








ANALYTICAL CHEMISTRY
WALTER J. MURPHY, Editol

Increased Tempo
THE Magic Number," our December editorial, referred to

the possibility that the Division of Analytical Chemistry
would obtain 2000 members by the end of 1955. This goal has
already been passed and the sights are raised still further.

One reason for the increase was illustrated at the Conference
on Analytical Chemistry and Applied Microscopy, held a few
weeks ago at Pittsburgh. At this meeting, G. Frederick
Smith, supersalesman and immediate past chairman of the
division, sold more than 100 divisional memberships.

Activities of Smith, K. G. Stone, chairman of the Member
ship Committee, and other active members have made pos~
sible the division's recent rapid growth. This increased mem
bership places responsibilities on the division to provide pro
grams and services of interest to members and thus retain
their active membership.

The title ''Magic Number" could also be applied to the
Si.xth Pittsburgh Conference, sponsored jointly by the
Analytical Group of the Pittsburgh Section and the Spec
troscopy Society of Pittsburgh, because registration at this
meeting passed the 2000 mark.

The outstanding success of the Pittsburgh conference has
brought with it some problems and headaches. It is literally
bursting at the seams. The Hotel William Penn was unable
to accommodate all those who wished to attend and could
not make sufficient space available for manufacturers and
suppliers who wished to demonstrate their wares.

The close proximity of the meeting rooms and exhibition
hall has been an advantage, but now with the need for more
space the solution may lie in the proposed convention and
exhibition hall in Pittsburgh.

Other events of interest to analysts which indicate the in
creased tempo include the national ACS meeting in Cincin
nati. The divisional program is scheduled for three days
(March 30 to April 2) .

After Cincinnati comes the annual Summer Symposium
cosponsored by the Division of Analytical Chemistry and
ANALYTICAL CHEMISTRY. The 1955 symposium, to be held
at Syracuse University, June 17 and 18, will deal with "The
Role of Reaction Rates in Analytical Chemistry."

Analysts on the West Coast will be interested to learn that
the 1956 meeting will be staged on the Los Angeles campus of
the University of California. Purdue will be host in 1957.

We applaud the decision to take the "show" to California
next year. It will. afford analysts residing on the West Coast
an opportunity to share intimately in the program of the
division and will provide a golden opportunity for analysts
from other sections of the country to see at first hand a wide
variety of industrial and agricultural activity, much of which
is peculiar to western states. There are many problems in the
industrial field, such as smog control, and in the field of agri
cultural and food chemistry, the solution of which may well
come from analytical chemists.
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Another major event this year is the Nuclear Engineering
and Science Congress, to be held in Cleveland in December

The analytical profession is on the march and slated to reach
bigger and better heights in the foreseeable future. And thaI
is the way it should be.

luclear Congress-Opportunity
for Analysts
ARECENT announcement by the Atomic Energy Commis-

sion, that it will be selling commercial ,power from its
land-based prototype of a submarine reactor (West Milton,
N. Y) by late summer, indicates the speed with which atomic
power is becoming a reality. In this mushrooming field, and
in particular its peacetime applications, analysts are playing
an increasingly important role.

Analysts will have a:n opportunity to participate in a scien
tific meeting which will evaluate the past, present, and future
role of atomic energy: the first Nuclear Engineering and
Science Congress, at Cleveland, December 12 to 17,1955.

The congress is being sponsored by the Engineers Joint
Council with the active assistance and cooperation of some 20
professional, engineering, and technical societies. The
AMERICAN CHEMICAL SOCIETY is a major participating group.

To date the Analytical, Polymer, Physical and Inorganic,
Chemical Literature, Water, Sewage, and Sanitation, and
Industrial and Engineering Chemistry Divisions have indi
cated their intention to present papers.

Each participating organization is being given the responsi
bility for obtaining authors and papers. The individual
papers will be assigned to appropriate symposia or general
sessions. The authors, however, will be identified with the
organization they represent.

To assure a well rounded program, ,the sponsors are not re
quiring original presentations. This will allow presentation of
papers which may be declassified for presentation at the
United Nations "atoms-for-peace" conference at Geneva
this year.

Some groups have declined to participate, partially because
of an early deadline of April 1 for titles and abstracts of papers.

The deadline for titles and abstracts has been moved up to
May 1. Deadline for papers is set for mid-August.

ACS divisions which cannot participate as a unit should
encourage individual members who have papers of interest to
take part in the congress. Details may be obtained from
R. M. Warren, assistant secretary, AMERICAN CHEMICAL
SOCIETY, 1155 Sixteenth St., N.W., Washington 6, D. C.

This congress, which may develop into an annual affair,
should represent a significant step forward as the era of peace
time applications of atomic energy rapidly comes closer. The
ACS through both its divisions and individual members can
make a major contribution.



Characterization 01 Organic Substances by Differential Thermal Analysis
General Experimental Technique

HIROKAZU MORITA and H. M. RICE

Canaela Department of Agriculture, Ottawa, Ontario, Canaela

RESULTS AND DISCUSSION

A, B, C. Benzoic acid
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Figure 2. Thermogranl of benzoic acid

u
~
a:
w
:I:
l-
e Bx············ ..
w

present study included the use of a Leeds & Northrup H2195
Speedomax temperature controller, a Leeds & Northrup direct
current Model 9835-B preamplifier, and a Speedomax Type G
Model S 600 Series indicating millivolt recorder having a sensi
tivity of ±0.1 mv. which was expandable to ±1O mv. for micro
analysis of 15- to 25-mg. samples.

For consistent results, care was taken to place the sample
block symmetrically in the ceramic core of the furnace. Puri
fied nitrogen was then slowly passed through via an inlet pro
vided at one end of the furnace.

After numerous attempts, it was found that, for consistent
and uniform reproducibility, a compressed sandwich packing
(1) of the sample proved to be the most convenient and repro
ducible. This was accomplished by packing 150 mg. of the
powdered organic material between two layers of calcined alumina
and compressing the resulting mixture under a pressure of 200
pounds per square inch,

For most determinations, the samples were heated at the rate
of 100 C. per minute up to 10000 C. The 150-mg. samples re
quired the use of only 50 to 70% of the ma."imum sensitivity
of the apparatus. For the more difficultly obtainable organic
compounds, the use of 15- to 35-mg. quantities was feasible
simply by reducing the volume of the sample wells and using the
higher sensitivities of the instrument.

I
'A

For the analysis of liquids and solutions, the samples were
prepared by placing, first, enough alumina in the well barely to
cover the thermocouple. Then a 0.15-ml. portion of the liquid
was placed on the alumina, followed by an additional amount
of alumina to give a sandwich packing as before.

For each substance studied, four to eight determinations were
made. The temperatures of the exothermal and endothermal
peaks were read graphically to within 50 C. and estimated to
within 2.50 C. Duplicate runS' showed that the temperatures
can be confidently reproduced to within ±5° C. for temperatures
below 4000 C. and to within ±10° C. in the range of 4000 to
10000 C.

The lllethods of differential therlllal analysis in study
ing the therlllal characteristics of liquid and solid or
ganic substances have been critically exalllined. Pre
linlinary results show that the differential .therlllo
graphic features exhibited by lllany substances are
unique properties. :Experinlental details and a selec
tion of thertnogranls are given to illustrate the repro
duClibility and the distinctive nature of ihe thern>al
curves. The thernlogranls of SOllle synthetic, and nat
ural high polYlllers are presented to indicate the po
tential hnportance and usefulness of this analytical
tool for the characterization of colllplex organic sub
stances.

DIFFERENTIAL thermal analysis of inorganic systems has
received considerable attention by the mineralogists. The

method consists in heating the substance to be studied at a con
stant rate with calcined alumina. The ensuing exothermic
and endothermic pyrolysis reactions are' electronically measured
against a heat-stable reference material, so that the temperature
differences between the sample and the reference material are
recorded as a function of temperature.

Despite isolated efforts which have been reported in the past
(2, 3, 5, .9, 10), there appears t.o have been no critical or concerted
attempt to appraise the metbod as a general tool for the organic
chemist. With the recent advent of improved instrumental
design and the consequent refinement in operational procedure,
a systematic investigation was undertaken in order to determine
whether this thermal technique can be applied for general organic
analysis. This paper is the first in a series outlining the results
of studies involving some natural and synthetic polymers.

The aim of the first com-
munication is threefold: to
give the ,experimental details
of a reliable technique; to
illustrate the order of pre-,
cision or accuracy that may
be expected; and to demon
strate the versatility of the
method by its application to
some diverse substances.

EXPERIMENTAL

A wide variety of appara
tus is available for Iiliffer
ential thermal analysis (9).
The essential arrangement
has been described by Kulp
and Kerr {7) and by White-
head and Breger (11). Figure 1. Salllple holder

The sample holder (Figure
1) consisted of a rectangular
metallic block (palladium-stainless steel or Inconel) provided with
two vertical sample wells, each of (}'4-ml. capacity, In one well the
heat-stable reference substance,' calcined alumina, was placed,
and in the other, an admixture of the organic substance in
alumina. The thermal variatiolls between the reference and the
mixture were measured and recorded by means of Chromel
Alumel thermocouples embedded in the wells. The essential ar
rangement of the thermocouple circuit has been described by
Whitehead :md Breger (11). The notable modifications in the
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The thermal analysis of liquids and solutions are exemplified
by the thermograms in Figures 3 and 4. The boiling points of
benzene, toluene, and 50% by weight toluene in benzene were
observed at 80°, 112°, and 95° C., respectively, the corresponding
literature values being 80°,110°, and 92.4° C. In Figure 4, the
thermogram of a benzene solution containing 50 !llg. of acenaph
thene clearly exhibits the physical constants of the two com
ponents, namely, the boiling point of benzene at 80° C. followed
by the melting point of acenaphthene at 95° C. and the boiling
point of acenaphthene at about Z75° C.
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Figure 3. Thermogram of liquids

Table II. Maximum Height of Endothermic P~aks

in Millivolts

Compound Trial 1 Trial 2 Trial 3 Trial 4

Benzoic acid
Mv. 6.0 6.4 6.2 5.9
o C. 130 130 130 135

Sucrose
Mv. 4.8 5.1 5.2 5.2
° C. 195 200 195 195
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A. Benzene
B. Acenaphthene. 50 mg.
C. Acenaphthene in benzene, 0.15 mi.
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Figure 4. Thermogram of solution
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Figure 5. Thermogram of glucose polymers

A. Whatman cellulose powder
B. Cellobiose
C. a-d-Glucose

11

The differential thermal analysis of some natural polymers
are illustrated in Figures 5, 6, and 7. Although these substances
may be considered to be essentially polymers of glucose, the effect
of further substitutions as well as the type of molecular configura
tion resulting from variations in chain linkages have a decided
influence upon the shape of the thermograms. In Figure 5,
cellulose (curve A) is characterized by an endotherm at 340° C.
and an exothermic peak at 655° C., while both glucose and cello
biose, which are considered to be the building units of cellulose,

99
148

340
205

346
146
217330

210

352
155
228

A. Benzene
B. 50% benzene in toluene
C. Toluene

Melting and Boiling Points Observed by
Differential Thermal Analysis

Observed. 0 C. Literature. 0 C.
Melting pt. Boiling pt. Melting pt. Boiling pt.

92 ioo 92
148

Table I.

Compound
Ethyl p-aminobenzoate
Ethyl propionate
Amyl acetate
Isophthalic acid
a-d-glucose
Anthracene
Benzyl alcohol

The order of reproducibility is such that semiquantitative
calculations of the heat effects involved in these simple and well
defined endotherms are fairly reliable. For example, by measur
ing the area of the endotherms and several other quantities it is
possible to calculate the heat of fusion (10). As subsequent data
will show, despite certain disabilities (10), differential thermal
analysis provides a versatile and a reliable technique for quali
tative organic analysis, particularly for the identification or
characterization of complex organic compounds.

melting and boiling points of pure benzoic acid. Table I lists
these physical constants which have been determined by the
differential thermal analysis technique and are compared with
the literature values. The observed melting points were about
10° C. higher than the literature values, whereas the boiling
points lay more nearly to those reported. The differential
thermal temperatures are, of course, dependent upon the rate of
heating (.1).

The quantitative reproducibility of the thermal curves is
given in Table II. Two National Bureau of Standards calori
metric standards were selected. The numerical values listed
give the maximum height (in millivolts) of the melting point
curves which were graphically readable to .within ±0.1 mv.
The temperatures are those at which the values were measured.
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exhibit a pronounced exothermic peak in the 570 0 to 580 0 C.
region.

Figure 6 shows the thermal behavior of some polymers contain
ing the carboxy grollp. Curve C represents a thermogram of
Hercules Powder Co. carboxymethylcellulose substituted on the
average with 0.5 carboxy groups per glucose unit. The hemi
cellulose (curve A) was obtained from cotton seed hulls. The
chemica! structure of this hemicellulose i3 generally accepted as
being composed of glucuronic acid and xylose units.

The predominant influence of the steric factor upon the dif
ferential thermal property of certain polymers is exemplified in
the thermograms of the starch fractions (Figure 7). Starch is
generally considered to be a chain of glucopuranose units joined
through 1,4-linkages, in which amylose (curve C) contains
linear chains and amylopectin (curve B) the branched polymer.
These starch fractions all manifest a series of endothermic reac
tions between 250 0 and 350 0 C. and a distinct exothermic reac
tion in the 500 0 to 5.25 0 C. region. The differential thermal
characteristics of the starch preparations will be the subject of
a future communication.

Figure 6. Therlllogram of carboxy polYlllers

A. Hemicellulose
B. Cellulose triacetate
C. Carboxymethylcellulose
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A._ Cornstarch
B. Corn amylopectin
C. Corn amylose
D. Maltose

Figure 7. Therlllogram of starch fractious
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Figure 10. The thermal analysis undertaken at 18 0 C. per min
ute (curve A) gave data which were comparable to those obtained
at slower rates of heating. Obviously, because of the increased
rate, the exothermic temperatures have been displaced toward
higher temperatures; for example, the exothermic peak at 890 0

C. (curve B) has been shifted to 1025 0 C. (curve A). This and
similar studies indicate that for substances which are character
ized by large thermal reactions at relatively high temperatures
differential thermal analysis may be carried out more expediently
and without serious detriment to pertinent data, by increasing
the rate of heating.

Although it is interesting to speculate upon the mechanisms
involved in the thermal reactions, such conjectures cannot be
entertained confidently until further data become available or
until the reaction products have been identified. Certain studies
(1) have shown that the alumina can be considered to be essen
tially inert. Benzoic acid, however, has been found to be an
exception. Its thermograms (Figure 11) appeared to indicate
that, upon complete fusion, benzoic acid partially formed a
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Figure 8. Thermogram of polypeptides

A. Glycylglycylglycine
B. Glycylglycylglycine. duplicate run
C. DL-Alanylglycylglycine

Maltose (Figure 7, CUl've D) showed an endotherm soon after
its fusion, although it was admittedly a very weak one at 185 0 C.
The second endothermie reaction appeared to be typical of most
sugars,. for example, glucose (Figure 5, curve C) where it occurred
at 205 0 C., immediately following the melting endotherm at
155 0 C: Cellobiose (Figure 5, curve B), on the other hand, was
completely devoid of this second endotherm.

The polypeptides (Figure 8) have been selected to emphasize
another aspect of this technique, namely, the fact that marked
thermographic changes are brought about by variations in .mo
lecular composition, particularly those in a homologous series.
The reproducibility of the thermograms is to be noted. Simi
larly, the eonsequences of altei-ing monomer composition are
illustrated by some commercial synthetic resins (Figure 9).
The VYNW (curve B) and VYSL (curve C) resins are vinyl
chloride-vinyl acetate straight-chain copolymers of the Canadian
Resins and Chemicals, Limited, the former having 97.5% and
the latter containing 87.9% vinyl chloride.

Many high polymers when hea.ted at the rate of 100 C. per
minute exhibit extensive thermal reactions even up to 1000 0 C.
Complete analysis of such materials, therefore, can become
rather time-consuming. Consequently, the feasibility of utilizing
a higher heating rate was investigated. The result is shown in
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organic substances and mixtures, particularly the isomeric mono
saccharides' and the oligosaccharides where steric considerations
playa decisive role in determining the configuration of the ther
mograms.

CONCLUSION

The preliminary studies described herein have shown that the
temperatures at which a substance exhibits endothermic and
exothermic reactions in the presence of calcined alumina are
uni~ue characteristic properties of that substance, and the re-
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A. Polyvinyl chloride
B. Vycanac VYNW
C. Vycanac VYSL 400

complex with the alumina which later decomposed to give a large
exothermic reaction in the 400 0 to 5500 C. region. In the ab
sence of alumina, this exotherm was completely absent (curve B).
Detailed studies relating to the effect of inorganic catalysts other
than alumina are now in progress.

