapted -for use

with this attachment. The case was removed and the motor
lowered to the base plate by shortening the motor support bolts
and spacers. The motor shaft and magnetic bar mount were
shortened to give the ~gnetic stirrer an over-all height of 23/.

inches, which allowed it to be inserted under the cell compart
ment. The armature bearing support bolts were changed from
steel to brass to eliminate magnetic attraction. The stirrer co~

troIs and pilot light were mounted in a 2 X 2 X 4 inch utility
cabinet which was bolted to the side of the stirrer base plate.
This arrangement made the controls readily accessible at all
~~. -

BURET -J ~~~~RT-J'"

q

q 0

----

MOTOR
SUPPORTS

Figure 1. Schematic diagram of titration assemhl)

TEST TUSE
ADAPTOR

ASSEMSLY

THE t,echnique of. photometric titrations affords a simple solu
, tioIi to many complex analytical problems. Various appa
ratus for:photometric titrations have been described by previous
workers. Bricker and Sweetser (1) replaced the cell compartment
cover with'a felt pad through which a buret tip was inserted and
carbon dioxide was bubbled through the titration cell to ensure
mixing of the reagents. Reilley and Schweitzer (3) employed a

The spherical surfaces of the mortar and pestle provide a per
fent 'fit oyer the entire grinding area. The spherical contact also
permits continuous movement of the mortar over the surface of

-the ·rotating.pestle·and thereby avoids an axial dead spot. Grind
ibg·."is'· ex:t-remely ·rapid.· Good mineral oil mulls of some ma
terials have-been prepared by this means in less than 15 seconds
of grin<fuJ.g. The degree of subdivision of the particles is greater
tll!.m, th~_ write~' has obt,ained with any other apparatus. The
mull is mor.e readily removed from the small mortar and pestle
t1ian'frQ~ larger devices.

Borosilicate glass has been found very satisfactory for the ap
paratus and.there'has been no indication of contamination of the
mulls bY'the glass. However, if it were desired to grind hard ma
teria,ls, the apparatus could be constructed of hardened steel.
It should be useful for grinding small quantities of materials
othe~ than mineral oil mulls.
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Review of Industrial Applications of Analysis, Control, and Instrumentation

Automatic Operations I
GORDON D. PATTERSON, JR.

E. I. Ju Pont Je Nemours & Co., Inc., Buffalo 7, N. Y.

I NCREASING applieation of known techniques has been the
keynote of developments in the field of automatic analysis

during the 3 years since the previous reviews on this subject
(340). Where formerly emphasis was on the prototype design
and manipulative details of instruments and measuring elements,
we now have the more satisfying situation of extensive commer
cialization, even competition, as well as mueh published research
based on significant experience. This is not to say that instru
ments embodying new techniques are no longer needed or being
develop~ for nearly every major scientific meeting related to
chemistry features pal~ers on devices calculated to provide the
researcher and the manufacturer with chemical analytical data
more reliably and quickly.

The bulk of published accounts during the 3 years up to July
1, 1954, however, have revealed a recognition of the wealth of
sensing and measuring elements which the physicist and chemist
have already been tising in the laboratory. Some of these,
necessarily only semiautomatic for research purposes, have
been made nearly fully automatic in measuring raw material
and product quality. While each is no more (or less) an instru
ment after this automatization metamorphosis, the attention
given the field of analytical chemistry by instrument manufac
turers has given rise to the notion that analysts are suddenly
beginning to use instruments. Actually little progress is evident
in the literature in the development of previously totally unknown
measuring techniques. Most cases have been essentially an
adaptation or refinement of tools long ayailable for manual op
eI'ation.

This review continues the outline of its predecessors (340)
in following the sequence of operations in a normal analytical
procedure-namely, sampling, treatmed, separation, and
measUrement, in addition to some comments on general trends
and handling of data. As before, greatest attention is given the
measurement operations, with brief mention of representative
applications of the various physical properties capable of auto
matic measurement. Unlike previous practice, the reviewer
has not attempted to list more than a few commercial instru
ments in certain categories. While advertising literature is
often a worth-while source of information in new measuring de
vices, the data so offered are usually only partially satisfactory
in giving the modern analytical chemist and quality control
man the complete picture he needs. The bulk of the references
cited have been obtained through Chemical Abstracts. In Borne
C&se8 papers are mentioned which have been presented at na
tional AMERICAN CHEMICAL SOCIETY meetings but not yet pub
lished.

GENERAL TRENDS

It has been said that future industries will require robots to
control robots. The increasing complexity of measuring and
control devices leads to greater servicing difficulties and requires
automatic features to correct errors of drift and occasional
failure. There is an increasing demand that suppliers refrain'
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from using cheap component parts even occasionally and that
circuit and mechanical designs be tested out thoroughly before
approval for use. More utilization of midget components is
giving the word "portable" greater meaning when applied to
certain instruments.

There is little doubt that the gap between the available re
sources of instrumentation and the uses which have been made
of them is being narrowed, but there is still a long way to go.
The analyst can relegate his problems to the instrument and elec
tronic specialists to a certain degree, but he alone can decide
what is required. Hence, the need for the nonspecialist, who
understands broadly the techniques available, becomes more
critical as the demands of quality measurement and control in
crease. Enthusiasm for the "black box" can tend to obscure
the fact that good judgment is required by one who understands.

Literature. A number of general comments in the literature
on progress in the field of instrumentation are worth mentioning.
Churchill states his position in "the consumer talks back to the
instrument manufacturer" (75). .Dobson (106) has called for
greater cooperation between the user and the maker, pointing
out that oversecrecy leads to misapplications.

Dever asks the question "How automatic can we get?" (97).
Tobi has disclosed his views on "the art and science of industrial
instrumentation" (432). There have been a number of semantic
difficulties with both new and old words and definitions. Even
instrumentation does not have a single commonly accepted mean
ing, and "automation" has been used in various Wll)'8 (71, 99).
Gallagher (147) in a general discussion of modern "instrument
trends lists analytical instruments and controls in number one
place.

A number of books on instruments and their desi.~ have been
published which should interest those concerned with automatic
analysis. Several bear on electronics and electrical measure
ments (9, 55, 176), while others deal with laboratory instruments
(122, 465) and the new automation (99). A new journal,
lnstrummt Engineer, appeared in 1952. Aronson's series of papers
on instrument electronics (10) has included much of direct in
terest to automatic measurement.

Design trends have been discussed for laboratory apparatus
by Muller (322), Leroy (269), Gutman (163), Harris (175), and
Beckman (26); and for electrical instruments in general by
Klepp (247), Banner (17), Hart (179), Peterson (350), Weaver
(455), and Dobrin (104).

Fyffe and Arobone (145) reviewed the status of strain gages
and their applications in measurement and control. Various
points on servicing and testing are particularly brought out.
Questions oli "gadgeteering" are raised by Simon (401), while
Silsbee (399) discusses fundamental units. Little (280) differ
entiates between research and industrial instrumentation.
Human aspects of ~!{Ument design are pointed out by Man
gelsdorf (298) and by Beals (24).

While no inclusive reviews covering all types of automatic
analyses have appeared, several more or less general papers
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bearing on certain fields of analysis may be mentioned. Evidence
of increasing use of automatic sampling and measuring techniques
is evident in the series of reports on atmospheric pollution studies.
A book on air pollution edited by McCabe (288) contains chap
ters by various authors describing equipment and applications.
Other reports on air pollution describe the instruments used
(162, 168, 236,287), and Kay (236) emphasizes the fact that
"a new understanding of the important effects of meteorological
variables combines with increased laboratory costs to establish
the importance of direct-reading continuous techniques, both
for control and for environmental exploration work." The re
lated field of river pollution is covered by Hoak (195).

Reviews on analytical instrumentation in the petroleum in
dustry include one on optics in the oil industry by Foote (134),
and others on petroleum quality analyzers by Harrop (178) and
Pellettere (343). Levin's (270) review of the analysis of petro
leum traces the progress to date and forecasts the likely avenues
of future developments. Several techniques for moisture meas
urement have appeared, including a comparison (166) of various
instrumental methods.

Approaches to the automatic plant through automatic analyz
ers have been widely discussed and the extent of experimental
progress in the chemical process industries has been reported
(13, 68, 105, 262). These and other similar reports repeatedly
emphasize the need for coordinated use of several measuring
techniques in almost any process, rather than reliance on single
types of measurement.

It goes almost without saying that the monthly columns
on instrumentation in the AMERICAN CHEMICAL SOCIETY journals
are "must" reading for anyone in this field. Nearly all are per
tinent to points covered in this review, although they are not
specifically cited in the bibliography.

Meetings. Hardly a major scientific meeting in any of the
sciences fails to include paper(s) on some physical technique of
measurement related to quantitative- chemical analysis. Many
papers presented at these meetings are not published for many
months afterward and sometimes not at all. Various local ACS
sections also have been scheduling lecture series covering aspects
of automatic analysis which mayor may not be published.

THE SAMPLE

Increased concern over the question of whether or not the
material being measured is a truly representative portion of the
main product is evident from the numerous publications on
sample-taking and measuring devices. It is often very difficult
to arrange dependable continuous sampling systems, and much
effort is being put into designing samplers with minimum time
lags and controlling or compensating sample temperature, etc.
In the case of liquid samples, viscosity fluctuations may be a
vital point to consider.

Much significant work on automatic sampling has been re
ported in papers primarily concerned with the measuring step.
Most of these references are cited under the appropriate measure
ment section, but a few deserve special mention because of novel
or unusually complete consideration of the sampling problem.

The term "sampling" is often confused with separation. For
example, removal of solid matter from stack gases is a separation
process, not sampling, as the specimen so obtained (a solid) is
,not identical with the original system (the smoke). Likewise,
fraction collectors (for chromatographic columns and the like)
are not considered sampling devices in this review but a part of
the separation process.

As would be expected, the current activity in air-pollution re
search has been accompanied by a variety of air-sampling de
vices. In fact, Dieringer and Ingram (100) in a review of methods
and instrumentation for air sampling stated that the primary
problem in air-pollution analysis is the sampling operation.
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Adams (1) described a.ir samplers which operate continuously
requiring servicing by an operator only once during each 8-hoUl
shift. Silverman (400) described the important methods 01
sampling stacks for pollution control and summarized in tabulal
form the significant features of many stack-sampling instru
ments. Holt (203) described a device for studying dusts in th{
atmosphere.

Thomas and Martin (426) and Spracklen (411) discussed con
tinuous analytical sampling for vapor phase analysis in the pe
troleum industry. Samplers developed for more specific purposes
have been described in connection with semiautomatic methods
for fluoride in air by Thomas (429) and for carbon disulfide in
air by Treiber and Koren (433). Another gas sampler for special
applications was developed at the National Bureau of Standards
(307) for research on the mechanism of engine knock. It can
sample a rapidly changing gas over extremely short interval,
of about 0.2 millisecond. McGlashen and Powell (291) built
a device for taking samples of high-pressure gas transmission
lines at uniform rates for periods as long as a week.

Barr (19) describes several types of continuous analytical sam·
pIing in the petroleum industry for both liquids and ~apors.
Gex and Snyder (152) in a modification of previously used odor·
threshold devices stress the need of a large continuous flow of
the odorous sample to minimize the effects of condensation and
contamination.

In the field of liquid sampling, pollution studies are again the
prime moving forces for better automatic samplers. Sampling
devices for water-pollution surveys have been described by
Thomas et al. (428), Black (36), Kline (248), Wilkinson (463),
Wilkinson and Briggs (464), and Swearingen (419). Some new
designs feature adaptability to taking one integrated sample
over periods ranging from a few minutes to 36 hours, or to taking
separate samples at regular intervals over long periods of time.
Considerable attention has been paid to the desirability of making
truly portable- self-contained samplers, featuring battery opera
tion, spring-wound timers, etc. Cooke (78) has designed a
special continuous-flow cell for use in light absorption measure
ments on solutions which fade. - Lokonov (283) has reviewed
automatic devices for sampling ores and concentrates.

Treatment of Sample. This year's review includes this section
on treatment of the sample to emphasize a growing recognition
of the need for automatically conditioning the sample for ,the sub
sequent separation or measurement operations. Conditioning
may involve only bringing the sample to a predetermined tem
perature, which may be accomplished through proper design of the
sampling device; or it may mean adjustment of pH, which is a
control problem in itself. Treatments involving steps leading
directly to separation are discussed under Separation.

Many times in routine manual analysis, some operation in
treating the sample will be a tedious repetitious step, and oc
casionally one finds applications of automatic devices designed
to relieve the analyst from the strictly repetitive portions of the
procedure, even though the remainder may remain manual.

Thus, we have constant liquid feeding and automatic pipetting
devices (5) such as those described by Maude (303), Lehmann
(268), Birket-Smith (33), Anderson (6), and Wooster et al.
(477). An automatic test tube washer was described by Parks
et al. (338), and a pipet washer by Barrett et al. (20).

Reagent addition is an inherent part of several methods. For
example, Marks' patent (299) covering the automatic determina
tion of available chlorine in water calls for the addition of a
potassium iodide solution followed by passage of the mixture
through a coil to provide sufficient time for the stoichiometric
release of iodine, which is then measured in a depolarization cell.
Control of pH is also essential in this method. A similar ap
proach was used by Littman and Benoliel (281) in their continu
ous oxidant recorder. In this case ozone in air is caused to
react with potassium iodide solution and the liberated iodine
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is measured photometrically. The potassium iodide solution is
regenerated by passing it over activated carbon.

Haines :~nd Heindel patented (165) a method for determining
halogenated hydrocarbons in air. To determine methyl bro
mide the continuously flowing sample is mixed with excess hy
drogen, then passed into a 700 C furnace. The hydrogen bromide
thus formed is then absorbed in water and the electrical conduc
tivity measured. Gex and Snyder's odor-measuring device (152)
requires a large continuous flow of odor-free diluting air, which
is mixed with the odorous sample in varying proportions.

Kauflein (233) determined phosphine automatically in acety
lene by passing the gaseous sample through an oxidizing solution
(iodine in methanol-water) to form phosphoric acid and then
measuring the change in pH. Goodman's (155) urinalysis ap
paratus (for sugar and alumin) is another robot, carrying through
the complete cycle of the treatment operations, including the
addition of .reagents, heating, a:nd flushing with fresh water.

Work continues in automatic: eombustion techniques. Papers
on carbon-hydrogen determinations utilizing automatic com
bustions have been published by Mangeney (297), Mitsui (315),
Sakamoto (878), Levy et al. (271, 272), and Hozumi et al. (209).
Determination of ni.trogen in organic compounds by automatic
combustions is reported by Levy and Mathieu (272), Mitsui
(315), Sakamoto (378), Gysel (1'64), Unterzaucher (440), and
Vecefa (444). Methods for sulfur and halogens are described
by White et al. (461) and by Sakamoto and Kaneko (379).

THE DESIRED CONSTITUENT

SEPARATION

Separations in analytical procedures, while avoided when pos
sible, are frequently essential and can be done automatically in
some cases. Previous reviews in this series have emphasized
this point, and the literature during the past 3 years provides
additional evidence for continued activity in automatically re
moving either the desired constituent or some interfering con
stituent(s).

A host of automatic fraction collectors for use with chromato
gmphic columns have been describ,~d, as has also the combina
tion of chroms,tographic separations with continuous measure
ment of some physical property of the eluate, or a scanning type
of measurement without elution. Little need. be said of the
automatic fraction collectors (29, 40, 50, 60, 67, 102, 112, 119,
128, 193, 227, %?74, 292, 306, 353, 355, 359, 362, 386, 387, 443,
469) other than that Mme are mechanically or chronometrically
induced, others photoelectric, others gravimetric or siphon
activated, and still others of the drop-counting or electric con
tact types. In some cases equal-volume or equal-weight frac
tions are desired, and in other instances fractions in varying
amounts dependent on the change inllome physical property will
be required. Sueh fractions, of course, may equally well come
from. an ion exchange or distillation eolumn.

Other automatic feat,ures for chromatographic separations
generally involve measurement of some physical property of the
column or the eluate, such as radioactivity (38), visible light
absorption (323), ultravi.olet absorption (96), infrared absorp
tion (208), electrical conductivity (109), polarographic current
(.241), pH (228), and refractive index (.~34).

The completely automatic chromatographic separation is
still rare, however, and more work is needed of the type that
Donaldson et al. (107) did in arranging to deliver solvent to
the column automatically while gradually increasing the solvent's
polarity to achieve the separation of organic acids on silica gel.
Another step tOws,rd more nearly automatic separation was re
ported by Mazza (306), who separated rare earth elements on
ion exchange resins in an apparatus consisting of a glass tube
(containing the rm;in) having an attached U-tube which main
tains a constant level of liquid in the column. By using a Mari-
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otte bottle he was able to get a rigorously uniform movement of
liquid across the column. .

Sorption methods other than chromatography may include
absorption of a gas into a liquid such as carbon dioxide into
water in a gas analyzer patented by Richardson (360) or fluoride
into water in a modification of the sulfur dioxide autometer
described by Thomas (429). A German patent (151) discloses
a method for continuous analysis of commercial oxygen, involving
removal of the oxygen by absorption in a liquid. Spracklen
(411) discusses the use of filters and scrubbers in continuous pet
rochemical analysis. Sorption of the desired constituent onto
a solid followed by desorption is the ba:sis of a gas chromatog
raphy technique described by Griffiths et al. (159), as well as
Bertil Hammar (32), who worked primarily with hydrocarbon
liquids. Chamberlain et al. (66) described a reciprocating mercury
pump for gas analysis.

Extractions of various sorts have been automatized for liquid
liquid systems by Danieley (89), Holliman (200), Harman (174),
and Meinke and Anderson (309). An automatic drive for a
countercurrent distribution apparatus has been designed by
Perry and Weber. (347). Morris (320) has described an auto
matic apparatus for solid-liquid or liquid-liquid phase counter
current distribution. It provides automatic equilibration,
filtration, and transfer of the filtrate to the next unit.

Separations of solids from gases are achieved by passing smoke
through constantly moving filter paper strips in instruments de
scribed by Hemeon (191) and by Delgass et al. (94). Hirst
(194) collected spores by using a suction trap in which the spores
entered a narrow orifice and were impacted on a Vaseline-coated
glass plate. An automatic recording sedimentation balance
has been described by Suito and Arakawa (416), who found it
usable for determining the particle size distribution curves in the
range 0.5 to 40 microns. Turnbull and Harrison (437) applied the
principle of differential permeation through palladium to sepa
rate and determine small amounts of hydrogen in nitrogen.

Separations of several types depending on electricity have
been automatized. Electrodeposition by automatically con
trolled cathode potential has been newly described by several
authors (136, 219, 279, 314, 331, 335). Electrostatic precipi
tators for particulate matter in air (206, 282, 293) and for aero
sols in air (468) have been used widely. A fast, continuous
dialyzer (374) for hydrophilic colloids can free 200 cc. of hydro
philic sol per hour from electrolyte. Several improvements in
continuous electrophoresis separations have been published
(44, 111, 366). These have been applied to separations of
proteins in blood serum, various amino acids, and barley albu
mins and globulins. Continuous electrochromatography is the
subject of a paper by Sato et ai. (381).

Evaporation or distillation separations continue to be used"
but little new research of significance has been published. Gar
rison and Rolfson obtained a patent (149) for an automatic dis
tillation apparatus for petroleum products which draws the
temperature-distillate volume curve. Lefkowitz (267) described
a completely automatic control system for distillations. Hamil
ton (171) described a continuous mercury still. Two papers
have mentioned automatic evaporation of solutions, both (108,
274) in connection with radioactive solutions which were to be
dried prior to radioactive measurement. One (108) has essen
tiallya balanced arm, on one end of which is an electric hot plate
carrying the evaporation tray with about 0.5 ml. of the solution.
Mounted above the tray is a feed reservoir, the outlet closed by
a ground glass which is raised and lowered electrically as the
solution is evaporated. There are six of these units, each evapo
rating about 10 mi. per hour.

Chemical precipitation still is not done automatically, although
Garcia (148) described semiautomatic equipment for precipita
tion with hydrogen sulfide in qualitative analysis, and Singh
(403) designed an automatic leaching apparatus for intermittently
washing precipitates or soil.
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GRAVIMETRY

Wider use of automatic analytical weighing has been evident
from research reports on a variety of studies. Davies (90) has
reviewed developments in balance design over the past 25 years.
Work with the thermobalance has been continued by Duval
and coworkers (103, 113-115), Kawagaki (235), Kinjyo and Iwata
(245), and Borrel and Paris (39). Similar balances have been
applied to the study of mineral samples undergoing decomposi
tion by Mauer (304) and to the air oxidation of coal (74). A
differential thermobalance described by de Keyser (93) plots the
curve of the weight loss-temperature derivative as a function
of time (or temperature). It consists of two tubular electric
ovens in which two identical samples are kept at a constant
temperature difference as the absolute temperature is increased.

An automatic balance has been described by Brown et al.
(47), who used commercially available components to obtain
weight-time records for rates pf absorption of a gas on a solid
and for determining the optimum conditions of drying precipi
tates to constant weight, with a sensitivity of 0.1 mg. and a full
scale range adjustable from 25 to 100 mg. or more.

Allen and Wright (4) designed a photoelectric device for use
with Chainomatic-type balances for contmuous measurement of
density changes in nylon polymers at high temperatures. They
were able to follow weight changes of up to 10 mg. per minute
with a precision of 1 mg. The balance chain was driven by
a slow-speed reversing relay operated through a photocell and
amplifier. A black paper mask attached to the pointer inter
cepted a light beam and direct recording was said to be feasible.
Sarakhov's (380) high-sensitivity balance is a quartz-thread
torsional-type featuring magnetic compensation of the torsion
angle and p)lOtoelectric reading of the zero position. This de
sign permits an accuracy of about 8 X 10-8 gram, and a total
weight change of 2.5 grams is measurable. It was applied to the
measurement of the adsorption isotherm of benzene vapor on
highly dispersed quartz.

An automatic weight loader for fine balances was described by
Hodsman and Brooke (196), who devised a method of applying
known variable forces to the swinging beam by using the repul
sion between a metal plate on the beam and an adjacent rigidly
mounted alternating current coil. Weight loading up to 10 mg.
was achieved with an accuracy of about 0.2 mg.

As more specific examples of applications of recording balances
the following may be mentioned. Trenner et al. (434) measured
the mass of effluent from a chromatographic column with a
strain-gage circuit in such a way that the refractive index could
be recorded vs. weight. Suito and Arakawa (416) studied par
ticle size distributions of powders in an automatically recording
sedimentation balance (0.5 to 40 microns). Spinedi (409)
used a recording balance to study electrochemical effects (anodic
dissolution) on metallic samples--e.g., brass-at various volt
ages and current densities.

Beaujard et al. (25) devised a system for studying equilibria
and reaction rates at high temperatures of solids and gases based
on a technique of continuous weighing. Simons et al. (402)
built a magnetic weighing and gas density balance. The circuit
was designed with a null-point indicator with feedback from the
indicator to the weighing magnet. The balancing current was
linear with the force applied to the arm of the balance, so that
the current required gave a direct reading of the weight. Sen
sitivities to weight changes of 10-7 gram were obtained.

VOLUMETRY

Progress in making strictly volumetric measurements automati
cally has been scarce, automatic titrations being discussed under
Titrimetry. Several techniques involving volume changes in
solids which deform in the presence of certain materials have
been described. Thus, Krauch's German patent (254) reveals
the use of polymeric electrolytes to measure pH. For example,
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polyacrylic aqid .is said to have stretched molecules in alkaline
solution but is coiled in acid solution; hence the volume changes.
An instrument based on the resultant variations in length of a
foil or fiber containing polyacrylic acid is described. A con
troller based on this principle can be used with polyhydric alco
hols to open and close contacts automatically to maintain de
sired pH in aqueous solutions.

Case (62) has reviewed new moisture-sensitive elements (wood)
for measuring' relative humidities. An unusual application is
described by Schmidt-Nielson (384) in studying desert rats, where
a tiny humidity-sensitive hair hygrometer was tied to the rat's
tail and dragged into the burrow. The relative humidity was
recorded on a small smoked glass disk which could be read later
in a microscope.

Gases are measured volumetrically in two devices, one de
scribed by Cullen (85) where the core gas evolved from foundry
cores upon decomposition of the organic binder was measured.
Ignition was accomplished at constant pressure in an inert
atmosphere, and both the rate of gas evolution and the total
volume were automatically recorded. Erikson et al. (126)
described an automatic spirometer for complete volumetric re
cording of respiratory exchange in man. The record obtained
gave oxygen consumption, respiratory quotient, per cent oxygen
used from inspired air, and per cent carbon dioxide in the ex
pired air.

DENSIMETRY

Gas densities can be measured by gravitometers discussed
by Quirk (356). Lefevre (266) has· designed a "baroscope"
for continuous measurement of gas density in which density
changes operate a shutter arrangement located between a light
source and a photoelectric cell. Changes in the cell current were
recorded continuously as a measure of the density. 'At a flow
rate of 250 liters per hour, .the sensitivity 'was about 0.01 kg.
per cubic meter in the range· 0.250 to 0.550 kg.. per cubic meter.
An apparatus (125) for the continuous determination of carbon
dioxide in a carbonation gas directs the gas flow into a glass jar
equipped with a sealed float to which a scale is attached. Kistia
kowsky (246) measured densities in gaseous detonation waves
using soft x-rays.

Liquid densities can be measured electromagnetically by a
method published by Honick (204). The measurement is ac
tually of the minimum electromagnetic force, in terms of the
current, required to attract lin immersed float through a fixed
distance. The float contains a soft iron armature and has
a specific gravity just outside one of the extremes to be measured.
Remote indication or recording is achieved by a conventional
meter or recorder. Holmes (201) described a direct-reading
specific gravity apparatus based on the relative heights of rise
in two tubes containing a standard and the sample, both having
the same negative pressure applied at the tops. Persyn (348)
described a continuous analyzer for measuring the strength of
sulfuric acid solutions, based on a hydrometer.

MANOMETRY

Pressure measurement has become so highly developed as an
aid to control that little research in significantly new automatic
analytical applications has been reported recently. As an ex
ample of what can' be done, Milligan (313) has patented a device
for the continuous determination of the water content in oil,
or of propane, ethane, etc., in oil. It measures the drop of pres
sure across a fixed-flow resistance tubing, aided by a liquid meter
ing valve. For the determination of water the .constant tem
perature is set at HO°.

Thomas and Lichtin (427) have utilized an inexpensive re
cording differential manometer for reaction-kinetic measure
ments. A U-shaped capillary tube containing the mercury has
one arm interposed in the optical path of a fluorescent lamp
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light source. The record is made by means of the image of the
mercury which is focused onto photographic paper mounted on
a moving drum. Wold (475) has described a method for de
termining·the respiratory quotient which measures oxygen man
ometrically and which worked well on ye!wts.

VISCOMETRY

This is another field where relatively little automatization re
search activity of analytical interest is evident in the litprature.
Wesp (460) and Vieweg and Wesp (44Ii) have described new
rotating cylinder viscometers. One is the compensation vis
cometer with constant shear velocity and the other an induction
motor viscometer featuring constant moment of rotation.
The firs," design calls for two concentric cylinders, the outer one
being rotated at a constant speed over wide ranges and the inner
one suspended so that it can rotate freely. Any motion of it
causes s, change in the output of a photoelectric cell in the path
of a spot of light reflected from a mirror on the suspension.
This suspension also carries a magnet to compensate for terres
trial magnetism. The solenoid current necessary to maintain
the suspension at its equilibrium position was a measure of the
viscosity. The other design had a large flat metal disk on the
suspension which passed between two coils, and the induced
current was measured. This viscometer was used to follow the
changes of viscosity of 3 parts of polyvinyl chloride in 100 parts
of dioctyl phthalate. It was found that at 75° or 85° C. there
was little change with time, but at 100° or 125° the viscosity
rose rapidly as dissolution progressed.

Fritzsche (142) in a general paper on viscometry classifies
usages and describes the proper instruments to be used for vari
ous viscosity types of petroleum. Barany et al. (18) designed a
recording viscometer especially for the study of rapid viscosity
changes. It consisted of a pump and mixing chamber for rapid
mixing of reagents in fixed proportioll3. A vibrating plunger
dipped into the mixing chamber and the changes in amplitude
of the vibrations were measured oscillographically. Roth and
Rich (369) have discussed the general theory of the ultra-viscoson,
which employs a pulsed resonant exponentially damped magneto
stricti"e strip, and present typical applieations.

Yanikoski (478) has patented a gas analyzer for continuous
determination of a gas in a mixture. It utilizes the behavior of
a gas whose viscosity apparently changes when the width of the
flow path is reduced to values approaching that of the mean free
path.

MAGlSETOMETRY

A large increase in the design and use of paramagnetic oxygen
indicators and recorders is evident in recent publications. Sev
eral authors (124, fd76, 361', 389) have reviewed oxygen measure
ment :in general, with emphasis on the merits of magnetic means.
At least three patents (138, 240, 308) describe paramagnetic gas
analyzers.

Foley and Cherry (133) disclosed one, primarily for determining
the oxygen content of vehicle gas, which has an elongated tem
perature-sensitive resistor in a tubular gas cell, having its longi
tudinal axis offset from the surface defined by the lines of the
field of maximum density between the magnetic pole faces lo
cated on opposite sides of the cell. The gas enters the tube and
rllcirculates in convection loops of width corresponding to the
length of the resistor. This flow has a cooling effect on the re
sistor which is a function of the concentration of the paramag
netic component (oxygen). The resulting resistance change is
measured and recorded.

The apparatus patented by Kells and Larsen (239) comprises
a chamber within which there is an alternating-current magnet
having a gap in which there are mounted movable armatures.
A pickup connected to the armatures measures a voltage which
is amplified and indicated.
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Medlock's patent (308) covers an apparatus having two cells,
one an analysis cell horizontally mounted and having an alter
nating current bridge circuit, the other a reference cell similar to

.the first except that it has no applied magnetic field across it and
that it is vertically mounted. This second cell,· being vertical,
has a gas flow which results from the convectional effects of a
center-tapped heating winding around it, and this flow is a func
tion of the viscosity of the gas. The temperature difference
between the two halves provides additional information on the
specific heat and viscosity of the gas.

Ebbinghaus (116) has modified the cell design to an annular
chamber which permits a strong suppression of the zero point
by dynamic compensation of the magnetic wind which occurs in
a horizontally mounted electrically heated glass tube in an in
homogeneous magnetic field. Accuracies of 0.01 % oxygen were
achieved in the range of 20 to 21 %. Further modifications to
the Magnos magnetic oxygen recorder were made by Ebbinghaus
and coworkers (117) to make it applicable to biological materials.
They were able to determine yeast respiration with and without
the presence of sugar.

Hoover et al. (205) used magnetic oxygen measurement to
study aerobic oxidation rates and stated that it should have
many applications to research in water supply and waste-treat
ment processes. Specifically they determined the consumption
of oxygen by milk waste.

Griffith (158) used the magnetic determination of oxygen
as the basis of control of a catalytic purification plant. The
instrument was used satisfactorily in the automatic control of a
plant designed to remove organic sulfur compounds catalytically
from coal gas. The control of oxygen in combustion gases from
glass furnaces was accomplished by Naumann (830) by a specially
designed magnetic oxygen meter.

Behrmann and Hartman (27) found that the removal of carbon
dioxide in exhaled air caused an apparent increase in oxygen
content as measured by the Beckman meter and were able to
use it to determine carbon dioxide rapidly.

Applications to solids have been described by Eisler et al.
(121), who deterr~ined the ferromagnetic phases present in
an iron catalyst for hydrocarbon synthesis. The apparatus
utilized an electromagnetic feedback to balance the force on a
sample placed in a nonuniform magnetic field.

THERMOMETRY

Temperature measurements can be very useful in certain ap
plications where melting or boiling points or differential thermal
analysis curves can be related quantitatively to the chemical
content of the material in question. This section includes only
such methods, and techniques involving temperature changes
due to phenomena such as heats of reaction are covered in the
following discussion of Caiorimetry.

Several authors have published results of studies on thermal
analysis. Cunningham et al. (86) designed an automatic ther
mal analysis recorder which produces a series of straight lines
so placed that the positIon of each line represents a set tempera
ture, and the length represents the time the sample required to
change from the previous temperature-that is, the line length
is the time required to pass through a scientific thermocouple
electromagnetic force interval and is a function only of the specific
heat or heat transfer rate when no transformation in the sample
is occurring. If there is a transformation taking place, the time
intervals change, and the temperatures characterizing such trans
formations can be determined to within 0.2° C.

Penther et al. (345) built a semiautomatic thermal analysis
apparatus for studying transition changes in materials such as
soaps, waxes, and greases. Linear heating rates from 0° to
5° per minute a"nd four cooling rates from 0.5° to 4° per minute
can be selected. The temperature difference can be recorded
either at a constant rate or as a function of the sample tempera-
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ture (up to 400°). The versatility which makes it so valuable
derives from the linearity of its operation during heating and
cooling, the special calorimeters which can be sealed off from the
atmosphere; and the high sensitivity.

Muller and Stolten (324) described the use of thermistors
in the precise determination of temperature differences as small
as 0.0001 ° in the thermometric determination of molecular
weights. The thermistor resistance changes unbalanced a
Wheatstone bridge having a vacuum-tube voltmeter as a de
tector. Spurious bridge unbalance due to other causes was
reduced by having two thermistors in parallel, so that the bridge
really functioned as a differential resistance detector. Molec
ular weights determined in various solvents were found to agree
with theoretical values within 1%.

Barshad (21) discussed the problems of calibrating a differen
tial thermal analysis apparatus. Spinedi (410) built a precision
apparatus with recorders which register both the rate of heating
of the furnace and the differential curve. Theron (424) built
an improved automatic apparatus for the differential thermal
analysis of minerals with an electronically controlled heating
program having a rate between 0° and 50° per minute up to
1l00° at an accuracy of ±1°.

New techniques in measuring melting points use optical
methods. Furst and Shapiro (144) described a device for meas
uring changes of light transmittance with temperature. The
melting ranges thus obtained, while not thermodynamically
defined, were very convenient for product purity measurement.
Curves plotted showed per cent transmittance VB. temperature,
and reproducibility was good for samples melting below 230° C.
Shapiro's patent (395) disclosed the details of construction.
Mi.iller and Zenchelsky (325) designed an apparatus for auto
matic determination of the melting point in which the proper
temperature is indicated by the increase in light reflected from a
polished platinum surface supporting the sample as it melts.
The amplified photoelectric response to this increase in reflection
stops a servo-potentiometer, thus indicating the temperature
attained.

Shipe et at. (397) devised a semiautomatic cryoscope for de
termining the freezing point of milk, an important criterion of
adulteration. A cooling bath is maintained at a constant tem
perature by mechanical refrigeration, and the sample is stirred
and the thermometer tapped mechanically, thus eliminating the
two most tedious steps.

Dew points, of course, are commonly measured automatically
as measures of the water content of gases, but Francis (138)
has used it to measur~ the sulfuric acid vapor content of com
bustion products. He found that the presence of a few parts
per million of sulfuric acid vapor raised the dew point considerably
above that expected with water vapor alone and that the effect
of other constituents was negligible. He described an apparatus
measuring the dew point by the increase in the electrical conduc
tivity of a glass surface on deposition of a liquid film of an elec
trolyte, such as sulfuric acid.

Boiling points are closely followed as indications of the progress
of distillations and the identity of the vapors being distilled.
Shands (394) patented a new boiling point indicator featuring
a closed testing circuit in which the pressure and temperature
prevailing at the sampling point were automatically maintained.
The instrument recorded crude product boiling points and re
turned the test sample to the system. It was especially designed
for systems under pressure or moderate vacuum. Heitler (189)
makes use of a thermistor in following a reaction at the boiling
point of a solution. The thermistor serves as one arm of a
Wheatstone bridge, ana. the ont-of-balance current, amplified,
gives a continuous record of the boiling point of a solution within
0.001°. The device can be used to determine molecular weights
with precisions of 0.7% (for 0.2-gram samples).

Flash points are measured automatically in an instrument
described by Jacobs (223). It determines whether a sample of oil
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will flash at a predetermined temperature with an accuracy com
parable with the best laboratory methods in about 2.5 minutes
after the sample has been loaded. A method of moisture control
on paper machines, according to Lees (265), depends on a dif
ferential measurement analogous to wet- and dry-bulb tempera
tures. The primary detector is a differential thermocouple which
measures the difference in temperature between a drying cylinder
surface and the paper surface some distance beyond this point.
The measured difference results from evaporation, which is related
to the paper's water content, being linear between 0 and 8%.

CALORIMETRY

Reactions in which one of the products is exothermal heat
have long been used in quantitative determinations. Of course,
flammable gas detectors are not new, but patents continue to
be issued and novel improvements have been described. Taylor
(422) has discussed an instrument of the thermocouple type
which has increased stability and reduced zero drift. Cotton
(82), Page (334), and Tiffany (431) have patented gas detectors,
in all of which a catalyst causes ignition of"the sample, and the
heat evolved is measured by a thermocouple or by the resistance
change in a platinum wire.

A modified but basically similar device, covered in a British
patent (202), determines low percentages of oxygen in combustible
gases. Oxygen is determined somewhat· differently by Imai
(212), who has patented a catalyst for oxygen measurement
which is prepared by absorbing hydrogen on silica gel and then
immersing it in palladous chloride solution. The filtered and
dried product evolves heat in the presence of small amounts of
oxygen. Engelhardt (124), in a study primarily of the para
magnetic determination of oxygen, found that concentrations
too low for accurate measurement in this manner (0 to 0.05%)
could be measured very nicely by the temperature rise due to
absorption.

Kudo and Ihara (257) were able to estimate traces of carbon
monoxide continuously and automatically in gaseous mixtures
of methane, hydrogen, and nitrogen. The sample passes through
a catalyst chamber to remove traces of oxygiln and sulfur and
then is heated to 300° to 400° in a reaction cylinder, the upper
part of which is made of brass and the lower part of low-heat
conductivity steel. In the presence of the proper catalyst, the
carbon monoxide reacts exothermally with the hydrogen and the
resulting temperature increases are measured with a thermocouple
having at least 15 contacting points.

Cossey(81) has discussed the Cutler-Hammer recording calorim
eter. Johnson and Wehner (230) have patented a field method
and apparatus for determining the amount of Impregnite in cloth.
The cloth sample is stretched tightly over a thermopile and
treated with phenylhydrazine. An attached galvanometer in
dicates the heat liberated which is dependent on the Impregnite
present.

TITRIMETRY

The very desirable features of automatictitrations have re
sulted in continued activity in the research and application of
a variety of end-point detection techniques and methods of ti
trant addition. Much activity has centered on coulometric
titrations, and work by Carson, DeFord, and Lingane has ad
vanced both the instrumentation and application aspects of
this field.

Carson (61) devised a titrator for microtitrations using elec
trolytically generated titrants with a current power supply
generating from 10-9 to 2 X 10-7 equivalent per second. At
the end point the indicator electrodes shu~ off the current to the
generating electrodes, and Carson was able to use a modified pH
meter as an impedance match between the indicator electrodes
and the trigger input of the controller. The controller also has
a timing circuit which avoids false end points by timing the dura
tion of the end point potential. After an apparent end point
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persists for the correct length of time, th'e shutoff is actuated.
In the titration of uranium with ferric iron the end-point dura
tion time was set at 30 seconds. Such titrations can much more
readily be carried out at elevated temperatures and in inert
atmospheres than can normal titrations requiring external addi
tion of titrant solutions. Carson has also devised a system for
universal anticipation of end points in general automatic titra
tions. Ii; employs a solenoid··operated glass syringe to remove
10 to 20% of the sample before starting. Then titrant is added
rapidly toa predetermined potential, at which point the with
drawn portion of the sample is returned, and the remainder of
the titration proceeds slowly to the true end point. Dichromate
titrations, where the end-point lag is large, were found to benefit
especially by this procedure.

DeFord's review (92) of instrumentation for coulometric
titrations i.ncluded current regulators, various end-point detec
tion and anticipation devices, and termination units. Lingane
described automatic titrations with electrolytically generated
silver ions (277) and a constant current source for coulometric
titrations (278) which maintains electrolysis currents, of any
desired magnitude, constant to ±0.01 % for several hours.
Landsberg and Escher (260) have described the Titrilog anew.

Wise et al. (472) designed an automatic coulometric titrator
with photometric detection of the 'end point. Three types of
color change" at equivalence were investigated, and samples of
0.2 to 1 meq. were titrated with average errors of 0.06 to 0.15%.
The main idea was to avoid the difficulties encountered with
anomalous behavior of sensing electrodes and to reduce the num
ber of electrodes in the vessel.

Other automatic photometric end-point titrators have been
described by Malmstadt and Gohrbandt (295) for thorium de
termination and by Bischoff and Desreux (34) for the turbidi
metric determination of cellulose acetate.

Cruse (84) in a review of electrochemical analytical methods
covers automatic titrations briefly. Juliard and van Caken
berghe (231) also discuss automatic titrations in a general way
with a number of specific examples of what may be done. Robin
son and Briggs (364) have patented a recording automatic ti
trator.

By far the greatest activity in automatic titrimetry has been
in the use of more or less conventional automatic reagent addi
tion (buret or syringe) with potentiometric detection of equiva
lence. Frediani (139) has described an automatic Karl Fischer
titrator which differentiates true from fleeting dead-stop end
points. Other dead-stop end-point eircuits for use in automatic
titrators have been published by Monand (316) in the micro
determination of sulfur by the Zimmerman method and by
;\;Iorpain and Tranchant (319).

A redox method was used in a high precision semirnicro auto
matic titrator built by Wise (471). He determined iron by
using the double end point observed in titrating, with a suitable
oxidant, the sample which had been treated with excess titanous
sulfate. Sabine', continuous titratioL. method (375) for cholin
esterase determinations depends on alkalimetric titration of the
acetic acid formed by the enzyme.

Other apparatus which have been described include differen
tial-potentiometrie methods by Takahashi et ai. (420, 421)
and Jensovsky (229). By using this technique the latter was
able to determine the equivalence point exactly, even when the
titration curve (potential vs. titrant volume) did not show a
distinct inflection.

A thermometrie device for automatic end-point detection,
described by Linde et al. (275), consists of a thermistor, a re
eording potentiometer, and a constant-flow buret. Plots of
temperature vs. time showed a distinet break at the end points
of several titrationa of strong and weak acids and bases. High
frequency end-point detection has been used by Blaedel and
Yralmstadt (37) and by Musha et ai. (3~'8).

At least two patents have been issued for automatic titration
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systems involving pumps. Sheen (396) describes one which
maintains a desired chemical concentration in a solution by
adding reagent through a duplex pump operated by a controller
depending on a suitable concentration sensing element-e.g.,
pH electrode, photometer, conductivity meter, and viscometer.
Hallikainen and Pompeo (170) patented a continuous electro
metric titrator in which the liquid sample is delivered to the
titrating vessel at a constant rate by a synchronous motor
driven pump. The titrant, on the other hand, is delivered by
a pump driven by a variable-speed two-phase motor. The
electromotive force from the electrodes in the vessel is amplified
and caused to regulate the speed of the titrating motor. This
motor also drives a direct current generator whose output par
tially feeds a recorder-controller and partially feeds back into
the amplifier circuit to make the e.mJ.-motor speed relation
ship linear.

Denton and Grauel (95) have endeavored to speed up manual
titrations in biological assay work by automatizing the tube
rinsing and waste discharge operations in the procedure. Sole
noid valves actuated by microswitches, when in contact with the
inverted titration tube, cause distilled water to flow into the·tube,
rinsing the contents into the titration beaker. Upon completion
of the titration manually, pressing another switch . opens the
solenoid valve and drains the titration beaker. This arrange
ment allowed a single operator to conduct 120 electrometric
titrations per hour.

Ozone is determined in an apparatus described by Carbenay
and Vassy (59), in which the air sample is admitted to a reaction
chamber in which ozone reacts with potassium iodide to release
iodine. The liberated iodine depolarizes a pair of platinum
electrodes in a saline electrolyte. The resulting current acti
vates a mechanism which records the volume of gas sample con
sumed, then also drains, rinses, and recharges the apparatus.
Bowen and Regener (42) determined atmospheric ozone with
a semiportable device which similarly passes the air sample
through a potassium iodide-sodium thiosulfate solution. Com
plete consumption of the thiosulfate causes iodine liberation and
the same cycle of operations as described above, the volume of
the gas necessary to consume all of the thiosulfate being recorded
for each cycle.

EMISSIMETRY

The automatic measurement of spectrographic emlSSlOn line
intensities has become accepted as a time-saving cost-reducing
necessity in many metallurgical industries. Hasler's reviews
of quantometry (182-184) describe instrument advances in this
field, emphasizing the attainment of greater instrument relia
bility over long periods of time. New methods have been de
veloped for commercial nickel alloys, stainless steels (low and
high alloy), biological solutions, slags, and aluminum-, zinc-,
copper-, and lead-base alloys.

Brown (48) describes application of the Quantometer to pro
dl,ICtion control in a steel mill, while Orsag (333) covers applica
tions in the aluminum industry. The latter also found the in
strument useful in comparing different brands of graphites, as
well as in studying the influence of the sparkgap and the capacity
and self-inductance effects of the generator on the analysis.
Brehm and Fassel (45) have described approaches to direct
reading spectrochemical analysis, while Williamson and Robinson
(467) added a computer which determines the log of the ratio
of two concentrations for use with multicomponent mixtures.
Saunderson et al. (382) patented an instrument for internal
standard methods. Walker and Baker (449) used a symmetrical
cathode-follower bridge circuit for direct spectrochemical anal
ysis which provides line intensity ratios directly. Naish and
Ramsden (329) reviewed direct-reading spectrographs with a
classification based on the two intensity measurements used:
integrating and averaging.
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Developments in Europe have been described by Benussi and
Caroli (30) with particular attention to the production control
of special steels, by Giavino (153) who discussed some aspects
in prQper calibration, by Hans (172) who recommended an ap
paratus for determining silicon and manganese in open-hearth
and electric-furnace steels, and by Mathieu (302) who described
the Spectro-Lecteur.

Emission from flames can be measured continuously. Opler
and Miller (332) modified a Beckman DU and added a recorder
which plots emission intensity vs. time. They used it to record
sodium ion concentration in the eluate of an ion exchange column.
Safir (376) also described the use of a flame photometer in con
tinuous laboratory analysis and applied it to the determination
of potassium and sodium in inorganic salt solutions. Holiday
and Preedy (198) and King and Priestley (244) modified flame
photometers to be direct-reading.

Emission of a fluorescence nature can sometimes be useful in
the determination of the few materials which fluoresce sufficiently
well. Brown and Marsh (49) described a device for automatic
measurement of fluorescence on paper chromatograms, consisting
of an attachment including a spacer, a scanning chamber, a
strip-transporting mechanism, a photomultiplier tube and ampli
fier, and a strip-chart recorder. The monochromator was a
commercial one employing a stabilized light source. Similarly,
gaseous hydrogen fluoride may be measured (73) in the atmos
phere by contact·with a moving strip of filter paper impregnated
with a fluorescent salt. The hydrogen fluoride concentration is
proportional to the fluorescence measured photoelectrically.

Vacher and Lortie (441) found that the luminescent emission
spectra of organic vapors excited by a high-frequency radio field
had important advantages over excitation by line-frequency
current. Broida and Moyer (46) determined mixtures of hy
drogen and deuterium spectroscopically by using the 150-mega
cycle electrodeless discharge of the flowing gas. Photomulti
plier detection of the intensity ratio was used, and the Balmer
lines were scanned at 10 A. per minute.

INFRARED ABSORPTIOMETRY

Without a doubt the widest advances in automatic analysis
during the past 3 years have been in the use of infrared absorp
tion measuring devices. Many new applications have been de
scribed (69) and some instrumental refinements are evident.
Walters (451) has reviewed the practical considerations which
govern the installation of continuous infrared analyzers for plant
streams (both liquids and gases). Munch (326) also reviewed
situations where infrared analyzers can be helpful, emphasizing
that the prospective user must be aware of the operating prin
ciples involved. Voter and Hare (447) debated the improved
infrared spectrometers from the users' and manufacturers' view
points. Devine (98) discussed the principles, applications, and
existing problems of continuous infrared analyzers.

A number of patents have been issued for infrared analyzers
of various designs (188, 211, 413,466). Hales (167) in a general
study of double-beam systems in absorption spectrophotometry
arrived at a design which avoids difficulties inherent in some
double-beam systems where the two beams may arrive at the
detector with slightly different wave lengths. Other new non
dispersive and dispersive instrument designs have been advanced
by Bartley (22), Herscher and Wright (192); Hollander et al.
(199), Patterson (341), Savitzky and Bresky (383), Smith (406),
Waters and Hartz (453), and Woodhull et al. (476).

Case histories of applications, with much reliable experience
reported, are plentiful. Applications of a wide variety are de
scribed by Smith (405), including both liquids and gases, with
details of sensitization, calibration, and sensitivities. Wall
et al. (450) decided that at least 17 infrared process analyzers
were necessary for the continuous control of the acrylonitrile
process and reported that test runs before plant start-up reduced
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the incidence of trouble later. Washburn and Austin (452),
discussing instrumentation problems in atmospheric analysis,
call for better fractionating and concentration techniques to
enable the wider use of infrared measurements.

The determination of carbon monoxide has been described for
various ranges down to 0.001 % (226, 285, 393). Carbon dioxide
likewise can be measured by its infrared absorption (253, 284,
454), as can nitrous oxide (284). Berger (31) and Martin and
Thomas (300) describe applications to butane fractionating
systems. The latter authors report their experiences with a
3-year installation, including completely automatic sample
handling, switching, and restandardization. Uhl (438) reviewed
infrared analyzers for petroleum processing control. Hoyer
(208) used a special flow cell in which fluid from a chromato
graphic tube can be analyzed directly, either intermittently or
continuously, by infrared means. Karasek and Miller (232)
determined 0 to 0.4% water in liquid sulfur dioxide, while
Massa (301) determined gaseous sulfur dioxide (0.005 to 1%)
in stack gases.

The course of organic reactions was followed by infrared by
Gauthier (150). Examples given were hydrogenation of pro
piolic acid and the maleate-fumarate isomerization.

UGHT ABSORPTIOMETRY

A wide variety of types of flow colorimeters, nephelometers,
turbidimeters, eOtc., is now available commercially, and recent
emphasis in this field has been on design modifications and in
strument component improvements for special applications.
Several general papers broadly cover some aspects of the subject.
Stair (412) gives examples of uses of filter radiometry in all op
tical wave-length regions. Foy's review (137) of smoke meas
urement covers photoelectric smoke determinations, as does
Holt's (203) study of dusts in industrial atmospheres.

Many types of apparatus have been described, including flow
colorimeters by Bishop and White (35), Dijkstra and Sieswerda
(101), Cooke (78), and Plymale (352). Smoke and dust meters
are covered by Galadzhir (146), Gucker (161), Ramser and Hickey
(357), and Smith and Carlisle (404), while instruments for meas
uring liquid turbidities are described by Formmer (135), Scragg
et al. (388), and Underwood and Doermann (439). A novel
device for measuring the water vapor content of gases has been
patented (129) and depends on adiabatic expansion of the sample
gas, resulting in cloud formation due to condensation caused by
the cooling effect. The light transmittance of the cloud is 0 a
function of the moisture content. The recording is directly in
per cent water content.

The spectrokinetic study of rapid reactions is possible in a
device described for biochemical use by Dalziel (88). The
automatic determination of sugar in boiler-feed water is contin
uously carried out with a sensitivity of 0.001 % sugar in another
apparatus (143) using a I-naphthol reagent. Portable earpiece
oximeters for oxygen in blood have been newly described by
Paul (342) and Stott (415).

Gases may be deterinined absorptiometrically by bubbling
into a liquid which develops a color dependent on the amount of
the desired constituent. Thus, oxidants may be measured, such
as ozone (281) by liberation of iodine from a potassium iodide
solution, and chlorine (255) by -reaction with o-tolidine, as well
as hydrogen sulfide (3) by reaction with a Na2Fe(CN).NO
solution, and carbon dioxide (305) in the range 0.06 to 12% by
reaction with phenol red solutions. The latter device is operable
indefinitely with operator attention to liquid level, temperature,
and blank corrections only every 12 hours. Chlorine and chlorine
dioxide concentrations are measured photometrically in devices
described by Krumbein et al. (256) and by Murphy (327), re
spectively. Kiffer and Dowell (243), in attempting to measure
ozone, found that ultraviolet absorption gave too erratic results,
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and they resorted to the visible region between 5600 and 6200
A., using a 48-inch tube to measure 0 to 10 mole %.

Light absorption of colored materials on filter papers used in
chromatographic (49, 323, 337) or electrophoretic (83, 264)
separations haE been used by several authors.

ULTRAVIOLET AND X-RAY ABSOm'TIOMETRY

Troy (436) described experience in the use of an improved
highly sensitive portable photoelectric photometer for the direct
·measurement of ultraviolet-absorbing atmospheric pollutants,
including chlorinated ethylenes, berlliene, toluene, nitrobenzene,
acetone, carbon disulfide, and dimethylformamide. The in
strument is capa,ble of reliable operation at full scale absorbances
between 0.005 and 0.05. A calibml;lng accessory to minimize
the adverse effects of adsorption can supply a continuously
flowing standard gas sample at a rate of 500 m!. per minute for
periods up to 30 minutes at concentrations between 0.2 p.p.m.
to 20% by volume for gases in air 01' 0.1 p.p.m. to saturation for
vapors in air. Campbell and Godin (58) and Kaye et at. (237)
described automa,tizations of Beckman instruments.

Ultraviolet absorption of chromatographically separated sub
stances on filter paper (181) has been accomplished automatically.
Deutsch et at. (96) measured the ultraviolet abs.orbance of eluates
from a chromatographic column. The spectrophotometer used
was fitted for periodic standardization and automatic recording
in studies of nucleic acid derivatives.

X-ray absorptiometry and liiffractometry are the subjects of
several "automatists." Roop (367) measured the total solids
in liquid foods continuously by this method. Kistiakowsky
(246) passed soft x-rays through gases to obtain time records of
the gas density of a detonation wave. A scintillation counter
with oscilloscopic indication measured the intensity of the trans
mitted rays. Pepinsky (346) discussed the feasibility of auto
matic crystal-structure analysis, and Stenhagen (414) described
an x-ray camera fO:f the continuous reeording of diffraction pat
tern-temperature diagrams. The pattern falls through a hori
zontal slit onto a photographic film whi.~h is rotated at a speed
proportional to the :increasing temperatme of the sample.

THERMOCONDUCTOMETRY

The time-honored method of gas analyEis based on the thermal
conductivity of some constituent(s) of the sample has been put
to further use in a variety of novel approaches. The determina
tion of ortho-para hydrogen is described by Grilly (160), who
connected a pair of Pirani gage tubes in a bridge cireuit so that,
at liquid nitrogen temperatures, the bridge is balanced when
both tubes contain normal hydrogen (21;% para, 75% ortho)
at reduced pressures. When the sample tube has a different
composition in it, the resulting difference i.n thermal conductivity
causes a ,~hange in the Pirani gage filament resistance and hence
bridge unbalance.

The influence of an inhomogeneous electric field on the heat
transfer of gases was applied by Senftleben and Gladisch (392)
to analyze mixtures of polar and nonpolar compounds. Cali
bration curves were presented for propane-carbon dioxide
mixtures, and some calibration curves can be predicted theoreti
cally for such mixtures as ethyl chloride and acetylene.

The indirect automatic analysis of commercial oxygen is the
subject of a German patent (1'51) which describes an apparatus
based on the absorption of the oxygen by s, liquid absorbent, and
addition of a measured amount of hydrogen, followed by a meas
urement of the thermal conductivity. Purities of commercial
oxygen (98.5 to 99.8%) were determined within 0.05%. Nau
mann (330) automatically analyzed waste gases for oxygen ther
moconductometrically, with the aid of an inhomogeneous mag
netic field (see Magnetimetry). Griffiths et al. (159) used thermal
measurements to follow chromatographic sE,parations of gases.

The measurement of moisture in a porous medium such as

ANALytICAL CHEMISTRY

sand is described by Kawada and Uchida (234), who devised an
instrument having two hot wires with different resistances form
ing two branches of a Wheatstone bridge. The amount of
moisture in the sand affects the outward heat transfer of tne wire
buried in the sand. It was found suitable for water contents
below 10%.

More or less traditional thermoconductometric instruments for
plant control are described by Angerhofer and Dewey (8) for
the production of oxygen, nitrogen, and rare gases from air,
by Zaikowsky (480) for analyzing internal combustion gases to
indicate fuel richness, by Richardson (360) for the determination
of hydrogen and carbon dioxide, and by Pritchard (354) for
measuring methane in air or carbon dioxide. Pritchard's device
makes use of a convective instead of conductive heat transfer
from the wire filament to insensitize the measurement to a third
gas component. Hence, methane was determined in nitrogen
oxygen-clj,rbon dioxide mixtures.

REFRACTOMETRY

Svensson (418) has reviewed the problems inherent in the re
fractometry of flowing solutions and defined the conditions under
which errors become significant. Perhaps one of the more useful
laboratory uses of continuous refractometry is in the monitoring
of effluents from chromatographic columns. A variety of de
signs have been described recently. Kegeles 'and Sober's (213,
238) instrument used a cell~focusing cylindrical-lens optical
system together with a vertically driven photographic plate,
combined with an interferometer and an automatically recording
prism cell. McCormick's (289) inexpensive device utilized
razor blades for the slit and had an inner sample cell surrounded
by an outer solvent cell. He found it useful for studying the
chromatographic separation of silicone oils from a polyester solu
tion. Seiflow (390) described a simple recording differential
refractometer designed especially for chromatographic effluents
containing radioactive materials. Trenher et at. (434) described
a precision recording refractometer which plots mass or volume,
as measured by a strain-gage circuit, against refractive index
obtained in a flowing differential-type cell.

Ashman et at. (12) found a focusing cell refractometer useful
in the manufacture of synthetic rubbers, where the monitoring
of various hydrocarbon feed streams had to be continuous.
Eltenton's (123) refractometer was also designed for following
hydrocarbon reactions. Campbell et at.' (57) described a record
ing differential refractometer for continuous plant stream moni
toring.

Ingelstam (214) described a phase contrast refractometer for
gases and liquids and gave examples of measurements on oxygen.
Clamann (76) described a pneumatic refractometer to be used as a
gas analyzer. The sample gas mixture was forced by constant
flow to form a well-defined band embedded in a suitable reference
gas. The light beam passing from the reference gas into the
sample gas was refracted and the brightness of its image on a
photocell was amplified and recorded.

REFLECTOMETRY

The continuing utility of measuring color changes of specially
treated filter paper tapes when exposed to flowing gas'samples is
apparent in several references. Three patents cover such a
technique applied to the determination of chlorine (417), hy
drogen sulfide (79), and contaminants in exhaust gas (446).
Gaseous hydrogen fluoride can be detected by the use of a 1'011 of
filter paper impregnated with a fluorescent salt (65,71).

Two papers describe the utility of reflection measurement in
the estimation of proteins separated by paper-strip electro
phoresis (83, 263).

Lukens et at. (286) found a reliable correlation of the moisture
content of yellow sweet corn with the reflected light measured by
a specially designed recording filter photometer. Glasser and
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Troy (15,n described a new high-sensitivity differential color
imeter which can measure CIE tristimulus values and their
ratios for 'sample to standard, to four significant figures for most
colors.

CONDUCTOMETRY

Many applications of electrical conductivity measurements
have been newly described, particularly for the determination of
ionized materials in water and for the estimation of water in
solids and gases. Several rather general reviews on the subject
are worth noting (118, 368, 371, 372, 456).

Dissolved solids in water can be measured nonspecifically by
conductance techniques, and new applications have been de
scribed for general monitoring of conductivity (249), deionized
water (70), fluoride in water (250), salinity of sea water or brine
(180, 225, 290), salt exchange in plants (473), monitoring the
concentration of sodium hypochlorite baths (28), automatic titra
tions (130), and following the progress of chromatographic elu
tions (109, 227).

Vapors and gases can be measured by absorption in water or
aqueous solutions (372, 459), including,carbon dioxide (64, 156,
221, 475), hydrogen bromide (from methyl bromide thermally
decomposed in hydrogen) (165), sulfur dioxide (64), and oxygen
(64). Frequently the absorbing liquid contains a reagent which
reacts with the desired constituent-e.g., chromous sulfate for
oxygen (64). Sulfuric acid vapor in air is determined (138) in
the range of a few parts per million by measuring the dew point
increase as indicated by the electrical condl:lctivity of a glass
surface.

Water in gases has been successfully measured for several
years by electrical hygrometers, and several improvements have
been described (2, 91, 120, 187). Water in solids continues to
be the object of study, particularly. for moisture content of paper
(173) and o(soil (41, 456)~ Water in air has been also determined
by passing the air through filter paper tape and measuring the
conductivity of the paper UN).

Conductivity measurements of gaseous samples have been used
to determine impurities. Kenty (242) patented a method in
volving gas samples at pressures of 0.1 to 10 mm. in a glass tube
containing a small amount of mercury. When a low current is
transmitted through the tube, a discharge occurs due to the im
purity, and the resulting voltage drop is measured. Curves for
nitrogen and carbon monoxide were given. Seitz (391) patented
an apparatus for determining nitrogen in argon by an electric
arc in the gas stream. Turnbull and Harrison (437) measured
low concentrations of hydrogen in nitrogen, using a Pirani gage
in a cell separated from. the slimple stream by a palladium mem
brane permeable only, to the hydrogen.

POTENTIOMETRY

Automatic potentiometric'measurement is today accepted as
the most reliable convenient method of following changes in
the pH of aqueous systems. General papers on this subject in
clude several on waste treatment and color (14,118,157,185,251),
and on control of cooking conditions, etc., in the paper industry
(349). Buenger (52) has reviewed pH measurement, and new
pH standards have been made available by the National Bureau
of Standards (21fJ).

Unique uses of pH measurement have bee,n described by
Jeffrey (228) in following chromatographic separations, an<i by
Kauflein (233) in determining phosphine impurities in acetylene.
Rovelstad et al. (370) reviewed factors concerning the continuous
recording in situ pH of gastric and duodenal contents. They
found greater accuracy when both the glass and the calomel
electrodes were placed in the stomach. Fluctuations of 5 pH
units in frequencies of up to Wper minute were found.

Jacobson (224) and Fahnoe (127) described methods for de
termining oxygen in gases. Fahnoe's reduction potential in-
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strument was adapted to the measurement of air in low,pressure
steam, while Jacobson's instrument is based on the depolariza
tion by oxygen of a carbon cathode in a cell having a zinc allOde.
In the continuous recorder, the external circuit resistance is
varied to keep the current constant, and the terminal voltage is
thus proportional to the oxygen concentration. An electrolyte
having a pH of 3 can be used to make the instrument relatively
insensitive to carbon monoxide and carbon dioxide. A similar
device is the subject of an Austrian patent (462).

A number of unusual applications of potentiometric measure
ments deserve mention. Russell and Cox (373) 'were able to
determine directly ionic activity products, or ratios, in soils by
using a series of electrodes, each sensitiv'e to a different'ion.
,Electrodes 'were made' for calcium, manganese, aluminum, and
zinc and, in soils not too acidic, magnesium. Examples or' the
type of information obtainable and the conditions under' which.
the measurements can be made were given. Kwai't 'and Wilson
(258) measun;d reaction rates' by using a high-speed recording
potentiometer together with a stable high-impedance electronic
detector and 'a glass ele"ctrode. They obtained solvolytic rate
constants for tert-butyl chloride. '

Phillips (351) devised an electronic method of detecting im
purities in air, involving changes in the surface potential of
specially prepared plates, as measured by a vibrating 'condenser
technique and a selective phase-sensitive amplifier. A special
metal reed vibrates above the surface being studied; and the
alternating current voltage so developed measures the' relative
surface potential. The reed was steel, co'ated 'first with gold
and then with calcium palmitate 20 molecules' thick to give a
stable potential. The plate was highly polished stainless steel
spe'cially cleaned by ionic bombardment. An' example given was
the determination of oxygen in ethyleneintendea for polyethylene
production. In general Phillips found that 1 part in 107 of
polar vapors could be 'detected. , Heller et al. (190) used surface
potentials to measure monomolecular 'films.

CURRENTIMETRY

The measurement of the magnitude of an electric current has
been utilized in several important ways to' automatize chemical
analyses. Coulometric titrations, for example, have been de
scribed under, Titrimetry, but several related' techniqli'es are not
strictly titrations. Button and Davies (54) have described an
apparatus for automatically recording the absorption of oJ<ygen
in a closed constant-volume gaseous system. Drops in pressure
due to oxygen absorption are replenished with electrolytically
generated oxygen, and the integrated electrolysis current pro
vides a measure of the oxygen consumption,

Dissolved chlorine and oxygen are commonly measured amperc
metrically or polarographically, and new improvements con
tinue to be developed. Clark (77) has reviewed amperometric
techniques for chlorine residual. Haller's patent (169) describes
an amperometric analyzer for determining concentrations of. oxi
dizing or reducing gases, especially chlorine. The device con
sists of a tube, having an upper part of glass and a lower one of
clay, filled with sodium chloride solution. The glass section has
a silver electrode, while the clay section is wound with platinum
wire. Leads from these electrodes are connected to a microam
meter when the a,pparatus is immersed in a 2-liter beaker con
taining the gaseous samples, and the current indicates chlorine
or chlorine dioxide (CI02).

Marks' patent (299) reveals a system for automatically de
termining the available chlorine in an aqueous system" where
the aqueous potassium iodide is added to a flowing stream of the
chlorinated, water. After passage through a coil, to provide
time for stoichiometric release of iodine, the mixture enters a
depolarization type cell where, the current indicates the available
chlorine, whether present as HOCI, NH,Cl, .NHCI" or NCi3•

Recording analyzers for oxygen in water are reviewed by Ippen
et al. (217., 218), including the use of dropping mercury and 1'0-
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tating platinum electrodes. Freier et ai. (140) devised an ana
lyzer for oxygen in boiler water in the range of 6 to 70 X 10-6
gram per liter to ± 1 X 10-6 gram. Drenckhahn (110) has
measured oxygen in blood, using a tiny cylindrical platinum
electrode coated with collodion. Penneys (344) measured the
oxygen tension of skin by the use of several electrodes.

Ion concen'trations in Howing streams have been measured
polarographically by Lewis and Overton (273). The apparatus
consisted of two polarographs in opposition for measuring metallic
ions having discrete well formed polarographic waves. Ishi
bashi and Fujinaga (220) de!lcribed a differential polarograph hav
ing one dropping electrode, using a rotating switch connected
in series with the electrode circuit. Optimum rotation of the
switch caused two different voltages to be applied to the elec
trode and the corresponding currents could be recorded. Kemula
(241) in chromatographic studies continuously monitored eluants
from the column. Separations of cupric from cobaltous ions were
nicely followed in this manner, and other possible applications
were discussed.

A gaEl analyzer dependent on measuring the ionization current
of a gas stream has been patented by Morgan (317). Quanti
tative results were obtained on essentially binary gaseous proc
ess streams. Brady and Zemany (43) studied the potassium
ion emission from a hot platinum filament in the presence of
various gases; oxygen, carbon tetrachloride, bromine, and
helium eause a marked decrease in the potassium ion emission,
while nitrogen has a smaller effect, and hydrogen causes an in
crease. The detection system, was a modified Neir-type mass
spectrometer with the focusing set for mass 39.

Previously reported potentialities of mass spectrometry for
continuous analysis have been borne out by several develop
ments. Miller et ai. (311) used a portable mass spectrometer
which reeorded the concentr,ation of five gases in a mixture every
20 seconds with 1% aceuracy. The use of mass spectrometers in
continuous process control has been described by Morgan et ai.
(318), R{linders (358), Robinson (363), and Walker et ai. (448).
Buckley olt al. (51) described the use of a portable mass spectrom
eter for continuous alveolar gas analysis. Washburn and
Austin (452) reviewed the uses of mass spectrometers in atmos
pheric analysis problems. Young et al. (479) described a mass
spectrometer--digital computer combination for automatic
analysis which resulted in completely automatic operation from
the time the sample was introduced into the instrument until
its composition appeared typed on a sheet of paper. An analysis
of a mixture of 20 components was said to require less than 10
minutes from the time the sample was introduced.

DIELECTRIMETRY

New developments in the measurement of dielectric constants
for moisture determination haVE> been reported (132), for moisture
in paper by Van den Akker and Hardacker (442), in fabrics by
Sakagami et al. (377), in wet clay by Palmer (336), and in coking
coals by Asbach (11).

Howe (207) and Uhl(438) discuss the general principles of
dielectrimetric measurements for process control, and Thomas
et al. (425) give a specific example in the continuous determina
tion of toluene or total aromatics in petroleum process streams.
Hashimoto and Mori (181) followed paper chromatographic
separations with a high-frequeney oscillator and found the tech
nique applieable to all kinds of chemical substanees, especially
electrolytes. Gas chromatography, involving separations on
charcoal columns, was the subjeet of work by Griffiths et ai. (159),
who measured displaced or eluted gases by various means in
cluding the dielectric constant.

Melville llnd coworkers (53, 29.D have found the dielectrimetric
method a useful one in following the nonstationary state in
polymerizations. A special recording capacity bridge, having a
sensitivity of 1 part in 108 with a time resolution of 10-3 second
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was used to measure the amounts of polymerization which oc
curred as a result of photochemical initiation. They have been
able to evaluate the half times of kinetic chains by delineating
the nonstationary behavior of certain polymerization reactions.
They give dielectric data on styrene, vinyl acetate, methyl acry
late, and butyl acrylate. Using flash discharge tube illumination,
they were able to study the decay of radical concentrations.
Flom and Elving (131) used high-frequency oscillators to measure
hydrolysis rates of esters. Current outputs were proportional
to the ester concentration, and high-speed recording permitted
the measurement of reactions with half lives of a few seconds.

RADIOACTIMETRY

Analytical uses of radioactive isotopes and radioactive measur
ing devices continue to multiply. Kohl (252) has reviewed radio
isotopes in process control, and Parsegian (339) has described
process instrumentation in the nuclear field. As with many
other continuous measurement techniques, the utility of chro
matographic separations has spurred the development of con
tinuous radioactimetric monitoring.. Devices for measuring ac
tivity VB. distance along a paper chromatogram have been de
scribed by Bonet-Maury (38), Frierson and Jones (141), Rock
land et at (365), Soloway et al. (407), and Winteringham et ai.
(470).

Jacobs and Lewis (222) discuss the use of a beta-ray instru
ment for determining hydrogen-carbon ratios in liquid hydro
carbons, and Kelly and Metzgar (240) discuss the automatic
operation of a beta-ray spectrometer. Counters for measuring
radioactive substances i,?- air have been described by Baurmash
and Dietrich (23), Labeyrie and Pelle (259), and Mansfield (298).
Mansfield's continuous air monitor consists of two sampling
assemblies, a Geiger-Muller counter for detecting beta-particles,
a scintillation probe for alpha-particles, two counting-Fate
circuits, and recorders. The air sample is drawn through filter
paper, which is then scanned by the detectors. Response times
of 2 to 3 minutes and sensitivities of one tenth of the allowable con
centrations of dusts are attainable, although not simultaneously.

Automatic counters featuring sample-changing devices have
been available for several years, and new developments in this
field are described by Anger (7), Bennett (29), Corbett and Hon
our (80), Harris and Del Duca (177), and Shirn and Wajda
(398).

DATA

The analytical laboratory which does not now boast of several
recorders and computing devices is an old-fashioned one indeed,
and many new aids are becoming available to the analyst in
collecting and handling the ever-increasing amounts of data he
requires. Several reviews on recorders and plotting machines
are of interest (16, 385, 423), and the use of punched cards has
received renewed attention (15, 63). More specific devices have
been described, such as the printing-recorder for use with scaling
units described by Lang (261), the ordinate printing attachment
for the GE recording spectrophotometer described by Miller
(312), and the photoelectric measurement of the displacement of
a luminous spot described by Thulin (430).

Other special attachments include Daly's (87) spectro-compar
ator for cathode-ray presentation of absorption-difference spectra,
the device of Ramser and Hickey (357) to multiply light reflec
tance of a catalyst by gas flow to give instantaneous values of
catalyst loss per unit time, and Walker and Baker's (449) cathode
follower bridge circuit to give spectrographic emission line in
tensity ratios directly, with compensation for phototube dark
current.

Anger's (7) counting-rate recorder plots points proportional to
the arithmetic mean of the counts taken during fixed time inter
vals. Sperry's discussion (408) of process monitoring describes
a system of automatic scanning equipment which warns of points
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off standard. Hogley (197) devised an instrument to measure
and compute the mean and standa~d deviations of oscillations
of a pen recorder arm. Muller (321) described a simple square
law computer with a circuit intended to develop potentials
proportional to the square of the travel microscope used in study
ing the rates of diffusion of liquids through filter paper.

Weissler et al. (457) developed a graphical computer to trans
form a microphotometer trace of absorbance vs. wave length into
an intensity trace. The instrument can take logs or antilogs
of any variable graphically computed, as well as take the dif
ferences of two curves and plot the results either logarithmically
or antilogarithmically. A computer described by Williamson
and Robinson (467) also determines the log of the ratio of two
concentrations and is especially applicable to direct reading
spectrometers where the concentration of the internal standard
cannot be considered constant.

MISCELLANEOUS

A ilUmber of automatic measurements do not fit conveniently
into any of the above categories. Camp and Raymond (56)
designed a photoelectric polarimeter for measuring transient
rotations which uses two photomultiplier tubes to compare the
intensity of an unanalyzed fraction of the light with a fraction
which passes through a fixed analyzer. Rapid comparison of
the output voltages of the two photocells yields a continuous
record of the polarization of the incident beam and a rotation of
1 minute of arc can be detected.

Two instruments for sonic analysis are described by Wohle
(474) and Weller (458). Wohle's device determines oxygen in
the range of 20 to 40% with an accuracy within about 1%.
Weller's acoustic apparatus records the air-fuel ratio in' internal
combustion engines. An oxidation furnace converts the ex
haust gas to a binary mixture plus water vapor. Gucker's
paper (161) on the determination of particulate matter describes
both sonic and light-scattering techniques.

Innes (215) has described an apparatus for automatic adsorp
tion, surface area, and pore volume measurement which depends
on automatic adjustment of the gas pressure to a relative pres
sure of 0.2. This is done by passing the gas at a constant slow
flow rate int,o the adsorption chamber and measuring the elapsed
time.

Hawksley (186) described an improved method for automati
cally counting and sizing particles dispersed on microscope
slides, based! on measurements of the number of pulses occurring
in the area swept by a scanning aperture. An automatic drop
timer for dropping mercury electrodes has been described by
Meites and Sturtevant (310).

Continuous electron-diffraction recording of chemical or
phySIcal transformations has been achieved by Trillat and
Takahashi (435). They modified an electron-diffraction ap
paratus to obtain a photographic record of structural changes
occurring with time, temperature, or other factors.

Microwave studies (72, 210) have shown potentialities for the
use of this technique in following rapid reactions of gases.
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Natural and Synthetic Rubbers I

NORMAN BEKKEDAHL and MAX TRYON
National. Bureau 01 Stanclarcls, Washington, D. C.

THIS is the sixth of a series of review articles on physical and
chemical test methods pertaining to natural and synthetic

rubbers. The first five appeared annually, but the present one
is the beginning of a biennial series. The first one (18) covered
only chemical methods up through the year 1948, but the second
(14), third (15), fourth (16), and fifth (17) included physical
testing.

The present review likewise covers both physical and. chemical
methods, and refers to articles appearing in the journals for the
2-year period ending October 1, 1954. Like the previous re
views, it omits test methods applied to compounding ingredients,
except for their identification or quantitative determination in
rubber. It also omits tests on raw materials used in the ,manu
facture of synthetic rubbers. It does not refer to procedures
which are concerned more with problems of a fundamental nature
than with testing, unless they employ unique apparatus or tech
niques that seem likely to prove of value in testing procedures
for rubber. Old procedures employed during this review period
for either research or testing are not referred to again unless they
have been modified or improved. Because of the extremely
large number of articles on the subject of rubber testing published
during these past 2 years, it has not been possible to make the
survey exhaustively complete, but it is hoped that all the more
important articles have been included.

