








Change of Name Approved
THE proposaJ to change the name of the Division of
. Analytical and Micro Chemistry to the Division. of
Analytical Chemistry has been approved by an over
whelming vote of the division members.

We believe the F'Pange is a highly' desirable one.
Certainly it does not mean any reducti!?n in the atten
tion paid the fieJd,o'bf microchemistry' by either the
division or this publi'cation. It does provide a more
all-inclusive name for the division and an opportunity
to serve better the needs of analysts in all branches of
analytical chemistry.

We are now presented with a great challenge----to
build the division into the largest, most active, and
most effective division within the Society. The ground
work has been laid this year under the able leadership of
Wayne A. Kirklin. Still further gains will be achieved
in 1950 when Grant T. "Wernimont takes over the chair
~anship. What is needed are interested analysts in
each analytical laboratory who will solicit division
memberships. In size there are strength and the possi
bility of increased RArviPA t.o the profession of analytical
chemistry.

The Union Meeting at Amsterdam

L ARGELY as the result of a proposal by 1. M.
Kolthoff at the 1947 meeting of the International

Union of Pure Chemistry held in London that the union
undertake the standardization of physicochemical data
used in analytical chemistry, a decision was reached at
the recent Amsterdam meeting to organize under the
union a S~tion of Analytical Chemistry.

Heretofore the union has had only one commission
dealing specifically with analytical chemistry-New
Analytical Reactions and Reagents. The desirability
of the step taken in Amsterdam need not be elaborated
upon before an audience of analytical chemists.

The new section will be governed by a board of
twelve, which will have authority to appoint com
mittees to deal with specific problems and which is also
authorized to offer its services in the organization 'of
international meetings on analytical chemistry.

There is at present no analytical chemist among the
vice presidents of the union and for this reason Sir Ian
Heilbron has been placed in nominal charge of this sec
tion, but C. J. Van Nieuwenburg of the Netherlands

will act as the director of the section until the time of
the 1951 meeting. Professor Kolthoff is vice president,
Professor Wenger of Geneva is the European secre
tary, and Dr. Ashley of Pittsfield (General Electric),
is the American secretary.

Certainly the establishment of a Section of Analytical
Chemistry will be looked upon as a very progressive
step by analysts the world over and should encourage
analytical chemists to support the 1951 meeting to be
held in New York City.

Most heartening were the informal remarks of Ed
ward Wichers, chief of the Chemistry Division, National
Bureau of Standards, and a delegate to the Amsterdam
meeting, speaking before the luncheon meeting of the
advisory boards of ANALYTICAL CHEMISTRY and Indus
trial and Engineering Chemistry in Atlantic City last
month. Real solid progress was made at the union
meeting in Amsterdam and the outlook for the
success of the union never was better, according to
Dr. Wichers.

Women as Analysts

CORNELIA T. Snell of Foster D. Snell, Inc.,
speaking before the Division of Chemical Edu

cation in Atlantic City last month, described the ex
panding opportunities for women in the field of analyti
cal chemistry.

The distaff side of the chemical profession compiled
an enviable record during World War II, particularly in
analytical work. It is encouraging to hear from Dr.
Snell that representatives from a number of concerns
now visit the placement bureaus of some of the women's
colleges, looking for new talent.

The erroneous idea that chemical analysts (and we do
not mean technicians) are somehow inferior to chemists
in other branches of the science of chemistry has dis
appeared to a considerable extent. As a result of this
trend in the thinking of the profession as a whole, young
men and women' are viewing a career in analytical
chemistry with more favor than in the past.

If we accept Dr. Snell's description of analytical
chemistry-"It is the cornerstone of all chemistry,
whether research. or some other seemingly unrelated
aspect of science"-then there is no necessity for any
one, man or woman, to view a career in analytical work
with misgiving, provided, of course, the candidate pos
sesses the many necessary qualifications.
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~~~IDlr~i~g ~~1r~r®~ ~pectrometer 1IDlr
Co~tilmolJls A~alysis

JOHN U. WHITE AND MAX D. LISTON, The Perkin-EITner- Corporation, Glenbrook, Conn.,
AND

R. G. SIMARD, The Atlantic Refining Company, Philadelphia, Pa.

A Perkin-Ebner recording infrared spectrolDeter has been adapted for use in the
continuous deterIDinationof six different cOIDponents in a flowing streaID of
saIDple. The percen~ageabsorption at each of six key absorption wave lengths
is autolDatically recorded every 5.75 IDinutes, using the energy at six selected
reference wave lengths to deterIDine 10• The instruIDent is well stabilized, as
the readings are cOIDpensated for the effects of changes in teIDperature,' source
'intensity, slit width, detector sensitivity, aIDplifier gain, and dirt on the win
dows. COIDpensation is effective for variables producing energy changes as
great'as sixteenfold. Long-tilDe stability of readings is =0.5 to 1.0%.

THE applicability of infrared absorption spectrometry to in
, dustrial analytical problems has been well demonstrated by

the number of papers on the subject in the past 10 years. Of
these, the number dealing with quantitative analysis has been
steadily increasing. Most of this work has been done on indi
vidual samples that were collected, stored" and subsequently
measured, although there have also been several continuous-flow,
continuous-analyzing instruments, particularly those of Schmick
(17), Pfund (15, 16), Luft (13), Baird (1), Wright (19), Fastie (6),
and Brady (3). All of these differ radically from the manually
operated monochromators in that they use filters to isolate light of
a wave length suitable for the determination of only one com
ponent.

Selective detectors, differential detectors, and selectiye sources
have all been used to make energy meaSurements at selected
wave lengths without spectral dispersion. For some simple
analyses no spectral isolation of any kind has been used. By
avoiding the use of a monochromator, relatively large amounts of
radiant energy are available for measurement, so that good
stability is easily obtainable. When denser filters 'are used to
give greater spectral selectivity, light choppers and alternating
current detection methods are used to stabilize the zero point.
Balanced systems employing two separate beams of .light from
the source have been used in most cases to reduce the effects of
source intensity variation.

These instruments have proved applicable to problems where
isolated absorption bands exist for the unknown compounds in
the short wave-length part of the spectrum. For more compli
cated cases where the absorption bands in the high energy part of
the spectrum are all overlapping, the results are not so useful.
As the wave length isolated by a /!;iven instrument cannot be
readily changed, only one compound can be determined with one
instrument and there can be no correction for overlapping ab
sorption bands without using as many instruments as there are
interfering components. For good control of most chemical
processes the concentrations of several components must be
InlOwu. For example, in catalytic dehydrogenation of butenes it
is essential to know not only the amount of butadiene produced
but also how much feed stock was consumed in the process.
This requires knowledge of two concentrations if the feed is a
pure compound and of many more if it is not, and the composition
of the unreacted material is important.• To overcome this
difficulty and to develop a method capable of using the absotption
bands in the long wave-length, low-energy part of the spectrum, a
prism spectrograph has been adapted to the continuous auto
matic recording of transmittances at a number of different wave
lengths in the infrared region. This makes it possible to follow

the concentrations of several components in a flowing stream and
to correct for interferences between the different spectra by any of
the commonly usedmetheds (4,5;7; e,.l:O; 14,18).

PRINCIPLE

The measuring principle is a modification of that described by
Heigl et at. (9), in which a "base line density" calculated from
differences in the sample's transmittance at different wave lengths
is used. In the new instrument a reference wave length is
selected for every key absorption wave length where a transmit
tance measurement is desired. The reference wave length is
selected to be as free as possible from absorption bands in the
sample, or if desired, to coincide with other absorption bands or
the interfering components to neutralize the effects of the inter
ference.

In operation the signal corresponding to the radiant energy at a.
reference wave length is measured first and stored in the instru
ment while the energy at the corresponding key absorption wave
length is being measured and divided by the reference energy, and
the ratio recorded. The instrument then advances to the next
reference wave length, erases the stored information, and repeats
the cycle. The signal received at each wave length is inde
pendently adjustable, so that energy differences between pairs of
wave lengths may be corrected. If there is more or less energy at
the reference wave lengths than at the corresponding measuring
wave length, the resulting signal may be reduced or increased to
make the two equal in the absence of sample. The instrument
then reads directly in per cent transmittance at the key wave
length; otherwise it reads in transmittance multiplied by an ad
justable factor. In this way the scale can be expanded to make
very strong absorption bands more,easily readable.

This measuring principle has the advantage of c6mpensation
for extraneous variations. For example, if dirt or fog aceumulates
on the windows of the absorption cell, practically the same amount
of light is removed by it at both the reference and the absorption
wave lengths, and the ratio of the two intensities is almost en
tirely unaffected. Similarly, if the amplifier gain changes slowly,
its effect is removed; and if the sources temperature changes, the
compensation is good over short wave-length intervals.

DESCRIPTION

A block diagram of the continuous recording infrared spectrom
eter and accessories is shown in Figure l.

Light from the source is interrupted seven times a second by the
rotating shutter to give a pulsating light beam suitable for de
tection by alternating current methods. It passes through a
continuous flow sample cell and a monochromator to a detector,
where it is converted to an electrical signal proportional to the
light intensity. After amplification the signal is rectified, filtered,
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Figure 1. Block Diagralll

Showing station numbers printed on it: and corresponding functions of units

Standardizer
Adjust to standard
Fixed
Fixed
Adjust to standard
Fixed
Fixed
Adjust to standard
Fixed
Fixed
Adjust to standard
Fixed
Fixed
Adjust to standard
Fixed
Fixed
Adjust to standard
Fixed
Fixed
Adjust to standard
Fixed

Time, Chart
l\!Iinutes o 25 50 75 100 Wave Length Cycle Switch to

Reference Standardizer
1. Recorder

2. Absorption Recorder
Reference Standardizer

3. Recorder
2 4. Absorption Recorder

Reference Standardizer
5. Recorder

3 6. Absorption Recorder
Reference Standardizer

7. Recorder
4 8. Absorption Recorder

Reference Standardizer
9. Recorder

5 1.0 Absorption Recorder
RefeJ;"ence Standardizer

1.1 Recorder
6 1.2 Absorption Recorder

Reference Standardizer
1. Recorder

7 2.

~nd split into twelve parallel circuits with a separate rheostat
·control in each. All the circuits go to a circuit selector switch
that picks out each successively. A main timing motor simul
taneously drives the circuit selector switch, the wave-length
selector switch, and the cycle switch so that the circuit selected
is always the proper one for the wave length isolated by the
monochrO'mator.

Following the circuit selector switch is the cycle switch that
<lonnects the signal alternately to the standardizeI' and to the re
1Jorder. The standardizeI' contains the memory device that stores
the energy measurement at each reference wave length for com
parison with that at the following absorption wave length. It
automatically attenuates the signal at each reference wave length
by the right amount to give an output of exactly 10 millivolts.
This standardized signal is connected to the recorder at the end of
.each standardization cycle, and its value is printed to show that
the operation was completed. The attenuation is maintained for
the succeeding absorption wave length while the output is being
measured and recorded. At the next reference wave length the
recorder is again disconnected, the attenuation readjusted to give
the standard signal, and the cycle repeated.

The detection and amplifi
cation system is essentially
that described by Liston (11)
and used as standard in the

Recorder
Disconnected
Print standard value
Print transmission
Disconnected
Print standard value
Print transmission
Disconnected
Print standard value
Print transmission
Disconnected
Print standard value
Print transmission
Disconnected
Print standard value
Print transmission
Disconnected .
Print standlfrd value
Print transmission
Di.sconnected
Print standard value

When the motor runs, the slotted bar on the cam pulls the
Littrow lever off the stop and releases the turret so that it is free
to turn. The cam on the end of the motor shaft advances the

ratchet on the turret one
notch and then lets a spring
pull around. Finally, the
Littrow lever is let back on
the new stop after it has
been locked in position by the
pin. The microswitch operated
by the same cam stops the
motor at a fixed position when
the cycle is complete. Coil
springs not shown in the figure
supply the force to advance
the turret and lock it in posi
tion. Leaf springs hold and
act as bearings for the cam
follower and turret locking
pin.

The operation of this cycle is illustrated in Figure 2, which
shows a schematic section of the recorder chart with the operation
performed by each part of the circuit at each time marked beside
it. There are twelve wave lengths, six for reference and six for
absorption measurements; 28.8 seconds are required at each wave
length, or a total of 5.76 minutes for a complete group of measure
ments. The group is automatically repeated at this frequency.

The monochromator is a standard Perkin-Elmer Model 12-C
similar to the one described by Barnes et al. (2) and Gore et al. (8)
with the substitution of a lithium fluoride prism for the sodium
chloride prism and the addition of a motor-driven turret for auto
matic wave-length selection. Figure 3 is a schematic view of the
additionaJ parts, illustrating their operation.

Section of Recorder ChartFigure 2.
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In this way the effective gain of the amplifying system is made
much lower for direct current signals than for alternating
current ones. The signal is led to the rectifying breakers on the
same shaft as 'the chopper shutter. Here the alternating current
potential caused by the radiation from the globar is rectified and
the residual direct current potential produced by the ambient
temperature at the thermocouple is converted to alternating cur
rent. The principal output signal is now the rectified alternating
current due to the modulated light. The filter following the final
breakers smooths the pulsating output to a steady direct current
and eliminates the alternating current component. A third set of

Figure 3. Bottom View of Right End of Spectrometer
Showing wave-length selector turret under rnonochrontator

REDUCTION GEAR MOTOR -.I'

,--J~l===========================::J)

Perkin-Elmer Model 12-0 recording infrared spectrometer,
modified to give greater output.

The detector is a thermocouple like the one described by Liston
with sensitivity of 6 microvolts per microwatt 90% response to
light modulated at 5 cycles, and target area of 0.2 X 2 mm. The
amplifier .is t~e breaker type described by Liston et al. (12) with
the substItutIOn of a 6V6 tube for the 6N7 tube in the output
stage to increase its useful output voltage.

Light from the source is interrupted at approximately 7
cycles per second by the light chopper. The radiation reaching
the thermoeouple produces in the thermocouple
an alternat,ing current potential of the same
frequency. Because the hot junction of the
thermocouple may be at a different tempera
ture from the cold one, owing to ambient tem
perature variations, there may be present a
direct current potential in addition to the alter
nating current one. Both potentials are fed into
the input breakers of the amplifier, where they
are converted into 75-cycle alternating current.
The first stage of amplification is accomplished
by the input transformer. The signal is then
carried through three stages of a conventional
resistance capacitance coupled alternating current
amplifier and returned to the output breaker,
where it is converted back to its original form
(although pulsating and amplified several million
times)-Le., a 7-cycle alternating current poten
tial and a direct current potential.

Figure 4 is It schematic wiring diagram showing
how the circuit is connected.

The breaker amplifier output is separated into
its direct and alternating current components by
a resistance shunted with a 4000 Ilf. condenser
and choke. The direct current component is fed
back through a high resistance to the thermo
couple circuit in the proper sense to oppose
the direct current output of the thermocouple.

•

~ECOllDel2

AMPLIFIER.

5TAt>lOAROIZIN(l
POINT

---------------1
RECORDER :

,
I
I
IL ~ ...!

f-----L- \IOV

L-----'-------ir--'cf----t'0------ 60w

I
I
I
I

~ - - -~_...!

r-- - -- ------l
, WAVELENGTH I

: SELECTOR I

I
I
I
I
I,
I
I
I

I
I
1 I
1 1

'--T--":;:-;-'--' - - - -:

t

I
t
I

I
I

I
I
I
I
I
I
I
I
I
I___________J

500

I
I
I
I
I
I
I
I
II __

L •. __ ._

\IOV
6{)W

!---- ~----~--- --,

: CHOPPER I
I I
1 I
I I
I I

I ' "I I~B--Pt-+---'------+--'VVv-,-----('y'V'v-,----r'\

t w,
I
I

: -I ~I
:~-
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Figure 5. Linearity
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4
4
0.8
0.8

Readings at Frequencies, enl.-1

2300 2330 2364 2630 12,000

30.5 8.8 5 90.5 0
31 10 6 90.2 1
32 11 6.8 90.5 2.0
34.8 12.8 8.2 90 2.8
36 13.8 9 90.8 2.5

6
6
6
6
5.5

'0 r-----,--------~---,

160
80
40
20
10

Amplifier
Gain

Table I. Source Stability
,(Expressed as maximum percentage variation in intensity in 20 minutes)

Wave Peak to Peak
Length, Variation,

p. %
0.5
0.75
0.5
2.0
0.75

Power Supply

.1O-microvolt test signal
500-watt Raytheon constant-voltage transformer
Transformer and 3 iron wire ballast lamps
Transformer
Transformer and 3 ballast la mps

Figure 5 shows the slit performance at two sensitivity levels.
Recorder deflections were measured over a wide range of slit
widths, and the square root of deflection was plotted against slit
width. If the slits are reproducible and everything is properly
lined up, deflection should vary as the square of the slit width, to
give straight lines in the figure. Slit accuracy and amplifier
linearity are indicated by the consistency of the points and the
straightness of the lines, respectively. If the slits did not opim
and close simultaneously, the lower ends of the lines would curve
downward more steeply, indicating that the intensity had gone to
zero sooner than predicted from the measurements at wide slits.
This would be especially noticeable in the higher sensitivity curve.
If the output stages of the amplifier were nonlinear, the points
would fall along a curve rather than a straight line, and both lines
would show the same curvature. The fact that the two lines do
not go to zero intensity at the same slit width is real but as yet un
explained.

Table II. Compensation for Alllplifier Gain Change by
Standardization

(Expressed as recorder deflections at wave lengths near 4.3p. CO, band, with
reference stations all set at 2630 em. -1 Sensitivity is input signal required
to give recorder full-scale deflection at 2630 em. -1 after standardization.
Amplifier gain is expressed as its filtered output signal in millivolts for 6

microvolts' input)
Sensitivity

for Full-Scale
Recorder

Deflection,
p.v.

The effectiveness of the standardizer in correcting for changes
in amplifier gain and source intensity is shown in Tables II and
III. Table II shows that a sixteenfold change in amplifier gain
changed the recordir readings 4 to 6 divisions at small energy
values and practically none at large values. There was also a 2.8
division change in the zero point as measured at 12,000 cm.-1

where the intensity Wl}S negligible. This is probably caused by
the chart zero's not coinciding with the recorder's electrical zero.
Table III shows that the effect of changing source temperature is

PERFORMANCE

The important features of an infrared spectrometer for con
tinuous, automatic use are stability, reproducibility, and relia
bility. Extreme precautions have been taken to obtain these
properties. The use of a light chopper and synehronous rectifier
practically eliminates the zero drift that is likely to cause trouble
in infrared absorption instruments. The frequent standardiza
tion practically eliminates the effeet of amplifier gain change or
thermocou~lesensitivity change and greatly reduces the effect of
slow changes in the source temperature. Rapid source changes
are prevented by the regulated power supply. ·Effects of tem
perature change on the wave-length calibration scale are reduced
by automatic compensation for changes in the prism's refractive
index. The instrument has been operated intermittently for times
up to 6 days over a considerable period. The results of tests to
determine its characteristics and to evaluate the effects of dif
ferent variables are given in Figures 5 and 6 and Tables I to
IV.

Table I gives the source stability measured as·the peak to peak
percentage variation in intensity in a period of 20 minutes. To
-get the best stability the globar was soldered into its contact
electrodes with Hanovia silver paste solder. Table I shows that in
the generally used part of the infrared region short-time source
fluctuations are smaller than amplifier gain changes, and only
near the visible do they become perceptible. Long-time ehanges
due to aging of the globar are still present and must be corrected
for by manually adjusting the power input.

breakers on the chopper shaft modulates a test signal from the
amplifier at the same frequency as the chopper.

The output filter is the same as that for standard Model 12-C
scanning spectrometers, with the addition of a small output meter
reading directly in rectified amplifier output and some larger
condensers and resistors. The time constant is fixed between 3
and 4 seconds. The filtered signal is broken into twelve different
circuits, each with a separate variable resistance to give inde
pendent control of the gain in each circuit. As only one circuit is
used at a time, the presence of the others has no effect, and the
gain settings are independent. Coordination and timing of the
whole system are controlled by the chart motor in the Leeds &
Northrup multipoint recorder, made especially for the purpose.
It drives two double-pole, twelve-station switches. One controls
the wave length turret in the monochromator, the other the
selection of the output circuit and its connection to the standard
izer or recorder. Half of one switch is not used. When the wave
length turret is iitlt at even-numbered reference stations, the
filtered signal is connected across a slide-wire potentiometer that
attenuates it by an adjustable amount. An auxiliary motor like
the main slide wire motor automatically adjusts the potentiometer
to give a fixed ouput on each reference station. When the wave
length advances to the following absorption station, the potenti
ometer is left in this position, and the signal from it is balanced
against the regular recorder slide wire and recorded.

The wave-length turret in the monochromator has another
twelve-station switch mounted on its shaft. Each station is con
nected to the corresponding master synchronizing station in the
recorder, so that power flows through the two switches only when
both are set on the same station. This power operates a relay that
opens the turret motor circuit and stops the motor. 'When the
master switch advances, the control circuit is broken, the relay
closes, and the motor runs until the turret reaches the proper
station and completes the control circuit to open the relay. An
additional, normally open switch operated by the cam prevents
the motor from stopping until the Littrow lever is in place on the
new stop.

There is no provision for changing the slits simultaneously with
the wave length, as it has been found that the standardizing
mechanism has a wide enough range to permit making measure-

.ments over practially the whole range of the lithium fluoride
prism at one slit setting. There is, however, a possibility of add
ing such a mechanism if the instrument is to be used with a dif
ferent prism over a wider energy range. The unused half of the
twelve-station switch in the recorder is connected to a plug and
available for synchronizing slit changes with the rest of the operat
ing cycle, either at every station or, preferably, only at the
reference wave lengths.
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also corrected for over a threefold range of power input. There is
very little change for wave lengths close to the reference wave
length and progressively more as the points depart from it. The
change of zero previously observed is now absent except for a
small effect at the brightest setting, due to perceptible radiation
at this point. At the reference frequency the change in recorder
reading was only 0.5 division; 330 cm. -1 away it was 11.5 di
visions, or 18%. The corresponding change of intensity at the
reference point was a factor of 2.6, giving a compensation factor
of 14.

The effect of varying slit width is shown in Table IV. Compen-

sation at the reference wave length is again excellent, and at
other points it appears to vary slightly, depending on the sharp
ness of the absorption band at the point. There appears to be a
change of 3 divisions in the recorded zero point for a 3.S-fold
change in slit width. The energy change corresponding to this
slit change is slightly more than 10. The readings at the three
points in the carbon dioxide absorption change by 6 to 7 di
visions. At the narrow 3337 em. -1 ammonia band the reading in
creased 8.5 divisions as the slit width was increased. Then it de
creased again, indicating that the linear range of the amplifier
was exceeded at the extreme slit width.

100 r-----------------------------------------...,
90 ........................................................

so
Readings at 2630 em:!
No C02 absorption

De1'leotion

70

so

50 ...... .. ................ .. ........... ........

40

ReadinE;s at 2.300 em: l

On steep side of CO2 band

30

' .. .' ......... .. ........

20

........

Readings at 2330 em: l

Near cer-ter of C02 band

10

........ e .. .. .. .......... " Zer': .. .. ......
0 ....... .,..- -'

N 4 8 M 4

Tuesday I 8 N 4 8
Wednesday

),\4

I
8 N 4 8
Thursday

M 4

I
8 I: 4 8
Friday

!!: 4

I
8 N 4
Saturday

Figure 6. Carbon Dioxide Absorption hi Atmosphere of Perkin-Elmer Plant
Working hours, 8 to 12 and I 1:0 5; Saturday irregular; Sunday none

Table IV. Compensation for Slit Width Change by
Standardization

COInpensation for Source Tmnperature Change
by Standardization

Wave-length reproducibility was tested by repeat readings of
intensity for a point on the sloping side of the carbon dioxide
band where a small change of wave length caused ~ very great
change in intensity. Readings over a period of 6 days repeated
within 3 divisions on the recorder, corresponding to a maximum
shift of 1.5 cm. -1, all readings being taken at the same carbon
dioxide concentration. These observ.ations were made in a quiet,
air-conditioned building and indicate the best performance ob
tainable. Vibration or other unfavorable conditions might reduce
it. The instrument is compensated for change in wave-length
calibration due to change in prism index with temperature. This
effect is small and hard to measure accurately with a lithium
fluoride prism which has about one quarter the rate of change of
refractive index with temperature that salt has. Using a sodium
chloride prism it has been found that about 90% compensation is
possible by turning the small mirror mounted on the prism table
with a bimetallic strip. Use of the correct bimetal for lithium
fluoride should make the effect negligible except in extreme tem
perature changes.

Figure 6 shows the instrument's over-all performance in a 6-

12,000

1
1
1.5

12,000

91
90.5
90.5
90.5
90

input. Reference

2345 2379 2645 3337

13 20 91 63.5
15 23 90.5 66
16 23.5 90.5 71
16 24 90.5 71
19 26.5 90 68

2345 2379 2645 3337

14 25 90.5 63.5
13.5 24 90 71.2
13.5 23.5 90 75

Readings at Freq'tencies, em.-1

Deflections at Frequencies, em. -1

2315

19
17.8
17.5

53
94

144

16
53

131
163

>160

as recorder deflections for different power
stations were all set at 2645 em. -.)

Amplifier
Output
at 2645
Cm -.M;. '

(Reference stations were all set at 2645 em. -.)
Amplifier
Output
at 2645

Cm. -', Mv. 2315

16
19
19.5
20
23

Power
to

Globar,
Watts

50
100
150

Slit
Width,
Mm.
0.055
0.095
0.145
0.165
0.195

(Expressed

Table III.
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day run measuring the carbon dioxide absorption in the atmos
phere of the Perkin-Elmer plant.

Values were read off the r~cord at 2-hour intervals, and each
plotted point was an average of four to six readings. Excluding a
few times when dirt on a contact made the measurement fail, the
maximum fluctuation in the readings in a lo-minute period was
generally =1% for the 2630 cm.-' curve and =0.5% for the
athers; The reference point for each curve was 2630 cm.-'
The top curve shows the stability in measuring energy at the
reference point, the bottom one the zero stability measured as the
energy at a wave length near the visible where the source had
practically no emission. The two intermediate curves record
variations in the atmospheric carbon dioxide content. The lower
one is set to a wave length near the maximum absorption, the
upper one at a point on the steeply sloping side of the band.
Both curves show a sharp break when work started and a gradual
recovery after quitting time, as well as the effects of a few irregu
lar workers on S~urday and no work on Sunday. The effect of
lunch hour appears in the 2 o'clock reading on two of the days.
On the original records it was always pronounced at one o'clock.
The correlation between these two curves indicates the wave
length reproducibility, as a small change in wave length would
have changed the upper curve much more than the lower one.

In addition to indicating and recording the infrared transmit
tance of the components of a mixture, the apparatus and method
may also be used, in combination with other suitable instrumenta
tion, to control a variety of reactions in the field of petroleum re
fining, chemical manufacture, etc.
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Determination of 1,2 Addition in Polymers
and Copolymers of Butadiene

Infrared Spectrometric Method

W. B. TREUMANNI AND F. T. WALL, University of Illinois, Urbana, Ill.

THE structural features of synthetic rubberlike polymers
evidently have pronounced effects on many of the physical

properties exhibited by these materials. Unfortunately, not
enough is known about physical behavior in relation to structure
and it is of some importance that the subject be investigated.
Before r~ationships between structure and properties can be
established, however, it is necessary to develop satisfactory
methods for the detection and measurement of possible structural
differences.

For polymers and copolymers of 1,3-butadiene, the manner in
which the butadiene units are linked within the molecular chain
constitutes one of the important structural features. Thus, a
butadiene unit might be present in a so-called 1,4 configuration or
llIS a 1,2 unit, which results in a vinyl side chain. The presence of
units of the latter type may be responsible for some of the unde
sirable characteristics of synthetic rubbers.

During recent years the problem of estimating the degree to
which 1,2 addition has occurred in the polymerization of buta
diene polymers has been attacked by several different chemical
and physical methods with varying degrees of success. A method
involving perbenzoic acid addition and the infrared spectrometric

1 Present address, School of Chemical Technology, North Dakota Agri
cultural College, Fargo, N. D.

approach appears to be the most promising. The present study
was undertaken with the object of developing a satisfactory in
frared spectrometric method for the quantitative determination of
the fraction of butadiene units which have undergone 1,2 addition
in polybutadiene and butadiene-styrene copolymers.

Although the complete infrared spectra of any two nonenantio
morphic compounds must be different, certain absorption bands
are often characteristic of particular structural groups and are not
markedly affected in position and intensity by the environment
of the group. This fact provides the basis for all infrared spectro
metric methods for the determination of the relative or absolute
degree of 1,2 addition in polymers.

Swaney and White (13) chose the 970 and 990 cm. -, bands
appearing in the spectra of polymers and copolymers of butadiene
as indicative, respectively, of internal double bonds (-CH=
CH-) or l,4-butadiene units, and of vinyl groups or 1,2-buta
diene units. They defined a "1,2 index" as a function of
the optical densities at 970 and 990 em. -, measured for polymer
films with approp!iate corrections for overlap.

Field, Woodford, and Gehman (5) approached the problem of
determining the percentage of 1,2 addition of butadiene polymers
and copolymers through the use of an "intensity ratio," a function
of the relative intensities of the 996 and 967 em. -, bands meas-
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A spectrollletric lllethod' for the llleasurelllent of
1,2 addition in but-adiene-containing polYIllers is
described~ The procedure for polybutadienes de
pel}-ds upon the IlleasureIllent of infrared absorption
intensities of the 910 CIllo -1 band, considered char
acteristic of vinyl groups. The' ratio of the con
centration of vinyl groups to that of butadiene units
in the solution exalllined is tal,en to be the fraction
of such units having undergone 1,2 addition. The
extinction coefficient at the wave nUIllber 910 Clll.-1

of the 1,2 units of polybutadienes is assullled to be
equal to that deterlllined for three olefins contain
ing vinyl groups. The extinction coefficient of the
1,4 units at this wave nUIllber is considered negli-

gible, thus perIllitting the computation of vinyl
group inolaritie5 in polybutadiene solutions frolll
optical density measurelllents. The extension of
the method to butadiene-styrene copolymers re
quires cOlllpositional analyses, which ca';' be ac
.coIllplished spectroIlletrically throu~h the use of
the 700 Clll. -1 band, characteristic of the phenyl
group. A correction is lllade for the contribution
of the polybutadiene portion to the absorption at
this wave nUIllber. The vinyl-group concentrations
of the copolYlller solutions are cOIllputed by the
authors, as for the polybutadiene solutions, through
the llleasureIllent of the optical densities at
910 cm.-1

were measured .from 650 to 3500 em. - I: cis-2-hexene, trans-2
hexene; trans~3-hexene; cis-2-octene, trans-2-octene; cis-3
octene; cis-4-octene, trans-4-octene; cis-5-decene, trans-5
decene (these were kindly supplied by K. N. Campbell, Uni
versity of Notre Dame, who with L. T. Eby had prepared them
from the corresponding alkynes, 4). The cis forms were said to
be about 95 mole % pure; the purity of the trans forms was about
99 mole %. The impurities in the former are largely the corre
sponding trans isomer (3):

Four spectral regions were observed in which the cis forms
differed markedly from the trans: in the neighborhoods of 700 to
740 em. -t, 967 em. -I, 1405 em. -" and 1650 to 1670 em. -1 (2). Of
these only the 967 em. -I region is discussed here, because that has
been used for the determination of 1,2 addition.

Each of the olefins examined appears to absorb radiation at
about 967 em. - 1 The band is very strong for each trans olefin but
of only moderate strength for the cis forms. The intensity of the
967 em. -1 band for the trans forms is so great that the presence of
small amounts of trans impurities in the cis olefins would make
this band appear. Hence it is difficult to conclude whether or not
the 967 em. -1 band shown by the cis samples is strong enough to
be indicative of absorption by the cis structure, but in any case
the absorption at 967 em. -I is very much more intense for the
trans forms.

Although the number of measured spectra of cis and trans
RCH=CHR' olefins is still small, it is probable that the 967 cm.-]
band exhibited by cis-trans mixtures of this type is almost en
tirely due to the trans form. It appears, therefore, that the
assumptions with respect to the 967 em. -I band, upon which
most of the previous infrared spectrometric investigations have
been based, are probably unsound. Inasmuch as cis and trans
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Figure 1.

ured for polymer films. This ratio WitS calibrated by use of mix
tures of 1- and 2-octene as standards, using the same band assign
ments employed by Swaney and White.

Rasmussen and Brattain (11) propsed a method for the deter
mination of per cent 1,2 values for polymers and styrene co
polymers of butadiene which depended on the optical densities at
912, 967, and 994 em. -I of chloroform solutions of the polymers.
The intensity of the 967 em. -I band was considered to be indica
tive of the amount of 1,4 units; the intensities of the 912 and
994 em. -1 bands were used to indicate the relative amounts of 1,2
units. These bands were calibrated through measurements made
on 1-hexene, 1-heptene, and 3-octene.

The infrared methods thus far developed for determining the
degree of 1,2 addition in polymers and copolymers of butadiene
have all been based in part upon the absorption band appearing at
about 967 em. -t, attributed to the internal double bonds of the
'1,4' units. Except for recent work by Hart and Meyer (6), no
mention has been made of the relative contributions of the cis and
trans configurations. Apparently it has been tacitly assumed
either that the two forms have the same extinction coefficient at
this wave number, or that the cis-trans ratios of butadiene poly
mers and copolymers all have the same value. Those methods
which are considered to yield absolute per cent 1,2 values require
the additional assumption that the invariant cis-trans ratio of the
polymers is equal to that of the internal olefins employed as
standards.

Rabjohn, Bryan, Inskeep, Johnston, and Lawson (10) pro
posed a chemical method for measurement of 1,2 addition based
on the ozonolysis of butadiene polymers. However, as the reac
tions were not quantitatively clear cut, the authors designated
their apparent per cent 1,2 values as "ozonization numbers."
Possibly the best method so far proposed for the measurement of
percentage of 1,2 addition is the perbenzoic acid titration method
originally worked out in Germany (17) and further developed by
Kolthoff and Lee (7) and Saffer and Johnson (12).

The present investigation was undertaken with the intention of
developing a spectrophotometric method free from unwarranted
assumptions regarding cis-trans ratios.

The experimental work was carried out using an automatic-re
cording Perkin-Elmer infrared spectrometer, Model 12 B, em
ploying sodium chloride prism and windows. The spectra of
liquids were determined while they were contained in sodium
chloride cells of either 0.025- or O.050-mm. inside thickness;
polymeric samples were examined as films of about 0.03-mm.
thickness spread on a single salt plate.

The determination of per cent 1,2 addition in polymers did not
require measurement of complete spectra but~nly measurement
of intensities at particular wave lengths. For this purpose carbon
disulfide solutions were used. Carbon disulfide was chosen be
cause it is fairly transparent, even for the 1.7-mm. cell em
ployed, in the useful 900 to 1000 cm.-- 1 and 675 to 725 cm.- I re
gions.

The spectra of ten cis and trans olefins of the type RCH=CHR'
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Figure 2. Optical Densities of Three Vinyl Group Olefins at 910 Cm..- I

al-OCTENE

QI-DECENE

• 1- DODECE NE

affect the absorption at 910 em. -I and sug
gests that the extinction coefficient at 910
em. -I of l-alkenes can be assigned to the
viIiyl group in any nonconjugated hydro
carbon environment.

On the basis of the facts and considera
tions cited above, the following method is
proposed for the determination of the per
centage of 1,2 units in any polybutadiene:

The optical density at 910 em.-I of the
polymer in carbon disulfide solution is
measured in the concentration range for
which the optical density values fall be
tween about 0.3 and 0.6, which is the range
for maximum experimental accuracy. The
optical density values are plotted against
the corresponding butadiene-unit molarities,
which are determined by evaporation of
aliquot portions of the solution. The ratio
of the slope of this curve to that of the
l-alkenes used as standards is taken as the
fraction of 1,2 addition for the sample of
polybutadiene.
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EXTENSION OF METHOD TO BUTADIENE-STYRENE
COPOLYMERS

The infrared spectra of copolymers generally have the appear
ance of appropriately weighted averages of the sepctra of the
polymers of the individual monomers (Figures 1, 3, and 4). This

The first two assumptions are not considered subject to
appreciable error, but the latter two may be more serious. They
cannot be directly tested without standard polybutadiene samples
of accurately known compositions with respect to 1,2 and 1,4
units. The facts upon which the third assumption is based have
been previously discussed. The fourth is based mainly upon the
observed equality of the extinction coefficients of l-octene, 1
decene, and I-dodecene.
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The validity and accuracy of this method
depend upon the following assumptions and approximations:

1. The fraction of butadiene units which have added in a 1,2
manner 1'l equal to the corresponding fraction for the soluble por
tions of the polymer. (This assumption is necessary only for sam
ples containing gel.)

2. The number of vinyl groups in the soluble portion is equal
to the number of butadiene units in that portion which have added
in the 1,2 manner.

3. For a given cell thickness, the intensity of absorption at
910 em.-I of the polybutadiene solutions depends only on the con
centration of vinyl groups.

4. The molar extinction coefficient at 910 cm.- I of l-octene,
I-decene, and I-dodecene is equal to that of the vinyl groups of
polybutadienes.

100

olefins of sufficient purity for accurate measurement of their
967 em. -I extinction coefficients are not at present available, it is
desirable to develop an infrared method for determining the per
centage of 1,2 addition which does not depend upon measurements
at 967 cm.- I

PROPOSED .METHOD FOR DETERMINATION OF PERCENTAGE
OF 1,2 ADDITION IN POLYBUTADIENES

Direct measurement of 1,2 units should be feasible if the
spectra of polybutadienes exhibit a strong band characteristic of
vinyl groups which receives little or no contribution from other
structural features. Absorption bands at about 995 and 1830
em. -1, attributed to vinyl groups, appear in the polybutadiene
spectra (Figure 1). The former, however, appears to be over
lapped by the 967 em. -I band, and the latter is of very low in
tensity.

Of the other bands in the spectra of polybutadienes, the only
strong band that has not been definitely assigned to structures
other than vinyl groups is that at about 910 em. -I This has been
variously attributed to any carbon-carbon double bond (16, 18)
or to vinyl groups (11, 11,., 15). Examination of the published
spectra (1) of 14 noncyclic olefins, as well as spectra of five others
(l-decene, I-dodecene, I-tetradecene, I-hexadecene, and 1
octadecene) measured in the course of the present work, indi
cates that, with the exception of ethylene, vinyl group olefins
exhibit a very strong band between 909 and 916 em. -1, usually in
909 to 912 em. -I region. The spectra (1) of ten noncyclic olefins
of the RCiI=CHR' type show relatively little tendency toward
preferential absorption in the immediate neighborhood of 910
em. -I All but a few of 78 noncyclic paraffins (1) show very little
absorption at 910 em. -I compared to the characteristic methylene
absorption at about 1470 em. -1, although the absorption at 910
em. ~I of I-alkenes, even as large as I-octadecene, and of polybu
tadienes is greater than that at about 1470 em. -I It is thus con
sidered probable that the 910 em. -I band exhibited by polybuta
dienes can be considered characteristic of the vinyl groups and to
receive no significant contributions from other structural features.

The optical densities of carbon disulfide solutions of I-octene,
I-decene, and I-dodecene were measured at molarities up to about
0.055 in a cell of 1.7-mm. inside thickness. The optical density
(log loll) versus molarity curves (Figure 2) based on these re
sults are superposable within experimental error and are linear
at molarities below about 0.025 with a slope of 22.9 liters per
mole. The superposability of the curves indicates that alteration
in the concentration of methylene groups does not appreciably
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The determination of the percentage of 1,2 units in the buta
diene portion of the butadiene-styrene copolymers involves the
same experimental procedure used for the polybutadienes except
that measurements of optical densities at 700 em. -1 are also made.
The evaluation of the weight per cent of the polystyrene fraction
is an intermediate step in computing the 1,2 values.

The measured optical density at 700 cm.- 1 allows the computa
tion of a first approximation for the weight per cent of the poly
styrene portion and hence of the polybutadiene portion. From
this first approximation to the weight per cent of polybutadiene a
correction is made for the polybutadiene contribution to the ab
sorption of the styrene portion at 700 em. -1 From this corrected
optical density at 700 em. -1 a second approximation is obtained
for the weight per cent of the polystyrene. Further successive
approximations can be made until a satisfactery coincidence is
obtained. The optical density at 910 em. - 1 is then corrected for
the contribution of the polystyrene fraction and the percentage of
1,2 units in the polybutadiene portion is computed.

ANALYTICAL RESULTS

The above methods of analysis were applied to several emulsion
and sodi~m-polymerized polymers and styrene copolymers of
butadiene. A few of these polymers had been analyzed for per
cent 1,2 units by Saffer and Johnson (12) or Meehan (9) by the
perbenzoic .acid titration method. Results appear in Table 1.

EVALUATION OF METHOD OF ANALYSIS

If measurements are made on several solutions of different
concentrations in the optini.um range, the 1,2 values calculated
for the polybutadienes can be reproduced within one percentage
point. The method is subject to several possible systematic errors.
If the vinyl-group olefins used as standard were only 95 weight %
I-alkene (the minimum purity claimed by the supplier) and if
the impurities were essentially transparent at 910 em. -1, the 1,2
values measured would be about 1 and' 3 percentage points too
high for the emulsion- and the sodium-polymerized polymers, re
spectively. If nonvinyl components of the polybutadienes con
tribute appreciably to the absorption at 910 em.-" the 1,2 values
measured will tend to be too high, the higher 1,2 values being
subject to a smaller fractional error than the lower ones. Any
attempt to evaluate and correct for possible absorption due to the
internal double bonds of the 1,4 units by measurements on com
mercially available 2-alkenes would be likely to result in a large
overcorrection due to the presence of strongly absorbing I-alkene
impurities usually present in such samples. Because it is not
possible to estimate a priori the maximum error due to absorption
of the nonvinyl-groupportion of the polymers, it must be recog
nized that the positive error may be considerable. Systematic
negative error, however, is improbable.

Optical Densities of Two Salllpies of Polystyrene at 700 CIll. - 1
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Figure 4. Infrared Spectrulll of Elllulsion-PolYlllerized
Butadiene-StyreneCopolYlller (GR-S)

is not to 'be interpreted as suggesting that the copolymers are
mechanical mixtures of the separate polymers, but rather is in
dicative of the insensitivity of infrared absorption to chain struc
ture. It is nevertheless convenient to spl:lak of the "polystyrene
portion" or the "butadiene portion" of the copolymers, without
intending to imply that these portions are molecularly distinct.

The extension of the method to the copolymers of butadiene
requires in addition to the usual measurements the determination
of the weight per centof thepolybutadiene portion and a correction
for the absorption at 910 em. -1 due to the other portion. The
calibration of a strong band characteristic of the polycomonomer
would render feasible the determination of the percentages of the

·fwO portions, assuming any necessary correction can be made for
the contribution of the polybutadiene to this particular band.'
The optical density at 910 em. -1 could then be corrected for the
absorption due to the nonpolybutadiene portion, if this were
appreciable, and the percentage of 1,2 butadiene units computed.

The spectra of polystyrene (Figure 3) and of butadiene~styrene

copolymers (Figure 4) show a strong band at about 700 cm.-1

This band is considered by White and Flory (18) to be of aromatic
origin. Examination of a great many spectra (1) makes it appear
likely that the 700 em. -1 band is characteristic of the phenyl group
and receives little or no contribution from saturated hydrocarbon.
structures.

The optical densities at 700 (Figure· 5) and 910 em. -1 of two
polystyrene samples were measured in carbon disulfide solutions
of various concentrations. The two samples gave similar results
at each of these wave numbers. The slopes of
the curves obtained by plotting optical
density at 910 em. -1 against concentration
are small and approximately equal (about
0.01 liter per gram). Thus, the correction re
quired at 910 em. -1 for the contribution of
t,he polystyrene portion to the absorption of
75/25 butadiene-styrene copolymers is almost
negligible.

The optical densities at 700 em. -1 of the
carbon disulfide solutions of six emulsion
and three sodium-polymerized polybutadienes
were measured at various butadiene-unit
molarities. The slopes of the curves of
optical density versus concentration are small
and approximately equal (about 0.015 liter
per gram); thus, the correction required at
700 em. -1 for the contribution of the poly
butadiene portion to the absorption of
butadiene-styrene copolymers is also small.



v 0 tUM E 2 1, N O. 1 0, 0 C T 0 B E R 1 9 4 9 1165

Table I. Analyses for 1,2 Units of PolyIners and Styrene
CopolyIners of Butadiene

" Resnlts of Saffer and Johnson (I2).
b Results of Meel\an (9).
C Percentages refer to buta:diene portion of co~olymer.

For emulsion polybutadienes, 1,2 values of about 20% have
been ottained by the perbenzoie aeid titration method (8), by
the.....fntensity ratio infrared method (5), and by the present
rrU;thod. The values obtained for sodium-polymerized polybuta
dienes by the various methods show mueh less agreement.
Values ranging from 58 to 74% have been obtained by the per
benzoic acid method (17), about 80% by certain infrared methods
(5, 11), and about 70% by the present method, However, except
for a few examples cited in Table I, the above comparisons were
not for .the same polymer samples.

The analysis of the butadiene-styrene copolymers is much less
<wect than that of the polybutadienes and hence might be ex
pected to be less satisfactory. Nevertheless, if the intermediate
determination of the per cent polystyrene were in error by as
much as 20% the resulting error in the 1,2 values would be off by
only 1 and 3 percentage points, respectively, for the emulsion
and the sodium-polymerized copolymers. The only other ad
ditional source of error for copolymers not involved for polybuta-

Polymer Type
Polybutadiene

Emulsion-polymerized

Sodinm-polymerized

Butadiene-styrene copc¥ymers
Emulsion-polymerized

Sodium-polymerized

Weight %
% 1,2Poly-

styrene by
Portion % Perbenzoic

by 1,2 by Acid
Sample Infrared Infrared Titration

No. Method Method Method

1 19
2 19
3 20

25"4 21
5 22

25:i b6 24
7 70

59:i b8 71
9 71

10 20 20 e 22"
n 20 20 e

2a:a b12 20 22 e

13 26 65 e

14 24 72 e

dienes is the correction applied to the optical densities at 910
cm. -1 of the copolymer solutions for the absorption due to the
polystyrene portion. This correction is very small; either omit
ting or doubling it would alter the 1,2 values by about C.5 percent
age point. It is believed, therefore, that the 1,2 values measured
for the styrene copolymers are of the same order of accuracy as
those determined for the pnlybutadienes.
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Determination of Dimethyl Ether in Methyl
Chloride

A Combination Infrared and Chemical Method

EARL B. CLAIBORNE AND MACK C. FUQUA

Esso Standard Oil Company, Baton Rouge, La.

I N CERTAIN refinery operations it was necessary to detect
very small concentrations of dimethyl ether in a stream con

taining methyl chloride as the major component and isobutylene
(2-methylpropene) and isobutane (2-methylpropane) as the minor
c.omponents. First consideration was given to an analytical dis
tillation; this method, however, was unsatisfactory because of the
proximity of the boiling points of dimethyl ether and methyl
chloride (-23.65° and -24.22° C., respectively, 7). Analytical
distillation was further complicated by the formation of an
azeotrope (5) consisting of isobutane and methyl chloride. At
tempts at a chemical method (8) were also unsatisfactory because
of both a lack of sensitivity and the presence of the above-men
tioned interfering materials.

Attention was then turned to an investigation of the possi
bilities of analysis by infrared spectroscopy because of the dis
similarity between the ether molecule and the other components
of the stream (2, 6). Good sensitivity was considered likely be
cause of the usually strong absorption in the 8- to lO-micron region
of oxygenated compounds as compared to hydrocarbons or
chlorinated hydrocarbons (1). A literature survey indicated the
dimethyl ether (6) toJ1ave strong absorption in the regions around
1200 and 900 cm.- 1 In both these ranges the absorption due to
methyl chloride (2) was of little or no significance. Further in
vestigation of the spectra of methyl ether and methyl chloride on
the Beckman routine infrared spectrophotometer (3) in the re
gions just stated confirmed the literature observations that
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Both an infrared absorption procedure and a combination of the infrared method
with a chemical concentration procedure are given for the deterIIlination of
small quantities of diIIlethyl ether in admixture with methyl chloride and 2
methylpropene. The precision of the infrared method alone is ±O.004o/(),
while the combination of the two procedures gives a precision of ±3 to 5 p.p.m.,
depending on the degree of concentration.

Me20 Found in
Sample on Origi
nal Basis, P.P.M.

o
23
42
85
28
24
.50

Synthetic SaIDpies
Me,O Found in
Concentrated

Sample, P.P.M.

o
420
840
740
700
480
1250

Concentration
Ratio (Approx.)

25/1
21/1
20/1

9/1
25/1
20/1
25/1

.Table III.

a Contained 20 mole % isobutylene.

Me,Oby
Synthesis, P.P.M.

o
23
46
92
31
31
46a

The dimethyl ether absorption peak is located by roughly
scanning the spectra of ether from 8 to 10 microns. Careful
scanning of the region of 1200 em. -1 (8.33 microns) reveals that
dimethyl ether has two peaks, at 1200 and 1180 cm.- 1, respec
tively, which are suitable for analysis (Figure 1).

A series of known samples of dimethyl ether in pure methyl
chloride ranging from 0.01 to 0.10 weight % is prepared in steps
of 0.01%. Successive .measurements of the optical density of
each on the infrared spectrophotometer (3) at the two frequen~ies

CALIBRATION OF INFRARED SPECTROPHOTOMETER

boron trifluoride to form the ether complex, which remains as a:
solid salt after the evaporation of the unreacted portion of the
sample. The salt is then decomposed with aqueous sodium hy
droxide and recovered in pure methyl chloride in a concentration
20 to 25 times greater than the original. I;obutylene interferes
with this procedure, in so far as it forms a rubbery polymer in the
presence of boron trifluoride from which it is difficult to strip the
ether. The formation of this isobutylene polymer may be in
hibited by the addition of a small amount of o-cresol.

The equations for these reactions may be writitzn as follows:

BF3 + (CH3)20 ----+ BF3. (CH3)20

BFdCH3)20 + 6NaOH----+
Na3B03 + 3NaF + 3H20 + (DH3)20...

The concentrated sample is then analyzed by infrared abs~rp-.
tion and the ether calculated on the original basis. The method is
good to about 3 to 5 p.p.m. on the original, assuming a concentra
tion factor of 25 and complete recovery of the ether from the com
plex. Complete recovery, however, is not always realized; 90%
is considered a good average recovery. For small concentrations
of ether this 10% loss is not significant. Table III lists a series of
synthetic samples concentrated in the above manner with the
analysis of the concentrate by infrared absorption.

Table II. Synthetic SalDples of DilDethyl Ether in
Methyl Chloride and Isobutylene

Wt. % Iso-C,H, Wt. % Me,O Wt. % Me,O
by Synthesis by Synthesis by Analysis

10.0 0.036 .0.034
10.0 0.054 0.055
15.0 0.017 0.015
10.0 0.036 0.032
10.0 0.054 0.057
o 0.020 0.024
o 0.004 0.003
o 0.007 0.009
o 0.011 0.012
o 0.004 0.008
o O. 007 0.006
o 0.011 0.009

Extinction Coefficients
1200 Cm. -lKa 1180 Cm. -lKa

40 40
0.0 0.0
0.1 0.2
0.4 3.0

Table I.
Component

Dimethyl ether
Methyl chloride
Isobutylene
Isobutane

a K = optical density X 1000.
pressure in mm. Hg

methyl chloride was practically transparent in both regions,
whereas· isobutylene absorbed rather strongly in the 900 cm.- 1

region but weakly in the 1200 cm.- 1 region. Dimethyl ether was
found to have two peaks at 1200 and 1180 cm. -1, respectively,
where the extinction coefficient was exceptionally high (Figure 1).
These were selected as the most likely frequencies for this deter
mination. The approximate extinction coefficients at each of
these frequencies for all the components likely to be present were
measured using various pressures of the pure material and are
listed in Table 1. The cell length was omitted in the calculation,
as the same instrument and cell was to be used for all analyses.

EXPERIMENTAL

Using the approximate extinction coefficient for dimethyl ether
given in Table I and assuming the validity of Beer's law with the
smallest detectable optical density as 0.005, the minimum detect
able amount of ether can be calculated to be about 0.015 mole %.
However, it was impossible to obtain accurate determinations of
the extinction coefficient using the pure ether because of its ex
cessive absorption. Accurate preparation of synthetic mixtures
for calibration was therefore necessary to obtain a partial pres
sure of ether low enough to be comparable to that determined in
the sample. [Good accuracy in the preparation of the synthetic
samples is obtained by weighing a small amount of ether in a
sealed U-shaped, heavy-walled, capillary tube. The tube is then
broken below the surface of a large quantity of pure liquid methyl
chloride (about 500 mI.). The material is stirred and pulled into a
chilled evacuated bomb.] Straight-line calibration curves pre
pared from measurements made on these synthetics can then be
used directly without the calculation of extinction coefficients.
Inspection of such curves shows the minimum detectable amount
to be about 0.007 weight % dimethyl ether (again assuming 0.005
to be the minimum detectable optical density).

In Table II is listed a series of synthetic samples containing
about 10% isobutylene as an interfering material, which were
analyzed by this method. The greatest deviation from the
known ether content for this series of synthetic mixtures is
0.004%, indicating excellent accuracy for the determination.
However, under the most ideal conditions the optical density
measurements have a maximum reproducibility of about 0.004 for
this type of instrument. This optical density is equivalent to
0.007 weight % ether. For this reason the maximum reproduci
bility claimed for this analysis is ±0.007o/cw

In order to improve the accuracy and sensitivity of the method
for low concentrations of the ether, a concentration procedure,
utilizing the fact that dimethyl ether forms a stable complex with
boron trifluoride (..i), was developed for use before analysis by
infrared absorption. In this case the sample is treated with
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tane is made in the same manner. From these curves the coeffi
cients given in Table IV are obtained.

PROCEDURE

Direct Determination. For analysis, measurements of the
optical density at atmospheric pressure for the two frequencies
1200 and 1180 cm.- 1, are made and the proper correction (ob
tained from the coefficients given in Table IV) is applied for iso
butylene (which may be determined by infrared absorption at
875 cm.- 1). The residual optical densities are then used to obtain
the apparent ether content by reference to the previously pre
pared calibration curves. If the two figures obtained do not agree
within the limits of reproducibility of the analysis, the sample may
be assumed to contain some other interfering material for which a
correction is necessary. Isobutane, which was found as an inter
fering material in many of the samples analyzed in this laboratory,
was determined and corrected for in the following manner.

DRY ICE
ACETONE

DRY ICE .•
Figure 2. Apparatus for Concentration of DiDlethyl Ether

Tahle IV. Extinction Coefficients

indicated result in two straight-line calibration curves. (The re
producibility obtained on the optical density measurements of the
same synthetic was ±0.004.)

To make correction for isobutylene the absorption of pure iso
butylene at the two selected frequencies is measured at several
different pressures, and the optical densities thus ob.tained are'
plotted against mole per cent isobutylene (calculated from the
partial preSSures) to obtain a straight line. Correction for isobu-

Isobutylene
Isobutane

a K = optical density.
mol. fraction

1180 Cm. -'KG

10 X 10-'
2.65

1200 Cm. -'KG

8.6 X 10-'
0.57

The approximate per cent isobutane is calculated from its ab
sorption coefficient at 1180 em. -1 given in Table IV by assuming
all the absorption at 1180 em. -1 to be due to isobutane. This
figure is used to obtain the correction for isobutane interference at
1200 em. -1 (Table IV). Subtraction of the absorption due to iso
butane at 1200 em. -1 leaves only that due to dimethyl ether, thE)
amount of which may then be obtained from the calibration curve
at that frequency. The assumption that all the absorption at
1180 em. -1 is due to isobutane is justified only when the ratio of
isobutane to ether is large, as was experienced in this work. If
this ratio were decreased it would then become necessary to re
sort to the solution of simultaneous equations to obtain both the
isobutane and ether figures.

Concentration. If the dimethyl ether is present in quantities
below about 0.0150/", it is convenient and more accurate to con
centrate the ether by the following procedure:

The apparatus used for this procedure is shown in Figure 2.
Moisture is eliminated (it will destroy the ether-boron fluoride
complex) from the system by flushing with dry air. The reaction
flask is charged with 500 m!. of cold sample measured to the near
est 20 m!. while taking the necessary precautions against the in
clusion of moisture. The sample weight may be calculated from
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the approximate density. If i80butylene is present it is advisable
~o add a few ~rams of o-cresol to inhibit the polymerization of
Ispbutylene whIch make~ the subsequent ether stripping operation
dIfficult. The sample IS then saturated with boron trifluoride
until a white cloud of hydrolyzed boron trifluoride appears in the
vent gases, indicating complete reaction of the ether. The un
reacted methyl chloride is allowed to boil off by slowly warming
the r~action flask. while passing .a sJ?all stream of pure methyl
ch}onde through It. ThiS vaporIzatIOn should require about 20
mmutes.

When vaporization is completed the system is flushed out with
pure methyl chloride and the reflux head is cooled to about -70 0 F.
~ith d;y ice and acetone while flushing with methyl chloride
IS contmued. When 10 to 12 m!. of methyl chloride have col
lected in the graduated receiver, 100 m!. of 10% sodium hydroxide
are added dropwise to the reaction flask. The caustic solution is
then stripped with a stream of methyl chloride until 20 to 25 m!.
of methyl chloride have collected in the receiver. The concen
trated sample is then transferred to a small evacuated bomb in
which it may be held until ready for the infrared determination of
the ether content.

ACCURACY AND PRECISION

By concentrating the sample in the manner described, the
minimum detectable amount has been reduced to about 5 p.p.m.
(depending on the degree of concentration), and the precision in
creased to the same figure (Table III). For the infrared method
alone the minimum detectable is at best 0.007% with a maximum

.A N A L Y TIC ALe HEM 1ST R Y

precision of ±O.004%. The precision here stated is true only
when the concentration of the ether is in the range studied in this
investigation, which was below 0.1 %.
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Infrared Spectra of Sulfones and Related
Compounds

KURT C. SCHREIBER, Columbia University, New York, N. Y.

I N THE past decade the identification of structural features of
organic molecules by means of infrared absorption spectra has

been the subject of a large number of systematic investigations
in which the absorption characteristics of many functional
groups have been established. In the field of organic sulfur com
pounds, investigations of mercaptans (thiols), sulfides, and di
sulfides have established a sulfur-hydrogen stretching vibration
(5; 6, 18, 44) in the region of 2500 em. -" a carbon-sulfur stretch
ing vibration (43) between 600 and 700 cm. -1, and finally a
sulfur-sulfur stretching vibration (43) in the neighborhood of 500
em. -1 Among inorganic sulfur compounds, sulfur dioxide (31)
shows bands at 1151 and 1361 cm. -1, respectively, which repre
sent sulfur-oxygen stretching frequencies, while sulfur trioxide
(21) shows three bands at 1065, 1205, and 1330 cm. -1 Duval and
Lecomte (16, 17) have reported that inorganic dithionates absorb
at approximately 985 and 1200 cm. -1

No systematic investigation of sulfur-oxygen absorption fre
quencies in organic molecules has been reported. Data on only a
few isolated compounds have been published. Downing et al.
(5) have investigated the spectra of bis-(p-chlorophenyl)-sulfone
a~d of 2,2,2-trichloro-l-(o-chlorophenyl)-ethyl-p-chlorobenzene
sulfonate in connection \~ith the analytical determination of DDT
in industrial manufacture. Barnes et al. (3) have recorded curves
for orthanilic, metanilic, and sulfanilic acids, and 0-, m-, and p-sul
fanilamide. Adams and Tjepkema (1) have reported the spectra
of sixteen N,N '-disubstituted-N,N'-dibenzenesulfonyldiamino
mesitylenes and stated that they show an absorption between
1160 and 1180 cm. -1 due to the -802- group. Barnes et al. (2)
in a table of functional group absorption frequencies have
tentatively assigned the region of 1250 to 1350 cm. -1 to sulfone
absorption and the region of 1140 to 1200 cm. -1 to the absorption
of the sulfonate grouping. But no experimental data are pre
sented in their paper.

This investigation was undertaken in order to obtain experi-
mental data on the sulfur-oxygen stretching frequencies in sul-
fones and related compounds; no attempt was made to obtain a

Table I. Absorptions of Sulfones and Sulfides between
HOO and 1400 Crn. - 1

Diphenylsulfone 1110 1155 1166 a 1310" 1325
Diphenylsulfide (28) 1166 1305
Di-n-butylsulfone (25) 1139 1175 1330
Di-n-butylsulfide (8) 1175 1220
Methy1ethylsulfone W 1145 1280 1330 1380
Methy1ethylsulfide (27,28) 1259 1383
Phenylbenzylsulfone (87) 1128 1155 1258 1305" 1325
Phenylbenzylsulfide (88) 1242 1300
Dibenzylsulfone (20) 1120 1155 1205 1270 1325
Dibenzylsulfide (89) 1200 1245
Di-(n-butylsulfonyl)-

met.hane (40) 1130 1340
Di-(n-butyluwr-

capto)-methane (40)
l,2,-Di-(phenylsu1-

fonyl)-ethane (86) 1141" 1159 1238
l,2-Di-(phenylmer-

capto)-ethane (7) 1221
Diphenyldisulfone (24) 1148 1170a 1202 1345
Diphenyldisulfide (19) 1201
Phenylallylsulfone (85). 1150 1184 1225 1302 1325
Phenylallylsulfide (26) 1175 1229
Methylvinylsulfone (10) 1140 1265 a 1318 1387
Methylvinylsulfide (9) 1258 1390
Bis-(p-hydroxy-

phenyl)sulfone (42) 1102 11.53 1180 1225 1286 1313
Bis-(p-hydroxy-

phenyl)sulfide (41) 1103 1171 1220 1280
Thiodiglycolsulfone (29) 1130 1170 1229 1285 1315
Thiodiglycol 1157 1220 1285
Thiodiglycol diace-

tatesulfone (88) 1128 1240 1293 1325
Thiodiglycol diace-

tate (88) 1235 1295"
p-Tolylallylsulfone (85) 1150 1183 1301 1330
Tri-(ethylsulfonyl)-

1175" 1300" 1352filethane (14) 1134 1158 1231
Ethyl-{3-(phenylsul-

1390fonyl)-acetate (82) 1115 1153 1177 1275 1350
a Well defined knee in curv,eat point indicated.
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The infrared spectra in the region 1000 to 1500 cm.-I of thionyl chloride, sulfuryl
chloride, sixteen sulfones, thirteen sulfides, two sulfoxides, two,sulfates, two suI.
fonates, three sulfonic acids, three sulfonamides, and one sulfonyl chloride are
reported. Characteristic bands for the -502- group are discussed.

sulfur-oxygen bending frequency. Considering the data in the
above-mentioned papers (with the exception of that by Adams, 1,
which was published while this work was in progress), as well as
t.he Raman spectrum of sulfuryl chloride U1, 30, 34) which shows
frequency shifts of 1182 and 1408 cm, -I, it was decided to investi
gate carefully the-region from 1000 to 1500 cm.- I

EXPERIMENTAl.

Instrument Used. The work deseribed in this paper was per
formed using a Perkin-Elmer Model 12B infrared spectrometer
with a breaker-type amplifier and a Brown strip-chart, electronic
recorder. The instrument was used in the state of adjustment as
supplied by the manufacturer. It was found that its resolving
power was 20 to 25 em,-I between 1000 and 1400 cm.- I under the

conditions used, whereas a value of 8 to 11 cm,-l would have been
expected from the data given in the manual supplied with the
spectrometer. Approximately the latter resolving power is
achieved with Halford's instrument in these laboratories, which,
however, was not available for the work reported here. All
spectra were taken using a sodium cWoride prism. The sample
cell employed consisted of rock-salt plates separated by a lead
gasket of O.lOl-mm. thickness (12).

All spectra were taken in solution. The solvents are indicated
with each curve (Figures 1 to 6) and were commercial solvents
that were dried and fractionated through a glass helix fractionat
ing column prior to use. The concentrations ranged from 30 to
100 mg. of compound per cubic centimeter of solvent. The molar
concentrations of corresponding sulfides and sulfones were the
same, so that the extinctions are directly comparable. The final
curves were obtained on a point by point basis from the ink
tracings of the transmittances of the solution and of the solvent.
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FigUl'e 1. Infrared Spectra of Sulfones and Sulfides
A. -- Diphenylsulfone in chloroforlD and acetonitrile

- - - Diphenylsulfide in carbon tetrachloride
B. -- Di-n-butylsulfone in carbon tetrachloride

- - - Di-n-butylsulfide in carbon tetrachloride
C. -- Methylethylsulfone in acetonitrile

- - - Methylethylsulfide in carbon tetrachloride
D. -- Phenylbenzy)sulfone in carbon tetrachloride

- - - Phenylbenzylsulfide in carbon tetrachloride
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Figure 2., Infrared Sprctra of Sulfones and Sulfides
A. -- Dibenzylsulfone in acetonitrile

- - - Dibenzylsulfide in carbon tetrachloride
B, -- Di-{n-butylsulfonyl)-lIlethane in carbon tetrachloride

- - - Di-{n-butyllIlercapto)-lIlethane in carbon tetrachloride
C. -- 1,2-Di-(phenylsulfonyl)-ethane in acetonitrile

- - - 1,2-Di-(phenyllIlercapto)-ethane in acetonitrile
D. -- Diphenyldisulfone in carbon tetrachloride

- - .. Diphenyldisulfide in carbon tetrachloride

)
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Figure 4. Infrared Spectra of Sulfones and Sulfides
A. -- Thiodiglycol diacetatesulfone in aceionitrile

- - - Thiodiglycol diacetate in carbon tetrachloride
B. p-Tolylallylsulfone in carbon tetrachloride
C. Tri-{ethylsulfonyl)-Dlet;hane in acetonitrile
D. Ethyl-fJ-{phenylsulfonyl)-acetate in acetonitrile

are not sufficiently soluble in this solvent. Chloroform can be
used, but it has an absorption band at 1216 em. '--, which obliterates
the region between the two frequencies in question. Aceto
nitrile, a solvent in which most of the investigated compounds
are sufficiently soluble, unfortunately has two strong absorptions
at 1040 and 1420 em. -, The second absorption is so strong, that,
with the cell used, any pattern of the solute above 1350 em. -, is

, masked.

1390

1412
1415

1419

1301 a 1358
1285 1346
1300 1358

1315 1375
1315 1370

1300
1300

1322 1340

Absorption of COlllpounds Containing -SOz--
Group
1100 1167
1140 1162
1100 1167

1100 1185 1198
1100 1185 1198

1100 1182 1261
1171 1242

1100 1170 1250

1120 1185 1195

1193
1161 1187

1128 1160 1196

Table II.

Benzenesulfonamide
0-Toluenesulfonamide
p-Toluenesulfonamide

Methyl p-toluenesulfonate
n-Butyl p-tolttenesulfonate

Benzenesulfop.ic acid
Ethanesulfonic acid
p-Toluenesulfpnic acid

Benzenesulfonyl chloride

Dimethylsulfate
Diethylsulfate

Sulfuryl chloride

1000 1100 1200 1300 1400 1500
WAVE NUMBERS, CM.-1

Figure 3. Infrared Spectra of Sulfones and Sulfides
,.4. -'- Phenylallylsulfone in carbon tetracWoride

- - - Phenylallylsulfide in carbon tetrachloride
B. -- Methylvinylsulfone in carbon tetrachloride

- - - Methylvinylsulfide in carbon tetracWoride
C. -- Bis-(p-hydroxyphenyl)-sulfone in acetonitrile

- - - Bis-(p-hydroxyphenyl)-sulfide in acetonitrile
D. -- Thiodiglycolstilfone in acetonitrile

- - - Thiodiglycol in acetonitrile

The methods of preparation of the compounds are indicated by
literature references in the tables. Diphenylsulfone, benzene.:.
sulfonic acid, p-toluenesulfonic acid, benzenesulfonyl chloride, the
sulfonamides, and the sulfonates were obtained from the Eastman
Kodak Company.

DISCUSSION OF RESULTS

The spectra of thirteen sulfones and of the corresponding sul
fides have been examined for bands characteristic of the sulfone
grouping. Each of the sulfones shows two which are absent in
the corresponding sulfides. These absorptions occur between
1120 and 1160 em. -, and between 1300 and 1350 em. -, (see Table
I). Both are strong absorptions, the one at the longer wave
length (8.6 to 8.9 microns or 1120 to 1160 em. -') usually being
slightly stronger. No sulfides have been investigated which have
absorptions in these regions due to absorptions of other parts of
the molecule, such as naphthyl and metasur.,tituted phenyl sul
fides, because the bands in the corrtlsponding sulfones would be
either unresolved or difficult to interpret.

Throughout this work the difficulty of finding a satisfactory sol
vent was encountered. Although carbon tetra9hloride is excel
lent because it has only weak absorptions in the region investi
gated, many of the sulfones and of the compounds discussed below
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a Well defined knee in curve at point indicated.
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Figure 6. Infrared Spectra of Compounds Containing
One Sulfur-Oxygen Bond

A. Thionyl chloride in carbon tetrachloride
B. Diphenylsulfoxide in carbon tetracWoride
C. Di-n-butylsulfoxide in carbon tetrachloride

A number of other compounds, which are not sulfones but con
tain the -802- grouping, have been investigated, and their ab
sorption is shown in Table II.

The band at 1370 em. -1 in the spectra of the sulfonates is a
broad band stretching over about 20 em. -1, and may be a doublet
unresolved by the instrument. No second absorption was ob
served in the spectra of sulfonic acids up to 1335 em. -1, above
which the absorption of the acetonitrile made it impossible to
draw any conclusions. The peaks in sulfuryl chloride correspond
to the Raman shifts (11, 31, 43) which are to be expected, as this
molecule belongs to the point group C2V in which these absorptions
are both infrared and Raman active.

In Table III the absorptions of three compounds containing
only one sulfur-oxygen bond are collected.

All compounds containing the -802- grouping have an ab
sorption in the region between 1120 and 1300 em. -1 This region
can be tentatively divided into two parts. The first, extending
from 1120 to 1160 em. -1, is characteristic of sulfones. The sec
ond, comprising the range from 1160 to 1200 em. -1, is character
istic of sulfonic acids, sulfuric acids, and their derivatives.

The second absorption area between 1300 and 1400 em. -1 is
somewhat more in doubt. 8ulfones definitely have an absorp
tion in the region between 1300 and 1350 em. -1 The absorption
of sulfonic acid derivatives in the region 1330 to 1400 em. -1 will
have to be investigated further before they can be definitely as-

Table III.
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- - - 0-Toluenesulfonanlide in acetonitrile
--p-ToluenesulfonaDlide in acetonitrile

B. -- Me'thyl p-toluenesulfonate in carbon tetrachloride
- - .. n-Butyl p_toluenesulfonate in carbon tetrachloride

C. -- Ethanesulfonic acid in acetonitrile
- - - Benzenesulfonic acid in acetonitrHe
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It is therefore hard to interpret the spectrum of a compound
in the region of the second absorption of the sulfone grouping.
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signed to the absorption of the sulfonyl grouping. The disubsti
tuted sulfonamides investigated by Adams and Tjepkema (1)
show in addition to the absorption reported by them, a second
band between 1330 and 1350 em. -1 which corresponds to the
second absorption band of the sulfonyl group.

The absorption between 1410 and 1420 em. -1 of the sulfates
and the single band of the sulfoxides at 1190 cm. -1 need. further
confirmation.
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Punched Card Code for X·Ray Diffraction
Powder Data

F. W. MATTHEWS, Canadian Industries Limited, jlfcMasterville, Quebec, Canada

A punched card is described which would enable a rapid and exhaustive search
to be made of powder x-ray diffraction data for the identification of crystalline
chemical compounds. This search could be based on the most intense lines of
the x-ray diffraction pattern or on one intense line of the diffraction pattern
and the elemental chemical composition of the substance.

THE identification of a chemical compound by the use of x-ray
diffraction powder patterns is based on a thesis of Hull (6)

"that every crystalline substance gives a diffraction pattern; and
that the same substance always gives the same pattern." It re
mained to be shown by Hanawalt and Rinn (5) that these pat
terns were sufficiently different to become the basis of a practical
method of analysis. These authors described a method of tabu
lating powder patterns in a manner suitable for routine chemical
identification. This scheme used a large ledger which was un
suitable for reproduction and general distribution. As an al
ternative, a card file of these data, using basically the same
scheme, was published by the American Society for Testing Ma
terials (1). This provides an expandable file which is suitable for
indexing a comparatively small number of data. The present file,
which lists about 4000 substances, has already proved somewhat
unwieldy.

If data on three times this number of s~bstances were con
sidered, the size of the file would be such that a search would be
very difficult. Alternative solutions to this problem, including
the use of punched cards, were discussed in a previous paper (7).
The present paper presents a revised punched card code which
would facilitate the search of a file of powder diffraction data.

The method of Hanawalt and Rinn (5) used the three most in
tense (strongest) lines of the powder diffraction pattern as the in
dex lines. The use of three lines is required because variations' in
x-ray technique and texture of the sample of a given substallGe
cause variations in the relative intensities of the lfues of the
diffraction pattern. In the ten years this method has been in
general use, the use of three index lines has proved necessary and
effective for searching purposes.

In searching a file of data for the identification of a powder
diffraction pattern, it is usual to start with two diffraction lines of
the pattern. Ideally these would be the strongest and second
strongest lines of the pattern, but because of the variation in rela
tive intensity of the lines, and the danger that strong lines may be
missed in the case of mixtures, an index to be used for an exhaus
tive search should list the six combinations of the three strongest
lines. The card file of diffraction data published by the A.S.T.M
provided three cards for each entry, placed in the index in
positions determined by three combinations of the strongest
lines-1st, 2nd; 2nd, 1st; 3rd, 1st. The combination 1st, 3rd,
which has a relatively high probability of occurrence, and the two
combinations 2nd, 3rd and 3rd, 2nd, which become important if
the first line were missed, would have required three more cards in
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the index. This would have resulted in afile twice the size of the
present card index.

A preferred arrangement for the routine search of the card file
was described in the foreword to the original set of diffraction data
index cards (1). This divided the cards into groups or blocks,
and each of the three cards for a given substance was placed in the
block determined by the three strongest lines of the pattern.
Within the block, the cards were arranged in order of the next
strongest line of the substance. This placed the cards in the three
most probable places, in the card index.

When a punched card system of indexing these data was con
sidered, it was at first thought that the use of the three cards
could be eliminated by coding each of the three lines on a single
card. This is pQt;sible but would have the great disadvantage
that a search of the whole file (say 10,000 cards) would have to be
made each time a search was attempted. A greatly improved
system would be to retain the three-card system, coding the three
lines on each of the three cards, and then filing the cards in blocks
as described above. 'With this arrangement, any of the three
strongest lines can be made the basis of an exhaustive search by
examining one block (approximately 300 cards for 10,000 sub
stances) or at the most two blocks, if the line in question were
near the division between two blocks. This would apply equally
well if one started with one line or with any two of the three
strongest lines. The fact that punched cards can be sorted
mechanically greatly facilitates such a search. Because all cards
would carryall the data, there would be no necessity, as in the
present card index (1), to refer to a master or "first" card.

CHEMICAL DATA

The use of chemical composition as a guide to the identification
of powder patterns has been emphasized by several pUblications.
Frevel en described a scheme for the listing of powder data by
chemical composition. No determinative tables of this type have
been published, possibly because of the difficulty of expanding
such tables as new data become available.

'vYith the punched card described above, the chemical composi
tion may be coded in such a manner that it may be used in a
search of the diffraction data. This would make possible a search
based on the following information: If the unknown is a com
pound of magnesium having a strong powder line at 3.03 A"
all index cards having data on compounds containing magnesium
can be mechanically sorted from the block 3.00 to 3.05. This ac
complishes an exhaustive search which otherwise would have re
quired special tables or have been extremely laborious. In a
similar manner information on specific subjects such as organic
compounds, metals and alloys, minerals, etc., can be readily sorted
from the block by use of a code, punched in the card.

THE PUNCHED CARD

The card presented in Figure 1 is designed around the present
3 X 5 inch card published by the American Society for Testing
Materials (1).

The 3 X 5 inch area in the center of the card gives crystallo
graphic data on the substance sodium chloride. The 0.5-inch
margin carries a double row of holes for punched card coding.
The coding of the card is described starting at the upper left-hand
corner and proceeding clockwise around the card. On the first
card, the block code is determined by the first line; the range
2.80 to 2.85 was numbered 40 in a previous description (7). This
is coded 4 in the tens field (4 deep punch) and zero in the units
(no punch). The second line is coded 1 in the units field (1 deep)
and 9 in the tenths field (7 and 2 shallow) and +7 in the
hundredths field. This number has one zero (01.99). It is the
first card. The third line is coded 1.62. The chemical composi
tion code for sodium is 1 deep 3 shallow; for chlorine 11 deep and
3 shallow. The areas a, b, c, and d areJree for coding other data on
the cards.

The margin on these cards could be increased to provide a 4 X.
6 inch card with 0.5-inch margins, punched with a double row of
holes and printed to give cards similar to that shown in Figure L
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Figure 1. X-Ray Diffraction Data on Punched Card
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This type of card is sold under the trade name Keysort by the
McBee Company, Athens, Ohio, and under the trade name
Cope-Chat by the Copeland Chatterton Company in Canada and
England.

The code should be such that it may be readily used in a wide
variety of chemical and crystallographic investigations and a part
of the card should be left for individual use. The code suggested
would U8e three of each card in the set, designated as first, second,
and third cards. On the first card the order of the lines would be
coded in the order: strongest, second strongest; on the second
card: second strongest, strongest; and on the third card: third
strongest, strongest. The designation of the card could be indi
cated by punches in the upper right-hand corner, by a narrow
colored border, or by the color on the card stock.

POWDER LINE CODE

On the first card the strongest line would determine the block.
Provision is made for 99 blocks (the Hanawalt index used 78
blocks). The range of these blocks should be made so that an
approximately equal number of cards would fall in each. Nor
mally the cards would be kept in the block. The first line code
would enable the cards to be sorted into blocks and would give a
proof of file, by which misplaced cards could be readily traced.
The order within the block would normally be that of the second
line. Searches based on third line, chemical composition, inner
most line, or some other feature would destroy this order. When
such a search is complete, however, the cards should be me
chanically sorted back to the second-line sequence for refiling.

A general rule for any card file maybe stated as follows: If the
data are approached from one point of view more frequently than
another, the cards should be kept in that order, and re-sorted to
that order for filing. The attitude that punched cards can be
sorted mechanically, and therefore no attempt should be made to
keep them in any order, is often, in the end, more time-consum
ing.

Papers on punched card technique by Casey, Bailey, and Cox
(2, 3) describe a variety of coding methods. The numerical code
used here is the 7-4-2-1 condensed code, in which any of the
digits f~om 1 to 9 can be represented by one of the four digits or a
combination of two. When a single row of holes is used, this code
is not selective-Le., 7's cannot be selected from 8 and 9, which
are codes 7 + 1 and 7 + 2. The code is made selective with a

. double row of holes, by punching the digit deep when the digits 7,
4, 2, or 1 are intended. Digits formed QY a combination of two
are punched shallow. When used in this manner, any digit can
be selected from the others. The seeond and third lines are
coded in the aetual value in Angstroms, so that it is unnecessary
to consult a table. (With the first-line code, the use of a table is
no disadvantage, as the field is not ordinarily used for searching.)

Powder lines in Angstrom values may be expressed as four-figure
numbers-tens, units, tenths, and hundredths. Because the
index lines of a powder pattern rarely have values greater than 20,
no provision is made for a tens field other than +10 and +20.
The units and tenths follow the 7-4-2-,1 condensed code and in the
hundredths field the cards are coded +3 and +7 when values in
this range are given. In this code no provision is made for coding
zero and in order to separate readily the 2.0 from the 12.0 and"
from digits other than zero in the tenths field it is necessary to
code the number of zeros in the number. For this purpose zeros
in the tens field have to be considered-Le., 2.0 is considered as
having 2 zeros: (02.0). Zeros in the hundredths field are not con
sidered.

With a direct code of the type describe<f, the range selected
from a block can be as wide or as narrow as the circumstances in
dicate-Le., on a search at 3.50, the cards from 3.0 to 4.0 may be
selected, or only those of the narrow range 3.50 to 3.53.

Some consideration should be given to limiting the range of in
dex lines by a rule of the following type. The index lines of a
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pattern are the three strongest lines between the d values of 1 and
10 Angstroms. This would avoid the difficulty that the range of
d values recorded varies with camera construction and radiation
employed. This is particularly true of focusing cameras. It
would also limit the range over which a spectrometer should be
run for identification purposes. The coding of data would also be
simplified by such a rule.

CHEMICAL COMPOSITION

A number of schemes for coding chemical composition have been
considered (7). The scheme suggested here divides the atomic
table into thirteen chemically related groups of elements, each of
which is given a number which is coded with a deep punch.
Within the group, elements are given a secorlt:l. number which is
coded with a shallow punch. A suggested code is given in Tables
I and II. As each compound contains a number of element.~

(present average approximately 3.5) which must be coded in this

Table I. Suggested Code
Li 1-2 Fe 5-2 N 9-4 Tm 12-3
Na 1-3 Co 5-3 P 9-5 Yb 12-4
K 1-4 Ni 5-4 As 9-6 Lu 12-5
Rb 1-5 Cu 5-6 Sb 9-7
Cs 1-6 Ag 5-7 Bi 9-8

Au 5-8
0 10-9 Ac 13-6

Be 2-8 Ra 6-9 S 10-11 Th 13-7
Mg 2-9 Rh 6-10 Se 10-12 Pa 13-8
Ca 2-10 Pd 6-11 Te 10-13 U 13-9
Sr 2-11 Os 6:12 Po 10-1 Np 13-10
Ba 2-12 Ir 6-13 Pu 13-11
Ra 2-13 Pt 6-1 F 11-2 Am 13-12

CI 11-3 Cm 13-1
B 3-1 C 7-2 Br 11-4
AI 3-2 Si 7-3 I 11-5
Sc 3-4 Ti 7-4
Y 3-5 Zr 7-5
Ga 3-6 Hf 7-6 La 12-6
In 3-7 Ce 12-7
1'1 3-8 V 8-7 Pr 12-8

Cr 8-9 Nd 12-9
Zn 4-9 MIl 8-10 II 12-10
Cd 4-10 Cb 8-11 Sm 12-11
Hg 4-11 Mo 8-12 Eu 12-13
Ge 4-12 Ti 8-13 Gd 12-1
Sn 4-13 Ta 8-1 Tb 12-1
Pb 4-1 W 8-2 Dy 12-2

Re 8-3 Ho 12-2
Er 12-3

Table II. Suggested Code
Aluminum AI 3-2 Neodymium Nd 12-9
Americium Am 13-12 Neptunium Np 13-10
Antimony Sb 9-7 Nickel Ni 5-4
Arsenic As 9-6 Nitrogen N 9-4
Barium Ba 2-12 Osmium Os 6-12
Beryllium Be 2-8 Oxygen 0 10-9
Bismuth Bi 9-8 Palladium Pd 6-11
Boron B 3-1 Phosphorus P 9-5
Bromine Br U-4 Platinum Pt 6-1
Cadmium Cd 4-10 Plutonium Pu 13-11
Calcium Ca 2-10 Polonium Po 10-1
Carbon C 7-2 Potassium K 1-4
Cerium Ce 12-7 Praseodymium Pr 12-8
Cesium Cs 1-6 Protactinium Pa 13-8
Chlorine CI 11-3 Radium -Ra 2-13
Chromium Cr 8-9 Rhenium Re 8-3
Cobalt Co 5-3 Rhodium Rh 6-10
Columbium Cb 8-11 Rubidium Rb 1-5
Copper Cu 5-6 Ruthenium Ru 6-9
Curium Cm 13-1 Samarium Sm 12-11
Dysprosium Dy 12-2 Scandium Sc 3-4
Erbium Er 1.2-3 Selenium Se 10-12
Europium Eu 12-13" Silicon Si 7-3
Fluorine F 11-2 Silver Ag 5-7
Gadolinium Gd 12-1 Sodium Na 1-3
Gallium Ga 3-6 Strontium Sr 2-11
Germanium Ge 4-12 Sulfur S 10-11
Gold Au 5-11 Tantalum Ta 8-1
Hafnium Hf 7-6 Tellurium Te 10-13
Holmium Ho 12-2 Terbium Tb 12-1
Illinium II 12-10 Thallium 1'1 3-8
Indium In 3-7 Thorium Th 13-7
Iodine I 11-5 Thulium Tm 12-3
Iridium Ir 6-13 Tin Sn 4-13
Iron Fe 5-2 Titanium Ti 8-13
Lanthanum La 12-6 Tungsten W 8-2
Lead Pb 4-1 Uranium U 13-9
Lithium Li 1-2 Va.nadium V 8-7
Lutecium Lu 12-5 Ytterbium Yb 12-4
Magnesium Mg 2-9 Yttrium Y 3-5
Manganese Mn 8-10 Zinc Zn 4-9
Mercury Hg 4-11 Zirconium Zr 7-5
Molybdenum Mo 8-12
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field, there will be some overlapping where a particular element is
selected by use of this code. For instance, when compounds of
calcium are selected, in addition to all the cards having data on
compounds containing calcium, other cards will fall. The deeply
punched code number for calcium, however, assures that these ad
ditional cards will contain elements chemically related to calcium
and will form only a small proportion of the cards sorted from the
block. This difficulty could be overcome, in part, by extending
the code to a larger number of groups (from 13 to 20 groups) or by
using a three-number code for each element (one deep punch and
two shallow).. In its present form, it is felt that this difficulty
would not for practical purposes be serious. Certain arbitrary
rules could be set up to simplify this code-e.g., oxygen is coded
in oxides only, carbon is coded in inorganic compounds only. If
in a laboratory s~e elements were of particular interest and the
overlapping mentioned above is undesirable, these elements could
be given a direct code in the spare parts of the card. In the spare
parts of the card organic compounds, metal-organic compounds,
alloys, minerals, etc., could also be given a direct code. Other
codes based on melting point, optical properties, innermost lines
of the diffraction pattern, or other easily measured determinative
property of a substance could be developed.

CONCLUSION

The publication of powdcr diffraction data on punched cards of
the type described would increase the cost of publication, but this
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increase should be justified if the usefulness of the index were in
creased by making the data more available. The proposed code is
only one of many that could be developed; the individual re
quirements Gf workers would necessitate variations of the method
employed, and many of these variations would make use of the
spare parts of the card.
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Determination of Pyridine and Its Homologs in
Hydrocarbons by Ultraviolet Spectrophotometry

H. D. LEROSEN AND J. T. WILEY, The Texas Company, Port Arthur, Tex.

Pyridine Illay be deterlllined in salllpies of hydrocarbons of the kerosene-naphtha
range rapidly and by a relatively simple technique. The Illethod Illay be ex
tended to include quinoline and its hOlllologs. In its application to nitrogen
bases, presulllably pyridine hOlllologs, by Illeasurelllent of ultraviolet absorption
at 270 Ill!" interference frolD phenol is serious.

THE characteristics of pyridine, quinoline, and their homologs
in absorption of ultraviolet radiant energy are well known as

evidenced by the many publications of their spectra. Some of
their spectrograms have been issued by A.P.I. Research Project
44 (1). An examination of the ultraviolet absorption spectra of
pyridine ~d quinoline (Figure 1) reveals their propitious nature
for analytical spectrophotometry on two counts: The absorption
maximum of each compound is steep and narrow, and each maxi
mum occurs where the other shows a minimum or no absorption
at all. That pyridine, in solutions of dilute inorganic acid, can be
determined by spectrophotometric means appears reasonable;
over the range of 1 to 25 p.p.m., the absorbances at 250 mIL of
standard pyridine solutions in dilute sulfuric acid bear a linear
relationship to their concentrations.

A search of Chemical Abstracts from 1907 to August 10, 1948,
revealed only one analytical method for pyridine (and quinoline)
based on ultraviolet spectrophotometry; the fairly recent method
of Hofmann (2). In this method quantities of pyridine as small
as 0.01 mg. per liter .in air samples were absorbed in 1 N sulfuric
acid, following which the pyridine was determined by ultraviolet
absorption at 255 mi" The method reported herein bears a
similarity to Hofmann's; however, it was developed prior to any
knowledge of the existence of Hofmann's method.

In order to develop a rapid method for the analysis of pyridine
and quinoline compounds, known to be present in California
naphthas, ultraviolet spectrophotometry was tried. Pyridine and
some of its methyl-substituted compounds showed absorption
peaks in the region from 250 to 270 mIL (1). Spectrophotometric
analyses for such constituents could not be applied directly to re
finery samples of gasoline, naphtha, and kerosene, inasmuch as
they may contain varying amounts of aromatic hydrocarbons
which show strong absorption in the region extending approxi
mately from 240 to 280 mIL.

OUTLINE OF METHOD

Pyridine, a weakly basic substance, is readily extracted with
dilute phosphoric acid from hydrocarbons such as naphtha, gaso
line, and kerosene. The absorbance (optical density) of that ex
tract, or a suitable dilution, is measured at 255 mIL. The value
obtained is converted to concentration of pyridine by reference to
a standard graph. From that concentration its content in the
original sample is readily calculated.

EXPERIMENTAL

Apparatus and Reagents. Beckman quartz spectrophotom
eter, Model DU (or equivalent instrument), fully equipped.
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--<r- Pyridine (49ppm)
Quinoline (26ppm)

FIGURE 2

STANDARD CURVE FOR PYRIDI NE

Slit Width 0.40mm.

Wavelength 255 m}J

FIGURE I

ULTRAVIOLET ABSORPTION CURVES

FOR PYRIDINE a QUINOLINE

IN 0.1% H2 S04

CONCENTRATION PYRIDINE, mg/IOO mi.

o

PROCEDURE

For samples containing 0.15 gram or less of pyridine per 100
mI., pipet a 50-m!. portion into a 125-ml. separatoryfunnel. For
"ampies having higher concentrations of pyridine, weigh a portion
containing not more than 75 mg. of pyridine into a 125-m!.
separatory funnel holding 50 mI. of spectroscopic solvent.

Extract the sample (and the blank) twice with 25-ml. portions
of 10% by weight phosphoric acid, shaking the first extraetion for
2 minutes and the second for 1 minute.. Withdraw the lower, acid
layer after each extraction into a lOQ-mI. glass-stoppered volu
metric flask. Make the combined acidkextracts to the mark with
distilled water, and mix thoroughly,

If the combined and diluted extracts contain not more than 1.5
mg. of pyridine per 100 mI., absorbanoe may be measured. If
otherwise, dilute further. In analyzing solutions of unknown
strength, the need for further dilution' is indicated if the ab
sorbance (optical density) measures more than 1.0, or at the most
1.5.

and the blank, were converted to pyridine concentrationlusing
the standard graph shown in Figure 2. A summary of the data
obtained is given in Table 1.

The ready and quantitative extraction of pyridine from spec
troscopic solvent in one extraction with 10% by weight phosphoric
acid is evident from Table 1. For that reason only one extract is
shown on the replicate determinations. The eonsistently higher
values found in the repeated first extractions may have resulted
from a lower room temperature prevailing during the Ilipetting of
the replicate samples.

Pyridine
Recovered,
1st Extract

%
100.6
102.2
102.4

100.0
104.3
101.4

100.0
101.0
105.0

105.0
101.0
101. 7
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100:5
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101.0
101.0
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o

o

3rd
extract
P.p.m.

0.2

o

0.4

1st 2nd
ext.ract extract
P.p.m. P.p.m.

100.6 0.2
102.2
102.4

70.0
73.0
71.0

50.0
50.5
52.5

70

50

Pyridine
Content
P.p.m.

100

1. Extraction of Pyridine from Spectroscopic
Solvent Solutions with 10% Phosphoric Acid

Pyridine Found

c

A

B

30 31.5 0 0
30.3
30.5

E 20 19.6 0 0
20.7
20.l/! •

:1" 10 9.1 0 0
10.1
10.1

00 Basis, extra.;tion of 20-ml. instead of 50-ml. portion.

Sampie

Table

Separatory funnels, 125 mI.
Volumetric flasks, glass-stoppered, of

various sizes.
Volumetric pipets of various sizes.
Phosphoric acid (H,PO,), 10% by

weight in aqueous solution.
Calibration of Instrument. A master

solution of pyridine (colorless, for Karl
Fischer reagent, 214-H, Eastman Kodak
Company) was prepared by dissolving
0.1320 gram in enough 10% by weight
phosphoric acid to make 1 liter of solu
tion. Dilutions ranging from 0.0013 to
0.0264 gram of pyridine per liter of
solution were prepared from that master
solution, using distilled water as the
diluent. The determination of the ab
soi'ption characteristics on the dilution
consisting of 0.0132 gram of pyridine per
liter revealed an absorption maximum
at 255 mIL. Accordingly, absorbance
measurements were made on the several
dilutions at 255 mIL, using distilled water
in the reference cell. In the dilutions
measured the phosphoric acid content
varied from 0.1 to 2%, in which range
it possessed negligible ultraviolet absorp
tion. After applying absorption cell
corrections to the observed absorbances,
the values obtained were plotted against
concentration. The resultant graph is
reproduced in Figure 2.

Extraction of Pyridine from Spectro
scopic Solvent. To determine if pyri
dine could be extracted quantitatively
by dilute phosphoric acid from hydro
carbons such as naphtha, gasoline, and
kerosene, the following work was done:

Using 50-mI. portions, six different
concentrations of pyridine in spectro-
scopic solvent (a highly purified pentyl- 0.5
ene alkylate, probably chiefly octanes)
were extracted one to three times with
25-mI. portions of 10% by weight phos
phoric acid. Each acidic extract was
withdrawn and saved separately. The
first extractions were made by shaking
for 2 minutes; succeeding extractions
were shaken for 1 minl.lte. Each acidic
extract was made to definite volume
and thoroughly shaken. A blank consisting of 50 m!' of spec
troscopic solvent only was similarly treated. The extracts were
analyzed for their pyridine contents by measuring their absorb
ances, and readings, corrected for absorption cell variations
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Transfer a portion of the final dilution to, lj, lo-mm. silica ab
sorption cell. Measure its absorbance, aftersetting the reference
cell fined with distilled water to read 100% transmittance, at a
wave length of 255 mIL and a slit width of 0.40 mm. (The exact
values of the wave length and the slit width vary slightly among
spectrophotometers.) Correct the absorbance observed, if neces
sary, for the absorption cell correction and the absorbance of the
blank.

Using the standard graph (Figure 2), prepared in the calibra
tion of the instrument, convert the corrected absorbance to its
equivalent concentration of pyridine. With that information, the
pyridine content may be calculated from these formulas:

P 'd' 00 I C X F X 100. yn me content, mg. perl m. = V

OTHIj:R APPLICATIONS

The suitability of pyridine for determination by ultraviolet
spectrophotometry suggested that its homologs, as well as
quinoline and its homologs, might likewise be so determined.
The method actually was used to determine basic nitrogenous
compounds (nitrogen bases) in California naphtha. No attempt
was made to establish their chemical nature. The fact that they
absorbed maximally at 270 mIL and showed no absorption at 310
mIL (where quinoline absorbs) indicated the possibility of their
being pyridine homologs. Work done by the Union Oil Company
on the ultraviolet absorption of methylpyridines, as shown in
several spectrograms issued by A.P.I. Research Project 44 (1),
indicated a shift in maxima toward longer wave lengths as the
result of methyl substitution on the pyridine ring.

Inasmuch as the chemical identity of the nitrogen bases was not
established, 'and they probably consisted of mixtures, somewhat
empirical means were necessary in preparing a standard graph for
analytical purposes. Exhaustive acid extractions of several large
samples of California naphtha were made and the combined ex
tracts served as the master solution of nitrogen bases. Its con
centration was determined by isolating and weighing the nitrogen
bases contained in an aliquot portion. A standard graph like
that for pyridine was then made.

Even though the procedure for nitrogen bases gave relative
rather than absolute values, useful results were obtained. It was
realized, however, that nonnitrogenous acid-extractable com
pounds might be included as nitrogen bases. An analysis for

where
C

F
V
W

P 'd' 0"1 C X F X 100yn me content, wt. /0 = W X 1000

concentration (mg. per 100 m\.) of pyridine read from
standard graph (Figure 2)

dilution factor or ratio
volume of sample taken in milliliters
weight of samplc taken in grams

nitrogen was not made on the nitrogen bases isolated, partly be
cause at that time it was thought that no satisfactory method
existed. For naphthas other than the stock studied, it would be
necessary to prepare a separate standard graph, for the absorption
characteristics of the nitrogen bases may vary from stock to
stock.