The results described herein indicate that further exploratory
investigations in the use of this method for general organic anal
ysis would be warranted. Indeed, it can be adapted to suit
a variety of experimental conditions. Instead of an atmosphere
of nitrogen, it may be desirable in some instances to use carbon
dioxide, steam, oxygen, hydrogen, or even vacuum, as for ex
ample, in systems having liquids of high boiling points~ Furnace
atmosphere control has been used successfully in certain inorganic
systems (8). In fact, with a hydrogen atmosphere, the technique
may be modified for the study of hydrogenation or other similar
kinetic measurements as suggested by Kagan (6). Furthermore,
electrical circuits are now commercially available whereby mul
tiple recorders may be arranged so that as many as twelve sam
ples can be analyzed simultaneously.

In subsequent papers it will be shown that differential thermal
analysis is applicable for the characterization of even the simpler
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Figure n. Effect of alulllina

A. Benzoic acid in alumina
B. Benzoic acid without alumina

suiting thermograms may be used confidently as a fingerprinting
device. Moreover, differential thermal analysis offers unique
advantages over other instrumental analyses, espt'1cially those
involving insoluble colloidal and amorphous aggregates which
exhibit diffused x-ray patterns and which, becaus~of their inherent
intractable physical state, do not give reproducible infrared
spectra' (,.0.
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Figure 10. Effect of rate of heating

A. Sodium polyacrylate, dT/dt = 18° C. per minute
B. Sodium polyacrylate. dT/dt = 10° C. per minute
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Differential Measure1ments of Reflectance
C. A. LERMONDI and L. B. ROGERS

. Department of Chemistry and Laboratory of Nuclear Science, Massachusetts Institute of Technology, Cambridge 39, Mass.

Rellectance has been explored as a possible D1eans of
:making direct analyses of difficultly soluble solid D1ix
tures and of substances on chroD1atograD1s. For
dyed saD1ples of cloth and yarn, differlmtial spectro
pnotoInetric D1eaSUren1ents of rellectanc{, D1ake possible
the D10re J1'recise deteJrD1ination of sD1all differences in
regions of low rellectance. The results can also be
interpreted readily in terD1S faD1iliar to persons inter
ested in defining color differences. A !;ill1ilar study on
synthetic D1ixtures of pigD1ents has shown that analy
tically useful data can usually be obtained with saD1ples
in powdered forD1.

THE present study was designed to evaluate the applicability
of reflectance measurements to problems encountered by

allillytical chemists. Because measurements can be made directly
upon solids, the method should be particularly llseful for analyz
ing samples of difficultly soluble substances, samples containing
substances which will, upon being dissolved, react with one
another or with the solvent, and chromatograms of colorless
substances.

Reflectance measurements of more or less analytical interest
have long been applied in the dye, paper, and eeramic industries,
where the colors of the products have had to be determined
without destruction of the sample (5, 8). Fundamental studies
have been canied out almost entirely by physieists interested in
describing color. Thus, reflectance data have been obtained by
persons prirna:rily interested in converting the results to tristim
ulus values and thence to units of color difference.

Although differential measurements of reflectance have been
gaining increased recognition, the instruments have been tristim
ulus colorimeters rather than spectrophotometers (1, 3). While
the purpose of the present paper is to demonstrate to the analy
tical chemist the possibility of using reflectance to make direct
analyses upon solid samples" it is hoped that persons in industries
involving color matching will find the increased information and
increased precision resulting from differential spectrophotometric
measurements to be of value (2).

APPARATUS AND MATERIALS

All of the measurements of diffuse reflectance were obtained by
using a Beckman DU spectrophotometer, a standard Beckman
reflectance attachment, and a Beckman phot~)multiplierattach
ment.

All. of the chemicals were of analytical grade with the exception
OT two commercial "toners" whilch were used as adulterants.
Weighed amounts of the samples were thoroughly mixed by hand
and shaken six times through a U. S. standard No. 100 mesh
copper-cloth screen (Tyler). Prints on nylon, rayon, or cotton
were available for 16 different dyes, each in a sE,ries of concentra
tions. A variety of shades, yellow, blue, omnge, green, brown,
scarlet, and violet were represented. The cloths, printed with
lmown concentrations of colored material, were supplied by E. 1.
du Pont de Kemours & Co., Inc., as were samples of dyed yarns.
The samples had previously been judged for shade, strength, and
brilliance, by a person experienced in color matching.

PROCEDURES

Cloths, printed with I-inch stripes of dye separated by plain
material, were cut, and a sample of five thicknesses of the stripe
alone was mounted on a white card. Care was taken to avoid the
use of creased material, as marked deviations were known to re-

1 Present address, Fabric Research JLaboratories, Inc., 665 Boylston St.,
Boston, Mass.

suIt from an irregular surface. Yarn samples were wrapped
around glass plates, lis X P/4 X P/4 inches in such a way that
the threads lay against one another rather than bunched on top
of one another. Three layers of yarn were used, each successive
layer at right angles to its predecessor. The dyed sample of
either cloth or yarn was then measured against magnesium car
bonate or against another dyed sample which had arbitrarily
been selected as a standard.

In dealing with pigments, two methods of mounting were em-
. ployed. In one case, the dry powdered sample was packed into
an inverted crucible cover and held in place with a thin glass
slide. In the other case, samples were pressed by means of a
flat metal plunger into brass rings backed by polished glass plates
in order to produce uniformly flat surfaces for measurement.
Although the latter method is preferred, a sample which is so
free-flowing that it fails to pack rigidly must be handled by the
first method.

In making differential measurements, it was often convenient
to set the standard at a value less than full scale. This enabled
one to measure samples having greater reflectance than the
standard.

RESULTS

Dyed Cloths. As an indication of the advantage to be gained
by differential measurements one can compare the results on
Diagen Blue MSG solutions which are plotted directly on a scale
with magnesium carbonate at 100 in Figure 1 and on a differential
basis in Figure 2. The lines on Figure 1, which are crowded
together in the region around 600 mIL, are expanded in Figure 2.
Small absolute differences in reflectance actually represented
large relative differences which are more clearly presented by the
differential curve. Similar data have been obtained on other
samples where the absolute reflectance of the least concentrated
sample was of the· order of 2%.

Figure 1. Reflectance, relative to D1ag
nesiuD1 carbonate, of cotton saD1ples
printed with Diagen Blue MSG solution
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Figure 2. Differential rellectance of Di
agen Blue MSG saD1ples relative to. the 3%
saD1ple as standard at 100% rellectance

340
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used as the differential standard relative to mag
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Figure 4. Effect of concentration
on differential curves using acet

aDline yeJIow CG on nylon

character as those cited for the
two concentrations.' Similarly,
discordant results within single
prints were also obtained on other
orange samples and on a large
number of jade greens.

These studies cast consider
able doubt upon the value of
the full-strength print for pre
cise qualitative and quantitative
comparisons. However, as the
eye can usually only distinguish
differences in strength of 10%
or more, one can understand why
such variations have not been
reported frequently in the past.

'The use of a filter photometer
undoubtedly can detect large
changes, though integration of
the response over a broad band
of wave lengths probably results
in smaller differences than those
found spectrophotometrically at
the wave length of maximum re
flectance. Hence, if a spectro-

photometer is available,' there appears to be little justification
for using full-strength prints.

The interpretation of data obtained from differential com
parison of two samples for closeness of match can readily be made.
Figure 4 shows that differences in strength appear in shape com
parable to the spectrum of the pure dye or to its mirror image so
that quantitative judgment of differences in concentration alone
("strength") are straightforward. Any deviations from the
expected curve will therefore be due to the presence of a foreign
substance, to the effect of the cloth, or to a change in the con
ditions of dyeing or printing.

Powders. Of more general interest to the analytical chemist
are the studies on mixtures of colored solids which, at the same
time, represent problems encountered in measurements on com
mercial pigments. Figure 5, showing the reflectance of samples
containing mixtures of ferric oxide and barium sulfate, illustrates
the sensitivity of the method in so far as 0.05% by weight of ferric

(15%) at a scale reading of 80.0
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NorDlal and differential measurements on cotton prints of Ponsol Golden
Orange 4R Double Paste each at two levels of concentration
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Figure 3.

1. Preparation 8515A (10.5%) run differentially against preparation 57
2. Preparation 8514A run differentially against preparation 57 at 80
3. Same as curve 2 but with new sample and standard
4. Preparation 8515A (10.5%) relative to magnesium carbon!tte at 100
5. Preparation 57 (15.0%) relative to magnesium carbonate at 100
A curves represent 25% reductions

'~80

~
~60...
w
0:

!Z40
w
<.)

0:
w
a. 20

The precision with which reflectance values could be measured
was independent of the standard against which the sample was
compared, thereby permitting the concentration of dye in a
sample of low reflectance to be determined much more precisely
by differential measurement. Reflectance values of a sample
were usually reproducible within ±0.2%. Removing the sample
(or the standard) from the holder and then replacing it introduced
some error, and occasional errors as large as ±0.4% were en
countered, though most of the values still fell within ±0.2%.

Covering the sample with another section of dyed cloth from
the same stripe produced very interesting results. On "good"
prints, the variations from one part of a sample to the next were
such that concentration could be determined within ±3% on a
relative basis. Thus, against a standard set at 100% reflectance,
different samples from a given stripe which should give readings
at 50%, gave a spread between 48.5 and 51.5%, while at the same
time the value on any given sample could be reproduced to
±0.2%. Because similar results were obtained on a wide.variety
of samples having different shades and widely different con
centrations of dye, it 'appears that a variation of ±2 to 3% in
reflectance must arise from the printing process itself. However,
on a number of occasions, variations within a stripe of ± 10% or
more were encountered together with large relative shifts in shade
and dullness. These differences in reflectance did not appear to
be due to a faulty roller or poor mixing of a sample, as they
usually occurred simultaneously with several stripes on the print.
The difficulty appeared to be associated with the printing of
large concentrations of dye such that "caking" could occur. One
or two of the samples, on close visual inspection, had a somewhat
irregular sheen. However, such irregUlarities could not always
be detected visually.

In making color judgments, it is customary to use prints of the
dye at two concentrations: one at a high concentration of pure
dye-i.e., "full strength"-and one at one fourth that con
centration. The latter, because of its greater reflectance, permits
any difference in concentration (from a preselected standard) to
be detected more readily. Figure 3 shows the spectrophotometric
results on duplicate analyses for an orange dye. Sample 8515A is
consistent within ±2% reflectance whether compared to the
standard at "full strength" or "25% reduction." On the other
hand, data for 8514A differ both in magnitude and in quality in
going from one strength to another. However, while attempts to
'reproduce to ±2% the data on the diluted 8514A were successful,
those on "full-str'ength" prints differed almost as widely in
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1. 5% barium chromate in barium sulfate relative to magnesium
carbonate

2. 5% barium chromate and 1% ferric oxide in barium sulfate rela
tive to 50/0 barium chromate

3. 1% ferric oxide in barium sulfate relative to magnesium car
bonate
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Figure 6. Effect of bariulll chrolllate on reflectance
of a lllixture of 5% bariulll chrolllate and 1% ferric
oxide as deterlllined differentially using 5% bariulll

chrolllate as 100

set at 100 on the reflectance scale, a maximum variation of ±2 units
was obtained. Visual examination showed each of the surfaces
to be "spotty"-i.e., irregular pressing caused large numbers of
small, randomly located areas to be glossy. In spite of this effect,
the precision of ±2% was apparently easy to attain. Even more
unusual was the fact that samples containing 5% barium sulfate
could not be distinguished from pure ferric oxide by reflectance
at 400 mJ<.

From the analytical standpoint of qualitative detection of
substances present in a mixture one must realize that differential
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fable I. Test of Reproducibility of Packing a Powder
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Figure i. Reflectance relative to
bariulll sulfate, of lllixtures of bar

iUlll sulfate and cupric oxide
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Figure 5. Refle(:tance of various lI11ixtures of ferric
oxide and bariunl sulfate relative to lllagnesiulll

carbonate

oxide can readily be detected. More striking is the fact that a
small but measurable difference in reflectance resulted on suc
cessive screenings of barium sulfate. The reflectance at 400 mJ< for
eight diflerent portions of a sample of barium sulfate was found to
be 99.5 ± 0.25% against magnesium carbonate before screening.
In one case, after five passes through a lOG-mesh copper screen,
using a stainless steel spatula to promote 100% passage, the
reflectance had dropped to '96.8%; in another case, after three
passes through a 150--mesh screen, 95.3%. Therefore, in measur
ing samples having high reflectances, screening procedures should
be carefully standardized.

The reproducibility that one obtains for repeated measurements
of a single sample is exactly the same as for a dyed cloth
usually ±0.1 on the lOG-unit reflectance scale, or occasionally
±0.2. However, providing that one is working with a homo
geneous sample, the reproducibility in going from one portion of
a sample to another appears to be better than for the prints.
Table I shows the reproducibility obtained at different levels of
reflectance for mixtures of ferric oxide and barium sulfate. When
five samples of pure ferric oxide were measured against another
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Figure 8. Influence of Inagni
tude of reflectance at 520 InJL ferric
oxide-bariuIn sulfate saInples on
change in reflectance produced by
addition of given percentage of

cupric oxide
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reproducible. In fact, for several systems, such as cupric oxide in
ferric oxide and barium sulfate in ferric oxide, the change in
reflectance in going from 0 to 1% was less than that from 1 to
2%. In another case, the reflectance increased on going from 2 to
5% cupric oxide in ferric oxide and then decreased at higher
percentages. The most striking cases were those in which small

. (1 %) additions of ferric oxide to cupric oxide and vice versa
produced mixtures with higher reflectances than the pure com
pounds alone. These anomalous effects must have been due to
inherent optical properties of the systems (refractive index,
particle size and shape, or smoothness of the surface), though, in
some of the other cases, it may have been due to poor mixing of
the samples, such as selective coating of particles of the additive
with par~iclesof the base material. It is evident that quantitative
statements about the amount of neutral gray component in a
material can be made only from standards containing essentially
the same concentrations of all the other substances. However,
color judgments, which are. semiquantitative or, at worst,
qualitative, can be made in the large majority of cases, since the
values of absolute reflectance are usually not so low as those
where the anomalies were encountered.
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Figure 10. Difference between dullness caused
by presence of neutral gray substance and
apparent dullness resulting froIn increase in

concentration of colorant

In terms of detecting the effec~ of the presence of grayness in a
colored base material it is obvious that the addition of grayness to
a colored base material will not bring about uniform lowering of
reflectance throughout the spectrum. Figure 10 clearly indicates
that a proportionately greater lowering of reflectance by the
neutral gray component took place in the spectral regions of
maximum reflectance of the colored base material, thereby
resulting in a differential curve whose shape approximated an
inverted spectrum of the original colored medium. Thus, one can
readily differentiate between lowerings of reflectance resulting
from the presence of neutral grayness and those from an increase
in concentration of the colorant. In both cases the reflectance of
the sample is less than the standard. However, in the first case,
an inverted spectrum of the colored base material is obtained; in

1-3. 1,2. and 10% of cupric oxide added to 1% ferric oxide
in barium sulfate relative to latter at a scale reading of
100

4. 2% ferric oxide in barium sulfate relative to 1% ferric oxide
at 100

5. 1% ferric oxide in barium sulfate relative to magnesium
carbonate

6. 2% cupric oxide added to 1% ferric oxide and measured
relative to magnesium carbonate

measurements of the type described in the present study
produce distorted spectra. Thus, the effect of the base material
on the spectrum of the component determined differentially is
illustrated by Figure 6, which shows 5% barium chromate in
barium sulfate alone and in barium sulfate containing 1% ferric
oxide. The curve for barium chromate shows a sharp increase in
reflectance below 460 mJL where the sample containing ferric oxide
absorbs appreciably. Therefore, in interpreting the differential
spectrum for a substance, one must consider, also, the spectrum
of the base material. Spectra suitable, to a first approximation,
for qualitative and semiquantitative analysis of a second com
pound can only be obtained in absolute terms, so that differential
data must be transformed to that basis by calculation before
applying the method of Stearns (16). Such information would be
desired by the color chemist who wanted to identify an adulterant
producing off-shade or dullness in his product.