GENERAL INFORMATION
During the past 2 years several review articles and books have

presented general information on rubber testing. The most im
portant sources of reference are the British monthly journal
Rubber Abstracts and the annual report.s for 1952 (54) and 1953

(55) on the progress of robber technology, which are issued by the
Institution of the Rubber Industry. Fisher (65, 66) has con
tinued his annual review on rubber science and technology, in
which he makes some reference to methods of testing rubber.
Gehman's paper (69) on developments in the physics of rubber in
chides several new types of tests, such as the use of ultrasonic
waves for tire inspection, and the use of sulfur-35 .for determining
the quantity of combined sulfur in a rubber compound. The
Division of Rubber Chemistry of the AMERICAN CHEMICAL
SOCIETY, under the editorship of Lerner (126), released the eighth
volume of the "Bibliography of Rubber Literature," which covers
the 3-year period 1946-1948. The editors expect to prepare
these 3-year volumes each year until they are current.

Kreuter (115) continued his series of review articles, which
began in early 1950, on testing methods used in the rubber in
dustry. In another article on recent developments Braber (25)
discussed the advantages and limiting conditions of laboratory
testing as an indication of the practical behavior of rubber prod
ucts. In a critical survey of rubber testing methods Millane
(144), explained the importance of conducting tests over wide
ranges of temperature, time, and stress. Several papers presented
at the Third Rubber Technology Conference held in London in
1954 were related to testing methods. Good reviews of this con
ference were given in the rubber trade journals (127, 149, 184).
Preprints of the papers have been made available, and the com
plete proceedings will appear later.

Committee D-ll (on Rubber and Rubberlike Mat.erials) of
the American Society for Testing Materials issued a revised
"Standards on Rubber Products" (2) and a supplement (3) to
the "ASTM Standards, 1952, Part 6." In these editions many
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of the older tests on rubber products have been revised and
some new ones adopted. The British Standards Institution
produced new issues of Part, 2 ("Methods of Chemical Analysis")
(29) and Part 4 ("Evaluation of Vulcanizing Characteristics")
(30) of its Specification 1613 on "Methods of Testing Raw Rub
ber and Unvulcanized Compounded Rubber." Brazier (27) and
Buist (34-) reviewed the progress made in recent years in the stand
ardization of rubber goods and of test methods, with special ref
erence to the work of the British Standards Insti,;ution and simi
lar standardizing organizations. Technical Committee TC 45
(Rubber) of the International Organization for Standardization
held a meeting in June 1953, which has been reported in several
places (33, /;1, 96,196). A number of the specifications for GR-S
and GH-I synthetic rubbers made in the United States have
been revised by the Heconstruction Finance Corp. (173).

Several reference books on rubber have been published during
the past 2 years. The most recent is "Synthetic Rubber," edited
by Whitby, Davis, and Dunbrook (241), which contains an excel
lent chapter by Juve (97) on "Physical Test Methods and Poly
mer Evaluation." Unfortunately, this book does not contain a
similar chapter on chemical test methods. However, Wood (247)
in his chapter on "Physical Chemistry of Hubbers" includes
various testing procedures such as the quantitative determination
of bound styrene in GR-S synthetic rubber. Howland's chapter
(91) on "GH-S Latex" describes some tests used in the evaluation
of the latex. Stern's recent book (210) on "Hubber: Natural
and Synthetic" includes a chapter on the testing and analysis of
rubber. Frey, in his book on methods of chemical analysis of
rubber mi.-xes (68), not only describes methods previously pre
sented in the literature, but also adds his comments on methods
with which he has had personal experience.

A loose-leaf binder book entitled "Technically Classified Hub
bel''' has been issued by the )I'atural Hubber'BUreau (148), which
reprints informa'~ion from various sources. Included in this
book are the News Sheets and Users' Information Circulars on
technically classified rubber, which are issued from time to time
by the International Hubber Hesear~h Board. The American
Society for Testing Materials has issued a special. technical pub
lication (.1) which includes all the papers presented at a Sym
posium on Recent Developments in the' Evaluation of Natural
Rubber, held in Kew York in June 1952.

Noble revised and greatly enlarged his book, "Latex in Indus
try" (158), which was first issued in 1936 and has long been out of
print. It contains all the proeedures used in the chemical and
physical testing of latex. The It. T. Vanderbilt Co., under the
editorship of Winspear, has prepared a handbook on latex (246)
which includes many latex-tesl,ing procedures.

Flory's "Principles of Polymer Chemistry" (67) does not pre
tend to be a textbook for the physical and chemical testing of
rubber or latex, but it is such an excellent book that any tech
nologist connected with the field of rubber should be familiar
with it.

CHEMICAl, ANALYSIS

The application of absorption spectroscopy to the analysis of
rubber compounds has been described by Kendall and Davison
(103), including the theory and the instrumerital' technique of
both ultraviolet and infrared spectroscopy. The ultraviolet is
most useful for estimating accelerators or antioxidants in rubber
or combined styrene in a copolymer, while the infrared can be
used for polymer analysis, as atomic groupings can be identified
in situ in the polymer when prepared either in film form or in
solution. A later paper (4-7) emphasizes the general identification
and estimation of a wide range of elastomers by infrared tech
niques.. However, because polymers are usually not easy to
identify by conventional infrared techniques, Harms (78) and
Kruse and Wallace (117, 118) found that a preliminary pyrolysis
aided in the identification. Only a few drops of the pyrolyzate
are necessary either for direct examination or as a solution in
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carbon tetrachloride. Richardson and Sacher (177) used infra
red examination to determine quantitatively the different types
of addition which take place when isoprene is polymerized. Iden
tification of polymers from their pyrolytic products has also been
made by mass spectrometric analysis. Using this method,
Zemany (252) requires only a few tenths of a milligram of sample
for the analysis,

Using methods based on the thermal decomposition of a
poly'mer in a stream of nitrogen over superheated carbon, fol
lowed by the iodometric titration of the carbon monoxide formed,
Unterzaucher (234) was able to' make precise determination of
the oxygen content. Kirshenbaum and Streng (108) compared
the method of Unterzaucher with that of Grosse and Kirshen
baum (74), which makes use of isotopic principles, and found that
the latter method yielded more precise results.

Meeks and coworkers (141) improved the existing gravimetric
methods for determining rubber hydrocarbon in rubber-bearing
plants. Comminution of the plant is accomplished by crushing
between corrugated and smooth rolls, so that all the plant cells
are ruptured and rubber is completely extracted. The bromina

,tion procedure is then followed. For determining gutta or rub
ber hydrocarbon in plants, Doman (63) developed a nephelo
metric micromethod which he believes to be superior to the usual
gravimetric procedures. Salomon and coworkers (187) improved
an old method for determining the amount of rubber in asphalt.
A prolonged extraction with higher boiling solvents dissolves out
the rubber, which is then made to react with a large quantity of
sulfur. The rubber content is then determined from a sulfur
analysis of the purified ebonite formed. The Rubber Hesearch
Institute of Malaya (186) states that the only accurate method
for determining the dry rubber content of natural latex is to weigh
a representative sample, coagUlate it, dry the coagulum under
specific conditions, and weigh the dried coagulum.

Linnig and coworkers (132, 133) presented a scheme for the
analysis of gross chemical constituents of uncompounded GR-S
synthetic rubber by complete solution procedures using a single
weighed sample. The whole analytical procedure is less time
consuming than the extraction and other specification procedures,
but unfortunately cannot be used for vulcanized GR-S or for
GR-S containing gel.

Koide, Kubota, and Kuroi (111) compared various methods
fOf the determination of total sulfur in vulcanized rubber. They
report that the potassium hydroxide-potassium nitrate fusion
method and the sodium peroxide fusion method are the quickest
in manipulation but are less precise. Although the nitric acid
bromine oxidation-alkali fusion method is more precise than the
previous ones mentioned, it is still not so precise as the nitric
acid-bromine oxidationcnonfusion method recommended by the
ASTM. The latter method is also the easiest to manipulate.

Khoroshaya and Kovrigina (106) recommend a rapid method
for the determination of free sulfur. Its basis is the conversion
of the free sulfur in the rubber (by means of sodium sulfite) into
sodium thiosulfate, the combination of the surplus sodium sulfite
with formaldehyde, and the titration of the acid-neutralized
mixture with iodine. The whole procedure can be completed
in about 30 minutes.

Khoroshaya and others (105) recommend that for ash deter
mination in rubber a crucible be used which has an enlarged bot
tom surface of heat-resistant stainless steel. This crucible can
be brought rapidly to the combustion temperature and thus saves
considerable time. The authors recommend the procedure as
suitable for routine testing.

A detailed procedure is given by Kress (113) for the quantita
tive analysis of the ash in rubber with the Spectranal. A simul
taneous determination is made of the relative concentrations of
several elements normally found in the ash. An accuracy within
20% of the amount present is achieved, and the procedure is con
sidered to be practical wherever speed and convenience are of
greate; importance than absolute accuracy. Stern and Hinson
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(211) found that in the ashing of neoprene some of the zinc pres
ent is volatilized, and they recommend that for the destruction
of the organic matter a wet-oxidation procedure be used, si!TIilar
to that which is often employed for copper and manganese in
rubb@r.

Committee D-ll of the American Society forTesting Materials
(2,3) adopted two official methods for determining the "harmful"
dirt in rubber, which is defined as that portion of the "insolubles"
which does not pass through a 325-mesh screen. In method A,
called the hot oil method, a large sample of rubber is mixed in
hot oil and filtered hot through the screen. In method B, the
solvent method, a small sample is dissolved in a solvent and
the solution filtered through the screen. The former method is
much more rapid, but unfortunately is much more difficult to
manipulate. The methods are based on work done by a task
group in the American Society for Testing Materials (217) and
also by chemists at the Indonesian Rubber Research Institute
(84). Heinisch (82, 83) later surveyed the problem of contamina
tion of rubber by dirt and presented a critical discussion of the
subject.

Wyatt (249) described in detail a method for separating small
amounts of copper, manganese, and iron from each other and then
determining their concentration by optical absorption measure
ments. Several other very good procedures (12, 229, 233) relate
to the determination of minerals and other nonrubber constit
uents found in rubber and latex. Kidder (107) developed a
method for determining the degree of yellow coloring in raw
rubber latex films and crepes. The absorptions of the acetone
extract of the rubber at wave lengths of 360, 400, and 560 mIL

are combined by an empirical equation to give a measur~ of the
coloring matter in the sample. The test is claimed to be effective
even ·in the presence of considerable darkening due to the oxida
tion.

Rostler and White (179) have developed a procedure for the
analysis of rubber extender oils in terms of asphaltenes, nitrogen
bases, acidaffins, and paraffins, which can serve as a basis for stan
dardizing the oils used in the oil-extended GR-S synthetic rubber.
The Sun Oil Co. (219) suggests the classification of the oils as to
viscosity index, or viscosity gravity constant, which is a useful
measure of the nature of the oil in relation to its action in the
rubber.

An exceptionally large amount of work seems to have been
done these past 2 years on the identification and quantitative
determination of rubber accelerators and antioxidants. Bus
carons and Capitan (37) gave a series of comprehensive reviews
of analytical procedures for 90 important accelerators known by
their trade names, which they identified and classified according
to chemical structure. Blokh, Kulberg, and Golubkova (22)
described a method which can be completed in from 7 to 10 minutes
for detecting thiuram and mercaptobenzothiazole in rubber
mixes. Bauminger and Poulton (11) developed a colorimetric
method for determining 2-mercaptobenzothiazole, which is based
on the formation and evaluation of the red-brown color formed
by the reacti'on of its alkaline salt with the niCKel ion. .The R T.
Vanderbilt Co. (235) described four reagents and the colors
which they develop with the company's products.

Scheele and Gensch (189) described apparatus, procedures, and
chemical reactions, and presented tables and graphs for conducto
metric titrations of dithiocarbamates, tetramethylthiuram di
sulfide and monosulfide, .mercaptobenzothiazole, and diphenyl
guanadine.Hilton and Newell (87) developed a method for the
quantitative determination of dithiocarbamates and thiuram di
sulfides in rubber. As the latter is converted into the former
during cure, this method can measure the degree of conversion
of the accelerator at any stage of cure.

Kress and Stevens (114) identified a number of curing agents
in rubber products by 'ultraviolet absorptiometric analysis of
selective solvent extracts. They claim their procedure to be
more simple. specific, and sensitive than chromatographic pro-
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cedures. Interference of the common softeners and antioxi
dants is usually ~egligible. Tanaka (222, 223,~2f;5) made a spec
trochemical study 'of 12 commercial organic accelerators in the
ultraviolet before and after vulcanization -in order to determine
them and to estimate their proper distribution in rubber. The
behavior of some of these accelerators was also studied (224)
during various stages of vulcanization.

Brockand Louth (31) separated 24 accelerators and 12 anti
oxidants as to types, and made subsequent identifications by
physical measurements such as x-ray diffraction and ultraviolet
absorption. Fink and coworkers (64) developed procedures for
the separation of accelerators by elution chromatography. When
mercaptobenzothiazole is separated from interfering substances
such as antioxidants and tars, ultraviolet spectroscopy offers a
sensitive and specific identification.

Van Bloois (23,24) gave a popular description of the chromato
graphic separation of ingredients such as accelerators, anti
oxidants, and plasticizers from vulcanized rubber. Parker and
Barriman (161, 162) presented a scheme for chromatographic
identification of 32 accelerators and antioxidants. The acetone
extracted material is chromatographed on silica gel-Celite in
columns using a series of different binary solvent mixtures as de
velopers. When the extruded columns have been streaked with
the appropriate reagents, the positions of the zones, together
with the colors of the streaks, give a reasonably good identifica
tion. Later these same authors (163) extended the work to
include the mutual separation and identification of six alkyl
subs'tituted dithiocarbamates.

Hamazaki (77) found it possible to identify several accelerators
and antioxidants by tiltraviolet observations. He observed the
color change during development of the absorption band and the
color reaction of cobalt olea,te. 'Isayama (96) found the identifi
cation by copper sulfate solutJon more effective than by the cobalt
oleate. Weber (239) developed a rapid and reliable technique
for detecting accelerators by means of paper chromatography.
Quantitative estimations can also be made by this m~thod.

Hively and coworkers (88) found no interference from stearic
acid, SUlfur, paraffin, or rubber extract when they identified
antioxidants by ultraviolet spectroscopic techniques after separa
tion from one another by elution chromatography.

AGING AND DETERIORATION

Shelton, Wherley, and Cox (199) suggested that accelerated
aging at only one temperature cannot predict accurately the
aging characteristics of a stock, because at lower temperatures a
cross linking of the molecules predominates while at the higher
temperatures a chain-scission reaction is more likely to take
place. Juve and Schoch (98) stated that an extrapolation of
accelerated aging test data to room temperature requires a knowl
edge of the temperature dependence of the deterioration for the
particular material being considered. Youmans and Maassen
(250) tried to correlate room-temperature shelf aging with (1)
individual test tube aging at 70° C., (2) oxygen bomb aging at
70° C. and 300 pounds per square inch and (3) air bomb aging at
127° C. and 80 pounds per square inch. None of these tests
deteriorated all physical properties at the same rate, but the 70°
test tube method most closely simulated natural aging.

Pollack (168) believes that. the oxygen-absorption test pro
vides a more fundamental" and rapid evaluation of aging than do
the other types of test. The oven test gives undue weight to
aftervulcanization effects. The oxygen-bomb method does not
produce a constant rate of loss of physical properties during the
first few days; however, its 4- to 14-day rate should provide a
good evaluation of the rubber tested.

Kirshenbaum, Streng, and Nellen (110) applied the isotopic
method (74) of determining oxygen to the aging of rubber. This
method would probably yield results similar to those obtained
by measuring the oxygen absorption.
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Heinisch'3 work (80, 81) with an improved "rubberscope"
which heats natural rubber to 130 0 to 140 0 C. by infrared radia
tion shows that it is possible to determine within 20 minutes the
aging behavior of rubber during storage. 'When this instrument
is llsed in conjunction with plasticity measmements by the
Hoekstra steam plastometer, it is especially useful in determining
whether or not an excess of sulfuric .!lcid has been used as a coagu
lant or an excess of copper or manganese is present in the rubber.

Zuev and Kuz'minskir (253) found a close correlation between
heat aging and light aging. The Institut Franc;mi:; du Caoutchouc
(9,i) conducted some expeliments on the relative i~f1uence of dif
ferent wave lengths of radiation on the aging of rubber, and desig
nated It specific high-pressu.re mercury vapor lamp to be used in
the test apparatus to simulate the action of sunlight.

"\\'ork from I;wo different laboratories (99,231) has shown that
mBoterials can migrate from one rubber sample to another in the
same aging oven, and thus l'hange the aging characteristics of the
samples. Contamination may also take place from one set of
samples to the next set in the same oven, if the air in the oven
has not been exhausted in the meantime. An apparatus is de
sCTibed for converting existing air-eirculating bboratory ovens for
isolated aging of eight or more different eompounds.

Leigh-DugmoTe (125) g:Lve a eritical historieal survey of pre
vious investigations into the causes of ozone craeking of rubber.
Two distinet phenomena exist: the formation of cracks, and the
subsequent growth of the cracks. He also diseussed the methods
used for measuring the length and depth of cracks.

Meynard [md Madelaine (143) deseribed apparatus and tests
for assessing the effects of ozone on rubber mixes. They used a
discharge ozonizer to produce the ozone, the concentration of
whieh was determined by the iodometric method. Smith and
Gough (9301) studied ozone cracking by cinematography. They
developed a technique of time-elapse photomicrography, from
'which was obtained a dynamic pieture of j.he formation and
growth of the eraeks. Kalinsky and Werkenthin (102) applied
radiometric procedures to the evaluation of Burfaee cracking of
elastomers. The volume of the crack is meaBured radiometrieally
from the volume of a radioactive powder included within the
cracks. The use of radiations of different penetrability permits
discrimination between volume and surface area of the cracks,
the ratio of which is proportional to the average crack depth.
Creed, Hill, and Breed (42) developed an apparatus for the ac
celerated evaluation of ozone-protective agents.

Crabtree and Biggs (41) studied the cracking of stressed rubber
and found that it was caused not only by ozone but also by free
Tadicals which could be formed by the photolysis of peroxides in
the rubber.

Cooperative tests from nine different laboratories showed poor
agreement in results of tests of flex cracking :md crack growth on
the DeMattia machine (35). Some changes in the present ASTM
procedures are therefore recommended.

Hall, Conant, and :Liska (76) developed a satisfactory ap
paratus and method for testing the long-time aging of elastomers
under load. It more closely approximates service conditions
than do most of the aging tests that have bEen reported.

Schoon (192) described a method for determining the growth
rate of mold in raw natural rubber as a function of time. The
samples are kept at 98% relative humidity, and the area covered
with mold is measured every 24 hours.

Rogers and Heineman (178) reported that the conventional
methods used for determining the aging characteristics of foam
rubber offer little correlation and are not a true measure of the
service life of the product. However, an oxygen-absorption test
and a compression change aging test at lOO° C. appear to give
satisiactory evaluation of the aging of foam rubber in a relatively
short period of time.

LATEX

Latex testing methods were the subject of an article by van den
Tempel and Sinn (230), in which they attempted to correlate
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laboratory tests with the quality of the latex. The British Stand
ards Institution (28) in 1954 issued a revised edition of its book
let on the chemical and physical testing of rubber latex.

The soap titration method for determining the average par
ticle size of synthetic latexes has been modified by Cockbain (38)
so as to make it applicable to natural rubber latexes. The
method consists essentially of determining the distribution of an
added detergent between the rubber and the aqueous phases at
pH 6.0, the total detergent concentration being just sufficient
for the formation of micelles in the aqueous phase. Ogilby (159)
determined the latex particle size of both natural and synthetic
rubbers by making titrations conductometrically with electro
lytes at pH levels low enough to inactivate the soap stabilizers.
He also used electron microscopic' techniques, as did van den
Tempel (228), for measuring the particle size distribution.
Nisonoff, Messer, and Howland (157) used a method based on
Stokes' law, which involves the use of an ordinary laboratory
centrifuge. The method was shown to be valid by comparing
the results with those obtained with light and electron micros
copy.

In testing the mechanical stability of natural rubber latex by
the usual procedure, the rod-dipping method for determining the
end point has not proved very satisfactory. In order to improve
on the method Meyer (142) made successive dips into the latex
with narrow 80-mesh Monel screens, which were subsequently
removed and washed free of adhering latex. The end point
shows a rapid increase of adhering material. Because the usual
mechanical stability tests for natural rubber latex are not suit
able for the more stable synthetic latexes, Maron and Ulevitch
(137) developed a test which subjects the latex to a shearing force
exerted by a metal disk under load rotating in contact with a poly
ethylene surface. The amount of coagulum formed in a given
period of time is taken as a measure of the stability.

Broese (32) described the nature of thixotropy and gave de
tailed instructions for measuring it, making use of a Couette
rotation viscometer. Active fillers can be distinguished from
inactive ones, but the ammonia content partially evens out the
differences between latexes. Philpott and Sekar (166) described
a method for measuring the volatile fatty acids in natural rubber
latex. Resing (175) devised a chromatographic technique for
studying the undesirable colored pigments in natural rubber
latex.

Medalia, Townsend, and Grover (140) devised a unique method
for measuring the wet gel strength of coagulant-dipped films.
It employs an absorbent paper of low wet strength, impregnated
with calcium nitrate, as a base for the deposition of a latex film.
After the latex dipping the· film is rinsed in water, dried, and
tested on a tensile machine designed for high elongations and low
tensile strengths.

UNVULCANIZED RUBBER

Under this general heading are discussed tests applied to un
vulcanized rubber and also some tests on vulcanized rubber.
Only the tests on vulcanized rubber which are used to determine
the properties of the raw product or the characteristics of the
process of vulcanization are considered.

VISCOSITY AND PLASTICITY

Scott (194) gave an account of a conference held by the British
Society of Rheology. No single plastometer or viscometer can
meet all the requirements of the rubber industry. In the rota
tion type the rate of shear is limited and the problems of slippage
arise at the surfaces. The parallel plate type does not seem to
be as suitable for fundamental studies.

In another arlicle Scott (196) compared the rotation, extru
sion, and compression types of tests, and concluded that for
rapid plastometry the parallel plate compression test is the most
suitable, provided that the test piece is precompressed to a small
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thickness for quicker heating to the test temperature before the
load is applied. He also described the new Wallace modification
of the Hoekstra instrument and discussed the fundamentals of all
three types of instruments (193). The extrusion type does not
measure true plasticity because of slippage between the rubber
and the walls of the nozzle. The rotation type is the best suited
for research work because of the good control of variables.

Whorlow (242) also compared the three types of instruments,
and reported that there is no evidence of slippage in the Dillon
extrusion plastometer and that this instrument may have advan
tages for testing carbon black-loaded stocks. The shearing-cone
rotation viscometer is reported to be the best general-purpose
instrument. Ecker (57) and coworkers (58) described the opera
tions and gave references for the use of the Marzetti, Mooney,
Williams, and Defo plastometers. Baader (9) made an evalua
tion and comparison of test results with the Defo and the Wil
liams plastometers and concluded that the former has much bet
ter discriminating power for gradations of breakdown and is
faster in operation.

In a study of the Mooney viscometer Decker and Roth (49)
found that (1) viscosity readings decrease slightly as the depth
of serrations of the rotor increases, (2) the serrations are unneces
sary in testing commercial rubbers, (3) viscosity readings in
crease with an increase of either the thickness or diameter of
rotor, (4) the usual rotor speed of 2 r.p.m. is too high to charac
terize high-molecular-weight polymers, and (5) the amount of
surface slippage depends on the type of rubber and the type of
metal surface of rotor and die.

Decker and Stiehler (50) showed further that in a Mooney vis
cometer an integral die and die holder transfers the heat much
more rapidly than does the usual two-piece die arrangement.
The integral unit therefore leads to a more uniform and better
control of temperature conditions if the temperature is measured
in the dies. Decker (48) also described a procedure for adjust
ing the Mooney viscometer die closures, which has led to con
siderable improvement in accuracy and reproducibility in die
closure adjustments. Methods of adjusting and operating the
Mooney viscometer were also reviewed by Taylor and Veith
(227), who discussed the effects of die closures, calibration, tem
perature, dimensions of parts, and sample treatment. Braun (26)
stated that the velocity gradient in the plate and cone viscome
tel'S is not constant, as assumed by Piper and Scott, and he
gave a formula to correct for this error.

Fensom (62, 63) fOUJld that the Mooney viscometer discloses
much information on the structure of a high polymer. Evidence
is shown of a relationship between the time interval from the
start of shearing to the primary peak and the amount of free
branching in the polymer.

Scott and Whorlow (197) showed that lack of precision in the'
preparation of plasticity test pieces for the parallel-plate com
pression-type plastometers will give variable results of measure
ment, and they described the technique of preparing test speci
mens for the 'Williams and the Defo instruments. Linhorst
(129) designed a new compression plastometer which he claims
can be adapted to the testing of relatively hard or soft materials
by simply changing the temperature or pressure.

Bergen and Patterson (20) described a translational viscometer
which can be used for measuring rubber latex. They found that
latex of high solids content appears to be completely Newtonian,
while the latex of synthetic rubber of 28% total solids content
appears to be non-Newtonian.

VULCANIZATION

Stiehler and Roth (216) compared several methods recently
proposed for the evaluation of the rate of cure of Hevea rubbers,
and found essential agreement among (1) conclusions reached
from strain and modulus data, (2) changes in Mooney viscosity
during the initial period of vulcanization, and (3) measurements
of stress and elongation at failure.
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Veith (236) measured the state of cure of three classes of tech
nically classified natural rubber by several methods which in
volve stress-strain testing and Mooney scorch testing. All
methods placed the classes of rubber in the same order. The
cure rate was the slowest for rubbers having lowest nonrubber
content, and fastest for those having the highest nonrubber con
tent.

Cretin (43) found a negative correlation between the vulcaniza
tion characteristic of a natural rubber, as measured by modulus
test, and the dry rubber content of the latex; and a positive cor
relation between the modulus and the nitrogen content of the
latex. These correlations are at least true if the latex is pro
duced from the same general area and processed by a standard
method.

Whorlow (243) showed that rotation and compression plastome
tel'S give equivalent data in evaluating cure characteristics,
provided that allowance is made for any delay in the heating of
test specimens used for the compression test. Sperberg (206,
207) found that the relaxed compression set test provides data
which are highly indicative of a specific state of cure. Honda
(89) determined the time of scorching and the velocity coefficient
of scorching of rubber by measurements obtained with the
Griffith extrusion plastometer.

Taylor, Clark, and Ball (226) found that the presence of moist
ure, even in very small amounts, has an effect on the rate of cure.
Equivalent moisture contents may not have the same effect on
all compounds, and thus the presence of moisture may make diffi
cult the task of evaluating the curing characteristics of a rubber.

GRADING AND EVALUATION

Sears and Miller (198) of the Rubber Manufacturers' Associa
tion prepared a booklet which describes the RMA-type samples
of crude natural rubber, and discusses purchase of natural rub
ber on the basis of visual inspection only. Vervloet and Noot
hout (238), however, recommend that the RMA types of rubber
be classified further as to superclean, clean, and general purpose,
depending on the amount of "harmful" dirt present in the ·rub
bel'. LeBras (124) says that the producers know how to produce
a more homogeneous rubber, but are not now doing so because
their rubber would not fit into the present visual classification
scheme of the association. The more recent technical classifica
tion scheme was therefore designed and adopted as an inter
mediate stage between the appearance and performance criteria
as a basis for marketing rubber.

Several articles (5, 13, 150, 151,185, 251) in the past 2 years
have summarized the methods of technically classifying crude
natural rubber and the progress which has been made. The
International Rubber Research Board has continued its two
series of publications, the News Sheets (152, 153, 154) and the
Users' Information Circulars (155, 156), in which they keep rub
ber technicians informed on technically classified rubber. The
three classifications based on Mooney viscosity were dropped, and
the rubber is now graded only by its tensile properties (153).
High-elongation modulus tests were found to be not as repro
ducible as low-elongation tests when compared under highly dif
ferent climatic conditions (153), and .modulus testing has since
been shifting toward the lower elongations. Because of com
plaints from consumers that the properties of the classified rub
bers too often fall outside the specification limits, these limits
were changed so that now on the average no more than 1% of the
rubber will be misclassified (154).

Vervloet (237) and Arentzen and Zeehuisen (6) report that
interlaboratory variations in test results are very small in the
tropics, even for unconditioned samples, but the results may be
very different from those obtained in the cooler laboratories of
Europe and the United States. These differences may actually
cause a shift in the classification of the rubber. For this reason,
it is advisable to have a standard natural rubber available in all
testing laboratories, so that adjustments can be made in testing
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procedures which will place all the laboratories on an equivalent
basis. McColm (134) showed that a standard uniform rubber
could be made.

Wood (248) found large permanent increases in Mooney vis
cosity of the order of 30 or 40 units when f.reshly prepared raw
natural rubber is stored under conditions of low relative humidity,
especially below 30%.

VULCANIZATES

STATIC TENSION AND COMPRESSION

Gehman and Clifford (70) employed the Instron tester to ex
.plore new opportunities for the evaluation of .rubber on the basis
of stress-strain characteristics. The instrument was found to be
excellent for research work, but not so adaptable to routine
testing.

Cooper and Kersker (40) described a technique of preparing
tension-testing samples of such high quality that there should be
very little chance of low tensile results caused by faulty speci
mens. Labbe and Leeper (121) described a precise method for
determining the width of a dumbbell test specimen used for ten
sion testing. It requires the measurement of the thickness of the
specimen by the usual type of gage, the weight of the sample,
and the specific gravity of the rubber. According to Best (21),
the molded strain test specimens used in the B.R.P.R.A. tester
are likely to vary in cross-section area, and a simple method is
given for correcting the resulting errors. Koide, Kubota,' and
Shinoda (112) recommend that in determining the "best" value
for tensile strength the average of the four highest values be used
when five specimens are tested, and when three specimens are
tested the average of the two highest be used.

A simple device was described oy Stafford (208) in which a steel
spring of known characteristics is used as a "t,est piece" for cali
brating the tensile testing machine. It enables a complete cali
bration under actual operating conditions. Stubbs (218) de
vised self-closing grips Of the wedge type, which are used for hold
ing' rubber sIlecimens in tension-testing instruments. Eller,
Gondek, and Chatten (60) modified and improved their earlier
machine for buffing vulcanized rubber specimens to uniform thick
ness before testing. It is claimed that rough strips of rubber can
be buffed in this machine to a predetermined thickness with an
over-all tolerance of 0.001 inch.

A recording stress relaxometer has been devised by McLoughlin
(135), which automatically maintains the strain in the sample
comtant to within 0.001 inch during the complete relaxation of
stress. Labbe and Phillips (122) developed an instrument for
determining the rate of relaxation under compression or shear.
It C:1n also measure the recovery after partial or complete release
of the load. The instrument can be used in the temperature
range from -70 0 to 158 0 F.

From a mathematical examination of the influence of cross
sectional dimensions of test pieces of rubber used in testing for
torsional deformation Gent (73) recommended that the test
pieces be either square or cireular in cross section if precise meas
urements are desired for the modulus of rigidity.

DYNAMIC PROPERTIES

The Goodrich flexometer was studied by Labbe (120), who
found that the lack of reproducibility among laboratories is prob
ably caused by the failure to adjust precisely the throw deflec
tion of the test specimen. Actually, a change in load has less
effect on the temperature rise' and permanent set than any other
single factor studied. Stechert (209) described a simple test
for flexural rigidity. He also found that the testis sensitive to
small differences in flexibility.

Davies (45) described a new testing machine which records
autographic hysteresis loops and has an exceptionally broad fre
quency range. He found it very useful in studying the effect of
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frequency on the behavior of rubber under cyclic deformation.
Davies (46) also pointed out that the two terms in current use
for specifying hysteresis, "percentage damping" and "resilience,"
are complementary only if the hysteresis loop starts from zero
strain. When a cycle is superimposed on a static strain, the
terms are no longer complementary.

Kainradl and Haendler (101) classified fatigue tests, and
stated that the rating of rubber compounds for heat build-up
and fatigue life depends on the conditions of dynamic stressing,
whether comparisons are made at constant amplitude or constant
dynamic load. Dynamic measurements at room temperature
are not adequate t:> predict heat buildup .because of dependence
of dynamic properties on temperature and amplitude.

Ecker (56) made a survey of instruments used for dynamic
vibration testing, and described a new apparatus which enables
measurements to be made of the plastic-elastic behavior of high
polymers in the elastic range. Ourednik (160) designed an ap
paratus in which a cylindrical specimen is subjected to periodic
compression, and the heat generated in the sample is measured.
Gehman and Clifford (71) constructed a machine which they
used to study the fatigue of rubber when subjected to biaxial
strains of controlled amplitude and phase relationships. It was
thought that this type of test would more nearly compare with
service conditions than the relatively simple extension and re
traction cycle usually used in laboratory testing.

A rotating drum camera was used by Muster and Volterra
(147) for recording impact loading deformations. The camera
records displacement-time data for short cylindrical specimens
of rubberlike materials which ani subjected to compressive impact
loadings which last from 0.005 to 0.02 second.

HARDNESS

Kruse (116) and Royo (180) discussed problems in connection
with the hardness testing of rubberlike materials and made tenta
tive suggestions for finding a common basis for a uniform method
of test which could be applicable to all types of materials.

Lichtman and Chatten (128) described a modification of the
Admiralty rubber meter, which is particularly well adapted to
precise measurements at low temperatures. A new benchctype
hardness meter (93, 181) has been announced in which a dead
load is applied to a spherical indentor by weights, not springs.
An electric vibrator is built into the base to prevent friction and
sticking inthe machine. Several new ~eters (1, 182, 183, 191,
221) have been developed which measure the hardness of foam
or sponge rubbers.

ABRASION

The abrasion properties of vulcanized rubber have been the
subject of considerable review and discussion (61, 100, 174, 188
190, 202, 203).. In general, the authors have dealt with the dif

·ferent types of testing machines; the comparison of their results
with actual performance; the various factors which affect wear,
such as temperature, coefficient of friction, and the hardness and
elastic modulus of the rubber compound; the reproducibility of
results; and the mechanism of abrasion. Kainradl (100) does
not believe that a new type of abrasion instrument is needed, but
that the present methods of test should be refined and better
methods of interpreting their results found. Scheele and Hillmer
(190) point out the nece~sityof making many more than the usual
two to five individual abrasion tests on a particular compound in
order to obtain a reliable average of the results.

-Schallamach (188) developed an abrasion test in which he
makes use of a needle bearing on a cylindrical test piece. The
nature and direction of the abrasion patterns are examined micro
scopically and evaluated. Herzog and Burton (85) described a
new machine which incorporates a rotating disk with an emery
paper surface against which the rubber samples are abraded.

Powell and Gough (169) described in detail the modification
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of a constant-slip machine so as to make it conform with the
constant-power principle. Baird and Svetlik .(10) came to the
conclusion that in order to correlate laboratory data with road
tests the severity of service must be known.

Several investigators- (52, 92; 172, 204, 240, 244l'studied the
wear on rubber and its relation to friction. Ratner (172) con
cluded that the index of wear depends on the load and is inversely
proportional to the friction coefficient of rubber. He also stated
that the coefficient of wear is constant for a given type of rubber.
Denny (52) believes that at very low loads the friction is very
nearly proportional to the load, while at very high loads the
friction remains'practically constant because the contact between
the specimen and the track is complete. Wilkinson (244) de
scribed and illustrated a new method for evaluating the fric
tion behavior of tire tread compounds.

ADHESION

Methods and conditions of adhesion testing were outlined and
discussed critically by Swire and Hardy (220) and the common
faults in the preparation of test specimens were shown.

Eller (59) described an inexpensive attachment to the Scott
tensile tester which will measure the force required to separate a
rubber strip from a metal base, the separating force being applied
at right angles to the base. An autographic record can be made
of the adhesive strength over the whole length of specimen.
Pickup (167) developed a machine having ahigh natural fre
quency and appropriate damping in order to measure and record
the fluctuations which take place in the usual constant-speed
stripping tests.

LOW-TEMPERATURE TESTING

The literature on low-temperature test methods has been re
viewed by Laurent (123), who discusses the testing for brittleness
and for stiffness. Buist and Stafford (36) draw attention to the
effects of continued exposures of elastomers to low temperatures
over long periods of time. It must be remembered that .crystal
lization is a function of time. Radi and Britt (171) made some
low-temperature retraction studies of natural and synthetic rub
bers over a wide range of temperature. They measured retrac
tion at constant temperature, and plotted the percentage of re
traction against the temperature at which retraction oCCUrs. A
deviation or dip In the curv.e from ,the sigmoid is an indication
of the rate of crystallization at a specific temperature. It is be
lieved to represent optimum thermal conditions for crystallization.

Labbe (119) studied hardness testing of elastomers at low
temperatures using various instruments, and concluded that the
spring-actuated instruments are desirable because they allow in
stantaneous readings. The Pusey and Jones and Olson instru
ments gave friction between moving parts at these low tempera
tures. ~ appears that the Materials Laboratory (modified
British -Admiralty) Indentometer is the most satisfactory of the
dead-weight hardness testers for use at low temperatures. Morris
and' Barrett (145) find that hardness tests made on vulcanizates
after conditioning for short periods of time at low temperatures
are not always a true measure of the ·hardness which the vul
canizates will attain in the Arl)tic.

Sinclair and Griffis (200) describe the use of-a modified Gehman
torsional apparatus utilizing. a liquid medium that measures ac
curately and rapidly the relative stiffening of rubber and rubber
like materials at low temperatures. Conant'(39) finds that the
different tests show good agreement in the temperature region of
greatest technical importance, where the rubber is changing from
the ordinary flexible state to a hard stiff material.

Marei (136) developed a procedure for obtaining the vitrifica
tion temperature of a rubberlike material by measuring the defor
mation of a polymer under compression. Belfer (19) found that a
quick-acting wrench compression-set apparatus was superior at
low temperatures to the screw-type apparatus for measuring
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shortr-time (10 seconds) compression set with respect toduplica
tionof results, accuracy, and ease ofmanipulation~

TIRE TESTING

Williams and- Clifton (245) gave a broad review of the newer
techniques used in tire testing, in which they included indoor
machine methods which attempt to simulate conditions on the
road. Kern (104) stated that in order to have good abrasion
properties the work of friction should be low, and he discussed
techniques for measuring the work of friction in the evaluation of
abrasion. Stiehler (212,214) described ne'w apparatus and meth
ods used at the National Bureau of Standards for the testing of
automobile and truck tires. Tests are made for (1) power loss
and running temperature, (2) endurance or fatigue resistance,
(3) energy of ruptu're (plunger test), (4) growth of tread cuts
or cracks, and (5) tire life (road tests). A new machine is being
developed which is designed to evaluate endurance, running tem
perature, cut growth, and tread' wear in a single test. 'Stiehler,
Richey, and Mandel (215) described a method for'measuri'ng the
tread wear of commercial tires, in which the tires are weighed at
intervals of wear. Reliable results are obtained from ~his

method after 4000 to 6000 miles of operation. Their tests are
designed statistically so' as to compensate for inequalities of the
wear of tires on different wheels. Comparisons of this weighing
method are made with the method which measures the depth of
groove. The former method will give r~liable' results with a
small number of miles .on the tire, whiie the latter method will
not. Prat (170) compared Stlehier's method with two other meth
ods and stated that all methods necessitate strict disCipline if
reliable results are to be obtained.' ,

Morris, Stambaugh, and Gehman (146) gave a detailed de
scription of an ultrasonic, method of tire inspection. Internal
flaws such as ply separation can be detected by measuring the at
tenuation of high-frequencysound transmitted through the' tire.
Horning (90) described and illustrated a portable instrument
which measures tire temperatures within 2 to 3 seconds. The
reading is claimed to be accurate to within 0.1 0 F., and the opera
tor has «ontrol ove!: the depth which the needle thermocouple is
inserted into the tire. Axe (8)' described some tests and the re
frigeration methods used by the Dunlop Rubbl;lr Co. for low
temperature tire evaluation.

MISCELLANEOUS

A rapid method for measuring the specific gravity of rubber
compounds, described by Gundavda (75), is 'claimed to be very
good for routine measurements. It makes use of a ~ube of liquid
with a density gradient. Sucl;! tubes are easily prepared, and the
density gradient remaiJ;J.s stable for many weeks, , Linhorst (130)
devised a new gravitometer which employs water and two springs
for measuring the specific grivity of rubber compounds. Its
speed and accuracy make it useful as.a routine laboratory testing
instrumept.

Reynolds (176) constructed a special test cell using standard
ASTM electrodes for measuring ,the dielectric ,strength of small
specimens of elastomeric materilj,ls in air. The cell is constructed
so that samples can be measured in a stretched or unstretched
state. Pfestorf (165) makes use of conductivity measurements
of rubber compounds to check the composition in the factory.
The method is not only accurate for its purpose, but also very fast.

Patton and Hatfield (79, 164) made use of ultrasonic techniques
to detect air films as faults in tires. Ultrasonics can also be used
for measuring rubber thickness when only one side is available.
Low frequency waves are used because of the high absorption of
rubber and the scattering caused by the fabric. Heughan and
Sproule (86) found that bond flaws and voids inside a flat-bonded
specimen can also be detected by ultrasonic waves as long as the
specimen is strained. Spath (205) also described the value of
ultrasonic techniques in determining flaws in tires and in metal
bonds.
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Todd and Tramutt (232) developed a flame photometric de
te:rmination for the rubber solids deposited on cords and fabrics.
The method is based on following the sodium content of the
system.

Czuha (44) described and illustrated a method for measuring
the air permeability by diffusion tests, using a modified
Warburg diffusion apparatus. Kirshenbaum, Streng, and Dunlap
(109) described an isotopic procedure and apparatus for the rapid
and accurate measurement of the permeability of gases. through
elastomers. They made use of radioactively labeled gases con
taining carbon-14. Auerbach and Gehman (7) employed radio
active sulfur-35 isotope in a new method for measuring the solu
bility and diffusivity of sulfur in rubber. By this method bloom
ing characteristics may also be studied.

Geldof (72) presented an illustrated review and discussion of
methods used for measuring physical properties important in
evaluating the qualities of rubber soles, heels, and shoes.

Martin (138) studied the control of errors in physical test cal
culations in the rubber laboratory by introducing the statistical
quality control system. The success of the method was shown
by the gradual reduction of the incidence of errors over a period
of time and a remarkable stability in the level from week to week.
He also showed (13,9) how simple statistical quality control charts
may be used to control the variability in results arising from
mixing, compounding, vulcanizing, and testing.

Linnig, Mandel, and Peterson (131) devised a plan for studying
the accuracy and precision of an analytical procedure. They
illustrated their plan by the application of analytical tests on
synthetic rubber. It involves the segregation of relative-type
and constant-type llystematic errors.

Stiehler (213) has shown that statistics has become a very
important tool in the testing of rubber.. It should be used in (1)
planning and designing the experiment, (2) assessing the validity
of data, (3) interpreting the experimem;al results, and (4) com
paring the relative merits of the methods of test.
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Petroleum I
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THE following review of advances in analysis in the field of
petroleum covers the literature from the previous review

(105) until approximately the middle of 1954.

CRUDE OIL

Karr, Weatherford, and Capell (91) demonstrated that un
diluted crude oil can be chromatographically fractionated on acti
vated alumina or activated bauxite, obtaining fractions which
are sulfur concentrates, sulfur- and metal-free paraffins, paraffins
naphthene mixtures, aromatics, and an asphaltic fraction in
which the vanadium content was concentrated twenty-fold.
Pentane, benzene, and alcohol-benzene (1 to 3) were used as
eluents. Putscher (150) separated olefins from Peimsylvania
crude oil by silica gel adsorption and distillation, lending support
to his previous finding that absorption at 10.3 microns is due to
olefin;; which serve to characterize products from this crude oil.
Adams and Richardson ·(3) employed efficient reduced pressure
distillation to collect 61 fractions of a crude oil in which a trace
of biphenyls was identified in two of the fractions by their radi
cally different ultraviolet absorption spectra. Coons (25) re
moved metals from crude oil by filtering' the reaction products
of treatment with' fluorosulfonic acid. Dunning, Moore, and
Denekas (35) employed solvent extraction and chromatography
to isolate porphyrins which were recognized by their absorption
at 495, 530, 565, and 615 mIL. Stanfield (167) determined oil in
lean oil shale by heating a 3-gram sample for 5 minutes at 600 0 C.
Cuttitta (28), also employing a small sample of shale, deter
mined oil potential from the absorption (420 mIL) of a toluene solu
t.ion of its pyrolysis products.

GAS

Wirth (191) determined ethane, ethylene, and acetylene from
the decrease in gas volume when the mixture was exposed to
activated charcoal containing bromine in small excess; below
-780 C. only ethylene reacted; at 0 0 C. acetylene reacted.
Chawla (21) determined ethylene in the presence of acetylene
by shaking with a solution of potassium iodomercurate to ab
sorb the acetylene and then absorbed the ethylene in mercuric
sulfate-sulfuric acid reagent. Brickell (15) determined moisture
in natural gas by extraction at high pressure with ethylene glycol
and titration of the solution with Fischer reagent.

Katz and Barr (92) determined olefins in hydrocarbon gas
mixtures by a direct gas-with-gas titration technique, using pres
sure measurements to determine titer and end point with halogen
gas reagents. Madley and Strickland-Constable (120) ,described
an apparatus for analyzing as little as 20 cu. mm. of a gas ~nix

ture, employing solid absorbants held in stopcock bores. Legat
ski, Tooke, and Grundy (103) determined butanes and heavier
alkanes in natural gas from the equilibrium pressure of 40 volumes
of gas sample and 1 volume of n-octane at 37.8 0 C. Newton
(137) extended the method of Hinden and Grosse to 'determine
noncondensable impurities in condensable gases by mass spec
trometry with neori as internalstandard; the method can be used
also to determine condensable impurities in noncondensable gases,
where the choice of internal standard is wider. Klein and
Struthers (98) determined naphthalene in coke oven gas by scrub
bing with cyclohexane and 'measuring ultraviolet absorption of
the solution at 309, 311.5, and 318.5 mIL, as little as 0.001 % being
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determined. James and Phillips (81) described ,apparatus and
method for analysis and separation of volatile substances by
adsorption and partition chromatography. Charcoal was used
in the adsorption column and dibutyl phthalate on Celite in the
partition column. For liquids, a stream of nitrogen was bubbled
through the sample and the saturated gas was then passed
through the column. Adsorbed vapors were displaced by bromo
benzene, higher boiling vapors displacing lower boiling ones to
produce a series of ,peaks as the displaced components are de
tected by a thermal conductivity recorder. This method, which
appears to have great possibilities, requires only a few centigrams
of sample. Etienne (43) determined traces of propylene in, gas
by conversion to isopropyl alcohol using mercury-catalyzed
sulfuric acid, oxidation of the alcohol to acetone by chromic acid,
and condensation of. the acetone with furfural to a red reaction
product whose color,'is the basis of.the determination. Baldwin
and Daniel (7) described an apparatus for determining,solubility
of gases in gasoline and kerosine by saturating the liquid with the
sample and subsequently determining the dissolved gas.

GASOLINE

TiIleheev and Okinshevieh (173) determined the' aromatie
content of liquid fuels from the rise in freezing point of a cyclo
hexane solution of the sample upon treatment with corrcentnited
sulfuric acid; less than 1 ml. of sample is required. Williams,
Hastings, and Anderson (190) described an infrared method' of
analysis for determining individual alkyl ,benzenes through C IO
and reported compositions of typicafrefinery aromatic stocks.

Norris and Coggeshall (138) determined classes of C. and C IO
aromatics in gasoline distillation fractions by multicomponent
ultraviolet absorption analysis based on the similarities of spectra
of the individual members'in each Class of aromatics-namely,
monosubstituted, ortho- and meta-substituted, arid para-sub
stituted. Only fair accuracy is claimed for the individuaJ classes,
but good accuracy was obtained for'the total C. and CIO·aromatic
content. Interferences in thermally and catalytically cracked
gasoline were 'first 'removed by treatment with alkaline per
manganate. Bomstein (14) determined total aromatics in n!.tph
thas by measuring the area under the infrared spectrogram from
5.00 to 5.85 microns; he claims advantages over acid absorption,
ultraviolet absorption, and Raman and mass spectrometry.
Pasquinelli (141) determined aromatics in a wide variety of
petroleum fractions boiling below 600 0 F. by the reduction in
hydrocarbon volume that occurs when the sample is shaken for
2 minutes with a 22% solution of anhydrous picric acid in nitro
benzene. Harvey and Pearson (65), applying a method similar
to that of Criddle and LeTourneau for determination of aromatics
and olefins in petroleum distillates, 'found it advantageous to use
bisdiphenylene-ethylene as silica gel adsorption indicator for
aromatics with less than 9 carbon atoms and carotene for those of
higher carbon content. Dienes blur the boundaries between
hydrocarbon classes, but their interference vias eliminated by
refluxing the sample with maleic anhydride and eliminating the
adduct before applying the chroII).atographic procedure. Shively
and Morello (158) described a mass spectrometric method for
determining most of the individual aromatic hydrocarbons from
C6 to C•.

Polishuk, Donnell, and Wood (145) modified Rampton's de-
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hydrogenation method (1LiP) for determining cyclohexane-type
naphthenes in petroleum naphtha to ensure a highly active cata
lyst; dearomatization was accomplished by acid absorption
followed by silica gel percolation to eliminate sulfur contaminants
before dehydrogenation. :f'riedel, Logar, and Shultz (50) deter
mined hydrocarbon types in C6 to Cs fractions by mass spectrom
etry, subdividing the naphthenes into derivatives of cyclo
pentane and cyclohexane with subclasses of mono- and poly
substituted cyclopentanes and cyclohexanes. Sobcov (164) ex
tended the mass spectrometric method for type analysis of gaso
line and kerosine to determine ratios of normal paraffins and iso
paraffins after preliminary di:,tillation of the sample and prepa
ration of a saturated portion by acid treating. The method is
based on the difference in abundance ratio of fragment to parent
ions for paraffins and isoparaffins. Lumpkin, Thomas, and
Elliott (1 I,f) determined paraffin, naphthene, aromatic, and con
densed-ring naphthene hydrocarbons in samples of low olefin
content by a modification of Brown's mass spectrometric method
for hydroearbon-type analy,si,l of naphthas. The method is
based on the abundance of groups of peaks which characterize
the eompound types. Rampton (1.52) discussed the utility
and limitations of methods for type analysis of hydrocarbon
fuels. l\lelpolder, Brown, Young, and Headington (127) em
ployed a combination of many modern techniques in analyzing
a naphtha from fluid catalytic cracking and presented a very
comprehensive composition analysis. Sobcov (163) concluded
from a consideration of the application of matrix and IBM tech
niques to the analysis of a naphtha fraction (28 0 to 110 0 C.) that
fractionation by distillation into at least four cuts is necessary and
the largest useful matrix is of the fifteenth order.

Meyerson (129) determined benzene, cyclohexane, and methyl
cyclopentane in a C6 distillation fraction by mass spectrometry
from the peaks at mass number 78, 84, and 69, respectively.
Hammer and Roe (62) described optimum conditions for deter
mining cyclohexane in petroleum concentrates from the in
Irared spectrum at 11.0 to 12.0 microns. De Malde, Mussa,
and Nebbia (83) determined tracE'S of divinylacetylene in acrylic
nitrile from the turbidity produced by its reaction with mercuric
sulfate in dilute sulfuric acid and by its strong absorption in the
infrared and ultraviolet.

Das (SO) determined some ethylene compounds by reaction
with mercurie acetate and nonaqueous titration of the excess
reagent. Porter and Wood (146) showed that nitrogen tetroxide
is not a satisfactory general reagent for the determination of
olefins because the yields of crystalline reaction products are
often low and sometimes oily messes are obtained instead of
crystalline products. Liu and Chu (110) proposed a double
bond index, derived from refractive index, molecular weight, and
hydrogen content of the sample before and after hydrogenation;
they claim the method useful for identifying types of aromatic or
olefinic hydroearbons in petroleum fractions. Kazanskii,
Rozengart, Sterligov, and Tarasova (93) proposed a new formula
for calculating aromatic hydrocarbons from specific dispersion,
as in their view existing formulas are unsatisfactory because of
deviations from additivity of dispersion.

KEROSINE AND REAVIER FUELS

Ward, Moore, and Ball (180) distinguished among straight-run,
catalytically cracked, and thermally cracked fuels by the color
produced upon shaking the sample with a mixture of phosphoric
and :3.cetic acids. Charlet, Lanneau, and Johnson (20) employed
a combination of chromatographic, infrared, and ultraviolet
absorption techniques in conjunction with molecular weight
and carbon-hydrogen determination to determine polynuclear
aromatic hydrocarbons in heavy gas oils. Hess and Arnold (70)
separated naphthalene and more highly condensed systems from
monocyclic and alkylated monocyclic ll,romatics in cycle gas oils
by reaction with tetrahalophthalic anhydride to form a solid
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adduct. Eby, Priestley, Rehner, and Hall (39) proposed five
physical-chemical methods for determining polycyclic aromatic
hydrocarbons in high boiling petroleum products to provide non
biological methods for predicting carcinogenic activity. These
methods include ultraviolet absorption of a 343 0 to 538 0 C. cut,
ultraviolet absorption of an aqueous caffeine extract of the sample,
refractive index of an aromatic fraction isolated by adsorption on
silica gel, and polarography. Cromwell, Rescorla, and Milsom(27)
correlated drum storage stability of fuel oil with a laboratoryoxida
tion test from which samples are periodically taken and insoluble
gum is determined from the color of deposits on a pad through
whieh the sample. was vacuum filtered. McLaughlin and Mc
Clenahan (118) showed that n-paraffins containing 14 or more
carbon atoms may adduct with thiourea, contrary to opinion that
only branched paraffins will do so.

LUBRICATING OIL

Waterman and Booy (181) discussed graphical tracing of re
actions of hydrocarbon mixtures and its relation to various ring
eoncentrations and other ring properties. Martin and Sankin
(123) presented a graph for calculating the average number of
aromatic rings and the number of naphthene rings per molecule
in aromatic hydrocarbon concentrates obtained by silica gel
adsorption or solvent extraction. The determination of rings was
based on density, specific dispersion, and molecular weight, the
latter being derived from viscosities or density and midboiling
point. Francis (49) employed infrared absorption for structural
group analysis of high moleular weight saturated hydrocarbons;
he reports methyl, paraffinic methylene, cyclopentyl, and cyclo
hexyl groups. Hazelwood (67) modified the method of Martin
and Sankin for determining aromatics in petroleum concentrates
by employing a new factor-density intercept-to permit use of
refraetive index instead of the more difficultly determined specific
dispersion. Dunkel, Ford, and McAteer (34) employed chroma
tography to characterize petroleum oil extenders for synthetic
rubber and to estimate asphaltene, nonaromatie, aromatic, and
polar eonstituents.

Poti, Gent, Pomatti, and Levin (147) determined small
amounts of a hindered phenol (4-methyl-2,6-di-tert-butylphenol) in
unused and used lubricating oils from infrared absorption meas~

urements at 11.63 microns before and after heating the sample to
eliminate the additive. Woelfel, Good, and Neilson (192) deter
mined traces of furfural in lubricating oil by extraction with
aqueous sodium bisulfite, oxidation of the extract with iodine,
and subsequent colorimetric determination of liberated furfural
from its red reaction product with aniline.

Abe (1) described an apparatus for determining dielectric
constant as a measure of water in oil. Stringer (169) described a
humidiscope for determining water in oil. It depends on the
pressure difference resulting from the diffusion of water vapor
from the sample in one chamber to a desiccant in another.
Meelheim and Roark (126) improved the method of Roberts and
Levin for determining water in oil and grease by modifications in
the distillation apparatus and substitution of toluene for benzene
as azeotrope former.

Evans and Matthews (44) concluded from a study of methods
for determining size of insoluble particles in used crankcase oils
that results from direct measurement on photomicrograph,
sedimentation under gravity, and centrifugal sedimentation are
in good agreement. Clark, Mueller, and Culmer (22) found a
definite relationship between optical properties (320 to 650 mJL)
and chemical and physical data which in used lubrieating oils
indicate extent of oxidation and deterioration through use.
They found that the slope of the optical curve is agood indication of
the stability of the oil. Cookson, Coppock, and Schnurmann (24)
determined the degree of refining of mineral oils which had been
absorbed by bread in manufacture, from the ultraviolet absorp
tion charaeteristics of the 85% sulfuric acid unsulfonatables of the



VOL U M E 27, NO.4, APR IL 1 955

total oils extracted from the bread by carbon tetrachloride.
Jones and Milberger (83) employed thermal diffusion to separate
high-boiling azeotropes and close-boiling components.

ASPHALT

Traxler and Schweyer (174) employed extraction with butyl
alcohol and acetone to separate asphalts into asphaltic, paraf
finic, and aromatic and naphthenic classes, claiming that methods
producing more than three groups are difficult to interpret.
Hubbard, Stanfield, and Kommes (78) found that the adsorption
characteristics of alumina vary with source and method of prepa
ration to such an extent that portions of the same sample of
alumina should be employed when comparing constituent analy
ses of different asphalts. Higgins (71) determined the asphalt
content of lubricating oil residua from the change in color of a
naphtha solution of the sample upon treatment with an adsorb
ent clay; the decrease in color was proportional to the asphalt
adsorbed. Traxler and Schweyer (175) determined the refrac
tive index of asphalt by extrapolation from the refractive in
dices of naphtha solutions of the sample. Mariani (122) em
ployed paper chromatography to recognize the presence of oils
and resins in asphaltenes. Weaver and Gilkeson (182) developed
an empirical relationship between penetration and viscosity and
claimed it to be useful for control in asphalt manufacture.

SPECIALTIES

The identification of polymers from the characteristics of their
pyrolysis products was accomplished with mass spectrometry
by Zemany (193) and with infrared by Kruse and Wallace (100)
and by Harms (63); the general subject was reviewed by Ach
hammer (2). The conditions of pyrolysis must be carefully
followed in calibration and in analysis because the spectra of the
pyrolysis products, although reproducible, are generally empirical.
lVleeks, Crook, Pardo, and Clark (125) determined rubber hydro
carbon in rubber-bearing plants by extracting with a benzene
solution of trichloroacetic acid, brominating the solution, and
weighing the precipitated rubber bromide. Kisfaludy (97)
determined anthracene by reaction with maleic anhydride and
dioxane at 125 0 C., back-titrating the excess of anhydride acidi
metrically. The method of Criddle and LeTourneau for analysis
of hydrocarbon mixtures by adsorption on silica gel was modified
by Ellis and LeTourneau (41) for the determination of aromatics,
saturates, total hydrocarbons, and total oxygenated compounds
in lacquer thinners. Displacing agent was n-butylamine and
rhodamine B base was added to the fluorescent indicator to mark
the boundary between oxygenated compounds and the amine.

A countercurrent extraction method for the analysis of greases
containing inorganic thickening agents was described by Coenen
and Urner (23). Brunstrum and Grubb (17) found from a study
of apparent viscosities obtained with both circular and rectangu
lar capillaries that smooth greases gave similar viscosities, whereas
nbrous greases gave lower viscosities with the rectangular capil
lary. They concluded that these differences can be used to
recognize variations in the fibers of grease which are not evident
visually. Mysels, Pomeroy, and Smith (136) found that ordinary
.acetone contained enough water to introduce a large error in the de
termination of free fatty acids in aluminum soap when this solvent
is employed to extract the acids for titration; dry acetone greatly.
reduced the rate of hydrolysis of the soap. Hoyt and Walter
{77) determined sulfonates in soaps by titration with specified
cationic surface active agents, using bromophenol blue as a transi
tion indicator, in a two-phase system of water and chloroform.
A trace of excessive cationic agent was revealed by its deep-blue
{lhloroform-soluble complex with the indicator; the sulfonate
.and cationic agent produced an insoluble complex. Gordon and
Urner (67) determined inorganic salts in petroleum sulfonates by
.amperometric titration with lead nitrate.
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Sweeney and Bultman (171) applied partition chromatography
with water on silica acid in the separation and identification of
tar acids and creosotes, effectively resolving mixtures of phenols.

POLLUTION

Mader, Heddon, Lofberg, and Koehler (119) employed a freeze
out technique to prepare a concentrate of the pollutants in the
atmosphere after preliminary scrubbing to eliminate oxygenated
compounds. Infrared absorp~ion (3.45 microns) on the concen
trate in a 100-cm. gas cell (rock salt windows) indicated a sensi
tivity of 0.1 p.p.m. in terms of hexane in the atmosphere. Sen
derikhina (157) determined hydrocarbons in the atmosphere by
burning over a hot platinum spiral and claimed a sensitivity of
0.001 %. Quiram, Metro, and Lewis (151) determined hydro
carbon contaminants in the atmosphere by aqsorption on silica
gel at -73 0 C. and desorption into a -mass spectrometer for analy
sis; 95% of C3, C" and C. hydrocarbons and 60% of ethane was
recovered.

Kobayashi (99) determined benzene in air by passing the
sample through a tub~ packed with silica gel containing sulfuric
acid and formaldehyde. The length of discoloration was a
measure of the benzene. Stitt and Tomimatsu (168) detected
as little as 0.004 p.p.m. of ethylene in oxygen by oxidation with
mercuric oxide. Selenium-sensitized paper strips were used com
paratively to determine the evolved mercury equivalent to the
ethylene. Patterson and Mellon (142) described the preparation
of an active silica gel containing ammonium vanadate through
which the sample is drawn. The resulting color intensity or
linear discoloration formed the basis of the determination of
sulfur dioxide. Sonnenschein and Schafer (165) determined less
than 1 'Y of hydrogen sulfide or carbon disulfide in air; they
used a colorimetric procedure at 670 mJ.l for hydrogen sulfide
after conversion to methylene blue by reaction with dimethyl
p-phenylenediamine and at 430 mJ.l for carbon disulfide after
conversion to yellow cupric diethyldithiocarbamate.

In a study of atmospheric factors in smog formation Littman
and Benoliel (109) developed a continuous recorder for oxidant
in terms of ozone, which was based on liberation of iodine from a
buffered neutral potassium iodide solution. McCabe (116) auto
matically measured the total oxidant in atmosphere by oxida
tion of phenolphthalin to phenolphthalein. The change from
colorless to pink in alkaline solution is proportional to the oxidant.

Dangl and Nietsch (29) detected as little as 0.001 'Y of petro
leum in a liter of water by its fluorescence in ultraviolet light.
Melpolder, Warfield, and Headington (128) determined as little
as 10 parts per billion of gasoline in drinking water by stripping
the boiling water with hydrogen, condensing the vapor at
liquid nitrogen temperature, and analyzing the condensate by
mass spectrometry. Carbon tetrachloride was used as carrier
for the condensed hydrocarbons to render transfer to the mass
spectrometer practical for concentrations above 0.01 p.p.m.
The method can be used to detect kerosine and furnace oil in
water by substituting o-dichlorobenzene for the carbon tetra
chloride carrier. Levine, Mapes, and Roddy (107) determined
the oil content of effiuent waters from the change in density of
carbon tetrachloride used to extract the sample. Herd (69)
used paper strip chromatography in ultraviolet light to determine
identity of oil taken from polluted navigable waters with the oil
on a particular ship.

Wedgwood and Cooper (184) detected polynuclear hydro
carbons in gasworks and sewage effiuents by percolating a cyclo
hexane solution of the hydrocarbon constituent of the sample
through a column of alumina. A large number of fractions of
eluate were collected and examined for ultraviolet absorption
peaks characteristic of each hydrocarbon. Less than 1 mg. of
hydroCl~rbon is sufficient sample. These authors (185) concluded
that washings from macadam roads and the atmosphere also
contained these constituents.
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Headington (68) discussed the cooperative work of the Ameri
can Petroleum Ins~itute on six methods for determining oils or
phenols in water. Schmauch and Grubb (155) determined
phenols in waste water by extracting the sample at pH 12 with
carbon tetrachloride to eliminate oil, then with tributylphosphate
at pH 5 to concentrate the phenols and ultraviolet absorption
at 3010 A. Spectrophotometric measurements at 3010 A. on a
portion of the concentrate at pH 12 and another portion at pH 5
form the basis of the phenol determination by the bathochromic
difference spectrum.

ELEMENTS

Milner, Glass, Kirchner, and Yurick (131) described a wet
ashing technique for concentrating trace metals of crude oil.
This method obviates losses of metals that may occur on dry
ashing. The decomposition waE done in a Vycor vessel with
approximately half a volume of concentrated sulfuric acid;
heating was from the top with an infrared lamp. Colorimetric
methods are described for iron, nickel, and vanadium and a
polarographic procedure is given for copper. Karchmer and
Gunn (88) employed a very carefully controlled ashingtechnique
in platinum at 538° to 566° C. to minimize the loss of trace
metals which may occur at higher temperatures. Garner,
Fellow, Green, and Harper (52) ignited at 450° C. for the same
purpose and showed by comparison with wet oxidation by nitric
acid and sulfuric acids that rIO appreciable loss of vanadium
occurred. Dyroff, Hansen, and Hodgkins (36) compared spectro
metric and semimicromethods for the determination of trace
metals in ash. from petroleum fra,~tions and concluded that the
precision of the two methods is similar; the spectrometric
method has the advantage of speed.

Myasnikov (134) detected tetraethyllead in gasoline from
qualitative tests for lead in the deposit left on the wick tip of a
burner in whieh the gasoline was used. Levine (106) determined
t~traethyllead in gasoline by the intensity of red color produced
by dithizone and the hydrochloric acid extract of the sample. He
claims the method is rapid and suitable for routine control.
Preis (148) used an alcohol solution of iodine'to determine tetra
ethyllead in !~viation gasoline in a direct iodometric method
claimed to require 5 minutes for a determination. Grunwald
(60) determined tetraethyllead in gasoline by brominating and
completed the determination by adding the sodium salt of ethyl
enediaminetetraacetic acid and titmting with zinc sulfate to Erio
chrome Black T indicator. Gilbert (55) described a direct flame
photometric method which is sensitive to 0.001 ml. of tetraethyl
lead per gallon. Jordan (85), in another flame photometric
method, minimized linear relationship errors by employing as a
standard a known of approximately the same lead content as the
sample. Swanson and Daniels (nO) applied polarographic and
amperometric methods to aqueous acid extracts of lead in gaso
line, lubricants, and deposits. They distinguished ionic lead
from tetraethyllead by passing a butyl Cellosolve solution of the
sample through a column of base exchange resin which retained
the ionic lead.

Feigl and Caldas (45) detected as little as 0.025 l' of copper in
gasoline by the blue complex it forms with alizarin blue. Living
stone and Lawson (111) determined as 'little as 0.025 mg. of
copper per liter of gasoline by reaction with sodium diethyl
dithiocarbamate and measuring the density of the resultant yellow
color at 440 m~l, They found tha~ 0.1.N hydrochloric acid was
mo:re effective in extracting copper from gasoline than 4N acid.
Jordan (86) used flame photometry on the dilute hydrochloric
acid extract of gasoline to determine copper, claiming less inter
ference from lead and iron than in chemical methods. Buch
wald and Wood (19) determined copper in lubricating oil by per
colating an isopropyl alcohol-benzene solution of the sample
through a column of ion exchange rEsin (hydrogen form of Zeo
Carb), eluting the copper with dilute sulfuric acid, andcomplet
ing colorometrically with Versene. Barney (8) determined
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copper in turbine oil spectrometrically by dropwise ashing of 3
to 10 drops of the sample in graphite electrodes mounted in heat
Ing coils. A spectrographic method involving evaporation of the
oil sample on a hot platform electrode was employed by Rozsa
and Zeeb (i5S) who avoided ignition to minimize loss of metals.

Ham, Noar, and Reynolds (61) compared four spectrographic
methods for the direct determination of metals in oils. Meeker
and Pomatti (124) described a spectrographic method for deter
mining traces of wear and corrosion metals in lubricating oil.
The method involves direct current arc excitation of the residue
left upon low temperature carbonization of a mixture of sample,
barium matrix, nickel internal standard, and graphite powder.
Barney and Kimball (9) determined traces of iron in used lubri
cating oil by ashing one drop of sample containing internal stand
ard in the graphite cup of a lower electrode in which one drop
of buffer had been evaporated. Pickles and Washbrook (144)
determined zinc in lubricating oils by amperometric titration in a
strongly basic solution containing cyclohexane, with aqueous
Versene solution at the dropping mercury electrode. Moberg,
Waithman, Ellis, and DuBois (132) determined calcium in lubri
cating oil by direct flame photometry. Davis and Van Nord
strand (31) employed a helium path to extend the applicability
of x-ray fluorescence to determine barinm and calcium, as well as
zinc, in lubricating oil.

Hinkel and Raymond (72) described a modification of the
Unterzaucher method for determining oxygen in organic sub
stances. Their method involves passing into standard alkali the
carbon dioxide resulting from the oxidation of carbon monoxide
by iodine pentoxide and back-titrating the excess. Jones (84),
reporting on the activities of an American Petroleum Institute
committee, showed that 0.01 to 1'.0% of oxygen in petroleum
products can be determined by' four different modifications of the
Unterzancher procedure. Modification was required to avoid
error from the action of pyrolytic hydrogen on the iodine pentox
ide. The modifications employed titrimetric, gravimetric, and
manometric techniques. Oita and Conway (139) also modified
the Unterzaucher method by employing as catalyst 50% of plat
inum on carbon instead of carbon alone;. the change permits an
operating temperature of 900° C. instead of the customary
1120° C. and results .in simplification of apparatus. In this
modification emergent gases are passed over copper at 900°C.
to decompose and eliminate interference caused by carbon di
sulfide and carbonyl sulfide. Kirshenbaum and Streng (96)
compared an isotopic method with the Unterzaucher method for
determining oxygen in rubber and concluded that the latter
yields low results.

Jacobs' and Lewis (80) and Smith and Otvos (162) described
apparatus for determining density and chemically bonded hydro
gen in organic liquids from the rate of absorption of beta rays.
Lake (102), reporting for an American Petroleum Institute com
mittee, showed that nitrogen in petroleum and shale oil can be
determined by Kjeldahl, Dumas, or tel' Meulen methods by giv
ing careful attention to'indicated operating conditions. Holow
chak, Wear, and Baldeschwieler (73) employed a nickel-mag
nesium catalyst in a modification of the tel' Meulen method for
determining nitrogen and claimed advantages over the Kjeldahl
and Dumas methods when applied to petroleum feed stocks and
other products containing very small amounts of combined
nitrogen. Wankat and Gatsis (179) used high-pressure catalytic
hydrogenation to determine nitrogen in petroleum distillates
containing 1 to 100 p.p.m. Nickel was used as catalyst in an
autoclave; the resulting ammonia was absorbed on acidic alu
mina and determined by the Kjeldahl procedure. Deal, Weiss,
and White (32) described potentiometric titration methods for
determining and differentiating organic bases in crudes, distil
lates, and residues;' total nitrogen bases were determined by
titration with perchloric acid in acetic acid-chlorobenzene sol
vent; moderately strongly basic nitrogen was determined by
titration with hydrogen chloride in chlorobenzene solvent.
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SULFUR AND ITS COMPOUNDS

Mottlau and Driesens (133) and Cranston, Matthews, and
Evans (26) described modifications of x-ray absorption methods
for determining total sulfur in hydrocarbons. Jay (82) indicated
that a correction is necessary for interference by halogen of
ethyl fluid when determining sulfur in gasoline by burning in a
lamp and titrating the acidic reaction products; the correction is
approximately 0.006 for each milliliter of tet'raethyllead per gal
lon of gasoline. Elphick and Gerson (42) determined sulfur
in coal by titrating the neutralized filtered calorimeter washings
conductometrically with barium hydroxide solution.

Galloway and Foxton (51) detected free sulfur in rubber by the
blue-green color produced in a filter paper contact procedure
with sodium hydroxide and pyridine. Eccleston, Morrison, and
Smith (40) described a polarographic method for determining
elemental sulfur in crude oIl. Bartlett and Skoog (10)' deter
mined free sulfur in hydrocarbons by dissolving the sample in
acetone and causing 'the solution to 'react at room temperature
with an acetone solution of sodium cyanide; the subsequent
addition of ferric chloride solution produced a colored reaction
product whose absorbance at 465 mt' formed the basis of the
determination, '

Mapstone (121) criticized back-titration methods formercap
tans in gasoline and recommended direct titration with standard
silver nitrate solution to sodium nitroprusside as internal indi
cator. An amine and a solutizer should be used, respectively,
to prevent precipitation of silver oxide and to increase solubil
ity of mercaptans in ,the aqueous phase. Beychok (11) de
termined mercaptans in gasoline by silver nitrate titration. Prior
t~eatmentwith charcoal freed the sample of interfering dye and
treatment with dilute nitric acid eliminated color interference by
oxidation inhibitors. Segal and Starkey (156) determined small
amounts of methyl mercaptan in air in the presence of dimethyl
disulfide and dimethyl sulfide by absorptionjn mercuric cyanide
solution; the precipitated.mercuric dithiomethoxide was weighed.
Arnold, Launer, and Lien (5) identified naphthenic thiols in
petroleum thiols by, a combination or' chemical separations,
distillation, chromatography, and infrared spectroscopy. Hop
kins and Smith (75) quantitatively removed thiols from petro
leum distillates by reaction wjth sodium aminoethoxide in an
hydrous ethylenediamine.

,Hastings (66) determined aliphatic sulfides in petroleum frac
tions boiling below 232 0 C. from the ultraviolet absorption of
the complexes which this class,of sulfur compo~nds forms with
iodine. He claims that 1 p,p.m. can be determined. Houff and
Schuetz (76) described bromide-bromate, titration methods for
the determination of organic sulfides; Luk'Yanitsa and Nekrasov
(112) employed potassium iodate in acetic acid for the same deter
mination. Earle (37) determined disulfides in petroleum prod
ucts by reducing to thiols and titrating with silver nitrate after
preliminary elimination of the original thiols by reaction with
acrylonitrile to form thioethers. Karchmer and Walker (89.)
studied the polarographic behavior of organic d'i-, tri-, and tetra
sulfides and found that tetrasulfide and trisulfide produ,ced three
polarographic waves the last of which may be used to approxi
mate concentration. The intermediate wave of the polysulfide
occurred at about the same voltage as elementary sulfur and the
Presence of the latter in large amounts may be suspected if the pC>
larogram of an unknown shows a ratio greater than 1 for the
intermediate to late wave.

Karl' (90) reported on a study of qualitative tests for petroleum
sulfur compounds. Birch (12) employed aque,ous mercuric ace
tate to separate open-chain sulfides, cyclic sulfides, and thio
phenes by extraction of narrow petroleum distillation fractions.
Kinney, Smith, and Ball (95) employed a combination of physi
cal, chemical, and mass spectrometric'methods' for the isolation
and identification of seventeen thiophenes in shale-oil naphtha.
Levitt and Howard (108) determined thiophenes by oxidation
with nitric acid and precipitation of equivalent barium sulfate,
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after preliminary removal of all other sulfur compourids e:iCCept
aromatic and aliphatic sulfides.

CATALYSTS

Smith (160) described an apparatus which simplifies the method
of surface area measurement of catalysts. Key and Hoggan
(94) described' a spectrographic method for determining chro
mium, iron, nickel, sodium, and vanadium in silica-alumina crack
ing catalysts, with a rotating disk electrode composed of powdered
catalyst, lithium carbonate, graphite, and cobalt as internal
standard.