INTERFERENCES

Logically, any substance extractable from hydrocarbon solu
tions by dilute phosphoric acid and possessing an absorption for
ultraviolet energy at 255 mIL will interfere in the determination of
pyridine by the described method. An investigation of substances
possessing those requisites was not made. In the application of
the procedure to the analysis of nitrogen bases contained in
California naphtha, however, the serious interference of phenol
was discovered. It was found that phenol was extractable from
its solution in spectroscopic solvent with 10% by weight phos
phoric acid; Seidell (3) gave the solubility of phenol as 4% in
25% by weight phosphoric acid (H,PO,), increasing with de
creasing strength of the acid.

Occasionally, in determining nitrogen bases in California
naphtha, a solid substance formed at the interface of the naphtha
and acid layers. Its nature was not known; however, an alco
holic solution of that solid exhibited a spectrognlm similar to
that for the nitrogen bases. Because of the strong likelihood that
such solids were or contained nitrogen bases, means to reduce or
prevent their occurrence should be used.. A considerable reduc
tion in the size of sample taken proved very helpful in the one in
stance tried.
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SURFACE TENSION MEASUREMENT
MAYNARD R. EUVERARD AND DANIEL R. H;URLEY

Finishes Division, lnterchemical Corporation, Newark 1, N. j.

I N THE latter part of 1946, subsequent to the development of
the Interchemical inclined tube viscometer (2), it was observed

that the conversion factor developed to convert time in seconds
for the bubble to flow over a given distance in a tube, to kinematic
viscosity was not exactly the same for all materials measured.
Upon investigation of this phenomenon, it was postulated that
the variation was probably due to surface tension. Barr (1) has
shown that surface tension is a definite factor influencing the rate
at whieh an air bubble will move t,hrough a tube hcld in a vertical
position. There is no reason to believe, th~refore, that surface
tilnsion would not also. be a factor when the tube is held in a
position slightly inclined from the horizontal.

The difference in the horizontal bubble lengths (when the vol
ume of the bubble is held constant) of materials having a con
siderable range of surface tension indicated that the measurement
of this bubble length might very well afford a very simple means of
determining surface tension. Preliminary investigations were
initiated to determine the ratio of the height of the air space above
the liquid in a tube, which is the controlling facter for the volume
of the air bubble iIf a tube of given diameter, and the length of the
static bubble when the tube is placed in a horizontal position.
Earlier data indicated that this ratio was approximately constant
over a sizable range of bubble volume. However, a more accurate
and detailed study recently conducted has shown that this ratio
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By detennining the length of an air bubble of given volutne in a horizontal tube
of known diatneter, the surface tension of the tnaterial in the tube tnay be
detertnined. This tnethod is particularly suited for tneasuring surface tension
of viscous tnaterials on which the usual tnethods of DleaSUretnent fail (4).

Figure 1. Top View of Surface Tension Apparatus

is not constant. Therefore, for all subsequent work, the height of
the air space above the bubble, and thus the volume of the bubble,
was held constant. The effect of the size of tubes was also investi
gated, and it was concluded that the smaller the tube, the more
pronounced was the effect of surface tension. This observation
is also substantiated by Barr (1).

reasonable accuracy over the entire range of surface tension.
It has been shown that if the volume of the air bubble is in
creased, there is also an increase in the difference in bubble
lengths observed. Thus by designing the apparatus to accom
modate the use of longer bubbles, the accuracy of this method
can be improved.

A considerable amount of effort has been exPtlnded in attempt
ing to derive a mathematical relationship between horizontal
bubble length and surface tension. In the attempted mathe
matical analysis, not only the volume of the bubble and horizontal
bubble lengths have been considered, but also the shape of the
bubble, density of the material in the tube, and diameter of the
tube. All the results obtained by these attempts at mathematical
analysis have given a definite, positive.correlation of the horizon
tal bubble length to surface tension, but, even so, the results ob
tained have not been so acceptable as the empirical relationship
that has been developed.

Considering the dimensions of the tube to be held constant
and disregarding other factors that might possibly influence the
results, it can be said that the density of the material in a hori-

I
I
\
'-~

,.SPRING CLIP

Horizontal
Bubble
Length,

Cm.Material

Table I. Horizontal Bubble Length Observed on Eighteen
Materials

(Volume of bubble held constant)
Horizontal

Bubble
Length,

Cm. Material

The tube size finally selected for all subsequent work was a
compromise which offered a fair range of difference in bubble
length with respect to surface tension, and still afforded a tube
large enough to be readily filled with viscous materials. The tubes
chosen were those currently being used with the Interchemical
inclined tube viscometer (2).

80

2.57
3.18
3.94
2.41
2,40
2.26
2.10
2.20
1.79

70

Benzene
Carbon disulfide
Ethylene bromide
Benzyl alcohol
Furfural
Ethylene glycol
Formamide
Glycerol
Water

3.42
3.05
2.98
3.04
2.77
2.85
3.04
4.22
3.13

30 40 50 60
HANDBOOK VALUES O.F SURFACE TENSION

Ether
Acetaldehyde
Methyl alcohol
Ethyl acetate
Butyl alcohol
Methyl ethyl ketone
Methyl acetate
Carbon tetrachloride
Acetic acid
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TO THE TWO-THIRDS POWER OF THE
DENSITY PLOTTED AGAINST KNOWN

0
1\

VALUES OF SURFACE TENSION

0

\ ' .-,
0

'"0
~

0 I'\. ft

0 ""r, ~

0
I~

.......
I---.r ~

"""~ ;--0

0

4.3

2.3

2.5

4.\

3.9

3.7

3.5

3.30

2.1

1.9

1.7
10

:z:
~
<!I
Z...
...J

~ 0.4'"III ;: 3.1
:;) ~

III ~2.9
...J ...
;3 0z -2:7
o
N
E
o
:z:

Inasmuch as it was desired to substantiate or disprove the
postulate at an early date, and no entirely satisfactory method of
surface tension measurement was immediately on hand which
could be used for obtaining accurate check values on materials to
be considered, eighteen chemically pure liquids were obtained
whose surface tension values were
known (3).

APPARATUS

The glass tubes used for the in
vestigation were approximately 12.5
cm. long and 0.8 cm. in inside diam
eter. An apparatus was developed
which would conveniently permit the
leveling of these tubes in order to
hold the air bubble in a static position
and, at the same time, afford an ac
curate means of measurement of the
horizontal 'bubble length. A draw
ing of this apparatus is shown in
Figure 1.

RESULTS OBTAINED

Table I contains data that were
compiled on the eighteen known
materials. The air space for each
material when the tube was in a
vertical position was held constant
at approximately 1.00 cm. The
shortest bubble length under these
conditions was 1.79 cm, and the
longest was 4.22 cm. Thus, a suffi
cient spread is obtained to afford
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60

70

42
S = L/d2 / 3 _ 1.16 + 4

graph shown in Figure 2. The
difference between the experi
mental and known values
were very' small, as indicated
for each of the materials in
Table II.

By deriving an approxi
mate mathematical expression
for the curve shown in Figure
2, it is possible to solve for
surface tension directly. Thia
equation is:

Error

%
+2.9
+0.5
-1.8
-0.4
+0.4
-3.7

o
-4.1
-1.8
+2.4
-4.3
+1.3
+1.5
+3.9
+3.1
-0.7
-1. 7
-2.7

2.2
4.3

Calculated
liy Formula
Dynes/em.

17 .5
21.3
22.2
24.0
24.7
23.7
24.6
25.9
27.3
29.6
30.9
39.3
39.6
45.2
49.2
57.8
62.3
70.7

where S = surface tension in
dynes per centimeter, L =
length of horizontal bubble
in centimeters, and d = den-

sity of material in grams per cubic centimeter.

Table II also shows the values of surface tension obtained for
each material by the use of this formula, which is valid only for
the particular tube diameter and bubble volume used.

A nomograph, shown in Figtrre 3, was constructed as an aid for
determining surface tension by this method. By the use of this
nomograph it is possible to determine surface tension directly by
simply placing a straightedge across the observed values of
density and horizontal buQblelength. This nomograph was con
structed from the curve shown in Figure 2 and is valid only for the
particular size of tube and bubble volume used in this work.

Several factors are recognized as influencing the values of sur
face tension that were obtained by this method. Probably the
most serious is temperature. All experimental work for the data
presented was conducted at room temperature, which varied from
70° to 80° F., while the check values used were given at 68° F.
The tubes possessed slight inherent variations in diameter, which
may have resulted in slight errors in the data obtained. The
closures of the tubes left much to be desired. Cork stoppers were
used, which made it difficult to ensure constant air space pressure
and to determine accurately the air space in the tube when held
vertically. These cork stoppers may. also have been a source of
contamination.

The data presented were obtained from the first exploratory in
vestigation, which was conducted for the purpose of establishing
the fact that surface tension did influence viscosity readings in in
struments of bubble tube type. For this reason, close controls
normally exercised in research work were not imposed. Because
of exigencies of other matters, the authors have not been able to
conduct a more fundamental investigation of the phenomenon
described. The importance of such factors as contact angle,
optimum tube dimensions, etc., is acknowledged, though addi
tional work would be required to consider these factors rigorously

Error

%
o

+1.4
-0.9
+1.7
+1.7
-2.4
+0.8
-2.6
-3.6
+3.7
-2.8

o
o
o

+0.6
-1.0
-0.9
-0

1.3
3.7

50

30

40

20

Table II. Surface Tension Values
Check Values from

Values (3) Figure 2
Dynes/em. Dynes/em.

17.0 17.0
21.2 21.5
22.6 22.4
23.9 24.3
24.6 25.0
24.6 24.0
24.6 24.8
27.0 26.3
27.8 26.8
28.9 30.0
32.3 31.4
38.8 38.8
39.0 39.0
43.5 43.5
47.7 48.0
58.2 57.6
63.4 62.8
72.8 72.4

Density
G./ee.
0.714
0.783
0.796
0.901
0.810
0.805
0.927
1.60
1.05
0.879
1.26
2.17
1.05
1.16
1.12
1.13
1.26
1.00

FIGURE :3
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Material

Ether
Acetaldehyde
Methyl alcohol
Ethyl acetate
:Butyl alcohol
Methyl ethyl ketone
Methyl acetate
Carbon tetrachloride
Acetic acid
Benzene
Carbon disulfide
Ethylene bromide
.Benzyl alcohol
Furfural
Ethylene glycol
Formamide
Olycerol
Water

Average error
Maxi.rnum error

CONCLUSIONS

zontal tube has a tendency to elongate the bubble, whereas the
surface tension acts in the opposite direction to shorten the
bubble. Thus the surface tension is directly proportional to some
function of the density of the material surrounding the bubble,
.and inversely proportional to some function of the length of the
;bubble. It was determined empirically that when the bubble
volume was held constant, and the ratio of the horizontal bubble
length to the two thirds power of density was plotted against the
known values of surface tension, a smooth curve was obtained, as
is shown in Figure 2. Table II shows the density of the materials
'used as well as the surface tension values taken from the literature
.(3) and those obtained by use of the method described and the

From the limited data presented, it appears that the proposed
method of surface tension measurement is valid and that a higlJ
degree of accuracy is obtained. Accuracy can be further im
proved by the use of specially designed tubes and improvec
auxiliary equipment for measuring the height of the air space ir
the vertical tube and the length of the bubble in the horizonta
tube.

The fact that the materials under consideration are containe<
in closed tubes obviates evaporation and contamination.

It is very easy to make determinations in these tubes under th,
surface of a liquid temperature control bath. Therefore, it i
possible to control temperature very accurately, and to use aver:
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Ivide range of temperature conditions for surface tension investiga
tions.

The cost of apparatus required to make determinations on
surface tension by this method is nominal.

Because the method reduces to a minimum the chance of
human errol' in making thi, type of measurement, it is ideally
suited for use not only in the research laboratory but by none
technical personnel in production. control laboratories.

The viscosity of the material measured has no apparent effect
on surface tension measurement by this method. To date ma
terials have been measured which range in viscosity from approxi
mately 0.01 to 10 poises, and there is no indication that the
method will not apply to materials of even much higher vis
cosity.

ANALYTICAL CHEMISTRY
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VITAMIN AIN FISH OILS
Relative Merits of Four Methods of Assay

M. E. CHILCOTE', N. B. GUERRANT, AND H. A. ELLENBERGER'

The Pennsylvania State College, State College, Pa.

The various Inethods of ass~ying for vitaInin A were
standardized in terInS of the new U. S. P. vitaInin
A reference standard and then applied to 28 repre
sentative fish oils of COInInerce. The vitaInin A
content of the nonsaponifiable fraction of these fish
oils was deterInined by the spectrophotoInetric,
antiInony trichloride, and glycerol dichlorohydrin
Inethods of assay. In addition, the chroInato
graphed eluate of each fish •oil was assayed by the
spectrophotoInetric procedure. The data are pre
sented in tabular and graphic forIn and are dis
cussed. Much of the extraneous lDaterial norlDally
present in SOIne fish oils, which interferes with
vitalDin A deterInination by chelDicophysical Ineth-

T HE scientific literature (8, 13, 22, 26) indicates that no
general agreement exists among investigators as to which of

the chemophysical methods of estimating vitamin A yields data
more nearly comparable to those obtained through bioassay, es
pecially when these methods are applied to a wide range of vita
min A carriers. However, in the past, one of the difficulties most
frequently encountered in assaying for vitamin A by the"e
methods has been the lack of a vitamin A standard that possessed
the desired stability, specificity, and reproducibility (14). Be
cause crystallinQ vitamin A acetate seems to possess many of the
characteristics of a satisfactory vitamin A standard (6, 14), the
use of vitamin A acetate as a standard in a critical study of the
effectiveness of the existing methods in measuring the vitamin A
content of a number of representative commercial fish oils was be
lieved to be of sufficient interest to merit further study. The in
vestigation herein reported involved the standardization of the
methods of vitamin A assay on the basis of crystalline vitamin A
acetate, application of the standardized m~thods to various
vitamin A carriers in the form of fish oils, and a comparison of the
data obtained by the different methods of assay.

1 Present address, University of Buffalo Medical School. Buffalo, N. Y.
2 Present address, LitHe Crest Research Laboratory, Newton, N. J.

ods, Inay be at least partially eliIninated by saponi
fication and by chroInatography without serious
loss of the vitalDin. In general, the highest vitalDin
potency was indicated by the spectrophotolDetric
Inethod of assay when applied to the whole oils,
whereas the biological Inethod generally indicated
the IninimulD potency. The antiInony trichloride
and glycerol dichlorohydrin Inethods of assay, when
applied to the nonsaponifiable fraction, yielded
vitaInin values somewhat more COlDparable to those
obtained by the biological assay than were the values
obtained by the spectrophotoInetric procedure when
conversion factors of 2000 and 1925 were used in the
calculations.

ASSAY METHODS INVESTIGATED

Three chemicophysical methods of analysis were studied-the
spectrophotometric, the antimony trichloride, and the glycerol
1,3-dichlorohydrin colorimetric methods. These methods were
applied to a series of representative fish oils and to their non
saponifiable residues. In addition, the spectrophotometric
method of assay was applied to eluates of these oils· obtained
through bone meal chromatography, and the whole oils were
assayed biologically for their vitamin A content by the official
U.S.P. method.

Spectrophotometric Method. Except where specifically stated,
a Beckman quartz spectrophotometer with a hydrogen discharge
tube as the source of illumination was used in all spectrophoto
metric measurements. The details of the technique employed in
this phase of the investigation have been described (6).

ApPLIED TO ViTAMIN A ACETATE. It has been reported (6, 14)
that vitamin A acetate, either in the crystalline state or when dis
solved in certain oils, remains relatively stable during the storage
for a reasonable period of time. Furthermore, it was found that
the vitamin A content of solutions of this ester in a number of or
ganic solvents, including isopropyl alcohol, remained stable for at
least 24 hours. In consequence, vitamin A acetate dissolved in
isopropyl alcohol provides a suitable standard for use in the
spectrophotometric method for assay for vitamin A.
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In employing such a solution as a standard in the present
studies, the average El~m.-325 m,u (1520) for a number of dif
ferent batches of crystalline vitamin A acetate when dissolved in
isopropyl alcohol (14) was used in conjunction with the calculated
biological potency of 1 gram of crystalline vitamin A acetate to
obtain a conversion factor of 1925. The biological potency of 1
gram of vitamin A acetate had previously been calculated to be
2.926 X 106 U.S.P. units, based on the E~~m.-328 m,u of 1545 for
crystalline vitamin A acetate when dissolved in absolute ethyl al
cohol and the USE, of the conversion factor 1894 (32). However, if
one chooses to ignore the effect of differences in solvents and the
slight effect of differences in wave lengths on spectrophotometric
measurements and compare the above vitamin A acetate with that
present in the U.S.i'. vitamin A reference standard by multiplying
the Et ~m.-325 m,u (1520) by the conversion factor 1894, one ob
tains a calculated biological potency of 2.879 X 106 U.S.P. units
per gram. The potency indicated is in reasonably good agree
ment with the potency calculated for the vitamin A acetate
present in the U.S.P. vitamin A reference standard, even though
the effect of using a different solvent and a different wave length
is ignored in the latter calculation.

ApPLIED TO 'WHOLE FISH OIL. To determine the vitamin A
content of the whole fish oils by the spectrophotometric method,
duplicate samples of the oils in amounts based on previously re
ported vitamin A values were weighed and dissolved in isopropyl
alcohol. Extinction coefficients-i.e., E~~m.-325 m,u-were de
termined for these solutions, adjustments in concentration being
made if the optical densities did not fall within the desired range
(6). Concomitantly, optical densities of these solutions were de
termined at other wave lengths in order to draw absorption curves
for each oil covering the spectral range of 260 to 370 m,u.

The vitamin A content of each of the above solutions was calcu
litted by multiplying the extinction coefficient at 325 m,u by the
conversion factor of 1925.

ApPLIED TO N ONSAPONIFIABLE FRACTIONS OF FISH OILS. The
procedure as outlined by Wilkie (33) was used to extract the non
saponifiable fraction of the fish oil preliminary to measuring its
vitamin A content. Complete removal of the alkali from the
ether solution of the nonsaponifiable matter was checked by
testing the aqueous washings with phenolphthalein.

The ether solution of the nonsaponifiable fraction was dried by
storage over anhydrous sodium sulfate, quantitatively transferred
to a clean flask, and made to volume. Aliquots of the ether ex
tract were evaporated on a steam bath to a few milliliters, and the
final traces of ether were removed by means of a current of car
bon dioxide. The residue was dissolved in isopropyl alcohol and
the vitamin A content was determined spectrophotometrically.

Other aliquots of the ether extract were examined by the anti
mony trichloride and glycerol dichlorohydrin methods of assay.
The effect of saponification on the vitamin A content of the oil is
discussed below. Other portions of the ether extracts were
evaporated in tared flasks for the purpose of determining the per
centage of nonsaponifiable matter in the respective fish oils.

ApPLIED TO CHROMATOGRAPHED FRACTIONS OF FISH OILS.
Bone meal was the only adsorbing agent employed in the chro
matographic studies. The bone meal used in these experiments
was treated according to the suggestions of Glover et al. (11) and
5-gram samples were used to prepare 2 X 10 cm. adsorbing
columns. The following modification of the Glover procedure
was employed in chromatographing the petroleum ether solutions
of the whole fish oils. .

Solutions containing 1% or less of the vitamin A-bearing oil,
in redistilled petroleum ether (35 0 to 65 0 C.), were used in order
to avoid excess greasing of the bone meal. The bone meal
column was first wetted with 15 ml. of petroleum ether, stirred to
remove air bubbles, and lightly tamped to ensure uniform com
pactness. All but a few milliliters of this petroleum ether were
allowed to pass through the column and were discarded before the
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sample was introduced into the column. An aliquot of the
petroleum ether-oil solution, containing 3000 U.S.P. units or less
of vitamin A, was ·then added to. the column, and subsequently
eluted with 50 ml. of petroleum ether. As cautioned by Glover
et al. (11), at no time during the adsorption and elution was the
upper surface of the bone meal exposed to the air. In order to
reuse the adsorption column, the used column was flushed first
with 50 ml. of acetone and then with 25 ml. of petroleum ether;
the washings were discarded and the succeeding oil sample was
introduced into the column before the last few milliliters of petro
leum ether had passed through the bone meal. All elutions were
done by gravity. The petroleum ether was removed from the
eluate in the usual manner. The residue was taken up in isopropyl
alcohol and the vitamin A content of the solution was determined
by the spectrophotometric technique.

Antimony Trichloride Method. The antimony trichloride
method of assaying for vitamin A (5, Carr-Price reaction) was
essentially the procedure of Koehn and Sherman (18). The anti
mony trichloride reagent was prepared by saturating chloroform
with antimony trichloride, which had previously been purified in
the manner suggested by a British Pharmacopoeia Sub-Commis
sion (3). The reagent, when stored in amber glass bottles in the
presence of an excess of crystalline antiomny trichloride, was
found to be stable for considerable periods, as had been noted by
Ellenberger et al. (9). The Evelyn photoelectric colorimeter,
equipped with a 620-m,u filter, was used to determine the optical
densities of the resulting colorations.

ApPLIED TO VITAMIN A ACETATE. Vitamin A acetate solutions
prepared from the crystalline vitamin and from the vitamin dis
solved in a commercially refined and deodorized cottonseed oil
(Wesson oil) were employed in preparing calibration curves for use
in connection with this colorimetric method of assay. From the
standpoint of stability, these solutions had proved satisfactory
as they remained stable for at least 48 hours when stored in the
dark at 50 C. During intervals of this length, such solutions were
warmed to room temperature several times during the course of a
series of assays without noticeable loss of the vitamin A. Fur
thermore, because the calibration curves prepared for use in con
nection with the two colorimetric methods were found to be
essentially straight lines within the limits.of the usual concentra
tions, k values relating the concentration of vitamin A acetate to
optical density were calculated. The k values for the antimony
trichloride reaction product obtained from calibration curves
which had been previously prepared while using a number of dif
ferent samples of vitamin A acetate showed a variation of less
than 2%.

ApPLIED TO UNSAPONIFIED AND SAPONIFIED FISH OILS.
Duplicate samples of the whole fish oils and their respective non
saponifiable fractions in amounts based on previously indicated
potencies were dissolved in chloroform and the concentrations
adjusted to permit the galvanometer readings in the colorimetric
measurement of the antimony trichloride reaction product to fall
between 30 and 70. Within this range, the optical density of the
resultant colors had been found to be a linear function of vitamin
A acetate concentration.

By using the k values described above for relating the optical
densities of the resulting colors to vitamin A acetate concentra
tion, the vitamin A content of the oils in terms of micrograms of
vitamin A acetate were calculated for the oils and their nonsa
ponifiable fractions. Multiplication of these values by the assigned
biological potency of vitamin A acetate as mentioned above gave
the vitamin A potency in terms of U.S.P. units per gram of oil.

Although anhydrous C.P. chloroform was generally used as the
solvent for the oil samples, it was noted that the chloroform from
discarded oil solutions could be reused if recovered by the proce
dure outlined for the~urification of cWoroform (3). In order to
prevent the formation of phosgene in purified chloroform, as
noted by Koehn and Sherman (18),0.5% (by volume) of U.S.P.
95% ethyl alcohol was added to the chloroform. Lodi (19) has re
ported that this amount of alcohol does not affect the color values
obtained ·from the reaction of the antimony trichloride reagent
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with vitamin A. The chloroform was kept free of moisture by
storage over anhydrous sodium sulfate.

Glycerol 1,3-Dichlorohydrin Method. Modifications of Sobel
and Werbin (29,30) procedures were necessary to use the Evelyn
photolectric colorimeter to measure color intensities.

APPLICATION OF SPECTROPHOTOMETRIC METHOD
TO FISH OILS

Crystalline vitamin A acetate was used in these studies as the
spectrophotometric, colorimetric, and biological reference stand
ard. The well established characteristics of this form of the
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Figure 1. Absorption Characteristics of Typical Fish Liver Oils, Nonsaponifiable Fractions, and
ChrOInatographed Residues Com.pared with Crystalline Vitam.in A Acetate

Absorption tneasureUJ.ents :made on isopropyl alcohol solutions over range 01260 to 370 m.u by Beckman quartz
spectrophoto:rn.eter

Five milliliters of activated glycerol dichlorohydrin were
pipetted into a standardized Evelyn colorimeter tube. One
milliliter of a chloroform solution containing the vitamin A was
added to the reagent, the tube was swirled to attain homogeneity
and allowed to stand at room temperature, and the intensity of
the resultant color was measured in a 2- to 5-minute interval after
mixing the reagents. The measurements were made by the
Evelyn photoelectric colorimeter eQuipped with a 54D-mlL filter.
This method of assay was standardized on the basis of crystalline
vitamin A acetate and then applied to the fish oils and to their
nonsaponifiable fractions.

Assay of Whole Oils by Biological Method. The U.s.P.
biological method was also employed in determining the vitamin
A content of the whole fish oils (31). The vitamin A standard was
assayed at four different levels. Predetermined spectrophoto
metric data were used in calculating the amounts of the various
Qils to be fed to the groups of test animals, each of which consisted
()f 9 to Hj animals. The biological potencies of the various oils were
evaluated from a response curve prepared from the responses
made by control groups of test animals receiving different amounts
()f the new U.S.P. vitamin A standard 'crystalline vitamin A
acetate in cottonseed oil).

PRESENTATION OF DATA

.The data obtained in these studies have been condensed and are
presented in Tables I to VIII and Figures 1 and 2.

vitamin make possible a direct correlation between spectrophoto
metric and colorimetric data and biological activity.

Before proceeding toward the main objective of the present in
vestigation, some consideration was given to the possibility of
complications owing to the presence of interfering materials in the
fish oils which might vitiate the results obtained, especially by the
physical method of assay. According to the scientific literature,
these interfering materials may absorb ultraviolet light, may react
with the same reagents that react with vitamin A to form color, or
may actually inhibit the formation of the color attributed to
vitaminA.

Morton and Stubbs (24) experienced difficulty with materials
present in fish oils that interfere with the quantitative measure
ment of vitamin A by spectrophotometric means and suggested a
mathematically derived formula for use in correcting for the
irrelevant absorption. However, in the experience of the authors,
the Morton and Stubbs "correction" cannot be applied indi&
criminately to all vitamin A carriers. In other words, there are
fish oils and other vitamin A carriers which do not seem to meet
the conditions imposed by the Morton and Stubbs formula. The
Morton and Stubbs formula for correcting for irrelevant absorp
tion appears to apply reasonably satisfactorily to those vitamin A
carriers which show a maximum absorption at essentially the same
wave length as does the vitamin A reference standard, and which
also have absorption curves in the region of 300 to 350 mIL similar
to that of the vitamin A reference standard. It also appears to
apply to other vitamin A carriers, if first through various treat
ments they can be made to comply with the above conditions.



VOL U M E 2 1, N O. 1 0, 0 C T 0 B E R 1 9 4 9 1183

The measurement of ultraviolet light absorption before and
after selective irradiation of the vitamin A carrier has also been
suggested as a means of compensating for the irrelevant absorp
tion so frequently encountered when attempting to determine the
vitamin A content of some fish oils by the spectrophotometric
method.

Inasmuch as the interfering materials present in vitamin A
carriers may differ in their chemical constitution and in their
relative occurrence, it is difficult at the present time to make
accurate allowances for their effects on spectrophotometric and
colorimetric measurements of vitamin A as it exists in a wide
range of fish oils; hence the removal of the interfering materials

is highly desirable. Saponification, chromatography, and
phasic separation seem the most promising means of achieving
this end. Saponification has been widely used as a means of
eliminating from vitamin A carriers materials that interfere with
spectrophotometric and colorimetric measurements of the
vitamin; chromatography and phasic separation have been re
cently suggested as offering definite possibilities in this connec
tion.

Removal of Interfering Materials by Saponification. The
necessity of saponifying all fish oils before attempting to estimate
their vitamin A content has been both advocated (25) and ques
tioned (23) in recent years.

---... WIT::m~:C~A::ioI ml.CHCf. SOL.

-0--0- WITH B£;CKMAN-
5 ml. GDH TO I mt. CHel3 SOL.

_ WITH CENCO-SHEARD-
, 4 mt. GDH TO I mt.cHcl3 SOL.

1.o'r----.--~-_1t_--.,

0.91-----I---I--If--'\----I

Bolomey and Sycheff (2), in a study of soupfin shark oils, noted
that many of the substances present in the whole oils, especially
in low potency oils, which interfered with the estimation of
vitamin A, remain in the nonsaponifiable fraction. A somewhat
similar report has been recently issued by Morton and Stubbs
(24). In attempting to eliminate these materials through
saponification, the possible loss of vitamin A must be reckoned
with. Hume and Chick (15) are of the opinion that no loss of

Table I. Effect of Concentration of Oil in Saponification
Mix on Efficiency of VitalDin A Recovery

a Ei~m. -325 mp of whole oil X 1925.

b Based on ratio of Ei % -325 m/, of nonsaponifiable fraction to that of
whole oil. em.

e Saponified according to suggestion of Oser et al. (i!li).

99
97

105
97
99
96
96
93

102
98
98
95
96

99
97

Determined by antimony tricWoride method

5.0 910 None None 99
60.0 10,930 None None 99

4.6 840 Wesson oil 1.00 96
59.4 10,800 Wesson oil 1.00 98

5.0 910 Cod liver oil 1 1.00 96
5.0 910 Cod liver oil 2 0.50 96

5.0
100.0

4.7
118.0

4.7
31.0
64.0

100.0

4.7
5.6

148.0
145.7
105.8

5.6
5.6

Weight of Amount of Amount of Vitamin A
sample vitamin Type of Oil Added 'Oil Added Recovered

Mg. U.S.P. units Gram %
Determined by spectrophotometric method

910 None None
18,200 None None

860 Wesson oil 0.25
21,500 Wesson oil 0.25

860 Wesson oil 0.50
5,650 Wesson oil 1. 00

11,700 Wesson oil 1.00
18,200 Wesson oil 1.00

860 U.S.P. reference 0.25
1,020 Cod liver oil 1 0.25

27,700 Cod liver oil 1 0.50
26,600 Cod liver oil 1 0.75
19,300 Cod liver oil 1 1.00

1,020 U.S.P. reference 0.25
1,020 Cod liver oil 2 0.50

Table III. Efficiency of VitalDin A Recovery

"Obtained through courtesy of Distillation Products, Inc.,' Rochester.
N.Y.

(Following saponification of a distilled vitamin A ester concentrate a alone
and in presence of added oils)

Amount of Concentrate
Used

Table IV. Reproducibility of EstilDates of VitalDin A
Content of Fish Oils

(After oils have been chromatographed through bone meal)
Equivalent Calcd.

of Oil Vitamin A
Type of Fish Oil Sample Chromato- Potency of

Chromatographed No. graphed Original Oil"
Mg. U.S.P. unit.

Vitamin A
Recovered b

%
99

101
99
99

101

96
97
93
97
91
89

Vitamin A Content
of Oil Saponifieda

U.S.P. units

38,050
38,050
76,100

158,200
158,200

2,110
4,220
8,440

16,880
22,100
25,320

0.25
0.25 e

0.50
1.00
1.00e

0.25
0.50
1.00
2.00
2.50
3.00

Amount of Oil
Saponified

Grams

Type of oil
Saponified

Vitamin A ester in
Wesson oil

Swordfish liver oil
(domestic)

V>0.71----t-
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<t
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Figure 2. Absorption Character
istics of VitalDin A Acetate-Glyc

erol Dichlorohydrin Reaction
Products

0.81----+-----,r-*"'t-+----j

521,000
511,000
508,000
540,000
530,000
583,000
593,000
581,000

13,650
13,800
13,650
13,850

16,800
16,900

conversion factor

1.00
1.25
2.50
2.50
5.00

10.00
10.00
10.00

10.00
20.00
25.00
50.00

37.50
75.00

1
2
3
4
5
6
7
8

9
10
11
12

13
14

Halibut liver oil

Jewfish liver oil

Bluefin tuna liver oil

" E 1% -325 m" of chromatographed fr",ction X1 em.
(1925).

Total
Vitamin A Vitamin A

Saponified", Recovered
U.S.P. units, %

15,500 99
15,500 9&
15,500 98
54,900 99
56,000 99

Amount of
Oil Added

Gram

None
0.255
0.258
0.249
0.256

Type of
Oil Added

15,500 None ,
15,500 Wesson oil
15,500 Wesson oil
15,500 Swordfish
15,500 liver oil

G E 1
1% -325 m/, X 1925.em.

Table II. Efficiency of VitalDin A Recovery Following
Saponification

(As indicated by resaponifying nonsaponifiable fraction of swordfish oil alone
and in presence of added oils)

Nonsaponifiable
Residue Subjected

to Resaponi
ficationa

U.S.P. units'
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Table V. Relative VitaRlin A Potency ofFish Oils and Their Nonsaponifiable Fractions and Chromatographed Residues

E 1% -325 mIL1 em.
for Chromat.

100
SbCh

X 100
E 1% -325 mIL

X
E 1% -325 mIL

GDR
Nonsap. SbCh X 100

Whole Oil X 100 for 1 em. Chromat. X 100 1 em.
For SbCh For For

E l % -325 mIL whole For for Non- whole For whole For
Type of Oil 1 em. SbCh GDR oil nonsap. saponifiable oil nonsap. oil nonaap.

% % %
.Jewfish liver oil a 100 99 104 83 84 88 96 95 89 94
Swordfish liver oil,-domestica 98 87 89 96 98 106 104 92 99 101
Totuava liver oil, imported U 99 96 104 87 89 95 92 90 92 99
Menuke liver oil, imported a 96 96 94 90 94 101 93 93 96 95
Swordfish liver oil, imported U 96 90 99 95 99 105 101 94 91 103
Soupfin shark oil b 96 89 102 95 99 110 97 90 93 107
Spearfish liver oil, imported" 95 96 101 89 93 107 87 87 91 96
Barracuda Iiver oil a 98 92 99 93 94 104 98 91 91 99
Mackerel liver oil a 95 94 102 93 97 105 95 93 91 98
Black cod liver oil" 100 94 104 97 97 102 101 95 88 97
Ling cod li..ver oila 97 94 102 95 98 102 99 96 90 97
Albacore Iiver oil, 1a 99 95 102 92 93 99 99 94 90 97
Bonita liver oila 99 97 102 96 96 100 100 97 90 96
Bluefin tuna liver oil a 94 88 99 86 91 101 97 90 86 97
Totuava liver oila 96 89 100 92 96 111 93 86 85 95
Skip Jack liver oil, importedU 100 90 105 93 93 101 103 92 88 103
Skip Jack liver oil" 94 91 104 93 98 104 98 95 89 102
Yellow Tail liver oil ll 97 93 99 96 99 105 98 94 91 96
Mexican shark oil b 94 93 101 90 95 105 92 91 94 102
Argentine shark oil b 96 94 104 95 100 107 95 93 96 107
Blue shark oil b 88 74 97 79 89 118 90 75 76 99
Halibut liver aila 92 111 114 85 92 104 74 89 98 101
Sebastus Marinus liver oila 95 99 106 92 98 101 92 97 94 101
Bluefin tuna liver oil, imported U 70 75 90 62 88 105 78 84 82 99
Albacore liver oil, 2 a 89 89 99 87 98 104 94 95 90' 100
Dogfish liver oil b 95 97 94 92 97 104 91 94 106, 102
Cod liver, fortified b 96 99 101 92 96 106 88 91 95' 96
V,S.P. reference cod liver oil 3 86 127 123 90 105 114 68 93 98 95

a Obtained through courtesy of .l\1ead-Johnson and Company.
b Obtained through c.?urtesy of Distillation Products, Inc.

vitamin A is entailed in the saponification of fish oils, as a re
saponification of the nonsaponifiable matter did not result in
further loss of the vitamin. These authors attributed the decrease
in ultraviolet absorption following the saponification of fish oils to
the removal of nonvitamin A materials which absorb ultraviolet
light at 328 mIL. Jones and Haines (16) disagree with the general
conclusion of Hume and Chick, whose results indicated that the
nature of the fatty materials present in the whole oils is an im
portant consideration. For instance, Jones and Haines found that
a resaponification of the nonsaponifiable matter of a fish oil alone
or in the presence of shark oil frequently resulted in a smaller de
crease in the combined absorption than did resaponification in the
presence of a mixture containing oleic acid, stearic acid, or halibut
liver oil. But, as noted by Dann (8), the peroxide values of these
oils and fatty acids were not known; consequently, the low
vitamin values observed with the oleic and stearic acid mixtures
may have been due to destruction of vitamin A by peroxides as
well as to the removal of extraneous ultraviolet light-absorbing
materials. On the basis of data obtained through the resaponifi
cation of the nonsaponifiable matter of five unidentified fish oils,
either alone or in the presence of cottonseed oil, Oser et al. (25) re
ported that saponification without loss of vitamin A could be at
tained.

In view of the above reports, an investigation of the saponifica
tion process seemed advisable before the process was applied to a
large number of fish oils. Certain facts relating to the saponifica
tion procedure appeared well established.

Vitamin A had been shown to be remarkably stable in hot alco
holic potassium hydroxide solution (7), and considerable variation
in the method of saponification had resulted in no appreciable
change in the amount of vitamin A finally extracted (1, 16).
Likewise, saponification and extraction of the oils under an at
mosphere of nitrogen had been reported to be of no real ad
vantage (10, 27). Diethyl ether and petroleum ether were the
solvents most frequently used to extract the nonsaponifiable
matter from the soap solution; however, the former seemed to be
the more efficient of the two (1,27,34). Embree (10), as well as
others, has reported on the destructive effect of diffuse daylight
on vitamin A when fish oils were dissolved in certain organic sol
vents:' He found that the use of amber-cololied glassware tends to
prevent the destruction of the vitamin by light. However,
Zschiele et al. (35) and Benham (1) reported that the diffuse light,
of their laboratories did not cause sufficient destruction of
vitamin A to warrant the use of amber glassware during the
saponification and extraction of the nonsaponifiable matter of
butter and fish oils.

In view of the above reports, special attention was devoted in
the present studies to the nature of the fat in the saponification
mix, and to the effect of light on the vitamin A during saponifica
tion and subsequent extraction. The saponification procedure
used was essentially as outlined by Wilkie (38).

The effect of the nature of the vitamin A carrier oil on the
possible loss of the vitamin during saponification was studied
from several viewpoints. In one series of experiments the con
centration of the oil in the saponification mixture was varied to de
termine whether or not the resulting concentration of the soaps
affected the amount of vitamin A eventually recovered from the
saponification mixture. The data, presented in Table I, show
that between the limits of 0.25 and 1.0 gram of oil, the concentra
tion of the oil in the original sample had no effect on the efficiency
of vitamin A recovery. The data obtained on two samples of oil
saponified by the technique of Oser et al. (25) were essentially the
same as those obtained by the Wilkie technique.

The effect of resaponification on the loss of vitamin A was also
studied. In this study, the nonsaponifiable fraction of a sample of
the previously mentioned swordfish oil was obtained in the usual
manner, and was sampled for immediate assay and for resaponi
fication in the media indicated in Table II. As-determined
spectrophotometrically, resaponification caused no significant
loss of the vitamin whl)n the resaponification was carried out
under the conditions of these tests.

Finally, studies were carried out relating to the effectiveness of
recovery of vitamin A added to different oils. Varying amounts
of the previously mentioned distilled vitamin A ester concentrate
were mixed with known amounts of three different oils, aliquot!> of
the mixture and the unmixed components were saponified, and
the vitamin A content of the nonsaponifiable fractions was de
termined by both the 8pectrophotometric and antimony trichlo
ride techniques. From these data, the percentage recovery of the
added vitamin was caleulated. The results (Table III) indicated
that a loss of from 1 to 4% of the vitamin A occurred during the
saponification and extraction. Morgareidge (21) has reported
that the use of isopropyl alcohol as a solvent in the spectrophoto
metric estimation of vitamin A results in abnormally high values
for the alcohol form of the vitamin but not for the ester form. On
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Table VI. Vitamin A Potency of Fish Oils, Their Nonsaponifiable Residues and of Their Respective Chromatographed
Fractions as Determined by Different Methods of Assay

Vitamin A Content in U.S.P. Units per Gram of Original Oil or Its Equivalent as Determined by

Approx. Biological E 1% -325 E 1% -325 m,. X 1925 SbCh GDHNonsap. assay of 1 em. 1 em.
Matter, whole m,. X 2000, For For For For For For For

Type of Oil % oil for nODsar;. whole oil nonsap. chromat. whole oil nOll.sap. whole oil DODsap .

.Jcwfish liver oil 55 586,200 642,000 620,000 618,000 517,000 595,000 588,000 531,000 550,000
Swordfish liver oil, domestic 13 130,500 162,200 158,200 156,000 152,800 165,000 144,100 163,000 145,800
Totuava liver oil, imported 17 106,300 149,400 146,000 144,000 127,500 134,000 129,100 123,600 128,000
Menuke liver oil, imported 17 109,300 143,400 143,800 138,000 129,300 133,800 128,000 128,000 126,000
Swordfish liver oil, imported 11 135,700 125,400 125,200 120,800 119,000 127,000 113,900 116,000 117,000
Soupfin shark oil 9 83,100 120,200 120,600 115,800 115,000 117,000 104,400 109,000 111,300
Spearfish liver oil, imported 16 75,130 102,000 103,000 98,100 91,600 89,300 85,600 81,600 82,500
Barracuda liver oil 11 42,420 85,000 83,100 81,800 77,100 81,400 74,500 74,100 73,500
Mackerel liver oil 11 75,160 83,200 84,000 80,000 77,900 79,400 74,400 71,800 73,100
Black cod liver oil 9 73,850 80,600 77,400 77,500 75,000 78,400 73,800 69,000 71,700
Ling cod liver oil 13 41,260 80,200 79,300 77,200' 75,500 75,700 74,200 70,400 71,800
AI bacore Ii ver oil, 1 8 79,600 71,000 69,000 68,300 63,600 68,100 64,400 61,000 62,100
Bonita liver oil • 6 57,930 62,800 60,600 60,300 58,100 60,500 58,400 54,500 55,900
Bluefin tuna liver oil, domestic 6 39,760 58,000 59,300 55,800 50,800 57,300 50,200 49,500 48,900
Totua,"a liver oil 9 33,420 57,200 57,400 54,900 52,500 53,500 47,400 45,300 45,100
Skip .Jack liver oil, imported 14 41,170 50,200 48,500 48,300 ,45,000 49,800 44,600 43,800 45,900
Skip .Tack liver oil 8 31,980 41,600 42,600 40,000 39,400 41,900 38,000 37,200 38,800
Yellow Tail liver oil 5 32,190 40,200 39,800 38,600 38,100 39,100 36,300 35,400 35,000
lVlexican shark oil 4 24,840 33,600 34,400 32,300 30,800 31,600 29,400 29,600 30,000
Argentine shark oil 5 22,560 29,400 29,600 28,300 28,200 28,100 26,400 27,000 28,200
Blue shark oil 9 8,970 19,700 21,400 18,900 16,800 19,200 14,200 14,600 14,100
Halibut liver oil 12 9,710 19,000 19,800 18,300 16,900 14,600 16,200 14,300 16,300
Sebastus Marinus liver oil 7 19,940 17,800 18,100 17,100 16,700 16,700 16,500 '15,700 16,600
Bluefin tuna. liver oil, imported 5 10,520 16,100 22,200 15,500 13,700 17,300 13,000 14,200 12,800
Albacore liver oil, 2 5 12,220 15,400 16,700 14,800 14,,500 15,700 14,000 14,200 14,000
Dogfish liver oil 23 10,220 8,940 9,050 8,600 8,360 8,270 8,050 8,760 8,460
Cod liver oil, fOEtified 24 2,410 3,820 3,850 3,680 3,540 3,390 3,340 3,200 3,220
U,S. P. reference cod liver oil 3 4 1,250 1,540 1,730 1,480 1,560 1,080 1,370 1,060 1,300

Table VII. Relation of Biological Potencies of Fish Oils
to Potencies Indicated by Ultraviolet Absorption Values of
Nonsaponifiable Fractions and Chrornatographed Residues

and by Blue Color Values of Nonsaponifiable Fractions

Spectro-
graphic
Value of Spectrographic SbCh Value
Nonsap. Value of Chromat. of Nonsap.
X 100 X 100 X 100

the basis of this report, the vitamin A recovery values given in
Table III may be somewhat high; however, the values agree well
with those obtained by the antimony trichloride technique. Al
though,the',perQ"ide-numbers-for the Wesson oil and the two cod
liver oils used, as determined by a modi~cation of the method of
Greenbank and Holm (12), were 2.0,13.0, and 17.0, respectively,
the expected effect of differences in peroxide numbers ()n vitamin
recovery was not discernible,

In a study of the effect of light on the stability of vitamin A
during saponification and subsequent extraction, quadruplicate
samples of two fish oils were saponified and the vitamin A content
of th6 nonsaponifiable fractions was determined by the spectro
photometric technique. Two samples of each oil were processed
entirely in amber-colored glassware and two samples were proc~

essed in clear glassware. The processing was carried out in the
laboratqry where the ordinary window shades were employed to

Biological Biological Biological
Potency Potency PotencyType of Oil

.lewfish liver oil
Swordfish liver oil, domestic
Totuava liver oil, imported
l\Jlenuke liver oil, imported
Swordfish liver oil, imported
Soupfin shark oil
Spearfish liver oil
Barracuda Iiver oil
Mackerel liver oil
Black cod liver oil
Ling cod liver oil
Albacore li'ver oil, 1
Bonita liver oil
Bluefin tuna liver oil, domestic
Totuava Iiver oil
Skip Jack liver oil, imported
Skip Jack liver oil
Yellow Tail liver oil
Mexican shark oil
Argentine shark oil
Blue shark oil
Halibut liver oil
Sebastus Marinus liver oil
Bluefin tuna liver oil, imported
Albacore liver oil, 2
Dogfish Iiver oil
Cod liver oil, fortified
U.S.P. reference cod liver oil 3

105
120
135
126

89
139
131
193
106
105
187
86

104
140
164
117
125
120
130
125
211
188
86

147
121
84

153
118

88
113
120
118

88
138
122
182
104
102
183

80
100
128
157
109
123
118
124
125
187
174
84

130
120
82

146
125

100
110
121
117

84
126
114
176
99

100
180

81
101
126
142
108
119
113
118
117
158
167
83

124
115

79
139
110

shield the apparatus from direct sunlight. However, no attempt
was made to prevent the entrance of diffuse daylight or to dim thf'
artificial lights. The remaining ether was removed from Ont,
sample of each set of duplicates by distillation in vacuo 01' b,
evaporation with a current of nitrogen, while the ether from th'~
other sample was removed in the conventional manner. No dif
ference in results could be detected.

When, under the same laboratory conditions, 22 fish oils wen'
saponified in duplicate and the vitamin A content of their n L

spective nonsaponifiable residues was determined by the spectro
photometric method, one duplicate being processed in amber
colored glassware and the other in clear glassware, the results did
not show that the use of amber-colored glassware offered any ad
vantage over the ordinary glassware under the conditions of these
experiments. The over-all vitamin values obtained by the use of
clear glassware were 99% of those obtained through the use of
amber glassware, and no marked differences in vitamin preserva
tion could be detected for anyone oil. However, with other
vitamin A carriers or under other experimental conditions, the
use of amber-colored glassware may offer certain advantages.

From the above, it was apparent that saponification of certain
vitamin A- carrying oils could be accomplished without appreci
'able loss of the vitamin A, whereas other oils show a slight but
definite loss of vitamin A during the saponification. Hence the
saponification procedure was applied to all the fish oils under in
vestigation and the spectrographic data for the whole oils and for
their nonsaponifiable residues are given in Figure 1 and Tables V,
VI, VII, and VIII.

Removal of Interfering Materials by Chromatography. Re
cently, Glover et al. (11) reported the separation of the esters of
vitamin A from the alcohol form by passing a petroleum ether
solution of the vitamin through a column of defatted bone meal;
the ester form was only weakly retained while the alcohol form
was strongly adsorbed. Mann (20) had previously shown that
xanthophyll from egg yolk is more tenaciously retained by this
adsorbent than is ,a-carotene. Thus it was of interest to deter
mine if the sterols, the oxidation products of vitamin A, or other
materials present in fish oils which interfere with vitamin A de
termination could be separated from the vitamin A esters by
chromatographing petroleum ether solutions of fish oils through
bone meal.

First, in order to determine whether or not destruction of
vitamin A occurred during chromatography through bone meal,
four different samples of crystalline vitamin A acetate in 'Wesson
oil were diluted with redistilled, petroleum ether and p~sed



1186 ANALYTICAL CHEMISTRY

0000000000000000000000000000

(QeD_ot-- .<:OlCt--C'lOlCOt--C'lO';l,"O :~~~~
.~

.......... C"IC'l ..... .C"IC"I.-IC\lC"I ...... C"I_~ __ C¢ ,...;

00000 '000000000000 '0000 '0

O_<:Ol.t':>e-l .0000C"lr:tj~"OfI""'lQC'lOOl.t';ll.t':>t-- • C¢"OfIC'¢OO ....
C'lC'lC'lC'lC't .C'le¢C"lC"lC"lC"lC"lC'leIJC'I C'lC¢ • It:>C''lC'lC'l .c->•

00000 '000000000000 '0000 0

t--,"~C'lO<:OC'¢t--~,""",,"""'O';ICO""''''''M~~LO'''''C'¢C'¢MCOCOO
l.t';llQCOCOCOLOCOCOLOlCCOlCCOLOCOCOLOt--~l.t';llCOOCOlCCOLOl.t':>CO

0000000000000000000000000000

~~~~~oo~~~~~o~~~~o~~~~~~~~~ooo

-~~~~-~~~~~~~~~~~~--~~~-~--~. . . . . .. .

O_~~~~OO~~~~_~_O~~~~~~~~~~~~~

~~~6~~6ci~6~66~~6~~~ci6~6ci~~~6 g
~

~~~~g~~~~~~g~~~~~~~~~~~~~~~~ f
ooooooooooooooooooo~oooooooo~

"'"0-
oj

g;g8gggg8gg;gggg;ggg~~g;~8g~8g;g;g;~
o~~~~~~~~o~~~o~~~~ooo~~o~ooo~

"o~g;S;g;g;~g;g;g;g;g;g;g;g;g;~g;g :S;gg&;g; :~~ ~
ooooooooooooooooo~ 0 __ 00 ·OO~

~o~oo~ooo_ooo~ooo_~~o_o~o~~~o
~o~oo~ooooooo~oooo~~ooo~o~~~~

o~o~~o~~~~~~~o~~~~oo~~~o~ooo~..
o

~~~~~~~~~ :~~~~~~ :~~~~~~~~~~~l
000000000 ·000000 '~OOOOOQOOOO~

"
~~~~~~~~~~~~~~~~~~;~g~~8~~~~~
oooooooooooooooooooo~ooooooo~

o
0-

~~~~~ti5~&5~~oo~~~~~~~~~g;&5~;;~~~~ ~
ooooooooooooooooooooooo~00008

u:i
~~~~~~~ __ .~oo~oo~_~~~o~o~_~~oZ

:~~~~~~~: :6~~:::66::~::~~~~~~

"
~~~~~~~~~~~~~~~~~~~~~~g~~~~~]
0000000000000000000000000000 ~

o
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ooooooooooooooooooooooo~oooo .

"-

"~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~000000000 'OOOOOOOOOOOOOOOOOO~

'"
OO~OCOC'lCO~~C¢O--~ ~~~~'<d'lC'l ~~t'-t-.'<d'l""'-..j4 0)00 .;;.
~c¢~~c¢~~c¢~c¢~~c¢~~~C¢C¢~C¢COC¢C'lCO~c¢c¢c¢'~

oooooooooo~ooooooooooooooooom
""

O)~O)~~ao~ao~~c¢co~oO)O)~oooc¢~o~~o~~oo~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
00000000000000000000000 ..... 0000 0.

o

.s
~~~~~~~~~ :~~~~~~~~~~~~~~~~~~]
000000000 '000000000000000000 ~

S
C¢O~~~C'l.-l.-l ..... ~~~OOOC¢.t--~ ..... Ch<Zl_COt-..~C'l~~t-. 0
~~C'leq_C"I~~~..-.t ..... _ ..... Cf,)~C¢C"IC'lC"l~lQC'l_eCQC\lC'l~ Q

ooooooooooooooooooooooooooool

~~~~~~~~~~~~~~~~~~~g~~~~~~~~~
•••••••••••••••••••••••••••• 4)

00000000000000000000000_0000 >
~

""Jl
'(l

"~
·s ~::: ~

.~"O-o-] ] ~.~] _ i ·0 ~
gs-t:-f~ i 0iEl ·o~ ~ ~"" h&s "" ",:" s ~.~_ ",,:::l ""o ~ s s·.... .§ ~ :s.g..... = _ ~:SC'l ~-g-;

'0 d·-~·-d "",:='§_:-;:::l_.....: ~ ~d:-;:::: 0:;::'0 CD Lot,....; :p. Q .S
~ _ 0=s:-:iC?=8'o J",'o o·o ·o_~] 00 ~ ~~ ::: g~·o:=::; 8 ~
~ '0 ~ Lot ~ ~~ fp.~ ~ ~ ~ a;'S~ ~ ~ ~~~ ~~ ~.t:= a; ~o.o:m ~