As an extension of the study of the effect of adulterants, it was
of interest to examine the effect of the presence in the sample of a
neutral gray substance. Cupric oxide was selected for a series of
determinations because each mixture of cupric oxide and barium
sulfate gave a characteristic and essentially constant reflectance
value (within 1.5 on a reflectance scale of 100 for pure barium
sulfate) from 400 to 7001'0' As one might expect, the effect on the
reflectance of successive 1% increments of cupric oxide decreased
regularly (Figure 7). Such a decrease was also a function of the
j'eflectance of the mixture to which the adulterant was added.
This is shown in Figure 8, where the absolute reflectance values
at 520 milo have been plotted for increasing amounts of cupric oxide
in barium sulfate containing different percentages of ferric oxide.

Although the change in reflectance produced by adding 1%
adulterant was ordinarily greater in going from 0 to 1% than
from 1 to 2%, etc., Figure 9 shows that this is not always the
case, particularly in regions of low absolute reflectance.. The data
have been checked with new preparations and found to be

Figure 9. Influence of Inagnitude of reflectance
of 5o/£> bariuIn. chroInate in bariuIn sulfate on
change in reflectance produced by addition of

indicated percentages of cupric oxide
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Table II. Effect on Differential Reflectance Values for
Ponsol Brown and of T)'pe of Glass on Which Threads Were

Wrapped
Reflectance, %

relation to that in the standard. However, if the directions of
both are changed to the same extent, no effect is observed.
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Figure 12. Kubelka-Munk values
for Blue 871 on cotton plotted

against concentration

Wave Length,
MI'

400
420
440
460
480
500
540
580
620
660
700

Table III. Studies on Yarns Dyed with Ponsol Brown
(Showing reproducibility of measurements and effects on reflectance of
pressing surface of mounted sample and of changing direction of yarn.

Samples measured against magnesium carbonate)

Removal and Direction of Threads
Replacement of in Sample
Given Sample, Pressed Surface, Changed 90°,

% R ± Std. Dev. (Av. % R % R ± Std. Dev.
(4 MeaB.) of 2 MeaB.) (4 Meas.)

7.67 ± 0.06 8.25 7.20 ± 0.10
5.93 ± 0.10 6.27 5.63 ± 0.07
4.79 ± 0.03 5.13 4.63 ± 0.04
4.68 ± 0.01 5.10 4.50 ± 0.06
5.62 ± 0.03 6.19 5.39 ± 0.15
7.76 ± 0.07 8.44 7.55±0.1O

11.50 ± 0.10 12.20 10.90 ± 0.10
14.90 ± 0.10 15.80 13.90 ± 0.10
32.50 ± 0.20 33.80 31.40 ± 0.40
54.70 ± 0.10 55.80 53.'00 ± 0.20
62.10 ± 0.20 62.60 51.00 ± 0.30

Plotting of Data. One of the refinements which have often been
used in relative measurements, where absolute reflectance values
against a primary standard-i.e., magnesium oxide-are not
required, is to use as standard a white portion of the cloth or
ceramic to which no colorant has been applied. Thus, a recent
paper on the determination of the soil content of cloth has
suggested that measurements be made against a clean portion of
the same type of cloth (12). This automatically adjusts the
upper limit of reflectance to 100% for a sample with 0% soil
content.

A further refinement that has proved to be very useful in the
present study is the use of a high concentration of the colorant, or
the pure colorant itself, as the lower limit. In some cases, the dif
ference between the optical properties of the pure colorant and, for

example, a cloth dyed with a saturation
amount of the colorant may make the
latter a preferable limit to use. In one
sense, this is an empirical method of cor-
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Figure 11. Reflectance at 600 In!, of
Blue 871 on cotton as a function of
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Black glass White glass
Wave Length. MI' (std.) Clear glass (oDal)

400 100.0 99.3 100.5
440 100.0 98.8 101.5
480 100.0 98.8 101.1
520 100.0 99.1 100.0
540 100.0 98.8 99.1
580 100.0 98.8 98.5
620 100.0 98.7 97.2
660 100.0 99.3 97.7
700 100.0 101.1 98.8

the latter, a spectrum is produced which is essentially that of the
colorant.

Dyed Yams. Brief studies of reproducibility were made of
six different pairs of yarn skeins," each consisting of a sample
dyed with a "standard" and another dyed with a similar prep
aration. For each pair, a spectrum of the standard was obtained
against magnesium carbonate, and then another of the test
sample against the standard. As it has long been recognized by
workers in the field of color specification that orientation of fibers
is an important variable, one pair was analyzed in detail by the
differential method for the following vll,riables: the relative
orientation of the yarn in the sample and in the standard,
pressing of the yarn against a flat surface just before measurement,
and the variations due to background on which the yarn was
wrapped.

Tests of the reproducibility of wrapping two samples from a
single skein showed that a maximum difference of about 2%
(relative) was obtained and that any difference was consistent
throughout the spectrum. This difference may have been due to
heterogeneity of the skein, but was probably due to variations in
winding of the thread on the plate. In
order to test the effect of changing the
type of glass on which the sample was
wrapped, experiments were run using
yarn from a single skein of Ponsol
Brown ARD on blaek, white, and clear
glasses. Differences between the three
sets of samples were usually less than
2% (Table II) but the differenees were
no longer uniform at all wave lengths for
a given sample. This inconsistency is
an indication that the background was
making a small contribution, which,
with white glass backing, became more
significant below.520 mIL where the re
flectanee of the dye was lowest (Table
III). For results independent of the
glass, the need for one or more layers
of yarn, i.n addition to the t,hree em
ployed, iEI indicated. Even so, the re
producibility of the data is sufficient
for quantitative comparisonB, provid
ing the same type of glass and the
same number of layers of thread are
employed for both the standard and
the sample.

Table III also shows that, a small but
detectable difference may result from
removing the sample and replacing
it in the holder. The same table con
firms the long recognized sources of vari
ation from pressing the mounted yarn
onto a flat surface and from changing
the direction of yarn in the sample in
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Figure 16. Logarithnt of R - Rm for ferric oxide
in bariunt sulfate' against concentration of ferric

oxide
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Kubelka-Munk expression most often employed (8), produced a
linear relationship only for the lower concentrations. However,
changing to logarithm of the concentration did result in a straight
line over the entire range. It is obvious that in this series 01
samples the log C V8. log Kubelka-Munk recently proposed for
measuring the soil content of fabrics, will fail (12). Another
relationship that was linear, for concentrations smaller than 5%,
was log (R - R m ) V8. the square root of concentration. Even this
plot shows curvature at higher concentrations in which case its

linear range could be extended by using VC/(1 - C). Plots of

log (R - Rm ) V8. C, log C and VC (Figure 15) produced curved

lines as did R V8. -v0
Similar conclusions have been reached after plotting the data

'from two series of samples containing barium sulfate plus cupric
oxide (1.0 to 50.0%) or ferric oxide (0.05 to 14.3%). Both showed

the general validity of using VCover moderate ranges of concen
tration and -vic/(1 - C) over much arger ranges. Figure 16
shows a typical curve. For quantitative purposes, the use of log

C V8. (1 - R)'/2R or (R - Rm) V8. vIC: or -viC/(1 - C), will
probably result in linear relationships.

In connection with the use of Rm for defining the lower limit of
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Figure 13. Kubelka-Munk values for
Blue 871 on cotton against logarithnt of

concentration

Figure 14. Logarithnt of R - R m f~r
Blue 871 against square root of

concentration
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recting for the scattering factor which becomes more important
at low values of reflectance.

During the course of the present study numerous methods of
plotting were examined for prints of Blue 871 on cotton. In
Figures 11 to 15, C is the concentration of the colorant expressed
in weight per cent, R is the reflectance of the sample, R B is the
reflectance of the pure base material, and Rm is the reflectance of
the sample having the highest concentration of dye in the series,
preferably close to the limiting reflectance of the pure dye. As a
special case, one can set up (R - Rm)/(RB - Rm), in which the
denominator expresses the limits of the system under investigation
and the numerator, the position of the sample between those
limits. In differential measurements against a standard contain
ing the colorant under investigation, the colored standard may be
used as RB but the concentrations of the other samples must be
recalculated to this new base. On the other hand, if the re
flectance of the pure base material is used for RB , the value for
RB must be recalculated so that it is expressed on the same scale
as the colored standard-e.g., with a value greater than 100%.

In looking over these figures, it is at once evident that the data
for a system such as Blue 871 on cotton always fall on smooth
curves, so that any method of plotting could be used for quantita
tive purposes. However, because a straight line is the easiest
form in which to use the data, such plots are usually preferred.
A plot of the concentration against (I - R)' /2R, the form of the



reflectance, one should realize that ,~urvature, or actual leveling
off" of a reflectance plot is bound to occur under conditions where
reflect~Lllce of the pure colorant may be equal to or greater than
that of a mixtW'e to which it is added. In the present study, this
would be encountered where it was found that equivalent reflect
ance values were obtained for pure ferric oxide and for ferric ox
ide containing .5% by weight of barium sulfate. Even more ex
treme were certain ferric oxide-barium sulfate mixtures, where,
after the addition of small amounts of cupric oxide, greater re
flectance was observed than before.
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Figure 17. Two runs of Ponsol Golden Orange G
COlDpared on both norlDaI and differential basis

with standard set at scale reading of 60

1. Standard preparation relative to magnesium carbonate
2. Sample 3-463 preparation relative to magnesium carbonate
3. Sample 3-183 rela,tive to the standard preparation. Visually

judged to be "yellower and brighter" than standard
4. Sample 3-463 rela,tive to the standard preparation. Visually

judged to be both "yellower and duller" than standard

Color Matching. Typical spectra of dyed yarns that have
been compared differentially are shown in Figure 17 together
with the color comparisons of an experienced person. When
the curve for a sample crosses that of the standard, there is a
high probability that the sample is both "weaker and duller"
{or "stronger and brighter") than the' standard. On the other
hand, metameric pairs may produce this result. In color match
ing, one must weigh the danger of encountering a metamer with
the increased information and somewhat greater sensitivity re
sulting from the use of relatively narrow spectral slits instead of
broad-band filters. Fortunately, the analytical chemist will not
be concerned with this choice.

DISCUSSION

Although the present study has been restricted to reflectance in
the visible, other regions of the spectrum can be employed.
Promising studies have already been reported in the infrared
(1,'3-15) where, however, specular mther than diffuse reflectance
was employed, probably because it resulted in larger amounts of
energy for measurement.

The amount of reflectance, like light transmittance through
turbid media, has been shown to be dependent upon particle size
(6, 7, 10). The literature showing the effect of particle size on
reilectance indicates that deviations greater than about 10% may
not be too common. Even so, in dealing with amounts of the or-
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der of 10-5 mole %, which have already been detected in reflect
ance studies (6, 9), such accuracy and precision could probably be
tolerated.

One would expect the most reliable measurements to result with
samples having the same particle size distribution. A recent ap
plication of reflectance for the determination of the carbon con
tent of an industrial catalyst falls into this category (11). Simi
larly, the identification, in situ, of substances in spot tests (17)
and on chromatograms, either on paper sheets or on packed col
umns of powders, would conform to this requirement.

There is good evidence that reflectance is a function of both ab
sorbancy index and refractive index (6, 13), and hence the differ
ences in the latter could also introduce variations. The fact that
'the refractive index changes with wave length probably means
that inconsistencies will result in scanning spectra of preparations
having different histories.

The virtual necessity of using a photomultiplier has been ob
served in several 'instances where the standard had a low abso
lute reflectance (less than 3%). An attempt to use a recording
spectrophotometer was unsuccessful because the sample reflected
insufficient light to permit balance to be obtained. Even when
balance could be obtained with a phototube, a photomultiplier
usually permitted sufficiently smaller slits to be used to retain
much of the fine structure of a spectrum such as that for didym
ium glass whereas only the major peaks and troughs were found
with the standard phototube supplied with the Beckman DU
spectrophotometer.

Finally, because of the low light levels being measured, the pos
sibility of errors from stray light is greater (4). In the present
study stray light originating outside the monochromator was de
creased by draping a large black cloth over the reflectance
attachment and phototube assembly.
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Table I. Schedule of Estimated Ranges
Per Cent

DISCUSSION

Qualitative analyses are extremely useful and yield valuable
information as to what elements are present in a sample, and to
some degree, how much. Table I indicates the manner in which
qualitative spectrochemical analyses are reported in this labora
tory. Rather wide concentration limits are placed on each cate
gory, with some overlap between ranges. In the lower concen
tration ranges, from impurities down, surprisingly good esti
mates can be made by experienced workers. However, such
estimates are highly subjective and in no sense can be considered
as quantitative determinations. Going into the higher concen
tration areas it becomes increasingly difficult to make reliable
estimates of concentration.

SPECTROSCOPISTS have been striving for many years to
devise' a spectrochemical procedure that would have general

applicability-one that would be capable of analyzing any sam
ple with moderate accuracy for one or all of its metallic ion con
stituents, without the necessity of employing separate sets of
standards for each basic matrix material involved. Ideally,
one would like to be able to do this using only a single spectro
gram. For any isolated spectrogram this has not been generally
possible, beyond an estimate of the order of magnitude of each
element present, even if the absorbance or per cent transmit
tance of the analytical lines involved is measured accurately.
Further information is required, such as knowledge of the be
havior of the various element lines in the particular matrix of
the spectrogram in question and the energy response character
istics of the emulsion or photoreceiver.

Spectroscopists have been endeavoring for years to
devise a reliable semiquantitative or quantitative
spectrochemical procedure which will have universal
applicability for the determination of the metallic
constituents-particularly the major components
of ahnost any material, based on the use of a single set
of standards and capable of an accuracy of better than
±50% for all determinations. A procedure is de
scribed which fulfills most of these requirements. By
the judicious use of germanium dioxide as a filler and
cupric oxide and graphite as buffers, in both samples
and standards, it is possible to establish a common base
so that the emission lines used in the analyses are com
parable in an kinds of samples and in the standards.
Powdered samples are used, but metals, liquids, and
metal-organic materials can be readily converted to a
powdered salt or oxide. Once standard curves of con
centration vs. some function of the intensity of the line
of the element to be determined have been established,
individual samples can be analyzed with moderate
speed.

There are, of course, many good spectrochemical procedures
available for the quantitative analysis of almost any material.
Hundreds of such methods can be found in the literature, and
recently Committee E-2 of the American Society for Testing
Materials (ASTM) has published over 50 suggested spectro
chemical methods (1). The majority of these methods, however,
are specific for the analysis of specific materials for certain ele
ments. All require reliable standards for each matrix involved.
Many of these standards are not readily available, and some can
not be made easily in most laboratories, especially for those
techniques utilizing metal rods or disks. In any case, where it
is required to analyze a wide variety of materials, many sets of
standard samples must be kept on hand or made or purcha~ed

as required.
Somewhere between the qualitative and the accurate quantita

tive procedures there is a need for a reliable, objective, semiquan
titative procedure with precision within better than ±25%,
one which would be applicable to the analysis of a wide variety of
samples for most of the common elements. Such a method would
be very useful for the analysis and classification of steels, brasses,
bronzes, lead, tin, aluminum, magnesium- and zinc-base alloys,
ceramics, paint pigments, and other materials.

That a need does exist for a general method of spectrochemical
analysis is evidenced by the fact that Group VI, Subcommittee
II of ASTM E-2, is engaged in a project to evaluate the various
general procedures that have thus far been developed (3-5, 7,
10-13). Many of these procedures are not truly general in scope,
but are usually confined to some area of analysis such as that of
geological materials, or ceramics, or certain classes of alloys.
Nevertheless, they do contain some of the essential factors neces
sary for wider application.

One of the chief obstacles to devising a universal method is the
marked effect of different matrix materials on the behavior of the
spectral lines of each indiVidual element to be determined. For
example, if iron is determined in a sodium chloride matrix, the'
transmittance of the iron lines will be very different than if the
matrix had been zirconium dioxide, lead, copper, or some other
base material.

The logical approach to the elimination of this strong matrix
effect is to dilute heavily or buffer samples with some common
base material. In this manner the behavior of the' elements to
be determined will approach that of their behavior in the pure
buffer base. Whathuffer material should be chosen? For widest
scope, it should be an element whose oxides and salts behave in
an average manner. Its excitation potential and its melting and
boiling points should be somewhere in the middle range of all
the elements. The ext~emes of the alkali metals and the highly
refractory compounds such as those of zirconium or thorium would
obviously be poor choices. Elements and their compounds, such
as those of lead, bisrdt1th, tin, germanium, copper, iron, and
nickel, should be satisfactory from the standpoint of desirable
behavior. It has been found in this laboratory that graphite
powder, cupric oxide, lead sulfate, and germanium dioxide are
excellent buffer materials, with cupric oxide best for use as
an internal standard because of its good distribution of spectral
lines in the region from 2400 to 5000 A. Graphite powder is
always used with the other buffers. All materials used for buf
fering must be extremely pure.