MISCELLANEOUS

Gouverneur and van Dijk (58) determined density of as little
as 0.2 ml. of a liquid sample by the principle that the heights of
two connected columns of different density when in equilibrium
are inversely proportional to their' density. Kanda and Haseda
(87)' used photoelectric measurement of light transmitted as a
sensitive iridicator of turbidity in the cloud point determination of
lubricating oil. McCutchan and Young (117) described amicI';'
method for determining the flash point of petroleum products on
as little as 0:3·ml. of sample in a flash chamber drilled in an alumi
num block. They found ag'reement with the macro Clev'eland
open cup ASTM method. Patiau (143) described abomb calori
metric method for thermal value of petroleum fuel, in which the
sample is placed in a stainless steel or platinum cup covered with
collodion, His results were 1% higher than without the col
lodion cover; although they were corrected for the calorific value
of the collodion. This was explained by the probability that
when the bomb is filled with oxygen an uncovered sample oxi
dizes to products of lower heat value. Fein, Wilson, 'and Sher
man (46) concluded from a study of methods for predicting the
net heating value of petroleum fractions that an equation based
on aniline point and gravity gives results comparable to a' single
calorimetric determination. Scheibl (154) determined the molec
ular weight of aromatic hydrocarbons colorimetrically from their
picrates. Brown (16) described an automatic photoelectric
method for determining aniline point. Jacobs (79) developed an
apparatus for determining automatically ira sample flashes at a
predetermined temperature. Weller (187) determined air-fuel
ratio acoustically by analysis of engine exhaust gas burned iIi a
furnace to convert it to a mixture of two gases plus water vapor.
Kusa (101) and White, Penthe~, Tait, and Brooks (188) described
a combustion furnace for determining sulfur and halogen, in
which the progress of the heating element is controlled auto
matically. Gibson (54) designed an automatic hydrocarbon
sampling 'system in- which .~requency of sampling cycles is pro-
portional to line flow. .

Weber (183) described a super!'onic instrument for instan
taneously and continuously measuring viscosity at -129 0 to
+315 0 C. Honig and Singleterry (74) designed a moisture- and
oxygen-protected viscometer useful over large viscosity range
and in the study of deviations from Newtonian flow. Spear (166)
described a falling ball-type viscometer for temperatures up to
550 0 C. Mill and Gates (130) discussed errors iri results from
rotational viscome~ers caused by increases in temperature de
veloped at high rates of shear. Foreman (48) showed that low
temperature extrapolated viscosities are more accurately obtained
from data from rotational viscometers than from capillary vis
cometers.

Black, Harvey, and Ferris (13) described the adaptation of an
Abbe refractometer for high temperature use. Easterbrook and
Hamilton (38) used refractometry to detect the colorless bands in
adsorption chromatography and described a low cost differential
instrument for making the determination.

Aldershoff, Booy, Langedijk, Philippi, and 'Waterman (4)
described a nine-stage molecular distillation apparatus in which
transfer from stage to stage is accomplished mechanically. Sims
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(159) and Paschke, Kerns, and Wheeler (140) modified the Booy
and Waterman micromolecular still, dispersing the minute sample
on glass wool, although still following:, the distillation by changes
in the exten~ion of the quartz spiral from which the distillation
pan is suspended. Trevoy and Torpey (176) described a high
vacuum falling film distillation unit which measures rate of evap
oration to 0.5%, permits evaluation of distillate without inter
rupting the distillation, and is useful for detecting a fraction of a
per cent of contamination in some products. Wiberley and Sieg
friedt (189) developed a reduced volume ASTM distillation appa
ratus for gasoline and kerosine. Myers and Kiguchi (135) de
scribed apparatus for conducting ASTM-type distillations on
lubricating oils and other high boiling stocks which require
vacuum to prevent cracking. Feldman, Svedi, Connell, and 01'
chin (47) found that a mixture of I-methylnaphthalene and 2
methylnaphthalene is useful for evaluating performance of distil
lation columns at 20 to 760 mm. of mefl~ury and a separating effi
ciency of 5 to 60 theoretical plates. Preston (149) presented a
graph for correcting the lightest component in a low-temperature
fractional distillation for vapor holdup between column and
receiver.

Ubbelohde, Neumann, and de Jong (177) presented a method
for indicating the static load-carrying capacity of lubricating
oil. The method is based on the thickne:ss of the oil layer between
two optically plane glass plates and the authors described an inter
ference comparator for making this measurement. It was found
that oils differed greatly in thickness of film at a given pressure.

Walker and Conway (178) determined hydroperoxides in
petroleum fractions by refiuxing with sodium arsenite solution,
removing the organic layer, and titrating the excess of reducing
agent in the aqueous phase with standard iodine solution.
Bruschweiler, Minkoff, and Salooja (18) eliminated the interfer
ence of hydrogen peroxide by precipitating it in alkaline solution
with lanthanum acetate before determining organic hydroper
oxides by polarography. Bailey and Knox (6) determined alde
hydes in hydrocarbon combustion products by conversion to the
silver salts of the eorresponding acids by passage through a
column packed with "ilver oxide and subsequent ehromatography
of the liberated acids on silica gel. LeRo:sen, Wike, and Denton
(104) used the dielectric constant of dewaxing solvent and solvent
oil blend to estimate the waxy oil content of the blend. Weiss,
Jungnickel, and Peters (186) presented an outline of methods for
analyzing spent sulfuric acid for many of its constituents. Hart
and King (64) described an apparatus for detecting organic chlo
rides, which involved thermal cracking to produce a conducting
solution which actuates an alarm system. Groennings (59) de
termined the porphyrin aggregate of petroleum by extraction with
hydrogen bromide in glacial acetic acid, transfer to chloroform,
and absorbance measurement at 5300 A.

Glenn and Olleman (56) described an involved method for
determining functional groups in neutral oil from hydrogenolysis
of coal, including pyrmle-type nitrogen compounds, and ether
and alcohol-type oxygen compounds. Gemant (53) studied the
activity of exchange resins (Amberlites) on organic ions in hydro
carbons and concluded that removal of acidic and basic com
pounds from hydrocarbons is possible by ion exchange. Lumb
and Winsor (113.\ analy:~ed binary mixtures·_·one of which may be
a hydrocarbon-by phase changes that occur upon titration with
a polar organic liquid in the presence of a solution of a solubiliza
tion compound. Tenney and Sturgis (172) studied the relative
adsorbabilities of hydrocarbon classes on silica gel, alumina, active
carbon, and combinations of silica gel with magnesia and alu
mina. Relative affinities of hydrocarbon classes for silica gel are
shown and indications are given of possible separations. Smith
(161) discussed wet oxidation of lubricating oil with perchloric
and nitric acids, specified a ratio of the oxidants for best results,
and reported that in one deviation from these optimum con
ditions a violent reaction occurred.

McArthur, Baldeschwieler, White, and Anderson (115) de-
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scribed a system for evaluating test procedures in a petroleum
laboratory. This included analysis of variance, the F for com
paring variances, Dixon's Q test for rejecting results, and Bart
lett's test for homogeneity of variances.
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T HIS biennial review is intended as a selective and eritical
eonsideration of papers on the 3.nalysis of coatings, as pre

viously defined (19), from November 1952 through October 25,
1054. As such, it represents a departure from the comprehensive
bibliographies of the pa5t years (19-22, 31). The selection was
made from a large number of possible inclusions, collected from
the literature over the past two years, and represents, in the re
viewers' opinion, the notable highlights of this particular field.
Almost all of the cited articles have been studied in their entirety,
and, in some instances, proposed methods have been teflted ex
perimentally in these laboratories.

GENERAL ANALYTICAL SCHEMES FOR ORGANIC COATINGS

Shreve's discussion (25) of the applicability of infrared, ultra
violet, and Raman spectroscopy to the analysis of complex ma
terials represents an excellent expression of the developing scope
of modern instrumental methods.

Emphasis is placed on synthetic resins, particularly those with
an end use in coatings. The origin of the various spectra are
considered and the unique advantages and limitations are dis
cussed. The Raman advantage lies in a much simpler spectrum
:..-excellent in quantitative work-and in the applicability of the
method to aqueous solutions. The infrared approach is more
flexible, can be used on smaller samples, and suffers no fluores
cence difficulties. The limited scope of the ultraviolet method
enhances selectivity. Ultraviolet spectroscopy establishes com
pound class; infrared and Raman uniquely characterize the in
dividual ·compound. With coating materials, all three are ap
plied together, supplemented with chemical and other methods of
analysis.

A.n oil-modified alkyd resin is taken as one example. The in
frared spectrum of an oil-modified glycerol phthalate type shows
bands contributed by phthalat,e esters, oil ester linkages, 0

disubstituted aromat,ic ring, unesterified hydroxyl groups, and
acid carbonyl groups. The spectrum types the polymer but
does not yield information on specific polyalcohols nor on all
modifiers present. Before ultraviolet spectroscopy can be ad
vantageously applied, resolution into dibasic acid, oil modifier,
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and polyalcohol fractions by the conventional Kappelmeier pro
cedure is a required preliminary step. Phthalic can be deter
mined on the dipotassium salt by the Shreve (26) method. It has
been shown (10) that maleic acid can also be determined on the
Kappelmeier salt by polarography and, in the simpler case of
unsaturated polyester resin formations, in situ. In addition,
the authors prefer identification of the dibasic acids present,
using the benzylamine procedure (29), prior to any quantitative
work.

The identification of drying oil acids by ultraviolet spectroscopy
is illustrated and discussed. Infrared limitations in this respect
are shown by selected spectra. Infrared can be used, however,
to detect styrene, rosin, phenolics, and other blending materials;
recognition of such potential interference permits modification
of the ultraviolet approach. It has recently been shown (9)
how polymerized styrene can be determined directly in the pres
ence of most oil fatty acids by an ultraviolet spectrophotometric
method. Polyhydric alcohol fractions are handled by chemical
methods; spectroscopic methods may be potentially useful.
The spectroscopic infrared method has been applied (24) to the
characterization of some 25 commercially available polyhydric
alcohols.

Complicated, ill-defined samples require "group" analysis.
Group absorption frequencies remain nearly constant with
changes in molecular weight and in the remaining structure of the
molecule. Hence compounds can be typed and changes in proc
essing can be followed. Constancy of absorption holds also
in ultraviolet and Raman spectroscopy. Intensity, if expressed
as absorptivity per functional group, remains approximately
constant in a homologous series of compounds. The principle
is discussed as applied to the petroleum industry. Qualitatively,
absorption changes which occur during polymerization, oxidation,
or separation can be followed without exact knowledge of the
various contributing chemical species.

An infrared spectrum can be considered a whole set of unique
characterizing constants. Infrared spectra can serve as an
empirical classification of complex materials which are poorly
characterized as chemical individuals. Punched card and auto-
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matic machine sorting methods for indexing and sorting spectra
have added greatly to the effectiveness of these techniques.
Despite their great usefulness, however, physical and/or chemical
separation procedures and various other physical and chemical
methods of examination are needed in the investigation of complex
coating systems. This paper has been selected as the introduc
tory monograph because its general approach so closely parallels
that of the authors of this review.

Ahlers and O'Neill (1) have reviewed the present state of
knowledge regarding the structure of oils and resins, including
some treated oils and synthetic resins. Problems still outstand
ing and their technical significance are indicated, and the possi
bility of solving them by newly developed techniques is discussed.
The most important "newer" technique, absorption spectroscopy,
is considered in detail. This is a very comprehensive study,
wherein the emphasis is mo~e on the problem than on the instru
ment. The treatment is so detailed that only a brief outline of the
material covered can be included here.

After a few remarks on the techniques of absorption spectros
copy, the identification of the component fatty acids of natural
oils is discussed. Ultraviolet and infrared spectroscopic methods
are used in conju"nction on this problem.

The spectral determination of the fatty acids illustrates the
quantitative aspect of the ultraviolet approach; absorption
data on pertinent acids are tabulated. In this section, great
emphasis is placed on the study of cis-trans isomerism, where the
infrared approach is particularly applicable.

The discussion of alkali isomerization includes the method em
ployed, spectroscopic evaluation of the results, and the orienta
tion limitations of this approach. Ultraviolet spectra before
and after isomerization are included.

In the spectroscopic study of the formation of stand oils, the
infrared method is weak; the ultraviolet technique can be ad
vantageously used after dehydrogenation.

Oxidized oils have been widely studied by spectroscopic
methods, with the most important contributions coming from the
infrared approach, particularly with respect to the i~ntifica"tion

of new structures and to the examination of scission products.
The section also includes a comparison of chemical and infrared
methods for the determination of hydroxyl values.

The section on resins is devoted primarily to rosin, alkyds,
and styrene "copolymers." Rosin and its acids are covered in
great detail, and composite ultraviolet spectra are reported;
types of conjugation are also considered. The potential applica
bility of the Raman approach is mentioned. ' The alkyd discus
sion is apparently taken from that of Shreve (25). The section
on styrene copolymers includes some published infrared and ultra
violet contributions, and states conclusions which might be
drawn. Ultraviolet and infrared spectra have been freely and
effectively used as illustrations throughout 'this paper. The
publication includes a discussion of points raised at two of ,the
meetings before which the paper was presented.

Kagarise and Weinberger have reported on a comprehensive
investigation which the present reviewers have not yet studied
but which is cited here by means of the abstract from the bulletin
on U. S. Government Research Reports (12). The infrared ab
sorption spectra of 92 plastic and resinous materials have been
studied in the region from 2 to 15 microns, and the transmittance
curves are given for 57 representative materials. A useful·identi
fication procedure based on the catalog of reference papers has
been devised in order to simplify and speed up the process of
identifying an. unknown plastic or resin. The advantages and
limitations of this proposed method are 'discussed.

In the authors' experience, the inf~ared approach has been
very fruitful. However, as pointed out by Harms (8), the physi
cal properties of an organic 'material sometimes make it very
difficult, if not impossible, to take advantage of infrared methods
for identification. Insoluble, infusible polymers which .cannot
readily be mulled represent one example. Harms proposes a
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preliminary pyrolysis procedure for such samples. The infrared
spectrum of the pyrolysis product is then compared with the
spectra of known pyrolyzates. The spectrum of the pyrolyzate
is reasonably discrete as a rule and frequently resembles that of
the original uncured resin.

The resin sample in a borosilicate glass test tube is heated as
rapidly as possible over a Bunsen flame. The liquid pyrolyzate
which condenses on the sides of the tube is sandwiched between

.two salt plates and analyzed in the infrared instrument. The
spectra of many pyrolyzates and of some of the original unpyro
lyzed materials are included. Good results were obtained with,
among others, an asbestos-filled molded phenolic resin, a butyl
ated urea-formaldehyde resin, a baked epoxy wire enamel,
several polyethylene glycol terephthalates, saran, Formex enamel,
and tung oil wire enamel. The author claimed some success in
distinguishing among different types of paper, such as flax, rice,
and rag papers. Results obtained on regenerated cellulose,
cellulose acetate, and cellulose acetate-butyrate, however, were
somewhat inconclusive, and those obtained on melamine
formaldehyde resins were unsatisfactory. Insoluble, infusible
polymeric materials represent perhaps the most difficult problem
in the field of coatings analysis. The suggested approach is
very promising.

Zemany (37-) proposes a mass spectrometric approach to the
analysis of the pyrolysis products of complex organic materials.
If the decomposition is carried out in a reproducible manner, it
can be demonstrated that the pyrolysis products are characteristic
o(the parent, material.

Complete details, with illustrations, of·the equipment required
for the pyrolysis are included. To obtain simple mass spectra
and to assure the complete pyrolysis of thermally stable organic
materials, Zemany found it desirable, as wen as advantageous,lto
use small samples (0.1 to 0.01 mg.) and high temperatures
(about 1700 0 F.). In brief, the sample is heated in an evacuated
pyrolysis vessel with a 6-volt television tube filament operated
at 12 volts. During heating, the pyrolysis chamber is immersed
in liquid air. The gaseousdecompositibn. product, condensed
by the coolant, is used as the source of the mass spectrum.
, "Vhile monomer represents the major component in some in

stances, the pyrolysis products are sometimes very different from
the parent material. For example, the pyrolyzate from polyvinyl
chloride was found to include hydrochloric acid and benzene.
The mass spectrum itself is characteristic of the original material,
but in 'some cases may be very difficult to interpret. The iden
tification of the unknown material is accomplished by comparison
of its mass spectrum with the spectra of known materials, ob
tained under the same experimental conditions. Use of a com
plementary approach, such as infrared spectroscopy, would be
desirable.

To demonstrate the versatility of this method in differentiating
among closely related compounds, eight alkyd samples of slightly
different compositions were analyzed. By comparing the posi
tion and relative intensity of the various peaks, it was possible'to
demon'strate differences among the samples. The reproducibility
of the mass technique was tested on three samples of Formex wir'e
enamel, varying in sample weight from 0.2 to 0.4 mg. The major
peaks weresimilar, varying by only a few per cent in intensity.

Other applications of the technique included analyses of protein
pyrolyzates for identification and composition information
and following changes in Formvar during aging. The analysis
of catalyst fragments, impurities, end groups, and plasticizers is
most advantageously investigated by carrying out the pyrolysis
at a lower temperature.

A modified form of the Zemany approach has been tried in the
reviewers' laboratory with encouraging results. For those in
terested in the more fundamental' aspects of the thermal degrada
tion of polymers, a recent publication of the National Bureau of
Standards is strongly recommended (17).

Krammes and Maresh (15) have prepared a very comprehen-
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sive procedure for the ident.ification of textile finishes. While
textile coatings may differ considerably from coatings as covered
by this review, there is considerable overlap from the component
point of view. Many of the identification procedures suggested in
this paper might advantageously be applied to coating materials
in general. The procedures presented are primarily physical and
chemical tests supplemented with some microscopy. The paper
is recommended for its broad coverage and for the simplicity of
the quick tests which have been proposed.

Paulson (18) ha, extended the Liebe:rmann-Storch reaction to
the detection of re,ins other than rosin. The recommended pro
cedure consists of adding IGhe sample t,o acetic anhydride to form
a 10% solution and warming slightly if necessary to solubilize.
The solution is cooled, filtered, and, after the addition of 2 to 3
drops of 50% sulfuric acid, observed. ior initial color flash 'and
final color.

Characteristic colorations produced by many samples of film
forming materials have been divided into five groups: violet-to
brown; brown-to-green fluorescence; neutral; red-brown or
brown; and misc,ellaneous. Resins and compounds falling into
each of the first four groups are itemized; the fifth group includes
a collection of color changes and associated resins. The variety
of materials to which the test has been applied indicates that an
attempt has been made to include all possible coating materials.

SPECIFIC CLASSES OF HIGH POLYMERIC MATERIALS

At least five analytical papers have appeared on the subject
of styrenated alkyd resins, reflecting in part the impact of these
products on the field of coatings.

Swann (35) has investigated the possibility of determining
polystyrene in styrenated alkyd and Btyrenated epoxy resins by
selective extraction. With the alkyd type, the dipotassium salts
are isolated by American Society for Testing Materials (ASTM)
method of test D 563-52 and weighed, and the percentage of
phthalic acid is calculated. The @;rate (comprising solvents,
excess potassium hydroxide, polystyrene and its oil interaction
products, drying oil soaps, and polyhydric alcohols) is evaporated
to dryness in a specified manner, and the residue is dispersed in
87% methanol for 30 minutes and filtered, and the insoluble
fraction dried at 110 0 C.., then weighed as polystyrene.

Styrene-modilied epoxy resins re:,ist saponification by any
medium that can be subsequently evaporated to dryness. Con
trolled fusion with potassium hydroxide pellets, however, permits
decomposition of the epoxy, leaving polystyrene unattacked.
The unaffected but contaminated polystyrene is dissolved in
warm carbon tetrachloride and filtered; percentage of poly
styrene is calculated from the loss in weight of the filter crucible.

Styrene monomer is not measured by either procedure, nor does
it undergo polymerization under the conditions of test. Oil
acids can be determined on the met.hanol-soluble fraction. The
fusion method eliminates interference from other unsaponifiable
resins, except coumarone, indene, and petroleum hydrocarbon
resins. Rosins, acrylics, and phenolics do not interfere in the
polystyrene determina'Lion. The accuracy of the method was
checked with good results on three experimental and two com
mercial samples. The isolated styrenes all showed carbonyl
absorption in the infrared spectra,

Since the Swann method apparently discounted the effect of
polystyrene-fatLy acid interaction products, with solubilities
differing from those of' the parent compounds, arrangement was
made by the authors to submit a sample of well-interacted sty
renate for examination by Swann. The results were extremely
in'Leresting. ' W'hereas the phthalic-filtrate procedure yielded
data which were low by some 20%, excellent agreement with
theory was obtained when the fusion technique was employed.
It was also found that excessively long saponification times in
the phthalic-filtrate procedure gave higher results than the
normal applicat,ion. Swann concluded that it was possible that
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carrying out the saponification at a higher temperature may
permit results approaching those of the fusion technique.

Rirt, Stafford, King, and Schmitt (9) have proposed a method
for the direct determination of polystyrene in styrenated oils
and alkyd resins. Ultraviolet spectrophotometric analysis of the
ether-soluble combination of fatty acid and polystyrene, derived
from a saponification-type separation, permits the determination
of the polystyrene content of the fraction and hence of the original
resin. The method was evaluated on a series of fatty acids which
included a saturated acid, a random and a conjugated diene acid,
and a random and a conjugated triene acid. Monomeric styrene
present as 10, 30, and 50% by weight was polymerized in t.he
presence of each of these acids. The results obtained on the 30%
series are tabulated. For comparison, percentages of polystyrene
as determined by saponification values are included, measured
both as recommended by Kappelmeier (14) and by using the
actual saponification value of the fatty acid which would of'
course not be possible with an unknown sample.

The ultraviolet method was found to be effective except when
large amounts of conjugated triene acids, such as those from tung
oil, are present. Interfering absorption due to monomeric
styrene and to conjugated trienes is corrected for in the mathe
matical treatment, which is essentially a three-component an
alysis, with the data on the monomeric styrene and conjugated
trienes used as corrections for the concentration of polymerized
styrene. A composite plot of the absorption spectra which were
used as standards in the ultraviolet spectrophotometric measure
ments is included in the treatment.

Kut (16) has recently published a three-part study of the reac
tion between styrene and unsaturated fatty acids. The second
part was devoted to an elaboration of the method originally
reported by Armitage and Kut (2) for separating polystyrene
from styrenated and nonstyrenated drying oil fatty acids. The
method was worked out on a styrenated oil prepared by refluxing
in air a partially conjugated raw linseed oil with styrene in xylene
in a 1 to 1 to 2 ratio for 36 hours at about 150 0 C., after which
94% of t!te styrene, as determined by solids content, was no
longer present as monomer.

An extensive series of experiments led to the following separa
tion proce~ure. The styrenated oil and/or fatty acids are con
verted to the potassium soaps, and the dry, neutral residue is
isolated from the saponification mixture. To the styrenated soap
is added sufficient pure, anhydrous, neutral ethyl acetate to form
a 6 to 12% solution. After dissolution of the polystyrene, the
mixture is heated to boiling and the soaps are dissolved by adding
a saturating volume of water; a clear, bright, nonviscous solution
results. Anhydrous calcium chloride is added to the still-warm
solution to precipitate the fatty acids as insoluble calcium soaps.
The mixture is allowed to stand overnight and centrifuged, and
the precipitate is washed with ethyl acetate. The precipitation
is repeated on the filtrate plus washings until no more appreciable
quantities of soap are precipitated. Some 99% of the fatty
acids can be separated by this method. Low acidity polystyrene
is the other product. All necessary experimental details are
included, together with justification of the recommended steps.

Bobalek and Bradford (3) point out that the above approach
can be extended to styrenated alkyds, but shows some discrep
ancy in estimating the polystyrene-fatty acid ratio in the finished
resins. The efficiency of the method was hence evaluated by
radio tracer techniques, using styrene tagged with carbon-14.

The synthesis of the active styrene was accomplished by the
radiocarbonation of benzylmagnesium chloride, followed by the
reduction of the resulting phenylacetic acid to the alcohol with
lithium aluminum hydride, and subsequent dehydration of the
phenylethyl alcohol with molten potassium hydroxide. Ex
perimental details are included. Resin synthesis was carried out
by both pre- and poststyrenation, as illustrated by diagrams.
The reaction conditions, details of which are included, were
fixed by preliminary experiments using inactive styrene.
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Experimental styrenated acids were treated with IN alcoholic
potassium hydroxide at room temperature to saponify, and the
reaction product was recovered by evaporation of the solvent in
an atmosphere of nitrogen. A modified Kut separation proced
ure was applied to this product, as illustrated by a fractionation
flow sheet. Styrenated esters (triglycerides or alkyds) were given
a preliminary treatment to remove phthalic acid and/or polyols.
Analytical data for various runs are summarized in tabular form
and discussed.

The distribution of styrene throughout the fractionation flow
sheet can be established and measured consistently. There is
negligible contamination of the other fractions by polystyrene and
no substantial amount is lost. In some resins, polystyrene is not
quantitatively separated from the fatty acids by the fractionation
procedure. It may be actually bound by interpolymerization.
Bobalek concluded that most of the styrene polymer in the
styrenated coatings resins is virtually pure polystyrene held in
solution or colloidal suspension. In addition, there was strong
evidence for a reaction product of styrene and fatty acids; the
quantity of this product is determined in an important way by the
conditions of polymerization.

Stafford, Hirt, and Deichert (30) have reviewed the instru
mental aspects of the analysis of styrenated alkyd resins. The
treatment includes discussions of separation procedures and of in
strumental methods such as those of infrared and ultraviolet spec
troscopy and of polarography. As a composite example, the
applicability of the instrumental procedures to the analysis of
styrenated alkyd resins is illustrated on a hypothetical vehicle
containing a resin made from phthalic and maleic acids, soybean
oil, propylene glycol, and styrene.

Grad (6) has contributed an excellent paper on interpretative
analyses of urea-formaldehyde resins. As the field is too broad
to be presented comprehensively, the topic is illustrated by a
number of typical examples.

Hydrogen ion concentration determination in both aqueous
and nonaqueous media yield pH curves which are a function of
type of condensation and buffer systems employed.

Important information can be obtained from viscosity with
reference to aging during storage, and reactivity as measured by
gel time. For solutions which are non-Newtonian, however, the
results often depend on the instrument used for viscosity measure
ment. A discussion of instrument types and their application is
included.

Very careful control is necessary in the determination of solids
by the PMMA method; the most important variables are listed.
Since this method involves both physical and chemical changes,
the solids data obtained are empirical. For "true" nonvolatile
data, the freeze-drying approach or water titration at -40 0 C. by
the Karl Fischer method are considered promising. A plot of
per cent solids vs. specific gravity is a straight line over a fairly
large part of the curve, indicating the possible applicability of
specific gravity -to solids determinations.

Refractive index is another very useful physical property.
Modified urea-formaldehyde resins deviate markedly from the
1.555 index of the unmodified solid resin.

The results of a free formaldehyde determination, though em
pirical, are significant with respect to storage life, reactivity, and
behavior in final application. Sulfite titration at 0° C. gives
good precision if the titration interval is short and controlled.
An alternative, colorimetric method involving the formaldehyde
vapors is described.

The urea content may be calculated from the Kjeldahl nitrogen
but, in general, total nitrogen gives only part of the picture.
Nonurea nitrogen may be present as ammonium salts and/or
organic nitrogen-containing compounds. The Van Slyke test
has been useful in determining primary amido groups in urea
formaldehyde resins.

Elemental analysis by fusion with metallic sodium can still be
applied with advantage to the detection of nonurea formaldehyde
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compounds. Spectrographic and flame-photometric methods
are excellent time savers in quantitative work.

Dialysis is the most revealing approach to the detection of con
densation and buffer systems. A flow diagram of a dialysis ex
traction procedure is included.

The study also contains a section on the microscopical identi
fication of fillers and extenders, illustrated with photomicro
graphs. Details on suitable selective stains are included.

For establishing the mole ratio of urp.a to formaldehyde in their
condensation products, Grad and Dunn (7) have developed a pre
cedure for the rapid and accurate determination of formaldehyde.
The urea-formaldehyde resin is hydrolyzed with phosphoric acid
and the liberated formaldehyde is collected in a solution con
taining an excess of potassium cyanide. Gravimetric and volu
metric methods applicable to this solution are described in detail.
A procedure to correct for the effect of interfering substances is
recommended.

Urea is determined by reacting the resin with benzylamine
according to the method suggested by Kappelmeier (13). Com
plete directions are given and a sp.ction on interfering sub
stances is included.

The reviewers have found that a modified form of the described
benzylamine method can be applied to urea-resin modified alkyd
resins with good qualitative results. The crystalline derivative
resulting from the application of benzylamine to the resin includes
the N-benzylamides of any dibasic acids present in the alkyd and
dibenzylurea. Analysis of the infrared spectrum of this mixture
permits the rapid detection of both the acidic components and the
urea.

Since the presence of alkyd resins in nitrocellulose lacquers
makes it virtually impossible to isolate either nitrocellulose or the
alkyd in pure form for gravimetric determination, Schaefer and
Becker (23) have proposed methods for the determination of
nitrogen in nitrocellulose and of nitrocellulose and combined
phthalate in lacquers. The nitrate nitrogen is determined by
dissolving the sample in glacial acetic acid, heating with ferrous
chloride until the iron is oxidized to ferric, and titrating the ferric
iron with standard titanous chloride. Assuming 12% nitrogen,
the nitrocellulose content can then be calculated.

Nitrocellulose interferes with the use of the Kappelmeier pro
cedure for the determination of combined phthalate content.
Going through the reduction procedure does give a water-soluble
nitrocellulose, but subsequent application of the Kappelmeier
method is hindered by contaminating potassium salts. After
reduction, extraction with methylene chloride is proposed;
the phthalic content can then be determined by ASTM D 563
52, followed by corrected ethyl alcohol loss. If diglycollic acid is
present, further modification of the drying procedure is necessary.
Details are given for the method, which has been applied to a
lacquer of known composition, to a commercial lacquer, to various
alkyds, and to known mixtures of phthalate and diglycollate.

Swann and Esposito (36) have investigated the analytical
problem presented by alkyd resins which have been modified with
vinyl chloride-acetate copolymer. The increasing. use of this
modifier necessitates control methods for both major compo
nents. Because of interferences, the analyses are best per
formed on separated resin fractions. A study of possible selective
solvents resulted in the recommended addition of dioxane or
methyl isobutyl ketone to improve the solubility Of the alkyd
fraction before pouring the sample into 0.125N absolute alcoholic
potassium hydroxide. This concentration permits precipitation
of the vinyl resin without decomposition; the alkyd resin is re
tained dissolved. Details of the separation of alkyd and vinyl
resins and estimation of the latter are given.

Chlorinated paraffin or chlorinated diphenyl stays with the
filtrate. Chlorinated rubber precipitates with the vinyl and can
be removed by washing with 60° C. xylene immediately after
filtering and washing the separated vinyl resin.

The alkyd fraction is saponifi.ed in its solvent and the phthalic
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anhydride eontlmt is determined by drying the dipotassium
salts at 110" C. The dipotassium salt is checked for potassium
chloride, which would occur if chlorinated paraffin were present.
Chlorinated diphenyl affects neither the phthalic nor the vinyl
determination. If potassium chloride is present, the phthalic
eontent can be determined by the Swann lead precipitation pro
cedure (34).

If no other sources of chlorine are present, the vinyl resin con
tent can be determined directly on the vehicle. A fusion pro
cedure, representing ,a modification of Swann's styrenated alkyd
approach (35), is recommended for chlorine determination.
Although the proportions of acetate and chloride can vary con
siderably, the medium acetate copolymer is best suited to vinyl
alkyd blends. If medium length" the vinyl chloride content
should equal 8n.5 to 91.5% of the copolymer found.

Vinyl alkyds made according to specification were used as
knowns to test the methods. Excellent results obtained on these
samples are tabulated,

Siegel and Swanson (27), in diseussing the x-ray diffraction
patterns of the polymethylstyrenes, report results of potential
analytical applicability. The physieal properties of polymers of
0-, m-, and p-methylstyrenes and (If the dimethylstyrenes are
similar to those of polystyrene, except for the 30° C. increase of
the second order transition temperature (To) in the case of the
o-methyl compound. If To represents the temperature at which
free rotation about the C-C bond can occur, x-ray diffraction
should show these differences in structure.

X-ray patterns were obtained on a number of polymers pre
pared from the pure isomers of monomethyl and dimethylstyrene.
Except for a different intensity ratio of the two peaks, the patterns
of those lacking o-methyl groups looked like that of styrene.
When the o-methyl group is present, the second peak is poorly
defined.

SPECIFIC CONSTITUENTS

Shay, Skilling, and Stafford (24) have investigated the appli
cability of infrared spectroscopy to the identification of poly
hydric alcohols in unsaturated polyesters. The method can also
be used to identify the alcohol fraction of ester-type coating resins.
Three other pot~mt,ially useful contributions, two on the identi
fication of dibasic acids (29, 33) and the third on the analysis of
polyester resins (32) are also applicable, in whole or in part, to
the analysis of alkyd-type coating resins.

After saponification according to ASTM D 563, the insoluble
potassium salts are filtered, and the filtrate is made slightly acid
with concentrated hydrochloric acid. Precipitated potassium
chloride is filtered off and the filtrate is concentrated to about
5 mL, transferred to a separatory funnel with 10 to 15 ml. of water,
and extracted with 1In equal volume of ether. The water is made
slightly alkaline and dried by evaporation. The evaporation
residue is extracted with alcohol and filtered, and the filtrate is
evaporated. The residue represents the polyol fraction.

The infrared spectrum of the polyol fraction is compared with
those of a selection of commercially available polyols. The
1350- to 1550-cm. -I region of 24 spectra is reproduced. .Com
posite spectra have been included to illustrate the problem pre
sented by mixtures of some of the common glycols, and the man
ner in which such an occurrence can usually be solved.

It was found easy to identify a single unknown polyol. Identi
fication of a mixture of two liquid glycols, with components
present over a reasonably wide range, is almost always successful.
:.Ylixtures of a solid and a liquid glycol should be first separated by
solvent fractionation. Infrared analysis is not successful in the
complete identification of most mixtures of more than two polyols.

Jordan recommends (11) a sensitive, qualitative method for the
rapid detection of vicinal dials in alkyd resins. While developing
a method for the determination of water in glycols and glycerol,
several solvents, including benzene, toluene, xylene, petroleum
naphtha, cyclohexane, and turpentine, were found to form ternary
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azeotropes with ethylene glycol and water. Xylene was partic
ularly effective in separating low molecular weight glycols from
other polyols, using a Dean-Stark trap. Vicinal diols can be
detected in this fraction by the standard periodate procedure.

After an ASTM D 563-type saponification and separation,
the filtrate is evaporated and water added to keep the volume be
tween 100 and 200 ml. The filtrate is acidified in a separatory
funnel and extracted with ether. The combined water layers
are evaporated to 150 ml., 50 ml. of xylene are added, and 100 m!.
of azeotropic distillate are taken. The distillate is evaporated to
5 to 10 ml. and vicinal dials are detected by a white precipitate
on addition of periodic acid followed by silver nitrate.

There is no known interference. A positive test was obtained
with the vicinal diols representing as little as 5% of the polyol
fraction. Since all low molecular weight vicinals produce similar
effects in the properties of alkyds, no further identification is
needed. This brief paper has been included here in some detail
to point up the need for a method for the quantitative separation
of the total polyol fraction.

Spagnolo (28) has modified the glycerol method based on the
formation of the sodium-copper (H)-glycerol complex to increase
sensitivity and extend applicability to glycerol esters and resinous
vehicles. Description of apparatus and reagents and directions
for the preparation of the standard calibration curve and for the
analysis of aqueous and alcoholic solutions are given.

Although Beer's law is not obeyed, a linear relationship is ob
tained for the recommended glycerol concentrations of 17 to 65
mg., using the modified method. Vic-diols such as ethylene and
propylene interfere by giving a blue color, whereas pentaerythritol,
diethylene glycol, dipropylene glycol, trimethylene glycol, and
polyethylene glycol formed no color.

Hobart (10) has developed a method for unsaturated acids in
polyesters which is fast and flexible, and which, under suitable
conditions, might be applied to the usual coating-type resins.
Using polarography, Hobart determined ma,leic andlor fumaric
acids directly on the polyester-monomer formulation as received.
Phthalate ester and styrene monomer do not interfere.

An equation was derived for applying an acid number correc
tion of the diffusion current such that per cent maleic anhydride =

I dlD.Ol KW, where I d is the corrected diffusion current, K is a
proportionality constant, and W is the sample weight. Com
plete details are given for the determination of maleate unsatura
tion in the presence of styrene or other monomer. (This proce
dure may be extended to coating-type alkyds if correction is
made for interaction of the acid in any manner which would
change the conjugated system originally present, such as adduct
formation with drying oil acids.)

ASSOCIATED MATERIALS

Ellis and Le Tourneau (5) recommend a rapid, accurate ab
sorption method for the analysis of commercial lacquers, which
permits the simultaneous direct determination of aromatics,
saturates, total hydrocarbons, and total oxygenated compounds.
Separated fractions would probably be amenable to further
analysis, if necessary. The procedure is identical with that pre
viously described (4) for hydrocarbon mixtures, with the substi
tution of a new dye and a new displacing agent, to adapt the
method to the present purpose.

Details of minor modifications of the original procedure are
given. N-Butylamine is the new displacing agent. The new
dye component, Rhodamine B base, is added to the original
fluorescent indicator to mark the boundary between the oxy
genated compounds and the N-butylamine. Two pounds per
square inch gage pressure is applied to the column. After the
fluorescent, orange top boundary of the sample has passed through
about 25 em. of the 3-mm. outside diameter glass tubing, the
length of each section is measured.

The method was tested on four basic formula lacquer thinners
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and one arbitary mixture, with good results over a wide range of
composition. It is also suitable for the analysis of oxygenated
compound-hydrocarbon mixtures other than lacquer thinner~.
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I Ferrous Metallurgy I
H. F. BEEGHLY

Jones & Laugh/in Steel Corp., Pittsburgh 30, Pa.

PRA?TICAL i~novations in ferrous analyti9al chemistry
durmg the period October 1, 1952, to October 30, 1954,

might be grouped into methods more rapid than previously used
and those evolved to meet specific new requirements.

X-ray fluorescence has been utilized to an increased extent.
Activation and tracer techniques, though restricted for day-to
day application by lack of ready access by many laboratories to
suitable sources, have become established as useful and practical.
Reagents that are specific for a given metal or group of elements
continue to be adopted as rapidly as they are discovered. Note
worthy in this category are cuproine and similar specific com
pounds for copper, mandelic acid and its derivatives for zirco
nium, chelating reagents, and ion exchange resins.

Spectrographic and x-ray diffraction methods have continued
as two of the analyst's most versatile tools. New techniques and
improved apparatus have increased their utility. The nonmetal
constituents in ferrous metals have not yielded to these methods,
however; such elements as carbon, phosphorus, and sulfur con
tinue to be determined by older methods. Sufficient progress
has been made during the past 2 years to warrant the hope that
simpler methods will come into practical use.

Nonmetallic compoilnds in ferrous metals have been of active
interest; principal progress recently has been in utilization of
new methods developed by the analyst for research on the role
of these constituents in metals.

Detailed information on recently published work in x-ray
fluorescence (3, 8, 15), spectroscopy (4, 13, 21, 24, 37-39, 44,
73, 83), activation and tracer methods (1, 6, 7, 14, '48, 49, 59,
60), and separation methods (5, 19, 30, 34, 56, 65, 75, 76, 84,

88) have been published,' as well as useful new reference book
(2, 50, 52, 69).

ACTIVATION AND TRACER· j\JETHODS

Activation and tracer methods; though not extensively used
in industrial work at present, have been put to' practical use.
Carbon, by deuteron bombardment is converted to nitrogen-13,
which Il}-ay be determined by the Kjeldahl method (1). Boron
may be detected autoradiographically following neutron acti
vation (20).

In the analysis of mixtures of columbium, tantalum, and ti
tanium, activation methods have been effective (6, 48). ·For
trace constituents, this method is especially useful (49), and as
facilities for activating specimens become more generally avail
able, it will undoubtedly find increased application. Similarly,
when facilities are installed in more laboratories for accommodat
ing the relatively low level of activity necessary;, tracer methods
will be more widely applied for analytical control and research.

ALUMINUM

The quantitative isolation of aluminum from other elements
in ferrous metals remains the principal obstacle to its accurate
determination. Complexing or sequestering agents which have
been investigated include: the sodium salt of ethylenediamine
tetraacetic acid '(EDTA) in the presence of potassium cyanide
(14), thioglycolic acid (34), ascorbic acid following a mercury
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cathode separation U1'), and ammonium thiocyanate (80, 81).
In the first three methods, aluminum is isolated from the iron
complex by extraction of the aluminum hydroxyquinolate into
chloroform; in the latter, the iron is excracted into an ether
tetrahydrofuran mixture. Use of polythe:~e apparatus has elim
inated the errors associated with leaching of aluminum from the
glass ware.

BORON

The principal methods for determining boron in ferrous metals
involve either spectrographic methods or reaction of boron with
such compounds as quinalizarin, chromotropic acid, or carmine
(18, 42, 53) in a medium of concentrated sulfuric acid or with
curcumin in aqueous or organic solution (78). All of the lJ,bove
are for determining relatively low concent,rations; they are sub
ject to interference from elements commonly present in iron and
"teel. Isolation of the boron without excessive contamination
is both time consuming and difficult. :~0 improvement over
these methods has 'come into use in recent years. The echelle
type of grating, which recently became commercially available,
provides a promising means for improving 8pectrographic methods
for determining small quantities of boron (44). An autoradio
graphic technique using neutron irradiation also has shown
promise of providin!~ a specific method for detecting boron in
steel (20). It is not in widespread use at present.

CARBON

Methods for the determination of carbon in ferrous metals by
combustion in oxygen are well established and simple. Excep
tions are procedures for the metals with high thermal stability,
or with unusually low carbon contents.

New fluxes which show promise for the heat-resistant alloys
include a cryolite-lead oxide mixture (20 parts of NaaAlFe to
100 parts of Pba0 4 by weight) (63) and boron trioxide (2.5 parts
of B20 a to 1 part of Elample by weight) (111).

The conductometric method for measuring the carbon dioxide
evolved during combustion continues to gain acceptance for
low-carbon materials (85). For highest precision with very
small amounts of carbon, the carbon dioxide is trapped in liquid
nitrogen, the oxygen is removed, and the amount of carbon
dioxide remaining is measured by means of the pressure change
of a sensitive manometer (67).

CERIUM

A method for isolating the cerium group (rare earth) elements
and estimating the amounts of each involves removal of iron and
major steel components with the mercury cathode and concen
tration of the rare earths by precipitation with ammonium hy
droxide using an iron carrier. The combined hydroxides are
dissolved in hydrochloric acid; uranium and sodium chlorides are
added as an internal standard and spectroscopic buffer, respec
tively. The specimens are then excited with a direct current
arc and their spectra recorded. The procedure is applicable to
I-gram samples of steel containing as little as 50 mg. of rare
earths (82).

In another procedure (83) the cerium is coprecipitated with
barium as the fluori.de in a hydrochloric-perchloric acid solution.
Quantities as small as 0.003% of cerium in stainless steel may be
determined.

COLUlVIBIUM

:Methods for separating columbium from tantalum and for
determining each have continued to receive attention. Diiso
propyl ether (19, 30), diisopropyl ketone (84), ethyl methyl
ketone (36, 56), and mixed butyl phosphoric acids in di-n-butyl
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ether (76) were found to be specific for extracting these elements
from acid solution and a basis for their separation. The value
of activation and tracer techniques using columbium-95 and
tantalum-182 for evaluating the separation procedures was
established (7, 59, 60). The columbium thiocyanate (54, 88),
columbium-pyrogallol (35), and columbium-hydroquinone (40)
complexes were explored and practical methods for their utili
zation in determining columbium described.

COPPER

The reactions of copper with diethylammonium diethyldi
thiocarbamate and the more specific reaction with cuproine and
neo-cuproine (16,22,28, 33) have provided improved methods
for determining small amounts of copper in ferrous metal. The
former requires use of ethylenediaminetetraacetic acid as a
masking agent; the latter utilizes the citrate or tartrate to com
plex the iron prior to extraction of the copper-organic compound
from aqueous solution. Of the extractants tried, chloroform
seems most effective. Ethyl alcohol is added to the extract to
promote color formation.

GASES AND NONMETALLIC COMPOUNDS

A micro-vacuum fusion unit for determining gases in metals
with an accuracy of ± 10 p.p.m., on 50- to 200-mg. specimens has
been utilized (27). The problem of determining gases in high
sulfur materials by the vacuum fusion method has been recog
nized (29). Apparatus for research on gas analysis methods
was devised (32, 77, 89, 90).

A method for determining oxygen in metals based on irradia
tion of the oxygen to produce radioactive fluorine-18 has been
studied (66).

Nonmetallic compounds were studied by isolation methods
(2.5, 46, 55, 57, 86) and spectrographically (38, 39). No funda
mentally new methods were described.

PHOSPHORUS

By the use of the direct-reading spectrograph (13), phosphorus
contents as low as 0.005% were determined successfully.

For high purity iron (23) the molybdenum blue method was
utilized after removal of iron with the mercury cathode. After
reduction to the ferrous state, a cation exchange resin (91) was
used to separate iron from phosphorus. The efficiency of the
separation was checked by use of phosphorus-32 as a tracer.

SLAGS AL"lD REFRACTORIES

The combustion method, when details of the empirical pro
cedure are established and followed closely, provides a means for
rapid determination of sulfur in blast furnace slags (10). De
hydration with perchloric acid following fusion with sodium
carbonate (the fusion requires heating 10 minutes at 450 0 and
15 minutes at 1000 0 in a electric muffle furnace) provides a rapid
method for determining silica in blast furnace slags (12).

By use of semimicromethods (17) or spectrographic procedures
(71, 73) a complete analysis of silicates and slags may be effected
quickly; only 100 to 500 mg. of sample are necessary. Calcium
and magnesium in limestone were determined by titration with
ethylenediaminetetraacetic acid (43).

The use of pH measurement for evaluation of the basicity of
slags has received renewed attention (74).

SULFUR

Emphasis on development of a rapid stoichiometric method for
the determination of sulfur has continued. Evaluations of
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combustion procedures continue to indicate that, though re
producible, they must be standardized against materials of similar
composition and with a range of sulfur contents 'comparable to
those of the unknown samples (11, 51, 70, 72, 79). Recovery
of the sulfur content is reported to range from 86 to 100% of
the sulfur present. Temperatures required for combustion range
from 1300 0 to 1425 0 C. and oxygen flows from 1 to 3 liters per
minute.

Work has been done to simplify and improve the gravimetric
(9) and the evolution methods (31). Phosphoric has been used
in place of hydrochloric acid to liberate the sulfur as hydrogen
sulfide from chrome, chrome-nickel, and the nickel steels. In
the gravimetric method, iron has been removed prior to precipita~

tion of barium sulfate by passing a perchloric acid solution of the
steel through an alumina column specially treated with ammonia
(84). Iron is retained in the column and the sulfur is precipi
tated in the eluate as barium sulfate.

TITANIUM

Following removal of iron with the mercury cathode, titanium
was determined polarographically using a supporting electrolyte
1.0, 0.5, and 1.2M in tartaric acid, sulfuric acid, and ammonium
sulfate, respectively (28). By use of ethylenediaminetetraacetic
acid, titanium was separated from interfering elements and de
termined by measuring the absorption of the peroxide complex
(88). Chromotropic acid was utilized also (47).

ZIRCONIUM

Mandelic acid and its derivatives continue to be studied as
precipitants for zirconium (49, 58). Generally, the precipitate
is ignited to zirconium oxide and weighed. It may be dissolved
in aqueous ammonia and the zirconium determined volumetric
ally (87). Benzilic (45) and tetrachlorophthalic acid (82) also
may be used as precipitants in the presence of iron and elements
commonly present in steel.

SUMMARY

The literature cited in this review includes only a limited num
ber of the articles published in the period from November 1,
1952, to October 30, 1954. It is intended to include methods
with specific application, which appear to be finding increased
practical use. Mention has not been made of methods for analy
sis of the newer metals and alloys, many of which are now pro
duced commercially and used in a manner somewhat analogous
to ferrous metals.

It will be appreciated if important omissions are brought to the
attention of the editors, so that they may be included in a future
article.
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Nonferrous Metallurgy I
M. L. MOSS

Aluminum Co. 01 Amerka, New Kensington, Pa,

PUBLICATION of research on nonferrous metallurgical
analysis has continued at a uniform level of activity for the

past 5 years including the interim since the previous review (131)
and up t,o August 1954. Emphasis on newer and more effective
methods of analysis is on the increase, and there is reason to ex
pect this apparent trend to be even more noticeable as consolida
tion of recent developments proceeds during the next few years.
There has been a steady rise in the proportion of work done in
foreign laboratories,' now corresponding to about 60% of the
total publications. Extensive reviews on the analytical chem
istry of titanium (31), beryllium (187), and uranium (153)
reflect a pronounced increase in the volume of work onthe chem
ical a,nalysis of these materials.

Recent advances in' x..ray fluorescence analysis are rapidly
bringing this method into prominence. Because of the relative
independence of x~ray excitation on metallurgical structure and
the ease of analyzing comparatively large surface areas, the
method is not subject to the rigid requirements for sample prep
aj'ation characteristic of spectroscopic methods. X-ray fluor
escence analysis is, in general, less sensitive than emission spec
troscopy. In an air medium, the most favorable situation is
the determination of high concentrations of elements of atomic
number greater than 22. Recent developments in production of
crystals and in the use of a helium path promise to extend the
method to lighter elements and to.lower limits of detection.

One of the most interesting developments in spectrographic
analysis of metals is the excitation of molten samples. Analysis
of certain metals has been complicated heretofore by variables
associated with strueture, including grain size, distribution of
constituents, porosity; microscopic shrinkage cracks, and other
effects produced during solidification, heat treating, and working.
A new technique involving excitation of molten metal was pro
posed by Frederickson and Churchill which erases these so
caIled metallurgical effects and eliminates undesirable differences
in spectral excitation characteristics resulting from variations in
previous treatment of the metal (51). Although developed
primarily for analy:,iB of aluminum alloys, this general technique
should be valuable in the analysis of other metals in which metal
lurgical history of the sample influences excitation.

A double-focusing mass spectrograph for determining impurities
in solids was described by Hannay (70). Samples in the form of

wires or rods are excited by a spark discharge, glVlllg a wide
spread in initial energies requiring both magnetic and electro
static focusing. Using photographic plates, this instrument
can determine 0.1 p.p.m. of antimony and other elements in
germanium with exposures of 3 to 10 minutes. For higher con
centrations, electrical ion detection is used.

Polarographic and colorimetric methods have been widely
used for determining impurities in all metals and in the semi
conducting nonmetals. M(lasurement of gas in metals by vac
uum fusion methods has also received considerable attention.
Several new and promising_ applications of neutron activation
were reported.

Bricker, Furman, and McDuffie developed a general tech
nique for the separation of trace amounts of various metals using
a small mercury cathode (18). After electrolysis, the mercury
amalgam is subjected to distillation, after which the metallic
residue is analyzed colorimetrically to determine nonvolatile
constituents. Among the elements which can be satisfactorily
removed from mercury cathodes are cadmium, cobalt, copper,
iron, nickel, and zinc. The method has been applied to uranium,
calcium, magnesium, and other light alloys.

ALUMINUM

An x-ray diffraction method suitable for large scale bauxite
exploration studies was described by Black (13). Diffracted
intensities are converted to mineral percentages using caIibration
curves based on samples analyzed chemically. Gibbsite, boehm
ite, kaolinite, quartz, and total iron minerals are determined.
Total water, silica, iron oxide, and alumina are then computed
from corrected mineral values. Computation, handling, and
listing of data are facilitated by a printing-type recorder, calcu
lating board, and automatic computer. Among the advantages
of the x-ray method in exploration work are a fivefold reduction
in time compared to chemical methods, reduced over-all cost by
elimination of many chemical determinations otherwise necessary,
identification of the minerals present leading to advance infor
mation concerning performance of bauxite in the Bayer process,
and use of very small samples.

Characterization of hydrated aluminas by infrared spectros
copy and application to the study of bauxite ores were reported
by Frederickson (50). Alpha monohydrate (boehmite), alpha
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trihydrate (gibbsite), beta monohydrate (diaspore), and 'beta
trihydrate (bayerite) were shown to pos'sess hydroxyl groups
with sufficiently different absorption patterns in the OH stretch
ing and deformation regions to serve as a basis for their identifica
tion. .Infrared spectra of pure hydrates were used to identify
gibbsite and boehmite in a variety of bauxite ores and diaspore
in certain clays using mineral oil mulls and pressed potassium
bromide plates.

Interest in the nonmetallic impurities in aluminum metal
continued at a high level. Griffith and Mallett developed a
modification of the tin fusion method for determining hydrogen
as low as 0.1 ml. per 100 grams in wrought aluminum welds (65).
This work is of particular interest because multiple determinations
permit the determination of not only the amount but also the
distribution of the hydrogen.

Kostron reviewed procedures for determining gas content of
aluminum alloys, pointing out the necessity of developing a
correlation between precise vacuum fusion and rapid test methods
(.95). lVIethods for determining oxygen in aluminum and other
metals were also reviewed by Fischer and .Bechtel, including
hydrogen reduction, bromine in methanol, cupric chloride,
hydrogen chloride volatilization, and metallographic methods
(48).

A combustion method for determining carbon was described
by Goto and Takeyama (61). This is a combination method
providing for combustion of methane produced by hydrolysis of
carbide and separate combustion of any insoluble carbon left
after dissolving the sample in ferric chloride.

A method for determining boron in aluminum-boron alloys
without distillation was described by Eipeltauer and Jangg (43).
Aluminum is precipitated twice with sodium hydroxide, after
which the mannitol method is used in titrating the borate. A
method for determining silicon in aluminum by measurement of,
electrical conductivity was reported (138). In the range 0.1
to 0.2%, agreement with chemical determinations was within
±2%.

Conventional colorimetric procedures for copper, iron, silicon,
manganese, titanium, and bismuth were adapted to analysis of
aluminum· alloys by Bednara (7). Jean studied other published
methods for determining copper, iron, silicon, manganese, mag
nesium, zinc, nickel, chromium, tin, bismuth,· zirconium, and
cobalt (85,87). Sodium in aluminum and· other metals was de
termined by Shigematsu and Kimura following precipitation of
aluminum with dry hydrogen chloride and separation of sodium
with uranyl nickel acetate (163, 164).

Jean applied the methyl violet method for antimony to alu
minum, zinc, and tin alloys down to 0.015% antimony (86).
Colorimetric met,hods for iron in aluminum were studied by
Mazor and Grusz using bipyridine, phenanthroline, thiosalicylic
acid, dimethylglyoxime, Ferron, and thioglycolic acid (113).
Bipyridine and phenanthroline were recommended. An inter
esting method for the 'simultaneous determination of aluminum
and magn~sium was describ~d by Boettcher and Hellwig (15).
Using Eriochromecyanine and Titan yello~, a' cros.sed~grid of
isochromatic lines was plotted in terms of concentrations of the
two elements. This method was found useful with binary alloys
containing comparable amounts of both constituents. A rapid
method using nitroso R salt was proposed. byStross and Stross
covering the range 0.1 to 2% cobalt (176).

Methods for .the. polarographic determination of zinc in alu
minum were adopted by British Standards Institute for the range
0.02 to 3% zinc (19). The sample is. dissolved by successive
treatment with sodium hydroxide and sulfuric acid containing
potassium perchlorate. The two solutions are mixed prior to
obtaining the polarographic curve.

Spalenka determined small amounts of zinc in aluminum and
magnesium alloys using potassium thiocyanate as the supporting
electrolyte (172). With a standard prepared from a solution of
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the sample containing a measured· amount of added zinc, the
method is sensitive to 0.01 %.

Mills and Hermon determined ni~kel in aluminum polaro
graphically after ~eparatirig the nickel by precipitating with
sodium hydroxide and converting it to the perchlorate (119).
A pyridine-pyridinium chloride supporting electrolyte was used.
Chromium was determined polarographically, using an electro
lytic separation to remove copper if present in ainouri.t~ greater
than q.25% (118).

Stross developed a polarographic met~od for cadmium in
the range 0.01 to 5%, applicable to samples' containing several
per' cent of manganese, magnesium, zinc, .nickei,. chromium,
titanium, tin, calcium, bismuth, zirconium, antimony, silver, and
niobium (175).

Graham and Hitchen developed a precise and accurate method
for the polarographic determination of titanium in a variety of
aluminum-base alloys using as the supporting electrolyte tartaric
acid, sulfuric acid, and ammonium sulfate (62). The sample is
dissolved in sodium hydroxide, followed by extraction of the
titanium from the residue .with sulfuric :1cid. A rapid method
for determining bismuth, copper, ·and· 'lead In aluminum alloys
was reported by Norwitz, based on selective electrodeposition to
remov.e copper.J'rom a nitric .acid solutio!).. containing hydrogen
peroxide (133). Copper and bismuth are deposited from nitric
acid solution in phosphoric acid. Copper, bismuth, and lead
are deposited from a hydrochloric acid solution containing hy
droxylamine. Bismuth and iead are then calculated by differ
ence.

An isotope .dilution· method using zipc-65 as the radioactive
tracer was used by Theurer and S,,:eet on samples containing from
0.02 to 1.5% zinc (178).

Carrara described a procedure for the determination of gallium
based on a preliminary ether extraction followed by electrolysis
using platinum gauze cathodes in an alkaline solution containing
ammonium sulfate (25). The deposit of gallium is weighed after
oven drying. Gastinger determined gallium in aluminum alloys
using ether and cupferron separations followed by..fusion with
sodium hydroxide to remove iron (54):' Final measuremeJlt of
gallium was made using 8-quinolinol.

A rapid titrimetric method ·for magnesium using sodium ethyl7
enediamine tetraacetate was developed by Sergeant using Erio
chrome Black indicator (162). Samples are dissolved in sodium
hydroxide to remove the bulk of the aluminum, silicon, and zinc,
followed by an ammonia precipitation in the presence of bromine.
Cyanide is added to complex any residual copper or nickel re7
mainingafter the previous separation. Faller· used the. same
titrant and indicator.for the rapid determination of zinc at pH 9
(45).

A titrimetric method for magnesiunl was developed by Mann
chen involving formation of sodium magnesium f1uqride followed
by potentiometric titration of excess sodium fluoride with stalJ,d
ard ferric chloride at pH 4 (106). Aluminum is first removed
by dissolving the sample in sodium hydroxide. Vacuum .equip
ment for the distillation method of determining magnesium (and
zinc) by the method of Urech and Sulzberger,was improved and
is available commercially (186). This equipment permits the
determination of magnesium in 19 samples simultaneously.

Methods for the determination of 0.06 to·0.08% zircol)ium in
aluminum aUoys using p-halomandelic acids were described by
Papucci, 'Fleishman, and Klingenberg (1-41). Excellent agree
ment with the phosphate method was obtained and no apparent
advantages were observed between the chloro and bromo acids.

For the determination of small quantities of vanadi m in
aluminum, preliminary concentration with cupferron was pro
posed, followed by oxidation with perlllanganate and back-titra
tion with ferrous sulfate using diphenylamine (38). Clark and
Stross developed a semiquantitative spot test for tin based on
decolorization of starch-iodine reagent and suitable for sorting
scrap (29).
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MAGNESIUM

Atchison and Beamer applied neutron activation analysis to
the determination of trace elements in high-purity magnesium
metal (4). Sensitivities in the order of 10--9 gram of phosphorus,
10-8 gram of copper and iron, 10-7 gram of sodium and potas
sium, 10-6 gram of strontium, calcium, and chromium, and 10-6
gram of sulfur were reported for 4-week irradiation periods.
Chemical procedures were developed for separation of these ele
ments from irradiated magnesium.

Volpi described a method for the polarographic determination
of antimony, lead, ldnc, and manganese in magnesium alloys
(188). An indirect polarogmphic method for zirconium based on
precipitation as the m-nitrobenzoate followed by measurement of
the wave height corresponding to the first reduction of the nitro
benzoic acid was developed by Graham, Van Dalen, and Upton
(64).

A rapi.d colorimetric method for zirconium in magnesium alloys
using alizarin red S was reported by ~.engert for the range 0.1
~o 1%, with accuracy corresponding to that obtainable gravimet
rically (190). Mayer and Bradshaw used the same reagent for
this determination, showing it to be highly useful for minerals
and. ferrous alloys as well as magnesium (111). They also em
ployed this method for determining the approximate composition
of hafnium-zirconiulll mixtures.

Wengert, Walker, Loucks, and Stenger developed procedures
for determining thorium and rare earth elements in magnesium,
using a preliminary separation with benzoic acid and ammonium
sebacate followed by precipitation of the oxalate (191).

Strange determined lithium in magnesium by flame photom
etry in the range 1 to 10% with errors of only 0.25 to 2% of the
amount present (174). In order to compensate for the suppress
ing effect of magne3ium and aluminum, addition of these ele
ments to the standard solutions was recommended. Robinson
and Ovenston used a double-beam flame photometer for determin
ing litbium in the range 11 to 14% (152). Their method employs
potassium as internal standard, and this technique is recom
mended for genera.! use in the determination of alkali metals.
Errors were less than 1%. Sodium and potassium were found
not to interfere, and this was true also of silver, zinc, aluminum,
and cadmium, provided the total did no~ exceed more than 10%.

Milner and Woodhead studied the titrimetric determination of
aluminum using ethylenediaminetetraa,cetic acid, titrating the
excess with a standard iron solution, using salicylic acid indicator
(128). Up to 60 mg. of aluminum can be determined by this
method with an error of less than 1%. A preliminary separation
of aluminum as the benzoate is required in the analysis of mag
nesium, copper, and zinc alloys. Mayer, Bradshaw, and Deutsch
man described a :rapid and promising procedure for determin
ing zinc based on titration with ferroeyanide using an electro
metrie setup employing polarized platinum electrodes (112).
Typical results agreed to within 0.03% at a level of 4.8% zinc.

COPPER

Considerable work was done on the application of colorimetric
methods to the determination of minor constituents in copper
base alloys. Silverstone and Showell studied the determination
of iron, nickel, and manganese employing a single sample (170).
Copper is removed by precipitation with aluminum along with
any lead present. Iron is determined with thiocyanate, nickel
with dimethylglyoxime, and manganese with potassium periodate.

Wiedmann and Nufer determined chromium in copper-chrom
ium alloys using the persulfate method following electrodeposition
of copper (194). Low concentrations of copper were determined
colorimetrically and larger amounts titrated. Molybdate meth
ods for determining phosphorus, arsenic, and silicon in copper
:llJld in nickel, following selective extraction with various mixtures
of chloroform and butanol, were reported (47). For arsenic and
for small amounts of phosphorus and silicon, reduction of molyb-
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denum with stannous chloride was recommended. Further
work on the molybdate method for silicon in copper alloys covered
the range up to 5% in the presence of 0.05% phosphorus and 1%
iron and arsenic (1).

Additional work on the aluminon method for beryllium in
copper-beryllium alloys was reported (59). Beryllium was first
separated from a tartrate solution with guanidine carbonate. A
permanent color standard containing ferrous ammonium sulfate
and methyl red was used for this procedure.

Pohl determined aluminum in copper and its alloys, first
separating interfering elements with sodium hydroxide and
measuring the aluminum with Eriochromecyanine-R (145).
Minimum deviation from gravimetric results was 0.03% in the
range of 0.01 to 10% aluminum. Other photometric methods
for arsenic and copper using phosphate (41) and sulfite with
stannous chloride (16) were also reported.

Lutwak proposed some modifications of the ASTM method
E 62-50T for determining phosphorus based on measurement of
the phosphovanadomolybdate color (103). If the color is allowed
to develop at room temperature, stability is improved and fading
eliminated. Separation of metastannic acid in the final solution
is prevented by using a suitable mixture ofnitric and hydrochloric
acids. The same procedure is recommended for both large and
small amounts of phosphorus.

Goto and Kakita studied the determination of antimony in
the range 0.0002 to 0.04% based on reaction with methyl violet
and extraction with amyl acetate (58). A prior separation by
coprecipitation with manganese dioxide was used on copper,
lead, zinc, cadmium, bismuth, nickel, and iron.

Existing methods for the determination of tin in bronzes were
reviewed by Besson and Budenz (10). They recommend pre
cipitation of metastannic acid in hot nitric or perchloric acid
followed by volatilization of the iodide. The ammonium iodide
is specially prepared in order to exclude nonvolatile constituents.
The authors were unable to confirm other work indicating that
silicon tetraiodide is volatilized along with the tin. Antimony,
being volatilized with the tin, must be determined separately.
The method is not suitable for phosphor bronzes (9).

A potentiometric method of titrating tin, copper, and antimony
in bearing metal and bronze involves reduction of these metals
with chromous chloride, after which all three elements are
titrated in one solution and the end points read from the titration
curve (27). Rapid titrimetric methods for determining tin in
various copper-base alloys based on reduction with hypophos
phorous acid (88) and orthophosphorous acid (146) were reported.

Several methods for determining aluminum in brasses and
bronzes were described, all based on existing methods modified
for particular materials. Gwatkin used a mercury cathode sepa
ration, after which aluminum was precipitated with 8-quinolinol
and titrated with potassium bromate (68). Wiedmann used the
same reagent in conjunction with a sulfide separation,. determining
the aluminum gravimetrically (193). Miller, Gedda, and Malissa
determined aluminum in copper alloys with 8-quinolinol, using
sodium diethyldithiocarbamate to separate interfering metals
(116). This was done by precipitating the undesired constituents
and filtering or by extracting the complexes with a solvent. The
extraction method was preferred. Kinnunen and Merikanto
determined aluminum by a fluoride titration carried out in 50%
CEillosolve using ferric salicylate indicator (89). This method
gives good results in the range 0.3 to 11 %.

Selective reduction of copper, iron, and titanium using zinc,
lead, and bismuth amalgams was used as a basis for determining
these elements (198). For the determination of nitrogen in
copper and titanium alloys, Codell and Verderameproposeddiges
tion with perchloric acid followed by distillation and titration
with sodium hydroxide (33). This method is satisfactory for
determining nitrogen as low as 0.01 %.

A critical study of the electrodeposition of copper and zinc in
brasses was reported by Tschanun, in which he investigated
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various types of plated and unplated electrodes, time, tempera
ture, and nature of the electrolyte (184). ProcedUl:es suitable for
microanalysis were recommended. - Polarographic methods for
determining zinc (84, 196) and copper were reported. Zabransky
described a polarographic method for determining bismuth after
extraction of copper from a cyanide solution with dithizone (199).

A flame photometric method for determining indium in alu
minum-bronze alloys was described by Meloche, Ramsay, Mack,
and Philip using the indium line at 451.1 mp (114). Indium was
determined to within ±0.1 % in the range 0.2 to 10%. Addition
of copper and aluminum to the standards was recommended.
With an oxyhydrogen burner, the minimum detectable concen
tration of indium in solution is about 0.2 p.p.m.

ZINC

Sampling of various zinc- and lead-containing materials was
reviewed by Ensslin, and procedures applicable to melts, ingots,
scrap metals, slags, and drosses were recommended (44). Melt
ing, dip sampling, and granulation were found to be the most
successful means of avoiding segregation.

Refinements in the dichromate methods for determining metal
lic zinc and zinc dust were described by Imai and Suehiro, who
called attention to the importance of adding acid at intervals of
10 minutes in order to achieve complete reaction with the free
metal (82, 83).. A sulfide photometric method for thallium in
flue dust was studied by Handley and applied also to zinc assay
solutions following titration of zinc with ferrocyanide (69).

Pellowe and Hardy applied the aluminon method to zinc metal
for the determination of 0.001 to 0.01 % aluminum (142). Thio
glycolic acid was used to suppress interference by iron, copper,
and tin. Interference by other metals was discussed along with
modifications for using this procedure on certain tin and cadmium
alloys.

Margerum and Banks studied the determination of iron with
1,1O-phenanthroline from the standpoint of interference by van
adium, chromium, manganese, nitrogen, and zinc (109). By
taking advantage o"f the differences in stability of the phenanthro
line complexes of these elements together with their different
rates of formation, it is possible to extract the ferrous complex
with nitrobenzene and avoid interference otherwise encountered.
With zinc it is not necessary to perform the extraction if zinc is
converted to an ammine complex, and the pH is adjusted to 9.
The proposed methods are not applicable to cobalt and copper
because of the high reaction rates of these elements with phenan
throline and high stability of the complexes.

A rapid method for determining up to 20% uranium in zinc
was described by Fritz and coworkers (53). No separations are
required, uranium being reduced with a lead reductor followed by
titration with ceric sulfate. Zinc is titrated with ethylenedia
minetetraacetic acid using ammonium purpurate indicator.
Interference by uranium is avoided by forming a carbonate com
plex.

Semerano and Mendini investigated the polarographic de
termination of trace elements in pure zinc, including bismuth,
copper, antimony, lead, tin, indium, and cadmium (161). Sensi
tivity of the polarographic method was reported to be higher
than the spectrographic method in all cases except bismuth and
copper.

Reinacker and Hoschek studied the polarographic determina
tion of indium in zinc materials at concentrations of about
0.005% (149). Preliminary separation of indium by ammonia
precipitation in the presence of bismuth or iron is recommended,
particularly if cadmium is present. Maraghini also studied the
determination of indium in zinc residues using an ammonia or
sulfide separation to remove interfering constituents (108).

A critical study of the determination of zinc in zinc-cadmium
alloys by spectrographic, electrometric, and polarographic
methods was published by Scheller and Treadwell (159). A
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sulfide separation of cadmium is necessary with the chemical
methods.

Sietnieks determined tin in zinc die-casting alloys by the polaro
graphic method following separation of metastannic acid and fu
sion of the residue with sodium hydroxide (165). A method for
determining 0.0005% oxygen in metallic zinc was based on reac
tion of the oxide with hydrogen sulfide and adsorption of the water
evolved in phosphorus pentoxide (72). The reaction takes place
at 550° C.

LEAD

Although much of the recent work on an analysis of lead is
concerned with colorimetric and polarographic methods, several
titrimetric procedures have been reported. Mannelli proposed
a titrimetric method for silver in lead using standard potassium 
iodide in the presence of ammonium acetate with bromophenol
blue adsorption indicator (107).

Klenert studied the iodometric method for determining tin
in antimony-lead-tin alloys containing up to 20% tin (91).
Platinum or chloroplatinic acid was used to control dissolution
of the sample. For alloys containing up to 18% antimony,
bromate titration at 95° C. was recommended by Cimerman and
Ariel (28).

Schulten described a method for determining total lead in
lead dross and scrap based on treatment of the sample with
sulfuric acid and boiling the residue with ammonium carbonate,
followed by dissolving with nitric acid and precipitation as the
sulfate (160).

Various possible methods for the analysis of bismuth-lead eutec
tic alloys containing 55% bismuth were reviewed by Silverman
and Shideler, and a procedure was recommended involving pre
liminary separation of lead as the chloride, followed by a cup
ferron separation and final measurement as the phosphate (168).

Fraser, Beamish, and McBryde investigated the determination
of small amounts of palladium in lead assay buttons and developed
a satisfactory procedure avoiding separation of lead as sulfate
(49). Palladium was separated successfully by a double pre
cipitation with salicylaldoxime and by extraction with chloroform
as the dimethylglyoxime complex. Final measurement was made
colorimetrically by the iodide method.

Luke applied the rhodamine B method for antimony to samples
of lead containing 0.00005 to 0.005% (101). This is an excellent
method because of the high specificity for antimony, provided
the procedure is properly carried out. Ceric sulfate is added to
oxidize antimony, and it is essential that the rhodamine B be
added immediately in order to avoid conversion of antimony to an
apparently nonreactive state.

Luke also determined aluminum in lead, antimony, and tin
alloys colorimetrically using aluminon in conjunction with it
preliminary mercury cathode electrolysis, cupferron extraction,
and final separation of aluminum by extraction with 8-quinolinol
in chloroform (100).

Pohldetermined bismuth in lead and its alloys colorimetrically
with thiourea following a preliminary separation of lead as the
bromide (144). Sodium fluoride was used to mask the effect
of antimony, resulting in a considerable saving of time over the
method involving volatilization ofantimony chloride.

Bode and Henrich described a method for determining small
amounts of bismuth in lead by extraction of the cupferrate with
chloroform and colorimetric measurement as the iodide (14).

Stolyarova proposed the determination of 0,01 % bismuth in
lead by ultraviolet absorption of the bromide -at 365 mp (173).
This method offers interesting possibilities, inasmuch as inter
ference by other metals likely to be present is not serious.

Miller, Acampora, and Norwitz determined copper in lead
with rubeanic acid, which has advantages over other reagents for
determining copper, particularly in samples containing iron (117).
Brown discussed the- colorimetric determinatio.n of tellurium and
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suggested improvements in the existing methods (22). Prelim
inary separation of lead is unnecesmry.

Hourigan and Robinson determined antimony polarographically
ltlld studied the effects of varying concentrations of lead, hydro
chloric acid, and alkali salts (79). Best results were obtained in a
potassium chloride supporting electrolyte. Yonezaki developed
rapid polarog,raphic methods for determining copper, antimoily,
lead, cadmium, nickel, zinc, cobalt, arid iron in Babbitt metal
(197). Polarographic methods for antimony, bismuth,copper,
iron, and zinc in pig lead were also reported (195). Bishop and
Liebmann determined aluminum. and zinc polarographically in
tin-lead alloys following preliminary separation of the lead as
chloride and further treatment by chromatography on a cellulose
.column (12).

Qualitati;re tests for telluriulIl (21) and bismuth (24) in the
'presence of lead were reported.

Farnsworth and Pekola reviewed the present status, of tin
analysis covering the determination of copper, ilJuminum, lead,
silver, arsenic, antimony, and iron (46). S.ampling of pig m.etal
by granula.tion was described in detail. Using this method of
sampling, segregation of most impurities is avoided.

Coppins and Price reviewed various methods for the colori
metric determination of impurities in tin and recommended
methods for lead, copper, bismuth, iron, nickel, cobalt, aluminum,
zinc, cadmium, and sulfur (34). Ota recommended thiosalicylic
acid for the colorimetric determination of iron in Babbitt metal
in conjunction with, separation of antimony and tin by distilla
tion of the bromides (140). Suzuki determined tin and antimony
in their mixtures using eeric sulfate in a dual titration procedure,
calculating antimony by difference (177).

Silverman and Gossen found the amalgam method for oxygen
iI\ tin applicable at concentI:ations of 0.0001 % and less, in micro
samples of 2 to 5 mg. (166). After separation of the oxide with
metallic mercury under vacuum, tin is determined in the oxide
colorimetrically using an improved phosphomolybdate method.

NICKE,L AND COBALT

Graham, Hitchen, and Maxwell determined titanium polaro
-graphically in nickel-base alloys and steels, using preliminary
electrolvsis with a mercury ,~athode to remove copper and iron
(63). (::;ood precision was achieved on samples containing 0.2
to 2.4% titanium in the presence of iron, nickel,chromium,
copper, manganese, and aluminum.

A gravimetric method for determining niobium in alloys of
nickel, eobalt, and chromium was reported, by Golubtsova (57).
Niobium is hydrolyzed in 2% hidrochloric" acid and can be de
termined in the presence of 6% titanium or 1.5% vanadium.
FOT large amounts of vanadium the niobium pentoxide is fused
and reprecipitated. Tungsten in complex alloys of nickel,
cobalt, and chromium was deterniined gravimetrically using
2,5-dimnino-7-ethoX'yacridine (56).

Bucklow and Hoar studied the polarographic determination
of tungsten and cobalt using an "internal standard" method in
which a measured amouIl'G of the element being determined is
added to a solution of the Bample for calibration purposes (23).

TITANIUM AND ZIRCONIUM

In ;i series of seven papers, Codell and coworkers summarized
the present status of titanium analysis, imd proposed procedures
for determining silicon, ealcium, aluminum, molybdenum, phos
phorus, and boron (31)" Silicon is determined as molybdenum
blue following separation of titanium based on a hydrolytic
precipitation from fluoboric acid solution. The method is ap
plic'Lole in the range 0.001; to 1.5%. Calcium from 0.005 to 0.3%
is determined gravimetrically or nephelometrically after precipi
tating the sulfate in methanol. A preliminary separation of
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titanium by extraction as the cupferrate is required. Aluminum
is determined in the range 0.01 to 0.4% following a cupferron
precipitation. Conditions were established' for precipitation
of molybdenum sulfide for determining 0.25 to 10% molybdenum.
A polarographic method covers the range 0.0003 to 5%. Phos
phorus is determined in concentrations 0.005 to"0.5% by the
molybdenum blue method, and boron from 0.0004 to 0.1 % is
determined colorimetrically with dianthramide after distillation.