E-r t~ ~ ~& a.::-~:::l.::.:: t ~ >=:.::::::~~ 0 ~~ ~.::: ~=s a; 0
>,.c;.::l:.=..=..c:- <IS -0-- > :::S=~,..!:14 gS «I ~~ .....~ ::1-1: - 0
=~~~mw..c:]~o-o~=~~co~==~-CD~~-tf~

~~~~~~~~j~g~J~=~~'~~i1]~~i~~~~
~ ~~ g ~ g~~ ~].S:2]E~~~~·S ~]:;~.E~ ~-gr4 d

~ro~~rorooo~~~~<~~~roro~~~~~w~~~QP

APPLICATION OF ANTIMONY TRICHLORIDE METHOD
TO FISH OILS

The data obtained as the result of assaying the 28 fish oils and
their nonsaponifiable fractions by the antimony trichloride
method have been tabulated and arranged to permit comparison
with corresponding data obtained by other methods of assay (see
Tables V, VI, and VII). In most instance~ the results obtained
when this method of assay was applied to the whole oils agree well
with those obtained by the spectrophotometric method. How
ever, when the nonsaponifiable fractions of the oils were assayed
by the two methods, in general the antimony trichloride method
yielded lower vitamin A values than did the spectrophotometric

through columns of bone meal as previously described. Recoveries
of 97, 97, 98, and 98%, respectively, of the vitamin A in the four
samples were attained, as indicated by spectrophotometric
measurements. The absorption curves of these eluate residues in
isopropyl alcohol differed from that of crystalline vitamin A
acetate in the same solvent only at wave lengths shorter than 280
mIL. In chromatographing vitamin A acetate solutions no
greater amount of the vitamin was recovered when the elution was
made with a mixture of 2.5% cWoroform in petroleum ether, as
used by Glover et al. (11), than when the elution was made with
petroleum ether alone. Furthermore, the absorption curves of
the former eluate residues when dissolved in isopropyl alcohol
differed more markedly from the ultraviolet absorption curve of
crystalline vitamin A acetate in this solvent than did those of the
petroleum ether eluates.

Tests conducted with representative fish liver oils revealed that
under the condition of the authors' studies a restriction of the
amount of vitamin A in the aliquot chromatographed to 3000
U.S.P. or less was necessary to secure maximum reproducibility
of results (see Table IV).

An examination'of the absorption curves of representative fish
oils, when plotted as extinction ratios V8. wave length (Figure 1) of
the bone meal eluate residues dissolved in isopropyl alcohol,
showed that they approached more closely the absorption curves
for crystalline vitamin A acetate than did the corresponding
curves for the whole oils. Hence, the chromatographic procedure
was applied in determining the vitamin A content of each of the
fish oils under investigation.

Application to Fish Oils. The results obtained through spec-:
trophotometric examination of the isopropyl alcohol solutions of
the whole fish oils and of their nonsaponifiable fractions and
chromatographed residues were expressed as extinction ratios
(see Table VIII), the extinction ratios were plotted against wave
length, and the resulting curves were compared with a corre
sponding curve for crystalline vitamin A acetate. Typical data
are presented in Figure 1. Likewise, the relative vitamin A
potencies of various fish oils and of their nonsaponifiable fractions
and chromatographed residues as determined by different
methods of assay are presented in Table V, while their potencies
are presented in Table VI.

From these data it is obvious that saponification and bone
meal chromatography removed from the fish oils some nonvitamin
A materials which absorb ultraviolet light. The nonsaponifiable
matters and the chromatographed residues possessed absorption
characteristics more comparable to those of pure crystalline
vitamin A acetate than do those of the whole oils. On the basis of
this criterion, chromatography seemed to have removed more of
the interfering materials than did saponification. However, any
vitamin A alcohol present in the whole oil is supposed to be re
tained by the bone meal and therefore would not pass into the
eluate. According to Kascher and Baxter (17), some fish oils
may contain as much as 5% of their vitamin A in the alcohol
form. Thus the removal of the alcohol form of the vitamin may
have contributed somewhat to the lower vitamin A values ob
tained through bone meal chromatography.
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method; the vitamin A potencies determined by the antimony
trichloride method were 92 ± 3% of those obtained by the
spectrophotometric method for 21 of the 28 oils examined. In
fact, the potencies indicated by applying the antimony tri
chloride method to the nonsaponifiable fractions were more com
parable to those found when the chromatographed residues were
examined by the spectrophotometric method of assay or those ob
tained by assaying the nonsaponifiable fractions by the glycerol
dichlorohydrin method.

APPLICATION OF GLYCEROL 1,3-DICHLOROHYDRIN
METHOD TO FISH OILS

The reaction of glycerol 1,3-dichlorohydrin with vitamin A to
form a colored pJlOduct had been recommended (29, 30) as the
basis of a method for the estimation of vitamin A, and seemed to
merit further study. In the previous studies of this method of
assay, the Beckman quartz spectrophotometer and the Coleman
spectrophotometer had been used as means of measuring the
amount of color formed. Inasmuch as it was desirable to com
pare the results obtained by this method of assay with those ob
tained by the antimony trichloride method, it seemed advisable to
use the same instrument in the two methods of assay.

As the Evelyn photoelectric colorimeter has been widely and
satisfactorily used in connection wit~ the antimony trichloride
method (4), it seemed to be the logical instrument for use in the
present studies. However, certain modifications of the original
procedure were found necessary (29, 30) especially with respect
to the amount of reagent used, because the macro system of the
Evelyn requires a minimum of 6 ml. of solution. To provide for
this minimum volume, the ratio of glycerol dichlorohydrin
reagent to vitamin A solution was changed from 4 ml.: 1 ml. to
5 ml.: 1 ml., respectively. But before doing this, some tests were
made for the purpose of determining whether this change in the
ratio of reagent to vitamin solution affected the outcome of the
assay.

Absorption measurements of the colored solutions resulting
from the two ratios of samples and reagents were made by means
of the Beckman spectrophotometer, using the vitamin A acetate
standard. Similar measurements were made with a Cenco-Sheard
spectrophotelometer. Ab~orptioncurves prepared from the data
obtained with the Beckman spectrophotometer (Figure 2) show
that essentially the same color is produced by the two ratios of
reagents. However, an examination of the light absorption data
obtained by means of the Cenco-Sheard spectrophotelometer in
dicated a somewhat broader absorption curve with a maximum at
550 m", instead of at 553 m",. Color measurements made with the
latter instrument approximate more closely those made with the
Evelyn colorimeter, as the characteristics of the incident light
were nearly comparable. Sobel and Werbin (29) have reported
somewhat similar instrumental differences from their studies of
the glycer~ dichlorohydrin reaction.

In continuing these studies, the L~~m.-540 m", values of the
colors produced by adding either 4 or 5 ml. of the glycerol di
chlorohydrin reagent to I-ml. aliquots of a series of chloroform
solutions of vitamin A acetate were determined by means of the
Evelyn photoelectric colorimeter. This was accomplished by
using the micro and macro system of the Evelyn to measure
the colors produced, respectively, by the 4 to 1 and the 5
to 1 ratio of solutions to reagents. For this purpose, a 540 m",
filter was used, because it is usually supplied with the instru
ment, and the 54Q-m", maximum of the transmitted light is not
far displaced from the maxima of the color under consideration.
The mean L~~m.-540m", values and the average deviation from
the mean were found to be, for the 4 to 1 and for the 5 to 1 reagent
ratio systems, respectively, 943 ± 15 and 949 ± 13. With the
Beckman spectrophotometer, a Et ~m.-553 m", value of 1108 was
obtained on the same solutions when a reagent-sample ratio of
4 to 1 was used. Thus, the data again suggest that the ~ssential
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characteristics of the color produced are the same for the two
ratios of solutions to reagents.

Finally, a linear relationship between optical density and con
centration of vitamin A was observed between the limits of 1.7 and
13.7 micrograms of vitamin A acetate per ml. of cWoroform solu
tion when the intensities of the color were determined on either
the macro or micro systems of the Evelyn photoelectric colorim
eter in the manner previously described.

The color produced by the reaction of the activated glycerol 1,3
dichlorohydrin with vitamin A has been reported (29, 30) to re
main stable for at least 8 minutes after development of maximum
intensity. In this laboratory, however,the maximum intensity of
the colors produced by the reaction of either the authors' own
activated reagent, or the commercial activated reagent with
vitamin A acetate, developed approximately 2 minutes after the
mixing of the reagents with the sample, remained essentially
stable for 3 additional minutes, and then declined in intensity.
The stability of the color did not appear to be influenced by the
two ratios or reagents to samples nor by the type of instrument
used in making the color measurements. Sobel and Werbin (29,
30) suggested the use of a constant temperature bath of 25 0 C. as a
means of bringing about uniform color development. However, a
brief study in this laboratory indicated that, within the tempera
ture range of 18 0 to 36 0 C., temperature has no appreciable effect
on the intensity of the colors produced.

The results obtained by the glycerol dichlorohydrin method
showed excellent agreement with those obtained by the antimony
trichloride method when applied to the nonsaponifiable fractions
of the fish oils. However, when the two colorimetric methods were
applied to the whole oils, the glycerol 1,3-dichlorohydrin method
yielded lower vitamin A values for the majority of the oils. This
discrepancy perhaps may be ascribed to a greater degree of in
hibition of color formation with the glycerol 1,3-dichlorohydrin
reagent than with the antimony trichloride reagent, owing to the
presence of extraneous materials in the whole fish oils Sobel and'
Werbin (28) noted a favorable correlation similar to the above
when the two methods of assay were applied to the nonsaponifi
able fractions of fish oils. However, when the two methods of
assay were applied to the whole oils, these authors noted good
agreement between the results obtained, except for several oils
which they described as being "atypical" because of abnormal
color formation with the reagent. For these latter oils, the vita
min A values obtained by the glycerol1,3-dichlorohydrin method
of assay were much lower than those obtained by the antimony
trichloride method.

BlOWGICAL METHOD OF ASSAY

The results of the biological assays are presented in Tables VI
and VII. Because these assays were carried out in accordance
with the U.S.P. technique and a detailed discussion of the re
sults is to be published, an extended discussion seems unnecessary
in this connection. Instead, the data have been compiled and
tabulated to permit a ready comparison between the results ob
tained by this method of assay and those obtained for the same
fish oils by other methods of assay. With the majority of the fish
oils examined (19 out of 28) the vitamin A potency determined by
the biological assay of the whole oil was lower than that iI\dicated
by any other method of assay.

SUMMARY

The vitamin A content of 28 fish oils, representative of fish
oils of commerce, was determined by the spectrophotometric,
antimony trichlorid'e, glycerol 1,3-dichlorohydrin, and biological
methods of assay. The vitamin A content of the nonsaponifiable
fraction of these oils was determined by the spectrophotometric,
antimony trichloride, and glycerol dichlorohydrin methods of
assay. In addition, the chromatographed eluate of each of the 28
fish oils was assayed by the spectrophotometric procedure.
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The resulting data show that much of the extraneous material
normally present in some fish oils, which interferes with vitamin
A determination by chemico-physical methods may be eliminated
by saponification and by chromatography without serious loss of
vitamin. As a whole, the maximum vitamin A potency was indi
cated by the spectrophotometric method of assay when applied
to the whole oils, whereas the minimum potency was indicated by
the biological method of assay. The antimony trichloride and
glycerol dichlorohydrin methods of assay, when applied to the
nonsaponifiable fractions, yielded data somewhat more compar
able to those obtained by the biological assay than were the data
obtained by the spectrophotometric procedure when conversion
factors of 2000 and 1925 were used in the calculations.
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Determination of Particle Morphology
from Quantitative Analyses

ZIGMOND W. WILCHINSKYI

Esso Laboratories, Esso Standard Oil COlnpany, Baton Rouge, La.

A system of analyses is given for the determination of
morphological features of powder particles. The
method is applicable to particles composed of two or
more phases distributed in such a way as to be
characteristic of the particle structure. Deductions
about particle morphology are made from the man
ner in which quantitative analyses for a chosen com
ponent vary with particle size. As an example, a

I ='J APPLICATIONS employing powdered materials for
special purposes, the form and physical structure of the

particles are usually of considerable importance. This is espe
cially true in the case of certain powdered catalysts used in petro
leum refining processes, where the quality of these catalysts is
found to depend on physical as well as chemi~al characteristics.

If several phases are present in the particles, morphological
investigations may become rather difficult; in addition to its
physical form, a particle may have a characteristic structure

1 Present address, EBBO Research Center, Standard Oil Development Com-
pany, Linden, N. J. .

commercial ammonia synthesis catalyst is analyzed
by this method and found to have a mosaiclike
microstructure. The small particles tend to b~sin

gle-celled, bearing a potassium-silicon deposit pri
marily on the outer surface; the larger particles
tend to consist of more than one cell, and contain
the deposit along the cell boundaries as well as on the
external surface.

due to a systematic distribution of the component phases. It
is in just such cases that the method described here is particularly
valuable in supplying information not readily available by other
analytical procedures.

Using the proposed method, the morphology of the particles
is deduced from the manner in which quantitative analyses for
selected components vary with particle size. Some desirable
features of this method are:

Results are in terms of average morphology, because in each
quantitative analysis a large number of particles are included.

The distribution of minor constituents can be ascertained



VOL U M E 2 1, NO. 1 0, 0 C T 0 B E R 1 949 1189

Figure 1. Part\cIes That Can Be Investigated by Method
of Morphological Analysis Based on Quantitative

Analyses
A have a deposit on external surfaces; Band C represent distribution
of deposit throughout particles; D contains a deposit internally as
well as on itd external surface; E represents an agglomerate built up

froln particles of type A; F represents a "pseudo agglolUcrale"

<SO
A

~
o

B

E

c

F

smaller values of density of the surface material-i.e., smaller
values of piPo. The linear portions of the curves having slopes Of
-1 may extend up to rather large values of W, as in the case of
curve B, for example. The approximate relationship for a surface
deposit, Equation 2, can be ~aid to be .useful up to about 20 (or
more) weight % of the depOSit, dependmg on the value of plpo.

From an flxperimental curve of log W versus log D,one can
easily determine whether a surface deposit is present. (This
conclusion is highly probable but not unique. It is possible
to imagine some freak distributions that will give identical log W
log D curves. Such possibilities can generally be ruled out from
other available information about the powder particles.) ;Fur
thermore, if the particles are of type A, Figure 1, a complete
curve can yield the following addi tional information:'

1. The departure of the curve from the horizontal occurs at
D = 2t; thus the approximate value of t, the average thickness of
surface layer, can be obtained.

2. From the straight portion of the curve corresponding to
Equation 3 (for large values of D) the value of

1 WD
tplpo = 6 100

The deduced morphology is in terms' of the constituent phases,
thus facilitating correlation of particle morphology With particle
behavior.

In the following sections, a reference phase is considered as a
deposit present in the catalyst particles. Some of the more
commonly occurring simple cases are treated mathematieally, and
an illustration of the application of the method is given.

can be determined.
3. From the steepness of the intermediate portion of the curve,

the value of piPo can be estimated. Because Po usually is known or
can be determined, one can in theory obtain values for t and p
from the relationships just mentioned. In practice some depar
tures from idealized conditions are frequently encountered; these
can often be interpreted to yield additional useful information.

which is a straight line of slope -1 (see Figure 2G). If Equation
1 is plotted on these coordinates, the shapes of the curves for dif
ferent values of t will all be alike; . the curves will be merely dis
placed with respect to each other in the log D direction. Ratio
plPo, however, does have some influence on the shapes of the
curves. This is illustrated in Figure 2, A, B, and C, for which
plPJ has the values 10, 1, and 0.1, respectively, and the value of t is
5 units. A particle smaller than 2t will be regarded as having no
core, but as being composed entirely of the surface-layer material.
In general, each curve can be seen to have a horizontal portion at
W = 100 for D ~ 2t, a portion having a slope approaching -1
corresponding to Equation 2, and a transition section joining
these two extremes. This intermediate section is steeper for

DEPOSIT ON EXTERNA L SURFACE

Consider a sample consisting of solid particles with a surface de
posit, which need not be of uniform thickness but has an averagE
thickness, t, for particles of all sizes. The exact shape of the
particles need not be too rigidly specified, other than that they
should not be excessively elongated, have deep fissures, etc. The
type of particles under consideration is illustrated in Figure lA.
Denoting the diameter of sueh a particle by D, the volume then
can be expressed as CD3 where C is an appropriate constant of
proportionality. .

The volume of the deposit is the total volume of the particle
minus the volume of the interior portion containing no deposit.
Hence, W, the weight pel' cent of the deposit, is

{CD3 - C (D - 2t)3}p
W = C(D _ 2t)3pO + {CD3~C(D _ 2t)3}p X 100

!'.- J~ _ 12t2 + 8t3l
Po ) D D2 D3 ( X 100 (1)

(
1 _ ~t) 3 +!'.-. J 6! _ 12t2 + 8t3 l

D po) D D2 D3 (

where p is the density of the deposit and Po is the density of the
rest of the particle.

If the thickness of the deposit is very small compared with the
particle diameter, Equation 1 can be simplified to

W = 6tp X 100 (2)
poD

Using log-log coordinates, the curves assume easily recognizable
characteristic shapes. For instance, Equation 2 in the logarithmic
form becomes

log W = - log D + log 6tp + 2
Po

(3)

UNIFORMLY DISTRIBUTED DEPOSIT

If a deposit is uniformly distributed throughout the particles,
as indicated in Figure IB, the weight per cent of the deposit
will be independent of particle size (H, Figure 2). On a micro
scopic scale, the deposit need not be very finely dispersed but may
be rather coarsely dispersed, as indicated in Figure lC.

DEPOSIT ON EXTERNAL SURFACE AND IN INTERIOR OF
PARTICLE

A variety of particle types can be found for which a deposit
is found not only on the externally exposed surface but also in the
interior of the particles. An illustration of a particle of this

. type is given in Figure ID.
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D, PARTICLE DIAMETER IN ARBITRARY UNITS

Figure 2. Characteristic Curves for Several Types of
Particle Morphology

A, B, and C arc for a lurface deposit in which the ratios of the density
of surface deposit to base m.aterial are 10, 1, and 0.1, respectively. D
is for a deposit whose concentration decreases exponentially with
depth below the surface. E is for a s8111ple in which the large parti
cles tend to be agglom.erates and the small particles tend to he single;
the deposit is in the forIll of a surface layer. F is for particles having
a uniforrrt internal distribution of a deposit in addition to a surface
la:yer. G is for a thin surface deposit and H is for a unifornt deposit

throughout the particles
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Let the total deposit, W, be written:

W = WI + W 2 (4)

1o,------.....,-------r-------.,

where WI is the external deposit and W 2 the internal deposit. For
simplicity, let WI be given by Equation 2 and let W 2 be inde
pendent of particle size. For convenience quantities Q and K are
defined as follows:

O. I LI-------..,.1-!:-0------~1:-::0~0~.-----~1000

D, PARTICLE DIAMETER IN MICRONS

Figure 3. Experimental Curves for Commercial
Ammonia Synthesis Catalyst
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Dotted lines are values obtained for over-all saDl.ple

(6)

(5a)

(5b)

K = 6tp/po

Q = W,jlOOK

Then

W={K/D+KQ} X 100

iog W = log (1 + Q) + log K + 2

The curve given by Equation 6 is plotted in Figure 2F. It can
be shown that .the values of Q and K do not affect the shape of the
curve; they merely determine the amount by which the curve is
translated from an arbitrary origin. This fact makes it possible
readily to evaluate Q and K by comparing a given curve with a
curve for arbitrarily chosen values Qo and K o:

where q and k are constants to be determined. Equation 6 can
then be rewritten

If t and F are known from other measurement, Equation 13 can
be solved for the effective pore diameter, d.

OTHER DISTRIBUTIONS

Although the mathematical development could be greatly
extended to many more cases, it is felt that the method has been

The values of q and k are thus obtained, which lead to the
evaluation of Q and K by means of Equations 8a and 8b.

The ratio of internal deposit to external deposit for any particle'
size is then simply

sufficiently well indicated, and that special cases can be handled
as they arise.

It may be of interest to note briefly the other curves in Figure
2. D has been worked out for the case of a contaminant diffusing
into the particles, the concentration of the contaminant decreasing
exponentially with depth below the surface. E is for a sample in
which particles smaller than a certain size bear a surface deposit,
and larger particles are, in addition, agglomerate in nature,
as illustrated in Figure IE. . The curve is characterized by a
straight-line portion having a slope of -1 for the small particle
size range, and by an asymptotic approach to' a constant value
corresponding to the over-all sample, as the particle size becomes
very large. In the transition region between these extremes, the
curve may go through a minimum as shown in Figure 2E;
in the particle size range indicated, the tendency for the formation
of thl'l dip in the curve is favored by an increasing proportion of
single particles in the mixture, and the presence of an increas
ing portion of larger-than-average elementary particles in the
agglomerates. Particles having the structure sketched in
Figure IF, will also give rise to the same type of curve.

Application. As an illustration of the type of information that
can be educed from data on quantitative analyses, this method
of morphological analysis may be applied to a sample of com
mercial catalyst which was produced for synthesis of ammonia.

The material is primarily ferriferrous oxide (FeaO,), containing
potassium, silicon, aluminum, and several other elements as minor
components. The presence of these minor constituents, in conjunc
tion with the method of preparation, has a pronounced effect on.
determining the microstructure of the catalyst material. In the
preparation of the catalyst, a solid mass is produced by a fusion
process, and particles between No.2 and No.8 standard sieve
sizes are obtained by crushing. This rather coarse ~ommercial
product was ground in an all-steel laboratory ball mill to produce
a powder that would pass through a No. 80 standard sieve. A·
rather wide particle size distribution was thus obtained, the par
ticles ranging from the order of a micron to nominally 177 microns
in diameter. A separation of the particles into size fractions was
effected by air elutriation, using the Roller (2) technique. Four
ciltswereobtained: 0 t020, 20t040, 40 to 80, and 80 to 177 microns.

For the last three cuts the average particle sizes
were taken to be approximately 30, 60, and 125

X tp X 100 microns, respectively; whereas for the fines, an
average particle size of 3.8 microns was determined

statistically with the aid of a measuring microscope.
Quantitative analyses were made for l.otassium, silicon, and

aluminum on the various particle size fractions. The results,
in terms of potassium oxide, silica, and alumina, are shown plotted
against average particle size on log-log coordinates in Figure 3.
The dotted lines, indicating the values for very large particle
size, are the values that were obtained for the composite catalyst
before a particle size separation was made.

The K 20 curve has the same shape as the Si02 curve, and the
curves are displaced vertically with respect to each other. This
implies that the concentration of potassium is proportional to the

(7)

(12)

(11)

(8a)

(8b)

(lOa)

(lOb)

qQo

kKo

Q

K

W 2 = QD
WI

Furthermore, the average thickness of the external deposit can
be estimated from the value of K in conjunction with Equation 5a.

If the particles are known to be porous, an effective pore diam
eter can be obtained.

Let the simplifying assumptions be made that the particles and
the pores are spherical. If the fraction, F, of a particle is occupied
by pores, the average number of pores in a particle is

Volume occupied by pores FDa
volume of one pore =---;I3

where d is the pore diameter. The weight per cent of material de
posited on the pore wall is then

(number of pores per particle) X (surface area of one pore)
W2 =

(volume of one particle) X (1 - F) X Po

6Ft p
dT1=7) po X 100 (13)

log W = log (1 + Qo) + log K o + 2

Parameters Q and K can then be written in terms of Qo and K o
as follows:

log W = log (qb + Qo) + log K o + log qk + 2 (9)

The displacement of curve 9 with respect to 7 can be expressed
in terms of translations in the two coordinate directions by
applying well-known methods of analytical geometry to this
·problem. The required results are:

Translation in the log D direction = -log q

Translation in the log W direction = log qk
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silicon concentration in each cut, and that potassium is localized
in the same regions on the particles as is the silicon. 'rhe SiOaand
K!O curves resemble curve E in Figure 2 going through a
.minimum and having a. slope of -1 for small particle sizes. E
was constructed for the case in which the small particles have only
a surface deposit and the larger particles, in addition, tend to be
agglomerated as indicated in Figure 1, E and F. On the basis of
sample preparation, particles of type E can be ruled out in favor
of type F particles. The analysis so far leads to the conclusion
that the sihcon and potassium compounds are not very soluble in
the FeaO. matrix but are probably homogeneously mixed with
each other in a slag which is found on the surface of small particles
and also as inclusions in the larger particles.

Independent investigations on the solubility of the potassium
in this solid system have not been carried out to the writer's
kn(!)wledge. Howe~er, there have been some experiments on the
solubility of special potassium compounds in FeaO•.

Michel's (1) experiments in measuring magnetic properties of
various solid solutions indicated that potassium ferrite is soluble
to a limited extent in FeaO.. The solubility of potassium alumi
nate in FeaO. was studied by Wyckoff and Crittenden (3), who
used the expansion of the crystal lattice constant of FeaO. as a
criterion of solid solution. No expansion was detected, so their
results were inconclusive. If the potassium were uniformly dis
persed in the FeaO., the curve of weight per cent versus particle
size would be horizontal. That this is not the case is very strong
indication that the potassium compound present is not soluble to
any great extent in FeaO., and lends some support to the hy
pothesis that a potassia-silica glass may be formed. This amor
phous material would hardly be expected to go into solid solution
in the magnetite.

( )

100 Microns

Figure 4. PhotOInicrograph of ADllnonia Synthesis
Catalyst Showing Mosaiclike Structure

On the basis that the slag containing silicon and potassium
exists as inclusions in the massive magnetite before grinding, it
might be asked whether the rise in KaO and SiOa curves for small
particle size might not be due to the preferential grinding of the
presumably softer slag. Although such a process, producing fine
slag particles, will enrich the small-particle fraction in silicon and
potassium, there is nothing in this mechanism to predict a slope
of -1 for the curve at small D-values, although such a slope can
occur as a special case. It is possible also to account for the dip in
the curve by postulating rather large slag inclusions, such that
upon crushing, some of the particles will consist largely of slag,
whereas others will contain very little slag. Preferential grinding
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of the slag particles will impoverish the intermediate particle size
range of slag material, thus causing a minimum in the curve.

Although this alternative structure is a possibility, it does not
fit in very well with the microscopic exammation of the catalyst
material depicted in Figure 4. On the other hand, this photomi
crograph does support the concept of a mosaiclike particle struc
ture. However, the limited view in the photograph is not ade
quate for determining average values of cell dimensions. Prefer
ential grinding of slag material probably does occur to a limited
extent, but the data are not sufficiently refined or extensive to
show this with certainty. Whether or not the process occurs can
be determined by subjecting several samples of the catalyst to
various degrees of severity of grinding, and constructing a set of
curves similar to those in Figure 3. A deepening of the dip and
other changes in the curve characteristics can be expected with in
creasing s.everity of grineIing.

Returning to the examination of the data presented in Figure 3,
it will be observed that the alumina curve is almost horizontal,
indicating that the bulk of the alumina is rather uniformly dis
persed in the FeaO.. Similar conclUllions regarding the uniformity
of distribution of the aluminum atoms were also obtained by
Wyckoff and Crittenden (3) from their studies on ammonia syn
thesis catalyst. They expl8lin this by the mechanism of alumina
combining with ferrous oxide, present in the catalyst to a small
extent, to form ferrous aluminate, which they found enters into
solid solution with F630.. As 'Y-alumina, ferrous aluminate
(FeO.AlaOa), and Fe30. all have the spinel type structure and their
lattice parameters are of the same order of magnitude, a solid
solution of 'Y-alumina or ferrous aluminate in F630. might be
reasonably suspected. Returning to Figure 3, the Al!O. curve
departs a little from the horizontal, and shows a slight tendency
to follow the K.O and SiO! curves. This suggests that the con
centration of aluminum in the slag isslightIy higher than in the
magnetite.

The bits of information can now be fitted together to give a
rather informative picture of the microstructure of ammonia
synthesis catalyst, related to the method of catalyst preparation.
As the molten mass of catalyst material cooled, the potassium
and silicon compounds present, being insoluble in the matrix,
separated out as slag inclusions in a characteristic manner to
outline irregular (and possibly incomplete) three-dimensional
mosaic cells. The aluminum atoms, however, are rather uni
formly dispersed in the catalyst material. The slag inclusions
constitute weak points structurally, so that upon grinding, the
catalyst breaks up along the mosaic cell boundaries demarcated
by the slag inclusions. On the average, particles smaller than
about 30 microns tend to be single-celled, whereas particles
greater than 30 microns tend to be multicelled. From Figure 3
it can be seen, however, that the transition is not sharp. The
small particles have potassium and silicon only on their external
surfaces; however, the deposit is probably not evenly distributed.
The large particles contain deposits not only on their external
surfaces but also internally along the mosaic cell boundaries.

CONCLUSIONS

Although further potentialities of the method could be demon
strated by additional illustrations, they could to a large extent
be inferred from the general development. The variety of in
formation obtainable from this type of morphological analysis
include deductions about:

1. General particle morphology, such as whether the particles
are solid or p'orous, single or agglomerate, etc.

2. Distnbution of dep6sits in and on the particles
3. Estimate of surface layer thickness
4. Influence of the methods of preparation of physical charac

teristics of the particles
5. Surface area and pore size for coarsely porous particles
6. Progressive changes in particle characteristics from several

analyses made in ch6"onological order

The maximum usefulness of this method is in combination with
other methods of analysis, other physical and chemical facts,
and the general history of the particles. An analysis of this
sort that is consistent with all the available facts not only can
give a reliable description of particle morphology, but can also
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be helpful in correlating and integrating these facts into a <:0

herent body of useful information.
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Determination of Water in Hydrogen Chloride
By Means of Karl Fischer Reagent

EHNEST C. MILBEHGEK', KARL UHlUG, HAHRY C. BECKER, AND HARHY LEVIN

The Texlls Compa.ny, Rear-on, N. Y.

A "apid titrimetric procedure employing the Karl Fischer reagent has been
developed for thc determination of small alOounts of water in gaseous hydrogen
chloride. The standard deviation in the results obtained with this lOethod is
0.5 109. of wate,' for samples of known cOlOposition. Hydrocarbon gases in the
C. range, which lOa)" be present in the hydrogen chloride of modern petroleulO
refinery operations, do not interfere; mercaptans (thiols) and hydrogen sulfide,
which are oxidized by the reagent, constitute a sonrce of error, but a correction
may be applied if the alOount of each is known.

T HE utility of the Fischer reagent, originally used for the de
termination of water in sulfur dioxide-hydrocarbon mixtures

. (3), has since been extended to the determination of water in vari
ous substances and of water liberated in certain readions. Such
applications include the determination of water in practically all
kinds of materials. It has also been used successfully in deter
mining water in liquid sulfur dioxide un, alkylation sulfuric acid
(4), and hydrogen fluoride (7).

Inasmuch as hydrogen chloride is acidic and gaseous ill nature,
a pyridine-methanol solvent is employed in the collection of the
sample j pyridine serves to bind the gas and methanol to dissolve
the resulting pyridinium hydrochloride. Sufficient pyridine must
be present to bind all the hydrogen chloride introduced, for in the
presence of uncombined hydrogen chloride the action of Fischer
reagent is unreliable.

In his original work, Fischer titrated the samples directly with
the reagent and used as the end point the first permanent appear
ance of a brown iodine color. Although this direct titration is
satisfactory, the end point is rather difficult to detect, so several
other titration procedures have been tried. Back-titration of an
excess of reagent with a water-in-methanol solution has been em
ployed by several investigators who used potentiometric (1),
dead-stop (8), and cathode ray magic-eye (5) devices to detect the
end point. However, excellent results can be obtained by a
simple back-titration to an end point detected visually as a color
change from red-brown through gold-brown to a final brassy
yellow.

REAGENTS

Water in Methanol. Because this solution is not standardized,
it is prepared simply by adding approximately 5 ml. of water to
2 liters of C.P. methanol. •

Sample Solvent. The solvent consists of 4 parts by volume of
dry pyridine and 3.5 parts of redistilled methanol.

Fischer Reagent. Gaseous sulfur dioxide, led through a dry
ing t.ube containing Drierite, is passed into 226 grams of pyridine
in a small bottle until 55 grams have been added. The pyridine

I Present address, Standard Oil Company "r Ohio, Cleveland, Ohio.

should previously be dried over potassium hydroxide pellets,
decanted, and distilled. The addition is interrupted several
times to cool the contents of the bottle in an ice bath. After the
addition of sulfur dioxide is complete, the resulting solution is
poured into a solution of 72.5 grams of resublimed iodine in 2
liters of freshly redistilled methanol. The reagent is allowed to
stand at least 24 hours before use, and then should have an initial
strength of approximately 1.5 mg. of water per ml. of reagent.

Standardization of Reagent. Approximately 25 ml. of solvent
are run into a flask (dried in an oven and cooled in a desiccator),
and then a small excess of Fischer reagent is added to react with
the water in the solvent. This excess of reagent is t.itrated with
the water-in-methanol solution, and then a measured volume of
Fischer reagent (10 to 25 ml.) is added to the dry solvent and
back-titrated with the water-in-methanol solution. The yellow
end point is somewhat sluggish and must be approached slowly.
The color changes gradually from a red-brown to a gold-brown
and then, upon the addition of 0.2 to 0.3 m!. of water-in-methanol
reagent, to a brassy yellow color which is the end point. This
color can be roughly approximated by a solution containing 70
mg. of potassium dichromate in 250 ml. of distilled water. Be
cause moist air must be excluded from the flask at all times, the
tip of the buret should be fitted with a rubber stopper or ground
glass joint to close the flask during the titration. A cltpillary tube
of small diameter in the stopper will serve as a vent and still pre
vent diffusion of moisture into the flask. The solution may be
stirred conveniently by means of a magnetic stirrer, and in this
case the glass-encased agitator should be dried with the flask in an
oven.

The value of R, which is the volume ratio between the Fischer
reagent and the water-in-methanol solution, is then calculated.
The strength of the Fischer reagent (factor F) is determined by
adding to the resulting anhydrous solution in the flask approxi
mately 20 mg. of water weighed accurately from a weighing
bottle. An excess of 5 to 10 ml. of Fischer reagent is added to the
flask and back-titrated with the water-in-methanol solution to the
same yellow end point previously observed. The actual volume
of Fischer reagent consumed by the water is calculated by utilizing
ratio R. The value of F is obtained by dividing the weight of
water taken (mg.) by the volume of reagent (ml.) consumed. As
the reagent gradually decreases in strength, even when protected
from atmospheric moisture, it should be standardized every day.

PROCEDURE

A 75-ml. portion of solvent in a carefully dried flask is made
anhydrous by the addit.ion of an excess of Fischer reagent and
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The hydrogen chloride could be dried satisfactorily by passing it
through two scrubbers filled with sulfuric acid, but more consistent
results were obtained on hydrogen chloride generated from am
monium chloride and concentrated sulfuric acid. The data in
Table I show an average blank of 0.8 mg. of water, but it seems
probable that the gas was anhydrous and that small amounts of
water were picked up during the collection of the sample and its
titration. This is substantiated by the data, which do not indi
cate any correlation between sample size and blank. It appears
that traces of water were introduced when hydrocarbon gases
were added to the hydrogen chloride. The data in Tables I, II,
and III were obtained on the generated hydrogen chloride.

The results in Table II are for the analysis of samples containing
known added amounts of water. This was accomplished by pass
ing the gas through a "humidifier" containing a weighed amount
of water which was vaporized with the aid of a microburner. For
these analyses, the average deviation is 0.3 mg. and the standard
deviation is 0.5 mg.

The presence of hydrocarbon gases in the C, range [n-butane,

Error
Mg.

0.3
0.0
0.8
0.2
1.4
0.0
0.1
0.0
0.4
0.1
0.3
0.5

s

3

1,2,3, a 4 -NEOPRENE CONNECTION

2

SCREW
-CLAMP

BLEEDER
-- LINE

Analysis' of Samples of Hydrogen Chloride
Containing Added Water

Water Found
11:(g••

Water Added
Mg..

5.7
23.2
26.7
28.9
30.6
44.0
62.7
68.8
73.0

111.4

NEEDLE
VALVE

FOUR HOLES
PLACED EQUIDISTANT

Apparatus for Collecting Hydrogen Chloride Sample

6.0
23.2
27.5
28.7
32.0
44.0
62.6
68.8
73.4

111.5
Average deviation
Standard deviation

a Corrected for blank of 0.8 mg.

Table II.
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Hydrogen Chloride
Plus Hydrocarbon Gas·Hydrogen Chloride

back-titration to 'the yellow end point with water-in-methanol
solution. A further quantity, V, of Fischer reagent is then added
to the anhydrous solvent in the flask in sufficient volume to be in
excess of that required to react with the water in the sample.
The flask is fitted with the all-glass delivery tube (the ends
stoppered to exclude moisture), weighed to the nearest 0.1 gram
or better, and connected to the hydrogen chloride line as illus
trated in Figure 1. The flask should be placed in a salt-ice bath
during the collection of the sample because a considerable amount
of heat is evolved in the absorption of the hydrogen chloride.

With stopcock S closed and the bleeder line open, the valves
from the hydrogen chloride supply are opened. S is then opened
and the rate of flow into the sample flask is controlled by the
screw clamp on the bleeder line, so that the resulting fumes in the
flask do not rise more than 5 cm. above the liquid leve!' A small
positive ·head of pressure prevents the solvent from backing
into the line as the hydrogen chloride dissolves. At this rate
of flow, a sample of 10 to 15 grams may be col-
lected in as many minutes. When the flow of
gas is interrupted the ground-glass connection
joining the delivery tube to S must be quickly
disconnected to prevent the liquid in the flask
from backing up. The flask and delivery tube,
with the ends stoppered, are reweighed to deter-
mine the amount of sample collected.

The glass delivery tube is removed and the
flask is immediately closed with a ground-glass
stopper. After the flask is shaken until the gas
fumes are dissolved, the excess Fischer reagent
is back-titrated with water-in-methanol solution.
The same apparatus is used as for the initial
back-titration of the excess Fischer reagent in
the sample solvent, and the same end point is
detected. This deereases the possibility of errors
in judgment on the true end point.

After the sample has been collected, the color
of the solvent must still be red-brown, for if the
color has been discharged, an insufficient volume
of reagent was taken to react with the water in the
sample. An amount of hydrogen chloride in ex-
cess of that which can be bound by the pyridine
in the solvent produces a deep red color, in
distinguishable from the usual color of the Fischer
reagent, which cannot be discharged even upon
titrating with a large excess of water-in-methanol solution. The
volume of solvent employed is sufficient to bind 18 grams of
hydrogen chloride.

CALCULATIONS

Determination of water in sample.
Let V = volume (m!.) 'of Fischer reagent added to anhydrous

solvent prior to collection of sample
U = volume (m!.) of water-in-methanol solution used in back

titration of unconsumed reagent after sample has been collected
R = volume ratio of Fischer reagent to the water-in-methanol

solution
F = factor of the Fischer reagent in mg. of water per m!' of

reagent

Then the milligrams of water found = (V - U X R)F and
(V - U X R)F

the percent waterfound = t f I ( ) X 10w . 0 samp e grams

Table I. Blank Determinations on Hydrogen Chloride
and Hydrogen Chloride Plus Hydrocarbon Gas

• 0.5 to 2.0 grams of C. hydrocarbon gas added to each ·sample.

EXPERIMENTAL RESULTS

Hydrogen chloride taken from commercial cylinders of com
pressed gas was not satisfactory for preparing standards because
of the variation in water content of the gas in different cylinders.

Table III. Analysis of Samples of Hydrogen Chloride
Containing Added Water and Hydrocarbon Gas
Water Added Water Found Error

Mg. Mg.· Mg.

7.6 7.8 0.2
16.2 16.2 0.0
26.0 26.1 0.1
31.1 30.9 0.2
38.4 38.5 0.1
66.1 65.5 0.6

Average deviation 0.2
Standard deviation 0.2

Sample H20 found
Gr",ms Mg.

2.2 0.7
3.0 0.9
5.0 0.9
5.3 0.6
5.3 0.9

Av. 0.8

Sample H20 found
Grams Mo.

2.4 1.0
3.8 0.7
4.2 0.8
4.9 1.1
7.0 1.1

0.9

• Corrected for blank of 0.9 mg.
grams of C, hydrocarbon.

Each sample contained from 0.5 to 2.0
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. Table IV. Relationship of Ethyl Mercaptan and Hydrogen
Sulfide with Fischer Reagent

RECEIVED October 2, 1946. Presented before the Division of Analytical
and Micro Chemistry at the llOth Meeting of the AMERICAN CHEMICAL
SOCIETY, Chicago, Ill.

Ethyl Mercaptan

72.7 10.28 0.0012 0.0006 2/1.00
629.7 84.5 0.0101 0.0047 2/0.93
615.0 83.1 0.0099 0.0046 2/0.93

Hydrogen Sulfide

6.4 3.7 0.00019 0.00020 1/1.05
6.3 3.6 0.00018 0.00020 1/1.11
6.3 3.1 0.00018 0.00017 1/0.95

terms of the equivalent amount of water. On this basis, each
mole of mercaptan consumes an amount of Fischer reagent
approximately equivalent to 0.5 mole of water, and each mole of
hydrogen sulfide is approximately equivalent to 1 mole of water.
On this basis it will be possible to apply a correction for the inter
ference of these sulfur compounds when the amounts of hydrogen
sulfide and mercaptan have been determined.

Molar Ratio S
Compound/H20H20

Mole

Sulfur
Compound

Mole

Iodine
Consumed

Mg. H20
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isobutane (2-methylpropane), isobutene (2-methylpropene), 2
butene, and butadiene] was found to cause no difficulty. This is
indicated by the data in Table III, which show an average devia
tion of 0.2 mg. and a standard deviation of 0.2 mg. The solvent
action of t,he solution at the low temperature ( -15 0 to - 20 0 C.)
prevented the escape of the hydrocarbon gases. If lighter hydro
carbons were present, provision would have to be made to meter
the exhaust gas for inclusion in the sample weight.

The time required to conduct the complete determination is 30
to 40 minutes. This time does not include preliminary standardi
zation of the reagent or drying of flasks and delivery tube.

A note of caution should be added on two points. During the
time that the sample is being collected, the flask must be kept
cold because high results have been obtained occasionally when
the solution became warm. This may have been the result of
reaction between the hydrogen chloride and methanol (6). Be
cause hydrogen chloride is such a hygroscopic material, every pre
caution should be used to exclude atmospheric moisture during the
analysis.

Although the samples of gas from petroleum refinery opera
tions, for which this method was intended, will, in all probability,
contain nothing but hydrogen chloride, small amounts of hydro
carbon gases, and minute amounts of water, a limited investiga
tion of the effect of some sulfur compounds was made. As would
be expected, there was no reaction with sulfur dioxide in the ab
sence of water. However, hydrogen sulfide and methyl and ethyl
mercaptans (methanethiol and ethanethiol) were. oxidized in the
absence of moisture.

It is well known that the following equations

H 2S + 12~ S + 2HI
2RSH + 12~ RS - SR + 2HI

apply in the reaction of hydrogen sulfide and mercaptans with
aqueous iodine solutions. As the data in Table IV show, the
same stoichiometric relationship was observed when the mercap
tan and hydrogen sulfide were oxidized with the Fischer reagent.
As the exact composition of the Fischer reagent was not known in
terms of available iodine, the amount consumed is expressed in

Determination of Unsaturation in Dehydrogenated
Dichloroethylbenzene
By Use of Mercuric Acetate

ROLAND P. MARQUARDT AND E. N. LUCE, The Dow Chemical Company, Midland, Mich.

WHEN dichlorostyrene was first considered for use in the
rubber and plastic Industry, no suitable analytical proce

dure was available for ascertaining the purity of this monomer.
Owing to the presence of two chlorine atoms on the benzene .ring,
the addition of chemical reagents to the unsaturated side chain
proceeus with considerable difficulty. Thus, the usual methods of
analysis for unsaturation were found to be inadequate. The
popular bromate-bromide method (Koppesc~aar,3) and the bro
ruination procedure using bromine in carbon tetrachloride
(:\i[cIlhiney, .n did not give quantitative results. Low results
were likewise obtained by the methods of Wijs (14), using iodine
chloride in acetic acid; Hanus (1), using iodine bromide in acetic
acid; and Hubl (2), using mercuric chloride and iodine in metha
nol.

A procedure previously disclosed by the authors (6) for the de
termination of the unsaturation in styrene and styrene derivatives
by use of an aqueous l,4-dioxane solution of mercuric acetate, in
which the amount of mercury adding to the double bond is de
termined by direct titration with standard ammonium thiocy
anate, gives low results with dichlorostyrene. However, it was
found that mercuric acetate in methanol solution would, with
moderate warming, add much more easily to carbon-carbon double
bonds, and this led to the development of the following method
for the quantitative estimation of the unsaturation in dichloro
styrene. It differs from the previous mercuric acetate method in
that the acetic acid produced by the addition reaction is titrated
instead of the mercury that chemically combines with the
styrene derivative.
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A new lDethod for the deterlDination of the terlDinal unsaturation in lDany
olefinic COlDpounds is described, in which use is lDade of the addition reaction of
lDercuric acetate to double bonds. One equivalent of acetic acid per double
bond is produced and titrated. This lDethod has proved satisfactory as an assay
procedure for dichlorostyrene, styrene, and lDany other styrene derivatives.
It is often possible to lDake the deterlDination in the presence of other unsatu
rated or halogen-substituting cOlDpounds•
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.OUTLINE

Whitmore (10) states that mercuric salts dissolveq,in methanol
add the groups -tIgx and -OCHa to the double bonds of
olefinic compounds. A general equation for this reaction may be
shown as:

RCH=CH, + HgX, + CHaOH~
RCH(OCHa)CH,HgX + HX

The addition in general follows Markownikoff's rule, mercury
going to the carbon having the most hydrogen atoms.

Whitmore states also that nearly all of the compounds formed
from unsaturated substances and mercuric salts are soluble and
stable in sodium hydroxide solution (12), but that they react
readily with halogen acids to give back the original unsaturated
compound (11).

In 1919, Tausz and Peter (9) prepared a mercury compound of
styrene by use of an aqueous mercuric acetate solution.

Manchot (5) found that styrene reacts with aqueous mercuric
acetate to give a mercury-containing product, which was perhaps
a basic compound, in which the mercury was not firmly held.

In 1928, Priewe (8) reported that styrene reacts with mercuric
acetate in acetic acid solution to form ~-phenyl-~-acetoxymer

curiethyl acetate.
Wright (15) obtained a-acetoxymercuri-~-methoxy-~-phenyl

ethane when he treated styrene with a methanol solution of
mercuric acetate. Other workers, by reaction of styrene with an
aqueous solution of mercuric acetate, produced ~-acetoxymercuri

a-hydroxyethylbenzene (7).
In the procedure given below, a weighed sample of dehydro

genated dichloroethylbenzeIie reacts with an excess of mercuric
acetate in methanol:

QCH=CH,
+ Hg(OOCCH.a), + CHaOH

(excess) ~

Cl Cl

QC.H(OCHa)CH,HgOOCCHa + CH,COOH +
Hg(OOCCH,),

(excess -1)
Cl CJ

Acetone is added to the solution and the excess mercuric ion is
then precipitated as mercuric oxide by the addition of a standard
amount of chloride-free aqueous sodium hydroxide:

(CH3COO),Hg + 2NaOH~ HgO + 2CH3COONa +
(excess) .

HD + NaOH
(excess -2)

The mercuric oxide reacts with the acetone to produce soluble
trimercuric diacetone hydrate (13):

NaOH HOHgCH-Hg-CHHgOH
3HgO + 2CH3COCH3~ I '"

CH3C(OH)-O-'-C(OH)CH3

Aqueous potassium iodide is then added, which reacts with the
a-acetoxymercuri-~-methoxy-~-dichlorophenylethaneto form
the a-iodomercuri compound, and with the trimercuric diacetone

hydrate to regenerate the acetone and hydroxyl ions orginally
taken by the excess mercuric acetate:

('lCH(OCHa)CH,HgOOCCHa
>0< +KI~

Cl Cl

('lCH(OCHa)CH.HgI>0< + CHaCOOK

Cl Cl

HOHgCH-Hg-CHHgOH
I "" + 12 KI + 3H,O~

CHaC(OH)-O-C(OH)CHa

6KOH + 3K2HgI. + 2CHaCOCH,

A standard amount of dilute acetic acid is added to the solution
to neutralize most of the hydroxyl ions:

(K + Na)OH + (1 - x) CHaCOOH ~
(1 - x) CH3COO(K + Na) + x (K + Na)OH

The remaining alkalinity is finally titrated with standard
hydrochloric acid:

x (K + Na)OH + xHCI~ i: (K + Na)CI + xH20

The titration obtained by use of the reagents only, or the blank
titration, should be equivalent to about 49 m!. of 0.1 N hydro
chloric acid. The acetic acid produced by the addition reaction is
equivalent to the difference between the blank titration and the
titration obtained by the analysis of the sample. Finally:

('lCH=CH2

CHaCOOH "" >0<
Cl Cl

REAGENTS

Mercuric Acetate, approximately 0.24 N. Dissolve 38.0 grams
of analytical reagent grade mercuric acetate in approximately 900
m!. of methanol and 2.0 m!. of glacial acetic acid. Dilute to
exactly 1 liter with methanol and filter.

Acetone, good commercial grade.
Sodium hydroxide, standard 0.1 N (chloride-free).
Potassium Iodide Solution. Dissolve 300 grams of potassium

iodide in water, add 1 m!. of 0.1 N sodium thiosulfate, and dilute
to 1 liter. Check neutrality with phenolphthalein indicator, ad
justing to a faint pink color if necessary.

Acetic Acid, approximately 0.65 N. Dissolve 76.0 m!. of
glacial acetic acid in water and dilute to exactly 2 liters. The
normality of this acid may need to be adjusted slightly to make
the titration of the blank about 49 m!. of 0.1 N hydrochloric acid.

Hydrochloric acid, standard 0.1 N.
Phenolphthalein indicator.

APPARATUS

Constant-temperature bath maintained at 50 0 C. Two-ounce
screw-cap bottles. The caps should be lined with rubber to pro
vide a tight sea!.

PROCEDURE

Pipet 50.0 m!. of the mercuric acetate solution into a screw-cap
bottle and add an accurately weighed sample that will have a net
titration of less than 46 m!. of 0.1 N hydrochloric acid. Screw the
cap on tightly, mix well, and suspend the bottle in the constant-
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where
A = m!. 0.1 N hydrochloric acid (blank) - m!. 0.1 N hydro

chloric acid (sample)

~.79, 98.78, 98.74
201.0 ,200.6 ,200.7

184.0,184.1 ,184.0
133.4,133.0,132.9
81.39, 81.21, 81.11
22.54, 22.54, 22.47
5.77, 5.78, 5.77
1. 63, 1. 66. 1. 70

Styrene Found, %
99.46,99.74,99.38,99.50,99.51

75.52,75.44,75.50
50.63,50.80,50.76
20.52,20.52,20.51

1.06, 1.06, 1.05

184.2
133.3
81.52
22.50
5.59
1.47

16.02
42.92
39.57
10.64
2.52
0.48

168.22
90.44
41.95
11.86
3.07
0.99

EVB
DVB

1
2
3
4
5
6

Known
Number Styrene Calculated, %

99.60 by freezing point

1 75.71
2 50.87
3 20.57
4 1.05

Table II. Analysis of Known Solutions of Styrene in
Ethylbenzene

Table III. Analysis of Solutions of Ethylvinylbenzene,
Divinylbenzene, and Diethylbenzene

EVB
Added DVB Total Un- Total

Known (Calcul- Added saturation Unsaturation
Number ated) (Calculated) (Calculated) (Found)

Per Cent as Ethylvinylbenzene

% unsaturation as
% dichlorostyrene

(by weight)

A X 0.0173 X 100
wt. of sampleWt. of sample

CALCULATION

Calculate the unsaturation for dichlorostyrene as follows:

A Lmo!.wt.) 100
10,000

temperature bath for 1 hour. Then take the bottle out of the
bath, unscrew the cap, and pour the contents of the bottle into
a 250-m1. Erlenmeyer flask, washing the bottle with methanol.

Add 10 m!. of acetone, pipet 20.00 m!. of 0.1 N sodium hy
droxide into the flask, and swirl occasionally until all the mercuric
oxide is dissolved. After adding 25 mi. of aqueous potassium
iodide and mixing well, pipet 20.00 m!. of 0.65 N acetic acid into
the flask while swirling to prevent any part of the solution from
becoming acidic. Add 20 to 30 drops of phenolphthalein indicator
and titrate with 0.1 N hydrochloric acid, swirling while titrating.

Finally, run a blank determination, for which the titration
should be approximately 49 m!. of 0.1 N hydrochloric acid. The
end point is reached when the last trace of pink color has vanished
from the solution.

Table I. Analysis of Known Solutions of 2,5-Dichloro
styrene in 2,5-Dichlorodiethylbenzene

Known 2,5-Dichlorostyrene 2,5-Dichlorostyrene
Number Calculated, % Found, %

99.81 by freezing point 99.86,100.06,100.08,99 82,99 83

1 80.25 80.30, 80.31, 80.24
2 60.71 60.64, 60.74, 60.65
3 40.87 41. 03, 40.98, 41. 06
4 20.40 20.43, 20.41, 20.48
5 10.15 10.10, 10.22, 10.22
6 5.14 5.13, 5.18, 5.23
7 1. 09 1. 15, 1.14, 1. 13

time was limited to 5 minutes at room temperature. The result5
obtained are shown in Table III.

Other styrene derivatives that have been successfully analyzed
by this method are vinyltoluene, vinylxylene, and ethoxystyrene
(5 minutes' reaction time at room temperature), and monochloro
styrene and vinylchlorotoluene (15 minutes' reaction time at
room temperature). Experience seems to indicate that the
method gives somewhat low results with a-methylstyrene, be
cause perhaps the addition compound is not completely stable in
basic solution in the presence of potassium iodide.

DISCUSSION
ADAPTABILITY OF METHOD TO STYRENE AND OTHER

STYRENE DERIVATIVES

This method has been found very reliable for determining the
unsaturation in styrene and in nearly all the other styrene
derivatives. Accurate results are- obtained because the addition
reaction is quantitative and there is no possibility of substitution
as in the methods involving the use of halogen. Furthermore, as
styrenes in general, except those having two or more halogens on
the benzene ring, react easily with mercuric acetate, it is not nec
essary to heat to 50 0 C. to complete the reaction; often 5 minutes'
reaction time at room temperature will give quantitative results.
Thus the mercuric acetate solution and the weighed sample may
be placed directly in the 250-m!. Erlenmeyer flask.

ANALYTICAL DATA

A sample of 2,5-dichlorostyrelle, 99.81 % pure as determined by
the freezing point method, was prepared and mixed with 2,5
dichlorodiethylbenzene in known proportions. Results obtained
by analysis of these solutions with the described procedure are
shown in Table 1.

The J'esults obtained on known solutions of styrene in ethyl
benzene are shown in Table II. The mercuric acetate solution
and the weighed samples were placed directly in 250-m!. Erlen
meyer flasks and the reaction time was limited to 5 minutes at
room temperature to show that a longer time was not necessary.

It was shown in a previou's paper (6) that mercuric acetate adds
quantitatively to the vinyl groups in divinylbenzene and ethyl
vinyl benzene. To show the consistency of results on these two
compounds over a wide range of percentages, the unsaturations in
samples of ethylvinylbenzene and divinylbl!nzene were determined
by this analytical method. Known solutions of these samples
were then made with diethylbenzene and the unsaturations found
by analysis were compared with the calculated values. The
mercuric acetate solution and the weighed known solutions were
placed directly in 250-m!. Erlenmeyer flasks and the reaction

Because mercuric acetate dissolved in methanol adds easily and
quantitatively to the vinyl group attached to the benzene ring,
the analytical procedure described is generally well suited to the
analysis of the unsaturation in styrene and styrene derivatives.
There is no danger of substitution to cause high results.

In general, mercuric acetate in methanolic solution adds
readily and quantitatively to compounds containing terminal un
saturation, such as allylbenzene, but slowly and not quantita
tively to compounds containing nonterminal unsaturation, such
as propenylbenzene, thus limiting the method to the analysis of
the double bonds in styrene, styrene derivatives, and many end
of-chain unsaturated compounds. This selective feature has been
used, with proper limitations of reaction time and temperature, to
determine directly the unsaturation of compounds containing
terminal double bonds in the presence of other unsaturated com
pounds that react with halogen but not with mercuric acetate
under the conditions of the analytical procedure.
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Laboratory Low Temperature Fractional
DistiUation

Optimum Distillation Rates and Fraction Cut Points

C. E. STARR, JR., J. S. ANDERSON, AND V. M. DAVIDSON
Esso Laboratories, Esso Standard Oil Company, Louisiana Divis'ion, Baton Rouge, La.

In a previous paper (4) the results of a study of opti
nlum charging rates were reported. The present
paper contains the results of a continuation of this
study in which optimum distillation rates and
fraction cut points have been determined. Two
samples were employed: one was a plant stream con
taining appreciable amounts of noncondensables
and C t , C 2, C 3, C.. and C, hydrocarbons, and the
other contained the same components, but the C 3

was p,resent in only minute quantity. After charg
ing and reftuxing for a proper amount of tiDle, the
distillations were made at several different rates,
and the heart cut of each fraction was analyzed by

mass spectrollleter for contalllination by lower and
higher boiling constituents. Analyses were also
lllade of total lllajor fractions and fractions taken
between lllajor boiling points to detertnine if gener
ally accepted cut points were OptiDlUDl. It has been
found that distillation rates as high as 100 cc. per
lllinute Illay be used with negligible alllount of con
talllination. If the colullln is operated properly, the
alllount of hydrocarbons distilling between boiling
points is slllall and the contamination of one frac
tion with another, using generally accepted cut
points, is negligible. The contalllination is usually
due to the lower boiling fraction.

DISTILLATION RATE STUDY

GENERAL DISTILLATION PROCEDURE

The column was charged according to the procedure outlined
in a previous paper (4). When sufficient sample was condensed in
the still pot, the entering line and stopcock were sealed with
mercury, and the pot heater was turned on and set to deliver 2
watts of heat. The excess liquid nitrogen around the still and in
the column was removed by blowing air up the column until all of
the liquid nitrogen was removed. .

After the removal of the fixed gases from the eolunm and still,
indicated by approximately 150 ec. overhead on the methane
plateau, the column was placed under total reflux until the re
ceivers could be changed. The amount of heat supplied to the still
while taking overhead on a plateau was sufficient to maintain the
indicated rate of take-off and, at the same time, to require reflux
cooling at 8- to 1O-second intervals. As the column was under
total reflux while changing receivers at the cut points, the heat was
removed to prevent flooding.

The distillation rate was automatically slowed a short distance
before the cut point and did not exceed 3 to 4 cc. per minute dur
ing the "break" from one plateau to another.

methane, 10% C2, less than 1% C3, and 60% C.. This gas was
analyzed to determine the contamination to be expected of a gas
where one of the major components was either missing or present in
only minute quantities, causing a large spread in boiling points
between succeeding fractions. The samples were retained in a 25
gallon cylinder at a pressure below the dew point of the heavier
hydrocarbons.

Determination of Precision of Total Fraction Analysis. The
nominal distillation rates employed were 25, 50, and 100 cc. per
minute. Fractions were segregated employing the usual cut
points-i.e., C,-C2 at -120 0 C., C2-C3 at -60 0 C., C3-C, at
-27 0 C., and C,-C, at +18 0 C. (or _6 0 C. at 300-mm. absolute
pressure). The fractions were analyzed by mass spectrometer,

EQUIPMENT AND SAMPLES and the results are shown in Table 1.
The data shown in Table I indicate the amount of contamina-

The equipment used in this study consisted of a Podbielniak
Hyd-Robot distillation apparatus (3), a Consolidated Engineering tion of each fraction by the next higher and lower boiling com-
Corporation mass spectrometer (5), special sampling bottles, and ponents when using tte indicated distillation rates and the usual
conventional laboratory equipment. Two gases were employed cut points described above. In general, the major portion of the
in this study. Sample 1 was a pro.duct gas stream from a fluid contamination is due to the lower boiling components which have
catalyst cracking unit, and its approximate composition was 14% not been completely removed in the previous fraction. Although
noncondensable, 34% methane, 12% C2, 22% C3, 15% C" and
3% C,. Sample 2 contained approximately 15% hydrogen, 15% this contamination amounts to as much as 2 to 3% in the large
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1:\ A previous paper CO on low temperature distillation studies,
the results of an investigation of optimum charging rates were

reported. In that study it was shown that the precision for the
determination of major fractions was only slightly different for
very fast distillation rates than for the slower rates recommended
in the literature (1,2). The precision obtained at high distillation
rates could be due to compensating effects of contamination of
each fraction by the next higher and lower boiling components.
The present study was initiated to determine the extent to which
this phenomenon occurred under different conditions and to de
termine optimum conditions for minimizing these effects.

In the usual complete analysis of gases employing low tem
perature distillation, the mixture is charged to the distillation
column, which is maintained at a low temperature by the use of
liquid nitrogen, and the noncondensable portion is taken over
head, measured, and submitted to chemical analysis for deter
mination of individual constituents. The remaining condensed
portion is fractionally distilled, and groups of hydrocarbons con
taining the same number of carbon atoms and boiling in the same
mnge are removed together for subsequent analysis for individual
constituents. As chemical and physical methods for the analyses
of these fractions generally only identify types of compounds,
such as satJ!rates, unsaturates, etc., it is necessary that con
tamination of one fraction with that of another of different car
bon number be very small in order to obtain accurate results for
individual components.

In the' present study, two gas samples have been distilled at
several different rates and the fractions analyzed to determine the
extent of contamination of one fraction by another. Portions
taken overhead between major boiling points have been
,malyzed to determine the optimum cut ,points to be employed.
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Table I. Effect of Distillation Rate on Total Fraction ContaJDination
Mole % of Fraction (M.S. Analysis) Mole % of Total Sample

Rate dist.
cc./min.

SAMPLE 1

at fraction CH, C,H, CH, C,H,

48% 25 100.00 33.60
(34% CH" 25 100.00

0'.'0'8
35.35

0'."0314% non- 50 99.92 34.77
condens- 50 100.00 34.90
abies) 100 100.00 32.90

100 100.00 35.00

C2 fraction CH, C,H, C,H, CaH, CaH. CH, C,H, C,H. CaH. CaH.

12% 25 1.12 34.22 64.63 0.03 0.12 3.76 7.12
25 1.40 35.10 63.50

0."3'3 0."0'8
0.17 4.14 7.49

50 1. 12 34.53 63.94 0.13 4.07 7.55 0.04 0.01
50 1.65 34.11 64.12 0.12 ·0.19 4.02 7.58 0.01

100 1.95 32.92 64.89 0.24 0.23 3.88 7.66 0.03
100 1.35 34.30 64.11 0.24 0.16 4.01 7.50 0.03

C3 fraction C,H, C,H. CaH. CaH. ISO-C4H1o C,H. C,H, C,H. CaH. C,H. Iso-C,H" C,H.

22% 25 0.73 56.16 43.05 0.02 0.05 0.16 12.59 9.64 0.01
25

0."3'5
0.81 55.81 43.28 0.04 0.06

0."08
0.18 12.39 9.61 0.01 0.01

50 0.31 54.47 44.80 0.07 0.07 12.04 9.90 0.02
50 0.02 0.80 55.54 43.60 0.04 0.18 12.16 9.55 0.01

100 0.45 56.23 43.07 0.04 0.21
o."io

0.10 12.30 9.44 0.01 0.05
100 0.47 0.78 56.27 41.80 0.68 0.17 12.38 9.20 0.15

C. fraction CaH. CaH, Iso-C...HIO n-C4HlO C,H. C,H" C,H" CaH. C,H. Iso-C,H" n-C,H" C,H. C,Hlo C,H..

15% 25 No M.S. analysis
25 0.07 0.94 33.73 7.97 57.17

0'."1'1
0.12 0.01 0.14 5.09 1.20 8.64 0.02

50 0.71 29.20 7.47 62.08 0.43
0.'02

0.11 4.41 1.13 9.37 0.02 0.06
50 0.12 1.20 31.74 8.10 58.55 0.10 0.19 0.18 4.79 1.22 8.84 0.02 0.03

100 1.34 29.84 6.64 61.36 0.29 0.53 0.20 4.54 1.01 9.93 0.04 0.08
100 2.90 28.05 7.31 61.52 0.07 0.15 0.44 4.24 1.12 9.35 0.01 0.02

C, fraction C,H. C,H" Iso-Cr.H12 n~CliH12 C.+ C,H. C,Hlo Iso-C,H" n-C5H12 C.+

3% 25 No M.S. analysis
1'.0325 8.98 52.16 34.41 4.45 0.27 1.56 0.13

50 No M.S. analysis
1'.93 0.1350 2.76 58.40 34.98 3.86

0'."0'8
0.09 1.15

100 2.44 55.87 37.19 4.42 0.08 1.84. 1.23 0.15
0."0'1100 1. 96 57.21 36.23 4.44 0.16 0.07 2.06 1.30 0.16

SAMPLE 2

01 fraction CH, C,H. CH, C,H,

30% (15% 25 100.00 13.0
CH" 50 100.00 13.8
15% H,) 100 99.93 0.07 11.1 0.01

C2 fraction CH, C,H. C,H. CsH. CH, C,H. C,H, CaH,

10% 25 1.85 77 .64 20.43 0.08 0.19 7.92 2 08 0.01
50 1.36 78.44 20.09 0.11 0.14 7.92 2 03. 0.01

100 2.44 81.14 16.34 0.08 0.24 7.95 1 .60 0.01

Iso- n- Iso- n-
C" fraction CzH, C,H, CaH. C,HI' C,Hlo C,H. C,H, C,H. CaH. C4H1o C,H" C,H.

60% 25 0.19 0.36 0.90 13.58 41.01 43.96 0.12 0.22 0.56 8.41 25.39 27.20
50 0.05 0.13 0.49 12.55 42.94 43.84 0.03 0.08 0.31 7.86 26.88 27.44

100 0.09 0.30 0.28 13.08 38.94 47.31 0.06 0.19 0.18 8.23 24.49 29.75

a Contamination of methane fraction with lower boiling noncondensables was disregarded, as these components are not fractionally separated in Podbiel-
nisk column under normal operating conditions.

fractions and 9% in the small fraction
(C.), the resultant error in the analysis
on a total sample basis is small. How
ever, the accuracy of the mass spectrom
eter for the lighter components in some
of these cases is in the order of 1 to 2% of
the total fraction.

In the case of sample 2 a considerable
quantity of Ca is shown in the analysis of
the C, fraction. No Ca was indicated
from the distillation curve. This appar
ent anomaly may be due in part to the
limitation of the distillation equipment
and in' part to the mass spectrometer
analysis of the fraction.

The effect of distillation rate on the
amount of contamination shows no defi
nite trend, and it is indicated that the
highest rate (100 cc. per minute) may
be used on gases without any appreci
able loss in accuracy. In general, the
effect of these contaminants on the

Table II. Effect of Distillation Rate on Purity of Heart Cut

(Sample 1)

Mole % of Heart Cut Fraction Mole % Contaminant
Rate Dist., (M.S. Analysis) Total Sample Basis

Cl fraction Cc./Min. CH, C,H, C,H,

25 100.00
25 100.00
50 100.00

0."0150 99.96 0.04
50 100.00

100 99.96 0.04 0.01
100 100.00

C2 fraction CH. C,H, C,H. CaH, CaH, CH, C,H, C,H.
25 0.10 33.91 65.70 0.27 0.02 0.01 0.03 0.00
25 0.22 44.39 55.39 0.02
50 0.10 41.80 57.42 0.68 0.01 0.06
50 0.15 47.09 52.01 0.75 0.01 0.06
50 0.15 40.49 58.79 0.57 0.02 0.06

0."01100 0.17 46.13 53.20 0.35 0.15 0.02 0.03
100 0.12 44.57 54.91 0.40 0.01 0.04

Ca fraction C,H, C,H. CaH, CaH, TotalC, C,H, C,H, TotalC,
25 65.58 34.36 0.06 0.01
25 74.86 25.14

0."74 0:i150
0."30

0.52 72.48 26.26
0:05

0.15
50 83.89 15.56 0.25 0.04
50 0.12 83.83 15.56 0.49 0.02 0.08

100 0.14 76.33 23.53
0'."52

0.02
0:09100 0.43 0.19 72.93 25.93 0.07 0.03

a Contamination of methane fraction with lower boiling 'noncondensables was disregarded. as these
components are not fractionally separated in Podbielniak column under normal operating conditions.
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........................ , .....................................
C,-C, 1 -104 to -104 35.21 61.02 0.78 0.09 0.16

2 -104 to -104 4.91 91. 60 0.81 0,01 0,25
3 -104 to -104 0.69 96,21 0,49 0.26
4 -104 to -104 99,79 0,27

C,H. C,H, CaH, CaH, C,H, C,H,

C,-C, -88 to -52 No M,S, analysis

a Horizontal dotted lines indicate nearest approximation to normal out point.
b Distillation column pressure 300 mm. absolute.

.. :":2'to' +2"" ·i.'33····· 4il:96···· 4i :il8···· iii'. 07' 0·.04···· 0'.04'" 0'.0'1
+2 to +4 0.10 28.79 53.23 15.59 0.03 0.05 0.01
+4to+4 '0.15 22.19 59.30 16.76 0.02 0,06 0.01

, ~ 52 't;" ~49' , . 0'.79' 64: 6i ' , , '33: 2i . , .. '1',27' .. , , , '0: ii' ojo' .
-49 to -49 0.57 13.99 82.91 2,03 0.04 0.20
-49 to -48 No M.S. analysis

CaH, CaH, Iso-C.HiO C.H, C,H, C,H, Iso-C.HiO C.H.

-40 to -14 9.19 73.69 15.80 1.32 0.02 0.20 0.04

~ i4 't;" ~ i2'" 2'.83"'" 22: 89' ... 69: 53···· 4·.70··········· 0:06···· 0:i9'" 0:01
-12 to -12 2.81 7.25 85.48 4.46 0.05 0.23 0.01
-12 to -12 1.03 2.51 90.81 5.65 0.25 0.02

n-C.Hl. n-C.H, Iso-C,H" ·C.HiO n-C.H, Iso-C.H" C,H"

0.010.02

C,H.

3.06

g:~~ 0.'02
... 0·.i7···· o·.io···'···

0.04 0.23
n-C.H. Iso-C,H" C,H"

Mole % of Total Sample

g..g~ 0.0'1
..... 0·.06···· o·.oi··· o·.oi

0.04 0.04 0.01

2.27
4.19

7 .70

3.78
8.94

C,H,

o·.io

24.68

89.06
82.16

FIRST DISTILLATION

64.91

SECOND DISTILLATION

C,H. C,H,

0.38
1.37

Analysis of Cut Point Fractions·
(Sample 1)

Mole % of Fraction (M.S. Analysis)

4.53
3.49

0.73

0.00
0.01
0.01
0.02

fractions was recorded and· the gas analyzed by mass spectrom
eter. As each of the distillations reported in this paper em
ployed approximately 5000 cc. of gas, these specially collected
fractions represented only a few tenths of 1% of the total gas.

The results of the analyses of these fractions are
given in Table III.

It was necessary to collect equal quantities of
each of the small fractions in order to accumulate
sufficient amounts for mass spectrometer analysis.
Accordingly, none of the boiling ranges shown in
Table III corresponds exactly to the normal cut
points. However, horizontal dotted lines indicate
for each fraction the point that most nearly ap
proximates the normal cut point. Values for the
lighter component falling below this line indicate
the amount of "carry-over" of this component into
the next fraction and values of the heavier com
ponents above this line indicate the amount of con
tamination of the previous fraction with the heavier
fraction. In each case, this amount is small when
determined on the total sample basis. Although it
has generally been considered that the first fraction
analysis would be low and the last fraction high by
the same amount, owing to holdup of the column

Table III.

0.'02
0,05
0.10
0.06
0.05

C.H,

-5 to +i···· ·4.2·9.. · .. 68:-74 .... i4:04····· 9:68'
+1 to +4 0.97 43.14 41.34 13.22

Temperature
Range, 0 C.

-15 to -10
-10 to-5

-20 to -2

CH.

-150 to - 145 99.41
-145 to -115 98.39

CH.

0.27
0.27

:..: iii; 't;":": i04" 46:49·"· 52:il5·· ........ ······ ..... 0: iil'" 0.14
-104 to -104 3.70 95,69 0'.30 0.01 0.26

C,H. C,H, CaH, CaH. C,H, CaH,

-80 to -58 1.97 79.42 16.69 0.60 0.21 0.04

- 58't'0' :":50'·' 'rj.'7·0 ·7il:87·· .. 23 :60'" "0.'6'0'" 0:20" .. 0:06
-';0 to -48 0.42 19.64 77.59 1.31 0.05 0.21
-!8 to -48 0.09 4.01 93.75 1.45 0.01 0.25

CaH, CaH, Iso-C.HiO C,H, CaH, Iso-C.H"

-42 to -30 0.74 97.54 1.40 0.12
-30 to -18 0.90 89.52 9.19 0.39

. :"'i8'to' :..:iil"·" .... "'64:56" .. ilil',iii ,., 'i.'il···
- 13 to - 12 15.71 80.45 3,36

n-C.HlO n-C.H. Iso-C,H" C,H,.

Mole % Contaminant
Total Sample Basis

CaH.

3
4

2
3
4

Frac
tion

49.63
54.13
65.83
56,68
45.16
44.70

Cut
Point

2
3
4

Ca-C.

2
3
4

C.-C,b 1
2

3
4

C,-C, 1
2

3
4

C,-C,

2
3
4

Ca-C. 1
2

C.H, n-CbH12 Iso-C,H" C,HiO C4HIO

No M.S. analysis
No M.S. analysis

0.83 6.87 46.61 45.69
3.65 1.24 76.66 17,80 0.65
5.44 1.95 69.69 22.15 0.77
2.95 2.11 68.71 25.88 0.35
2.35 3.66 61. 21 32.06 0.72

25
25
50
50
50

100
100

Table II. (Cont'd)
(Sample 1)

Mole % of Heart Cut Fraction
Rate Dist., -=-=--__~(M;:;::..S=-.C-'A=n:o:al"'yi,;si=s'-)...---____,""',--

Cc./Min. CaH. C.H, n-C,H,. Iso-C,H,.

25 No M,S. analysis
25 0.53 39.38 10.46
50 38. 34 7. 53
50 32.66 1.51
50 37.94 5.38

100 45.16 9.68
100 45.91 9.39

DETERMINATION OF OPTIMUM
CUT POINTS

C. fraction

C, traction

• See opposite page for footnote to table,

further analyses of each fraction by
present chemical or spectroscopic meth
ods would be approximately the same
or less than the amounts of contami
nant shown.

Determination of Purity of Heart Cut.
In order to determine the purity of the
fractions at the several distillation rates,
heart cut samples were· taken of each
fraction after about 50 cc. of gas had
been taken, overhead and before the
next cut point was reached. This en
sured determination of the purity of the
fraction without r~ard to contamina
tion due to error in cut point. These
fractions were analyzed by mass spec
trometer, and the results are shown in
Table II (Sample 1).

No trend in contamination of the
heart cuts may be seen with increase
of distillation rate, and the quantities of
contaminant in each case are small.

In both studies, precision of total frac
tion analysis and purity of heart cut, it
was necessary to place the column under
total reflux for several minutes while
changing receivers to accommodate the
indicated fractions. Although this was
not desirable in a study of the effect of
distillation rates, it was necessary be
cause of the nature of the apparatus
employed.

In this study, the distillation was
allowed to proceed at a predetermined
rate '(25 cc. per minute) until the tem
perature of the gas taken overhead from
the distilling column began to rise above
the boiling point of the highest boiling
component in the fraction. At this point
the overhead gas line was switched to a
manifold containing 15-cc. capacity re-
ceivers filled with mercury, and the mer-
cury was slowly displaced by the effluent gas. Employing
this procedure, it was possible to segregate fractions without
placing the distillation column under total reflux at any critical
point in the distillation. The boiling range of each of these small



1200

as well as the lines beyond the point at which the temperature is
measured, only a very slight trend in this direction is shown by the
results in Table III. As the fractions analyzed represent only a

.few tenths of 1% of the total sample, the results shown in Table
III should be accurate on a total sample basis.

CONCLUSIONS

The results obtained show that distillation rates as high as 100
cc. per minute may be employed with accuracy equal to that at
tained at the slower rates prescribed in the literature. Cut points
between fractions could be raised somewhat over those previously
prescribed with a resulting very slight increase in accuraey.

ANALYTICAL CHEMISTRY
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Determination of Molecular Weights

NATHAN BERMAN' AND H. C. HOWARD

Coal Research Laboratory,
Carnegie Institute of Technology, Pittsburgh, Pa.

The application of lllodifications of the Menzies
Wright Illolecular weight apparatus to the deter
lllination of the lllolecular weights of the water
soluble polycarboxy acids forllled by oxidation of coal
is described. Acetone and lllethyl ethyl ketone were
used as solvents and benzoic, salicylic, phthalic,
and lllellitic acids as standard solutes. For solutes
that obey Raoult's law there is a linear relation be
tween the rise in the differential therlllollleter and
the lllillillloies of solute present, if a constant volullle
of solvent is added to the apparatus and a constant

CONTROLLED oxidation of suspensions of bituminous coal
in aqueous alkali by oxygen gas, at elevated temperatures

and pressures, results in a mixture of water-soluble carboxylic
acids in yields as high as 60% by weight of the coal (1). Simple
aliphatic acids, acetic and oxalic, are formed in small amounts,
but aromatic polycarboxy acids predominate. Benzene di-, tri-,
tetra-, and pentacarboxylic acids have been isolated and there is
evidence of the presence in significant amounts of acids of more
complex nucleus than the benzene ring.

Because the acids differ both as to nuclear size and number of
functional groups per molecule (equivalent weight) it is neces
sary, in following the effects of process variables and fractionation
procedures, to have available rapid methods for determination of
both equivalent and molecular weights. Determination of the
former presents no difficulty, inasmuch as we are dealing with
strong water-soluble acids, the equivalent weights of which are
readily determined by the usual titrimetric procedures. For the
molecular weight determinations the Menzies-Wright apparatus
(5,6) as modified in this laboratory and byJIanson and Bowman
(2) has been found satisfactory from the standpoint of con
venience, speed, and reproducibility. Data on four known
solutes-benzoic, phthalic, salicylie, and mellitic acids-as well
as on samples of the mixed aromatic acids recovered from the

1 Present address, University of California. Beverly Hillis. Calif.

energy input to the boiler lllaintained. This con
stant relating the rise in the water therlllollleter
and lllolar concentration cOlllbines the classical
ebullioscopic constant and the coefficient of the
water therlllollleter, and greatly silllplifies calcula
tions. This constant is affected by changes in baro
llletric pressure, about 1.6% for each 10 Illlll., and de
viations frolll Raoult's law are shown by departure
frolll linearity at higher concentrations. No such
deviations greater than experilllental error were ob
served with these solutes in the ketonic solvents userl.

oxidation of coal, are presented. Acetone and methyl ethyl ke
tone were used as solvents. A simple method for establishing the
constant for calculation of the results is described.

REAGENTS AND APPARATUS

The acetone and the benzoic and salicyclic acids were Mallillc
krodt analytical reagent grade. The acetone was ftsed without.
further purification. The phthalic acid (Eastman) was crystal
lized once from water. The mellitic acid was prepared by oxida
tion of carbon black; the crude acid was precipitated as the
ammonium salt and the free acid recovered by electrolysis of an
aqueous solution of the salt. The equivalent weight, by titration
with 0.1 N alkali using phenolphthalein indicator, was found to be
57.3; theoretical, 57.0. All the acids were dried 2 hours at
110 0 C. before being used.

The methyl ethyl ketone was a commercial product fractionated
through an 8-plate column, packed with 0.125-inch stainless steel
helices, at a 20 to 1 reflux ratio. The cut used boiled between
78.5 0 and 78.8 0 C. (uncorrected).

Two modifications of the apparatus were employed. The first.
was the original type of Menzies-Wright apparatus without vac
uum jacket and with a removable Cottrell pump, modified fOl'
electric heating by the introduction of a helical coil of No. 18
Nichrome wire. The external diameter of the helix was such as to
allow the mouth of the Cottrell pump to pass over it and the
ends were brazed to 2-mm. tungsten leads sealed through the
glass. The total resistance of heater and leads was about 0.8 ohm
and the electrical energy for heating was supplied through a small
transformer. The second modification was a recent model of the
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1', 0 C.

Table I.

P,
Mm. Hg

Relation between BarOlnetric Pressure and
Water Thermometer Coefficients

Differential, 'Vater,
Thermometer (5, 6),

Mm./o C.

when the barometric pressure is 750 mm. is found to be 7.70
mm. per millimole in 25 ml. of added acetone, then with a
barometric pressure of 740 mm., since the relations \\re linear, the

constant will be ~~:~~ X 7.70 = 7.57.

KXUX1000
Molecular weight = A.1l

where K - 7.M" U - weight of solute, and A.h - rise in differential ther
mometer.

RESULTS AND DISCUSSION

Data typical of the results with benzoic acid in acetone in the
Type 2 apparatus are shown in Table II. It is evident that the
degree of reproduciblity is satisfactory and that there is no
systematic change in Ah/m over the concentration range used;
the highest concentration is about 3 mole %. Evidently devia
tions from Raoult's law for this system, over this concentration
range, are less than the experimental error. Positive deviations
from Raoult's law (association) would be shown by decreasing
values of Ah/m with increasing concentration.

In Table III are given minimum, maximum, and average
values of Ah/m for salicylic, phthalic, and mellitic acids. These
represent results of experiments in which concentrations of 1 to 10
millimoles of solute in 25.0 m!. of acetone were used. The average
values of Ah/m corrected to a barometric pressure of 745 mm., a
common value in this district, are also shown and it is evident
that the use of the pressure correction improves the agreement.
The average value of k for the four standard solutes, at 745 mm.,
is 7.55 and this value was used in the determinations on the
mixed acids.

Satisfactory but less exactly reproducible results were obtained
with the older Type 1 apparatus and using methyl ethyl ketone as
a solvent. The difficulty probably lies in both the apparatus and
the lower purity of the solvent. It was not found possible to use
methyl ethyl ketone in the refined Type 2 apparatus because not
enough energy could be supplied through the radiant heater
without exceeding the rated capacity. The very much greater

Solvent, 25.0 m!. of acetone P = 744 mm .. of Hg
Differential Thermometer Readings

251
250
253
249
249
250

ilhlm (at
745 Mm.)

7.,48
7.52
7.65

Molecular
Weight"

Av.

9.573
72.3
7.55

15.3
17.6
20.6
25.5
31.0

10.381
78.7
7.58

Av. 7.55
At 745 mm. 7.60

Av.

7.33
7.46
7.72

ilh,Mm,

8.411
63.5 .
7.55

7.47
7.61
7.90

Max.
ilh/m

L-R
0.98
2.51
2.74
3.04
3.53
4.08

1.16
0.98
0.96
0.92
0.87
0.82

Min.

7.22
7.38
7.60

2.14
3.49
3.70
3.96
4.40
4.90

Left Right
arm, arm,

L, em. R, em.

Values of Ah/rn for Salicylic, Phthalic, and
Mellitic Acids

Molecular Weight of Mixed Arolllatic Acids
frOlll Coal

(25.0 mi. of acetone used in each instance)
Barometric

Pressure,
Mm.Hg

730
UO
749

0.0
0:5103
0.5832
0.6923
0.8445
1.027

" Calculated from the relation:

Solute, Grams

Table III.

Solute

Salicylic acid
Phthalic acid
Mellitic acid

Table IV.

Table II. Relation between Moles of Solute and Ah
Solvent, 25.0 mI. of acetone P = 744 mm. of Hg
Solute, benzoic acid E = 19.2 watts

1.887 2.808 4.038 5.760 7.164
14.4 21.1 30.4 43.2 54.4
7.62 7.52 7.52 7.50 7.60

81.77
80.52
79.85
79.18
77 .88

198.2
195.4
194.0
192.6
189 \l

Solute; Illillimol('fi
4.h
4.h./m

PROCEDURE

Acetone

56.141 (8)
55.754
55.558"
55.362
54.967

Methyl Ethyl Ketone (7)

79.57
79.16
78.95"
78.75
78.34

760
750
745,
740
730

760
750
74.5
740
730

a Intcl'polated.

Hanson-Bowman apparatus, supplied with vacuum jacket, fixed
Cottrell pump, and radiant heater, drawing about 8 amperes at
2.5 volts. The wattage input varied "=2% and within this varia
tion no signifiGant effects on the readings of the differential
thermometer were observed.

Because of the known wide deviations of carboxylic acids from
Raoult's law in hydrocarbon solvents, only ketonic solvents were
used.

After the zero reading of the thermometer was obtained in the
usual way (2), the solute, when nonhygroscopic and readily
peJleted, was added in increments to a known volume of the
solvent. With solutes not adapted to pelleting, solutions of the
required concentrations were prepared outside the apparatus and
the appropriate volume of solu-
tion was added.

In methods for the ebuJlio
scopic determination of molec
ular weights the problem of
establishing the concentration
of the boiling solution enters.
If, however, standardization is
carried out with solutes of
known molecular weight, and
if the ratio of solvent in the
solution t~ the total added re-
mains constant at all times, the difficulty is obviated (.4). Rea
sonable constancy in this respect can be attained by a constant
energy input to an electric heater and some care as to rate of
flow and temperature of condensing water. This procedure, which
has been followed in the present work, results in a very simple
relation be~ween the observed rise on the water thermometer and
the molar concentration of the solution, Ah = km, where Ah is
the rise and m is molar concentration. This relation holds, for a
solute obeying Raoult's law, because over the short temperature
intervals with which we are concerned the change in vapor pres
sure of the water in the thermometer with temperature is linear.
The constant, k, conveniently expressed as millimeter pel' milli
mole of solute in 25 m!. of added solvent, combines the classical
ebullioscopic constant for the particular solvent employed with
the temperature coefficient of the water thermometer. The use
of this combined constant greatly simplifies calculations in
molecular weight determinations.

This constant is somewhat affected by changes in barometric
pressure, about 1.6% decrease for each 10-mm. decrease in
barometric pressure, and the exact magnitude of the effect can be
calculated from boiling point temperature data for the solvent em
ployed and the temperature coefficients of the water thermom
eter. The required data for acetone and methyl ethyl ketone are
given in Table I. Thus, for example, if the constant determined



sensitivity of the water thermometer with the higher boiling sol
vent, more than twice the rise per millimole, emphasizes the im
portance of having a differential thermometer filled with a lower
boiling liquid than water if low boiling solvents such as acetone
are to be employed. Differential thermometers filled with anum"
bel' of different liquids have recently been described (3).

The data of Tables IV and V show the application of the
method to the mixed acids recovered from the oxidation of coal.
Those in Table IV refer to a typical unfractionated mixture such
as is recovered from the pilot plant operations and those in

1934 7.26 100.0

N umber average _ 1934 = 266
Molecular weight - .7.26

Fractionated Acids

1202

Table V.

Fraction

1
2
3
4
5
6
R

Molecular
Weight.
Grams

463
499
284

97
39
17

535

Weights of
Molecular

Weight

199
235
256
280
326
374
442

Moles

2.32
2.12
1.11
0.34
0.12
0.04
1. 21

Mole %
32.0
29.2
15.3
4.7
1.6
0.5

16.7

ANALYTICAL CHEMISTRY

Table V illustrate the use of the method in following fractional
separation by solvents. In this separation about 2 kg. of the
mixed acids, of average molecular weight 250, were subjected to a
fractionation process by ether-pentane mixtures. The weights of
the fractions recovered and the average molecular weights found
for each fraction are shown. From these data the "number
average" molecular weight is calculated. In view of recovery
losses and the difficulty of complete elimination of solvents, the
agreement of the number average, calculated from the fractiona
tion data, with the value for the original mixture, is satisfactory
and lends confidence to the values for both the original mixture
and the fractions.
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Determination of Organic Hydrazines
SIDNEY SIGGIA AND LESTER J. LOHR

General Aniline & Film Corporation, Easton, Pa.

A procedure is described for determining organic hydrazines by oxi
dation with cupric sulfate and measurement of the liberated nitrogen.

SEVERAL oxidants have been used in determining hydrazines
. and hydrazine salts: potassium iodate (5, 6, 9), potassium

permanganate (4,6,9), potassium bromate (10), iodine (6,9), cal
cium hypochlorite (11), chloramine T (8), potassium ferricyanide
(7), eerie salts (3), and cupric ion (1, 2). The amount of hydra
zine was usually determined by measuring the oxidant con
sumed. When potassium ferricyanide was used as the oxidant
(7), the nitrogen evolved was collected and measured.

In attempting to use the above oxidants to determine hydra-
. zines of the type RNHNH2, it was found that the reaction was
slow, and a quantitative amount of the oxidant was not con
sumed. Heat caused undesirable side reactions such as the oxida
tion of side chains, but, although the warm oxidation proceeded in
indeterminate manner, the nitrogen was liberated quantita
tively from the hydrazine. A nitrometric method based upon
these observations has, therefore, been developed.

Potassium iodate, potassium permanganate, and eerie sulfate
were tried as oxidants but were found to have disadvantages.
Iodine was liberated from the potassium iodate which sublimed
through the apparatus and into the nitrometer. Ceric sulfate and
potassium permanganate caused the reaction to proceed in an in
determinable manner. Cupric sulfate in sulfuric acid oxidized the
hydrazine quantitatively and could be easily handled in the
apparatus.

The oxidation for the monosubstituted hydrazines proceeds
according to the following reaction:

CuBO.
RNHNH2,H.SO. _ RN"""N+ HSO.- +

[20] H
eat

2H20 _ ROH + N 2 + H 2SO.
H 20

The reaction mechanism for the more highly substituted
hydrazines is uncertain, but the nitrogen is liberated quantita•
tively.

The time required for a determination varies from 45 minutes to
1.5 hours, depending upon the oxidizability of the hydrazine being
determined.

This procedure, because of its specificity for hydrazines, is pre
ferred to methods that do not differentiate between hydrazines
and other nitrogen-containing compounds, such as the Kjeldahl
and Dumas methods.

APPARATUS

The apparatus, shown in Figure 1, consists essentially of a re
action flask, F, in which the nitrogen is liberated, a Ll1nge nitrom
eter, J, in which the liberated nitrogen is measured over 50%
potassium hydroxide, and a cylinder of purified carbon dioxide, A,
which is used to displace the air from the apparatus prior to an
analysis and to sweep the liberated nitrogen into the nitrometer.

The 100-ml. reaction flask, F, is attached to the apparatus by a
T24/40 joint. The reagents are introduced through the separatory
funnel, G, and the delivery tube, L, which has a maximum
diameter of 3 or 4 mm. and a constriction at the bottom to prevent
displacement of the liquid during decomposition of the sample.
The reflux condenser, H, which is sealed to M, has an internal
diameter of 12 mm. and allows vigorous refluxing of the reactants.

The carbon dioxide rate is controlled by the needle valve, B, and
is estimated by the bubble counter, E, which is filled with an inert
liquid such as butyl phthalate.

Other essential parts of the apparatus are the safety manom
eter, C, the leveling bulbs, D and K, and the three-way stopcock,
I, which permits by-passing the nitrometer.

Commercial tank carbon dioxide is purified prior to use by vent
ing rapidly about 50% of the carbon dioxide from the cylinder.
A cylinder of carbon dioxide purified by this procedure contains a
negligible impurity and contains sufficient carbon dioxide for
several hundred analyses.
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PROCEDURE

0.75

1.5

Time
Required

for
Analysis

H01.678

0.75

Deviation
From calcd. From Dumas

N N
% %

-0.15 -0.10
-0.06 -0.01

-0.24 -0.02
-0.32 -0.10

-0.12 +0.01
-0.09 +0.04

-0.20 -0.08
-0.05 +0.07
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The authors are indebted to Donald E. Sargent for the prepara
tion of the di- and trisubstituted hydrazines, and to Joseph
Kervenski for some of the experimental work.

Experimental results are presented in Table 1. The two analyti
cal procedures check well with each other, thus establishing the
validity and usefulness of the method. Both procedures give re
sults which are somewhat low compared with calculated values for
nitrogen. The new method can be carried out rapidly to give re
sults that compare favorably with the older Dumas procedure.

The better agreement between the experimental nitrogen
values than between the experimental and calculated values can
be attributed to the slight decomposition of the hydrazines when
recrystallized from warm solution.

The volume of the blank, the vapor pressure of the potassium
hydroxide, Charles' law, and Boyle's law were taken into con-
sideration in the calculation of results. .

Table I.

Hydrazine

F

Benzaldehyde phenylhydrazone

Phenylhydrazine hydrochloride

2-AcetYl-l-benzoyl-l-phcnyl hydrazine

o.Tolylhydrazine hydrochloride

J

•

The apparatus is prepared
for an analysis by completely
displacing the air with carbon
dioxide up to the reaction
flask, F. The mercury in the
safety tube, C, is lowered to a
point slightly below the curved
section of the manometer, so
that carbon dioxide can be
passed through the manometer
to the atmosphere. After the
air is completely displac ed
from the manometer, the level
ing bulb, D, is raised until·
the mercury level is approxi-
mately halfway up the manom-
eter. The carbon tlioxide rate is then increased, and in several
minutes the air will be completely displaced up to F. The de
livery tube, L, is filled with water.

A sample that will give from 15 to 25 cc. of nitrogen is weighed
into F, which is securely fastened to ·the apparatus by tension
springs. Stopcock I is opened to the atmosphere, and carbon
dioxide is rapidly passed through the apparatus until the air is
completely displaced by carbon dioxide. This will acquire from 5
to 10 minutes. After displacing the air, the carbon dioxide rate is
reduced to 1 to 2 bubbles per second. I is closed so the carbon
dioxide passes into the nitrometer, and after several minutes
microbubbles are obtained. The air collected in the nitrometer is
displaced, and the leveling bottle lowered until it is about level
with the nitrometer inlet tube. Forty milliliters of saturated
copper sulfate, 15 m!' of 95% sulfuric acid, and 10 m!' of distilled
water are drawn into the reaction flask. The solution is boiled
until the reaction is complete and microbubbles are obtained.
The carbon dioxide rate can be increased after the reaction ap
pears complete to speed up sweeping the liberated nitrogen into
the nitrometer. A blank is then determined on an equal volume
of copper sulfate, sulfuric acid, 8J!.d water and is usually about 0.6
m!'

Four different hydrazines representing two monosubstituted
aryl hydrazines, a trisubstituted and a tetrasubstituted deriva
tive, respectively, were prepared, purified, and subsequently sub
jected to analysis using the procedure outlined above. Nitrogen
content was also determined by the conventional Dumas method.

Figure 1. Diagram. of Apparatus RECEIVED November 29, 1948.



Separation of Antimonic Chloride from Antimonous
Chloride by Extraction into Isopropyl Ether

FRANK C. EDWARDS AND ADOLF F. VOIGT

Iowa State College, Ames, Iowa

The distribution of pentavalent and trivalent antirnony between hydrochloric
acid solutions and isopropyl ether has been studied for various concentrations of
acid and antiowny. An extremely rapid equilibrium results in a quantitative
extraction of pentavalent antinwny over the acid range 6.5 to 8.5 M with a pseudo
distribution coefficient greater than 200. The distribution coefficient for the
extraction of trivalent antimony is 0.016. A procedure using two distributions
will quantitatively and rapidly separate pentavalent and. trivalent antimony.

Hel M
Figure 1. Extraction of Pentavalent and Trivalent
Antimony from Hydrochloric Acid Solutions, Using

Ether Extractants

(.n. Standardization of the pentavalent antimony solutions and
subsequent analyses for pentavalent antimony were made by the
potassium iodide method (2). Standard solutions required in the
analytical procedures were prepared by conventional methods.

All the hydrochloric acid solutions of the antimony chlorides
were 8 ml. in volume. In the extraction studies on solutions
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EXPERIMENTAL METHOD

Distribution data were obtained on three types of hydrochloric
acid solutions of the antimony chlorides. One type of solution
contained only trivalent antimony, a second only pentavalent
antimony, and the third contained equimolar mixtures of the two.
In the studies reported here, the extraction was not tried over a
range of small to large values of the ratio of trivalent to penta
valent antimony.

THE preferential extraction of antimonic over antimonous
chloride by ethyl ether from hydrochloric acid solutions was

reported in 1911 by Mylius and Huttner (3), whose studies were
made over the acid range 5 to 20% (1 to 6 M). Under their most
favorable conditions 85% of pentavalent antimony and 6% of
trivalent antimony were extracted into the organic layer, as shown
in Figure 1. Be.cause of the inefficiency of the separation and the
critical acid concentration required, their method has seen little
usc as a means of separation of the two valence states of anti
mony. For the similar extraction of ferric chloride from hydro
chloric acid solutions isopropyl ether has been shown (by Dodson,
Forney, and Swift, 1) to possess certain advantages over ethyl
ether. Consequently isopropyl ether has been studied as an ex

. tractant for the separation of antimonous and antimonic chlo-
rides. The range of acid concentrations studied was extended be
yond those covered by Mylius and Huttner. The use of iso
propyl ethe.r proved to give a rapid and very efficient separation of
trivalent and pentavalent antimony over a wide range of hydro
chloric acid concentrations.

In one experiment one of these solutions was placed in a sepa
ratory funnel and isopropyl ether, saturated 'with hydrochloric
acid (11.6 M), was added. The extraction was carried out by
shaking the aqueous and organic phases for 5 minutes at room tem
perature. The separatory funnel was then allowed to stand until
the two layers separated and the lower aqueous layer was drawn
off. This aqueous layer was analyzed for either trivalent or
pentavalent antimony. From the amount of trivalent or penta
valent antimony found remaining in the aqueous layer the amount
extracted into the organic layer was calculated. For those solu
tions initially equimolar in trivalent and pentavalent antimony,
duplicate extractions under identical conditions were then carried
out in order to determine the amount of the other valence form
extracted.

EXPERIMENTA L

The isopropyl ether used had a boiling range of less than 2 0

and gave a negative test for peroxide. Various solutions of anti
monons and antimonic chloride were prepared using C.P. crystal
line antimonous chloride and reagent grade antimonic chloride.
Standardization of the trivalent solutions and all analyses for
trivalent antimony were made using sulfatoceric acid as oxidant

1. Extraction of 51> + + + + + and Sb + + + using ethyl ether (3)
.2. Extraction of Sb++++-I froIn solutions conta~ing only

Sb+++++ using isopropyl ether
3. Extract.ion of Sb + + + + + CroIn solutions containing equhnolar

aD1.0unts of Sb + + + + + and Sb + + + using isopropyl ether
4. Extraction of Sb + + + from solutions containing only Sb + + +

or equiD1.o1ar 8IDOUUts of Sb + + + and Sb + + + + + using
isopropyl ether

equimolar in trivalent and pentavalent antimony, for example, the
solutions were prepared by ·pipetting 1 ml. of the pentavalent
stock solution and 1 ml. of the trivalent stock solution into a 50
m!. separatory funnel. These stock solutions contained 60 mg.
per ml. of antimony dissolved in 11.6 M hydrochloric ~cid. Addi
tions of 11.6 M acid and water were then made using semimicro
burets to bring the initial concentration in hydrochloric acid to
the desired value. The resulting solutions were thus 0.0625 M in
each form of antimony. The initial acid concentration was calcu
lated by assuming the 2 ml. of antimony stock solutions to be
equivalent to 2 ml. of 11.6 M acid. The acid concentrations of
the solutions containing antimony are purely formal rather than
molar concentrations, as there is undoubted association of the
antimony and acid in the aqueous phase. Although this is recog-
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The distribution coefficient for the extraction of pentavalent
antimony by isopropyl ether under conditions of maximum extrac
tion would be difficult to determine, as the extraction is so com
plete. A pseudoconstant considering the slight amount of chemi
cal reduction involved could be given as somewhat greater than
200. This pseudoconstant is obtained from the ratio of moles
per liter of pentavalent antimony in the ether layer to the amount
of the original pentavalent antimony (now present as trivalent
antimony) in the aqueous layer. It was not possible to detect
any pentavalent antimony actually present in the aqueous layer.

The time for equilibrium was shown to be of the order of sec
onds by determining the per cent extraction of pentavalent an
timony using short mixing times (Table III). The solutions were
identical with those of Table I in antimony concentrations and
were 8 M in acid.

Initial
Concentration

of Sb+++
Mole/liter

0.06405
0.0645
0.13205
0.13205
0.1883.
0.1883
0.2546
0.20546
0.3123
0.3123

Table I. Distribution of Pentavalent and Trivalent
Antimony between Hydrochloric Acid Solutions and

Isopropyl EtherG

Final
Extracted into Ether LayerInitial HCI Volume of

Concentration - 'Aqueous Layer Sb ++ ++ + Sb+++

lltoles/liter MI. % %
2.9 7.8 23.5 4.0
2.9 23.4 3.0
2.9 23.5
4.35 7.9 69 2.3
4.35 84.5 2.4
4.35 70 '2.3
.5.8 7.9 97.7 2.3
5.8 98.2 2.4
6.96 7.n 100 2.3
6.96 100 2.45
8.0 100 2.3
8.0 100 2.3
8.0 100 2.4
9.0 99.8 2.3
9.44 9.4 91.7 2.3
9.44 91.4 2.0

10.105 10.2 53
10.105 46

1 :010.58 27
10.58 27 1.7

It Original aqueous solutions contained 0.0625 Jl Sb + + + and 0.0625 M
Sb+++++ and were 8 mi. in volume.

nized and a.ppreciated, the term "molar" has been used to describe
the acid concentration.

Twenty milliliters of isopropyl ether previously saturated with
hydrochloric acid were then added. It is possible to use isopropyl
ether without prior saturation with hydrochloric acid. In this
case the volume change of the aqueous layer will be greater, par
ticularly at higher acid concentrati.ms, than if the ether is previ
ously saturated. However, in either case the volume change is
not appreciable.

Table II. Distribution Coefficient for Extraction of
Trivalent AntiInony

Distribution
Coefficient

Sb+++ (Ether)
Sb ++ + (Aqueous)

0.015
0.015
0.016
0.017
0.016
0.016
0.(,)16
0.017
0.017
0.016

RECEIVED February 21, 1949. Contribution No. 054 from Institute for Atomio
ReBe8~chand Department of Chemistry, Iowa State College, Ames, Iowa.
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From these results it follows that by using a two-step procedure
pentavalent and trivalent antimony are separated quantitatively
and rapidly. A single distribution concentrates the pentavalent
antimony and about 2% of any trivalent antimony in the organic
layer. A second distribution is then made between this organic'
layer and hydrochloric acid (6.5 to 8.5 M). The pentavalent an
timony remains in the organic layer but the trivalent antimony
redistributes between the two phases, leaving only on the order
of 0.04% of the original trivalent antimony in the isopropyl ether
layer.

Time of Equilibrium
Sb+++++
Extracted

%
100
100
100
98

Time of
Shaking

Sec.

300
60
30
10

Table III.

The magnitude of the volume change using isopropyl ether pre
viously saturated with acid is shown in Table I.

RESULTS

The results of the distribution experiments for systems equi
molar in trivalent and pentavalent .antimony are collected in
Table I, and curves showing the percentage extractions at various
acid concentrations for all three types of systems studied arc
shown in Figure 1. The results of Mylius and Huttner using
ethyl ether are also shown in Figure 1.

An inspection of Table I and the curves of Figure 1 shows that
the extraction of -pentavalent antimony by isopropyl ether be
comes more effective with increasing acid concentration up to
about 6 M. There is a plateau from about 6 to 9 M for which the
extraction of pentavalent antimony is virtually complete. Be
yond this acid concentration the extent of the extraction falls off
rapidly.

If only pe!ttavalent antimony is present, the extraction is at
least 98% from 3 to 9 M acid, as shown in Figure 1. If only tri