A number of papers have been published by workers in this
laboratory in which buffers play an important role as an aid to
diminishing the matrix effect. The first of these concerned the
analysis of copper-base alloys in which brasses and bronzes

>10
> 1
, 0.1-3

0.01-0.3
< 0.03
< 0.005
< 0.001

Principal component
Major components
Minor components
Impurities
Traces
Slight traces
Very slight traces
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were diluted with pure copper (9). Here the fact was definitely
established that a buffer could be used to reduce the matrix
effect appreciably, at least in a particular class of alloys. This
was followed by the analysis of triple carbonates (bari~m,
strontium, and calcium) by Hartmann and PreBcott (6), in which
copper was again used for buffering. Methods were also de
veloped for the analysis of aluminum-base alloy" and for ceramics
and other nonmetallic materials (2, 8, 10).

The method for the analysis of ceramics and other nonmetallic
materials approached the closest to having general applicability.
In this case there was much greater variability in the composition
of the samples than for the cases of the copper- and aluminum
base alloys. In the case of ceramics the buffer, cupric oxide, or
lead sulfate completely foreign to the matrix, was employed,
whereas for the copper- and aluminum-base analyses, samples
were buffered with copper and aluminum, respectively. The

. introduction and the successful· use of the foreign buffer opened
the way to a method of more general applicabilil;y.

All of the above mentioned procedures made use of only one
buffer material where solutions were used, and one primary
buffer material plus graphite where powders were employed. The
ratio of sample to primary buffer varied from 1 to 9 to as much
as 1 to 100, depending upon the concentration of the element
to be determined. Because of the variability of this ratio, two
adverse factors influenced the analysis.

1. Because the relative amount of primary buffer and internal
standard varied in different, samples and standards, there was
some variability in the intensity of the internal standard lines.
This led, in some cases, to appreciable errors in the determina
tion of '30nstituent elements.

2.. The variable relative amount of sample eaused different
degrees of matrix influence. Depending upon which elements
were present in the sample, this. could have a large effect upon
the intensity of the spectrum lines of the element to be deter
mined and also upon the intensity of the internal control line, and
hence upon their intensity ratios.

In the technique described, in order to reduce further the matrix
effect, use :is made of an additional buffer, called the diluent.
This diluent is incorporated with the sampleB and standards
and is used as a stabilizer as well as a diluent. Germanium di
oxide was chosen for use as the diluent because it is readily avail
able in a state of very high purity and satisfied all the require
ments of a good buffer. The proportions, by weight, used of
sample or standard, diluent, primary buffer and internal stand
ard cupric oxide, and secondary buffer (graphite powder) are:
1 part of (sample or standard plus germanium dioxide), 19 parts
of copper(II) oxide, and 20 parts of graphite powder.

The 19 parts of cupric oxide and the 20 parts of graphite powder
an~ invariable. Thus the effect of variable copper content of
the system is eliminated except for the case of copper-base
alloys. All the manipulation and diluting is done in the 1 part of
(sample or standard plus germanium dioxide). The standards
are made up on the basis of per cent of element x in (standard plus
germanium dioxide), and curves for the per ceut concentration
V8. the log l./Ieu are set up and all calculations made on this
basis.

Sample.s are diluted with germanium dioxide to whatever ex
tent is deemed reasonable to determine the constituent elements
of bo~h high and low concentration. This dilution may range
from none to 20 times, depending upon the concentration and the
sensitivity of the element to be determined. As :far as practical,
the dilution witl:t germanium dioxide should be such that the
concentration of ~he element to be determined will be between
0.10 and 5.0% with respect to the weight of the diluted sample.
Two or more dilutions are usually used when a complete analysis
of all constituents is required. If the composition of the sample
is completely unknown, a pI'llliminary qualitative analysis will
serve as a guide to what the dilution factor should be.

If the ratio of sample to germanium dioxide is 1 to 0, all re-
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Table II. Wave Lengths of Analytical Line Pairs
Internal Std.

Element Analytical Line, A. Line, A.

Aluminum .'1.13082.16 (4) (20)a Cu 2768. 88 (20)0
.'1.13169.53 (4) Cu U48. 96 (20)

Antimony Sb 2877.92 (100) Cu 2768. 88 (20)
2311.47 (100) Cu 2768.88 (20)

Arsenic As 2389.84 (100)

Barium Ba(H) 4934.09 (4) Cu 4704. 60 (4)
Ba 4899.97 (100) Cu4704.60 (4)
Ba(H) 4554.04 (4) Cu 4480.36 (4)

Bismuth Bi 2897. 98 ~4) ~20) Cu 2768. 88 (20)
Bi 3067.72 4) 20) Cu 2768.88 (20)

Boron B 2496.78 (20) (100) Cu 2768.88 (20)

Cadmium Cd 3261. 06 (20) (l00) Cu 2768.88 (20)

Calcium Ca(H) 3968.47 (4) Cu 4248.96 (20)
Ca 3179 :33 (100) Cu 2768. 88 (10)

Chromium Cr 2780.70 (100) Cu 2768.88 (20)
Cr 4254.35 (4) Cu 4248.96 (20)

Iron Fe(H) 2719.30 (100) (20) Cu 2768.88 (20)
Fe(H) 2599.40 (10) (20) Cu 2768.88 (20)

Magnesium Mg 2776.69 (100) Cu 2768.88 (20)
Mg 2852.13 (4) Cu 2768.88 (20)

Manganese Mn(H) 2605.69 (20) Cu 2768.88 (20)
Mn 2798.27 (20) Cu 2768.88 (20)

Molybdenum Mo 3132.59 (20) Cu 2768.88 (20)

Nickel Ni 3524.54 (20) (4) Cu 2768.88 (20)
Ni 3134.11 (20) (4) Cu 2768.88 (20)

Lead Pb 2833.07 (100) (20) (4) Cu 2768.88 (20)
Pb 2873.32 (10) (20) Cu 2768.88 (20)

Sodium Na 3302.32 (100) Cu 2768.88 (20)

Silicon Si 2506.90 (100) (20) Cu 2768.88 (20)

Tin Sn 2863.33 (100) (20) Cu 27.68.88 (20)

Titanium Ti(H) 3349.41 (100) (20) Cu 2768. 88 (20)

Zinc Zn 4810. 53 ~100) Cu 4704.60 ~4)
Zn 3345.02 100) Cu 2768.88 20)

Zirconium Zr(H) 3496.21 (100) Cu 2768.88 (20)

a Figures in parentheses indicate per cent transmittance band in which
spectrum lines are measured.

suIts can be obtained directly from the standard curves of per
cent concentration of the element VB. log Iz/lou. If the ratio
is 1 to l,a dilution factor of 2.0 is used to multiply the results
obtained from the standard curve. If 1 to 5, the factor is 6.0,
and so on.

By the above technique the matrix effect is kept at a minimum
and the system as far as possible always approximates that of a
cupric oxide-germanium dioxide-graphite matrix.

PROCEDURE

Preparation of Samples. Weighed amounts of representative
sample, 10 to 100 mg., are diluted and mixed with germanium
dioxide in the desired proportion and further mixed as follows
with cupric oxide and graphite powder: 1 part of (sample plus
germanium dioxide), 19 parts of copper(II) oxide, and 20 parts
of graphite powder.

If the sample is already in the form of a powder, this becomes
a simple matter of mixing all ingredients in the correct propor
tions. If the sample is a metal or alloy, a weighed amount of
sample is taken into solution or digested in an appropriate rea
gent, to which cupric oxide, germanium dioxide, and graphite
are added in the proper proportions, and dried at 400 0 C.; or the
basic mixture of sample and germanium dioxide is made and
dried, then later incorporated with cupric oxide and graphite.
The preparation of miscellaneous samples has been discussed
fully (8). It is always important to know the proportion of
sample to germanium dioxide and thus the dilution factor to be
employed in the final calculations. Unless maximum sensitivity
is required, it is desirable to use germanium dioxide in at least
the proportion of 1 to 1 of sample. If the elements to be deter
mined cover the complete range of concentration, two dilutions
of sample are required. Samples prepared with dilution factors
of 2 and 10 usually suffice to cover the determination of most
elements contained in the sample.

Preparation of Standards. These are prepared in exactly the
same manner as the samples. National Bureau of Standards
samples or other analyzed samples may be used, or synthetic
standards may be made by mixing weighed amounts of pure
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EXPERIMENTAL

Early in this investigation data were obtained to indicate, in
some degree, the effect of the matrix upon results. Portions of a
sample of cupric oxide, containing 0.24% each of iron, manganese,
magnesium, boron, aluminum, chromium, calcium, and zinc
were mixed separately with germanium dioxide, lead sulfate,
aluminum sulfate, ferric oxide, nickel oxide, and zinc oxide.
The proportions used were: 1 part of matrix, 9 parts of copper(II)
oxide + additives, and 10 parts of graphite powder.

On a single plate, 3 aliquots of each mixture were arced in the

oxides or salts. In all cases, germanium dioxide should be in
corpCilrated in as high a proportion as practical. A concentration
range coverage of 0.05 to 10% with a factor of 3 to 5 between
successive standards is employed for each element to be deter
mined.

Standards and samples should always be thorougWy mixed and
ground in an agate mortar until a smooth uniform mixture of all
ingredients is obtained. They are stored in screw cap vials.

Electrode System. The lower sample carrying electrode(anode)
is a high purity graphite rod 0.25 inch in diameter and 1 inch long,
with a cup cut into the end with a 0.180-inch diameter drill to a
depth of 0.125 inch. Each cup is packed level full with its desig
nated sample or standard. A water-cooled electrode holder is
used for this electrode.

The upper counter electrode (cathode) is a purified graphite
rod 3/16 inch in diameter and 1.125 inches long with a flat end.
The gap width is maintained at 0.25 inch.

Apparatus. SPECTROGRAPH. A spectrograph is employed
which has sufficient resolving power and linear dispersion to sep
arate clearly the analytical lines in the spectrum of the sample
in the spectral region 2300 to 5000 A. These conditions are
satisfied by commercial grating or quartz prism instruments
having a linear dispersion of 0.20 mm. per A. or more at 2800
A. for the determination of all elements covered by this procedure.

RgCORDING EQUIPMENT. The spectra are recorded on East
man Process, SA No.2, or equivalent emulsions. A neutral three
step filter transmitting approximately 100, 20, and 4% of the
incident light is used to aid in bringing all the lines employed in
the photometry within a usable absorbance or transmittance
range.

DENSITOMETER. The transmittance of the analytical lines is
measured on a densitometer having a p\'ecision within ±1.5%
for transmittances between 5 and 90%.

Excitation. The samples are excited in triplicate, with a
series of standards, in the 250-volt, direct current arc at an initial
current of 10 amperes, limited by resistance in series. After
initial setting, no further adjustments of current are made.

Exposure Cl?nditions.
Spectral region 2400 to 5000 A.
Slit width Optimum for spectrograph used
Slit length 1.0 mm.
Filters Step: 100,20, and 4% (approx.)
Preburn period None
Exposure period 60 seconds

The spectrograph is illuminated in such a manner that the re
sulting spectral lines represent radiant energy from the entire
arc column except for about' l / 64 inch from either electrode, which
is screened out.

Photography. Emulsion calibration, photographic processing,
and photometry are done in accordance with practices suggested
by ASTM SM2-1 and SM2-2 (1).

The analytical line pairs used are listed in Table II.

Average
% deviation ± 3.2 1.8 2.0 4.5 1.9 4.4
a Concentration of each element 0.24% with respect to matrix.

9 parts of copper(II) oxide to 10 parts graphite.
b :Line interference.

Table III.

A/3 = 20')'9 NaCI
B/3 = 20'10 ZrO,

Effect of Matrix on Results

Actual -c_=-=c--==,---=-=F-=o",u:::n",d:!..,-,<o/<~o=--.,~ ~-.,==
% A. NaCI, 60% B. ZrO" 60% C. GeO" 60%

10.0 12.3 8.0 10.1
10.0 13.6 8.4 10.7
10.0 11.4 9.1 9.9
10.0 11.9 7.8 10.1

+2.3 -1.7 ±0.25
+23 -17 ±2.5

Table IV.

Table V. Suppression of Matrix Effecta

Actual Found, %
Compound % A/3 NaCI B/3 ZrO,

AhO, 10.0 10.8 8.3
MgCO, 10.0 12.3 9.0
SiO, 10.0 9.6 9.2
PbSO, 10.0 9.7 9.2

Average deviation ±0.95 -1.08
Average % deviation ±9.5 -10.8

40% GeO,
40% GeO,

Zn

0.56
0.62
0.57
0.62
0.55

0.58

0.028

a By dilution with germanium dioxide.

Average deviation
Average % deviation

direct current arc at 10 amperes for 60 seconds, and their spectra
recorded. Log Iz/Icu for each element was calculated, and the
three values for each matrix averaged. These data are tabulated
in Table III. The matrix material is listed in the left-hand
column. Log Iz/Icu is tabulated for each element opposite the
matrix listing.

From these results, it appeared that the influence of the matrix
upon the intensity ratios of the various elements involved was
moderate. The deviations from average seem to be random,
and actually were no greater than the deviations of three ex
posures with a .single matrix. However, the matrix materials
involved in this experiment were all, with the possible exception
of aluminum, elements in what might be called the "middle"
range of behavior, where a minimum matrix influence might be
expected.

Compound

AhO,
MgCO,
SiO,
PbSO,

"Vhat would be the matrix effect of elements of extreme be
havior, like volatile sodium compounds on the one hand and re
fractory zirconium oxide on the other? To test this, three syn
thetic samples were made. Sample A contained 60% sodium
chloride mixed with 10% each of aluminum oxide, magnesium
carbonate, silicon' dioxide, and lead sulfate. In sample B, zir
conium dioxide was substituted for the sodium chloride, and in
sample C, germanium dioxide was substituted for sodium chlo
rid e. These samples were run as unknowns according to the pro
cedure outlined above. The results obtained are shown in Table
IV. As might be expected, the average percentage deviation of the
determinations from the true values were small for the germanium
dioxide matrix, ±2.5%. With the sodium chloride it was +23%
and with the zirconium dioxide -17%. The sodium chloride
enhances the log lz/lcu for all four elements tested, whereas log
I./leu, for each, was depressed by the zirconium dioxide. The

average maximum per cent deviation that might
be expected under the most adverse conditions of
matrix influence is probably less than ±25%.

In order to test the effect of adding germanium
dioxide to an adverse matrix, samples A and B
were diluted with germanium dioxide by a factor
of 3. The results are shown in Table V. The
average per cent deviation was thereby reduced
to about ±1O%. It is for this reason that
germanium dioxide is added to most samples,
particularly if sensitivity is not a problem, and
an adverse matrix is suspected.

Tables VI to XIII show the quality of the re
sults obtained in the determination of aluminum,
chromium, iron,manganese, nickel, lead, silicon,
and tin in. a variety of materials including re-

0.036

6.7 4.8
1 part of matrix to

0.0330.016

0:83
0.81
0.85

0.84

in Different Matrices
Al Cr Ca

0.86 0.76 0.53
0.85 0.77 0.57

0.79 0.59
0.72 b
0.85 0.51
0.73 0.48

0.77 0.54

0.024

Iz/Ieu,
B

0.53
0.53
0.59

b
0.49
0.51

0.53

0.0200.0130.020

0:58
0.66

0.62

Stability of Log
Fea Mn Mg

0.61 0.70 0.98
0.61 0.72 0.99
0.62 0.72 0.97

0.75 1.01
0.730.99
0.70 0.95

0.72 0.98

Matrix

GeO,
PbSO,
Ab(SO,j,
Fe,O,
NiO
ZnO

Average

Average
deviation ±

Sample

A
B
C
D
E
F
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fractories, steels, brasses, bronzes, glass, aluminum, lead, and
zinc-base alloys. These results are typical of those that have
been obtained on the determination of other elements in the above
matrices and in other materials. The average per cent deviation
from the National Bureau of Standards values for all the de
terminations listed is < ± 10%, with some individual values falling
outside of our goal of ±25% accuracy.