Thompson discussed the determination' of iron, magnesium,
manganese, nitrogen, and chloride in titanium, and proposed
modifications for determining iron and nitrogen in cast and
wrought forms (180). Thompson also described a direct method
for assay of titanium metal based on titration with ferric alum
following reduction of titanium with amalgamated zinc (179).
Excellent results between laboratories were reported on titanium
from 99.4 to 99.8%.

Goto and Takeyama described methods for determining total
titanium, 'oxide; carbide, nitride, silicon, iron, aluminum, man
ganese, and magnesium (60). Corbett also discussed methods
for these determinations in addition to fluoride, tungsten, molyb
denum, copper, cobalt, chromium, tin, tantalum, and silver
(35, 36). Neal reported highly precise results for the colori-,
metric assay of titanium both on alloys and pure titanium metal,
based on the peroxide method with I-em. 'cells and absorbencies
between 2.5 and 3.0 (132). A coefficient of variation of only
0.03% was obtained. 'Factors influencing precision and accuracy
were discussed in detail.

Bagshawe and Truman recommended "the molybdenum blue
method for determining silicon in titanium powders as Well as in
other metallurgical materials following preliminary ignition and
fusion with sodium carbonate (5). The method was applied
8uccessfulli to carbides of titanium, molybdenum, tungsten, and
various oxides. ' ,

Mikula and Codell determined aluminum in titanium alloys
in the range 0.005 to 10% by a polarographic method based on
reduction of an aluminum-azo dye complex in' conjunction with
cupferron and mercury cathode preliminary separations (115).

'Norwitz, and Codell found the diphenylcarbazide method
supedor to the titrimetric method for 0.02 to 4% chromium with
respect to the time required and freedom from interference by
the usual elements occurring in commercial titanium alloys (135).
, Norwitz, Codell, and -Yerderame reviewed the difficult prob

lem of determining niobium in titanium alloys and recommended
the thiocyanate method with two tannic acid separations (137).
Interference by other elements was discussed with particular
attention to tantalum and tungsten. The method was designed
for determining 0.05 to 10% niobium. The same authors also
studied the molybdenum'blue method for niobium and proposed
certain improvements (134). An indirect method for determining
0.001 to 0.2% chloride in titanium sponge was based on precipita
tion of silver' chloride followed by turbidimetric measurement of
silver as the sulfide (30). Tin in titanium was determined iodo
metrically by Norwitz and Codell in the range 0.05 to 5.0%
(136). The nitric acid method for the colorimetric determination
of carbon'in titanium was recommended for samples containing
up to 0.7% carbon (32). 'No interference is encountered by the
elements normally present in commercial titanium.

Albrecht and Mallett reviewed the determination of oxygen in
titanium by vacuum' fusion and discussed sample size, ratio of
sample weight to gI'aphite, use of a crucible cover, and other
variations in procedure (3).

An isotope dilution method for determining oxygen in titanium
involving exchange with oxygen-18 isotope in a master alloy was
proposed by Kirshenbaum and coworkers (90). Mixtures of
titanium, niobium, and tantalum oxides were analyzed by Beydon
and Fisher using radiochemical methods (11). Small amounts of
tantalum were determined by measuring the activity of tanta
lum-182 following activation by slow neutrons. Niobium was de
termined by isotope dilution, adding niobium-95, and precipitat-



VOL U M E 27, NO.4, APR I L 1 9 5 5

ing with tannic acid. Titanium was determined colorimetrically.
An x-ray fluorescence method for analysis of binary mixtures

of zirconium and hafnium oxides was developed by Mortimore
and Romans (130). Concentrations from 0.5 to 99.5% of eithe~

constituent can be determined in5 to 10 minutes, including
preparation of sample and final calculations. Samples are pre-.
pared by briquetting with corn starch to form I-inch wafers.
Two working 'curves are used to cover the entire range of concen
trations. Interference resulting from addition of nick.el, iron,
tin, titanium, strontium, and rubidium was determined.

Mortimore and Noble developed a spectrographic method for
determining 0.003 to 0.4% hafnium in zirconium, involving
excitation of zirconium oxide samples in a direct current arc
(129). The sensitivity of this method is unusually good and
precision attainable is adequate for most purposes.

Hudgens and Dabagian used radiochemical me~hods to analyze
mixtures of zirconium and hafnium (80). Standards containing
known amounts of zirconium were sealed in quartz capsules and
subjected to neutron irradiation. Inactive niobium was then
added to the reference and unknown samples, followed by sepa
ration of Nb.O.. Zirconium was determined by measurement of
the decay of zirconium-95, and the amount of zirconium-94. in
the sample was calculated from the niobium-95 activity. Non
radioactive niobium does not interfere, and interference by uran
ium can be eliminated by separating barium-140 and calculating
the amount of fission niobium present using fission yield data.

Freund and Miner developed an excellent ion exchange method
for the separation of small amounts of aluminum from zirconium
applicable to samples containing from 0.001 to 3.8% (52). The
most serious source of interference was found to be iron, which
passes through the column and accompanies aluminum, requiring
a subsequent cupferron separation. Separations are also re
quired with appreciable amounts of tin and vanadium. Alu
minum in the eluate is determined by conventional methods em
ploying 8-quinolinol and a!uminon.

Beaumont studied the determination of titanium and iron in
zirconium using .Tiron (6). Of the elements which interfere,
copper is the only one likely to be present, in .which case, separa
tion by a dithizone extraction is recommended. Methods for
the determination of chromium by the persulfate method and tin
by the iodometric method following dissolution of the sample in
sulfuric and fluoboric acids were reported (185).

Read and Zopatti discussed the volatilization method for oxide
based on reaction with hydrogen chloride at 450 0 C. and deter
mination of zirconium in the residue (147). Errors of ±5% of
the amount present were reported. Their apparatus was modi
fied by Tighe and coworkers to provide magnetic manipulation
of the sample and reverse flushing with argon (181).

McGeary investigated the hot extraction method for deter
mining hydrogen in zirconium and developed apparatus capable
of analyzing fi~e ~amples per hour, hydrogen being calcnlated
from the pressure rise at constant volume (104).

Rodgers and Harter developed a rapid method for determining
nitrogen in zirconium based on Beeghly's micro-Kjeldahl steam
distillation method originally designed for steel (155). The
final measurement is performed colorimetrically using Nessler's
reagent and as many as 160 determinations can be carded out in
an 8-hour day by two operators with five stills. Standard devia
tions were of the order ±0.001 at concentrations of 0.003 to 0.02%
nitrogen.

NIOBIUM AND TANTALUM

The determination of niobium and tantalum in columbite and
euxenite by the dry. chlorination method was studiecl. by
Treadwell and coworkers (183).. This determination requires 8
hours' heating at 500 0 C" with a gas mi.xture of hydrogen chloride
and carbon tetrachloride. Niobium and tantalum are precipita
ted as the hydroxides after titanium te~rachlorldehas been sepa
rated from the more volatile chlorides of niobium, tantalum,
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uranium, and iron. The titrimetric determination of niobium
in the presence of tantalum was discussed and a procedure recom
mended.

Hastings and McClarity investigated the determination of
small amounts of niobium in tantalum metal based on meas.ure
ment of the thiocyanate complex of niobium extracted with ether'
(74). The method is reported to give good n;producibilitYfor
concentrations of niobium between 0.01 and 0.3%.

Schafer, Pietruck, and Grozinger studied methods for determin-:
ing tungsten in niobium-tantalum materials' using chlorination
with carbon tetrachloride in a closed tube (158). Mixtures of
chlorinated products containing niobium pentachloride and
tantalum pentachloride Me extracted with carbon tetrachloride to
remove tungsten hexachloride. Tungsten is determined colori
metrically by measurement of the blue color of the hexachloride.
Separation of niobium and tantalum by precipitation with sodium
chlOl:ide is recommended.

Hastings, McClarity, and Broderick, in the analysis of tantalum
and tantalum oxide, determined·0.002 to 0.03% iron with o-phe
nanthroline, 0.000 to 0.016% copper with sodium diethyldithiocar~

bamate, and from 0.004 to 0.07% titanium with hydrogen perox~

ide (75). -These methods avoid tedious separations of the metals
and contamination from use of large quantities' of reagents:
Results are satisfactory for assignment of values to spectrographic
standards.

Kohn applied radioactivation methods to:the determination
of tantalum in niobium alloys and minerals 'without any chemical
separations (93).

Torrisi, Kernahan, and Fryxell developed a low-pressure com
bustion method for determining carbon in tantalum' based on the
apparatus of Murray and Niedrach for carbon in steel (182).
A multiple sample holder suitable for nonmagnetic samples was
developed. The method is applicable' to samples containing
0.002 to 0.007% carbon using a O.5-gram sample: Combustion
is carried out for 5 minutes at 1100 0 C.

Kral and Kysil investigated the polarographic determination
of tin iIi tungsten metal, carbide, and ore (96). Mallett and
Griffith discussed vacuum fusion apparatus for determining nitro
gen and oxygen in molybdenum, capable of determining these
gases to within ±1 p.p.m. (105). Theil' studies included (lffects
of surface oxidation.

BERYLLIUM

Analytical chemistry of beryllium was reviewed.in detail by
Vinci (187). Methods of detection, separation, and determina
tion of beryllium were described in addition to methods for de
termining oxide, carbide, and various. metals in beryllium alloys.
This is the best source of information on beryllium analysis' in
the recent literature. Brewer discussed the determination . of
beryllium in beryl and investigated the Pribil.and Kucharsky
method based on precipitation with ammonia in the presence of
ethylenediaminetetraacetic acid, which holds. other elements in
sol~tion (17). This method appears to offer advantages over the
longer method involving precipitation with 8-quinolinol. Hure,
Kremer, and Ie Berquier employed the same masking reagent in
the determination of beryllium in beryl based oJ? precipitation
of the phosphate (81). Catoggio pubJished an extensive review
on the chemical analysis of beryl and also proposed a procedure for
determining beryllium based pn precipitation in the presence of
ethyl~nediaminetetraaceticacid followed by reprecipitation or
titration with standard sodiunl hydroxide (26).

Bergholz discussed the analysis of mixtures of metallic beryllium
and beryllium carbide based on evolution of hydrogen and
methane and combustion of the gases with subsequent measure
Ulent of the water and carbon dioxide produced (8). The 'sample
was treated with potassium hydroxide to dissolve the metal and
hydrolyze the carbide. Free metal can be determined satisfac
torily by using hydrochloric acid i~stead of potassium hydroxide,
although this gives low results for carbide.
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Read, Funswn; and Bridges also described procedures for
analysis of beryllium carbide mLxtures containing free metal (148).
They employed an acid hydrolysis of the carbide. Improvements
in the phosphate method for determining beryllium were proposed.

Osmond and Smales employed a radioactivation method for
determining oxygen in beryllium metal powder based on conver
sion of the oxygen to fluorine-IS, which is separated chemically,
after which its activity is compared wit,h that of standards sim
ilarly trei1ted (139).

SODIUM AND CALCIUM

Vi'"hite, Ross, and Rowan proposed the determination of oxide
in sodium based on react,ion between sodium and butyl bromide
in hexane (/92). After the reaction between sodium anl the
bromide is completed, sodium oxide is ti'trated. With large
samples, oxygen below 0.02% can be determined and the standard
deviation obtainable is 0.003 to 0.005'%. Other impuritie~ can
be determined on the same sample:

Pepkowitz, Judd, and Downer investigated the amalgam
method for determining oxide in sodium and suggested improve
ments over their earlier method (143). Lithium and potassium
can also be analyzed by the same method.

For the determination of trace amounts of boron in sodium
metal, Rynasiev"icz, Sleeper, and Ryan used a colorimetrie
method with curcumin reagent (157). An extraction with alco
hol was found to give satisfactory recovericE of boron, eliminating
the necessity of distilling as methyl borate which would otherwise
be required. This separation should be useful also for the de
termination of boron in other materials. Polarographic methods
for determining mang;anese, copper, chromium, iron, lead, and
cadmium in calcium metal were reported by Reynolds and co
workers (150, 151).

Hering employed ion exchange in the separation of lithium
from calcium at concentrations as low as 1 p.p.m. (77).

URANIUM

Interest in uranium-bearing materials has stimulated investi
gation and development of methods for determining this element,
many of which have been published. In Rodden's review,
covering the period 1949 to 1953, methods of separation together
with gravimetric, titrimetric, photometric, spectrographic, x-ray,
and various electrometric procedures are described applicable
over the range 10--9 to 100% (153). This is the latest compre
hensive review of the subject with 7'0 references, about half of
which cover foreign journals,

Grimaldi and coworkers published a collection of methods for
the analysis of uranium- and thorium-bearin!1: materials, discuss
ing general principles together with the procedures for determin
ing trace concentmtions (67), Use of zinc amalgam for reducing
uranium and methods for extraction of thorium by organic sol
vents are discussed in detail.

. Eichholz, Hillborn, and Mc'.VIahon described various physical
methods for assaying uranium and thorium ores based on siqml
taneous measurement of beta'and gamma activitieE (42), Equip
ment used in ihiE determination is discussed together with mathe
matical equations for determining the concentrations, taking
into account the equilibrium condition of uranium in the samples.
Grimaldi, '.VIay, and Fletcher preparE:d a manual for the determi
nation of uranium by fluorimetric methods involving fusion of the
sample with 8. fluoride-carbonate mixture (66). Methods of
eliminating interference by such elements as cobalt, chromium,
nickel, manganese, cerium, and thorium are discussed, and de
tailed drawinl~s of various fluorimeters in use are shown, In
the photometric method for uranium based on fluorescence,
Zimmerman, Rabbitts, and Kornelsen recommended making a
large number of measurements on replicate samples in order to
give a good statistical average (200). Notwithstanding the large
Iiumber of fluorescence measurements, the procedure is stated to
be more rapid than other recommended methods and capable
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of giving average deviations, among laboratories, of less than 1%
of the amount present.

Silverman, Moudy, and Hawley described a colorimetric
method for determining uranium in the presence of large amounts
of iron using S-quinolinol (167). Iron, which would otherwise
interfere, is converted to ferrocyanide prior to extraction of the
uranium complex.

Milner and Phennah determined titanium in uranium-titanium
alloys by the peroxide method in the range 5 to 75% titanium
(121). The differential method of color comparison between
the sample and the standard was employed and theoretical
principles underlying the method were discussed in detail. For
the determination of uranium in these alloys, a preliminary
separation of titanium by extraction of the cupferrate in chloro
form was used, followed by removal of residual uranium in the
extract by precipitation with tannic acid and subsequent deter
mination colorimetrically as the thiocyanate (122). The major
portion of uranium was then determined gravimetrically with
tannic acid in the aqueous layer. A differential method for
determining uranium by the thiocyanate method was also
reported by Crouthamel and Hubbard (37).

Zirconium in binary alloys with uranium was determined titri
metrically by adding excess ethylenediaminetetraacetic acid
followed by back-titration with a standard ferric iron solution
using salicylic acid indicator (123). This procedure may be
used in conjunction with a preliminary separation of zirconium
by the usual methods sucb as precipitation with mandelic acid
from a perchloric acid solution of the alloy. This procedure may
also be used with a cupferron extraction to remove zirconium prior
to the mandelic acid precipitation to avoid interference by impuri
ties such as iron, vanadium, and niobium (124). Traces of ura
nium in zirconium and zirconium in uranium were determined
colorimetrically by the thiocyanate and alizarin methods. Milner
and Macara developed procedures for the analysis of cobalt
uranium alloys determining cobalt boy potentiometric titration
with potassium ferrocyanide, silicon by the gravimetric method,
and uranium gravimetrically as ammonium diuranate (120).

Milner and Wood investigated the problem of separating tan
talum and niob~um from uranium based on the solubility of the
tantalum and niobium fluorides in methylethylketone (126).
Following the extraction, tantalum and niobium are precipi
tated by tannic acid. Small amounts of tantalum and niobium
in UsGs were determined colorimetrically by the pyrogallol and
peroxide methods, uranium being determined by precipitation
as ammonium diuranate. These procedures apply to alloys
containing up to 25% tantalum and niobium.

Milner and Wood determined gallium in gallium-uranium alloys
by extraction with ether followed by precipitation and weighing
of gallium camphorate (125). This method is applicable to the
determination of gallium from 1 to 99%. Uranium was deter
mined colorimetrically in the gallium extract to establish the cor
rection to be added to uranium determined gravimetrically in
the aqueous layer. In studying the conditions for extraction of
gallium, it was found that the chloride extracted more readily
than either the bromide or iodide (127). Diethyl ether was pre
ferred as solvent. For determining less than 3 mg. of extracted
gallium, titration with ferrocyanide using 3,3'-dimethylnaph
thidine indicator was recommended as an improvement over the
camphoric acid precipitation.

Haslam, Russell, and Wilkinson determined 0 to 0.02% nickel
in uranium colorimetrically with dimethylglyoxime and 0 to 1%
manganese titrimetrically following oxidation to permanganate
(73). Dizdar determined trace amounts of cadmium in uranium
polarographically and spectrographically after a preliminary
separation by ion exchange (40).

SILVER, GOLD, AND PLATINUM

Broadbank and Winram investigated methods for separation
of silver, copper, cadmium, and zinc in silver solder by electro-
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deposition (20). These metals are separated by controlling the
potential on the electrodes using a perchloric acid medium. Zinc
is finally deposited from alkaline solution.

Watanabe studied the fire asp~w of gold and silver ores con
taining tellurium and showed that losses of these metals in
cupellation are not incurred if sufficient lead is present (189).
Linhart determined 0.005% gold in silver polarographically as
the hydroxide complex with an error of the order of 2% (98).
Palladium was also determined polarographically in alloys of
gold and platinum (97). Cadmium interferes and was separated
as the carbonate.

A potentiometric method of titrating gold in gold bullion was
based on reaction with hydroquinone or ferrous ammonium
sulfate (156). Platinum and iridium were also titrated potentio
metrically and palladium was determined gravimetrically after
precipitation with dimethylglyoxime. A direct photometric
method for determining silver in native gold was based on meas
urement of reflectance. of the sample as received using a blue
filter (2). Reflectance was found to vary between 36 and 87%
going from pure gold to pure silver. A simultaneous method for
determining palladium and platinum in silver products was based
on extraction of the colored product formed by reduction with
chlorostannous acid, and comparison with suitable standards
(92). Selenium and tellurium require a separation.

A gravimetric method for determining palladium in jewelers'
alloys was described by De Hovre and based on precipitation of
palladium wit.h a hydrobromic acid solution of p-aminoaceto
phenone (39). The precipitate is ignited to the metal. Sindler
determined sulfur in noble metals by measurement of thiocyanate
following reaction with potassium cyanide (171).

MISCELLANEOUS

Problems encountered in the analysis of metallurgical chrome
ore were reviewed by Hartford including a statistical treatment
of a large nuinber of ore analyses over a period of 8 years (71).
Uncertainties in the determination of chromic oxide, iron, silica,
aluminum, and magnesiurn were pointed out, and refinements in
the procedures in use were suggested. Establishment of an in
dustry standard for metallurgical chrome ore was discussed in
detail. Zivanovic described methods for analysis of chromite
ores, including potentiometric titration of chromium and deter
mination of iron and silica (201).

Rodewald determined lead in chromic oxide gravimetrically as
the sulfate or chromate and recommended the spectrographic
method for lead in chromium metal (154). Horton and Brady
developed a vacuum fusion method for determining oxygen in
chromium employing a 3 to 1 iron-tin bath operated at 1600 0 C.
(78). Limitations of the vacuum fusion method and effects of
certain variations of the procedure were discussed. Recovery of
oxygen was found to have dropped to about 70% when the bath
concentrations had reached 5% chromium.

Margerum, Sprain, and Banks developed a colorimetric method
for determining aluminum in thorium based on extraction of
aluminum with 8--quinolinol and measurement of the extracted
aluminum complex (110). Extraction of thorium was prevented
by use of a suitable masking agent. From 2 to 120 mg. of alu
minum may be determined to within 0.5 mg. Any material con
vertible to the nitrate may be analyzed by the proposed method.

Silverman and Trego determined up to 0.6% iron in thorium
metal and its compounds by direct measurement of the absorption
of ferric chloride, no separations being required (169).

Gibson studied the molybdenum blue method for determining
silicon, applying it to bismuth oxide and metal (55). Results
in the range 5 to 35 p.p.m. were reported to be within ± 1.5 p.p.m.
Long and SackrUan determined metallic bismuth in the presence
of the oxide by shaking with excess silver nitrate, filtering, and
back-titrating the excess silver by the Mohr method (99).

Haupt and Olbrich prepared spectrographic standards for
determining lead and thallium in high-purity metal based on the
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polarographic determination of these metals (76). Lead was first
separated by precipitation with ferrous hydroxide and thallium
by an amml,mia precipitation.

Kojima determined traces of lead in cadmium sulfate electro
lyte by the dithizonemethod following a preliminary separation
of lead and strontium with a cation exchange resin (94).

Luke and Campbell proposed colorimetric methods for the
determination of 0.1 to 1 p.p.m. of arsenic, phosphorus, antimony,
and copper in germanium and germanium dioxide (102). The
method for arsenic involves separation from germanium and other
interfering metals by extraction with diethylammonium diethyl
dithiocarbamate in chloroform and measurement as molybdenum
blue. Arsenic in silicon can be determined by a similar procedure.
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THIS review covers some 2 years that have passed since the
previous one was completed (190), and includes papers

published during this time.

MOISTURE

Research on moisture determination by nuclE;ar magnetic
resonance has been continued, and a recent paper (263) reports
that this method has shown promise forrapid routine use. One
important advantage is that it does not require essential modifica
tion of the test specimen. The method is effective in moisture
ranges from a few per cent to as high as 100%.

Moisture determinations with the Karl Fischer reagent have
been critically examined and discussed in three papers (57, 152,
281). Efforts have been· made to substitute other reagents for
methanol, and formamide has been found to be more versatile
than methanol for moisture in such foods as beans, cake mix,
dried whole eggs, egg noodles, rolled oats, rice, and wheat (177).
Another modification makes use of a solution of bromine and sul
fur dioxide in anhydrous chloroform instead of methanol (14).
In the determination of moisture in honey using different methods,
the Karl Fischer technique gave the highest values, while the
refract~e index method of the AOAC gave the lowest value (1).

A method has been proposed (290) for estimating moisture in
sugar-containing products, such as honey, jams, and fruit juices,
based on the property of absolute alcohol to form an azeotropic
mixture with water of the sample, and upon the use of a special
colloidal silicate which dries easily. In the case of dry sugar,
it was found (94) that drying the'sugar at 130° C. for 45 to 60
minutes gave results identical with those obtained by drying at
lower temperatures for 4 hours or longer.

Moisture determinations in cheese have been. carried out by
placing the cheese between two previously weighed sheets of
unlacquered aluminum 15 X 19 X 0.0015 crn.. (258). This is
somewhat similar to the glass rQd tecl).nique of the AOAC (48),
in which the cheese is smeared on.a glass rod. This method re
sults in an improvement in the precision of the vacuum oven
method for determination of moisture in both process cheese and
cheese food, in that there is less burning of the sample. 'It has
been reported (163) that ,loss of moisture in cheese is most

rapid when final drying in a water or vaCjlum oven is precedee
by heating in a water bath for 1 hour.

An apparatus for determining moisture in grai,ns and flour b)
use of electric conductivity has been patented in Japan (136)
Application of the old toy used to predict the weather (not toe
accurately) has been utilized to measure moisture in millee
products (230). Dried filter paper is impregnated with coball
chloride, which changes from blue to ·red when exposed to mois·
ture. An infrared method has been 'proposed for measurin~

moisture in starch (294). A l(J.:gram sample is placed in ar
aluminum dish and irradiated ,with a 250-watt infrared lamp al
10 cm. After 15 minutes the sample is cooled in a desiccatOi
and weighed.;

Several methods have been suggested for determining moisturE
in fats and oils. A procedure using calcium carbide (58) hal
been suggested, a,s well as a modification of the· Roberts ane
Levens technique using the Karl Fischer reagent (193). ThE
thermal balance ~uJ:iler moisture apparatus allow~ weighin~
of oilseed samples without removal from 'the oven (87). AI
115° to 125° C. results are obtained in 5 to 10 minutes; they an
slightly higher, however, than the' offici~l oven method.. It hal
been suggested (72) thatgoqd results can'be obtained by'dryin!
the fat at 70° to 75°' C. in a desiccator which is 1;Jeing Continu
ously evacuated and flushed with carbon dioxide.

A quick method for determining water in sausages involves thE
use of equations with correction factors (22).

PROTEINS AND AMINO ACIDS

The Kjeldahl method is still the subject of considerab.Je re
search. No general Kjeldahl method seems to be satisfactor)
for all types of nitrogen-containing compounds (25). Conditiolll
of digestion as related to temperature, catalys~s, and oxidizin!
agents have been studied (182, 241). A modified method' hal
been reported (226) in which digestion should not take more thaI
20 minutes for easily digested materials. Good results haVE
been obtained in destroying organic matter with a mixture 0

sulfuric acid, potassium peroxydisulfate, and hydrogen peroxidE
(300). In regard to catalysts, a study ,(108) has shown that bes'
results are obtained by using a mixture containing selenium all(
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mercuric oxide. The addition of hydrogen peroxide is recom
mended for high-fat materials. In a semimicromethod (107),
sodium hYdroxide and sodium thiosulfate are used in place of
soc;l.ium ~onosulfide. Where the conventional sodium sulfate is
used, it has been shown that 18 grams of the material, rather
than the usual 10 grams, gives better results (26).

Of interest are two papers dealing with amino acid determina
tion in foods by chromatography (96, 257'). One method uses a
Dowex 50 column by means of which nearly all the common
amino acids can be determined (257). The other method (96)
uses a circular paper chromatography technique, and is said to be
ideally su.ited to the Etudy of amino acid changes brought about
by the processing of foods. Also of interest is a review article
on chromatographic ion exchange separation of amino acids,
purine and pyrimidine bases, nucleotides, sugar derivatives,
carboxylic acids, and proteins (46).

Circular paper chromatography has many advantages in the
Email laboratory, owing to the simplicity of the apparatus and
techniques employed. A paper dealing '"ith a systematic study
of the physical factors influencing the R.r for a simple amino acid
system is of interest (248). The R, value of some 21 amino
acids and 5 peptides has been determined by circular paper
chromatography (236). Separation of glycine, serine, and as
partic acid from each other, a.nd of glutamic acid and threonine,
has been achieved by two-dimensional chromatography (98).
Lack oi' reproducibility, irregularly shaped spots, discoloration
of the paper, and incomplete separation have been overcome by
using a solvent system of butanol, acetic acid, water, cresol,
and phenol with a borate buffer (172). Isatin as a color reagent
in amino acid circular chromatography has been described in
two papers (247, 2/'0).

A paper describing a modified procedure for the photometric
determinations of amino acids with ninhydrin reveals that 10
of the naturally oc,curring amino acids give theoretical yields of
color at room temperature (292). At higher temperatures all
amino acids except, tryptophan and lysine react quantitatively.

A rapid, simple quantitative biuret test for milk serum pro
teins has been reported (14·5), but inasm.uch as the color response
of casein is different from that of serum proteins, mixtures of
these proteins cannot be analyzed by the biuret test. Formol
titration has also been suggested (149) 8,S a rapid and dependable
n:ethod for determining protein in milli:.

Albumins and globulins in wheat flour can be estimated quan
titatively by a method developed from the characteristic trypto
phan and amide n.itrogen contents of the albumin, globulin, and
gliadin protein of the flour (224). Results are reliable to within
approximately ±10%. Glutamic acid in wheat glut~n is e~

timated by determining total dicarboxylic acids (glutamic and
aspartic) by adsorption on Amberlite 1R-4B at pH 3 to 4 with
Eubsequent elution with IN hydrochloric acid (203).

A method has been proposed for determining ammonia, amide,
nitrite, and nitrate nitrogen in plant extracts by using a single
portion of the extract (29'7), and a systematic procedure has peen
reported (222) whereby water-soluble extractives of plant and
animal tissues are separated into groups for identification or
quantitative esti:lnation by paper chromatography.

,\1ETALUC IONS

A critical review of existing procedures for the preparation of
biological material for the determination of trace metals has been
presented (195). Sp'ectrochemical methods have been suggested
in five recent papers'(109, 118, 1-91,229,309). In one procedure
(309) the minor elements, such as cobalt, zinc, and copper, are
first separated in the form of dithizonates from the plant material.
Spectrochemieal analysis of plant material using spark excitation
haE the important advantage that 8,11 major inorganic elements
as well as the usual min.or elements can be determined simultane
ously from one exposure (191).

ANALYTICAL CHEMISTRY

Quite apart from spectrochemical technique for determining
trace elements is a suggesteq microbiological method (208)
employing such fungi as Aspergillus niger and Penicillium glaucum
for estimating iron, copper, zinc, manganese, and molybdenum
in biological materials.

Although organic insecticides have largely replaced arsenical
sprays in the fruit industry, appreciable amounts of lead arsenate
are still used for apples and other deciduous fruits. The bro
mide distillation method of Magnuson and Watson has been
adapted for the determination of arsenic spray residues on fruits
and vegetables (13). Interference of tin (in the case of canned
foods) is overcome by extracting tin with cupferron and chloro
form before distillation.

A colorimetric method more accurate than the Gutzeit test
has been suggested for the determination of arsenic in gelatin
(71), and estimation of arsenic in eggs involves distilling to ob
tain arsine and then reading the developed color in a spectro
photometer (77).

Colorimetric determination of copper in plant material ·has
been suggested by means of both the dimethyldithiocarbamate
complex (85) and with sodium diethyldithiocarbamate (43),
which is said to be one of the most sensitive chemical tests for
copper.

Copper in beers and ales acts to accelerate oxidation changes,
adversely affecting flavor and shelf life. A colorimetric procedure
for copper determination which requires no ashing of the sample
~nd gives results in about an hour has been suggested (280).
Reagent used is zinc dibenzyldithiocarbamate which gives a
brownish copper complex subsequently measured in a photometer.

A method for estimating lead in foodstuffs is based on the ex
traction of the dissolved ash with a solution of diethylammonium
diethylcarbamate in chloroform at pH 7.0 (175). The method
is more accurate than the usual sulfide technique and more con
venient than the absorptiometric method with dithizone solutions.
Ashing of the material must, of course, be carried out with care
and ignition Of the sample in a nickel oxygen-filled bomb has
proved satisfactory for burning of foodstuffs prior to lead de
termination by any suitable technique (78).

A titration method for calcium and magnesium in milk, in
which interfering phosphates are first removed by a simple
anion exchange technique, has been suggested (142), while a
method for determining calcium in plants is based on measuring
the resulting turbidity when a reagent containing ammonium
oxalate, citric acid, ethanol, and butanol is added to a buffered
aqueous extract of the material (135). From 0.05 to 0.50 mg. of
calcium can be determined. A micromethod (115) which can
estimate as little as 4 'Y of calcium is based on the precipitation
of calcium molybdate and subsequent formation of molybdenum
thiocyanate, which is determined photometrically.

In the determination of phosphates in biological materials, a
micromethod (range, from 1 to 70 'Y of phosphorus) makes use of
an absorptiometric technique based on the conversion of phos
phorus to phosphomolybdic acid and reduction of molybdenum
.blue by stannous chloride (117). Procedures for determining
total, inorganic, acid-soluble, phosphatide, and phytin phos
phorus in plant materials ani described in detail in another paper
'(231).

A photocolorimetric method has been proposed for tin in canned
foods (67), while a suggested procedure for zinc is based on the
fact that diantipyrylmethylmethane produces a white turbidity
in the presence of zinc (103). The turbidity is measured nephe
lometrically. Lead and ferric iron interfere and must. be removed
prior to analysis.

Sulfur in plant materials is estimated turbidimetrically in
amounts ranging from 0.01 to 2.5%, using as little as 0.1 to 0.3
gram of material (275), while a flame photometric method for
potassium gives good agreement with results obtained by the
platinic chloride procedure (146).

Methods generally used for determining fluoride in vegetation
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give low results,with samples high in silica, A modified procedure
(24..0 eliminates the need of a double distillation and evaporation
by using alkali fusion of the ash and collection l)f 500 m!. of
distillate.
, Estimation of oxygen in fruit juices is of importance in studies

on quality changes in juice products during storage, An ap
paratus and polarographic method are described which should
be useful ,to those concerned with this field of food research
(240). A preashing apparatus, used for highly foaming sugar
solutions, is also of interest (52, 53).

FATS AND OILS

Increased production of vegetable oil "ice cream," which
amounted to some 22,500,000 gallons in 1953, has aroused interest
in methods for the detection of vegetable and animal fats in
dairy products. One method suggests a rapid chromatographic
determination of molar concentrations of butyric acid in the fat
of dairy products (112). The amount of fat substituted can,
however, be estimated only semiquantitatively using this method.
Another procedure measures the refractive index of the alcohol
insoluble triglycerides to determine foreign fat addition (17).

Two methods have been offered for improving peroxide num
ber determinations. One suggests adding a smaller quantity of
potassium iodide and carrying out the determination in the same
container from beginning to end (106). The other, of particular
value for dairy products, when the thiocyanate method for
peroxide number is used, utilizes a nonionic detergent to break
the emulsion (278). It has been reported (99) that the thiocya
nate method shows good correlation with values obtained by the
Swift stability procedure.

The thiobarbituric acid test for oxidative rancidity, which has
been used in the past for milk fats, has been modified for use with
butter, Cheddar cheese, and powdered whole milk (18) and for
frozen pork (293).

The Babcock test for butterfat has been reviewed (119, 123).
The Bureau of Dairy Industry's detergent test for butterfat
(246), in a limited number of comparisons, showed close agree
ment with the Roese-Gottlieb and Babcock tests. Another paper
reports results 10 to 40% below those of the Gerber method when
BDI technique was used (2). It has also been suggested that
a detergent be added to the sulfuric acid (9 grams of a 50%
quaternary ammonium compound to each 1000 m!' of sulfuric
acid) and glymol before measuring the fat volume (303). In
measuring the fat content of half-and-half, which contains 8 to
13% fat, the usual Babcock technique may result in charred fat.
It is suggested that ice cream test bottles be used with the addition
to the sample of 9 mI. of a saturated solution of trisodium citrate
and 2 mI. of propyl alcohol prior to the addition of sulfuric acid
(192). The use of hydrochloric acid in determining butterfat
gives slightly lower results than those obtained by the Roese
Gottlieb method (206). It has been reported that results from
the Schain butterfat test are statistically closer to those' of the
ether extract method than is the case with the Babdock,test
(148). A modified butyrometer method for fat in cream: come
pares well with the Roese-Gottlieb procedure (132).

An apparatus previously described for determini.ngj oil in
soybeans can also be used for estimating oil in flaxseed'(134).
Two other methods of estimating fats in oil-bearing seeds have
been suggested (9). One is a Soxhlet extraction technique, while
the other depends upon the uptake of oil by sodium sulfate,
which is subsequently treated with a solvent. An improvement
in the method of determining the oil content of olives pertains
to the introduction of a Waring BIendor into the process (147).
Methods are also given for the detection of the addition of other
oils to peanut oil (298) and determination of total fat, milk fat,
and coconut oil in chocolate products (107, 254). By the semi
micro butyric acid number, milk fat in chocolate products can
be easily determined even in the presence of coconut oil as high
as 3% of the mixtures of fat (254).
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A few minor changes have been recommended for the American
Oil Chemists' Society's tentative spectrophotometric method of
the analyses of fats and oils (277), and a study of spectrophoto
metric methods for polyunsaturated fatty acids in cottonseed
oil makes a comparison with chemical methods (215).

A wet-ash colorimetric procedure has been offered for estimating
lipide phosphoric acid in eggs and egg noodles (61) and a simpli
fied procedure for determining the approximate lecithin-nitrogen
arid phosphoric acid content of macaroni serves as the basis for
estimating the egg content of the product (122).

A spectrophotometric method for grading green soybean oil
correlates spectral absorption and visually determines green
grades of oil as a suggested basis for a simple, rapid spectro
photometric method for grading (194).

The induction period of butter is measured (312) by spread
big on a glass plate and exposing the sample at room temperature
to normal sunlight or ultraviolet. Periodic weighings and deter
mination of the aldehyde content, as well as observations of color
and odor, are made. The appearance of aldehyde corresponds to
the point of increase in weight-i.e., end of the induction period.
In determining aldehyde values of slightly oxidized butterfat
by Schibsted's method, interference of butterfat color is elimi
nated if measurement is carried out in a photoelectric colorim
eter at 510 m", (69):

Fatty acids are determined by running paper chromatograms
in butanol-ammonium hydroxide mixtures and then spraying
with a mixture of methyl red, and bromothymol blue indicators
in formalin (70), and by a potentiometric method in which a
common glass electrode serves as a titration vessel for titrating
with potassium hydroxide, using potassium acid phthalate and
benzoic acid standards (101).

The methoxyl content of lard involves saponification, recovery
of methanol by distillation, oxidation, and reaction with chroma
tropic acid (6). Absorbance (optical density) of the colored
solution at 5700 A. is proportional to the methoxyl content.

A shortening consistometer (44) provides a simple and rapid
means of obtaining numerical measurement of the consistency of
shortenings, margarine, and butter, and is particularly suitable
for production contiol purposes.

A report dealing with the estimation of ergosterol in yeast is
also of interest (264).

ENZYMES

Some batches of filter papers used' for the phosphatase test for
pasteurized milk contain a reacting substance in sufficient
quantities to cause a properly pasteurized miIkfiltered through
such a paper apparently to fail to satisfy the test (47). Details of
a modified phosphate procedure are given in another paper (252).
The phosphatase test has also been suggested as a means of
ccintrol in hea1rtreated meat products (267).

Pink center development in frozen Brussels sprouts, probably
due to inadequate blanching, has caused some concern to freezers
of this vegetable. It has been suggested (189) that instead of
using the peroxidase test as proof of adequacy of blanching, a
dilute solution of hydrogen peroxide be added to Brussels sprouts
halves 'to obtain an orange color. Development of this color
roughly parallels peroxidase content. Another report of in
terest is a method of measuring enzyme activity in frozen foods
(185) by a spectrophotometric te'chnique"

Paper chromatographic behaivior of eight· enzymes has been
described (143). Solvent systems used were mixtures of aqueous
buffers. and organic liquids, among which acetone and methanol
were found most suitable.

A review of methods (24) suitable for evaluation of protease
activity in doughs will be of interest to cereal chemists, and it
has been suggested that aJctivity of proteolytic enzymes can be
estimated by the biuret reaction (268).

A method (156) for estimating lipase in cereals involves the
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use of a butterfat emulsion as a substrate buffered at pH 7.9
with either phosphate or borate. The material is maintained at
36° C. and electrometrically titrated with standard alkali.

CARBOHYDRATES

The green color produced when carbohydrates are heated with
anthrone in acid solution was first used about 8 "years .ago to
estimate carbohydrates. A recent paper (310) reports'that the
anthrone method for soluble sugars in plant extracts yields results
comparable with those obtained with the copper reagent, but
includes the sugars of stable glycosides which may constitute a
large proportion of the soluble carbohydrate in some plant tissues.
Use of the anthrone reagent has been extended to the quantita
tive determination of pentoses, by employing a simple modifica
tion of operating techniques (28). Hexoses will interfere, if
present. Pentoses will also interfere with determination of
hexoses, depending largely OIl the composition of. the anthrone
reagent. Methods have been described (144) for reducing this
interference.

A monograph with 120 references dealing with crude fiber
determination suggests slight modifications in the present method
(128). H has also been pointed out that the percentage figure
of crude fiber; especially when calculated on a dry basis, is a
far more useful criterion in estimating food value than is nitrogen
free e~i;ract (219).

Two variations in estimating sugar by Fehling's solution are
of interest. In one (296) the filtrate obtained from the cuprous
oxide precipitate is examined colorimetrically using a comparison
solution of invert sugar. In the second (129) the cuprous oxide
is dissolved in hot 4M nitric acid and diluted, and an aliquot is
mixed with 1M ethylenediamine to obtain the copper-ethylene
diamine complex, which is examined spectrophotometrically at
550 mil.

Of interest to those concerlled with sugar production is a paper
giving the characteristic pH values of all types of beet-sugar
factory juices, together wi1jh temperature coefficients of pH
change for each type of juice (10). Equally of interest are British
specifications for four sizes OT graduated flasks for sugar analyses
(29).

A carbon column adsorpt,ion procedure is suggested for the sep
aration of suga,rs of ,honey into monosaccharides, disaccharides,
and higher sugars (302). Caramelization of the sugars in flour
when heated with alkali is used. to measure total and reducing
sugar (66). These figures, along with gluten quality, permit
estimation of baking qualit,y, A refractometric method has been
reported for estimating sugars in ice cream (271). The readings
obtained must be corrected by means of suitable tables for various
brands of ice cream.

Quaternary ammonium :l.nd sulfonic acid-type resins have
been used in paper chromatography of sugars (308); a 0.3%
ethanol solution of ,p-aminohippuric acid has been found to be
very sensitive and stable, and spots produced by reducing sugars
do not fade (251). There is also an,almost·imperceptible back
ground discoloration.

Glueose dehydrogenase has been employed for the direct
stoiehiometrie determination of n-glucose in a variety of eorn
sirups (301). In the presence of oxygen the enzyme oxidizes
n-glueose to n-gluconolactone, which is determined quantitatively
by titration with standard alkali. Eggs desugared by glucose
oxidase and catalase are identified by the presence of gluconic
acid, which gives a color reaction with buffered ferric chloride
solution (259). A reliable a,nd accurate method has been reported
(220) for the analysis of a mixture of glucose, maltose, and fer
mentable oligosaccharides, using a modification of a technique
published earlier.

By measuring the ammonia expelled from hydrolysis of cyano,.
hydrin, a method has been devised for estimating glucose and
other aldose sugars (49). When a solution of fructose or sorbose

ANALYTICAL CHEMISTRY

is heated with Folin-Denis reagent and trisodium phosphate,
a blue color -is produced, and this color is used in determining
the amount of sorbose and fructose (113).

,A. method of determining pentoses and hexoses when present
together is based on the fact that when such a mixture is heated
with orcinol and acid, colors produced can be measured at
suitable wave lengths and the results calculated directly from
the colorimetric readings by means of a nomogram (80).

It has been suggested that lactose in cheese and other dairy
products can be determined by a technique based on Somogyi's
blood sugar method (284); with the anthrone reagent (79),
results of which agree well with copper reduction methods;
and by chromatographic analyses (131) involving direct applica
tion of milk to the strip and subsequent determination of lactose
on the chromatostrip.

A review of methods of testing for nonfat solids in milk is also
of interest (125).

Pectin in citrus juices is estimated rapidly by a method involv
ing the use of the carbazole-hexuronic acid-sulfuric acid reaction
(68). Results are reported in terms of anhydrogalacturonic acid
(the basic structure of the pectin molecule), and the procedure is
suitable for routine control work, a complete analysis taking
3.5, hours. Pectin methods have also been reported (165, 169,
181,286).

A method for estimating water-soluble cellulose derivatives,
sometimes used in foods as thickening agents, has been reported
by German investigators (171).

The MacMichael viscometer method with lactic acid for de
termining the alkaline viscosity test for soft wheat flours has
been modified· to an alkaline viscosity test with sodium bicar
bonate (81). Application of the Corn Industries Viscograph to
potato starch has been reported (6b). Several modifications in
design were made while retaining the more important parts of
the installation (64).

A simple qualitative test for starch sirup in foods has been of
fered (15), and several methods for determining starch in flour
and baked goods have been reviewed and compared (104).

VITAMINS

Biological, microbiological, chemical, and physicochemical
methods for determining vitamins have been reviewedin a recent
paper (211), and limitations of the design usually employed for
microbiological assays have been rather thoroughly discussed
(307).

Total carotene in tomatoes is estimated by an improved, rapid
colorimetric method (176), and in another method, vitamins A
and E are separated by chromatography on filter paper impreg
nated, with 10% silicone stopcock grease in dimethyl chloride
using an ethanenitrile-water system (31). The vitamins are 10,.
cated on the strip with an automatic spect~ophotometricarrange
ment which provides a graph of band position V8. strip length. A
standardization procedure Jor adsorbants used in chromato,.
graphic columns for vitamin A separation has' been described
(304).

A rapid method (159) for calculating the Morton-Stubbs cor
rection in vitamin A assays is based on the fact that usually
analysis is based on absorbance (A) re~dingsat 310,325, and 334
mil. The correeted absorbance is 7(A 325 - A 31O ) + 4.375 (A. lO 

A.,,) and may be solved with a slide rule. Direct application of
the Morton-Stubbs correction to vitamin A samples containing
appreciable quantities of tocopherols yields high results for vita
min A potency. The two vitamins must first be separated chro
matographically, followed by subsequent quantitative recovery
of vitamin A, to which the Morton-Stubbs correction can then
be applied (262).

It has been suggested that 1,2-dichloroethane can be used in
place of chloroform in the preparation of the Carr-Price antimony
trichloride reagent (178), and this method has been proposed for
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estimating vitamin A in several dry food products (35). Vitamin
A is extracted from the food with ether, and the residue left after
evaporation of the ether is taken tip in chloroform~ It has'been
suggested that the ether extract be stabilized with purified hydro
quinone (202).

Chemical methods of determining free and phosphorylated
thiamine, riboflavin, and ascorbic acid have been discussed (232).
A method that offersready separation and independent determi
nation of nicotinic acid and'nicotinamide is described, which makes
possible the analysis of mixtures containing only one part of one
form of the vitamin in the presence of 100 parts of the other
(285). A gravimetric method for determining choline in eggs
is based on its precipitation as reineckate (105), and choline
and thiamine have been separated quantitatively by chromatog
raphy on starch (124). The possible errors inherent in the
U.S.P. and International Pharmacopoeia thiochrome method for
thiamine have been discussed in a French publication (51),
and estimation of thiamine in bread involves removal of the
"itamin by extraction with warm water containing sulfuric and
acetic acids (250).

A rapid assay method for riboflavin in milk has been reported
(1373) and a chromatographic technique for folic acid has been
suggested (158). A new microbiological determination of the
individual components of the vitamin B 6 group involves extracting
them from natural materials by hydrolysis with 0.055N sulfuric
acid at 20-pound pressure for 3 hours (90). Total B 6 is assayed
by using Saccharomyces carlsbergensis 4228. Other aliquots are
assayed by cation-anion resins, followed by the use of S. carlsber
g(msis.

A modified chemical method for pantothenic acid in wheat
consists of extracting pantothenates with methanol instead of
water (237). In every other respect the method is the same as
that of Szalkowski et al. A microbiological technique has been
suggested for pantothenic acid in foods (291). Phosphatase
liver enzymes are used for preparing the sample extracts and or
dinary laboratory equipment can be utilized.

Suggested methods for determining vitamin B'2 have been
based on the use Euglena gracilis val' bacillaris (121, 127, 139).
Response curves obtained with Lactobacillus leichmannii using
the U.S.P. titrimetric method for B'2 usually yielded straight
lines when log dose was plotted agl],iI)st log response, which
makes possible the,use oJ a 6-poiD:t'(3-dose) design·(183).- Use of
L. lactis for the plate method and L. leichmannii in the acidimetric
method has been suggested (23). A microbiological method using
L. leichmannii and measuring response in terms of turbidity has
been adopted by the AOAC (161). Essentially the same method
has oeen .included in the fourth supplement of the U.S. Pharma
copeia (295). A rapid spectrophotometric procedure for B'2

involves extraction of the vitamin with benzyl alcohol or n
propyl alcohol, followed by estimation of the vitamin in the ex"
tract by differential spectrophotometric measurements (83):
A rat-growth method of assay for B'2 using a highly purified diet
with casein has been further studied and improved (89).

Use of 2,4-dinitrophenylhydrazine for vitamin C in milk has
been suggested (110), and a method based on the reduction of
picric acid to picranic acid by vitamin C permits a colorimetric
estimation 'of this vitamin (66). Cacotheline has been found
suitable for the detection of less than 5 'Y of vitamin C on paper
chromatograms (289), and another method 'involves the .reaction
of vitamin C'with diazotized 4-methoxy-2-nitroaniline in an acid
medium, followed by development ofa blue color, in alkaline so
lution (256). This color, maximum absorbancy at '570 m!" is
compared with standards in a photoelectric colorimeter.

In the chick assay of vitamin D, precision of analyses was sig
nificantly greater with selected chicks f-or uniformity of response'
(150), and improvement in the line test was obtained by giving
the bones a preliminary wash in an ether-acetone mixture, thus
making for more complete staining with' sil'ver 'nitrate (266);
Methods have been' suggested for determining vitamin D in'
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homogenized milk (299) and in various oils containing vitamin
A (255).

Almost all methods for determining the individual tocopherols
In natural products have the disadvantage that the concentra
tion of a-tocopherol, the most biologically active member of the
vitamin E group, is estimated by difference. A suggested method
involves paper chromatography for quantitative estimation of
the individual tocopherols, a-, fJ", 1'-, and 0- (30). A rapid method
for vitamin, E in foods and· fodder is based on Emmerie-Engel's
color reaction (212), and a modified paper chromatographic
technique has also been 'described (73).

A paper giving the RJ values of a number of flavonoid' com
pounds is of interest (41').

ACIDS

Two reports 'describe circular paper chromatography for
determination of organic acids (5; 97), a technique that in general
has'been found to be more dire'ct and less time-consuming than
other chromatographic methods.

Citric, acid is estiJ;nated by utilizing the conversion of this acid
to pentabromoacetone as recommended in 'earlier methods,' but
substituting a direct polarographic measurement for the sub
sequent 'petroleum ether extraction, oxidation-reduction treat
ment; and final titration procedure(74).

Microdetermination of citric acid is based on a rapid' colori
metric method (288): Citric, malic, and tartaric a'cids are sepa
rated by ion exchange ,chromatography and' then determined by
oxidation with permanganate (253). The method 'is applicable
to fruit, fruit juices, and fruit ·products. Organic acids'in carrot
and apple tissue have been determined'by paper chromatography
(34).

Oxalic acid determination in plants is based on esterifying the
material in the presence of sulfuric acid, evaporating the estej·,
and collecting the condensate, which is subsequently saponified;
oxalic. acid is titrated with potassium permanganate (168).
The chief difficulty is that 'distillation, which must be carried out
in special apparatus, re-quires6 hours.

An ion exchange resins' technique for determining organic acids
in sugar beets makes it possible to follow the effect of processing
variety and other agronomic 'factors on the organic acid content
of the beets (218). Nonnitrogenous organic, acids in 'sugar cane,
are estimated by the application of partition chromatography on
silicic acid columns of large capacity (243), and partition chro
matography has also been recQmmended for determination of
organic acids in sorghum sirup (184).

Chromatographic methods have been proposed for estimating
volatile acids in cheese, (111, 173).-

COLOR AND TASTE

'A rapid spectrophotometric method for measuring the alcohol
extractable color' of capsicum' spices employs a' 10"'cm. sample
celf and involves transmittance readings' at two 'wave ,lengths
(188). Accuracy of the method surpasses that' of Lovibond
glasses.

Further reports have been issued relative to color grading by the
Purdue color ratio meter (62), and a photoelectric reflectance
meter for measuring the darkening of food purees·hasbeen evalu
ated (174). A comparative study of. the validities and precisions
of three instruments to estimate' color grade' of .Marshall and
Northwest strawberries gives correlation data between the in
struments (261-).

Chromatographic methods for· coloring matter in foods have
been' reviewed (63).' One such method uses glass'plates (233)
on which a thin layer of aluminum oxide is spread: The method
permits' two-dimensional chromatography. The, Rj values of
36 food dyes have been determined by partition filter paper o'hrO"
matography (8). Other chromatographic' techniques 'for de-
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termining added colors in foods have also been described (42, 86,
138, 201, 221).

Those concerned with taste test methods will find of value a
paper on the comparison of the triangular and two-sample taste
test methods (39). A sensory taste method has been suggested
(59) that can be used for estimation of levels of significance for
replicated judgment of two or more samples that represent no
more than one difference. Of intere1.t is a report on the aroma
number (155), which is a measure of the potassium bichromate
reduction produeed by volatile material from 2 mi. of fruit juice
as determined under specified conditions in a special apparatus.

Those concerned with quality control will find of interest a
paper dealing with a brief discussion of methods used for the quan
titative evaluation of fruit products U5).

INSECTICIDE RF:SIDUES

Yapors of perchloroethylene have been found useful in con
trolling rot-producing molds in strawberries. A method has been
suggested (187) for determining residual fungicide, involving ex
traction of perchloroethylene with ether, followed by evaporation
in the presence of ethylbenzene, and determination of the chlo
ride with a nephelometric technique. An improved procedure
for determining bromine residues has been offered (287) and tech
niques for determination of residues of the herbicide 3-(p-chloro
phenyl)-l,l-dimethylurea have been suggested (20, 21, 311).
Parathion residues on tomatoes are determined by removing the
residues with alcohol, oxidizing the plant pigments with hydrogen
peroxide, and hydrolyzing the parathion to p-nitrophenol, which
is determined eolorimetrically (36)..

Microquantities of benzene hexaehloride can be estimated by
an absorptiometric technique (228), and residues of the herbicide
N-1-naphthylphthalamic acid by hydrolysis of the amide to give
1-naphthylamine, which is steam distilled from an alkaline solu
tion (269). The amine is COUplEd with diazotized sulfanilic
acid to give a red azo dye which ean be determined colorimetri
cally.

Procedures for the determinatioml of residual highly chlorinated
pesticides such as aldrin and dieldrin have been reported (4, 55,
197, 198, 216). Crag herbicide 1 [sodium 2-(2,4-dichlorophen
oxy)-ethyl sulfate] is estimated by measuring the intensity of
the colored complex formed with methylene blue chloride (130),
and residues of malathion are determined by rapid decomposition
of the material by alkali to form dimethyl dithiophosphoric acid,
followed by subsequent determination of this decomposition
product by a colorimetric procedure (214).

CONTAMINATION AND SPOILAGE

Considerable research has been accomplished on detection of
insect infestation of foods. Differentiation of bran and germ
from insects and larvae fragment;; in white flour consists of sus
pending the specially prepared sample in a dilute crystal violet
solution (16J,~). By transmitted light, insect fragments appear
bright orange-red, while bran and germ particles are stained deep
violet. Staining with ruthenium red is suggested for detecting
dung and plant fragments in :milk (260). Internal or hidden
insect infestation of grains is det,ected by means of a low noise
level audioamplifier microphone and loudspeaker (3). It has
also been suggested that insects in stored grains can be identified
by their ma.ndible characteristics (162), and a recent series of
papers dealing with insect contamination in foods is particularly
timely (151, 179, 209).

Improved techniques have been offered for mold and rot in
tomato catsup (180) and in tomatoes (38). Difficulties in de
termining rodent hairs and insects in oatmeal have been sur
mounted (116).

Procedures suggested for determining penicillin and other anti
biotics in milk include a cup method on agar (137), use of a spore
suspension of Bacillus subtilis (100), and utilizing strains of
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Streptococcus lactis having extreme sensitivity to the particular
antibiotic being detected (170).

Biphenyl is used for controlling decay of citrus during shipment
and storage. A method of estimating biphenyl in treated fiber
board cartons is based on using the biphenyl absorption peak at
14.34 microns (154). Quaternary ammonium compounds are
determined in milk by titration with standard anionic surface
active agents using eosin as an indicator (92).

Abnormal quantities of free galacturonic acid in fruit and veg
etable products have been proposed as evidence of decomposition
by microbial activity. A method for detecting galacturonic acid
is based on a modification of Tollen's reaction of uronic acids
with naphthoresorcinol (7). A direct count method for bacteria
in frozen citrus concentrates has been offered (306); a rapid pro
cedure for identifying bacteria isolated from off-flavor juice is'
based in part upon cell morphology (16), and rapid colorimetric
methods for detecting Lactobacillus and Leuconostoc are based on
estimating diacetyl, one of the end products of bacterial metabo
lism (40, 75, 126). Improved media for the growth and isolation
of spoilage organisms from canned foods have also been presented
(84).

A column chromatographic mlOlthod is used for the detection of
added lemon juice to orange juice (245), making it possible to de
tect the addition of 5% lemon juice.

Techniques for determination of Salmonella in dried eggs have
been reported (12), and a modified DU spectrophotometer is
used at wave lengths of near 575 m!' for detecting blood in white
shell eggs (27).

R, values on filter paper chromatograms on a number of cou
marins and related cinnamic acids in various solvents have been
determined (283). A chromatographic method, using a specially
prepared aluminum oxide, has been suggested for the separation
of vanillin from coumarin (210), and ethylvanillin in vanilla
extract is estimated by using a freshly prepared 1% p-amino
phenol solution, which, in an alkaline medium, gives a dark
purplish color in the presence of ethylvanillin (140).

A fermentation test is suggested for detecting preservatives
other than benzoic or sulfurous acid in beverages (205) and in
meat products (204). The diazotization method of Edwards
has been used to detect benzoic acid and its derivatives in foods
(93).

Chicory in amounts of 1% or more can be detected in coffee
by the Seliwanoff test for fructose (200), and detection of adul
teration in vinegar is based on its albuminoid ammonia value
(199).

The proposal to employ dimethyl dichlorosuccinate as an
antimycotic in packaging such foods as cheese, bread,' fresh
raspberries, and tomatoes created need for a method for its
detection and determination. A colorimetric method sensitive
to 1 p.p.m.. based on the determination of degradation products
of dimethyl dichlorosuccinate has been offered (235).

A colorimetric method, based on the action of the curd of the
milk sample, with certain solvents, is used for detecting reconsti
tuted" milk in normal milk (238). Cow's milk added to goat
milk is detected by a serological test (272). It has been reported
(313) that use of tetrazole salts instead of methylene blue in
testing the sanitary condition of fluid milk has no advantages.

Detection of adulteration of meat with horse meat depends
upon the fact that horse fat contains a higher percentage of
linolenic acid than does the depot fat of normal beef animals,
sheep, or pigs (54); serological methods are also recommended
for horse meat detection as well as the addition of pork to ham
burger (217).

MISCELLANEOUS

Further work has been carried out on determination of ethylene
in air (279).

Methods for sampling Cheddar cheese for commercial analysis
have been described (234). Various methods of measuring the
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consistency of tomato puree have been evaluated (60), and a
method for sampling tomatoes for grading has been reported
(160). The Tenderometer for measuring texture of cooked fro
zen peas has been correlated with organoleptic evaluations of
texture (186), and it has been suggested that maturity in frozen
peas can best be measured by specific gravity and alcohol
insoluble solids (166).

Terpenes in citrus oils have been determined using filter paper
impregnated with silicic acid (213) or glass plates coated with
silicic acid (239); Rr values of many terpenes and oxygenated
terpenes found in essential oils have been reported (196), and
methods of analyses of lemon oil have been the subject of a
review (249,305).

An apparatus and procedure for separating and estimating
volatile constituents in fruit products have been reported (102),
giving fairly reproducible results on a variety of fruits.

A paper chromatographic method is suggested for determining
caffeine and trigonelline in coffee (157); chemical procedures for
estimating caffeine in coffee (114, 242) and in soft drinks (133),
and theobromine in cocoa residues (95) have been proposed.

A statistical approach to measurement of particle size of dried
milk has been presented (141), along with a semiautomatic cryo
scope for routine determination of the freezing point of milk
(265), a method for measuring the wettability of powdered milk
(11), and suggested techniques for estimating total solids in
milk (50, 120, 167).

One of the newer methods for enumerating bacteria is the molec
ular or millipore filter technique, which removes bacteria from
aqueous solutions and permits growth directly on the filter itself
(37).

Improved techniques for thermal process evaluation (223, 227,
276, 282) will be found helpful for those engaged in this field.

A new apparatus, made from ordinary laboratory equipment,
makes possible a rapid method. for determining alcohol in raisin
residues (33). Benzoyl peroxide in flour and bread is determined
absorptiometrically by Mohler's reaction (153), and testing of
antifoam agents involves regi~tering the foam within an enclosed
standpipe through which air is bubbled at a determined rate
(82). With comparatively simple apparatus, apparent density
of meats can be approximated so that the data may be used to
calculate piece weights in packing plants (88). Of interest, too,
is a dilatometric method for control of fat hydrogenation (91)
useful in hydrogenation plants.

Quality of active dry yeast is compared by using the methylene
blue staining procedure, plate counts, and baking tests (225).

High voltage gaseous discharge phenomena have been em
ployed for measuring the vacuum levels in commercial glass con
tainers (76). The method is especially adaptable to measure
ment of relatively rapid gas leakage rates. An apparatus for
sampling and analyzing swell gases from cans is also of interest
(~74). A suggested procedure for measuring gas permeability
of sheet material is based on the principle of measuring a change
in volume of constant pressure and temperature conditions (32).

Infrared absorption spectra of several water-soluble gums
have been presented (207), useful for the identification of gums
isolated from foods.

A rapid method for determining the solubility of dried whole
egg powder involves dispersion of the sample in 0.9% saline,
centrifugation of saline-insoluble solids, and precipitation of the
saline-soluble and 'colloidal fraction with Esbach reagent, fol
lowed by centrifugation of the precipitate and reading the volume
of the precipitate as the solubility index (19).
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I Fertilizers I
G. L. BRIDGER

Department of Chemh::al and Mining Engineering, Iowa State College, Ames, Iowa

T' ·HIS review covers the literature on analysis of fertilizers
since the review published in the January 1953 issue of

AKALYTICAL CHEMI;;'fRY and up to August 15, 1954 (15). It has
been restricted to procedures that are recommended for fertilizer
analysis or that appe!tr to be adaptable for fertilizer analysis with
little modification.

SAMPUN:G AND SAMPLE PREPARATION

Randle (114, 115) presented an extensive table of analyses of
29 grades of fertilizer by 10 collaborators who used a hand
quartering procedure and of 22 samples by ,seven collaborators who
used a riffle-quartering procedure. He also tabulated the results
of analysis of fertilizers of 47 grades by 13 collaborators prepared
by the official AOAC sample procedure. Fudge (41) reviewed
eurrent practices in collecting, storing, 'Emd sampling of nitrogen
solutions and liquid fertilizers containing free ammonia.

N[TROGEN

Reports on determination of nitrogen in fertilizers by numerous
eollaborators by AOAC methods, the Shuey method, and various
modifications of the Kjeldahl method were made by Davis (26,
27). Nakamura and Yamazoe (96) compared various methods
for determining nitrate nitrogen in fertilizers; they concluded
that the reduced iron method with steam distillation was best.

Numerous studies were made of the Kjeldahl method. Mc
Kenzie and Wallace (81) made a critical study of temperature,
catalyst, and oxidizing agent in the digestion step. Lepper (79)
studied nitrogen loss when a selenium mixture was used in the
digestion step; he concluded that nitrogen loss is not serious and
there is little danger of selenium poisoning;. Rosicky (119) found
that addition of kerosine, fuel oil, or mineral oil to the digestion
flask was helpful in prevention of foaming. Dickinson (28)
applied the KjeldahI method to determination of nitrogen in
nitrates. Perrin (10..(.) developed a rapid modification of the
Kjeldahl procedure which compared favorably to 'other pro
cedures.

Hartmann and Bathge (59) used dicyclohexylthallic ion as a
precipitating agent for the gravimetric and volumetric determi
nation of nitrates. Feigl and Schaeffer (34) treated alkali
nitrates with concentrated formic acid and titrated the resulting
carbonate; the procedure was also applicable for alkali nitrates.

Komarmy, Broach, and Testerman (76) developed a photo
metric procedure for high nitrate-containing solids in which
phenoldisulfonic acid was used. Masek (84) described a polaro-

graphic method for nitrates and nitrites, in which uranium salts
were found superior to lanthanum salts.

Theanalysis of gas mixtures containing oxides of nitrogen was
studied by Johnson (69).

Yuen and Pollard (150) described preparation of the Nessler
reagent for determining nitrogen in agricultural materials.
Morgan and Kralovec (89) determined available fertilizer
nitrogen in urea-formaldehyde compositions based on the nitrogen
insoluble in cold water and that insoluble in a hot buffered
phosphate solution. Rangier and Krebs (116) determined
ammonia in the presence of large amounts of urea by a cold
precipitation as the iodo-mercury complex. Rudorff and Zannier
(121) described a titrimetric determination of potassium and
ammonium in the presence of one another. Nagai and Kanazawa
(93) determined nitrogen in a mixture of calcium cyanamide and
fused phosphate fertilizer. Kondo (76) analyzed reagent grade
ammonium sulfate by four different procedures.

PHOSPHORUS

Determination of available phosphoric acid in calcium meta
phosphate was studied by Jacob, Caro, and Magness (66), who
concluded that grinding of the sample to -60 or -80 mesh was
necessary, depending on whether continuous or intermittent
agitation was to be used during the citrate digestion. Jacob,
Hoffman, and Schramm (67, 68) compared the direct determi
nation of available phosphoric acid in a number of fertilizers by
volumetric and photometric procedures. Allen (1) described a
direct determination of available phosphoric acid in fertilizers for
screening purposes.

The gravimetric procedure for phosphate received the attention
of several workers. PribH and Jelinkova (109) precipitated
phosphate as magnesium ammonium phosphate. Shibata and
Tsukiyama (128) found 0.02% nitric acid better than 1%
potassium nitrate with or without a small amount of nitric acid
for washing ammonium phosphomolybdate precipitate. Cole and
Wilson (23) used zirconium nitrate as a precipitant for phosphate.
Hardin (58) described the use of a perchloric-nitric acid digestion.

Several volumetric methods were described. Rancke-Madsen
and Kjaergard (113) neutralized the phosphate solution to the
H 2PO,,- end point, then added cerium nitrate to liberate the
'remaining hydrogen ions, which were titrated with sodium
hydroxide. Kindt, Balis, and Liebhafsky (73) titrated a phos
phate solution with alkali after separation of calcium by ion
exchange. Goudie and Rieman (55) found that an error was
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introduced in ion exchange procedures by the presence of carbon
ate and incomplete removal of ferric ion. Brouty and Chatelet
(17) studied titration of phosphoric acid with lime and described
the practical conditions necessary for accurate determinations.

There were numerous reports of colorimetric determination of
phosphorus. Most methods depend on the formation of phospho
vanadomolybdate complex. Gericke and Kurmies (50) described
a procedure which was not found by Scheffer and Pajenkamp
(124) to be in agreement with the usual gravimetric procedures.
Teague (138) determined available phosphoric acid in fertilizers
by combining the water and citrate extracts, followed by a
photometric step. Bridger, Boylan, and Markey (16) described
a colorimetric procedure for total and available phosphoric acid
in several different fertilizers. Gee and Deitz (49) described a
colorimetric procedure said to give results to within 1 part per
thousand.

Other reagents were also used to develop color in photometric
methods. Furukawa, Oida, Nakamura, Kasuga and Yoshikawa
(44) compared several reagents. Takahashi (136) developed a
color with metol reagent (prepared from p-MeHNC6H 40H and
sodium bisulfite) and ammonium molybdate. Ikeda (64) used
sodium sulfite-bisulfite, sodium thiosulfate, ammonium molybdate,
and sodium acetate. Furukawa, Nozue, and Yoshikawa (43)
used sodium molybdate and N-methyl-p-aminophenol in sodium
bisulfite, and Kato and Ooizumi (71) used ammonium molybdate
either with or without pyrogallol.

Other instrumental methods were also used by a number of
workers. Austin, Denson, and Epps (5) found that a photo
metric method for available phosphorus pentoxide was comparable
in accuracy to the official AOAC method. Dippel, Bricker, and
Furman (29) used a flame photometric procedure. Nakamura
and Kishimoto (95) and Novak (98) used a method in which
excess molydenum was determined by a polarograph.

Nagai, Kanazawa, and Ishii (94) des.cribed a method of deter
mining citric acid solubility of a mixture of calcium cyanamide
and fused phosphate fertilizer. Krumm (77) defined limitations
of the citric acid solubility method when applied to phosphate
rock. He concluded that this method bears no relation to the
actual availibility of phosphate rocks in field practice.

Shapiro (127) described a simple field method for determination
of phosphate in phosphate rock, which was accurate to within 5%
of the phosphate content.

Etienne (33) separated meta-, pyro-, poly-, and orthophos
phates by progressive precipitation of their barium salts.

POTASSIUM

The results of analysis. of several fertilizers by numerous
collaborators who used the AOAC method, the Perrin method
(103), and the flame photometric method were compared by
Ford (38-40); the results were in good agreement. The presence
of minor elements (copper, manganese, cobalt, and others)
resulted in variations in the results by the Perrin and Lindo
Gladding methods (4) but not by the flame photometric method.

Gravimetric procedures were reported by a number of workers.
Eser (32) reported that a large error in the Cramer and Tisdall
method (24) is due to' the high solubility of potassium sodium
cobaltinitrite; this can be avoided by using a saturated solution of
the precipitate for washing. Chiba (20) reported that an error in
the cobaltinitrite method is caused by the presence of ammonium
salts in the reagent. The method based on precipitation of
potassium as the 12-phosphomolybdate was described by Belcher
and Robinson (8). Berkhout' (9) described a modification of the
method of Raff and Brotz (112) which precipitates potassium as a
salt of tetraphenylboron. Procedures were described by Flaschka,
Amin, and Holasek (36) and Rudorff and Zannier (120, 121), who
titrated potassium tetraphenylborate iodometrically. A volu
metric method depending on iodometric titration of potassium
diliturate with copper sulfate was studied by Press and Murray
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(106). Ievin'sh and Ozol (63) precipitated potassium with a
reagent consisting of tartaric acid, pyridine, and alcohol followed
by titration with sodium hydroxide.

Numerous workers studied the flame photometric method.
Mehlich and Monroe (86) investigated statistically reasons for
large variations in results of a collaborative study. Schall and
Hagelberg (122) analyzed representative grades of fertilizers
made from reagent grade ingredients; they concluded that the
results were comparable in accuracy to those by the AOAC
method. Crooks (25) described a rapid flame photometric method
suitable for screening mixed fertilizers. Eggertsen, Wyld, and
Lykken (31) found that interference caused by the presence of
acids and salts in the test solution can be eliminated by using a
buffer such as lithium chloride. Blackwell, Yeager, and Kraus
(13) analyzed 28 samples of fertilizers and found the results as
accurate as those by the AOAC procedure.

Various other methods for potassium included an indirect
polarographic method of Monnier and Besso (88). Conducto
metric methods were used by Udovenko and Pasovskaya (141),
who titrated a sodium picrate solution, Weiner and Koller (143),
who titrated a precipitate of potassium chlorate, and Yasumori
(148), who titrated with sodium dipicrylaminate. Radioactive
measurements were used by Scheel (123) and Zlotowski (152). A
turbidimetric method was used by Olson (99).

CALCIUM

Work on gravimetric procedures of calcium determination
included a study by Matsuo (85), who prevented precipitation of
magnesium in the oxalate method by careful control of precipita
tion conditions. Gautier and Renault (48) found an error in the
determination of calcium as sulfate because of inclusion of calcium
oxide or carbonate; this was prevented by treating the oxalate
with nitric acid before addition of sulfuric acid. Graue and
Zohler (56) gave detailed directions for determination of calcium
and magnesium in ores and slags with uranildiacetic acid; inter
fering heavy metals were removed by precipitation with ammo
nium sulfide in the presence of ammonium chloride.

Shinkai (129) determined calcium and magnesium in dolomite
by using barium hydroxide instead' of calcium hydroxide to
precipitate magnesium hydroxide; they also describeda method
in which calcium oxalate was titrated with potassium permanga
nate.

Several workers studied volumetric methods in which chelating
agents were used. Berkhout and Goosens (10) determined
calcium and magnesium in fertilize~s by precipitation of calcium
oxalate in the presence of acetic acid and titration of the filtrate
with Complexon [(ethylenedinitrilo)tetraaceticacidl. Banks (6)
confirmed that the ethylenediamine tetracetate method for
calcium and magnesium is rapid and reasonably accurate.
Pribil and Fiala (108) precipitated calcium oxalate in the presence
of disodium ethylenediamine tetraacetate and determined the
c;;:icium as sulfate by manganometric titration or Complexon
titration. Calcium, magnesium, and iron in limestone were
determined by Cheng, Kurtz, and Bray (19). by digestion in
perchloric acid and titration with disodium (ethylenedinitrilo)
tetraacetic acid. Jordan and Robinson (70). determined calcium
and magnesium in limestones by titration with disodium ethylene
diamine tetraacetate. Brunisholz, Genton, and Plattner (18)
determined calcium in the presence of magnesium and 'phosphate
ions by passing the solution through an ion exchange resin and
titrating with. disodium ethylenediamine tetraacetic acid.
Stephens (134) determined calcium and magnesium by titration
with Complexon.

Calcium in magnesite was determined by Flaschka and Huditz
(37) by precipitation with N-hydroxynaphthalimide. Goto and
Kakita (54) determined free lime in slag by digestion with
ethylene glycol and titration with hydrochloric acid. Kurmies
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(78) determined l}alcium in Thomas phosphate by precipitation
in th e presence of ammonium acetate and titration with potassium
permanganate.

Several instrumental methods for calcium were described.
Williams and Moser (146) used ammonium purpurate in a
colorimetric method. Ashizawa (2, 8) used anthranilic acid in a
colorimetric method. Pribil and Vicenova (111) used a polaro
graphic method based on the interchange between the com
plexonate of zinc and calcium. Musha (91) used a high
frequency titration with ammonium oxalate. Gjems and
Lydersen (53) found that the reduction in calcium flame intensity
due to aluminum in the flame photometric method was eliminated
by precipitation of the aluminum with benzoate. Ikegami and
:ltIatsuo (65) studied the effect of mangilllese in the determination
of calcium in basic slags.

MAGNESIUM

Smith and Olney (131-13.'3) reported results of colla
borative studies on determination of magnesium by AOAC
procedures and chelate procedures; 'I;hey also studied·the effect
of particle size of the fertilizers.

A review of gravimetric proceduI'es for determination of small
quantities of magnesium was published by Bourdon (14). A
titrimetric procedure for magnesium in dolomite was described
by Remy-Gennete (118).

Tanimoto and Morita (137) described a colorimetric procedure
with Titan Yellow. Zan'ko and Panteleeva (151) used an
amperometric procedure with 8-quinolinol (oxine). Pasovskaya
and Udovenko (102) described four conductometric methods:
titration of an aqueous aleoholic solution of the sulfates by
barium hydroxide and barium acetate,; titration of this solution
by barium hyclroxide, (p-nitrobemmneazo )-l-naphthol, and
barium acetate; titration of this solution by barium hydroxide;
and a similar method, except that 8, graphical technique was
used.

Several who Etudied calcium also described procedures for
magnesium (6, 10,19,56,70,129,134).

SULFUR

Sulfates were determined in the presence of iron by Gandolfo
(47) by treatment of the solution with hydrochloric acid and
potassium iodide, addition of sodium hydroxide, and precipita
tion of barium sulfate. Sulfur in blast-furnace and open-hearth
Elags was determined by Morimoto (90).by a combustion method
in which iron powder or boric oxide WEIS added to the .sample.
Sulfur in ammonia synthesis gases waE estimated by Thampy
(189) by passing them through alkaline potassium permanganate
solution and an aqueous alcoholic solutio:n of potassium hydroxide
and hydrogen peroxide.

BORON

Berry (11,12) reported the results of several collaborators who
analyzed three samples of mixed fertilizers by two AOACmethods,
the Virginia modified! method and a spectrometric method. The
less soluble borates in fertilizers were determined by Naftel and
Fajans (92). Boron in superphosphate, Rhenania phosphate,
and Rochling phosphate was determined by three different
methods by Wehrmann (142). Polheim (105) determined borox
in phosphates by preeipitating the phosphate with ferric chloride
and calcium carbonate before titrating the boron. Schutz (125)
described an ion chromatography method. Singh (130) used a
spectrochemical method. Mitrovic (8'7) determined the lower
limits of sensitivity in spectrochemical determination of boron.
Otting (101) publiEhed a comprehensive treatise covering· a
critical investigation of the various methods of determining boric
acid in plant and animal products.

ANALYTICAL CHEMISTRY

MANGANESE

Luiggi (80) used hydroxylamine, hydrazine, and semicarbazide
to reduce manganese to the divalent state to separate it from
iron and rare earths before proc;eeding with the analysis.