valent antimony is present, its extraction follows the curve for tri
valent antimony for the equimolar system of Figure 1.

An experiment, run to investigate the possibility of chemical re
duction of pentavalent antimony during the extraction, involved
checking the pentavalent antimony stock solution for trivalent
antimony, running a blank determination, and then checking
the aqueous layer for trivalent antimony following the extraction
of a solution conta,ining only pentavalent antimony. Reduction
was observed to an extent of not mQre than 0.2% of the initial
amount of pentavalent antimony.

Distribution coefficients for the extraction of trivalent anti
mony by isopropyl ether were determined over a fivefold range
of antimony concentrations (Table II). The extractions were
carried out from solutions 8 M in hydrochloric acid.. The coeffi
cient, the ratio of trivalent antimony in moles per liter in the ether
layer to that in the aqueous layer, is seQn to be a true constant
having the value 0.016 over this range.



Self-Absorption of S35 Radiation in Barium
Sulfate

FRANK C. LARSON, ALFRED R. MAASS,
CHARLES V. ROBINSON', AND EDGAR S. GORDON

•University of Wisconsin, Madison, Wis.

A technique has been developed for the collection of radioactive precipitates
utilizing centrifuge tubes with reIllovable Hat bottoIlls. A study of the self
absorption of S3. activity in bariuIll sulfate has been reported. A value of 0.216
sq. CIllo per Illg. was found for the self-absorption coefficient of S3. in bariuDl
sulfate on a Lusteroid backing.

•

DISCUSSION

'100 (1 -_ed-ad)Observed activity in per cent = ~

with a = 0.216 sq. em. per mg.

RESULTS

The accuracy of the pro
cedure as a method for
gravimetric analysis for sul
fate was demonstrated by
analyses of a standard
sample of sodium sulfate
from which theory de
manded a yield of 127.2
mg. of barium sulfate.
The result of a series of
seven analyses was 126.8 '"
0.44 mg. which was 99.7%
of the theoretical yield.-RUBBER

: -BRASS

-PYREX

~_PLANCHET

- --RUBBER

t-ej> BRASS

(
1 - e- ad)

The data are well fitted by a curve of the type I = 10 ad

where I is the observed activity, 10 the activity without carrier, d
the thickness of the sample in milligrams per square centimeter,
and a the absorption coefficient. This equation has been used by

Figure 1. Collection Appa
ratus for BariuIll Sulfate

Precipitate

Lusteroid planchet was removed and the small volume of alco
hol which could not be siphoned from the tube without disturbing
the surface of the precipitate was allowed to evaporate at room
temperature. Samples were finally dried in a vacuum desiccator
over calcium sulfate and weighed.

The sample of S" active
barium sulfate was
mounted over an area of
6.42 sq. em. in the center
of a plastic film planchet
3.8 em. in diameter and
0.05 em. thick. The sam
ple was placed 4 mm. be-
low a thin (2.3 to 2.7 mg.

per sq. em.) mica window counter with a diameter of 27 mm.
The counting rates have been corrected for resolution, back
ground, and, when necessary, for decay. ApprOXimately 5000
counts were recorded for each sample. The data are summarized
in Figure 2. Each point represents the average of two or three
observations of activity at that sample thickness. The average
value of each series of observed activity was plotted as the per
centage of total activity and the curve has been drawn to fit the
equation:

PROCEDURE

Aliquots of a standardized sample of sodium sulfate containing
S" were precipitated as barium sulfate in the flat-bottomed
centrifuge tubes illustrated in Figure 1. The Lusteroid
planchet which fomred the bottoms of these tubes were molded
in a glycerol bath heated to 200 0 C. Inert sodium sulfate was
added in varying amounts to permit the precipitate to range from
1 to 50 mg. per sq. cm. The aliquots 'containing inert carrier were
diluted to approximately 50 m!. and acidified to pH 3 with hydro
chloric acid, and then 10 m!. of a 10% solution of barium chloride
were added dropwise with stirring. After addition of the barium
chloride, the precipitate was allowed to age and then centrifuged
at 2000 r.p.m. for 10 to 15 minutes. The supernatant was
siphoned from the tubes, care being taken not to disturb the pre
cipitate. The precipitate was resuspended in a small volume of
distilled water, the sides of the tube were carefully washed, and
the volume was made up to approximate\j' 50 m!. The precipi
tate was again centrifuged and the clear supernatant removed.
After again resuspending the precipitate, sufficient ethanol was
added to the third wash to make a 50% solution. The samples
were then centrifuged and the clear supernatant removed. The

1 Present address, Biophysical Laboratory, Harvard Medical School, Bos
ton,Mass.

A' FREQUENTLY used method for studying a given type of
. radiation is to determine an absorption curve by measuring

'the intensity of transmitted radiation as a function of absorber
'thickness. In the case of a disintegration which produces simple
ijS-spectra, such as that of P", C 14, or S3., the intensity is nearly
I = loll-I'd, where d is the absorber thickness, and J1. is the absorp
tion coefficient. Actually the semilogarithmic plot of the ob
served intensity vs. the absorber thickness is generally not quite
straight and p. is the average value of the slope in a suitable region
of the graph.

For the ordinary absorption experiment, foils of various thick
nesses are interposed between a fixed radioactive sample and the
detector. If, on the other hand, the absorber consists of a carrier
material which is mixed with the radioisotope, self-absorption
results. A self-absorption plot is obtained by measuring the
apparent activity of a series of samples which contain equal

'amounts of the radioisotope ,but different amounts of carrier.
1 - e-ad

This graph may be fitted by the curve I = 10 ad by proper

choice of the self-absorption coefficient, a. Generally, the fit is
better than might be expected, for the derivation of the formula
requires exact exponential absorption and parallel tracks for the
f1-rays, and back-scattering from the mounting is ignored. This
effect of the backing appears as a deviation from the theoretical
curve in the region of small thickness,

A technique is described below for measuring S" activity pre
cipitated as barium sulfate using a thin mica window Geiger
Muller counter. The data obtained by this method give a value
of a = 0.216 sq. cm. per mg. for the self-absorption coefficient.

1206 •
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Henriques W, Libby (7), Solomon (8), and Yankwich (9).
Parameters 10 and a were chosen in order to obtain a good fit to
the data in the working range of sample thickness from 1 to 50
mg. per sq. em. The value of a obtained was 0.216 sq. em. per
mg.
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Figure 2. Geiger Counter Self-Absorption
Curve for S35 in Bariu:m Sulfate

Hendricks et al. (3) precipitated barium sulfate on brass disks
and obtained a self-absorption curve. No theoretical curve was
fitted originally but, using their value for the sample area, the
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data given are well fitted above 4.6 mg. per sq. em. by using
a = 0.28 sq. em. per mg. Below 4.6 mg. per sq. em.. the experi
mental curve falls below the theoretical and the extrapolated
activity for 0 thickness is 87% of the theoretical.

Henriques et al. (4-) employing benzidine sulfate precipitation
onto filter paper obtained a value of a = 0.265 sq. cm. per mg.,
fitting the region from 1 to 11 mg. per sq. em.

Yankwich (10) and Glendenin (2) have found that the theoreti
cal absorption curve fits the experimental data for sample thick
nesses larger than 20% of the range, while for thinner samples a
departure is observed due to the difference in back-scattering
from the planchet material as compared to the carrier material.
On this basis one would expect better agreement with the values
given by Hendricks et al. and the authors. The value obtained by
Henriques for the 1 to 11 mg. per sq. em. range is definitely a
function of the backing.

The discrepancies noted here are not consistent with the theory
in its present state. For accurate work, a self-absorption curve
should be run by the experimenter himself.
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Acrylonitrile can be identified by conversion to l3-piperidinopropionitrile, the
picrate of which is a suitable derivative. Water and organic solvents, except the
stronger acids and bases, do not interfere. Acrylonitrile in concentrations as
low as 1% can be detected and identified by this :method. Methyl 'and ethyl
acrylate can be si:milarly characterized by conversion to the picrates of the
methyl and ethyl esters, respectively, of l3-piperidinopropionic acid.

I N CONNECTION with its use in nitrile rubbers the need
arose for a rapid and simple method of identifying acryloni

trile. No such method has been described in the literature. A
great variety of crystalline derivatives obtained by the cyano
ethylation reaction have been described, but the procedures in
volved do not in general lend themselves to adaptation as simple
qualitative methods. Among the most rapid reactions of acrylo
nitrile are those with certain nonaromatic amines. The aminoni
triles obtained are themselves liquids, but may be readily con
verted into solid derivatives. Such a method for characterizing
acrylonitrile has the advantage of greater speed and convenience

than the usual methods for nitriles, and water and various other
substances do not interfere.

AMINO DERIVATIVES OF ACRYWNITRILE

Piperidine and morpholine (6), certain substituted piperidines
(1), and some of the pii,mary aliphatic Mnines (3) react vigorously
with acrylonitrile in the absence of catalyst to give the corre
sponding l3-aminopropionitriles. The present study was confined
to the use of morpholine and piperidine, particularly the latter.
The properties of the two aminonitriles and their derivatives are
listed in Table I.
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Table I, Properties of Derivatives of Acrylonitrile
Beta-Substituted Propionitrile

Piperidimo Morpholino

Boiling point, 0 C. 233/740 mm. 149/20 mm. (6)
129-130/30 mm. (6) 128/9 mm.
105/11 mm.

Melting point, 0 C. -7.4 to -7.2 20.4 to 20.6
ni>° 1.4692; 1.4697 (6); 1.4713 (4) 1.4709; 1.4710 (6)

Melting Point. 0 C.

Picrate 161-162; 160 (6) 138-140; 139.5(6)
157.5-158.0 (4)

Methiodide 158; 152 (2) 193-195 with de-
camp.

Hydrochloride 181-182 210-211
Picrate of parent

secondary amine 150-151 148-150

For such application the mixture should first be freed of acid or
strong base by any appropriate neutralization, extraction, or dis
tillation procedure. A sample of 0.5 to 5.0 m!' of the neutral mix
ture is treated with 0.10 ml. of piperidine and the mixture is
allowed to stand 10 minutes before being added to about 5.0 ml. of
picric acid solution. If no precipitate is obtained at once, the
mixture should be allowed to stand a few minutes.

An alternative procedure, useful for detecting as little as 1%
acrylonitrile in a solvent more volatile than J3-piperidinopro
pionitrile, is as follows:

To 20 ml. or more of solution is added about 0.20 m!' of piperi
dine, and the mixture is refluxed or heated to 100 0 for 10 minutes.
Solvent is then removed by distillation until the distillation
residue has been reduced in volume to 2 to 3 m!' A few drops of
the cooled residue are added to picric acid solution and the pre
cipitate is treated as above.

Table III. Effect of Solvents

'l Pie ric acid solution \''''0.8 diluted with ;).0 rol. of ethanol to avoid pre
ch)itating picric acid.

b A plus sign indicates that a picrate was obtained but its melting point
was not determined. A minus sign indicates that no picrate precipitated.

C [ncluded to show that a large excess of acrylonitrile does not interfere.

EXPERIM:ENTAL

The effect of varying the ratio of piperidine to acrylonitrile is
illustrated in Table II. Samples of 0.10 ml. of acrylonitrile were
treated with various volumes of piperidine, and the mixtures were
allowed to stand 30 seconds and then poured into 5.0 m!' of picric
acid solution.

Piperidine, 0.10 ml. Picric acid, 5.0 rnl.) ,
M.p. of Precipitate

Volume, lVii. 0 CSolvent

0.050
0.10
0.20
0.25
0.50

Water a 10.0 159-161
Ethanol 10.0 feb
n-Butanol 10.0 158:-160
n-Hexane 2.0 159-162
n-Hexane 10.0 _b

Light mineral oil 1.0 +Ethyl ether 1.0 +
Isopropyl acetate 1.0 +Isopropyl acetate 2.0

158-160Ethyl chloride 1.0
Ethyl chloride 2.0
.-\.cetonitrile 1.0 +Propionitrile 1.0 158-160
Acrylonitrile C 5.0 160-161
Methacrylonitrile 1.0 160-162
Methacrylonitrile 2.0
Acetone 0.4 161-162
Acetone 1.0 157-158
Methyl ethyl ketone 1.0 +Methyl ethyl ketone 2.0
Methyl isobutyl ketone 1.0 159-160
Methyl isobutyl ketone 2.0
Formalin, 37% 0.4 158-160
Formalin, 37% 1.0 +
Acetic acid 1.0 -
Benzene 1.0 +
Toluene 1.0 +
Toluene 2.0
Styrene 1.0 161-162
o-Dichlorobenzene 1.0 +
~itrobenzene 1.0 160-161
Nitrobenzene 2.0 +
Aniline 1.0 159-161

(Acrylonitrile, 0.10 ml.

Table II. Effect of Amount of Piperidine
(0.10 ml. of acrylonitrile. 5 Illi. of picric acid solution)

Vol. of Piperidine. Ml. Effect
0.025 Immediate turbidity. volumino.us

precipitate after 5 minutes
Immediate dense precipitate
Immediate dense precipitate
Immediate slight precipitate
No precipitate
No precipitate

The effect of excess piperidine and of other amines was further
illustrated by a series of tests in which a mixture of 0.10 m!. each
of acrylonitrile and piperidine was added to 5 ml. of picric acid
solution, and the slurry of picrate in mother liquor was treated
with just sufficient amine to redissolve the precipitate. The
following volumes were required: piperidine, 0.10 ml.; mor
pholine, 0.15 m!.; tri-n-butylamine, 0.20 !Ill.; aniline, no effect
with 5.0 m!'

REAGENTS

Piperidine. Eastman Kodak Company white label grade or
other material of similar quality is satisfactory.

Picric Acid Solution. Excess reagent grade picric acid (contain
ing 10 to 12% of water) .is shaken with commercial denatured
ethanol and the solution saturated at room temperature is de
canted from the undissolved solid.

PROCEIlURE FOR QUALITATIVE TEST

For an unknown which is suspected to consist chiefly of acry
lonitrile, the recommended procedure is as follows:

A small volume (0.1 to 1.0 ml.) of unknown is treated with a
somewhat less than equal volume of piperidine. The mixture is
allowed to stand 2 minutes and then added to 5 to 20 ml. of picric
acid solution. The resulting precipitate is recrystallized once from
ethanol, filtered, and washed with a little ethanol. The product
is dried for a few minutes on the suction funnel and the melting
point is determined. If the melting point falls in the range of
about 161 0 to 162 0 C., this will serve to identify the sample as
acrylonitrile.

Notes. Heat is evolved when piperidine is added to acryloni
trile. A little spontaneous boiling may occur, but with small
samples cooling is not nec~ssary. Heat is also evolved when
piperidine is added to various other compounds, notably acids
and certain aldehydes. However, if the sample of unknown is
reasonably pure, failure to observe a temperature rise virtually
constitutes a negative test. Dilute solutions of acrylonitrile in
inert solvents may not give a noticeable temperature rise when
treated with piperidine.

When the piperidine-acwlonitrile reaction mixture is added to
picric acid solution, the picrate comes down immediately as an in
tense yellow powder or as flat yellow platelets. The product is
only sparingly soluble in boiling ethanol. Recrystallization can
be accomplished quickly by simply leaching the solid for 1 to 2
minutes with about 20 ml. of boiling ethanol, filtering by gravity
while the mixture is still hot, and chilling the filtrate to recover
the purified product. By this procedure" picrates melting at
161-162° C. were obtained. The melting points were not altered
by further recrystallization.

From the data in Table III it is apparent that the method can
be used to detect relatively small amounts of acrylonitrile in a
variety of mixtures.

Of the derivatives listed, the picrates are much the simplest to
prepare. Addition of either aminonitrile to a saturated solution
of picric acid in ethanol results in an immediate precipitate of the
picrate. After recrystallization from ethanol, the picrates have
reproducible melting points. The piperidino derivative is pre
ferred because its picrate has a higher melting point than that of
the parent secondary amine,. whereas the reverse is true of mor
pholine. Hence, there is less chance for uncertainty with piper
idine if in case of a negative test for acrylonitrile the picrate of the
secondary amine happens to be obtained. However, morpholine
has been successfully used to characterize samples of acryloni
trile.
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The effect of solvents was studied by adding 0.10 m!. of
acrylonitrile to the solvent, then adding 0.10 mi. of piperidine,
and after 5 minutes treating the mixture with 5.0 mi. of picric
acid solution. The results are summarized in Table III. The
melting points are those of the once recrystallized picrates.

DISCUSSION

If the sample of unknown is neutral or nearly so and contains
a significant amount of acrylonitrile, the most likely cause of
failure of the method is the use of too high a proportion of piper
idine. This is illustrated by the data of Table II. The amino
nitrile is formed but its picrate is not precipitated in the presence
of excess piperidine. Other bases of the same order of basic
strength interfere for the same reason, but aniline is too weak a
base to cause interference.

Acids such as acetic acid apparently interfere by conversion of
the piperidine to the corresponding nonreactive salt.

With inert solvents interference probably arises through retard
ing of the reaction between acrylonitrile and piperidine by simple
dilution effect. For example, if the mixture of 0.10 m!. of acrylo
nitrile, 1.0 m!. of benzene, and 0.10 m!. of benzene (Table III) is
allowed to stand for 10 minutes instead of 5 before being added to
picric acid solution, a considerably larger amount of picrate is ob
tained. Acrylonitrile at 1% by volume in benzene is readily de
tected by adding the appropriate amount of piperidine, refluxing
a few minutes, then distilling off most of the benzene before add-
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ing the mixture to picric acid solution. At room temperature the
reaction appears to be faster in water and alcohols than in other
solvents.

Of special interest is the noninterference of methacrylonitrile,
which reacts very slowly with piperidine. No heat is evolved
when one volume of piperidine is added to two of methacryloni
true. After 24 hours, a 0.3Q.-m!. sample of the mixture gives no
precipitate when added to 5.0 m!. of picric acid solution. After
standing 5 days the mixture gives a picrate melting at 140-141 0 C.

IDENTIFICATION OF ACRYLATES

The above procedure has been successfully used to characterize
methyl and ethyl acrylates. The picrates of the methyl and
ethyl esters of JS-piperidinopropionic acid so obtained melt at
106--108 0 C., with sintering at 102 0 C. and 127.5-128.0 0 C. (5),
respectively.
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Estimation of Acetic Acid as an Impurity
in Refined Formic Acid

W. J. ARTHUR AND G. W. STRUTHERS
A",moni.. Department, E. I. du Pont de Nemours & Company, Charleston, W. Va.

Concentrations of acetic acid (0 to 6%) in refined forlIlic acid have been deter
lIlined quantitatively by oxidation of the forlIlic acid with excess lIlercuric oxide
and titration of the relIlaining acetic acid with standard alkali to a preselected
pH. Rapid routine analyses have been accolIlplished by this technique, which
employs ordinary lahoratory apparatus and reagents.

I N THE recovery and refining of formic acid from a crude stock
containing both formic and acetic acids, it was necessary from

a control standpoint to have a rapid, quantitative method for
estimating acetic acid in the refined product. A method was
required w~chwould be more nearly quantitative than the stand
ard specification test (1) for acetic in formic acid. This test is
semiquantitative and indicates only whether the acetic acid con
tent is "less than 0.4%." A method was desired for determining
acetic acid quantitatively in amounts as low as 0.1 % in 85 to
90% formic acid. Partition and azeotropic distillation methods
(2, 4, 5) were .not applicable because of the unfavorable ratio of
formic to acetic acid and the time-consuming features of the latter
technique.

A method has been developed for the estimation of acetic acid
in formic acid samples in whiuh acetic acid is known to be the
only acidic impurity present. The method is based on the oxida
tion of formic acid to carbon dioxide and wltter by an excess of
mercuric oxide, and potentiometric titration of the remaining
acetic acid with standard alkali. The interference of mineral
acids and organic salts may be prevented, where necessary, by
the application of precipitat,ion or distillation procedures before
,~pplying this test. When present, the higher homologs of the

acetic acid series will interfere, because their ltcidity will be de
termined wi.th that of the acetic acid.

PROCEDURE

Preacidify samples known to contain less than 1% acetic
acid with 10 m!. of a standard solution containing 5 m!. of
glacial acetic acid in 1 liter of water. Add a similar 10-m!. por
tion to the blank. Use 5 grams of sample if the acetic acid con

.tent is below 2%, or 2 grams if above 2%. For a practical titra
tion, the weight of acetic acid present in the reaction should be
between 50 and 150 mg.

To a 30Q.-m!. Erlenmeyer flask add the sample, 10 m!. of the
standard acetic acid solution (if necessary), enough mercuric oxide
(Mallinckrodt's A.R., yellow) to provide 5.5 grams present for
each gram of formic acid in the sample, and enough water to
make a total volume of about 30 mi. Prepare a blank, contain
ing the same quantities of reagents but no formic acid, and carry
it along simuhaneously with the sample. Connect the flask to
an efficient water-cooled reflux condenser and heat the contents
of the flask slowly fer about 10 minutes. During the early stages
of the reaction, carbon dioxide is evolved vigorously. Following
the initial reaction period, apply sufficient heat to provide a posi
tive reflux which is continued for 90 minutes.

At the end of the reflux period, add 20 to 25 m!. of water
through the condenser to provide rinsing and dilution. All
samples at this poiJdt must show the presence of excess mercuric
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PRECISION AND ACCURACY

A precision of approximately ±0.03% and an accuracy within
0.1 % absolute are possible when the method is applied to 90%
formic acid containing 0 to 6% acetic acid.
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6
6
8
5
6

No. of
Detns.

97
95
98
98

Recovered

0.09
0.33
0.56
1.88
5.20

Found

Acetic Acid Re.covery frOID Formic Acid-Acetic
Acid Blends

% Acetic Acid
Added

0.00
0.25
0.50
1.83
5.2

Table I.

the slope of the neutralization curve is satisfactorily sharp in the
vicinity of the end point. Titrations are most easily accomplished
using 0.1 N sodium hydroxide solution.

An investigation was made of the effect of large quantities of
mercuric oxide and metallic mercury on the potentiometric titra,.
tion of small quantities of acetic acid. Although the general
shape of the neutralization curve is altered slightly, the equiva,.
lence point remains practically the same as that obtained for
acetic acid alone under comparable conditions of dilution.

The mechanical or aspiration loss of organic acidity from a reac
tion mixture of formic acid, acetic acid, mercuric oxide, and water
was found to be negligible when the period of vigorous initial
decomposition was controlled.

EXPERIMENTAL DATA

Mercuric oxide from various sources was tested for interference.
Of the five samples examined, none was found that was n'Ot suit
able, provided it was of the yellow variety and of reagent grade.
Tests were made to show the effect of these different mercuric
oxides on a water solution containing approximately 25 mg. of
acetic acid and on 5-m!. samples of formic acid containing 0.50%
acetic acid. In the former case acetic acid recovery ranged be
tween 99.8 and 101.4%. In the latter case the acetic acid con
tent was found to be between 0.52 and 0.59%.

A practical evaluation of the method was made by testing a
series of prepared blends of formic and acetic acids. The formic
acid used was laboratory distilled material collected on the an
hydrous formic acid piateau. This material was diluted to
approximately 90% formic acid by the addition of water. Gras
selli glacial acetic acid was used as the other component. For
simplification of the test, all blends were prepared as weight-per
volume acetic acid in formic acid and the final results were calcu
lated on this basis. The results of these tests are listed in Table I.
The values reported under Recovered have been corrected for the
0.09% acetic acid found in the formic acid used. The acetic
acid content of this' material, as determined by mass spectrometer
analysis, was 0.07%.

Seven samples of commercial refined formic acid, 87 to 90%,
from five different supply houses, were analyzed for acetic acid
and found to contain between 0.04 and 0.15%. In duplicate
determinations the average deviation was 0.014% with a maxi
mum deviation between determinations of 0.029%.

oxide. When cooled to room temperature transfer the contents of
the flask quantitatively, without filtration, with 20 to 25 m!. of
water to a 25Q-ml. beaker and titrate potentiometrically with
0.1 N sodium hydroxide solution (1 m!. is equivalent to 0.006
gram of acetic acid). Although the volumes of water used in the
procedure are not critical, they are believed to be near optimum
and permit simplification and standardization.

Very vigorous stirring is necessary during the titration, and a
magnetic stirrer, with a polythene-covered stirring bar, is recom
mended. When the procedure as outlined above is followed, the
required end point is obtained at pH 8.6 for the titration of the
sample, and at pH 8.3 for the titration of the blank which contains
no formic acid. The difference in titer between the blank and the
sample is equivalent to the acetic acid present in the sample.
Samples requiring a titration volume of more tht:tn 10 to 15 m!. of
0.1 N sodium hydroxide may not give a sharp end point and an
appreciable period of vigorous stirring is necessary before a stable
final pH is obtained.

0/< HC
2
H

a
O. = m!. net,titer X N NaOH X 0.060 X 100

o weight of sample (grams)

In the presence of excess mercuric oxide, the net reaction be
comes

DISCUSSION

The reaction between mercuric oxide and the lower members of
the fatty acid series may be represented by the following equa,.
tions. A normal degree of thermal stability is shown by all these
salts except the one obtained from formic acid (1, 3).

HgO + 2HCOOH _ Hg(00CH)2 + H20
(heat)

2Hg(00CH). _ 2HgOOCH + CO2 + HCOOH

(heat)
2HgOOCH _ 2Hg + CO2 + HCOOH

(heat)
HgO + HCOOH _ Hg + CO. + H 20

Although this series of reactions proceeds rapidly at tempera,.
tures near 100° C., an appreciable reaction time is required to
ensure total destruction of the formic acid. Under these same
conditions, acetic acid will form a mercury acetate or will remain
as free acid if present in high dilution. Potentiometric titration
of this acid, both free and in its mercury salts, may be made
using standard sodium hydroxide solution. Following the de
struction of the formic acid by this method, a portion of any acetic
acid which is present will be found to exist as the mercurous salt.
The only effect of this side reaction-which is negligible in sam
ples containing less than 75 mg. of acetic acid-is to increase the
time required to attain a stable end point during titration.

In the preliminary investigation of the method, it was observed
that the presence of acetic acid greatly increased the rate of de
'composition of the mercury salts of formic acid. When samples of
laboratory purified (distilled) formic acid were tested for acetic

.acid, reaction periods as long as 16 hours were necessary to cause
the apparent acetic acid content to approach a stable minimum
value. When a small measured quantity of acetic acid was
added to the samples, the apparent acetic acid reached a stable'
minimum value with a reaction time of 1 hour. For this reason,
samples of formic acid which are believed to contain less than 1%
acetic acid should be preacidified by the addition of a small
measured quantity of acetic acid. By this technique, a satis
factory breakdown of the formic acid can be accomplished in a
practical span of time, regardless of the acetic acid concentration
of the sample. This preacidification also serves to expel carbon
dioxide from the reaction mixture.

Colorimetric indicators are not entirely satisfactory for use
during the titration without prior removal of the excess mercuric
oxide. Experiment has shown that satisfactory results can be
obtained by titration to a stable, preselected pH, as ascertained
by a conventional pH meter. Except under unusual conditions



Spectrochemical Determination of
Hafnium~Zirconium Ratios

CYRUS FELDMAN
Oak Ridge National Laboratory, Oak Ridge, Tenn.

A spectrochemical technique is presented for determining hafnium-zirconium
ratios in the range 100 Hf/Zr = 0.073 to 9.28 by weight, with and without the aid
of hafnium-free zirconium preparations. The sample is brought into solution
in 10% sulfuric acid and sparked by the porous cup technique. The intensity
ratio Hf II 2641.406/Zr 2761.911 is measured, and the hafnium-zirconium ratio
is read from a standard curve.

T HE determination of hafnium in zirconiferous materials by
traditional analytical methods has always been a singularly

difficult task. No colorimetric reagent is known which is specific
for one of these elements in the presence of the other. Those
methods based on the effect of the hafnium-zirconium ratio on
various gravimetric conversion factors rapidly lose accuracy at
extreme values of the ratio because of the relatively large effect
of errors in weighing and other chemical operations. Those based
on selective precipitation of either constituent are liable to rela
tively large errors caused by coprecipitation.

In addition to these difficulties, it has heretofore been almost
impossible to obtain zirconium preparations which were com
pletely free of hafnium. Consequently, any comparison of mix
tures with "pure" zirconium rested on an insecure foundation.

As an analytical technique, x-ray emission spectrography (13)
enjoys certain inherent advantages over the methods mentioned.
The analytical data are produced specifically by the inner elec
trons of hafnium, and are not affected by the presence of zir
conium. This, in turn, enables one to dispense with a pure zir
conium matrix. As a result, much of the analytical work on
hafnium-zirconium mixtures has been performed by this method.
X-ray emission analysis is rather time-consuming, however, and
the necessary apparatus is not commonly available.

The success of the x-ray emission method and the comparative
unavailability of pure iirconium and hafnium preparations are
probably responsible for the almost total lack of published ma
terial on the determination of hafnium-zirconium ratios by optical
emission spectrochemical methods. The few papers which men
t~on the subject (7, 10) are semiquantitative in treatment, and
give no working curves or detailed analytical procedures.

Spectrochemical methods for the construction of working curves
usually req~re the use of standards which resemble the sample in
gross composition, and which contain known amounts of the ele
ment to be determined. It is not necessary for this purpose, how
ever, that compounds of either the matrix element (zirconium, in
this case) or the element to be determined (hafnium) be available
in the pure state. If the concentration of hafnium in the hafnium
preparation is known, its concentration in the zirconium prepara
tion can be determined.

Two spectrochemical procedures for estimating the concentra
tion of residual impurities have been described by Gatterer (2).
Although these methods make no assumptions as to the shape of
the working curve, they involve a fair amount of calculation. It
was therefor~decided to adopt the empirical, but reliable, method
of trial additions.

This method is based on the assumption that a plot of log in
tensity vs. log (true) concentration is always a straight line. No
exceptions to this have been found so far in the writer's experience.
The method is in common use and has been described by Pierce
and Nachtrieb (8).

First a working curve plot is made of log intensity ratio vs. log
apparent concentration. When a residuum is present, the line
will tend to become parallel to the concentration axis at low con
centrations. A straight line is drawn through the points for the
higher concentrations, and the amount of the residuum is esti
mated by the magnitude of the departure of the lower concentra
tion points from this line. Next, all concentrations lU'e corrected
by adding the estimated residual value, and the process is re~

peated. Usually, two or three approximations will suffice to give a
value which will bring all points onto a straight line. Finally, the
correctness of the estimation is tested by using the working curve
so obtained to determine spectrographically the amount of
residuum in the pure matrix material.

Before this procedure can be used, however, the precision and
accuracy of the data must be sufficient to give a rather narrow
range of residuum concentration values which will bring all points
onto a straight line. The original points must be rather close to
the best smooth curve drawn through them, .so that it will be
possible to· judge accurately when the best "straight line" has
been achieved.

Several factors will combine, in this case, to affect the precision
and accuracy of the results obtained:

Accuracy of Standards. The composition of the hafnium
preparation mixed into the zirconium matrix must be accurately
known. In this analysis, we are confronted by the fact that haf
nium compounds free of zirconium are almost as difficult to ob
tain as are their opposite numbers. For instance, the ,first
sample of hafnium oxide used in the present investigation was
stated by the supplier to contain less than 1% zirconium. Spec
trochemical analysis showed it to contain 25.0% zirconium as the
oxide. This condition will, of course, be harmless if known about
and corrected for in the calculation of standard compositions
when the curve is plotted.

Background Correction. The success of the above-mentioned
procedure for constructing a working curve with the use of impure
matrix material depends largely on the accuracy and precision of
the intensity ratios obtained for the lower concentration points.
The use of an accurate background correction is therefore a matter
of major importance. In view of this fact, it was desired to have
an intensity scale which was as accurate as possible at low in
tensities.

The flatness of the density-log intensity and density-intensity
curves at low intensity values tends to make the calibration marks
on an intensity scale rather inaccurate in this region.

Prefogging the film is sufficient in itself to enable one to avoid
working in the flattest regions of the density curves, but it
shortens the useful r~ge of intensities if used to the extent neces~
sary to reach the linear portion of the Hand D curve. If an in
tensity scale accurate in the lower intensities is available, how
ever, a slight prefogging is useful in drawing attention to
weak backgrounds for which corrections might not otherwise be
made.
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Table I. Most Sensith'e Lines of Hafniulll

The material dealt with was believed to be essentially free of
thorium. It appeared unlikely that C II 2641.44 would cause
trouble, and because Hf II 2641.406 was approximately 25%
more intense than Hf II 2820.224, and had no close neighbors, it
was the principal line used.

Zirconium Lines. In order to cover the maximum range of
hafnium concentrations with the least variation in sample con
centration, it was desirable that the zirconium line selected be in
the middle density range under standard operating conditions.
Zr 2761.911 suited the requirements best; Zr II 2583.405, al
though somewhat too intense to give maximum accuracy over the

the solution was diluted with 10% sulfuric acid until it contained
approximately 1% of the meta!. .

The metallic concentration of stock solutions was determined
by assaying with cupferron. (The hydroxide 'could not be quanti
tatively I?recipitated with ammonia because of thecomplexing
action of the large amounts of sulfuric acid present, 6). Stock
solutions were then diluted to the desired strength with 10%
sulfuric acid.

Purity of Hafnium Oxide. A preliminary qualitative spec
trographic analysis of the purest hafnium available at the time
failed to show any impurities other than minor amounts of zir
conium and traces of silico)]. and titanium. (This material was
obtained from the Chemical Commerce Corp., Newark8, N. J.)
Chemical determinations carried out by F. J. Miller showed the
two latter elements to be present in concentrations of about 0.15
and 0.1% as the oxides, respectively.

The zirconium content of this hafnium oxide ~as determined as
follows:

A solution of this material containing approximately 1 mg. per
m!. of hafnium was prepared and assayed as above. The proper
amount of 1% thorium nitrate solution (calculated as the metal)
was added to make the solution 200 p.p.m. in thorium.

A spectrogram of this solution was then obtained by the
porous cup method, and the intensity ratio Zr II 3273.047/Th
3324.754 was measured. The zirconium concentration of the
solution was read from a standard curve, and the zirconium
hafnium ratio calculated to be 0.022 by weight. (Control experi
ments had shown the presence of 1 mg. per m!. of hafnium to have
no measurable effect on this intensity ratio.) The zirconium con
tent of this material was, of course, taken into account in cal
culating standard concentrations.

Choice of Optimum Working Conditions. CHOIC~] OF LINES.
In view of the abundance of zirconium lines, it was decided that a
minor zirconium line could be used as an intensity reference line.
This was a definite advantage, because it eliminated both the
need for knowing the exact concentration of the sample solution
and the need for adding an internal standard element.

Hafnium Lines. To find the hafnium lines showing the greatest
sensitivity by the porous cup technique, a spectrogram was ob
tained of It solution containing 25 p.p.m. of hafnium as the metal
in 10% sulfuric acid. Of the nine hafnium lines visible at that
concentration between 2300 and 4300 A., those listed in Table I
are the most prominent.

The advisability of prefogging is illustrated by the following
hypothetical situation, which is typical of those encountered in
spectrochemical photometry:

A line having an intensity of 1.5 (arbitrary) units is situated in
a region having a background intensity of 0.3 unit. A spectro
gram of this region is developed without prefogging; the in
tensity of the line (plus background) is registered and measured as
1.8, but the intensity of the adjacent background appears to be
zero, due to the inertia of the emulsion. Thus, no background
correction is made, and the intensity obtained for the line is in
error by 20%. However, if the emulsion is prefogged sufficiently
to give a "clear plate" intensity reading of 1.0, the line (plus
background) will give an intensity reading of 2.8, and the spec
trum background will read 1.3. Subtraction will then give the
correct value for the line intensity.

A suitable film calibration function was found in the Seidel
function, W, which is defined for a given line (or background)
reading by the equation

( 1' )W = log ,pI - 1

where 1'0 is the "clear plate" galvanometer deflection and 1'is the
deflection for the background or line (plus background) under
consideration.

This function has been discussed by Kaiser (5) and by
Honerjager-Sohm and Kaiser (4).

With SAl film, at 2600 A., the Seidel function gives an almost
perfectly straight line between 4 and 97% transmission 'when
plotted against log intensity. The slope of the line is moderate,
usually lying between 0.9 and 1.8. If the ordinates are made
proportional to W, but the ordinate scale is calibrated in terms of
1'11'0, pel' cent transmittance values and relative intensity values
can be interpolated from this curve rather accurately over a wide
range. This property substantially increases the accuracy of the
low intensity calibrations.

Conditions in the Light Source. A stable light source is one
of the main prerequisites for obtaining precise and accurate in
tensity ratios. The difficulty of controlling are conditions where
zirconium and hafnium are concerned makes it advisable to con
vert samples and standards to some uniform chemical state for
analysis. Even when this is done, however, zirconium is no
toriously sensitive to variations in arc conditions, as is evident
from eloquent complaints registered against this element by
Strock and Drexler (11,12).

Any attempt to volatilize hafnium in an arc, with 01' without
zirconium, appeared certain to involve high-and sometimes dif
ficultly controllable-arc temperatures.

When it became necessary for this laboratory to determine
hafnium-zirconium ratios spectrochemically, it therefore seemed
advisable to use a spark-solution method. The porous cup tech
nique (1), in which a solution slowly seeps through the bottom of a
graphite cup used as the upper electrode, seemed well suited for
this analysis. In addition to being able to handle the rather
viscous and highly acid solutions likely to be encountered, this
technique offered the possibility of using uniformly controlled
spark excitation, and of having the composition of the radiating
vapor vary in a reproducible manner, if at all, during the exposure.

EXPERIMENTAL

Preparlltion of Stock and Sample Solutions. Stock solutions
of zirconium and hafnium were prepared as follows:

The appropriate oxide was fused with' potassium pyrosulfate,
and the melt was dissolved in approximately 200 m!. of hot 1%
sulfuric acid. The hydroxide was then precipitated with alkali.
In order to reduce buffering action as much as possible, the
neutralization was performed with 10% so~ium hydroxide solu
tion until a precipitate began to form; the precipitation was then
continued with ammonium hydroxide. The precipitate was
allowed to settle, the bulk of the supernatant solution decanted,
and the remaining slurry centrifuged. The supernatant solution
Ivas again decanted, and the residue washed twice with water con
taining a few drops ef ammonia. The hydroxide was next dis
solved in the smallest possible volume of 1 to 1 sulfuric acid and

Wave Length

HI II 2641.406

HI II 2773.357

HI II 2820.224

C II 2641.44

Th 2641.49

Fe 2641.65

None pertinent

Th 2820.:137

Possible Interferences

Was not detected in exposures of Zr
solutions free of Hi

Would not interfere under these ex
perimental conditions unless sam
ple contained ~5% Th

Found to be too weak to interfere in
ore sample preparations studied so
far

Proximity of several Zr and Hi lines
makes accurate baclPground correc
tion difficult

Would not interfere under these ex
perimental conditions unless sam
ple contained ~20% Th. Prox
imity of Zr II 2818.739 makes ac
curate. background correction
somewhat difficult
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Exposure, Development, and Photometry. All exposures "'ere
made on an ARL-Dietert 1.5-meter grating instrument having a
dispersion of 7 A. per mm., using SAl film. The slit-width "'as
20 microns. Excitation was provided by a Baird high voltage
spark source.

Films were prefogged by a 5-second exposure to the light of a
25-watt Mazda lamp operated at 40 volts, situated 90 cm. (3 feet)
from the film. A 7.5-cm. (3-inch) section of film not in the region
of interest was kept covered during the prefogging.

The films were next developed 3 minutes in Du Pont x-ray de-'
veloper at 18 0 C., and fixed for 3 minutes in Eastman F-5 fixer.

The film was then sandwiched between two thin glass plates
and mounted on the plateholder of a Leeds & Northrup micro
photometer. A "clear plate" reading was taken on an unexposed
portion of the unfogged section of the film, and photometer
tracings were made of Hf II 2641.406 and Zr 2761.911 and the ad
jacent regions. The intensities of these lines and their respective
backgrounds were measured on the tracing with an intensity
scale prepared for 2600 A. using the Seidel function. (The neces
sary calibration was performed on the same roll of film as was
used in the present investigation.) The background intensity was
subtracted from the (line plus background) intensity, and the
appropriate ratio was calculated.

entire range of sample concentrations, appeared satisfactory for
use with the more dilute solutions.

It was suggested by Gattel'er and Junkes (3) that the sum of
two line ratios be used as an analytical dependent variable in
order to even out inequalities in excitation. In accordance with
this suggestion, and in view of the characteristics of the lines
mentioned, the three following ratios were selected for further in
vestigation:

A. Hi II 2641.406
Zr 2761.911

B. Hi II 2641.406 + Hf II 2820.224
Zr 2761.911

C. Hf II 2641.406 + Hi II 2820.224
Zr 2761.911 + Zr 2583.405

Choice of Sample Concentration. It was desirable to know
to what extent, if any, a given hafnium-zirconium intensity ratio
varied with the concentration of the sample. This was important
in two connections:

It determined whether the concentration level of a given solu
tion could be adjusted to suit its hafnium content without affect
ing the hafnium-zirconium intensity ratio obtained. (It would
naturally be desirable to vary the sample concentration inversely
with the expected hafnium concentration in order to keep the
hafnium line at a moderate density level.)

It determined to what extent it was necessary to control the
(Zr + Hi) concentration of a sample solution. Such control, if
necessary, would involve gravimetic or colorimetric assaying, and
would be very time-consuming.

The effect of sample concentration was therefore investigated as
follows:

A zirconium preparation in which the hafnium-zirconium ratio
was ~1.9% by weight-i.e., 100 Hf/Zr ~1.9-was made up in
three dilutions covering the range Zr = 2.3 to 9.4 mg. per ml.
Four samples of each solution were sparked for 180 seconds
apiece, and the above-mentioned ratios were measured at each
concen I;ration.
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The results of this set of measurements, given in Table II, do
not show any clear-cut variation of a given ratio with sample con
centration. It therefore appeared permissible to increase or de
crease the sample concentration within this range if hafnium lines
proved too light or too dense, respectively, for accurate pho
tometry. Unless there was reason to expect an extremely high or
extremely low hafnium-zirconium ratio, solutions were therefore
made up to a concentration of approximately 5 mg. of zirconium
per ml.

Because' the results of this study were intended to apply to
routine determinations, it was felt that tpe superior performance
of ratios Blind C was not worth the additional time necessary to
measure the additional lines. Attention was therefore concen
trated on ratio A.

Choice of Length of Exposure. It was desired to use as long
an exposure as possible, in order to bring out weak hafnium lines,
if present. The longest exposure period normally obtainable with
a single filling of the porous cup is 180 seconds. Experience with
this technique has shown that it is safest to use a single uniform
exposure period when dealing with some concentrated solutions;
all exposures were therefore made for 180 seconds.

Table II. Effect of SaDlple Concentration

Intensity Value of Intensity Ratio at Indicated Zr Conen.
Ratio 2.3 mg.jm!. 4.7 mg.jm!. 9.4 mg.jm!.

A 0 . 980 ± 0.06 1. 02 ± 0.03 0 . 930 ± 0.05
B 1.75 ± 0.070 1.81 ± 0.10 1.65 ± 0.05
C 0.639 ± 0.020 0.659 ± 0.020 0.639 ± 0.015

0.02
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LOG (Ht x '00)/ Zr BY WT.

Figure I

Construction of Working Curve. WITH IMPURE BASg :,,1.\'1'1>
RIAL. A sample of zirconium oxide obtained from the Foote
Mineral Company, Paoli, Pa., was used as base material.

A stock solution containing 5.12 mg. per ml. of zirconium, calcu
bted as the metal, was prepared as described above. A 2-ml.
aliquot of this material (aliquot A) was taken, and 50 micro
grams of a 0.498% solution of the above-mentioned hafnium
were added to it.

The stock zirconium solution was then diluted to 0.976 times
its original strength to compensate for the decrease in the zir
conium concentration in aliquot A caused by addition of the
hafnium solution. Five successive 1 + 1 dilutions of aliquot A
were then made with the diluted stock zirconium solution. These
six solutions, plus a sample of the stock zirconium solution, were
exposed in quadruplicate as described above, and the intensity
ratio Hf II 2641.406/Zr 2761.911 (ratio A) was measured.

The hafnium-zirconium concentration ratios and the observed
intensity ratios, corrected for background, are given in Table III.
In the left-hand column, r represents the residual amount of
hafnium present in title zirconium-base material.

Curve A in Figure 1 shows the log of these intensity ratios
plotted against the log of the normal 100 Hf/Zr ratios-i.e., ratios
in which r is assumed to be equal to zero. The log of the intensity
ratio for 100 Hf/Zr = r is shown as a horizontal dotted line for
curve A, as the abscissa corresponding to r = 0 is - 00.
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Table III. Hafnium-ZirconiUln Ratios

HI X 100 b W' htZr ,Y elg

r + 2.43
r + 1.22
r + 0.607
r + 0.304
r + 0.152
r + 0.076
r

Intensity Ratio,
HI II 2641.406

Zr 2761. 911

1.20 '" 0.03
0.67 '" 0.02
0.41 '" 0.03
0.27 '" 0.01
0.22 '" 0.01
0.16 '" 0.00
0.14 '" 0.01

As this afforded an opportunity to check the accuracy of the
previous curve, a stock solution was prepared from this material.
A known amount of hafnium was added to an aliquot of this
stock, and successive dilutions were made as above with the stock
solution. The hafnium-zirconium ratio in each of these solutions
is given in Table IV. Inasmuch as the zirconium base material
may have contained as much as 200 p.p.m. of residual hafnium, r
may be different from zero, but is no greater than 0.02%.

10.00.1 1.0
LOG (HF x 100l/Zr BYWT.

Figure 2
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A trial value for r was selected by inspection, and added to con
centration values selected at evenly spaced intervals along the
smooth curve, A. The curve was then replotted, using the log of
the new concentration as abscissa, and the log of the intensity
ratio shown by A for the nominal concentration in question as
ordinate. B is the curve obtained in this manner for r = 0.31.
Lowest point on B is that for the solution in which 100 Hf/Zr = r.

The accuracy of the value of r as determined by this method is
estimated as ±~0.01, as the lines obtained for r = 0.29 and r =
0.33 showed definite positive and negative curvature, respec
tively.

As a method of constructing working curves, however, this pro
cedure has the weakness that the hafnium concentration range
lying below the hafnium content of the base material must be
reached by extrapolating the corrected curve, if it is to be reached
at all.

WITH PURE BASE MATERIAL. Several months ago, this labora
tory was fortunate enough to obtain a sample of pure zirconium
oxide prepared at the National Bureau of Standards under the
direction of E. Wichers. This material was estimated by B. F.
Scribner to contain less than 200 p.p.m. of hafnium. (No hafnium
was detected in it spectrographically, either by Scribner or the
author.)

3

0.25'" 0.02

0.27 '" 0.01

Owing to the high intensity of the hafnium lines resulting from
the two highest concentrations, it was necessary to dilute these
solutions. They were diluted to approximately 1.3 mg. of zir
conium per ml. with 10% sulfuric acid. The resulting weakening
of the zirconium line probably decreased the accuracy of the
photometry in these cases, but lack of material prevented repe
tition of the exposures. The intensity ratios obtained are given in
Table IV and plotted in Figure 2. The solid circles on this curve
are the points used to plot curve B of Figure 1. The possible
residuum of hafnium in the National Bureau of Standards zir-

conium oxide has been neg
lected in plotting all but the
two lowest concentrations. In
the latter two cases, its possi
ble presence is indicated by
concen tra tion Jimit marks
placed at log 0.093 and log
0.165, respectively.

Curve B of Figure 1 agrees
with the curve obtained with
the National Bureau of Stand
ards material to well within
the limits of experimen tal
error over the concentration
range common to both.

ACCURACY. In order to
check the accuracy of ana-
lytical figures obtained by the
present method, three zir
conium preparations were cir
culated among the laboratories
listed in Table V. Three
leaders in the table indicate that
the sample was not sent to the

0.42

0.31

0.29 '" O.O~

2
~--------Resultr---------

0.31 '" 0.01

2.0 '" 0.2d

1.94 '" 0.04

4.3

2.0 '" 0.2

Intensity Ratios
Intensity Ratio,
HI II 2641.406

Zr 2761. 911

4.05 '" 0.35
1.95 '" 0.16
0.9S '" 0.007
0.504 '" 0.020
0.242 '" 0.017
0.145, '" O.OOS
0.065 '" 0.009
0.043 '" 0.002

Method

Table IV.

COInparison of 100 Hf/Zr Ratios (by Weight) Obtained by Various Methods
Sample No.

HI X 100 b W' ht
Zr ' y elg

r + 9.28
r + 4.64
r + 2.32
r + 1.16
r + 0.5S0
r + 0.290
r + 0.145
r + 0.073
r

C. 0. Muehlhause'

H. S. Pomerance a

S. A. Reynolds and
G. C. Bella

V. A. Fassel c

Spectrochemical
(porous cup)

Spectrochemical
(d.c. arc)

Spectrochemical
(pellet, over
damped spark)

Capture cross section
for thermal neu
trons

Activation analysis
(neutron-induced
45-55-day HI ac-
tivity)

Activation analysis
(neutron-induced
19-second HI ac-
tivity)

a Oak Ridge National Laboratory, Oak Ridge, ~nn.
b National Bureau of Standards, Washington, D. C.
~~. S. Atomic Energy Commission Lab?ratory, Iowa State College, Ames, Iowa. .
Ba~ed on values 01 (0.30 '" 0.07) X 10-24 and (103 '" 3) X 10 -24 sq. cm. lor cross sectIOns 01 Zr and HI,

respectIvely. The first figure is the mean of ,a value obtained by appropriately weighting cross sections obtained for
separated zirconium isotopes and a value obtained on the pure base material (9). The second figure was obtained
"ith pure natural HfO,.

• Argonne National Laboratory, Chicago, Ill.

B.'F. Scribner b

Analyst

C. Feldmana

Table V.
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laboratory in question. An attempt was made to cross-check
several independent methods. Unfortunately, it was impossible
to obtain an x-ray emission analysis in time for publication.

Comparison of these results shows agreement to within limits
of experimental error in almost all cases. No checks have yet
been made at higher hafnium concentrations.
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Determination of Calcium in Presence of
Nickel and Cobalt

LEO GARWIN' AND A. NORMAN HIXSON, University of Pennsylvania, Philadelphia, Pa.

A Illethod is described whereby a Illixture of the chlorides of calciulll, nickel,
and cobalt is analyzed without a prelilllinary separation of the Illetals with
hydrogen sulfide. Alllllloniulll oxalate is used to precipitate the calciulll frolll
an alllilloniacal solution. The precipitate is titrated with standard potassiulll
perillanganate, and nickel in the ,filtrate is deterillined with dilllethylglyoxillle.
Cobalt is calculated by difference frolll a total chloride deterillination on a
separate saIDpie. The accuracy of the Illethod was established by test deter
Illinations on several synthetic Illixtures of widely varying coillposition.

D URING work on the extraction of inorganic salts from
aqueous solution (2), it became necessary to analyze mix

tures of the chlorides of calcium, nickel, and cobalt. In order
to avoid the inconvenient conventional precipitation of the
nickel and cobalt with hydrogen sulfide and the subsequent disso
lution of the sulfides preparatory to the separation of, these
metals, attention was directed toward the'development of a proce
dure in which calcium is removed from nickel and cobalt by direct
precipitation as calcium oxalate.

and allowed to stand overnight. The mixture is filtered through a
Gooch crucible and the precipitat.e washed with water. The cal
cium oxalate and asbestos mat. are taken up with 50 m!. of dilute
sulfuric acid (1 volume of acid to 10 volumes of water) and titrated
at 90° C. to a pink end point with standard 0.1 N potassium
permanganate (prepared according to Booth and Damerell, 1.)

The filtrate from the above determination is neutralized
(litmus paper test) with 1 to 1 hydrochloric acid and nickp,1 is de
termined by the standard dimethylglyoxime method (3, 5).

The cobalt content is calculated by difference from a total
chloride determination carried out on a separate sample by the
standard gravimetric silver nitrate method.

DISCUSSION

The procedure described is an extension and modification of a
method for calcium and nickel reported by Kuhl (.~). He sepa
rated calcium as the oxalate from an ammoniacal solution, ignited
the residue, and weighed the resulting calcium oxide: Nickel was
determined gravimetrically as nickel dimethylglyoxime. There
was no indication of the possible effect of cobalt. Furthermore,

=0.3

~__C::::oC}'. Mg.
Present Found ~Error

27.5 27.2 -0.3
27.5 27.9 +0.4
55.0 55.4 +0.4

5 ..~ 5.6 -0.1
22.0 21.9 -0.1

+0.3
+0.1
+0.1
-0.1
+0.1

=0.1

21. 7
13.5
5.4

13.3
0.6

Present Found Error

21.\
13.4
5.3

13.4
0.5

Analysis of Synthetic Mixtures of CalciulD, Nickel,
and Cobalt CWorides

NiC}" Mg.CaC}" Mg.

Av. error, mg. =0.3

14.2
42.6
56.8
63.9

8.5

Present Found Error

14.5 +0,3
42.4 -0.2
56.6 -0.2
64.3 +0.4
8.8 +0.3

Table I.

1
2
3
4
5

Mix
ture

REAGENTS

The mixtUies of saIts to be analyzed were made up with C.P.
analyzed grade materials. Compounds used in the analytical
procedure were all of reagent grade.

1 Present address, Department of Chemical Engineer
ing, Oklahoma A. and M. College, Stillwater, Okla.

PROCEDURE

The sample is introduced into a 125-m!. Erlenmeyer flask and
diluted to a volume of about 50 m!. Enough concentrated
ammonia is added to convert the nickel and cobalt
to the ammine complexes (a marked color change
in the cobalt present characterizes this point).
The ammonia is added fairly rapidly to avoid more
than the momentary appearance of the interme
diate insolublp, basic salts. (These salts have a
tendency, if allowed to form and come out of
solution for more than a very brief period, to dis
solve with extreme slowness in excess ammonia.)
To the clear ltmmoniacal solution is added enough
4% ammonium oxalate to precipitate the calcium
and provide a slight excess. The flask is stoppered
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this method called for the addition of ammonium chloride, elimi
nating the use of a chloride balance for cobalt.

Preliminary qualitative work showed that both nickel and
cobalt are slowly precipitated from neutral solutions by am
monium oxalate. These precipitates dissolve upon the addition
of ammonia. Such ammoniacal solutions remain clear when ex
posed to the atmosphere for one week. After this period, some
nickel salt separates from solution, presumably through the loss
of ammonia, for the precipitate redissolves upon the addition of
more ammonia to the solution.

The procedure was checked by employing it for the analysis of
five synthetic mixtures of calcium, nickel, and cobalt chlorides in
varying proportions, prepared from stock solutions of pure salts.
The results are presented in Table 1, which indicates the method to

be reliable and free from systematic error. The average error for
each component borders on the limit of accuracy of the analytical
technique used for its determination in the stock solutions.
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Colorimetric Determination of Serum Iron
FRANCES JONES, Baylor University, Dallas, Tex.

Iron is deterniined colorimetricall)· as the complex formed-with thiocyanate. To
increase the specific color intensity of the solution to be measured, the iron
complex is extracted and concentrated in ether. The ether extract is measured
at 500 ml', where its absorption is greatest. For the analysis of serum iron,
nitric acid is used to precipitate proteins, to split off iron bound to proteins, and
to oxidize ferrous iron. No digestion is necessary. Although the method is
designed for determination of serum iron, it may be used for the estimation of
small anlounts of iron in other solutions.

1.00

0.20

separatory funnel and Uj ml. of 3 N potassium thiocyanate are
added. The mixture is shaken for 1 minute with about 3 volumes
of peroxide-free ether which has been saturated. with water, and
the ether layer is separated. This extraction is repeated twice,
and the three ether fractions are combined, evaporated to a small
volume, and made up quantitatively to 5 m!. with ether. Because

WATER
0.40

0.80

0.60

In the investigation described here an attempt was made to de
velop an accurate and rapid method for the estimation of small
amounts of serum iron. Nitric/acid is used to precipitate serum
proteins, to split off protein-bound iron, and to oxidize any ferrous
iron present. To the ferric iron thus made available potassium
thiocyanate is added. The iron complex is then extracted with
ether and concentrated before being measured colorimetrically.

M ANY investigators including Wong (LO), Moore et al. (8),
Barkan (J), and several others (2-4. 6, 7, 9) have de

veloped colorimetric methods for the determination of serum iron,
utilizing the colored complex formed in the reaction of ferric iron
with thiocyanate.

In the Wong method, organic iron is released by oxidation with
sulfuric acid and potassium persulfate. The proteins are pre
cipitated with tungstic acid. Thiocyanate is added to the filtrate
and the iron is determined colorimetrically. The low extinction
coefficient for small amounts of FeSCN++ in aqueous solution and
the relatively high reagent blank found in this procedure make
serum iron determinations resulting from this method subject to
rather large errors.

In the Moore method the serum is digested with sulfuric acid
and hydrogen peroxide. The oxidized iron is then treated with
thiocyanate and the iron complex thus formed is extracted with
isoamyl alcohol. The higher extinction coefficient of the isoamyl
alcohol soll'1tion of the iron complex improves the accuracy of the
determination over the 'Wong method. However, the technique
requires large amounts of serum (5 to 10 ml.) and the acid diges
tion procedure is time-consuming.

In the Barkan method, which can use as little as 1.5 m!. of
serum, "peroxide" ether is used as a solvent for the thiocyanate
color. The use of the unstable "peroxide" promises certain dis
advantages in routine use in many laboratories.

PROCEDUR.~

Clear, hemoglobin-free serum (1.5 ml.) is diluted with 4.5 m!. of
distilled water and acidified with 6 ml. of 1 M nitric acid. The
mixture is allowed to stand for at least 5 minutes for complete pre
cipitation, is then centrifuged and the precipitate is discarded.
.-\n 8-ml. aliquot of the clear supernatant is poured into a 60-m!.

OL-_-'-_.--l.__.l.-_--'--_---'__.L-_-'

450 490 530
WAVE LENGTH, M~

Figure 1. Spectral Absorption of Iron Thiocyanate
Complex in Ether and in Water
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Table I. COD1parison of Nitric Acid-Ether Extraction
Method and Moore Method for DeterD1ination of SeruDl

Iron

chloroform were tested for the extraction of thiocyanate iron com
plex. Of those tested, ether gave the most complete extraction
and the highest absorption for the iron complex. The intensity of
the iron complex color was found to be stable for several hours.

To check the linearity of the color reactions, the extinction co
efficients of standard samples of varying concentrations were de
termined. That Beer's law applies over a useful concentration
range for serum iron is .shown in Figure 2.

Nitric Acid
Elher Extrac-
tion Method Moore Method

"'--'Y oj -iron in 100 ml.--

+1.7
-1.0
-0.5
+0.6
+2.7
-1.2
+1. 1
+1.6
+1.8
+0.6

85 ..5
85.6
87.3
97.8
99.6
89.8
88.6
90.0

106.0
89.3

87.2
84.6
86.8
98.4

102.3
88.6
!'lfJ.7
91.6

107.8
89.9

1
2
3
4
5
6
7
8
fJ

10

Sample

100

90

80

70

W 600
Z
c{ 50
l-
I-

~ 40
(/)

Z
c{

lr 30
l-

I-
Z
W
0

20

lr
W
a.

of the easy volatilization of the ether, any convenient vessel may
be used for the concentration; care should be taken to avoid loss
by entrainment. Final adjustment of the volume may be made in
a tube graduated to the precision required. For many purposes a
1Q-ml. graduated pipet or even a graduated centrifuge tube is
satisfactory.

CONCENTRATION OF IRON
(MICROGRAMS PER MILLILITER)

Figure 2. Extinction Coefficients of Standard
Sanlples

The iron concentration is then determined by comparing the
color intensity with that of a standard iron solution treated in the
same way. In the transfer and handling of the ether solution
after adjustment to volume, care must be taken to avoid large
losses of the highly volatile solvent. Cuvettes used for measuring
should be stoppered.

To determine the completeness of the extraction of the iron
complex with ether, the partition coefficient for the iron thio
cyanate complex between ether and water was experimentally de
termined and found to be 8.09 at 28 0 C. Three ether extractions
reduced the iron in the water residue to a negligible amount.
When the iron concentration is low, the large volume of com
paratively dilute ether solution thus obtained may necessitate
evaporation to concentrate the iron complex for more accurate
analysis. No change was found in the final iron values of analyzed
samples which were read before evaporation and after evaporation.

As in any method for the determination of serum iron, this pro
cedure is based on the use of iron-free reagents and hemoglobin
free serum. When hemoglobin is present in the serum, a correc
tion lIlay be made by measuring the absorption at 576 mIL and
calculating the hemoglobin iron. (Hemoglobin is 0.33% iron, 5).

R"~CI-:[ni;D :"1ovember 15, 1948.

Table II. Recovery of Known Quantity of Iron Added to
SeruDl

Serum :Fe Serum Fe plus Added Fe
(Original) Theoretical Experim.ental ~

~--- l' of i'ron in 100 ml.--~
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EXPERIMENTAL

Measurements for this study were made with a Beckman D.U.
spectrophotometer at 500 mIL, using the blue-sensitive photocell
and a slit width of 0.04 mm.However, with a filter of the proper
spectral characteristics (such as the Wratten No. 75 filter) any
colorimeter may be used. No normally occurring constituent of
serum other than iron furnishes an ether-extractable compound
in the proc(~ure described which has an absorption band in the
measured range. Use of the method should not be limited to de
termination of serum iron but should be applicable to other solu
tions containing small amounts of iron.

The serum iron in ten samples of normal serum was determined
by both the method of Moore and the method outlined here.
The results listed in Table I show good agreement between the
two methods.

Recovery experiments were run in which iron was added to five
analyzed samples of serum. In this set of analysis, 1 ml. of a
standard iron solution (100 micrograms per 100 m!.) was added to
I m!. of the serum and this mixture was then analyzed. The re
sults in Table II show quantitative recovery.

As shown in Figure 1, the iron complex in ether saturated with
water gives a maximum absorption at 500 mIL as compared to
-175 mIL for aqueous solutions. Figure I also shows that the
specific absorption of the iron complex in the ether solution is

.greater. Several organic solvents, such as isoamyl alcohol (as
used by Moore et al.). isopropyl alcohol, petroleum eth"r, and

I
2
3
4
5

88.6
89.7
fJ1.6

107.8
89.9

188.6
189.7
191.6
207.8
189.9

190.6
190.4
187.4
207.0
188.4

-2.0
-0.7
+3.2
+0.8
+1 5



LELAND C. CLARK, JR., AND HASKELL L. THOMPSON

f'els Research Institute for the Study of HUJnan DevelopJnent,
Antioch College, Yellow Springs, Ohio

An improved method for the determination of creatine and creatinine in urine
using the Jaffe reaction is described. Accurate results for the determination of
creatinine depend upon carefully controlling the hydr';gen ion· concentration
of the reaction mixture, the temperature, and the heating time. The authors
conelude that many of the disputes regarding the optimum' conditions for the
determination of creatine in urine may be resolved in the light of the very
marl<ed effect of hydrogen ion concentration.

THE literature contains many conflicting reports regarding the
optimum conditions necessary for the determination of

creatine and creatinine. The present study discusses the various
factors that must be controlled in order to obtain accurate, repro
ducible determinations of creatine and creatinine in urine. The
methods described have given very satisfactory results over a
period of 2 years in the analysis of over 600 urine specimens.

EXPERIMENTAL

Instruments. The instruments used were the Beckman spec
trophotometer, Model DU, Beckman pH meter, and the Evelyn
colorimeter (Rubicon Company).

diluted with 15 m!. of water, and mixed thoroughly, and the
optical density is measured at a suitable wave length. The
color is stable for several hours. Urine samples are usually di
luted 1 to 10 before pipetting.· A reagent blank, substitut
ing water for the creatinine standard, is carried through each
batch of determinations. It is desirable to run duplicate de:
terminations on all samples, and triplicate determinations on the
standard.

For the routine procedure, optical measurements are made in
l-cm. Corex cells with the Beckman spectrophotometer at 510
miL wave length, using a slit width of 0.05 mm. After a pre:
liminary reading of the reagent blank, the instrument is set to
100% transmittance against the blank. Measurements in the
Evelyn colorimeter are made with a No. 520 filter.

REAGENTS

Picric Acid Solution. Picric acid (c.p.) is recrystallized twice
from glacial acetic acid and dried at room temperature, following
the suggestion of Benedict (2). A 1.17% solution is used, fol
lowing the recommendation of Peters (11).

Sodium Picrate Buffer. One liter of the 1.17% picric acid
solution is adjusted to pH 2.0 ± 0.05 by the addition of approxi
mately 20 mi. of 2 N sodium hydroxide. It is advisable to check
the pH of the solution after several hours, because the freshly
prepared solution tends to drift in pH.

Sodium Hydroxide Solution. One hundred grams of c.p.
sodium hydroxide are dissolved in 1 liter of
water and stored in a Pyrex bottle.

Comparison of Results Obtained with Evelyn Colorimeter and
Beckman Spectrophotometer. Simplification of both calcula
tion and laboratory manipulation is possible if conditions can be
controlled so that a colorimetric procedure follows the Beer
Lambert law. Figure 1 illustrates the dependency of the
creatinine measurement upon the optical conditions of measure
ment.The wide band of the filter-type colorimeter apparently
causes wide deviations from linearity between creatinine concen
tration and optical density, particularly with higher creatinine
values. Greater sensitivity is obtained at 510 miL than at 520 mil

O-EVELYN COLORIMETER
(520 mp FILTER)

O-BECKMAN SPECTROPHOTOMETER
(11=520 mu, 0.05mm. SLIT)

<!.-BECKMAN SPECTROPHOTOMETER
(11= 510 mp, 0.05 mm. SLIT)

L100

1.000

1.200

0.900

Q800

OPTICAL
0.700 DENSITY

0.600

0.500.

0.400

0.300

0.200 •

STANDARD

Creatinine Standard. Creatinine (Pfan
stiehl) is recrystallized. from water and dried
over phosphorus pentoxide at 80° C. in
·vacuo.

ANALYSIS OF CREATININE (C.H7N 30) USED.

Calculated, C 42.47, H 6.24, N 37.15%. Found,
C 42.16, H 6.28, N 37.14%.

A stock solution containing 1 gram per liter
of 0.1 N hydrochloric acid is diluted 1 to 10
with water to give a standard of 0.1 mg. per
m!.

Creatine Standard. Creatine (Pfanstiehl)
is recrystallized from water and dried over
phosphorus pentoxide at 80° C. in vacuo.

ANALYSIS OV CREATINE (C.H.N30 2) USED.
Calculated, C 36.63, H 6.92, N 32.05%.
Found, C 36.60, H 7.05, N 31.82%.

A stock solution· containing 1 gram per
liter of water is diluted 1 to 10 with water
to give a working standard of 0.1 mg. per
m!. All standards are maintained at 4 ° C.
using an overlayer of toluene as a preserva
tive.

CREATININE DETERMINATION

Procedure. Into a 125 X 25 mm. Pyrex
test tube are pipetted 1 m!. of the creatinine
standard, 4 m!. of sodium picrate buffer,
and 0.3 m!. of sodium hydroxide solution.
The solution is allowed to stand 20 minutes,

MICROGRAMS OF CREATININE

40 60 80 100 • 120 140 160 lao 200 220 240 260

Figure 1. Comparison of Evelyn Colorimeter and Beel<man
Spectrophotometer in Determination of Creatinine
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0- KC\- HCI Buffer (IOOy Creotine)
.-No Citrate Buffer (IOOy Creatine)
C.-Picrate Buffer (50}' Creatine)
.-Picrate Buffer (I50y Creatine)

entrance of foreign material. It is advisable to cool
the samples immediately after autoclaving. The ex
perimental findings which form the basis for this pro
cedure are presented below.

Rate of Reaction. Both pH and temperature govern
the rate of conversion of creatine to creatinine in the
autoclave, and under the conditions of these experi
ments a negligible destruction of creatinine occurs.

Effect of pH. Figure 3 indicates that when the
heating time (30 minutes) and temperature (120 0 C.)
are held constant the amount of creatine converted to
creatinine is dependent upon the pH of the reaction
mixture. The yields arli 80% at pH 1, 98% at pH 2,
and below 80% above pH 4.5. The type of buffer
used to control the pH has but little effect on the yield
between pH 1 and 3. The potassium chloride-hydro
chloric acid and .sodium citrate buffers are those de
scribed by Clark (3). The pH of the picric acid used
was adjusted by means of sodium hydroxide. Contrary
to the statement of Lambert (10), picric acid itself is
not necessary for the conversion.

It is clear from these data that proper control of pH
and temperature results in the saving of an appreciable
amount of time. In addition, there is some evidence
that lower yields of creatinine from creatine result
under conditions requiring a prolonged heating time,
although the authors' data do not justify a definite state
ment on this aspect df the problem.

As can be seen from Figure 4, the buffering capacity
of picric acid drops off sharply at pH 2.4. This makes
it necessary to use care in adjusting the pH of this solu
tion and previously to adjust the pH of highly buffered
samples. No adjustment of the pH is necessary for
the dilute urine samples routinely measured.

Effect of Temperature. Figure 5 illustrates the effect of tem
perature and hydrogen ion concentration upon the reaction rate.
At pH 2.0 all the reaction rates are faster than at pH 1.4, the pH
of 1.17% picric acid in water. By adjusting the pH of the reaction
mixture to 2.0 :I: 0.05 it is possible to complete the reaction in 30

eo

PER CENT CONVERSION

pH

60

50

40 L..._-'--:-l:1.O":"0---'--":"2.J"OO,.---'---:,:-':.0"'O-........---;4-::.0""O~-'--5.;;-!O:::O""""-'----:;6-:!:O-;:-O --'--~7.0~0:--....J

10

90

Figure 3. Effect of Hydrogen Ion Concentration on Rate of Conversion

100

0REAGENT BLANK
il CREATININE 0.05 MG./ML.
• CREATININE 0.25 MG.lML.

ABSORPTION SPECTRA
BECKMAN SPECTROPHOTOMETER

CQREX CELL 1.00 eM.

SLIT WIDTH 0.05 MM.

Spectral Absorption CurveFigure 2.

0.100

using the Beckman instrument. In order to obviate the con
str.uction of calibration curves, which usually must be checked
frequently, the Beckman spectrophotometer has been used for all
measurements described below.

Absorption Spectra. In Figure 2 are shown the absorption
spectra obtained with the reagent blank and
two different concentrations of creatinine.
The curves illustrate that it is necessary to
measure the colored reaction product using
a very narrow wave band because of the
strong absorption of the reagent itself at
only a slightly shorter wave length.

Interfering Substances. Various drugs,
glucose, acetone, acetoacetic acid, etc., may
affect the reaction. All urines analyzed in
this laboratory by this method are tested
qualitativery for acetone and glucose. If
cither of these abnormal substances is 'pres
ent it should be eliminated.

CREATINE DETERMINATION

Procedure. The procedure for creatine
measurement is identical to that used for
creatinine except that the samples are heated,
under controlled conditions, between the addi
tions of sodium picrate buffer and sodium
hydroxide. Triplicate creatine standards are
analyzed with each batch of samples.

For routine procedure, the samples are
heated for 30 minutes at 120 0 C. in an auto
clave. Because evaporation is negligible
under the conditions used here, it is not
necessary to stopper the tubes, although they
may be capped with metal foil to prevent
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TIME IN MINUTES

a This urine sample contained 0.792 mg. of creatinine per m!. It was
diluted 1 to 20 before use.

97:7
100.0
100.0
98.0
99.5

99.0

Recovery

%

O-pH=2.0
e-pH=I.4

Creatine
Recovered

l' l'

3.0
29:332.3

53.0 50.0
103.0 100.0
150.0 147.0
202.0 199.0

DISCUSSION

excretion of creatine which is usually, though
not always, markedly reduced. The healthy
adult males tested excreted between 0 and
0.070 gram of creatine per day. A detailed
analysis of these data is in progress and will
be reported elsewhere.

Recovery of Creatine Added to Urine
Total

Creatine
Foundo

•

o
30
50

100
150
200

Table 1.

Mean

Creatine
Added

l'

Effect of pH on Conversion of Creatine to Creatinine
at Various Temperatures

The factors regulating the conversion of
creatine to creatinine and those affecting the
Jaffe color reaction (9) have been the subject
of numerous studies during the past 40 years.
The research has been ~irected toward an
understanding of the reaction kinetics, a de
scription of the precise nature of the color
reaction, and the development of optimal
analytical conditions. Space does not permit
a complete review. and detailing of the enor
mous literature, which has been far too often
overlooked by investigators attempting to
devise methods for the analysis of creatine and
creatinine in biological fluids. The earlier
literature has been reviewed by Hunter (8).

The reports of Edgar and co-workers (4,
5) established the fundamental role of hydro
gen ion concentration in establishing the final
equilibrium between creatine and creatinine
in aqueous solution and indicate, as well, that

the hydrogen ion concentration controls the rate of conversion.

OPTICAL
DENSITY
i\= 510 mp

0.100

0.400

0.300

0.200

Figure 5.

IN NoOH
ml.
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o o~

~o~
o 0

Titration of 50 MI. of 1.175 % Picric Acid with I N Sodium
Hydroxide

TITRATION
OF

PICRIC ACID

pH

Figure't.

3 -

4

"

2

10

minutes at 120 0 C. Aside from the practical advantages of the
shortened time, it would seem generally desirable to conduct a
reaction under its optimum conditions.

Yield of Creatine from Creatinine. When pure standards are
used; the conversion of creatine and creatinine has a mean value

.of 98.5% with a standard deviation of 1.09. These values were
obtained from 42 routine checks distributed over a period of 2
years.

Recovery of Creatine Added to Urine. Table I lists the re
covery of creatine added to urine, using the present method of
analysis. These results illustrate that creatine can be measured
quantitatively in the presence of urine by the procedure de
veloped.

Identity of Reaction Product. In Figure 6 are shown the
absorption spectra of the eolored reaction products obtained from
creatinine, creatine converted to creatinine, and a urine sample
treated for the determination of creatine. The in-
strument was set to 100% transmittance using the
reagent blank. The similarity of these curves is evi-
dence that the final product measured in all cases is
creatinine. Routine spectrophotometric measure
ments are made at 510 m!' rather than at the maxi
mum (478 m!') because the strong absorption of picric
acid itself at the maximum would necessitate subtrac
tion of an unnecessarily high reagent blank.

Creatinine and Creatine Content of Urine from
Healthy Individuals~ An inspection of the data ob
tained during the past year indicates a wide range of
excretion of creatine and creatinine. For example,
the creatinine excretion of 212 children between the
ages of 6 and 18 years ranged from 0.281 to 2.05 grams
in 24 hours. 'The creatinine excretion is probably
best related to the muscle mass of the healthy child
(12). These same children excreted between 0 and
0.428 gram of creatine per day. In the- last 132
prenatal samples analyzed creatinine excretion in 24
hours ranged between 1.09 and 1.61 grams, while
creatine excretion varied between 0.005 and 1.07
grams. Urine samples obtained within 3 months
postpartum show a similar range in creatinine, but an
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part of the confusion introduced into the literature in recent years
has stemmed from the use of filter-type colorimeters for this re
study. Regarding the determination of creatinine using picric
acid, it has been repeatedly found (10, 11) that severe deviations
from the Beer-Lambert equation occur and, furthermore, that two
supposedly standardized instruments. of the same manufacture
may differ considerably from one another (11). Thus Lambert
found that, in order to stay within the relatively short range of'
linearity using the Evelyn instrument, it was necessary to dilute
urine samples, first to a constant specific gravity, and then again
(about 1 to 20). By using the more precise Beckman instrument
the range of linearity is so extended that a single dilution suffices
for over 90% of all urines tested. Furthermore, it has been pos
sible to study the conversion of creatine to creatinine, as well as
the details of the color reaction itself, with much greater pre
cision. This study, as reported above, has confirmed the original
statements of Folin (6, 7) regarding the usefulness of the Jaffe
reaction and has defined the analytical conditions in the more
precise terms possible with modern instruments.
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Fi/l:ure 6. Spectral Ahsorption Curves

The authors' experiments were designed primarily to discover the
optimum pH at which quantitative conversion of creatine to creati
nine occurred. Independent of the type of buffer, this optimum
point was found to lie near pH 2, a finding which could not have
been predicted from the work of Edgar. In the light of this infor
mation" the Albanese (1) procedure has decreased, rather than
increased, the reliability of the original Folin method, as has been
pointed out by Lambert (10). However, contrary to the statement
of Lambert, the effect is due, not to the presence of picric acid per
se, but to the hydrogen ion concentration of picric acid solutions.

With the advent of modern photoelectric colorimeters and
spectrophotometers, it is natural and appropriate that the Jaffe
reaction be restudied in more precise terms. Curiously enough,
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~~~arati~~ ~f CalciMm fr~m Mag~~siMm by
O){a~afte Method

A Critical Study

TORE HOLTH'
Chernicullnstitute, Oslo University, Oslo, Norwuy

T HE oxalate method for determination of calcium and its
separatiou from magnesium dates from the earliest times of

analytical chemistry (7). Fresenius (,.0 in 1868 stated that the
precipitate of calcium oxalate is always contaminated by mag~

nesium oxalate. It is therefore necessary to dissolve the precipi
tate in hydrochloric acid, and reprecipitate calcium oxalate with
ammonia. Richards and collaborators (16) in 1901 showed that
under certain conditio~s a single precipitation of calcium is

1 Present "address; Norwegian Defense Res,earch Establishment, Chemical
Didsion,.Kjeller. pro Lillestrorn, Norway.

sufficient. In the method described, a large amount of am
monium chloride is added. Calcium oxalate is precipitated by
dropwise addition of ammonia to a calcium chloride solution
containing oxalic acid and hydrochloric acid. After the pre
cipitation an excess of~mmoniumoxalate is added.

Fischer (3) in 1926 published a paper, disparaging the work of
Richards. He showed that magnesium oxalate is not precipi
tated from supersaturated solution~ when 'special precautions
are taken. In the determination of calcium, Fischer used but a
slight excess of ammonium oxalate.
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Separation of calcium from magnesium by the oxa
late method has been examined and double precipita
tion has been found necessary for accurate analysis.
To avoid precipitation of magnesium from super
saturated solutioBs, a large excess of ammonium
oxalate is used. In order to precipitate calcium
quantitatively, the solution must be kept 4 hours at
room temperature before filtering. The most favor
able weighing form of calcium after the precipitation

Bobtelsky and Malkowa-Janowski (2) in 1927 described
a procedure for the analysis of samples containing little calcium
and comparatively large amounts of magnesium. They found
that the solubility of magnesium oxalate was considerably in
creased by the addition of ammonium oxalate.

Herrmann (8, 9) in 1929 examined the precipitation of magne
sium oxalate from supersaturated solutions. He found the crys
tallization to be extremely slow and to resemble the coagulation
of a colloid. X-ray diagrams of crystalline calcium oxalate pre
cipitated from solutions containing different amounts of mag
nesium showed that calcium oxalate and magnesium oxalate
formed neither chemical compounds nor solid solutions.

In the course of time a large number of publications on calcium
magnesium determination have appeared (1, 7, 12, 15, 21).
Further papers of less interest are not mentioned here. The
large number of papers pertaining to the separation of calcium
as the oxalate, and the equally large number of opinions expressed,
are ample proof that the problem deserves further study. The
present work has been carried out in order to elucidate some of
the problems mentioned.

Table I. Weighing Form of Calcium
Weighing Kept before Calcium

Expt. Form of Filtration, Found,
No. Ca.lcium Hours Gram

1 CaC,O,.H,O 1 0.1006
2 4 0.1006
3 0.1008
4 24 0.1010
5 0.1011

6 CaCO, 0.0997
7 0.0998
8 2 0.0998
9 0.0998

10 4 0.0999
11 0.1000
12 12 0.1000
13 0.1000
14 24 0.1000
15 0.1000

16 CaO 1 0.1007
17 4 0.1008

18 Calcium oxalate 1 0.0996
19 titrated with 4 0.0998
20 O.lNKMnO, 24 0.0998

DETERMINATION OF CALCIUM IN CALCIUM CHWRIDE
SOLUTIONS

The standard solution of calcium chloride was prepared by
dissolving "Calcium carbonicum praecipit. for silicate analysis
acc. to Smith," from Merck-Darmstadt, in pure hydrochloric
acid, neutralizing with pure ammonia, and diluting with distilled
water. Twenty-five milliliters of the standard solution contained
0.10000 gram of calcium.

The first aim of the investigation was to fftJ.d out which weighing
form of calcium is most favorable, after precipitation of calcium
as the oxalate. The results are given in Table I.

Twenty-five milliliters of standard solution, diluted to 220 ml.
willi water, were heated to boiling, and 30 ml. of 0.1 molar am-
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as oxalate is conversion to carbonate by ignition at
.480 0 to 500 0 C. in air. A technical method is de
scribed, by singleprecipitation in acetic acid medium.
To determine magnesium after the calcium deter
mination, ammonium oxalate must be removed by
evaporation of the solution to dryness and heating
with a free flame. Bromine n:l;ay be used as an
oxidizing agent for ammonium oxalate in solution.
Nitric acid does not remove oxalic acid.

monium oxalate solution were added dropwise with stirring. The
precipitates settled rapidly and were easily fitterable.

As seen from Table I, calcium oxalate mo~hydrate is not a
good weighing form. This is in full agreement with the results·
of Sandell and Kolthoff (17). High results are often obtained if
calcium is weighed as the oxide. Calcium oxide is hygroscopic
and combines with carbon dioxide from the air. As mentioned
by Hahn and Weiler (6), titration of calcium oxalate with potas
sium permanganate has a tendency to give low results.

The determination of calcium by ignition of calcium oxalate
to carbonate in air was investigated by Willard.and Boldyreff (19)
who found that the oxalate is quantitatively converted into car
bonate by ignition at 450 0 to 500 0 C. for 1 to 2 hours. Above
520 0 C. the carbonate is not stable. For the ignition an electric
muffle furnace is required. When an accurate thermocouple is
not available, the furnace can be adjusted to the right tempera
ture by utilizing the melting points of silver chloride (455 0 C.)
and lead chloride (501 0 C.).

On the basis of the results given in Table I, calcium was
weighed as the carbonate in all later experiments. The de
terminations were carried out as follows:

After precipitation the solution was allowed to stand at room
temperature for at least 4 hours, and then filtered through a porce
lain filter crucible. The precipitate was washed with hot am
monium oxalate solution-3.0 grams of ammonium oxalate
monohydrate per liter-until the washings gave no chloride
reaction. The crucible was placed in the drying oven at 105 0 C.
for at least 0.5 hour, and then in the electric furnace at 480 0 to
500 0 C. to constant weight (40 minutes + 20 minutes).

It is important that the precipitate be dry when placed in the
electric furnace. Moist precipitates tend to be contaminated
with a grayish cast of carbon after ignition, possibly due to
catalytic effect of superfluous water vapor. Willard and Chan
(20) state that particle size is a contributing factor in carbon con
tamination, this contamination being more evident with increas
ing particle size.

In precipitating calcium as oxalate, the following factors are
important for the analytical results: .

The concentration of the solution should be low; 0.01 molar
solutions seem to be an appropriate dilution.

The interval between precipitation and filtration is of greatest
importance. The precipitates have to stand 4 hours at room tem
perature before filtration. This is in full agreement with the
statement of Richards (16).

The hydrogen ion concentration of the solution is an important
factor. According to the literature (5, 11), calcium oxalate
should be quantitatively precipitated from dilute acetic acid
solutions. However, when the solution contains even relatively
small amounts of a strong acid, such as hydrochloric acid, the
precipitation is no longer quantitative. Even from a solution
containing free oxalic acid, calcium oxalate cannot be quantita
tively precipitated.

Some experiments have been carried out on the precipitation
from dilute acetic acid. The results given in Table II prove that
calcium oxalate can be quantitatively precipitated from dilute
acetic acid, when the precipitant is added in excess, and liquid
and precipitate are kept for at least 4 hours at room temperature
before filtering.

In order to obtain precipitates with grain size convenient for
filtering, the precipitation should be carried out in neutral or acetic
acid medium. In dilute. ammonia, a precipitate is obtained,
adhering strongly to the beaker and to the stirring rod.
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Table II. Precipitation from Dilute Acetic Acid
After Precipitation

Molarity of Solution Solutions of magnesium chloride and ammonium oxalate were
prepared. For each experiment a certain amount of magnesium
chloride solution was diluted with water and heated to boiling.
Ammonium oxalate solution was then added, and the mixture was
left for 24 hours at room temperature. In some of the experi~
ments a little magnesium oxalate was precipitated after that
period. Where no solid phase had appeared, the solutions were
heated to boiling, kept boiling for some minutes, and afterward
left for 6 to 12 hours at room temperature. Some of these solu
tions then gave a precipitate; others gave no precipitate. In
some cases the precipitation was carried out by adding the mag
nesium chloride solution to a hot solution of ammonium oxalate.
Figure 1, giving the results, makes clear why Inverse precipita
tion in some cases was more convenient.

oxalate solutions under conditions similar to those existing after
the precipitation of calcium oxalate in the analysis of calcium.

The system magnesium chloride-ammonium oxalate-water is
represented by Figure 1. By 64 precipitation experiments it was
possible to draw the boundary lines between "zones":

0.1000
0.1000
0.0999
0.0998
0.0998
0.0999

0.1000
0.1000
0.1000
0.1000
0.1000
0.0999
0.1001
0.1000
0.1000
0.1000

Calcium
Found,
Gram

Overnight

4 hours
Overnight
4 hours
Overnight

Kept before
filtration

4 hours
Overnight
4 hours
Overnight

4.6
4.6
4.2
4.2
3.8
3.6

4.6
4.3
3.7
3.6
3.6
3.5
3.5
3.4
3.4
3.3

0.01

21
22
23
24
25
26

27
28
29
30
31
32
33
34
35
3.6

Expt. As to As to pH of
No. (NH.),C,O. CH,COOH Boln.

0.002 0.002
0.002
0.004
0.004
0.010
0.020

0.004
0.01
0.02
0.03
0.04
0.05
0.05
0.10
0.10
0.20

0.0998
0.0998
0.0998
0.0998
0.0995
0.0997
0.0988
0.0991

0.1000
0.0999
0.0999
0.0997

0.1000
0.1000
0.0999
0.1000
0.0999
0.1000
0.0996
0.0996

0.1001
0.1001
0.1000
0.1000

Calcium
Found,
Gram

Kept
before

Filtration

4 hours

4 hours

Overnight

Overnight

Table IV. Effect of Standing
Ca in Calcium

Expt. Kept before Solution Found,
No. Filtration Mg. Mg.

61 4 hours 20.0 19.9
62 10.0 9.8
63 1.0 0.7
64 0.5 0.2
65 0.2 0
66 Overnight 20.0 20.0
67 10.0 9.9
68 1.0 0.8
69 0.5 0.3
70 0.2 0

Table V. Method of Precipitation
Calcium

Expt. Kept before Found,
No. Method Filtration Gram

71 Neutralization with NH, 4 hours 0.1000
72 Overnight 0.1000
73 Inverse precipitation 4 hours 0.0999
74 Overnight 0.1001

Molarity Total
of Soln., Conen.

(NH.),C,O. of
after NH.CI,

Expt. Precipi- Molel pH after
No. tation Liter Precipitation

37 0.002 0.05 6.7
38 0.05 Phenolphthalein
39 0.10 6.6
40 0.10 Phenolphthalein
41 0.20 6.3
42 0.20 Phenolphthalein
43 0.50 6.1
44 0.50 Phenolphthalein

45 0.01 0.05 6.7
46 0.10 6.6
47 0.20 6.3
48 0.50 6.1

49 0.002 0.05 6.7
50 0.05 Phenolphthalein
51 0.10 6.6
52 0.10 Phenolphthalein
53 0.20 6.3
54 0.20 Phenolphthalein
55 0.50 6.1
56 0.50 Phenolphthalein

57 0.01 0.05 6.7
58 0.10 6.6
59 0.20 6.3
60 0.50 6.1

Table III. Effect of Ammonium Concentration

Stable zone. No solid phase is precipitated.
Unstable zone. A solid phase is precipitated after boiling.
Zone of precipitation of a solid phase. A precipitate is formed

within 24 hours after mixing.

In Figure 1 one will recognize Fischer's supersaturated solutions
(3), equimolar solutions of magnesium chloride and ammonium
oxalate. The solutions of relative supersaturation 4 are repre-

5TABLE ZONE

UNSTABLE ZONE

ZO!'E OF PRECIPITATION OF
A SOLID PHASE

0.1 0.2
TOTAL CONC. CN'4'2C2~ MOL/LITER

Figure 1. System Magnesium Chloride
Ammonium Oxalate-Water in Neutral Solution

The concentration of ammonium salts should not be unneces
sarily large. With increasing ionic strength of the solution, the
solubility of calcium oxalate will be increased in agreement with
the Debye-Hiickel theory. This increase in solubility will be
shown by the diminution of the rate of crystallization (increasing
"period of induction"). The addition of ammonium chloride is
not only unnecessary but has an unfavorable effect on the
analytical results. The effect of addition of ammonium chloride
will be seen from Table III. To make sure that the increased
solubility was not due to hydrolysis, caused by the ammonium
chloride, ammonia was added in some of the experiments until a
red color of phenolphthalein appeared.·

The sensitivity of the oxalate method is good. Reliable results
are obtained in the analysis of as little as 0.01 gram of calcium
precipitated from a total volume of 250 m!. In the experiments,
given in Tab'e IV, the liquid was 0.01 molar as to ammonium
oxalate after precipitation.

In experiments 1 to 70 the calcium oxalate was precipitated
by the addition of 0.1 molar ammonium oxalate solution to a
neutral solution of calcium chloride, or to dilute acetic acid con
taining calcium chloride. The precipitation can also be carried
out by neutralizing an acid solution of calcium chloride and oxalic
acid with dilute ammonia to the change of color of methyl red
Or phenolphthalein (16), or by adding the sample slowly to a
neutral solution of ammonium oxalate (inverse precipitation).
Results of experiments on these precipitation methods are given
in Table V.

EXAMINATION OF MAGNESIUM OXALATE SOLUTIONS

The coprecipitation of magnesium oxalate with calcium oxalate
is the result of adsorption and occlusion. Magnesium oxalate
is slightly soluble in water, and the solutions are but partly dis
sociated. It was therefore of interest to examine the magnesium
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Figure 2. System. Magnesium. Chloride-Am.m.onium
Oxalate-Water in Neutral and Acetic Acid Solutions

sented by the intersection between the "equivalence curve"
and the boundary line of the unstable zone.

In Figure lone will further recognize the increased solubliity
of magnesium oxalate in excess of ammonium oxalate (2).

In the course of time several conclusions as to the nature of
magnesium oxalate solutions have been made (10, 14, 18). No
reliable physical investigation has been carried out, however, to
make the problems clear.

On the basis of Figure lone may imagine the nature of these
solutions to be as follows:

1. Solutions containing approximately equimolar amounts of
magnesium chloride and ammonium oxalate. The solutions con
tain small amounts of magnesium ions and oxalate ions. By in
creasing the concentration, an increasing part of the magnesium
oxalate will be present as undissociated magnesium oxalate. One
may imagine that part of the undissociated magnesium oxalate
will form larger aggregates, groups of molecules (MgC20.)n.
These aggregates, being relatively stable, form supersaturated
solutions. Certain dyestuffs may be absorbed to the surface of
these aggregates, having a stabilizing action (3). The aggregates
are broken up by boiling. If precipitation takes place after stand
ing at room temperature, one may imagine that the crystalline
structure designates the most stable stage of a succession of slow
reactions. Therefore the precipitation of magnesium oxalate
crystals will take place so slowly that the crystallization largely
resembles the coagulation of a colloid (8).

2. Solutions containing a considerable excess of magnesium
chloride. Part of the magnesium will be present as undissociated
magnesium oxalate, and the solution contains but very little free
oxalate ion. This phenomenon is also shown by the increased
solubility of calcium oxalate in magnesium chloride solutions.

3. Solutions containing a considerablc excess of ammonium
oxalate. The solubility phenomena indicate the presence of a
complex, [(NH.).C20.]".. [MgC20.]". Ammonium seems to be a
component of the complex, the solvent action of ammonium
oxalate being considerably greater than that of oxalic acid (2).
The magnesium ammonium oxalate complex is relatively stable,
may be submitted to boiling, and is by far more soluble than
magnesium oxalate. From solutions containing an excess of
ammonium oxalate, the precipitation of magnesium by phosphate
or oxine is incomplete, and in some cases no precipitation at all can
be obtained.

.---"

Total
Mg. in Ammoniulll Kept at Room Calcium

Expt. Solution, Oxalate, Temp. before Found,
No. Gram Grams Filtration Gram

85 0.0243 1.25 4 hours 0.1004
86 0.0365 2.0 0.1004
87 0.0486 2.7 0.1004
88 0.0608 3.4 0.1005
89 0.0243 1.25 Overnight 0.1008
90 0.0365 2.0 0.1005
91 0.0486 2.7 0.1005
92 0.0608 3.4 0.1002

93 0.0243 2.0 4 hours 0.1002
94 0.0608 4.1 0.1005
95 0.0243 2.0 Overnight 0.1002
96 0.0608 4.1 0.1006

97 0.0243 2.0 4 hours 0.1004
98 0.0608 4.1 0.1003
99 0.0243 2.0 Overnight 0.1003

100 0.0608 4.1 0.1004

101 0.0243 2.0 4 hours 0.1000
102 0.0608 4.1 0.1003
103 0.0243 2.0 Overnight 0.1002
104 0.0608 4.1 0.1004

105 0 1.0 4 hours 0.0999
106 0.0243 2.0 0.1002
107 0.0608 4.1 0.1001
108 0 1.0 Overnight
109 0.0243 2.0 0.1003
110 0.0608 4.1 0.1002

111 0.0061 1.0 4 hours
112 0.0122 1.3 0.1002
113 0.0243 2.0 0.1004
114 0.0486 3.4 0.1004
115 0'.0608 4.1 0.1004
116 0.0608 4.1 0.1006
117 0.1216 7.6 0.1007
118 0.1216 7.6 0.1004
119 0.1824 11.2 0.1005
120 0.1824 11.2 0.1001>

Mg Total AmOx Calcium.
Expt. Present, Added, F'ound,

No. Gram Grams Gram

79 0 1.0 0.1001
80 0.0243 2.2 0.1003
81 0.0486 3.6 0.1004
82 0.0730 5.0 0.1005
83 0.0972 6.4 0.1006
84 0.1216 7.8 0.1012

Table VI. Fischer's Method
Cain Mgin Ca Ca Post- Total

Expt. Solution, Solution, Precipitated, precipitated, Calcium,
No. Gram Granl Gram Gram Gram

75 0.1000 0.0608 0.0965 0.0048 0.1013
76 0.1000 0.0608 0.0980 0.0028 0.1008
77 0.1000 0.1216 0.0949 0.0066 0.1015
78 0.1000 0.1216 0.0967 0.0042 .0.1009

calcium and magnesium as the chlorides. Any contamination
by magnesium of the calcium oxalate precipitates causes errors
in the apparant analytical results on calcium. Th~refore deter
mination of the magnesium content of the ignited calcium car
bonate was carried out in but a few experiments (Nos. 125 to
134). For those magnesium determinations the spectrochemi('al
method was chosen.

IV

II

VI

Series
No.

III

Table VIII. Inverse Precipitation with Excess Amnloniulll
Oxalate

Table VII. Effect of Excess Ammonium Oxalate

V

ZONE OF PRECIPITATION OF
A SOLIO PHASE
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The precipitation experiments were repeated in acetic acid
medium (Figure 2). Figure 2 shows that the boundary line of
the stable zone is not altered by addition of acetic acid. The
boundary line of the unstable zone, however, is shifted downward
in the figure. This may be explained by supposing that the
(MgC20.L aggregates are less stable in presence of hydrogen
ions. The effect in many ways resembles that of the flocculation
of a colloid by addition of an electrolyte.

SINGLE OR DOUBLE PRECIPITATION OF CALCIUM OXALATE
FROM CALCIUM MAGNESIUM SOLUTIONS

A number of experiments ha,ve been made in order to find the
best condi tions for separation of calcium from ;;olutions containing

1. Richards' Method (16). This method is one of compensa
tion, a small amount of calcium oxalate being kept in solution, and
a corresponding amount of magnesium oxalate being occluded.
The experiments described in Table III show why Richards did
not succeed in precipitating calcium oxalate quantitatively.

2. Fischer's Method (3). In case the ratio of magnesium to
calcium is relatively large, one must expect Fischer's method to
give unreliable results, because magnesium withdraws oxalate
ions, yielding undissociated magnesium oxalate. Therefore cal
cium is not quantitatively separated after 4 hours. Experiments
75 to 78 (Table VI) were carried out according to the directions of
Fischer. If the results of Table VI are compared with the experi
mental part of Fischer's paper, it is clear that Fischer's method is
one of compensation, as in the case of Richards' method; Fischer's
method is the less reliable of the two.

3. Precipitation with a Large Excess of Ammonium Oxalate.
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From Table XI one will see
that the results are somewhat
low, but the method is re
liable, giving results within
"=0.2 mg. from the theoreti
cal values.

0.0005
0.0002
0.0001
0.Q002
0.0002
0.0007
0.0004
0.0003
0.0001
0.0001

Mg
Coprecipi

tated,
Gram

0.0999
0.0999
0.1000
0.0999
0.0999
0.0996
0.0997
0.0498
0.0193
0.0198

Cab
Correction

Value,
Gra.m

Table XI. Double Precipitation
Ca Mg Calcium

Expt. Present, Present, Found,
No. Gram GraUl Gram
145 0.1000 0.0122 0.0999
146 0.1000 0.0122 0.0998
147 0.1000 0.0486 0.0999
148 0.1000 0.0486 0.0998
149 0.1000 0.0973 0.0998
150 0.1000 0.0973 0.0998
151 0.0100 0.0973 0.0098
152 0.0100 0.0973 0.0097

from 2.5 to 0.05. The coprecipitation of magnesium is but slight
in all cases. Calcium oxalate is practically completely preeipi
tated.

6. Precipitation with Ammonia. The procedure given by
Kolthoff and Sandell (11, p. 358) has been examined. The ex
periments were, however, as distinct from the instructions pre
scribing double precipitation, carried out by single precipitation.

The method of precipitation is largely simi4r to that of
Richards; however, ammonium chloride is not added. Neverthe
less, the concentration of ammonium chloride after precipitation
is considerable.

During the precipitation it became apparent that the more
magnesium present in solution, the more ammonia had to be
added before crystallization. This phenomenon was first observed
by Blasdale (1). The reason is the somewhat increased solu
bility of calcium oxalate, less supersaturation, and longer period
of induction. The results are given in Table X.

Kolthoff and Sandell urge that the precipitate of calcium
oxalate should be kept 1 hour only, before filtering. The experi
ments show, however, that calcium oxalate cannot be quantita
tively precipitated after so short a period. From experiment 144
one may see that by operating with a fixed amount of ammonium
oxalate (3.0 grams) some magnesium oxalate may be precipitated
if the concentration of magnesium exceeds a certain limit.

7. Double Precipitation. Some experiments involving double
precipitation were carried out.

The first precipitations were
carried out as described in
Section 6, the precipitates be
ing kept 4 hours before filtra
tion. For filtration a filter
paper was used, and after wash
ing, the calcium oxalate was
dissolved in dilute hydrochloric
acid. At the second precipita
tions 1.0 gram of ammonium
oxalate was used, and the
precipitates were left over
night before filtration.

REMOVAL OF AMMONIUM OXALATE

The presence of ammonium oxalate will prevent the precipita
tion of magnesium by phosphate or oxine. If a large excess of
ammonium oxalate has been employed in the determination of
calcium, the ammonium oxalate must be destroyed before deter
mination of magnesium.

Most available textbooks maintain tbat oxalate can be c;le
stroyed by the aid of concentrated nitric acid. A number of
experiments have proved, however, that nitric acid is not a
sufficiently strong oxi"'izing agent for the destruction of oxalate.
Neither is aqua regia. Ammonium oxalate may be completely
destroyed by volatilization over a free flame, after evaporation of
the solution to dryness.

Bromine may be used for the oxidation of ammonium oxalate
in aqueous solution.

0.3-0.4
0.1-0.2

0.1
0.1-0.2
0.1-0.2

0.5
0.3

0.2-0.3
0.3-0.4

0.2

Calcium
Found,
Gram
0.1002
0.1005
0.1003
0.1005
0.1002
0.1001
0.1001
0.1001
0.1001
0.1001
0.1000
0.0499
0.0199
0.0199

Calcium
Found,
Gram

Total
Ammonium

Oxalate,
·Grams

1.3
2.0
2.7
4.1
7.6

11.2
2.0
2.7
4.1
7.6

11.2
11.2
11.2
15.0

Kept before
Filtration,

Hours

Precipitation in Acetic Acid Medium
Spectro
chem.a
MgOin
CaCO"

%

:\lg
Present.
Gram
0.0122
0.0243
0.0365
0.0608
0.1216
0.1824
0.0243
0.0365
0.0608
0.1216
0.1824
0.1824
0.182.(
0.2432

...
Precipitation with AIDIDonia

Tot~1
Ammonium

Oxalate
Added,
Grams

Table IX.

Mg
Present.
Gram

0 3.0 0.0997
0.0243 3.0 0.1001
0.0608 3.0 0.1003
0.1216 3.0 0.1004
0 3.0 4 0.1000
0.0122 3.0 0.1002
0.OU3 3.0 0.1003
0.0608 3.0 0.1005
0.1216 3.0 0.1006
0.1824 3.0 0.1025

Table X.

I,;xpt.
No.

135
136
137
138
139
140
141
142
143
144

Mol. of Soln. Ca
BXlJt. HAc after Present,

No. Precipitation Gram
121 0.02 0.1000
122 0.02 0.1000
123 0.02 0.1000
124 0.02 0.1000
125 0.02 0.1000
126 0.02 0.1000
127 0.05 0.1000
128 0.05 0.1000
129 0.05 0.1000
130 0 . 05 0 . 1000
131 0.05 0.1000
132 0.05 0.0500
Ul3 0.05 0.0200
1:34 0.05 0.0200

lJ. Found by spectrochemical analysis.
b Corrected "alue (by CaCO. found-MgO).

Experiments 79-84, Table VII, show that coprecipitation in-
·creases with increasing concentration of magnesium in the solution.
Experiment 84 shows that the coprecipitation is largely increased
under working conditions involving I?assage of the "zone of pre
cipitation of a solid phase" (Figure 1).

4. Inverse Precipitation with Large Excess of Ammonium
Oxalate. In experiments 85 to 120 (Table VIII) the solutions to
be analyzed were added to solutions of ammonium oxalate. The
different series were carried out under somewhat varying con
ditions:

1. Hot ammonium oxalate solution. Time of precipitation 2
minutes.

II. Like I, but the amount of ammonium oxalate was some
what larger.

III. Very slow precipitation, 15 to 20 minutes. The am
monium oxalate solutions were kept at 95 0 C. during the precipita
tion. The precipitates were coarse graiI!ed.

IV. PrecipitatioIe of small primary particles. The samples
taken and the cold ammonium oxalate solutions were mixed
rapidly. The liqq~d was then heated to boiling and placed on the
steam bath for 1 hour.

V. 'Cold solutions mixed rapidly, placed on the steam bath
for 1 hour, and then heated to boiling.

VI. Cold solutions mixed rapidly, placed on the steam bath
for 15 minutes with stirring.

In none of the experiments was coprecipitation completely