.NBS 87 (AI base)

CilBS 87 (AI-base)

:"lBS 101b (steel)

Deviation, %
+19.5
+11.6
+9.1
-6.5
+6.5
+6.5

+12.5
-3.5
+4.5
+4.8
+1.0

0.0
-14.1
-28.6
+4.2
+8.4

±S.8

+0.75
+0.45
+0.35
-0.25
+0.25
+0.25
+0.78
-0.22
+0.28
+0.25
+0.05

0.00
-0.04
-0.08
+0.02
+0.08

DeviationFound, %
4.6
4.3
4.2
3.6
4.1
4.1
7.0
6.0
6.5
5.4
5.2

25.5
.0.24
0.20
0.50
0.56

Average % deviation

Si, %
3.85
3.85
3.85
3.85
3.85
3.85
6.22
6.22
6.22
5.15
5.15

25.5
0.28
0.28
0.48
0.48

Determination of Tin in NBS Samples
So, % Found, % Deviation Deviation, %

0.96 0.64 -0.32 -33.4
met.) 4.69 5.4 +0.71 +15.1

4.69 5.1 +0.'11 +8.8
10.23 11.5 +1.27 +12.4
10.23 12.0 +1.77 +17.3
1023 10.3 +0.07 +0.7
10.23 9.0 -1.23 -12.0

Average per cent deviation ±14.0

Sample

NBS 103 (chr. reL)

Table XIII.
Sample

NBS 37c (brass)
NBS 1246 (ounce

NBS 53a (Pb-base)

NBS 87 (AI-base)

NBS 56a (phos. rock)

NBS 76 (refract.)
NBS 32C (Ni-Cr steel)

NBS 101b (Ni-Cr steel)

Table XII. Determination of Silicon in NBS Samples

CONCLUSIONS

This procedure has general applicability and can be used for
analyzing any sample that can be converted into a powdered
form. The addition of germanium dioxide as a diluent and stabi
lizer is the principal factor responsible for the improvement of
this procedure over work previously reported (8, 10). The ger
manium dioxide effectively minimizes the matrix influence of
widely different matrices such as sodium chloride and zirconium
dioxide. The precision is moderate but adequate for many ap
plications. The method has moderate speed, as once the ana~

Iytical curves have been constructed for a particular element,
determinations can be made without further use of standards,
provided that adequate control is exercised over the excitation,
exposure, emulsion calibration, and emulsion processing.

The method is objective to a high degree and is comparatively
free from the subjectivity of the analyst. Its usefulness has been
demonstrated in this laboratory in the following areas: to replace
sonie chemical procedures in the field of ceramics and other non
metallic materials; to classify a particular alloy within its kind
i.e., the type of aluminum-base, zinc-base, copper-base, steel;
to replace many qualitative analyses in the element concentra
tion range above 0.10%, as with this procedure much more ac
curate information about a sample can be obtained with little
more work entailed.

Determination of Iron in NBS Samples
Fe, % Found, % Deviation Deviation, %
11.18 11.4 +0.22 +2.0
11.18 11.2 +0.02 +1.8
11.18 12.0 +0.82 +7.3
11.18 13.5 +2.32 +20.8
11.18 10.8 -0.38 -3.4
0.46 048 +0.02 +4.3
0.46 0,47 +0.01 +2.2
0.46 0 4i -0.02 -4.3
1.52 1. 60 +0.08 +5.3
1.52 1.55 +0.03 +1.9
1.67 1.60 -0.07 -4.2
1.67 1.55 -0.12 -7.2

Average per cent deviation ±5.4

Determination of Chromium in NBS Samples
Cr, % Found, % Deviation Deviation, %
18.19 18.0 -0.19 -1.05
18.19 17.'1 -0.79 -4.3
18.19 19.2 +1.0 +5.5
0.17 0.20 +0.03 +17.7
0.17 0.1ti5 -0.005 -0.3
0.654 0.:10 +0.046 +7.0
0.654 0.6" -0.004 -0.6
0.23 0.30 +0.07 +30.0

Average per cent deviation ±8.3

Determination of Aluminum in NBS SaInples
AI, % Found, % Deviation Deviation, %
11. 05 8.4 - 2.65 -24.0
11.05 13.0 +1.95 +17.6
11.05 11.4 +0.35 +3.2
11. 05 11.0 -0.05 -0.5
11 05 10.5 -0.55 -5.0
11.05 12.0 +0.95 +8.6
11.05 11.2 +0.15 +1.4
19.94 19.60 -0.34 -1. 7
3.92 3.60 -0.32 -8.2

Average per cent deviation ±7.8

Determination of Manganese in NBS Samples
1\10, % Found, % Deviation Deviation, %
0.30 o.ao +0.00 0.0
0.30 O.al +0.01 +3.3
0.752 0.6fI -0.062 -8.0
0.752 0.[;1 -0.142 -18.9
0.597 o.ag -0.214 -36.0

Average % deviation ±13.2

Sample

NBS 101b (steel)

NBS 32c (steel)

NBS 85a (AI-base)

Sample

NBS 103 (refr.)

CilBS 76 (refr.)
NBS 94 (zinc-base)

Sample

~"BS 87 (AI-base)

NBS 32c (steel;

Table VI.

Table VIJI.
Sample

NBS 103 (refr.;'

Table VII.

:NBS 56a (refr.)

SBS 76 (refr.)

Table IX.

~BS 62a (Mn bronze)
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Determination of Nickel in NBS Samples
Ni, % Found, % Deviation Deviation, %
8.99 9.2 +0.20 +2.2
8.99 10.8 +1.8 +20.0
8.99 9.0 +0.01 +0.1
8.99 10.2 +1.2 +11.8
8.99 8.7 -0.29 -3.2
8.99 7.:1 -1.29 -14.3
0.59 0.74 +0.15 +25.4
0.59 0.68 +0.09 +15.3
0.59 0.68 -0.01 -1.7
1.2 1.'1 +0.20 +16.7
1.2 1.2;! +0.02 1.6

Average per cent deviation ± 10.2

Table X.
Sample

:IIBS 101b (steel)

:IIBS 87 (AI-base)

Table XI. Determination of Lead in NBS Samples
Pb, % Found, % Deviation Deviation, %

0.97 1.00 +0.03 +3.0
0.97 0.90 -0.07 -7.2
0.97 1.0 +0.03 +3.0

ems 89 (Ba-Pb glass) 16.2 1,'.7 +1.50 +9.3
16.2 Ig.O +1.80 +11.1
16.2 1(;.5 -0.70 -4.3

e~BS 124b (ounce met,,) 4.78 ,;.6 +0.82 + 17.2
4.18 6.3 +0.52 +10.9
4.78 4.3 -0.48 -10.0
0.50 0.53 +0.03 +6.0
0.50 0.46 -0.04 -8.0
0.50 0.56 +0.06 +12.0

Average per cent deviation ±8. 5

:IIBS 32c (steel)

Sample

e~BS 37C (bras,,)



Infrared Functional Group Analysis of Arylsilanes
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13.5-nticron band

o I 2 3 4

NUMBER OF PHENYL GROUPS ON SILICON ATOM

Figure 1. Molar absorptivity of phenyl groups in
arylsilanes

a Mot1\.r absorptivitice reler in all cases to the molar concentration of
the functional group rather than of the compound. Thus, 1 mole of tetra
phenylsHane is equivalent to 4 moles of phenyl groups.

I I I I

°

~S
0_

MONOSILANES

~+

~+

--------+-----+-

Table I. Molar Absorptivities of Arylsilanes·

Molal' Absorptivity,
Compd. Liters/Mole-Cm.

No. Name of Compd. 12.51" 13.51" 14.31"
1 Tetraphenylsilane 50.1 167
2 Triphenyl-p-tolylsilane 145 59.9 !y;3
3 niphenyldi-p-tt,lylsi!ane 140 75.9 226
4 Phenyltri-p-tolylsilane 144 98.0 300
5 Tetra-p-tolylsilane 146
6 Pentaphenyl-p-tolyldisilane 171 124 201
7 1,1.2.2-TetraphenyIC1,2-di-p-tolyl-

disilane . 169 130 197
8 1,1,1,2-Tetraphcny1-2,2-di-p-tolyl-

diailane 1fiR 125 199
9 1.1.1-l'riph~nyl-212j 2-Lri-p-tolyi-

. disilane 165 120 200
10 1,1,2-Triphenyl-1,2, 2-tri-p-toly1-

disilane 178 154 204
11 l,2-Diphenyl-1, 1,2,2-tetra-p-tolyl-

<lisilune 157 144 103
12 l,l-Diphenyl-l,2,2,2-tctra-p-tolyl-

diRilane 162 137 213
1:1 Phcnylpeuta-p-tolyldisilane 161 155 207
14 Hexa-p-tolyldisilane 155

~ 1.5

,g.
~
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x
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t:: 1.0
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a:
o
tf)
lQ..
a:
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phenyldisilane was not studied because of its low solubility in
the solvent used.)

Table I lists the peak molar absorptivities of the bands at
12.5 microns for the p-tolyl group and at 13.5 and 14.3 microns
for the phenyl group. All three bands have been assigned to
out-of-plane carbon-hydrogen bending vibrations of the benzene
ring by analogy to the similar bands in the methyl-substituted
benzenes, which have been as,signed to particular vibrations by
Pitzer and Scott (8). These bands were chosen for the analysis
because of their high intensity and because they are, in these
compounds, free from interference. It can be seen that there
are considerable variations in the peak molar absorptivities of
these bands, even if the monosilanes and disilanes are considered
separately. This is particularly true for the 13.5- and 14.3
micron bands.

If the peak molar absorptivity of the 13.5-micron. band of

RESULTS

The compounds studied were a series of silane~ ane! disilancs
U) with only phenyl and p-tolyl groups as substituents on the
silicon atoms. Infrared spectroscopic tests indicated that the
compounds were 99% pure. The compouncls are listed in Table
I, and they can be represented by the general formulas (C6H')n
Si(C7H7)'_n n.nd (CoII5)nSi2(C7H7)6_n, with n having the values
o to 4 for the )nQnosilanes and 0 (0 5 for the disilanes. (Hcxa-

1 Prcsent address, Biophysics Research Laboratory, Petor Bont Drigham
Hospital, Harvurd Medical 8chool. Boston, Mass.

Melting points and chemical analyses of some of the

aryl sHanes are so similar that other methods of char

acterizing their structures arc required. An infrared

spectrometric method is described for the determina

tion of the concentration ratio of phenyl and p-tolyl

groups in tetraarylsilanes and hexaaryldisHanes. Ac

curate results are possible, even though the molar

absorptivities of the functional groups are not constant.

Determination of group concentration ratios, rather

than individual concentrations, permits use of un

weighed samples.

EXPERIMENTAL

The spectra were recorded on a Baird Associates Model B
infrared spectrophotometer and th" nensitcmcter attachment of fl.

Perkin-Elmer Model 13 infrared spectrophotometer was used for
the determination of peak molar absorptivities. Sodium chlo
ride prisms were used in both instruments. Carbon disulfide
was used as the solvent and the cell thicknesses were 0.4 mm. on
the Baird instrument and 0.5 mm. on the Perkin-Elmer instru
ment. The c.oncentration of the sample in the solution varied
b"tween 5 and 10 mg. pel' mL In all cases readings were made
at the absorption maxima rather than at definite wave lengths.
The base-line technique was used for the estimation of To values
on the Baird instrument, while the cell-in, cell-out technique was
uset! on the Perkin-Elmer instrument.

I NFRARED functional group analyses described to date
(1-3, 5-7, 10) have depended upon the constancy of either

the peak or integrated molar absorptivity of an absorption band
corresponding to a vibration of the functional group being de
termined. The criterion of constant molar absorptivity is not
met by some absorption bands that are otherwise desirable for
analytical use because their intensity falls within a desirable range
and because they are free from interference from other absorption
bands. Such absorption bands can, however, give valuable in
formation about compounds of unknown structure if the molar
absorptivity is found to vary in a regular manner with some
change in the structure of the compounds under study. If, for
example, the molar absorptivity of a group is dependent upon the
position of the group along a carbon chain, determination of the
molal' absorptivity will provide information about the position of
the group. Alternatively, if the changes in molar absorptivity
cannot be related to the structure of the compounds under study,
it may be possible to find an absorption band from another group
common to all of the compounds that varies in intensity in a
similar manner, so that the ratio of the two molar absorptivities
is constant. If such a band can be found, the ratio of the two
group concentrations can be related to the ratio of band inten
sities. The advantages of this type of analysis, which is similar
to the internal standard technique used so successfully in emission
spectroscopy, are discussed briefly later in this paper.
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Figure 3. Phenyl-p-tolyl absorbance ratio as a
function of group concentration ratios

13.5-nticron phenyl band
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;he phenyl group is plotted against the number of phenyl groups
m the silicon atom, two smooth curves may be drawn, one for
;he monosilanes and one for the disilanes as shown in Figure 1.
~ot all of the disilanes can be included in this plot (compounds
), 8, 10, Table I), as in some there are different numbers of
~henyl groups on the two silicon atoms. It is possible to cal
mlate an expected peak molar absorptivity for these compounds,
weighting the peak molar absorptivities obtained from Figure 1
!tccording to the relative nunibers of phenyl groups of each type
in the molecule. The value's'thus calculated are found to agree
closely with the observed values except for l,l,2-triphenyl
1,2,2-tri-p-tolyldisilane, where the calculated value is 140 liters
per mole-cm. and the observed value is 154 liters per mole-cm.
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plotted against the ratio of phenyl to p-tolyl groups in the com
pounds studied. Two straight lines are obtained in each graph,
one for the monosilanes and one for the disilanes. In one case
the line representing the disilanes has the greater slope, in the
other case the line representing the monosilanes has the greater
slope. Advantage can be taken of this fact by plotting the sum
of the two absorbance ratios against the ratio of phenyl to p-tolyl
groups. This graph is shown in Figure 5. A single straight
line passing through the origin is obtained for all of the compounds
in the group, with all of the points falling on the line within the
precision of measurement.

The fact that a single straight line is obtained in Figure 5 is
due to the difference in peak molar absorptivity of the 12.5
micron band in monosilanes compared to disilanes. This dif
ference corrects for a similar difference between the sums of the
peak molar absorptivities of the 13.5- and 14.3-micron bands in
mono- and disilanes. If it were not for this internal correction,
two lines instead of one would have been obtained. Figure 5

Figure 4. Phenyl-p-tolyl absorbance ratio
as a function of group concentration ratios

14.3-nticron phenyl band

+

o

o DI SILANES O----->"-:--~
o

"<l
W
Q.

~ 2.5
;;
Ii:
cr
5l
'"<l

0:: 2.0
<l
...J
o
::;

Figure 2. Molar absorptivity of phenyl groups in
arylsilanes

A similar graph can be made for the 14.3-micron band of the
phenyl group, as shown in Figure 2. The peak molar absorp
tivity of this band is relatively constant for the disilanes but,
as for the 13.5-micron band, varies by a factor of about 2 in the
monosilanes. The disilanes that could not be included in Figure
2 (compounds 6,8, and 10, Table 1) all have peak molar absorp
tivities of about 200 liters per mole-cm.

The peak molar absorptivity of the 12.5-micron band of the
p-tolyl group does not vary as much as that of the two phenyl
group bands. However, there is again a distinct difference in
the intensity of this band for the monosilanes and for the disilanes,
as well as smaller variations within each group. In 1,1,2
triphenyl-1,2,2-tri-p-tolyldisilane, which had an abnormally
high value for the peak molar absorptivity of the 13.5-micron
band, the peak molar absorptivity of the 12.5-micron band is
also somewhat higher than would be expected from comparison
with the other compounds.

Since the molar absorptivity of each band attributable to the
phenyl group varies regularly with changes in the structure of the
compounds and since the molar absorptivity of the 12.5-micron
band of the p-tolyl group is relatively constant, it should be
possible to determine the ratio of the two group concentrations
in a sample of an unknown compound. The ratio of group con
centrations is independent of the weight of sample taken, so
an unweighed sample may be used, with the determination of
groq.p concentrations proceeding directly from the peak absorb
ances of the bands rather than from their molar absorptivities.
Figures 3 and 4 show the two possible peak absorbance ratios

1.5o'------L-----"'-------~-----'---'
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can therefore be employed for group ratio determinations re
gardless of whether the compound is a mono- or disilane, as well
as for mixtures of such compounds. In the analysis of mixtures
no considerable error should be introduc!ld by variations in the
wave length of the absorption maxima since such variations are
small. The p-tolyl group bands all fall within the range of
12.47 to 12.50 microns, and the phenyl group bands within the
range from 13.40 to 13.45 microns and 14.30 to 14.33 microns.
If the sample is known to be a pure compound rather than a mix
ture, the question of whether it is a mono- or a disilane can be
resolved by using the data of Figures 3 and 4.