Gibaud (51) used an iodometric method in which a manganese
complex with triethanolamine was reduced by potassium iodide
and titrated. Neelakantam and Parthasarathi (97) used a volu
metric method in which manganese oxinatewas precipitated,
dissolved in hydrochloric acid, and titrated with potassium
bromate-bromide solution with indigo carmine as an indicator.
Smith (131) reported collaborative analyses ·of manganese in
fertilizers.

COPPER

Halbrook (57) determined copper and zinc in fertilizers by a
polarographic method which gave results comparable with those
obtained by the AOAC method. Divis and Skoda (30) used a
colorimetric method with the methyl ether of 2-isatoxime.

ZINC

Chelating agents were used by Flaschka (.'35), Kinnunon and
Wennerstrand (74), and Strafford (135). Honjo (61) described a
volumetric determination in which zinc was precipitated as
sulfide, dissolved in hydrochloric acid, and titrated with sodium
hydroxide. Kato and Takei (72) used a dithizone colorimetric
method in which interfering ions were masked by bis(hydroxy
ethyl) dithiocarbamate. Udovenko and Pasovskaya (140) used
a conductometric titration with barium hydroxide. Halbrook
(57) determined zinc in fertilizers polarographically.

COBALT

A spectrophotometric determination of cobalt with 2-nitroso
I-naphthol-4-sulfonic acid was described by Wise and Brandt
(147). Gagnon (45) used a colorimetric method depending on the
pink color of cobalt sulfate. Gallego, Deijs, and Feldmeijer (46)
determined traces of cobalt in fertilizers by a colorimetric method.
Pribil, Jenik, and Kobrova (110) described a colorimetric method
in which sodium diethyl dithiocarbamate was used.

MOLYBDENUM

A gravimetric procedure for molybdenum· was described by
Ray (117), in which molybdenum sulfide was precipitated and
ignited to molybdenum t,rioxide. In a photometric method for
traces of molybdenum described by Henrickson and Sandell (60),
molybdenum was precipitated as the sulfide and determined by
the thiocyanate-stannous chloride method. Colorimetric
methods were described by Will and Yoe (144, 145), in which
molYbdenum was determined by reaction with disodium-l,2
dih~droxybenzene-3,5"disulfonate(Tiron) and with mercapto
acetic acid. Polarographic methods were described by Yokosuga
(149) and Pribil and Blazek (107).

FLUORINE

The determination of fluorine in compounds containing:
halogens, sulfur, phosphorus, and arsenic by the lead chloro
fluoride method was described by Belcher, Caldas, and Clark (7).
Gillis, Hout, and Kemp (52) determined fluorine in' slags by a
spectrochemical method. MacNulty, Reynolds, and Terry
(82, 83) used a polarographic method. Funasaka, Kawane,
Tabuchi, and Kojima (42) presented a critical discussion with a
statistical background of various methods for determination of'
fluoride.

BASICITY

Clark and Gaddy (22) reported a collaborative study of the'
carbonate carbon or calcium equivalent and acid-insoluble ash.
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content of several fertilizers. Horton and Newsom (62) described
a rapid gas 'evolution method' for calcium carbonate equivalent in
liming materials.

GENERAL

The Organisation ofEuropean Economic Cooperation described
~ethods of analyzing fertilizers used in OEEC countries (100).

Chichilo and Whittaker (21) determined the major constituents
and trace element content of a number of blast-furnace, basic, and
phosphorus-furnace slags. Servigne (126) also reported analytical
results on a large number of phosphatic slags.
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Pharmaceuticals and Natural Drugs I
MAX M. MARSH and WAYNE W. HILTY

Eli Lilly ana Co., Inaianapolis, Ina.

TliREE years have elapsed since publication of the latest
in this series of reviews of analytical methods used in the

analysis of pharmaceutica.ls and natural drugs (245). The inter
vening time has been filled with an annually increasing number
of articles pertaining to this field. The present review covers
the period to 1954. Mu"h of the changing emphasis in method
ology will be reflected in the 15th revision of the United States
Pharmacopoeia and in the tenth revision of the National Formu
lary; both of these compendia are scheduled for publication in
1955. Both will incorporate many more of the newer instrumen
tal techniques among the official methods of analysis.

As in the past, considerable selectivity has been exercised in
reporting methods of asmy for various products. The reasons for
this selection remain strictly a matter of opinion on the part of
the authors; in many cases, laboratory experience with the
methods described has provided a background for more critical
discussion of the principles and techniques involved; in other
ca,ses, an opportunity to use the methods described has not
presented itself and comment is necessarily limited to theoretical
considerations.

It is obvious that ELll the many thousands of pertinent papers
which have appeared. in the literature since 1951 cannot be men
tioned in this or any other review which endeavors to remain
current in its coverag'~ and hopes to retain sufficient continuity
to be-albeit laboriously-readable. The authors again wish
t.o insist that the exclusion of published articles from this review
is not an indication of a lack of value of the methods described.

It is unquestionably true that in this as well as in other scientific
domains, there is much in the way of published information which
is unnecessary and of doubtful value to other workers. Wherever
possible, these reports of highly restricted applications or of
minor modifications made to fit a very specific set of circumstances
have been avoided.

The writers feel that the previous classifications of chemical,
physiochemical, and physical methods are no longer of particular
significance, since most pharmaceutical laboratories are now
equipped to utilize instrumental methods of analysis; conse
quently, the present review is concerned with classification solely
along the lines of the types of substances to be assayed. The
substance classification has been extended somewhat to facilitate
locating methods for specific compounds.

ALKALOIDS

Analytical methods for the analysis of alkaloidal constituents,
both in crude drugs and in pharmaceutical combinations, are
one of the most important groups in the field of pharmaceutical
analysis. Concentration levels in raw materials are generally
low, as are the amounts which are therapeutically active; thus,
procedures for assay are generally devised for the micro or semi
micro range. The isolation of alkaloids from natural sources
usually involves separation from closely related substances which
may have markedly different activities. One is concerned, then,
with as great specificity as possible as well as with separation
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procedures which will yield relatively uncontaminated products
for measurement or identification.

Partition chromatography involving incorporation of the sam
ple into a stationary phase in a Celite support has been used by
Banes (16) for the separation of several alkaloids including
strychnine, quinine, and caffeine. New continuous extraction
methods for the isolation of organic bases such as ephedrine,
codeine, and papaverine have been reported; extractors for use
with aqueous solutions and organic solvents both lighter than
and heavier than water are described in detail (324). Alkaloids
have been titrated as bases in an acetic acid medium with per
ohloric acid (138). An interesting general method for the de
termination of alkaloids involves an application of Valser's
reagent. Under proper conditions, the insoluble iodomercuriates
of organic bases form suspensions, the apparent absorption of
which can be related to concentration. A blank turbidimetric
reading is obtained hy addition of excess potassium iodide which
dissolves the suspension (311). Data sufficient for the identifica
tion and differentiation of N-allylnormorphine and morphine are
available from the infrared mull spectra. Quantitative evalua
tion of N-allylnormorphine is possible by ultraviolet absorption
measurements at 285 m!' or by polarography (half-wave potential,
- 1.6 volts V8. S.C.E. in 2M lithium chloride) (333). After pre
liminary extraction of atropine sulfate or scopolamine hydro
bromide, carbon tetrachloride solutions have been used for
quantitative infrared analysis of these compounds in ointment
preparations (395).

A relatively specific spectrophotometric method for the deter
mination of atropine in crude belladonna drug is reported by
Worrell and Booth (412). In this procedure, atropine base re
acts with copper sulfate and naphthenic acid in benzene to give
a stable complex with an absorption maximum near 700 m!,..
It has been observed that caffeine precipitates quantitatively
from aqueous solution with phosphomolybdic acid. The precipi
tate is soluble in acetone, and its color can be measured in this
solution at 440 m!'. The method has been applied to APC
mixtures; there are some interferences from other antipyretics
and alkaloids (91). The murexide test for caffeine and theo
bromine has been applied to a very large number of compounds;
the characteristic color given by caffeine and theobromine was
duplicated only by theophylline and uric acid. A pink color was
reported for xanthine, alloxanthine, and a few other compounds.
Very few interferences were noted (100). Caffeine has been
separated from aspirin and phenacetin by partition chromatog
raphy, using water as stationary phase in a silicic acid support.
The eluting phase for caffeine is chloroform (181).

Chromatographic methods have been applied to the determina
tion of codeine in opium and other complex mixtures; fractiona
tion occurs on elution from an alumina column with isopropyl
alcohol-chloroform-benzene. The eluate fractions are titrated
and ultraviolet absorption ratios used to establish a potency of
various fractions. Morphine is extracted from the original ben
zene solution with saturated sodium acetate solution. It would
appear that ultraviolet absorption measurements could also be
used for quantitative evaluation of the fractions in place of the
titration procedure described (237). Countercurrent distribu
tion data for the separation of colchicine, isocolchicine, and col
chiceine ethyl ether have been reported for the system ethyl
acetate-water (11). A colorimetric method for the assay of
ephedrine requires reaction of the alkaloid in benzene solution
with picryl chloride. The color developed when the reaction
mixture is heated is measured at 400 m!'. The reaction is not
complete, requiring carefully controlled conditions (77). A
modification of the conventional fluorescence reaction of epine
phrine and norepinephrine with ethylenediamine permits the
differentiation of these two substances. The addition of sodium
hydrosulfite just before condensation with ethylenediamine
reduces the fluorescence of norepinephrine to 22% of its original
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value without affecting the fluorescence of epinephrine (242).
A semiquantitative test for norepinephrine in epinephrine utilizes
paper chromatographic separation in an ascending butanol
acetic acid-water system. The component zones are developed
with potassium iodate or potassium ferricyanide solution and
the zones compared visually with standards (402).

A great many methods for the separation of the alkaloids of
ergot have appeared in the recent literature. Both qualitative
and quantitative procedures have been devised. Buffered filter
papers employing an organic mobile phase have been satisfactorily
used (26, 28, 379). Other techniques involve the use of form
amide to impregnate paper (236, 287). A quantitative pro
cedure for determination of ergot alkaloids on paper chromato
grams has also been described. In this method the fluorescent
spots are detected by ultraviolet light and cut from the strip.
The cutout portions are extracted with dilute tartaric acid solu
tion and color is developed with p-dimethylaminobenzaldehyde.
After filtration, the absorbance of the solution is measured. The
author claims substantially 100% recovery from experimental
mixtures of alkaloids and claims that the method can be employed
for the quantitative separation of most of the ergot alkaloids in
cluding ergocryptine, ergo·cornine, and ergocristine (286). A
new color reaction for ergot alkaloids which does not involve
the indole group is obtained by spraying paper chromatograms
with dilute solution of ninhydrin in butanol and heating. The
reaction is also observed with lysergic acid (27). In a study of
several extractants for ergot alkaloids, Campo and Gramling
(74) consider the azeotrope of chloroform and tetrahydrofuran
to be the best solvent for crude drug extraction.

A fluorometric method for evaluation of hydrastine in hydrastis
involves oxidation of the alkaloid to hydrastinine (fluorescent)
with nitric acid; canadine and berberine do not interfere (53).
Certain of the tropane alkaloids, including hyoscine and hyos
cyamine, have been separated on phosphate-buffered paper;
the mobile phase was water-saturated I-butanol. After the
zones of alkaloids have been located on a guide strip with Dragen
dorf's reagent, sections are cut out, eluted, and estimated with a
modified Vitali-Morin reaction. Reported recoveries were of the
order of 65 to 75%; a correction factor was used for quantitative
evaluation (99). The tropane alkaloids have also been sepa
rated using partition chromatography and quantitatively es
timated by titration of eluted fractions with standard acid (111).

Morphine has been separated from codeine by means of ex
change on a strong anion resin (151). These two alkaloids may
also be distinguished by observing the characteristic shift of the
ultraviolet absorption maximum of morphine to longer wave
lengths in alkaline solution. A two-component ultraviolet
analytical method is suggested (81). The iodic acid-ammonium
carbonate-nickel salt reaction has been adapted for the routine
spectrophotometric assay of morphine. The method has been
used for the rapid determination of morphine in opium; only
pseudomorphine interferes weakly among coexistent bases.
Variables in the method were carefully studied (296). The
characterization of the complex formed by reaction of morphine
with potassium mercuric iodide has resulted from the work of
Levi and Farmilo (228). The ultraviolet and infrared spectrum,
specific rotation, x-ray pattern, and solubility behavior of the
morphine complex are reported for forensic purposes. The isola
tion and purification of semimicro quantities of morphine in
volve modification of conventional extraction procedures to
provide maximum yield. Ion exchange procedures were. em
ployed (2). A combination extractor-adsorption column has
been used in the isolation of morphine in opium. The adsorbent
is Florisil, which removes impurities (209).

Some improvements in the colorimetric assay for pilocarpine
and its salts have been described by Webb et al. (399). In this
procedure the formation of the unstable free alkaloid is avoided.
Pilocarpine has been assayed in ointment preparations in com-
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binat.ion wit.h phenacaine by an extn\ction process followed by
infrared absorption measurements in chloroform solution (396);
I~uinidine sulfate and strychnine nitrate have been assayed by
reaction in aqueous solution with potassium mercuritetrathio
cyanate; after removal of the precipitate of the alkaloid with
this substance, the excess reagent solution may be titrated by
addition of excess silver ion, removal of the precipitate, and ti
tration of the remaining silver with thiocyanate (212). Quinine
and strychnine have been different,iated quantitatively in a
simple two-component analytical scheme involving differences
in the ultraviolet absorption spectra of these compounds (34).
The behavior of quinine on several types of alumina columns
has been studied (43). It was observed that basic aluminum
hydroxides adsorb the alkaloid from aqueous solutions; 'it may
be later eluted with water as the free base.

Ultraviolet absorption measurements permit the determination
of strychnine in the presence of brucine (33). These two com
pounds have been separated also by chromatography on alumina
from other interfering substances; the alkaloids are not retained
on the column in 86% ethanol. Brucine is oxidized with potas
sium persulfate and the ultraviolet absorption of the remaining
strychnine is measured at 254 miL (108). Theobromine in 1 to 1
acetic acid-carbon tetrachloride ha,s been titrated with perchloric
acid in glacial acetic ,acid. The indicator (a-naphtholbenzein)
change is yellow to green (292). The procedure evades possible
imerference from acidic tablet excipients. Theobromine may be
differentiated from caffeine by ultraviolet spectrophotometry
in alkaline solution. Acidic solutions of both alkaloids have
similar maxima, but theobromine shows a considerable increase
in absorption in the 220 to 254 miL range in alkaline solution
(£153). An ult,raviolet spectrophowmetric method for the de-'
termination of theophylline in pharmhceuticals' has been com
p.ared with the silver salt procedure (85). The instrumental
method compares well with the official procedure and avoids
some errors.

The recent enhanced interest in reserpine and related alkaloids
and also the veratrum alkaloids has not as yet produced much
information concerning specific separation and measurement pro
redures for these substances. Some techniques for total alkaloid
~,stimation in R. serpentina have involved extraction methods in
a more or less conventional pattern (186, 187). A colorimetric
assay for yohimbine involves reaction with p-dimethylamino
benzaldehyde and hydrogen peroxide (213). Infrared spectra
of several veratrum alkaloids have been reported (271), and the
intensity of the infrared band due to carbonyl absorption from
the ester group was found to pamllel the hypotensive activity in
drugs. It eannot be expected, however, that the respective
hypotensive a.ctivity of pure eSler alkaloids is simply a function
of their degree of esterification. A paper chromatographic
procedure for separation of cenain of the veratrum alkaloids
has been reported recently (161:'). This same report discusses
titrimetric methods, infrared abwrption procedures" nonaqueous
titration, and ultraviolet absorption of the alkaloids; it describes
in detail a quantitative paper chromatographic method for the
estimation of protoveratrine A and protoveratrine B.

ANTIBIOTICS

Although the ultimate appraiml of antibiotic potency may only
be made in terms of in vitro or in vivo action against a particular
organism, ehemical methods of relatively high specificity have
been extremely useful as comrol procedures. A f1uorometric
assay of aureomyein utilizing concentrations as low as 5 "Y per
ml. has been described (320). Separation of the antibiotic is
accomplished by means of butanol extraction or adsorption on
fuller's earth. Several antibiodc salts including those of Aureo
mycin, erythromycin, Magmtmycin, and Terramycin have been
titrated in nonaqueous media. The halide salts require prelim-
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inary addition of mercuric acetate before titration of the salt
with perchloric acid in dioxane (337). Aureomycin and Terra
mycin have been identified on paper chromatograms by spraying
with a dilute solution of p-dimethylaminobenzaldehyde under
the conditions described. Aureomycin produces a dirty yellow
spot and Terramycin gives a blue-green color. Five micrograms
of the antibiotics per square centimeter may be detected (349).
A sensitive color reaction for chloramphenicol involves solution
of the antibiotic in purified pyridine, addition of potassium
hyqroxide, and heating with agitation for 5 minutes at 100 0 C.
On cooling, a rose to red color develops in the pyridine layer.
Sensitivity is IO"y of the antibiotic (378). Higuchi and coworkers
(180) report the partition chromatography of chloramphenicol.
The·stationary phase is water in a silicic acid support, while the
eluting solvent is 10% ethyl acetate in chloroform; the eluate
fractions are examined spectrophotonietrically at 278 miL. Acid
hydrolyzates of Aureomycin, Carbomycin, erythromycin, and
Terramycin all react with arsenomolybate to produce blue com
plexes; only Terramycin·will reduce the reagent prior to hydroly
sis. Colorimetric assays are devised covering the range 2 to 160
"Y, depending on the antibiotic (277).

The reaction of the erythromycin in the presence of strong
sulfuric acid to produce an intense yellow color has been made
the basis for a colorimetric procedure. Degradation products of
erythromycin interfere. The procedure is reproducible to within
about ±3% when applied to fermentation beers and about ± 1%
on aqueous solutions of purified materials (122). Quantitative
infrared measurement of erythromycin involves determination
of absorbancy in the 1O.5-microh region (397). An ultraviolet
absorption method involving preliminary treatment of erythro
mycin with alkali has been adapted to the determination of this
antibiotic in various pharmaceutical preparations (220). A
colorimetric method for the .evaluation of Framycetiri has been
reported by Penau et al. (276). Several physical and chemical
properties of Magnamycin, including melting point, specific rota
tion, and ultraviolet absorption spectrum, have been reported
(368). The observation that ethanol solutions of micrococcin
yield a purple fluorescence in ultraviolet light has provided a
method of assay for this antibiotic (173). A method of assay
for 'neomycin is based on the observation that neomycins Band C
when heated in strong mineral acid yield furfural as one of the
decomposition products. Quantitative evaluation' is . accom
plished by measuring the absorbance of the solution at 280 miL

(103).
A rapid method of determining penicillin in culture fluids or

in crude preparations involves preliminary extraction of peni
cillin from an aqueous phase with amyl acetate solution fol
lowed by re-extraction into a known volume of phosphate buffer
at pH 7. The penicillin is then assayed by the iodometric ti
tration method. A correction factor is introduced for substances
in the culture fluid that are extracted arid that take up iodine
under these conditions (25). In the presence of small amounts
of mercuric chloride at room temperature, penicilloic acid quan
titatively reduces arsenomolybdic acid; when penicilloic acid is'
heated in dilute mineral acid in a boiling water bath, however,
the reducing power is lost. These observations have been made
the basis for the determination of this substance and of penicillin
in fermentation samples (268). Pan and Perlman (269) have
modified the Kapeller-Adler method for nitration of phenylacetic
acid to provide nitration at a lower temperature. This technique
yields only one nitration product instead of the several products
obtained previously as shown by paper chromatography. The
method is useful in determining phenylacetic acid and phenyl
acetamides in samples from fermentations. Penicillin labeled
with sulfur-35 has been prepared by fermentation in a medium
containing S350,-- in yields up to 30% on the basis of labeled
sulfate. An isotope dilution procedure utilizing the labeled
compound thus produced is described (150). The procedure
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cannot compete with chemical and biological methods on a cost
basis, but it more nearly approaches an absolute measure of the
penicillin content; 95% confidence limits for a single sample in.
duplicate are ±5.9% of the mean..

A method for the estimation of penicillin. G in penicillin 0 in
volves oxidation, extraction of the benzoic .acid produced from
other ultraviolet-absorbiu'?, irnpurities, and ,measurement .at
224 m!'. Recovery is 86 ± 4%'(199). It has been found that
N,N'-dibenzylethylenediamine-penicillin may be dissolved di-I
rectly in alkaline solution for assay and allowed to stand 15
minutes after making to volume, and an aliquot iodinated in the
usual iodometric procedure for penicillin assay. A blank value
is obtained by treating an aqueous suspension of the insoluble
drug with iodine; on dilution, the total reaction volume becomes
sufficient to dissolve the salt (272). The utilization of ethylene
oxide in sterilizing bulk penicillin has required development of
a method for determining ethylene glycol (from hydrolysis of
ethylene oxide) in procaine penicillin. The procedure is based
on the periodate oxidation of ethylene glycol to formaldehyde
and colorimetric determination of the formaldehyde with chromo-.
tropic acid (50).

Dihydrostreptomycin yields 1.02 moles of formaldehyde per
mole and streptomycin 0.20 mole per mole when treated with
periodic acid. A method for dihydrostreptomycin is based on.
the evaluation of the formaldehyde content of an oxidized sample
with chromotropic acid. A correction is made for streptomycin
interference when present in excess of 2%; the procedure re
quires careful control of variables (381). Monastero (256) has
reported the colorimetric determination of streptomycin and
dihydrostreptomycin which involves a reaction of the streptidine
moiety of the molecule; the. color ~eaction is an extension of a
test for guanidine. The Voges-Proskauer reaction has also been
adapted to the quantitative determination of streptomycin and
dimydrostreptomycin (365). The streptomycins, strepto.thri
cins, and neomycins have been separated by paper chroma
tography (193).

Methanolysis of mannosidostreptomycin or dihydromanno
sid(J)streptomycin yields methyl mannqside, streptidine, and
methyl streptobiosaminide dimethyl a,cetal or its dihydro analog,
respectively; the basic products may be removed by passage
over a cation exchanger. .The mannose present in the effluent as
methyl mannoside may be converted to the dinitrophenylosa
zone, which forms a purple color in. alkaline sohltion; the color
intensity may be directly related to the mannosidostreptomycin
or dihydromannosidostreptomycin content of the sample (229).

CHEMOTHERAPEUTIC·AGENTS

Several sympathomimetic amine salts have been converted to
the free bases by passage over carbonate-regenerated Amberlite
IR-45 ion exchange columns. The bases may be washed out of
the column with 75% ethanol and titrated (387). Paper chro
matographic separation and identification of sympathomimetic
amines have also been reported (407). The separation of m
aminophenol, present in trace amounts in p-aminosalicylic acid;
has been accomplished by paper electrophoresis; a similar pro
cedure affords the separation of trace amounts of p-aminoben
zoic acid in novocaine (391). Trace amounts of m-aminophenol
in the presence of p-aminobenzoic acic;l have also been determined
polarographically after diazotization and reaction with potassium
carbonate (202), and by a colorimetric procedure (334). p-Ami
nobenzoic acid and its sodium salt have been estimated by titra
tion in glacial acetic acid using perchloric acid as 'titrant; in this
titration it is necessary to add chloroform to the solution after
about 90% neutralization to precipitate the reaction' products
and to sharpen the end point (67), Sodium p-aminosalicylate in
a water-ethylene glycol-isopropyl alcohol mixture has been
titrated with perchloric acid, potentiometrically (359). A com
parative study of several methods for the' determination of p-
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aminosalicylic acid has been made by Rao (300), who proposes a
method based on both decarboxylation and diazotization. A
rather specific color reaction for p-aminosalicylic acid is observed
on heating with a reagent c.omposed of 1 to 1 concentrated hydro,.
chloric acid-formalin. Neither salicylic acid .norp-aminoben-,
zoic acid interferes (319).

The ultraviolet absorption spectrum of phenylacetone, an·
intermediate in··the synthesis of amphetamine, has been used,
to determine the amount of the intermediate present in the drug.
(128). A general method for the titration of antihistamine
bases and their salts is described by Kleckner and Osol (208);
methods discussed include titration with. aqueous standard acid
or dissolution in excess standard .acid and back-titration with
alkali, and titration with perchloric acid. in dioxane of a solution
in glacial acetic acid.

Ascaridole has been determined .in oil of chenopodium and
in castor oil solutions of chenopodium bya polarographic pro
cedure; the electrolyte is lithium acetate-lithium chloride
acetic acid in aqueous alcohol (22). Comparative ultraviolet
absorption spectra of acetylsalicylic acid and"of salicylic acid
have been reported and a method for evaluation of binary mix-.
tllres of the two compounds has been developed (376). The sepa-.
ration of caffeine in. the presence of phenacetin,and aspirin has
been accomplished by precipitation of caffeine periodide, thus
providing a chemical .procedure for the complete evaluation of
APC mixtures (409). Higuchi and Patel (181) have also sepa-.
rated the components of APC combinations bya partition chro
matographic procedure. A method has been .described· for ,·the.
quantitative determination of atrolactamide (2-phenyl-3-hydroxy.
pr.opionamide).. The procedure is based on the conversion of
this drug to iodoform and measurem.ent of the absorbancy of a
chloroform· extract containing the iodoform isolated from· the
sample (336): A new colorimetric procedure Jor the determina
tion of Benadryl (,B-dimethylaminoethylbenzhydryl ether hydro
chloride) has been described by von Horn (388).

Direct titration of barbiturate or sulfonamide.tablets has been
accomplished by Fritz and Vespe, who dissolved the samples in
dimethylformamide and employed sodium methoxicle in benzene-.
methanol as titrant (386). Barbital, allobarbital, pentobarbital,
and-by adjustment. of pH. with borate ,buffer.,.....phenobarbital,.
may be precisely assayed argentimetrically (78). Ribley et al.
have utilized the infrared spectra of closely rela,ted barbituric,.
acid derivatives for differentiating these compounds in mixtures.
(307). Considerable information has appeared recently on
more specific methods of. identification of barbiturates based
primarily on paper chromatographic separations. Among. those
systems recommended are I-butanol-5N ammonia (4) and chloro~

form-buffer, .with the .paper impregnated with buffer solution
(413).• ·Methodsof identification of barbiturates on' paper chro-.
matograms have· been investigated by Grieg (154) and ..Wicks-·
triim et, al. (406). The estimation of, several barbiturates in
biological materials has involved differences observed in the ultra
violet absorption spectra of solutions at pH 10.5 and in stronger
alkali. Quantities 'as .small as 0.1 mg.' per 100 ·in!. of blood or
0.3 mg. per 100 grams of tissue may be determined (145). The
ultraviolet absorption spectrum of phenobarbital in pH 9.5
borate buffer has been utilized to assay this compound in official
preparations (248). Stearate interference in phenobarbital
tablets has been eliminated by precipitating. barium stearate
from alcoholic solution with saturated barium hydroxide solution
(270).

A colorimetric procedure for .the evaluation of Certain anthra
cene derivatives has. been utilized to evaluate Cascara sagrada
and some of its preparations (117). A system for the .paper
chromatography of chlorophylls incorporates filter paper strips
impregnated with sugars and. run in an ascending solvent con
sisting of 0.5% n.propyl alcohol in n-hexane (353). Amethod
for the estimation of Dormison (methylparafynol) in biological
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material involves formation of an insoluble silver derivative;
the complex is collected and decomposed and the silver content
determined colorimetrically (278); the procedure was subse
quently modified to include an aeration train to transfer the
active substance from the sample to an alkaline silver reagent
(279). Some difficulties in the accumulation of carbonate in
the alkaline silver :reagent-extracted from the air used in the
aeration step-could possibly have been avoided by sweeping
the sample with nitrogen.

Gentisic acid has been assayed in serum by preliminary
acetone-alcohol extraction, oxidation by ferric ion, and colori
metric determination of the resulting ferrous ion; excess ferric
ion is complexed with fluoride (232). A spectrophotometric
study of gentisic acid has included observation of the formation
of a green color with molybdophosphotungstate solution as well
as characteristic ultraviolet absorption maxima of gentisic acid
itself (267). Numerous methods for the evaluation of isonico
tinic acid hydrazide have been reported, probably out of propor
tion to the difficulties involved in its determination. Those
procedures which appear to be most; satisfactory include non
aqueous titration (5), reaction with iodine followed by back
titration of excess iodine (71), a similar bromimetric procedur~

which avoids laetose interference (170), and a colorimetric pro
cedure based on the reduction of ferricyanide with subsequent
formation of Turnbull's blue on heating (194).. For qualitative
and quantitative purposes, the infrared mull spectrum and the
ultraviolet absorption spectrum of isonicotinic acid hydrazide
ha'le .been reported as well as some information on the polarog
raphy of this substance (261).

The quantita,tive differentiation of mixtures of certain ethyl
mercuric and phenyl mel'curic derivatives has been accomplished
by observing their relative stability in strong hydrochloric acid
solution (289). A paper chromatographic system for the sepa
ration of octamethylpyrophosphoramide utilizes propylene
glycol-impl'egnated papel' with a. mobile phase consisting of
1: 1: 1 a,a,a-trichlorotoluene-carbon tetrachloride-toluene (243).
Phenolphthalein-chocolate prepal'ations have been estimated by
nonaqueous titration; the sample is dissolved in 15% ethylene
diamine-85% pyridine. The titrant is sodium dissolved in
ethanolamine and diluted with pYl'idine. The indicator is
thymol blue (97). Pl'Ocaine and II-aminobenzoic acid are coupled
after diazotization with I-naphthylamine; after the dye forma
tion is completed, the derivatives are separated on the basis of
their solubility in acids (procaine) and bases (p-aminobenzoic
acid) (265). The ultraviolet absorption maximum of procaine
hydrochloride at 290 mIL has also been used to determine the
amount oIthis compound in aqueous solution (35). A technique
for the titration of reineckate :Jalts in which reaction with the
thiocyanate group is utilized offers a convenient method for the
evaluation of certain organic ba.ses (161).

Isotope dilution techniques have been applied to the assay
of certain sulfonamide preparations utilizing sulfur-35-labeled
sulfonamides. Ion exchange :leparations with selection of the
peak fractions of the eluates for assay have provided suitable
methods for determination of sulfanilamide and sulfadiazine
in mixtures (191). Sulfonamides have been titrated in pyridine
solution with sodium methoxide; tablet excipients interfere
(115). Identification of sulfonamides has been accomplished
by paper chromatography (310, 394) and by paper ionophoresis
(390). Tetracaine is separat.ed from its hydrolytic products by
extraction above pH 8 with an organic solvent; its concentration
may be meas~red by ultraviolet absorption techniques (106);
the authors have described in the same paper a colorimetric
assay for phenylephrine. k volumetric determination of thiou
racil and certain of its alkyl homologs has been developed by
Abbott (1); the titrant is mercuric acetate and the indicator is
diphenylcarbazone. Interferences from tablet excipients are
few and can be avoided. A specific color reaction for compounds
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of the thiouracil type has been described, and a method of de
termination of propylthiouracil is given (234, 235); the reaction
involyes condensation with 2,6-dichloroquinonechloroimide in a
suitable buffered solution. A yellow pigment formed is extract
able into chloroform. Systems for the paper chromatographic
separation and identification of thiouracil and of methylthiouracil
and propylthiouracil are butyl alcohol-water and amyl alcohol
water; zones are developed with iodine or by reaction with 2,6
dichloroquinonechlorimide (225).

GLYCOSIDES

Certain plant glycosides have been identified by means of
paper chromatography. Location of the glycoside zones was
achieved through enzymatic hydrolysis to produce a reducing
sugar, which was then identified by spraying the strip with ani
line hydrogen phthalate solution and heating. The glycosidases
were applied to the chromatograms in a "strip transfer" tech
nique. Such naturally occurring glycosides as amygdalin,
arbutin, and salicin were identified (40).

Considerable information concerning the identification and
determination of the digitalis glycosides has appeared in the
recent literature. Several of the primary glycosides of digitalis
have been separated and identified by paper chromatography
in an ethyl acetate-ethanol-benzene-water system; fluorescent
zones were formed by spraying the chromatograms with trichloro
acetic acid and heating. The system is not satisfactory for the
separation of desglucoglycosides such as gitoxin and digoxin
(338). A colorimetric method for the estimation of digitoxin
utilizes reaction of the glycoside with 3,5-dinitrobenzoic acid in
the presence of benzyltrimethylammonium hydroxide to produce
a. measurable color. The absorption maximum of the chromo
phore is 550 mIL. The method has the advantage of a very low
reagent blank, but the color produced is fleeting. Digoxin and
gitoxigenin also l'eact at a slightly different rate (293). An
investigation of the alkaline picrate method fol' digitoxin deter
mination has indicated an effect attributed to the presence of
ethanol in the system. The same article describes a process for
decolorizing digitalis tinctures prior to color development (314).
Hassall and Lippman (167) have utilized a reaction of digitalis
with m-dinitrobenzene at pH 11 to 13 to produce a red color.
The colored product is said to be more stable than the transient
blue colors obtained with stronger alkali. The procedure has a
rather low sensitivity for digitoxin.

A fluorometric procedure for determination of the aglycone
of digitoxin has been reported by Jensen (197). The sample,
dissolved in 804M hydrochloric acid, is oxidized with a small
amount of hydrogen peroxide; digitoxigenin forms a compound
exhibiting blue-green fluorescence. Further reaction is prevented
by the addition of ascorbic acid. Gitoxigenin, gitoxin, and
purpurea glycoside B have only weak fluorescence; digitoxin in
the range of 2 to 20 oy in 10 mI. may be determined with an
accuracy of ±5%. Chromatographic separation of digitoxin
and digitoxigenin has been achieved on alumina columns. The
aglycone is eluted with chloroform while 3 to 1 chloroform
ethanol elutes digitoxin (201). Paper chromatographic separa
tion of digitalis glycosides has been investigated by several
workers. The most satisfactory systems appear to be those
utilizing formamide-impregnated paper with an organic mobile
phase consisting of chloroform or benzene or mixtures of these
(198, 323). Other systems described include butanol-amyl
alcohol-water (157) and chloroform-ethyl acetate-benzene-water
(339); the latter system ~s suitable only for very small quantities
(1 to 5 oy). An interesting study of "new" and "aged" solutions
of trichloroacetic acid in chloroform and their effect on the de
velopment of fluorescence with digitalis glycosides has been made
(339); these workers observe that a freshly prepared reagent
gives no fluorescence'with digitoxin, gitoxin, and digoxin. The
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Carr-Price reagent has been suggested ato as a color reagent for
identifying digitalis glycosides on paper chromatograms. The
colors produced are reported to be pemanent and distinctive
(223). Digitoxin tablets have been aralyzed by partition
chromatography in which the stationary phase is Celite impreg
nated with formamide-water. The mobile phase is chloroform
benzene. Digitoxigenin is eluted first from the column, followed
by digitoxin; gitoxin stays on the column (17). These authors
point out that the U.S.P. XIV monograph for digitoxin permits
acceptance of material which could contain as little as 70% of
the glycoside. The presence of appreciable amounts of gitoxin
in commercial samples of U.S.P. digitoxin was demonstrated.

The possible use of ion exchange resins to isolate glycosides
as borate complexes was investigated by Chambers et al. (76).
It was found that the glycosides were not retained on strong
anion exchangers; however, it may be possible to remove con
taminating sugars by this technique. Extensive studies on the
chromatographic, ultraviolet absorption, and color-forming
properties of digitoxin have resulted in the conclusion by DeMoen
and Janssen (93) that the true physical and chemical properties
of digitoxin are still largely unknown. Much of the discrepancy
observed between the U.S.P. XIII pigeon assay and the U.S.P.
XIV colorimetric assay for digitoxin has been attributed to the
high gitoxin content of commercial digitoxin. (47).

The U.S.P. XIV colorimetric method for determination of
digoxin has been modified. by Banes (15). The modification in
volves the use of weaker alkali (1% tetramethylammonium
hydroxide). The result is slower development of color with
absorption maximum at 615 m!'. Gitoxin develops a feeble
red-violet color, which fades rapidly and does not interfere when
the gitoxin content is less than 8% of the total glycoside present.
Gitoxigenin has been determined fluorometrically by dissolving
the sample in 1 to 1 concentrated hydrochloric acid-glycerol.
After 20 minutes, the fluorescence developed may be used to
evaluate the gitoxigenin content quantitatively. Digitoxin,
digitoxigenin, and purpurea glycoside A do not form fluorescent
compounds under these conditions. The procedure is sensitive
to 1 to 10 'Y in 10 ml. (195). A colorimetric estimation of gitoxi
genin in the presence of digitoxigenin (371) involves reaction of
the aglycone with ferric chloride in a sulfuric acid-phosphoric
acid mixture. The paper chromatographic separation of gitoxin,
gitoxigenin, and purpurea glycoside B has been observed in a
chloroform-methanol-water system. The conditions of separa
tion are very highly temperature-dependent (196).

A colorimetric determination of strophanthidiil involves re
action of this glycoside with sulfuric acid. The minimal range
of concentration is 0.5 to 1 'Y per ml. (147). The aglycones of the
strophanthus glycosides have been separated and identified by
paper chromatography, using an ascending benzene-60% meth
anol system (70).

HORMONES, RELATED STEROIDS, AND STEROLS

One of the most complex and least well-defined classes of com
pounds of pharmaceutical interest are those involviug the cyclo
pentanoperhydrophenanthrene nucleus. Many of these com
pounds such as the bile acids, cardiac glycosides, veratrum
'alkaloids, and certain of the sex hormones have been well known
for some time. Considerable effort has been expended in the
development of analytical methods for these materials, few of
which are completely satisfactory; the situation is even less
encouraging for the newer and more recently investigated ster
oids. Much of the difficulty associated with the determination
of specific compounds may be attributed to the marked similarity
of associated steroids so far as physical and chemical properties
are concerned. Several techniques, however, appear promising
for purposes of separation of closely related steroidal materials.

'Partition chromatography has been used successfully in the
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separation of the active adrenocortical hormones. The station
ary phase in the particular system described is water..,-silicic
acid and the mobile phase is petroleum ether with increasing
amounts of dichloromethane. Eluted fractions are identified
by reaction with concentrated sulfuric acid, and quantitative
assay of the fractions is accomplished by a measurement of ultra
violet absorption (176). A quantitative paper chromatographic
method for the evaluation of adrenal extracts in which the reduc
ing cortical steroids are identified on the paper chromatogram
with arsenomolybdate reagent has been developed by Schwartz
(329). The blue zones are eluted from the paper and absorption
of the complex is measured photometrically. Steroids with a
ketol side chain or an «,tl-unsaturated 3-keto structure quantita
tively reduce the reagent. Banes (14) has separated corticoster
oids in adrenal extracts by a partition chromatographic method;
in this case, the stationary phase is formamide in Celite, while 'the
mobile phase is benzene. Infrared measurements are used to
identify individual steroids in the eluate fractions. In the sul
furic acid-induced fluorescence reactions of corticosteroids,
Sweat (363) has made a critical study of the assay conditions.

Certain f,.4-unsaturated-3-ketosteroids including cortisone
acetate, progesterone, and testosterone develop strong stable
absorption maxima in the near ultraviolet range when heated
with dilute organic or inorganic alkalies (87). A colorimetric
method for. determination of cortisone and related ketol steroids
is based on the fact that C20 keto and C21 primary-OH have re
ducing properties similar to fructose. Alcoholic solutions of
these steroids reduce tetrazolium salts in the presence of tetra
methylammonium hydroxide to form colored solutions (239).
Cortisone has been observed to react with the anthrone reagent
to produce a color measurable at 480 m!'; the optimum concentra
tion range is 0.5 to 2.0 mg. per ml. of cortisone or cortisone ace
tate (189). A colorimetric method for the determination of
diethylstilbestrol and related estrogens is reported by Kelly and
James (205). Other methods for determination of diethylstil
bestrol include an ultraviolet absorption difference procedure in
which the quantitative measurements are made on acid and
alkaline solutions of this compound and the difference at specific
wave lengths. is associated with changes in the concentration
(149). The same report includes a new color reaction of diethyl
stilbestrol, in which the compound in acetic acid solution de
velops an intense yellow color when exposed to strong ultraviolet
irradiation; if conditions are carefully controlled, the reaction is
reproducible and may be applied quantitatively to the determina
tion of this drug.

A detailed investigation of the ultraviolet absorption character
istics of ergosterol and a method for the determination of this
substance in yeast are reported by Shaw and Jefferies (335).
A collaborative study of several extraction and color develop
ment procedures for conjugated estrogens has been reported by
Gaunt (137). Antimony trichloride dissolved in nitrobenzene
has been reported to give characteristic colors 'with a large number
of steroids. Separation of estriol, estrone, and «- and ,B-estradiol
in a toluene-propylene glycol system. on paper chromatograms
may be followed utilizing the reagent described to identify the
zones (313). Some sources of error have been discovered in the
colorimetric determination of estrogens by the Kober reaction.
Very extensive studies have been carried out to show the inhibi
tory effect of certain solvent residues on the color development.
Residues from ether evaporation were shown to inhibit color
development by as much as 15 to 40%. A modified reaction
which is unaffected by solvent residues has been developed
(21). A chemical method for the estimation of estrogens is
based on the fluorescence developed when these compounds are
heated in sulfuric acid (384). A reaction of estrone, estradiol,
and estriol noted by Nyc et al. (262) may be of some analytical
significance. These workers report that the compounds men
tioned are destroyed at a rapid rate when exposed to visible light
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in the presence of riboflavin or lumichrome. Destruction is
inhibited by the addition of small amounts of manganous chloride;
the photo-oxidation results in a large loss of biological activity.
A simple partition ehromatographic procedure for separating
the estradiols and dihydroequilin from complex estrogenic mix
tures has been described (158, 159), while estrone, estradiol, and
estriol may be sepamted by partition chromatography also (37).
The estrogens have likewise received much attention 'in paper
·chromatographic procedures. Among the systems used for
separation are pr?pylene glycol-acetone (46), formamide, ben
zene, or chloroform or their mixtures, methylene chloride, or
cyclohexane (9, 418), and chloroform-benzene-ammonia (178).

A colorimetric assay for pregnandioJ. involves oxidation at
-0° C. with chromate, extraction of the ketosteroid with chloro
form, and color development utilizing the Zimmermann reaction
{9;e). The separation and quantitative determination of proges
terone and pregnenolone are accomplished by forming the dinitro
phenylhydrazones, which are separated on alumina and esti
mated spectrophotometricaUy (303). :Progesterone has also
been separated paper chromatographically and estimated by
-elution from paper" ultraviolet absorption measurements being
made on the resultant solution (104). Testosterone propionate
in vegetable oil solution is separated by quantitatively precipitat
ing the semicarbazone. The derivative may be weighed directly
or dissolved and the concentration determined spectrophoto
metrically at 268 mIL. Low potency oil solutions require a
prelirninmy extraction from petroleum ether solution with
aqueous ethanol (240).

Tauber (372) has developed a new color reaction for steroids
in which chloroform solutions of the compounds are heated with
perchloric acid to develop characteristic eolors. Most of these
solutions show intense fluorescence in ultraviolet light. The
fluorescent reactions of steroids on treatment with concentrated

;sulfuric acid have been studied; emission peaks and relative peak
intensities for 29 steroids are 'l'eported (;r.~8). The reactions of
·certain unsaturated steroids with a reagent composed of ferric
chloride in glacial acetic acid diluted wibb. concentrated sulfuric
acid have been investigated hy Zak et at. (.~17). Solubility anal
ysis has been successfully applied to the determination of the
purity oJ steroids. The technique has been extended to the
identification of unknown iinpurities by a procedure somewhat
analogous to mixed melting point processes and to the prepara
tion of small quantities of pure steroids for use as reference stand
;ards (370). Bromoform and methylene bromide have been
found to be good solvents for certain steroids which are diffi
cultly soluble in carbon disulfide. Infmred absorption spectra
of the compounds in these solvents are superior to those obtained
in chloroform or carbon tetrachloride (8a9). Alumina-impreg
nated paper has been found suitable fo:r adsorption chromato
graphic separation of steroids using an ascending organic solvent,
while a partition system consisting of petroleum ether-aqueous
methanol has been applied likewise in separating steroids on
paper (69).

A rapid method fO'r total cholesterol estimation in' serum per
mits the direct addition' of reagents to a small serum sample
followed by absorptiometry of the color developed (275). The
modification of the Liebermann-Burchard reagent by the addi
tion of 1,4-dioxane reduces the rate of color development so that
the reaction can be run at room temperature (233). A slightly
different color reagent for cholesterol is 10 to 1 acetyl chloride'
-concentrated sulfuri,,; acid (377). A paper chromatographic
separation of certain .sterols together with a description of indi
cato:r spray solutions or dipping solutions is reported by Neher
and WeUstein (25.9). It has been observed that sapogenins
dissolved in 94% sulfuric acid give characteristic spectra in the
220 to 400-m!, range. A quantitative scheme based on chromatog
raphy, spectra, and melting point for 18 common sapogenins is
describecl (392). Wall et at. (393) have developed a procedure
for deteetion and estimation of steroidal sapogenins in plant
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tissues. A positive hkolytic test on alcoholic plant extracts
indicates the presence/of saponins; samples showing a positive
test are hydrolyzedtnd acetylated and a carbon disulfide or
chloroform solution d. the extracted residue is subjected to infra
red analysis to deterllline the type and amount of saponin present.
A paper chromatographic method for the separation of steroidal
sapogenins and their acetates has been reported (175). The
separated sapogenins are identified by spraying with trichloro
acetic acid or blood.

METALLIC IONS AND SIMPLE ANIONS

Analytical methods for the determination of simple cations
and anions such as metallic substances, halides, and related simple
ionic species are as much a part of the pharmaceutical analyst's
field of interest as any group of organic substances. The in
creasing emphasis on the physiological effects of trace metals
and ions is extending the control effort as well as the investiga
tive effort of the analyst to the microgram range. Considera
tion must be made also of the many opportunities for simplifica
tion and improvement in specificity and economy which· the more
recent techniques offer.

A particularly useful application to the analysis of insoluble
salts of pharmaceutical interest has been described by Brochmann
Hanssen (52). The batch treatment of such substances as cal
cium mandelate, some of the calcium phosphates, calcium citrate,
lead chloride, barium sulfate,bismuth subnitrate, and bismuth
subsalicylate, with a cation exchanger in the hydrogen cycle
results in the exchange of hydrogen ion for the cation of the in
soluble salt. The soluble acid thus produ'ced may be separated
from the exchanger and titrated. Qualitative information on the
infrared spectra of 159 inorganic compounds has been obtained
(254). Curves of the compounds-principally salts of poly
atomic ions-were obtained from mulled samples in Nujol or
Fluorolube or directly from powder. In some solvent extrac
tions an error is introduced by reason of the solubility of certain
inorganic compounds in the organic solvents used for extraction;
quantitative data on the solubility of several commonly occurring
inorganic salts in such solvents as methanol, ethanol, acetone,
ethyl acetate, and alcohol are reported (328).

An interesting concept of the interaction of Lewis acids and
bases may be of potential pharmaceutical interest. Certain
aprotic acids such as stannic chloride, aluminum chloride, and
aluminum bromide were successfully titrated in a thionyl chlo
ride medium 'with pyridine as a titrant (136). Indicators used
were crystal violet and malachite green; stannic chloride was
titrated conductometrically with benzophenone. A new separa
tion step in the determination of such substances as phosphorus,
vanadium, silicon, and germanium involves extraction of the
heteropoly complexes of these elements into organic solvents
(389); the ultraviolet absorption curves of the complexes thus
isolated from the excess molybdate in the solution may then be
utilized for quantitative evaluation.

The development of adequate qualitative and semiquantitative
tests for heavy metals in pharmaceuticals continues to receive
well-deserved attention. Stewart and Strode (357) have devised
a scheme involving carefully standardized conditions, for com
paring sample colors in the heavy metals test through photo:
electric measurements. Another approach to the elimination of
the visual differentiation of nonstandardized colors utilizes
amperometric titrations for the determination of microgram
quantities of heavy metals. An accuracy of 0.5 p.p.m. in the
range 1.5 to 10 p.p.m. in organic drugs is claimed for such metallic
ions as copper, silver, lead, mercury, and cadmium (86).

A very sensitive procedure for the colorimetric determination
of free ammOnia is described by Kruse and Mellon (218). The
method involves measurement of the purple color formed when
the sample is treated first with dilute chloramine-T, followed by
a pyridine solution of phenylmethylpyrazolone. The color
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formed may be extracted into carbon tetrachloride and the ab
sorbancy measured at 450 mJ<. As little as 0.025 p.p.m. of am
monia may be detected. The method has been extended to the
determination of cyanate ion by hydrolysis to ammonia with
subsequent color development (217). An improved method for
the volumetric determination of arsenic involves the reduction in
solution of arsenic by hypophosphorous acid (166); the resulting
elemental arsenic is titrated iodometrically. The method
has been applied to the determination of arsenic in arsenite
s()lutions and is applicable in the presence of antimony. Another
colorimetric method for arsenic determination involves reaction
of arsenic with a pyridine solution of AgSCSNEt. to produce a
red color. Sensitivity is reported to be 0.5 l' of arsenic. Stibine
develops a different shade of color, while phosphine does not
interfere (383). Bricker and Sweetser (51) have utilized ultra
violet absorption changes in the solution for a photometric de
termination of the end point in titrating micro quantities of
arsenic. Amperometr1c titration of bismuth compounds with
8-quinolinol has been applied to several official bismuth com
pounds satisfactorily (39). A method for determining cadmium
is based on the nephelometric measurement of a precipitate of
the iodocadmiate of brucine at pH 5 (116).

With the increased use of highly sensitive photomultiplier
tubes as detecting elements for radiation, the direct determina
tion of the alkali metals by flame photometry has increased in
practi,cal application. The advantages of the narrow slit widths
which are possible with such detectors in determining calcium
have been described (207). Some additional applications of the
disodium dihydrogen ethylenediamine tetraacetate titration for
the determination of calcium in several organic medicaments with
out the necessity of preliminary separation have been reported
(227). A scheme for the successful separation and absorptio
metric determination of copper, manganese, and iron may be ap
plied to 10 to 20 l' quantities of each substance (414). A critical
study of equilibria in the dithizone-water system for the copper
complex of dithizone is described in terms of the analytical sig
nificance of the results (139). A new specific reaction of cuprous
ion with 2,9-dimethyl-l,lO-phenanthroline (neo-cuproine) has
been observed by Smith and McCurdy (347). The complex,
soluble in higher alcohols, exhibits an absorption maximum at
454 mJ<. Ferrous ion does not interfere.

A potentially useful separation procedure for the removal of
iron in complex mixtures employs an E)xtraction of the thio
cyanate complex into an organic solvent. At pH 2.1, 95% of
the iron in a 0.01M aqueous solution containing excess thio
cyanate ion can be removed in a single extraction with 1 to 1
tributyl phosphate-carbon tetrachloride (249). The extracting
solvent has the advantage over butyl phosphate alone of being
heavier than water. A procedure for the simultaneous determina
tion of lead, bismuth, and thallium as the halide complexes has
been devised for concentrations of the order of 10 p.p.m.; ultra
violet absorption curves of the complexes are used for quantita
tive measurement (251). It has been found possible to titrate
lead solutions directly in the presence of added tartrate to pre
vent hydroxide precipitation; after adjustment to pH- 8 to 10
with aqueous ammonia, disodium ethylenediamine tetraace
tate is added as the titrant. Zinc, copper, and nickel interfer
ences are eliminated by addition of potassium cyanide; calcium
and magnesium interfere (119). The slightly dissociated red
complex of magnesium with Eriochrome Black T is the basis for
a colorimetric determination of magnesium. Interfering calcium
ion is removed by precipitation as calcium sulfate from 90%
methanol solution (165). Mercury has been titrated also with
disodium ethylenediamine tetraacetate using Eriochrome bl,ack
T as indicator (295). A critical evaluation of the thiocyanate
titration of mercury for several pharmaceutical products ha~

been made by Cumming and Spice (88).
A quantitative paper chromatographic method has been ap-
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plied in the direct determination of nickel in microgram quanti
ties; after development iuan acetone-hydrochloric acid system,
the chromatogram is sprayed with rubeanic acid and dried and
the total density of the nickel spot read by reflectance measure
ments in a spectrophotometer. The precision is reported to be
equal to that of the best colorimetric methods (380). The alkali
metal sulfates and citrates have likewise been separated on paper
chromatograms; sodium, lithium, and potassium sulfates are
detected with a spray of barium chloride in 70% ethanol followed
by sodium rhodenionate solution. Methanol, ethanol, and ace
tone mixtures were used as solvents (68). Pifer et al. have dem
onstrated a significant difference in basicity between potassium
and sodium ions in acetic acid-chloroform solution. By poten
tiometric nonaqueous titration, it is possible to differentiate these
iens quantitatively in the presence of each other (284). A
rather specific separation technique for the isolation of silver
ion involves precipitation as the 1,2,3-benzotriazole complex
from ammoniacal Versene solution. The precipitate dissolves
in the presence of excess cyanide or thiosulfate (80).

A micromethod for the determination of halogens in organic
compounds is reported which involves fusion with sodium, ethanol
washing, and finally a potentiometric titration (257). Organ
ically bound iodine may be determined in a mixture after digestion
with potassium chloride and perchloric acid; the iodine present
in the resulting solution as iodate may be estimated volumetri
cally, spectrophotometrically, or polarographically. The method
has been used .for the determination of iodine in thyroid extract
(416). In an analytical method for iodine and -iodide ion in
tincture of iodine, the free. iodine is adsorbed on charcoal and
removed by filtration. Iodide in the filtrate is then titrated with
silver nitrate, while the free iodine may be titrated with sodium
thiosulfate solution (355). A titrimetric microdetermination of
alkali halides involves illumination of a neutral solution of the
halide with a narrow beam of light while it is being titrated with
silver nitrate solution; at the equivalence point, the dimensions
of the colloidal particles of silver halide suddenly increase; and
the color of the transmitted beam changes sharply from colorless
or yellow to red (168). By utilizing the reaction of chloride ion
with silver iodate to release an amount of iodate ion equivalent
to the amount of chloride ion present, Belcher and Goulden (23)
have increased the apparent titer for chloride ion sixfold; the
released iodate ion will require six equivalents of sulfite ion as
titrant for each chloride ion present.

Elemental sulfur may be determined by dissolving the sample
in ethanol and measuring the ultraviolet absorption of the result
ing solution. Up to 40% water in ethanol has no effect on the
absorption. Other sulfur compounds and proteins interfere
and must be removed (174). A method for the determination of
cyanates involves colorimetric measurement of the dicyanato
pyridine copper(II) complex in chloroform solution. The method
is applicable to 0.5- to 5-mg. quantities (246). A procedure for
the quantitative determination of nitrates utilizes the principle
of enzymatic reduction of nitrate to nitrite followed by a colori
metric determination of the nitrite ion. The method is applica
ble for the determination of extremely small quantities of nitrate
in body fluids (360). A method of separating nitrite from
nitrate ion involves reaction to produce very volatile methyl
nitrite. The product can be absorbed by a cold aqueous satu
rated solution of ferrous sulfate in sulfuric acid with formation of
a characteristic brown coloration. Nitrate ion will remain be
hind (127). Microgram and smaller quantities of phosphate
have been determined spectrophotometrically in capillary cells.
The absorbing complex is phosphomolybdic acid, which is ex
tractable from aqueous solution with octyl alcohol (322).

A relatively simple gravimetric determination of sulfate with
out the use of agents for increasing crystal size and without other
additives eliminates interference from foreign ions by means of
ion exchange resins; - smaller amounts of sulfate may be deter_
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mined by instrumental methods (129). Nydahl and Gustafsson
(263) have found that alkali-washed alumina retains certain
anions such as sulfate, bisulfate, and a,}id phosphate; these may
be eluted with sodium hydroxide solution. A colorimetric
method for determination of thiocyanate and cyanide ion in
volves absorption measurements of a stable complex of the re
spective ions with copper and pyridine in chloroform (216).

PROTEINS, AMINO ACIDS, AND UELATED COMPOUNDS

The application of the newer separation and measurement
techniques to the identification and determination of proteins
has received much emphasis in recent. years. Ultraviolet absorp
tion measurements of the albumin and globulin fractions of serum
proteins have indicated reproducible extinction values in the
270- to 300-m,u range (252). Comparative results between ultra
violet absorption measurements at 275 m,u and micro-Kjeldahl
analysis show satisfactory agreement in evaluating the salting
out curves of proteins. The spectrophotometric method is es
pecially convenient for work with ammonium sulfate (94). A
mic:romethod for evaluation of fibrinogen involves precipitation
with sodium chloride; the turbidity is measured nephelometri
cally (140). A gravimetric estimation of proteins precipitated by
trichloroacetic acid is reported by Hoch and Vallee (184). Good
agreement among weight of crystalline protein, absorption values
at 280 m,u, and weight of a properly dried residue from trichloro
acetic acid preeipitation was obtained. Among the samples
tested were pure human and bovine serum albumin, pure bovine
insulin, and crude bovine pituitary extract. Molecular weight
does not appear to be a determining factor in precipitation by
triehloroacetic acid of proteins of weight greater than 12,000.

Paper chromatographic techniques again appear to be poten
tially useful in 8eparation procedures for proteins. The behavior
of proteins and peptides in partition ehromatography with phenol
.containing solvents has been .invest.igated (153). In many in
stances, phenol had an excellent effect on separation or mobility
of different proteins. Franklin and l~uastelhave compared paper
chromatogram:, of normal and pathological plasmas (126).
The mode of transport of protein mixtures by ascending tech
niques has oeen studied (160). Paper electrophoretic separa
tions of proteins continue to receive attention. A study of vari
ables including the dye-binding capacity of different protein
fractions has been made by Hardewicke (162). A quantitative
accuracy within ±6% of the total protein present is claimed.
A source of error in the quantitative determination of albumins
by filter paper electrophoresis has been demonstrated to be an
adsorption phenomen.on which inereases with the thickness of
the paper employed (250). Variation in degree of adsorption
among different types of paper was noted.

The separation of enzymes an.d their identification by paper
chromatography have been report,ed (144). Amylases, phosphor
ylase, and phosphatases have been separated on WhatmanNo.
1 filter paper with solvents such as aqueous acetone and dilute
sodium chloride; the positions of zones were noted by plating
on agar substrates and incubating. Activity was located by
changes in indicators included in the substrate. The paper
chromatographic separation of amylase in commercial trypsin
powder has been achieved in aqueous acetone or sodium chloride
systems (143). A turbidimetrie method for estimating esterase
activity employs blood serum containing acetylcholine and 0.1 %
casein at pH 8 for a substrate. The opalescence developed in
the solution, as measured at 650 m,u, is shown to be a function of
the amount of acid released by hydrolysis of the ester (290).

Porter (2M) has investigated the purity of insulin prepared
from crude or crystalline material by partition chromatographic
methods. Three systems containing water, ethyl and butyl
Cellosolves, and sodium or potassium phosphate were utilized.
Recovery from the columns appeared to be nearly quantitative.
Insulin has been separated from protamine by paper chromatog-
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raphy in a butanol-acetic acid-water system. A dye such as
bromocresol green is used for locating the zones. The insulin
dye complex can be eluted from the paper and compared to
standards (309).

The separation and evaluation procedures for peptides, nucleic
acids, amino acids, and related substances have proceeded along
more or less conventional lines. Paper ionophoresis has been
employed in the separation and determination of ribonucleotides.
Identification and measurement of compounds were accom
plished by a manual scanning procedure using a Beckman spec
trophotometer equipped with a high intensity light source
(252 m,u) (401). The total a-amino nitrogen in a sample con
taining amino acids can be accurately determined by measuring
the carbon dioxide released by ninhydrin. Recoveries of 97 to
102% were obtained with amounts corresponding to about 150
'Y of a-amino nitrogen (343). A new color method for the
detection of amino acids, peptides, and proteins on paper has
been developed (305); treatment of the' paper with chlorine
results in formation of chloramine derivatives which in turn
react with benzidine to produce stable, intensely blue spots.

Of special interest is the proposed optical resolution of certain
aromatic amino acids on paper chromatograms. For stereo
chemical specificity to be realized, specific structural require
ments are stipulated. Included in these is a "three-point"
attachment to the cellulose surface (90). Various quantitative
paper chromatographic methods for the separation and deter
mination of amino acids in mixtures are reported in the recent
literature (61, 141, 183, 274, 301, 312, 317). Displacement
chromatography on ion exchangers has. been used also in the
separation and determination of amino acids (273). Circular
paper chromatography of amino acids has been applied by
Saiferand Orespes (316). These authors have applied isatin
as a color reagent; 12 of 21 amino acids tested gave distinct
color reactions. In applying fluorodinitrobenzene to the quan
titative analysis of proteins, Mills (255) has employed columns of
kieselguhr developed with mixtures of methyl ethyl ketone and
chloroform saturated with water to distinguish the dinitrophenyl
derivatives of the various amino acid constituents.

Several methods for the determination of thyroxine have been
investigated with special· reference to tablet mixtures. Of sev
eral known procedures, a colorimetric method involving treatment
with nitrous acid and ammonia appeared to be the best (3).
An interesting observation on the resolution of dl-tryptophan by
paper chromatography has been made (82); the racemic mixtur.e
showed two spots on unbuffered chromatographic paper. These
were identified as D- and L-tryptophan, respectively. Results
seem to indicate that resolution on filter paper is accomplished
only with amino acids bearing two or more polar groups. The
separation of glycine from gelatin has been accomplished by pass
ingthe sample solution over a mixed-bed resin. A formol titra
tion performed before and after the ion exchange step permits de
termination of the free amino acid by difference. The procedure
could be applied in following the hydrolysis of gelatin (321).

SUGARS AND CARBOHYDRATES

The determination of small quantities (17 to 65 mg.) of glycerol
has been made possible by modification of the sodium cupri
glycerol complex method of colorimetric analysis (351). Extend
ing a method previously used for ethanol determination, Reese
and Williams (302) have determined glycerol by oxidation with
dichromate solution. The reduced chromium(III) ion thus
produced is complexed with s-diphenylcarbazide to form an
intense violet color. The very high dilution afforded by the
estimation of the chromium(III) eliminates interferences from
dichromate ion. Simple, rapid methods for glycerol determina
tion, reported by Erskine et al. (110) and Hartman (164), involve
periodate oxidation of the compound. A chromatographic
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separation for the removal of interferences in determining glycerol
in fermentation solutions has been described (352). In this
case an alumina adsorbent is used to hold up interfering sugars
while glycerol is eluted and subsequently reacted with sodium
metaperiodate. The developing solvent is acetone containing
5% water and 0.05% acetic acid. Sodium sulfite and sodium
acetate are added to the sample solution.

A specific color reaction for sugars has been recently proposed
by Tauber, (373). The test involves reaction of the sugar solu
tion with 'a solution of aminoguanidine sulfate, followed by oxida
tionwith potassium dichromate in concentrated sulfuric acid.
Ketohexoses give an immediate wine-red color, aldohexoses give
a deep blue color in 1 minute, and pentoses give a yellow color.

, A uniquely useful processfor the separation of various sugars has
been developed by Khym and Zill (206), who have produced
negatively charged sugar-borate complexes in solution. The
anions may then be exchanged on strong base anion exchangers.
Serial elution of the complexes from the resin columns is accom
plished with dilute sodium borate solutions. The recovery of
individual sugars was essentially quantitative. Improved
methods' for' the detection of sugars on paper chromatograms
include a sodium borate-phenol red reagent for direct spraying
of sugars on paper (185). It is also possible to use unneutralized
sugar hydrolyzates for paper chromatography, if a spray solution
of aniline phosphate or phthalate is used (13.4). Circular paper
chromatography has been employed in the separation and identi
fication of a large number of sugars in a mixture (142). Fowler
has developed a quantitative paper chromatographic technique
for the estimation of sugars. A quantitative relationship be
tween zone length and zone content has been shown to exist
in the range 4 to 450 l' and a study' of variables is reported (123).

The reducing power of fructose and sorbose has been utilized
in a reaction with the Folin-Denis reagent and trisodium phos
phate.. The color can be used in determining the amount of
sugar in the solution with an accuracy of about 2% (163). A
very specific method for the determination of glucose involves
oxidation of this compound to d-gluconolactone by glucose de
hydrogenase; the lactone may be titrated with alkali at elevated
temperature (403). A rapid procedure, reported to require only
5 to 10 minutes, for the determination of glucose or other hexoses
in biological fluids involves reaction with o-dinitrobenzene in
alkaline alcoholic solution (280). Frampton et at. (124) have
adapted a cyanohydrin formation reaction of aldoses with hydro
gen cyanide to the quantitative determination of these sugars.
The nitrile, formed at pH 8.5, is hydrolyzed to release ammonia,
which is trapped and determined titrimetrically. The quantita
tive oxidation of aldoses to aldonic acids by hypoiodous acid is
the basis for an analytical procedure for the determination of
mannose and other aldoses (83). Dische (96) has reported quali
tative and quantitative techniques for the identification and
determination of heptoses.

Utilizing differential solubilities, methoxyl determinations, and
the colorimetric anthrone method, fairly accurate estimations of
the methylcellulose content of mixtures can be achieved (318).
Similarly, Black (38) has employed the anthrone reagent in the
determination of sodium carboxymethylcellulose. Other car
bohydrates and certain polyoxyethylene derivatives of fatty acids
and phenols interfere. The intensity of color produced with
carboxymethylcellulose varies inversely with the degree of sub
stitution of the material. A method of colloid titration applied
to the q.etermination of sodium carboxymethylcellulose is de
scribed by Terayama (375). Titrations are based on stoichio
metric combinations of positive and negative colloid ions. The
end point is shown by indicators such as toluidine blue, giving
metachromic colors. A rapid (2 to 4 hours) method for the de
termination of sodium carboxymethylcellulose involves the forma
tion of an insoluble salt with uranium ion. Minimum recovery of
98% has been demonstrated on a variety of samples (125).
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Gluconic acid, a product of the oxidation of glucose with glucose
OXidase and .catalase in the presence of hydrogen peroxide, can
be chromatographed on paper using an aqueous methanol system.
Identification is made by spraying the paper with ferric chloride.
The acid shows up as a light yellow zone on a mauve background
(331). Formaldehyde produced by periodate oxidation of carbo
hydrates may be colorimetrically determined with chromotropic
acid (264). The method has been applied to monosaccharides,
polyhydric alcohols, serine, and N-acetylglucosamine.

An excellent comprehensive report of the physical and chemical
properties of clinical dextran has been published by Riddick et at.
(308). Analytical methods for the various physical and chemical
specifications are described. i3atisfactory average molecular
weights are determined by light scattering photometry and vis
cometry. Fractional precipitation with methanol permits the
evaluation of the molecular weight distribution. Included is a
method for the determination of methanol in dextran.

VITAMINS

Water-Soluble. Combinations of certain vitamins of the B
complex have been separated by paper chromatography; thia
mine, riboflavin, and pyridoxine after having been chromato
graphed in the system I-butanol saturated with water, are eluted
from the paper and the solutions evaluated spectrophotometri
cally. An accuracy within ±5% is claimed (299). Using the sys
tem I-butanol-acetic acid-wat.er, Brown and Marsh (60) have

.separated vitamins B t , B2, and B6, and nicotinamide. Quantita
tive analysis of these mixtures was accomplished by a direct scan
ning technique applied to the dried chromatograms. Paper chro
matographic separations of Bl , B2, niacin, nicotinamide, and
choline have also been reported (179).

The reaction of thiamine with ninhydrin is reported to yield a
stable yellow color. The pigment is extractable from saturated
sodium chloride solution with higher alcohols (356). The non
aqueous titration of thiamine salts with perchloric acid is based
on the relative basicity of the vitamin in glacial acetic acid.
Chloride salts require preliminary treatment with mercuric
acetate (283). An interesting new reaction of thiamine has been
reported by Teeri (374), who has utilized the reaction of B l in pH
6.6 phosphate buffer with cyanogen bromide to produce a fluores
cent compound which can be measured quantitatively. Thia
mine has been separated from interfering fluorescent substances by
paper ionophoresis (130). A paper chromatographic identifica
tion of vitamin B l is possible on the basis of R f values in the sys
tem acetic acid-pyridine-water. The thiamine is visualized by
reaction ,with dipicrylamine' (241). The quantitative separation
and determination of thiamine and its phosphate esters have like
wise been accomplished by paper chromatography (340). Ultra
violet absorption of solutions from extracted segments of the pa
per strips provides the necessary quantitative comparisons.

It would appear that the present, highly specific fluorescent
methods of determination of riboflavin are adequate. Relatively
few reports have appeared in the recent literature concerning new
or improved methods for the determination of this vitamin.
Seagers (332) has reported a simple polarographic procedure
which requires little pretreatment of the sample; however, the
sensitivity does not compare with that of the fluorometric tech
nique. Periodic acid oxidation of riboflavin has been made the
basis for a chemical method of determination. The reaction re
quires 3 moles of acid per mole of B 2 (405).

The oxidation of pyridoxine and pyridoxal with selenium pro
duces a compound which will undergo the Konig reaction with
cyanogen bromide and sulfuric acid. Pyridoxamine will undergo
this reaction only after treatment with sodium nitrite and hydro
chloric acid followed by oxidation with selenium. Quantitative
evaluation of mixtures requires initial removal of the interfer_
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enoes by adsorption on Decalso (364). Separation proced\ues
for the active forms of vitamin B6 have also been developed using
paper chromatographic techniques (848) and paper electrophore
sis (341).

The continued high interest in vitamin B'2 is reflected in the
very large number of contributions which have appeared in the
analytical literature during the past ~3 years. Some of the appar
ent confusion which exists is undoubtedly due to the existence of
several active forms of the vitamin. Problems associated with
the isolation of the minute therapeutically active amounts of the
vitamin present in extremely complex mixtures has required ex
tensive developmental work for almost every preparation en:.
countered. The possibility that several inactive pigments can
and usually do a'ccompany vitamin E J2 in natural mixtures further
complicates the isolation and determination picture. Recent
analytical purification E;chemes for liver extracts have included
paper electrophoresis (330) in which BJ2 remains as a stationary
zone at the point of application while other active compounds
migrate toward the electrodes, and chromatography on alumina
after the addition of potassium cyanide to the sample (226). The
ability of vitamin BJ2 (cyanocobalamin) to react with a second
cyanide ion to produce a purple dicya,no complex (410) has been
made the basis for a new specific assay for vitamin B'2; thus,
Rudkin and Taylor (315) have utilized the absorbancy difference
between the visible spectra of cyanocobalamin and the dicyano
complex formed from the cyanocobalamin in a sample as a quan
'titative measure of the vitamin. AlED incorporated in the pro
cedure is a nearly quantitative extraction of the dicyano form
into benzyl alcohol. ThiE prelimina:ry extraction permits the
purification of fermentation broths to a point where spectropho
tometric measurements can be made, Obviously, analogs of cy
anocobalamin which may be present in a sample will be first con
verted to the cyano form, so that the method measures total co
balamins. The dicyano complex has been satisfactorily used for
the measurement of vitamin B'2 extracted from liver (382). A ti
trimetric procedure involving the red'J.ction of cyanocobalamin
with chromium(II) ethylenediamine 1,etraacetate complex has
been reported by Boos et al. (45).

The incorporation into vitamin B'2 of cobalt-60 by fermentation
with Streptomyces griseus with a specific activity of 120 !"c. per
mg. has been reported (346). Using cobalt-60-labeled cyano
cobalamin, Bacher et al. (10) have developed radioactive tracer
assaya for this and other cobalamins in mixtures. Their paper
describes various pmification steps, combinations of which may
be used in isolating pure material from such preparations as fer
mentation broths and concentrates. Differential determination
of cyano and totalcobalamins is possible with this teChnique; the
method can be made highly specific. Some precise studies of the
purity of vitamin B'2 have been made by Heathcote (172). Par
tition coefficients for the systems benzyl alcohol-water and
butanol-water have been determined under carefully controlled
conditions of tempel'ature and pH. These values are helpful in
determining the absence of analogs or associated inactive pig
ments.

Of some analytical import are the reeommendations of Smith
(344) and Smith et ai. (345) concerning the classification and sta
bility of the various analogs of vitamin B'2. Included in these
studies is a refutat,ion of t,he existence of "vitamin B'2d'" In
general, when negative ions with strong coordinating affinities are
combined with cobalamin, neutral compounds are produced (cy
anocobalamin and nitritocobalamin). Of considerable pharma
ceutical interest is the problem of stability or lack of stability of
cyanocobalamin and its analogs in the presence of ascorbic acid.
Relative stability is a function of the coordination of anions with
the cobalt present in cobalamin-e.g., sulfite, nitrite, and cyanide
protect the vitamin from destruction (13;~). Some very interest
ing studies concerning the incorporation of small amounts of me
tallic ions with cyanocobalamin and a:3corbic acid have been
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made by Stapert et al. (354). These workers have shown that the
inclusion of small amounts of copper ion results in the rapid de
struction of cobalamins-even of cyanocobalamin. The addition
of cyanide ion or of sodium diethyldithiocarbamate reduced the
decomposition of vitamin B12 • The data indicate that vitamin C
alone does not readily 'affect either cyanocobalamin or its analogs,
in contrast to earlier observations of the destructive action of as
corbic acid. It has been shown also that Versene has a stabiliz
ing effect on vitamin B'2 in the presence of ascorbio acid in the
liquid vehicles (20).

The fact that hydroxocobalamin is readily destroyed in solu
tions containing ascorbic acid, while cyanocobalamin is rela
tively stable in such solutions, has been used as the basis of a pro
cedure to determine hydroxocobalamin in the presence of cyano
cobalamin. In the event that analogs other than hydroxocobala
min were present in the mixture, their relative rates of decomposi
tion would contribute to the apparent hydroxocobalamin content
of the sample (73). Another analytical technique for the deter
mination of analogs in the presence of cyanocobalamin utilizes
the differences in partition coefficient in the system benzyl alco
hol-water. Concentration measurements for the vitamin in each
phase are made at 356 mIl (isoabsorptive point) (171).

Of particular interest in the analysis of complex natural mix
tures for vitamin B'2 is the discovery of factors closely relatedto
the vitamin and microbiologically active (L. Ieichmannii) but
completely inactive in promoting growth in animals (95, 231).
At least two pseudovitamins BJ2 have been characterized. These
appear to be sinlilar to cyanocobalamin, differing only in, the re
placement of the 5,6-dimethylbenzimidazole moiety with adenine
(282) and 2-methyladenine, respectively (58). That the remain
der of the molecule is identical with cobalamin has been demon
strated by hydrolysis to yield denucleotided cobalamin from cy
anocobalamin and from the two pseudovitamins as well (135).
Similarly, Ford and Holdsworth (121) utilized adenine and 2
methyladenine as precursors in the production of the two pseudo
vitamins, while other precursors such as riboflavin, 4, 5-dimethyl
o-phenylenediamine, or 5,6-dimethylbenzimidazole produce vita
min BJ2. The work of Ellis et al. (107) offers some analytical
possibilities, particularly in connection with the formation of cer
tain chlorinated products of vitamin BJ2. One of these deriva
tives is reported to have an absorption maximum near 615 mIl,
which would be outside the normal range of interferences en
countered in spectrophotometric examinations of complex mix
tures.

The color developed by the reaction of ascorbic acid with a con
centrated uranium nitrate solution has been made the basis of a
colorimetric method for the determination of this vitamin (18);
the sensitivity of this procedure is relative low. Schmall, Pifer,
and Wollish have described a new, specific reaction of ascorbic
acid with diazotized 4-methoxy-2-nitroaniline in acid solution
followed oy alkalinization. The pigment produced has an ab
sorption maximum at 570 mit with Al~, = 430 (325). Subse
quent investigation (326) has resulted in the isolation and identi
fication of the pigment. The elucidation of this complex reac
tion represents a considerable contribution to the explanation
for the remarkable specificity of the procedure. Dehydroascor
bic acid and diketogulonic acid oxidation products of vitamin C
do not interfere nor do other vitamins when present in reasonable
quantities. Dehydroascorbic acid has been converted to vitamin
C, usually by reduction with hydrogen sulfide; a method for de
termining dehydroascorbic acid in which thioacetamide is em
ployed in lieu of hydrogen sulfide has been described (400). The
separation and estimation of ascorbic acid in complex systems
have been accomplished by paper chromatography. Butanol
acid-water systems have been employed, the ascorbic acid zone
being identified by starch-iodide reagent (297) or by ferric ammo
nium sulfate followed by o-phenanthroline (41). A quantitative
paper chromatographic method involves elution from cutout seg-
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ments of paper strips followed by color development in the ex
tracts (79). Production of a fluorescent product by reaction of
dehydroascorbic acid with o-phenylenediamine has been reported
(266).