avoided. Experiments V and VI gave precipitates of very fine
grain siae when but little magnesium was present, and difficulties
as to filtering arose. In spite of the large excess of ammonium
oxalate present in solution, magnesium salts have so much in
fluence on the solubility of calcium oxalate that it affects the
recrystallization.

5. Precipitation in Acetic Acid Medium. The experiments
were carried out as follows:

A certain amount of acetic acid was a:dded to the ammonium
oxalate solutions, and then the samples were rapidly added. All
the solutions were cold. After mixing, the beakers were placed on
the steam bath for 15 minutes, with stirring, and then were
allowed to stand for 4 hours at room temperature. Total volume
was 250 m!' The results are given in Table IX.

Experiments 127 to 134 prove that the method is applicable for
most purposes, giving results of sufficient accuracy. The method
has been examined for molar ratios of calcium to magnesium
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For each 5 grams of ammonium oxalate monohydrate present,
the solution is evaporated to a volume of 100 to 150 m!. and
transferred to an Erlenmeyer flask. After cooling to room tem
perature, 1 m!. of bromine is added, and a glass-tube condenser
(30 to 40 em.) is mounted on the Erlenmeyer flask. After vigor
ous shaking for some minutes, the Erlenmeyer is placed on the
steam bath and heated with shaking until the color of bromine
has disappeared. This procedure is repeated twice. (For 5 grams
of ammonium oxalate 1 + 1 + 1 m!. of bromine must be added,
and correspondingly 15 grams of ammonium oxalate require
3 + 3 + 3 ml. of bromine.) At last the liquid is heated without
condenser to boilingfor removal of superfluous bromine. It is of
the greatest importance that the liquid be cold when bromine is
added; the boiling point of bromine is +59 0 C.

By this procedure more than 95% of the ammonium oxalate
may be removed without difficulty, and the method is probably
the most time-saving of those available.

It has been known for a very long time that oxalic acid in
aqueous solution can be destroyed by electrolytic oxidation
(13). Experiments have confirmed that by operating at 70° C.
with a direct current and platinum electrodes, the voltage being
12 to 14 volts, more than 95% of the oxalic acid of an aqueous
solution was destroyed. At the same time the volume of the
solution decreased to one fifth. However, a procedure applicable
for analytical purposes has yet to be worked out.

RECOMMENDED PROCEDURES

By the precipitation of calcium oxalate from solutions contain
ing calcium chloride and magnesium chloride, some magnesium
oxalate will always be occluded. In accurate analysis, the pre
cipitate should therefore be dissolved in hydrochloric acid and
reprecipitated with a'mmonia. A large excess of ammonium
oxalate prevents the precipitation of magnesium from super
saturated magnesium oxalate solutions.

By single precipitation satisfactory separation of calcium from
magnesium can be obtained by the following methods:

If the sample does not contain more than 25% magnesium, the
precipitation can be carried out in the usual way, by the neu
tralization with ammonia of a hydrochloric solution containing
calcium ion and an excess of oxalate ion. Ammonium chloride
should not be added. '

If the sample contains from 25 to 90% magnesium, the pre
cipitation can be carried out as follows: An amount of am-

ANALYTICAL CHEMISTRY

monium oxalate, the molar ratio as to magnesium present being 10
(but not less than 3.0 grams), is dissolved in 200 ml. of water, and
the solution is cooled to room temperature. Then enough acetic
acid is added to make the solution 0.05-molar. The solution to be
analyzed, containing 100 to 150 mg. of calcium plus magnesium,
is added from a pipet. The beaker is then placed on the steam
bath for 15 minutes, with stirring, and is afterward kept 4 hours at
room temperature.
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Preparation of Lycopene from Tomato Paste
for Use as a Spectrophotometric Standard

W. B. DAVIS
Research Laboratory, Bureau of Agricultural and Industrial Chelnistry, Pasadena, Calif.

T HE increasing commercial production of tomato products,
particularly tomato sauce, puree, and paste, is leading to an

increased interest in the control and improvement in the quality
of these food materials. Suitable objective methods for measuring
the chemical constituents in food products are constantly being in
vestigated, and because the color of tomato products is often
taken as a good criterion of their quality, an'accurate method for
measuring the pigments is of particular importance.

The pigments normally found in tomato products are lycopene
and other carotenes, of which lycopene is predominant. The de
termination of lycopene requires the use of I spectrophotometer or
colorimeter, and a sample of pure pigment is necessary in the
preparation of calibration curves.

This paper describes a convenient, rapid method for the
preparation of pure lycopene from tomato paste for use as a
spectrophotometric standard, because lycopene is not available

commercially at present. Strain (7) described the preparation of
lycopene by combination of a partition in immiscible solvents and
chromatographic methods. A reduction in the volume of the
solvent was required before crystallization. Zechmeister et al'.
(8, 12) used a method similar to that of Strain, while Zscheile and
Porter (14) did not describe their method of preparation.

Tomato paste is a convenient source of material for the isola
tion of lycopene because it is finely divided, is readily available
the year round, and has a high lycopene content. Although some
varieties of tomatoes have been reported to contain as much as
300 to 400 micrograms of lycopene per gram, 23 strains varied
from 32 to 111 micrograms per gram (5). The average value for
lycopene found in 15 samples of tomato paste prepared in this
laboratory was 410 micrograms per gram, ranging from 274 to 545
(all figures on a wet-weight basis).

Tomato paste appears to be a better source of material than
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A new rapid Illethod for the preparation of lycopene for use as a spectrophoto
Illetric standard is described. Neither partition in illlllliscible solvents nor
chrolllatographic colulllns are used, but instead a silllple extraction and crystal
lization in acetone and one recrystallization in Illethyl alcohol. No unusual
precautions against deterioration were taken, except to work rapidly and avoid
strong light. Quantitative absorption curves obtained by the use of lycopene
prepared by· this Illethod approxilllate those of Zechllleister and Zscheile.
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fresh tomatoes for isolation of lycopene; however, it has been
subjected to high temperature, oxidation, and similar deteriorat
ing factors and these conditions are known to cause a breakdown
and isomerization ot carotene pigments (6). Preliminary work on
the determination of pigments in tomato paste, processed under
pilot-plant condit~ms,indicated, however, that approximately 85%
of the lycopene in the fresh tomato puree, as it came from the
finisher, was retained in the canned paste after processing. Inas
much as it is known that carotene undergoes isomerization as a
result of processing, investigations were included to study these
isomers in tomato paste and their effects on the isolation of pure
Iycopene.
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Figure 1. Absorption Coefficients of All-trans-Lycopene

The isomers of carotenes present in tomatoes are of particular
interest, because they increase the difficulty of preparing spectro
photometric£lly pure lycopene. Zscheile and Porter (14), in a
paper reporting the results of a study of the pigments of many
strains of tomatoes, brought together for comparison the quanti
tative "bsorption curves of the ten most abundant carotenes, in
cluding tne' 'cis-trans isomers found in the fruit of tomatoes.
These curves indicate how easily the very high peaks of the all
trans form of lycopene can be lowered by contamination with the
cis forms of lycopene or other carotenes. Zechmeister and Pinck
ard (10) have recently reported six new isomers of lycopene in
Pyracantha fruit, but apparently these were not found in tomato
products. Phytofluene, a recently discovered colorless polyene
found in tomato paste (13), has its main absorption at a lower
wave length than lycopene and would not be likely to affect the
shape of absorption curves of lycopene above 400 millimicrons
even if it occurred in large quantities. In order to avoid the effect
of isomers in the work reported here, recrystallization of the
Iycopene was continued until no further increase in the absorption
coefficients occurred.

METHOD OF PREPARATION

To the contents of a 6- or 8-ounce can of tomato paste, having a
bright red color, are added 250 ml. of a solution of 30% potassium
hydroxide in methyl alcohol (4). The mixture is shaken at in
tervals until well mixed and placed at 5 0 C. overnight. Either the
whole or a portion of the saponified paste is mixed with distilled
water, and sufficient filter aid is added to disperse the paste con
veniently, which is then spread on a thinly filter-aid-precoated
filter paper (24 cm. No. 595 S&S) in a large suction funnel. The
cake is washed with distilled water until it is approximately free of
alkali, as shown by the almost colorless filtrate. Care should be
taken to keep the cake covered with liquid. When the quantity of
filter aid is properly adjusted, the flow of filtrate is copious, and
washing may be completed in 10 to 15 minutes. If the cake
separates from the funnel, the crack formed can be filled and
sealed by a thin stream of a thick suspension of filter aid poured at
the edge of the funnel. A tight seal is necessary for successful
washing ILnd extracting.

The lycopene is extracted from the cake on the filter, which is
held tightly at maximum suction, by acetone in charges of 50 to
75 ml. Approximately 300 ml. of acetone per ounce of paste
are required. To counteract the effect of decreasing temperature
resulting from rapid evaporation of acetone under reduced pres
sure, the acetone is heated to 35 0 C. before extraction. The
washing and extracting can be completed in 25 to 30 minutes and
the first one or two charges may be discarded because they con
tain little lycopene. The glittering red crystals of lycopene start
forming at once in the filtrate and can be filtered off immediately
after extraction. However, a better yield with less effort is ob
tained by letting the extract stand at low temperature (as low as
0 0 F.) until the crystals settle to the bottom of a tall cylinder or
bottle. Most of the solution containing carotenes other than
lycopene can be decanted. Lycopene in acetone deteriorates
slowly at low temperature.

An alternative method of extraction and saponification can be
used. The paste is stirred in a blender with 1% metaphosphoric
acid for 5 minutes, mixed with filter aid, filtered, and washed on a
Hirsch suction funnel with distilled water. The use of metaphos
phoric acid greatly hastens the filtration procedure. Acetone is
poured on the cake in small charges, and 100 ml. of acetone are
sufficient to extract the pigments completely from 5 grarris of
paste. After saponification, a reduction in the volume of the
solvent, hexane or petroleum ether, is necessary to start crystal
lization. In either method the cake of filter aid seems to act
somewhat as a chromatographic column but gives a much more
rapid extraction than the column.

'When crystals of lycopene are needed, they are rapidly filtered
off on hard filter paper, washed with a little acetone, and dissolved
in recently distilled chloroform (2). After being filtered again,
they are recrystallized by addition of methyl alcohol (3). The
crystals separate easily in a thick film on the hard paper and are
then dried at low pressure (1 to 3 mm.) in a desiccator over cal
cium chloride at room temperature for 1 hour (1). No precautions
against deterioration, such as the use of inert gas, were used,
except to work rapidly and avoid strong light. Twenty milli
grams of lycopene are dissolved in 3 ml. of chloroform, and hexane
is added to a volume of 200 ml. This stock solution is used in pre
paring a solution in hexane for calibration or for determination of
quantitative absorption curves by the Beckman spectrophotom
eter. One milligram perliteI' of the lycopene prepared by dilution
of the stock solution was used for the determination of the ab
sorption coefficients (Zscheile's equation for Beer's law was used
in making the calculations).

The data were plotted on thin paper and superimposed on
curves for lycopene Jound by other investigators. Figure 1
shows the curve for the absorption coefficients of all-trans
lycopene, crystallized once each from acetone and methyl alcohol
and superimposed on a similar curve prepared by Zechmeister
et al. (9, 11). Similar results were obtained with Zscheile's curve
(14). The average values of th~ absorption coefficients from
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three lots of tomato paste were 223 (range 223 to 225) at 445 to 446
millimicrons, 341 (range 338 to 345) at 473 to 474 millimicrons,
and 310 (range 306 to 315) at 505 millmicrons, using slit widths
below 0.05 mm. Further crystallization gave 'no higher values.
On a column of either magnesia-filter aid (50-50 mixture, by
weight) or lime (325-mesh), the purified Iycopene appeared homo
geneous.

The spectrophotometer was checked for wave-length calibra
tion by use of lines of a mercury arc. Before its use as a standard
for colorimetric work, the Iycopene should be checked spectra
photometrically by the user.
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Measuring Color and Turbidity of White
Sugar Solutions

Development of Photoelectric Method and Apparatus

T. R. GILLETT, 1'. F. MEADS, AND A. L. HOLVEN

California and Hawaiian Sugar Refining Corporation, Limited, Crockett, Calif.

In 1935 a photoelectric instrun1Cnt was developed for
measuring the color of solutions of raw sugar and
other dark-colored liquors and sirups. Continued
investigative work led to the development of another
photoelectric device for measuring the color of solu
tions of white sugar and light-colored sugar liquors.
This instrument has eliminated practically all the
difficulties associated with the visual method of color
determination formerly in use for white sugar solu
tions. In determining the color of white sugar solu
tions, a single transmittance measurement in the
vi.sible spectrum is representative of both color and
turbidity. In white sugar solutions, even small
amounts of turbidity often have a pronounced effect
on the transmittance reading. Because this turbid
nlaterial cannot be readily removed by usu"l labo
ratory filtration methods, it is necessary to correct

T HE determination of color is an important analytical pro
cedure in a cane sugar refinery, not only from the standpoint

of routine process control, but also in the evaluation of the
quality of the refined sugar. This significance of color has been
recognized in t,his laboratory for a great many years and the
subject has bcen investigated in considerable detail with the
view of ultimately replacing all inaccurate visual procedures with
photoelectric methods and thereby eliminating subjective errors
from such measurements. A previous paper (5) described the
development of a photoelectric colorimeier for measuring the
color of solutions of raw sugar and of refinery liquors and sirups.
A second publication (3) described a photoelectric reflectomcter
for determining the relative color of brown sugars.

Following these developments, attention was directed to photo
eledric measurement of colms of practically water-white solu-

for it. In the instrument that was developed, trans
mittance measurements are made at two different
wave lengths. One reading, taken at the blue end of
the visible spectrulll, is representative of the total
light absorption by both the color and turbidity in
the solution. A second reading, taken in the near
infrared portion of the spectrum, is not influenced by
the color of the sugar solution and therefore gives a
dit'ect indication of turbidity. Thus by subtraction
of the infrared reading from the blue reading on a
-log Tbasis, a direct indication of the solution color
is obtained. This detennination of color is accurate,
reproducible, and rapid and can be made by non
technical personnel. The development of this in
strument, and instruments previously described by
the authors, has placed all color determinati9ns in
this laboratory on a photoelectric basis.

tions of granulated sugars. A device employing long c.,..Hnders,
(5) was suitable only for determining the totallig1t· absorptions
of the solutions and could not be used for measuring coloF alone
because of the interfering effect of small amounts of turbidity.
Therefore the problem was approached from a different direction
in an attempt to develop an instrument that would readily
measure turbidity as well as total light absorption, so that suit
able correction could be made for turbidity.

PROBLEMS INVOLVED IN MEASURING COLORS OF WHITE
SUGAR SOLUTIONS

Prior to the development of the compensating photoelectric
colorimeter described herein, colors of white sugar solutions were
determined visually in this laboratory. This method involves
comparing, in two long clyinders, a 50%' solution of the white
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The selection of the No. 88A infrared
filter was based on results obtained with two
series of specially prepared test samples.
One series included turbidity-free samples of
increasing color, while the other series in
cluded .color-free samples of increasing tur
biditr. For the first series, a stock color
solutIOn was prepared by carefully clarifying
a typical refinery product such as washed
raw sugar liquor and adjusting to a 50% con
centration. This stock solution was then
added incrementally to portions of a specially
decolorized and clarified 50% solution of
confectioners'sugar. The instrument readings
obtained with these solutions, using different
color filters, are plotted in Figure 1.

Of all the filters tested, the Wratten 88A
infrared filter was the only one that gave no
instrument response to color. Its use would
therefore permit the desired simple subtrac
tive turbidity correction; provided an ade
quate response could be obtained to turbidity.

For the second series a stock turbid solu
tion was made by adding bentonite to a
specially decolorized confectioner sugars' solu

'-ion; the suspension was filtered through
filter paper to remove the larger particles
that might have caused difficulty by settling.
This stock solution was added in incre
ments to other portions of the clear, color
less confectioners' sugar solution used with the

4
5

3

1
2

6
7
8
9

A color measurement at the shorter wave lengths in the blue
region of the visible spectrum gives a measure of the total light
absorption-color plus turbidity; a measurement at the longer
wave lengths in the yellow or red part of the spectrum is primarily
indicative of turbidity. By proper correlation of these two meas
urements, it is possible to apply a turbidity correction to the
total absorption measurement ami obtain a value indicative of
the color only.

In the preliminary investigative work the first color filters
employed were Corning No. 503 Dark Theatre blue and Corning
No. 351 yellow shade yellow glass filters. However, although the
blue filter gave a reading indicative of total light absorption,
readings through the yellow filter were influenced to some extent
by the color of the sample. Consequently, a series of curves
was developed, based on readings with both filters,' to provide a
turbidity correction that could be applied to the reading with the
blue filters to give color alone. An instrument, using these two
filters, was employed in the laboratory for several months and
gave satisfactory performance, but a simpler approach to the
problem of turbidity correction was desired, by which the cor
rection curves could be eliminated, the time required to arrive
at a color result reduced, and a more direct reading of color
obtained.

The investigation was therefore continued in order to locate
another filter by which a direct measure of turbidity, unaffected
by color, could be obtained. It was finally found that Eastman
filter Wratten No. 88A infrared would provide such a measure
ment, and it was selected for use in the instrument. This is a
gelatin filter which is mounted between glass plates and used in
the same manner as the Corning filter. The blue 'filter was also
changed because it was reportedly somewhat unstable and
Corning No. 554 (now No. 5543) H.R. Lantern blue glass filter
was substituted. The combination of these two replacement
filters avoided the previous complex relationship and provided the
desired simple subtractive means of correcting for turbidity.

The spectral characteristics of the selected filters are de
scribed in the bulletins of the manufacturers. The Corning No.
554 blue filter is a rather broad band filter in the lolue region of
the spectrum and has maximum trammittance at about 420

millimicrons. The Wratten No. 88Ainfrared
filter does not transmit below about 720 milli
microns but has high transmittance in the
near infrared.
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I'RINCIPLES OF COMPENSATING PHOTOELECTRIC
COLORIMETER

The present investigation of photoelectric means of measuring
the solution color of white sugars was directed toward the de
velopment of some method of correcting for the small amount
of tW'bidity in the solution, so that filtration could be avoided.
It was determined that photoelectric measurements of the light
absorption of a white sugar solution at two different wave lengths
offered a means for correcting or compensating for the turbidity
present.

The method developed is based primarily on photoelectric
measurement of the light absorption of a sample at two different
wave lengths and the proper correlation of these two results.

2

PARTS COLOR ADDED TO 50% SUGAR SOLUTION

Figure 10 Photoelectric Transmittance Measurements with Different
Color Filters on Sugar Solutions of Varying Color

1. No. 511 violet 6. No. 351 yellow shade yellow
2. No. 554 Lantern blue 7. No. 349 Lantern yellow
3. No. 503 D Theatre blue 8. No. 243 Signal red
4. No. 428 light blue green 9. No. 88A infrared
5. No. 401 Sextant green

sugar with a mineral solution standard having an arbitrarily
-assigned color value. The method (11) gives colors that are
directly proportional to -log T, even though arbitrary C and H
color units are employed.

Because visual colors obtained by this method are subject to
variables that introduce numerous errors, the method is con
sidered inaccurate and inadequate for control and investigative
purposes. The principal error is probably due to the turbidity
occasionally. found in solutions, which makes it very difficult
to obtain a close match in color.

As pointed out by Zerban and Sattler (12) and borne out by the
authors' experience, turbidity cannot be removed from white
sugar solutions by filtration through kieselguhr and similar media
because some of the color is also removed. This results in ap
preciable errors. 1;I1e problem of filtration without color removal
was investigated by Peters and Phelps (10), who described a
method of using !Illbestos as a filter medium. The preparation of
the asbestos pads and the slow filtration of the high density white
sugar solutions were found too time-consuming for use in routin~

color determinations. Considerable difficulty occasionally de
veloped in completely eliminating the fibers and slight haze
associated with asbestos filtration. Filtration therefore appeared
to be out of the question as a means of improving the visual
method or of eliminating the effect of turbidity on photoelectric
measurements of color.
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first series. The results with this scries of
tests are plotted in Figure 2.

It is evident from Figure 2 that the instru
ment responded to turbidity regardless of the
type of color filter employed. In this case, as
was true in Figure 1, larger readings were ob
tained in the blue and violet portions of the
spectrum than in the red and yellow regions.
Nevertheless, a satisfactory turbidity response
was obtained using the Wratten No. 88A in
frared filter.

2. Photoelectric Transmittauce Measurements with Diffel'ent
Color Filters on Sugar Solutions of Varying Turbidity

1. ,0. 511 violet Ii. "0.351 )'ellow ~hade yellow
2. ~o. 554 Lantern blue 7. :'<0.349 Lantern yellow
:1. No. 503 D Theatre blue 8. "'0. 243 Signal red
1. No. 401 Sextant green 9. ~o. 88:\ infrared
5. No. 428 light blue ..reen

o ..

Photoelectric ColorimeterFigure 3.

laboratory. The general appeamnee of this instrument en is
shown in Figure 3.

Optical Arrangement. The opt ieal arrangement is shown in
Figun' 4. The light source is a standard lIO-volt alternating
current, 200-watt projection lamp housed in an insulated,
ventilated compartment. The lamp is located in the center of the
instrument and projects two equal beams of light in opposite
directions. Use of a single light source in this manner avoids
errors due to voltage fluctuations and other related variables, as
both photocells are affected identically.

One beam passes through the glass window of the.amp hous
ing, the proper optical filter, and the absorption vessel containing
t.he sample, and finally impinges on the measuring photocell. In
the other direction, the light path to the comparison photocell is
similar, except that no absorption vessel is used.

The filters are mounted in a metal frame which can be moved by
means of an exterior lever, so that either the blue or infrared fil
ters can be positioned in the two light paths as desired. All aper
tures are fixed in size and position, except the aperture in front of
the comparison photocell. This aperture is adjustable in size, so
that use of an absorption vessel in the light path to this photocell
can be avoided.

Photoelectric Circuit. The photoelectric circuit is based on
that used in the Holven-Gillett photoelectric colorimeter (5).
Essentially, it utilizes two carefully matched Weston photogenera
tive type cells that are shunted by fixed resistances and con
nected in opposition in a potentiometer type circuit. One of the
ShWlts is a calibrated slide-wire which permits obtaining per
centage light absorption directly, so that colors can be expressed
in -log T units. A galvanometer is used to indicate condition
of balance between the two cells.

In utilizing the basic principles of this circuit, certain features
were added and modifications made, so that it was more suitable

PARTS TURBID MATTER ADDED TO 50% SUGAR SOLUTIONS

Figure

DESCRIPTION OF L"STRUMENT

Following the principles outlined in the f~regoing paragraphs
and using the two filters indicated. an experimental instrument
was constructed and used on a trial basis for several months.
Very satisfactory results were obtained and another more refined
colorimeter was therefore designed and constructed, which has
given satisfactory service during 10 years' constant use in this

In developing these turbidity relationships,
a number of turbid media were considered.
Bentonite was finally selected as the most
suitable and was used in t.hese as well l1S

subsequent. test samples. The low concentra
tions Qmployed cllused no problem wit.h Tyn
dall heam effect aad gave very stablc solu
tions for short periods of time. Furthermore,
at· these low concentrations, bentonite was
cOll>;idered more or less comparable to the
turhid material found at times in white sugar
solutions. In similar experimental work, ben
tonite has been usC'c! widely by other inves
tigators (J, f, 13).

Turbidit.y ml~a:mrcmcnts of t.his nature are
generally relativt'. In this case such measure-
ments \\'t're satisfa('tor~' because ratiofl betweC'11 readings \\'ilb
difff,')'('nt filters wpre being determined. This appro:(('h 1m,;
apparently been justified hy the sueee>;sful application or t111~

relationships dcvl'loped and by the satisfactory results obtainl'd
in practice.

Other investigators have also utilized the prinlJipk or nW:Lsun'
ments at two different wave lengths to obtain the color of white
sugar solutions. Keane and Brice (6) developed a method and an
instrument in which readings were made in the blue and red
portio liS of the visible spectrum. The two filters employed were
Corning No. 4'28 light blue-green color filter and Corning No.
245 Signal red color filter. As pointed out by Nees (9), the Keane
and Brice method makes two assumptions: that the absorption
of the light passing the red filter is not affected by the color of the
solution but only by the turbidity present in the solution, and
that turbidity has the same effect on the light passing through the
blue filter as it does in the case of the red filter. From Figures
1 and 2,'it appears that neither of these assumptions is completely
valid. Nees (B) improved upon this method, using a Lange color
imeter with the blue and yellow filter provided with the inst.ru
ment. He developed a mathematical relationship based on the
fact that the light. transmitted through both filters would be
affected by both color and turbidity, and thereby was able !-o
express the absOJ'ption in terms of color alone. Nees' use of till'
yellow filter did not overcome the objection that the yellow light
is affected by both color and turbidity.

Morse and McGinnis (8) developed a method using t.he Lume
tron photoelect.ric colorimeter. Two readings were made on thi:;
instrument, using the same filters employed by Keane and Brice,
and a mathematical relationship was obtained between the two
readings. In this way, they were able to determine a color
index and a turbidity index for sugar solutions. Although this
procedure was an improvement over previous methods, it still
did not provide the simple subtractive relationship obtained in
the present investigation.
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distilled water, before readings are-made on the sample. This is
generally accomplished by first filling the absorption vessel with
the distilled water, balancing the device, replacing the distilled
water standard with the sample, rebalancing the instrument, and
then taking the reading. This procedure is time-consuming and a
nuisance, particularly with high density samples such as 50%
white sugar solutions, because of the excessive rinsing of the
vessel that is required and the difficulty of avoiding striations in
the sample, which affect the transmission of light.

The necessity for following such an involved method of initial
balancing was avoided by the addition of compensating fixed re
sistances in the circuit. These resistances provided a condition of
initial balance, without any vessel, identical to the condition of
balance that would have resulted if the absorption vessel contain
ing the balancing standard had been in the light path to the
measuring photocells. The balancing standard for establishing
these resistance values was a specially prepared clear, colorless
sugar solution, which was used instead of distilled water as it
more closely approached the transmissivity of the sample solu
tions. The arrangement of these compensating resistances in the
circuit is illustrated by the third diagram in Figure 5. In balanc
ing the instrument initially, these resistances are placed in circuit
simply by means of a cam key switch. One of these compensating
resistances is used with the blue filters and another with the
infrared filters.

The values of these resistances obviously depend on the length
of column of standard or sugar solution employed. A separate
pair of resistances is employed for each of the three vessels (3,
6, and 9 cm.) employed with this instrument. The proper
balancing resistances are selected by means of a jack plug connec
tion at the front of the instrument.

The reference standard which is usually placed in the light path
to the comparison photocell was also eliminated by using an ad
justable aperture to restrict the light impinging on this second cell
to the same extent as would exist if an absorption vessel contain
ing the reference standard had been in the light path.

Absorption Vessels. The absorption vessels were made from
5-cm. (2-inch) heavy copper tubing which had been chromium
plated. Knurled and threaded caps are used at each end to
secure rubber gaskets and glass windows made of !J.igh grade
photographic glass. The vessels are accurately mac~llled.to t.he
specified lengths of 3, 6, and 9 cm. .The 9-cm. vessel IS o~dlllarily
used for white sugar solutions, while the other absorptIOn cells.
are used for light colored sugar liquors. . . .

Operation of Instrument. The operatIOn of the lllstrument IS
simple and can be performed by nontechnically trained analysts.
First, the instrument light switch is turned on, the two slide
wires are set at zero, and the instrument is balanced with the blue
filters in place and then with the infrared filters in place, simply
by moving the appropriate filters into the light path and adjust
ing the respective variable resistances. The absorption vessel
filled with the 50% white sugar solution is next placed in the light
path to the measuring photocell. The slide-wire for the blue fil
ters is then rotated until a condition of balance is obtained, and
the procedure is repeated with the infrared filters in place, using
the second slide-wire for the latter filters. The reading with
infrared filters is then subtracted from the reading with the blue
filters to give the color of the sample directly. In order to express
colors on a 100% solids basis, the color reading of the 50% sugar
solution is multiplied by 2.

Calibration of Instrument. The two slide-wire scales are cali
brated directly in per cent absorption, each one covering the
range from 0 to 50% absorption. Thus, it is a simple matter
to provide a second calibration scale indicative of -log T for the

particular wave length involved. This was done for
the slide-wire used with the blue filters and the read
ing is designated as -log TB. Obviously, however,
the same response was not obtained with the in
frared filters and it was therefore necessary either to
calibrate the other slide-wire in terms of -log Tat
the wave length of the infrared filters and correct it
later by conversion to a -log TB basis, or to incor
porate the conversion directly in the calibration.
For convenience and simplicity, the latter method
was used. However, it was first necessary to deter
mine the relation between the -log TB readings and
the -log TlR readings.

In order to ascertain this relation, several series of
special!¥ prepared sugar solutions were prepared.
These solutions consisted of a specially treated clear,
colorless white sugar solution to which known incre
ments of stock color solution and stock turbid solu
tion were added. The stock color solution was pre
pared by clarifying a colored sugar solution, and the
stock turbid solution was prepared by adding
bentonite to a colorless sugar ~olution. .
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Figure 5. Deveiopillent of Photoelectric Circuit

1, Basic circuit (one color filter)
2. COlDbination circuit (two color filters)
3. Modified circuit (showing cOTnpensating features)
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Figure 4. Optical Arrangeillent ofPhotoelec-
tric ColoriIlleter for White Sugar Solutions

1. Com.parison photocell 5. Blue color filters
2. Measuring photocell 6. Projection laItlp
3. ~justableaperture 7. Absorption vessel
4. Infrared color filters

for measuring the extremely small amounts of color in white sugar
solutions, and so that operation of the instrument was simplified.
The circuit modifications are illustrated in Figure 5.

The first circuit indicates thc principal modification that was
made to increase the sensitivity of the instrument. An additional
fixed resistance approximately equivalent to the resistance of the
slide-wire was inserted in each shunting circuit. This had the
effect of spreading only half of the absorption range over the en
tire slide-wire scale and thus essentially doubling the sensitivity.
The range of the the slide-wire was reduced from 0 to 100% light
absorption to 0 to 50% absorption, so that a reading of, say, 5 on
the uniformly calibrated 0-100 slide-wire actually represented
2.5% absorption.

Another circuit modification, illustrated in the center diagram
of Fignre 4, shows the insertion of a second slide-wire in the cir
cuit. By this change, one slide-wire could be used with the blue
color filters and another with the infrared filters. This was done
primarily for two ,easons. In the first place, the photoelectric
response for a given turbidity is different at one wave length than
at another and ~erefore a different -log T scale would be re
quired with different color filters if the readings are to be placed
on a comparable basis. With two slide-wires, one could therefore
be calibrated for the blue filters and the other for the infrared fil
ters, thus avoiding two scales on a single slide-wire. In the
second place, not only was it simpler to obtain absorption read
ings, but one reading could be retained while the second one was
being taken. In actual operation, the slide-wire involved is
automatically placed in the circuit in accordance with the
positioning of the filters associated therewith. In other words,
when the blue filters are in the light path the slide-wire cali
brated for such readings is in circuit; when the infrared filters
are used, the slide-wire calibrated for use with the latter filters is
in circuit. This is accomplished automatically by means of con
tact switches on the movable frame holding the filters.

Two adjustable rheostats have been included in the shunt cir
cuit to the measuring photocell. One is used with one slide-wire
to balance the circuit when the blue filters are in position. The
'second is used with the other slide-wire when the infrared filters
are in position. This circuit modification greatly simplifies the
balancing procedure.

A further circuit modification relates to the elimination. of the
use of a balancing standard during the initial balancing of the in
strument. In most colorimeters, it is necessary to balance the
instrument initially against some transmittance standard such as
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Table I. Tests on Special Samples Containing Varying
Increments of Color and Turbidity

(Corning No. 554 Lantern blue and Wratten No. 88A infrared filters)
Average Turbidity Increments

DISCUSSION OF RESULTS

The development of this photoelectric compensating color
Imeter for determination of color of white sugar solutions has
made possible a very distinct improvement in the color deter·
minations made in this laboratory.. Table II is a comparison of
results by four observers on five different samples; color deter
minations were made both visually and photoelectrically. These
observers were experienced in the use of the visual method but
were not particularly well acquainted with the photoelectric
instrument. In the case of the visual observations, the average

Because -log T units are fundamental in nature, all investiga
tive work was expressed in these units. However, for practical
purposes, the C and H color units (11) previously mentioned were
retained for routine color determinations and the slide-wires
calibrated to read in these units. This color scale is proportional
to a -log T scale and conversion from one scale to the other may
be accomplished by the use of the proper factor. In order to de
termine this factor as precisely as possible, a long series of color
comparisons was made between visual determinations and photo
electric measurements. The relationship so obtained from the
average of these many comparisons indicated that multiplying
-log T values obtained on the instrument by a' factor of 2800
would give C and H color of 50% sugar solutions. To convert
directly to 100% solids, a factor of 5600 can be used.

Seven series of such samples, covering a range of from 0 to
about 1500 C amI H color units, were prepared and some 150
individual solutions were measured on the instrument, using both
the blue and infrared filters. The results of these tests are sum
marized in Table 1. The average ratio of -log TB to -log TIR
for any particular turbidity increment is 2.0. This means that
any reading with the infrared filters has to be multiplied by 2 in
order to provide a correction that can be subtracted directly from
the reading with the blue filters. For example, if, with a given
colorless sample, a reading of 0.020 is obtained with infrared light,
then for the same 'sample the reading will be 0.040 with blue
light. Therefore, the turbidity correCtion to be applied to the
blue reading is 0.040 and 'not 0.020. The -log T scale on the
slide-wire associated with the infrared filters was calibrated to
include this factor of 2.0.. Thus the blue slide-wire was equipped
with a scale reading directly in -log T, while the infrared slide
wire was equipped with a scale reading 2.0 X (-log T). This
simple adjustment made the subtractive turbidity correction
possible. In this particular case,. T represents transmission
through the 9-cm. absorption cell. Obviously the values can be
converted to a I-em. thickness basis.

An investigation was made of methods of measuring colors of
white sugar solutions; these had previously been determined in
this laboratory by a visual comparison method. The visual
results were not sufficiently accurate or reproducible for control
or investigative purposes. An investigation resulted in the
development of a compensating photoelectric colorimeter, which
provided a means of correcting for the turbidity in the solutions.

In this colorimeter two different filters are employed. Meas
urements with the Corning No. 554 ~antern blue glass filter
are representative of the total absorption of the sugar solutions
Le., color plus turbidity. .Readings with the Eastman Wratten
No. 88A infrared filter are indicative of turbidity alone. The
two instrument scales have been placed on a common basis, so
that color values compensated for turbidity may be obtained from
the instrument simply by subtracting the reading with the in
frared filter from that with the blue filter. A number of im
provements have been made in the design of this instrument to
facilitate its operation.

This colorimeter has been in use in this laboratory for several
years and has given very satisfactory service. Its adoption has
greatly simplified color measurements and permitted the use of
nontechnical personnel f(;lr such work. The results obtained
are much more accurate than those obtained with previous
methods and the instrument has thus provided ~ much more
reliable method for control and investigations invo~ving t):J.e
color of white sugar solutions.

The development of this instrument, together with the pre
vious photoelectric devices, has entirely eliminated the use

SUMMARY

spread for the samples was approximately 140 C and H color
units, whereas for ·the photoelectric determinations on the same
samples, the average spread was only about 30 C and H color units.

In addition to making available a much more accurate and
reproducible method of determining color, this instrument also
provides a less exacting procedure by which a nontechnically
trained laboratory assistant may secure reliable and reproducible
results, thus replacing the highly trained technical personnel
previously required for color determinations. Obviously, this
has had a tremendous bearing on plant and laboratory investi
gations in which color has played a major role.

This instrument is also used to determine the color of the light
colored sugar liquors in the refinery. These liquors contain
slightly more color and turbidity than the solutions of white
sugars and consequently can be more advant1J.ngeously read with
the 6-cm. absorption vessel.

Although the instrument was primarily developed to secure
a more accurate measure of color, a measure of relative turbidity
is obtained simultaneously. The turbidity results obtained with
this instrument have been compared with photoelectric turbidity
readings made on another photoelectric device which was de
veloped earlier for measuring the Tyndall effect in sugar solutions
(2). These comparative readings have shown a constant rela
tionship, indicating that the new instrument can be used to
provide a reliable index of turbidity, as well as color.Ratio BllR

1.90
2.02
1.95
2.02
2.06
2.23
2.04
2.0Av.

Blue Infrared
filter filter

(-log T) (-log T)

0.018 0.0095
0.0145 0.OG72
0.108 0.0555
0.0222 0.0110
0.0548 0.0266
0.0266 0.0119
0.046 0.0225

10
25
24
23
25
25
25

No. of
Saluples in
Test Series

1
2
3
4
5
6
7

Test
No.

Table II. Comparison of Photoelectric and Visual Color Methods
(C and H color units)

Sample

1
2
3
4
II

Sugar Solution
Confec- Granu...
tioners' , lated,

% %
100 0

75 25
50 50
25 75
o 100

Visual Color Photoelectric Color
Mal<. Max.

Observer
deviation

Observer
deviation

Aver- between Aver- between
A B ·C D age observers A B C D age observers

190 170 95 240 175 145 190 195 205- 190 195 15
340 350 270 380 335 110 340 330 350 310 335 40
470 470 450 520 480 70 470 450 470 480 470 30
590 620 610 770 650 180 600 630 630 640 625 40
810 710 800 910 810 200 760 760 770 750 760 20

Av. 140 30

Difference
between

Av. Visual
and Av.
Photo
electric
Color

20
o

10
25
50
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of visual methods of color determination in this laboratory. This
phase of the work has been completed. However, further in
vestigations are in progress on the development of instruments
for measuring the colors of dry white sugars and for photoelec
trically indicating the color of refinery liquors on a continuous
flow basis.
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Ammonium Hexanitratocerate as a Primary
Standard in Oxidimetry

G. FREDERICK SMITH AND WALTER H. FLY

University of Illinois, Urbana, Ill.

AUlInoniulll hexanitratocerate (under the naDle
hexanitrato .aDlDloniuDl cerate, now abandoned)
has been described (5) as "a proposed reference
standard in oxidiDIetry." The present paper pre
sents experiDIental data in proof of the fact that
aDlDloniUJ:ll hexanitratocerate D1ay now be accepted
as an unqualified primary standard. reagent. Its
use is also standard for the preparation of evaluated
Ce(IV) solutions. The process involves a direct
weighing, followed by solution in either perchloric
or sulfuric acid and dilution to suitable known
voluDles. An additional precision process in its
use consists in the siDlple preparation froDl weighed

ASUMMARY of work dealing with the use of Ce(IV) in
volumetric analysis complete to 1942 has been provided.

(2). No other Ce(IV) salt has been suggested as a primary
standard for use in the preparation of accurately standardized
volumetric cerate solutions.

Ammonium hexanitratocerate [(NH.).Ce(NOa)6] complies with
practically all desirable properties of a primary standard chemical.
It is a stocl item from all standard'"supply sources in primary
standard purity. The reagent grade purity is also manufac
tured. it is an anhydrous salt stable in air under ordinary condi
tions and at 85 0 C. for extended and adequate periods of time.
It has an exceptionally high equivalent weight (548.26) and but
one transferred electron is involved in the change from Ce(IV)
to CeelII). It is instantly and speedily reactive in acid solution
under readily attained conditions with solutions of the most
reliable primary standards such as arsenious oxide, and sodium
oxalate or the less desirable primary standard Mohr's salt, (NH.)r
SO•.FeSO•.6H20. No possible intermediate valence stages are
involved in its use as an oxidant. A large number of internal
redox indicators are applicable in the determination of the
precise equivalent quantities of reductants with which it reacts.
Ammonium hexanitratocerate is easily tested chemically for
purity. Stable standard solutions are readily prepared from
it by direct weighing, solution in suitable media, and dilution to
definite volume, and are of wide applicability. In this respect
it rivals potassium permanganate, the use of which it is rapidly

quantities of aDlDloniuDI hexanitratocerate (by
precipitation using excess aDlDloniuDl hydroxide)
of eerie hydroxide, Ce(OH)., or hydrous eerie oxide,
Ce02.2H20, in accurately known aDlounts. The
precipitated product thus obtained is easily soluble
in warDl dilute sulfuric acid. This process D1akes
practical the preparation of standard sulfatoceric
acid [H.Ce(SO.).] solutions free froDl aDlDloniUJ:ll
and nitrate ions whose presence D1ight conceivably
be objectionable. It thus serves as a substitute for
a corresponding aDlDloniuDl sulfatocerate with
priDlary standard purity, a reagent that has not
yet been prepared.

supplanting in a great many commercially important analytical
control and research practices. .

PREPARATION OF PRIMARY STANDARD AMMONIUM
HEXANITRATOCERATE

The preparation of chemically pure ammonium hexanitrato
cerate has been described (5), and the same preparational tech
nique and an alternate procedure were applied in the present work.
Two separate samples· of the reagent, supplied through the
courtesy of The G. Frederick Smith Chemical Company, repre
sented a portion of two 50-pound batches prepared for commercial
distribution at widely separated time intervals to be used as
primary standard chemicals. They were analyzed as received
without further treatment except for drying a minimum of 1
hour at 85 0 C. This makes certain the elimination of any trace
of adsorbed moisture. The drying temperature employed would
not make certain the removal of any occluded moisture. The
results of the 'analyses, however, made certain the practically
complete absence of occluded moisture within the crystal lattice.
This obviates the ne~essity for drying the product at a higher
temperature than that required for the removal of adsorbed
moisture.

In an alternative preparational procedure dilute nitric acid
(1 volume of nitric aeid, specific gravity 1.42, diluted to 4 volumes
with water) may be substituted for boiling concentrated nitric
acid (5) in the purification of ammonium nitratocerate with
equally good results.
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Table 1. Stability of Ammonium Hexanitratocerate at
Moderate Drying Temperatures

Time
Sam- Tem- of Total

pie Sample pera- Heat- Weight Weight
No. Weight ture ing Loss Loss

Grams o C. Hours My; %
3.1973 79 2

~.

10.5 0.033
4 No loss 0.033
6 No Joss 0.033
8 No loss 0.033

10 No 10s8 0.033
24 No loss 0.033

2 1.6093 87 2 0.5 0.031
4 1.0 0.062
6 No loss 0.062
8 No loss 0.062

10 No loss 0.062
24 1.2 0.074

3 1.4259 99 2 0.2 0.014
4 0·.7 0.042
6 1.2 0.084
8 2.1 0.147

12 3.0 0.210
28 3.3 0.252

PRACTICAL DETERMINATION OF CASUAL IMPURITIES IN
AMMONIUM HEXANITRATOCERATE

Simple tests should prove of value in the preliminary examina
tion of a supposedly pure sample of ammonium hexanitratocerate.
The water-solubility test should show no insoluble matter from
a O.Ol-mole sample.

Dissolve 5.5 grams of the salt in a 400-ml. beaker, using the
least required amount of distilled water at room temperature,
and stirring vigorously to complete solution of the sample.
Under these conditions (a practically saturated solution of the
salt) there is no resultant hydrolysis, as such solutions have a
pH of approximately 1. The formation of soluble hydrolytic
products with accompanying liberation of free nitric acid (2)
'accounts for this condition. The solution thus prepared should
be sparkling clear, red in color, I1nd entirely free from insoluble
material such as ceric oxide. This qualitative test would in
dicate definitely that the reagent had not been dried at a higher
temperature than that permissible-namely, 85 0 C.

Iron as impurity is the only heavy metal expected. Apply
the iron test to the saturated solution of the sample used in the
determination just described. Add dropwise with constant
stirring a 30% solution of hydrogen peroxide until the orange
color is almost removed. Complete the reduction of Ce(IV)
by the dropwise addition of 3% hydrogen peroxide. Add 500
mg. of hydroxylamine hydrochloride to reduce the iron. Neu
tralize the resulting solution by the dropwise addition of dilute
ammonium hydroxide until Congo red paper changes in' color
from blue to red. Add 5 ml. of a saturated aqueous solution of
I,IO-phenap.throline to complex the ferrous ion and produce the
characteristic red color from any iron present (4). Carry out an
accompanying blank test on the reagents employed, but omit
'the sample of cerium salt. Dilute both test solutions to 250
ml. and examine for color due to iron. An excess of 2 p.p.m.
of iron as impurity should not be indicated, as shown by com
parison with a standard color prepared from a known amount
or iron similarly treated.

The process of manufacture previously described (5) gives a
finished product which by repeated spectroscopic examination
has been shown to be free from thorium and other cerium
associated rare metal impurities. These spectroscopic tests have
been applied both by the authors and by independent investiga
tors at the University of Chicago.

The following analysis is indicative of purity by determination
of the ignition residue.

Place an accurately weighed, approximately I-gram sample
of the salt in an ignited and accurately wei~edporcelain crucible,
and decompose the sample by gradually heating the crucible
over a very low flame. This process \\'illieave a residue of ceric
oxide which upon subsequent ignition to constant weight at
900 0 C. constitutes 31.396% of the original sample. Failure to
meet this test within rl'asonable experimental error indicates a
correspondingly mpure product.

A final simple solubility test indicates purity to a marked
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degree. A I-gram sample should be completely soluble in 75
m!. of absolute ethyl alcohol. If 95% alcohol is employed, the
test is less valuable and the color 'of the resulting solution much
more intense. This solubility test is more stringent than the
water-solubility test, because of the greatly diminished solubility
of possible impurities in' absolute alcohol.

REAGENTS EMPLOYED

Ammonium Hexanitratocerate. A G. Frederick Smith Chemi
cal Company primary standard grade with samples from 50
pound batches prepared for distribution through trade channels.
The samples were dried for 4 to 6 hours at 85 0 to 87 0 C. at the
time of sampling. .

Arsenious Oxide. National Bureau of Standards sample 8330.
Certificate value, 99.99% purity.

Sodium Oxalate. National B,ureau of Standards sample 40e.
Certificate value, 99.96% purity.

l,lo-Phenanthroline Ferrous Sulfate, 0.025 M solution
(ferroin).

5-Nitro-l,lO-phenanthroline Ferrous Sulfate, 0.025 M solution
(nitroferroin) .

Water. Conductivity water only was employed for the
preparation .of all solutions and for all titrations and precipita
tions.

Perchloric acid, C.P. vacuum distilled 72% acid manufactured
by The G. Frederick Smith Chemical Company.

Osmic Acid Catalyst, 0.01 M solution in 0.1 N sulfuric acid.

STABILITY OF AMMONIUM HEXANITRATOCERATE AT VARIOUS
DRYING TEMPERATURES

In the original description of ammonium hexanitratocerate as a
"proposed" primary standard reagent a drying temperature of
110 0 C. was specified (6). The drying of small samples for
periods of 1 hour at this temperature introduces but a minor
error, but if the drying time at 110 0 C. is extended to larger time
intervals the error becomes appreciable. Accordingly, stability
tests were applied at various temperatures to re-establish a
correct drying temperature (Table I).

By examination of the data of Table I the highest determined
permissible drying temperature was found to be 87 0 C. At
99 0 there is a small but progressively cumulative loss in weight.
Sample 1 was dried as received. Samples 2 and 3 were dried
at 79 0 preliminary to the drying experiments recorded in Table
1. The samples employed in all the remaining analyses in this
work were dried for 4 to 6 hours at 80 0 to 85 0 C., followed by
storage in desiccators over Anhydrone.

OUTLINE OF ANALYTICAL PROCEDURES

A detailed description of the titratiolllal methods employed for
the evaluation of the ammoniumnitratocerate is given in (2,
Chapter 4).

Method A. Weighed samples of ammonium hexanitratrocerate
were dissolved in perchloric acid and titrated, usinge't solution of
accurately known concentration of sodium oxalate dissolved in
perchloric acid. For these titrations nitroferroin (5-nitro-1,10
phenanthroline ferrous sulfate) served as indicator.

Method B. Weighed samples of the same salt were dissolved
under the same conditions and titrated, using a solution of ac
curately known concentration of arsenious acid made from known
weights of Bureau of Standards arsenious oxide, also in perchloric
acid solution. For this titration a drop of 0.01 M osmic acid in
0.1 N sulfuric acid solution was employed as catalyst. Nitro
ferroin again served as indicator.

Method C. Weighed samples of the same material were dis
solved in a small amount of water and added to a twofold excess of
dilute ammonium hydroxide in the apparatus shown in Figure 1.
The ceric hydroxide thus quantitatively precipitated was filtered
and washed with five or six portions of water to remove am
monium nitrate. Finally, the washing ceric hydroxide was dis
solved in hot 2 F sulfuric acid and the contents of the reaction
vessel were withdrawn into a 300-ml. filter flask. The reaction
flask and filter disk were thoroughly washed with additions of
sulfuric acid and the sulfatoceric acid thus obtained was titrated
using standard arsenite prepared as for Method B, with osmic
acid as catalyst but with ferroin in place of nitroferroin as in
dicator. [There are two sulfatoceric acids known to exist, havirig
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acid. For wei~hings under 100 grams, a Troemner No. 10
balance was employed together with a calibrated set of standard
weights. The solution weights were taken using an August
Sauter balance of IG-kg. capacity with a sensitivity of 10 mg.
or better. Calibrated weights were also employed in using this
balance. Buoyancy corrections were applied in all weighings.
The standard solutions thus prepared were used to titrate weighed
portions of the nitratocerate; in all titrations weight burets of
design previously described (3) were employed. Weight buret
readings were determined after applying Buoyancy 'corrections
using the Troemner balance.

Type

Arsenite
Arsenite
Oxalate
Arsenite
Oxalate
Arsenite

Table II. Preparation of Arsenite and Oxalate Solutions for
Evaluating Purity of Anunoniurn Hexanitratocerate

Na2C20. Caled.
or AS20, Solution Aeid Weight Value of
Taken Weight Used of Salt (NH.),Ce(NO,)o
Grams Grams G'/g. G'/g.

3.0019(5) 1016.72(9) 2FHClO. 0.0028274 0.03134.5
3.0103(0) 1055.50(6) IFH2S0. 0.0028520 0.031611
3.2335(0) 548.37(6) 2 F HClO, 0.0060606 0.0494.50
2.2845(0) ·516.32(1) 2FHClO, 0.004424.5 0.049068
1.5409(5) 278 . .58(4) 2 FHCIO, 0.00.5.5313 0.0452.59
2.2818(5) 601.34(1) 1 F H2S0, , 0.0038112 0.045251

1
2
3
4
5
6

Solution
No.

(Indicator reactien the same as for Method A)

the formulas H 2Ce(SO.h and H.Ce(SO.).. The ammonium
salt of formula (NH.).Ce(SO.h may be precipitated from solu
tions of the former by the addition of ammonium sulfate to
solutions of the acid which have only sufficient free sulfuric acid
present to prevent hydrolysis. The latter sulfatoceric acid,
when present with higher concentrations of sulfuric acid, upon
similar treatment forms (NH.).Ce(SO.)•.2H20. This tetra
ammonium sulfatocerate is often described as a double salt,
2(NH.).SO•.Ce(SO')2.2H20, and is known as Coffelt's salt.]

The reactions involved are as follows:
Method A

2Ce(N03).-- + C20.-- + [HCIO.] =

2Ce+++ + 2C02 + 12NO.-

Ce(NO.).-- + [.(C,2H7N.03)3Fe]++ + [HClO.] =

Ce+++ + [(C12H7N30.).Fe]++++ 6NO.-

Method If
2Ce(NO.'.-- + As03--- + [HClO.] +

[Osmic Acid] + H20 = 2Ce+++ +
AsO.--- + 2H+ + 12N03-

Method C

Ce(N03).-- + 4NH.OH = Ce(OH). + 4NH.+ + 6NO.

Ce(OH), + 4H2SO. = [Ce(SO.).]---- + 4H20 + 4H+

2Ce(SO~.----+ AsO.--- + H20 + [H2SO.] + [Osmic Acid] =
2Ce+++ + AsO.---- + 2H+ + 8S0.--

Ce(SO.).---- + [(CI2HsN2)3Fe]++ + [H2SO,] =

Ce+++ + [(€:12HsN2hFe]+++ +4S0,--

PREPARATION OF PRIMARY STANDARD ARSENITE AND
OXALATE SOLUTIONS

Weighed quantities of sodium oxalate (National Bureau of
Standards No. 40e) were dissolved in 2 F perchloric acid trans
f~rred to a weig~ed 300- or 60G-m!. glass-stol?pered fla~k, and
diluted to approximately 300 to 600 mI., employmg 2 F perchloric

Sodium oxalate or arsenious oxide (equivalent weights roughly
67 and 49.5, respectively), because of their low values, make
preferable the titration of weighed samples of ammonium hexa
nitratocerate by oxalate or arsenite to the reverse titration.
By use of 0.05 to 0.06 N strength of titrating solution a 4G-gram
sample reacts with 1.1 to 1.3 grams of ammonium hexanitrato
cerate. Such samples, individually weighed, afford better
accuracy than the weighing of 0.2 to 0.25 gram of arsenious oxide
or sodium oxalate which would be required for individual titra
tions by the reverse procedure. An added advantage, following
the procedure as chosen, consists in the fact that solutions of
ammonium nitratocerate acidified using perchloric acid chang~
titer detectably in 72 to 96 hours, whereas the solutions of ar
senite or oxalate containing perchloric or sulfuric acid are stable
indefinitely. The potentiometric titrational characteristics of
these reactions have been described (2, sections 3 and 4).

Figure 1. Apparatus for Precipitation and Filtration

Solutions of predetermined strength in arsenious oxide were
prepared from National Bureau of Standards primary stamlard
sample 83a with acidification using either 2 F perchloric acid or
1 F sulfuric acid as solvent. The weighed portions were placed
in 250-~~. beakers a!1d dissolved i!1 a small volume of water by
the additIOn of suffiCIent pellet sodmm hydroxide to form sodium
arsenite. These samples were then acidified with acids of the
proper strength and transferred to 500-' or WOO-mI. glass-stop
pe~ed flasks and the solutions were weighed as previously de
SCrIbed.

The data governing the preparation of the arsenite and oxalate
solutions are given in Table II.

DETERMINATION OF PURITY OF AMMONIUM
HEXANITRATOCERATE SAMPLE I

Sample 1 of ammonium hexanitratocerate was analyzed by
solution in perchloric acid and titration, using standard of refer
ence arsenious oxide and sodium oxalate as two individual and dis
tinctive procedures. The third, and radically altered, procedure
followed the scheme of the precipitation of Ce(IV) from excess
ammonia solution, filtration, washing, solution in sulfuric acid,
and final titration by a sulfuric acid solution of sodium arsenite
prepared from primary standard arsenious oxide. Standard
solutions 1, 2, and 3 (prepared as shown'in Table II) were em
ployed for these-analyses. The results of the first two procedures
agree to a very close tolerance (by the two directly applied
analyses). The results of the indirect ceric hydroxide isolation,
SOlution, and titration [an indirect procedure involving isolation
of Ce(IV)] agree satisfactorily with the direct titrations and
serve to "make assurance doubly sure." This indirect evaluation
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ERRORS IN CONVERSION OF AMMONIUM
HEXANITRATOCERATE TO PERCHWRwrOCERIC

ACID AND CERIC HYDROXIDES TO
SULFATOCERIC ACID

oxide and 99.96% for sodium oxalate sample 40e
were applied to the calculations of Table III.
Solution densities for buoyancy correction were
calcuIated from weight data and the specific
gravity of the acids used in their preparation.

The procedures described in the analysis of
sample 1 of ammonium hexanitratocerate were
repeated in the case of sample 2 with results
shown in Table IV.

By examination of Tabla IV, the same con
clusions may be drawn as those observed with
regard to Table III. The most probable value
for the purity of ammonium nitratocerate sample
2 is 99.98%.

To prepare such a solution of 0.1 N strength, 54.826.grams
(corrected weight of the_pure salt) are placed in a 1000-mI.
beaker and 83.8 mI. of 72% perchloric acid are added. The salt
is not soluble in perchloric acid of this strength! but should ~e
stirred with it for 2 minutes. A 100-ml. portlOn of water IS
added and the stirring is continued for 2 minutes. The addition
of 100 ml. of water is repeated a third, fourth, and fifth time with
intermediate stirring for 2-minute intervals. By this necessary
procedure all the ammonium hexanitratocerate will be in solution
at 500- to 600-ml. volume and may be transferred to a 1000
mI. graduated flask and diluted to volume. The ammonium
hexanitratocerate would dissolve completely to form a crystal
clear solution if it were added to the perchloric acid after dilution
with water to 500 to 600 m!' Such a solution after 24 hours
would be partially precipitated, owing to the presence of complex
nitratoperchloratocerates which are sparingly soluble. If the
salt crystals are added to 72% perchloric acid the Ce(N03)6-
complex ion is sufficiently completely converted to the Ce
(CI04h-- ion to prevent the formation of insoluble material.

The substitution of sulfuric acid for perchloric acid requires
that a duplicate solution procedure be applied with slow addition
of the first 100 ml. of water over a 5-minute period with stirring

Solutions of ammonium hexanitratocerate in 1F
perchloric acid have an oxidation potential of 1.71
volts; they are not permanently stable and very
gradually diminish in oxidation value with time
of storage. If stored' at ice box temperatures and
in dark bottles, solutions (even of 0.001 N con
centrations) need be restandardized only at 72- to
96-hour intervals (1). For the preparation of
0.05 to 0.1 N solutions of ammonium hexanitrato
cerate in perchloric acid for use in macrovolu
metric determinations, restandardization is. re
quired only after 72 hours' storage (2). Storage
in dark bottles in a cool place is recommended.

In making perchloric acid solutions of am
monium hexanitratocerate, great care should be
taken to avoid the presence of organic matter.
The importance of pure water and thoroughly
clean containers cannot be overemphasized.
Cellulose, sugars, alcohols, and many other or
ganic materials are readily and quantitatively
oxidized by the cerate ion in perchloric acid
solution (2). The use of too much stopcock
grease in burets may introduce errors. The pres
ence of carbonaceous dusts causes perchlorato-
cerate solutions to change titer. Contact with
platinum in the form of sponge or platinum black
causes comparatively rapid reduction of such

solutions. These are all penalties associated with an oxidation
medium of exceptionally high oxidation potential.

Special directions must be followed in the preparation of solu
tions of ammonium'hexanitratocerate in perchloric acid.

Calcd.
Salt

Purity

%
99.99(2)
99.97(3)
99.96(0)

100.00
99.99
99.97(9)

99.97(7)

99.98(1)
99.97(1)
99.97(4)
99.98(8)

99.97(9)

99.97(6)
99.95(5)
99.96(1)
99.99(1)
99.97(8)
99.96(5)

99.96(9)

Caled.
Salt

Purity
%

99.97(9)
99.98(4)

100.00
99.98(3)

99.985

99.98(7)
100.03(7)
99.99(5)

100.01(6)
99.98(3)
99.98(9)

100.00(1)

99.97(5)
99.98(8)
99.96(6)
99.97(1)

99.97(5)Av.

Av.

Av.

-0.19
-0.28
-0.27
-0.12

Av.

-0.26
-0.49
-0.43
-0.15
-0.22
-0.38

Av.

-0.13
+0.40
-0.05
+0.17
-6.17
-0.11

Av.

-0.37
-0.22
-0.47
-0.50

Error
of

Recovery
Mg.

-0.08
-0.27
-0.40
=0.00
-0.01
-0.50

Error
of

Recovery
Mg.

-0.19
-0.11
+0.01
-0.16

(NH,),Ce(NO,).
Indicated

Grams

(NH,),Ce(NO.).
Indicated

Grams

41.546 1. 3022(4)
41. 597(5) 1.3038(7)
41.651 I. 3055(4)
41.609 1.3042(2)

3 20.297(5) 1.0065(5)
3 20.328(5) 1.0080(8)
3 20.266(5) 1.0050(2)
3 20.713(5) 1.0271(7)
3 20.351 1.0092(1)
3 20.267(5) 1.0050(6)

2 41.164 I. 3012(4)
2 41. 229 1.3032(9)
2 41. 262 1.30-1(4)
2 41.252 1.30'W(I)

Av. of 14 individual analyses, 99.98(9) % purity

Reference
Solution

(Table II)

Reference
Solution

(Table II)

DeterUlination of Purity of AInUlOnium Hexanitratocerate
Sample 2

(Employing As,O, and Na,C,O, as primary standards)

Weight of
Standard

Soln.
Required

Grams

Table III. DeterUlination of Purity of AUlUloniuUl
Hexanitratocerate SaUlpie I

(Employing AS20a and Na2C20,1 as primary standards)

Weight of
Standard

Soln.
Required

Grams

1.
0039r 4 20.345(5) 1.0038(5)

1.0022 3) 4 20.307 I. 0019(6)
1.0076 8) 4 20.397 1.0063(8)
1.0021(3) 4 20.311 1.0021(3)
1.0063(8) 4 20.395 1.0062(8)
1.0074(3) 4 20.406(5) 1.0068(6)

1.0022(1) 5 22.140 1.0020(2)
1.0045~3) 5 22.189 1.0042(5)
1.02045) 5 22.541 I. 0201 (8)
1.0133(3) 5 22.387 1.0132(1)

1.094(1) 6 26.251(5) 1.1091(5)
1.0795(3) 6 25.539 1.0790(4)
1. 0867f7) 6 25.711(5) 1. 0863(4)
1.04966) 6 24.841(5) 1.0495(1)
1. 0379(6) 6 24.561(5) 1.0377(4)
1.0846(1) 6 25.662 1.0842(3)

Av. of 16 individual analyses, 99.97(7)%

1.3024(3)
1.3039(8)
1.3055(3)
1. 3043(8)

1. 3016(1)
1.3035(1)
1. 3048(1)
1.3045(1)

1 :0066(8)
1.0076(8)
1.00.')0(7)
1.0270(0)
1.0093(8)
1.0051(7)

(NH.),Ce(NO.)s
Sample
Weight
Grams

(NH,J,Ce(NO,),
Sample
Weight
Grams

Table IV.

-of the oxidation equivalent of the hexanitratocerate proves
-conclusively that its total OJddation value lies in its cerium con-
:tent. In addition, the procedure as described is shown to be a
:reliable scheme for the preparation of solutions of sulfatoceric
acid [H.Ce(SO.).] of predetermined titer without the ammonium
:nitrate and nitric acid which would be present if such solutions
were to be prepared by direct solution of ammonium hexanitrato
,cerate in sulfuric acid and dilution to a fixed volume. The data
,are given in Table III. Buoyancy corrections were calculated
using the determined value of 2.61 as the specific gravity of
.ammonium hexanitratocerate at 25 0 C.

By examination of Table III it is observed that the maximum
average deviation in results among the three methods is 2 parts
in 10,000. The average analysis in 14 determinations indicates
that the purity of this sample of hexanitratocerate is 99.99%.
The indirect proceEiure of analysis; following isolation of this
salt's cerium content, shows results 0.01 % lower-namely;
99.98%. This lower value may be attributed to~he introduction
of additional manipulative processes of a less direct nature,
following which the values were determined. The results given in
Table III are consecutive unalj'ses with no omission in any given
system of analyses. The recommended purity given with the Bu
reau of Standards certificates of 99.99% for standard 83a arsenious
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STABILITY OF CRYSTALLINE AMMONIUM NITRATE WITH LONG
PERIODS OF STORAGE

(56 m!. of 95% sulfuric required in place of 83.8 m!. of 7~%
perchloric acid). Mixed nitratosulfatocerates are more m
soluble than the mixed nitratoperchloratocerates and would
precipitate copiously upon standing were this procedure not
followed.

SUMMARY

Ammonium hexanitratocerate, proposed as a primary standard
in oxidimetry, has been reinvestigated. This salt is commercially
available in highly pure form for use as a precision primary
standard.

The determination of a satisfactory drying temperature to
eliminate adsorbed moisture or nitric acid is shown to be 87 0 C.
in place of the previously recommended temperature of 110°.
Occluded moisture is absent from crystalline ammonium llitl'llto
cerate, (NH4hCe(NOa).. Ammonium hexanitratocerate is slwwB
to possess the ten most desirable chemical and physical proper
ties governing the selection of a material to be used as a primary
standard. Simple qualitative tests are described for use ill
rapid preliminary testing of samples of ammonium hex!lJ1itrato
cerate for purity.

Two commercially available samples of almnonium hexallitrato
cerate were standardized by comparison with National Bureau
of Standards arsenious oxide (primary standard 83a) and sodium
oxalate (primary standard 40e), and their purities were shoWI1I
to be 99.99 and 99.98%. Their cerium content was isolated!
as eerie hydroxide and converted to sulfatoceric acid, H.Ce(S04h.
Their purity was thus determined by the use of reference l;tandard
arsenious oxide. By this indirect procedure their oxidizillg value
was shown to be entirely due to the cerium content. Thc results
thus obtained agree with the previous results within 1 part in
10,000.

In the analyses reported all appropriate corrections w('rC'
applied. The weights were calibrated by comparison with t.
master set which had been evaluated at the Bureau of Standards.
A Troemner No. 10 balance accurate to ±0.05 mg. by direct.
observation and to ±0.02 mg. by estimation was employed for
all weighings of less than 100 grams. A special August Sauter
balance of lO-kg. capacity accurate to ± 10 mg. was employed
for weighing solutions of 250 to 1000 grams. Weight burets
were employed for all titrations with corrections for buoyancy
applied to all weighings. The weights of arsenious oxide, sodium
oxalate, and ammonium hexanitratocerate were likewise corrected
to the vacuum basis.

Directions are given for the preparation of sulfatoceric acid
from ammonium hexanitratocerate in the form of solutions of
predetermined normality. Known amounts of ceric hydroxide
are prepared from weighed amounts of the new primary standard,
dissolved'in hot dilute sulfuric acid, and diluted to a predeter
mined volume. This process is equivalent to the ability to use
a pure sample ,of eeric oxide as a primary standard. Sueh sam
ples of pure eerie oxide are not soluble in sulfuric acid.

The shelf life of the new primary standard is adequate.

analysis. The procedure duplicated that previously described
and employed the same corrections and the same drying tempera
ture.

Sample reagent 1 with 2 years and over "shelf existence" was
reanalyzed with the results shown in Table V.

Table V shows that the new primary standard, (NH4)2Ce
(NOa)., does not measurably alter in value as an oxidant with
extended periods of storag~.

Purity
%

99.986
99.994
99.997
99.989
99.977
99.990
99.988

1 10.3884(6) 3~ 1578(4) 3.1573(5)
2 8.5872(4) 2.6101(0) 2.6099(6)
3 8.1556(2) 2.4788(4) 2.4787(8)
4 8.3569(5) 2.5402/5) 2.5399(7)
5 7.8023(9) 2.37196) 2.3714(2)
6 8.9750(8) 2.7281(2) 2.7278(9)

Av.

Sample
No.

Table V. Analysis of Salllple 1 after More Than 2 Years'
Storage under Ordinary Conditions

[Test of stability and retention of oxidation value with long-term storage.
As,O. ,solution, 0.027415 gram per gram, equivalent to 0.303935 gram of

(NH.),Ce(NO,)o per gram of solutionI
As,O, (NH.),Ce(NO,)o
Soln. Taken Found
Grams Grams Grams

Solutions of sulfatoceric acid, H 4Ce(S04)4, and perchloratoceric
acid, H2Ce(CI04)., prepared by the process described above,
contain ammonium and nitrate ions. The solutions are of known
normality and for most applications serve admirably (2). If
ammonium and nitrate ions are undesirable, solutions of per
chloratoceric acid are best prepared by the electro-oxidation of
perchloric acid (2, pages 5 to 9). For the preparation of sulfato
eerie acid the method described above in connection with the
determination of the purity of ammonium hexanitratocerate is
employ~d. The apparatus in Figure 1 serves conveniently for
the precipitation of ceric hydroxide, with removal of the am
monium and nitrate ions, solution of the eerie hydroxide in warm
2 F to 4 F sulfuric acid, and final dilution to the predetermined
volume. An Ace sintered-glass filtering crucible with porosity
E may be used to filter and wash eerie hydroxide. Filter paper or a
platinum Munroe filtering crucible must be avoided. If filter
paper is used soine of the sulfatoceric acid is invariably reduced;
results may be 1 to 2% low. Low results are also caused by
contact between hot sulfatocerie acid and platinum sponge if a
Munroe crucible is employed.

DECOMPOSITION OF PERCHWRATOCERIC ACID SOLUTIONS
IN CONTACT WITH PLATINUM SPONGE

A solution of approximately 0.1 N percWoratoceric acid was
prepared from ammonium hexanitratocerate and perchloric
acid, and was stored in contact with platinum sponge formed
by the ignition of 1 gram of chloroplatinic acid. The perchlorato
ceric acid solution was stirred continuously at ordinary tempera
tures and analyzed at stated intervals. The original normality
was 0.1020. After 2 hours it was 0.0996, aiter5 hours 0.0980,
after 22 hours 0.0925, and after 96 hours 0.0775 N. This is a
drop of almost 25% in oxidation value. Sulfatocerate solutions
are not as extensively affected, but the loss is readily noted when
hot solutions are filtered using a'platinum Munroe filtering cruci
ble. Graphitic carbon is known to exert a similar catalytic
reducing effect.

Ammonium nitratocerate consists of oxidizable cations,
2NH.+, and a complex anion, Ce(NOa)6-, which is known to be
a powerful oxidizing materia!. Solutions of hexanitratoceric
acid, H2Ce(N03 )., in nitric acid are known to be unstable to a
minute but measurable extent. This instability is brought about
by the decomposition of water with the evolution of oxygen
through the intermediate liberation of free radical hydroxyl
groups. In order to study the shelf life of crystalline ammonium
nitratocerate, after completion of the present work and prepara
tion of the manuscript it was thought appropriate to delay 2
years to permit a shelf life test period and subsequent additional
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Determination of Diglycols in Mixtures of
Ethylene and Propylene Glyc.ols

C. V. FRANCIS

Wyandotte Chemicals Corporation, Wyandotte, Mich.

A ll1ethod for the deterll1ination of diethylene glycol or dipropylene glycol as
contall1inant in ll1onoglycols is presented. The ll1onoglycols are relIloved by
reaction with pf,riodic acid and distillation. Excess periodic acid is reduced to
iodic acid, and the rell1aining diglycols are oxidized with potassiull1 dichroII!ate.
The excess dichromate is ll1easured with a polarograph.

Record a polarogram with the instrument set as follows:

Weight of sample

CALCULATION

(Microamperes for blank - microamperes for sample)
X factor A X factor B X 100

Record only the range of 30 to 60% of the voltage applied.
Record a polarogram of 20 m!. of 0.1 N potassium dichromate

carried through the procedure beginning with the refluxing with
sulfuric acid, but without .sample added to determine weight of
potassium dichromate per microampere recorded. Factor A.

Record a polarogram of a known weight of diglycols beginning
with the dichromate oxidation to determine the weight of
diglycol equivalent to 1 gram of potassium dichromate. Factor
B.

1. 5 volts
1.5 volts
Zero
Off
Approximately 3 seconds
Negative
0.01 microa,mpere per mm.

D.C. e.m.f.
Span
Initial
Damping
Drop time
Dropping mercury electrode
Sensitivity

I N THE manufacture of a refined grade of monoglycols having a
diglycol content of less than 1%, it becomes necessary to have

a rapid and accurate method for the direct determination of the
diglycol content. Methods for the estimation of ethylene and
propylene glycols (1-..0 have a precision and accuracy of only 1 to
2%, and, therefore, the diglycol cannot be estimated by dif
ference.

This paper proposes a method for determining diethylene glycol
or dipropylene glycol, or both, present in quantities less than 1%
in mixtures of ethylene glycol and propylene glyco!. The method,
however, is not limited to small quantities; djglycols can be de
termined in a refined grade of monoglycols with an accuracy of
±0.1 to ±0.2% when 0 to 3% diglycols are present. The mono
glycols are removed by reaction with periodic acid and distillation.
The excess periodic acid is removed by reduction to iodic acid, and
the remaining diglycols are oxidized with potassium dichromate.
The dichromate is measured with a polarograph before and after
the oxidation reaction.

REAGENTS AND EQUIPMENT

Periodic acid, G. F. Smith Chemical Company.
Fuchsin-aldehyde reagent.
Sodium carbonate, C.P. anhydrous.
Hydrogen peroxide, 3% solution.
Sulfuric acid, 1 to 1 aqueous solution.
Potassium dichromate, 0.1 N, accurately standardized.
Sodium hydroxide, 1.0 N.
Diethylene glycol standard, redistilled and dried 13,I3-dihy

droxyethyl ether, Eastman Kodak No. 2041.
Kjeldahl distilling unit, 25G-m!. flask, trap, and vertical con

denser.
Reflux condensers with ground-glass connections, and fitted

with 50G-m!. Erlenmeyer flasks.
Polarograph. The model used in this laboratory is the Sar

gent-Heyrovsk5r recording polarograph, Model XXI.

diglycol, %. by weight

ANALYTICAL RESULTS

Experimental samples were prepared containing various
amounts of diglycols as contaminants, the major portion of each
sample being a mixture of ethylene and propylene glycol in an
approximate 60 to 40 ratio~ These samples were carried through
the procedure outlined above. Some typical results are shown in
Table I.

DISCUSSION

In the distillation to remove aldehydes formed from monogly
cols, it was noted that the more dilute the aldehyde solution, the
more efficiently the aldehydes were removed. If very !9mall

Table I. Typical Analyses of Diglycols as Contall1illant
in Monoglycols

PROCEDURE

Weigh and dilute the sample with distilled water so that the
aliquot taken for analysis contains ~bout .5 to 10 mg. of diglycols.
Transfer the aliquot to a 250-m!. KJeldahl flask, and add 2 grams
of periodic acid dissolved in about 50 mI. of water and a few glass
beads. If more than 0.5 gram of monoglycol is present, use a
correspondingly larger amount of periodic acid. Dilute with dis
tilled water to about 200 m!. Connect the flask to the distillation
unit and distill until the distillate no longer shows an aldehyde
reaction with fuchsin-aldehyde reagent. If the residue is reduced
to 15 m!. and aldehydes are not removed, add 50 mI. of water to
the flask and continue the distillation.

Cool the residue and dilute to 50 ml. Make alkaline with dry
sodium carbonate and add 15 m!. of 3% hydrogen p~roxide. Dis
till until the volume of residue is again reduced to about 20 ml.
Cool transfer to a 500-m!. Erlenmeyer flask, and add 100 m!. of
1 to '1 sulfuric acid. If a yellow color appears,.boil until it is re
moved. Add 20 m!. of 0.1 N potassium dichromate and reflux 45
minutes. Transfer the cooled refluxed mixture to a l-l~ter volu
metric flask and dilute to the mark. Transfer a 10-m!. ahquot to a
100-m!. flask and dilute to the mark with 1.0 N sodium hy
droxide.

Contaminant

Diethylene glycol

Dipropylene glycol

Diethylene glycol plus dipro-
pylene glycol, 60/40 ratio

Triethylene glycol

None
None

Contaminant Present
%

1.5
1.5
0.77
0.77
2.3

1.4
1.0
0.75
0.52
2.~

1.5
1.1
1.3
0.8
o
o

Contaminant Found
%
1.7
1.3
0.70
0.73
2.4

1.3
1.0
0.81
0.60
2.7

1.5
1.0
1.2
0.9
0.05

-0.1

1238
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amounts of diglycols are present, it may be necessary to add water
to the residue and redistill to remove the aldehydes completely.
This process does not appreciably affect· the diglycol determina
tion.

The time specified for refluxing with dichromate is about the
minimum time but additional refluxing does not alter results.

An unsuccessful attempt was made to remove the iodine com
pounds by precipitation as metal salts (6, 6), using lead, barium,
bismuth, and other metals so' that the dichromate could be
titrated with sodium thiosulfate.

For the oxidation of diethylene glycol by potassium dichromate,
the following reaction is usually given:

3C.H IOO, + 10K,Cr207 + 40H2SO.--+
10K2SO. + 10Cr2(SO.)a + 12CO. + 55H20

By this ~action, factor B should be 0.1082. This factor, as de-

1239

termined by the above method, was 0.1381 which is roughly
equivalent to 8 moles of potassium dichromate to 3 moles of
diethylene glycol.' This factor if? reproducible and was used in
this work. The reason for this deviation from the theoretical is
not known.
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Determination of Microgram Amounts of
Thorium

A Colorimetric Method

P. F. THOMASON, M. A. PERRY', AND W. M. BYERLY'

Oak Ridge National Laboratory, Oak Ridge, Tenn.

A Dlethod for deterDlining thoriuDl in the range 5 to 80 Dlicrograms has been de
veloped, using 1-(o-arsonophenylazo)-2-naphthol-3,6-disulfonic acid. Uranium
and the rare earths do not interfere in aDlounts less than 1000 lDicrogralDs and
interference fron> iron can be lessened hy reduction to the ferrous state.

THE colorimetric determination of thorium on the microgram
level has received little consideration in the literature, no

doubt because of the absence of characteristic colored complexes
,)f thorium. Survey tests in this laboratory with alizarin and other
reagents that are known to complex thorium (1, 10) have not
indicated any stable complex that might be used as a basis for a
satisfactory colorimetric micromethod. Recently, however, it
was reported by Kuznetsov (7) that l-(o-arsonophenylazo)-2
'naphthol-3,6-disulfonic acid formed a specific red precipitate with
thorium in hydrochloric acid. It was stated that by visual com
parison 1 microgram of thmium pel' milliliter could be detected,
and a spot te;;t technique was described.

AsO"H, HO SOaH

O-N=N-Oq
SOaH

III view of the need for a rapid micromethod for the determ.ina
tion of small amounts of thorium, the reagent was synthesized and
the possibilities of developing a spectrophotometric procedure
were investigated. As a result, a method has been developed for
the determination of thorium in the range of 5 to 80 micrograms
per 10 m!. of final volume. The method consists of the following
steps: adjustment of pH, addition of the organic reagent, dilution
to volume, and measurement of the optical density in a spectro
photometer versus a reference solution of the reagent.

EXPERIMENTAL

Synthesis of Organic Reagent. The 1-(o-arsonophenylazo)-2-

1 Present address, University of Tennessee, Knoxville, Tenn.
2 Deceased.

naphthol-3,6-disulfonie acid was synthesized according to direc
tions given by Kuznetsov.

To 2.17 grams of o-aminophenylarsonic acid (0.01 molar) dis
solved in 40 mI. of water, add 3 m!. of hydrochloric acid (specific
gravity 1.12), cool, and diazotize by adding 5.0 ml. of a 2 N solu
tion of sodium nitrite. Filter the diazo compound away from the
accidental dirt and rapidly mix with a filtered solution of 4.2
grams of the sodium salt of 2,3,6--naphtholsulfonic acid (R salt)
and 4 grams of anhydrous sodium carbonate in 40 m!. of water.
The mixture immediately becomes red, and after some seconds a
precipitate forms. Let stand for 2 to 3 hours, then slowly warm
(the precipitate dissolves) and add 14 grams of clean, solid
sodium chloride. On cooling, the mass th.ickens. Filter, squeeze
out the liquid, and wash with cold water. Ruby red crystals are
produced. A solution in water and dilute acid is orange colored,
in alkali is orange-red, in concentrated sulfuric acid is rose colored.
It is not soluble in alcohol.

The required o-aminophenylarsonic aeid was obtained by re
ducing o-nitrophenylarsonic acid by treatment with ferrous
sulfate (better ferrous chloride) and sodium hydroxide (2-.4).
o-Nitrophenylarsonic acid is readily prepared by the reaction of
Bart by the interaction of diazotized o-nitroaniline with an alka
line solution of arsenic trioxide (.'i, 6, 9).

By analysis the arsenic content of the recrystallized organic
reagent was found to be 13.1 %. Theoretical is 13.0% for the
disodium salt. A more complete and detailed procedure for the
synthesis of the organic reagen t is to be published by Reed and
assoeiates (8).

Materials. Reagent grade chemicals of the common materials
were used for testing interferences. Spectrographic analysis of the
yttrium nitrate reagent disclosed only the rare earths and cal
cium as impurities. The zirconyl chloride reagent contained
hafnium !!hd traces of iron. No traces of thorium were found in
the lanthanum nitrate reagent.

A standard thorium solution was made by dissolving 23.8
grams of chemically pure thorium nitrate tetrahydrate in distilled
water and diluting to 1 liter. The thorium nitrate obtained from
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Effects of Various Amounts of Reagent. The absorption of a
series of solutions of pH 0.5, each containing 67 micrograms of
thorium but with varying amounts of the organic reigent, was
measured to determine a suitable concentration of the reagent.
The data plotted in Figure 2 indicate that 1.0 m!. of a solution
0.1 % in organic reagent is sufficient to complex atleast 70 micro
grams of thol'iulll.Experience with later batches of the reagent

the Lindsay Light and Chemical Company, West Chicago, m.,
gave no spectrographic evidence of yttrium or the rare earths.
This solution, which contained approximately 10 mg. of thorium
per m!., was standardized by evaporating IO-ml. aliquots to dry
ness and igniting (to Th02) at 1000 0 C. to a constant weight.
Dilutions were made of this solution to obtain a solution contain-
ing 10 micrograms of thorium per mI. .

Apparatus and Technique. A Beckman Model DUquartz
spectrophotometer with I-cm. path length cells was used for all
measurements. All solutions were diluted to a final volume of
10 mi. before being transferred to the absorption cells. The
spectral band width ranged from 1.6 to 2.0 mIL for the spectral
absorption curves, Figure 1. A spectral band width of 2.0 mIL was
used to obtain a standard calibration curve.

Absorpti(>n CJ1fVes. The measurement of the spectral absorp
tiOI) of a water solution of the organic reagent (A, Figure 1) and
of a similar solution containing thorium (B, Figure 1) indicated a
shift of the absorption band toward longer wave lengths upon the
addition of thorium. Water was used as the reference for these
measurements. When the solution of reagent plus 67 micrograms
of thorium was measured against the solution of reagent (C, Figure
1), the predicted curve indicating a maximum absorption at 545
millimicrons was obtained. The solutions containing 1 m!. of a
0.1 % aqueous solution of the reagent were adjusted to a pH of,
approximately 0.5 with hydrochloric acid in a IO-m!. final volume.
The data are plotted in Figure 1.

Figure 1.

1.25

Table II. Interference of Uraniutn
(5000 micrograms as UO, ++)

Optical Density Thorium Equivalent, 'Y

0.068 9.5
0.078 12.0
0.185 26
0.342 49
0.76 >85
0.94 >85
1.12 >85

pH

0.40
0.50
0.92
1.10
1.45
1.68
1.75

Table III. Absorpti0n of Various Cations
Amount in Optical Thorium •

Cation IO-MJ. Vol., l' Density Equivalent, l'

U++++ 20 0.050· 7
U++++ 40 0.120· 16
U++++ 80 0.275· 40
Zr 22 0.050 7
Zr 44 0.108 15
Zr 88 0.195 33
Fe+++ 500 0.058 7
Fe+++ 1000 0.107 15
Fe+++ 2000 0.137 20
La 5000 0.125 8
La 10,000 0.252 17
Yttrium 1000 0.102 15
Yttrium 3000 0.305 45
Yttrium 5000 0.520 72
Ti 1000 0.020 2.5
Ti 3000 0.050 9.0
Ti 5000 0.095 14.0
Ce+++ 1000 0.012 2.0
Ce+++ 3000 0.040 6.0
Ce+++ 5000 0.080 12.0
Ce++++ 1000 (Bleaches reagent completely)

a Uraniulu (IV) complex with reagent seems unstable. as same solutions
measured after 2 hours gave optical density of 0.022, 0.080, and 0.195,
respectively.

Table I. Variation of Optical Density with pH
M!. of 0.1 % Organic Reagent in 1.M!. of 0.1 % Orga!'ic R~a~ent
Water plus 43 Micrograms of DIluted to 10 MI. WIth DIstIlled
Thorium, Measured VS, Reagent Water, Measured vs. Water

pH Optical density pH Optical density

0.20 0.295 0.22 0.220
0.28 0.300 0.30 0.218
0.30 0.303 0.42 0.218
0.49 0.300 0.52 0.220
0.56 0.307 0.65 0.216
0.76 0.310 0.85 0.220
1.05 0.300 1.03 0.218

indicated differences in purity and moisture content. Therefore,
it is recommended that absorption curves be obtained for each
batch of reagent to determine the amount required by 80 micro
grams of thorium.

Effect of pH. A series of solutions containing thorium and the
organic reagent was adjusted to various pH's with hydrochloric
acid. Each of these was measured against a pH 0.5 reference
solution containing only the reagent. A series of reference solu
tions containing only the reagent at various pH's was measured
against distilled water. Between a pH of 0.2 and 1.0, the absorp
tion remained essentially constant, as indicated in Table 1.
However, above pH 1.0 the absorption decreased rapidly and
approached zero at pH7.

The data show that in the pH range of 0.3 to 1.0 the maximum
error due to variation in pH is about 2%.

Stability of Color. Solutions of thorium and orgaJic reagent
show no intensity variation over periods of time up to 2i hours.
The colored solution obeys Beer's law, giving a standard curve
that is a straight line through the origin with an optical density of
0.53 for 80 micrograms of thorium. When the amount of thorium
exceeds 300 micrograms in a lO-m!. volume, a slight turbidity is
detected. One milligram, or over, of thorium in a 10-m!. volume
will form a red gelatinous precipitate which settles rapidly upon
standing.

Interfering Substances. The interference from the U02 ++ ion
increases with increasing pH as shown in Table II.

The absorption of various. cations with the reagent· was
measured against.a reagent reference (Table III).

525 550 575 600 625
WAVE LENGTH, ml'

Absorption Spect•.·a of l-(o-Arsonophenylazo)-
2-naphthol-3,6-disulfonic Acid

A. Reagent. against waleI'
B. Reagent. plus thoriulU against: water
C. Reagent. plus t:horiulU against reagent

~\
\\
\
\'\

1\ \
~\
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Vc \

~~
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0.75
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u
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Anions that complex thorium inhibit the formation of the
colored complex. Fluorides, oxalates, phosphates, and large
amounts of sulfates must be absent or removed.

Analytical Procedure. The following procedure is followed in
this laboratory for the analyses of samples which may contain or
ganic material or tetravalent uranium.

Table IV. EstiInation of ThoriuIn after Separation froIn
SodiuIn Fluoride

Sample Thorium Thorium Recovery.
No. Present, 'Y Found, 'Y %

1 10 9.5 95
2 30 28 93
3 50 48 96
4 70 67 96

DISCUSSION

In the course of analyzing several hundred samples for thorium,
a number of sYnthe~ic samples of known composition have been
analyzed simultaneously with the actual samples to test the ra-

0.5 1.0 1.5 2.0
ML. OF 0.1 % REAGENT SOLUTION

ADDED TO 67 'Y OF THORIUM

Figure 2. Effect of Various AInounts
of Reagent

Each Dleasured against reference containing
an equal arnouut of reagent

Ferric iron interference can be minimized by reduction to the
ferrous state. This can be done by boiling the sample for a few
minutes with 1 mJ. of 10% hydroxylamine hydrochloride. Ac
cording to the .data shown in Table V, 50 micrograms of thorium
can be determined in the presence of 1000 micrograms each of
uranium and iron with an error of less than 5% by this procedure.

Pipet a volume containing 5 to 80 micrograms of thorium into a
small beak~r. Take to dryness on a hot plate and make one or
more evaporations with nitric acid. Add 0.5 ml. of concentrated
nitric acid, 0.5 ml. of water, and 1.0 ml. of 70% perchloric acid
and evaporate to dryness. Take up in 5 drops of concentrated
hydrochloric acid and transfer to a lo-ml. glass-stoppered, volu
metric flask.

Add 1.0 ml. of a 0.1 %aqueous solution to the organic reagent.
Make up to lo-ml. volume and measure at 545 mIL in a spectro

photometer against a reference solution. The reference solution
is made by adding 5 drops of concentrated hydrochloric acid and
1.0 ml. of the organic reagent to a lo-ml. volumetric flask and
making up to volume with water.

Elimination of Interferences. Interference from tetravalent
uranium and organic compounds that complex thorium are
minimized or eliminated by the nitric-perchloric acid step of the
procedure. Relatively large amounts of fluoride may be elimi
nated by carrying the thorium with a hydroxide precipitation of a
few milligrams of aluminum.

Synthetic samples containing varying amounts of thorium with
8erng. of sodium fluoride and 4 mg. of aluminum were analyzed by
adding ammonium hydroxide to precipitate the aluminum and
thorium, centrifuging, and dissolving the precipitate in dilute
hydrochloric acid. The precipitation. was repeated three times.
The organic reagent was added to the dissolved precipitate, the
pH adjusted to 0.5, and the absorption determined in the usual
manner. The results are shown in Table IV.

50

51

50

Thorium Found, 'Y

50

Sample Composition, 'Y

Th 50
Fe 1000

. Th 50
Fe 2000

Th 50
U 500
Fe 1000

Th 50
U 1000
Fe 1000

3

4

2

Sample No.

Table VI. Analysis of Synthetic SaInples

Sample Sample Composition Thorium Recovery.
No. Thorium. 'Y Found, 'Y %

1 55.5 10 mg. NH.Cl 54.0 97
2 49.2 5 mg. NaCI 49.0 99
3 12.3 1 mg. U + 10 mI. Cello-

Bolve 13.8 112
4 49.2 1 mg. U + 1 mg. Fe+++ 51.0 104
5 49.2 1 mg. Zn 49.8 101
6 37.0 16 mg. Ca 36.0 97
7 49.2 1 mg. Cu 49.2 100
8 49.2 1 mg. Ni 49.0 99
9 49,2 1 mg. Pb 50.0 101

RECEIVED October 25, 1948. Based on work performed under Contract
7405 eng. 26 for the Atomic Energy Project.
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SUMMARY

A rapid colorimetric method for the determination of thorium
in microgram quantities has been developed'. Thorium can be de-
termined in the presence of 20 times its amount -of uranium and
iron with an error of less than 5%.

liability of the thorium determination in the presence of other
elements. The results of these analyses are shown in Table VI.

This reagent, while not as specific as might be desired, has been
very useful for routine analysis of solutions containing relatively
large amounts of aluminum and calcium.
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Table V. DeterInination of ThoriuIn in Presence of
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~umidity 1esting Cabinet and Improved
~lBmidity Regulator

JOHN R. VAi'" WAZER1

Rumford Division, Heyden Chemical Corporation, Rumford, R. I.

Close hUInidity regulation was achieved by letting steaIn into a cabinet through
a solenoid valve controlled by a hUInidity-sensitive resistor. A description and
wiring diagralll for a sensitive relay activated by resistance variations are given.

R,

!I0V. A.C.

Figure 1. Wiring DiagraIn for HUluidity Controller
B,. Plate eurrent relay (5001) ohJn8)
B2. Plate current relay (7001) OhDlS)"
Cl. 200-rnfd. electrolytic condenser
C2. lOO-n:tfd.. electrolytit: condenser
Ca. lOO-D1.Cd. electrolytic condenser
M. Symplytrol contact meter
RA. Humidity-sensitive resistor
Rio 800,(01) ohms
R2. 500,000 OhDlS
R.. 6800 ohJn8
R•. 460 OhDlS
R •• 470hDlS
R.. 3300 OhDlS
TI. Constant voltage transfor.m.er (l:l'rado)
T2. Isolating b'ansforJDer (1:1 ratio)
V. Solenoid valve Cor .teaDl (norntally closed)

was set to give a full scale reading when the humidit~-sensitive
element was shorted by switch S. Then the position.on the
microammeter at which contact was made was adjusted so that
the humidity, as measured by wet and dry bulb thermometers in
the cabinet, remained at the correct value.

In order to achieve good control, it is necessary to have an input
of heat and steam sufficiently large to overcome quickly the
effects of opening the cabinet doors. This means that the system
may be flooded with heat or steam in case something goes wrong,
and, therefore, it is advisable to use a safety device. Because both
excess heat and excess steam raise the temperature in the cabinet,
a thermorelay was arranged to activate the solenoid of a latching
relay if the temperature were to rise about 105 0 F. This relay
would then turn off the supply of electricity to the entire cabinet
and activate an alarm. No provision was made to take care of the
type of breakdown in which the heat or steam goes off, as this
type of trouble is equivalent to removing the samples from the
testing chamber and results only in lost time without destruction
of the samples.

The entire cost of building this equipment, including labor, was

i---- - -- - -,- -
I
I
1

:Be ee
I
I
I

'-------------

I N TESTING the keeping ability of packaged food products, it
has become. customary to store the packages in a humidity

cabinet kept at 100 0 F. and 90% relative humidity (1,2). These
values of temperature and humidity are apparently used because
they represent the worst conditions under which food products
are kept in the temperate zone. Recently it was found necessary
to enlarge the testing facilities in this laboratory and information
about various commercially available testing cabinets was ex
amined. As the previous testing cabinet had not controlled satis
factorily, and the commercially available cabinets not only were
expensive (about $2000 apiece) but probably would not afford
adequate control at 90% relative humidity, it was decided to
build a thermohumidistat.

The case from a second-hand Zo-cubic foot refrigerator was
used as a cabinet, and an air-circulating system consisting of a
blower and the appropriate duct work was constructed. The
temperature was controlled by means of a de Kho.tinsky thermo
regulator (placed in the cabinet), to which was connected a
relay suitable for carrying the current to the heating elements.
The amount of moisture in the air was adjusted by adding steam,
which was introduced through a solenoid valve and orifice from
a low pressure steam line. The orifice was chosen so that, when
the system was in operation, the solenoid valve would be open
for about one third of the time.

Control of the humidity was effected by the use of a moisture
sensitive resistor and an electrical system in which a variation in
the resistance of the resistor caused a change in the deflection of a
microammeter. The microammeter then acted as a switch to
activate the solenoid valve on the steam line.

"Vhen the apparatus was first constructed, platinum contacts
were attached to the indicating needle of a standard 0-100 micro
ammeter to form a switch, and this switch controlled the grid bias
of a vacuum tube relay. However, after the system had been in
operation for a while, trouble was caused by sticking of the plati
num contacts. A Symplytrol meter relay with a full scale de
flection of 100 microamperes, manufactured by the Assembly
Products Corp., Chagrin Falls, Ohio, was then used in the system,
as shown in Figure 1. This meter relay is a very interesting piece
of apparatus in which a contact is made between the indicating
needle of the meter and an adjustable pointer that can be set to
any point on the meter scale by a control knob. Once the contact
is made, an electromagnet locks the contacts together until the
current in the locking circuit is interrupted. When the locking
current is interrupted, a spring snaps the contacts apart so that
~ticking cannot occur. A circuit for automatically interrupting
the locking current once every Z seconds is shown in Figure 1.
With a 20o-rnfd. condenser across the contacts of relay B I , the
steam valve did not open with every interruption of the locking
circuit. Although it is possible to construct humidity-sensitive
resistors from thin films of hydwphilic polymers containing a
small amount of inorganic salt, an uncalibrated Aminco-Dunmore
humidity sensing element (American Instrument C~., Silver
Springs, Md.) (gray color code) was employed, as it is very sensi
tive in the proper humidity range.

In adjusting the humidity controller, resistance R I , Figure 1,
1 Present address, Great Lakes Carbon Corp., Morton Grove, Ill.
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Jess than $500, and it has now been operating satisfactorily for
scveral months. In operation the temperature and humidity
controls go on 01' off approximately once a minute, and the wet
and dry bulb temperatures do not vary more than 0.2 0 F. during
the cycle. Although the cabinet was designed to operate at
100 0 F. and 90% relative humidity, it can be used at other values

of temperature and humidity by readjusting the controls and
using the appropriate humidity-sensitive resistor.
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Apparatus for Measurement of the Vapor
Pressure Lowering of Solutions

ROBERT M. McGILL AND EDWARD S. AMIS, University of Arkansas, Fayetteville, Ark.

A new apparatus is presented for Dleasuring the vapor pressure lowering of solu
tions. The principle on which the apparatus operates is the vaporization under
tension of the solvent froDl a solution at the boiling point of the pure solvent.
The tension is applied by Dleans of a liquid head.

THE apparatus described below was used to compare, at the
same temperature, the pressures of boiling of a pure solvent

and of a solution of nonvolatile solute in the solvent. In this
way the vapor pressure lowering of the solvent by the non
volatile solute was obtained. The apparatus was tried on two
solvents and two solutes and found to be satisfactory.

A

procedure of Washburn and Read (3). The middle fraction boil
ing at 78.50 0 C. and 720.0-mm. pressure was' used.

Merck's C.P. carbon tetrachloride was purified accordiI).g to the
instructions of Cameron (1) followed by distillation over calcium
oxide in an all-glass apparatus. The middle fraction boiling at
74.53 0 C. and 727.O-mm. pressure was used.

Anthra~enewas Eastman Kodak practical grade, recrystallized
three times from 95% ethanol and dried several days in a vacuum
desiccator. The product consisted of cream colored crystals
melting at 217.0--217.5 0 C.

Crude benzil from a student preparation was recrystallized four
times from 95% ethanol by saturating a boiling alcohol solution
and adding distilled water. The product, dried several days over

TO PUMP

C01.D TRAP

G

DETAIL OF BOILING

JACKET

(SOLUTION CHAMBER)

H .:::.~ m,,,,,,..,VV
DETAIL OF VAPOR CHAMBER

AND MERCURY-SEALED STOPPER

Figure 1. DiagraDl of Apparatus

VAPOR
JACKET

EXPERIMENTAL

The apparatus as finally constructed is shown in Figure 1.

The solution chamber, A, was made by sealing off the female
end of a 45/50 standard-taper joint so that the over-all length was
15 cm. The male end of the joint was sealed so that its total
length was about 8 cm. At one side of the top of the male joint
was sealed a 10/30 female standard-taper joint, B, for the inser
tion of a thermometer fitted with the corresponding male fitting.
A 6-mm. stopcock, C, sealed into the top of the male joint, made
connection with a Hyvac pump through a vapor trap fitted with
ground-glass joints. A I-mm. capillary bore stopcock, D, was
sealed through the male joint so that one end extended to the

.bottom of the solution chamber. The other end was fitted with a
12/1 ground-glass spherical joint for connecting with the vapor
chamber. These three seals were symmetrically arranged. The
solution chamber was heated with a rheostat-controlled, detach
able heating jacket which extended nearly to the bottom of the
ground-glass joint. The thermometer had a range of -10 0 to
250 0 C.

The vapor chamber, V, was not a chamber in the ordinary sense
of the word, but was that end of the tube in which vaporization
took place and which was used in measuring the vapor pressure
l<iwering. This tube, E, was made of l-mm. bore capillary tubing
bent in the shape of an inverted U. One end of the U, 45 cm.
long, was used for measuring the liquid head from which the va
por pressure lowering is c·alculated. The tube was graduated in
millimeters below the level of the vapor chamber stopper and
ended in a stopcock, H, which made it possible to close the tube
quickly and thus maintain any desired liquid head in .the tube.
The other end of the U was curved upward to form the vapor
chamber, and was closed by a ground-glass mercury-sealed stop
pel' held firmly in place by springs and fitted with a small glass
ring at the top. The inverted U was connected at its apex to the
solution chamber through a tube bearing the 12/1 female ground
glass spherical joint. The details of the vapor chamber are
shown in the insert in Figure 1.

F' was a Menzies boiling jacket, to which a small condenser
was sealed as shown in Figure 1. The jacket was heated with an
electric cone heater.

The vapor trap, G, was 12 cm. long and 2 cm. in diameter,
fitted with a ground-glass stopper and 10/30 female standard
taper joint for connecting with stopcock C of the solution cham
ber. The trap was filled with glass rings to provide greater con
densation surface.

Merck's thiophene-free benzene was purified according to the
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where h is the pressure in millimeters of solvent and k is a constant
factor of the order of AT/ Ap of the solvent at its boiling point.
For small changes

where K is the molal boiling point constant. From the assumed
linear relationship between temperature and vapor pressure of a
substance near its boiling point, the following equation may be
written:

where Ah is the liquid head necessary to cause vaporization of the
solvent from the solution in the vapor chamber at the boiling
point of the pure solvent, and AT is the corresponding elevation
of boiling point.

Now by definition

(5)

(6)

(2)

(1)

(4)

(3)

AT RT2
Ap = LP

!:J.T = kAh

In

T = kh + constant

AT 1.9S7 T2 d
Ap = 760L X 13.59

This equation may be interpreted as giving the rate of change
of boiling point with pressure at any total pressure P where L
is the molal heat of vaporization at that pressure. AT/ Ap may
be evaluated for any given solvent at its boiling point. Assum
ing that the density of the solution is the same as that of the sol
vent, which for dilute solutions is a good approximation, the
evaluation at atmospheric pressure is

Duplicate determinations on the same solution are made until
satisfactory reproducibility is obtained. It is hardly fell,llible to