DISCUSSION

This analytical method has several advantages in addition to
yielding quantitative data on functional group concentrations
even when the molar absorptivities of the absorption bands
used for the analyses are not constant. Because the sample
need not be weighed and dissolved in a known amount of solvent,
less time is required to obtain the necessary data. The use of
peak absorbances, rather than molar absorptivities, saves time
in calculating the results. In addition, it was found that vir
tually the same analytical curves were obtained on the two in
strumcnts even though different spectral slit widths were used.
The data in Figures 3, 4, and 5 were obtained on a Baird Asso
ciates Model B spectrophotometer, operated at normal slit
widths and using a base-line technique for the estimation of
To. The data of Table I and Figures 1 and 2 were obtained on
a Perkin-Elmer Model 13 spectrophotometer, using the densitom
eter attachment. These readings were made at rather narrow
slit widths: 0.440 mm. at 12.5 microns, 0.590 mm. at 13.5
microns, and 0.815 mm. at 14.3 microns. In spite of these dif
ferences, very nearly the same analytical curves were obtained .
for the two instruments. For the Baird instrument the slope
of the analytical curve is 1.89 and with the Perkin-Elmer instru-
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Figure 5. Analytical curve for functional
group analysis oftetraarylsilanes and hexa
aryldisilanes containing phenyl and p-tolyl

groups

ment the slope is 2.10. The average deviations of the poin
from the respective curves were 0.11 on the absorbance rat
Bcale for the Baird instrument and 0.27 for the Perkin-Elm.
instrument, indicating that the base-line technique was, in th
case, self-correcting for some factor affecting the absorptivitie
The greater part of the standard deviation value for the Bail
instrument came from one point, the absorbance ratio f(
pentaphenyl-p-tolyldisilane, and the comparatively large err<
here was probably caused by th,~low absorbance of the 12.,
micron p-tolyl group band. If this point was not considered j

the calculations, the average deviation in Figure 5 was 0.0
Since the closest values of the absorbance ratio are 0.95 for
phenyl-p-tolyl group ratio of 1 to 2 and 0.63 for a,.ogroup ratio,
1 to 3, it is unlikely that this method of analysis will fail to di
tinguish between different possible structures for a compound.

The variations of peak molar absorptivity of the various bane
with the number of phenyl groups on a silicon atom, shown i
Figures 1 and 2, probably reflect the electron-donating charact(
of the p-tolyl group, affecting the electronic structures of tb
rings. Apparently, this effect is not propagated through mOl
than one silicon atom. It is not clear why the 14.3-micron ban
of the disilanes is not affected in this manner. Other grou]:
attached to the same silicon atom can also affect the band inter
sities. Two chlorosilanes, diphenyl-p-tolylchlorosilane an
phenyl-di-p-tolylcWorosilane, containing both phenyl and p-tol)
groups have been studied. Neither of these compounds woul
fit on the analytical curve of Figure 5, but an extension of
straight line connecting the two points on a similar plot passe'
through the origin. This general approach is probably als
applicable to compounds in which the silicon atom is replace.
by another metal, though such compounds have not yet beeJ
made available for study.

Certain substituent groups on the silicon atom can give ris'
to interfering absorption bands. Aliphatic groups on the silicOl
atom absorb strongly in the 12- to 15-micron region (11) anI
silanols have a strong absorption band, presumably caused b~

a deformation vibration of the hydroxyl group, at about ILl
microns in the solid and 12.4 microns in solution, the shift rep
resenting the effect of hydrogen bonds in the crystal. [Thil
band has previously been observed by Richards and Thompsol
(9).] The silicon-hydrogen group absorbs strongly at abou
12.5 microns, presumably corresponding to a deformation vibra
tion.
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Ultraviolet Spectrophotometric Determination of Styrene and
Phthalate and Fumarate Esters in Polyester Resins
R. C. HIRT, R. G. SCHMITT, and R. W. STAFFORD

Stamforc/ Research Laboratories, American Cyanamic/ Co., Stamforc/, Conn.

BASIS OF :vJ:ETHOD

The simultaneous equations for the two-component determina
tion of styrene and phthalate, deri.Yed from Beer's law, are:

TaMe I. Analytical Wave Lengths and Absorptivities of
ChloroforIIl Solutions

282 MI' 291 M p

Styrene 8.18 5.58
Phthalate 6.85 1. 39
Fumarate 1.26 0.663
Maleate 0.404 0.163

(5)

(4)

(3)
8.18 Cm + 6.85 C p

5.58 Cm + 1.39 Cp

Cm + Cp + Ct + CD = 100%

where C is the fraction or per cent concentration of the subscript
component, p is phthalate, f is fumarate (or maleate), g is glycol
(here taken as propylene glycol), and FW is formula weight.
For convenience, the dibasic acid was assumed to have lost two
atoms of hydrogen during esterification, hence FWp = 164.11
and FWt = 114.05; the propylene glycol is assumed to have
lost two hydroxyl groups, hence FWD = 42.05. With no other
components present, we also have the relation that

ate component of the polyester, respectively. Alternatively,
the two-component graphical "absorbance-ratio" method (3)
may be used. Since no "isoabsorptive point" (3) occurs between
the spectra of monomeric 'styrene and phthalate ester, it is neces
sary to use a nonlinear plot of absorbance ratio vs. composition
which may be prepared from the equation

CORRECTION FOR FUMARATE OR MALEATE

The large differences in the contribution to the observed ab
sorbance (absorptivity times concentration) of two of the com
ponents (styrene and phthalate) as compared to the third (fuma
rate or maleate) would impair the accuracy of a three-component
spectrophotometric analysis, whether of the three simultaneous
equation type or the graphical absorbance-ratio type (3). Con
sequently, it appeared better to perform a two-component de
termination of styrene and phthalate and to apply a correction
for the contribution of the fumarate or maleate.

As it is known that the polyester is composed of alternating
acid and alcohol components, it follows that the sum of the phthal
ate and fumarate (and/or maleate) units must be equal to the
number of alcohol units. If the identity of the dihydric alcohol
is known, it is possible to obtain an estimate of the fumarate
(or maleate) content using the uncorrected data obtained for
the styrene and phthalate concentrations. Thus,

STANDARDS AND TEST SAMPLES

Standards. Styrene, 99.75% by freezing point depression
(12), containing 50 p.p.m. of tert-butylcresol.

Phthalate, purified (11), as diethyl ester.
Fumarate, purified (11), as diethyl ester.
Maleate, purified (11), as diethyl ester.
Chloroform, Mallinckrodt, reagent grade, for solvent.
Test Samples. Typical polyester resin formulations of known

composition were prepared by the polyester resins group of these
- laboratories. The exact styrene content was checked by dis

tilling out the styrene from a butoxyethyldiglycol carbonate
solution of the polyester formulation; the styrene content of this
distillate was determined by the one-component ultraviolet spec
trophotometric method of McGovern and coworkers (6).

(1)

(2)

il~~ld. = be. (5.58 en + 1.39 Cp )

il~~d. = be. (8.18 em + 6.85 C p )

U:\TSATURATED polyester formulations, consisting of poly
meric esters of dihydric alcohols and dibasic acids dissolved

n a vinyl monomer such as styrene, may be analyzed rapidly and
,asHy by an ultraviolet spectrophotometric method, without
lrior chemical treatment or separation. Such a method can be
,f value in the checking against established specifications by
'uch consumers as the various government agencies. The suc
:essful application of ultraviolet spectrophotometric methods to
'elated problems, sueh as the determination of phthalic acid in
llkyd resins (9), monomeric styrene in polystyrene (6, 7), and
lolymerized styrene in styrenated fatty acids (,.0, suggested the
Lpplicability of this teehnique to the polyester resin formulations.
Ifere the two major absorbers are usually the phthalate com
)Qnent of the polyester and monomeric styrene, with a minor
,ontribution from the fumarate or maleate component.

linsaturated polyester formulations, consisting of poly
meric esters of dihydric alcohols and dfbasic acids dis
solved in a vinyl monomer such as styrene, may be
analyzed spectrophotometrically without prior chemical
treatIIlent or separation. Phthalate ~,ster and styrene
concentrations are d:t~terminedspectrophotometrically,
and the fumarate and/or lllaleate ester concentration
is calculated froIIlrelations existing among the com
ponents and is used as a correction for the phthalate
and stycrene concentrations. The rnethod can be of
,'alue in the rapid: checking of forIIlulations against
established specifications.

A two-eomponent analysis for styrene and phthalate, with a
~orrection for the absorption of the fumarate and/or maleate
~omponent of the polyester, is indicated because of the very
large differences in the absorptivities of the styrene and phthalate
as compared to those of the fumarate and maleate. The analyti
cal wave lengths selected, and the absorptivities determined
from the "standards," are summarized in Table 1.

where A is the observed absorbance at the subscript wave length,
b is the cell light path length in millimeters, c. is the sample con
centration in grams per 100 ml., ;and Cm and Cp are the fractions
or per cent ·concentrations) of the monomeric styrene and phthal-

Combining these equations,

Cm + Cp(1 + FWg/FWp) + Ct (1 + FWD/FWt )

354
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where ex = 1 + FWg/FWp and 13 = 1 + FWg/FWI . Values for
ex and 13 for propylene glycol (used in this example) and for some
other commonly encountered glycols are given in Table II.

The absorbance contributed by the fumarate (or maleate)
at the analytical wave lengths is calculated from the Beer's law
equation: AI = al X b X c, X Ct, noting that the c, term has the
dimensions of grams per 100 m!. and the CI term is a fraction, or
per cent. These calculated absorbances are subtracted from the
observed absorbances, and the new absorbances used again in
the two-component analysis; these values may then be applied
again for a better estimation of the fumarate concentration.
The alcohol residue concentration is then obtained by difference
from 100%.

(8), and the proper value for ex and 13 may be used from Tab.
II, or calculated. In case a mixture of glycols is encountere(
an estimate may be made using an average value of the tw
glycols. .

The identity of the dibasic acids may be established by th
dibenzylamide infrared spectrometric method described b
Stafford, Francel, and Shay (10). In case a third acid is presen
it is not possible to apply the correction for fumarate/maleat
because the relation among the concentrations of the acids an
glycol used in Equations 4 and 5 no longer is true. Howevel
the fumarate/maleate may be determined by the direct polarc
graphic method described by Hobart (5). This value is the
used to correct the styrene and phthalic concentrations obtaine
spectrophotometrically. Then since

Rearranging,

CI = (1/13) (100 - Cm - exCp ). (7)

and

Cm + Cp + CI + Cother + Cg 100% (~

(~

the concentration of the other acid, Cother, and of the glycol rna.
be calculated.

{J

1.369
1.877
1.246
1. 631

1.256
1.610
1. 171
1.439

Values of ex and 13 for Commonly
Encountered Glycols

Glycol

Propylene
Dipropylene
Ethylene
Diethylene

Table II.

FUMARATE VS. MALEATE CORRECTION

The absorptivities of fumarate and maleate, though low in
comparison to styrene or phthalate, differ appreciably from each
other, with the fumarate being a stronger absorber, as expected
from its trans configuration; this raises a question as to whether
the correction should be made for maleate or for fumarate. Al
though the formulations are generally made up with maleic anhy
dride or acid, Feuer and coworkers (2) have recently stated that
the maleate is changed to fumarate in the course of the reaction.
Calculations were made on the test samples using both fumarate
and maleate absorptivities; the results are shown in Table III.
The fumarate correction is more effective than the maleate in
giving better agreement with the preparational data. The
differences in the corrections are small, however, and any attempt
to proportion the correction in some manner between fumarate
and maleate does not seem worth while.

COMPARISON OF PREI'ARATIONAL AND
SPECTROPHOTOMETRIC DATA

The composition of the test samples from preparational data
and from the ultraviolet spectrophotometric method described
are compared in Table III. The spectrometric data have been
obtained by the following steps:

1. Calculation of styrene and phthalate concentrations by
two-component absorbance-ratio method (3)

2. Estimation of fumarate from data of step 1
3. Calculation of corrected absorbances, and recalculation of

styrene and phthalate concentrations, as in step 1
4. Re-estimation of fumarate from data of step 3
5. Estimation of glycol residue by difference from 100%

APPLICABILITY TO UNKNOWN OR COMPLEX SAMPLES

Table III. Comparison of Preparational and
Spectrophotometric Data

Ultraviolet
Sample No. Maleate corr. Fumarate corr. Preparation

Styrene

I 51.6 50.2 50.0
II 63.3 62.6 63.4

III 43.3 41.5 41.3
IV 34.7 32.3 31.2
V 54.4 53.2 51.6

VI 53.5 53.0 53.0
VII 43.6 43.1 40.8

VIII 71.2 70.0 68.8
IX 82.0 80.5 79.6
X 57.8 56.5 55.2

Phthalate

I 16.3 15.7 15.5
II 16.6 16.2 16.4

III 19.1 18.6 18.5
IV 20.7 20.0 20.9
V 19.8 19.7 21. 7

VI 28.7 28.5 27.6
VII 34.3 33.9 33.9

VIII 18.3 18.0 17.9
IX 9 2 9.0 9.1
X 14.2 13.9 14.1

Fumarate (Estimated)

I 20.1 21. 8 21.6
II 11. 5 12.4 11.4

III 23.6 25.6 25.6
IV 28.4 31. 0 31.0
V 15.0 15.9 15.1

VI 7.6 8.9 9.2
VII 9.6 10.4 II. 8

VIII 4.9 5.4 6.2
IX 5.4 6.0 6.4
X 18.7 19.3 19.5

Glycol (by Difference)

I 12.0 123 12.9
II 8.6 8.8 8.8

III 14.0 14.3 14.6
IV 16.2 16.7 16.9
V 10.8 11.2 11.6

VI 10.2 9.6 10.2
VII 12.5 12.6 13.5

VIII 5.6 6.6 7.1
IX 3.4 45 4.9
X 9.3 10.3 11.2

In application as a control method in manufacturing, the com
position of the polyester is known and the appropriate values of
ex and 13 are used for the glycol present. In the case of unknown
formulations, however, it is necessary to ascertain the qualitative
composition prior to application of this method in either the
form presented or in a suitably modified form.

The identity of the glycol may be established by the infrared
spectrometric method described by Shay, Skilling, and Stafford

Among other possibilities, not commonly encountered a1
present, would be the presence of monomers other than styrenE
as solvents, such as diallyl phthalate or triallyl cyanurate.. ThE
former would interfere directly, being counted as a phthalatE
ester along with the phthalate of the polyester. The lattel
does not absorb appreciably in the ultraviolet above 260 mJL (1:
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nd would act as a transparent solvent. For either of these pos
ible monomer solvents present, recourse to a physical separation
f the polyester from the solvent would be necessary.
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Simultaneous Spectrophotometric
Determination of Calcium and Magnesium
ALLEN YOUNG, THOMAS R. SWEET, and BERTSIL B. BAKERl

McPherson Chemical Laboratory, The Ohio State University, Columbus 10, Ol.io

A reasonably rapid and accurate tcnethod for the deter
lDination of slDan quantities ofcailciulll and lDagnesiulD
in water has been developed. Thi,~ represents the first
silllultaneous spectrophotolDetric deterlllination of cal
cium. and lllagllesiulD and depends on obtaining ab
sorption nleaSU1'elDents at a wave length of 630 lllJ.< and
at a pH of both '!).5 and 11.7. On the basis of 43 known
aqueous lIlixtul'es of calciulD and lDagnesiulD con
taining from 0.:1 to 6.0 p.p.lD. (expressed as parts per
lDillion of calcitnn carbonate) of each of these metal
ions and not 1D0re than a total of 7.8 p.p.m., it was
found that the average absolute error of the calciulll
was 0.12 p.p.lIl. and the average ahsolute error of the
lIlagnesiulIl was 0.09 p.p.lIl.

MANY polyvalent cations are able to change the color of
the organic dye Eriochrome Black T in basic solutions.

This color change has been used frequently for indicating the
~nd points in complexometric titrations.

Schwarzenbach and Biedermann (2) have studied the indicator
lction of the dye with pH changes in the absence of polyvalent
lations. The red color of the dye in basic solutions containing
Jolyvalent cations hall been shown to be the result of complexes
'ormed between the dye and the cation. Schwarzenbach and
Biedermann (2) have investigated the 1. to 1 complexes and
lave given stability constants for them. Harvey, Komarmy,
llld Wyatt (1) poinuld out that magnesium forms a complex
lontaining two dye molecules per magnesium atom. Young
llld· Sweet (3) have shown that, in addition to these complexes,
l. :3 to 1 complex is formed with magnesium and 2 to 1 and 3 to 1
30mplexes exist for calcium.

Harvey" Komarmy, and Wyatt (1) used the red color of the
magnesium complex as the basis of a colorimetric determination
Jf magnesium at a wave length of 520 mJ' and a pH 10.1. They
state '~hat calcium interferes and suggest that it be removed from
the solution by precipitation as calcium sulfate.

The purpose of the present work was to develop a convenient
method whereby small concentrations of both magnesium and

, Present address. South,ern Research Institute, !117 South 20th St., Bir
mingham. Ala.

calcium could be determined spectrophotometrically without the
necessity of making a separation.