Chemical analytical methods for the determination of panto
thenic acid and its salts have left much to be desired in terms of
specificity. Among these relatively nonspecific procedures may
be included a colorimetric assay based on the conversion of amides
to hydroxamic acids by reaction with hydroxylamine (29). A
considerable improvement in specificity appears to be possible
with the recently developed procedure of Szalkowski and David
son (366). In this method, hydrolyzed calcium pantothenate
reacts with 2,7-naphthalenediol in the presence of sulfuric acid
to produce a color complex with maximum absorption at 465 mil.
Interfering vitamins are removed by adsorption on Florisil and/
or by reaction with calcium hydroxide and copper sulfate. Good
agreement with microbiological assays is claimed.

A sensitive chemical test for choline involves the formation of
an insoluble complex salt with sodium tetraphenylboron. Con
centrations as low as 1 in 1 X 105 are detectable (244). A good
possibility for an improved method for the determination of chol
ine would appear to be the procedure developed by Appleton et al.
(8) for plasma. In this technique, use is made of the extractabil
ity of choline periodide into ethylene dichloride. The compound
has a distinctive ultraviolet spectrum which is different from
that of iodine. Absorption maxima appear at 365 and 295 mil.
Low limit of determination is 5 'Y of the base. Paper chromato
graphic separation of choline esters has been reported (404),
while the separation of choline from betaine, methionine, and inos
itol has been shown to be possible through reineckate precipita
tion in alkaline solution (13).

Pharmaceutical analysis continues to suffer from the lack of a
satisfactory method for the determination of small amounts of
inositol in complex mixtures. For separation and determination
of macro quantities of this material, an acetylation, solvent ex
traction by ethylene dichloride, and gravimetric determination
have been employed. Sugars interfere and must be fermented.
Polar materials are removed by ion exchange; choline, betaine,
and methionine do not interfere (12).

In the reaction of nicotinic acid and nicotinamide with cyano
gen bromide, it has been found possible to differentiate between
these two substances in alkaline solution. Under alkaline condi
tions, the amide reaction product is fluorescent (22.4). A selec
tive adsorbent for rutin and quercetin has been described re
cently. The material, which is bismuth hydroxide, adsorbs
these substances from very dilute solutions; after conversion of
the adsorbent to bismuth sulfide, rutin can be extracted from the
precipitate with alcohol acidified with acetic acid (415).

Oil-Soluble. Specific solvent effects on the absorption spec
trum of vitamin A and on the spectrum of all"trans vitamin A
acetate have been reported (44). Precise spectrophotometric
data have been obtained also for chromatographically purified
vitamin A. in several solvents. The determination of this ma
terial in the presence of vitamin A is discussed (72). Prokhovnik
has devised a simple "difference" formula for the Morton-Stubbs
correction as used in the spectrophotometric determination of
vitamin A (298). A very comprehensive comparison of physical
and chemical methods with the biological assay of vitamin A has
been made (258). The closest correlation with biological values
was obtained using the ultraviolet absorption method with the
Morton-Stubbs correction.

Recent investigations concerning the reaction of vitamin A
with certain metal halides has led to the view that the actual
color-producing reaction of vitamin A with antimony trichloride
is due to antimony pentachloride, which is present as an impurity
in the salt (62, 64, 65). It has been shown in these studies
that the characteristic halochrome salt may be readily formed·
with vitamin A and very small quantities of the pure pentachlo
ride. The formation of similar complexes with ferric chloride,
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aluminum chloride, arsenic trichloride, and arsenic pentachloride
is discussed. The reactions of vitamin D and carotene with these
same salts are also discussed.

Separation procedures for vitamins A, D, and E have received
considerable attention in recent years. Most of these techniques
involve either adsorption or partition methods. A convenient
standardization of adsorbent mixtures for use in vitamin A separa
tions is discussed by Wilkie and Jones (408). These authors treat
in batch fashion a quantity of the adsorbent with a petroleum
ether solution of F and D Butter Yellow No.4 dye. Spectropho
tometric measurement of the dye remaining in the solvent after
contact with the adsorbent is used as a relative indication of the
adsorptive power of magnesium oxide-Celite mixtures. The
"adsorption index" so obtained is correlated with the chromato
graphic performance of the adsorbent for vitamin A. An adsorp
tion technique has also been used for the separation of vitamin A
alcohol from a-tocopherol. For this purpose, partially deacti
vated alumina columns have been used. The procedure is not
satisfactory for the separation of vitamin A from mixed natural
tocopherols nor is information concerning the performance of es
ters of vitamin A'in this system given (114). Brown (59) has re
ported the separation and determination of vitamins A and E by
paper chromatography. In this technique, vitamin A is effec
tively separated from tocopherols on silicone-impregnated paper
strips in an acetonitrile-water system. The alcohol, acetate, and
palmitate of vitamin A may also be separated from each other.
Quantitative.results are obtained by an automatic scanning and
recording technique (60). The fluorescent properties of vitamin
A and its esters c~ntinue to receive some attention (7, 133) as the
basis for fluorometric procedures for this vitamin.

One of the most perplexing problems facing the pharmaceu
tical analyst today is that of the determination of small amounts
of vitamin D in the presence of relatively large amounts of vita
min A. The very high therapeutic potency of the various forms
of vitamin D necessarily imposes microchemical restrictions in
the techniques which are potentially applicable. Official meth
ods for the control of vitamin D in complex mixtures are thus
necessarily still confined to the biological procedure. The cost of
biological analysis and the time-consuming features of such meth
ods are, of course, undesirable in terms of routine control meth
ods. It would, therefore, seem likely that considerable effort
would be extended toward the elucidation of a suitable chemical
control procedure; relatively little in the recent literature,
however, points to a potential solution to this problem.

In general, chromatographic methods of separation appear to be
most likely to offer hope in this direction. Talc treated with a
chloroformic solution of antimony pentachloride and dried at
100° C. has been used as an adsorbent (63). The technique is
described and results are tabulated, indicating better than 90%
recoveries. Perhaps the closest approach to a suitable analytical
method is the work of Ewing et al. (113), who utilize a Superfiltrol
column to remove vitamin A, carotenoids, pigments, and some
sterols. A subsequent passage over an alumina column removes
other interfering substances. Vitamin D is ultimately deter
mined in the eluates by measuring the ultraviolet absorption of
the solutions at 265 mil. Concentration limits, however, are a
minimum of 4000 U.S.P. units of vitamin D and not more than
75,000 units of vitamin A in the sample. The ratio of A to D
should not exceed 10 to 1. A reversed phase system for the paper
chromatographic separation of vitamin D and related sterols
has been described by Kodicek and Ashby (211). In this case,
the paper was impregnated with liquid paraffin. Several satis
factory solvent systems were found. Vitamin D was quantita
tively. estimated by location of the zone on examination in short
wave-length ultraviolet light. The zone was then cut out of the
paper, and extracted with methanol and the ultraviolet absorp
tion of the extract was measured at 265 mil. Unfortunately, con
siderable interference from vitamin A was encountered.
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An interesting modification of the Emmerie-Engel method for
the determination of tocopherols is reported by Domart (98), who
utilizes potassium fluoride to form a eolorless complex with the
excess ferric ion remaining after reduction by the vitamin E pres
ent. This procedure may have advantages in stopping the reduc
tion reaction after a specific time. The nitrosation method for
tocopherol assay has been modified to eliminate the production of
interfering ethyl nitrite (288). The solvent used as an inert me
dium in this case is 1,2-dimethoxyethane instead of the previ
ously employed ethanol.

Paper chromatography has again played an important'part in
separation methods for the variomt tocopherols. A reversed
phase system has been described by Brown (56) for the separa
tion of mixed toeophero'ls. Whatman No. 1 filter paper was
coated with Vaseline and used in 75% ethanol system. Zones
were identified by spraying with 2,2'..bipyridine in ethanol fol
lowed by 0.1 % ferric chloride in ethanol. Brown has also re
ported a quantitative refinement of this separation, whereby the
separated zones are cut out of the paper and extracted and quanti
tative measurements are made on the extract' (57). A similar
process is reported by Eggitt and Ward (105).' A different sys
tem for the identification of as little as 1 -y of «-tocopherol is de
scribed (156), wherein the paper is impregnated with ferric unde
cylate. The solvent system is acetone-water (4 to 1). Identifi
cation is made by spraying the strips with dilute hydrochloric
acid followed by potassium ferricyanide.

GENERAl.

Pifer, Wollish, and Schmall have reviewed the possibilities of
application of nonaqueous titration methods to substances listed
in the National Formulary IX and U. S. Pharmacopoeia XIV to
gether with some U. S. P. XV admissions. The list of compounds
includes those which have been or might be titratable in nonaqile
ous solvents but are not otherwise suitable for volumetric deter
minations (285). Methods for the characterization and deter
mination of alcohols, particularly aliphatic alcohols, have not
been completely satisfactory in the past; as a result, considerable
effort is still being expended in the improvement of existing pro
cedures or in the deveJ,opment of new and more specific methods
for alcohol determination. As a characterization technique, the
formation of urea complexes of long-chain alcohols, fatty acids,
and esters offers new derivatives, termed inclusion compounds,
for identification purposes. The dissociation temperatures
(temperature at which opacity first occurs when a transparent
crystal of a urea complex is slowly heated) of several compounds
have been shown to be reproducible; the complexes are easily
prepared and the organic compound can be recovered readily af
ter identification (210).

A colorimetric method for the determination of aliphatic alco
bols involves reaction with eerie ammonium nitrate to form an
unstable red ealor. The reaction conditions must be carefully
controlled in order to obtain reproducible values. Sulfate ion in
terferes. The molecular arrangement of the alcohols investi
gated appears to influence the extinction values of the individual
compounds (304-). The reaction of primary alcohols and amines
with N-halosuccinimides has been used to differentiate primary
alcohols and some position isomers (19, 219). Alcohol has been
determined in diethyl ether simply by measuring the infrared
absorption at 2.83 microns. A~orrection for interference from
water is made after the water eontent is determined by Karl
Fischer titration (8.4-). Benzyl alcohol has been determined
turbidimetrieally by formation of what is believed to be a con
densation polymer resulting from the action of concentrated sul
furic acid on an aqueous solution of the. compound (204-). The
condensation of phenol with benzyl alcohol yields one mole of wa
ter per mole of bis(hydroxyphenyl)-methane formed as a reaction
product. The amoUnt of water produced may be measured by
distillation and trapping and the water content 'related to the

,ANALYTICAL CHEMISTRY

original coneentration of benzyl alcohol (24-7). The Conway dif
fusion apparatus has been successfully adapted to the determina
tion of ethanol in biological fluids; the center cell contains acid
dichromate solution, while the ethanol diffuses from the sample
in the outer cell in approximately 20 minutes. The method
'would appear to be usable for materials other than biological
fluids, provided no other volatile reducing constituents, were pres
ent (362).

'Some general contributions to the 2,4-dinitrophenylhydrazone
method for determination of aldehydes, ketones, and similar car
bonyl compounds include studies on the absorption properties of
the base forms of these derivatives which produce quinoidal ions
(221). It has also been observed that 2,4-dinitrophenylhydra
zine dissolves readily in 30% perchloric acid to produce a solution
miscible with ethanol and Cellosolve. Conditions for differences
in color of the phenylhydrazones formed are noted (260). A volu
metric method for the estimation of formaldehyde involves re
aetion with a measured amount of potassium cyanide, combina
tion of excess cyanide ion with bromine to form cyanogen bro
mide, reaction of the cyanogen bromide with potassium iodide to
release iodine, and titration of the iodine with standard thiocya
nate solution (214-).

Jones and Riddick (200) have reported a specific reaction of
propionaldehyde in the presence of several other aldehydes,
wherein the reaction product of propionaldehyde and ninhydrin
in concentrated sulfuric acid develops a reddish blue color with
an absorption maximum at 595 mIL. An aeration system for sep
aration of the aldehyde from the sample is discussed; sensitivity
of the method is 1 to 3 -y. The adaptation of 1-fluoro-2,4-dinitro
benzene a~ a quantitative reagent for primary and secondary
amines has been reported by McIntyre et al. (238); separation is
accomplished by conversion of excess reagent to dinitrophenol,
extraction, and ultraviolet absorption measurement of the resid
ual dinitrophenylamine derivative (>max. 325 to 360 mIL). As an
aid in the identifieation of amines, the R, values on filter paper
chromatograms of a large number of these compounds in various
solvents have been determined (49). Quaternary ammonium
compounds and certain tertiary amines have been titrated with
surface-active compounds such as sodium lauryl sulfate or dioctyl
sodium sulfosuccinate in the presence of dilute sulfuric acid and
chloroform. The indicator used was dimethylaminoazobenzene.
The postulated rea~tion involves formation of a stable complex
between the quaternary compound and the titrant; the first ex
cess of titrant is extracted into chloroform as lauryl acid sulfate,
where it reacts with the indicator to form a chloroform-soluble
complex. Acids other than sulfuric, higWy ionized surface-ac
tive agents, and water-soluble solvents generally make the method
inoperative (75).

A colorimetric micromethod for quaternary ammonium com
pounds involving complexation with bromocresol purple has been
investigated (120); adsorption effects on glass surfaces with
which the solutions were in contact were observed to be pro
found. Corrective measures, including a coating technique for
glassware, were discussed. Quaternary ammonium bases and re
lated compounds have been separated by paper chromatography
in an ethanol-ammonia system and in butanol-acetic acid-water.
Zones were detected with phosphomolybdate-stannous chloride or
with Dragendorf's reagent (4-8).

Considerable improvement in specificity of analytical methods
for bile acids and pigments has been observed. A small amount
of cholic acid salt, when heated with concentrated sulfuric acid,
develops a blue fluorescence; after cooling and dilution with bu
tanol, the fluorescence may be measured quantitatively. De
soxycholic acid, several cholanic acids, 7-hydroxycholesterol, and
several cholestane derivatives do not interfere (281). Salicylal-

, dehyde has been shown to be a more specific reagent for desoxy
cholic acid than furfural (367). Pratt and Corbitt (294-) have em
ployed vanillin in 85% sulfuric acid to react with desoxycholic acid
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to produce a chromophore with maximum absorption at 545 mJ';
cholic aCid and apocholic acid reaction products have absorption
maxima at 465 mI'. Short-chain alcohols, acids oflow molecular
weight, and water inhibit the color formation. I

A method of separation and identification of bile acids includes
chromatography on silica gel with solvent mixtures of pentane,
'hexane, ether, and acetone. Infrared curves of eluate residues
(methyl esters of the bile acids) in carbon disulfide are reported
(411). Paper chromatography has been usee,! also to separate
taurocholic, glycocholic, desoxycholic, dehydrocholic, and cholic
acids. The zones were identified by spraying with cold alcoholic
iodine solution or by treating with phosphoric ~cici and'observ
ing the papergrams in ultraviolet light (32). Other systems for
separation are propanol-ammonia-water or propanol-ethanolam
ine-water (215) and isopropyl alcohol-n-heptane (342). The
latter system has been employed with paper previously impreg
nated with strong acetic acid solution, which probably results in
some acetylation of the paper. Reversed phase chTomato
graphic separation of bile acids has been performed sati~actorily

on a column of Hyflo Supercel saturated with chloroform-hep
tane, with 58% aqueous methanol as the mobile phase (30).
The R r values for- five bile pigments in four different solvent sys
tems are given by Stich et al. (358). These are sufficient for the
differentiation and identification of the pigments.

Extracts of Cannabis sativa show an ultraviolet absorption
maximum at 280 ± 10 mI'. The El?%.. value is approximateiy
225; the resin may be detected in tobacco (36). Small quanti
ties of carbon disulfide and acetone may be determined by ultra
violet absorption measurement in carbon tetrachloride solution
(6). The quantitative separation and estimation of several or
ganic acids by paper chromatography are the subject of a report
by Isherwood and Hanes (192). Citric acid has been asssayed
by forming pentabromoacetone by eonventional procedures and
measuring the compound polarographically; the precision is
within about ±3% (109). An alkali isomerization method re
quiring only 1 to 10 mg. of fat has been found satisfactory for the
determination of polyunsaturated fatty acids. The use of a high
concentration of alkali provides greater' extinction values for tri
enoic, tetrienoic, and pentaenoic systems than have been reported
previously (177). Microgram quantities of f~tty acids have been
determined by potentiometric titration of 0.005- to 0.025-inicro
equivalent quantities; minimum solution volume is 75 1'1. .(155).

Duncan and Porteus have separated and identified the lower
straight-chain fatty acids by paper chromatography in a butanol
ammonia-water system. Quantitative application of the method
is discussed (101). Semimicro quantities of formic acid have been
estimated by reaction of the sodium salt of the acid with mercuric
chloride to produce mercurous chloride; the mercurous chloride
then reacts with iodine 'and the amount of excess iodine is esti
mated by thiosulfate titration (188). Microgram quantities of
lactic acid have been determined by a reaction with copper sul
fate and p-hydroxybiphenyl in strong sulfuric acid; the method is
applicable within a range of 2 to 10 'Y per ml. in the presence of
10 to 60 'Y per ml. of pyruvic acid (190).

A reaction of histamine with tetraphenylboron produces a
crystalline insoluble salt suitable for the gravimetric estimation
of this substance (419). Another gravimetric procedure for his
tamine involves precipitate as the nitranilate; glycine and histi
dine interfere (327). Histamine in streptomycin and dihydro
streptomycin has been estimated by formation of a Schiff base
which is extracted with a benzene-butanol 'mixture. Ion ex
change chromatography of the mixture is performed on a column
of cotton acid succinate; histamine is eluted with dilute sulfuric
acid and then coupled with diazoti~edp-nitroaniiine. This p;od
uct is extracted with methyl isobutyl ketone and the absorbance
of the solution is read at 516 mJ' (203). It has been found pos
sible to titrate certain aromatic nitro compounds such as m
dinitrobenzene in nonaqueous systems; nitrobenzene, however,
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displays no titratable acidity. 'Indicators used were picric acid
and 2,4,6-trinitro-m-cresol (55).

Golden (146) has modified the qualitative ferrous thiocyanate
peroxide test t.o provide' a quantitative estimation 'of the peroxide
content of vegetable oils. The microdetermination of the critical
mixing temperature of ethereal oils with ethylene glycol permits
the quantitative determination of the main constituent in' genu
ine ethereal oils (118). Several essential oils have been sepa
rated into individual constituents on "chromatoplates" coated
with silicic acid in a starch binder. The solvent system used was
10 to 15% ethyl acetate in hexane; ketones and aldehydes were
identified as the dinitrophenylhydrazones (306). Improved
methods for the estimation of sesamin, sesamolin, and sesamol
have been reported recently (31, 361); these include chromato
graphic separations as well as specific' color tests for individual
constituents.

An interesting technique for evaluating olefinic unsaturation
involves the use of ozone as a titrimetric agent; a dye indicator is
used to determine the end point of the titration (42). The stud
ies of Fritz and Keen (131) indicate that most phenols with nega
tive substituents are sufficiently acidic to permit their titration
in a dimethylformamide medium with azo violet indicatpr.
Phenol itself and alkyl substituted phenols are weaker, requiring
ethyleaediamine as a solvent with o-nitroaniline as an indicator.
The titrant is" potassium methoxide in benzene-methanol. A
paper chromatographic system for the separation of phenols,
phenolic acids, and their derivatives is butanol saturated with
aquoeus sodium bicarbonate solution; the filter paper used is
buffered at pH 8 (102). The ferric chloride test for phenols has
been greatly improved by using organic solvents with pyridine
as a neutra:Iizing agent; a table lists the colors given by 78 phe
nols and some enols, oximes, and thiols (350)., An ultraviolet spec
trophotometric study of mixtures of eugenol and isoeugenol indi
cates that the two compounds may be estimated quantitatively
in the presence of each other with a simple two-component pro
cedure involving measurements of absorption rati~s at ,282 and
254 mJ' (385). Columns of silicic acid impregnated with meth
anol-water as a stationary phase have been used to separate mix
tures of p-hydroxybenzoate esters. The mobil~ phas~ is' varied
from 60-40 Skellysolve G-carbon tetrachloride thro'ugh carbon
tetrachloride to 10% chloroform in carbon'tetrachloride to pure
chlorofor!ll' The order 'of elution of the esters from the column i~
butyl first, followed by propyl, then ethyl, and finally methyl.
The eluates may be examined quantitatively by ultraviolet ab
sorption methods or by gravimetry (182).

Methods for the evaluation of Rolyvinylpyrrolidine prepara
tions have been d~veloped by Levy et al. (230). M~thods for es
timating mono~er content, molecular weight range, and viscos
ity are included. A method for t!le estimation of 8-quinolin?1 is
based on the reaction of this compound with diazobenzenesulfpnic,
acid in buffer solutions at pH 9 to 9.5. The resulting orange to'
red-orange pigment is measured spectrophotometrically (66).
Tetrachlorohydroquinone has been determined colorimetrically
by reaction with benzoyl peroxide and triethylamine; pheriols
and chlorinated phenols do not interfere (89).

A scheme for the identification of stabilizing agents and thick
ners has been developed by Ewart and Chapman (112); these
authors utilize reactions with calcium chloride, sodium hydroxide,
barium hydroxide, and lead acetate to differentiate such materials
as pectin, algin, starch, agar, various gums, cellulose modifica
tions, and other materials. It has been observed that iodine
forms complexes with aliphatic sulfi~es in hydrocarbon solvents;
the complexes have fairly high extinctions in the 300- to 31O-inJ'
range. This property may be used to determine the sulfide c,on
tent of mixtures (169). A spectrophotometric method for the de
termination of urea utilizes' a rea,c.tion with p-dimethylamlno
benzaldehyde in dilute hydrochloric acid to produce a pigment
having ~n absorption maximum at about 420 mJ'; hyili-azine a~d
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semicarbazide interfere, but methods for their removal are given
(398). Difficulties i.n determining water by the Karl Fischer ti
tration when ferric salts are present have been overcome by pre
limillary complexation of the ferric ion with 8-quinolinol in abso
lute methanol (222). A rea,gent slightly different from the Karl
Fischer reagent consi8ts of a solution of Bulfur dioxide and bro~

mine in chloroform; a visual end point in the titration of sam
ples for water content has been found satisfactory with this rea
gent; however, alcohols interfere in the titration (24). The Karl
Fischer method for moisture determination has been applied to
several pharmaceutical products; the reagent was modified
slightly to utilize methyl Cellosolve in place of methanol to pro
duce a more stable reagent (54).

The authors wish to state again tha~ the omission of many pub
lished articles in this particular field in no way reflects a lack of
value of these reports. Rather, it indicates the'inability of any
one or two analysts, to keep abreast of the literature reports of
all the spectacular advances being made from year to year in this
and in other scientific fields.
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M ORE papers on analytical methods for pesticides have
appeared in the last 2 years than in the preceding 3

years (121). The major part of these methods are micromethods,
primarily for spray residue in fresh processed fruits and vege
tables, as well as in fre3h products, and for toxicity study.
This indicates increased emphasis placed on safety by industry
and by state and federal governments. The following review of
methods perhaps shows a greater increase in emphasis on herbi
cides than any other type of pesticide, in accord with the interest
that has been developing.

Maeromethods are available through the Methods Clearing
house of the Association of American Pesticide Control Officials.
A similar clearinghouse for micromethods should be established.
l\1ethods for the various pesticides are also included in "Con
densed Data on Pesticides," first called "Pesticopoeia," the third
edition of which will soon be published (.~). Methods are pre
sented to the Pesticide Subdivi,sion of the AMERICAN CHEMICAL
SOCIEYIT at e!tch semiannual meeting. Many such methods were
presented at the Milwaukee and New York meetings in 1951,
and were scheduled to be published in a volume of the Advances
in Chemistry Series.

The tolerances published in the Federal Register for October 20,
1954, became official on December 20, 1954, unless challenged,
in conformity with the requirements of the very recent law
supplementing the requirement for tolerances in the 1938 law.
Some chemicals will have a zero residue tolerance; others will
require no' tolerances; w'hile specific tolerances are established
for others.

CHLORlNATEDHYDROCAHSONS

Agazzi, Peters, and Brooks (1) discuss combustion techniques
for '~he determination of residues of highly chlorinated pesticides.
The chloride ion is determined by amperometric titration.
Applied to the determination of aldrin and dieldrin, it was used
at levels of 2 to 100 "y and detected 3 to 400 p.p.m. of aldrin in
fat. An accuracy within ±4 "Y of pesticide is indicated. Helm
kamp, Gunther, Wolf, and Leonard (54) present a direct
potentiometric method for the chloride ion applicable to residues
of chlorinated insecticides in foodstuffs. They use a pH meter
and a silver-silver chloride vs. calomel electrode system. The
system is reclucible with 0.02 p.p.m. of the chloride ion and ap
pears usable up to 10,000 p.p.m. Gordon (40) developed a
colorimetric microdiffusion method for the determination of chlo
ride in chlorinated insecticides-an improved and more sensitive
modification of the Co~waymethod. The chloride is oxidized by
'permanganate and deeolorizes the dye, Fast Green. Residues of
1 to 10 p.p.m. of chlorinated insecticides in biological material
can be determined. The limit of detection of chlorine is about
0.1 'Y or, with a Beckman spectrophotometer, about 0.02 'Y of
chlorine. The chlorinated hydrocarbon may be partially iden
tified by a calculation of reaction rates. From 10 to 100 p.p.m.
may be determined in oils and fats.

Mitchell (93) developed a method for the separation and identi
fication of chlorinated organic pesticides by paper chromatogra
phy. In mixtures of the alpha, beta, gamma, and delta isomers of
benzene hexachloride, as little as 10 'Y of each isomer may be
clearly separated and identified. The same author (94) developed
a modification of this method for use with other halogen com-
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pounds, including aldrin, isodrin, dieldrin, and endrin. This test
appears positive for various halogen pesticides including chlordan,
DDT isomers, heptachlor, methoxychlor, and toxaphene.
Moynihan and O'Colla (100) described the application of paper
chromatography to the analyses of chlorinated organic insecti
cides. They have studied the separation of the isomers of benzene
hexachloride, (BHC, l,2,3,4,5,6-hexachlorocyclohexane) and of
DDT and are developing a quantitative method of determination.
O'Colla (102) described a method for the analysis of chlorinated
organic insecticides by partition chromatography on paper and
on cellulose columns. He separates and determines benzene hexa
chloride in chlordan in commercial samples.

BENZENE HEXACHLORIDE

Schechter and Hornstein (123) utilized the dechlorination of
benzene hexachloride in developing a colorimetric method for its
microdetermination. The method can be used to determine as
little as 5 "Y of benzene hexachloride and may be used for spray
residue and pharmacological investigations. It has been used in
the range up to lOO"y. Recoveries up to 100% have been ob
tained with the gamma and alpha isomers, but smaller recoveries
with the delta and some other isomers. Recoveries of the gamma
isomer added to plant, animal, and vegetable fats and oils and
soils have been 95 to 100%. Chlordan appears to interfere, al
though other common chlorinated hydrocarbons do not show in
terference.

Hornstein and Sullivan (61) described a method for the deter
mination of 0.1 "Y of lindane (BHC) per liter in air, using the
Schechter-Hornstein method (123), and measuring the color
photometrically. Five-tenths microgram of lindane can be de
termined, with a precision within about ±2%. A minimum of
equipment is required and the method is comparatively rapid.
Hornstein (59) found two colorimetric methods (107,123) suitable
for determination of benzene hexachloride residues, although they
may not be useful for the determination of the gamma isomer in
formulations and technical grades of benzene hexachloride. While
the infrared method may be used for technical grades, it is costly.
The partition chromatographic procedure appears to be most
widely used for determination of the gamma isomer. Klein (73)
preferred the Schechter-Hornstein method for the determination
of benzene hexachloride and its beta isomer. Klein (75) discussed
the Schechter-Hornstein colorimetric method for the determina
tion of benzene hexachloride in foods and suggested the need for
additional study. Reith (113) discussed a modified Schechter
Hornstein method, sensitive to 1 p.p.m., for vegetable material.
Phillips (107) described a method for the colorimetric detection of
microgram quantities of benzene hexachloride residue in foods,
including peanuts and various fruits and vegetables. The method,
which is readily adapted to routine quality control, utilizes ex
traction with aniline and color measurement with an Evelyn
colorimeter. It covers a range of 1 to 140 'Y of benzene hexa
chloride and shows high recovery in the range of about 20 to 100 'Y.

Harris (50), who recently replaced J. J. T. Graham, an AOAC
referee for 33 years, recommended certain methods and revisions
and a further study of other methods for determining pesticides.
These resulted from a report on benzene hexachloride by Horn
stein (60), parathion by Giang (38), pyrethrins by Kelsey
(67), rotenone by Payfer (105), dieldrin by McDevitt (86), and
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rodenticides by LaClair (80). Graham (43) reported on a series of
pesticide chemicals. Rosin and Radan (120) have developed a
method for the determination of lindane in commercial benzene
hexachloride. They review briefly the different types of methods
which have been'presented for this purpose, and call attention to
difficulties with commercial samples. The method gives results
within ±5% of the gaJ;illlla isomer, compared with polarographic
determinations at levels of 10 to 30% of the gamma isomer. Wil
lermain (144) applied the Thorp solubility method to the de
termination of the gamma isomer in technicai benzene hexa
chloride. Hornstein (58) presented a method for the determina
tion of technical benzene hexachloride in peanuts and soils, de
signed to eliminate interferences previously encountered. In
many instances analyses can be made directly on the sample. A
methylene chloride extract is used on unroasted peanuts, but on
roasted peanuts a correction is required. This colorimetric
method can, in general, be applied directly to soils. Streuli and
Cooke (135) described a sensitive polarographic method for the de
termination of the gamma isomer of benzene hexachloride in the
presence of other isomers and other chlorinated compounds. The
method has been applied to pure benzene hexachloride (lindane),
natural isomeric mixtures, concentrates, dusts, and other prod
ucts. The gamma isomer in the range of 10 to 40% was de
termined. Craig and Tryon (21) described an isotope dilution
method for the determination of the gamma isomer in technical
grade benzene hexachloride, with a standard deviation of ±0.2%.
The method is specific, and has been used for samples containing
1 to 50% of gamma isomer. Riemschneider, Claus, and Schneider
(116) have developed a method for the determination of hepta
chlorocyclohexane in crude benzene hexachloride, by reduction
with zinc and measurement of the index of refraction. Riem
schneider and Stuck (117) describe a polarimetric method.

DDT

Mattson, Spillane, Baker, and Pearce (89) developed a method
for the determination of DDT and the degradation product,
DDE, in human fat. A modification of the Schechter-Haller
method was standardized to make a differential determination of
DDT and DDE in quantities totaling 5 'Y and rough estimations
of 2 'Y. These compounds ranged from 0 to 80 p.p.m. of DDE,
representing 40 to 85% of the total in human fat. DDT was not
found alone. Berek (11) adopted the Schechter-Haller method to
the microdetermination of DDT in river water and suspended
solids. DDT as low as 0.003 p.p.m. in suspended solids was de
termined after solvent extraction and removal of interferences
chromatographically. Mitchell (97) described the separation and
identification by paper chromatography of the ortho-para and
para-para isomers of DDT, rhothane [1,1-dichloro-2,2-bis(p
chlorophenyl)ethane] (DDD and TDE), and methoxychlor.

ALDRIN-DIELDRIN

O'Donnell, Neal, Weiss, Bann, DeCino, and Lau (103) de
scribe methods for the determination of l,2,3,4,1O,1O-hexachloro
1,4,4a,5,8,8a-hexahydroendoexodimethanonaphthalene (aldrin) in
crop materials and aldrin residues; 0.1 p.p.m. in crop materials is
detectable. Aldrin is extracted, separated by adsorption chroma
tography, and determined by the photometric method of Danish
and Lidov or by the chlorine determination procedure of Agazzi,
Peters, and Brooks (1). Accuracy on plant extracts is a few
hundredths part per million on a crop material basis. A photo
metric method has a high degree of specificity for aldrin. Blanks
may be in the range of 0.05 p.p.m. Interferences are eliminated,
although mint, for instance, was not successfully analyzed at the
0.1 p.p.m. level. Interferences of other pesticides were studied,
Mitchell and Patterson (98) present a method for the separation,
and identification of as little as 20 'Y of aldrin and dieldrin by paper
chromatography. Mitchell (95) describes a paper chromato
graphic method for the separation and identification of the four.
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components: aldrin, isodrin, dieldrin, and endrin. Beckman (8)
presents a method for the determination of aldrin and dieldrinin
formulations in the presence of DDT and sulfur, utilizing parti
tion chromatography. It has 98 to 100% recovery of 0.02- to 0.2
gram quantities. Ewart, Gunther, Barkley, and Elmer (27) de
scribe a micromethod for a determination of dieldrin residues.
They utilized and improved a method of high precision and sensi
tivity, which would detect the presence of 30 'Y of organic chloride
or 0.1 to 0.2 p.p.m. of dieldrin.

DILAN

Mitchell (96) continued a series of articles on the separation and
identification of organic pesticides by paper chromatography, and
described the separation and identification of the components of
dilan, including primarily prolan and bulan. Jones and Riddick
(65) present a procedure for the separation of certain organic in
secticides from plant and animal tissues. A procedure for the iso
lation of dilan from interfering biological materials was developed
by the addition of extraction to the previous method. The
method has been used to separate microgram and milligram
quantities of DDT, lindane, parathion, chlordan, and methoxy
chlor from plant and animal tissue, with an accuracy within ±5%.
Jones and Riddick (64) present a method which is specific for
nitroalkanes and thus specific for dilan, which contains two nitro
alkanes in a 2 to l.ratio. The method has been used for residue on
plant and animal samples and is accurate for quantities as low
as 50 'Y.

METHOXYCHLOR

Kunze (71) reported on a simplified procedure for the deter
mination of methoxychlor in fruits and vegetables, dairy prod
ucts, and biological materials, which he believes is specific for
methoxychlor and sensitive to 1 p.p.m. Claborn and Beckman
(16)' qescribe a micromethod for the determination: of methoxy
chlor in milk and fatty materials, as well as nonfat feeds and
foodstuffs. The method is specific for methoxychlor, uses
nitration by fuming nitric acid and colorimetric determination
using sodium methylate. DDT and TDE in small amounts do
not cause significant interferences. With quantities from 25 to
100 'Y, recovery is high. Jennings and Edwards (63) present a
method for the determination of methoxychlor on paperboard,
utilizing ultraviolet spectrophotometry. The interfering sub
stances, different from those found in foods, were eliminated.
Determinations were made within a range of 0.04 to 0.14 gram
per liter of cyclohexane extract, with a precision within ±5%.
Recoveries of about 93% were obtained when methoxychlor in
the range of 50 to 100 mg. per square foot was added to
paperboard.

ORGANIC PHOSPHORUS COMPOUNDS

Schonamsgruber (124) described a method for the potentiomet
ric determination of parathion or methylparathion in formulations
by titration and back-titration after saponification, using a glass
electrode. Zeumer and Fischer (152) determined parathion by re
duction with zinc, diazotization, and reaction with I-naphthol.
Giang (36) reported on 'methods for parathion and recommended
that the potentiometric end point technique be studied further.
Wilson, Baier, Genung, and Mullowney (145) proposed a modified
semimicromethod for the determination of parathion in citrus
oils. The end point was determined spectrophotometrically.

Norris, Vail, and Averell (101) presented a method for the
colorimetric estimation of S-(1,2-dicarbethoxyethyl) O,o-di
methyl dithiophosphate (malathion) residues. Malathion is re
moved by extraction, decomposed by alkali, extracted, and de
termined colorimetrically. Amounts between 0.25 and 2.5 mg.
in 100 ml. of extract may be readily determined. The met~J.Od is
being adapted to the technical product and to commercial formu
lations and has been utilizeq, with a large !lumber of fruits and
vegetables. It has given 60 to 100% recovery of surface residues
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on fruits and vegetables and 60 to 90% reeovery of residues on
chemical products. :\1etcalf (90) applied the cholinesterase
method to colorimetric microestimation in poisoning by organic
phosphate insecticides. The method is said to be rapid and pre
cise on finger puncture quantities of blood.

Cook (18) reported on an enzymatic method for organic phos
phate and for carbamate insecticides and (19) discussed enzy
matic methods, presenting a method for derneton~ 'Gardner and
Heath (35) have presented a chromatographic method for the
quantitative determination of isomers of O,O-diethyl ethylmer
captoethyl thiophosphate in demeton. Giang (38) discussed
systemic insecticides, including methods for schradan, demeton,
and others, and recommended further study. Hartley, Heath,
Hulme, Pound, and Whittaker (51) described a method for the
determination of schradan. David, Hartley, Heath, and Pound
(23) presented a method for the determination of the toxic resi
dues of schradan, which i.s sensitive to 1 mg. per kg. March, Met
calf, and Fukuto (88) diseussed a paper ehromatography method
for use with systemic insecticides. Two separate techniques have
been used in the separation and identification of the components
of technical demeton, and a third method has been used for tech
nical schradan in translocation studies with demeton and for
residues in fruits, nuts, and vegetables.

FLUORINE

Remmert, Parks, Lawrence, and McBurney (114) describe a
method for the determina,tion of fluorine at II level of 1 to 75
p.p.ill.. in plant materials, primarily forage samples. They
present a procedure to overcome calcination and difficulties in
previous methods and indicate that the fluorine found with the
AOAC method may be related to the weight of sample. Silica
may interfere. Willard and Horton (143) present a fluorometric
method for the determination of traces of fluoride, whic!;l esti
mates down to 0.2 mg. of fluoride with good precision. Liddell
(8"D presents a note on the colorimetric deterr,:lination of small
amounts of fluorine. Venkateswarlu and Rao (139) estimated
from 30 to 120 p.p.m. of fluorine in tea. MacIntire, Jones, and
Hardin (87) made a critical8tudy of fluorine losses in the calcina
tion of analytical samples of fluoride-enriched soils. Harrigan
(48) reported on a qualitative test for fluorine in foods, and later
(49) recommended a qualitative test for fluorine which involves
quenching of the oxine fluorescence.

PYRETHRINS

I,evy and Estrada (83) de8cribed a rapid colorimetric method
for the determination concentrations of pyrethrinB down to about
0.()<1 mg. per m!. in extracts of pyrethrum flowers. The method
has .also been applied to oil-based insecticides. h gives good re
producibility, unlike earlier methods. Cueto and Dale (22) pre
sented a colorimetric method for the estimation of small amounts
of pyrethrins, allethrin, and furethrin, which showed a sensitivity
of about 200 'Y and an experimental error of about 4%. The
method may be used for spray residue and for the analysis of
concentrates and formulationB, but cannot be used for one of these
pestio;ides in the presence of one or both of the others. As a
micromethod it was used in the range of 15 to 40 mg. Schreiber
a,nd ~VIcClellan (125) described a micromethod for the qualitative
estimation of traces of pyrethroids. Microgram quantities were
determined in impregnated paper or cloth bags. Skukis, Christi,
and Wachs (130) described a method for the spectJ'ophotometric
evaluation of pyrethrum, which is used to determine total pyre
thrins in both flowers and extracts. It is rapid and reproducible
(1.0%) in a range of 1 to 20%.

Hogsett, Kacy, and Johnson (57) developed a more precise
method for the evaluation of both large and small percentages of
allethrin in commercial allethrin,. which may also be applicable to
formulations. KoneCky (76) reviewed methods for allethrin which
are in use and under development and recommended further
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study of the hydrogenation and the ethylenediamine methods of
determining technical allethrin. Feinstein (28) described a new
reaction and color test for allethrin and pyrethrins. Mitchell (99)
presented a note on recent AOAC changes in the method for
pyrethrins. He believes that the cancellation of recent changes
was unfortunate and should be reconsidered, and presents evidence
that those changes were an improvement in the method. Kelsey
(66, 67) reported on pyrethrins and recommended that approval
of the modification of the official procedure be rescinded.

CARBAMATES

Gard and Rudd (34) presented a micromethod for isopropyl N
(3-chlorophenyl)carbamate (CIPC) in soils and crops. They
separate by extraction, hydrolysis, and steam distillation, and
measure photoelectrically. Average recovery is 89%, and the
lower practical limit of sensitivity is 0.05 p.p.m. of the herbicide.
This method has been used with cotton seeds, vegetables, and
other crops, with a precision at the 0.05 p.p.m. level of ±0.016.
Lowen (85) presented a modified technique for the carbon disulfide
evolution procedure for the determination of the active ingredient
in the manzate fungicide. He also recommended the use of the
Clarke, Baum, Stanley, .and Hester (17) method with minor
modifications for the determination of residues of manzate fungi
cide. Levitsky and Lowen (82) published an alternative method
for obtaining the desired dispersion, based on Lowen's method
(85). These modifications reduce the time required for analysis
and give improved precision.

Fischer (29) described a colorimetric method for the determina
tion of 0.5 to 10 mg. of thiuram compounds after preparation of a
copper salt. Middledorf (91) described a method for the deter
mination of thiocarbamates, thiosemicarbazones, and other car
bamates. Shaw (126) studied methods for the determination of
isopropyl n-phenyl carbamate and related compounds. Smith,
Wagner, and Patterson (133) reviewed the literature on volu
metric analytical methods for organic compounds and included a
discussion of certain pesticides.

QUATERNARY AMMONIUM COMPOUNDS

Wilson (147) recommended a method for determining the
quaternary ammonium compounds in milk and in water solutions.
Furlong and Elliker (33) described an improved method for the
determination of the concentration of quaternary ammonium
compounds in water and in milk in the range of 1 to 100 p.p.m.
Fogh, Rasmussen, and Skadhauge (31) presented a colorimetric
method for the microdetermination of quaternary ammonium
compounds using bromocresol purple, and spectrophotometric
determination of concentrations ranging from 0 to 25 'Y per lit·er.
Wilson (148) reported on the determination of quaternary am
monium salts as reineckates and recommended a method for the
detection of quaternary ammonium compounds in milk (146).
He recommended a further study of the reineckate method for the
determination and identification of quaternary ammonium com
pounds.

ARSENIC

Bartlet, Wood, and Chapman (7) modified the procedure of
Magnuson and Watson for the determination of arsenic in fruits
and vegetables. They eliminated interferences by tin, and ap
plied the method to canned fruit and to fresh fruits and vegetables.
In the range of 5 to 20 'Y, the standard error was ±0.2 'Y of ar
senic. Following tin extraction, the standard error was ±0.4 "y.

The method was used in the range of 0.1 to 2.5 p.p.m. in fresh
fruits and vegetables and 0.02 to 0.50 p.p.m. in canned fruit.
Evans and Bandemer (26) described a method for the determina
tion of arsenic in biological materials, and in eggs and other
animal tissues. From 0.01 to 1.3 'Y was determined, with a re
covery of approximately 90%. Almond (2) developed a field
method for the determination of traces of arsenic in soils, using a
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modified Gutzeit apparatus (10 to 350 p.p.m. in the range of 1 to
40 /,). Smales and Pate (131) developed a method for the de
termination of submicrogram quantities (0.01 p.p.m.) of arsenic
by radioactivation. Young (151) discussed the use of eerie salts
in the determination of arsenic and for other analytical uses.

MERCURY

Miller and Polley (92) developed a method for the determina
tion of diphenyl mercury alone or in the presence of phenyl mer
curic compounds, and presented a procedure for the estimation
of diethyl mercury alone or in the presence of ethyl mercuric com
pounds. The error of the method was not greater than 2 /'.
Polley and Miller (108) developed an adaptation of the diphenyl
thiocarbazone method for the estimation of mixed phenyl and
ethyl mercuric compounds. It was used to detect as low as 2 /' of
phenyl mercury and to cover a range up to 4000 /'. Klein (72) re
ported on a micromethod for mercury for use with foods and
biological products, and later (74) recommended its adoption.

HERBICIDES

Hogsett and Funk (56) developed a method for the determina
tion of residue quantities of Crag herbicide 1 in agricultural
crops. With 100 grams of fresh material the sensitivity limit was
about 3 /'. Residues at levels of 0.1 to 5 p.p.m. were determined
on various fruits and vegetables. Smith and Stone (132) de
scribed a colorimetric method for the determination of 2 /' of the
herbicide N-1-naphthylphthalamic acid residues in plant tissues.
It gives 80 to 100% recovery in the 5-/' range. It was used on soils
as w.ell as crops, but some soil types give excessive interference.

Young and Gortner (150) described a method for the micro
detel'mination of CMU in plant tissue and colorimetrical deter-.
mination of the end point. They state the method is accurate and
sensitive to concentrations of 0.01 p.p.m. on 300-gram samples of
fruit tissue; with modification it should be applicable to other
plant tissue and to soils. Bleidner (12) presents a method for the
determination of micro quantities of CMU by chromatography.
Interferences, including those from plant material, were elimi
nated and the efficiency of the separation was 95 to 100% with
microgram quantities. Bleidner, Baker, Levitsky, and Lowen
(13) described a method for determining microgram quantities of
3-(p-chlorophenyl)-1,1-dimethylurea (CMU) residues in soils and
plants. Samples were digested in concentrated alkali, hydrolyzed,
separated, concentrated, extracted, and determined colorimetri
cally.. A few parts per billion may be determined in cane sugar and
a few parts per 10,000,000 in nearly all plant tissues and soils.
Interferences are minimized. Freeman and Gardner (32) de
scribed a chromatographic separation method for the determina
tion of four acids in formulations of the herbicide in chloro
methylphenoxyacetic acid formulations (CPA).

Warshowski and Schantz (142) described a method for the de
termination of 2,4-D in soil using a countercurrent distribution
method to determine quantities less than 1 mg. Stroud (136) dis
cussed a method for the determination of 2,4-D. Gordon and
Beroza (41) described a spectrophotometric method for the de
termination of micro quantities of 2,4-D and 2,4,5-T utilizing
partition chromatography. The method is used for small quanti
ties of 2,4-D in liquid insecticide concentrates, insecticide dusts,
and alfalfa hay extracts. Determinations are·within 5% of added
amounts. Mixtures of 0.5 to 4.0 mg.' of the two acids' were
separated completely, with recoveries of 96 to 100%. With ex
perience, results should be within 2 to 3% of the correct value.
Heagy (53) after further study of several methods recommended
approval of the total chlorine. method for the determination of
esters of 2,4-D and 2,4,5-T or mixtures of these in liquid herbi
cides, utilizing the Parr bomb boric acid procedure,

Grabe (42) has determined 4-chloro-2-methylphenoxyacetic
acid in the presence ofchlorinated and unchlorinated acids by ab
sorption in ultraviolet light, Sjoberg (129) has presented an in
frared spectrophotometric method for· the determination of 4-
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chloro-2-methylphenoxyacetic acid. Sorensen (134) has described
a method for 4-chloro-2-methylphenoxyacetic acid by isotope dilu
tion analysis. Hill (65) presents a method for the determination
of 2-methyl-4-chlorophenoxyacetic acid in the presence of related
acids using an ultraviolet spectrophotometric method.

Barrons and Hummer (6) studied derivatives of trichloroacetic
acid and described a colorimetric method for its determination.
Tibbits and Holm (138) present a colorimetric residue method for
trichloroacetic acid in plant tissue. Quantities as low as 25 /' per
gram of fresh tissue may be measured. Hummer and Barrons
have utilized the procedure with plant sap and on oil· extracts.
The error in direct measurement is less than 0.4%.

Wood (149) presents a method for the colorimetric determina
tion of maleic hydrazide residues in plant and animal tissues and
some soils. It may be used for residue below 1 p.p.m. Inter
ferences are eliminated.

RODENTICIDES

Ramsey (111) reported on metals, other elements, and residues
in foods, recommending methods for 1080 and a further study of
several other methods. Ramsey (112) reported on a qualitative
test and a quantitative analytical method for' 1080. He recom
mended revised qualitative and quantitative methods. Ramsey
(110) has reported on 1080 and recommended further study.
Lasco and Peri (81) developed a method for the determination of
ANTU. Bellack and DeWitt (10) proposed a procedure for the
analysis of zinc phosphide rodenticides.

Coon, Richter,Hein, and Krieger (20) discuss problems en
countered in the physical determination of warfarin. They de
scribe a modified procedure for use with mixtures which have pre
viously given difficulty. LaClair (79) studied methods for the
determination of warfarin, comparing results by the Eble method
with bioassay; which he used as a referee method. Further study
of warfarin methods is suggested.

BIOASSAY

The Boyce Thompson Institute continued the study of bioassay
methods for detecting spray residues in foods and for evaluating
new pesticide chemicals. Burchfield, Hilchey, and Storrs (14) de
veloped a photomigration method for bioassay using mosquito
larvae, based on the tendency of larvae to move away from a
strong light source. Information was earlier published as a news
report under the title "Analysis by Paralysis." The method has
been used for the determination of spray residue, and should also
be useful in studying synergism, antagonism, absorption rates,
and various physical chemical processes in insect toxicology.
Burchfield, Redder, Storrs, and Hilchey (15) developed standard
ized procedures for the rearing of larvae for use in insecticide bio
assay, bringing together a complete description of the method par
tially presented in previous papers. The bioassay method secures
results in an hour or less at concentrations of 0.1 to 1.0 p.p.m.
Hartzell, Storrs, and Burchfield (52) compare chemical and bio
assay methods for the determination of traces of chlordan and
heptachlor in food crops. The highest average residue found was
0.047 and the lowest was 0.003 p.p.m.; most samples contained
less than 0.05 p.p.m. Average results by the two methods agreed
closely for chlordan, and the comparative results were fairly satis
factory, considering the very small amount of heptachlor found.

Sun and Sun (137) applied a microbioassay method utilizing
flies to the determination of dieldrin, aldrin, lindane, isodrin, en
drin, and DDT in milk. The average LD,o for dieldrin was found
to be 0.96 p.p.m. A sensitivity of 0.1 p.p.m. was obtained.
Davidow and Sabatino (24) discussed development of a screening
test for chlorinated pesticides. This is much needed to survey a
large number of food samples for pesticide residues in order to
segregate contaminated samples at a- minimum cost in time and
money. Biological methods with flies· and with. mosquito larvae
do not seem suitable for certain .types, of samples. They deter
mined, the .approximate.sensitivity of goldfisl). to DDT. lindane,
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heptachlor, toxaphene,. aldrin, dieldrin, chlordan, methoxychlor,
and dilan and suggested the use of goldfish for the rapid sorting of
foods contaminated with excessive amounts of DDT, lindane,
toxaphene, methoxychlor, and dilan.

OIL EMULSIONS

Riehl, Gunther, and Beier (US) applied the photoelectric
colorimeter to the determination of oil deposit on sprayed fruit.
A specific weight of a red oil-soluble dye was added to the petro
leum oil. Behrens and Griffin (i~) have presented a method of
evaluating emulsifiers for formulation purposes. They evaluated
the factors affecting the efficiency of emulsifiers and developed a
standardized method of checking efficiency. Griffin and Behrens
(44) describe an apparatus for the examination of emulsions in
volving measurement of separation.

Vonnegut and Neubauer (140) describe a procedure for the de
tection and measurement of aero,301 particles, which may be used
to give information regarding the concentration of particles and
particle srne. Gooden (39) reported on the physical properties of
pesticide powders, and recommended collaborative studies on
various methods.

MISCELlANEOUS

Kutschinski and Luce (78) present a colorimetric method based
on the procedure of Gottlieb and Marsh, for the determination of
p-chlorophenyl p-chlorobenzenesulfonate (ovotran, K-6451) in
spray residues on fresh fruit. Certain interferences were elim
inated. Quantities in the range of 0.05 to 0.30 mg. were deter
mined with a recovery of 94 to 100%. The analytical procedure
should be rigidly standardized. Grumrnitt, Marsh, and Stearns
(45) studied the properties of [bis(p-chlorophenyl)methyl
carbinol] and present a method of analysis which may be used
with an error of 2% using I-mg. samples. Kittleson (71) de
veloped a colorimetric method for the determination of N
trichloromethylthiotetrahydrophthalimide used as a fungicide.
Quantities as low as 0.05 mg. may be determined with a reasonable
degree of a.ccuracy. The method has been utilized to determine
residues on fruits and vegetables. Payfer (104, 105) studied
modifications of methods for the determination of rotenone.

Rooney (119) recommended approval of the Elmore method
for the determination of organic thiocyanate nitrogen in livestock
and fly sprays (118). Fischer (;~9) has presented a procedure for
the dilution of dinitrothiocyanobenzene, dinitrorhodanobenzene,
trichlorodinitrobenzene, trinitl'otrichlorobenzene, and tetranitra
carbazole in an acetone solutioE with the development of charac
teristic intense color. Kirchmw, Miller, and Rice (69) present a
quantitative method for the determination of biphenyl in citrus
fruits and processed fruit produ.cts using chromatostrips. Added
biphenyl has been determined in citrus juices in concentrations as
low as 0.1 p.p.m. and in citrus peel as high as 600 p.p.m. Peters,
Rounds, and Agazzi (106) describe methods for the determination
of sulfur and halogens using eombustion apparatus. A precision
of 0.03% has been obtained for both. Above 3% the accuracy
may be within 1%. The method is also adaptable to the deter
mination of chlorine-containing pesticide residues on food and
forage. Dible, Truog, and Berl~er (25) present a simplified proce
dure for the determination of 0.5 to 50 p.p.m. of boron in soils and
plants.

Sinclair and Crandall (128) developed methods for the deter
mination of ethylene chlorobromide and ethylene dibromide
colorimetric. Results agree closely with the volumetric method.
They are, however, better for the determination of very small con
centrations. The methods ha.ve also been utilized for residue in
orange peel and pulp. Recovery of milligram quantities is high.
Sinclair and Crandall (127) determined ethylene dibromide in air,
and attained a high recovery with 50 to 300 mg. of ethylene di
bromide. Kennett (68) determined ethylene dibromide and
ethylene ehlorobromide by absorption in alcohol and determina-
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tion of the liberated halogen by the Volhard thiocyanate method.
The mean percentage recovery was 99.5 ± 1.3 to 1.6, when added
in quantities from 1 to 30 'Y.

GENERAL

Kirk and Duggan (70) emphasize the need for accuracy and pre
cision in biochemical analyses and for adequate training of chem
ists and clinical analysts in this field. Too much emphasis has
been placed on speed rather than accuracy and dependability of
results. Biological variation has been overemphasized and errors
in clinical laboratories have been far larger than those usually as
sumed, and too often such errors may invalidate the utility of the
results. A referee system is suggested to improve the situation
for both research and routine analytical results in this field.

Archibald (3) considers criteria for the use of analytical methods
in clinical chemistry. He points out that in many cases the
accuracy of results has been unsatisfactory. This discussion may
also be of interest to research and regulatory laboratories.

Emphasis may well be placed upon the widespread misuse and
overuse of the word "test." "Test" refers to a qualitative chemi
cal procedure and not to a quantitative procedure (122). Authors
of papers, particularly those appearing in AMERICAN CHEMICAL
SOCIETY journals, should avoid misusage and eliminate the word
"test" where it makes no contribution to the meaning.

Similarly, the word "strong" is frequently misused when
"concentrated" is the desired meaning. Correctly used, con
centrated and dilute refer to the relative quantity of a solute
present, while strong and weak refer to the relative activity. The
word "run" is rather generally misused. One does not "run" a
quantitative analytical procedure; rather, he makes an analysis.
"Assay" is also frequently misused in referring to quantitative
methods of analysis.

Gunther and Blinn (47) discuss the basic principles for the quan
titative determination of pesticide residues. They consider the
basic analytical approaches to be the evaluation by direct·meas
urement (selective) and the isolation followed by measurement
(nonselective). Even though every foodstuff containing pesti
cide residues must be individually investigated in selecting the
final residue method, the authors feel that there is promise of sys
temization and standardization. They also have in press a book
(46) on the analyses of insecticides and acaricides.
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Solid and Gaseous Fuels I
HAYES T. DARBY

The Pennsylvania State University, College of Minera"nc/ustries, University Park, Pa.

THIS fow·th review of the analysis of solid and gaseous fuels
continues former reviews (33, 34, 54) and includes a bibli

ography of references found from September 1951 through June
1954. The arrangement follows closely that of the other reviews.

SOLID lPUELS

This section discusses the sampling, testing, and analysis of
such fuels as coal, coke, wood, ct.arcoal, and briquets but does
not include any reference to atomic fuels.

SAMPLING

Liddell (99) has discussed the literature relevant to the problem
of coal sampling and the general principle on which a sampling
specification should be based. The ideal specification should be
flexible and should provide a self-contained estimate of its ac
curacy in any particular case. He is of the opinion that these
requirements are not met in the present British standard method,
nor do they appear likely to be met while the approach to the
problem is along present lines. Sampling procedure should
give an accurate sample and some measure of the variation in the
lot of coal sampled. The solution of this problem consists of
taking duplicat,e samples so that the difference between the du
plicates can be used to indicate accuracy. Further, the use of
subsamples will give :!l.n idea of the variation within a large quan
tity of coal. The sampling accuracy required will depend on the
purpose of the sampling. For much routine work the accuracy
of each sample could be much reduced from the present accepted
standards; the total weight of coal to be examined may not
be substantially altered and the over-all gain would be consider
able.

Emery (44) has presented a thorough analysis ,of the theory of
small coal sampling. The principal factors affecting the num
ber of evenly spaced increments to be taken from the moving
consignment of coal are the mean !l.sh content and the maximum
size of the coal, but size distribution and the variation of ash
content with size may affect the sampling results to a greater or
less extent. It is generally conc-eded that, if the sampling is
designed to limit the variability of the ash determined to some
predetermined value, other propert,ies of the coal, such as volatile
matter content and calorific value, will be obtained with sufficient
precision. Since the general level of ash content may vary from
place to place in the coal consignment, a sampling procedure for
commercial application should take this factor 'into consideration.

Orning (123) has shown that the economic sampling of a coal,
which is low in value per unit weight but high in tonnage produced
and contains variations in moisture and ash, requires attention
to maximum piece, sample weight and applicability to estimates
of ash content, method of mining as related to impurities, and
methods of handling affecting mixing of varying components.
The compositing of alternate increments into two gross samples,
to be reduced and analyzed separately, provides one method of
routine control of sampling.

Bertholf (15) has stated that a minimum number of increments
must be taken to obtain a sample of preassigned accuracy, regard
less of increment weight. The principal variances include the
the true variability of the coal from time to time, the random
variation in increments such as number of particles, particle
weight, and ash content, and variations of reduction and analysis.

Bur (24) has described a sampling device that consists of three
lengths of 8-inch pipe which are attached to the side of the car
dumper and an angle 50 0 from the horizontal. Two 5-inch holes
are cut into each pipe in the sections projecting beyond the edge
of the dumper. As the car -is dumped, six increments are auto
matically taken from the interior of the car contents, while coal
from the top of the car is excluded. As the dumper returns to
the upright position, the increments drop to a hopper and thence
to a sample crusher. Comparative tests have shown satisfac
tory agreement with belt samples and a reduction of sampling
labor time effected.

Visman and Mieerman (186) have reviewed their method of
sampling of coal and the statistical factors involved, such as
deviations, and sampling sizing.

Ward (187) has shown that the methods for sampling and de
termination of moisture in coke which have been recommended
by the Joint Coke Consultative Committee have a sound basis
in experimental work and statistical theory.

Frei (51) has discussed sampling and sample preparation of
solid fuels.

PROXIMATE ANALYSIS

Rodriquez Pire (147) has described and discussed methods of
sample preparation and analysis. The sample preparation and
method for determination of moisture, ash, and volatile matter
are British standard methods. The determinations of fixed
carbon were made according to the American Society for Testing
Materials (ASTM) and its British, German, and French counter-
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parts. It is pointed out that an increment in ash content of coal
represents a loss in value substantially greater than the carbon
it replaces-e.g., in the blast furnace operation the ~sh in the
coke is a large contributor to the sulfur and other impurities
to be dealt with. The swelling of coal was measured' by the
British methods. Difficulty in maintaining a unifor~ gas flame
was minimized by passing the gas through a column of pumice
stone saturated with benzene. Agglutination was measured by
the British tentative standard methods of Crussard and Gauzelin,
giving "psammonetric curves."

Moisture. Bryson and Pickering (23) have given a descrip
tion of the successful application of a direct Fischer reagent
(48) titration to the estimation of moisture in bituminous coals
by using a "dead stop" end point. Prior to titration, the coal is
suspended in methyl alcohol for short periods, and to improve
the clarity of the end point it was found desirable, although not
essential, to extend this period to at least 15 minutes. The
results combined the accuracy of a distillation procedure with the
speed, simplicity, and convenience of the oven-drying method.

Kreulen (91) has modified the method of Stansfield and Gilbart
(167) for the determination of maximum absorption of water in
coal. The coal is saturated with water, then exposed in vacuo
at 30 0 C. to a relative humidity of 97% (over saturated potassium
sulfate solution). Moisture is then determined at temperatures
of 100 0 to 400 0 C. The loss in weight was constant until 250 0 C.
when a rapid increase in loss occurred, indicating decomposition
of the coal. The moisture determined at 250 0 C. was appreciably
,greater than that at 105 0 C. It is believed that the temperature
now used in the determination of adsorption water is too low,
especially for high-moisture coals.

Deinum and Goedkoop (38) have developed a new technique
for the determination of moisture in coal which eliminates
pyrolysis or oxidation of the coal during the determination.
In the new procedure approximately 2 grams of coal (less than
0.3 mm.) is accurately weighed in a nickel boat, which is then
immediately placed in a combustion tube. The coal is heated
for 30 minutes at 105 0 C. while oxygen-free nitrogen (36 liters per
hour) carries the moisture into an adsorption tube filled with
Anhydrone. Excellent checks were obtained by either weighing
the Anhydrone with the moisture or weighing the residual coal
sample. Heating the coal sample to 150 0 C. during the analysis
has very little influence on the results. The oxygen content of
the nitrogen can be reduced below 0.01 % by first passing the
nitrogen through a column of fat coal (0.2 to 0.3 mm.) heated to
300 0 C.

Funasaka and coworkers (52) have compared the moisture de
termination in 10 coals using Karl Fischer's reagent with the re
sults obtained by the ordinary heating methods and found con
siderable coincidence of both data as well as reproducibility.

Selvig and Ode (160) in investigating the equilibration method
for restoring partly air-dried samples of high-moisture coals to
their natural bed moisture condition, have shown the advantage
of reaching moisture equilibrium from the wet state; this was
especially true for lignites. For practical purposes of coal classi
fication, bituminous and subbituminous coals, even though air
dried to relatively low moisture content, can be restored to vir
tually their natural bed moisture condition by equilibration at
97% relative humidity and 30 0 C.

Goodman and coworkers (61) have concluded from a'series of
comparative tests that, since more moisture is recovered and
measured by any of the distillationmethods than can be deter
mined under comparable conditions by oven-drying methods, the
volumetric methods which give the most, if not all, recoverable
moisture short of that derived from coal decomposition are the
most accurate. The problem of air oxidation in the low-rank,
high-moisture coals is eliminated by distillation methods. The
coal particle is insulated and' protected at all times by the liquid
or vapor phases of the oil or xylene. Considering the simplicity
of the method, the size of the sample taken, and the time required
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for one distillation, the azeotropic distillation-xylene procedure
is better than the Schoch oil dehydration method.

Brown (21) has reviewed published data on methods, for deter
mining moisture in coals. Methods comprise thermal drying,
dessication, distillation, extraction and solution, chemical, and
electrical determinations. A general comparison of methods in
dicates that the xylene-distillation procedure is possibly the most
satisfactory but is tedious, so that the less fl31iable oven-drying
is more commonly used.

Hartmann and Bachelard (74) have used a method for deter
mining moisture in Maitland coals in which the water is extracted
from .the finely ground coal by refluxing with alcohol, and the
critical solution temperature (cryohydric point) of the mixture
of the resulting alcohol-water solution is determined with an
equal volume of kerosene. This method when compared with
results by the xylene-distillation method gave results 0.04% high
and when compared with results by the oven~dryingmethod gave
results 0.4% low.

Polyanicheva and Savatyugina (133) have determined moisture
in peat by heating 5 grams contained in a 100-mm. Petri dish for
5 minutes with a 500-watt infrared lamp held at a distance of
10 to 11 cm. from the peat surface.

Storchak (168) has found, in the, determination of moisture
in peat by heating with an infrared lamp, that the principal
factor affecting the accuracy of the determination was excessively
long heating. The nonformation of a fog on a cool glass plate
or mirror held 1 to 2 cm. above the sample is a reliable test for
end of heating. Samples should be ground to 0.5 to I-mm. size
and heating continued usually for 3.5 to 7 minutes.

Klempt (89) has determined the moisture content of a moving
stream of coal by two types of measuring instruments, depending
on the effect of moisture in changing the capacity of a (electric)
condenser. The temperature of the condenser and the size and
mineral content of the coal should be maintained constant.
The effects of variations in temperature, chlorine content, bulk
density, size and mineral-matter content of the coal, and varia
tions in the voltage and frequency of the alternating current
supply are discussed. The Brabender apparatus uses a parallel
plate condenser, and the results obtained with this apparatuB on
a uniform coal stream at one coke-oven plant differed from the
laboratory results an average of 0.2% over a month's time. The
Lippe Hygromtester uses two condenser plates in the same plane,
with a slight separation. At a different plant the results on this
apparatus agreed within 0.3 to 0.5% with the laboratory monthly
average.

Ash and Mineral Matter. Schuster (157, 158) has stated that
the method for estimation of the mineral constituents in bitu
minous coal suggested by Thiessen (178) was fundamentally
improved by Holthaus (77), who took into account the ferric
oxide and sulfate content of the coal. However, when iron
carbonate is present in the coal the results are too low, as recog
nized by Holthaus. Better results are obtained by combining
this method with the coal analysis, espeCially the determination
of carbon dioxide content. It is then unnecessary to estimate
the carbonate content of the coal from the oxides formed there
from. This simplifies the analysis, since the oxides from the
carbonates can be determined along with other unchanged con
stituents; the calculations are also simplified.

Georgiadis (55) has outlined a calorimetric process for determin
ing mineral content of coals. In his new formula

Q' = (Q X 100)/(100 - ac)

where Q' equals heat content as measured in the bomb, Q equalS
true heat content, and c equals ash content. The coefficient a,
newly introduced into 'the formula, can be determined by given
experimental methods and ranges from 1.070 to 1.086. The
factor ac represents the mineral content of the examined coal.

Brown and coworkers (22) have discussed the mineral matter of
coal and stated that the best method 'of estimating the mineral
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content of coal is that of King, Maries, and Crossley (KMC)
(86) which involves the determination in the laboratory of six
quantities: ash, pyritic sulfur, carbon dioxide, sulfur in ash,
sulfate in the coal, and chlorine. For laboratories with limited
resources various alternative and simpler methods are in use.
It is shown that the six quantities in the RMC method are inter
related; hence estimations of mineral content can be based on
the determination in the laboratory of fewer than five quantities
and will have good accuracy. A formula based on ash, total
sulfur, and carbon dioxide has been investigated. The com
pounds which make up the mineral matter in coal cannot yet
be fully specified, but their interrelatioll3 present a distinct pat
tern ~hich no doubt has both chemicaJ and geological signifi
cances; this aspect has not been studied in any detail. The pres
ence of interrelations makes it impossible to derive a reliable ap
proximate formula for the estimation of mineral matter unless
great care is exeTcised. To find an accurate and simplified
formula, some 1400 KMC analyse8 have been studied and
the ash (A), total sulfur (8), and carbon dioxide (C02 ) in mineral
matter were chosen as a basis. It is shown that the equation

M = 1.06A + 0.538 + 8.'74C02 - 0.32

differs very little from the KMC formula.
Venter and Coppens (185) have discussed the significance of

the mineral matter of coal under the following classifications:

1. General considerations:
Mineral matter, intrinsic and extrinsic
Nomencla,ture and chemical composition
Changes in the course of ashing
Changes ill the course of carbonization

2. Determination of the mineral matter of coals, hy:
The direct experimental methods of Mayer
.Experimental methods of reconstruction of the different

minerals (clays, sulfates, carbonates, and chlorides)
Methods of calculation of mineral content from normal

ashes (formula of King, Maries, and Crossley)
Methods of determination of mineral content by graphic

interpolation of analytical data
3. Intervention of mineral constituents in analytical pro-

cedures
Simple cases
Elementaryan:1lysis
Determination of calorific value

Grassmann (64) has given the reasons for the importance of the
determination of "true" ash content in high ash coals and pre
liminary results are given by using von Pezold's method (131).

Meldau (108) has outlined a method of examinations with the
electron micToscope by which it is possible to determine individual
mineral and ash constituents from their characteristic form.

Nitatori (119) has described arapid method for ash determina
tion in coal using an electric furnace of the hot-plate type and an
oxygen gas feeder. The surface of the plate is heated above 650 0 C.
within 10 minutes and porcelain trays containing 0.5 to 1.0 gram
of fuel are placed on it. After 2 or 3 minutes two trays of the
same sample are covered with the oxygen feeder and the samples
are burned to ash in 3 or 4 minutes.

Tomlinson and Edwards (n9) have described a test for de
termining the difference in the results of ash determination when
two kinds of dishes were used. The tests carried out showed that
the use of smaller flangeless dishes (49 mm. in internal diameter)
gave results slightly higher than those obtained with a larger
flanged dish (57 mm. in internal diameter). The difference was
small, between 0.01 and 0.11 %, and the accuracy of the determi
nations was of the same order in both cases.

Mukherjee and coworkers (116) have studied the sorption and
desorption of moisture on eoals, air and nitrogen being used as
moisture carriers. Static and dynamic methods gave curves
similar in shape. It was concluded that: the moisture content
should be established betw'~en 0 and 95% relative humidity,
estimations should be carried out in nitrogen instead of air, the
coal sample should be kept under water to avoid shrinkage
effects, the desorption branch of the first cycle should be chosen,
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and sorption experiments should be carried out at temperatures
below 40 0 C. to avoid enhanced sorption due to activation effects.
The experiments showed that the water is not retained by van
del' Waals forces alone but a part must undergo interaction of a
ehemical nature with the coal.

Ash Fusion Temperature. Lees and Finch (95) have used a
tube furnace heated by silicon carbide elements for determining
fusion points of coal ashes. Consistent results were obtained
with atmospheres of hydrogen and water vapor provided that a
minimum flow was maintained. Its performance is compared
with results obtained with Meker and Brayshaw gas fired fur
naces.

Volatile Matter. Licznerski (98) has found that an arti
ficial mixture of coal and mineral matter produced during gasi
fication a larger volume of volatile matter than could be theoreti
cally expected. .For this reason it is proposed to take into ac
count the mineral matter, not only as ballast, but also volatile
matter given off by mineral matter during gasification when
interpreting the results of determination of volatile matter. The
formula proposed is:

VM = (Pex - H 20 - Pms)
(100 - Pms - H20)

where VM = parts of volatile organic matter. Pex = parts of
volatile matter given off by mineral substance, and Pms = parts
of mineral substance.

Padovani (125) has compared the English, Belgian, and French
standard methods of determining volatile matter on a number of
coal samples. He found they gave data decreasing in the order
given, but they are satisfactory in themselves, since differences
in the various determinations in the same samples are small by
each method. The Italian method (126) (a modification of the
English) gave satisfactory and reproducible results.

In an effort to establish a normalized method for determination
of volatile matter in coal, the Technical Committee for Solid
Mineral Fuels (ISO TC/27) during a meeting held in March 1950
in London,England, decided to distribute a number of coal sam
ples (13 to 40% volatile matter content) among different labora
tories of Belgium, Denmark, France, England, Italy, Holland,
and Sweden. On these samples the total volatile substances,
humidity included, had to be determined following three different
methods: Belgian (ABS 26.13), French (A.F.NOR standard MO
3-004), and English (B.S. 1016). On the basis of the results
obtained it was concluded that eaeh of the three methods was of
comparable accuracy and consistency, the Belgian being the most
reproducible one. The French method gives lower results than
the other two, and the English gives the highest values. The
differences between the results of different laboratories for the
same method are of the same order of magnitude as the differ
ences between the results of different methods in the same labora
tory. The Italian results agree with the average results of other
countries except for the Belgian method, where they are slightly
inferior. This is explained by use of minimum required time of
heating, because the Italian furnaces were inadequate for the
high temperatures requested by the method. In addition to the
three methods, the same determinations were carried out making
use of an Italian method published by A.N.C.C. It is similar
to the English one; only the dimensions and shape of the crucible
are different. The crucible itself is made of platinum (instead of
quartz) with a matte surface. The results are comparable to
those of the English method, and the method itself is of the same
degree of relative accuracy, consistency, and reproducibility as
the others.

Calorific Value. Gomez Aranda and Lusia Miranda (60)
have described the experimental determination of heating value
by combustion with oxygen in a bomb. The nomenclature of
present German standards is used--e.g., "heat of combustion"
is the gross value (including heat of condensation of water) and
"heating value" is the net figure. Methods of calculation based
on elementary analysis and proximate analysis are described.
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The latter is preferable because of the simplicity of the analysis.
These methods are applicable only to bituminous coals of 5 to
40% volatile matter. The calculation method of Vivien and
Juptner are given, but that of Goutal is considered preferable-
e.g., P = 82C + aV, where P = heating value in calories per
kilogram, C = per cent fixed carbon, V = per cent volatile matter,
and a is a function of V' = 100V IV + C. This equation is ap
plicable only where there is a definite relation between the quan
tity arid heat of combustion of the volatile matter, within the
limits given above. This is frequently, but not universally,
the case. The method of Gunz is also given.

For the computation of the net calorific value from the experi
mental gross value it is necessary to know the hydrogen content,
and in cases of coals containing much sulfur this. must be deter
mined directly (14). A modification of the method of Belcher
and Spooner (13) is suggested for this purpose.

Mott (115) has shown that the difference in the corrections for
nitrogen and sulfur, as recommended by the British Standards
Association and by ASTM for the determination of calorific
value, is only procedural.

Sunner and Bjellerup (172) have found that two kinds of syste
matic errors appear when using moving-bomb calorimeters for
determining heats of combustion with substances containing
halogen, or sulfur in addition to carbon, hydrogen, and oxygen:
one of a specific character depending on the presence of halogen
or sulfur and another of a general character which will cause
erroneous results for all substances burned. The practical im
portance of the last type of error in methods currently used was
studied by comparing results from two different independently
<lperated moving-bomb calorimeters. The heat equivalents
were determined with benzoic acid and paraffin oil for comparison.
The mean values of the heat of combustion of the paraffin oil
were 10,975.1 and 10,975.9 cal. per gram. The conclusion was
drawn that general systematic errors do not influence the ac
euracy of the method used.

Wyznikiewicz (196) has shown that the Goutal (63) method
for estimation of heating value of coals depends upon the deter
minations of coke, water, ash, and volatile matter. The heating
value is calculated from these data.

Funasaka and coworkers (53) have made a statistical study on
calculations of the calorific value of coal.

Stumpf (171) has found t)J.at the use of gelatin capsules for
weighing samples of solid fuel for calorific value tests requires
frequent determination of the heating value of the capsules, as
these vary considerably. Somewhat better results were secured
with cellulose acetate, but the best results were secured with cellu
lose acetate-butyrate capsules. One lot of these capsules varied
<lnly from.4758 cal. per gram after 14 days' storage under atmos
pheric conditions to 4779 cal. per gram when stored 9 months.
Another lot varied from 4768 to 4704 cal. per gram over the same
period, so that an occasional check of the calorific value of the
eapsules should be made.