use all of the solution in the solution chamber for making dupli
cate determinations unless careful correction is made for the in
creasing amount of solvent existing as vapor in the solution
chamber and for the consequent change in concentration of the
solution.

where T is the boiling point of the pure solvent having density d
at the temperature of the long arm of the U. For more exact
work the density of the solution could be determined and used in
the above calculations.

From ebullioscopy we have the following equation relating the
boiling point elevation, AT, to the molality, m, of the solution

THEORY

A solution boils at the same temperature as the pure solvent if
the pressure on the solution is lowered sufficiently. The pressure
lowering necessary may be considered directly proportional to the
molality of the solution over a small range of temperatures near
the boiling point.

The Clausius-Clapeyron equation for finite changes can be used
for the calculations with data obtaincd from this apparatus.

vapor pressure lowering of the solvent due to the solute dissolved
in it. If the vapor bubble is observed to collapse, the pressure
on the solution is still too great to allow the solution to v.aporize
at the boiling temperature of the pure solvent. In this case,
stopcock D is carefull:y opened and the s<;>lution level in the lo~g
arm is lowered approXimately 1 mm. D IS closed and the tube IS
tapped to form another bubble. The observations described
above are made on this bubble and the process is repeated until
the bubble formed remains constant in size.

If the tension is such that the solution in the vapor chamber is
above its boiling point, the bubble formed will enlarge and force
the solution out of the chamber. If this happens, pressure is
applied through H and simultaneously the mercury-sealed stop
per is loosened to force solution through the vapor chamber.
H is closed and the flushing procedure is repeated to bring fresh
degassed solution into the vapor chamber. The boiling pressure
is again determined as described above.

calcium chloride in a vacuum desiccator, consisted of pale lemon
yellow needles melting at 95.0-95.2 0 C.

PROCEDURF:

In operation, the vapor trap is carefully cleaned, dried in an
oven, and weighed before being connected into the system. It is
cooled in a Dewar tube containing ice slush. A solution contain
ing the solute whose molecular weight is desired is prepared, using
a weighed amount of solute and a measured volume of solvent.
The solution is placed in the solution chamber, the ground-glas,~

top with thermometer in place is inserted, and connection is made
with the vapor trap. Stopcocks C and D are closed. The vac
uum pump is started and C is opened slightly until the solution
begins to boil at the reduced pressure. During this'procedure, the
bottom of D acts as a boiling tube and prevents bumping. C is
then closed and a pinchclamp is placed between the vapor trap
and the pump to prevent the pump fl'om acting on the condensed
solvent vapors in the trap. The heating mantle is slipped over
the solution chamber and the solution is heated to slightlyabove
the boiling point of the pure solvent as shown on the thermometer.
The pinchclamp and stopcock C in the vacuum pump line are
opened and the solution is degassed. This procedure is repeated
at least twice at the elevated temperatures.

The trap is disconnected and weighed to determine the loss of
solvent from the solution. This is necessary in order to deter
mine the correct concentration of the solution used. In some in
stances, the solution chamber as a whole was weighed before and
after the degassing procedure and in this manner correction was
made for the solvent lost during degassing. Connection was
then made to the inverted U by means of the spherical joint, which
was tightly clamped. During the degassing process, the stopper
to the vapor chamber was properly seated and sealed with mer
cury in order to prevent solvent condensing around the seal from
seeping into the vapor chamber when the contained solution was
under tension. This is the case when the liquid head in the long
side of the U is below the liquid surface in the vapor chamber.

The stopcock on the long side of the inverted U is closed and the
U is connected to the solution chamber by opening stopcock D.
The solution, heated by the rheostat-controlled heater until its
vapor pressure is about 10 mm. above atmospheric pressure, is
forced by its own vapor pressure into the vapor chamber side of
the U by slightly lifting the mercury-sealed stopper by means of
the ring. This procedure removes any gases adhering to the walls
of the tubing and vapor chamber. Owing to the pressure on the
solution, there is no tendency for mercury to enter the vapor
chamber when the stopper is loosened. Stopcock H is slightly
opened and solution is allowed to enter the long arm to a point
opposite the liquid surface in the vapor chamber. Stopcock D is
closed and the vapor chamber is inserted into the boiling jacket.
A split cork stopper, the halves of which are wrapped in tinfoil to
prevent extraction of materials from the stopper by the solvent
vapors, is used instead of a glass joint to close the top of the boil
ing jacket. This stopper makes the apparatus less rigid and less
apt to be broken during manipulation. Many times it is desir
able to flush .the solution from the vapor chamber for duplicate
determinations; by using a small hook in the ring of the mercury
sealed stopper, this can be done without removing the vapor
chamber from the boiling jacket. The boiling jacket, containing
pure solvent, is heated with the cone heater. until the solvent boils
and is refluxing steadily in the condenser. The cold reflux returns
to the boiling jacket through the side tube and therefore never
comes in contact with the vapor chamber. The vapor chamber
and contained solution are thus maintained at the temperature of
condensation of the pure solvent vapors.

With the liquid levels in the two arms of the U at the same
point, the long arm of the U is tapped sharply with a pencil.
This procedure tests the effectiveness of degassing, for any per
manent gases retained by the solution will appear at this point in
the vapor chamber, as bubbles which will coalesce and force the
solution out of the vapor chamber. If no bubbles form, degassing
may be assumed to be complete. With H wide open, D is slightly
opened to give a slow, controlled rate of flow of the solution from
the solution chamber into the long arm of the U. As the solu
tion level in the long arm falls, the tube is continuously tapped un
til small bubbles of solvent vapOl' appear in the vapor chamber.
D is at once closed and the bubble size is observed. If the bubble
is not too large (a small bubble at the top of the vapor chamber,
less in diameter than the bore of the tubing) and remains con
stant in size, the solution in the vapor chamber is at its boiling
point under the reduced pressure in the chamber. Tl& value of
this reduced pressure is the difference between atmospheric pres
sure and the pressure equivalent of the tension exerted on the
liquid in the vapor chamber by the column of liquid in the long
arm of the U below the level of the vapor chamber. The pressure
equivalent of the tension is used in calculations, as it represents the



VOL U M E 2 I, N O. 1 0, 0 C T 0 B E R 1 9 4 9 1245

where Wz is the grams of solute of molecular weight M dissolved in
WI grams of solvent.

From Equations 3, 5, and 6

or

K' 1000 W2

WI ilk

(7)

(8)

Table II. Concentration Data Obtained by Analysis and
by Calculation froIn Trap Data Using IInproved Trap

Grams of Solute per 1000 Grams of Solvent % Deviation
Analysis Trap data Based on Analysis

20.56 20.57 0.05
20.48 20.50 0.09
20.22 20.22 0.00
15.88 15.50 0.14
10.2.5 10.23 0.10

5 . .52 .5.51 0.20

RECEIVED February 3.1949.
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Huns 10 to 12 using carbon tetrachloride as a solvent and benzil
as solute show an average deviation from the average of =7.
Run 13 was taken by weighing the entire solution chamber, using
a triple beam balanee in order to determine the weight of solvent
lost in degassing. The rated sensitivity of this balance is 0.01
gram, but it is doubtful if its actual sensitivity exceeded 0.10
gram under the loading used. This method of weighing the solu
tion ehamber would perhaps be as accurate as weighing the con
densation trap, if an analytical balance of sufficient capacity were
obtainable. No attempt was made to push the method to the
limit of accuracy, but a few factors would probably improve the
data.

Correction cOilld be made for the amount of solvent in the vapor
state in the solution chamber. The volume of vapor could be
found if the total volume of the solution chamber and the volume
of solution at any time were known. The latter quantity c'ould
be determined if the solution chamber were construeted in the
form of a narrow, graduated cylinder. The internal pressur.e
could be approximated from the temperature to which the cham
ber is heated, as the vapor pressure of the solution would not
differ markedly from the vapor pressure of the pure solvent at
that temperature. A further advantage of calibrating the solu
tion chamber would be that the correction for solvent vaporized
during degassing could be made without the use of a trap or
weighing the solution chamber. By noting the volumes before
degassing and after filling the inverted U, determinations at differ
ent concentrations could be made with one filling of the solution
chamber, for the concentration could be changed by vaporizing
more solvent from the solution.

Because the inverted U tube is a capillary, the surface tension
effects on the required liquid head should be accounted for. The
effect of surface tension in the vapor chamber is to prevent the
vapor bubble formed from pushing the solution down in the cham
ber and hence to collapse the bubble. The effect of surface ten
sion in the long arm of the inverted U is to pull the liquid down in
the tube and hence require less liquid head for vaporization than
would be otherwise required. Because the vapor chamber is at
the temperature of the boiling solvent and the long arm is at room
temperature, these opposing effects will differ in magnitude. It
is this difference in tension effects that should be accounted for.

Under ordinary conditions and without extreme precautions in
making corrections, the apparatus is capable of giving data that
compare favorably with those obtainable by standard commercial
forms of apparatus used in making similar measurements. The
Menzies apparatus (2) is used in making identical measurements.
It is simpler in design and somewhat more rapid in manipulation,
but lacks the certainty of complete degassing which is obvious in
the authors' apparatus. Neither apparatus can attain any great
degree of accuracy using solutes with appreciable vapor pressure
at the boiling point of the solvent. For this reason benzil, boil
ing at 3° C., was used to evaluate K'.

(9)

(10)

K' from
Eq.9

920
960
950
945
947
935
920
913
926

3100
3090
3110
3055

48.5
75.0
76.5
23.0
23.5
45.5
45.0
88.5
89.5
42.0
82.0

124.0
132.0

0.0527
0.0662
0.0689
0.0241
0.0242
0.0485
0.0488
0.0963
0.0966
0.0134
0.0266
0.0399
0.0433

Solute

Anthracene
Anthracene
Anthracene
Benzil
Benzil
Benzil
Benzil
Benzil
Benzil
Benzil
Benzil
Benzi!
Benzil

Solvent

C,H,
C,H,
C,H,
C,H,
C,H,
C,H,
C,H,
C,H,
C,H,
CCI.
CCl.
CCl.
CCI.

1
2
3
4
5
6
7
8
9

10
11
12
13

Run

and

Table I. Vaporization Data for Solvent Benzene Using
Solutes Anthracene (M.W. 178.2) and Benzil (M.W. 210.2)
and for Solvent Carbon Tetrachloride Using Solute Benzil

Molality Ah.
of Mm. of

Solution Solution

Using weighed amounts of solute of known molecular weight in
a weighed amount of solvent, K' can be determined from Equa
tion 9. This known value of K' inserted in Equation 8 makes it
possible to calculate the molecular weight of any other substance
from vaporization data taken with this apparatus.

That Equation 8 is equivalent to the general ebullioscopic
equation can be shown in the following manner. Substituting for
k its equivalent ilT/ ilp from Equation 5 gives

DATA

In Table I are recorded data obtained using the procedure de
scribed above.

Runs 1 to 3 show large deviations in K' because of an inade
quate vapor trap. Runs 4 to 12 were taken with the improved
trap described above, and give more consistent data. The aver
age deviation of K' from the average in the first three runs is
=16; for the next six runs is =12, and for all nine runs is =14.
TIfl.s is not the limit of accuracy obtainable with.this apparatus,
as is shown by the more precise data taken with carbon tetrachlo
ride after the details of the technique had been more thoroughly
worked out. Time precluded further experimentation with ben
zene after perfection of the technique. Much of the error in the
first three runs resulted from an' inadequate trap. The solution
was analyzed after degassing and the coneentration thus ob
tained was compared with the concentration of the solution calcu
lated from the amount of solvent condensed in the trap. The
data taken with the inadequate trap in these three runs showed the
concentration as calculated from trap data to be about 2 to 3%
below the actual concentration. The K' calculated would be
correspondingly high. The analyses were made by drawing off
solution into a cold vessel, weighing a portion, slowly evaporating
the solvent in an oven, and weighing the residue of solute. Simi
lar analyses and comparisons using the improved trap (Table II)
show very close agreement between observed and calculated con
centrations.



Determination of Carbon and Hydrogen
by Combustion

VERA L. LESCHER

Esso Laboratories, Esso Standard Oil Company, Louisiana Division, Baton Rouge, La.

A siITlplified rapid ITlethod for the routine seITliITlicrodeterITlination of carbon and
hydrogen is presented. Liquid saITlples are slowly vaporized, and the vapors are
burned in a flaITle at the tip of the containing aITlpoule. COITlbustion is sup
p~rted by a streaITl of oxygen at a very high flow rate. A technique for handling
solid sanlples is also presented, by which two sets of apparatus can'be operated
siITlultaneously, thereby allowing six to eight deterntinations per day; explosion
hazards are diITlinished; and a shorter training period for new analysts is required.

A. Preheater
B. Ascarite absorber
C. Dehydrite absorber
D. Delivery line
E. Needle valve
F. Oxygen inlet
G. Primary heater (movable)
H. Quartz coml;H1stion tube

train by a delivery pipe of sufficient length (80 mm. being the mini
mum length suggested by Clark and Stillson, 5) to allow cooling of
the oxygen. A needle valve is provided for each set of apparatus.

Combustion Tube and Filling. The combustion tube is made
of quartz, has an inside diameter of 20 mm., is 680 mm. long, and
is reduced at one end to a tip 22 mm.long, 4 mm. in inside diameter,
and 7 mm. in outside diameter. The combustion tube filling is
shown in Figure 2.

Combustion Tube Heaters. Three heaters are used, as shown
in Figure 1. The sole purpose of the primary heater is to supply
heat to burn completely any carbonaceous residue remaining in
the ampoule after the bulk of the sample has burned. All three
heaters are hinged and slide on rods attached to the base of the
multiple unit set. A device, shown in Figure 3, made from sheet
asbestos and laboratory tongs, is placed adjacent to the front sur
face of the middle heater during the cooling of the tube, in order
to prevent the stream of air from cooling the heater below its
critical temperature. A similar device remains constantly in
place adjacent to the exit surface of the final heater.

I. Combustion boat containing ampoule
J. Middle heater (movable)
K. Final heater
L. Dehydrite absorber

At. Ascarite absorber
N. Dehydrite-Ascarite absorber
O. Palladium chloride bubbler and t,rap
P. Rotameter

H

G

Apparatus for Detertninatiou- of Carbon and
Hydrogen by COITlbustion

F

E

D

Figure 1.

A

CYLINDER
OXYGEN

t

I N RECENT years most of the progress made in the deter
mination of carbon and qydrogen has been in the field of

microchemistry. Desirable features of the apparatus developed
by microchemists have often been adapted advantageously by
analysts to routine samples of semimicro or macro size.

Tunnicliff, Peters, Lykken, and Tuemmler (16) reported that
the merits of their routine macromethod employing the new
dual-unitized apparatus "are principally due to the adaptation of
previously known practices and to the emphasis placed on ade
quate control of the combustion operations, rather than to the
development of new ideas and techniques." Speed was obtained
mainly by the simultaneous combustion of two samples. Hallett
(6), Royer, Norton, and Sundberg (14-), and Steyermark (15)
have reported successful use of motors to drive movable burners
slowly and automatically over samples.

The procedure described herein presents a
technique for burning liquid samples whereby
the bulk of the sample is kept relatively cool
and slowly vaporized by heat applied near the
exit end of the sample ampoulc. By supporting
the exit end at a higher level than the body of
the ampoule, it is possible to burn the vapors
in a small flame at the tip without the danger of
liquids entering the combustion chamber.' A fast
oxygen mte (300 to 350 ml. per minute) re
sults in increased pressure which, according to
Brodie (3), aids in producing completeness of
combustion as well as lessening combustion and
sweeping times. No trouble is experienced with
condensation of the water in the tip of the com
bustion tube or in the entrance arm of the water
absorber, as has frequently been reported by
others. The sealed-in capillary feature used by
Baxter and Hale (1) and adopted by others (13)
was designed to accomplish this same purpose.

APPARATUS AND I'ROCEDURE

The apparatus employed in this pr,.>cedure
is illustrated in Figure 1. It consists of conven
tional type equipment arranged to conform to
the technique described in this paper.

Preheater and Purifier. One preheater, which
serves both sets of furnaces, consists of a KA-2
pipe 500 mm. long by 25 mm. in inside diameter,
filled with copper oxide wire. The purifying
train consists of two sections of KA-2 pipe in
series following the preheater and filled with As
carite and Dehydrite, respectively.. The purified
oxygen is piped from the preheater and purifying

430 MM.

20M~

Figure ~.

A.. Roll of copper gauze
B. Quartz chips
C. Platiniged asbestos

COntbustion Tube Filling

D. Copper oxide wire
E. Load chromate on copper oxide
F. Glass wool

1246
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Figure 3. nevice to Prevent Cooling of Middle Heater

Absorption Train. The absorbers used are of the simple l\Iid
vale type, Stetser-Norton modification (7). The water absorber
is filled with Dehydrite, and glass wool is employed in the bottom
of the absorber and on top of the filling to avoid loss of finer par
ticles. The carbon dioxide absorber is filled with Ascarite, except
for a short section of Dehydrite which is placed on top of the
Ascarite to prevent any possible loss of water vapor. Glass wool
is placed abovc and below the filling in this absorber also.

In addition to the water and carbon dioxide absorbers, the ab
sorption train' includes an additional absorber filled with De
hydrite and a bubbler preceded by a trap. The bubbler contains
a solution of palladium chloride (0.03 weight %) through which
the exit gas passes. Thus, a continuous test for incomplete com
bustion is provided. A black precipitate indicates the presence
of carbon monoxide. Because constant exposure to carbon
monoxide in the air also discolors this solution, it should not be
used for morll than 2 to 3 days. A flowmeter is attached to the
final bubbler preceded by an absorber containing Drierite and
glass wool.

Procedure. LIQUID SAMPLES. Assemble the combustion
units. fill and install the combustion tubes, fill and attach the
absQJ:bers and adjust the heaters to operate at the following
temperat~res (±25 0 C.):

Figure 4.

TO COMBUSTION CHAMBER

C:ooClo§Joo)
<

SECTIONS OF
GLASS ROD

Figure 5. Compartment Boat for
Burning Solid SaDlples

After 40 minutes, turn off the primary heater, remove the ab
sorbers from the train, apply rubber policemen to the arms, and
allow the absorbers to rest in the enclosed box for 20 to 40 minutes
before being reweighed.

SOLID SAMPLES. Burn solids, or extremely heavy liquids, in a
specially prepared porcelain boat made into a number of com
partments by fusing into it l-cm. sections of glass rod at 2ocm.
intervals (see Figure 5). Weigh the same size of sample as in the
case of liquids. The rate of combustion of the sample can be con
trolled by watching the flame or by watching the rate of. dis
appearance of the sample, depending upon the nature of the ma
terial. Oth1Jr parts of the procedure are the same as described
above.

ACCURACY AND. PRECISION

The accuracy of the method has been determined by analyses ()f
one Bureau of Standards sample (benzoic acid) and several other

To fill the ampoule, warm it in a small flame and then cool it
with dry ice while the capillary is immersed in the sample. Shake
the ampoule so that all of the sample lies in the end opposite the
capillary. A 15~mm. column of heavy material or a 25-mm.
column of lightrd''erial in the main part of the ampoule provides
the desired 'v,,,. t of sample. Wipe the tube with a cleansing
tissue to free it'" rom.condensed water vapor from the air and from
traces of the sample. Hold the tube approximately 2.5 em. (1
inch) from the side of a Bunsen burner flame with the bubble
created between the wanted and unwanted portions of the sample
nearest the heat. Hold a cleansing tissue at the end of the
capillary to absorb the excess sample as it is driven out. Dry the
entire capillary by passing it lightly through the flame, bend it
back slightly at the end to form a hook for hanging it in the
balance, and seal the tip. After permitting the ampoule and
sample to reach the temperature of the room, weigh the sample.
Do not permit the sample to enter the capillary tip of the ampoule
at any time after filling.

Place the weighed absorbers, joined togetl).er (glass to glass) by
means of rubber tubing approximately 1:9 em. (0.75 inch) in
length, in the train. Move the primary heater along the slide rod
as far as possible from the middle heater. Place the asbestos de
vice shown in Figure 3 adjacent to the front surface of the middle
heater. Clamp a removable air jet to the front slide rod and direct
a strong stream of air at a point on the tube 10 or 12.5cm. (4 or 5
inches) distant from the asbestos device. Place cold damp cloths
over the sample portion of the tube and the open-primary heater
until the sample portion is cool to the touch. Break the capillary
of the ampoule at a point 25 mm. from the enlarged portion of
glass containing the sample. Place the portion thus removed in
an ignited boat and place the ampoule in an inclined position in
the boat (see Figure 4) so that the capillary remains above. the
liquid level of the sample, its tip pointing toward the middle
heater. Place the boat in the tube so that the tip of the ampoule
is within 2.5 cm. (1 inch) of the rolled copper gauze. Remove the
!isbestos device and air jet. Place the damp cloth on the tube,
over the sample.

Maintain a very small continuous-burning flame at the tip of
the ampoule by gradually moving the middle heater toward the
sample as the cloths are moved backward. Raise the lid of the
middle heater slightly from time to time to observe the flame.

~'77.fT.!10£7.LLI''::::;~:-""&"~

CODlbustion Boat Containing
Sample ADlpoule

When the bulk of the sample has burned, move the middle heater
to a position adjacent to the stationary final heater; place the

. primary heater over the ampoule and return the middle heater to a
position adjacent to the primary heater. Turn on the primary
heater. (Often the capillary tip seals over during an analysis.
Application of additional heat increases the sample vapor pressure
and causes a new opening to be blown through the molten glass.
The sample vapors continue burning at this new opening.)

845 0 C.
9000 C.
760 0 C.
6500 C.

FROM LABORATORY

Primary heater
Middle heater
Final heater
Preheater

SIZE OF.HOLE
DETERMINED BY
DIAMETER OF __

COMBUSTION TUBES

Purge the combustion train with oxygen at a rate of 300 to 350
m!' per minute until a I-hour blank does not exceed ~.5 mg.. of
water or carbon dioxide. Do not alter the valve settmg durmg
an analysis. After a minimum of 15 minutes' flushing with oxygen
remove the absorbers from the train, place a rubber policeman
over each exit arm, and allow the absorbers to stand in an en
c1o~ed box near the balance. Remove the rubber policemen from
the arms of the absorbers immediately prior to weighing. Lightly
touch a chamois to the entire surface of the tare and to each ab
sorber prior to its first weighing on a given day. Do not wipe
absorbers at other times during the day except· when necessary.
Weigh the absorbers to ±0.1 ~g. by dire~t co~p~rison with a
tare which has been prepared usmg a contamer smnlar to the ab
sorbers. When not in use, the tare is allowed to stand in the
balance case.

Take a sample of approximately 0.1 gram, weighed to ±0.1
mg., for the analysis. Weigh liquid .samp.les in ampoules m~de
from 40-mm. sections of 5-mm. outside diameter Pyrex tubmg
sealed at one end to a 30-rnrn. length of glass rod and drawn out to
a capillary at the other end (see Figure 4). An inside diameter of
the capillary for use in analyses of light sanlples (A.P.I. gravity
50+) may be as small as 0.7 mm.; for use in analysis of heavier
samples (A.P.I. gravity 50 -) it should be larger (approximately
1.0 mm.). The capillary walls of all ampoules sh~>uld be of
minimum thickness, 0.3 rnrn. After proper selectlOn o~ the
ampoule for u1je in analysis of a given sa~ple, br~ak the ca~)1llary
at a point 50 mm. from the sample sectlOn. 'Wlpe the ampoule
with a chamoii> and weigh.
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Table I. Accuracy and Precision Data for Pure COIllpounds
Carbon, Hydrogen, Carbon,
Wt, % Wt. % Compound Wt. %
84.22 15.96 Toluene 91. 46
84.15 15.83 91.40
84.20 .16.09 91.28
84.16 16.02
84.05 15.84 Benzoic acid 68.84
84.08 15.93 68.76
84.33 16.01 68.70
84.30 16.00
84.22 16.06 Synthetic mixture a 82.02

81.87
84.85 15.16 81. 94
85.01 15.23
84.77 15.16

Compound

Iso-octane

Cetane

Computed value
A verage value
Accuracyb
Precision, S.D. C

Iso-Octane
C H

84.12 15.88
84.19 15.97

+0.07 +0.09
0.09 0.09

Cetane
·C H

gtg~ ·tg:t~
+0.01 +0.05

0.10 0.03

Toluene
C H

91.25 8'.75·
91. 38 8.87

+0.13 +0.12
0.08 0.03

Benzoic Acid
C H

68.84 4.95
68.77 5.01

-0.07 +0.06
'0.06 0.02

Hydrogen,
Wt. %

8.87
8.90
8.83

5.01
4.99
5.03

11.65
11.69
11.72

Synthetic
Mixture

C H
81.92 11.60
81.!M, 11.69

+0.02 +0.09
0.06 0.03

0.2% for carbon and 0.1%
for hydrogen. Powers (12),
in his statistical study of ac
curacy and precision of ana
lytical microdeterminations of
carbon and hydrogen, quotes
Nieder! as saying that "'=0.2%
is acceptable with no values to
exceed "'=0.3%, and found in
his own study an existing pre
cision obtained from 349 de
terminations by 23 experienced
microanalysts of 2.9 parts per
1000 of carbon and 22 parts
per 1000 of hydrogl!J..

a Acetic acid 4.94 W.t. %; ethyl acetate 4.93 wt. %; n-butyraldehyde 3.76 wt. %; methyl isobutyl ketone
3.25 wt. %; isoamyl alcohoI3.87wt. %; iso-octane 17.64 wt. %; n-heptane 17.45 wt. %; toluene 44.16 wt. %.

b Average minus computed value.

C Standard deviation is defined as S.D. = ~ /-Z;da'.
"1/ n

DISCUSSION

Combustion Tube Filling.
The purpose of each constit
uent of the filling is:

Combustion Tube Heaters. Hinged-type heaters are found
advantageous, particularly in the case of the middle heater,
because the operator is able to raise the upper half of the heater
slightly from time to time in order to view the small flame.

Absorbents. Dehydrite and Ascarite were chosen for use in
this procedure; They offer the advantages of being solids; as
Niederl and Roth (11) reported, Dehydrite absorbs up to 30%
of its weight and Ascarite absorbs 10 times as much carbon dioxide
'as does soda lime.

Oxygen rates, using previously reported techniques, were
necessarily slow in order to allow sufficient residence time for
complete combustion in the catalyst-packed combustion tube,
inasuiuch as the burning did not all take place at the capillary tip
of the. ampoule as is the case in the present method. Rates rang
ing frm!! 50 to 250 mL per minute (2, 8) were considered fast.
Millin (8) found complete absorption of water by Dehydrite and
of carbon dioxide by Ascarite at 250 mL per minute. A test at
these laboratories of the carbon dioxide absorption" capacity of
Ascarite showed complete absorption at rates up to 1000 m!. per
minute, employing an absorber of the Midvale type, Stetser
Norton'modification (7).

Extreme care in properly packing the Ascarite (8- to 2D-mesh") is
essential"to prevent channeling. It is advisable to add the re-

Table II. .Precision of Procedure for Carbon and Hydrogen
by C;:oIllbustion

(Miscellaneous samples)

Sample Carbon, Dev. from Hydrogen, Dev. from
No. Wt. % Average Wt. % Average

77.36 0.05 13.35 0.03
77.26 13.29

2 83.23 0.04 14.05 0.05
83.15 14.13

3 74.62 0.07 12.74 0.14
74.48 12.93

4 77.84 0.03 13.65 0.00
77.79 13.65

5 77.27 0.06 13.67 0.00
77.39 13.67

6 77.55 0.13 13.70 0.09
77.82 13.53

7 81.11 0.03 14.01 0.03
81.05 14.07

8 83.73 0.07 12.84 0.04
83.86 12.92

9 75.53 0.15 13.40 0.06
75.23 13.28

10 82.84 0.11 13.91 0.01
83.07 13.89

11 83.02 0.07 14.03 0.01
82.88 14.06

12 82.89 0.14 13.99 0.09
82.62 13.82

13 78.01 0.11 13.64 0.01
77.78 13.62

14 82.02 0.13 12.80 0.01
82.28 12.78

15 79.73 0.11 13.54 0.01
79.50 13.57

Av. 0.09 0.04

Filling Constituent

Lead chromate
Quartz chips
Copper gauze roll

Platinized asbestos
Copper oxide wire

Purpose

Sulfur removal
Provide large amount of hot contact surface
Hot radiating surface enables sample vapors to

reach flash point sooner and allows easy control
of their rate of burning

Catalyst for combustion re.action
Catalyst for combl~stion reaction

T~ble III. Time Required for Two Simultaneous
Analyses by Routine Procedure

Operation Time, Minutes

Weigh absorbers (4) 8
Weigh samples (2) 8
Connect absorbers, insert samples 10
Burn all sample vapors 25 "" 10
Bring sample heater up to temp. 20
Burn carbon residue from ampoule 5
Flush combustion tube 15
Disconnect absorbers and all rubber policemen 5
Equilibrate absorbers 20
Weigh absorbers 8
Calculate results 3

pure compounds. The results of these tests, shown in Table' I,
indicate that the accuracy is of the order of 0.06% for carbon and
0.08% for hydrogen.

The precision of the procedure was determined from the data in
Table I; these show an average standard deviation of 0.08%
carbon and 0.04% hydrogen. Duplicate analyses of fifteen mis
cellaneous plant samples are shown in Table II to indicate the
precision to be expected on unknown complex mixtures.

The precision and accuracy of this method compare favorably
with those of the routine procedures of microchemi""s. Steyer
mark (15) shows an acceptable accuracy of "'=0.3% deviation
from theory with many checks within a few hundredths of 1%.
Belcher and Spooner (2) claim results comparable in accuracy with
those obtained with general standard methods of microanalysis-

Total elapsed time for two analyses
Total working time for two analyses

127
67
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agent in smpJI portions, tapping the absorber gently after each
addition, as suggested by Clark and Stillson (.n. Care in selecting,
handling, and storing Ascarite is also essential, as some lots of this
drying agent were not effective. .

Time Required for Analysis. Table III gives the average time
required for the various operations necessary for this procedure.
Six to eight determinations can be made in an 8-hour day. The
working time can be lessened somewhat by using weighed ab
sorbers from one determination for a subsequent determination
and using a smaller sample [50 to 70 mg. have been 'suggested by
Natelson and co-workers (9, 10)J.
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Chemical Determination· of Tryptophan
in' Proteins '

JOSEPH R. SPIES AND DORRIS C. CHAMBERS

Allergen Research Division, Bureau of Agricultural and Industrial Chemistry,
U. S. Department of Agriculture, Washington 25, D. C.

Fundamental knowledge of the behavior of free and
peptide-linked tryptophan is needed for the de
veloplllent of an accurate method of analysis of pro
teins for tryptophan. Described are: a Illethod of
alkaline hydrolysis which protects.tryptophan frolll
external destruction at temperatures up to 185 0 C.
without addition of antioxidants to the solution;
the effects of tilne and ternperature on ihe race
rnization of free tryptophan heated in 5 N so«!iurn
hydroxide; and the effects of free and peptide-linked
arnino acids on tryptophan heated in 5 N sodiurn
hydroxide. A variable proportion of tryptophan
in proteins is destroyed by cystine, cysteine, lan
thionine, serine, and threonine d!-'ri!1g alkaline
hydrolysis but these amino acids do not destroy
tryptophan under conditions used f~r ,analysis of
unhydrolyzed proteins. Several rnodifications of a

D IFFICULTIES in the accurate quantitative determination
of tryptophan in proteins and the biological importance of

this essential amino acid account for the contentious history of
this subject. Whether proteins can be hydrolyzed with alkaline
agents without significant destruction of tryptophan is still con
troversial. In this laboratory significantly higher values were ob
tained on the unhydrolyzed protein than on the alkaline hy
drolyzate, even when hydrolysis was carried out by a procedure
that eliminated external destruction of tryptophan. This ob
servation led to a study of free and peptide-linked tryptophan
under alkaline hydrolyzing conditions. The conclusion was that
alkaline hydrolysis of proteins preliminary to tryptophan analysis
should not be used because of variable amounts of destruction of
tryptophan, depending on the amino acid composition of the pro
tein.

Results of this study are recorded to explain the fundamental
causes of destruction of tryptophan during alkaline hydrolysis of

rnethod for colorimetric analysis of unhydrolyzed
proteins are described. The basic method, like that
previously described for the deterlllination of free
tryptophan, involves two steps-reaction of trypto
phan and p-dilllethylaminobenzaidehyde in 19 N
sulfuric acid to forlll a colorless condensation prod
uct and subsequent developlllent of a blue color by
oxidation with sodiurn nitrite. For greatest ac
curacy each protein Inust be analyzed using pre
deterrnined optirnuIn conditions for the basic re
actions. A general procedure, based on studies
with eleven proteins, Inay be used where resulting
~conom)· of time outw~ighs the possible sacrifice
of a small degree of accuracy. The precision of the
rnethod is ±0.88% and the accuracy is believed to
be ±1 to 3%. Tryptophan Illay be deterlllined in
the presence of carbohydrates.

proteins and to provide evidence of the accuracy of the method
described for the determination of tryptophan in proteins in
which these destructive factors are eliminated. A critical evalua
tion of the accuracy of the values obtained by this method is also
presented. Because of its biological· importance, the scope and
complexity of analytical problems concerning tryptophan are
much broader than those involved in protein analysis. These re
sults provide methods and fundamental information based upon
which the analyst and the research worker may devise procedures
to meet special conditions.

APPARATUS AND MATERIALS
A Coleman spectrophotometer, Model 11, was used for

colorimetric analyses. A Beckman quartz spectrophotometer was
used to obtain the absorption curves shown in Figure 6. Parr
nickel microbombs are commercially available. .

Reagents for colorimetric analysis have been described (30).
Sodium hydroxide was prepared from a saturated "carbonate-
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free" solution made from reagent grade sodium hydroxide. Hy
drogen was freed from residual oxygen by passage through a 10
mm. Vycor glass tube which contained a section 200 mm. long
filled with 10% platinized asbestos heated to about 700 0 C.

S. faecatis R. was obtained from American Type Culture Col
lection, Georgetown University School of MedicinfJ, Washington,
D. C. .

Tryptophan. Analytically pure L-tryptophan, sample II
(30), was used for standard curves. Another pure; recrystal
lized sample (III) of L-tryptophan which was microbiologically
twice as potent as analytically pure DL-tryptophan was used for
work involving microbiological analysis. The derivatives of
L-tryptophan were analytically pure preparations made in this
laboratory (28).

-H

o 10 20 30 40 50

F

Figure 1. Hydrogen Filling
Apparatus

Amino Acids and Carbohydrates. Commercially available
al'nino acids of best quality were used. L-Cystine was purified
by conversion to the hydrochloride and then precipitated from
water and washed free of cWoride ions. The nitrogen content
was 11.55%; the theoretical nitrogen is 11.65%. Glucose was
a National Bureau of Standards sample. Fructose was a puri
fied sample.

Casein.' Casein was prepared from fresh skimmed milk by the
method of Van Slyke and Baker (35) as modified by Cohn and
Hendry (.~). All-glass apparatus was used and the pH was never
higher than 6.3. The product was practically free from calcium
and was free from chloride ions. The casein was dried in a
vacuum over calcium chloride, ground in a Wiley mill to pass a
40-mesh sieve, and then equilibrated with air. The yield from
2 liters of milk was 45.3 grams. Analyses: ash, 0.79; water,
5.52; nitrogen, 15.72% (ash- and water-free basis).

J3-Lactoglobulin. J3-Lactoglobulin was prepared from defatted
Jersey milk and crystallized according to the method of Sorensen
and Sorensen (27) by W. G. Gordon. The sample was recrystal
lized in this laboratory as follows: The moist crystals were stirred
upl in 100 m!. of 0.12 molar sodium chloride solution and the
slightly turbid solution was clarified by centrifugation and filtra
tion through a hardened paper. The solution, pH 5.14, was
dialyzed against distilled water until free from c~loride ions.
Crystallization occurred during dialysis. Microscopic, examina
tion showed uniform crystal structure' similar to that shown in
Figure 2 (26). The crystals were separated by cent'rifugation,
washed once with 200 m!' of water, and dried in a v~cuum over
calcium chloride. The product was ground to pass a 60-mesh
sieve and equilibrated with air. Analyses: ash, 0.09; water,
6.21; nitrogen 15.44% (ash- and water-free).

Na~ive Crystalline Ovalbumin. A water solution of oval
bumin which had been recrystallized seven times by a modifica
tion of the method of Kekwick and Cannan (1,n, by E. J. Coul
son, wa., used.

ANALYTICAL CHEMISTRY

Heat-Denatured Ovalbumin.. A solution'pf. crystalline oval
bumin was dialyzed against distilled water until free from sulfate
ions, clarified by centrifugation and filtration, and then heated ori
a steam bath at 100 0 C. for 1 hour. The suspension was centri
fuged and the ,coagulated ovalbumin was washed once with 200
.m!' of water. The product was dried in a vacuum over calcium
chloride, ground to pass a 60-mesh sieve, and equilibrated with
air.•The yield was 2.46 grams. Analyses: ash, 0.02; water,
6.54; nitrogen, 15.50% (ash- and water-free).

Native Conalbumin. Conalbumin was prepared by the
method of Longsworth et at. (20) and reprecipitated six times by
E. J. Coulson.

Heat-Denatured Conalbumin. A solution of conalbumin, was
heated on a steam bath at 100 0 C. for 30 minutes. The suspen
sion was cooled to 25 0 C. and the coagulum separated by centri
fuging. The solid was washed twice with 100-m!. portions of
water, dried in a vacuum over calcium chloride, and equilibrated
with air after powdering. The yield was 343 mg. 'Analyses:
ash, 0.29; water, 7.98; nitrogen, 16.47% (ash- and wate~free).

The preparations of conalbumin and ovalbumin were free from
each other, as shown immunologically by the Schultz-Dale t8lCh
nique by E. J. Coulson.

Subtilin. The subtilin, obtained from J. C. Lewis, was
ground to pass an 80-mesh sieve and equilibrated with air.
Analysis: ash,0.75%. Water was determined each day samples
were weighed.

Other Proteins. Samples of edestin, arachin, ox muscle, and
zein were obtained from D. B. Jones. Gelatin was a Difco
product. CS-54R and CS-56R were allergenic polysaccharidic
proteins from 'cottonseed (29) which contained 6.3 and 35.2%
carbohydrate, respectively. The nitrogen contents of the pro
teins agreed well with literature values. Nitrogen was deter
mined by a Kjeldahl micromethod using mercuric sulfate as
catalyst. Water was determined by heating the sample for 3
hours in an Abderhalden vacuum dryer at 110° C. Ash was
determined by ignition in an electric furnace for 1.5 hours, during
which time the temperature rose to 750 0 C. All analytical re
sults with proteins are expressed on an ash- and water-free basis.

A METHOD OF ALKALINE HYDROLYSIS FOR
TRYPTOPHAN STUDIES

A procedure for alkaline hydrolysis at temperatures up to
185 0 C., which protects tryptophan from external destruction
'wit40ut addition of antioxidants to the solution, was developed
for use with free tryptophan and tryptophan in proteins. A
chemical micromethod was developed for analysis of hydrolyzates.
The effect of time and temperature of hydrolysis on the value of
the tryptophan content of casein was determined using both
chemical and microbiological methods of analysis. The trypto
phan content of several other proteins was also determined by
chemical and microbiological analysis of their alkaline hydroly
zates for comparison with the values obtained on these same
proteins by a method that starts with the intact protein.

CHOICE OF HYDROLYZING AGENT

In general, three principal alkaline hydrolyzing agents-sodium
hydroxide, barium hydroxide, and sodium hydroxide-sodium
stannite-have been used. Controversy over the relative merits
of barium hydroxide and sodium hydroxide as protein hydrolyzing
agents for tryptophan analysis has continued since thc earty
work of Herzfeld (12), Homer (13), and Onslow (24). Barium
hydroxide has the disadvantage that barium 'ions must be re
moved before analysis of the hydtolyzate. Sodium hydroxide
sodium stannite reagent, used by Lugg (21), is cumbersome be
cause of the necessity for carrying out the hydrolysis in' a sealed
tube, removing tin and dissolved glass, and extracting the
hydrolyzate with toluene. Brand and Kassell (2) showed~hat
this reagent had no 'advantage over sodium hydroxide alone"for
the d~teriniriationo{tryptophan in ovalbuminandrc~ttlefibrin.
Cysteim;\wasusedrb~Kuik~net at. (17) to pr~~~t;;i>xidative
destruction ()f'fre;{tryptophan o'n autoclaving in'aslaiecl tube in
sodium hydro;Cide.

Enzymatic hydrolysis of proteins has been used but critical
demonstration th'iitthis procedure quantitatively liberates tryp
tophan frOnlj~'teins without any destruction has not been
made.

In this work,· 5.0 N sodium hydroxide was used.
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HYDROLYSIS PROCEDURE J

There is no general agreement on hydrolysis procedures for
proteins. Glass vessels are universally used for refluxing or
autoelaving in sealed tubes, but glass is appreciably soluble in hot'
alkali and must be removed before analysis of the hydrolyzate.
Lugg (:31) recommended evacuation of glass tubes before sealing,
but Brand and Kassell (:3) abandoned this procedure because of
danger of 10ss.!Jf powdery proteins as the air was removed.

/\. satisfactory hydrolysis procedure requires (1) an inert vessel
that can be used repeatedly over a wide range of temperatures;
(2) protection of tryptophan from oxidation by an inert atmos
phere, thus making unnecessary the addition of antioxidants that
may interfere with reactions being studied or require removal to
prevent in~erferencewith chemical or microbiological analysis of
hydroly~ates; (3) prevention of sample loss on evacuation ,and
filling with inert gas; (4) use of reproducible conditions; , (5)
preparation of sufficient hydrolyzate for both chemical and
microbiological tests; and (6) use of 20 to 50 mg. of protein
sample. '

The procedure here described fulfilled these requirements. The.
Parr nickel microbomb (capacity about 3 m!.) was an ideal vessel:
for hydrolysis with sodium hydroxide at temperatures up to
185 0 C. Purified hydrogen was a suitable inert atmosphere. In
soluble proteins were compressed into pellets with a micropress,
thereby eliminating possible loss on evacuation of the bomb.

This method of hydrolysis is applicable to protein, free trypto
phan, and tryptophan plus added substances.

Charging the Bomb. For studies on free tryptophan 1 m!. of
a solution of tryptophan in 5,0 N sodium hydroxide was placed
in the nickel cup part of the bomb using a I-m!. calibrated syringe.
In dealing with proteins the sample, weighing 20 to 50 mg. and
previously compressed into pellets of approximately 3 to 7 mg,
each, was placed in the cup. Casein was not made into pellets
because it was in the form of hard wettable granules. To each
nickel cup containing protein was then added 1.0 ml. of 5.0 N
sodium hydroxide solution. The sample was mixed with the sol
vent and worked to remove as much occluded air as possible by
means of a 23-mm. gold spatula made by flattening one end of a
piece of 18-gage wire. The spatula was held firmly with a hemo
IStat while stirring and then it was released in the cup where it re
mained during hydrolysis.

Filling with Hydrogen and Closing the Bomb. The nickel cup,
after being charged with the hydrolysis mixture, was filled with
hydrogen and closed by the following procedure, illustrated by
Figure 1.

The cup was placed in the closing assembly. Cap J, with new
lead gasket, was put in place and screw A was tightened to seat
the gasket. A was tb,en loosened, and the assembled bomb was
placed in tube B of the hydrogen filling apparatus. Steel clip'C
was then slipped under the edge of the cap at D to perII!-it ready
evacuation of air and admittance of hydrogen. The hydrogen
filling apparatus was made from a 55/50 standard-taper joint.
E was a perforated cork wafer for supporting tube B which holds
the bomb. The body of the apparatus, F, was supported in Ii
claJhp and the cover, G, was held firmly on F with a two-pronged
clamp fastened over the top of stopcock H. The joint was
lubricated with stopcock grease. Tube I was connected through
a system of pinchcocks and two-way stopcocks to an aspirator and
a gasometer of at least I-liter capacity containi~gpurified hydro
gen over distilled water. The apparatus was evacuated to 35- to
40-mm. pressure and filled with hydrogen. This process was carried
out three times to remove residual air. Itwas'necessary to avoid
evacuation to pressures lower than 35 mm. to prevent loss of solu
tion by bubbling.

The apparatus was finally filled with hydrogen at a pressure of
about 250 mm. of water, so that on opening the apparatus a gentle
outflow of hydrogen prevented entrance of air into the bomb
during the few seconds required to seal it. Stopcock H was closed
and clip C was removed from under the edge of the cap with a
strong magnet. Cap J then became seated. The'apparatus was
gently opened and screw A was quickly tightened with the fingers
and then firmly tightened by turning with a case-hardened.punch
(a steel rod 3 mm. in diameter and 47 mm. long with a handle 8
mm. in diameter and 65 mm. long). The closed bombs \vere
placed in a bronze spring-metal holder capable of supporting six
of them in an upright position at all times.

Heating. For temperatures up to 1000 C., an electrically
heated oven that maint.ained the t.emperature ±2° was used.
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For temperatures over 100 0 C., an electric furnace that main
t.ained the temperature ±3° was used.

Opening Bomb and Diluting Hydrolyzate. The bomb was
cooled to room temperature and opened. If the cap were stuck,
the bomb was.Jastened in a vise and the cap was loosened by
gently tapping with a hammer the punch held upward against
the rim of the cap. The cup was supported in a microbeaker, and
the 23-mm. gold spatula was removed with a pair of platinum
tipped forceps. The spatula was washed with a little distilled
water into a lo-ml. volumetric flask. The contents of the cup
were quantitatively transferred to the volumetric flask using 1.0
m!. of 5.0 N sodium hydroxide and distilled water, so the solution,
when diluted to volume, was 1 N in sodium hydroxide. A 32-mm.
gold spatula was held over the edge of t.he cup in the usual
manner as a pouring aid. The dilut.ed hydrolyzat.e was filtered
through.a fritted-glass filter into a 25-m!. glass-stoppered Erlen
meyer fl,ask:. 'This solution (Solution A) was used directly for
chemic:i:l tests. Fort-he microbiological tests 2 to 6 m!. of Solution
A were pipetted into a 100-m!. graduated cylinder, and distilled
water was added -until the volume was 90 m!. Enough 2 N sul
furic acid was added to neutralize the alkali of the hydrolyzate.
The volume was then made up to 100 ml., and the pH was ad
justed to 6.9 to 7.0 with dilute sulfuric acid or sodium hydroxide,
bromothymol blue being used as indicator on a spot plate.

ANALYSIS OF HYDROLYZATES

Chemical. Tryptophan was chemically determined in hy
drolyzates by an adaptation of Procedure H (30). To 30 mg.
of p-dimethylaminobenzaldehyde in a 25-m!. glass-stoppered
Erlenmeyer flask were added 9.0 m!. of 21.4 N sulfuric acid.
To this solution was added, 1.0 m!. of Solution A. The contents
were mixed and cooled to 250 C. and allowed to stand 1 hour in
the dark at 250 C. Color was then developed with 0.1 m!. of
0.04 or 0.07% sodium nitrite solution for tryptophan and pro
teins, respectively. Transmittancies were determined after 30
minutes. Blank solutions for protein hydrolyzates had the same
composition as test solutions, except that p-dimethylamino
benzaldehyde was omitted. Most of the hydrolyzates gave
maximum color with 0.1 m!. of the appropriate sodium nitrite
solution, but some hydrolyzates of proteins or tryptophan plus
added substances developed slightly more color with an additional
0.1 m!. of sodium nitrite allowed to react for 15 minutes more.
This point should be determined for each hydrolyzate and the
lowest transmittancy obtained converted to weight of tryptophan
from curve D, Figure 4 (30).

The color of the chemical test on some protein hydrolyzates
was peculiarly affected by the severity of the hydrolytic conditions
used and the length of time hydrolyzates stood at 50 C. before
making the test. Therefore, the characteristic behavior of each
protein was determined (Table I). Casein hydrolyzates gave
maximum normal blue color when hydrolyzed with maximum
severity (18 hours at 151 0 C.) even when the test was made as
soon as Solution A was prepared. Conalbumin hydrolyzates ob
tained by the mildest hydrolytic conditions (18 hours at 100 0 C.)
gave an "off-colored" test and an indicated tryptophan content of
1.51 % when the test was made on the same day Solution A was
prepared, but the color was a normal blue and the indicated
tryptophan content was 2.03% when tl;lC hydrolyzate was tested
after'stan'ding 6 days at 50 C. The increase in indicated trypto
phan content and return to normal color of the tests occurred
after the hydrolyzates had stood at 50 for one day (Table I). This
behavior appears to be related to the reversal of a reaction in
volving cystine which produces an interfering substance during
the hydrolysis (9). However, the reliability of the chemical
values determined on hydrolyzates that had stood one day at
!j 0 C. is shown. by their close agreement with microbiological
values (Table IV).

Microbiological, Tryptophan determinations were made
with Streptococcus faecalis R. incubated for 3 days at 300 C. The
basal medium was that described by Teply and Elvehjem (33)
for folic acidedetermination, except that 0.002 microgram of folic
acid was added to each tube. The standard curve, for each series
of tests, was made from the averaged values of duplicate deter
minations made over an assay range of 0 to 10 micrograms of
L-tryptophan with I-microgram increments. Tryptophan de
terminations on test substances were made in duplicate at five
concentrations estimated to extend over the assay range of the
standard curve. The tryptophan content of the test solution was
taken as the average of these ten detel'Inination~, A Leitz electro-
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a Normal indicates that color was blue like that obtained with free trypto
phan.

Table I. Effect of Severity of Hydrolytic Treatment and
Time of Storage of Protein Hydrolyzates at 5° C. on Color

of Chemical Tests and Indicated Tryptophan Contents

titrator was used for titration by a procedure that applied the
maximum sensitivity of the instrument. The precision of the
microbiological method was ±3% as determined from nine
analyses (Table V).

Conditions of
Hydrolysis

better than with commercial hydrogen, use of purified hydrogen
was adopted to avoid, the possibility of variation in purity of
different lots.

The effect of time and temperature of hydrolysis of casein with
5 N sodium hydroxide on its indicated tryptophan content, as de
termined chemically and microbi(llogically, is shown in Table III.
For calculation of results the tryptophan values found micro
biologically were doubled because the organism uses only the free
L form (32). Stokes et ai. (32) showed that benzoyl DL-tryptophan
was microbiologically inactive with S. faecalis R. and in the
present work it was observed that acetyl L-tryptophan was com
pletely inactive in supporting growth of S. faecali8 R. ,

The effect of temperature on the rate of complete hydrolysis of
casein is shown graphically in Figure 2, using data id'Table III.
The time for complete hydrolysis at each temperature was taken
as that period in which the microbiological value for tryptophan
content first became constant or increased by not more than 3%
in an additional period of equal length. Complete hydrolysis of
casein, on this basis, occurred in 2, 4, 18, 144, and 288 hours at
151°, 124 0, 100 0

, 75°, and 50 0 C., resp~ctively. When hydrolysis
was complete, the microbiological method gave slightly higher
tryptophan values for casein hydrolyzed at 75 ° and 100° C. than
011 hydrolyzates made at 124 0 and 151 ° C. This result may be
explained by postulating incomplete racemization of the L
tryptophan on hydrolysis at the lower temperatures but complete
racemization at the higher temperatures. This postulate is sup
ported by the observation that acetyl L-tryptophan amide, which
contains peptide linkages similar to those in proteins" after
hydrolysis at 100 0 C. for 18 hours, contained 67.5% L-tryptophan
instead of the 50% conforming to complete racemization. That
the tryptophan values obtained by chemical and microbiological
methods agreed on casein hydrolyzates made at 124 ° and 151 ° C.
also supports this postulate because complete racemization of
tryptophan would be more likely at the higher temperatures.

The tryptophan contents of several proteins hydrolyzed with
5 N sodium hydroxide at 100 0 for 18 and 42 hours and at 151 ° C.
for 18 hours were dete,rmined chemically and microbiologically

Storage
of Indicated

Hydro- Trypto-
Iyzate phan Appearance

at 5° C. Content of Testa
Days %

0 1. 19 Normal
1 1.20 Normal
3 1.19 Normal
5 1.20 "Normal

10 1.20 Normal
20 1.18 Normal

0 1.17 Orchid
1 1. 73 Normal
3 1.74 Normal
5 1. 74 Normal

10 1. 75 Normal
20 1. 74 Normal

0 1.37 Normal
7 1.37 Normal
0 1.34 Normal
7 1.37 Normal

14 1.37 Normal
0 1.22 SJ. off-colored
6 1.34 Normal

0 1.20 Normal
7 1.19 Normal
0 1.01 Greenish~

gunmetal
6 1.23 Normal

0 1.34 Normal
7 1.35 Nonnal
0 1.26 SJ. off-colored
6 1.34 Normal

0 1.51 Lavendet'
6 2.03 Normal
0 1.36 Off-colored
7 2.03 Normal"

14 2.08 Normal

151

151

18

18

18 100

42 100

18 151

42 100

18 151

42 100

18 1.51

18 100

42 100

Ti~e T'emp.
Hours 0 C.

Casein

~-Lactoglobulin

Protein

Ox muscle

Ovalbumin

Edestin

Conalbumin

Effect of Tilne and TelUperature of Hydrolysis of Casein on Indicated
Tryptophan Content

(As determined by chemical and microbiological analysis of hydrolyzates a)
Temperature Used

Micro
bioI.

%
0.38
1.15
1.23
1.19
1.20.
1.19

:l:d
N
%

;"O.~

;,,0.9
;,,0.&
;"0.&
"'O.~

151 0 C.

Chern.

%
1.17
1.20
1.20
1.20
1.16
1.17

96.9
96.6

0.62
1.10
1.22
1.23
1.23

1.16
1.19
1.20
1.21
1. 19

Micro-
Chern. bioi.

% %

97.7

0.'4'0
0.81
1. 13
1.34
1.33

100 0 C. 151 0 C. 185 0 C.
Average Tryptophan Repoverya

% % %
99.3
98.2

100 0 C.

1'.'16
1.19
1. 22
1.23
1. 23

l\Ecro-
Chern. bioI.

% %

1.32
1.38
1.39

0.'83
1. 20

No. of Tests

• 1.0 mg. of trypto~han used per test.
b Purified hydrogen used.
e Commercial hydrogen used.

Table II. Chemical Recovery of Tryptophan after Treat
ment with 5.0 N Sodium Hydroxide for 18 Hours at Various

Temperatures
Tmnperature Used

lVIicro-
Chern. bioI.

% %

1.22
·1.22

1.21

500 C.

...

Micro-
Chern. bioI.

% %Ho,/t.l"S

Table III.

0 ..5
1
2
4
8

18
42
Days

3 .17 0.73
6 20 0.94

12 23 1.23
24 1.26 1.27

a Hydrolysis was carried out with 5.0 N sodium hydroxide, using 50-mg. samples of casein.

RESULTS AND DISCUSSION

The effect of temperature on the stability of L-tryptophan in
5.0 N sodium hydroxide as well as the precision and accuracy of
hydrolysis and analytical procedures is shown by data in Table
II. Recoveries of 99.3 ± 0.4, 97.7 ± 0.6, and 96.9 ± 0.6% of the
tryptophan after treatment for 18 hours at 100°, 151°, and
185 ° C., respectively, were obtained. Exclusion of air is essential to
the success of the method. When tryptophan was similarly
heated with sodium hydroxide at 100° C., except that air was
left in the bomb, the recoveries were erratic and about 20 to 40%
lower than were obtained using
hydrogen (cf. 17). Hydroly-
zates obtained with air were
yellowish and slightly turbid
in contrast to clear and color
less when hydrogen was used.
The nickel cups were slightly
corroded when air was used
but not when hydrogen was
used. Recoveries of 99.3 and
96.9% of the tryptophan were
obtained at 100 0 {tnd 185°, re
spectively, with purified hydro
gen as compared with recover
ies of 98.2 and 96.6%, respee
tively, with commercial hydro
gen. Although recoveries of
tryptophan obtained with puri
fied hydrogen were only slightly
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a Variation of result of chemical test from result of microbiological test.
b Average deviation of results obtained with two hydrolyzates.
C Chemical aJ.ethod could not be used because of interfering color which was attributed to rclati vely high cystine

(7.4%) content of this fraction.

Table IV. Effect of Tillle and Telllperature of Hydrolysis on the Tryptophan Content
of Various Proteins

Temperature of Hydrolysis
100° C., 18 Hours 100° C., 42 Hours 151 ° C., 18 Hours

Tryptophan Content of Proteins
Micro- NIicro-

Protein Chem. Microhiol. DilL a Chem. bioI. Di./f.a Chem. hiol. Diff. a

% % .% % % % % % %
Casein 1.23 1.34 8.2 1.23 1.33 7.3 1.17 1.19 1.7
II-Lactoglobulin

('16
1. 83 ~ 0.03 b 1. 74 1. 79 2.2 1. 75 1.84 4.9

Ovalbumin 1.32 ~ O.Ol b 12.1 1.20 1.19 0.8 1. 23 1.08 13.9
Conalbumin 2.01 2.16 ~ O.Ol b 7.0 2.08 2.14 2.8

1'.'3'1 1·.i8 i.·3Edestin 1.33 1.33 ~ O:01b 0.0 1.34 1.41 5.0
Ox muscle 1.36 1.16 ~ 0.04 b 17.2 1.34 1.20 11.7 1. 34 1. 28 4.7
Arachin 0.80 0.85 ~ O.Ol b 5.9 0.83 0.87 4.6
CS-54R c 0.85 ~ O.OOb 0.83 0.85

150~--------,--------,--------

tryptophan from proteins, free
tryptophan, and tryptophan
mixed with added substances,
without resort to the addition
of chemical protective agents
which may interfere with reac
tions .studied or the analytical
procedures used. Establish
ment of the tryptophan con
tents of various proteins 'as de
termined from their alkaline
hydrolyzates was regarded as
essential for comparison with
the values for the tryptophan
contents of these same proteins
by a method believed to give ac
curate tryptophan contents of
proteins, described below.

100·C. ~o

--------

90
/" x;;==·
18S·C. /

JSI'C

/
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10 x
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100

_ '0
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z
~ 70

~ 60

o
~ 50

i
~ 40
;i

RACEMIZATION OF L-TRYPTOPHAN AND SOME

DERIVATIVES BY HEATING IN SODIUM HYDROXIDE

SOLUTION

Since the work of Dakin (5-7) and Kossel and Weiss (15) it has
been known that amino acids in proteins are easily racemized
with alkali but free amino acids are racemized with difficulty.
However, no careful determination of the conditions causing
racemization of free L-tryptophan by alkali has been made, al
though sporadic observations have been reported (10, 11, 16, 37).

This study shows the effects of time and temperature on the
racemization of L-tryptophan and some of its derivatives in 5 N
sodium hydroxide under conditions whereby exte~naldestruction
was prevented.

010~==:==::::...-:-----::---=8---:1':-0--.J,2,....---,.L4--.J,6,....,.·--"8
TIME ( HOURS)

"0 ,----,--..,--,-----,---_,---,----,---_,-_--,

Figure 3. Rate of Racelllization of L-Tryptophan at
1000

, 151 0
, and 1850 C. in 5 N Sodiulll Hydroxide

RESULTS AND DISCUSSION

Racemization was determined from results of chemical and
microbiological analysis of heated alkaline solutions of tryptophan
and its derivatives. The organisms use only the L form, and the
chemical method determines both the i> and L forms. Trypto
phan and derivatives were treated by Procedure J and chemical
and microbiological analysis of hydrolyzates was carried out as
described above.

The rates of racemization of L-tryptophan when heated at
various tempelatures in 5 N sodium hydroxide are shown i~

Figure 3. Complete racemization occurred in 2 and 8 hours at
185 0 and 151 0 C., respectively. The degrees of racemization of
L-tryptophan when heated in 5 N sodium hydroxide at 100 0 and
124 0 C. for various times are shown in Table V.... L-Tryptophan
was 11.4% racemized at 100 0 C. in 18 hours and 41.6% after 68

\

Degree
Tem- No.

Tryptophan Recovery
of

pers- of Racemiza-
Time ture Tests Chemical Microbiologicalb tion C

HO'UT3 o C. % % %
18 100 9 99.3 ~ 0.3 94.3 ~ 3.2 11.4
68 100 1 99.3 79.2 41.6
18 124 1 97.4 72.6 54.8
41 124 2 98.2 ~ 0.6 64.4 ~ 3.2 71.2

50

125

.;
~ 100

"'0:
::>
!<i
c:
'"(\.

~ 75....

Table V. Racelllization of L-Tryptophan by Heating with
5 N Sodiull1 Hydroxide at 100 0 and 124 0 C. for Various

Till1esa

a 1.0 mg. of L-tryptophan used per test.
b L-tryptophan X 100 . . .

-'=--'-'D=-L"--t'--r-"y'--p"'to'--p"';h--'a'--n'--'-" = % recovery ll11croblOloglcally.
• Calculated on basis that 50% tryptophan recovered microbiologically

was equivalent to 100% racemization.

25l----------"l-oo::--------;2::o::o-------:;3~00

~ TIME (HOURS 1

Figure 2. Effect of Tell1pe!-,ature on Tillle of COll1plete
Hydrolysis of Casein with 5 N Sodium Hydroxide

(Table IV). In general, the agreement between values obtained
by the two methods is good and where hydrolysis had proceeded
to completion the difference in values was less than 5% for every
protein under one or more conditions of hydrolysis.

Although the microbiological method is an excellent one for the
accurate determination of free tryptophan in protein hydroly
zates, it, as well as chemical methods requiring preliminary alka
line hydrolysis, is regarded as fundamentally unsound for the de
termination of tryptophan content of proteins, because of partial
destruction of peptide-linked tryptophan during hydrolysis. The
hydrolysis procedure described herein is important nevertheless
because it provides a method which eliminates external destruc
tive factors from consideration in studying the effects of alkali on
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26.0
47.0
12.0
65.4
60.8

Degree of
Racemization C

%
11.4
29.6
36:6
59.0
26.4
35.2

~.B-IOO.C.

.--'

87.0
76.5
94.0
67.3
69.6

---'-~l(A-j500C.

('
/
I

°'"'0-""":-.1:---.l----!---~4---;5---:--:~--7----;;----;;---;;IO
DL-SERINE (MILLIGRAMS)

25

>0 ....--,--,--,------,---,---,----,

'5

EFFECT OF AMINO ACIDS AND CARBOHYDRATES
ON TRYPTOPHAN HEATED IN SODIUM

HYDROXIDE SOLUTION

Figure 4. Effect of Serine on: Tryptophan Heated in 5 N
SodiuIn Hydroxide for 18 Hours at HIO° and 1500 C.

~

2
W
U

~ 20

o
w
o
~

~ 15

was 5 times greater than that
of free L-tryptophan. These
results show the need for ex
tension of DakiR's enol theory.

Significantly higher values
for the tryptophan content of
casein were obtained by the
micro biological method on
complete hydrolyzates pre
pared at 75 0 and 100 0 C. than
on complete hydrolyzates made
at 124 0 and 150 0 C. These
results were explained by pos-
tulating incomplete racemiza
tion of tryptopha~when casein
was hydrolyzed at 100 0 and
75 0 C. According ~ Dakin's
theory, this incomplete racemi
zation might be attributed to

the presence of some terminal tryptophan with free carboxyl
groups, but the results of the present study indicate that some
tryptophan even with~ carboxyl groups in peptide linkage might
be hydrolyzed at the lower temperatures without racemization.

The effect of amino acids and carbohydrates on tryptophan
when heated in 5 N sodium hydroxide was determined in an
attempt to elucidate theca~sof destruction of tryptophan dur
ing alkaline hydrolysis of proteins. Procedure J was used and
chemical and microbiological analysis of hydrolyzates was
carried out as described above. As cystine, cysteine, and lanthio
nine caused interference with the colorimetric analysis of hydroly
zates, the microbiological method was used with these amino
acids. Graham et al. (9) observed a similar interference.

RESULTS

The effect of sixteen amino acids on L-tryptophan when heated
in 5 N sodium hydroxide at 150 0 C. for 18 hours is shown in Table
VII. The molar ratio of amino acid to tryptophan was approxi
mately 4 in each test. Alanine, tl-phenylalanine, tyrosine,
leucine, glycine, glutamic acid, proline, hyd~oxyproline, arginine,
lysine, histidi~e; 'au"d methionine caus@d no destruction of trypto
phan; recoveries of trypotophan from 97 to 99% were ob
tained. Cystine, serine, and threonine, however, caused 23.7,
28.9, and 21.7% destruction of tryptophan, respectively.

95.9
95.8
98.1
96.1
92.0

. Tryptophan Recovery
Chemical Microbiol.b·

% %
99.3 94.3
98.1 85.2
98.1 81.7
95.9 70.5
98.2 86.8
96.6 82.4

2.6
1.3
1.3
1.3
1.4

Sample
Size

Mg.a

1.0
1.2
1.2
1.5
1.7
2.3

9
1
2
1
1
2

No. of
Tests

RaceIllization of Derivatives of L-Tryptophan by Hydrolysis with 5 N
SodinIll Hydroxide at 1000 C. for 18 Hours

Substance

Table VI.

L-Tryptophan
N-Acetyl L-tryptophan
N-Acetyl L-tryptophan J
N-Benzoyl L-tryptophan
N-Phenoxyacetyl L-tryptophan
p-Phenylphenacyl N-acetyl L-tryptophan
p-Phenylphenacyl N-phenoxacetyl L-

tryptophan
Ethyl N-acetyl L-tryptophan
Ethyl L-tryptophan hydrochloride
N-Acetyl L-tryptophan amide
N-Acetyl L-tryptophan amide d

a Approximate quantity hydrolyzed.
b L-tryptophan X 100 . . .

DL-tryptophan = % recovered mlcroblO!oglcally.
~ Calculated on basis that 50% tryptophan recovered microbiologically is equivalent to 100% racemization.

Hydrolyzed 42 hours. .

hours. Racemization amounted to 54.8% and 71.2% when L

tryptophan was heated at 124 0 C. for 18 and 41 hours, respec
tively.

The effects of hydrolysis with 5 N sodium hydroxide on the
racemization of several derivatives of L-tryptophan are shown in
Table VI. For interpretation of these results hydrolysis II!ust
have been complete and partial racemization of tryptophan in the
preparation of derivatives must not have occurred. That
hydrolysis was complete in the IS-hour period was shown because
after 18 and 42 hours' hydrolysis, respectively, 85 and 82% of the
total tryptophan in N-acetyl L-tryptophan and 67 and 70% in
N-acetyl rrtryptophan amide were determined microbiologically
as the L form. That partial racemization did not occur in the
preparation of N-acetyl L-tryptophan was shown conclusively by
du Vigneaud and Sealock (36) and in the preparation of the other
.V-acyl derivatives, a slight excess of alkali was maintained to
prevent racemization.as described by these authors (cf. 26). The
other derivatives were prepared under conditions not expected to
cause racemization and all the derivatives were optically active
(28).

No racemization was caused by hydrolysis of the ethyl ester of
L-tryptophan because racemization of L-tryptophan aIld the
ester. was 11.4 and 12%, respectively. N-Phenoxyacetyl L
tryptophan and N-acetyl L-tryptophanshowed about the same
degree of racemization-26.4 and 29.6%, respectively. But
racemization of N-benzoylL-tryptophan was 59% or twice as
great as that of the former two compounds. According to Levene
and Steiger (18) the extent of racemization of ketopiperazines in·
creased with their stability toward hydrolysis. The greater de
gree of racemization of. benzoyl derivative, therefore, may, be due
to greater resistance to hydrolysis as compared to the acetyl and
phenoxyacetyl derivatives. The p-phenylphenacyl esters of N,
acetyl and N-phenoxyacetyl L-tryptophan showed no significant
increase in racemization as compared with the corresponding.
acidic .derivatives because 35.2 and 26.0% racemization, respec
tively, were found for the esters, and 29.6 and 26.4%, respec
tively, for the N-acyl derivatives. In contrast, however, the
ethyl ester of N-acetyl L-tryptophan was 47% racemized on
hydrolysis as compared to 29.6% for N-acetyl L-tryptophan. The
racemization (65.4%) obtained with N-acetyl L-tryptophan amide
was greater than that obtained with any of the other derivatives,
as was anticipated because the two amide groups were expected
to be most resistant to hydrolysis.

Dakin (5-7) recognized· that the relative ease of racemization
of derivatives of amino acids was influenced by faCltors other than
the ability to form enol salts, but did not make it clear from his
theory why the N-acyl derivatives of amino acids containing a
free carboxyl group should racemize more readily than the free
.amino acids. Yet the degree of racemization of N-acetyl L
tryptophan was 2.5 times and that of N-benzoyl L-tryptophan
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the tryptophan was destroyed at 185 0 and about a quarter at
151 0 C. However, when 1 mg. of L-tryptophan was similarly
heated with 6 mg. of cystine at 100 0 C. the amount of destruction
was negligible (curye C). The lack' of destruction at 100 0 C.
might be attributed to a temperature effect and not to lack of
racemization of tryptophan.

This point was settled by taking advantage of the fact that
practically co~plete racemization of peptide-linked tryptophan
occurs at 100 0 C. on hydrolysis of a protein with sodium hydrox
ide. Casein was chosen because it has a cystine content relatively
lower than other proteins, and therefore the destt'Uctive effect of
added cystine should be more easily detected. As shown in Figure
5, curve D, 12% of the tryptophan was destroyed when 50 mg. of
casein and 6 mg. of cystine were hydrolyzcd for 18 hours at 100 0 C.
with 5 N sodium hydroxide. Thus, tryptophan is destroyed at
100 0 C. under racemizing conditions and not destroyed under
nonracemizing conditions because the 12% destruction of
tryptophan from casein is four times the experimental error of the
microbiological analysis.' It was shown experimentally that heat
ing cystine alone with alkali did not produce anything that
inhibited S. faecalis R. Thus, 6 mg. of cystine were heated at 185 0

·for 18 hours in 1 m!' of 5 N sodium hydroxide. A quantity of this
hydrolyzate equal to that used in the tests was added to a control
solution of tryptophan and a 100% recovery of tryptophan was
obtained microbiologically.

Cysteine has approximately the same destructive effect on
tryptophan as cystine. The destructive effects of cystine and
cysteine were the same on both I,.. and DL-tryptophan, as would
be anticipated.

Because of the destructive effect of cystine on tryptophan in
casein in alkaline solution at 100 0 C. it was of interest whether or
not similar destruction of tryptophan occurred on hydrolysis of
derivatives of tryptophan. Results in Table VIII show that the
destructive effect of cystine was not significant with N-acetyl L
tryptophan and N-a,cetyl L-tryptophan amide and was barely
significant with p-phimylphenacyl N -acetyl L-tryptophan. The
degrees of racemization of these compounds under conditions of
the test were 30, 65, and 35%, respectively (Table VI), whereas
racemization of tryptophan from casein under these conditions is
almost 100%. These results, although inconclusive, indicate that
factor,! other than racemization alone may be involved in the de
struction of tryptophan in proteins by cystine during alkaline
hydrolysis at 100 0 C. Dakin concluded that not only simple
ability to enolize but probably the nature of the groups attached
to the·amino and carboxyl groups were involved in the relatively
easy racemization of amino acids on hydrolysis of proteins with
alkali. Similar factors may account for differences in the effect of
cystinl\. on tryptophan in complex proteins as compared to the
simple derivatives.

76.1
78.3

Tryptophan
Recovered /)

%
99.0
98.6
97.0
98.6
97.4
98.6
99.0
98.2
99.4
99.4
99.3
97.0
76.3

c

4.1
4.2
4.2
4.1
4.4
4.1
4.2
4.0
4. J
4.2
4 "
4.2
4.0
4.1
4.0
4.3

{

A',.5.C.

TRYPTO~HAN, FREE B -ISI"C.

t C-IOO"C.

TRYPTOPHAN, IN CASEIN O' IOO"C.

Mg.

1. 81
3.36
3.74
2.63
1.61
2.95
2.36
2.,54
4.21
3.n
4.66
3.04
4.81
4.18
2.07
2.51

Amino Acid

40

j:

~ 30

@
0

~

~
z..
il: 20
0

~
a:...

10

DL-.-\.lanine
DI~-fi-Phenylalanine
L-Tyrosine
L-Leucine
Gly"ine
L-Glutarnic. acid
L-P:roline
J~- Hydroxyproline
L-A,rginine hydrochloride
L-Lysine hydrochloride
I.-Histidine dihydrochlorjde
DL-Nlethionine
L-Cystine •
meso-Lanthiomne c
DL-Serine
DL-ThreoniIW

50r----r-----,----'.-~----"--,--"---A-1

'---~o.Jo::::~-~~-....""""d===-=::"=<3=-'=:'=.:::I::.::='::===~=':=~

CYSTINE (MILLIGRAMS)

a Procedure. To the indicated weight of amino acid in the nickel cup of
the bomb was added 1.0 ml. of a freshly prepared 5 N sodium hydroxide
solution containing 1.00 mg. of I.-tryptophan. Procedure J was then used.

!J Tryptophan in the unheated 5 l.V sodium hydroxide solution was con
sidered 100%. In control hydrolyses, reeoveries of tryptophan hydrolyzed
a10ne were always near the 97.7 ::l:: 0.6% value reported f.or this method.

e Not determined becauf$e of interfering color.

Table VII. Effect of Amino Acids on Tryptophan Heated
in 5 N Sodium Hydroxide fOl· 18 Hours at 150 0 C."

Molar Ratio
Amino Acid!
Tryptophan

Figurt9 5. Effect of Cystine on Tryptophan, Free and in
Casein, Heated for 18 Hour" at Various Tetnperatures

a 1 ml. of sodium hydroxide used for each sample.
b Determined microbiologically. L-tryptophan determined microbiologi.

cally, without added cystine, was regarded as 100% recovery; .

of
18

Tryptophan
Recovered b

%

Cystine
Added

Mg.
Tryptophan Derivative

Acetyl L-tryptophan 1.21 0 100
3.1 98.9
6.0 98.4

p-Phenylph,macyl N -acetyl L-tryp- 2.29 0 100
top han 2.32 0.5 102

2.29 1.1 98.1
2.28 2.1 97 ..5
2.28 4.0 96.0

N-Acetyl L-tryptophan amide 1.34 0 100
1.28 3.1 98.6
1.33 6.0 99'.3

Table VIII. Effect of Cystine on SOllle Derivatives
L-Tryptophan Heated in 5 N Sodiulll Hydroxide for

Hours at 100 0 C.
Weight

per Testa
Mg.

The destructive effect of various quantities of serine when
heated in 5 N sodium hydroxide for 18 hours at 100 0 and 150 0 C.
with 1 mg. of tryptophan is shown by curves B and A (Figure 4).
The destructive effect of serine as shown by the chemical test
was confirmed by microbiological analysis. It is apparent that
serine, unlike cystine, destroys some free tryptophan in alkaline
solution under nonracemizing conditions.

The effect of cystine on L-tryptophan when heated together in
5 N sodium hydroxide at temperatures that cause or do not cause
racemization is shown in Figure 5. When 1 mg. of cystine and 1
mg. of L-tryptophan were heated together in 1 ml. of 5 N sodium
hydroxide for 18 hours at 185 0 and 151 0 C., the destruction of L
tryptophan was 25 and 13%, respectively (curves A and B). The
amount of destruction increased with the quantity of cystine
until with a sixfold ratio of cystine to L-tryptophan about half of
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ONa
/

R-C=C-NH-R
1
NH
1/

R

Optically inactive

5.2

86.5

98.2

62.1

41.6

90.6

63.1

105.0

Degree of
protection

from destruc
tion by serinee

%
85.8

0.4

8.6

2.1

3.5

8.3

21.1

13.2

+ 1.2

Destroyed
by

serined

%
3.2

o
II /

R-CH-C-NH-R
I ====

NI-I sodium hydroxide
1.1'

R
Optically active

ditions. Histidine dihydrochloride caused an apparent increase
of 5.2% and tyrosine a loss of 6% of the tryptophan. The degrees
of protection of tryptophan against destruction by serine varied
from' practically complete with histidine and hydroxyproline to
almost none with proline as shown in column 7, Table IX.

Proteins also have a protective effect against destruction of
tryptophan by serine on hydrolysis with 5 N sodium hydroxide for
18 hours at 100 0 C. Thus 7 mg. of serine heated with 50-mg.
samples of casein, edestin, ovalbumin, and ox muscle had no effect
on their tryptophan contents.

DISCUSSION

Belief that proteins can be hydrolyzed with alkaline agents
without significant destruction of tryptophan or~ginated from
observations that free tryptophan is relatively stable under the
conditions of hydrolysis and that good recoveries of 4;ryptophan
added to proteins before hydrolysis have been obtained. This
concept is based on 'the assumption that free tryptophan and
peptide-linked tryptophan have the same stabilities under these
conditions. Demonstration that some tryptophan is destroyed
by <J:ystine in alkaline solution at 100 0 C. under racemizing con
ditions but that none is destroyed under nonracemizing conditions
shows the fallacy of this deduction. That free and peptide-linked
tryptophan should have different stabilities in alkaline solution Is
to be expected from consideration of Dakin's (5-7) work. He
first demonstrated that amino acids in peptide linkage enolized in
aikaline solution as follows:

The free amino acids do not enolize under these conditions. It
is probable, therefore, that tryptophan in the enol form is less
stable than in the unenolized form because of the presence of the
double bond.

The effect of the amino acids on tryptophan in 5 N sodium
hydroxide was determined by heating at 150 0 C. for 18 hours be
cause free tryptophan is completely racemized under these con

ditions. This provides con
ditions for evaluating the
destructive effects on free tryp-
tophan more comparable with
those of peptide-linked trypto
phan during hydrolysis of
proteins· at lower temperatures
but where racemization of tryp
tophan occurs more ea'!lily than
with free tryptophan.

Some generalizations can be
made regarding the relation
ship of structure and func
tional groupings of amino acids
to their effect on free trypto
phan in sodium hydroxide
solution. The results are in
fluenced in some cases by the
relative proportions of amino
acid to tryptophan and data
shown in Tables VII and IX
'were obtained using a molar
ratio of amino acid to trypto
phan of 4 (lower concentration)
and a weight ratio of amino
acid to tryptophan of 50 (higher
concentration).

Tryptophan

+5.2

-1.2

-1.0

+0.1

-0.6

-6.0

-0.9

Increase or
decrease
from avo

of tryptophan
alone c

%
+1.6

+1.9

Effect of Amino Acids in Preventin~Destruction of Tryptophan by Serine
Heated in 5 NSodium Hydroxid.. for 18 Hours at 150 0 C."

Amino Acid

Kuiken et al. (17) recently reported that cysteine, cystine, and
methionine proteci:R.<i t"yptop'nan from oxidation during hy
drolysis with alkali. Probably they did not observe the destruc
~iye effects of cystine on free tryptophan because they autoclaved,
presumably at 125 0 C., with 4 N sodium hydroxide for 8 hours.
According to an estimate basedon data in Table V, racemization
under these conditions would have been approximately 15%.
:rhis amount of racemization is approximately equivalent to that
obtained under the conditions used to obtain curve C (Figure 5)
where no destruction of tryptophan by cystine was obtained.
Results of this study, therefore, are not incompatible with
Kuiken's observations.

The effect of glucose and fructose on tryptophan when heated in
5 N sodium hydroxide for 18 hours at 150 0 C. was determined.
The molar.'ratio of carbohydrate to tryptophan was approximately
4 in each test. The alkaline solutions were clear and colorless
after the hydrolytic treatment. Recoveries of 96.2 d: 0.2 and
95.9 d: 0.2% of the tryptophan were obtained with glucose and
fructose, respectively, using colorimetric analysis and there was
no interference with the color. When alkaline hydrolyzates were
analyzed microbiologically using S. faecalis R., 93.7 d: 0.7 and
97.1 d: 0.9%, respectively, of the tryptophan shown to be present
colorimetrically was found. It was concluded that, under the
conditions of the test, these carbohydrates have an almost negli
gible destructive effect on tryptophan because the recovery of
tryptophan heated alone under the same conditions was 97.7 d:

0.6%.
The protective effect of nine amino acids against destruction of

tryptophan by serine when heated in 5 N sodium hydroxide for 18
hours at 150 0 C. was determined, using quantities of each amino
acid large enough to approximate the proportions of amino acids
in a protein. A weight ratio of amino acid to tryptophan of 50
and a molar ratio of serine to tryptophan of approximately 4 were
chosen to simulate a hypothetical protein containing 2% trypto
phan and 4% serine. Results of this experiment using arginine,
lysine, histidine, proline, hydroxyproline, glutamic acid, glycine,
alanine, and tyrosine, are shown in Table IX. Column 4 shows
the recoveries of tryptophan in the presence of these amino aeids
both with and without serine. .The recoveries of tryptophan in
the presence of seven of the amino acids, without serine present,
varied within 1.9% greater to 0.6% less than the average re
covery of tryptophan when heated alone under the same co~-

DL-Serine Recovered b

"""[g. Mg. %
L-Arginine hydrochloride 59.0 0 99.3
L-Arginine hydrocWoride 59.0 2.20 96.1
Dr.-Lysine hydrochloride 63 . 0 0 99.6
Dr.-Lysine hydrochloride 63.0 2.26 96.1
L-Histidine dihydrochloride 74.0 0 102.9
L-Histidine dihydrochloride 74.4 2.21 102.3
r.-Proline 50.0 0 96 . 5
L-Proline 49.9 2.19 75.4
L-Hydroxyproline 50.0 0 97.8
L-Hydroxyproline 50.0 2.17 99.0
L-G1utamic acid 50.1 0 97.1
L-G1utamic acid 50.1 2.34 88.5
Glycine 50.2 0 96 . 7
Glycine 50.0 2.15 94.6
DL-Alanine 50.0 0 96.8
DL-Alanine 50.1 2.18 88.5
L-Tyrosine 50.0 0 91.7
L-Tyrosine 50.1 2.26 78.5

"Procedure. To·the indicated weight of substance in the cup of the bomb was added 1.0 ml. of a 5 N sodium hy
droxide solution containing 1.0 mg. of tryptophan. The contents were stirred with the gold spatula and treated by
Procedure J. .

b Recoveries were-calculated considering the tryptophan in the original unheated tryptophan solution as 100%.
C Average recovery of tryptophan alone was 97.7 ... 0.6%.
d Difference oetween tryptophan recovered without and with serine present.
• 100 _ % tryptophan destroyed by s.erine in presence of amino. acid X 100 e uals de ree of rotection.

% tryptophan destroyed by serlOe alone,.from curve A, Figure 4 q. g p

Table IX.
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Figure 6. COIDparison of Absorption Curves of Trypto
phan-p-DiIDethylaIDinobenzaldehyde Color froID Free

Tryptophan and Tryptophan froID Casein
B. Free tryptophan. Color developed by Procedure C (30) using 100
microgram.s of tryptophan per test. Thne of Reaction I was 24 hours.
H, 1. Tryptophan from casein. Color developed by Procedure K
ueing 6 lUg. of casein per test. Tilne of Reaction I was 24 hours. H.

p-Dimetbylaminobenzaldehyde in blank. 1. Casein in blank

DETERMINATION OF TRYPTOPHAN IN PROTEINS

The guanidino group of arginine, the imidazol group of histi
dine, the E-amino group of lysine, and the carboxylic group of
glutamic acid were without destructive effects.

The relation of structure and nature of functional groupings of
the amino acids to their effectiveness in protecting tryptophan
from destruction .by serine is somewhat obscure. The protective
effect of the a-aminocarboxyl grouping is influenced by relatively
slight differences in the rest of the molecule-for example,
glycine was 90.6% effective in protecting tryptophan from serine,
whereas alanine was only 63.1% effective. The tryptophan
protective effect of the hydroxyl group is more surprising because
hydroxyproline had an indicated protective effect of 105%
whereas proline gave only 5% protection against destruction
by serine. Tyrosine had an intermediate protective effect of
41.6%. Of the basic amino acids histidine gave complete pro
tection whereas arginine and lysine were 85.8 and 86.5% effective,
respectively. The peptide-linked amino acids of the proteins,
casein, edestin, ovalbumin, and ox muscle were completely effec
tive in preventing destruction of tryptophan by added serine.

The destructive action of cystine, cysteine, lanthionine, serine,
and thrllonine in tryptophan in alkaline solution is probably one of
oxidation. But explanation of the chemistry of the protective
action of various amino acids in preventing this oxidation must
await further experimentation.

Cystine, cysteine, lanthionine, serine, and threonine cause
significant destruction of tryptophan on heating in alkaline solu
tion, but none of these amino acids has any destructive effect on
tryptophan in sulfuric acid solution under the conditions used for
the determination of tryptophan starting with the unhydrolyzed
protein. Therefore, the optimum conditions for the determina
tion of tryptophan in proteins starting with the intact protein
were determined and evidence for the accuracy of the methods de
veloped has been evaluated critically•

The reactions involved in the determination of tryptophan in
proteins, like those in the determination of free tryptophan (30),
were studied in two steps. Reaction I was the combination of
tryptophan and p-dimethylaminobenzaldehyde in sulfuric acid
solution to form a colorless condensation product, and Reaction II
was the development of the blue color by oxidation with sodium
nitrite.

Casein was used to determine optimum conditions for the re
actions in preliminary studies, and the methods were then
generalized on the basis of studies with several proteins.

CONCENTRATION OF SULFURIC ACID FOR REACTION I

Maximum color with free tryptophan was obtained when con
densation with p-dimethylaminobenzaldehyde took place in 12 to
13.2 N sulfuric acid (throughout this paper the term acid refers
to sulfuric acid) (30). But 13 N acid was not concentrated
enough for a general method of tryptophan analysis starting with
the intact proteins because precipitates sometimes formed in test
solutions and dissolved very slowly or never completely dissolved.
Furthermore,Reaction I required more than 48 hours to give
maximum color with some proteins. Therefore, the maximum
concentration of acid which could be used for Reaction I was de
termined. When 22 N acid was used in tests with free tryptophan
some charring took place; but when 19 N acid was used the tryp
tophan-p-dimethylaminobenzaldehyde complex was stable for 72
hours at 25 0 C. (Table VI, 30). All the proteins studied dis
solved in 19N acid to give clear solutions, and maximum color was
obtained in all cases·when Reaction I proceeded from 3 to 24
hours. Therefore, 19 N acid was adopted for the determination or'
tryptophan in proteins. Tillmans and Alt (34) stated that the in
tensity of the tryptophan color obtained with formaldehyde was
independent of the acid concentration between the limits of 60 to
70 weight % and they used 66 to 67% (21.4 N) as preferable

TRYPTOPHANE - DAB - COLOR
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Compoun~' having SH groups or groups convertible to SH,
such as cystine, cysteine, and lanthionine, destroy some trypto
phan when heated under racemizing conditions. The CH,S
group of methionine did not destroy tryptophan in the lower con
centration but produced an interfering color and apparently de
stroyed some of it at the higher concentration under racemizing
conditions.

The effect of the hydroxyl group depends on its structural rela
tionship to other functional groups in the molecule. When a to
the' amino group and {J to the carboxyl group, as in serine and
threonine, the hydroxyl group destroys tryptophan under either
racemizing or nonracemizing conditions. The hydroxyl group of
hydroxyproline fJ to the immino group and 'Y to the carboxyl
group has no destructive effect on tryptophan even at the higher
concentration under racemizing conditions. The phenolic hy
droxyl of tyrosine has no destructive effect at the lower concen
tration and only relatively slight destructive effect at the higher
concentration. The polyhydroxy compounds, glucose and fruc
tose, had negligible destructive effects at the lower concentration.
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'fable X. Summary of Kinetic Studies of Reaction II with Nine Proteinsa

Sodium Nitrite
Uses to Produce
Maximum Color Time to

Weight Calcd. Produce
per molar l'vlaximum

Test ratio b Color
frIg. %C Min.

Casein 6.0 1.4 0.045 30-60 10 81 92 96 97 99 99.5 100 100 99.5 100 95
Ovalbumin 6.0 2.0 0.060 60 10 58 74 81 87 91 94 98 100 99 97 93
Conalbumin 3.0 1. !I' 0.030 15-30 13 82 92 95 97 98 100 100 99 98 98 93
/l-Lactoglobulin 4.5 1.3 0.045 30 9.4 75 90 95 98 99 99.5 100 99.5 99 98 92
Edestin 5.5 1. 6 0.045 15-30 15 83 93 96 98 99 100 100 99.8 99 98 91
6~a~nhlilnScle 8.5 1. 1 O. 030 30 32 85 94 96 99 99.6 99.6 100 97 96 96 87

7.0 1. 7 0.060 30 11 76 87 92 94 97 98 100 99.5 99 98 92
CS-54Rc 8.0 1. 2 0.030 7-15 18 87 97 99.7 100 100 100 99 97 94 92 86
CS-56Rc 11.6 1.3 0.030 15 17 83 94 97 99 99.7 100 98 97 94 91 84
Free tryptophan 0.101.00.03430-60 7 758790 93 96 96 100100 10090

a A sta,!dardized procedure similar to that described for casein was used for all proteins. To 58.356 mg. of casein (6.0 mg. per t"st) and 292 mg. of p-di
methylammobenzaldehyde (30 mg. per test) in a 125-101. glass-stoppered Erlenmeyer flask were added 97.3 ml. of 19 N acid at 25"'C. The suspension was
placed In the dark at 25 0 C. and shaken occasionally. After 24 hours' standing, lO-ml. aliquots were removed and used for each test. Transmittancy was de
ter~l1nedand then 0.1 mI. of sodium nitrite of the desired concentration was added and the solution shaken. Transmittancies at 590 rnJ' were then determined
abt the indicated interyals. Kinetic studies using 0.1 ml. of 0.015, 0.030, 0.045, 0.060, 0.090, and 0.12% sodium nitrite per test were made on each protein,
u~ only a con!JentratlO.n which produced maximum color is reported in this table.

eachl\~Ie~li~~ ~f'tt~s~sf. sodIum nitrite to tryptophan. The weight of tryptophan per test was estimated from the minimum trans~ittancy reading obtained in

~ Concent.ratio~of sodium nitrite added to ~ach test in 0..1 ml. of water solution.
. T.ransffiIt.tanCles were converted to weight of tryptophan from curve C, Figure 4 (30), and then expressed in this table as % of maximum weight found
In a gIven serles of tests.

e When this protein, p-dimethylaminobenzaldehyde, and sulfuric acid were mixed the solution acquired a bright pink color which was luore intense and
more permanent than that formed with most proteins. With most of the proteins the initial pink color faded in 5 to 15 minutes. The pink color with this
protein remained undiminished for 2 hours and required 5 hours to become colorless.

Table XI. Rates of Reaction I Using Proteins in Solutiona

Mg. Time, Minutes Time, Days
per 801- .5 15 30 60 120 180 240 360 600 2 3 5

Protein Test vent!;t % Tryptophan Reacted C

Casein 6.00 A 58 68 77 83 89 95 97 97 98 100 98 97 95
Ovalbumin, D 6.00 A 59 65 73 80 87 92 96 96

99:7
100 99.3 96 91

Ovalbumin, N 6.05 W 66 73 79 85 93 97 100 100
97

96 93 88 80
Conalbumin, N 3.19 W 57 67 77 84 93 97 99.3 100 100 89 80

83 82/l-Lactoglobulin 4.50 A 50 60 70 81 90 96 100 98 97 87 86
Edestin 5.50 A 63 70 79 85 91 97 99 100 100 97 93 90 85
Arachin 8.50 A 64 70 78 83 91 96 97 100 100 96 93 89 85
CS-13Rl d 10.1 W 49 64 74 83 89 95 97 98 98 100 98 96 95

: Procedure K was used except that the indicated times of Reaction I were used.
A represents 0.1 N sodium hydroxide solution; W represents water.

C Weight of tryptophan equivalent to lowest. transmittancy obtained for a given protein was considered 100%.
d See footnote c, Table X.

starting concentration although the concentration after addition
of the tryptophan-containing solution would be lower than
21.4N.

CHOICE OF WAVE LENGTH AND CONFORMITY TO BEER'S LAW

The wave length-density relationships of the tryptophan-p
dimethylaminobenzaldehyde colored complex using free trypto
phan and tryptophan from casein are compared in Figure 6,
curves Band H, respectively. The general shape of the curves
corresponds closely from 400 to 690 mIL and both have well-defined
absorption bands in the spectral region of 425 and 590 mIL.

The effect of the composition of the blank solution on the wave
length-density relationships of casein-tryptophan colo.r is shown
by comparing curves H and I. I was obtained using a blank
solution containing a quantitity of casein equal to that used in the
test but no p-dimethylaminobenzaldehyde, and H was obtained
with the same test solution using a blank solution which con
tained p-dimethylaminobenzaldehyde but no casein. The rela
tionship between curves H and I is similar to that between curves
E and F (Figure 2, 30), in which the free tryptophan-p-dimethyl
aminobenzaldehyde color was measured using blank solutions
containing p-dimethylaminobenzaldehyde and free tryptophan,
respectively. Like E and F, H and I coincided at the critical
wave lengths near 590 mIL. This coincidence is important in the
analysis of proteins because test solutions may contain a slight
amount of adventitious color, the effect of w~ich can be eliminated.
by using a bhnk solution containing protein but no p-dimethyl
aminobenzaldehyde.

Curves H and I were obtained with a Beckman quartz spectro
photometer, but a Coleman Model 11 spectrophotometer was
used for the re8t of the investigation; so results obtained with two

instruments were compared. The Beckman instrument gave a
plateau of maximum absorption from 590 to 615 mIL with casein in
the blank, but with p-dimethylaminobenzaldehyde in the blank
an equal degree of maximum absorption occurred sharply at
590 mIL. The Coleman instrument, however, gave a plateau of
maximum absorption extending from 570 to 600 mIL with p
dimethylaminobenzaldehyde in the blank, but with casein in the
blank the same degree of maximum absorption occurred sharply
at .590 mIL. Absorption decreased, after passing the maximum,
with increasing wave length when either casein or p-dimethyl
aminobenzaldehyde was in the blank with the Coleman instru
ment. But with the Beckman instrument, absorption increased
with higher wave lengths after passing 590 mIL when casein was
in the blank. but decreased when p-dimethylaminobenzaldehyde
was in the blank. However, with both instruments and with
both blanks, maximum absorption or a distinct pla'teau occurred
in the region of 590 mIL. Other proteins, using the Coleman in
strument, gave maximum absorption, with protein in the blank,
at wave lengths from 580 to 620 mIL.

Differences in tryptophan values of nine representative pro
teins when calculated from the transmittancy obtained at 590 mIL

or from the minimum transmittancy over the wave-length range
of 580 to 620 mIL were determined. The average difference in
values was only 1.7%, four proteins showed no difference, and the
maximum difference was 6%. Whether it is more accurate to use
uniformly the transmittancy obtained at 590 mIL or the minimum
·transmittancy obtained over the wave-length range of 580 to 620
mIL to calculate results_cannot be definitely stated. However, the
later procedure gave average recoveries accurate to 0.7% with
several pure derivatives of tryptophan; therefore, the transmit
tancy of minimum wave length over the range of 580 to 620 mIL

was used in this work.
T~e results obtained with casein showed excellent conformity

to Beer's law. A straight line passing through the origin was
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obtained when the log per cent transmittancy was plotted against
weight of casein using samples from 1 to 7 mg. per test and repre
senting transmittancies ranging from 73 to 12%, respectively.

OPTIMUM CONCENTRATION OF
p_DIMETHYLAMINOBENZALDEHYDE

The optimum concentration of p-dimethylaminobenzaldehyde
for analysis of proteins was determined using quantities of p
dimethylaminobenzaldehyde ranging from 1 to 100 mg. per test
with 3 and 6 mg. of casein per test. Results showed that 10, 20,
30, and 40 mg. and 20 and 30 mg. of p-dimethylaminobenzalde
hyde per test gave maximum color with 3 and 6.0 mg. of casein,
respectively. Thirty milligrams of p-dimethylaminobenzalde
hyde per test were adopted as optimum for the determination of
tryptophan in prot~ins as for determination of free tryptophan
(30).

OPTIMUM CONDITIONS FOR REACTION II USING PROTEINS

The time and concentration of sodium nitrite required to pro
duce maximum color were determined using nine proteins. Molar
ratios of sodium nitrite to tryptophan of approximately 0.5, 1, 1.5,
2, 3, and 4 were used and this range always revealed one or more
quantities of sodium nitrite which gave maximum color. The
relative maximum eolor intensities with casein, for example, were
97, 100, 100, 100, 99, and 97% using molar ratios of sodium
nitrite to tryptophan of 0.45, 0.90, 1.4, 1.8,2.7, and 3.6, respec
tively. Table X contains data on the rate of .Reaction II for one
quantity of sodium nitrite which gave maximum color for each
protein. 'The optimum molar ratios varied from 1.1 with conalbu
min and arachin to 2.0 with ovalbumin. The optimum ratio for
free tryptophan was 1 to 1.5. The optimum times for Reaction II
varied from 7 to 15 minutes for the natural proteose fraction OS
54R to 60 minutes for ovalbumin. In most cases the intensity of
the color decreased only slightly in 3 hours. The quantity of pro
tein used pertest varied from 3 to 11.6 mg., depending on its
tryptophan content.

The results show that to obtain maximum color intensity in the
determination of tryptophan in proteins, it is necessary to deter
mine the optimum quantity of sodium nitrite and the optimum
time of Reaction II for each protein. However, from the available
data a constant time and a constant quantity of sodium nitrite
were chosen which gave a tryptophan value with a minimum de
viation from that obtained using optimum conditions for each
protein. The composite optiml,lm conditions, thereby, chosen for
Reaction II were: 0.1 m!. of 0.045% sodium nitrite per test and a
reaction time of 30 minutes. The tryptophan contents of each
protein, as determined using individual and composite optimum
conditions for Reaction II, were compared. Identical values were
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obtained by both methods with free tryptophan, casein, {j

lactoglobulin, and edestin. The differences in values obtained
with other proteins were arachin, 0.7%; oX'muscle, 1.4%; conal
bumin, 1.6%; OS-54R, 2.3%; ovalbumin, 2.5%; and OS-56R,
2.9%. The average difference obtained with individual and com
posite optimum conditions for Reaction II for the nine proteins
was 1.3%, which is regarded as typical of the error likely to occur
with other proteins. However, in analyzing new protein prepara
tions it is recommended that the op~imumconditions for Reaction
II be determined if greatest accuracy is desired.

RATE OF REACTION I WITH PROTEINS AND STABILITY OF
TRYPTOPHAN-p-DIMETHYLAMINOBENZALDEHYDE
CONDENSATION PRODUCT AT 25° C.

The rates of Reaction I in 19 N acid at 25 0 O. were studied
with several proteins. This study was based on the observation,
also made with free tryptophan, that Reaction I is prevented if
sodium nitrite is added to the acid solution of p-dimethylamino
benzaldehyde just before the addition of the protein. If sodium
nitrite is added at any time before Reaction I is completed, no
appreciable further condensation occurs but color is formed by
oxidation of that portion of the tryptophan and p-dimethylamino
benzaldehyde already reacted.

To study the rate of Reaction I in short-time intervals, pro
teins dissolved in water or dilute sodium hydroxide were added to
the test solutions because many proteins, when added in the solid·
form, required several hours for complete solution. The time_~e

quired for Reaction I to give maximum 00101' by Procedure K
(Procedures K to P for determination of tryptophan in proteins
are described below) varied with different proteins from 3 hours
with ,B-Iactoglobulin and native ovalbumin to 24 hours for casein,
denatured ovalbumin, and a cottonseed allergenic protein fraction
OS-13Rl (similar to OS-56R) (Table XI). However, the rates of
the early stages of Reaction I for the different proteins were uni
form. Thus, in 15, 30, and 60 minutes the average percentage
completion of Reaction I for the eight proteins was 75.5 ± 2.8,
82.9 ± 1.5, and 90.6 ± 1.7%, respectively

Slight destruction of tryptophan occurs on solution of pro
teins in dilute sodium hydroxide. Therefore, a general method of
tryptophan analysis of proteins was developed in which contact
with alkalr"was avoided. Three procedures, N, 0, and P, were
developed in which 19 N acid was added directly to the solid pro
tein and solid p-dimethylaminobenzaldehyde. In Procedure N
individual tests consisting of protein sample, p-dimethylamino
benzaldehyde (30 mg.), and 10 m!. of 19 N acid were set up and
color was developed at desired intervals. Procedure °was used
to prepare several tests by removing aliquots from a single large
sample-for example, in the determination of optimum conditions
for Reaction II. When Procedure ° was used slight errors in-

Table XII. Rates of Reaction I Using Proteins in Solid State
Hours Re-

Time of Reaction I, Hours19 N quired for
Proce· Mg. of Acid. Solution 2 3 4 5 6 7 8 9 10 12 24 48

Protein dure a Sample Ml. of Protein Tryptophan Content. %
/I-Lactoglobulin 0 60.07 200 3 to 4

2'.3'1 2:50 2:60
2.40 2.42 2.43- 2.41 2.39 2.34

2:33N 3 b 10 1 to 2 2.61 2.56 2.60 2.58 2.54 2.48
P 29.82 100 0.25 2.36 2.50 2.56 2.56 2.56 2.55 2.53 2.46

1'.62Casein 0 24.48 40.8 5 to 6
(36

1.68 1.68 1.66
Ovalbumin. D 0 3~b01 53.4 3 1.40

1 :39
1.41 1.44 1.42

N 10 <4 1.32 1.38
2·.i)1

1.4(} 1.41
2:55Conalbumin. D 0 1~b03 53.4 10

2:93
2.79

N 10 9 to 12 2.83
(45 (40Edestin 0 45.42 82.5 7 1. 52 1.53

N 4 b 10 <4 1. 51 1.53
0:98Arachin 0 7~.82 82.0 8 to 12

1: 07
1.08 1.04

N 10 <4 1. 06 1. 08
Ox muscle 0 33.62 51.7 '8 1.49 1.49 1.45

N 4 b 10 4 to 5 1.52
0:057

1.53
0:072 0:072Zein 0 75.46 50.3 4 to 6 0.061

Gelatin 0 122.1 81.5 0.5 to 1 0.008
0:978

0:Oi3 0.012
0:985

0.012 0.013
0:948CS-54R 0 65.39 81.7 <0.25 0.960 0.981 0.988 0.985 0.981

CS-56R 0 122.07 81.5 1 to 1.5 0.540 0.541 0.549 0.556 0.561 0.561 0.561 0.540

a Reaction I was carried out for indicated time intervals by designated procedures. Individual optimum conditions of Reaction II were used for all proteins
except zein and gelatin, for which composite optimum conditions were used.

b Approximate quantity used. Results are calculated from exact weight.
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Table XIlI. Summary of Results of Tryptophan Analyses on 13 Protein Preparations
(Precision and agreement of values obtained by various procedures)

Opti-
Wave Lengthmum

CorrectedVol. of Time of of Maximum Average
Proce- No. of Sample 19 N Reac- Color, Tryptophan Average Average Tryptophan Correc-

Protein dure Tests Size Acid tion I m" Contenta Deviation Deviation Content tion
Mg. MI. Hou"rs % % % %

p-Lactoglobulin N 2 3 10 3 590 2.60 "=0.02 0.8 2.60 0.0
P 3 15 50 3 590 2.58 ,,=0.01 0.4 2.59 0.4

,0 1 60 200 6 590 2.43
"=0'. In 0:4

2.52 3.6
0 2 15 50 6 590 2.50 2.56 2.3

Casein N 4 2 10 6 610· 1.66 "=0.02 1.2 1.68 1.2
N 4 4 10 6 610 1.64 "=0.01 0.6 1.66 1.2
N 4 6 10 6 610 1.65 "=0.02 1.2 1.67 1.2
0 1 24.5 40.S 6 610 1.68

"=0'.01
1.70 1.2

Ovalbumin, Db N 6 6 10 24 580 1.40 0.7 1.42 1.4
0 1 32 53 24 580 1.44 1.46 1.4

Ovalbumin, NC7X)C K 1 6.6 10 6 580 1.41
,,='0'.'02 0: 7

1.43 1.4
Conalbumin, n d N 5 2 10 12 620 2.93 3.03 3.3

0 1 16 53 10 620 2.91 3.01 3.3
Conalbumin, Ne K 1 3 10 4 610 3.03

"=0'.02 i::i
3.10 2.3

Edestin N 3 4 10 8 600 1.53 1.58 3.2
0 1 45 S3 12 600 1.53

0:9
1.61 5.0

Arachin N 3 6 10 8 610 1.07 "=0.01 1.10 2.7
0 1 74 82 12 600-610 1. OS

"=0'.01 0:7
1.12 3.6

Ox mu~,..je N 4 4 10 7 590-600 1.53 1.54 0.7
0 1 34 52 12 590-600 1.49 1.53 2.6

Zein 0 1 75 50 12 590 0.072 0.072 0.0
Gelatin 0 1 122 82 4 590 0.013 0.013 0.0
CS-54R 0 1 65 82 6 590-600 0.988 0.991 0.3
CS-56R 0 1 122 82 8 590 0.561 0.561 0.0

a Ash- and water-free basis.
b Heat-denatured ovalbumin.
C Native ovalbumin recrystallized seven times. Protein added to test in water solution.
d Heat denatured conalbumin.
e Native conalbumin; protein added to test in water solution.

Table XIV. Kinetics of Reaction I Using Derivatives of Tryptophan by Procedure 0

Opti-

Time of Reaction I, Hours
mum

Time of
RecoveryDerivative 0.25 0.50 2 4 6 12 24 48 Reac- Cor-

% Tryptophan Recovered tion I Observed Corrected' rection
HOUTS % % %

N-Acetyl L-tryptophan 97.2 97.9 97.2 96.8 96.0 94.6 93.2 91.8 87.1 0.5 97.9 98. '; 0.7
N-AcetYI L-tryptophan

93.2 91.9 89.1 2 95.4 95.8 0.4amide 91.5 92.9 94.7 95.4 95.0 94.3
N-Benzoyl L-tryptophan

100:0 100:4
101.1 101.1 98.7 97.6 97.2 94.0 2 101.1 101.1 0

Ethyl N-acetyl L-tryptophan 100.0 100.0 98.8 96.9 95.3 92.9 89.5 0.5 100.4 100.8 0.4
Ethyl L-tryptophan hydro-

chloride 92.5 93.4 95.5 95.9 95.9 96.3 96.7 95.5 94.1 12 96.7 97.9 1.2
N-Phenoxyacetyl L-trypto-

0.5 101.5 101.5 0phana 101.1 101.5 101.5 101.5 101.1 100.8 98.4 97.2
L-Tryptophan 93.7 96.2 96.6 97.0 97.4 100.1 100.5 100.5 97.8 12 100.5 100.5 0

a Procedure M used because of slow solubility of this solid in 19 N acid.

volved in setting up individual tests are eliminated, but owing to
the larger sample a longer time was required to dissolve the pr'o
tein than with Procedure N. Procedure P was used on ~-lactoglo

bulin because this protein dissolved much faster in 19 N acid in
the absence of p-dimethylaminobenzaldehyde and this procedure
may have applications in special cases.

The rates of Reaction I by Procedures Nand 0 were studied
with eleven different proteins, and results are summarized in
Table XII. In Procedure N J,he time required for complete
solution varied from about 1 h~ur for ~-lactoglobulin to 9 to 10
hours for conalbumin, and for the attainment of ma~imum color
from 3 hours for ~-lactoglobulin to 24 hours for denatured oval
bumin. In Procedure 0 the time required for complete solution
varied from 15 minutes for CS-54R, a water-soluble protein,' to
almost 10 hours for denatured conalbumin and the time to attain
maximum color varied from 6 hours for ~-lactoglobulin, casein,
arachin, and CS-54R to 24 hours for denatured ovalbumin and
zein.

These results show that to obtain maximum color intensity in
the determination of tryptophan in proteins, it is necessary to de
termine the optimum time for Reaction I f<Jr each protein by each
method used. However, from data in Table XII a composite
optimum time for Reaction I of 12 hours was chosen which gave
tryptophan values with the minimum difference from those ob
tained when the individual optimum time of Reaction I for each
protein was used. The difference between the tryptophan con-

tents of the proteins as determined with individual and com~

posite optimum times for Reaction I varied from a maximum of
3.7% with ~-lactoglobulin to 0% with denatured conalbumin,
edestin, arachin, ox muscle, zein, CS-54R, and CS-56R. The
average difference for the ten proteins was 0.7%, which is regarded
as typical of the error likely to occur with most proteins. Al
though the difference is not large, the optimum time for Reaction
I should be determined if maximum accuracy is desired when
analyzing new protein preparations.

The stability of the tryptophan-p-dimethylaminobenzaldehyde
leuco compound, in the presence of the respective protein hy
drolytic products, varied for different proteins and in all cases it
was less than the leuco complexof free tryptophan (Table VI, 30).
Thus, in Procedure K maximum color was reached in 3 to 24 hours
with different proteins and the loss in color in approximately the
first 24 hours following attainment of maximum color varied from
0.7% with denatured ovalbumin to a maximum of 13% with
~-lactoglobulin. In Procedure N maximum color was also ob
tained in 3 to 24 hours and the loss in approximately the first 24
hours following attainment of maximum color varied from 1 to
10%.

RESULTS OF If~~PTOPHAN.'ANALYSISOF PROTEINS

A summary p~7~h~ results of tryptophan analyses of thirteen
proteins, showingi the precision and agreement of values obtained
by the different modifi«ations together with the optimum times of



VOL U M E 2 1, N O. 1 0, 0 C T 0 B E R 1 949 1261

Table XV. Comparison of Tryptophan Contents of
Proteins as Determined on Intact Protein and

Alkaline Hydrolyzate
Tryptophan Content

a 'Results taken from Tables III and IV. Values are averages of chemical
and microbiological determinations on hydrolyzates made under conditions
such' that differences between chemicaJ at, : licrobiological values were not
ov~r5%. .

Corrected tryptophan content. 11 determinations are by
Procedure N except for CS-54R whicn . O.

~eaction I and the wave lengths of maxiIp.um color, is given in