Since the absorption curves for dye solutions containing either
calcium or magnesium have the same general shape, with absorp
tion maxima in the range 520 to 560 mJ', it was not practical to
base a simultaneous determination on absorption measurements
taken at the same pH and at two different wave lengths. These
absorption curves are shown in a separate publication (3).

However, there is a difference in the stability of the complexes
of calcium and magnesium. Although the stability of the calcium
complexes is lower, increasing the pH sufficiently causes the degree
of complex formation of both calcium and magnesium to be es
sentially complete. Measurement of a dye blank against a
solution containing calcium and magnesium at a sufficiently high
pH gives a reading which is proportional to the total calcium
and magnesium present. As the pH is decreased, the degr~e of
reaction of both calcium and magnesium decreases, but it de
creases much more rapidly for calcium than for magnesium.
Therefore, it is possible to chOose a lower pH value at which the
degree of reaction of calcium, as compared to that of magnesium,
is quite small. Measurement of a dye blank against a solution
containing calcium and magnesium at this lower pH gives a
reading which is essentially a measure of the amount of mag
nesium present. Measurement at two pH values provides the
basis for the simultaneous determination presented in the
present paper.

EXPERIMENTAL

Reagents. WATER. The water was triple distilled and was
stored in borosilicate glass. Its specific conductance was less
than I micromho.

BUFFER, pH 11.70. Piperidine (78 m!.) was added to about 300
mI. of water. After mixing, 8.5 mI. of concentrated hydrochloric
acid were added. This was diluted to about 500 mI. It was
next adjusted with hydrochloric acid or piperidine so that it gave
pH 11.70 under the same conditions that are used in making the
analytical measurements-that is, 5 mI. of buffer must produce
pH 11.70 in a solution having a total volume of 100 mI., 25 m!.
of which is the alcoholic dye solution that is described below.
All pH measurements were made using a Beckman Model G pH
meter equipped with a micro saturated calomel cell and a Beckman
Type E micro glass electrode. The meter was standardized with
0.05M borax at pH 9.18. Polyethylene bottles were used for the
storage of all buffer solutions.



VOL U M E 27, NO.3, MAR CHI 955 35

A II .7 is the measured absorbance at pH 11.70 and at 630 mJL;
A ... is the measured absorbance at pH 9.5 and at 630 mJL; x is
the concentration of magnesium in the 5o-ml. sample in p.p.m.
(expressed as calcium carbonate); and y is the concentration of
calcium in the 50-m!. sample in p.p.m. (expressed as calcium
carbonate). The experimental values of A II •7 and Au were
substituted in these two simultaneous equations and solved for
x and y. This has been done for 43 known mixtures of calcium

(1

(2

A II .7 = 0.152x + 0.127y - 0.026

Au = 0.120x + 0.0133y - 0.024

0.710 ~a--:t.;:--.l.---+'::--I--,=---'-----;:;'~-'---;±::.-.L...-±""'"o 40 60 80 100 120
MINUTES AFTER MIXING

(cl
Figure 2. Thne study

Concentration, 3.0 p.p.ill.; 630 m/,
a. Calcium at pH 11.7
b. Magnesium at pH 11.7
c. Calcium and magnesium at pH 11.7

w 0
<..)

Z
<l
lXl O.a:
o·
<fl

!11
Q320

0

w

~l ::,<..)

z •~

~ :. :a:
0
<fl : 0
lXl
<l I IQ400

0 20 40 60 80 100 120
MINUTES AFTER MIXING

(bl

w 0.750
<..)
z
~:5 0.730
<fl
lXl
<l

served as a vent, was placed on a reciprocal motor-driven ShakE
for 0.5 hour. The stock dye solution was stored in the dark unt
it was used.

Procedure. Add 50 ml. of the solution to be analyzed to a 10C
m!' volumetric flask. Add 25 m!. of the dye solution, followed b
5 m!' of the pH 11.70 buffer. Dilute to the mark with watel
After mixing, store in the dark for 60 minutes. Measure th
absorbance at 630 mJL with a Beckman Model DU spectrophotorr
eter equipped with I-em. Corex cells. Adjust the slit width s
that the sensitivity knob is kept at or near the counterclockwis
limit. As the blank absorbs more light at this wave length tha
the sample, balance the instrument with the sample in the ligh
path; then place the blank in the light path and determine it
absorbance. The blank must be prepared in exactly the sam
way and at the same time as the sample.

Repeat the procedure using 10 m!' of the pH 9.52 bufferin plac
of the pH 11.70 buffer.

Calculations. Using the described procedure prepare standar,
concentration curves, such as those shown in Figure 1, for cal
cium at pH 11.70, calcium at pH 9.52, magnesium at pH 11.7C
and magnesium at pH 9.52.

From the four concentration curves shown in Figure 1, Equa
tions 1 and 2 were obtained. These equati·ons are based on th
best straight lines drawn through each of the curves.

0.10

0.60

Concentration, 0 to 6 p.p.m., expressed as calcium carbonate
1. Calcium at pH 9.5 and 630 m/,
2. Magnesium at pH 9.5 and 630 m/,
3. Calcium at pH 11.7 and 630 m/,
4. Magnesium at pH 11.7 and 630 m/,

0.30

0.00 1oU:=:::::r._-~-~:---~-~:-----::-o 2 3 4

CONCENTRATION, RP.M.
Figure 1. Concentration curves

CALCIUM SOLUTION, 6 P.P.M. Sixty milliliters of the 100
p.p.m. calcium solution were diluted to 1000 m!. with water.

MAGNESIUM SOLUTION, 100 P.P.M. The solution was prepared
by treating 0.0913 gram of 3 MgC03·Mg(OH),·3H,O in the same
way as the calcium carbonate in the preparation of the 100-p.p.m.
calcium solution. The resulting solution has a concentration of
100 p.p.m. expressed as calcium carbonate, 24.32 p.p.m. expressed
as magnesium, or 1 X 1O-311'£.

MAGNESIUM SOLUTION, 6 P.P.M. Sixty milliliters of the 100
p.p.m. magnesium solution were 'diluted to 1000 m!. with water.

KNOWN SAMPLES OF CALCIUM AND MAGNESIUM. These were
prepared by appropriately diluting the calcium and magnesium
solutions.

DYE SOLU'fION. One hundred milligrams of Eriochrome BlackT
(W. H. and L. D. Betz) were transferred to a 250-m!. volumetric
flask, using small portions of water, all totaling about 15 m!'
One milliliter of pH 11.70 buffer was included in the last portion.
The solution was brought up to the 25O-m!. mark with 95% grain
alcoho!. After brief manual shaking, the solution was transferred
to a 500-m!. Florence flask. This flask, which was stoppered
with a rubber stopper containing a constricted glass tube that

Q70

0.80

w·
u 0.50
z
<l:
m
0:

~ 0.40
m
<l:

0.90

BUFFER, pH 9.52. A 8.5-m!. volume of concentrated hydro
chloric acid was added to about 300 m!' of water. Concentrated
(24 m!.) was added and the total volume was brought up to 500
ml. This buffer also requires adjustment to produce pH 9.52
under the conditions of the determination and is adjusted with
ammonium hydroxide or hydrochloric acid in a manner similar
to that described for the pH 11.70 buffer. However, 10 m!' of
the pH 9.52 buffer are used per 100-ml. tota!. .

CALCIUM SOLUTION, 100.P.P.M. Calcium carbonate (0.1000
gram) was dissolved in 0.3 m!' of concentrated hydrochloric acid.
This was quantitatively transferred to a 1000-ml. volumetric flask
and diluted to the mark. The concentration of this solution is
100 p.p.m., expressed as calcium carbonate, 40 p.p.m. expressed
as calcium, or 1 X 1O-3M. This solution and all other metal
ion solutions were stored in borosilicate glass containers.

0.20
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and magnesium and the results
are shown in columns 4 and 6 Table I. Analytical Results
of Table L Known Mixture Experimentally Determined Results Errors

Equations 3 and 4 were de- Ca. Mg, Calcium Magnesium Calcium Magnesium
p.p.m. p.p.m. Linear Nonlinear Linear Nonlinear Linear Nonlinear Linear Nonlinear

veloped in order to make allow- Run (as (as eqs., eqs., eqs., eqs., eqs.,. eqs., eqs., eqs.,

ance for the .slight deviations No. Ca(~03) CaC03) p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.
1 0.6 0.6 0.6 0:6 0.7 0.6 0.0 0.0 0.1 0.0

from linearity in several of the 2 0.6 0.6 0.3 0.3 1.0 0.9 0.3 0.3 0.4 0.3

standard the 3 0.6 0.6 0.4 0.4 1.0 0.9 0.2 0.2 0.4 0.3curves near 4 (1.6 1.2 0.5 0.5 1.4 1.3 0.1 0.1 0.2 0.1
upper or lower ends of the eon- 5 (1.6 1.2 0.6 0.6 1.3 1.3 0.0 0.0 0.1 0.1

6 0.6 1.8 0.5 0.5 2.0 2.0 0.1 0.1 0.2 0.2
centration range. 7 0.3 2.4 0.4 0.3 2.3 2.4 0.1 0.0 0.1 0.0

8 0.6 3.0 0.8 0.8 3.0 3.0 0.2 0.2 0.0 0.0
9 0.6 3.0 0.6 0.6 3.0 3.0 0.0 0.0 0.0 0.0

A ll •7 = 0.152x + 0.1267y 10 0.6 3.0 0.5 0.4 3.1 3.1 0.1 0.2 0.1 0.1
0.026 + 0.0216(1.2 - ~;) 11 0.6 3.0 0.8 0.8 2.8 2.8 0.2 0.2 0.2 0.2

- O.OlO(y - 4) (3) 12 0.6 4.8 0.5 0.6 4.8 4.8 0.1 0.0 0.0 0.0
13 0.6 6.0 1.0 0.8 5.7 5.8 0.4 02 0.3 0.2
14 0.6 6.0 1.2 1.0 5.3 5.5 0.6 0.4 0.7 0.5

The fourth term is used when
15 0.6 6.0 1.3 0.8 5.5 5.8 0.7 0.2 0.5 0.2
16 1.2 0.6 1.2 1.2 0.7 0.6 0.0 0.0 0.1 0.0

x< 1.2 and the fifth term is 17 1.2 1.2 1.2 1.2 1.3 1.2 0.0 0.0 0.1 0.0
18 1.2 2.4 1.4 1.4 2.3 2.3 0.2 0.2 0.1 0.1

used when y > 4.0. 19 1.2 2.4 1.4 .1.4 2.4 2.4 0.2 0.2 0.0 0.0
20 1.2 3.0 1.2 1.2 3.0 3.0 0.0 0.0 0.0 0.0
21 1.2 6.0 1.5 1.0 5.6 6.1 0.5 0.2 0.4 0.1

A g•• = (0.091)8 + 0.0047:3x)x 22 1.2 6.0 1.8 1.6 5.4 5.6 0.6 0.4 0.6 0.4

~ 0.0133y - 0.025(x - 4)2 23 1.2 6.0 1.6 1.1 5.0 6.0 0.5 0.1 0.5 0.0
24 1.8 0.6 1.9 1.9 0.6 0.5 0.1 0.1 0.0 0.1

(4) 25 1.8 0.6 1.8 1.8 0.7 0.6 0.0 0.0 0.1 0.0
26 1.8 6.0 2.3 1.8 5.5 5.9 0.5 0.0 0.5 0.1
27 2.4 0.6 2.5 2.6 0.6 0.5 0.1 0.2 0.0 0.1

The third term in Equation 28 2.4 0.6 2.4 2.4 0.7 0.6 0.0 0.0 0.1 0.0

4 is used when x > 4.0. After
29 2.4 2.4 2.4 2.4 2.4 2.4 0.0 0.0 0.0 0.0
30 3.0 0.3 3.1 3.1 0.4 0.3 0.1 0.1 0.1 0.0

wiving for x and y by Bqua- 31 3.0 0.6 2.9 2.9 0.,8 0.6 0.1 0.1 0.2 0.0
32 3.0 0.6 3.0 3.1 0.7 0.6 0.0 0.1 0.1 0.0

tions 1 and 2, the indicated 33 3.0 0.9 3.1 3.2 1.0 0.9 0.1 0.2 0.1 0.0

of Equations 3 and 4
34 3.0 1.2 3.0 3.1 1.2 1.2 0.0 0.1 0.0 0.0

terms 35 3.0 2.4 3.2 3.2 2.2 2.2 0.2 0.2 0.2 0.2
may be used in order w im- 36 3.0 2.4 3.1 3.1 2.2 2.2 0.1 0.1 0.2 0.2

37 3.0 2.4 3.1 3.1 2.3 2.3 0.1 0.1 0.1 0.1
prove the results. This has 38 3.0 3.0 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0

39 3.0 3.0 2.9 2.9 3.1 3.1 0.1 0.1 0.1 0.1
been done for all of the mix- 40 4.8 0.6 4.9 4.9 0.6 0.5 0.1 0.1 0.0 0.1
tures of Table I and the re- 41 6.0 0.6 5.9 6.0 0.7 0.6 0.1 0.0 0.1 0.0

42 6.0 1.8 5.8 5.9 1.7 1.7 0.2 0.1 0.1 0.1
suits are shown in columns 5 43 6.0 1.8 5.6 5.8 1.9 1.9 0.4 0.2 0.1 0.1

and 7 of Table I.

DISCUSSION

Alcohol is used in the preparation of the dye solutions, because
it yields a solution that is more homogeneous and is easier to han
dle. Pure water solutions of the dye foam during the process
of shaking and during pipetting operatioml, whereas solutions
containing sufficient alcohol do not. In addition, the use of
alcohol results in final solutions that ChaIl!~e less rapidly with
time.

The rather high absorption coefficient of the dye limits the
total concentration of the dye and hence of both calcium and
magnesium. The total final concentration of dye that was used
was 0.01 gram per 100 ml. or 21.65 X 10-5111[. If the formation
of 3 to 1 complexes were complete, thislyould limit the total
metal ion concentration to 7.22 X lO-'M, which corresponds to
a .5o-ml. sample which is 14.44 p.p.m. (expressed as parts per
million of calcium carbonate). For a simultaneous determina
tion, 11 parts per million of calcium in a mixture of y parts per
million of calcium and x parts per million of magnesium must
produce the same change in absorbance as y parts per million of
calcium does in the absence of magnesium. This requires an
excess of dye above 3 to 1 and hence reduees the maximum total
metal coneentration to much less than 14.44, p.p.m. In addition,
the high absorption of the dye necessitates the use of a dye blank.

There were two possible choices with regard to the wave length
of the measurements. The first was to measure the absorbance
in the region of 520 to 560 mJ.l, where the complexes have their
maxima. This region was used in some of the preliminary ex
periments. However. the results were somewhat erratic. This
can be explained in the following way. Although 520 to 560 mJ.l
is the region of the maxima for the complexes, it is also a region
in which the absorption curve of the dye is steep, thus making
the wave-length setting very eritical. The second region that
was considered was between 630 and 650 mJ.l, the region of the
dye's maximum. Here the absorption of the complexes is low

and fairly level. Thus the wave-length setting is not so critical.
In this region, measurement of a dye blank against the sample
solution gives a reading which is primarily due to the disappear
ance of the dye as a result of eomplex formation. The exact
wave length used was 630 mJ.l. A wave length of 640 mJ.l might
have been a somewhat better choiee.

One of the pH values used in the analysis should be high, so
that both the ealcium and the magnesium will react as completely
as possible with the dye. However, several difficulties arise
which plaee an upper limit on the pH that can be used. Solutions
having high pH values are hard on glassware, especially absorp
tion cells. Second, a satisfactory buffer system must be used.
Sodium hydroxide and potassium hydroxide are not pure enough.
Neither these substanees nor any amine hydrochloride were found
satisfactory. In so far as eould be determined, piperidine
reacts with neither calcium nor magnesium and eould be obtained
free from heavy metal impurities. The p~ for piperidine is
about 11.2. In order to remain safely within the limit of this
buffer system's usefulness, a pH of 11.70 was selected. This
exact value is arbitrary, although once selected, it is important
to maintain it consistently.

Beeause it was felt desirable to use the same buffer system at
the lower pH measurement, a pH of 10.25 was first selected.
At this pH the concentration curve for magnesium was lowered
only slightly as compared with pH 11.70. The calcium curve,
on the other hand, was eonsider.ably lower. However, when the
absorbanees of mixtures were determined at pH 10.25, they were
found to be less than the sums predicted from the individual
calcium and magnesium concentration curves.