Knorre (90) has reviewed the empirical formulas proposed by
Dulong, Mandeleev, Vondrocek, and Konovalov. A linear
relation is established between the "reducing" calorific value of
<lrganic compounds-i.e., calorific value related to the total sum
of the products of oxidation-and the portions of oxygen. The
heat losses by the consecutive oxidation of various hydrocarbons
are generalized to an average value (Ko = 3300 keal. per kg.).
This enables the use of a new generalized formula for determining
the "reducing" Galorific value. Evaluation of a correction fac
tor (m) for various natural fuels gives a practical formula for
determining the gross calorific value (K~) of the fuel from their
.analysis as follows:

K: = Ko m(a;. CT + 8HT) (1 - OT/Op) (l - OT) kcal. per kg.

where CT, HT, OT are the weight percentages of carbon, hydrogen,
and oxygen, respectively, in the fuel; Op is the limited amount of
oxygen for the total combustion of the hydrocarbons i.J} the fuel;
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and m is a correction factor for various typical fuels: pure
hydrocarbon, 1.00 ± 0.03; natural gas, 1.00; petroleum prod
ucts, 1.00 ± 0.03; brown and bituminous coals, 0.98 to 0.96;
anthracites, from 0.94 to 0.95.

Jenne and Schwarz-Bergkampf (79) have developed a technical
method for determining the net heating value of coal. The ne
cessity of determining the combustion water by certain methods
involves difficulties in the computation of the net heating value
from the gross heating value. The existing narrowly limited
stoichiometric conditions of the solid fuels as defined inthe CHO
triangle of Grout-Apfelbeck's presentation of the air-dried, ash
free coal (112) makes it possible to establish the differential values
by which the higher and lower heating values are distinguished
from one another. In a diagram in which the differential values
are plotted against the higher heating values, the percentage of
the volatile substances serves as an accurate characterization of
the coal. The higher heating value of the coal can be calculated
on the basis of the calorimetrically determined gross heating
value (air-dried), if the ash content and hygroscopic moisture
are known, so that the differential value can be read from the
diagram. By subtracting this value from the gross heating value
the net heating value is obtained.

Corrales Zarauza (31) has tested the applicability of six dif
ferent formulas for calculation of the heating value from the
proximate analysis of 90 different Spanish bituminous coals and
compared the calculated values with actual values. The six for
mulas tested were those of Goutal (62), Nakamura (117), Mantel
and Hiilsbruch'(106), Schuster (158), and Lefebvre and Georgi
adis (96), and a modified Lefebvre and Georgiadis for Saar and
Lorraine coals.

No formula was applicable to all coals, the nearest approach
being that of Goutal which was useful with 84.5% of them, and
the worst being the modified Lefebvre and Georgiadis formula,
being useful with only 36.7%. The worst errors were four
high-ash coals (24.34 to 45.85% ash). Goutal's formula gave
low results for coals with high swelling index (SI) and over 36%
volatile matter in the dry, ash-free coal and low values for coals
of low percent volatile matter and SI below 3. The most precise
results are with formulas proposed for limited groups of coals,
but even with those the precision in much less than that claimed
by their proponents.

ULTIMATE ANALYSIS

Carbon and Hydrogen. Banerjee (6) has made the following
modifications in Fenton's (46) method for carbon and hydrogen
determination in coal: Instead of a single furnace, two tube
furnaces were used. The first was 14 inches long and was kept
at 800 0

; the second, 9 inches long, was kept at 250 0 to 550 0 and
contained a packing of red lead. (PbaO.) and lead chromate.
The length of the combustion tube was increased to 32 inches.
The rate of oxygen flow was reduced to 200 cc. per minute.
Several layers of 90-mesh platinum-rhodium gauze were used
to cover the sample, and a roll of the same gauze was put in the
combustio~ tube adjacent to the final position of the boat.
The red lead retains the oxides of nitrogen, and the gauze pre
vents the escape of combustible matter. The method was
used for coal, coke, coal-tar, pitch, coal extract, and montan
wax with results that compared favorably with standard methods.
The precision for carbon was within 0.10% and hydrogen was
0.03%.

Nitrogen. Lange. and Winzen (94) have modified a semi
micro Kjeldahl method of Beet and Belcher (10) for the deter
mination of nitrogen in coals and coke and obtained very good
results.

A sample (0.1 gram) of the fuel is mixed with manganese
dioxide (1.5 grams) and 1.5 grams of a catalyst [prepared by
mixing 32 grams of potassium sulfate, 5 grams of mercury(II)
sulfate, and 1 gram of selenium powder] is added. Mter the
addition of 8 ml. of sulfuric acid the whole mixture is boiled
until it clears up and no more undecomposed fuel is visible. Mter
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cooling, 100 ml. of water is added, the decomposition flask con
nected to a steam distillation device, and sulfide containing
sodium hydroxide solution added. This solution is prepared by
mixing 9 parts of a, solution of sodium hydroxide (400 grams of
sodium hydroxide per liter) with 1 part of a solution of sodium
sulfide nonahydrate (150 grams per liter). The escaping am
monia is absorbed by an aqueous boric acid solution and titrated
withsuliuric acid.

Badami and Whit~ker (5) have used either manganese'dioxide
or potassium permanganate as the catalyst in Kjeldahl determi
nations of nitrogen in coal.

When potassium permanganate is used, 0.1 gram of coal is
'treated with 10 m!. of concentrated sulfuric acid for 5 minutes
before any potassium permanganate is added. About 0.05
gram of potassium permanganate crystals is then added, and this
addition repeated at about 0.5-minute intervals until the solution
clears. The clearing may require a total of 1 gram of potassium
permanganate. If somewhat larger increments of potassium
permanganate are added at a time, small but usually harmless
explosions occur. These are avoided by adding increments of
the above size. A boiling of 20 minutes is generally adequate.
About the same amount of manganese dioxide is as effective,
with a shorter time for clearing. Manganese dioxide is effective
with both hot or cold solutions, potassium permanganate only
with hot, solutions.

Raclmacher and Lange (141) have deE;cribed the methods of
Kjeldahl, Mantel and Schreiber, and Dumas for nitrogen in
fuels and discussed the limits of their fLpplicability. Unterzau
cher's (183) modification of the Dumas method was found to give
high results for coal and low results for coke. By raising the
temperature of the combustion of cokes to 1000 0 C. accurate and
consistent results were obtained. When the nitrogen content of
coals was determined under the same conditions as the cokes the
results were still too high because pyrolytically burned methane
contaminated the nitrogen and entered the azotometer. It was
shown that this methane could be oxidized completely by a layer
of platinuin'wool'40 to 50 mm.long heated to about 1000 0 C. and
'Placed directly behirid the combustion boat with the sample.
The results found with this modified Unt,~rzaucher method were
usually in good agreement with those obtained with the Mantel
and Schreiber (107) method. They conclude that modified
Unterzaucher method always gives reliable results. The Mantel
and Schreiber method must be confined to compounds of low
volatility and the Kjeldahl method to be unreliable.

Zinne"i;:e (197) has developed the Kjeldahl method to a general
method for nitrogen determinations. The substance containing
nitrogen is decomposed with hot sulfuric acid and a catalyst
(40 grams of selenium powder, 15 grams of copper sulfate, 70
grams of mercuric oxide, and 900 grams of anhydrous sodium
Bulfate). A special apparatus is described. Analytical results
are given for many substances. The 1~;ls-volumetric Kjeldahl
determination is also described.

Oxygen. Wildenstein (190) has pyrolyzed a sample of coal
in a current of purified hydrogen. The effluent gas is cracked
on platinized pumice stone at 900 0 C. Then sulfur is removed by
reduction on nickel. Ammonia gas is a,bsorbed with. boric acid,
water is absorbed by Anhydrone, and car bon dioxide by sodium
hydroxide plus asbestos. The residual carbon monoxide is
then oxidized to carbon dioxide with iodine pentoxide. The
carbon dioxide is absorbed in O.lN sodium hydroxide solution
containing a little sodium thiosulfate which prev.ents discoloring
effects of hypoiodoUEi acid and hydriodic acid. This solution is
then titrated.

Bastick (9) has studi.ed the methods of Schiitze (155), Unter
zaucher (182), and Spooner (165) in which the sample was pyro
Eyzed in a current of nitrogen, and the oxygen-containing decom~

position products were transformed into carbon monoxide on a
carbon column at 1200 0 C: The best method of oxidizing the Car
bon monoxide to carbon dioxide was fou.nd to be by means of
platinized borosilicate glass beads as a catalyst. The oxygen
content of calcium sulfate arid calcium carbonate was included
ill the dete~mination, that of iron oxides only partly.

ANALYTICAL CHEMISTRY

'Blanzat and Barbe (16) have described a rapid method for the
determination of oxygen in coal. The coal is pyrolyzed in a
current of nitrogen at 1200 0 C. The oxygen compound formed
are reduced to carbon monoxide with carbon (benzene black)
at 1200 0 C., the carbon monoxide oxidized to carbon dioxide in the
cold with iodine pentoxide on silica gel, and the carbon dioxide
adsorbed' in Ascarite and weighed. The method differs from
others of similar type by using commercial nitrogen, a reaction
tube of fritted alumina and a very efficient iodine pentoxide
reagent. The method gives good results with pure compounds.
In coals, sulfur compounds do not interfere but a correction is
needed for the oxygen content of the ash.

SchOberl (151) found that, when applied to coal analysis, none
of the methodsJor the direct determination of oxygen in organic
matter gives correct results for the oxygen content of the true
combustible material. The errors are quantitatively evaluated.
Best results are obtained by the use of a modified differential
method in which the true content of mineral matter is used in
stead of the ash content, and in which consideration is given to
the carbonate carbon content.

Guerin and Marcel (70) investigated a method based on the
pyrolysis of the sample and the transformation of the oxygenated
compounds to water by catalytic hydrogenation. At 325 0 C. and
with a delivery of 2 liters of hydrogen per hour the conversion
of carbon monoxide and carbon dioxide to water is quantitative.
A catalyst of reduced nickel with 2% thorium proved to be satis
factory for coals low in sulfur. The method is useful for coals
rich in sulfur if the gas is desulfured by passing over nickel at
150 0 C. and blank tests are run on the nonoxygenated sulfurated
compounds. These compounds yield about 2.5 mg. of water
per hour; this arises from the reduction of oxides of nickel which
are always present in reduced nickel. Oxides of iron, carbonates,
and sulfates interfere in the determination. Silica does not.

Guerin and coworkers (69) have compared two methods of
oxygen analysis in coal, using 11 different coals, some high in sul
fur. The first method involves pyrolysis in nitrogen at 1200 0 C.,
passage of the gases through wood charcoal at 1200 0 C. to give car
bon monoxide, subsequent oxidation to carbon dioxide with a
platinum catalyst and finally gravimetric determination of the
carbon dioxide. This method is preferred to the second method
involving pyrolysis at 1000 0 C., desulfurization of the product
gases, and then hydrogenation of these gases at 325 0 C. with a
nickel catalyst activated with 2% thorium.

Georgiadis (56) has used an improved Spooner method to
determine oxygen in coal directly by passing nitrogen (free of
oxygen and dry) through a tube, 60 cm. long, 20 mm. inside
diameter, heated over 21 cm. of its length to 1150 0 C., 6 cm. are
required for the boat containing the coal sample and 16 cm. for
the charcoal plug following the sample. The oxygen of the coal
is converted to carbon monoxide, the gases are passed through
cadmium'acetate to remove hydrogen sulfide and through various
agents to remove the water and carbon dioxide, the carbon
monoxide is then oxidized over hopcalite catalyst, and the carbon
dioxide is absorbed and determined.

Guerin and Bastick (68) have developed a new method for the
determination of oxygen in coals by pyrolysis in vacuum and
gasometric analysis of the oxygenated .compounds present.
The sample is heated to Hioo 0 C. and the gaseous products are
passed over a silica cracking column heated to 900 0 C. The
carbon monoxide, carbon dioxide, and water which are formed are
determined separately and the total oxygen is .calculated. The
ratios of these products remain constant for each type of coal
and their formation can be studied as a function of temperature.
The method is time consuming, but precise and valuable as a
means of investigating the structure of coals.

Wnekowska and coworkers (192) have modified an Unter
zaucher method as reported by Aluiseand coworkers (1) for
the direct determination of oxygen in .organic compounds and
adopted it to bituminous coals. An enlarged apparatus for larger
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samples and a metallic silver absorber for the removal of hydrogen
sulfide were used. The results obtained by direct determinations
are closer to the actual oxygen content than calculated results.

Phosphorus. Wnekowska and Czubek (191) have discussed
two methods for the determination ~f total phosphorus in coal:
Determination of phosphorus in the ash, and determination of
phosphorus in the coa!. The, first method is not entirely re
liable. A new method was designed in which a modified Kjeldahl
apparatus is used. The following advantages for the method are
claimed: Samples of more than 2 grams of co~l can be used-this
is important, as the phosphorus content of coal is usually low;
Kjeldahl decomposition results in determination of inorganically
and organically combined phosphorus; special, very simple addi
tions to the Kjeldahl apparatus prevent escape of volatile phos
phorus compounds; pyro- .and metaphosphorus co~pounds are
converted into orthophosphates; and after sulfuric acid is sepa
rated by precipitation, orthophosphates can be determined as
ammonium molybdenum phosphate. A new molybdenum rea
gent and mixed indicator (82) were used. This ensured better
readings of the end point in the titrations. This method was
found to be 98.48% accurate (based on phosphorus content)
and good reproducibility was obtained. It was found on the
basis of this method that coal ashes do not contain the total
amount of phosphorus that is present in a given coal sample,
and therefore "ash phosphorus" and "total phosphorus" should
be distinguished.

Puri and Banerjee (137) have used the blue color of the reduc
tion products of phosphomolybdic acid with p-methylamino
phenol sulfate for a colorimetric phosphorus determination in
coal ashes.

A 0.25-gram sample of the ground ash (200 mesh, and a phos"
phorus range of 0.2 to 1.44%) is treated with a mixture, of con
centrated hydrochloric acid (6 m!.) and concentrated nitric acid
(2 m!.) and finally evaporated to dryness. After cooling, a mix
ture of equal volumes of perchloric acid (70%) and concentrated
nitric acid is added and heated. When fuming starts, the heat
ing is so adjusted that only traces of perchloric acid fumes es
cape. When evaporation is completed, another 8 m!. of per
chloric acid-nitric acid mixture is added, heated to fuming, and
finally to dryness. When cool, 5 m!. of concentrated nitric acid
is added and evaporated to dryness. The siliceous matter is now
fixed; next is extraction with 15 m!. of sulfuric acid (50%)
followed by filtration. The filtrate is diluted to a suitable volume
with distilled water; 10 m!. of this solution is used for color de
velopment. Ten milliliters of distilled water and 5 m!. of sul
furic acid (10%) are added, followed by 5 m!. of a 5% sodium
molybdate solution in 10% sulfuric acid. The solution is mixed
well and heated in a water bath. Three milliliters of a freshly
prepared aqueous solution of meta bisulfite (20%) is added and
3 m!. of a freshly prepared aqueous solution of p-methylamino
phenol (3%). The solution is thorollghly mixed and heated in
a boiling water bath with frequent stirring. After cooling, the
solution is diluted and the blue color is measured in a colorimeter.

Sulfur. Siegfriedt and coworkers (163) have determined sulfur
by a rapid microanalytical method using combustion in a small
scale oxygen bomb of new design (a Parr microbomb can be
used). The residue is dissolved 'in water, bromine isadded, aitd
the solution is boiled, made alkaline with sodium hydroxide, and
filtered. The solution is neutralized with hydrochloric acid and
titrated with barium chloridi;l solution using tetrahydroxyquinone
as indicator; the end point is dark orange. A magnetic stirrer
and orange light filter are used.

Davies and Jackson (37) have compared the Eschkaand Strambi
(169) methods for total, sulfur in coal and found the Eschka
method gave higher results. The latter procedure involves
ignition of the ash with the Eschka mixture. The sulfur in the
ash had assumed a form which could not be extracted with water.
When the fusion residue was dissolved in acid, sufIj.cient sulfur
was recovered to account for the difference between the Eschka
and the Strambi method., In the former method the temperature
is low enough that no fusion occurs, and all the sulfur can be ex
tracted with water.
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Radmacher (139) has found that the Eschka fusion method is
best adapted for determining the total sulfur content of a coal,
preferably with a Pythagoras crucible. .A. modified Andrews'
method is used for the determination of sulfate, in which barium
sulfate is precipitated by adding barium chromate solution. The
excess of thepr.ecipitant iS,removed by adding ammonia so that
the chromate ion concentration of the solution corresponds to
the original sulfate. This is titrated with iron(II) sulfate solu
tion, the end point being determined potentiometrically or by
using diphenylaminesulfonic acid as indicator.

Elphick and Gerson (43) have developed a method for sulfur
in coal with the calorimetric bomb washings. These washings
are boiled, neutralized with an excess of sodium hydroxide
(approximately O.0025N), brought to a boil, filtered while hot,
and then after' cooling. titrated, conductometrically against
barium hydroxide solution. Significant results can be obtained
when the weight of sulfur determined is not less than 0.0016
gram with an 0.8-gram sample. The results are in good agree
ment with those obtained by the Eschka method for all. coals
tested.

Forch (49) has examined the method of Hamaker for the de
termination of sulfur in fuels by burning. In the method, the
solution is neutralized to methyl red and the carbon dioxide is
boiled off. As methyl red is generally dissolved in.alcohol, it is
oxidized to acetic acid and methanol which causes serious error.
The tube used for burning the fuel should be rinsed at the end
of the determination because sulfuric acid may condense in
the cool end. The burning of organic' 'matter creates white
mists in the quartz tube. This is not ~ulfur trioxide but silicon
dioxide hydrate.
Rad~acher and Mohrhauer (142) have developed an indirect

titrimetric sulfate determination by modifying the chromate
method of Ancjrews (3) to avoid certain errors. '

Heat 100 m!. of the neutral solution containing the sulfates to
boili~g ancl adq dropwise 10 m!. of a reagent prepared from 30
grams of barium chromate and 10 m!. of ammonium phosphate.
Boil 5 minutes and add 10 m!. of 'a 22.5% sodium 'acetate solu
tion. Slowly add concentrated ammonium hydroxide until the
solution. is distinctly basic. Boil 2 minutes more and allow t.o
cool, then filter. Wash twice with 1.5% sodium acetate solu
tion. Titrate the chromate ion in the filtnite with standard
iron(II) sulfate in presence of dilute sulfuric and phosphoric acids.
Detailed directions are given for preparing the initial aqueous'
solution for analysis by the Eschka, nitric acid oxidation, hydro
chloric acid extraction, and bomb washing methods.

Kiriyama (87), in order to avoid the long time required by the
Eschka and bomb washing methods, attempted to determine
sulfur in coals by a direct combustion method as with iron and
steel samples. By preheating and burning the samples the total
sulfur could be determined quickly, simply, and accurately in
15 minutes as compared with 2 or 3 days by the previ.ous methods.

Horikawa and Sato (78) have applied Beet and Belcher'~ (11)
rapid method for the determination of sulfur to several Japanese
coals. It proved to be simple, quick, and equal in accuracy to
the Eschka method. In determining noncombustible sulfur it
was superior to the Eschka method.

Lissner, and Gobel (100) have studied the Eschka method for
total sulfur as used on lignites and found that during the heating
of the Eschka mixture and the lignite with a burner, the lignite
smoldered and volatile organic and inorganic sulfur compounds
escaped. This sulfur loss has been entirely eliminated by heating
the mixture uniformly and slowly in an electric muffle furnace.

One gram of air-dried and powdered lignite is mixed in a por
celain crucible with 3 grams of the Eschka mixture and slowly
heated 1 to 1.5 hours to 500 0 C. in an electric muffle. After 30
minutes at this temperature it is raised to 750 0 to 800 0 C. and kept
there for 2 hours. The sulfur is now entirely opened up and can
be determined gravimetrically as barium sulfate after leaching
the melt with water to which some bromine was added.

Excellent agJ;eement was obtained, regardless of whether the
sulfur content of the lignite'was as high as 5% or as low as 0.72%.
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Teichmann and coworkers (176) have proposed to reduce the
time required for the determination of total sulfur in coal by
the British st:a.ndard specification method by: adding a few
drops of agar solution to the cold suspension of the barium sulfate
precipitate-it coagulates, settles d,own within 1 hour, and can
be filtered off '~hrough a No. 30 ~'hatman filter; and adding 0.2
gram of potassium perchlorate to the Eschka mixture to shorten
the time of heating from 4 hours to 1 hour, without loss of ac
curacy.

Radmacher and Mohrhauer (143) have reviewed critically the
oxidation and reduction methods for the determination of pyritic
sulfur in fuels.

In the reduction method the pyritic sulfur is reduced to hy
drogen sulfide with zinc and hydrochloric acid containing some
tin(II) chloride. In certain coals reduction was incomplete.
Reduction is improved by finer brrinding of the fuel, but this is
not always satisfactory even with a particle size less than 0.006
mm. As a more powerful reducing agent, chromium powder
plus hydrochloric acid [without tin(II) chloride] was used; it
completely reduced pyritic sulfur at a fineness of less than 0.015
mm. and did not attack the organic sulfur. In the oxidation
method, the sulfur is oxidized by nitric acid to sulfate, and this
is determined gravimetrically. A modification of the method is
to treat the fuel with dilute hydrochloric acid to dissolve all
nonpyritic iron and boil the residue with nitric acid, whereby
all iron from pyrite is brought into solution from which it can
be determined by conventional methods.

Too long an oxidation of the fuel with nitric acid can give too
high values for the sulfur by forming organic acids of which the
barium salts are insoluble.

Treatment for 4 hours at 60 0 with nitric acid (specific gravity
1.12) gave satisfactory results for German coals or similar'prod
ucts but failed when applied 'to the determination of pyritic
sulfur in American coals. For these, treatment with nitric acid
a.t 20 0 for 72 hours I~ave good reE.ults. In the determination of
the iron by boiling the sample with acids, it was necessary to
"reat the powdered sample repeatedly with hydrochloric acid in
order to dissolve all nonpyritic iron and to digest repeatedly with
nitric acid to dissolve all the pyritic iron. The procedures of
the three methods are described in detail.

Mielecki (./1'1) has given the analytical methods for determining
the various forms of sulfur in coal.

Panicker :!lnd Banerjee (127) have determined the available
sulfur in pyritic concentrates and coal by combustion.

A 0.2-gram sample is placed in a combustion boat in a cur
rent of air at 900 0 to 925 a C. which is passed through a combus
tion tube at the ratc of 100 to 126 cc. per minute. The products
of combustion are passed through a lO-inch bed of quartz at
900 0 C., and. then through a 6-inch bed of sulfur-free carbon (pre
pared by carbonizing sucrose at !JOO a C.) maintained at 320 0 C. to
340 0 C. The products of combustion, which contain sulfur diox
ide, sulfur trioxide, and sulfuric acid along with oxides of nitrogen
are reduced to sulfur dioxide and. nitrogen. The exit gas is then
passed through a train of U-tubes, consisting of one tube of
phosphorus pentoxide, two tubes of chromium trioxide, and a
guard tube of phosphorus pentoxide to retain the water lost from
the chromium trioxide. The combustion requires 10 to 12 min
utes, and the sweep is continued for 8 minutes longer. The
amount of sulfur dioxide is determined from the gain in weight
of the two chromium trioxide tubes and the guard tube.

Hartmann and Bachelard (7/j) have made comparative tests of
various methods for sulfur determination in black and brown coals
and spent oxides. For coals the combustion method of Pieters
and Popelier (132) and of Hambersin (72) were compared with
the Eschka method. Some tests were also made on the calori
metric bomb washings, which, however, gave much lower values
than the Eschka method. For spent oxides the combustion
methods were compared with the fusion method with sodium
carbonate and potassium chlorate and some checks were made
with a method using bromine ill carbon tetrachloride and nitric
acid. Results given by the Pieters and Popelier method for
coals agreed closely with those of the standard methods and were
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of equal precision; for spent oxides all methods agreed sufficiently
in view of the heterogeneous nature of the material. The Pieters
and Popelier method was much 'the most rapid and has been
adopted for routine use.

Fedoseev and Lagoshnaya (45) have determined sulfur by
burning the sample in a stream of oxygen in the presence of
amorphous chromium(III) oxide.

Place 0.2 to 0.8 gram of sample in one or two boats and cover
with the chromium(III) oxide which is tamped down slightly.
For samples of high volatile matter, the layer of chromium tri
oxide is made thicker. Collect the products of combustion in an
evacuated (10 to 15 mm. of mercury pressure) thick-walled
flask charged with 25 mI. of 0.1N. sodium hydroxide solution and
2 to 3 ml. of 3% hydrogen peroxide. Determine the sulfur
with sodium sulfite solution either volumetrically or gravi
metrically.

Halogens. Seuthe (161) has determined chlorine in a fuel by
combustion in a stream of oxygen.

The absorption apparatus contains 60 ml. of 1% hydrogen
peroxide. After the combustion of 0.5 to 1.0 gram of the fuel,
the tubes of the absorption apparatus are washed out with the
1% hydrogen peroxide solution back to the combustion tube.
The solution is neutralized with 0.05N sodium hydroxide, and
a mixed indicator is used. The solution is then washed into a
beaker with distilled water, and 10 ml. of cold saturated mercury
cyanide added. This reaction is as follows:

HgCNOH + NaCI---+ HgCICN + NaOH

The solution is then titrated with 0.05N sulfuric acid to a violet
color; 1 ml. of 0.05N sulfuric acid equals 0.00177 gram of chlorine.
or 0.00292 gram of sodium chloride.

Belcher (12) has determined chlorine in coals by wet combus
tion with sulfuric acid in the presence of potassium dichromate
and silver sulfate. The liberated chlorine is absorbed in hydrogen
peroxide and determined acidimetrically after treatment with
Hg(OH)CN.

Das Gupta and Chakrabarti (36), upon the analysis of a number
of a number of Indian coals for chlorine by a modified ter Meulen:
method (110), concluded that up to 35% of the chlorine is present,
in organic compounds rather than as inorganic chlorides.

Alkalies. Lissner and Gobel (101) have made the organically
bound alkali soluble by base exchange with ammonium acetatep

and the total extracted alkali was determined gravimetrically~

after precipitation of other cations, or flame-photometrically.
Anders (2) has extracted a I-gram sample of coal with ammo

nium acetate solution and filtered the extract into a 250-mL
volumetric flask.

One hundred milliliters is evaporated with a drop of hydro
chloric acid and finally heated to a dull red heat. The residue
is moistened with dilute hydrochloric acid and filtered into &

250-ml. volumetric flask. This solution is fed by compressed aU
into an acetylene burner and the alkali determined by flame
photometry. Standard solutions of sodium and potassium are·
used for comparison measurements.

Logie and Rayner (102) have investigated the determination of
alkalies in coal ashes. The classical Smith (164) method for
alkalies is simple and suitable for adoption as a standard method:
finely ground coal ash. Although it is used, it is subject to cer
tain errors and may yield low results. It was found necessary
to increase the ignition temperature from 800 0 to 1000 0 C. iru
order to secure complete extraction of the alkalies. Details are
given of a method for coal ash and another method for-the direct
determination of alkalies in coal or coke. In the lattermethod,_
wet oxidation with perchloric acid is used, followed by a separa
tion of metallic ions by means of an ion-exchange column with
150- to 200-mesh Amberlite lR-120 resin. Methods are given
for the separation of sodium and potassium.

Germanium. Cluley (27) has determined germanium, in: flue:
dust, coal, and coke.
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Mix 0.5 gram of sample with 1.5 gram of sodium carbonate
and cover with 0.5 gram more of the flux. Heat the uncovered
crucible to 600 0 for an hour. To the cold melt add 10 ml. of hot
water and allow to stand on the edge of a hot plate until the melt
is completely disintegrated, cool and transfer to a distillation
flask, add 8 ml. of 6N hydrochloric acid, and carry out the dis
tillation as described for the phenylfluorone method (28).

PLASTIC BEHAVIOR ON CARBONIZATION

Free Swelling Index. The application of the swelling index
test as laid down in British Standards 1016/1942, the standard
D720-46 (ASTM), and the French standard MU-QOl are
fraught with the difficulty of correctly regulating the gas flame.
Rodriquez Pire and coworkers have discussed the design and action
of an electric furnace for the purpose of measuring the crucible
swelling index (148). The same type of quartz crucible is
supported by a refractory cylinder, the outer surface of which
is grooved and serves to support the resistance wire. This ar
rangement is totally enclosed in refractory brick about 1 inch
thick, the bottom brick having an aperture for allowing a pyrom
eter to be introduced. The outer shell is made from an asbes
tos-magnesia mixture. The current through the spiral is 5 to
6 amperes at 120 volts and yields 950 0 C. The results obtained
are compared with those of the gas-fired muflle.

Swartzman and Behnke (173) have modified the standard'
ASTM method for the determination of swelling index by using
a standard 350-watt cone heater and standard 15-ml. platinum
crucibles. Results of numerous tests show conclusively that the'
free-swelling index values as judged by the buttons are exactly
the same as those obtained by the standard gas burner method.

Spooner (166) has deduced a general relation showing that the
swelling power of coal is directly porportional to the amount of
tar produced on thermal decomposition and inversely proportional
to the amount of porous structure of the coal. This has been re
duced to the general statement that swelling is proportional to
(per cent of hydrogen - 4.2)/(per cent of oxygen)'. This re
lation is shown to apply, and equations are deduced for swelling
with fast and slow rates of heating such as the British standard
swelling test, the Gray-King coke type, and the Sheffield Labora
tory coking test. These formulas are then applied in conjunction
with the volatile matter of the deduction of the calorific value,
ultimate analysis, and other properties of coal.

Carbonization Tests. G6mez Aranda and Auria Arbunies (59)
have described an apparatus for low temperature distillation of
coal. It consists of a hard glass tube divided by constrictions
into three parts, one at the sealed end for the sample, one for
dried asbestos, and a third for active carbon. The sample is
heated in an electric furnace and the "light oil" and "heavy
oil" are retained in the carbon and asbestos, respectively, both
of which are maintained at 105 0 C. by an electric heater. Water
and hydrogen sulfide are retained by U-tubes filled with calcium
chloride and copper(II) sulfate, respectively. Gas is measured
in a gasometer. Components are determined by weighing the
absorbents after the apparatus is cut apart. A comparison with
the Fischer retort shows a substantial agreement in all com
ponents, except that this apparatus recovers some 2% more
water and somewhat less hydrogen sulfide.

Reactivity. Bohumir (17) has modified the Kassler (81)
method for determining coke reactivity. By tying the leveling
bulbs of the gas burets together with a pulley system so that
reciprocal motion results to move the reacting carbon dioxide
over the heated coke, the method was made easier to perform.
A middle roller was adjusted to compensate for volume change.
The procedure and calculation are described.

Weisz and Orning (189) have discussed the reactivity of cokes.
A reactivity test developed in the Coal Research Laboratory
(124, 159, 162) is based on measurement of adiabatic self-heated
rates of a fuel sample in a stream of air or oxygen. Temperatures
at which the solid fuel attains self-heating rates of 15 0 and 75 0 C.
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per minute are reported as reactivity indexes '1'16 and '1'76, respec
tively.

Traustel (181) has discussed the method for determining reac
tivity of various cokes based upon their reaction with a mixture
of carbon dioxid,e and carbon monoxide.

Pourbaix and coworkers (134) have discussed experimental
arrangements for study of the reaction of carbon dioxide with
coke in the temperature range of 800 0 to 1100 0 C. Some typical
results are given which show the carbon monoxide to carbon
dioxide ratio obtained for several cokes.

Godbert (57) has described a standard apparatus for the de
termination of the flammability of coal and mine dusts. A
mixture of pulverized coal and stone dust 'is blown through a
small vertical cylindrical furnace at a standard temperature with
a stream of air. The criterion of flammability is the projection
of a red flame from the botton of the furnace into the open air.
The apparatus is standardized by comparison of results with
those obtained in large scale tests in the Bureau of Mines.

Guerin and Adam-Gironne (67) have described a test procedure
in which sulfur vapor flows at a constant rate over a carbonaceous
sample at 800 0 C., and the gaseous products are analyzed. The
index of thioreactivity is defined as the percentage of the sulfur
transformed into carbon disulfide.

Roberts (145) has described two pieces of apparatus to de
termine the ignition temperature of solid fuels accurately with a
minimum of time and expense.

Lambie (93) has modified the Godbert and Wheeler (58) flam
mability apparatus to determine the flammability of peat.

Olpinski and Gabrys (121) have used the apparatus of Swiento
slawski and Roga (174) for the determination of the ignition tem
perature of solid fuels, and the effect of particle size of the fuel
and the location of the thermocouple on the reproducibility of
the results were observed.

Dulhunty and Harrison (41) have determined some of the com
bustion properties of coal in an electrically heated pot furnace,
about 3 inches in internal diameter at the top, about 4.5 inches
deep, and shaped like a crucible. A silica flue is provided,
extending nearly to the bottom of the furnace; this induces air
flow' down the sides of the furnace onto the fuel bed and up
through the flue. One thermocouple (zero thermocouple) is
placed on the furnace wall above the lower end of the flue for
recording the temperature of the furnace wall and of the heated
air draft away from the burning fuel. Another thermocouple
(combustion thermocouple) is located at the base of the furnace;
this is used to record the temperature of the burning fuel during
combustion. A variable transformer is used to control the fur
nace temperature. The furnace is adjusted to the desired tem
perature and a 0.6-gram portion of coal, between 18- and 32
mesh, is dropped down through the flue. Temperatures of the
combustion thermocouple are recorded each minute and plotted
against time. Temperature of the zero thermocouple is also
plotted and used to correct the combustion thermocouple reading
for furnace temperature variations. The rate of combustion
appears to vary as a definite function of the carbon content or
rank. It also appears to be approximately proportional to tem
perature between the limits used in the case of each coal, and
the relation is much the same for coals of all ranks.

REPORTS

King (84, 85) has reviewed the discussions and decisions of the
International Standards Organization on coal analysis.

Fieldner and Gottley (47) have reported the research and tech
nologic work on coal for the year 1950.

Radmacher (140) has reviewed the characterization, classifica
tion, and investigation of coals.

Coppens and Venter (30) have presented a collection of methods
for analysis and tests of coal.

Morgan' and Barkley (113) have listed world production of
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coal and lignite and world resources of coal, brown coal, and lig
nite.

Tomlinson and Hall (180) have discussed analytical tolerance
with particular reference to coal analysis. A method for fixing
tolerances is outlined and includes the procedure to be followed
when the limits are exceeded and further determinations must
be made.

Averitt (4) has tabulated the analyses of large numbers of
Iowa coals and discussed the occurrence, mining methods, and
sampling of the eleaned coal.

Das Gupta (85) has reported recent advances in analysis and
testing of coal and coke.

Thevenin (1Tt') has described the methods for the thermogravi
metric and differential thermal analysis of coal.

Hicks (76) has described the recent work of the Solid Mineral
Fuels Commission of the International Organization and points
out some of the fundamentals on which international agreement
must be reached before detailed methods and practices can be
worked out.

GASEOUS FUELS

CONVENTIONAl. COMPLETE ANALYSIS

Morsing (114) has used a gravimetric method for simultaneous
determination of hydrogen sulfide, carbon dioxide, hydrogen,
carbon monoxide, methane, ethane, unsaturated hydrocarbons,
and nitrogen (by difference) in fuel ga,ses. It is particularly well
suited for producer gas. The accuracy is equal to that of the
common volumetric methods.

Scholz (152) ha,s designed an apparatus for use in blast furnace
and coke-oven laboratories. It consists of two burets arranged
so that the calorific value of the gas can be read directly. A mud
catcher on the ahsorber keeps the solution clear and a potassium
hydl"Oxide trap is on the cross-over pipe. The exhausted solution
can be siphoned out and the apparatus washed and refilled with
out dismantling.

.Madley and Strickland-Constable (/05) have designed a micro
apparatus for the analysis of about 20 ml. of gas. It is useful for
determining carbon dioxide, carbon monoxide, nitrogen mon
oxide, hydrogen, nitrogen and methane.

Robinson (146) has used a comhustion tube consisting of an
electrically heated platinum spiral in a small quartz tube in a
rapid, safe, single-pass combustion analysis of natural gas.

A soap-film gas analysis apparatw) for rapid and complete
quantitative analysis of town gas has been described (29).

Hakewill and Miyaji (71) have discussed an apparatus for
volumetric gas analysis embodying elements of originality com
bined with desirable features from several commercial units.
Analytical results are tabulated for sevaral gases analyzed with
the apparatus.

Carbon Monoxide. Pawlikowski and coworkers (129) have
described an apparatus for determination of small quantities cif
carbon monoxide in gaseous mixtures after selective absorption of
the individual constituents' of the mixture. The method is
sensitive to about CW01 %by volume. Maximum carbon monox
ide concentration which can be determined by this method is 3%;
time required for a single determination is about 45 minutes.

Hydrogen and Methane. Nash and c'oworkers (118) have
described an apparatus and procedure for the continuous deter
mination of methane in reformed natural gas containing up to
4% methane. The methane is oxidized to carbon dioxide which
is analyzed continuously according to the method by Brown and
Felger (20) which depends on change of electric conductance of
an electrolyte when it absorbs small quantities of carbon dioxide.

Oxygen. Devey (39) has reported an improved reagent for
the absorption of oxygen in gas analysis. It consists of 10 grams
of 1,2,4-triacetoxybenzene, and 15 grams of potassium hy
droxide in 100 ml. of water. It absorbs 1.5 moles of oxygen per
gram-mole of reagent and does not evolve carbon dioxide during
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the absorption. Carbon dioxide must be removed from the gases
to be absorbed, however, because of the alkaline medium.

Prchlik (135) has determined less than 1%oxygen in illummat
ing gas, with an accuracy of ±4% in purest methanol contairiing
O.lN lithium chloride in which the absorption coefficient of
oxygen is 7.1 times larger than in water. The polarographic
diffusion current is proportional to the oxygen content, air serves
as a standard. Since the solvability of oxygen is lowered as
water is added to the methanol, the latter is kept over dry cal
cium' chloride. Hydrogen sulfide in illuminating gas is deter
mined by its effect on the oxygen wave in N sodium hydroxide.
The oxygen wave is diminished by the simultaneous anodic wave.
The gas (250 ml.) is shaken with 10 ml. of IN sodium hydroxide;
5 ml. of the solution is diluted tenfold with water, and the cor
responding polarogram is compared with that of a blank. Ben
zene in illumination gas is determined by polarographic analysis
of the products of nitration. These are nitrobenzene and dinitro
benzene depending on the relative concentration of sulfuric acid
and the nitric acid used. The polarograms of the unknown are
compared with those of a similarly treated known air-benzene
mixture.

Dahlstrom and Wahlund (32) have found an acetic acid solu
tion of chromium carbide useful in gas analysis because it absorbs
oxygen at three to four times the rate of alkaline dithionite.

Schulek and PungoI' (156) have worked out two titrimetric
methods to determine oxygen in gas analysis.

One serves' for determining oxygen content in gas samples
containing above 0.1 volume %. This method is based on the ab
sorption of oxygen by manganese oxide at 200 0 to 250 0 C. This
reagent is procured by heating manganese carbonate dihydrate
in a nitrogen current at 300 0 C. The temperature is lowered to
200 0 to 250 0 C., the gas sample is passed through the apparatus,
the granulated glass (containing manganese oxide) is washed
with hydrochloric acid solution containing potassium iodide and
starch, and then titrated with O.lN sodium thiosulfate. When
analyzing gas samples with oxygen below 0.1 volume %, a 5%
solution of manganese chloride tetrahydrate is treated with
LON sodium hydroxide solution containing 5% potassium iodide
and four or five drops of 1% starch. The freshly precipitated
manganese hydroxide is suitable for absorbing traces of oxygen
in the gas sample.

Calorific Value. Wearing (188) has proposed a quick graphical
method for determining the heating value of mixed gases.

Hartmann (73) has constructed a calorimeter suitable for deter
mining the calorific value on small samples of gas (350 mI.). It
is useful on gases on high calorific value (1200 B.t.u. per cubic
foot) and has been used under other conditions when the Bays
(80)' calorimeter was unsuitable.

Scholz (154) has made an Orsat analysis (including methane
and other saturated hydrocarbons by combustion) and calorific
value determination on a gas mixture. Methods are given for
calculating the unsaturated hydrocarbons ethylene and propylene
from the analyses and calorific value and also calculating the
saturated hydrocarbons ethane, propane, and butane. Methods
of securing an adequate and representative gas sample are given.
Examples of the application of the method to a producer gas
from coal and two coke-oven gases are given.

Density. Quirk (138) has outlined three general methods for
the determination of the specific gravity of a gas or mixtures
of gases. The principle, construction, and use of the Ranarex
gravitometer are discussed in detail.

Kenward and Lucas (83) have given a method for the accurate
determination of the specific gravity of town gas by indirect
weighing.

Hydrocyanic Acid. Dittmar (40) has suggested a new method
for determination of small amounts of hydrocyanic acid in manu
factured gas. The hydrocyanic acid is absorbed in sodium hy
droxide, the solution treated with ammonium polysulfide and
acidified. The resulting thiocyanic acid is determined colori
metrically after the addition of iron(III) nitrate solution.



VOLUME 2.7, NO. 4,AP,RIL 1955

Water Vapor. Roman and Hirst (149) have applied the
Fischer reagent for the determination of very small quantities
of moisture in gases. The dead-stop end point was used. A
suitable glass. apparatus is described.

Brickell (18) has determined water vapor in natural gas at
high pressures by extracting the water vapor with ethylene glycol
and titration of it with Karl Fischer reagent.

Taubert (175) has determined the water vapor in raw gases
from carbonization equipment by simple cooling and condensa
tion of the large part of the water: The exit temperature of the
gas allows calculation of the additional water of saturation.

Odelskir (120) has given the following formula for calculating
the water vapor content of natural gas:

Y n = A (Pn/P)g/cubic meter

where Y n is the water-vapor' content in grams per cubic meter.
P n is the vapor pressure of saturated water vapor in millimeters
of mercury (which is independent of the temperature of the gas),
and P is the gas pressure.

MISCELLANEOUS

Wustrow (193) has modified a Leuna column (194). The
Holm fractionating column is replaced by one which eliminated
the use of liquid pentane and, by shortening the time of analysis,
reduced the amount of liquid nitrogen required.

Mendoza (109) has reviewed analyses of gaseous mixtures,
covering sampling, chemical methods of analysis, micro and semi
micromethods, and physical methods.

Struck (170) has given methods for the determination of specific
gravity and density, calorific value, gas analysis (general instruc
tions), nitrogen by Jager volumetric method, moisture in gas,
hydrogen sulfide, hydrocyanic acid, benzene,tar, and the analyti
cal determination of low-percentage gas constituents and impuri
ties by the Wunsch pressure apparatus.

Guerin (65) has reviewed modern m,ethods of gas analysis.
Bartley (8) has described an infrared absorption method for the

continuous analysis of gases. The apparatus'is valuable in gas
and coke appliance testing in gas manufacture, coke production,
and for fuel economy.

Penchev and Iordanov (130) have improved the apparatus of
Chlopin and Lukasuk (26) for the determination of helium,
which measures the volume of the helium after absorption of the
residual gas at liquid air temperature by me.rcury taps.

Kils (92) has described an analyzer and a method for the
analysis of natural gas.

The analyzer consists of a buret, two pipets containing po
tassium hydroxide solution and alkaline pyrogallol, respectively,
and a combustion ,tube with a platinum filament held at a white
heat. About 35 m!. of the dried gas is measured before and after
scrubbing in potassium hydroxide for carbon dioxide content,
and after scrubbing in alkaline pyrogallol for oxygen. Another
sample is mixed with 100 m!. of oxygen, potassium hydroxide
scrubbed to remove carbon dioxide, and the sample burned by
passage into the combustion tube at the rate of about 10 m!. per
minute. The cooled gases are measured, scrubbed with'potassium
hydroxide to determine the carbon dioxide formed by the com
bustion, and then with pyrogallol to determine the excess oxy
gen. If no oxygen remains, incomplete combustion is indicated
and a smaller sample should be taken. The ratio of methane to
ethane is calculated from the amount of carbon dioxide formed
in combustion. For slow burning mixtures, copper(II) oxide
at a dull red heat in a quartz tube, such as is used in the Hempel
apparatus, is recommended for the combustion.

Chlenov (25) has given a general method for calculation of
hydrocarbons in gases that is applicable to natural gas and cracked
gases. The density is determined with the gas balance or with
the apparatus of Schilling. Since these gases are 'almost exclu
sively hydrocarbons of th~ methane series, their heating value,
air requirements, and composition can be approximately .cal
culated from the density values with the aid of simple curves.
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The content in hydrocarbons in the cracked gases (10 to 20%)
has but little, effect on the results. A correction of 2% is sub
tracted for the hydrogen sulfide. content (above 2.5%). Cor
rections for other constituents (carbon dioxide, oxygen, aI).d
nitrogen) are insignificant, since their concentrations are very
slight.

Francis has found (50) that the presence of a few parts per
million of sulfuric acid vapors ra,ises the dew point of the com
bustion products of manufactured gas over .that which would be
obtained with water vapor alone. An apparatus for measuring
the dew point by the increase in the electrical conductivity of a
glass surface which occurs on the deposition of a liquid film of an
electrolyte, such as sulfuric acid, was developed.

Dupuis (42) has found a methane content of about 1% in
French blast-furnace and, coke-oven gases, when determined by
the usual method (with eudiometer). A lower content has been
reported in America and England. When the method of de
termination is modified so that combustion takes place at 800 0 C.
in the presence of a catalyst on a copper(II) oxide base, the meth
ane content of only 0.1 to 0.3% is found.

Kitagawa (88) has reviewed methods of gas analysis by detector
tubes.

Olsen (122) has used a Mach-Zehnder optical interferometer to
measure the chemical composition and temperature of multi
component gas mixtures.

, BarIet (7) has used a modified Bunte buret in an exact and
rapid method for the analysis of industrial gases:

Guerin (66) has reviewed the apparat],is and techniques of
gas analysis from Hempel and "Vinkler to the use of the mass
spectrometer.

Vdovenko (184) has determined the hydrogen sulfide content of
a gas by continuously passing a strip of lead acetate filter paper,
20 mm. wide, through a small" chamber' at a rate of '20 mm. per
15 minutes."- A recording apparatus 'for' deterillining weight
increases of iron oxide sample over which gas is passed is also
described.

Rosen (150) has used the absorption index test to predict the
butane content of natural gas with a precision of 5% based upon
fractional analysis. The test consists of measuring the equilib
rium pressure developed when a sample' of 40 volumes of a gas
is mixed with 1 volume ofpure octane at 760 min: or-mercury and
100 0 F. '

Lesniewicz (97) has reviewed the. principal types of chemical
and physical gas analyzers and described their range and appli-
cation in the industrial chemical field. . .

Sampling. Wykoff and coworkers (195) have described an
automatic sampler of gases at high temperatures and pressures.
The equipment consists of three basic units~ a liquid" cooled
probe for removing gas samples from within the combustor,
a traversin:g mechanism for ~oving the probe stepwise through
the combustor at a controllable rate, and a valve mechanism
and associated glass pipets for selectively collecting samples at
each prohe position.

Patterson (128) has altered an old temperature recorder con
troller to give a contact for approximately 4 seconds, once every
6 minutes. This impulse was used to release water (about 120
m!.) from a gas sampling chamber, thus permitting the taking of
a representative 24-hour sample.'

Scholz (153) has described a form of aspirator which 'makes it
possible to take a truly representative compositive gas sample
over a period of time by using the pressure differential over an
orifice. .

Pritchard and Walton (136) have described an apparatus for
taking samples for laboratory analysis. The sample is com
pressed into a small cylindrical metal container by' a special hand
pump. Gas is delivered at low pressures by a diaphragm type
pressure regulator.

Sampling problems, apparatus, and methods of analysis for
oxygen, carbon dioxide, and carbon monoxide by Orsat and
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Haldane apparatus have been described by the British Standards
Institute (19).

Richford (144) has described a water-displacement method for
collecting a series of equal increments of high pressure natural
gas over a period of time for the determination of calorific value.

McGlashen and Powell (104) here developed an automatic
device for taking a sample of high pressure gas at a uniform rate
over a selected period of time. The apparatus is based on the
principle that the maintenance of a constant rate of increase in
gas pressure within a gas sample container from atmospheric
pressure to any selected maximum pressure over any selected
time period will result in a constant flow of gas into the container
over the period, provided the temperature of the gas within the
container is not varied. A spring chart motor is used to readjust
a pressure regulator slowly.

Tar. Lunden and Cederquist (103) have absorbed tar, dust,
and water from producer gas in a low boiling solvent (methylene
chloride plus methanol) at --60° C. The dust is filtered and
weighed, and the tar is determined in one part of the solvent by
evapora';ion of the solvent ar.d the water. 'Water is determined
in another part of the solvent by titration with the Fischer
method.
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Essential Oils and Related Products
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OFFICIAL COMPENDIA

The British Pharmacopoeia 1953 (11) was published and be
came official as of September 1, 1953. Monographs are included
for the following products of interest to the essential oil industry:

Appendix IV, page 702, gives detailed procedures for the
determination of physical properties; Appendix X, page 754, for
the determination of chemicrul properties.

According to what little information is available, it appears
that a new edition, the seventh, of the Russian Pharmacopoeia
(10.n was published in 1952.

THIS fifth review of analytical procedures for essential oils
and related products follows the general outline established

in the previous reviews (56-59), The present paper covers the
literature from October 1952 to October 1954.

There iEl evidence of further use of infrared and ultraviolet
absorption procedures, and of a marked emphasis on chromato
graphic separations. However, relatively few adaptations of
these methods, applied specific3,lly to essential oils, have been re
ported.

Revisions for existing specifications of aromatic chemicals are
given in No. R-l; for essential oils, in R-2. The EOA cassia
flask (previously described in EOA Apparatus 1) is now available
as a stock item from Kimble Glass under the number 28068.
This is a flask of very convenient size for the determination of
aldehydes and ketones as well as phenols.

A collaborative study of the reproducibility and application of
infrared absorption techniques has been inaugurated by the
Scientific Committee of this association. No published findings
have appeared as yet.

Several new journals of interest to the essential oil field have
been issued: Analytical Abstracts (2), published monthly for the
Society for Analytical Chemistry (England); the J oumal of
Agricultural and Food Chemistry (68); and Conserve e derivati
agrumari (Palermo) (24). None of these journals deals exclusively
with essential oils, but they frequently carry articles of interest.

Dawson and Harris (30) prepared a bulletin on sensory methods
for measuring differences in food quality, which includes a selected
bibliography of some 300 papers.

No. 62
No. 63
No. 64
No. 65
No. 66
No. 67
No. 68
No. 69
No. 70
No. 71
No. 72
No. 73
No. 74
No. 75
No. 76
No. 77

Oil Ocotea Cymbarum
Oil guaiac wood
Oil Amyris
Oil balsam of Peru
Oil balsam of Tolu
Oil opoponax
Oil olibanum
Camphor oil 1070
Oil linaloe wood
Oil sage, Spanish
Oil pennyroyal
Oil pimento leaf
Isobornyl acetate
Oil cananga
Oil sweet marjoram
Oil clary sage

A second and enlarged edition of Siggia's well-known work,
"Quantitative Organic Analysis via Functiona:l Groups" (113),
appeared in 1954.

A select and thoroughly adequate listing of texts, journals,
compendia, and reports dealing with the literature of the field of
essential oils was compiled by Leidy (75).

An excellent publication by the Synaicat National des Fabri
cants et Importateurs d'Huiles Essentielles et Produits Aroma
tiques Naturels of Grasse, France (124), was released. It was
prepared under the direction of Igolen, Crabalona, Daumas,
Benezet, and Teisseire. This volume describes methods of
analysis and gives analytical constants for commercial essential
oils. This represents a praiseworthy attempt to maintain the
quality of commercial oils.

The British Standards Institute (12) described methods of
testing essential oils, and gave procedures for the determination
of physical and chemical properties.

The Scientific Committee of the Essential Oil Association of the
United States (41) published specifications and standards for the
following:

Page
26
46
78
79
80

100
114
134
149
150
153
165
168
182
194
197
227
227
228
248
301
304
323
368
375
406
474
475
476
479
519
558
560
571
574
590
597

Volatile bitter almond oil
Ao.ise oil
Benzoin
Benzyl alcohol
Benzyl benzoate
Cade oil
Camphor
Chenopodium oil
Cinnamon oil
Citric acid
Clove oil
Colophony
Coriander oil
Dibutyl phthalate
DiU oil
Dimethyl phthalate
Ethyl oleate
Eucalyptol
Eucalyptus oil
Glycerol
Lavender oil
Lemon oil
Menthol
Nutmeg oil
Olleic acid
Peppermint oil
Rosemary oil
Saccharin
Saccharin sodium
Santonin
Prepared storax
Ta,r
Terpineol
Thymol
Balsam of Tolu
Turpentine oil
Vanillin

NEW TEXTS AND PUBLICATIONS

Volume III of "Colorimetric Methods of Analysis" by Snell
and Snell (117) was published in 1953. This volume describes
colorimetric methods as applied to organic compounds ; Volume
IV, as yet unpublished, will conclude the series.

ANALYTICAL PROCEDURES FROM
SCIENTIFIC AND TECHNICAL LITERATURE

Acids. Methods employing circular paper chromatography
were described for the separation and identification of certain
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organic acids by Giri,Murthy, and Rao (54) and by Airan, Joshi,
Barnabas, and Master (1). Paper chromatography, using an
ascending method, was used by Van Duuren for the determina-.
tion of some nonvolatile acids (129). Using a paper chroma
tographic technique, Jones, Dowling, and Skraba (67) reported
Rf values for a number of common acids i~ several solvent com
binations. Duncan and Porteous (34) used paper chroma
tography for the identification and determination of lower
straight-chain fatty acids. Burton (18) described the separation
of volatile acids by paper chromatography. Micheel and
Schweppe (81) used a cellulose acetate paper for the separation of
the higher fatty acids; they also reported on a separation of
isomeric phthalic acids by this same technique. Lindqvist and
Storgards (76) made a comprehensive study of several variables
encountered in the separation of volatile fatty acids by paper
chromatography, and recommended a detailed procedure, based
on this study. Nijkamp (91) described a simple chromatographic
method for the determination of C IO to C20 saturated straight
chain fatty acids, using a long column packed with silica gel.

Kawamura, Momoki, and Suzuki (70) reported a novel micro
method for the coulometric titration of salicylic acid.

For the potentiometric titration of substituted fatty acid,
Radell and Donahue (97) recommended as solvent a mixture of
benzene and methanol containing lithium chloride; as a titrant,
a O.IN solution of sodium methoxide.

Alcohols and Phenols. Ott (95) investigated a method' using
a mixture of pyridine and acetic anhydride for the determination
of tertiary alcohols in essential oils; results were found to be re
producible but slightly lower than the values obtained by the
classical Glichitch method. For primary alcohols, Petrova
(96) employed as the acetylating agent a mixture of acetic acid
(?) and pyridine in the ratio 1 to 3; other minor modifications of
the method of Verley and Bolsing were suggested.

Brown and Hafliger (14) described a convenient technique for
carrying out micro-Zerewitinoff determinations; several modifica
tions were prepared to give consistent and reproducible results.

Rao, Shah, and Pansare (98) used the lithium aluminum
hydride method (originally proposed by Higuchi) for the micro
determinations of active hydrogen in organic compounds; they
described an apparatus and gave a detailed procedure.

For the separation and identification of normal aliphatic
alcohols and methyl carbinols, Van Duin (128) used as reagent a 4
dialkylamino-3,5-dinitrobenzoyl chloride; this gave colored
esters which were separated by partition chromatography.

Yarborough (13.4) reported on the mass spectrophotometric
analysis of alcohols containing six and'seven carbon atoms;
of the mixtures studied, analytical results were obtained agreeing
within ±5% of the true values.

Chang (23) compared the separation of menthol from essential
oils by fractional distillation with that by chromatographic
adsorption; results obtained by using a column packed with
activated carbon (100- to 200-mesh) were good.

Rosenthaler and Vegezzi (101) studied the influence of sulfuric
acid concentration on the color which developed when aliphatic
alcohols were treated with aromatic aldehydes-e.g., vanillin,
p-hydroxybenzaldehyde, salicylaldehyde, and ethylvanillin.
Such color reactions must be interpreted with caution when
applied to mixtures as complex as essential oils.

Bohme and Opfer (9) found that pseudosaccharin chloride gave
crystalline products with some 25 glycol and glycol derivatives
which they studied; this reagent had been suggested previously
by Meadoe and Reid (80) for the identification of alcohols.

A chromatographic separation of normal aliphatic alcohols
having one to five carbon atoms was reported by Dal Nogare
(28); columns of silicic acid and of a mixture of silicic acid and
Celite were used. Such columns were not adequate for the
separation of the iso form from mixtures with the normal alcohols.
The same technique was suitable for the separation of glycols
having two to four carbon atoms.
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Bergner and Sperlich (7) recommended chromatography for
the determination of glycols in foods, cosmetics, and similar
mixtures.

Griffin (55) reported on the determination of glycerol and
propylene glycol in desiccated coconut by a distillation technique
using Decalin and a Dean and Stark type or'receiver. The high
boiling point of Decalin should make this compound useful in
determinations in the essential oil industry.

Mathers and Pro (79) described an elaborate method for the
determination of propylene glycol and glycerol in foods and
medicinals.

Fritz and Keen (50) suggested a technique for direct titration of
phenols in a nonaqueous medium. Dimethylformamidewas
studied as a solvent with azo violet as indicator. For alkyl
substituted phenols, ethylenediamine was recommended as sol
vent with o-nitroaniline as indicator. If such a method could be
adapted for use with essential oils, it would prove very useful in
special cases,

Fischer and Hall (47) studied critically the method of the
United States Pharmacopoeia for·the determination of eugenol in
clove oil. They recommended that the flask be thoroughly
shaken at least three times during the heating period and be
permitted to stand for 20 hours before the reading is taken;
a modified cassia flask was also suggested. Analysts experienced
in the analysis of clove oil have found that shaking is necessary to
assure adequate mixing of the oil and alkali for complete saponi
fication of the eugenyl acetate. The Essential Oil Association
flask, now available from Kimble Glass, gives more accurate re
sults than the flask proposed by Fischer and Hall.

Esters~ For the determination of the saponification value of
low boiling esters Davis (29) suggested the use of a balloon at
tached to the side arm of the reflux tube; this results in a closed
(but expandable) system and prevents loss of the volatile esters.

Fischer and Hall (45) reported on the assay methods of the
United States Pharmacopoeia for esters in volatile oils, and
proposed modifications.

Dullaghan and Nord (33) described an iodometric procedure
for the determination of glycidic esters. The method is based on
Darzen's contention that glycidic esters react quantitatively with
hydrogen iodide to yield acyclic esters and free iodine.

For ascertaining the cinnamein content of Tolu balsam,
Rosenthaler (102) suggested triturating a I-gram sample with
5 grams of sand before extracting with ether; this assures com
plete extraction.

For the separation of methyl esters of fatty acids having 12
to 22 carbons atoms, Cropper and Hey~00d(26) used a vapor
phase chromatographic technique. Columns 'packed with equal
parts of Celite and high vacuum silicone grease were employed.
Nakabayashi (86) determined.R f values for several,coumarins
using paper chromatography.

To detect benzoates and hydroxybenzoates in foods and
pharmaceuticals, Gakenheimer (51) used the diazotization tech
nique of Edwards et al. (37).

Aldehydes and Ketones. Montes and Grandolini (84) studied
the hydroxylamine method of Bryant and Smith for aldehydes
and ketones, and applied it to 140 compounds. Feuell and
Skellon (43) proposed the addition of sodium acetate (or am
monium acetate) to the blank to permit a more accurate color
match; this proved advantageous in the determination of
carbonyl compounds when hydroxylamine or sernicarbazide was
used.

For the determination of aldehydes in the presence of acids,
ketones, acetals, and vinyl ethers, Siggia and Segal (114) de
veloped a method using a modified Tollens reagent; the excess
ionic silver was titrated potentiometrically with potassium
iodide solution. Such a method for determining aldehydes in the
presence of acetals and aldehydes in the presence of ketones
should prove of much value to the essential oil industry.

Fischer and Hall (46) studied the official method of the United
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States Pharmacopoeia for the assay of cassia oil and suggested
several much needed modifications. The use of the new Essential
Oil Association cassia flask would prove more advantageous than
the use of the special flask proposed by the authors. A novel
method for the determination of aldehydes using bisulfite was
proposed by Salomaa (106). A measured amount of a solution
of sodium bisulfite containing 5 to 10% of ethyl alcohol was made
to react with the aldehyde and the excess bisulfite titrated with a
O.IN iodine solution. To prevent oxidation, the reaction mixture
m.ust be covered with a layer of toluene.

For the determination of aldehydes and ketones wit.h phenyl
hydrazine, Terent'ev and Zabrodina (125) described the use of a
solution of the hydroehloride in pyridine; the excess reagent was
titrated with a 0.1 to 0.2N copper acetate solution.

Nivoli (92) described the preparation of alumina eolumns for
the separation of vanillin and coumarin from toluene solutions.
Sjostrom (116) utilized an ion exchange column (AmberliteIRA
400) for the separation of ketones as the bisulfite addition com
pound. Newcombe and Reid (90) suggested treatment of filter
paper with sodium bisulfite to separate carbonyl compounds on
the basis of degree of reactivity.

Lagneau (74) used paper chromatography in a study of vanilla
extracts to separate vanillin, ethylvanillin, and heliotropin;
R r values were reported. Sykora and Prochazka (123) identified
carbonyl wmpounds by a paper ehromat-ographic separation of
the 2,4-dinitrophenylhydrazones. Kramer and Van Duin (72)
separated and identified the 2,4-diJJ.itrophenylhydrazones of nor
mal aliphatic aldehydes and ketones having 18 carbon atoms or
less by partition chromatography using silica gel.

A micromethod for the determination of carbonyl eompounds
using nitro-substituted phenylhydrazines was reported by
Schoniger (109); the excess reagent was reduced with a titanium
trichloride solution and the excess of this latter solution in turn
determined by titration. The procedure appears too complex
for use as a routine method.

Siggia and Segal (115) proposed the use of primary amines for
the determination of aldehydes. An excess of a 2M solution of
lauryl amine was llsed, and was determined potentiometrically by
titration: with a salicylic acid solution. Methyl ketones cause
some interference, but other ketones in moderate concentrations
have little or no effect.

Onoe (9.~.) studied factors affecting results of chromat.ographic
separation of 2,4-dinitrophenylhydmzones of alphatic compounds,
using the glass chromatostrip technique of Kirchner and Miller.
RJ values were sensitive to variations in the moisture eontent of
the strip, so that the extent of desiecation must be controlled in
preparing such chromatostrips. Isomeric forms of the individ
ual aliphatic aldehydes could not be separated from the normal
compounds.

Howard and Tatchell (63) separated milligram quantities of the
2,4-dinitrophenylhydrazones using a reverse phase partition
chromatographic eolumn.

Souchayand Graizon (119) reported a polarographic technique
for the determination of aldehydes and ketones using semi
carbazide. Hasselbach (61) described the polarographic deter
mination of citral and citronellal in e.ssential oils.

For determination of a-diketones, Modiano and Pariaud (83)
used bromine in the presence of mercuric sulfide. Englis, Fisch,
and Bash (38) measured absorption of dimethylglyoxime at the
peak near 226 ml' for determining as little as 0 to 10 p.p.m. of
diacetyl; results eompare well with the gravimetric method in
which the nickel complex of dimethylglyoxime is precipitated and
weighed.

Ross (103) triturated the 2,4-dinitrophenylhydrazones of
ketones with mineral oil and determined infrared absorption
spectra in the range of ti to 15 micro[(s and gave spectra for many
such derivatives. Naves and Lecomte (89) reported the in
frared absmption spectra of iononeB, irones, and several of their
derivatives.

ANALYTICAL CHEMISTRY

Karrer and Blass (69) described a color reaction for a-ionone
and 5-oxy-a-ionone. The addition of a few drops of 20% sodium
hydroxide solution gives a red color showing a maximum at 510
ml'; the color gradually fades, however. As ,8-ionone does not
show this color reaction, these authors suggested the test could be
used to ascertain the presence (or absence) of a-ionone in ,8-ionone
preparations.

Ensminger (39) reported the ultraviolet absorption spectra of
vanillin, ethylvanillin, and coumarin in alkaline and acidic
solutions for the determination of these compounds in imitation
vanilla extracts. EnsnJ.inger (40) reported on a collaborative
study of the official gravimetric method of the Association of
Official Agricultural Chemists for the determination of vanillin
and coumarin in the vanilla flavors; low and variable recoveries
were found.

For the detection of ethylvanillin in imitation vanilla extracts,
Janovsky and Filandro (65) suggested the use of a color reaction
with a 1% freshly prepared solution of p-aminophenol in alcohol.

Broderick (13) questioned the value of the lead number in the
evaluation of vanilla extracts; he concluded that as an index of
quality, the lead number is useless. However, as an index of
purity the lead number cannot be ignored.

Cartwright (21) reported the solubility and volatility of vanilla
like synthetics-propenyl guaethol, bourbonal, vanillin, and
coumarin.

Castiglioni and Bionda (22) detected heliotropin in a mixture
with vanillin by a condensation with cyclohexanone; separation
of the precipitate and subsequent treatment with sulfuric acid
yielded a violet color characteristic ofpiperonylidenecyclo
hexanone.

As a reagent for the identification of aromatic aldehydes in
essential oils, Klosa (71) proposed the use of 4-hydroxycoumarin.
He gave melting points for derivatives of several aromatic
aldehydes; aliphatic aldehydes other than formaldehyde and
acetaldehyde do not react.

For the determination of small amounts of acetone Etienne
(42) proposed spectrophotometric measurement of the condensa
tion product with furfural.

Costa and Cardosa do Vale (25) applied the method of Garratt
for the detection of furfural to essential oils.

For the determination of tert-butyldimethylacetophenone and
musk ketone, Bogdanov (8) developed a gravimetric method
based on the condensation of those compounds with anisaldehyde
in the presence of a 40% sodium hydroxide solution.

Johnston (66) offered a modification of the hydroxylamine
method for the determination of aldehydes; tert-butyl alcohol is
used as a solvent to prepare the solution of hydroxylanJ.ine.
The use of a tertiary alcohol precludes the possibility of acetal
formation. A pH meter is used to establish the end point.
These modifications eliminate the two basic problems in the use
of an oximation method for the determination of aldehydes.
This procedure should be thoroughly investigated by other
laboratories, as it offers much promise.

Terpenes. A method employing paper chromatography was
described by Schenck and Fromming (107) for the determination
of azulene in the essential oil of chamonJ.ile. For the determina
tion of azulene in chamomile flowers, Fischer and Resch (.1.8) sug
gested a simple method: distillation of the oil with steam and
subsequent measurement with a photoelectric colorimeter.

Xavier, Verghese, and Yeddanapalli (133) estimated p-cymene
by oxidation to terephthalic acid; they reported that rapid
oxidation gave better results than slow oxidation.

Sutherland (122) published a refractive index-density (n-d)
chart for 25 naturally occurring terpenes and described its use.

Nitrogen-Containing Products. Freeman (49) described three
methods for the determination of Schiff bases by titration in non
aqueous media.

For the determination of hydrogen cyanide in drugs, Torres
(126) proposed a simple distillation technique wherein the hydro-
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gen cyanide is distilled through a condenser, the tip of which is
immersed in a 1% solution of sodium hydroxide; the resulting
sodium cyanide is determined by titration with a solution of silver
nitrate.

Wojahn (132) described a novel method for the determination
of isothiocyanates by oxidation with hypoiodite. As a routine
test, the method of the 'eighth edition of the National Formulary
appears to be more useful.

Schultz, Gmelin, and Keller (112) isolated mustard oil gluco
sides with the aid of anion exchange resins. Schultz and Gmelin
(110) also investigated a method using paper chromatography for
such isolation. For the quantitative estimation of mustard oil
glucosides these authors (111) proposed a color reaction with an
anthrone reagent; the color intensity was measured photometri
cally. Interfering substances must first be removed, preferably
by paper (or ion exchange) chromatography.

McKenzie and Wallace (77) made a critical study of the
Kjeldahl method for the determination of nitrogen; digestion
conditions, temperature, catalysts, and oxidizing agents were
investigated.

Peroxides. Beckett and Dombrow (.4) used a polarographic
method for the determination of ascaridole in chenopodium oil
and in castor oil solutions of chenopodium oil. In a subsequent
paper, Beckett and Jolliffe (5) compared the polarographic method
with the iodometric method of the British Pharmacopoeia. They
criticized the official method because of the use of an incorrect
factor and because the amount of iodine released is not directly
proportional to the weight of ascaridole. In spite of the obvious
deficiencies of the official method, it has received acceptance be
cause of the lack of a more adequate procedure that can be used
as a routine test for the commercial evaluation of this oil.

Maruyama (78) investigated the polarographic determination
of ascaridole and reported an accuracy within ± 1%. Garratt
and Phipers (52) assayed ascaridole in castor oil solutions of
,~henopodium oil by a distillation with ethylene glycol, separation
of the oiLfrom the distillate, and final determination of ascaridole
by the official method of the British Pharmacopoeia.

For the determination of organic peroxides, Sully (121) sug
gested a modified iodometric determination.

Torres and de Diego (127) proposed the introduction of the
"oxidation factor" as a chemical property for the evaluation of
essential oils. The oxidation factor was defined by these authors
as the number of milligrams of essential oil oxidized by 1.0 ml. of
a O.IN dichromate solution; the value increases with age.

Determination of Essential Oil Content. Schirm (108) made
a study of distillation methods for the determination of the
essential oil content in drugs. He reported that the addition of
sodium chloride decreased the water solubility of certain compo
nents of the oil and shortened the time required for distillation.
The use of a measured amount of xylene was also recommended
to lessen the tendency of the oil to dissolve in the aqueous dis
tillate and to aid in the washing down of the condenser.

Stahl (120) described a new apparatus using continuous steam
distillation for, the determination of small amounts of essential
oil. The introduction of 0.5 ml. of pentane in the receiver was
recommended. Bruckner (15) developed a microapparatus for
estimating the content of essential oil in a 2-gram sample of pep
permint leaves. The receiver is a capillary graduated in O.OOl-mi.
units. Bournot (10) compared this apparatus with others and
reported satisfactory results especially if only a small sample of
the botanical was available.

An oxidation method was proposed by Hadorn (60) for the
determination of essential oil in spices. This method cannot be
recommended as a general procedure for the essential oil industry.

Carson (19) reported a collaborative study of the official.
method of the Association of Official Agricultural Chemists;
wide variations were noted in the results obtained for nutmegs
and allspiee (Pimenta berries). The use of a spe~ial receiver,
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applicable for oils heavier than water as well as for oils lighter
than water, was investigated; in a subsequent paper, Carson
(20) reported that this receiver proved unsuccessful for allspice.

Determination of Water Content. Duvall and McBay (35)
applied the Karl Fischer method successfully to some 34 official
drugs. The use of methylene blue (in absolute alcohol or pyri
dene) was proposed by Fisciler (.44) as an aid in the visual de
termination of the end point.

Belcher and West (6) proposed a new reagent for the titration
of water; it is similar to the Karl Fischer reagent but uses bromine
to replace iodine. Results were reported to be more nearly
stoichiometric and the end point to be more easily defined vis
ually. For potentiometric titration, it proved as satisfactory as
the original Karl Fischer reagent.

Aubry and Monnier (3) suggested an elaborate method for the
determination of small amounts of water in solvents; a saturated
solution of lithium bromide in anhydrous ether is added and the
hydrate is thus precipitated and separated. The ~mount of
hydrate is determined by bromometric titration.

Domange and Longuevalle (31) compared several methods for
the determination of water in certain products of the French
Pharmacopoeia; these methods included drying in an oven, dry
ing in vacuo, and the Karl Fischer procedure.

Eberius (36) discussed the various applications of the Karl
Fischer reagent to quantitative organic analysis.

Miscellaneous. Gauthier and Maillard (53) extended the
method of Siggia for the bromometric determination of alkyl
sulfides. Hastings (62) proposed a spectrophotometric df'termi
nation of aliphatic sulfides based on the unique ultraviolet ab
sorption bands at 308 mIL exhibited by the iodine complex of
aliphatic and acyclic sulfides.

For the determination of menthofuran, Ohloff (93) rQported a
method based on the quantitative reaction with p-benzoquinone
at 20° C.; after 19 hours, the excess of reagent is determined
iodometrically. Naves (88) determined menthofuran in pepper
mint oils by direct infrared absorption measurements at 13.6M;
the base-line technique should be used. Wegner (131) reported
that menthofuran gives an intense red color changing to deep
violet when treated with the EM reagent. Peppermint oils
gave the same color reaction, indicating the presence of mentho
furan.

Moster and Prater (85) published a rapid spectrophotometric
method for the determination of color value of capsicum. The
procedure is applicable to the oleoresin. Measurement was
made at two wave lengths-569 and 663 mIL or 577.5 and 663 mIL,
depending on the color of the extract. A satisfactory spectro
photometric method is much needed; the accepted visual method
gives results that are too variable and not easily reproducible.

The Analytical Methods Committee (of England) (118)
described a method for the determination of lead in foods.
After destruction of the organic material, lead was determined
with diethylammonium diethyl carbamate. This method
appears to be applicable to essential oils.

A series of articles by Cultrera, Buffa, and Trifiro (16, 17, 27)
dealt with the spectrophotometric analysis of citrus oils. Data
concerning ultraviolet absorption were presented for lemon oils
as well as mandarin oil 'and bitter orange oil. The procedure of
Sale et al. (105) for examination of lemon oils by ultraviolet
measurement was published; this method was mentioned in the
previous review (59) without proper bibliographical reference, as
at that time it had not appeared in print.

Miller and Kirchner (82) gave an excellent detailed report on
the use 0f chromatostrips for identification of the constituents of
essential oils, including Rf values for the many systems examined.
Labat and Montes (73) discussed the use of such chromatostrips
and the application to the study of essential oils. Ito, Waka
matsu, and Kawahara (6,4) used chromatostrips for the separation
of constituents of Japanese mint oil.
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Reitsema (99) extended the concept of Kirchner and Miller
and developed a "chromatoplate." Using this method he (100)
examined and classified oils of the Mentha genus. Narodny (87)
made!!. preliminary exa,mination of the possible use of chromatog
raphy for the evaluation of quality of freElhly distilled bay oils
of Dominican origin. Using columns of silica gel, empirical data
were collected; an attempt was then made to correlate these data
with quality as determined by odor.

Zeehuisen (135) investigated the application of the vanillin
hydrochloric acid reagent of Rosenthaler to essential oils; he
concluded this color reaction was of little value for such complex
mixtures as essential oils.

Voge and Sinclair (130) discussed odor classifications and sug
gested their own variation. Such classifications are of little value
because they are ba.sed on subjective impressions rather than
objective physical measurements.

deDortan-Scmtag (32) presented a brief review of accepted
methods of functional analysis as applied to essential oils.

LITERATURE CITED

(1) Airan, J. W., :/oshi, G. V., BaI'llaba8, J., and Master, R. W. P.,
ANAL. CHKIL, 25, 659 (1953).

(2) Analytical Abstracts, W. Heffel' ,iz; Sons, Ltd., Cambridge,
England.

(3) Aubry, J., and Monnier, G., Compl. rend., 235,1037 (1952).
(4) Beckett, A. H., and Dombrow, M., J. Pharm. and Pharmacol.,

4, 738--47 (1952).
(51 Beckett, A. H., and Jolliffe, G. 0 .. Ibid., 5, 869-75 (1953).
(6) Belcher, R., and West" T. S., J. Chem. Soc., 1953, 1772-6.
(7) Bergner, K. E., and Sperlich, H., Anales bromatol. (Madrid), 5,

241 (195:3).
(8) Bogdanov, K. A., Maslobo,no-Zhirovaya Prom., 18, No.8, 18

(1953) ,
(9) Biihme, R., and Opfer, H., Z. anal. Chem., 139,255-63 (1953).