Table XIII. Results are expressed as per cent tryptophan (not
residue) in the ash- and water-free protein. Individual optimum
conditions for Reactions I and II were used. An observed and
corrected tryptophan value is given for each protein. The correc
tion factor is based on the following considerations:

The tryptophan-p-dimethylaminobenzaldehyde complex from
free tryptophan is stable under the conditions of Reaction I for 72
hours, as shown in Table VI (30), but the stability of this com
plex from proteins and several derivatives of tryptophan is less
than this, as shown in Tables XI; XII, and XIV. Thus, maximum
color was obtainable with free tryptophan, used as standard, for a
time of Reaction lover twice as long as the optimum time of
Reaction I for tryptophan in any protein or derivative. To com
pensate for these ulletlual rates of destruction of tryptophan in
the standard and in the test substances, a correction was made by
adding to the obser~ed tryptophan value an amount equal to the
difference between the maximum observed tryptophan value and
the value obtained in a period twice the optimum time of Reaction
1. As shown in Table XIII, the correction factor for eleven pro
tcin.s, determined from results obtained by Procedure 0, varied
from 0% for zein, gelatin, and CS-56R to a maximum of 5% for
edestin. The averlJ,ge value of the correction factor for all pro
teins was only .2.3%; where greatest accuracy is not required this
correction can be neglected. The correction factor obtained when
!;olveral derivatives of tryptophan were analyzed by Procedure
(I (Table XIV) ranged from °to 1.2% with an average value of
[1.4%. This substantiates the validity of the correction factor
"pplied to proteins, because the average recovery of tryptophan
from the derivatives was 99.3%.

The precision obtained in the determination of tryptophan in
proteins by Procedure N varied from a minimum average devia
ti}on of ±0.6% with four determinations of casein to a maximum
of ±1.3% with three determinations of edestin. The weighted
average deviation of 35 determinations made on 13-lactoglobulin,
casein,ovalbumin, conalbumin, edestin, arachin, aIl~ ox muscle
by Procedure N was ± 0.88%, which is regarded as typical of the
precision attainable with this method. The precision attainable
with the other procedures is approximately the same as that for
Procedure N.

Evaluation of the accuracy of the values obtained for the
tryptophan contents of the proteins requires consideration of
direct and indirect evidence. Cystine, cysteine, lanthionine,
serine, and threonine destroy some tryptophan on heating in
alkaline solution. But 'none of these amino acids destroys any
tryptophan when determined by procedures similar to those used
on the intact proteins; when 100 micrograms of tryptophan were
determined in the presence of 10,000 micrograms of serine, threo
Rine, or cystine the recoveries of tryptophan were 101, 100, and
100%, respectively. The tryptophan values of proteins should be
higher, therefore, and more nearly accurate when determined on
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the intact proteins than when determined on their alkaline hy
drolyzates and the values obtained by the two methods were from
13 to 32% higher when determined on .the intact protein as
shown in Table XV. That the differences in values obtained by
the two methods are not constant is also to be expected, because
the degrees of destruction caused by alkaline hydrolysis are de
pendent on the composition of the proteins.

Figure 7. Comparison of Stability of Free Tryptophan
in Water and Dilute Sodium Hydroxide with That of
Tryptophan in Casein in Dilute SOdit.Ol Hydroxide at

25 0 C. in Dark

Direct evidence substantiating accuracy of the reported trypto
phan contents of the proteins is the average recovery of 99.~

of the theoretical tryptophan content of six analytically pure
derivatives of tryptophan (Table XIV) when analyzed by
methods used for the intact proteins. Some of these derivatives
contained peptide linkages and they behaved more like proteins
than free tryptophan with respect to the rates of Reaction I and
the stabilities of their tryptophan-p-dimethylaminobenzaldehyde
complexe's. Becaus~ of their complicated nature the detelmina
tion of tryptophan in proteins is subject to more chance of 91'1'01'

than the determination of tryptophan in relatively s' .ple
derivatives of tryptophan. However, free tryptophan wa~ also
determined in the presence of 200-fold quantities of g@latin and 8

tryptophan-free allergenic protein from castor beans with an
accuracy of +3 and -0.2%, respectively (30). Therefore, pro
tein constituents do not interfere with the tryptophan test. On
the basis of these considerations the corrected tryptophan 1'0'1

tents of the proteins given in Table' XIII are believed to be ",e
curate within ±1 to 3%, and it is anticipated that an equal de
gree of accuracy. is attainable with other proteins, providing they
do not contain unknown interfering constituents.

Discussion of the reasons for agreement or lack of agreement
between tryptophal},j contents of proteins reported herein and
·.hose of other workers is outside the scope of this paper because of
the impossibility of evaluating all factors affecting the accuracy of
the various procedures.

EFFECT OF DILUTE SODIUM HYDROXIDE
ON TRYPTOPHAN IN PROTEINS

Dilute sodium hydroxide is a convenient solvent· for adding
proteins to test solutions for tryptophan analysis. However,
Tillmans and Alt (34.)' t;eported that the tryptophan content of
casein diminished from 1.6% to about 1% on suspension in 0.1 N
sodium hydroxide "in tl!e cold" for 24 to 36 hours, and some de
struction of tryptophan in proteins on solution in dilute sodium
hydroxide would be anticipated from results reported above. To
clarify this point the effect of solution and standing in 0.1 Nand
1 N sodium hydroxide at 25 0 C. on the tryptophan content of
casein was compared with the effect on free tryptophan in water

Difference
%
28
32
15
30
13
23
IS
14

Hydrolyzate- Intact proteinb

% %
1.21 1.67
1.78 2.60
1.20 1.42
2.11 3.03
1.37 1.58
0.805 1:10
1.31 1.54
0.85 0.99

Protein

Casein
Il-Lactoglobulin
Ovalbumin
Conalbumin
Edestin
.\rachin
Ox muscle
CS-54R
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a.nd on 0.1 Nand 1 N sodium hydroxide (Table XVI and Figure
7). The tryptophan content of casein decreased from 1.56% after
1.5 hours in 0.1 N .sodium hydroxide to 1.35% after 80 days'
standing. In 1 N sodium hydroxide the' tryptophan content de
creased from 1.51% in 1.5 hours to 0.99% in 80 days. Free
tryptophan, in water and in 0.1 N sodium hydroxide, was rela
tively stable, for, on standing for 80 days, recoveries of 99.2 and
98.7% of the tryptophan, respectively, were obtained while in N
sodium hydroxide the recovery in 80 days was 95.2%.

Greater destruction of tryptophan in casein occurred on stand
ing in 1 N sodium hydroxide at 25 0 C. for 80 days than on l).y
drolysisof casein with 5 N sodium hydroxide at 124 0 C. for 18
hours, as a tryptophan value of 1.2% was obtained on the
hydrolyzate and 0.99% was found after standing. Greater de
struction of tryptophan in casein at 25 0 C. in 80 days than at
124 0 C. for 18 hours may be because at 124 0 C. hydrolysis is
rapid and the tryptophan exists in enol form for a short interval;
at 25 0 hydrolysis is slow and the tryptophan would be in enol form
for a longer time, during which it is more labile than when free.
Furthermore, hydrolysis at 124 0 C. was in an inert atmosphere,
whereas at 25 0 the solution of tryptophan was exposed to atmos
pheric oxygen and destruction of tryptophan in enol form may be
accelerated by oxygen; an equal degree of destruction of free
tryptophan in 1 N sodium hydroxide did not occur.

Results in Table XVI show that after solution of casein in 0.1
Nand 1 N sodium hydroxide for 1.5 hours at 25 0 C. the trypto
phan values were 1.56 and 1.51 %, respectively, as compared to
1.68% when casein was not exposed to alkali. The tryptophan
values of several other proteins that had been dissolved for a short
time in 0.1 N sodium hydroxide were compared with the values ob-

. tained when the proteins were not exposed to alkali. The loss of
tryptophan on solution in 0.1 N alkali amounted to from 7.5 to
13.4%; although denatured crystalline ovalbumin showed a gain
of 3.9%; the reason for this is not· known. It is apparent, how
ever, that proteins cannot be dissolved, even briefly in 0.1 N
sodium hydroxide, without possibility of some destruction of
tryptophan and this point should be considered in the preparation
of proteins and their analysis for tryptophan.

EFFECT OF CARBOHYDRATE ON THE DETERMINATION OF'
TRYPTOPHAN IN PROTEINS

Because many proteins or tryptophan"containing fractions ob
tained from natural sources contain carbohydrates, a satisfactory
method of analysis should permit the determination of trypto
phan in the presence of carbohydrate. It has been shown that
recoveries of 98 to 100% can be obtained when 100 micrograms of
free tryptophan are determined with a 50-fold quantity of glucose
(30). Good recoveries of tryptophan were also obtained with
a.dded fructose but there was a tendency to develop interfering
color in the blank and test solutions.

Results of the determination of tryptophan in casein in mix
tures containing 67% glucose or fructose are shown in Table
XVII. Recovery of 96% of the tryptophan was obtained when
both test and blank solutions contained 5 mg. of casein and 10 mg.
of glucose (test 1, blank 1); but recovery was only 85% when
both test and blank solution contained 5 mg. of casein and 10 mg.
of fructose (test 2, blank 4). Recoveries of 96% were obtained in
both cases with the same test solutions, but with blanks that con
tained casein and no' carbohydrate (blanks 2 and 5), and re
coveries of 97 and 96% were obtained with glucose and fructose,
respectively, ~hen the blank solutions contained neither carbo
hydrate nor protein (blanks 3 and 6).

An interfering pink color produced with fructose and casein
together in the blank solution causes an apparent loss of trypto
phan, but casein alone in the blank had~o appreciable effect on
the recovery of tryptophan. Therefore, results accurate enough
for most purposes can be obtained by omission of the carbohy
drate-containing sample from the blank where an interfering color,
of the type formed by fructose, occurs. The effect of fructose on
the amount of sodium nitrite required for the development of

ANALYTICAL CHEMISTRY

maximum color was determined. It was found that with 5 mg..~
both fructose and casein in the test solution and neither of them
in the blank, recoveries of 96.4,97.4,95.8, and 94% were obtained
with 0.1 m!. of 0.045, 0.060, 0.090, and 0.2% sodium nitrite, re
spectively. This slightly greater requirement of sodium nitrite
(0.045% is optimum for casein alone) caused by the presence of
fructose was neglected in the experiments shown in Table XVII,
but with an unknown substance the amount of sodium nitrite re
quired to give maximum color should be determined. The tests
described in Table XVII contained more carbohydrate than will
be found in most carbohydrate-protein fractions; therefore, even
better than the 96 to 97% recovery of tryptophan should be ob
tainable. The natural proteose fractions CS-54R and CS-56R
contained 6.3 and 35.2% chemically combined polysaccharidic
carbohydrate, respectively, and there was-no apparent interfer
ence by this carbohydrate in the tryptophan analysis of these sub
stances.

PROCEDURES FOR DETERMINATION OF
TRYPTOPHAN IN PROTEINS

General Considerations. The following procedures were de
signed for the determination of tryptophan in proteins and
protein-carbohydrate mixtures. Before application to other
tryptophan-containing mixtures it is necessary to determine
whether organic or inorganic interferers are present. The colori
metric reactions of tryptophan-p-dimethylaminobenzaldehyde'
and sodium nitrite are very sensitive and good-quality or purified
reagents, distilled water, and carefully cleaned glassware should
be used and impure air containing such contaminants as hydrogen
sulfide or oxidizing agents should be avoided. When the simple
precautions given in the detailed procedures are observed, the
methods give precise and accurate results.

Directions for the determination of tryptophan in proteins by
both optimum conditions as determined for individual proteins
and composite optimum conditions based on all the proteins stud
ied are described. Individual optimum conditiolls for Reactions
I and II for the proteins studied are given in TablesXII and XIII,
and X, respectively. Composite optimum conditions as deter
mined from Procedures Nand 0 are: Reaction I, 12 hours; Re
action II, 0.1 m!' of 0.045% sodium nitrite reacting for 30 min
utes. It is unfortunate that the composite optimum time of Re
action I is 12 hours; 6 or 18 to 24 hours would be more convenient..
But as a few proteins require more than 6 hours for complete solu
tion, the 18- to 24-hour period would be more generally applic
able. It was calculated that the difference between tryptophan
values of 'proteins determined from individual optimum times of
Reaction I and a composite time of 24 hours varied from a maxi
mum of 10.4% with J3-lactoglobulin to 0% with ovalbumin, and
the average deviation for the ten proteins was 3%. Therefore,

Table XVI. Stability of Tryptophan, Free ~d in Casein,
in Dilute Sodium. Hydroxille at 25 0 C.

CC~~~~':.~ :frrb~~~f~,:m Free Tryptophan Recovered b

Time of O.lN IN O.lN IN
Standing NaOH NaOH Water NaOH NaOH

Days % % % % %
0.06 1.56 1.51 100 100 99.4
1 1.54 1.47 100 99.5 99.4
3 1.56 1.42 100 99.5 101
7 1.55 1.31 100 100 99.4

14 1.52 1.22 100 100 99.0
21 1.51 1'.17 100 99.5 99.0
42 1.46 1.08 100 99.9 98.8
SO 1.36 0.99 99.2 98.7 95.2

a Procedure Samples of casein weighing 151.70 and 151.86 mg., in 50-mI.
glass-stoppered, Pyrex, Erlenmeyer nasks, were dissolv.ed i.n 25 mI. of 0.1 N
and 1 N sodium hydroxide, respectively, oby ~entle agitatlOn at r.oOffi. tem
perature The solutions were stored at 25 C. m the dark. At deSIred mter
vals a La-mI. sample of each solution was analyzed for tryptophan by Pro-

ce1us~i~tionscontaining 100 micrograms per mI. of free tryptopha.n in water
and in 0.1 Nand 1 N sodium hy.droxide were prepared at r~om ~emperature.
These solutions were stored, Without preservative, at 25 C. In the dark.
At desired intervals 1.0 ml. of each solution was analyzed for tryptophan by
Procedure C (30).
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time for Reaction II, transmit
tancy is read and converted to
weight of tryptophan from curve
C (Figure4,30),if water orO.IN
sodium hydroxide is used as sol
vent. If more concentrated so
dium hydroxide is used as sol
vent, a standard curve prepared
similarly to curve C should be
used, but the tryptophan should
be added to the test in the same
concentration of sodium hydrox
ide used for solution of the pro
tein. The effect of solution of
free tryptophan in water and in
sodium hydroxide on the in
tensity of color obtained is shown
in curves Band D (Figure 4, 30).

Procedure L (protein in water
or alkaline solution). When only

a few tests are to be made the following modification of Proced
ure K may be used: To 30 mg. of solid p-dimethylaminobenzalde
hyde are added 9.0 m!. of 21.4 N acid. To this solution is added
the protein test solution and then Procedure K is followed.

Procedure M (protein in water or alkaline solution). For some
studies it is desired to prepare several tests from a single sample,
as in the determination of optimum conditions for Reaction II for
an unknown protein. Sufficient solid p-dimethylaminobenzalde
hyde, in a glass-stoppered Erlenmeyer flask, is dissolved in
enough 21.4 N acid at 25 0 C., to give the desired number of lo-m!.
aliquots each containing 30 mg. of the reagent. To this solution
is added the protein test solution at the rate of I ml. for each 9 m!.
of solution. The solution is mixed, cooled to 25 0 C., and allowed
to stand for the desired time of Reaction I, after which 10-ml.
aliquots are removed and the color is developed by individual or
composite optimum conditions for Reaction II. Transmittancies
are read and converted to weight of tryptophan as in Procedure K.

Procedure N (protein in solid form, individual tests). Solid
protein, estimated to contain 50 to 110 micrograms of trypto
phan, and 30 mg. of p-dimethylaminobenzaldehyde are weighed
into a 25-ml. glass-stoppered Erlenmeyer flask to which are added
10 ml. of 19 N acid at 25 0 C. The test mixture is shaken fre
quently until the sample is dissolved and then allowed to stand for
12 hours or for the predetermined optimum time for Reaction I
for the protein. To the solution is then added 0.1 m!. of an
0.045% solution of sodium nitrite or 0.1 m!. of the predetermined
optimum concentration of sodium nitrite. After 30 minutes or
the optimum time for Reaction II for the protein, transmittancies
are read and converted to weight of tryptophan from curve
C (Figure 4, 30).

Procedure 0 (protein in solid form). When it is desired to
prepare several tests from a single sample of protein in solid form,
the following procedure is used: The desired quantity of protein
for each 10-ml. aliquot is weighed into a glass-stoppered Erlen
meyer flask. Sufficient solid p-dimethylaminobenzaldehyde is
added to give a concentration of 30 mg. per lO-m!. aliquot and 19
N acid, at 25 0 C., is added to give the desired concentration of
protein. The mixture is swirled and allowed to stand with fre
quent shaking until all the protein dissolves. After 12 hours or the
individual optimum time for Reaction I, 10-m!. aliquots are re
moved and color is developed by individual or composite optimum
conditions. Transmittancies are converted to weight of trypto
phan from curve C (Figure 4, 30).

Procedure P. This procedure was used on /'l-lactoglobulin be
cause this substance dissolved much more rapidly in 19 N acid in
the absence of p-dimethylaminobenzaldehyde.

To 59.951 mg. of /'l-lactoglobulin in a 250-ml. glass-stoppered
Erlenmeyer flask was added 200 ml. of 19 N acid. The contents
of the flask, after standing a few minutes, were swirled and
shaken. The protein dissolved in 15 minutes, whereas when p
dimethylaminobenzaldehyde was present, 3 to 4 hours were re
quired. Twenty minutes after adding the acid, 600 mg. of p
dimethylaminobenzaldehyde were added and dissolved. After
standing for the desired time of Reaction I, 10-m!. aliquots were
removed and color was developed with 0.1 ml. of 0.045% sodium
nitrite reacting for 30 minutes. Transmittancies were read and
converted to weight of tryptophan from curve C (Figure 4, 30).
As shown in Table XII, the tryptophan value of /'l-lactoglobulin
determined by this method agreed well with the values obtained
by Procedures Nand 0.-

METHOD FOR PROTECTION OF TRYPTOPHAN FROM
CYSTINE DURING ALKALINE HYDROLYSIS

. Interpretation of ·the effects of alkaline hydrolysis on peptide
linked tryptophan from studies using free tryptophan is difficult

Blank
No.

5.13

Test Solution

Deterlllination of Tryptophan in Casein in Presence of Carbohydrate
Blank Solution

9.60 Fd

Carbohydrate Casein
Mg. Mg.

10.2 GC 5.05

2

Test
No.

,'""

p-Dimethyl-
aminobenz- Tryptophan

Carbohydrate . Casein aldehyde· Recovered b

Mg: Mg. Mg. >, %
1 10.1 GC 5.19 0 96.4
2 0 5.02 0 95.8
3 0 0 30 97.0'
4 9.98 Fd 5.34 0 85.0
5 0 5.02 0 96 .4
6 0 0 30 96.4

a Procedure N was used. Blanks containing casein and fructose became pink. When sodium nitrite was added
the pink color faded somewhat but the blank solutions had a pinkish cast when transmittancies were read. Glucos(>
had no effect on the appearance of the blank solutions containing casein. .

b A tryptophan content of casein of 1.67% was taken as 100% recovery.
C Glucose.
d Fructose.

Table XVII.

use of 18 to 24 hours as the composite time of Reaction I, rather
than the composite optimum of 12 hours, would result in consider
able convenience for the analyst with only small sacrifice in accu
racy.

Reaction I was carried out at 25 0 ± 0.1 0 C., but moderate room
temperature fluctuations have no appreciable effect on the results
(30). Protection from light, especially sunlight and bright arti
ficiallight, is important during Reaction I because destruction of
tryptophan in acid solution is accelerated by light (31). Acid
solutions of p-dimethylaminobenzaldehyde deteriorate slightly
on several days' standing (30) and they should not be exposed to
light (31).

Reaction II was carried out at room' temperature protected from
bright light. Reaction II is an oxidative reaction; therefore, if
traces of reducing agents are present the quantity of sodium ni
trite to pl'Oduce maximum color may be greater than required for
tryptophan alone or in proteins.

Standard curves were prepared as described (30). The appro
priate curve is indicated in each procedure.

Protein samples containing from 10 to 110 micrograms of
tryptophan are required. The best range is 50 to 110 micrograms.
Protein samples should be ground to pass a 60- to 100-mesh sieve
to facilitate disintegration and solution in procedures where the
solid is added directly to the test solution.

Blank solutions, containing a weight of protein approximately
equal to that used in the test solution but no p-dimethylamino
benzaldehyde, were used. One tenth milliliter of the appropriate
concentration of sodium nitrite was added to the blank when it
was added to the test solution. Whether or not the blank con
tained'protein had only a slight effect on the tryptophan value ob
tained. The apparent increase in tryptophan content when de
terminations were made with blank solutions containing no pro
tein as compared to those containing protein were: casein, 1.2%;
fJ-lactoglobulin, 1.2%; ovalbumin, 1.4%; conalbumin, 2.4%;
edestin, 2.0%~ and araehin, 2.5%. The average apparent in
crease in tryptophan content for the six proteins was 1.8%.

Dilute alkali as a solvent for proteins in tryptophan analysis
should be avoided, if possible, because of destruction of part of the
tryptophan. If used, it should be with consideration of this loss
as demonstrated above.

A total volume of 10.1 m!. (including sodium nitrite solution)
was used for individual tests which were carried out in 25- or 50
m!. Pyrex, standard-tapered,' glass-stoppered Erlenmeyer flasks.

PROCEDURES K TO P

Procedure K (protein in water or alkaline solution). Eight
milliliters of 23.7 N acid and 1.0 m!. of 2 N acid containing 30
mg. of p-dimethylaminobenzaldehyde are mixed and cooled to
25 0 C. To this solution is added 1.0 ml. of a water or 0.1 N so
dium hydroxide solution containing the desired weight of pro
tein. The test solution is mixed, cooled to 25 0 C., and reserved
for 12 hours or for the predetermined optimum period for the
protein. To the solution is then added 0.1 m!. of an 0.045%
solution of sodium nitrite or 0.1 m!. of the predetermined optimum
concentration for the protein. After 30 minutes or the optimum
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XVIII. Effectiveness of Lead in Preventing Destruction of Free Tryptophan
by Cystine on Heating in 5 N Sodimn Hydroxide for 18 Hours"

Loss of Tryptophan, %

100 99.5 ± 0.2 90.4 ± 0.2 93.3'" 0.3
150 97.0'" 0.0 91.0'" 0.0 74.3'" 2.I c

185 97.0'" 0.8 88.9 '" 0.4 59.3 '" 1.2
a Average of duplicate determinations.
b Solutions containing 1 mg. of tryptophan per ml. of lead reagent were used.
C Average of four determinations.

because of the unknown net effect of tryptophan-destructive and
-protective reactions that might occur in the .more complex pro
teins. A method that would eliminate or significa.ntly modify one
of these tryptophan-destructive reactions in proteins might pro
vide substantiating evidence for the conclusions drawn from
studies with free tryptophan and hence for the validity of the re
sults of analysis of intact proteins.

A method for protecting tryptophitn from destruction by
cystine on heating in alkaline solution using basic lead acetate to
form inert lead sulfide is described. The method was applied to
certain proteins and the results confirmed· conclusions based on
studies with free amino acids.

PROCEDURES Q AND R

Procedure Q (use of basic lead acetate). Basic lead acetate
of the type used for sugar analysis and containing 70 to 73%
lead was used. Solutions were prepared fresh daily. To 1 gram
of basic lead acetate in a 25-ml. glass-stoppered Erlenmeyer
flask were added 10 m!' of 5 N sodium hydroxide. The suspension
was shaken and warmed on a steam bath to about 60° C. until
solution was almost complete. After cooling to room tempera
ture the suspension was centrifuged in a capped tube and the clear
solution (lead reagent) was decanted. Procedure J was used for
hydrolysis, except that the le~d reagent w:;ts substituted. for. 5 N
sodium hydroxide. After heatlng, the solutIOn was quantltatlVely
transferred from the bomb to a lO-m!. volumetric flask and 1 m!'
of 5 N sodium hydroxide was a'dded during the transfer, so that
the diluted hydrolyzate was 1 N in sodium hydroxide. The solu
tion was centrifuged in a capped 12-m!. tube to remove lead sul
fide and the clear supernatant solution was decanted.

Tryptophan was determined by an adaptation of Procedure H
(30). To 30 mg. of p-dimethylaminobenzaldehyde in a 25-mI.
glass-stoppered Erlenmeyer flask were added 9.0 m!' of 21.4 N
sulfuric acid. To this solution was added 1.0 m!' of the hy
drolyzate. The contents ~ere m~xed and cooled to 25 ° C. and
allowed to stand 20 to 30 mmutesm the dark at 25 ° C. The pre
cipitated lead sulfate was separated by 5 .minutes' centrifu~ation
in a capped 12-ml. tube. The clear solutIOn was decanted lllto a
clean 25-ml. flask and reserved until the total reaction time was 1
hour. Color was developed with 0.1 m!' of 0.04% sodium nitrite
solution for tests with free trYJ'ltophan and 0.07% for tests wth
proteins. After 30 minutes t~ansmittan~i.eswere determined ~nd
the solutions were treated WIth an additIOnal 0.1 m!' of sodIUm
nitrite solution. Transmittancies were determined in 10 to 15
minutes and the weight of tryptophan was calculated from the
lowest t~ansmittancy obtained using a standard curve similar to
D (Figure 4, 30).

Procedure R (use of basic lead acetate after hydrolysis).
Heating tryptophan with sodium hydroxide and added cystine
or proteins containing re~atively.high cystine conte.nts produCl;s
solutions which cause an lllterferlllg color on analysIS (9). BasIC
lead acetate added to such hydrolyzates precipitates the sulfur or
sulfur complex so that normal color is obtained. The procedure
is as follows: To the diluted hydrolyzate, in 1 N sodium hydrox
ide is added solid basic lead acetate at the rate of 10 mg. per m!'
Th~ suspension is shaken and allo~e? to stand for 20 to 30 miI!-
utes whereupon lead sulfide preCIpItates. The lead sulfide IS
sepa'rated by centrifuging and the hydralyzate is analyzed as in
.Procedure Q.

RESULTS AND DISCUSSION

The effect of lead in preventing destruction of free tryptophan
by cystine during alkaline hydrolysis is shown in Table XVIII.

6.1
23.4
38.9

Caused by
cystine,
(col. 1 

col. 3) X 100
col. 1

9.2
6.2
8.3

The lead reagent had no"t['I'JlP
structive effect on tryptophan
alone. As shown in column 2,
recoveries of tryptophan heated
at 100 0 ,150°, and 185° C. for 18
hours by Procedure Q were 99.5,
97.0, and 97.0%, respectively,
as compared to 99.3,97.7, and
96.9%, respectively, when
tryptophan was similarly
heated in5 N sodium hydrox-
ide. When 1 mg. of tryptophan
and 2 mg. of cystine were
heated together with lllad re
agent b§ Procedure Qat 100°,

150°, and 185° C., recoveries were 90.4, 9~.0, and 88.9%. re
spectively, but when similarly heated in 5 N sodium hydroxide
and then treated by Procedure R recoveries were 93.1, 74.3, and
59.3, respectively, as shown in columns 3 and 4. Therefore, losses
of tryptophan due to cystine were 9.2, 6.2, and 8.3% at 100°,
150°, and 185° C., respectively, when lead was present and 6.1,
23.4, and 38.9% when lead was not present (columns 5 and 6).
Corresponding losses were 0, 20, and 38.1 %, rllspectively, using
microbiological analysis of hydrolyzates.

These results show that hydrolysis of proteins by Procedures Q
and R might provide direct evidence for demonstrating the effects'
of p'eptide-linked cystine, serine and/or threonine on peptide
linked tryptophan. Choice of conditions and proteins for this
demonstration was based 'on the following considerations and
assumptions: (1) tryptophan values using intact proteins are
accurate; (2) peptide-linked cystine, serine, and threonine de
stroy part of the peptide-linked tryptophan during alkaline
,hydrolysis of a protein, and therefore the tryptophan value ob
tained on the alkaline hydrolyzate of a protein containing
cystine, serine, or threonine should be lower than that obtained
starting with the intact protein; (3) the tryptophan value ob
tainedon the alkaline hydrolyzate of a protein containing serine and
threonine but no cystine should not be increased by use of the
lead tryptophan-protective procedure; (4) the tryptophan value
obtained on the alkaline hydrolyzate of a protein containing
serine, threonine, and cystine should be increased by the lead
tryptopha:n-protective procedure, but the value obtained should
not equal that obtained on the intact protein; and (5) the trypto
phan value obtained on the alkaline hydrolyzate. of a protein con
taining cystine but no serine nor threonine should increase with
the lead tryptophan-protective procedure and approach ~losely

that obtained with the intact protein.
Three proteins fulfllIing the cystine-serine-threonine com

position requirements of conditions 3, 4, and 5 are casein, f3
lactoglobulin, and subtilin, respectively. Although cystine in
casein is demonstrable, the amount is low enoughoto be neglected
for this study. Subtilin, according to Lewis et al. (19), contains
no serine nor threonine, but subtilin contains 4.8% sulfur, 10% of
which has been identified as lanthionine and, although unidenti
fied, the remainder of the sulfur behaves like cystine in its trypto
phan-destructive effect. In this discussion tryptophan-destruc
tive sulfur is referred to as cystine-sulfur. t/-Lactoglobulin con
tains all three destructive amino acids, serine, threonine, and
cystine.

The effect of the lead tryptoph~n-protectiveprocedure on these
three proteins is shown in Table'::XIX and the results are sum
marized and correlated with their cystine-sulfur, serine, and
threonine contents in Table XX, The values shown in Table XX
are based on that weight of protein containing'IOO micrograms of
tryptophan as determined on the intact protein. The tryptophan
values as determined on the alkaline hydrolyzate by Procedures
Q and R are shown in columnS: 2 and 3, respectively, of Table XX.
The cystine sulfur and the combined serine and threonine con
tents of the proteins are shown in columns 4 and 5. The losses of

Caused by
lead-cystine.

reaction,
(col. 1 

col. 2) X 100
col. 1

Tryptophan Recoyered a• %
'j;ryptophan Tryptophan + .C:l'ryptophan +

alone, 2 mg. cystine 2 mg. cystine
Procedure Q b Procedure Q" Procedure R

Temperature,
o C.

Table
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Table XIX. Effect of Lead on Tryptophan Content of Proteins Hydrolyzed with
5 N SodiuD1 Hydroxide for .18 Hours at 100° C.

Tryptophan Content'

100

Increase in
tryp:cphan

by lead.
(col. 5 - col. 3) X

col. 3
%
1.6
8.4

11.7

use of a nickel microbomb at
temperatures up to 185° C.; (2)
use of an inert gas to prevent
oxidation; (3) use of proteins in
pellet form to prevent loss dur
ing evacuation and filling with
hydrogen; (4) use of 20 to 50
mg. of protein sample; (5) yield
of sufficient hydrolyzate for
both chemical and microbio
logical analysis; (6) reproduci
ble conditions of hydrolysis;
and (7) simplicity conduci:ve to
sound quantitative technique.
Recoveries of tryptophan
heated with 5 N sodium hy
droxide for 18 hours at 100°,
151°, and 185° C. by this
method were 99.3 ± 0.4, 97.7 ±

0.6, and 96.9 ± 0.6%, respec
tively. The effects of time and
temperature of hydrolysis with
5 N sodium hydroxide on the
indicated tryptophan contents
of casein, ,a-lactoglobulin, oval
bumin, conalbumin, edestin, ox
muscle, arachin, and an aller
genic polysaccharidicprotein of
cottonseed were determined by
chemical and microbiological
analysis of hydrolyzates. The
effect of temperature on the

rate of complete hydrolysis of casein was determined.
The effect of temperature on the rate of racemization of L

tryptophan heated in 5 N sodium hydroxide was determined.
Complete racemization occurred in 2 and 8 hours at 185° and

'151 ° C., respectively. , The rac.emization occurring in various
periods at 100 ° and 124° C. was also determined. Racemization
of tryptophan in derivatives on hydrolysis with 5 N sodium hy
droxide at 100° C. for 18 hours was determined using N-acetyl L
tryptophan, N-benzoyl L-tryptophan, N-phenoxyacetyl L-tryp
tophan, p-phenylphenacyl N-acetyl L-tryptophan, p-phenyl
phenacyl N-phenoxyacetyl L-tryptophan, ethyl N-acetyl L
tryptophan, ethyl L-tryptophan hydrochloride, and N-acetyl L
tryptophan amide.. Results of this study are discussed in relation
to Dakin's eriol theory of racemization of amino acid derivatives
and amino acids in proteins.

The effects on tryptophan of heating in 5 N sodium hydroxide
at 150'0 C. fer 18 hours individually with seventeen amino
acids-alanine, phenylalanine, tyrosine, leucine, glycine, glu
tamic acid, proline, hydroxyproline, arginine, lysine, histidine,
methionine, cystine, cysteine, lanthionine, serine, and threo
nine- and two carbohydrates-glucose and fructose--have been
determined. Cystine, cysteine, lanthionine, serine, and threonine
cause significant destruction. Cystine destroys·some tryptophan
in alkaline solution under tryptophan-racemizing conditions but
not nonracemizing conditions. Serine destroys tryptophan under
both tryptophan-racemizing and nonracemizing conditions.

The effect of nine amino acids in protecting tryptophan from
destruction by serine when heated together in 5 N sodium hy
droxide ranged from complete with hydroxyproline and histidine
to practically none with proline. Amino acids in proteins also
protected tryptophan from destruction by serine during alkaline
hydrolysis. The relationship of structure and nature of func
tional,groups of amino acids to both destruction of tryptophan
and to protection of tryptophan from destruction by serine is
discussed. A method using basic lead acetate for protection of
tryptophan from cystine on heating in alkaline solution is de
scribed. The method was applied to casein, ,a-lactoglobulin, and

--------'-------------- -_.

Pro'tein

Protein

SUMMARY

Essential features of the procedure described for studying the
effects of alkalhie hydrolyzing agents on free tryptophan, trypto
phan and added substances, and tryptophan in proteins are: (1)

Tahle XX. Rel!ltion of Cystine-Sulfur, Serine, and Threonine Contents of Proteins to
Tryptophan Destruction during Alkaline Hydrolysis
Composition of Protein Containing 100'Y of Tryptophan'

Tryptophan by Tryptophan Destroyed 011
alkaline Alkaline Hyolrolysis

Tryptophan' hydrolysis, . By serine
lead no lead, Cystine and

protection, pro,ection, cysteine- Serine + By sulfur, threonine,
Procedure Q Procedure R sulfur b threonine c col. 1- col. 2 100 - col. 1

'Y 'Y 'Y 'Y 'Y 'Y

Ca.ein 74.4 73.2 4.8 690 1.2 25.6
il-Lactoglobulin 75.4 69.6 35.2 424 5.8 24.6
Subtilin 92.8 83.0 97.4 0 9.8 7.2

a Tryptophan content of casein was 1.67% and that of il-lactoglobulin was 2.57%. Tryptophan CORrent of sub
tilin using intact protein by Procedure 0 was 4.92 ,., 0.02.

b Calculated from data from following sources: casein, Block (1) and Folin and Looney (8); fl-lactoglobulin, Brand
e.t a!. (3); subtilin, Lewis and Alderton (19). Sulfur of subtilin was calculated as cystine sulfur.

C Calculated from data in: casein, Block (1). Martin and Synge (22) and Nicolet, Shinn. and Saidel (23); fl
lacto~lobulin, Brand et a!. (3); subtilin, Lewis and Alderton (19).

tryptophan attributed to cystine-sulfur were obtained by sub
tracting the tryptophan values obtained by Procedure R from
those obtained· by Procedure Q. These losses were 1.2, 5.8, and
9.8 micrograms for casein, ,a-lactoglobulin, and subtilin which con
tained 4.8, 35.2, and 97.4 micrograms of cystine-sulfur, respec
tively. These experimentally significant results show that the
relative amount of tryptophan protection given by use of lead
increased with the cystine-sulfur content of the protein as it
should according to postulates 3, 4, and 5.

The difference between the tryptophan contents determined on
the intact proteins and on the hydrolyzates made by Procedure Q
was considered tryptophan destroyed by serine and threonine
(columll 7, Table XX). Losses of 25.6; 24.6, and 7.2 micrograms
were obtained with casein, ,a-lactoglobulin, and subtilin which con
tained 690, 424, and 0 micrograms of combined serine and
threonine, respectively. These significant values are in accord
with postulates 3,4, and 5. The apparent loss of 7.2% tryptophan
in subtilin is attributed to the fact that protection by lead'is not
complete, as iihownin Table XVIII, but this does not vitiate the
conclusions drawn because with the other proteins the losses due
to serine and threonine are several times this value.

These results confirm those obtained with free amino acids and
it is concluded that peptide-linked tryptophan is partly de
stroyed during alkaline hydrolysis of proteins by.peptide-linked
cystine, serine, and threonine. That the degrees of destruction
depend on. the composition of the proteins is shown by the
variation in difference between the tryptophan values determined
on the intact proteins and their alkaline hydrolyzates (Table XV).
These results show the faliacy of attempting to apply a correction
factor for tryptophan destroyed during alkaline hydrolysis of a
protein based on the recovery of free tryptophan added to the
protein before hydrolysis.

Hydrolyzed with Sodium Hydroxide Alone,
Procedure R, Procedure Q

lead added UntrJated (lead
after hydrolyzate present during

Sample hydrolysis analyzed hydrolysis)
~ %. % %

Casein 50 1.23 ,., O.OOb 1.23 ,., 0.00 1.25 ,., o.in
il-Lactoglobulin 35 1.79 ,., 0.03

d
1.73 ,., 0.03 c 1.94'" 0.02'

Subtilin 15 4.09 ,., 0.07 3.20 ,., 0.02' 4.57 ,., 0.01

a Average of two determinations. .
/J These results are in good agreement with those previously obtained by microbiological analysis.
C Analysis on hydrolyzate stored 1 day at 5° C. •
d Average of 4 determinations. Average value obtained microbiologically on two determinations was 4.27 ==

0.11%. .
e 'Interfering color caused by sulfur compounds,

•
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subtilin and it was concluded from the results that peptide-linked
tryptophan is destroyed during alkaline hydrolysis of proteins by
peptide-linked cystine, serine; and threonine and that the degree
of destruction depends on the composition of the protein.

Several modifications of a procedure for the colorimetric deter
mination of tryptophan in proteins are described. The basic
method, like that for the determination of free tryptophan, in
volves two steps-reaction of tryptophan and p-dimethylamino
benzaldehyde in 19 N sulfuric acid to form a colorless condensa
tion product and subseque~t development of a .blue color by
oxidation with sodium nitrite. Unhydrolyzed proteins were used
because of the destruction of some tryptophan on alkaline
hydrolysis by cystine, cysteine, lanthionine, serine, and threonine
and because these amino acids do not destroy tryptophan under
the conditions used for analysis of the unhydrolyzed protein. For
maximum accuracy proteins must be analyzed using predeter
mined optimum conditions for the basic reactions for each pro
tein. A general procedure based on studies with eleven proteins
may be used where resulting economy of time outweighs possible
sacrifice of a small degree of accuracy. The most accurate values
for the tryptophan content of the proteins obtained by averaging
values-obtained by the different modifications are: casein, 1.68;
crystalline /'l-lactoglobulin, 2.57; heat-denatured crystalline oval
bumin, 1.44; native crystalline ovalbumin, 1.45; heat-denatured
conalbumin, 3.02; native conalbumin, 3.10; edestin, 1.60;
arachin, 1.11; ox muscle, 1.54; zein,O.072; gelatin, 0.013; CS
54R, 0.99; and CS-56R, 0.56%. The precision of the method is
±0:88% and the accuracy is believed to be ±1 to 3%. Trypto
phan may be satisfactorily determined in the presence of carbohy
drates.
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Fluorescence Test for Thallium
in Aqueous Solution

CLAUDE W. SILL AND HEBER E. PETERSON

Metallurgical Divisio';', Bureau of Mines, Salt Lake City, Utah

PRINGSHEIM and Vogels (1) report that thallous ionoshows
no. fluorescence when excited by lighteof about 2500 A., but

shows bright blue fluorescence in the presence of excess chloride
ion. They present quantitative measurements of the thallium
fluorescence as functions of the thallium, chloride ion, and hydro
gen ion concentrations. At acidities less than about 1 N, the in
tensity of the blue fluorescence increases with increasing cWoride

ion concentration. On the other hand, when both the hydrogen
ion concentration and the cWoride ion concentration are greater
than about 1 N, a further increase in either concentration pro
duces a decrease in the intensity of the fluorescence. P~ingsheim
and Vogels suggest that the TlCI3-- is responsible for the blue
fluorescence, with neither H.TlCI" formed in -the presence of
considerable acid, nor thallium ion showing any visible fluores-
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..
A Illethod for the qualitative detection of thalliuIll, based upon the bright blue
fluoresce~ceproduced in saturated sodiuIll cWoride solutions under the influence
of short-wave ultraviolet light, is described. No other ions produce fluorescence
that would be Illistaken for that of thalliuIll, and all known interferences are
eliIllinated by siIllple procedures. Fluorescence is visible at a thalliuIll concen
tration of 1 to 50,000,000 when the depth of solution observed is 4 inches. A
short-wave ultraviolet laIllp is the only special equipIllent needed.
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cence. The present investigation was undertaken to develop a
procedure for applying this fluorescence phenomenon to the de
tection of thallium iI\ores and other materials.

A preliminary test showed relatively little difference in sensi
tivity whether sol'lium chloride, magnesium chloride, or calcium
chloride was used. The greater purity of sodium chloride far
outweighs the slightly greater sensitivity obtained with the more
,soluble cWorides; moreover, the lower chloride concentration re
sulting from the use of sodium chloride allows an acidity as high as
2 or 3 N to be used without objectionable interference with. the
test from a qualitative point of view.

APPARATUS

The lamp used in this investigation was the Mineralight V-41,
manufactured by Ultra-Violet froducts, Inc., Los Angeles,
Calif. The measured power input to the lamp was about 18
watts. Approximately 90% of the total radiatiop from this lamp
occurs in a nearly monochromatic band at 2537 A.

FLUORESCENCE TEST

The solution to be tested for thallium, after elimination of all
interfering substances as described below, is treated with suf
ficient sodium bisulfite to ensure complete reduction of all
thallium present, and the solution is boiled until the odor of sulfur
dioxide has completely disappeared. It is important that enough
acid be present to decompose all excess sulfite. The acidity should
be kept as low as is convenient, although an acidi~y as high as ~N
will desensitize the test only slightly. After coolmg, the solutIOn
is saturated with C.P. sodium chloride and examined under .ultra
.violet light in a darkroom. When the ultraviolet lamp is placed
over the open top of the vessel, the presence of thallium is indi
cated by a bright blue fluorescence. Generally, ~he fluorescen~e
will be produced more or less throughout the solutIOn; however,lf
.the thallium content is relatively high, the fluorescence will be
1imited to the upper portion of the solution because of the strong
absorption of the ultraviolet light:. .

The solution should be exammed rapldly. under ultravIOlet
light im~ediately after additi?n of th~ sod~um ~h}oride, bE!cause
thallium m concentrated chlonde solutIOns lS oXldized by all" and
the oxidation is accelerated by ultraviolet light. .

It has been found generally most convenient to work with
about 50 m!. of solution contained in a" 250-m!. Pyrex beaker. In
this case, the effect of 0.001 mg. of thallium is distinguishable
from a blank when the solution is viewed horizontally. An in
erease in abliolute sensitivity can be obtained by using smaller
volumes, provided the depth ofsolution through which the obs~rva
tion is made does not become too small-for example, 0.25 ffilcro
gram of thallium can be detected in a lo-m!. volume when the
.solution is placed in a 1.5 X 1.5 X 10 cm. glass cel!.

TEST FOR INTERFERENCE

The solution is tested under ultraviolet light as described. if no
fluorescence is observed, 1 or 2 drops of a thallous chloride solu
tion containing 0.10 gram of thallium chloride per liter (one 0.03
m!. drop contains 2.5 micrograms of thallium) are added and the
solution is again examined under light. If definite blue fluores
cence is not produced, some interference is present which must be
removed before a conclusion can be reached.

EFFECTS OF VARIOUS SUBSTANCES

To determine the possible sources of interference with this test,
various metallic and nonmetallic ions were examined under the
eonditions described above, both alone and in the presence of
thaliium. These ions are grouped into three categories according
to their effect.

1. The following ions in moderate quantities (ca. 0.25 gram
per 50 m!.) do not interfere in any way with the thallium test as
described: NH.+, Li+, K+, Ca++, 81"++, Ba++, Zn++, Mg++,
Be++ AI+++ In+++ Ga+++ 80.-- CIO.- C2H 30 2- F- and
H

2
PO.-. ' , , , , "
2. Of all the substances investigated, only six were found to

show fluorescent effects under the conditions employed for the
detection of thallium. Univalent mercury is precipitated when
sodium chloride is added to saturate the solution, and the result
ing insoluble mercurous chloride shows strong red fluorescence.
The other ions, together with the colors of each fluorescence and
the approximate quantity per 100 m!. of solution at which the
fluorescence becomes noticeable, are: 8n ++, whitish green, 0.1
mg.; Pb++, yellowish green, 1 mg.; Ce+++, purplish white, 1 mg.;
CU2++, green, 1 mg.; and 8b+++, pink, 5 to 10 mg. The fluores
cence produced by these metals could not be mistaken for that
produced by thallium because of the pronounced difference in the
colors. Moreover, the sensitivity of the fluorescence produced by
these metals is. considerably less than that of thallium, and the
fluorescence is produced only at the surface of the solution except
when the metal concentration is at about the minimum at which
the fluorescence becomes visible. However, they interfere owing
to a masking effect and must be removed before the test can be
applied successfully. .

3. The fluorescence of thallium is interfered with in a negative
way by: substances such as sulfur dioxide, iodides, and ferrous
iron that quench the fluorescence; substances such as cadmium
and bismuth that absorb the short-wave ultraviolet light strongly;
substances such as cobalt and nickel that have absorption bands
in the visible region of the spectrum and either absorb the blue
light of the thallium fluorescence completely or distort it until it is
no longer recognizable; and bromide ion which gives a green
fluorescence possibly due to the formation of a bromide complex
(1). The substances tested in this investigation that interfere
with the production of the thal,lium fluorescence for any of these
reasons and which must be removed are: Fe+++, Co++, Ni ++,
Cr+++ Cu++ Cd++ Bi+++ Hg++ 8n++++ Fe++ Au+++
Pt++++, Ti++'++, As03---, 803--, N03-, N02~, 8--; 1-, Br-;
8CN-, V03-, MoO.--, and H20 2.

SEPARATION OF THALLIUM

A method of separation that was investigated is based on the
removal of heavy metals by precipitation with sodium carbonate
after reduction of the thallium by sulfur dioxide. A little sodium
hydroxide is also used to make the separation of ferrous iron and
cuprous copper more complete. This single separation is not com
pletely satisfactory, however. It does not remove certain· sub
stances, notably arsenic and antinlony, which interfere with the
fluorescence test; and thallous ion in alkaline solution is oxidized
by oxygen of the air with resulting precipitation of the extremely
insoluble thallic hydroxide. This loss of thallium in the carbonate
precipitate can become almost complete with small quantities of
thallium, especially if the solution is boiled or allowed to stand
very long before being filtered. However, if the precipitation is
made at room temperature and the solution filtered as rapidly as
possible, the loss of thallium is relatively unimportant for qualita
tive purposes.

The procedure used to separate thallium in the present qualita
tive test is extraction by dithizone (2).

After evaporation 01 the dithizone extract and oxidation of or
ganic matter,any thallium present is obtained in 1 m!., or slightly
less, of concentrated sulfuric acid. Twenty-five milliliters of
water are added, followed by sufficient sodium bisulfite to produce
a distinct odor, and the solution is boiled until the odor of sulfur
dioxide has disappeared. After thorough cooling, the solution is
filtered through a small filter paper containing a little paper pulp



1268

to remove the small quantity of lead sulfate that will generally be
present. Washing may be omitted. If this filtration is neglected
a light greenish fluorescence may be observed in the subsequent
fluorescence test if the quantity of thallium present is small.. The
solution is then diluted to 50 to 100 mi. and divided into two parts,
one of which is saturated with sodium chloride and tested for
fluorescence. If no fluorescence is observed and the test for inter
ference indicates the presence of interfering substances (probably
bismuth or cadmium), the second part is treated with a small
quantity of sodium bisulfite and then with s~cient solid sodium
carbonate to make it slightly alkaline. The solution is immedi
ately poured through'a moderately fast filter paper. As the pre
cipitate formed is small and little time is required for filtration,
the loss of thallium by oxidation or occlusion is negligible. The'
filtrate is acidified wi.th enough sulfuric acid to react completely
with all carbonate and sulfite present and leave the solution
slightly acidic. After carbon dioxide and sulfur dioxide are re
moved by boiling, the solution is cooled, saturated with sodium
chloride, and tested for fluorescence. Although this separation
eould be applied to the total solution after the filtration of lead

ANALYTICAL CHEMISTRY

sulfate, it call1lot be combined with this filtration owing to tM.,.
solubility of the lead sulfate in alkaline solutions; it will gen
erally save time to test half the solution to find out whether the
second separation is necessary.
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lodometric ,'Semimicrodetermination of Thallium
in Ores' and Flue Dusts

CLAUDE W. SILL AND HEBER E. PETERSON
Metallurgical Division, Bureau of Mines, Salt Lake City, Utah

An accurate sClnilllicrOlnethod for the deterlllination of thalliuIn is described.
Salllple decoInposition. is effected by pyrosulfate fusion, followed by separation
of ,thalliuIn froIn essentially all interferences by extraction froIn aInInoniacal
citrate-cyanide solution with a chloroforIn solution 'of dithizone. The isolated
thalliuIn is then deterInined by an iodoInetric procedure. The Inethod is ap
plicable to Inaterial containing a few thousandths per cent or Inore of thallium.

AMONG the most commonly used methods for determining
small quantities of thallium are those based on colorimetric

determination of iodine. In the method'of Haddock (3), thallium
is extracted from an ammoniacal citrate-cyanide solution by a
chloroform solution of dithizone; the thallium is then determined
colorimetrically from the blue color produced by the action of
trivalent thallium on excess iodide in the presence of starch. In
Shaw's method (8), thallium is separated by ether extraction; the
iodine liberated by the action of trivalent thallium on iodide is
dissolved in carbon disulfide and determined colorimetrically.

Titration of the iodine would have distinct advantages as to
accuracy, speea, and ease of application to large numbers of
samples simultaneously. The work of Shaw and Haddock on the
completeness of iodine liberation seemed to assure the success of
the method, but preliminary experiments showed that, although
the iodine liberated could be titrated with thiosulfate using starch
as indicator, the results were highly empirical. An iodometric
determination of large quantities of thallium; using chloroform
and potentiometric means to indicate the end point, was em
ployed successfully by Hollens and Spencer (4), but their method
fails wi.th sloall quantities of thallium.. Cuta (2) and Proszt (7)
have described iodometric methods using starch as indicator, but
Cuta's method deals with large quantities of thallium, while
Prosz.t's, although applicable to relatively small quantities of
thallium, is highly empirical. In the latter, it is necessary that the
thiosulfate solution be standardized not only against thallium but
against almost the same quantityof thallil!m that will be found
in the unknown sample. The method is less sensitive than would
be desirable. The present investigation of the factors affecting
the thallium-iodide reaction has resulted in a method that is more
sensitive and of greater range than that of Proszt,.and is essen
tially stoichiometric.

PROCEDURE

Preparation of Solutions. SODIUM CITRATE. Add 200 grams of·
citric acid and several drops ofthymol blue indicator to 250 m!. of
water contained in a I-liter beaker. 'Place the beaker in a trough
of cold water, and add concentrated sodium hydroxide solution
slowly and with vigorous stirring to prevent the solution from be
coming unduly hot. After the citric acid has dissolved, cool, and
continue the neutralization until the indicator color changes to its
blue alkaline form.. Dilute to 600 m!.

SODIUM CYANIDE (sulfide-free). Dissolve 200 graIOS of sodium
cyanide in 400 m!. of water. The resulting solution will have a
volume of 500 mI., 5 m!. of which will contain 2 graIOS of sodium
cyanide. To this solutionadd a dilute solution of lead acetate
(1.83 graIOS of lead acetate trihydrate per 100 ml.) until the
brown color stops getting darker. Keep the excess of lead as small
as possible. Warm the solution with stirring until the precipitate
of lead sulfide flocculates, and filter through a rapidefilter. Test
the first few milliliters of the filtrate with a few more drops of the
lead solution to be sure that all sulfide is precipitated. This solu
tion may be prepared in large batches if stored in a waxed, brown
glass bottle.

HYDROXYLAMINE. * Add 20 graIOS of hydroxylamine sulfate and
a few drops of thymol blue indicator to 50 m!. of water. Add con
centrated sodium hydroxide solution with cooling until the salt
has dissolved, and neutralize the solution to the indicator end
point. Dilute the solution to 100 mi.

DITHIZONE. Dissolve 1.5 grams of dithizone in 1 liter of
chloroform.

WASH SOLUTION. * Dissolve 5 grams of secondary ammonium
.citrate, (NH.)2HC6H.O" or an equivalent amount of citric acid, in
1 liter of water, and neutralize to the blue alkaline color of
thymol blue indicator with concentrated ammonia. Add about
1 mi. excess of ammonia and 25 m!. of sodium cyanide solution,
pH = 9.7 to 10.0.

* All starred solutions should be prepared when ready to use. The
others may 1}e prepared in larger batches if the volume of work warrants it.
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BROMIN.E SOLUTION.* Dissolve 100 grams of sodium dihydro
gen phosphate monohydrate and 100 grams of ammonium chloride
in 900 m!. of freshly saturated bromine water.

PHENOL. Dissolve 25 grams of phenol in 100 ml. of glacial
acetic acid. This solution is conveniently dispensed from an all-
glass dropping bottle. '

POTASSIUM IODIDE.* Dissolve 0.5 gram of potassium iodide in
100 ml. of water.

STARCH. Make 1 gram of Bakers C.P. soluble starch, "accord
ing to Lintner," into a paste with 5 m!. of water, and add the sus
pension slowly with continuous stirring to 40 ml. of boiling water.
Add 50 ml. of pure colorless glycerol, and boil in an uncovered
beaker until the volume has been reduced by about 25%. This
should require 15 to 20 minutes. If boiling IS prolonged and the
volume is reduced by 40 to 50%, the solution will become turbid
on cooling and standing.. This turbidity can, however, be cleared
by adding 5 to 10% water and warming. If the temperature is
allowed to go above.,about 115 0 C., as will happen if most of the
'water is expelled, tIie starch solution will be useless. It is ad
visable to mark the beaker at proper reference points. Store in
an amber-coloredbottle~

THIOSULFATE. * Dissolve 250 mg. of sodium thiosulfate penta
hydrate in a little water, and dilute to 1 liter. If the salt at hand
has lost considerable water of hydration, use sufficiently less than
that indicated-e.g:, 200 mg.-to give a 0.0010 N solution.
Standardize against 2 mg. of thallium under the conditions out
lined below for the titration.

THALLIUM. Prepare a ~tock solution by dissolving 0.9880 gram
of thallium sulfate or 0.9388 gram of thallium chloride in the re
quired quantity of water and diluting to 1 liter. Ai; required,
dilute 100 ml. of this solution to 1 liter. Twenty-five milliliters of
t.he latter solution contain 2.000 mg. of thallium.

Decomposition of Sample. Weigh a I-gram sample of ore or
flue dust into a 250-ml. Erlenmeyer flask, and add 10 grams of
,~odium sulfate and 5 m!. of concentrated sulfuric acid. Place the
mixture on a hot plate, or heat carefully over a blast lamp, until
t.he evolution of sulfur (from pyrites), selenium, etc., is nearly
complete. Fuse the mixture over a blast lamp until a clear melt is
obtained. The addition of a little solid sodium fluoride to the
molten mixture after 'most of the sulfuric acid has been driven off
is of help with siliceous material. Treat the cooled melt with
about 75 ml. of water and a small pinch of sodium bisulfite,
enough to produce a strong odor of sulfur dioxide. If the melt
was heated long enough so that it tended to solidify or crust over,
add 1 or 2 m!. of concentrated sulfuric acid also. Boil until all
soluble salts have dissolved, cool thoroughly, and filter through a
retentive paper into a 400-ml. beaker, using paper pulp to secure
a clear filtrate. Wash with cold 2% sulfuric acid solution. The
insoluble material will often 'be gray or black, or sometimes red
dish, owing to reduction ofmercury, selenium, etc., to the metallic
state by sulfur dioxide.

Separation of Thallium. To the filtrate, add 5 ml. of sodium
citrate solution and 5 or 6 drops of 0.04% thymol blue indicator
:'Ireutralize, with sodium hydroxide solution, as much of the free
acid in the solution as possible without getting a permanent pre
cipitate of any kind. If the indicator color can be seen, stop the
addition of sodium hydroxide when the red color begins to turn to
t,he yellow or neutral form. Complete the neutralization with con
centrated ammonium hydroxide, adding 2 or 3 ml. in excess. If,
however, insufficient acid is present (after partial neutralization
with sodium hydroxide) to neutralize 3 to 5 ml. of ammonium
hydroxide, add enough sulfuric acid to take care of this amount
of ammonia, and again neutralize the solution with ammonium
hydroxide. The neutral point is clearly indicated either by a
change in the indicator color to blue, if the solution is relatively
free of heavy metals, or by the production of strong colors in their
presence.

Add 15 ml. of the cyanide solution and 5 ml. of the hydroxyl
amine solution, and let stand for a few minutes. If the color of
the solution fades to'the clear blue of the indicator, or nearly so,
transfer the solution to a 250-ml. separatory funnel, dilute to 150
to 200 m!., and extract with dithizone. If a deep red color is pro
duced which does not show signs of fading on a few minutes'
standing, indicating much iron, heat the solution to about 90 0 C.
(do not boil), let stand for about 5 minutes, and then set the
beaker in a tray of running water (in a hood). When the solu
tion has thoroughly cooled, transfer it to the separatory funnel
and extract with dithizone.

Add 10 ml. of the dithizone solution to the solution in the
separatory funnel, and shake vigorously for 20 to 30 seconds.
Allow a few minutes for the layers to separate, then draw off the
chloroform layer into a 125-ml. Erlenmeyer flask without allowing
any of the froth to get into the stopcock. Repeat the extraction
with successive 10-m!. portions of dithizone solution until the

,extract remains the brilliant green of unchanged dithizone. Make
at least one additional extraction after the first bright green one
that is ohtained, and combine all extracts. If a very complete
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separation of layers is not possible, make enough additional ex
tractions to recover completely by dilution the first extract that
remained unchanged. Generally, three extractions should be
sufficient, as the second extract usually will remain unchanged.
If it does not, it is generally indicative of extraction of ~inc,
cadmium, etc., owing to insufficient cyanide. In this event, add
more cyanide solution, and shake the solution again before draw
ing off the extract. The analyst should keep in mind the possi
bility of actually having enough thallium present to give more
than one red extract, but this will occur infrequently-e.g., with
thallium concentrates. '

After extraction, discard the aqueous layer, and rinse the
separatory funnel thoroughly with water. Pour the combined
chloroform extracts into the separatory funnel, and wash the
flask with 50 ml. of wash solution followed by two small rinses
with distilled water, adding all washes to the separatory funnel.
Shake the extract vigorously for 30 seconds; and after allowing
the layers to separate, draw off the chloroform layer into the same
125-ml. Erlenmeyer flask. Extract the aqueous wash layer with
one or two 5-ml. portions of dithizone to recover any traces of
thallium that may have gotten into the aqueous layer and to make
the recovery of the main extract complete. Add this extract to
the main one in the flask.

To the chloroform extract containing the ~hallium, add 1 m!. of
concentrated sulfuric acid, and evaporate the chloroform gently
on a hot plate. Ai; soon as the chloroform has evaporated but be
fore the organic matter begins to char, add 1 m!. of 72% per
chloric acid, and heat gently until all water has been expelled and
the reaction proceeds quietly. If the temperature is too high, the
sample tends to spatter from the water, condensing on the walls
of the flask and running back into the hot sulfuric acid. This
spattering, of course, can lead to mechanical losses of thallium,
which may become serious considering the very small volume of
solution and is especially annoying if 40 or 50 samples are being
run at the same time. By having a considerable excess of per
chloric acid present and allowing the decomposition to take place
rather slowly at a fairly low temperature, spattering is avoided
almost completely and personal attention is unnecessary. .:'Iro ex
plosions or even vigorous reactions have ever been noticed under
the conditions described for oxidation of this particular type of or
ganic matter. However, the potentialities of mixtures of organic
matter and perchloric acid should be kept in mind, and extreme
caution exercised.

After 10 to 15 minutes, the solution will pe a light, clear red or
yellow. At this point, place the solution on the hottest part ofthe
hot plate, and evaporate to fumes of sulfuric acid. When the
sulfuric acid has become colorless, cool the flask, and rinse the
sides as well as the top thoroughly with several drops of water.
Add a few drops of perchloric acid, and evaporate the solution
again to fumes of sulfuric acid. The temperature should be high
enough to decompose the perchloric acid, as indicated by the

. formation of a yellow color which disappears in a few minutes.
When the perchloric acid has been completely volatilized, the
solution should be absolutely colorless, and the total volume (con
centrated sulfuric acid) will be slightly below 1 m!. Add 25 ml. of
water, and complete the determination as described below. The
presence of small amounts of organic matter left in the solution
has been known to produce a return of the blue starch-iodine
color. With appreciable amounts of organic matter, return of the
blue color may be so fast as to obliterate the end point com
pletely. By repeating the evaporation to fumes with a little
perchloric acid after rinsing, organic matter is satisfactorily
eliminated.

Determination of Thallium. To the thallium solution obtained
above, or to a 25-ml. aliquot of the standard thallium solution to
which has been added 1 m!. of concentrated sulfuric acid, add 25
m!. of the bromine reagent. Add a boiling chip to ensure smooth
evolution of bromine and to prevent bumping, and heat the solu-

, tion to boiling. When the bright red solution has faded to a
light yellow (which will require less than 3 minutes' boiling), cool
the flask rapidly by placing it in a trough of coldl running water.
The bromine must not be removed entirely by boding, for there is
danger of reducing some thallium in the hot solution after all
bromine has been removed. After cooling the solution to the
temperature of the cold water bath, remove the bromine still re
maining by the addition of 0.2 ml. (4 or 5 drops) of the phenol
solution. Add 5 ml. of the potassium iodide solution; after swirl
ing for a few seconds to ensure complete reduction of the thal
lium, add 1 m!. of the starch solution. Titrate the liberated iodine
with 0.001 N sodium thiosulfate solution until the blue color is
discharged.

The rate at which the thiosulfate is added throughout the main
part of the titration has very little effect; the only error noted
was a slight loss of iodine when the entire titration was carried out
by adding a single drop at Ii time with constant swirling. How-
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a Subscripts indicate number of runs in averages.

Table I. Titration of Standard Thalliulll Solution with
Standard Thiosulfate

pendent standardization of the thiosulfate is recommended only
when pure thallium salts are not available.

Determination of Thallium. STOICHIOMETRY OF THALUUM
IODIDE REACTION. Aliquots of each thallium solution (25 mI.,
1.996 mg. of thallium) were titrated with standard thiosulfate
solution according to the standard procedure given above. The
results listed in Table I show that the iodometric determination of
thallium is accurate to somewhat less than 1 part per thousand,
at least in the determination of 2 mg. To determine whether the
stoichiometric relationship holds for other quantiti~sof thallium,
different quantities of thallium were titrated (Table II). The
data show that the relationship is satisfactorily linear up to about
3 mg. of thallium, above which the results tend to be slightly
low. The last column shows the er;or found i~ another series that
was titrated in a brightly lighted room but not in direct sunlight,
all other conditions being the same.

EFFECT OF IODIDIiJ CONCENTRATION. One of the most im
portant single conditions governing the success of the titration is
the quantity of potassium iodide used. If insufficient iodide is
present, low results are obtained. On the other hand, if enough
iodide is added to cause precipitation of a small quantity of
thallous iodide, the results are also low; if relatively large quanti
ties of thallous iodide are precipitated; no end point is visible
through the muddy greenish-brown solution. It is thought that
the thallous iodide adsorbs iodine, which then reacts incom
pletely until a considerable excess of thiosulfate has been added.

The optimum quantity of potassium iodide finally selected was
the 25 mg. used in the 50-ml: volume as described in the method.
This concentration gives results that are satisfactorily linear up
to about 3 mg. of thallium and are less than 0.5% in error up to 5
mg. Because 5 mg. of thallium would require a 5O-m!. titration,
this range is satisfactory.

EFFECT OF OTHER METALS. To determine the effect of other
metals on the thallium titration a series of standards was titrated
,in the presence of various metals which are generally encountered
in flue dusts, as' well as certain metals which it was thought might
possibly interfere when present in trace amounts. The titration
of 1.996 mg. of thallium in the presence of 25 mg. of lead, bismuth,
cadmium, zinc, iron, or manganese 'was 19.32 ± 0.92 m!. com
pared with the calculated value of 19.32 m!. of 0.001011 N thio
sulfate. Titrations of 19.33, 19.42, and 19.39 m!. were obtained
in the presence of 5 mg. of arsenic, antimony, and copper, re
spectively. Although the results with antimony and copper are
slightly high, the quantity of either metal likely to be carried

Error
in Light
MI.

+0.03
+0.06
+0.05
+0.05
+0.10
+0.13
+0.14
+0.11
+0.03
+0.02

TI Calcd., Mg.,
Using Normality from
Iodate Dichromate

(0.001012):" (0.001012)'

1.995 1.995
1.996 1.996

(0.001011)0
1.995
1.996

Error
MI.

+0.01
+0.01
+0.03

0.00
+0.02
+0.02
-0.02
-0.06
-0.16
-0.16

Titration, MI.

19.29 '" 0.010
19.30 '" 0.01,

19.31 '" 0.02,
19.32 '" 0.02,

Titration
MI.

0.40
1.95
3.90
7.75

11.63
19.39
27.10
34.80
42.46
50.20

Effect of Quantity of Thalliulll on Thiosulfate
Titration
Calcd. Vol.

(0.001011 N)
MI.

0.39
1.94
3.87
7.75

11.61
19.37
27.12
34.86
42.62
50.36

TI Taken, Mg.
ThSO. TICI

1.996

1.996

TI Taken
Mg.

0.040
0.200
0.400
0.801
1.200
2.001
2.802
3.602
4.403
5.203

Table II.

ever, the speed of titration becomes considerably more important
near the end point. The color changes are not so rapid as de
sirable, and time must be allowed for the system to reach equilib
rium. After addition of each drop near the end point, the blue
color will fade rapidly (but not instantaneously), followed by a
slight deepening of the color on standing for a few seconds. This
deepening of the color decreases with each drop until the end point
drop produces a sharp change to .colorless, which will not return
for several minutes. The error introduced by not allowing enough
time at the end point is small and should never amount to more
than 2 or 3 drops (high or low), but is important if precision re
sults are to be obtained.

Exposure of the solution to sunlight or even skylight will result
in a titer 2 or 3 drops high. The sharpness of the end point is
affected somewhat by the spectral quality of the light, the end
point being more easily visible when viewed against the white
porcelain base of the titrating stand in diffuse daylight than under
artificial lights or in brilliant daylight. It is advisable to pull
the blinds on all windows facing the sun and conduct the titration
in diffused daylight with such supplemental lighting from artificial
lights as may be required. If the fading produced by each drop is
observed, and a comparison solution of about the same volume of
distilled water is used, the end point can be detected to 1 drop, or
even to 0.5 drop with a little experience. The end point is not
stable indefinitely but isstable enough to ensure a very sharp
break at the end point, even allowing about a minute for the end
point drop.

DEVELOPMENT OF PROCEDURE

In the development of the procedure, known quantities of
thallium were titrated with an independently standardized
thiosulfate solution under various conditions. From the data ob
tained, the optimum conditions for accurate determination of
thallium were established. This procedure for determining
thallium was then used to study the separation of thallium and to
establish possible errors introduced in the decomposition of the
sample. Each of these three main divisions of the method is dis
cussed below in the order in which it was worked out. Calibrated
weights and volumetric apparatus were used throughout the
work, and all data shown are the corrected values.

The thallium solutions were prepared as described under
Preparation of Solutions, using both thallous sulfate andthallous
chloride to give standard solutions from two sources. Each salt
was recrystallized from water which had been, slightly acidified
with the corresponding acid; the products were dried at 400 0 and
200 0 C., respectively. In most of the work a 25-ml. pipet (24.96
ml.) was used to deliver 1.996 mg. of thallium from either solu
tion.

The normality of the thiosulfate solution used in the thallium
titration was determined by an indirect method rather than by
direct standardization of such a weak solution. An approxi
mately 0.05 N solution, prepared and stabilized according to the
directions of Kassner and Kassner (5), was ,standardized fre
quently against potassium iodate (6) and potassium dichromate
(9). A 2Q-m!. aliquot of this standardized solution was then
diluted to 1 liter to obtain a working solution of approximately
0.001 normality, the exact normality of which was obtained by
calculation from the stronger standardized one.

In all work in which thallium solutions were titrated under
variable conditions, duplicate thallium titrations were carried out
at the same time under the standard conditions. This provided
an empirical standardization as well as a theoretical one. Gen
erally, the titration of the thallium standard agreed with the cal
culated value to less than 1 pad per thousand, but occasionally
they differed by 1 or 2 parts per thousand.•This difference is due
to small errors arising from different light conditions, starch indi
cator, or a possible difference in the actual normality of the thio
sulfate solution from that calculated by dilution, all of which may
vary slightly from day to day. As these errors are small and re
producible under any given set of conditions, they can essentially
be canceled by an empiricitl standardization. Accordingly, inde-
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through the extraction is much less than 5 mg., even if the original
sarp.ple consisted of the pure metal. Hence, there is little likeli
hood that these metals will interfere with the determination.

The presence of 25 mg. of mercury caused low results (18.6 mI.),
owing, probably, to a reduction of the iodide concentration
through formation of the complex HgI4--. The method, how
ever, amply provides for removal of this element.

TITRATION BLANK. . Solutions carried through the titration
without any thallium present fail to produce a blue color on the
addition of iodide and starch but produce a definite blue color on
the addition of a single drop of 0.001 N iodine solution. The ab
sence of a reagent blank is understandable, for the method is very
insensitive toward traces of iron, copper, arsenic, etc., that may be
present in the reagents used. However, the absence of an indica
tor blank is remarkable, considering the thiosulfate concentration
employed, and is attributed to the very sensitive nature of the
starch-glycerol reagent under the conditions of volume and con
centration of iodide and neutral salts in the present method.
However, there are two sources of error that will not be detected
unless a titration is actually obtained in the blank determination.
The first is due to the accelerating action of ultraviolet light on the
air oxidation of iodide, which leads to slightly high results as indi
cated in column 5 of Table II.. The second is concerned with the
discharge of the blue starch-iodine color; if the starch solution is
more than 2 or 3 days old, the end point is less sharp and 2 or 3
drops excess of thiosulfate are required before the blue color is dis
charged. If an error of this magnitude can be tolerated, the
starch-glycerol reagent can be used for at least 6 months.
Inasmuch as both errors depend somewhat" on the quantity
of thallium titrated, no correction is feasible. A small quantity
of thallium (about 0.05 mg.) should be included in the blank
as a check on laboratory conditions rather than to obtain a
corrective bh~nk in the usual sense. By taking adequate precau
tions against ultraviolet light l!nd using freshly prepared starch
glycerol reagent, it has been consistently possible throughout this
investigation to obtain results with no significant blank.

OTHER FACTORS. The data listed in Table III indicate that
normal errors in estimating the 1 mI. of sulfuric acid required in
the method will not result in appreciable error; that speed of
titration does not affect the titration directly; and that loss of
iodine will generally be negligible if the titration is carried out
rapidly without allowing the solution to warm up or to be agitated"
vigorously.

Separation of Thallium. The extraction of thallium by a
chloroform solution of dithizone, although using more expensive.
reagents than other methods, is a very satisfactory method for
separating thallium, because it is rapid and complete and few sub
stances interfere. From an ammoniacal citrate-cyanide solution,
only lead, stannous tin, and bismuth are coextracted with the
thallium. After an oxidative attack and filtration of a sulfate

Table III. Other Factors

Variations from Standard Procedure

1. 5 ml. H,S04 present
2. 0 ml. H,S04 present
3. Fast a.ddition of titrant

18.8 mL of titration conducted with buret stopcock fully
open, solution swirled conti.nuously

4. Slow addition of titrant
Titration conducted by adding single drop at a time

Slow continuous swirling of solution at temperature
of cooling bath (15 0 C.)

Vigorous agitation of solution at temperature of cool
ing bath

Slow continuous swirling of solution at room tempera
ture (280 C.)

5. Solution allowed to stand 1 hour after elimination of bro
mine by phenol

6. Solution allowed to stand quietly for 30 minutes after libera
tion of iodin~by addition of potassium iodide

In cooling tray
At room temperature

• Calcd., 19.32 ml~

Titra
tiona,

Ml.

19.40
19.25

19.32

19.32

19.28

19.24

19.32

19.31
19.08

solution, only bismuth, which is not likely to be encountered in
great quantity, and small amounts of lead, owing to the solubility
of lead sulfate, will be extracted, inasmuch as stannic tin is not re
duced by hydroxylamine (1). In the present method, neither lead
nor bismuth in moderate quantity interferes in the subsequent
iodometric determination of thallium, and hence both may be
ignored. However, large quantities of bismuth will require a
prohibitive number of extractions for complete removal in the
separation and will also interfere in the subsequent titration, ow
ing to a masking effect of the BiI4- color. on the end point. Such
large quantities, when encountered, should be removed by an
"appropriate separation.

The brilliant green color of unchanged dithizone is generally
used as an indicator of the end of extraction. However, a seem
ingly endless series of blue-green to red extracts may sometimes
be obtained after all the thallium has been extracted. For ex
ample, certain metals, especially cadmium, may be extracted in
sufficient quantity to distort the color of the dithizone extract un
less the cyanide content is several times that required to form the
complex. In extreme cases, as in the determination of thallium in
cadmium metal, the cyanide conc.entration required to prevent
extraction of cadmium may approach 10 to 20%. Such high
cyanide concentrations will not affect the extraction of thallium
in any way, provided the cyanide is free of sulfide. The small
quantity of sulfide present in C.P. sodium cyanide is sufficient to
cause serious error if not removed.

Another cause is oxidation of dithizone by ferric iron, which is
easily recognized by the characteristic formation of a creepy, red
precipitate on the walls of the funr~el above the aqueous solution
and a green sheen around the extract. The ferric citrate complex
is not reduced by hydroxylamine in alkaline solution and the
ferricyanide complex, although easily reducible, is formed very
slowly at room temperature. If the solution is heated and
allowed to stand hot for a few minutes, the formation of ferri
cyanide (and subsequent reduction) is so complete that even large
quantities of iron will cause no interference. However, because
alkaline ammonium cyanide solutions are decomposed on boiling,
with formation of a deep red color and a dark, voluminous pre
cipitate, the solution should be heated as little as possible con
sistent with the quantity of iron to be complexed.

A third cause of extended extractions is the distribution of
dithizone at high pH. Above a pH of about 10.2, the distribution
of dithizone is so heavily in favor of the alkaline aqueous layer

"that the color of the chloroform layer is strongly affected by the
light red color of the small quantities of alkali-insoluble impuri
ties present in the dithizone. As shown later, however, high ex
traction efficiency is obtained at high pH values, at least up to
11.8, so that the end of the extraction can be determined by the
weakness of the extract color rather than by the brilliant green
color of excess dithizone. One' additional extraction should then
suffice for complete extraction.

To determine the effect of pH on the extraction of thallium by
dithizone, the pH was regulated in a manner similar to that used
in the regular method by neutralizing various quantities of sul
furic acid with concentrated ammonium hydro,xide and adding a
constant excess of 1 mI. of the ammonium hydroxide together with
various quanti·ties of cyanide. A rather large volume of aqueous
solution (200 ml.) was used to accommodate better the salts from
large samples, fusions, etc., and to make washings on a routine
basis more convenient than with smaller volumes, even though
the latter would result in greater efficiency. The extraction was
carried out by shaking the solution vigorously for 30 seconds with
a lO-ml. portion of dithizone, drawing off the extract as com
pletely as possible, and. then allowing 10 ml. of chloroform to drop
through the solution without s.haking to wash out the stem of the
funnel. This extraction and washing process was repeated four
times and the thallium content of each extract determined by
titration. The results are listed in Table IV.

From these data it is concluded that maximum extraction
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19.36
19.36
19.30
19.32

19.37
19.35
19.36
19.29

TotalS
MI.

19.29
19.37
19.36
19.37

SUMMARY

.An accurate semimicrodetermination of thallium has been de
veloped. Among the conditions for maintaining a stoichiometric
reaction between thll,llium and iodide, the most important is the
thallium-iodide ratio. The effects of starch,. ultraviolet light,
acidity, volatilization of iodine, and extranteous metals on the
titration are discussed.

The separation of thallium by extraction with a chloroform
solution of dithizone has been investigated, and the effects of
cyanide concentration and pH on the extraction have been deter
mined.

The volatility of thallium compounds under certain conditions
common to everyday laboratory practice has been observed, and
some methods of decomposing thallium ores tha~ can be used
Without volatilization losses have been determined.

should be treated with hydrochloric and nitn-o
acids in a covered beaker at a temperature just
high enough to cause a gentle boil but not high
enough to cause the sides of the beaker to dry or
to cause too much evaporation before the ad
dition of sulfuric acid and evaporation. to fumes.
The addition of sulfuric acid at the outset, if pos
sible, would be even more desirable. Hydrofluoric
acid in moderate quantities has not been observed
to result in loss of thallium and should be used
with siliceous material.

If much insoluble material is left from this acid
treatment, it should be dissolved by pyrosulfate
fusion to recover the thallium it contains. (On
certain materials rich in antim1my, over 50% of the-
thallium was found in the acid-~soluble residue.)
As treating residues a second time is not d.esirable
if a large volume of work is to be handled, this
laboratory has made a practice of making the

original decomposition by pyrosulfate fusion. Such treatment
not only assures complete decomposition of most types of samples
encountered but eliminates the concern over thallium losses that
may occur with more volatile acids. However, whim samples
larger than I o~ 2 grams are taken for analysis, an add decom

.position would eliminate the large quantity of additional salts
resulting from the fusion and might be a more suitable procedure.
Such a decomposition might also be desirable in the treatment of
high siliceous material where the use of hydrofluoric acid is
necessary.

Final Check on Method. As a check on the final method as a
combination of individually developed parts, a known quantity of
thallium was evaporated to fwries with sulfuric acid, and a I-gram
sample of pyrite known to contain no thallium was added. After
addition of sodium i!lUlfate, the sample was fused and carried
through the complete method as described. The data in Table VI
show that the method yields completely satisfactory results.

4
MI.

0.13(Dz)b
O.OO(Dz)
O.OO(Dz)
O.OO(Dz)

O.OO(Dz)
O.OO(Dz)
O.OO(Dz)
O.OO(Dz)

O.OO(YG)C
O.OO(YG)C
O.OO(R)c
O.OO(R) C

Titra
tiona.
M!.

19.31

18.8

17 .7

19.33

f9.1
14.5

19.32
18.6

19.31

19.33

19.27

19.33
19.33

19.34

Effect of pH on Extraction of Thallium

Effect of Acids on Loss of Thallhun

Table IV.

Table V.

Treatment of Thallium

1. 25 m!. coned. H,SO, boiled 01I
2. TI evaporated with H,SO, and ThSO, allowed to stand on

hot plate (ca. 3500 C.) for 2 hours
3. Sample of ThSO, heated at. 4000 C. in electric furnace for

2 hours
4. Three evaporations with 25 ml. coned. HCI after reduction

of Tl with SO,
5. Three evaporations with 20 m!. HCI and 5 ml. HNO,

To 5-m!. volume
To dryness

6. Three evaporations with 25 m!. coned. HNO.
To 5 ml. volume
To dryness

7. Three evaporations to. fumes with 20 m!. HCI and 5 mi.
HNO, in presence of 5 m!. H,SO,

8. Two evaporations to fumes with 25 ml. HN03 in presence
of 5 m!. H2S0,

9. 5 m!. coned. HNO, added to 5 m!. coned. H2S0. as latter
was just beginning to fume. Repeated 5 times .

10. Two evaporations with 10 m!. 72% HCIO. in presence of
1 m!. H2S0,

11. Pyrosulfate fusion b
12. Pyrosulfate fusion plus three 0.5-gram additions of sodium

f1uoride b

• Calcd., 19.32 mi.
f) Fusion made at highest temperatu're attainable from blast lamp and

prolonged until bottom of Pyrex flask sagged to spherical shape. Regular
dithi2ione extraction then made prior to titration.

Test Titration of Extracts
No. H,SO.NaCN pH 1 2 3

MI. Grams MI. MI. MI.

1 10 S.7 16.09(BG)b 2.52(Dz)b 0.55(Dz) b
2 10 5 9.05 17.37(BG) 1.7S(Dz) 0.22(Dz)
3 10 10 9.2 17.70(PG) 1.50(Dz) 0.16(Dz)
4 10 20 9.35 lS.15(P) 1.12(Dz) 0.10(Dz)

5 2 1 9.2 17.70(PG) 1.49(Dz) 0.17(Dz)
6 2 5 9.5 lS.30(P) 1.0l(Dz) 0.05(Dz)
7 2 10 9.7 lS.40(P) 0.90(Dz) O.OO(Dz)
8 2 20 9.S5 (S.50(P) 0.S2(Dz) O.OO(Dz)

9 0 11.15 lS.17(R) 1.10(YB) 0.10(YG)C
10 0 5 11.5 lS.55(R) O.SO(YB) O.OO(YG)C
11 0 10 11.65 lS.44(R) 0.92(R) O.OO(R)C
12 0 20 11.S lS.43(R) 0.S6(R) O.OO(R)C

• Calcd.• 19.32 m!.; standard. 19.35 mi.
• Letters in parentheses refer to extract color: BG. bluish green; PG, purplish green:

YG, yellowish green; YB, yellowish brown; P, purple; R, red; Dz, hrilliant green of
dithi.zone.

e Relatively weak colors.

efficiency is obtained at a pH greater than about 9.5; and
the mechanics of the extraction are best at a pH below
about 10.2, where the chloroform still contains enough dithizone
to act as an indicator of the end of the extraction. This range is
easily aiid consistently obtained simply by neutralizing I to 2 mr.
of concentrated sulfuric acid with concentrated ammonium
hydroxide (3 to 5 mI.), adding 1- or 2-ml. excess, and using at
least 5 grams of sodium cyanide.

Pyrite
Sample

Gram

Decomposition of Sample. To determine under what con
ditions losses of thallium could be effected, 25"ml. aliquots of the
standard thallium solution (1.996 mg. of thallium) w'ereevaporated
carefully to about 5 ml. and then were subjected to various treat
ments that might be used in everyday laboratory practice. After
fuming with 1 ml. of concentrated sulfuric acid, the thallium con
tent was determined by titration (Table V).

To make the error as noticeable as possible, the conditions em~

ployed in these tests were deliberately more extreme than usual
laboratory practice would require. Howe-..er, the results indicate
that the temperature is the eritica! factor, its maximum permis
sible value depending on the type of anion present. (Some loss is
indicated in test 9, but this is probably a small mechanical loss
caused by the rather severe experimental conditions rather than
volatilization.) Samples to be decomposed by acid treatment
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UNIVERSAL MICROAPPARATUS
Filtration, Extraction, Reflux, Distillation, Homogenization, Centrifugation, and

Drying in the Same Apparatus

CLYDE A. DUBBSl

University of Southern California Medical School and Los Angeles County Hospital, Los Angeles, Cali}.

One siUlple Ulicroapparatus alone can process sUlall aUlounts of solid Inaterial
through a series of COInInon unit operations without vessel-to-vessel transfer
and resulting high percentage loss of Inaterial. For radioactive tracer work,
the apparatus presents a Ineans of extended processing in a closed systeIll.
Other advantages are discussed.

FOR many years the trend in laboratory practice has been
toward the micro scale. Microtechniques are not only

time-saving and effort-saving, but become indispensable when
only very small amounts of material are available for study.
.-\. special impetus has been contributed by isotopic tracer studies
which demand the manipulation of very small amounts. Yet a
persistent difficulty with microtechniques has been the per
centage losses that are necessarily involved when small amounts
of material are transferred from one vessel to another for different
treatments. Apparently the ideal solution of this difficulty is
the elimination of transfer by providing a single apparatus in
which all necessary treatments can be carried out conveniently
and efficiently. Substantial progress toward this goal has been
accomplished by the new universal microapparatus.

An original form of this· apparatus is shown in Figure 1. An
improved form, shown in Figure 2, assumes the general shape
of the combustion and carbon dioxide volatilization apparatus

1 Present address, General Medical Research Laboratory, Veterans Ad
ministration Center, Los Angeles, Calif.

Figure 1. Original Universal Microapparatus

described by Allen, Gest, and Kamen (1) and attrib\lted to the
original design of H. A. Barker (.4). The improved form differs
from the Barker apparatus by the inclusion of a special disk
assembly (Figure 4) that effectively adapts the admirable Barker
design to a universal apparatus. To date this new apparatus
has been successfully tested by processing plant material without
transfer through filtration, extraction, reflux, distillation, homog
enization, and centrifugation; and has been so employed in the
rapid carbohydrate analysis of plant material and in the closed
system processing of radioactive compounds.

APPLICATIONS

Centrifugation and Homogenization. Tube l' (Figures 1 and
2) serves as a rugged centrifuge tube which will fit any standard
5O-ml. centrifuge cup. It serves as a homogenizing tube when
a rotating motor-driven pestle (Figure 3) is inserted after the
manner of Potter and Elvehjem (7, 8).

Filtration. The disk assembly, detailed in Figure 4, includes
the resin disk, D, which is tapered to fit snugly within the stand
ard-taper joint of tube 1'. A disk of filter paper, p, is cemented,
c, along its circumference to the resin disk and slightly overlaps
the central hole into which it is tightly engaged by the insertion
of the tapered inlet tube, I. When the disk assembly is slipped
firmly into position within the neck of a tube which contains
the suspension, slurry, or homogenate to be filtered, and the
10o-ml. flask, F (Figure 1), or the midpiece, M, and second
tube, 1" .(Figure 2), are attached, and .the apparatus is inverted
to a position illustrated in Figure 1 or 2, filtration proceeds
through the paper disk and the six small holes in the resin disk.

.The apparatus can frequently simplify refiltration procedures.
In conventional filtrations, the initial filtrate passing through a
fresh filter medium may be turbid although subsequent filtrate
comes through clear. Refiltration is required, involving dis
assembly of apparatus, filtrate transfer, and rinsings. With the
new arrangement, it" is necessary merely to invert the apparatus,
letting the turbid filtrate return to tube l' via the inlet tube,
then inverting again for refiltration.

Vacuum Filtration. When the apparatus is assembled, there
is included the small glass valve, V, which has previously been
ground into the top of ttle inlet tube to permit a tight seal. This
valve carries a small Chromel wire hook, h, to be hooked over
the top of the inlet tube (Figure 2) when the valve is not in use,
and a straight wire, W, to permit convenient reseating of the
valve. The stopcock assembly, S. is attached to the side arm
and vacuum is applied through the outlet tube, o. In practice
air leakagea:round the valve is frequently great enough to require
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Figure 2. llUproved Universal Microapparatus

I

to entrain the liquid about the inlet tube in T. Gentle sWirl~
performed while the apparatus is held in hand, serves to 100
up the material collected on the disk and bring it into suspension
again. The apparatus is inverted once more, condenser C and
heating jacket J are slipped into place, and the apparatus is in
final position for reflux as sketched in C of Figure 5.

RAI'W CAR80HYDRATE ANALYSIS

The fonowin~ brier lIummary illustrates how the apparatus has
been emplo.roo in >In actual procedure. In conjunction with the

The apparatus can frequentlytalleviate bumping prob
lems. Considerable difficulty was initially encountered in
attempting to boil plan t hom<Jtenates in relatively narrow
vessels at atmospheric pressure, for bumping invariably
threw material from the vessels. The new apparatus, after
evacuation, with a water aspirator, is gradually heated
while the lower tube is gently shaken (conveniently done by
holding the lead wires to the heating jacket). Although mild
bumping initially occurs, continued shaking and the gradual
readmission of a little air into the syttem through the sto!,
cock readily bring the suspension to a jmooth boil; there
after further manipulation is unnec·essary.

Should initial bumping be inadvertently allowed to throw
some solid material up through the inlet tube, I, advantage·"
is taken of the feature discussed under filtration to wash
it back into the lower tube.

Distillation. If the apparatus is disposed in the position
sketched in D of Figure 5, simple distillation may take place
from one tube to another. In this application the apparatus
becomes essentially that described by Allen, Gest, and
Kamen and attributed to Barker. These authors volatil
ized carbon dioxide under vacuum from one tube, using a
gentle heat, and absorbed it in alkali solution contained in
the other tube. Under increased heating actual distillation

.satisfactorily proceeds under vacuum. This arrangement
has been applied to concentrate an aqueous solution of CU
glucose to a sirup, the last portion of water condensing on
the walls of the tube being driven over by the heat from a
flexible heating jacket (Figure 6) wrapped about the tube.
In this particular case, the stopcock was opened to con

tinuous evacuation in the latter stages.
Although distillation is preceded by an application in which the

disk assembly is used, the apparatus need not be taken apart to
remove the disk assembly, which will not interfere.

Drying. One tube may contain the
material to be dried, the other may con
tain a suitable drying agent. After evac
uation, the flexible heating jacket (Fig
ure 6) may maintain the material at a
suitable temperature as indicated by a
thermometer placed between heater and
jacket. In this case the apparatus be
comes an efficient Abderhalden drying
pistol.

In all applications the improved form
of the universal microapparatus can be
conveniently supported by a single three~

fingered clamp gripping. the midpiece.
The tubes and stopcock assembly are held
to the midpiece by springs engaging

.hooks. A metal collar carrying hooks is
used with the tubes, in order that perma
nently attached hooks may not interfere
with their application as centrifuge tubes.
The condenser is slipped over the upper
tube. The end heating jacket is quickly
positioned by a long thin spring engaging
the two hooks on the jacket and looping
over one finger of the clamp, and the flexi
ble heating jacket can be secured about a

Figure 4. Disk tilbe with spring-type clothespins. Thus
Assembly the apparatus and its accessories form a

compact system which is conveniently
assembled, disa.q,"embled, or otherwise manipulated, either in a
clamped position or while held in hand.

Figure 3.
J1omo~en

izing Pestle

the alternate admission of air to the apparatus to. restore the
pressure in tube T and re-evacuation-a simple manipulation.

(If D is well seated, friction alone can hold it in position despite
the stress caused by evacuation of the lower portion of the
apparatus.)

Extraction. Valve V, if present, is hooked out of the way,
3nd the entire apparatus is evacuated. The glass condenser, C,

b

is slipped over the tube. The flask (Figure 1) is heated with a
Gias-Col heating mantle, or tube Tl (Figure 2) is heated with a
special jacket, J; regulation of temperature is accomplished by
So variable transformer. The internal pressure can be checked
occasionally by turning the stopcock to connect the system with
the small rubber bulb, b, which should remain collapsed. Rarely
does difficulty arise due to excess pressure ·within the system.
Extraction proceeds as the extractant boils, passes up through
the inlet tube, condenses in T, and percolates back through the
material collected on D.

The apparatus permits unobscured observation of the material
being extracted. In the extraction of green leaf material, the
green color can be seen to pass as a descending
zone, simulating an eluting chromatographic
column. This feature provides a convenient
means for judging completeness of extraction.

The apparatus eliminates the need for suc
cessive washings of residual material after filtra
tion, a procedure that leads to an undesirably
large volume of filtrate plus washings, and
often requires subsequent concentration. With
the new apparatus it is more convenient to
"wash" the residue by simple extraction, where
by no volume increase is involved.

For subsequent applications, the improved
form of the apparatus (Figure 2) is recom
mended.

Reflux. The application of the apparatus to
simple reflux is obvious. However, let it1:>e as
sumed that a material has just been extracted
in the apparatus and it next is required to re
flux it in intimate contact with a boiling liquid.
The appropriate liquid is admitted, and the
apparatus is momentarily inverted to let the
liquid run into tube T, then inverted again so as
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['(TRACTION
Figure 5. Positions of Apparatus for Different

Applications

1-<----/50 MM.==1i
Figure 6. Flexible Heating Pad

extraction scheme of Hassid, McCready, and Rosenfels (3), and a
modification of the colorimetric method of Morris (6) using Drey
wood's anthrone reagent (2), the apparatus permits a rapid means
of carbohydrate analysis.

Rapid disintegration of a fresh sweet' potato leaf (weight 300
to 500 mg.) is accomplished by homogenizing it with 1 ml. of
80% alcohol in tube '1', using a special pestle (Figure 3), to the
end of which sharp silicon carbide teeth have been cemented.
The pestle is rinsed down with 4 ml. more of 80% alcohol.
Homogenization and rinsings require only 5 minutes. The uni
versal apparatus is then assembled, and the leaf residue is filtered
and extracted therein for 1 hour. The tube of alcohol extract
is removed.

A second tube, containing 5 ml. of acid alcohol (4 ml. of con
centrated sulfuric acid stirred into 500 ml. of 95% alcohol), is
attached, and the residue is brought into suspension again as
previously described, and boiled for 15 minutes (to "solubiliza"
the starch), followed by inversion of the apparatus and extraction
for 15 minutes. The efficiency of this extraction, which replaces
the repeate<j. alcohol washings required by the conventional pro
cedure, is proved by the inability of the extracted residue to
redden litmus.

A third tube, containing 5 ml. of water, is substituted for the
acid alcohol tube, and boiling (1 hour) and extraction (15 minutes)
are repeated. The tube of aqueous starch extract is removed.
Finally, the aeid alcohol and water treatments are repeated.
(Slow water extractions are sometimes encountered due to the
gelatinous nature of the acid-treated plant residue.)

For analysis, appropriate aliquots of the 80% alcohol extract
(soluble sugars), the water extract (starch), and standard glucose
solutions are directly pipetted. into separate tubes, to each of
which are added 5 ml. of anthrone reagent (1 gram of anthrone
dissolved in 1· liter of concentrated sulfuric acid, stirred into
50 m!. of water, and cooled). The mixtures are heated in a
boiling water bath for 10 minutes, cooled, and read in a Klett
Summerson colorimeter using a 54Q-m/-£ filter. Under the con
ditions described, a straight-line plot of Klett reading against
weight of standard glucose was obtained up to at least 200
micrograms of glucose (corresponding to a Kle'tt reading of
approximately 450). .

The plant material is processed without transfer from the
original tube, followed by prompt determination of the total
carbohydrate contents of the soluble sugar and starch extracts
without·"clearing" and hydrolysis treatments.

PROCESSING OF RADIOACTIVE COMPOUNDS

rhe apparatus has been employed to isolate CI4 glucose from a
photosynthesizing leaf. By providing a means of processing ra
dioactive material throug\! a series of treatments in a closed sys
te~, the apparatus minimizes contamination of the atmosphere
witll..radioactivity. It thereby diminishes the health hazard and
aidSiu maintaining a satisfactorily low background count in the
laboratory. The closed system feature is especially advantageous
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when high temperature treatments such as extraction, reflux,
and distillation are involved. When the apparatus is cooled after
such a treatment, any volatile material residual in the apparatus
may be removed before disassembly by evacuation of the appara
tus through suitable traps (dry ice and carbon dioxide absorption
traps).

CONSTRUCTION DETAILS

Sufficient details are given in the figures and text to clarify the
construction of the glass portions of the apparatus. The ground
zones of the inner 29/42 standard-taper joints are cut off to an ap
proximate length of 30 mm., so that the disk assembly may be
accommodated; the bulges around the necks of the tubes should
be small enough to permit insertion into centrifuge cups. Further
details are required for some of the accessories.

Disk Assembly (Figure 4). The resin disk, D, is molded inside
the ground zone o~ an outer 29/42 standard-taper joint which
has been packed WIth firm clay, and the clay surface is flattened
down to a level approximately 35 mm. below the lip of the joint.
!"- glass ~ube (9 mm. in dia~eter), centered inside the tube, is
mserted mto the clay; and SIX smaller tubes (3 mm. in diameter)
are i~s~rted symm~trically!tbou.t the central tube. Tubes, clay,
and JOlllt are lubncated WIth SIlicone grease. A thick mass of
asbestos fiber and thermosetting resin is packed in about the
tubes to a thickness of about 4 mm.; the flat unrounded end of
a glass rod serves to tamp. the upper surface flat. (The resin
employed is Plastitool, manufactured by Calresin Corporation
Culver City, Calif., and is·a thick sirup into which a small
amount of catalyst solution is stirred before use.) The assembly
is baked in an oven at 50° to 60° C. for 0.5·to 1 hour which
treatment sets the resin mixture to a hard mass, resistant tG
most solyents and chemical agents. The upper and lower surfaces
of the dIsk are sanded and, for greater durability varnished with
resin and baked again. '

" rI/~c pI~ !/.P1- f3
F7'\ r=r r~ h/

/'~/~ -' /' ";fi Sfl ~/ S V
A B

Figure 7. Metal Disk AsselDblies

Tp.e grade of paper chosen for the disk assembly will vary
with the nature o~ the material being filtered. For leaf homogen
ates the rather thlCk porous paper used in extraction thimbles has
proved very satisfactory, and clear green filtrates have been
consistently- obtained. Eachyaper disk, p, is given a. preliminary
coat of reSlll over an apprOXImate 2-mm. zone about its circum
ference and baked. A second coat is applied, the paper disk is
pre~sedfirmlyagain~t t~e resin di~k (a glass slide employed with
sprlllg-type clothespms. IS convement for this purpose) and the
assembly is baked again. '

A ~etal disk si~lar.to those sketched; in Figure 7 might be
supenor to the reSID dlSk. In A there IS shown a metal disk
with an outer flange, iI, to fit into the standard-taper joint and
an inner flange, i2, to take the inlet tube, I. In order not to
entrain liqui~ about dle disk when ~he apparatus is inverted, i2
should contalll a slot or hole. rhe dIsk presents the sieve area 8.
The paper disk, P, is cemented on as before. In B is sho~n
a disk with a double outer flange, h, and an inner upwardly dis
posed flange, i.. If cut large enough, P can fit snugly between
the flanges, eliminating the need for cementing.

Linch (5) has suggested that D be made of.sintered glass and
sealed inside the inner 29/42 standard-taper member of adapter
(midpiece) M flush with the top, and tube I be either fitted as
shown (Figure 2) or sealed directly to the porous disk to make
a rigid assembly. Although the author believes the use of sepa
rate disks favors flexibility in choice of filters for different filtra
tion and extraction requirements, the suggested 'modification
provides convenient and positive means of seating and removing
the disk.

End Heating Jacket (J, Figure 2). A jacket of asbestos cloth
is sewed tightly about the. end of a tube using glass thread and
the free edges of the c~th are whipped with the thread. ' Ap
proximately 40 em. of No. 20 Chromel wire are wrapped about
the asbestos and securely sewed on with glass thread and the
whole is coated with a thick paste of asbestos fiber a'nd water
glass (sodium silicate solution), and allowed to dry. This jacket
will usually operate at 10 volts or less.

Flexible Heating Jacket (Figure 6). About 90 cm. of No. 20
Chromel wire are sewed onto a piece of asbestos cloth in the
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manner illustrated. A similar piece of asbestos cloth is overlaid
and the jacket is sewed together.

Homogenizing Pestle (Figure 3). The end of the pestle is
roughened with emery paper, coated with a layer of phenolic
thermosetting resin, and dipped into sharp silicon carbide par
ticles, 6/30 grit. One half hour in an oven at 50° to 60° C.
firmly sets the particles in place.
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Organic Onium Compounds as Inorganic
Analytical Reagents
Detection of Bismuth and Cobalt

HERBERT A. POTRATZI AND JEROME M. ROSEN'

University oj Colorado. Boulder, Colo.

The action of various organic anunoniuJn, phosphoniuJn, arsoniuJn, stibonium,
oxoniuJn, sulfoniuJn, selenoniuJn, telluroniuJn, and iodoniuJn ions on iodide
and. thiocyanate cOJnplexes of a nUJnber of Jnetals was investigated. On the
basis of the reactions observed new tests are proposed for the detection of bis
Jnuth and cobalt.

THE organic reagents used most frequently in the detection
and determination of metals are compounds that contaip. in

the molecule acidic groups, the hydrogen atoms of which may be
replaced by metal atoms. Such reagents ionize to give organic
anions which react with metal ions to form simple or inner-com
plex salts. Compounds that ionize to give organic cations have
been used less freqU'ently as .analytical reagents. Because many
metals readily form complex anions, the possibility of employing
organic cations for the detection and determination of these metals
through salt formation is evident.

The particular organic cations which have come into use as
reagents for metals' are predominantly nitrogen compounds.
Tetraphenylarsonium ion stands out as an important exception.
Willard and Smith (21) have shown that this 'cation may be used
for the determination of mercury, tin, cadmium, zinc, and
rhenium. Smith (18) has regently employed this same cation for
the determination .of thallium. Dwyer, Gibson, and Nyholm
(9) have reported the use of methyl aryl arsonium compounds in
the detection of bismuth and cadmium and in the detection and
estimation of cobalt. Possible arialytical applications of onium
compounds of elements other than nitrogen and arsenic have not
thus far been reported.

DETECTION OF BISMUTH

Alkyl alllillonium salts, aniline, pyridine, quinoline, certain
alkaloids, and a large number of other'nivogen bases are known
to react with'bismuth in the presence of iodide to give colored,
insoluble reaction produets (20). That this type of reaction is
not limited to nitrogen compounds is indicated by the fact that

I. Present address, Department of Chemistry, Washington University,
St. Louis, Mo.

l! Present address, Naval Ordnance Laboratory, White Oak, Md.

alkyl sulfonium iodides react with bismuth in a similar manner
(2, 13). The observations cited are perhaps best interpreted by
assuming that in each case reaction has occurred between an or
ganic cation and a bismuth-containing anion or anions.

In beginning a survey of the reactions of onium ions, various
organic onium compounds of nitrogen, phosphorus, arsenic, anti
mony, oxygen, sulfur, selenium, tellurium, and iodine were tested
with respect to their reactivity toward BiI4 -. (The reactions
here described are attributed. to BiI4 -, which is taken as the prob
able formula of the predominant bismuth anion present in a bis
muth solution containing excess iodide. No evidence is presented
to support this formula.) The fourteen potential reagents which
were investigated are listed in Table 1. Optimum conditions for
reaction, limits of sensitivity, and interfering effect~offoreign ions
were determined for each of the compounds tested. Cinchonine
was included because it is a spot test reagent commonly used in
bismuth detection (10) and could therefore serve as a convenient
standard of reference. Tetramethylammonium bromide (13),
trimethylsulfonium iodide (2), and triethylsulfonium iodide (13)
had been observed to react with bismuth, but no study had been
made of the possible analytical applications of the reactiOl;ts.

The limits of sensitivity given in Table I are in terms of micro
grams of bismuth per drop (0.05 mI.) of test solution. ·The re
actions were carried out on spot test paper (Schleicher and Schull
No. 601), following the technique recommended by Feigl (10).

The compounds tested were found to be remarkably similar in
their behavior toward BiI4 - in that all reacted to give insoluQle
orange or red-orange products.

Preliminary studies indicated that from considerations of speci
ficity and sensitivity the aryl sulfonium, triphenylselenonium,
tetraphenylphosphonium, tetraphenylarsonium, and tetraphenyl
stibonium compounds were the best of the reagents tested. In
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NaHSO.

NaHSO.

NaHSO,

NH.F
NaHSO.

NaHSO.
(or NH,F)

NaHSO.

Interference
in Bi Test
Prevented

by
Addition of

NH.F
NaHSO.

Test
Constituenta KI + Ph.SBr KI + Ph.AsBr

Sn(I1) Light yellow ppt. Light yellow ppt.
Pb(I1) Yellow ppt. Yellow ppt.

(PbI,) (PbIa)
S6(I11) Yellow ppt. Yellow ppt.
Cu(I1) Brown (1.-) Brown (1,-)

plus ppt. plus ppt.
Ag(I) Light yellow ppt. Light yellow ppt.

(AgI) (AgI)
Au (III) Light brown ppt. Brown ppt.
Hg(I) Gray ppt. Gray ppt.
1"1(1) Yellow ppt. Yellow ppt.

('I'll) ('I'll)
Fe(III) Brown (I.) plus Brown (I,) plus

ppt. ppt.
Pt(IV) Dark reddish- Reddish-violet .

violet ppt. ppt.
Ru(III) Brown ppt. Brown ppt.
Pd(I1) Dark brSwn ppt. . Dark brown ppt.
Se(IV) Brown (13-) + Brown (Ia-) +

ppt. (Se) ppt. (Se)
Se(VI) Brown (1,-) + Brown (13-) +

ppt. (Se) ppt. (Se)
Te(IV) Brown ppt. Brown ppt. NH.F

a See Table II for compounds used in preparation of test solutions.

Tahle II. Composition of Stock Solutions

Nitrates ,
Li(l) , Na(I), K(I), NH,+, Be(II), Mg(II), Ca(II), Sr(II), Ba(lI),

Y(III), La(III), Th(IV), Cr(III), D(VI), Mn(II), Fe(III), Co(II) ,
Ni(II), Cu(lI) , Ag(I), Zn(II), Cd(lI) , Hg(l) , Al(III) , Ga(lIl),
In(III), TI(I), Pb(lI) , Bi(lIl) ,

Chlorides
Zr(IV), Ru(lIl), Rh(llI) , Pd(lI) , Pt(IV) , Au(III) , Hg(II) , Sn(lI) ,

Sn(IV), As(III), Sb(lIl)

Sulfates
Ce(lIl), V(IV), Fe(lI)

Alkali or ammonium salt"s
Acetate, fluoride, bromide, bisulfite, arsenate, selenate, selenite,

tellurite "

Tahle HI. Interferences in Detection of Bismuth

vestigated by repeating each test in the presence of bisIllutll, using
solutions in which bismuth and the foreign test constituent were
present at concentrations of 5 and 500 micrograms per ml., re
spectively.

The ions that interfere are listed in Table III.
Cd(ll), Hg(H), and In(HI) gave evidence of reacting with the

onium reagents (in the presence of excess iodide). Cd(II) and
Hg(ll) gave precipitates with both reagents. The Cd(n) pre
cipitates were white, the Hg(ll) precipitates cream white.
In(Ill) gave a white precipitate with tetraphenylarsonium bromidt·
but gave no reaction with triphenylsulfonium bromide. It was
found, however, that bismuth could be readily detected wit.h
either reagent, evcn when Cd(II), Hg(ll), or In (III) was presenl
in lOa-fold excess [5 micrograms of Bi(llI) to 500 m crograms of
Cd(ll), Hg(ll), or In(llI)]. For this reason Cd(IIl Hg(Il),
and In(Ill) are not classed as interferences. Tet.raphenylarso
nium iodide is insoluble and may separate, as a white cryst.alline
precipitate, from solutions to which tetraphenylarsonium ami
iodide have been added.

The extent of interference by the commoner anions was further
investigated by making the bismuth test in the presence of a 1000
fold gravimetric excess (5 micrograms of bismuth to 5000 micro
grams of test anion per ml.) of each of the following anions added
in the form of ammonium 01' sodium salts: Ac-,. N03-, 80,--,
H803-, F-, Cl-, Br-. Of these anions, only fluoride interfered
slightly when present in 1000-fold exc!;ss but showed no 'inter
ference when present in 100-fold excess.

Ions which oxidize I - to 13 --e.g., ferric and cupric-int.erfere
in the bismuth test, the brown color of 13 - tending to obscure the
oniumiodobismuthite: To eliminate this interference the 13- is
reduced with bisulfite. The test is made on spot test paper. One
drop of test solution is treated with one drop of onium (t.riphenyl-

a Aqueous solutions unless otherwise ip.dicated. .
!J Literature referenees relate to pro{:edures for prepanng compounds.

Interferences. The behavior of elements other than bismuth
under the conditions of the bismuth test was investigated by
experiments in which a variety of inorganic ions were treated
with triphenylsulfonium bromide and tetraphenylarsonium bro
mide reagents. Stock solutions (containing 1 mg. per ml. or 10
mg; per ml. of the test constituent) were prepared using the sub
stances shown in Table II. Test solutions were made at the
time of use by diluting the stock solutions. In making tests 1 ml.
of the test solution containing 500 micrograms of the test con
stituent was treated with excess potassium iodide and reagent
solution (3 drops of 10% potassium iodide plus 3 drops of 0.05 M
triphenylsulfonium bromide or 0.04 M tetraphenylarsonium bro
mide). The .extent of interference in the bismuth test was in-

Phenylmagnesium bromide and diphenylsulfoxide were heated
under reflux in a benzene ether mixture at 65° to 68° C. for 27
hours. The mixture obtained was hydrolyzed with 40% hydro
bromic acid. The aqueous phase was separated and the tri
phenylsulfonium bromide was extracted from it with chloroform.
The crude material obtained upon evaporation of the chloroform
was crystallized from acetone and chloroform by addition of di
ethyl ether. Triphenylsulfonium .broJI!ide, a w!;Ute, crystalline,
water-soluble substance, was obtamed m 32% yIeld. The com
pound melts with decomposition at 286-288° C. (uncorrected).
It was identified by bromine analysis. Calculated for (C6H.)3
SBr: 23.28% bromine.' Found: 23.21,23.30% bromine.

Procedure for Detection of Bismuth. One drop of the slightly
acid test solution is treated on spot test paper (or spot plate)
with one drop of triphenylsulfonium (or tetraphenylarsonium)
reagent solution and one drop of 10% potassium iodide. In the
presence of b&muth an orange precipitate forms.

The acidity need not be carefully controlled, but because the
sensitivity of the test falls off slightly at high acidity the hydrogen
ion concentration is kept below 0.1 M, or below 0.01 M if very
small amounts of bismuth are being sought.

Tahle I. Limits of Sensitivity of Onium Compounds in
Detection of Bismuth

Sensi-

Reference.b
tivity,

Compounda Formula 'Y

2-.I'I,enyl-fl-naphthopyrylium
chloride (0.03% solution in
methyl alcohol) (C19H130)CI (7,12) 0.1

Trimethylsulfonium iodide, (5%
solution} (CH,hSI (19) 0.2

Triethylsulfonium iodide (5%
(C,H,),SIsolution) (16) 0.2

Triphenylsulfonium chloride
(C,H,),SCI(5% solution) (6) 0.1

m-XylyldiphenylsulfoniuIll
chloride (5% solution) C.H,(C.H.),SCI (6) 0.1

Triphenylselenonium chloride
(C.H.)3SeCI (17)(5% solution) 0.1

Triphenyltelluronium iodide
(C.H.),Tel (1.0(saturated solution) 0.2

Jjiphenyliodonium iodide
(C.H.),!I (15) 0.3(saturated solution)

Di-p-chlor0r,henyliodonium
bromide saturatedesolution) (CIC.H.),!Br (15) O~ 2 .

Tetramethylammonium bro-
mide (5% solution) , (CH,).NBr 0.3

Tetraphenylphosphonium bro-
mide (1 % solution) (C.H.).PBr (8) 0.1

Tetraphenylarsonium bromide
(C.H,).AsBr (3,4) 0.1(1 % solution)

Tetraphenylstibonium bromide
(C.H,).SbBr (5) 0.1(saturated solution)

Cinchonine (1 % solution in di-
C19H"N,O 0.1lute nitric acid

the detection of bismuth these compounds are fully as sensitive
and somewhat more selective than cinchonine. They form stable
aqueous solutions. (Tetraphenyla;rsonium chloride is com
mercially available through the Hach Chemical and Oxygen Com
pany, Ames, Iowa.)

In making the detailed interference studies described below
only two reagents, triphenylsulfonium bromide and tetraphenyl
arsonium bromide, were used. Tetraphenylarsonium bromide
was made by the procedure of Blicke and Monroe (3). Triphenyl
Bulfonium bromide was prepared as follows:
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Bulfonium or tetraphenylarsonium) reagent, one drop of 10%
potassium iodide, and one drop of 10% sodium bisulfite. In the
presence of certain oxidizing substances-for example, selenite
and selenate-better results are obtained if the bisulfite is added
to the test solution before addition of the other reagents.

Bisulfite is effective also in preventing interference by Pt(IV),
Au(III), and Pb(II), the colored reaction products of platinum,
gold, and lead being converted by bisulfite to colorless substances.
If platinum or lead is present, the bisulfite is added to the test
solution before addition of the onium reagent and iodide.

Sb(III) reacts under the conditions of the bismuth test to give
a bright yellow volumin~us precipitate. The formation of the
yellow antimony compound can be prevented by the addition of
fluoride. In the presence of antimony, the bismuth test is made
on a spot plate, 1 or 2 drops of 10% ammonium fluoride solution
being added to the test solution before addition of iodide and
onium reagent. An excessive amount of fluoride is to be avoided,
as it decreases the sensitivity of the bismuth test.

Dark brown substances precipitate when certain onium ions are
added to solutions containing the iodotellurite ion. The forma
tion of these precipitates can be prevented by adding ammonium
fluoride, and carrying out the bismuth test in the same manner as
when antimony is present.

Sn(II) interferes slightly in the bismuth test, forming a light
yellow precipitate with iodide and triphenylsulfonium or tetra
phenylarsonium ion. This interference also is prevented by addi
tion of fluoride.

By making use of ammonium fluoride a few micrograms of bis
muth are readily detected even in the presence of a 100-fold ex
cess of Sb(III), Te(IV), or Sn(II).

It was observed that a number of the compounds precipitated
by iodide and onium ions-tetraphenylarsonium iodobismuthite,
tetraphenylarsonium iodoantimonite, tetraphenylarsonium iodo
tellurite, tetraphenylarsonium iodopalladite, . and triphenylsul
fonium iodotellurite -are readily soluble in chloroform. This
circumstance makes possible the separation of certain ele'ments
from aqueous solution by chloroform extraction of their onium
iodide complexes. A procedure for the determination of tellurium
is based on the chloroform extraction of the highly colored meta
xylyldiphenylsulfonium iodotellurite followed by colorime~ric
analysis of the chloroform solution (11).

Interference
in Co .
Test ..

Prevented
by Addition

of .

NH.F

NH.F

NaHSO.
(or N a,S,O,)

Na,S,O,

NaHSO. (or
NI'2S,Oi)

KI +
Na,S,O.

NH.F

Calculated
for .

[C,H,(C,H,),SJ,CO(SCN).

60.46
4.38
6.41
6.74

~~i~:b+
Yellow ppt. soluble in

CHC\,
Deep red ppt. readily

soluble in CHC\,

Dark purplish-red ppt.•
slightly soluble. in
CHC\,

Orange ppt. readily sol
uble in CHC!,

Yellow ppt. soluble in
CHC\,

Red-brown ppt. sol
uble in CHC!,

Yellow ppt. soluble in
CHC\,

Found

% C 60.51,60.50
% H 4.45, 4.52
% N 6.50
% Co 6.70,6.67

NH.SCN +
Ph,SBr

Yellow ppt. soluble in
CHC!,

Deep red ppt. some
what soluble in CH
Cla

Dark purplish-red ppt.
i:roJ~f;tly soluble

Orange ppt. readily sol
uble in CHCI,

Yellow ppt. soluble in
CHCla

Red-brown ppt. sol
uble in CHCls

Yellow ppt. soluble in
CHCla

U(VI)

Fe(III)

Ru(1I1)

Pd(II)

Pt(IV)

Cu(lI)

Bi(1I1)

Test
Constitu

entO

Table VI. Interferences in Detection of Cobalt

Analyses by Huffman Microanalytical Laboratories. Denver, Gelo.

Some aryl onium ions other than triphenylsulfonium give si~
lar color reactions. Cyanate may be used in place of thiocyanate,
but the test is less sensitive. Selenocyanate was also tried but
was found to possess no apparent advantage over thiocyanate.
In Table IV are summarized results of tests carried out using equal
concentrations of cobalt with excess cyanate; thiocyanate, or se
lenocyanate and various onium reagents. The plus si~ns indicate
approximate, relative intensities of the blue color in the chloro
form layer under essentially identical test conditions. Attention
is directed to the fact that the oxonium, ammonium, and alkyl
Bulfonium compounds which were used gave no observableje
actions. The tests with these compounds moreover remain nega-.
tive even when large amounts of cobalt are present.

The blue substances that precipitate from the cobalt solutions
result, presumably, from interaction of theoonium ions with c~
baltous thiocyanate complex (or complexes). Chemical analyses
on one of these substances, the m-xylyldiphe!J.ylsulfonium com
pound, gave results in agreement with the formula, [C6H.(C6H.)..
S]2Co(SCN).. The analytical data are given in Table V.

Table V. Analysis of m-Xylyldiphenylsulfonium
Cobaltothiocyanate

Procedure for Detection of Cobalt. One half milliliter or less
of the slightly acid test solution is treated in a small test tube
with 1 or.2 drops of triphenylsulfonium (or tetraphenylarsonium)
reagent solution and 1 or 2 drops of 10% ammonium thiocyanate.
A few drops of chloroform are added and the mixture is shaken
vigorously. In the presence of cobalt the chloroform layer be
comes blue.

Maximum color development is obtained at a pH of approxi
mately 3.5. The acidity, however, is not critical.

++
++
++
++
+

++++

KSeCN

+++
+++
+++
++
++

+
+
++

Detection of Cobalt
KOCN KSCN

Table IV.
Onium Gompourid a

2-Phenyl-j3-naphthopyrylium chloride (in
methyl alcohol)

Trimethylsulfonium iodide
Triethylsulfonium iodide
Triphenylsulfonium C'hloride
m-Xylyldiphenylsulfonium chloride
Triphenylselenonium chloritle
Triphenyltelluronium chloi-ide
Diphenyliodonium chloride
Tetramethylammonium bromide
Cinchonine (in dilute HNO,)
Tetraphenylphosphonium bromide + + + +
Tetraphenylarsonium bromide + + + +
Tetraphenylstibonium bromide +

Cl Compounds dissolved in water unless o1lherwise indicated.

DETECTION OF' COBALT

When triphenylsulfonium ion is added to a solution containing
Co(II) and excess thiocyanate ion, a blue, chloroform-soluble sub
stance precipitates, The formation and chloroform extraction
of the blue substance are made the basis of a sensitive test for
cobalt. The limit of identification .under t~e conditions described
is about 0.05 microgram of cobalt per test drop. This corre
sponds to a dilution limit of 1 to 1,000,000. These limits were
determined by using a volume of chloroform equal to the volume
of the test solution. Greater sensitivity is achieved by using a
volume of chloroform less than that of the test solution.

o See Table II for compounds used in preparation of test solutions.
b Tetraphenylarsonium thiocyanate is insoluble and separates as white

precipitate from solutions to which SCN - and Ph.As + have been added. It
dissolves in CHCla to give colorless solution.

Interferences. Interference experiments for the cobalt reac
tion were carried out by a procedure similar to the one that was
followed in studying interferences in the bismuth reaction. On13
milliliter of the test solution containing 500 micrograms of the
test constituent (Table II) was treated with excess thiocyanate
and onium reagent (3 drops of 10%.ammonium thi~cyanateand
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3 drops of 0.05 M triphenylsulfonium bromide or 0.04 M tetra
phenylarsonium bromide solution). Approximately 1 m!. of
chloroform was added and the mixture was shaken. The extent of
interference in the cobalt test was investigated by repeating
each of the tests in the presence of cobalt, using solutions in
which cobalt and the foreign test constituent were present at
concentrations of 5 and 500 micrograms per mI., respectively.

Triphenylsulfonium bromide and tetraphenylarsonium bro
mide when used as reagents in the cobalt test were found to be
subject to the same interferences..

Zn(II) and Sn(IV) give slight negative interference, preventing
full development of the blue color. This interference is mini
mized by using a large excess of thiocyanate and onium reagent.

Masking interfereroce was observed in the presence of U(VI),
Fe(III), Ru(III), Pd(II), Pt(IV), Cu(II), and Bi(III). The
nature of these int~rferencesand methods of preventing them are
indicated in Table VI.

The very pronounced interference by Fe{III) and slight inter
ferences by Bi(III) and U(VI) are easily prevented by adding to
the solution to be tested 1 or 2 drops of 10% ammonium fluoride.
(The bismuth thiocyanate complex unlike BiI.- is readily decom
posed by fluoride.)

Cu(II) interference is prevented by reducing to Cu(I) with
iodide. Thiosulfate serves to remove the iodine formed. One
drop each of 10% potassium iodide and 10% sodium thiosulfate
are added to the solution to be tested.

The feasibility of employing the onium-thiocyanate-chloroform
extraction procedure for the separation and colorimetric deter
mination of cobalt has been demonstrated (1). Studies on appli
cations of the procedure are in progress.

CONCLUSIONS

Triphenylsulfonium and tetraphenylarsonium chlorides and
bromides used in conjunction with iodide are particularly suitable
reagents for the detection of bismuth. They are fully as sensitive
as the commonly used cinchonine reagent and are somewhat less
subject to interferences. They pqssess an advantage over cincho
nine of being water-soluble. The same compounds used with
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thiocyanate serve as sensitive and, under properly controlled COD

ditions, highly specific reagents for the detection of cobalt.
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Determination of Hydrogen Peroxide in Small
Concentrations

A Spectrophotometric Method

WALTER A. PATRICK AND HERMAN B. WAGNER

Johns Hopkins University, Baltimore, Md.

A sensitive Illethod of peroxide analysis which allows not only the detection but
the quantitative deterlllination of hydrogen peroxide in concentrations as Sillall
as II}.... Illolar is described. The deterlllination of the optilllulll wave length for
the spectrophotollletric deterIIlination is described. A typical standardization
curve is given.

ASENSITIVE method of peroxide analysis, which provides
not only for the detection but the quantitative determina

tion of hydrogen peroxide in concentrations as small as 10-1

molar, involves the oxidation of iodide ion to iodine, in the per
oxide solution to be determined, and the estimation of the free
iodine thuE! formed by measurement of its light absorption on a
spectrophotometer. In order to make the rather slow iodide ion
peroxide reaction go rapidly to completion, use is made of· the

catalytic action of molybdic acid discovered by Brode (1) and
employed by Kolthof\ (2). The method is limited to solution.
which do not contain other constituents that either oxidize iodide
ion or absorb in the ·same spectral range as triiodide ion.

A standardization curve is obtained by diluting an approxi
mately 1.0 molar solution of hydrogen peroxide to about 0.01
molar and then analyzing this solution accurately by thiosulfate
determination of liberated iodine according to standard procedure.
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Table I. TransDlittance and Absorption Va1uesa

Wave Length % Transmittance % Absorption
8.00 ml. of 1.31 X 10 --i molar hydrogen peroxide. 1.00 mi. of 1 M sulfuric
acid. 10-' F ammonium molybdate. 1.00 ml. of 1 F potassium iodide.

3200 74.0 26.0
3300 68.9 31.1
3400 60.5 39.5
3500 56.5 43.5
3600 58.3 41.7
3700 65.0 35.0
3800 73.5 26.5
3900 81.0 19.0
4000 87. 1 12.9

8.00 mI; of 6.35 X 10-' molar hydrogen peroxide. 1.00 mi. of 1M sulfuric
acid. 10-' F ammonium molybdate. 1.00 ml. of 1 F potassium iodide.

3200 86.5 13.5
3300 83.5 16.5
3400 78.2 21.8
3500 75.8 24.2
3600 76.8 23.2
3700 80.7 19.3
3800 85.7 14.3
3900 90.0 10.0
4000 93.1 6.9

8.00 mi. of 3.17 X 10 -, M hydrogen peroxide. 1.00 mi. of 1 M sulfuric
a.cid, 10-' F ammonium molybdate. 1.00 ml. of 1 F potassium iodide.

3200 95.0 5.0
3300 93.0 7.0
3400 90.1 9.9
3500 88.1 11.9
3600 88.8 11.2
3700 90.8 9.2
3800 93.2 6.8
3900 95.5 4.5
4000 97.0 3.0

8.00 mi. of 1.31 X 10-' M hydrogen peroxide. 1.00 ml. of 1 M sulfuric
acid. 10-' F ammonium molybdate. 1.00 mi. of 1 F potassium iodide.

3200 97.0 3.0
3300 96.2 3.8
3400 95.1 4.9
3500 95.0 5.0
3600 95.0 '5.0
3700 96.0 4.0
3800 97.4 2.6
3900 98.4 1.6
4000 99.1(?) 0.9 (?)

a All figures are given for 20 A. band width around wave length indi~·
cated.
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The solution is then diluted accurately to the range of concentnt
tions given in Table I, and in each case to 8.00 ml. of the resultant
solution are added 1.00 ml. of l\ 1 M sulfuric acid; 10-3 F ammo
nium molybdate solution, and 1.00 ml. of a 1 F potassium iodide
solution, the latter freshly prepared. The absorption spectra
were in all cases determined within 20 minutes after addition of
the potassium iodide solution to avoid any oxidation of the iodide
ion by the oxygen of the air, and were determined over the range
3000 to 4000 A. in order to find the optimum wave length f(!lr
use.with an unknown. In making an actual determination on a
solution of unknown peroxide concentration it is necessary to
mak~ only one reading at the selected.wave length.

All the per cent transmittance values in Table I and Figures 1
and 2 are baslld upon the value of the blank (8 mm. of distilled
water plus reagents as above) taken. as 100%. The readings
taken on the various solutions in the spectrophotometer (Beck
man quartz cell spectrophotometer) remain nearly constant for
an hour or more after the fresh iodide reagent is added. After
longer periods, however, there is a considerable increase in ab
sorption shown by the solution due to air oxidation of the iodide
ion.

It is seen from Figure 1 that the maximum per cent absorption
is obtained at a wave length of 3500 A. This wave length was
accordingly taken as the standard for .the subsequent analyses
performed.

In order to test the applicability of Beer's law, log I/Io (at
3500 A.) for the various hydrogen peroxide (13-) concentrations
used for standardization are tabulated in Table II and plotted in
Figure 2.

Because the solutions corresponding to these concentrations
were diluted from 8 to 10 mi. by the addit~on of the reagents, the
concentrations actually existent in the absorption cell at the time
of measurement are actually only eight tenths of those shown.
In Figure 2 it is seen that log I/Io versus concentration does not
give exactly a straight line, showing that Beer's law is Rot obeyed,
in accord with Winther (3). The plot in Figure 2 serves, however,
as a standard curve ror this procedure of analysis.



Spectrochemical Determination of Beryllium in
Microquantities

E. C. BARNES, W.- E. PIROS, T. C. BRYSON, AND G. W. WIENEH

Westinghouse Electric Corporation, East Pittsburgh, Pa.

A spectrocheIllical procedure has been developed, using a conventional direct
current are, for the quantitative deterIDination of berylliuID in aIllounts as low

• as 0.04 IllicrograIll of berylliuIll per liter of urine. The saIDpIe is prepared by
a phosphate precipitation to which aluIllinuIll is added to act as an internal
standard. The aIllount of berylliuIll is deterIllined by cOIllparing the density

of Be 2348.6 A. to Al 2321.6 A. In addition to the deterIllination of berylliuIll in
urine, the Illethod has been successfully applied to tissue and air saIllples.

THE determination of beryllium in biological material has be
come important to industry_ Cholak (1) has described a

method which gave a sensitivity of 6.25·micrograms of beryllium
per liter of urine: This procedure was used in preliminary survey
work and found to be of insufficient sensitivity for many urine
samples. Because it utilized only 20% of the sample on the
electrode, experimental work was begun in order to use the entire
sample. Utilizing the phosphate precipitation procedure (1),
with some modification, for the concentration and separation of
the beryllium, a satisfactory concentrate has been obtained for
the spectrographic method. Quantitative data have been ob
tained which show that 0.04 microgram of beryllium per liter of
urine can be determined with accuracy, and 0.02 microgram of
beryllium per liter of urine can be qualitatively detected. Cholak
(2) has more recently published a quantitative procedure utilizing
the cathode layer technique which, from the data given, yields a
quantitative sensitivity of 0.10 microgram of beryllium per liter
of urine, and a qualitative detection of 0.025 microgram ptlr liter
of urine.

The method described makes use of a conventional direct cur
rent arc with the powdered sample placed on the anode. Chemical
preparation involves wet ashing, precipitation, centrifuging, and
drying of all the beryllium (with phosphates) from a 50-m!.
sample of urine which is then burned to completion in the arc.

SPECIAL REAGENTS

All the reagents specified are analytical grade.
Aluminum Internal Standard (1.50 mg. of aluminum perm!.).

Dissolve 0.750 gram of metallic aluminum in approximately 10
m!. of 1 to 1 hydrochloric acid and make up to 500 m!. with dis
tilled watcr.

Ammoniun! Nitrate Wash. Dissolve 10 grams of ammonium
nitrate in water and make up to 1000 m!. Adjust to pH 7.5 with
ammonium hydroxide.

Calcium Phosphate Solution. As described by Cholak (1),
dissolve 2.5 grams of calcium carbonate (calcite) in just sufficient
concentrated hydrochloric acid (specific gravity 1.19) to effect
solution (about 7 m!.), add 2.5 grams of ammonium phosphate,
and make up the solution to 100 m!. with distilled water. If a
precipitate forms, redissolve by adding hydrochloric acid drop
by drop.

Standard Beryllium Solution. Dissolve a weighed amount of
fused metallic beryllium in a small amount of 1 to 1 hydrochloric
acid and dilute to volume with 1% hydrochloric acid in distilled
water. Make further dilutions to required concentration in 1%
hydrochloric acid, using a microburet and volumetric flasks.
Take extreme care to avoid contamination during these dilutions.
A standard solution containing 0.02 microgram of beryllium per
milliliter has been used.

Synthetic Urine. Sodium chloride, 170.5 grams; potassium
chloride, 63.5 grams; calcium chloride hexahydrate, 31.5 grams;
magnesium chloride hexahydrate, 20 grams; sodium dihydrogen
phosphate monohydrate, 37.5 grams; dissolved in and diluted to
1000 m!. with 10% by volume nitric acid.

CHEMICAL PROCEDURE

To 50 m!. of urine in a 300-m!. tall-form Pyrex beaker add 20
m!. of nitric acid and 5 m!. of sulfuric acid. Heat this mixture
about 3 hours on the hot plate, during which time most of the
liquid is evaporated. Heating is not continued to dryness.
When the liquid begins to turn a brown color, add 1 m\. of nitric
acid. Continue heating at approximately the same rate until the
solution again begins to turn brown and then add 1 m!. of nitric
acid. Repeat this procedure until a clear, colorless solution re
sults. Greater amounts of sulfur trioxide fumes are evolved each
successive time it becomes necessary to add nitric acid. If
spattering occurs during the addition of the nitric acid, reduce the
heat slightly. After the solution appears colorless, continue ad
ditions of I-m\. portions of nitric acid at approximately 15-minute
intervals until the evolution of sulfur trioxide fumes becomes
noticeably less but has not entirely stopped. Do not take to dry
ness but drive out most of the sulfuric acid. Add 1 m\. of per
chloric acid in. such a way as to rinse down the sides of the
beaker and heat the mixture to a frothing condition over a separate
burner. As soon as the liquid has' cooled enough to prevent
spattering, add approximately 40 m!. of hot distilled water and
transfer the clear solution to a 50-m\. graduated Pyrex centrifuge
tube where it is allowed to coo!. The ccntrifuge tubes which seem
best are those with a short conical bottom.

Add 2 drops of phenol red and then concentrated ammonium
hydroxide until the first evidence of color change. Then add
dilute ammonium hydroxide (1 to 5) until the first definite pre
cipitation of phosphates occurs. The beryllium also precipitates
at this time. Complete precipitation of the phosphates is not
necessary. The aim should be to precipitate an amount which
will yield a correct final precipitate weight; with a little experience
this' can be done. In some urine samples, the amount of phos
phate is so small that no precipitate occurs, even though sufficient
ammonium hydroxide has been added to turn the indicator very
red.- In such cases, add a few drops of nitric acid to make the
solution slightly acid again. Add 0.5 m!. of the calcium phosphate
solution and again add dilute ammonium hydroxide until pre
cipitation occurs. After precipitating the phosphates, add 1 ml.
of the aluminum internal standard solution from a microburet;
it immediately forms a precipitate. Centrifuge for 10 minutes at
1800 r.p.m., the radius of rotation being 18.75 cm. (7.5 inches) at
the bottom of the centrifuge cups. Pour off supernatant liquid.
Add approximately 20 m\. of ammonium nitrate wash; swirl to
break up and wash the precipitate. Centrifuge and pour off su
pernatant liquid. Repeat this wash once.

Transfer precipitate to a weighed lO-m!. fused silica crucible
with the aid of a small volume of water, and place in oven at
130 0 C. until sample is completely dried. This may take from 2
to 3 hours. Weigh and adjust weight, if necessary, to between 40
and 60 mg. of precipitate by addition of the appropriate amount
of calcium phosphate solution, arid dry again. Scrape the pre
cipitate loose from the walls and bottom of the crucible with a
small spatula and transfer this precipitate to a prepared spectro
graphic carbon.

SPECTROGRAPHIC EQ'UIPMENT

A large Gaertner quartz spectrograph has been used in this
method. Accessory equipment includes a Westinghouse Rectox
rectifier to provide a direct current source, a Leeds & Northrup
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'Oonr~cording microphotomet~r, and developing equipment of
Applied Research Laboratories. A neutral filter and miscel
[aneous cutters for shaping electrodes are also used. The elec
trodes are regular grade spectroscopic carbons of the National
Carbon Company.

SPECTROGRAPHIC.,PROCEDURE

The lower electrodes used to contain the sample are cut into
ii-cm. (2-inch) lengths and one end is cupped with a special cutter
(.~). It has been found experimentally that the dimensions of the
electrode must be held to close tolerances in order to secure the
best results. The specifications are as follows:

.OO.<? L-_...............--'--':.....l-l.....L-__--..l.-----!

evidence on the acidified standard has shown that stability existll
over a period of several months.

The finai Rrecipitate as obtained from the chemical procedure is
made up of refractory materials which are difficult to burn to
completion. Experimental work has shown that the electrode
shape,and size, as mentioned above, must be met in all particulars.
The weight of the dried precipitate must also be held to a critical
range, and should preferably lie between 40 and 50 mg. As much
as 60 mg.·can be burned successfully if the material is free from
large amounts of sodium salts. Because the sodium salts are
soluble, they can be removed by washing. Data have been ob
tained to show that losses of beryllium due to washing with
ammonium nitrate wash are negligible. Excessively long burninc
times are to be avoided, as the background will then interfere
with the lower end of the analytical range.

When working with such small quantities of beryllium, the con
tamination problem becomes paramount. Glassware which hall
contained strong solutions of beryllium should not be used for
very dilute solutions. Pyrex does not contain deteeetable amountll
of beryllium, but porcelain crucibles were found to contain small
amounts and fused silica crucibles have been used instead. Con
tamination of samples during collection or preparation must be'
avoided by adopting extreme precautions. The spectrographic
carbons have not shown the presence of beryllium. '

The technique, as described,has been successfully applied to
urine samples, lung tissue, skin, and dust samples.

.080

.30 .'/0 .6O.eo 1.00 Z.OO 3.00

INT£NSITY RATIO Be 23'18.6
, AI Z3;Z1.6

Figure 1. Analytical Curve for
Deterlllination of Berylliulll

Lung tissue and skin are ashed by placing 10 grams of tissue in
a 25Q.;m!. Pyrex beaker and p.roceeding as previously described
for urIlle samples. For lung tIssue or other samples which con
tain little or no phosphate, it is necessary to add 0.8 ml. of the
calcium phosphate solution before trying to precipitate the
phosphates with dilute ammonium ~ydroxide. Analysis of dust
samples collected by the electrostatIC dust and fume sampler in
dicates the method of analysis is satisfactory for these samples.
The dust is washed from the stainless steel sampling tubes with
water and a policeman, 5 m!. of hydrochloric acid are added and
the solution is heated to dissolve the beryllium compounds. Most
but not all, of the hydrochloric acid is driven off and the solution~
made up to a definite volume with water. A measured portion of

0.250 "" 0.002 inch
0.210 "" 0.001 inch
48 degrees
0.180 "" 0.020 inch
2.0 inches

Outside diameter of electrode
Inside diameter of electrode
Drill angle
Depth .to bottom of cup
Length of electrode

The upper electrode is 2 inches long and 0.25 inch in diameter.
It is tapered and hemispherically tipped with a cutter to give an
end with 0.06-inch radius. This shaped electrode withstands the
high amperage and will not burn rapidly.

The electrodes are mounted on the arc stand and a 2-mm. gap
set bet'Yeen t~m. No adju~tmentof gap length is made during
the arcmg period; The optIcal arrangement consists only of a
40% neutral filter between the source and the slit. The slit is 20
niicrons wide and 3 rom. long.

The sample is burned to completion in a conventional 22Q-volt
direct current arc at 16 amperes. In order to prevent spattering
the arc is started at 3 amperes until fusion of the sample has take~
place, which requires approximately 30 seconds. The current is
then rapidly increased to 16 amperes. The length of burning
time is approximately 150 seconds; no pre-arc is used.

The spectrum is recorded on Eastman Kodak Company S.A.
No.1 plates in the wave-length region 2290 to 3100 A. The plates
are developed in D-19 (Eastman Kodak) for 3 minutes, hardened
in chrome alum, and' ,fixed in x-ray fixer. The temperature is
maintained at 70 0 ='= 1 0 F. A two-line method, similar to that
proposed by the Aluminum Company of America (3), is used for
plate calibration, except that an iron spectrum is substituted for
aluminum.

DISCUSSION

Early in this investigation, it was recognized that beryllium is a
refractory element that would not readily volatilize from the
electrode until near the end of the arcing period. It was desirable,
therefore, to choose an internal standard that would have similar
characteristics and remain in the arc until the sample burned to
completion. Aluminum has been found satisfactory for this
purpose. A moving plate study indicates that the density of the
beryllium line increases with time and does not reach its maximum
value until near the end of the arcing period. The aluminum line
has a final density value little different from its value during the
entire arcing period.

The line pair used for the analysis is Be 2348.6 A. and Al 2321.6
II A. Background is measurable in this region but no corrections
have been necessary to obtain the required accuracy. Referring
to Figure 1, the difference in slope of the two analytical curves
may be partially attributed to the neglect of background correc
tions in the low concentration region. However, a straight-line
relationship is obtained throughout the analytical range as shown.
The technique as described is. capable of quantitatively determin
ing 0.04 microgram of beryllium per liter of urine and qualitatively
detecting 0.02 microgram of beryllium per liter (corresponding to
0.001 microgram of beryllium in the arc). The standard deviation
for a single determination at 0.020 microgram is ='=0.004 or 20%
of the amount present. This is based on a statistical analysis of
over 50 sta.ndard samples, ,using all results obtained. . The
standard deviation suggests the need for duplicate determina
tions, which has been the practice.

Certain precautions must be followed eto secure optimum re
sulti!. The standard solution containing 0.02 microgram of
beryllium per milliliter must be acid to prevent adsorption on the
glassware. Experimental data have been obtained on solutions
with and without the acid addition. Consistently low results
have been found for the nonacidified solutions. Statistical
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,this is transferred to a centrifu e tube and water added to make
approximately 40 m!. of solution Two drops of bromothymol blue
are used as an indicator instead of phenol red; 0.8 m!. of calcium
phosphate solution is added a d the analysis is continued as
previously described. Higher concentrations than the range
specified are easily analyzed by sing aliquot parts or by dilution.
An aliquot can conveniently be t ken while the sample is in liquid
form in the centrifuge tube pri r to the precipitation of phos
phates.

The above procedure does nft depart from standard tech
niques used by the analytical ch mist, and elaborate optical ad
justments for the spectrographi procedure are avoided. This

enables the spectrographer to perform the analyses on the pre
pared samples with speed and facility. The short time required
for setup is particularly advantageous in an industrial laboratory
where many different problems are encountered.
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AII-Metal\ Needle Valve of the Hershberg
Southworth Type

COInlllittee for the Standardization of Microchelllical Apparatus
Division of A.alytical and Micro Chelllistry, AMERICAN CHEMICAL SOCIETY

AL STEYERMARK, Chairman
H. K. ALBER, V. A. A.J1.UISE, E. W: D. HUFFMAN, J. A. KUCK, J. J.MORAN, AND C. O. WILLITS

THE three-way stopcock originIlY described by Pregl (2-6),
for use between the precision n rometer and the combustion

tube in the micro-Dumas determin tion, has been used by most
chemists engaged in microanalytical work up to the present time.

Hershberg and Southworth (1) described a needle valve to be used
in place of the three-way stopcock, which gave the operator better
control of the rate of flow of gas into the micronitrometer. The
one disadvantage of this needle valve was the breakage of the

SOLDER. SEAL POCKET TO BE AS 5MALL AS
POS5IBL£

35M/Yf.

/5MM.

"
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Figure 1. Metal Needle Valve of Hershberg-Southworth Type
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glass seat which frequently occurred at the place of contact with
the metal needle.

This disadvantage has been eliminated by making the appara
tus entirely of stainless steel. The details of construction are
given in Figure 1. Gas enters the valve at the right through the
horizontal capillary, passes througliJflie conoidal seat, and leaves
by way of the downward slanting tube at the left. Flow of gas
through the valve is precisely regulated by turning the needle pro
vided with a large knurled disk. Fittings are made gas-tight by
means of Ii rubber sleeve, but a droplet of mercury is used at the
point indicated as an additional precaution against leakage. The
mercury is introduced through the' horizontal capillary. The
valve must not leak with working pressures up to and including 10
pounds per square inch.

The all-metal needle valve described here is lighter in weight
than the glass-metal type which requires the use of several grams
of mercury as a seal.

The· diameters of the tubes follow the recommended specifica
tions for the Dumas stopcock (5, 6).
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large-Capacity laboratory Vacuum Sublimation Apparatus
ARTHUR F. HELIN AND CALVIN A. VANDERWERF

University of Kansas Chemical Laboratory, Lawrence, Kan.

100 em.

Diagralll of Sublilllation Apparatus
F. Asbestos tape
G. Glass tube, 70 InD1. o.d., 65 InJn. i.d.
He Glass tube, 60 InIne o.d., 54 n:tIn. i.d.
I. Glass tube, 14 DlD1. o.d.
J. Supporting rails
K. TherIlloIlleter

condenser with the crude material. A thermometer, K, is placed
in the chamber in contact with the material to be sublimed. The
unit may then be placed in operation by application of a vacuum
and heating of the resistance coil, B, by means of a variable elec
tric current. .

Upon completion of the sublimation, the water hose and elec
trical leads are disconnected and the right-hand stopper is care
fully loosened and removed. The left-hand stopper is loosened by
gentle motions of the chamber, after which the chamber is
slipped off the condenser,. the rails guiding its path so that·no con
tact is made between the purified and the crude materials. A
clean paper may then be spread below the condenser tube and the
product may be scraped off and collected on the paper.

The temperature range and the control obtainable in an ap
paratus of the dimensions indicated in' Figure 1 are shown in
Table 1.

Figure 1.
A. ClaD1ps, 2-fingered
B. Heating coils, 23 feet of NichroD1e wire, B. and

S. No. 22
c. Rubb~r stopper, size 12
De Glass tube, 8 lllD1. o.d.
E. VacuuIll pUlTlp connection

D. DRING the course of certain investig:;ttions carried out in
this laboratory, it was necessary to purify relatively large

batches of different. materials by sublimation. Inasmuch as none
of the laboratory sublimators described in the literature (1-8)
seemed adequate for the purpose, construction of the apparatus
described below was undertaken. It has proved extremely useful
and convenient for subliming from 1 to 100 grams of material.

As shown in Figure 1, the unit consists of a horizontal jacketed
Pyrex sublimation chamber, H, heated by a resistance wire, B,
wound around its entire length. Through the chamber runs a
straight Pyrex tube, I, parallel with the axis of and considerably
longer than the chamber, which, serves as a water-cooled con
denser. The ends of the chamber are closed by means of rubb.er
stoppers, C, which are bored, somewhat off center, to allow pas
sage of the condenser. A glass tube, D, passing through one
stopper is used for the vacuum connection. The condenser tube
tapers. just beyond the point
where it emerges from the
assembly to permit easy re
moval of the stopper.

The condenser tube is
made longer than the
chamber in order that it
may be clamped rigidly in
position at the end of the
apparatus. In preparation
of the apparatus for oper
ation, H and outer jacket G
are removed while the left-
hand stopper is held in place
on the condenser tube. The
material to be sublimed is
distributed throughout the
length of the sublimation
ch8Jnber and the apparatus
is .reassembled by carefully
sliding the chamber and
jacket into place using the
supporting guide' rails, J,
to prevent contact of the
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Table I. Variation of Temperature with Voltage
Volts Temperature, 0 C.

30 52
40 76
50 105
60 136
70 166
80 191
90 219

100 248
110 275

The notable features combined in the apparatus are its rela
tively large capacity, the simplicity of its construction and
operation, its extreme flexibility, and the short distance between
evaporating and co~densingsurfaces which it makes possible.

Portions up tQ 100 grams of a wide variety of organic com-
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pounds, including such representative materials as 8-hydroxy
quinoline (8-quinolinol), p-aminophenol, pentachlorophenol, and
p-fluorobenzoic acid, have been sublimed successfully in the
unit described.
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Analysis of Residual Gas in Electron Tubes with the Light Spectrograph
R. H. ZACHARIASON

Radio Corporation of America, Lancaster, Pa.

THE presence of even a small amount of gas in a finished high-
vacuum electron tube is generally sufficient cause for factory

rejection of that tube. Unwanted gas can be introduced during
the manufacturing process in many ways; unclean parts, im
proper breakdown of oxide-coated cathodes on exhaust, leaks,
hydrogen absorption through metal parts, and poor tip-offs are
typical causes of gassy tubes. If the composition of the un
wanted gas is known, the gas source can often be found and a
serious epidemic of gassy tubes prevented.

Few of the standard methods of gas analysis are applicable to
the analysis of the gas in a finished tube. Standard methods of
gas absorption in various reagents are ruled out because of the
small size of the sample, which in many cases is less than 1 micro
liter. The difficulty of opening the finished tube and transferring
the sample also rules out most methods. Most of the samples
are too small for even the mass spectrograph.

The method that offers the most promise uses the light spec
trograph or spectroscope. When the spectrograph is employed,
it is first necessary to ionize the gas and obtain a visible discharge
which can be focused on the slit of the spectrograph. The
simplest way of accomplishing this step is by means of a spark
discharge, such as can be obtained with a Tesla coil. The use of
the spark coil, however, makes it difficult to obtain a concentrated
beam of light because the discharge tends to flicker and be diffused
rather than sharp.

In most c:ses, a more desirable source of light can be obtained
by using a high-voltage transformer and applying voltage between
two terminals of the tube. This procedure makes it generally
possibie not only to control the discharge but to focus the light
accurately on the spectrograph slit with little difficulty.

A third way applies particularly to cathode-ray tubes and is
by far the best when it can be used. In a completed cathode-ray
tube, it is possible to use the cathode-ray gun to furnish a stream
of high-speed electrons which will ionize the gas and give a con
centrated discharge.

None of these procedures requires opening the tube and the
gas can be analyzed without destroying the tube.

After a procedure for ionizing the gas has been selected, the
next problem is the choice of a spectrograph. Initially, the
author's analyses were made uSing a large Littrow Band L spec
trograph, Eastman I-F plates (specially made for spectrographic
work, with high sensitivity in the region of 4500 to 6800 A. and
medium contrast), a slit opening of 250 microns, the widest open-

Figure 1. Assembled Equipment
1. Iron reference
2. Gas8Y tube
3. Spectroscope
4. Camera attachment

ing of the collimating lenses, and normally a IQ-minute exposure.
The spectrograph was adjusted to photograph the spectrum from
4500 to 6000 A. Later, a Bausch & Lomb constant-deviation
spectrometer was utilized, but because camera attachments were
not available commercially, it was necessary to build a simple
attachment, which takes a 2 X 2 inch plate. The assembled
equipment is illustrated in Figure 1. The instrument has pro
visions for superimposing an iron spectrum on the gas spectrum
for reference purposes.

Standard comparison plates for the gases most commonly
encountered were made by utilizing Geissler tubes filled with gas
of known purity and ionizing the gas with a high-voltage source.
Each standard plate contains the iron spectrum superimposed on
a gas spectrum. Unknown samples tested in the same way are
lined up by means ofethe iron references, making it possible to
determine the identity of the unknown gases. After an opera
tor becomes familiar with the spectrum of the more common
gases, it is possible to use the instrument as a spectroscope and
determine visually the composition of many gases. In case of
doubt, comparison plates can be made.
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One of the first problems solved by the use of this equipment
was tbe lieteumn~\,"l;)n\.)\ an unknown gll.'3 in several cathode-ray
tubes. The electron beam Wll.'3 used to ionize the gll.'3 which Wll.'3
then identified lI.'3 mercury. Further investigation revealed that
operators of the exhaust machines had failed to fill several liquid
air traps, and mercury vapor from the mercury-diffusion pumps
had therefore flooded the system. In another Cll.'3e, the presence
of water vapor in cathode-ray tubes was shown to be caused by
breakdown of overheated mica parts. Before the identification
of the water vapor, such gassy tubes were called "air tubes" and
much engineering time Wll.'3 consumed in a futile search for non
existent leaks.

An epidemic of gll.'3 in a phototube type Wll.'3 shown to be air.
The trouble WlI.'3 traced to microscopic holes in a metal part
caused by improper spot welding.

Spectrographic analysis showed the presence of hydrogen in an
expensive power tube type that became gassy after being electro
plated. At first it Wll.'3 believed that the acid cleaning treatment
prior to plating had caused leaks, but after the spectrographic
analysis had been made, the souree of trouble Wll.'3 quickly found
to be due to diffusion of hydrogen through the steel during the
cleaning and plating.

The spectrograph can also be used to check the purity of gll.'3es
used in gll.'3-filled tubes and to make special analyses of the gll.'3es
relell.'3ed by suspected parts which have been sealed in dummy
tubes and heated to drive off gll.'3.

The chief limitation of the suggested method is that a minimum
quantity of gas is required to provide the visual glow. Many
tubes which are rejected as gassy have too little gas in them to
permit analysis. Another limitation is that the method is purely
qualitative and, therefore, eannot give quantitative results.
There are several reasons for this; not only is the ionization of
the gll.'3 dependent on its total pressure and the kinds of gases
present, but the presence of one gll.'3 may suppress the ionization
of another gll.'3.

In spite of the limitations of the method, thf light spectrograph
has been found very useful in the manufacture of electron tubes.

RECEIVED November 17,1948.

Distilling Apparatus for Production of Pure Water
FREDERIC E. HOLMES

Clinical Laboratory, Christ Hospital, Cincinnati, Ohio

0.8

Less than
.0.2

Specific
Conduc
tivity

Less than
0.3 X 10-'

1.00 X 10-'
0.043 X 10-'

1.22 X 10

OPERATION

The three principal parts of the column are the degassing tube.
vapor return tube, and outer shell, arranged in the order

named from center outward
below the product condenser.
This condenser and the delivery
tube are located.at the top of
the vapor pll.'3sage correspond
ing to the old first stage, instead
of at the top of the second stage
as formerly. A feed water con
trol unit (not shown) may be
improvised; the essential fea-
tures are an open-top tube or
vessel with connections from
the etHuent side of the WlI.'3te
vapor condenser and to the
feed water inlet and an overflow
to the sink above the latter.

The boiling flask is charged
with about 200 ml. of distilled
water saved from a previous
run. With the feed water con
trol unit set to overflow at a.
point below the top of the
degassing tube, the heater is
switched on and cooling water
is started through the con-

tact with only the absolute minimum area of glass surface required
for condensation; and the condensate drips directly into a deliv
ery tube where it is in contact with a minimum area of glass.

In the second stage of the old apparatus, the refluxed conden
sate was in contact throughout its course with vapor that carried
a maximum load of gases and steam-distillable substances. The
present apparatus removes these substances from the raw water
in a countercurrent manner before it enters the boiling flask, so
that the steam flowing over the product-condensing surfaces will
contain the minimum attainable content of water-soluble vola
tile matter.

In the earlier stills, the starting material was distilled water.
The present still, which occupies much less space on the bench
than the one used at Wright Field (3), produces from tap water, a
distillate nearly as pure and somewhat better than that obtained
from the Bushnell still (.4.). The quality of the distillate is indi
cated by Tables I and II.

0.27

0.37

0.32

KMnO.
Reduced,

Ml.
Cl

Ion

Clear
no color

Faint blue
cloud

Faint bluc
cloud

Nfl.
Ion

Pale
ye1l0w

Ye1l0w

No color

Properties of Product of Still and of Water front Other Sources
Equiva

lent
NaC!.

P.P.M.Sample or Source

Table I.

Product of still plus CO, (measured) a

Tap water, Cbrist Hospital b

Lab.-distilled water, Christ Hospital·

Conductivity water, plus CO,d
Best conductivity water, Kohlrausch (at

18° C.)'
Product of still, CO:-free (estimated)!

I.

II.

III.

IV.
V.

VI.

a Saturated with CO. on standing.
b Cincinnati water supply, from raw feed water IJJ still.
• From regular supply of laboratory, produced b~ Stokes still.
d Typical value found in Department of Chemistry, University of Cincinnati, for "conductivity water" after

exposure to air to saturation.
• Value accepted as best in literature, from Kohlrausch, quoted by Daniels et al. (1).
! Conductivity value for IV subtracted from I, assuming that, at these concentrations, equal amounts of CO,

have proportional effect on conductivity and that equivalent of NaCI can be extrapolated beyond data of Getman
($).

THE still described is an improvement of similar apparatus
developed by the author. By changing the position of the

produet condenser and making other minor modifieations it has
been possible to provide for diversion of water that has been in
contact with glass at high temperature away from the distillate,
to reduce eontact between distillate and glass to the minimum nee
essary for condensation, and to provide for preliminary degassing
of the raw feed water.

The still shown in Figure 1 employs concentric reflux columns
with take-off between the upper and lower parts somewhat similar
to those used in two prior stills (3, 4), but it embodies modifica
tions in construction and alteration in sequence of functions which
result in improved operation and performance.

The simplified still used at Bushnell General Hospital (4) was
criticized by Liebig (6) because of contamination of distillate by
extensive and prolonged contact at high temperature between the
final product and the glass surfaces in the second stage column and
in the hot outlet trap. In the present apparatus, the reflux from
the degassing tube, which corresponds to the second stage in the
older apparatus, is returned to the boiler instead of to the product;
the hot vapor and distillate in the product eondenser are in con-
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maximum resistance was observed. In the absence of any drift
'toward lower resistance thereafter,it was assumed that the sam
ple had reaehed saturation with carbon dioxide at the usual ambi
ent partial pressure.

Ammonium ion (including amines or ammonia derivatives capa
ble of producing color with the reagent, if present) was deter
mined qualitatively several times over a period of weeks. An
equal small amount of Nessler's reagent (about 0.2 m!.) was added
to equal samples (about 4 m!.) from each of the three sources.
The relative contamination shown is typica!. In all cases, the
product of the still was negative to the eye and the other samples
showed visible color.

For the detection of chloride ion, dilute silver nitrate in acid
solution was ad'ded dropwise to a small sample.

Standard
NaCI.

1 P.P.M.

7
44
37
46
39

Distinctly
milky

5
7
2
6
1

Clear

1
3
2
5
4

Clear

Tahle II. Tests of Elimination of Added ContaIllinants
[10 grams of NaCI in boiling flask (approximately 1%). Readings in dial
units of Klett-Summerson photoelectric colorimeter with yellow filter l

Amount of Entrainment

Distillate Di;tillate
from from
Tap 1% NaCI

Water Soln.

Blank (tubes and water)
"Agel in acid solution

Minus blank
AgCI in buffered solution

Minus blank
Visible appearance

Measurement of electrical resistance for determination of con
ductivity (Table I) was made in an open beaker in a eonstant
temperature bath at 25 0 C., using dipping platinum eleetrodes in
a eonventional bridge circuit. The contents of the beaker were
replaced with fresh portions of sample several times until constant

EVALUATION OF PERFORMANCE

Data in Tl!ble I are taken from analyses of the product of an
earlier model, in which the raw water entered a small glass unit 'in
the bottom of the boiling flask and was elevated to the top of the
degassing tube by a centrally located air lift. Preheating of
feed water took place in this pump in the boiler. The ratio of
steam wasted to that condensed as product was about 1 to 2, but
the air escaping from the top of the lift undoubtedly aided in
flushing out gases. On the other hand, the air itself may have in
troduced some contaminants.

Data in Table II were obtained from the product of the present
still as shown in Figure 1, operating' at a ratio of rejected steam
to take-off of about 1 to 1. Preheating occurs above the vapor re
turn tube and adds appreciably to the reflux in this tube.

densers. When the water in the flask is boiling vigorously, and
steam has filled the column and reached the waste vapor con
denser, the feed water control unit is raised to a previously deter
mined level which has been found to increase the volume of water
in the flask to 800 to 1200 m!. during a day's run (3 to 6 em. above
degasser). Raw feed water then enters the preheater and over
flows into the top of the degassing tube.

Steam from the boiling flask is prevented from entering the de
gassing tube by water in the small trap at the bottom of the vapor
return tube, and is forced to follow a single course through the
column. The steam flows from the flask to the product condenser
through the spac-e between the vapor return tube and the outer
shell and through the lower connecting tube. The cold finger of
the condenser removes a fixed portion as product distillate, which
drips directly into the inner end of the delivery tube. The re
maining steam returns to the column through the upper connect
ing tube, and is conducted to the bottom of the degassing tube
through the vapor return tube. The steam then flows upward in
the degassing tube over the surface of the film of entering feed
water, removing from it gases and volatile and steam-distillable
substances, and carrying them out through the top of the col
umn. The amount of steam involved in this scavenging function
may be estimated by measuring the volume of reflux delivered
from the side tube below the waste vapor condenser.

To terminate the run, the feed control unit is lowered and the
heater and cooling water are shut off. The residue in the flask is
discarded.

DISTILLATE
DELIVERY
TUBE

PRODUCT
CONDENSER

WASTE VAPOR
CONDENSER

PREHEATER

SPIRAL BOSS
~

5 20/42
u
o.n

BOILING

JFLASK

Figure 1. Distilling Apparatus

Cl
W
W
u..

a:::
w
l
e(

3

Under "KMnO. reduced" in Table I, the volumes given refer
to the least amount of 0.002 N potassium permanganate solution
required to produce the faintest visible pink color in' 15 m!. of
sample aeidified with 2 drops of concentrated sulfuric acid and
brought just to boiling. PrObably these amounts are the mini
mum necessary to produce perceptible color.

2-Naphthol was used as a representative of a "phenolic" type
of organic contaminant.

Receiver, feed water control unit, and connections
for cooling water not shown

To test for entrainment of liquid and solids from the boiling
Bask, 10 grams of sodium chloride were added to about 1000 mt of
water in the flask. To each 5 m!. of sample of distillate and of
standard was added 0.2 m!. of acid silvernitrate reagent (5.097
grams of silver nitrate and 250 m!. of concentrated nitric acid per
1000 mI.). This was repeated with 0.1 m!. of 16% sodium acetate
solution added to eaeh sample. The resulting solutions or suspen
sions were compared in a Klett-Summerson photoelectric colorim
eter using the yellow filter. Dial readings of the potentiometer
in units are given in Table II.

To each lO-m!. sample were added 4.5 m!. of diluted Folin-Cia
calteu phenol reagent (15 m!. diluted to 45 m!.) and 2.5 m!. of 20%
sodium carbonate, and the reaction was allowed to go to maximum

Ratio
D/B

'/0
'/0

Between
'/. and
'/1'

70
71
14

B. In Boiler,
P.P.M.

1000
1000
1-2

Distribution of Phenol

37
34
40

Distribution of 2-Naphthol

D. In Dis
tillate.
P.P.M.

200
200
0.2

(approx.)

100
100

20

In Feed Water,
P.P.M.

1'000.
20 m!. of 100

p.p.m. during
30 mins.

a With 75 turns of No. 26 Chromel A wire in degassing tube.
b With 100 turns of No. 16 copper.
c With 100 turns of No. 26 Chromel A.

4
.5
6

Expt.

1
2
3
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color without turbidity at room temperature. U!1~howns were
compared with similarly treated standards contammg 0.2, 0.5,
1, 2, 5, 10, 20, and 50 p.p.~.. The "contaminan~"was.placed di
rectly in the boiler or fed mto the feed water. mtermlttently. as
indicated in experiments 1, 2, and 3. Phenol Itself was later m
troduced from a Mariotte bottle, substituted for the feed water
control unit· the first 200 m!. of distillate were discarded, and the
next 100 mi. saved for analysis. Phenol was determined in the
same manner as naphthol, except that the r~actionwas conduc~ed
at 37.5 0 C. and unknowns were compared WIth standards contam
ing 10 or 20 P'P'1!1' in the photo~lectriccolorim~te~. Wir.e spirals
were introduced mto the degassmg column, as mdlCated m Table
II, but did not seem to improve performance app'reciably, prob
ably because the over-all effective exposure of water to steam was
not much altered.

The loads of artificial contaminants imposed onthe still were
intentionally made abnormally heavy in order to obtain an idea of
the manner of performance of functions anticipated in the de
sign. There is evidence of removal of 2-naphthol from the vapor
in the passage between the boiler and the product condenser.
The decrease from that in the feed water to less than one fifth of
this initial amount in the distillate may be considered satisfactory
for many purposes. Although phenol itself is removed to some'
extent in the degassing tube, a substantial portion enters the
boiler and part of this is redistilled into the product, in the ratio of
about 7 in the distillate to 10 in the raw water. It is of little value
that this is an absolute' amount of only about 30% of that intro
duced. .Because, as shown in the data for chlorides in Table II,
entrainment is negligible, relatively large amounts of potassium
permanganate may be added when minute amounts of phenol or
other organic substances are likely to 'introduce significant errors
in analytical work. This has been done in the preparation of wa
ter for the determination of iodine in blood, normally 6 to 8 micro
grams per 100 m!. On the other hand, the error introduced by
oxidizable organic matter when the distillation is conducted in the
simple manner originally intended, using the present source of tap
water, is too small to introduce appreciable error into the deter
mination of 7 to 10 mg. of calcium in 100 m!. of blood serum by
oxidation of the oxalate with potassium permanganate (Table I).

Principal Specifications of Apparatus

Outer shell, 35- to 36-mm. o.d. glass tubing
Vapor return tube, 25-' to 26-mm. o.d.
Degassing tube, 18- to 19-mm. o.d., 480 mm.long
Feed water inlet, about 1-mm. bore, about 80 mm.long
Distillate delivery tube, about 1.5-mm. bore and about 100 mm.

long below condenser, with short arm slightly less than half the length
of long arm

Condenser (eold finger), 25- to 26-mm. o.d., 70 to 80 mm.long
Boiling flask, standard 2-liter flask with T joint
Other dimensions may be estimated from Figure 1
With few exeeptions, tubes are supported by fused joints at one end

only, thereby avoiding diffieulty due to unequal expansi~n during
eonstruction

Spiral boss shown in Figure 1 is tooled in vapor return tube and
ground to fit elosely but not tightly into outer shell

MODIFICATIONS TESTED OR SUGGESTED

An air lift for elevating raw water to the top of the degassing
tube was designed to maintain an approximately constant level in
the flask by recirculating water from the boiler or introducing
fresh water as required. Its contribution to performance was
doubtful, and it was abandoned in favor of the present simpler
construction. An attempt was also made to control rate of feed of
raw water by passing it through glass filter cloth at the top of the
degassing tube. The rate of admission changed rapidly owing to
deposition of lime scale. For even distribution of the film of wa
ter on the walls of the degassing tube, a'!3maller tube having, a
flange ground to give a clearance of aboQt 0.3 mm. from the wall
and centered by three minute projections has been suspended in
the top of the degassing tube. Spirals of Chrome! A or copper
wire have also been used, and a spiral of 1-mm. glass rod is sug
gested.

ANALYTICAL CHEMISTRY

A bare-wire immersion heater, suggested by those of Langdon
(5), produced uniform boiling and facilitated satisfactory control
of boiling rate. Its chief disadvantage was short life due to elec
trolytic action, probahly resulting from unbalanced phases in the
alternating current. ~n immersion heater in a silica shell was also
tried, but in order to obtain adequate heating capacity, it had to
be operated at a temperature rapidly destructive to the wire.
An increase in surface area would have necessitated a unit of in
convenient size. For the present still, a conventional heater con
sisting of open elements of Chromel wire supported in a two-piece
porcelain block, such as is used in Kjeldahl digestions, has been
found satisfactory and surprisingly efficient; 450 to 500 watts are
required in ba~e-wire immersion heaters and about 700 watts in
the conventional outside heaters.

Carborundum chips have been used to proIilote smooth boiling
over outside heaters. Three or four pieces of platinum foil, about
3 X 25 mm., with a spiral twist, have been sug~sted (6) for this
purpose.

The cold finger has been made interchangeable by means of a
standard-taper ground joint between it and the condenser cham
ber, to provide for substitution of cold fingers of varying capacity.
It might advantageously be used also for cold fingen: of other ma
terials, such as silica, platinum, silver, tin, and tantalum. The
present fixed capacity is between 3 and 4 liters in a day's run.

A condenser unit was tried in which the distillate dripped from
the cold finger directly into a water-jacketed delivery tube.
However, the unjacketed end inside the condenser unit required to
keep out reflux from the walls, and necessarily wide enough to
allow free passage of drops without contact, exposed more area of
glass to hot vapor and possible drainage of condensate into the
outlet than the entire delivery tube used at present. Data on
conductivity were obtained on water collected through the water
cooled outlet; those on phenolic compounds, through the pres
ent delivery tube shown in Figure 1.

The effectiveness of the degassing tube might be Increased by
an increase in its length. The spiral wires assure uniform distri
bution of the film of incoming water, but do not otherwise im
prove performance.

A simple overflow outlet tube has been attached to the boiling
flask to maintain a constant level in the flask, bleed off some of
the water, and hold down the concentration of salts. The effect
of the increase in rate of feed required was not tested. The chief
objection to this device was greater fragility toward both thermal
and mechanical shock. The plain standard flask has the advan
tage of ready availability for replacement, and accommodates
enough volume to avoid excessive concentration in the boiler dur
ing a day's run. The bleeder would permit continuous operation
over longer periods of time.
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Estimation of Met~yl Bromide in Air
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27.2
31.4
31.6
32.1
31.9
31.9

Total MI. of 0.1 N
AgNO. to Titrate

5.80
6.70
6.75
6.85
6.80
6.80

1.50
1.75
2.50
6.00
7.00

29.30

Rate of Aspiration,
Minutes

Table I. Absorption of Methyl Bromide at Various Rates
Calcd. Mg. of

Methyl Bromide
per Liter of Air

gas-absorbing scrubbers each containing 100 ml. of 5% alcoholic
potassium hydroxide. After the solutions from the absorbers
were combined, they were allowed to stand for 2 hours at room
temperature to complete hydrolysis. The resulting potassium
bromide was completely dissolved by the addition of 300 ml. of
water and 150 ml. of 10% acetic acid solution, then titrated with
standard 0.1 N silver. nitrate solution with sodium eosin as the
indicator.

THE widespread use of methyl bromide as a fumigant for the
control of many insects has resulted in several analytical

methods for its quantitative estimation. Most of these methods
are based upon the hydrolysis of the methyl bromide with sub
sequent determination of the bromide ion. Typical procedures
have been described by Glaser (3); Busby and Drake (1);
Stenger, Shrader, and Beslotgetoor (6); Chisholm and Koblitsky
(2); and Lewis (.4-). However, none of these methods has satis
factorily filled the requirements for a rapid and convenient pro
tedure for field wor~.

Actually, the delimiting field sampling requirements are that a
sample be taken 'apidly and accurately without the use of com
plicated apparatus. A gross method of this sort was suggested
by Quayle (5) in work with hydrogen cyanide. This report deals
mainly with an adaptation of this method for methyl bromide,
wherein alcoholic potassium hydroxide is used as the absorbing
and hydrolyzing medium.

EXPERIMENTAL PROCEDURE

1\ 2-I~ter sample of air containing methyl br?mide was drawn by
aspIratIOn at controlled rates through two senes-connected Fisher

30 r
"".......
::;
ffi 20...
<Ii
J:
u

ci
~ 10

DISCU~SION

Effect of Rate of Aspiration upon Absorption. The essentiality
of a rapid sampling period required study of the effect of the rate of

aspiration upon the completeness of absorption. This was
done by varying the rate of aspiration, by means of capillary
tubes inserted in the aspirating. system, so that varying
rates from 1.5 to 30 minutes were obtained. Two series
connected scrubbers were used for these runs. (The fumi
gator was charged with 48.9 mg. of methyl bromide per
liter of air about 3 hours before sampling.) The results,
graphically seen in Figure 1, show very clearly that a mini
mum of 2 minutes' aspiration will absorb all the methyl
bromide under the conditions of this study. This was
further demonstrated by using four scrubbers in the system,
and taking each sample at the 2-minute rate. Pooled re
sults so obtained were no different from those given by
two scrubbers. It was shown, however, that ·one scrubber
would absorb only 79% of the methyl bromide in parallel
experiments. The. third and fourth scrubbers were tested
separately and gave no indication of the presence of even a
trace of bromide.

25 Rate of Hydrolysis of Methyl Bromide in Alcoholic Po-
tassium Hydroxide. The rate of hydrolysis of methyl
bromide in alcoholic potassium hydroxide was determined
by pipetting 10 ml. of 10% alcoholic potassium hydroxide
solution and 10 ml. of alcoholic methyl bromide solution
(approximately 1.6 grams per liter) into test tubes which
were placed in a water bath at 25 0 C. and stoppered tightly
with a waxed cork. The reactions were stopped at suitable
intervals by pouring the contents of the tubes into 50 ml.
of 2% acetic acid solution. The resillts, illustrated by
Figure 2, indicate that a minimum of 2 hours was neces
sary for complete hydrolysis of the methyl bromide under
the conditions utilized.

Rate of Dissipation of Methyl Bromide in IOO-Cubic
Foot Fumigator. When a known concentration of methyl
bromide was introduced into a fumigator (10o-cubic foot
California vacuum fumigator for the Vacufume process,
manufactured by the Union Tank and Pipe Co., Ltd.), the
value determined was always lower than the theoretical.
Therefore the va!'iation of concentration of methyl bro
mide with time in the fumigator was evaluated. It was

250 believed that the methyl bromide was either adsorbed on
the walls of the fumigator, was reacting with the copper
heaters therein, or both. A charge of 40 ml. of methyl
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24.5
19.9
18.7
17.1
16.1
15.5
14.9

Methyl Bromide, Mg.

0.9
2.2
2.8
5.3
9.0

10.9
15.7
15.9
16.9
16.4
16.5
16.4

0.04
0.24
0.30
0.57
0.96
1.16
1.68
1.70
1.80
1. 75
1. 76
1. 75

4.25
4.40
3.65
3.47
3.31
3.19

o
2
4
8

16
32
64
96

128
160
192
224

o
0.08
0.5
1
2
4
6

Table II. Rate of Hydrolysis of Methyl BrOlnide in 100/0
Alcoholic PotassiUJell Hydroxide Solution

Reaction Time, Total MI. 0.1 N AgN03
Minutes to Titrate

Table III. Rate of Dissipation of Methyl BrOlnide in 100
Cubic Foot Fumigator

Sampling Time, Total Ml. of 0.1 N Mg. of Methyl Bromide
Hours AgNO, to Titrate per Liter of Air

RECEIVED September 13, 1948.
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Figure 3
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bromide (24.5 mg. per liter) was placed in the fumigator and
circulated with an electric fan. Samples were withdrawn by the
described method at 5 minutes, 30 minutes, and 1, 2, 4, and 6
hours. The results, shown in Figure 3, indicate that both adsorp
tion and chemical reactiOIi reduce the concentration of methyl
bromide under these conditions; hence the seeming contradiction
of Table 1.
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Improvements in Microaeration Technique for Determination of Kjeldahl Nitrogen
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IN THIS laboratory difficulty 'was experienced in obtaining
. satisfactory nitrogen recoveries with the microaeration method

of Sobel et al. (2). Astudy of the method has shown that it is re
liable and practical if larger amounts of alkali are used and if the
aeration is carried out at approximately 70· C. instead of room
temperature as recommended by Sobel et al. In principle the
latter is to be expected, because Dillingham (1) and others have
stressed the importance of aeration temperature in analytical
Kjeldahl nitrogen macro- and semimicromethods.

In order to aerate the KjeldaW digest at an elevated tempera
ture and trap the displaced ammonia in boric acid at a lower tem
perature, it is desirable to use a modified Sobel et al. microaeration
tube. The authors have' constructed tubes similar to those used
by Sobel et al., except that the side arm is at an angle of 45· with
the inlet of the sealed-in bubbler of the microaeration tube (Fig
ure 1). The tubes are assembled in zigzag formation in a rack with
the digestion tubes inside the bs,th and the receiving tubes outside
the bath. The rack can be easily constructed by making four 90 0

folds in a rectangular piece of 2-mesh hardeloth cloth, so that the
ends of the original rectangle join at the base to clamp over the
side of the bath. Short pieces of rubber tubing are used to com
plete the glass-to-glass connections between tubes, as in the
Sobel method.

It was found that nitrogen could not be completely recovered

from known amounts of ammonium sulfate or from protein-free
blood plasma filtrates, even with prolonged aeration at room tem
perature or by increasing the aeration rate to the point where

DIGESTION
TUBES ~=,::::;r

t<-....::

=
RECEIVING

TUBES

Figure 1. Setup of Aeration Tubes



VOL U M E 2 I, N O. 1 0, 0 C T 0 B E R· 1 949 1291

Table I. COlllparison of Sobel and Modified Methods in
Deterlllination of Blood Plasllla Nonprotein Nitrogen

Sobel Method

at 70 0 C. The nitrogen'recovered is approximately equal to the
difference between the values obtained by the two methods. Vari
ous other data agree with the results in Table 1.

'Y 'Y 'Y 'Y

1 44.5 0 45.0 0
39.7 3.9 44.5 0

2 147.2 1.9 149.5 0
129.2 20.3 149.0 0

3 107.9 1.9 115.2 0
106.9 10.2 116.6 0

G Following this, alkali concentration equaled that used in modified
method.

loss by foaming was imminent. This was the case even though
rapid aeration was continued for as long as 2 hours.

The effectiveness of raising the aeration temperature to 70 0 is
indicated by the data in Table 1. The samples used were protein
free plasma obtained from the blood of normal and adrenalec
tomized rabbits. Duplicate values agree well and the aeration is
complete when the modified method is used. On the contrary,
when the Sobel (2) method is used, the duplicate samples do not
agree well and additional amounts of nitrogen are found if extra
alkali is added and the aeration is continued for 30 minutes more

Sample

Nitrogen
found after
aerating 30

min. at
25° C.

Additional N
found after

adding more
alkali" and
aerating 30

min. at 70° C.

Modified Method
Nitrogen Additional N

found after found after
aerating 30 aerating 30

7h~'C~ ~ln76~na~r

MODIFIED PROCEDURE

The modified procedure for 10 to 200 micrograms of nitrogen is
the same as described by Sobel et al. (2, 3) except that the aeration
is carried out at 70 0 C.; the alkali is prepared by adding 19 mi. of
saturated sodium thiosulfate solution to 4Si m!. of a saturated
solution of sodium hydroxide; to replace water lost by evapora
tion, thereby avoiding salt precipitation, each digestion tube is
rinsed down with 1.4 m!. instead of 1.0 m!. of water; and 0.7 m!. of
the alkali is added to each tube. Aeration is continued for 30
minutes at the rate of approximately 10 liters per hour.
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Determination of Tin in Manganese Bronzes
GEORGE NORWITZI, THOMAS F. BOYD, AND FREDA BACHTIGER

Industrial Test Laboratory, Philadelphia Naval Shipyard, Philadelphia 12, Pa,

RESULTS

The results obtained by the authors on three representative
manganese bronzes are shown in Table 1.

taining some paper pulp. Swab the beaker and wash the pre
cipitate well with hot 1% nitric acid solution.

Transfer the filter paper and precipitate to a 500-m!. Erlen
meyer flask and add 15 mi. of sulfuric acid, 5 mi. of perchloric
acid (70%), and 10 mi. of nitric acid. Evaporate to strong
fumes of sulfuric acid. Allow to cool, add 200 ml. of water and
75 m!. of hydrochloric acid, and reduce the tin with antimony
trichloride and lead in the customary manner (1).
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1.32

1.20

Fe Present
%

0.82

2

62b

Sample

Table I. Deterlllination of Tin
Sn Present Sn Found

% %
0.97" 0.97

0.98
0.97
0.27
0.27
0.26
0.10
0.09
0.10

" National Bureau of Standards certified value.
b Average of three results by umpire A.S.T.M. method (1);

IT IS stated in the literature that in the analysis of manganese
bronzes, tin cannot be quantitatively precipitated as meta

stannic acid on account of the interference of iron (2-.4.). The
authors have. found that if a 5-gram sample is taken, a good excess
of nitric acid is present, and the solution is boiled at least 0.5
hour, the interference of iron can be entirely overcome. When
the solutions were not boiled but were allowed to stand on a
steam bath at 95 0 C. for several hours in the usual manner, the
recovery of tin was excellent for samples containing over O.S%
tin, but very poor (less than 45% recovery) for samples con
taining less than 0.5% tin. Inasmuch as over 95% of the man
ganese bronzes of commerce contain less than 0.5% tin, the im
portance of the method is readily seen. The procedure, which
has now been in use in this laboratory for many months, has given
astonishingly accurate and precise results even in the hands of
routine operators.

The filtrate from the metastannic acid precipitate can be used
for the determination of copper and lead by diluting to 200 mI.,
taking a lOG-m!. aliquot, and electrolyzing the copper and lead.
The lead dioxide deposit should be dissolved in nitric acid and
the lead determined by the sulfate method. Determination of
copper by the above procedures is especially advantageous for
the analysis of copper in manganese bronzes containing less than
0.5% tin, for any unprecipitated tin would contaminate the
copper deposit.

PROCEDURE

Dissolve a 5-gram sample in a covered 600-mi. beaker with
50 mI. of 1 to 1 nitric acid by heating on the steam bath. Boil
for a minute or two on the hot plate to drive off the oxides of
nitrogen, add 50 mi. of hot water and some paper pulp, and boil
for 30 minutes. During the boiling keep the volume between SO
and 100 mi. by the addition of hot water. Filter the solution
while hot through an ll-cm. No. 44 Whatman filter paper, con-

I Present address, Material Laboratory, New York Naval Shipyard,
Brooklyn 9. N. Y.



Simplified Countercurrent Distribution, Apparatus
SAMUEL RAYMOND

College of Physicians and Surgeons, Columbia University, New York, N. Y.

Figure l.
Countercurrent

Distribution
Plate

COUNTERCURRENT distribution is an experimental
method of great power and versatility in the analysis of

mixtures of similar substances. Introd,uced only a few years
ago by L. C. Craig of the Rockefeller Institute (.~), it has already
become one of the indispensable tools of the chemist.

The method consists in distributing a mixture in a certain way
through a series of separatory funnels by means of a two-phase
solvent system. The identity and quantity of the components
of the mixture are determined from an analysis of the contents of
each funnel after distribution.

One method for carrying out the
distribution employs separatory funnels
and hand shaking. This apparatus is L10 MM,

readily available, and allows a wide r
choice of solvent volumes and quan-
tities of material, but suffers from the
disadvantage that a large number of
separate operations is necessary. For
a 24-plate separation, 288 shaking opera-
tions are necessary.

Another method currently in use em
ploys a machine designed by Craig.
This machine makes the necessary equili
brations and transfers automatically,
but it is limited in solvent volume and is
expensive.

A semiautomatic apparatus combin
ing the best features of both these
methods has now been developed. It
is essentially a series of separatory
funnels of special design arranged on a
frame for shaking and semiautomatic
transfer.

APPARATUS

Separatory Funnels. Each unit or "plate" consists of a
separatory funnel with a re-entrant neck (Figure 1). These units
can be made from standard Pyrex 50-m!. cylindrical separatory
funnels by any competent glass worker. Steps in converting
the funnels are:

Attach handles to each end of the funne!.
Heat and draw down a section beginning about 7.5 em. from

the stopcock and extending 1 em. toward the neck, leaving a
sharp shoulder and a short section 1 em. in diameter and 2 em.
ong to form the neck.

After reheating the shoulder uniformly all around, push the
neck into the body of the funne!.

Cut off the neck as short as possible and finish in the usual
manner.

Cut off the tip of the funnel to a length of 2 em.

A funnel made in this way will hold a total of 35 m!. A volume
of 20 ml. can be shaken vertically in the funnel with no loss of
contents. If greater volume capacity is desired, the diameter
of the funnel rather than the height should be increased, because
efficiency of mixing falls off as height is increased, and the number
of plates the machine will hold also decreases. The standard fun
nel of the given dimensions occupies about 10 em. (4 inches) of
vertical height.

Shaking Frame. The funnels are attacned to a vertical rod
(by Ineans of laboratory clamps) for the shaking and transfer
operations. The rod is part of a frame (Figure 2) constructed
of 0.5-inch aluminum rods (Fisher Scientific Co., Flexaframe) fas
tened together with standard connectors. The pivots are special
connectors (Emil Greiner Co., No. G23150) whose setscrews are
cut off about 0.125 inch to allow for rotation.

The apparatus is driven by an electric motor (Bodine Electric
Co., No. NSE33R, 'Ito hp. with speed-reducing gears attached
in the ratio of 15 to 1) through a cam at a speed of 330 cycles a
minute. The cam is a disk 1.5 inches in diameter set 0.25 inch
off center. The total length of thrust is therefore 0.5 inch.

The cam actuates lin aircraft valve tappet and guide assembly
(Aircraft Engine and Parts Co., New York, N. Y.) which drives
the shaking frame in vertical reciprocating motion. Power for
the downward phase of the motion is derived from a spring be
tween the upper pivot and the guide block. This spring supplies
a force of about 40 pounds when compressed O.§ inch.

Shaken together in this apparatus, 10 m!. each of butanol and
water are brought into equilibrium within 2 miputes. A solute
such as acetic acid, present in either phase, is distributed in the
equilibrium concentration in both phases in the same length of
time. The funnels are attached to the shaking frame, the tip of
each funnel projecting into the neck of the one below.

PROCEDURE

At the start of a distribution the desired volume of the less
dense so.lvent, saturated with the heavier solvent, is placed in
each plate. The sample, dissolved in the desired volume of the
heavier solvent, is then added to the topmost plate of the column,
which is shaken until equilibrium is established. (An automatic
timer controlling the motor is a great convenience.)

The lower layer of the first plate (plate 0) is now ,drained into
plate 1 and a second volume of the heavier solvent is added to
plate O. (The added solvent does not contain an additional
quantity of the sample.) This operation constitutes one trans
fer. After equilibrating, the lower layer of plate 1 is drained
into plate 2, and that,of plate 0 into plate 1, and fresh solvent is
added to plate 1. This operation constitutes the second transfer.
The addition of solvent is facilitated by an automatic pipet-e.g.,
Kimble No. 37075-at the top of the column.

.The cycle of operations is repeated until the desired number
of transfers is reached. If more than a single vertical series of
plates is utilized, the transfer from the bottom of one series to the
top of the next is made by detaching the funnel and carrying it up
by hand.

RESULTS

Preliminary testing of the apparatus was carried out using
butanol-water as the solvent system and acetic acid as the test
substance. The time required to reach equilibrium was deter-

Lei 0

G

4

B

r;1.;
Figure 2. Shaking FraIne

A. Moving rods
B. Pivots
C. Guide blocks
D. Standard connectors
E. Motor
F. Valve tappet asse:rn.hly
G. Spring
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Table I, Countercurrent Analysis of Lower Aliphatic
Acids

Acetic Propionic
Tot¥ Acid Acid Total Difference,

Tube ~o. Titration Calcd. Calcd. Calcd. Col. 2-Col. 5

0 0.28 0.00 0.33 0.33 0.05
1 1.41 0.04 1.38 1.42 0.01
2 2.79 0.20 2.65 2.85 0.06
3 3.77 0.63 3.14 3.77 0.00
4 4.15 1.53 2.58 4.11 0.04
5 4.44 2.75 1.56 4.31 0.13
6 4.36 3.73 0.71 4.44 0.08
7 4.17 3.92 0.25 4.17 0.00
8 3.60 3.19 0.07 3.26 0.34
9, 2.71 2.11 0.01 2.12 0.59

10 1.25 0.99 0.00 0.99 0.26
Extra transfers 1.08 0.49 0.00 0.49 0.59

Totals 34.01 19.58 12.68 32.26

"
100 57.6 37.2 94.8

mined by a method similar to that of Barry (2) and was found
to be 2 minutes for the given system. The K found for acetic
acid was 1.23, in good agreement with the accepted value, 1.23
(1).

The efficiency of the distribution can be greatly improved for a
given number of plates by carrying out a greater number of
transfers than there are plates. The procedure is equivalent to
procedure 2 of Craig (3, 'po 523) except that most of the sample is
retained in the apparatus, allowing calculation of distribution
coefficients for all components.

The standard operations are carried through until all the plates
of the apparatus are utilized. Additional transfers are then made.
The sample from the last plate is not transferred to a new plate,
but is immediately analyzed. The procedure is continued until
the desired substance begins to show up in the last sample. Pro
viding, the K for the component is greater than 1, a distribution
can be. obtained equivalent to half again as many plates as are
actually used.

In the analysis of a mixture of volatile 'aliphatic acids, obtained
from another department of the college, an eleven-plate butanol
water system was used. After the fifteenth transfer the aqueous
layer in the last plate had a titration value of 0.73 ml. of base,
indicating the appearance of acid in this plate. The total con
tents of each plate were thereupon titrated, giving the values
shown in column 2 of Table I.

Caleulations. In the mathematical analysis of the system the
following symbols are used:

r = serial number of a plate (numbering from 0)
T, = quantity of any component in the combined phases of

plate r
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n = number of transfers completed
K = distribution coefficient, equal to 1.23 for acetic acid and

3.65 for propionic acid

The fundamental equation which governs the behavior of
normal substances in the countercurrent system is

K = ~ (n - r)
T(,+ 1) (r + 1)

A derivation of this equation has been presented by Williamsop
~). .

Application of the fundamental equation shows that a maxi
mum of acetic acid would appear in plate 7 and of propionic acid
in plate 3. Preliminary values of T, for propionic acid in the
other plates were calculated from the total titration in plate ~,
assuming this to represent pure propionic acid. The propionic
acid value calculated for plate 7, subtracted from the total acid
in that plate, gave a corrected value for acetic acid, from which
column 3 of the table was calculated. New calculations from
the corrected propionic acid in plate 3 now gave column 4.
The sum of the calculated values for each plate is given in column
5. The difference (column 6) between this sum and the values
found for each plate was within experimental error of titration
over nearly all of the range. Of the total acidity of the sample,
taken, 94.8% was accounted for as acetic and propionic acids.

It is easily seen from the difference column that acetic and!.
propionic acids quantitatively account for the results over tubes:
oto 7. Beginning with tube 8 there are positive deviations which
are small but definitely larger than experimental error. These·
deviations indicate the presence of at least one additional acidic;
component, more soluble in water than in butanol.
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CRYSTAlLOGR'APH IC DATA
Contributed by Armour Research FoundaUon of Illinois Institute of Technology

23. Sulfasuxidine (p-2-Thiazolylsulf
amylsuccinanilic Acid)

HG-N 0 0 0

H~ ~-~-] ~ ~-~-CHr-CHr-LoH
V 11'-=/-

S 0
Structural Formula of Sulfasuxidine

Sulfasuxidine exists in at least two polymorphic forms. Form I
is stable below about 35 0 C.and melts at 125 0 C.; form II is
stable above about 35 0 C. and melts at about 180 0 C. Crystals
of either form may be prepared from methyl Cellosolve, 25%
ethanol, or dioxane. Form I crystallizes if the solution is super
cooled below 35 0 Q. before crystallization; form II crystallizes

at temperatures above 35 0 C. Good crystals of 'either form can
be obtained by slow crystallization in the proper temperature
range. Methyl Cellosolve was used to prepare form II and 25%
ethanol to prepare form I in this study. .

The commercial samples of sulfasllfd.dineare form I; form II
in all cases transforms through the solid phase over a -period of a
few weeks to give I pseudomorphs of II.

SULFASUXIDINE I
•CRYSTAL MORPHOLOGY (determined by W. C. McCrone).

Crystal System. Monoclinic. .
Form and Habit. Rods elongated parallel to b from 25%

alcohol. The most common forms and usually' the only forms
are the orthopinacoid {loo}, clinopinacoid 101O}, and hemi
orthodome {1O1}.

Axial Ratio. a:b:c = 5.095: 1: 3.793.
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OPTICAL PROPERTIES (determined by Ralph Johnson).
Refractive Indexes (5893 A.; 25° C.). a = about 1.54;

fJ = about 1.61; ,. = 1.73. 0

Optic Axial Angles (5893 A.; 25° C.). 2V = about BO°.
Dispersion. None.
Sign of Double Refraction. Positive.

d

13.17
6.40
5.43
4.58
4.43
4.30

Principal Lines

1/11

0.22
0.30
0.30
0.40
0.37
0.33

d

4.24
4.02
3.89
3.75
3.55
3.42

I/ll

0.28
0.30
0.38
1.00
0.22
0.44

Figure 1. Sulfasuxidine

G. Crystals of II (clear) and II pseudomorphs of I (opaque) froD>
methyl Cellosolve

b. Crystals of I from 25% alcohol

Interfacial Angles (Polar). 100 A 101 = 116°.
Beta Angle. 127°.

X-RAY DIFFRACTION DATA (determined by W. C. McCrone and
I. Corvin). v 0 0

Cell Dimensions. a = 26.34 A.; b = 5.17 A.; c = 19.61 A.
Formula Weights per Cell. 4.
Formula Weight. 341.
Density. 1.529 (flotation).

Principal Line!'oi

d //11 d //11

16.39 0.56 4.57 0.96
12.79 O. 15 4 .34 0 . 23
9.67 0.13 4.19 0.13
8.62 1.00 4.04 0.34
8.08 0.23 3.87 0.19
7.17 0.07 3.74 0.30
6.48 0.19 3.07 0.20
6.03 0.75 3.16 0.50
4.89 0.45 3.26 0.13
4.70 0.07 3.52 0.87

OPTICAL PROPERTIES (determined by W. C. McCrone).
Refractive Indexes (5893 A.; 25° C.). a = 1.578 ± 0.002;

fJ = 1.676 ± 0.002; ,. = 1.710 ± 0.005.
Optic Axial Angles (5893 A.; 25° C.). 2V = 58°.
Disperson. v > r, strong.
Optic Axial Plane. ..lOlD; ,. A c = 49° in obtuse fJ.
Sign of Double Refraction. Negative.
Acute Bisectrix. a = b.
Extinction. fJ A c = 41 ° in acute fJ.
Molecular Refraction (R) (5893 A.; 25° C.). .;;afJ,. =

1.653. R (calcd.) = 82.5. R (obsd.) = 81.8.
FUSION DATA (determined by W. C. McCrone).

Sulfasuxidine decomposes slightly on melting and supercools
to a glass. Some very slow crystallization is observed if the
melt is seeded and held at a temperature just below the melting
point.

iOI

ToT
Figure 2. Orthographic Projection of

Typical Crystal of Sulfasuxidine I

Commercial samples of sulfasuxidine I melt at 125 ° C. and
resolidify as form II, which then melts on continued heating at
about 1BO ° C.

SULFASUXIDINE II

CRYSTAL MORPHOWGY (determined by W. C. McCrone and
Ralph Johnson).

Crystal System. Triclinic.
Form and Habit. Massive crystals from methyl Cellosolve.

X-RAY DIFFRACTION DATA (determined by I. Corvin).

Book Reviews
Germ-Free Life Studies. Lobund Report No.2. James A.

Reyniers, ed. vi + 162 pages. University of Notre Dame,
Notre Dame, Ind., 1949. Price, $2.50 clothbound, $1.75 paper
bound.

This report, the second of a series prepared by the Laboratories
of Bacteriology, University of Notre Dame (Lobund), and de
voted to germ-free life studies, consists of three closely related
articles; the first two describe the rearing of germ-free chickens
and some observations on germ-free bantam chickens, while the
third outlines briefly the present status of terminology in germ
free life studies and advances several suggestions for further
consideration.

The work carried out at Lobund since 1928 has resulted in the
development of techniques for the routine production and main
tenance of germ-free experimental animals both on a simple,
short-term (3O-day) basis and on a more elaborate, more flexible,
longer term basis (the Reyniers germ-free system); these proce
dures, particularly as applied to the chicken, are well outlined in
the text and are illustrated by an excellent series of schematic dia
gralllS and photographs. The discussions of egg-surface disin
fecting agents, emphasizing considerations of surface sterility and
embryo viability, are good. A substantial beginning has been
made toward a thoroughgoing description of the germ-free
chicken as a life form.

The typography and binding are good; the reviewer feels this
report is of interest to biological chemists and biologists in
general.

ALBERT P. DOERSCHUK

Chemistry of Specific, Selective, and Sensitive Reactions. Fritz
Feigl. Ralph E. Desper, translator. xiv + 740 pages. Aca
demic Press, Inc., 125 East 23rd St., New Y~rk 10, N. Y.,
1949. Price, $13.50.

Ninety years ago, H. Schiff used paper impregnated with silver
carbonate for detecting uric acid in a drop of urine and two years
later C. F. Schonbein published some studies on tests made on
filter paper, which inspired Fr. Goppelsroeder (1861-1907) whose
"Kapillaranalyse" was published in 1910. Eight years later Feigl
began to publish papers on spot tests, or drop reactions, and
soon became the most active worker in this field. Since the
announcement of the ionization theory by Arrhenius in 1887, this
has become the most remarkable and most important develop
ment in the field of analytical chemistry. In this new book by
Feigl, ably translated by Oesper, more than 1600 papers published
during the past 25 years are reviewed in a masterly manner. Of
these numerous papers, at least 182 were written by Feigl with his
many students. Next comes I. M. Kolthoff with 36 papers; in
the opinion of the reviewer, Kolthoff is now our most distinguished
chemist in the field ?f chemical anal;ysis.



VOLUME 21, NO. 10, OCTOBER 1949

.The book is interesting and most readers will learn something
on every page. However, they should have a very good idea of
organic chemistry and cognizance of the Werner valence theory, at
least to the extent to which it has been adopted in Fritz Eph
raim's "Inorganic Chemistry." Most readers will find Chapter
VI-the effect of atomic groupings on the specific and selective
activity of compounds in inorganic analysis-the hardest to read.
It covers 215 pages (nearly one third of the entire text) and gives
the graphic formulas of more than 400 organic compounds that
can be used to advantage in analytical chemistry as reagents;
they are often more specific, more selective, and more sensitive
than inorganic reagents.

On first examining the book, one is inclined to think the style a
bit pedantic. However, after reading a few pages, the reader be
,comes so interested in the content that he forgets this because,
after all, Oesper h~ expressed himself clearly and shown that he
has und~rstood~ well as translated Feigl's book.

The sentence on page 64 that reads, "It is therefore expedient
to treat the experimentally measurable total result of an adsorp
tion as a complex compound that cannot be stoichiometrically de
fined," requires a second reading to make its meaning clear.

The term "indubitable tests" (page 19) will not be misunder
stood, although in common conversation the word "reliable"
might be used. The Latin phrase in statu nascendi used on page
477 and elsewhere, the French word milieu on page 596, and the
German word Reinnickel on page 660 merely show the erudition
of the writer and do not help the reader.

The phrase on page 446, "colloidality is the precursor of true
solution," is terse, but the common use of "elucidate" instead of
"explain" and "demonstrate" instead of "prove" is a fault com
mon to many scientific writers.

The "chemical assailability by dissolved reagents" on page 412
is not hard to understand and the use of the word "measurability"
instead of the more common "mensurability" does not displease
the reviewer.

On page 7 "1 mm."" is used twice and "0.001 mI." only once.
The lack of consistency is more serious when on page 445 we find
the millimicron written IJoIJo while on page 671 it is written mlJo, a
preferable form. It is true that IJoIJo was used by Woo Ostwald in
his "Applied Colloid Chemistry" (1917) and is in the 1910 edition
of "The Encyclopaedia Britannica," but today it is not used by
careful writers, because it apparently denotes one millionth of a
micron and not one thousandth.

Throughout the book it was a pleasure to find words derived
from Latin roots preceded by Latin prefixes but it is not clear
why Oesper prefers "divalent" to "bivalent" or "niobium" to
"columbium." In England and on the continent, the element is
named after the beautiful daughter of Tantalus and Dione in
Greek mythology, but atomic weight tables published in the
United States contain no mention of niobium.

Names such as "peroxoorthotitanic" acid (page 80) are a little
a.wkward, "flichsin" is better than "fuchsine (pages 98 and 99),.
and the description of Fehling's solution as "an alkaline tartrated
cupric solution" (page 98) is somewhat objectionable.

The formulas for sodium thiostannate on page 36 and for starch
on page 561 are incorrect, and the reviewer does not like the term
"metal acids" (page 559).

Little attention is paid to mathematics and the explanations
of reactions are mostly on a purely qualitative basis. In a table
on page 428 it is stated that alkaline.earth.sulfatesand borates
are insoluble in water and in acids.. This is a pretty strong state
ment, for 0.22 gram of CaSO•.2H,O and 0.40 gram of Ca(B02)2'~

2H20 will dissolve in 100 m!. of water; both these salts are con
siderably more soluble in dilute mineral acids and barium sulfate
dissolves in concentrated sulfuric acid.

On page 471 it is stated, "The familiar reaction HgCb + SnCb
= SnCI. + HgO gives a precipitate which consists entirely
of free mercury." Every sophomore knows that' mercurous
chloride is first formed in this reaction and some of it remains
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unless excess stannous chloride is added. The formula for
"cellulose sulfuric ester" is given as C6H~5(S03K)aon page 481.
Strictly speaking, this is not the ester but its potassium salt and
the molecule is probably considerably larger than corresponds
to this formula. .

The statement on page 514 that "ammonium permutite can be
kjeldahlized" may, not be intelligible to all readers. ',Some may
not know what Lloyd's reagent is (page 518) or what is meant by
Dalton compounds (page 548) or "formula-pure stannic phos
phate" (page 550), but they learn (page 547) that a Dalton com-
pound is a "stoichiometrically defined compound;" .

The explanation on page 661 of the varying behavior of calci~m
sulfate in the minerals calcite and aragonite isil. bit far-fetched.
When samples of each mineral are "spotted" with a solution con
taining manganese and silver ions the aragonite reacts almost im
mediately to give a black spot containing manganese dioxide and
finely divided silver. The reaction is probably:

Mn ++ + 2Ag+ + 2 CaCOa = Mn02 + 2AgO + 2Ca ++ + 2C02

which is not quite the same as the sum of the reactions that Feigl
assumes. On page 662 the fact that a sample of calcite reacts
with a solution containing sulfate and a saturated, aqueous solu
tion of nickel dimethylglyoximate at room temperature and does
not give the test in a' hot solution is attributed to lower solu
bility of calcium sulfate in hot water than in cold. A handbook at
my desk states that 0.18 gram of calcium sulfate dissolves in 100
mI. of water at 0° and 0.16 gram at 100°; this 11 % dif
ference is not very large when the reaction takes place in 0.05 m!.
of solution. It is true that Poggiale and Mariagnac found the
maximum solubility of calcium sulfate at approximately 35°.

The reviewer does not like the title of Chapter XI (page 613),
"Genetic Formation of Materials and Topochemical Reactions."
By "materials" is meant the chemical compounds formed in spot
tests.

The explanation of the reductions caused by heating solids
with ammonium iodide is ingenious. It is assumed that am
monia and hydriodic acid are first formed by thermal dissociation
and then the ammonia breaks down into nitrogen and 6 atoms of
nascent hydrogen which is largely responsible for the reducing
effect. As hydriodic acid is a fairly strong reducing agent, it
seems unnecessary to assume the formation of "active hydrogen."

Feigl has done a beautiful job in critically examining the litera
ture of the past 25 years and Oesper is to be lauded rather than
criticized for his painstaking translation. The book is well
printed, contains remarkably few misprints, and is well worth the
price charged.

\VILLIAM T. HALL
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Agitator for Mattson Electrodialysis Cell. yr. H. Slabaugh,
The State College of Washington, Pullman, Wash.

TN using the"modified Mattson cell (as su~plie~ by the Ameri~an

... Instrument Company) for the electrodIalysIs of a suspenSIOn
of clay material, the ordinary type of paddle or blade stirrer was
found unsatisfactory. The shape of the cell, which is narrow in
comparison to its width and depth (1.8 X 10 X 17 cm.), required a
stirrer of special design. Because of the necessity of obtaining
uniform dispersion during electrodialysis, the agitator shown was
developed.

Ca
P.p.m.

100
200
400
600
800

1000
100
200
400
600
800

1000

Na
P.p.m.

o
o
o
o
o
o

20
20
20
20
20
20

Table I. CalciulD Error 'Found for SodiulD DeterlDina
tion with Baird Interference Filter and Corning Filters

Interference Filter Corning Filters
Na. found Error Na found Error

P.p.m. P.p.m. P.p.m. P.p.m.

0.3 0.3 0.5 0.5
0.8 0.8 1.7 1.7
1.7 1.7 3.1 3.1
2.5 2.5 4.8 4.8
3.3 3.3 6.7 6.7
4.2 4.2 8.2 8.2

20.5 0.5 21.1 1.1
21.1 1.1 22.2 2.2
22.2 2.2 24.6 4.6
23.7 3.7 26.7 6.7
24.5 4.5 28.8 8.8
25.6 5.6 31.0 11.0

The test solutions were 2 N in ammonium ace1jj1te and 0.2 N
in magnesium acetate [Attoe, O. J., and Truog, E., Soil Sci. Soc.
Am. Proc., 11, 221-6 (1946)]. Sodium was added as sodium
chloride and calcium as calcium acetate.

Table I gives the calcium. error for both the interference filter
and the Corning filters. The error, using the interference filter,
is for all cases about half that using the Corning filters. Ex
pressed as instrument readings, the error was the same at 0 as at
20 p.p.m. of sodium. However, as a result of a nonlinear rela
tionship between the instrument reading and the sodium concen
tration, the error, expressed as parts per million of sodium, was
greater at the higher level of sodium.

In the flame photometric estimation of sodium, corrections for
the amount of calcium are smaller when the interference filter is
used. Thus, any errors in calcium determinations make smaller
errors in the corrections for calcium. These corrections can be
made conveniently from a graph, in which the error, expressed. as
photometer readings, is plotted against the calcium concentra
tion.

Use of Interference Filters in the Reduction of Error Due to
Calcium in the Flame Photometric Determination of Sodium.
P. F. Pratt and W. E. Larson, Iowa State College, Ames, Iowa.

I N the determination of sodium, using the Model 18 Perkin
Elmer flame photometer, calcium has been found to give a

positive error. In an effort to reduce this error a Baird inter
ference filter was substituted for the Corning filters which are
standard equipment for the photometer. The interference filter
has a maximum transmission between 5790 and 5990 A. and is
used with an auxiliary glass filter to remove unwanted blue trans
mission bands.

Air was supplied to this side arm through a rubber tube, inside
which was a suitable wire spiral, F. The lower end of the stirrer,
G, was made of glass tubing with a bulb on the end in which W6re
two small holes. The glass tube was attached to C by means of a
thermoplastic cement. The pivot, H, was made of brass rod
which was drilled to accommodate the upper end of A. A vari
able resistance was placed in the 110-volt circuit to the motor in
order to control the speed of the stirrer.

The brass hub may be replaced with bar s~ck, but it was foun\t
that the heavier type of hub resulted in greater stability at highel
speeds. The whole assemblage mounteu onean ordinary ring
stand was free of undesirable vibration at speeds up to 200 r.p.m.

Figure 2 indicates a side view of the agitator and its action
when used with the electrodialysis cell.

Figure 2

The' principle of this
agitator involves. the
transfer of the circular'
motion of an ordinary
stirring motor to a recipro
cal motion by means of an
eccentric. At the same
time, compressed air is
allowed to escape from
the bottom end of the.
stirrer, so that a bubbling
action is combined with
the mechanical effect.
As a result of these two
actions, the suspension
in the cell remained uni
formly dispersed

1I0A.C.

3 eM.

Figure 1

throughout the period of
electrodialysis, which often
extended to 9 hours.

Figure 1 shows the stirrer
in a front view. The as
sembly, A, B, C, was
mounted eccentrically on
the hub, D, which' was
threaded at its center to
fit the lower speed drive
shaft of a Fisher No. 14-498
stirring motor, E. A and
C were made of 3/w inch
brass rod, B was made of
'/.-inch brass rod, and the
hub was made of 2-inch brass
rod. The lower portion of
C was drilled and a side arm
soldered thereto, so that air
could be piped into the stirrer.
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