(10) Bournot, K., Pharmazie, 8, 174-" (1953).
(11) British Pharmacopoeia 1953, Pharmaceutical Press, London,

1953.
(12) British Standards Institute, London, W.1, "Methods of Test-

ing Essential Oils," British Standard 2073 (1953).
(13) Broderick, J. J., Coffee & Tea lnds., 77, No.3, 57 (1954).
(14) Brown, H. C., and Hafliger, 0" ANAL. CHEM., 26, 757-9 (1954).
(15) Bruckner, K., Pharmazie, 8, 69--78 (1953).
(16) Buffa, A" Conserve e deriv. agrumari (Palermo), 2, 77 (1953).
(17) Buffa, A., and Trifiro, E., Ibid., 3, No.9, 5 (1954).
(18) Burton, H. S., Nature, 173, 12;' (1954).
(19) Carson,~. A., J. A.ssoc. Otfic. Agr. Chemists, 36, 752 (1953).
(20) Ibid., 37, 390 (1954).
(21) Cartwright, L. C., J. Agr. FOGd Chem., 1, 312 (1953).
(22) Castiglioni, A., and Bionda, G., Z. anal. Chem., 141, 189-90

(1954) ..
(23) Chang. H. M., Iowa State Coli. J. Sci., 26,181 (1954).
(24) Conser've e deriv. agrumari (Palermo), Palermo, Italy.
(25) Costa, A. F., and Cardoso do Vale, J .. Notic. farm. Port.; 18,

36 (1952).
(26) CroppHr, F. R., and Heywood, A., Nature, 172, 1101 (1953).
(27) CultrHr8, R., Buffa, A., and Trifiro, E., Conserve e deriv. agru-

ma,.,; (Palermo), 1, No.2, 18 (1952).
(28) Dal Nogare, S., ANAL. CHEU., 25,1874-7 (1953).
(29) Davi8, R., Chemist Analys;!, 42, 20-1 (1953).
(30) Daw8on, E. H., and Harris, B. L., U. S. Dept. Agr., Agr.

Inform. Bull., 34, 134 (1951).
(31) Domange, L., and Longue\'alle, S., Ann. pharm. fmn~., 11,530

(1953).
(32) deDortan-Sontag, ;'VIme., Chim. anal., 35, 157-65 (1953).
(33) Dullaghan, ~VI. E., and Nord, F. F., Mikrochim. Acta, 1953, 17.
(34) Duncan, R. E. B., and Porteous, J. W., Analyst, 78, 641-6

(1953) .
(35) Dumll, R. N., and McBay, A. J., Drug Standards, 20, 143

(1952).
(36) Eberius, E., Chem. Tech., 4, 291 (1952).
(37) Edwards, F. W., Nanji, H. R., and Hassan, M. R., Analyst,

62, 178-85 (1937).
(38) Englis, D. T., Fisch, I<~. J., and Bash, S. L., ANAL. CHEM., 25,

1373-5 (1953).
(39) Ensminger, L. G., J. Assoc. Otfiic. Agr. Chemists, 36, 679

(1953).
(40) Ibid., 37, 669 (1954).
(41) I;ssential Oil Assoc., Xew York, Sci. Section, "Specifications

and Standards."

ANALYTICAL CHEMISTRY

(42) Etienne, H., Ind. chim. beIge, 17,455 (1952).
(43) Feuell, A. J., and Skellon, J. H., Analyst, 78, 135--40 (1953).
(44) Fischer, E., Angew. Chem., 64, 592 (1952).
(45) Fischer, L., and Hall, N. A., Drug Standards, 21, 183 (1953).
(46) Ibid., p. 192.
(47) Ibid., 22, 103 (1954).
(48) Fischer, R., and Resch, H., Pharm. Zent,.alhalle, 91, 265 (1952).
(49) Freeman, S. K., ANAL. CHEM., 25, -1750-1 (1953).
(50) Fritz, J. S., and Keen, R. T., ANAL. CHEM., 25, 179-81 (1953).
(51) Gakenheimer, H. E., J. Assoc. Otfic. Agr. Chemists, 37, 382

(1954).
(52) Garratt, D. C., and Phipers, R. F., J. Pharm. and Pharmacol.,

6,60 (1954).
(53) Gauthier, B., and Maillard, J., Compt. rend., 236, 1778-80

(1953).
(54) Giri, K. V., Murthy, D. V. K., and Rao, P. L. N., J. Indian

Inst. Sci., 35A, 93 (1953).
(55) Griffin, J. C. M., J. Assoc. Otfic. Agr. Chemists, 37, 874 (1954).
(56) Guenther, E., and Langenau, E. E., ANAL. CHEM., 21, 202

(1949) .
(57) Ibid., 22, 210 (1950).
(58) Ibid., 23, 217 (1951).
(59) Ibid., 25, 12 (1953).
(60) HadoI'll, H., Mitt. Gebiete Lebensm. u. Hyg., 45, 71 (1954).
(61) Hasselbach, H., Chem. Tech., 5, 317 (1953).
(62) Hastings, S. H., ANAL. CHEM., 25, 420-2 (1953).
(63) Howard, G. A., and Tatchell, A. R., Chemistry & Industry,

1954,219.
(64) Ito, M., Wakamatsu, S., and Kawahara, H., J. Chem. Soc.

Japan, Pure Chem. Sect., 74, 699 (1953).
(65) Janovsky, H. L., and Filandro, A. S., J. Agr. Food Chem., 1,

783 (1953).
(66) Johnston, V. D., Drug and Cosmetic Ind., 75, No.2, 179,

(August 1954).
(67) Jones, A. R., Dowling, E. J., and Skraba, W. J., ANAL. CHEM.,

25,394-6 (1953).
(68) J. Agr. Food Chem., 1, No.1 (April 1, 1953).
(69) Karrer, P., and Blass, U., Helv. Chim. Acta, 36, 463 (1953).
(70) Kawamura, F., Momoki, K., and Suzuki, S., Japan Analyst, 3,

29 (1954).
(71) Klosa, J., Apoth.-Ztg., 4, 55 (1952).
(72) Kramer, P. J. G., and Van Duin, H., Rec. tmv. chim., 73, 63-7

(1954) .
(73) Labat, J., and Montes, A. L., Anales asoc. quim. Argentina, 41,

166 (1953).
(74) Lagneau, C., Ann. fals. etfraudes, 46, 432 (1953).
(75) Leidy, W. P., Advances in Chem. Ser., No. 10,307 (1954).
(76) Lindqvist, B., and Storgards, T., Acta Chem. Scand., 7, 87

(1953).
(77) McKenzie, H. A., and Wallace, H. S., Australian J. Chem., 7,

55 (1954).
(78) Maruyama, M., J. Chem. Soc. Japan, Ind. Chem. Sect., 55, 617

(1952).
(79) Mathers, A. P., and Pro, M. J" J. Assoc. Otfic. Agr. Chemists,

37, 869 (1954).
(80) Meadoe, J. R., and Reid, E. E., J. Am. Chem. Soc., 65, 457-8

(1943).
(81) Micheel, F., and Schweppe, H., Angew. Chem., 66, 136 (1954).
(82) Miller, J. M., and Kircbner, J. G., ANAL. CHEM., 25, 1107-9

(1953).
(83) Modiano, J., and Pariaud, J. C., Compt. rend., 236, 1897-8

(1953) .
(84) Montes, A. L., and Grandolini, E. A. C., Anales direc. nac!o

quim. (Buenos Aires), 4, 9 (1951).
(85) Moster, J. B., and Prater, A. N., Food Technol., 6, 459 (1952).
(86) Nakabayashi, T., J. Pharm. Soc. Japan, 73, 831 (1953).
(87) Narodny, L. H., Perfumery Essent. Oil Record, 44, 282 (1953).
(88) Naves, Y. R., Compt. rend., 237, 704-5 (1953).
(89) Naves, Y. R., and Lecomte, J., Bull. soc. chim. France, 1953,

112.
(90) Newcombe, A. G., and Reid, S. G., Nature, 172,455-6 (1953).
(91) Nijkamp, H. J., Nature, 172, 1102-3 (1953).
(92) Nivoli, M., Ann. chim., 43, 38 (1953).
(93) Ohloff, G., Arch. pharm., 285, 353 (1952). .
(94) Onoe, K., J. Chem. Soc. Japan, Pure Chem. Sect., 73, 337 (1952).
(95) Ott, H., Helv. Chim. Acta, 37, 786 (1954).
(96) Petrova, L. N., Zhur. Anal. Khim., 8, 61 (1953).
(97) Radell, J., and Donahue, E. T., ANAL. CHEM., 26, 590-1 (1954).
(98) Rao, D. S., Shah, G. D., and Pansare, V. S., Mi'krochim. Acta,

1954, 81.
(99) Reitsema, R. H., ANAL. CHEM., 26, 960-3 (1954).

(100) Reitsema, R. H., J. Am. Pharm. Assoc., 43, 414 (1954).
(101) Rosenthaler, L., and Vegezzi, Mitt. Gebiete Lebensm. u. Hyg.,

43, 370 (1952).
(102) Rosenthaler, L., Pharm. Ztg.-Nachr., 88, 716 (1952).



VOL U M E 27, NO.4, AP R11 1 9 5 5

(103) Ross, J. H., ANAL. CHEM., 25, 1288 (1953).
(104) Russian Pharmacopoeia, 7th ed., Moscow, 1952.
(105) Sale, J. W., et al., Am. Perfumer Essent. Oil. Reo., 61, 477

(1952); J. Assoc. Olfie. Agr. Chemists, 36, 112 (1952).
(106) Salomaa, P., Suomen Kemistilehti, 27B, No.2, 12 (1954).
(107) Schenck, G., and Fromming, K. H., Naturwissenschaften, 40,

276 (1953).
(108) Schirm, M., Deut. Apoth.-Ztg., 93, 273 (1953).
(109) SchOniger, W., Mikrochim. Acta, 1953, 434.
(110) Schultz, O. E., and Gmelin, R., Z. Naturforsch., 8b, 151 (1953).
(111) Ibid., 9b, 27-9 (1954).
(112) Schultz, O. E., Gmelin, R., and Keller, A., Ibid., 8b, 14 (1953).
(113) Siggia, Sidney, "Quantitative Organic Analysis Via Functional

Groups," 2nd ed., p. 227, Wiley, New York, 1954.
(114) Siggia, Sidney, and Segal. E., ANAL. CHEM., 25, 640--2 (1953).
(115) Ibid., pp. 830--1.
(116) Sjostrom, E., Svensk Kem. Tidskr., 64, 301 (1952).
(117) Snell, F. D., and Snell, C. T., "Colorimetric Methods of

Analysis, Vol. 1. Organic Methods," p. 614, Van Nostrand,
New York, 1953.

(118) Society for Analytical Chemistry, Analytical Methods Com
mittee. Analyst, 79, 397 (1954).

'(119) Souchay, P., and Graizon, M., Chim. anal., 36, 85 (1954).

677

. (120) Stahl, E., Mikrochemie ver. Mikrochim. Acta; 40, 367 (1953).
(121) Sully, B. D., Analyst, 79,86-90 (1954).
(122) Sutherland, M. D., Perfumery Essent. Oil Record, 43, 453

(1952).
(123) Sykora, V., and ProcMzka, Z., Chem. Listy, 47, 1674 (1953).
(124) Syndicat National des Fabricants et Importateurs d'Huiles

Essentielles et Produits Aromatiques Naturels de Grasse.
"Methodes et constantes analytiques des huiles essentielles,"
Grasse (Var), France, 1954.

(125) Terent'ev, A. P., and Zabrodina, K. S., Doklad.y Akad. Nauk
S.S.S.R., 95, 85 (1954).

(126) Torres, J. C., Inform. quim. anal., 6, 145 (1952).
(127) Torres, J. C., and de Diego, F. B. P., Farmacognosia Madrid,

11, 419 (1952).
(128) Van Duin, H., Rec. trao. chim., 73, 68--77 (1954).
(129) Van Duuren, A. J., Ibid., 72,889-92 (1953).
(130) Voge, C. 1. B., and Sinclair, F. E., Intern. Perfumer., 2, No.7,

70 (1952).
(131) Wegner, E., Pharm. Zentralhalle, 93, 139 (1954).
(132) Wojahn, H., Ibid., 91, 326 (1952).
(133) Xavier, M. L., Verghese. J., and Yeddanapalli. L. M., Current

Sci., 22,112 (1953).
(134) Yarborough, V. A., ANAL. CHEM., 25, 1914-16 (1953).
(135) Zeehuisen, J. J., J. Sci. Research Indonesia, 2, 24 (1953).

Clinical Chemistry

R, M. ARCHIBALD

Hospital of the Rockefeller Institute for Medical Research, New York 21, N. Y.

T HIS review does not attempt to cover all of the many
contributions to quantitative clinical chemistry which have

appeared during the past 2 years, up to September 30, 1954.
Many of those not mentioned here may prove eventually to be
exceptionally significant contributions. However, in the light
of the author's present knowledge, and in the opinion of the
colleagues with whom he has conferred and to whom he is thus
indebted, the contributions mentioned are among the most
important.

STANDARD METHODS

The most significant advance for clinical biochemistry during
the past 2-year period has been the appearance of the first volume
of "Standard Methods of Clinical Chemistry" (48). Although
this publication presents no new methods or concepts, it is the
result of the effort of clinical chemists to arrive at an understand
ing as to which of several available chemical methods is 'the
best for routine measurement of a given substa,nce or property
of clinical importance. Thus an attempt has been made to
provide for clinical chemists a compilation of standard procedures
equivalent to that which the Association of Official Agricultural
Chemists provides in its official publication (6) for agricultural
-chemists. It is obvious that many reviewers feel that the work
leaves much to be desired: that the selection of methods presented
is not the best (33), that purity of reagents to be employed should
be specified (12), that stability of reagents should be indicated (8),
that the allowable percentage deviation of duplicates for each
method should be specified (8), and that qualitative as well as
quantitative tests should be included (35). It is important,
however, that the start has been made.

It is inevitable that the choice of methods is not acceptable to
all. In the present volume each selection was made on the basis
of the judgment of a relatively small number of clinical chemists.
Subsequent volumes will gain in value and recognition as an

accepted compilation of standard methods, to the extent to
which other clinical chemists effectively voice their constructive
criticism regarding the selection of methods and manner of pre
sentation, and the editors and contributors weigh and act on the
suggestions of their colleagues, voiced either in personal com
munications or in the book reviews which follow the appearance
of each volume. As the experience of an ever-increasing number
of clinical chemists is brought to bear on the subject, the work
will acquire greater prestige as a standard .compilation until it
becomes regarded with an esteem comparable to that in which the
AOAC publication is held.

Wherever the contributors and editorial board choose not to
follow suggestions made by an appreciable number of readers,
it would seem desirable to state in subsequent editions the
reasons why, in the judgment of the board, it is deemed unwise
to comply. The reading public will then be able to weigh the
choices in the light of the reasons given, and to comment further
if necessary. The evolution of such a collection of standard
methods worthy of almost universal acceptance will be an arduous
and continuing but worth-while task. It would appear to this
reviewer that it would be helpful to have in such a manual not
only the directions for the procedures to be followed, but also
numerous notes, in small print, to indicate the probable sources
and causes of trouble and means of preventing or overcoming
difficulties when these arise. A good example of this may be the
type of notes in small print in A. A. Noyes's system of quantitative
inorganic analysis (4-6).

Another achievement of the American Association of Clinical
Chemists is the launching of its official journal, Clinical Chem
istry.

A more comprehensive coverage of methods of clinical chem
istry has been presented clearly and concisely by Hiller (27) for
the guidance of technicians. Hepler's book (26) gives more
attention to the nonchemical procedures of the clinical laboratory·
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The last edition of "Practical Physiological Chemistry" (25)
contains a selection of micromethods for clinical chemists.

VITAMINS AND HORMONES

A new method for the determination of ascorbic acid has proved
useful for the measurement of this vitamin in food and pharma
ceutical preparations (53). It has a high degree of specificity
attributable to the reaction of the enediol grouping of ascorbic
acid with diazotized 4-methoxy-2-nitroaniline. Dehydroascorbic

.acid does not interfere. The procedure has not yet been adapted
to the measurement of the small amount.s ordinarily present in
blood, urine, and small samples of tissue·, but as the recovery of
relatively large added amounts is quantitative (54), there is
reasonable hope that this reaction may prove useful to the clinical
chemist as well as to biochemical investigators. A modification
of the more conventional method has been described by Kingsley
and Schaffert (32).

Recent developments in the field of quantitative determination
of steroids have been reviewed extensively (43,47). The methods
described, with few exceptions, are not suitable for use in the
clinical laboratory. Simpler and more specific methods will
need to be developed before it will be practical to assay many
steroids in the central laboratory of most hospitals. Some of the
methods appear to be well adapted for use in investigational
work. It has been widely assumed that the adrenal cortical
hormones and their metabolites are either reducing steroids or
Porter-Silber chromogens. However, only a small percentage of
the administered hormone can be accounted for by steroids which
either have appreciable reducing properties or react with Porter
Silber reagent. Fukushima et al. (20) have found that in qeutral
ether at least 30% of the metabolites of hydrocortisone were in
the form of four new sterols which neither reduce nor react as
Porter-Silber chromogens. The failure of the present classical
methods to effect sharp fractionation of steroids is indicated by the
fact that because of relatively high water solubility some of
these new steroids could be detected in the phenolic fraction
despite the fact that they are not acidic. The Porter-Silber
reaction is reported to yield abnormally high values (4$) after
administration of chloral hydrate, paraldehyde, iodide, or iodine.
The chromogens obtained after iodine or iOOide yield an absorp
tion curve identical with that derived from hydrocortisone.

The routine determination of chloride has been simplified by
Kingsley and Dowdell (28) by elimination of the use of thio
sulfate. The simpler method for measurement of cholesterol
{SO), mentioned in the previous review (4), is proving to be useful
and more widely accepted.

Improved methods for measurement of creatine and creatinine
have recently appeared (48, page 55; 64). Sunderman (61, 62)
and Somogyi (69) have improved reagents used for the measure
ment of blood sugar. The method outlined by Reinhold (49,
page 65) is a modification of the earlier method of Nelson.
Somogyi's studies (68) on arteriovenous differences in blood
sugar (c~mcentrationin fingertip blood-Le., capillary blood-less
cQncentration in peripheral venous blood) may prove useful in
clinical studies. Whether or not Binkley's simple method for
the determination of glutathione and its degradation products
(10) will prove useful in the study of diabetes remains to be seen.

The measurement of adrenogenic amines in shock or for the
diagnosis of pheochromocytoma or as aids in the differentiation
of conditions involving hypertension has been facilitated by
development of methods for ephedrine and norephedrine (41,65).
Other methods have been developed for the extraction of nor.
adrenaline and adrenaline and hydroxytyramine from urine (17).

Perhaps the best and probably the most widely used method
for protein-bound iodine (7) is still giving unsatisfactory results
in the hands of many operators. Figures for protein-bound
iodine, when the procedure is working well, lIi1"e of considerable
clinical significance. However, it is hoped that simpler and more
l'~~<Uly reproducible lalxJratory methods will be developed

ANALYTICAL CHEM,ISTRY

shortly to yield clinical information of equivalent or greater
value.

Flame photometric measurements of sodium, potassium, and
calcium have been made more sensitive by the use of photo.
multiplier tube attachments and a high concentration of acetone
in the solutions to be atomized (29, 31, 66, 68). The 2- to 20
fold elevation of serum glutamic oxaloacetic transaminase activity
observed 12 to 24 hours after myocardial infarction is of interest
(38). After further investigation measurement of this enzyme
might prove to be a useful index of acute tissue damage.

Those concerned with forensic chemistry will be interested in
recent methods for the measurement of alcohol (40, 56) and
mercury (57) in blood or urine. The ultraviolet absorption pro
cedures of Goldbaum (21) have facilitated differentiation and
determination of barbiturates (1-3).

Tissue respiration studies form a part of the basiQ
research underlying the development of new drugs

and new chemical techniques

Several modifications of the bromosulfaline liver test have
appeared. The improvements which they introduce are small
compared with the inherent limitations of the procedure, results
of which are determined not only by liver function but also by
such factors as blood flow in the liver and renal excretion of dye.

Apparently improved methods have appeared for the meas
urement of serum cholinesterase (13, 49), plasma heparin (19),
cystine and cysteine (14), choline (44, page 265), and nucleic
acids (44, page 287). Considerable progress· is being made in the
fractionation of protein mixtures (67) and in the specific determi
nation of the various proteins so separated (60-52). It seems
reasonable to expect that the detection and identification of
abnormal hemoglobins may become a matter of considerable
clinical significance, now that the work of Itano and his colleagues
(24) hM fa~illt!l.wg lju~h detection.

NEW TECHNIQUES

The location of the boundary between the realm of relatively
simple, straightforward methods which are generally regarded as'
capable of yielding results of clinical importance, and on the
other hand, the methods which are useful primarily in investiga
tive work, will vary somewhat from one laboratory to another.
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depending upon the competence and interest of the technical
ataff ~nd the interests and demands of the clinical investigators.
Methods which are generally regarded as too complicated or ex
ltcting for a general clinical laboratory, or methods which
yield results of as yet unproved clinical significance, will prob
ably be conducted by the general clinical laboratory staff in
locations where the clinicians are interested in pursuing a related
investigation. Although many of the~e will be dropped when
lack of clinical significance of results is recognized,nevertheless
from this group will come new procedures which will yield in
formation of very definite clinical significance, and will replace
some of the standard methods now generally employed.

H appears most likely that these new and promising techniques
will use some of the very potent tools of fractionation which have
been exploited to excellent advantage during the past several
years (34). Countercurrent fractionation has made possible
Jroproved methods of measuring estrogens in biological material
U6, 45). Starch block (44, page 141) and paper (15, 22) zone
electrophoresis (18) have permitted the separation and identi
fication of complex lipoproteins (37), enzymes (5), and other
protein components of mixtures (15, 36, 39), and separation of
amino acids (15, 22) and iodine-containing derivatives, pre
cursors, or metabolites of thyroxin (15). Paper chromatography
continues to be exploited to good advantage for fractionation of
barbiturates (1, 2), hemoglobins (24), urine sugars (44, page 205;
80), thyroid (23, 44, page 243), and adrenal hormones (11, 44,
page 171). These methods have been improved by the use of
1lIl0re or less specific stains for given types of compounds-e.g.,
Sudan black for lipides (37, 63), periodate followed by Schiff's
reagent for carbohydrates (36), and bromophenol blue for pro
teins.

Tests which employ radioactive isotopic labels were once
c(J)llsidered as scarcely falling within the scope of the work of the
clinical laboratory. However, in the not too distant future, use
.of these is likely to become sufficiently widespread and helpful to
justify training the technical help of the clinical laboratory to
handle at least the biological material from patients subjected
to tracer studies, if not the undiluted solutions of radioactive
isotopes. The clinicians responsible for the ordering and ad
~inistrationof the tests should be well versed in the limitations
of the tests, the possible fallacies of the interpretation, and the
need to avoid exposure of the patient and personnel to hazardous
doses of radiation. Good preparations of iodine-131-labeled
tdbumin and gamma-globulin are now available and are admirably
.ad:apted to the determination of plasma volume (9, 55).
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Water Analysis I
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THIS sLxth review of analytical procedures applied to the
analysis of water reported in the technical literature covers a

2-year period. Five previous annual reviews wer.e published in
ANALYTICAL CHEMISTRY in 1949 (i3'1), 1950 (132), 1951 (133),
1952 (134), and 1953 (135).

Of considerable significance in this review is the large number
of papers dealing with the radioactivity of water. There is con
siderable interest in isotopic analysis for hydrogen-2, hydrogen-3,
and oxygen-IS.. Papers on instrumental analysis show continued
activity in the development of instmmentation, particularly in
the field of polarography. Polarographic methods are becoming
more common in the determination of dissolved oxygen, residual
chlorine, nitrite,. nitrate, and iodide.

LITERATUUE REVIEWS AND SCHEMES OF ANALYSIS

A panel chairmaned by Heukelekian has prepared literature
reviews of industrial waste waters, in 1952 (86) and 1953 (87).
The section on analytical methods eovers determination of bio
chemical oxygen demand, oxygen cqnsumed, dissolved oxygen,
organic compounds, nitrogen compounds, metallic ions, halogens,
sulfur compounds, phosphorus compounds, cyanogen compounds,
and instrumenr,ation. Over 100 references are cited in the two
reviews.

A review of water chemistry and water treatment was pub
lished by Zehender (247).

A systematie scheme for analysis of industrial water and indus
trial wastc water has been presented by Phillips and Stoffer (173).
An outline is given for a scheme embracing over 40 constituents
and properties of industrial water. The two main divisions of
the scheme are listed. One deals with constituents affected by
contact with air and the other deals with those not so affected.

I:-.fSTRUMENTATION

Several significant papers were presented at the Symposium
on Continuous Analysis of Industrial Water and Industrial Waste
V;'ater. One of these, by Rosenthal (194), covered some of the
electrical measurements in watera,nalysis such as the determi
nation of pH, electrical conductivity, and redox potentials. Re
cent developments in these fields were reviewed. It was pointed
out that determinations based on oxidation-reduction potentials
were useful in the detennination of residual bromine and chlorine
and such ions as chromate, but that the measurements involved
are not simple and cbrrelation of the data is difficult. A paper
given at the symposium by Madarasz (140) reviewed the avail
able techniques for automatic sampling procedures and considered
the requirements for obtaining a truly representative sample for
analysis.

Diskant (46) has presented a paper on photometric methods
of water analysis, in which the sample is taken through all the
phases involved in the analysis, starting with sample collection
and carrying through to the final development of the color. The
necessity for "fixing" the sample immediately after collection is
pointed out. Wyatt (246) has reviewed instrumentation for
water laboratories with consideration given to the concentration
regions to which specific instrwnental methods are applicable.
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Most of the instances of the use of high frequency titration
have been at concentration levels considerably higher than are
encountered in water analysis; however, Bien (20) recently applied
the method in the form of a microtitration to studies of sea water.
The analysis involved the determination of chloride and sulfate
in interstitial water of marine sediments and only 0.3 to 0.4 m!.
of sample was available for analysis. Dioxane was added to the
samples to lower the dielectric constant and thus improve the
sharpness of the end point. Reilly and McCurdy (186) have re
viewed the principles of high frequency titrimetry.

Other papers of interest to people working with instrumental
analysis include that of McBryde (137), which considers errors
in photometric determinations, and a· paper by Creamer and
Chambers (38), which describes the construction of an inexpen
sive conductivity bridge built around a vacuum tube voltmeter.
Knowlton (113) has described the continuous monitoring of fluo
ride compounds added to water by means of an automatic record
ing conductivity meter. Murray (156) has considered the appli
cation of physicochemical methods for the determination of sev
eral constituents. Nitrite is determined by adding the sample
to a potassium iodide solution followed by measurement of the
potential of the iodine-iodide electrode. Dissolved oxygen is
determined similarly. Sulfide is determined by means of the
catalytic effect on the azide-iodine reaction. Nitrogen is evolved,
which is measured manometrically.

ALKALI METALS

Flame photometry is the dominant method of determining
sodium and potassium. Reviews on the subject have been pre
sented by Smit (213) and Schuhknecht (200). Mehlich and
Monroe (149) studied the flame photometric determination of
potassium in soil extracts with a view to identifying the cause of
certain discrepancies in results between laboratories. The con
centration range studied includes that normally encountered in
waters for potassium and several analytical points of interest to
water chemists are brought out.

The triple acetate determination of sodium was studied by
Rogers and Haight (191), who were interested in the effect of the
addition of alcohol to suppress solubility. It was found that the
precipitate contained appreciable amounts of alcohol, dependent
on the nature of the divalent ion in the triple acetate salt. Shige
matsu and Kimura (206) studied the use of the nickel uranyl ace
tate reagent in the determination of sodium. Navone (164) has
described an ion exchange method for the determination of sodium,
for application to waters which are not complex in nature. Three
determinations must be made: total cation by ion exchange,
alkalinity, and total hardness. Sodium is then found by a dif
ference calculation.

ALKALINE EARTH METALS

The pervading influence of radioactivity has appeared in con
nection with the detennination of strontium concentrations and
ratios of strontium to calcium in natural waters. A spectro
graphic study of the strontium and calcium concentrations in
water samples from many areas of the United States was carried
out by Alexander, Nusbaum, and MacDonald (2). A modifi-
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cation of the copper spark method was applied using molybdenum
as the internal standard. A sodium chloride buffer was added,
which approximately equalized salt concentration. Spectro
graphic determinations of calcium and magnesium were compared
against the flame photometer and Schwarzenbach titration meth
ods with generally satisfactory agreement. The results of the
strontium determinations on the waters of many city supplies
are given. Meloche and Shapiro (150) !,pplied the spectrograph
to the analysis of calcium and magnesium in lake waters using a
rotating silver electode. Concentrations covering the range 0.1
to 30 p.p.m. were analyzed with manganese as the internal stand
ard.

As has been the rule in recent years, a great number of papers
have appeared on the application of complexometric titrations
with the reagents brought into use by Schwarzenbach and his co
workers. Many of the papers on this subject are repetitious or
present minor modifications of doubtful significance. Only the
more significant papers of the large number available are con
sidered here. Schwarzenbach (202) has reviewed the principles
of the complexometric titrations in a paper entitled "Chelate
Complex Formation as a Basis for Titration Processes." The
theory of complexometric titrations is elucidated from the stand
point of considering the metal ions as Lewis acids. The reaction
of a metal ion with a polydentate group such as is found in ethyl
enediaminetetraacetic salts is shown to be analogous to the neu
tralization of an acid with a base. The relative stability of the
metals complexed with polydentate molecules is considered and
the important analytical implications of the stability differences
are pointed out. Most of the applications of complexometric
titrations to water analysis have involved metal indicators for
detection of the end point. Schwarzenbach points out that other
phenomena such as pH effects can be used as well.

The use of ultraviolet spectrotitration for the determination
of calcium, magnesium, and other metals with ethylenediamine
tetraacetic acid was reported by Sweetser and Bricker (221).
The metal complexes show little absorption above 222 mil, whereas
reagent shows strong absorption up to about 245 mil. On titrat
ing at 228 mil a sudden increase in absorption is observed at the
end point. Laitinen and Sympson (122) have applied ethylene
diamirietetraacetic acid to a polarographic titration of calcium in
which the reaction of excess ethylenediaminetetraacetic acid with
zincate is used to indicate the end point. Pfibil (181) has stud
ied the masking of interfering metals in the complexometric
titrations and found triethanolamine and cyanide to be effective.
Another study of interferences in the ethylenediaminetetraacetic
acid titration was presented by Cheng, Melsted, and Bray (32),
who used dimethyldithiocarbamate followed by isoamyl alcohol
extraction to separate manganese, iron, and copper. Although
the work was done in connection with soil analysis, the procedure
should be applicable to the removal of the same interfering ions
in water. Brunisholz, Genton, and Plattner (26) used ion ex
change to remove phosphate prior to titration with ethylenedi
aminetetraacetic acid. Magnesium interference in the calcium
titration was eliminated by adding excess ethylenediaminetetra
acetic acid and back-titrating. Brooke and Holbrook (25) also
applied ion exchange for the removal of polyphosphate inter
ference. The complexometric determination was applied to
brines and highly saline deposits by de Sousa (44).

Several papers are reported on the colorimetric determination
of calcium and magnesium. Williams and Moser (242) used
ammonium purpurate for the colorimetric determination of cal
cium. Harvey, Komarmy, and Wyatt (79) developed a color
imetric determination of magnesium with Eriochrome Black T.
Calcium is first removed by precipitation as the sulfate in 90%
alcohol. Dirscherl and Breuer (45) determined magnesium sim
ilarly, using oxalate to precipitate calcium. Glemser and Daut
zenberg (61) studied the colorimetric determination of magne
sium with Titanium Yellow.
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ALUMINUM AND IRON

Simons, Monaghan, and Taggart (210) used o-phenathroline
and Pontachrome Blue Black R for the determination of iron
and aluminum in ocean waters. It was reported that no inter
ferences were encountered in the application of these determi
nations to sea waters. Ashizawa (6) determined iron and alu
minum in natural waters using an amylalcohol extraction to sep
arate the iron as the thiocyanate and salicylic acid to separate
the aluminum. Aluminum was then determined with aluminon.
It was stated that the interference of fluoride in the colorimetric
determinations could be removed by the addition of thorium
nitrate. Quentin (183) used paper chromatography for the sep
aration of aluminum in mineral waters. The aluminum was then
eluted with hydrochloric acid and determined colorimetrically
with aluminon. A polarographic determination of aluminum in
sea water was reported by Ishibashi and Fujinaga (104). A
mixed iron-aluminum precipitate was obtained in the initial step
and the iron was then removed in a Melaven cell to prepare the
solution for polarographic determination of the aluminum.

Smith and McCurdy (214) reported the application of 4,7
diphenyl-1,lO-phenanthroline to the determination of iron in raw
and treated municipal water supplies; the sensitivity is approx
imately twice that of o-phenanthroline and interferences are not
significant. Lieber (127) designed a field test for iron based on
the thiocyanate method. Wilkins and Smith (241) described
the simultaneous determination of iron and copper using o-phenan
throline.

COPPER, ZINC, AND LEAD

The familiar diethyldithiocarbamate method was used by
Chow and Thompson (36) for the determination of copper in sea
water; the reagent was found superior to dithizone. Samples of
.500 ml. were collected in polyethylene bottles and the carbamates
were extracted with xylene. No significant interferences were
encountered. Jenkins (107) used the carbamate method to d~

termine traces of copper at the 0.001 p.p.m. level in highly puri
fied water. Noll and Betz (168) reduced interference in the car
bamate procedure by using a lower indicator concentration.

The cuproine determination of copper was studied by Hoste,
Eeckhout, and Gillis (95), who give analytical procedures for
several materials including natural waters. Smith and Wilkins
(215) presented a study of the properties of bathocuproine, a new
copper reagent said to be superior in several respects to cuproine.
The determination of copper with neocuproine was investigated
by Gahler (57), who found that the color complex could be com
pletely extracted from 125 ml. of aqueous phase by as little as
10 ml. of chloroform with only 30 seconds' agitation. Cyanide
and sulfide interfere markedly. Feigl and Caldas (48) have in
troduced a new copper reagent, alizarin blue, said to be more sen
sitive than any yet reported. It is stated that copper concen
trations as low as 0.001 p.p.m. can be readily detected.

The determination of zinc with dithizone was modified by
Vallee (230) to eliminate the extraction step. Methyl Ce11o
solve is added to the sample to make a monophase water-organic
system. Kato and Takei (109) used cuprethol to complex cad
mium and bismuth and thus eliminate their interference in the
dithizone zinc determination. Hermanowicz and Sikorowska
(85) applied a paper chromatographic technique to the determi
nation of zinc concentrations as low as 0.05 p.p.m. in natural water.
The color was developed with dithizone. Mayne and Noordhof
(145) used sodium diethyldithiocarbamate to determine zinc in
sea water. The use of polyvinyl alcohol as the protective colloid
was said to be much superior to gum arabic.

Berger and Pirotte (19) studied the dithizonedetermination
of lead, and presented two spectrophotometric procedures. The
stability of trace concentrations of lead in water under varied pH
conditions was studied by Sushinskaya (219). It is reported
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CARBON DIOXIDE AND SILICA

CHLORIDE. BROMIDE. AND IODIDE

Most of the reported studies of the chloride determination
eentered around the mercurie nitrate titration. Gad and Man
they (56) studied the method in detail with particular attention
to interferences. They have presented a table representing the
approximate upper limits of tolerable metal concentrations (parts
per million).

amounts of metals in macro volumes of solution was reviewed by
Rogers (190), who considered the concentration techniques such
as carrier precipitation, extraction, chromatography, and ion
exehange, and the modern instrumental analytical techniques.
Haberlandt and Scheminzky (74) reviewed the trace analytical
methods applieable to mineral water. Gillis (60) has discussed
the sensitivity of analytical reactions and has cited several specific
and sensitive analytieal reagents suitable for direet tests.
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Cr
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CrO,
Fe

100
100
100
100
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A method for the determination of low eoncentrations of car
bon dioxide in water was given by Smith, Gilbert, and Howie
(216), who improved the sensitivity of Clarke's procedure by
using a larger sample and devising a more rigid protection against
atmospherie eontamination. The determination is sensitive to
concentrations in the region of 0.1 p.p.m. The efficiency of the
carbon dioxide free blank determination was tested with a carbon
14 tracer technique. Saruhashi (198) determined the total ear
bonate concentration of sea water by a microdiffusion technique
in a 6-em. concentric compartment diffusion cell.

Chow and Robinson (34) conducted research on the forms of
silica determined by the colorimetric molybdate proeedure in
natural waters. It was found that low pH, high silica concen
tration, and low salt concentration reduce the apparent silica
recovery. The results are attributen to a silicic acid-silicate
ion equilibrium state. Piryutko and Shmidt (175) on the other
hand attributed low silica recovery to a monomer-polymer equi
librium for siIiea in natural water. Converting the polymer to
a monomer by chemical treatment with sodium hydroxide or hy
drofluoric acid increases the per cent recovery. Katsura and Tar
utani (110) studied the particle size of colloidal silica in relation
to the reactivity with molybdate, and found that particles larger
than 2 or 3 microns did not give an ammonium molybdate re
action.

Vetrov (233) carried out a eritical study of the mercurimetric
determination and pointed out several precautions which must
be observed. Stability of the mercuric nitrate is improved by
adding -nitric acid to make the solution 0.01 to 0.2N and by
presence of metallic mereury. The titration should not be made
in direet sunlight. Iron and sulfate interfere. The indieator
should be added toward the end of the titration. A preliminary
Mohr titration is often necessary. Thomas (225) also reported
on the mercurimetric titration and Smit (212) used the method
for determining chloride in condensates. Ikeda and Komooka
(101) made a study of the Mohr titration and reported interference
on application to hot springs due to the high sulfate content.
Sulfide also interferes. The addition of an equal volume of ethyl
alcohol eliminates sulfate interferenee and eadmium earbonate
eliminates the effect of sulfide.

The amperometric titration of iodide w~s investigated by
Kolthoff and Jordan (115) using the rotating platinum electrode.
Several systems were developed, one of which was suffieiently
sensitive for water analysis. This involves the oxidation of iodide
to iodate with chlorine water and subsequent titration with po-

that lead is not absorbed in acid or neutral solution but is rapidly
taken up by clay particles at pH values greater than 8.

TRACE METALS

A considerable amount of study has been given to the use of
the spectrograph for the determination of trace elements in var
ious types of natural water. Heggen and Strock (82) have re
ported on a spectrographic procedure that has been used for
several years in the laboratories of the Saratoga Springs Research
Commission of New York State for the determination of trace
metals in brines and fresh waters. For the initial separation and
concentration of the desired metals a mixed reagent of 8-quin
olinol, tannic acid, and thionalide is used. Fourteen metals are
determined with indium as the internal standard. Wilska has
given a great deal of study to the spectrographic determination
of trace metals in water, using the porous cup electrode technique
(243, 2#). Collection and concentration techniques are some
timeE, used, but in general direct spectral analysis of the solution
is satisfactory. Description of sample collection and preparation
of containers and other eEsential details are gi.ven. The results
of analyses of a wide variety of surface and ground waters are
reported. Pohl (176) has reviewed the methods applicable to
the spectrographic determination of trace metals in water and
reported on the various eoncentration techniques available. A
review of the spectrographic techniques applicable to sea water
was published by Hitchcock and Starr (90). The rotating disk,
flame exeitation, porous cup, impregnated electrode, open-cup res
idue, and briquet excitation methods were considered; in general
the methods are applicable to the determination of calcium, so
dium, magnesium, potassium, strontium, and aluminum by direct
determination but prior concentration is usw1Ily required for iron,
Gopper, barium, lithium, and silver.

Chromatographic techniques were applied to natural water by
Carritt (3f), who used a. dithizone column on acellulose acetate
base for the separation of lead, zinc, cadmium, cobalt, copper, and
manganese. Concentration factors of up to 1000 were achieved
in some cases. The metals were diluted with hydrochloric acid
and ammonia. Ashizawa (4) used chromatographic analysis for
~he determination of copper, zinc, nickel, and cobalt in natural
water at concentrations in the range of 1 'y per liter. Deter
mination oi uranium, vanadium, and chromium were made by
Harasawa and Sakamoto (77) by chromatographing in an ace
tone-acetic acid-water system.

The determination of minute traces of arsenic in sea water is a
difficult chemical problem. The determination was made by
Smales and Pate (211) by the use of rndioactivation. The
sample was activated by slow neutron irradiation and the arsenic
activity was separated chemically with a earrier and was meas
ured and characterized by the usual radiometric methods. Con
centrations as low as 2.6 l' per liter were de"termined. Ashizawa
(5) determined antimony in hot spring waters, using hydrogen
sulfide as the colorimetric reagent and polyvinyl alcohol as the
supporting medium.

Misumi (154) reported the determimLtion of silver in hot
springs using a coprec:ipitation with telluri.um as the gathering
step. The precipitate was dissolved in nitric acid and the silver
was determined colorimetrically according to "the method of
Sandell and Neumayer. Titanium in mineral waters was deter
mined by Kimura, Ikeda, and Watanabe (111) with hydrogen
peroxide following a eoncentration step by iron precipitation.
HlucM.n and Mayer (91) described the determination of man
ganese with ammonillm persulfate. Ishibashi and Shigematsu
(105) determined chromium in sea water by means of the color
reaction with diph!(nylcarbazide." The chromium was gathered
by copreeipitation wi1;h aluminum hydroxide and the precipitate
was 'Caken up in a flux. Vanadium interference was removed by
extraction of the metal.

The general subject of the determination of submicrogram



VOL U M E 2 7, NO.4, APR ILl 955

tassium iodide. A different form of amperometric titration was
used by Kramer, Moore, and Ballinger (U6), who applied the
Wallace and Tiernan amperometer to the determination of iodides
in the range 0.2 to 2 p.p.m. Phenyl arsene oxide was used as the
titrant. Davidyuk (.~1) used a potentiometric titration with
bromate for the determination of small quantities of iodide in
natural water. A spectrophotometric determination was used
by Pirotte and Berger (174), who applied the catalytic effect of
iodide on the ceric oxidation of arsenite to the determination of
trace quantities. The absorption of ceric ion is read at 375 miL
at 5 and 15 minutes.

The determination of iodide and bromide in natural waters by
successive thiosulfate titrations was applied by HOfer (93).
Aleksandrov and Levchenko (1) presented a somewhat different
system of consecutive titration for iodide and bromide, in which
the iodine is liberated and titrated with thiosulfate and the bro
mide is then titrated after the addition of sulfuric acid and am
monium molybdate. Ballczo and Mondl (12) described methods
of column enrichment and separation for chloride, bromide, and
iodide. Iodide is collected on a silver bromide column, bromide
on a silver chloride column, and chloride on 'a silver chromate
·column.

FLUORIDE

As .the general adoption of fluoridation for municipal supplies
progresses, the problems of control of fluoridation become in
-creasingly more pressing. Jacobson (106) has reviewed the cur
rent analytical situation with respect to fluoride and has concluded
.that none·of the colorimetric, spectrophotometric, or volumetric
procedures available to date are entirely satisfactory for control
purposes. A spectrophotometric method recently reported by
Megregian (147) looks promising as a possible solution to the
problem. The method, which is based on the bleaching of zir
·conium-Eriochrome Cyanine R lake, claims immediate color
·development, simplicity, and relative freedom from interference.
'The phosphate interference is low. Sulfate interference is sig
nificant but easily corrected. The sensitivity is more than ade
.quate. Beer's law is followed at concentrations up to 1.2 p.p.m.
of fluoride.

Many other colorimetric methods have appeared in the litera
-ture. Nichols and Condo (165) studied the organoferric com
plexes as fluoride indicators. They concluded that 5-phenyl

.salicylic acid and resacetophenone were superior and determi
nations based on these reagents were presented. Interferences

care considerable. The aluminum-hematoxylin test for fluoride
'was studied by MacNulty and Hunter (139). Revinson and
Harley (187) devised a colorimetric procedure based on the tho
rium-chrome azurol S reaction. The determination is reasonably

:sensitive, but interferences are serious. Babko and Khodulina
<(10) used the titanium-chromotropic acid 'system in a chlor
.acetic acid buffer. Phosphate interferes. Venkateswarlu and
'Ramanathan (231) used the thorium nitrate titration for the esti
mation of fluoride in potable water. Bond and Murray (21)

,studied the thorium nitrate titration extensively. Alizarin was
used as the indicator. Calcium, phosphate, and sulfate interfere.

Lambert (123) used a rather different approach to the problem
'by using the accelerating effect of fluoride on the ceric-iodide re
.action as a measure of the fluoride concentration. The time re
.quired for the appearance of a starch-blue color is proportional
to the fluoride concentration. Another paper by Lambert (124)

.described a determination based on the thorium-amaranth lake.
Powell and Saylor (180) developed a fluorometric determination
using the aluminum complexes of Eriochrome Red Band Super

..chrome Garnet Y. Although the reagents are sufficiently sensi
.tive for water analysis, the susceptibility to interferences is con
,siderable. The familiar zirconium-alizarin method was studied
'by Shaw (205) and Tedesco (223). Grutsch and coworkers (71)
:attempted to eliminate some of the interferences in the zirconium-
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alizarin method by the addition of thioglycolic acid. It is claimed
that this procedure eliminated the interference of iron, manganese,
and residual chlorine. Megregian and Solet (148) and Frazier
and Oldfield (51) studied the improvement of fluoride distillation
techniques.

COMPOUNDS OF SULFUR

A new reagent for the volumetric determination of sulfate was
introduced by Belcher, Kapel, and Nutten (15), who used 4,4
diaminotolan in place of benzidine for the precipitation of sulfate
prior to the titration. Toennies and Bakay (226) studied the
turbidimetric determination of sulfate critically and recommended
an ethyl alcohol-dipropylene glycol mixture for use as the sus
pending agent. They devised ~ procedure which is stated to be
accurate over the range 0.1 to 100 p.p.m. of sulfate. Another
turbidimetric procedure was presented by Iljin (102), who used
a hydrochloric acid-sodiUm chloride medium for the develop
ment of the turbidity. Additional data on nephelometric sulfate
determinations were given by Gunther (72). Spillner and Voigt
(217) described a conductometric sulfate determination using
barium nitrate. The author used an "overtitration" procedUl'~
which gave results in 3 minutes under very carefully standardized
conditions.

The polarograph was applied to the determination of sulfate in
mineral waters by Matsumoto and Shibayama (144). By means
of lead nitrate reagent sulfate, sulfide and total sulfur could be de
termined. Geilmann and Bretschneider (58) used the chromate
method for the determination of low concentrations of sulfate.
Hunt (97) utilized ion exchange to remove cations and thus im
prove the volumetric sulfate determination with ethylenedia
minetetraacetic acid.

Mikula (153) devised a determination of sulfite said to be more
specific than the iodometric determination. It is based on the
use of fuchsine, which is reduced to a colorless compound by
sulfite. Mueller and Rand (155) developed a qualitative field
test for sulfide based on Raschig's azide-iodine reaction. Bubbles
of nitrogen form in the sample contained in a watch glass if
sulfide is present in concentrations exceeding about 0.1 p.p.m.

COMPOUNDS OF NITROGEN

The polarographic method of nitr~te determination was studied
by Rand and Heukelekian (184) and, applied to well waters and
sewage. The determination is based on measurement of the
difference in the diffusion current at a potential of 1.2 volts be
fore and after the addition of ferrous sulfate. The supporting
electrolyte is zirconyl chloride. Lawrance and Briggs (125)
have applied an essentially similar polarographic nitrate ~ethod

and have pointed out some of the precautions that must be ob
served in applying the method to natural water. Slime.and algae
completely suppress the nitrate wave and must be removed.
The authors used aluminum flocculation for this. Trace con
centrations of hydrogen sulfide invalidate the analysis. Iron
and several other substances interfere. The authors stress the
importance of "fixing" the nitrate sample immediately after coi
lection to halt the progress of bacterial action. Chloroform was
used successfully. '

The colorimetric methods for nitrate determination have re
ceived some attention. Sijderius (207) modified the phenol
disulfonic acid determination by adding the reagent before evap
orating the sample to dryness. It is claimed that this procedure
eliminates chloride interference up to fairly high concentrations,
Hahn (75) used ethylenediaminetetraacetic acid to eliminate the
precipitation of calcium and magnesium in the phenoldisulfonic
acid determination of nitrate. The complexone is introduc'ed by
way of the base used for neutralization. Armondola (3) has
studied the brucine method of Noll and made certain modifica-
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tions. Machida (.138) applied the reduced strychnine method
to the determination of nitrate in sea water. He prepared the
reagent by a new method involving thE, use of liquid zinc amal
gam. A procedme for use of the reagent in a photometric analy
sis is given.

The polarograph has also been applied to the determination of
nitrite. Chow and Robinson (35) determined nitrite polaro
graphi.cally in the presence of molybdate. Two electrolyte
systems are described for high and low concentrations of nitrite,
with about 1 p.p.m. as the concentration limit for the more sensi
tive of the two systems.

The familiar Griess reagent for the colorimetric determination
oJ nitrite has been modified considerably by Benschneider and
Robinson (17), who substituted sulfanilamide and N-(l-naphthyl)
ethylenediamine for the usual reagents. The color develops
rapidly and is reported to be stable for 2 hours. Beer's law was
followed in applications to sea water analysis. Pappenhagen
and Mellon (172) eliminated the coupling step of the Griess re
action by utilizing the ultraviolet speetral region for measure
ment of the absorbancy of the nitrite reaction product formed
with sulfanilic acid. Braarud and F¢yn (22) reported a nitrite
concentration survey of polluted sea waters in Oslo Fjord. The
standard Griess procedure was used. It was found that oxygen
rich water rapidly oxidizes ammonia to nitrite in the presence of
active bacteria. Ikeda (100) carried out a determination of
nitrite in mineral waters containing high concentrations of hydro
gen sulfide. Cadmium carbonate was used to eliminate sulfide
interference. Woodward (245) used the Griess determination
for both nitrite and nitrate. Nitrate was reduced prior to colori
metric determini1tion by the aid of metallic zinc in a solution of
pH4OO5.

Ammonia in natural waters was determined by Riley (188)
using the sodium phenate-hypochlorite colorimetric reaction of
Russell. The determination can be applied directly to most fresh
waters, but prior distillation is required for sea waters. Hy
droxylamine and copper interfere, but hydrazine does not.
Sijderius (208) devised a photometric version of the Nessler test
for ammonia and Batmanova (13) prepared a stable solid mixture
of the reagent for use in field work. Tanaka (222) studied the
occurrence of hydroxylamine in lake water as an intermediate in
the bacterial reduetion of nitrate. Pill. increase of the hydroxyl
amine and nitrite concentration with depth was noted and was
correlated with a regular decrease in nitrate concentration with
depth.

RESIDUAL CHLORINE

The increasing popularity of the instrumental methods for the
determination of residual chlorine is very much in evidence.
Clark (37) has described the determination of free and combined
chlorine with phenylarsene oxide by amperometric titration.
Monochloramine is determined at pH 7 by the addition of po
tassium iodide and dichloramine by the same method at pH 4.
Griffin (68) in a paper presented at the Symposium on Continuous
Analysis of Industrial Waste Water reviewed the shortcomings of
the eolorimetric determinations of residual chlorine and consid
ered the advantages of the instrumental methods for continuous
monitoring of chlorine. For the determination of combined
chlorine potassium, iodide must be added to the flow ahead of the
cell. Marks and Chamberlain (141) reported on the application
of amperometric methods to the determination of chlorine in
plating wastes where the metal concentration is sufficient to
upset some of the colorimetric methods. It was stated that chlo
rine concentrations as low as 0.2 p.p.D1. could be determined am
perometrically. Day, Horchler, and Marks (42) compared the
0- tolidine method with two amperometric methods on three
different types of sewage and reported that the instrumental
method generally gave higher residual chlorine results.

Palin (171) proposed a volumetric determination of chlorine
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based on the use of o-tolidine and ferrous ammonium sulfate at a
controlled pH. Mono-, di-, and trichloramines may be deter
mined by a difference titration procedure. Belcher, Nutten,
and Stephen (16) have recommended the use of 3,3'-dimethyl
naphthidine as a colorimetric reagent, and state that the reagent
is superior to o-tolidine in sensitivity, color stability, and ease of
color measurement. A purple-red color is produced which will
detect as little as 0.05 p.p.m. of chlorine. Asmus and Garshagen
(8) used barbituric acid for the residual chlorine determination
by photometric means. Cyanogen chloride is first formed, which
reacts with a mixture of pyridine and barbituric acid. A similar
procedure using pyridine and a primary or secondary amine was
described in an earlier paper (7). Lipps and Gaertner (128) re
ported some modifications in the o-tolidine and the dimethyl-p
phenyienediamine colorimetric determinations. Gad and Man
they (55) reported the use of a proprietary reagent mixture of
sodium arsenite and methyl orange for the determination of
chlorine. Goris and Hauss (65) modified the o-tolidine deter
mination for photometric purposes. Hodgden and Ingols (92)
reported the use of tyrosine in a determination of chlorine dioxide.
It is stated that chloramines, hypochlorous acid, and manganese
do not interfere.

PHENOL

An absorptiometric determination of phenol using the ultra
violet region was presented by Smauch and Grubb (199). The
principle, previously reported by Murray (157), is based on the
shift in ultraviolet absorption of phenols under the influence of
pH change. The determination is made in tributyl phosphate
medium, as this solvent is transparent to ultraviolet. Inter
fering oils are removed by extraction, phenol is separated by
tributyl phosphate extraction, the extract is divided into two
portions of pH 5 and 12, and the absorbance difference between
the two is measured at 301 mIL. Hill and' Herndon (88) used
p-nitrosodimethylaniline for the phenol determination. A blue
color develops which is sensitive to 5 p.p.b. of phenol. Nusbaum
(169) modified the method of Hill and Herndon by use of the
oxalate salt for preparation of the reagent to improve the stability.
Potassium ferricyanide catalyzed the reaction and eliminated
sulfide interference. Deinum and Hanssen (43) used a colori
metric phenol determination involving the addition of m-nitro
aniline, sodium nitrite, and reagents to adjust the pH. The color
is said to be stable for 24 hours. Gorbach and Rohner (63)
used diazotized nitroaniline followed by addition of bromate
bromide solution and potassium iodide with titration of liber
ated iodine. Noisette (167) studied the diazo procedure and
the Gibbs procedure and drew comparative conclusions. The
Gibbs method is the more sensitive but is subject to many inter
ferences. The diazo method is sensitive to 0.02 p.p.m. It is
stated that phenol determinations should be made within 6 hours
after sampling, unless the sample has been fixed with copper.

The report of the Subcommittee on'Refinery Effluent-Water,
Analytical Methods Committee, of the American Petroleum
Institute (80) has reviewed the prog~ess made in the phenol
determination as a result of the subcommittee's activities in the
field of effluent water analysis. The infrared method of Simard
and coworkers (209) and the ultraviolet method of Smauch and
Grubb referred to above are the direct result of the work of this
subcommittee.

ORGANIC COMPOUNDS

The problem of the industrial pollution of streams with organic
waste to produce toxicity and objectionable tastes and odors is
continually becoming more serious. The Subcommittee on
Refinery Effluent-Water,' Analytical Methods Committee,
American Petroleum Institute, has made considerable strides in
attacking the petroleum industry phase of the problem. In a
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recent report (80), the subject of qualitative and quantitative
analysis for the organic constituents of refinery wastes was re
viewed. Four methods were cited as applicable to waste con
centrations in the 100 p.p.b. range, infrared absorption analysis as
described by Simard and coworkers (209), benzene extraction by
the method of Musante (158), reflux distillation followed by
benzene extraction, and the extraction-pycnometer method. A
fifth method which is said to be applicable in the 10 p.p.b. range
is afforded by the use of the mass spectrometer. Melpolder,
Warfield, and Headington (151) have carried out some pioneering
work in the application of this instrument to water analysis, and
have developed a procedure which involves stripping the hydro
carbon fraction from the sample with a stream of hydrogen,
condensing the hydrocarbons in a liquid nitrogen trap, and analyz
ing the separated hydrocarbons in the mass spectrometer.
Both qualitative and quantitative results are obtained.

COURTESY H. K. FERGUSON CO.

Large amounts of cold water, taken from nearby streams,
are purified in this plant for use in manufacture of

caustic soda

The Sanitary Engineering Center Group has continued its work
on syst.ematic organic analysis, and two reports of progress are
available. Middleton, Braus, and Ruchhoft (152) reviewed the
activ!1ted carbon filter technique for sample collection in streams,
and described the use of infrared for analysis of the extract from
the columns. Braus, Middleton, and Ruchhoft (24) reported on
developments in their scheme of analysis of organic matter by
solubility differences. The compounds are broken down into four
categories: phenolic compounds, acidic compounds, amphoteric
compounds, and water-soluble nonvolatiles. Infrared analysis is
applied to the individual groups. The determination of pyridine
and pyridine base compounds was studied by Kroner, Ettinger,
and Moore (117), who used the Koenig reaction for the develop
ment of a colorimetric method. The procedure involves distilla
tion of the sample followed by reaction with benzidine and cyano
gen bromide in the presence of a layer of n-butyl alcohol. The
method is reported to be sensitive to pyridine concentrations as
low as 0.005 p.p.m.

Wedgwood and Cooper (235) used infrared analysis for the
determination of polynuclear hydrocarbons in industrial effiuents.
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A cyclohexane extract was chromatographed on an alumina
column and 100 fractions were collected for optical analysis.
Tables of optimum wave lengths for 16 common polynuclear
hydrocarbons are given. Medin and Herndon (146) published a
colorimetric procedure for the determination of naphthalene in
industrial wastes. The procedure is similar to that of Schwartz,
in which anhydrous aluminum chloride in chloroform is used. A
blue color develops, which is measured at 525 m,u. Sutton (220)
developed a colorimetric determination of pine oil using vanillin
hydrochloric acid reagent. The reagent actually determines
a-terpineol, the main constituent of pine oil. Therefore an em
pirical concentration curve must be prepared for each type of
pine oil encountered. Berck (18) used the Schechter-Haller
method for the determination of DDT concentrations as low as
1 l' per liter. It was found that most of the DDT was absorbed
on the surface of the suspended solids in the sample. Extraction
wit.h a mixed solvent of ether and n-hexane was used to remove
DDT from the particles. The use of electrodialysis for deter
mining the nature of organic substances in river water was re
ported by Ponomareva and Ettinger (178).

Pomeroy (177) pointed out that floating oil on a stream has a
different significance from the colloidally dispersed oil and there
fore it should be determined separately. The author devised 8

test using a tall tube for flotation separation of the oil. Beau
doin (14) presented a simplified oil determination method.

The determination of surface active agents in water was in
vestigated by Lewis and Herndon (126). The turbidimetric and
the two-phase titration systems were studied, with preference.
given to the latter. The procedure for the determination of an
anionic detergent involves the addition of 1 part of chloroform
to 3 parts of sample, and the use of an acid dye such as Pontamine
Fast Red 8 BNL. The sample is titrated with a cationic agent
such as cetyl trimethylammonium bromide to the point of first
transfer of color to the organic phase.

DISSOLVED OXYGEN

Widespread interest in the instrumental determination of
dissolved oxygen is apparent, and the advantages of the instru
mentation are considered in several papers. Ippen and Carver
(103) compared two polarographic methods, the dropping mer
cury electrode and the rotating platinum electrode, and concluded
that the latter instrument possessed desirable characteristics in
freedom from air bubble interference, presentation of a linear
record, and superior ruggedness. Busch and Sawyer have pre
sented th'e results of a st.udy of the use of the dropping mercury
electrode instrument in two papers (27, 28). The polarographic
method was applied to the det.ermination of oxygen in radioactive
wastes, as the exposure of personnel to activity is less than in the
Winkler method' and time requirements are less. The authors
found that potassium chloride could not be used as a suppressor
because it reduced the solubility of oxygen. A single potential
technique which eliminates residual current effects was used.
Good checks with the Winkler method were obtained. A report
on the use of the Pauling magnetic oxygen analyzer in studies
of oxygen uptake was given by Hoover, Jasewicz, and Porges (94).

Chemical investigations of the dissolved oxygen determination
cover a wide range with reports involving the oxidation of indigo
carmine, the acid chromous reagent, and the bromine difference
method as well as modifications of the standard Winkler method.
Loomis (129) has presented a colorimetric micromethod based
on the reaction of oxygen with reduced indigo carmine to give a
color. The reaction is carried out in a tuberculin syringe using
only a 0.50-ml. sample and the color is read in a spectrophotom
eter. A linear relationship exists at 580 m,u. Stone and Sigal
(218) modified the acid chromous titration previously reported
by Stone and Eichelberger to eliminate nitrite interference.
Oxygen is determined by difference using two samples, one of
which is boiled to remove oxygen. Wickert and Ipach (239, 240)



'studied the bromine difference method and presented modilica~

tions which permit application of the test, in the presence of strong
reducing agents. Freier (52, 53) reported two studies of the dis
.solved oxygen determination with o-tolidine and o-toluidine.
Harper (78) studied a semimicro modification of the Winkler
procedure. Verbestel, Berger, and Royer (232) described the
preparation of oxygen-free water and reagents and construction
of special apparatus for research in the dissolved oxygen deter
mination. Zehender and Stumm (248) reported the determina
tion of ozone in drinking water with o-tolidine.

BI!OCHEMICAL OXYGEN DEMAND AND CHEMICAL OXYGEN
DEMAND

A critical study of procedures f..Jr the derivation of B.O.D.
velocity constants was conducted by Ludzack, Moore, and Ruch
hoft (136), who tested the moments method of Moore over a wide
range of rate constants. The k and L values so obtained gave
good agreement with the constants derived by the standard Reid
Theriault method. Agreement of the Thomas slope method
with the Reid-Theriault values was less satisfactory. Simpli
fication of the standard B.O.D. test was attempted by Orford,
Rand, and Gellman (170), who studied a modified single dilution
technique denominated "jug dilution." Two I-gallon samples
are used. One of the bottles is used to supply the samples for
analysis and the second bottle is reserved for refilling the sample
bottle to the mark after each withdrawal. The sample with
drawals must be small in relation to the total volume. It is
claimed that the jug dilution technique gives smoother E.O.D.
curves and considerably more operating convenience than the
conventional procedures. Radioactivity tracer techniques were
applied to the study of biological sewage oxidation by Rorschach
~d Reid (192), who studied the phosphorns-32 uptake of slime
and calculated a reaction coefficient. The value of k agreed
with that found under other conditions.

The work of evaluating the C.O.D. and oxygen consumed tests
has been continued by several investigators. Roberts and San
derson (189) compared the U. S. Public Health Service dichro
mate procedure against the standard permanganate. The con
clusions agree with the findings of previous workers that the di
chromate method afford3 superior reproducibility and greater
toxidation for highly polluted samples. Silver catalyst improves
the oxidation. Popinsky, Porges, and Hoover (179) have made a
comprehensive report on the application and significance of the
C.O.D. test. Application to wastes from dairies, refineries, and
soap pl!liIlts were considered. Ingols and Kirkpatrick (9.9) used
three oxygen demand tests in a study of chromium toxicity:
the dilution E.O.D., the procedure of Gelman and Heukelekian
with Sierp apparatus, and the methylene blue procedure by
Ingols. Czensny (39) studied correlation between the B.O.D.
test and permanganate consumption. Hermanowicz and Jasin
ska (84) evaluated the oxidizing ability of several C.O.D. systems,
mcluding hypobromite, against various types of organics. In a
paper summarizing the methods of analysis suitable for trade
w.astes Ettinger (47) discUSl'ed the relationship between the C.O.D
and B.O.D. tests and pointed out some advantages of the former.
In a study of the analysis of packinghouse wastes Hirlinger and
Gross (89) evaluated the dichromate reflux method for C.O.D.
and concluded that it was the most reliable of the currently avail
able methods. An attempt was made by Niedercorn, Kaufman,
and Senn (166) to devise an oxygen consumed determination not
8ubject to chloride interference based on the permanganate oxida
tion system. It is stated that the method gives essentially com
parative results.

BORON AND SELE'\'IUM

The high neutron absorption of boron makes it necessary to
maintain boron at extremely low levels in reactor water. Con-
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seqtieiltiy', the aiiaiyticalffl4lihods for the determination of boron
In reactor water must be hig1dy sensitive. The conventional
colorimetric methods fail in this respect. Fizzotti and Selrni
(49) developed a colorimetric method for reactor water analysis
based on the color change of an acid-base indicator in a borate
solution to which mannitol has been added. Gorfinckel and Pol
lard (64) have presented modifications of the 1,I-dianthrimide
determination of boron. While the work was done in connection
with plant and soil analysis, it is likely that water chemists who
use the dianthrimide method in their work will be interested in
these authors' findings. Martin and Mais (142) studied several
boron determinations in which the colorimetric reagent was made
up in concentrated sulfuric acid and they reported that glaci!ll
acetic acid could be substituted with a consequent improvement
in the determination.

The catalytic acceleration effect of selenium on the bleaching
of methylene blue by sulfide was used by Goto, Hirayama, and
Iked~ (66) for a quantitative determination of selenium. Sele
nium concentrations as low as 2 l' could be detected. Inter
ference was encountered with several heavy metals. Selenium
reacts with cyanide ion to form a stable anion which can be bro
minated. The resulting cyanogen bromide reacts with iodide to
give free iodine. This reaction series was made the basis of a
quantitative selenium determination by Schulek and Koros (201).
Rudra and Rudra (196) used reduction with ascorbic acid to give
a brown turbidity as a colorimetric determination, and stated that
the test is.sensitive to 1 p.p.m. of selenium.

RADIOACTIVITY

The inherent limitations of the end-window counter in the as
say of beta activity was discussed by Setter, Nader, and Hagee
(203) in a paper wherein the evaluation of back-scatter, absorp
tion, and geometry effects for an end-window counter were con
sidered. The authors' conclusion was that the lower limit of
detection for the end-window counter was on the order of 10-7

p.c. per ml. Considerably improved performance was obtained
with the use of an internal counter. The evaluation of such an
instrument was described in a report by Nader, Hagee, and Setter
(159), in which the determination of the factors necessary for the
conversion of counting rates to absolute activities was considered.
Performance curves for phosphorns-32, thallium-204, and sulfur
35 are given. In an earlier paper by Nader, Setter, and Goldin
(160), the preparation of samples for counting of both the dis
solved and the particulate phases of a water sample was con
sidered.

Loosemore (130) has considered the monitoring of water
supplies for fission product contamination by means of a "skirt"
type of liquid counter: This is a type of Geiger tube in which
the sample is poured into an annular well which surrounds a thin
walled counting tube. The use of this device was considered to
be the practical solution to the problem of maintaining a repro
ducible geometry under conditions of field use by relatively
unskilled personnel. A liquid counter useful in the range of
5 X 10-4 to 0.5 p'C per ml. was designed. A calibration device is
described. The comparative merits of phosphorus-32 and a mix
ture of strontium-89 and cerium-l44 were considered. Lacy and
Kahn (121) reviewed three portable Geiger counters, and one
model of an electroscope for radioactivity monitoring in water.
The instruments were considered satisfactory for the determina
tion of radioactivity at the levels set as tolerance limits by the
National Bureau of Standards (163). Another National Bureau
of Standards publication (162) has covered radiation hazards,
detectors, measuring instruments, and other phases of methods
and procedures, includ.i.Dg water-sampling techniques for alpha
and beta assay.

The field of the determination of natural ra-dioactivity back.
ground was reviewed by Healy (81), who included a section on
water. Radium, thorium, and uranium are the three important
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elements, and their approximate concentration ranges in several
types of natural waters are tabulated. Hursh (98) carried out
the determination of radium in 41 public supplies. The radon
emanation method was used with 20-liter samples to attain the
desired sensitivity of 10-14 grams per liter. Hydrochloric acid
was added to the samples to minimize absorption losses. The
radrum content of the supplies investigated ranged from a low
of 0.02 X 10-13 to a high of 65 X 10-13 grams per liter for some
deep well samples. The assay of beta activity in water supplies
with an end-window Geiger tube was reported by "Vheler, Kauf
man, and Eliassen (236). The self-absorption correction for
several energy levels was evaluated. Damon and Kuroda (40)
measured the activity of rainfall at Fayetteville, Ark. Saito
(197) studied the distribution of radium and thorium in Japanese
river waters and the Pacific Ocean. It was found that the two
metals show very different propensities to form radiocolloids, with
thorium showing a readiness to be absorbed by even relatively
large particles. Radium does not readily form radiocolloids.
Therefore it is concluded that most of the thorium will deposit in
the river or coastal waters and the radium will be in excess in
ocean waters.

Interest has always been shown in the determination of the
radioactivity of mineral and hot springs, and there is no abate
ment at the present time. Rosenblatt and Lindeman (193)
studied the aetivity of the hot springs of Tiberias and found the
major activity due to radon. Kuroda and Yokoyama (120)
used the fontactoscope to determine thoron in mineral waters by
following the decay rate. Umemoto (227) developed a procedure
for the determination of radium in mineral springs using dithizone
with lead and bismuth as a carrier for concentration and sepa
ration. Kimura, Kuroda, and Yokoyama (112) studied the
equilibrium between radon and its decay products using the elec
troscope. Kuroda, Damon, and Hyde (119) determined the
activity of some of the springs of Hot Springs National Park.

The problems 'of continuously monitoring a large stream
contaminated with traces of artificial activity were thoroughly
discussed by Foster and Rostenbach (50). The problem re
quires consideration of the entire flora and fauna pattern of the
stream as well as the water and suspended sediment phase and
representative methods of sampling as well as valid analytical
methods have to be developed for each component of the stream.
The authors reviewed the Columbia River program, and de
scribed the methods used in detail. Kochtitzky and Placak
(114) considered a similar subject in an article entitled "How to
Survey a Stream for Radioactive Substances." A report on the
study of radioactive fallout was made by Thomas, Kleinschmidt,
Parker, and Bell (224), who surveyed Massachusetts surface
waters following a series of nuclear weapon experiments.in Nevada.
A noticeable increase in activity was observed.

The necessity for a reference standard for correlation of radio
activity results between different investigators is becoming more
apparent. Wheler, Reynolds, and Brooksbank (237) have
recommended thallium-204 as a standard for beta aetivity meas
urements of fission products. The energy level of 0.78 m.e.v. is
reasonably close to the average level of 0.95 m.e.v. for a fission
mixture several days old. Gerstein (59) has reviewed the prog
ress of the American Water Works Association Task Group on
radioactivity. A paper which is not directly concerned with the
determination of radioactivity in water, but nevertheless presents
much analytical information applicable to the field of water analy
sis" is that of Hudgens (96).

URANIUM AND THORIUM

Grimaldi, May, Fletcher, and Titcomb (70) have published a
bulletin covering the methods for analysis of uranium and tho
rium developed in the United States Geological Survey. Two
f1uorimetric procedures for the analysis of uranium in fresh and
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saline waters are presented, the "dilution" or direct method and
the extraction method. The latter procedure involves isolation
of the uranium in a mixture of ethyl acetate and nitric acid prior
to performing the f1uorimetric determination. A sodium f1uoride
carbonate flux was used. A previous publication (69) gives,
further experimental details for both uranium methods. The·
design of f1uorimeters is treated in detail in the two papers.,
Price, Ferretti,"and Schwartz (182) reported on the determination
of uranium by fluorimetry using the "dilution" technique. Pure
sodium fluoride was used as the flux and "spiking" of samples
with known uranium was used to eliminate the effects of "quench:.
ing" metals. It is stated that uranium can be determined down
to concentrations as low as 10 -10 gram using the recommended
procedure. The uranium content of sea water off the coast of
Japan was determined by Nakanishi (161) with the f1uorimetric'
method and was found to average 2.8 'Y per liter at a depth of
4000 meters. This level is somewhat higher than previously re
ported.

Several papers not confined speeifically to the determination of
uranium in natural waters have presented data of interest to
anyone concerned with this problem. A round table discussion
of f1uorimetric analysis under the chairmanship of C. E. White
(238) gives a review of the subject with some comment on
uranium. Glover (62) described the concentration of uranium
prior to f1uorimetric analysis by means of gathering with protein.
Seyfang and Smales (204) reported on the determination of ura
nium-235 in mixtures of naturally occurring uranium isotopes by
radioactivation.

ISOTOPIC ANALYSIS

The determination of deuterium oxide in water samples was'
performed by Washburn, Berry, and Hall (234) with a mass spec
trometer sy~tem wherein the necessity for the preliminary con
version of water into a gaseous compound was bypassed. Either
a 180 0 or 158 0 mass spectrometer could be used with the ion
source in a strong magnetic field and about five times normal
voltage applied to the ion repelling electrode. By this means it
was possible to minimize the interference of an ion of mass 19
(believed to be H 30+) and determinations to differences as low
as 0.0006 atom % could be made at low concentrations. Halde
man (76) used the variation in resistance of a hot filament with
the vapor pressure of a condense'd vapor phase as a measure of the
deuterium oxide content. Construction of the hot wire cell and
the assembly of the resistivity measuring circuit are described in
the paper. The agreement between mean determinations and
the known values' of standards was 0.3%. Friedman (54) used
the mass spectrometric method to determine the deuterium oxide
content of a number of water samples. The ratio for ocean waters
was found to range from 0.0153 to 0.156 mole % and for fresh
waters from 0.0133 to 0.0154 mole %. The higher deuterium
oxide concentration of ocean waters is thought to be due to frac
tionization by evaporation. Baertschi (11) studied the distri
bution of H 20'S in natural waters by means of the mass spectrom
eter. Rain water, surface water, ground.water, and water from
minerals were studied. Variations in isotopic content ranging
between -7.1 and +18% from the norm were discovered and are
discussed in relation to the nature of the source. Chinard and
Enns (33) reported studies on a method for rapid reduction of
samples with zinc dust preparatory to mass spectrometer analy
sis.

Jenkins (108) reported on the determination of tritium in
water. The sample is allowed to stand with 1 or 2 grams of am
monium chloride for 10 minutes, which apparently is sufficient
time for exchange equilibrium to be reached. The water is dis~

tilled off and the salt residue is ground up and analyzed for beta
activity in a windowless flow counter using an infinitely thick
sample. Grenon and Viallard (67) described the determination
of tritium using an external cathode counter of the Maze type.
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MISCELLANEOUS

Calmon (30) has presented a review of the application of ion
-exchange methods to water analysis. A discussion of theory is
followed by a consideratipn of applications to boiler water analysis
.and cooling water analysis including the determination of dis
solved solids, total cation eontent, dissolved oxygen, heavy metals,
.and fluoride. CaIman U!.9) has also described thE!" determination
of the total dissolved solids in water by measuring the volume
<lhange of a resin caused by the take-up of ions. Rath (185) has
considered the application of ion exchange jn the analysis of
boiler water.

A study of the scattering of light in natural waters was pre
sented by Atkins and Poole (9). The forw8.rd and back scatter
.are approximately the :same for distilled w:~ter, and a change in
the ratio indicates the presence of turbidity. In sea water, three
quarters of the seatter eould be removed by filtration through a
membrane with a I-micron pore size. The light-scattering effect
()f sW'face and coastal waters was greater than that for the deeper
waters. A. polarographic determination of colloids in hot spring
waters was carried out by Valdiguie and Garcia-Fernandez (228).
The reducing effect of the colloidal matter on the polarographic
maximum of oxygen was measured. .A eorrelation with the chem
ical determination of silica was observed. Sainclivier and Ber
thois (196) determined suspended sediments by absorption on
diatomaceous earth: Valin (.1329) reviewed methods for the deter
mination of color in water.

A modifieation of the evaporation procedure for the determina
tion of the total salt content of sea water was presented by Guntz
and Kocher (73), who added sodium fluoride to transpose the
alkaline earth salts '"0 fluorides and thus minimize evaporation
losses. Kruse (118) described the preparation of membrane
filters of specific porosity for various uses in water analysis.
Matida (143) reviewed the methods available for the determina
tion of total phosphorus in water with consideration of the sources
()f the several forms. Bradwell (23) diECussed the analytical as
pects of determining sea water infiltration, and considered the
use of the ratio of chloride to bromide.

Heide (83) has discussed the geochemi3try of fresh waters whiCh,
although not strict.ly analytical in nature, will be of interest to
water chemists. Problems discussed include sampling, non
homogeneity of streams, changes in composition of samples on
standing, and elements present as colloidal dispersions or ad
sorbed on larger particles.
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