The final choice was pH 9.52. Here the calcium concentration
eurve is much lower and the magnesium curve is still not less
than 75% of its value at pH 11.70. At this pH the absorbance
of a mixture of calcium and magnesium is equal to the sum of the
individual components. The exact value of 9.52 is not eritieal,
providing that once decided upon it is maintained eonstant.



VOL U M E 2 7, NO.3, MAR CHI 955 359

LITERATURE CITED

Table II; Effect of Sodimn and Potassium.a

RECEIVED for review June 15, 1954. Accepted October 4, 1954. Taken in
part from a thesis presented to the Graduate School of The Ohio State Uni
versity by Allen Young in partial fulfillment of the requirements for the
degree of master of science, June 1954.

(1) Harvey, A. E., Jr., .Komarmy, J. M., and Wyatt, G. M., ANAL.
CHEM., 25, 498 (1953).

(2) Schwarzenbach, G., and Biedermann; W., Helv. Chim. Acta, 31,
678 (1948).

(3) Young, A., and Sweet, T. R., ANAL. CHEM., 27,418 (1955).

Mg. Found,
P.P.M.

3.1
·3.2
3.2
3.3
3.3
3.1

Ca Found,
P.P.M.

2.8
3.J
2.8
3.0
3.3
4.1

Conen.,
P.P.M.

10 Na +
100 N. +

1 K+
10 K+
50 K+

100 K+

a Sodium and potassium added as chloride salts.

. equations for the simultaneous determination (Figure 1) are
extended, they show a pronounced tendency to level off with
increasing metal ion concentration. Although it would not be
advisable to extend the simultaneous determinations much above
6 p.p.m., standard concentration curves may be used, preferably
at pH 11.70, for the determination of solutions known to contain
only calcium or magnesium in the range 0.3 to 15 p.p.m.

Figure :2 illustrates the effect of time on the absorbance meas
urements. As indicated in these curves, the best time for taking
readings is 60 to 80 minutes after the solutions are mixed. An
other time factor is the age of the stock dye solution. All an
alytical measurements were made using stock dye solutions 3 to 5
hours old. Use of stock dye solutions on days' subsequent to
that on which they were prepared led to lower absorbance values.

For the 43 known mixtures that were tested by the present
method, the average absolute error of calcium was 0.17 p.p.m.
using the linear equations and 0.12 p.p.m. using the nonlinear
equations. The average absolute error of magnesium was 0.17
p.p.m. with the linear equations and 0.09 p.p.m. with the non
linear equations.

Several determinations were made in order to investigate pos
sible interference of iron and copper. A sample known to
contain 3.0 p.p.m. of calcium, 3.0 p.p.m. of magnesium, and 1.0
p.p.m. of copper was found to contain 2.7 p.p.m. of calcium and
3.9 p.p.m. of magnesium. A sample containing 3.0 p.p.m. of
calcium, 3.0 p.p.m. of magnesium, and 1p.p.m. of iron was found
to contain 2.9 p.p.m. of calcium and 3.9 p.p.m. of magnesium.
This interference is to be expected, not only with iron and cop
per, but al~o with other polyvalent cations.

Possible interference of sodium and potassium was investi
gated by analyzing solutions containing varying known concentra
tions of sodium and potassium in addition to 3.0 p.p.m. of cal
cium and 3.0 p.p.m. of magnesium. The results are summarized
in Table II.

If the concentration curves that were used in developing the

Polarographic Behavior of Some Alkyl Phthalate Esters
GERALD C. WHITNACK, JOAN REINHART, and E. Sr. CLAIR GANTZ
U. S. Naval Ordnance Test Station, Inyokern, China Lake, CaliF.

The general behavior of the m.ethy1, ethyl, butyl, and
octyl esters of o-phthalic acid were investigated at the
dropping lDercury electrode. In ethanolic solutions,
containing quaternary am.m.onium. salts as supporting
electrolytes, two well-defined diffusion currents were
produced. The reduction process was found to be dif
fusion-controlled and irreversible for each wave. The
effect of pH on the diffusion currents and half-wave
potentials of dilDethyl phthalate was studied in 75%
ethyl alcohol solution buffered over the range of 2 to
12 with Britton and Robinson buffers. Diffusion coeffi
cients were experirrwntally determ.ined and used to
calculate the value of n for the first and second waves.
Four electrons are involved in the first reduction and
two in the second. Phthalide was established as the
interm.ediate reduction' product. OptilDulD analytical
results are secured by lDeasurem.ent of the first wave
(n = 4). Neutral and alkaline solutions offer the best
conditions for lDeasurelDent oftWs wave, and the diffu
sion currents in these m.edia are a linear function of the
concentration of phthalate ester.

SEVERAL esters of a-phthalic acid have been investigated
at the dropping mercury electrode (10, 11). Two well

defined current-voltage curves have been reported in nonbuffered
media. The first wave was chosen for a quantitative study
because of the lower reduction potential and the ease of measure
ment. The authors used this wave for the determination of
several phthalate esters in plastics (11). As no data have been
reported on such fundamental kno,wledge as diffusion coefficients,'

mechanisms of reduction, and the effect of pH on diffusion cur
rents (id ) and half-wave potentials (Ell,) of alkyl phthalate
esters, this paper presents and discusses such data.

APPARATUS AND MATERIALS

Apparatus. A Sargent Model XXI recording polarograph and
a Fisher Elecdropode were used in all studies. Half-wave po
tentials V8. the saturated calomel electrode (S.C.E.) were deter
mined with the Elecdropode en.

The solutions used in these studies had cell resistances of less
than 500 ohms, as determined with a "Vheatstone bridge, s6 the
iR drop correction was negligible in computing Ell, values (5).
Apparent pH values of the solutions were obtained with a Beck
man Model G pH meter.

The capillary used had the following characteristics: At a
pressure of 92.7 cm. of mercury, the drop time, t, on open circuit
in 0.5.M tetramethylammonium chloride solution (75% ethyl
alcohol), was 4.90 seconds per drop, the weight, m, of mercur~'

falling per second was 1.36 mg. and m 2l3Pl6 (3) was therefore
1.60.

Small borosilicate glass beakers (30-ml.) were used as polaro
graphic cells. A rubber stopper to which were attached the
dropping mercury electrode, contact electrode, and a glass tube
with a fritted disk, was placed over the top of the small beakers.
The current-voltage curves were obtained in a constant tem
perature bath at 30 0 ± 0.2 0 C.

Dissolved oxygen was removed from all solutions with pure
nitrogen just prior to the polarographic examination. The
nitrogen was passed through a portion of the solution being
examined polarographically and finally through the solution in
the polarographic cell.

Materials. Tetramethylammonium chloride (Matheson Co.,
practical grade) was used liS the supporting electrolyte for polaro
graphic and diffusion coefficient studies, and for the large scale
electrolyses.

Britton and Robinson buffers (1) were used in studies on the



360 ANALYTICAL CHEMISTRY

Table II. Alkyl Phthalate Esters in Buffered Solutiona

a 75% ethyl alcohol, 0.5M tetramethylammonium chloride, 0.001 % gela
tin.

a Apparent pH = 10.7. 60% ethyl alcohol. 0.5M tetramethylammonium
cWoride, O.lM buffer, 0.001 % gelatin.

4.75 2.80
4.46 2.47
4.01 2.15
3.26 1.82
3.65

1st wave 2nd wave

4.33 2.83
4.03 2.80
3.60 2.40
2.98 2.41

1st wave 2nd wa,"'e

-2.12
-2.12
-2.09
-2.09

-2.10
-2.10
-2.09
-2.10

-1 73
-1. 75
-1. 78
-1.82

-1. 77
-1.80
-1.82
-1.84
-2.05

E ,/ .V8. S.C.E., Volts
1st wave 2nd wave

E'l' vs. S.C.E., Volts
1st wa ve 2nd wave

Concen
tration,

mM
6.70
5.30
4.13
2.70

Concen
tration,

mllf

3.37
2.48
2.01
1.34
1. 67

Phthalate Ester

Dimethyl phthalate
Diethyl phthalate
Dibutyl phthalate
Dioct.yl phthalate

Phthalate Ester

Dimethyl phthalate
Diethyl phthalate
Dibutyl phthalate
Dioctyl phthalate
Phthalide

Table I. Half-Wave Potentials and Diffusion-Current
Constants for SOrrle Alkyl Phthalate Esters and Phthalidea

effect of pH on E I12 and 1:(/ values. The buffer was added to 95%
ethyl alcohol containing varying amounts of the phthalate esters,
so that the final solution was O.lM in buffer. The 95% ethyl
alcohol was obtained from General Chemieal Co., New York,
N. Y., and was noHurtherpurified.

Both gelatin and methyl red to.OOl %) were used as maxima
suppressors in these studies, although gelatin appeared to be the
better.

The alkyl phthalate esters used in this work were as follows:
Dimethyl phthalate, Eastman Kodak Co., n'b° = 1.5148 and

boiling point = 282° C.
Diethyl phthalate, Eastman Kddak Co., n'b° = 1.5006 and

boiling point = 295 0 C.
Dibutyl phthalate, Fisher Scientific Co., n'b° = 1.4933.
Dioctyl phthalate, Ohio Apex Co., n'b° = 1.4871.
The esters were purified further by distillation before using.
The phthalide used in these studies was prepared according

to directions given in "Organic Syntheses" (2). The melting
point of the final product was 73-74 0 c.. Phthalaldehyde was
prepared by the method of Shirley (8). Potassium cWoride,
C.P. grade, was used in standardizing the cells for diffusion co
efficient measurements.

Redistilled mercury, C.P. grade, was used as the anode in all
work.

EXPERIMENTAL

work. The lower reduction potential for this wave will produce
less interference in the drop time of the capillary and give more
reproducible results.

Two well-defined diffusion currents were also obtained with
each ester in a buffered system that was O.lM buffer, 0.5M
tetramethylammonium chloride, and 60% ethyl alcohol. The
apparent pH of this solution was 10.7. Half-wave potentials
and diffusion-current constants for each wave are given in Table
II. The half-wave potentials are slightly lower in the buffered
system. The E I 12 values for the first wave for dimethyl phthal
ate, as shown in Tables II and III, agree very well, although
the concentrations of the ester and the ethyl alcohol content of
the solutions were very different. The diffusion-current con
stants for the first waves of the esters are slightly lower in the
buffered solutions (Tables I and II). Since the pH at the elec
trode surface changes in an unbuffered solution, the waves are
generally drawn out in these media and may give higher diffusion
current constants. In this work, the EI12 values did not seem
to be dependent upon pH (Table III) and interpretation of the
data in unbuffered media seems justified.

Phthalate at

Remarks

id/em'lit ' /·
1st 2nd

wave wave
1st 2nd

wave wave

-'1'.72
Waves poorly defined

2.15 Fairly well defined wave
-1. 72 -2.04 2.59 4.74 First wave well defined

Second wave ill defined
-1. 71 -2.03 4.53 3.84 First wave ill defined at end

Second wave well defined
-1. 72 -2.04 4.59 3.37 Both waves well defined
-1. 72 -2.04 4.65 3.43 Both waves well defined

Apparent
pH

6.0
6.5
7.2

9.0

10.3
11.6

Table III. O.86rnM Solution of Dirrlethyl
Different pH Values·

E'l' V8. S.C.E.,
Volts

Diffusion Coefficient Measurements. The diffusion co
efficients were determined by a procedure adapted from that
employed by Stokes (9). In this method, porous diaphragm
cells were used, which embodied a magnetic stirring mechanism.
The cells were calibrated by the usual method of allowing O.lM
potassium cWoride t,o diffuse into water at 25 0 C. until 25%
had passed through the diaphragm. The diffusion constant
of potassium chloride for these conditions :lS known to be 1.867 X
'10-:; sq. em. per second (9).

Large Scale Electrolysis Studies. These studies consisted of
preparation of the desired intermediate under carefully con
trolled conditions at the cathode and separation and identifica
tion of the products of electrolysis.

PREPARATIO:-J OF DESIRED INTERMEDIATE. Optimum condi
tions were previously determined pola.rographically and the
following were used in these studies:

Cathode potential vs. S.C.E. = -1.90 volts (this voltage was
on the plateau between the two waves obtained polarographi
cally). The potenti.al was controlled wi.thin ± 20 mv. during the
experiment with a Potentiostat, similar in circuit to that of Lin
gane and Jopes (6).

Supporting electrolyte, 75% ethyl alcohol, 0.5M in tetrameth
ylammonium chloride. This solution had an "apparent" pH
of 6.5 at the start of the experiment but was around 11 at the end.

Concentration of phthalate ester, about 5 grams in 500 m!.
of solw;ion. The experiments were conducted at room temper
ature (about 25 0 C.) in a divided cell at a mercury cathode.

ISOLATION OF ELECTROLYTIC REDUCTION PRODUCTS. After
most of the alcohol had been removed by distillation, the catho
lyte was acidified with hydrochloric acid and extracted with ether.
Evaporation of the ether extract yielded about 1.5 grams of solid'
material, which was treated with Darco and recrystallized from
water (melting point, 73-74 0 C.). This product was shown to be
phthalide from an x-ray powder pattern and a mixed melting
point with an authentic sample.

Evaporation of the mother liquor from the phthalide crystalliza
tion yielded another product which was treated with Darco and
recrystallized from water (melting point, 197-201 0 C.). This
product was shown to be phthalic acid from an x-ray powder pat
tern and a mixed melting point with an authentic sample.

UESULTS AND DISCUSSION

Polarographic: Studies. Dimethyl, diethyl, dibutyl, and
dioctyl phthalate were investigated in an alcohol-water system
at the dropping mercury electrode. Two well-defined diffusion
currents were obtained with each ester in a nonbuffered system
that was 75% ethyl alcohol and 0.5M in tetramethylammonium
chloride. The "apparent pH" of these solutions was 6.5. Half
wave potentials and diffusion-current constants for each wave
are given in Table I. The half-wave potentials do not appear
to vary a great deal between esters; however, the diffusion
current constants vary significantly. The diffusion currents are
directly proportional to the carboxyl content of the molecule.
The first wave is better defined and is recommended for analytical

a 75% ethyl alcohol, 0.5Af tetramethylammonium chloride, O.lM buffer.
0.001 % methyl red.

The effect of a buffered solution on E I 12 and i d values of di
met,hyl phthalate is shown in Table III. The half-wave poten
tials remain the same as the pH increases, while the diffusion
current constant for the first wave increases steadily with an
increase in pH. Data obtained in the more acidic solutions'
(apparent pH values of 3:8 and 4.9) indicated no diffusion cur
rent arising from a phthalate ester; only hydrogen ion waves
appeared in this pH range. Neutral and alkaline solutions (pH

.values above 6.0) gave well-defined diffusion currents for di-
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methyl phthalate. Since alkaline solutions may tend to saponify
the esters, an unbuffered salt solution may be just as effective
for recording waves in alkaline solution without this danger.
At the start of the reduction the solution around the drop be
comes strongly alkaline because of the removal of hydrogen
ions from the solution immediately surrounding the drop.

In order to test the electrode process for diffusion control, the
height of the mercury column (h) was changed and the effect
on id with this change was studied (Table IV). From the data it
appears that the diffusion current (id ) is dependent upon the
height of the mercury column (id varies as h-I/ .) and thus the
reduction is diffusion controlled. Since Em appears to depend
upon concentration (Table V) and plots of log i/(id ~ i) do not
give a linear relationship, the process at the cathode apparently
is "irreversible." This is usual for most organic reductions at
the dropping mercury electrode.

Table VI. Diffusion Coefficients and n Values for Some
Phthalate Esters, Phthalide, and PhthalaldehydeO

D X 10', Sq. n b, n b,
Compound Cm. Sec. -, 1st Wave 2nd Wave

Diethyl phthalate 0.394 3.90 1. 97
Dioctyl phthalate 0.238 3.76 2 04
Phthalide 0.526 2.37
Phthalaldehyde O. 169 1. 83

° 75% ethyl alcohol, O.IM tetramethylammonium chloride, 0.001%
gelatin.

b Calculated from measured D values and Ilkovic equation.

values of n were calculated from the average of three experimental
values of D.

Diffusion coefficients may be calculated from the Stokes
Einstein equation:

Table IV. 2.48mM Solution of Diethyl Phthalate in 75%
Ethyl Alcohol" where'l

Vm

2.96 X 10-7 0
DSE = 'l(Vm)1/3 sq. cm. per second at 25 C.

solution viscosity in dyne seconds per sq. em. and
molar volume, molecular weight/density

a 75% ethyl alcohol, 0.5M tetramethylammonium chloride, 0.001%
gelatin.

(2)

+ 2 EtOH + 40H- (1)

o
,f'

C-H

4H.O + 4e 0
1

/.

EtOH .. ~ "
C-H
'\,

o

+

+
4H.O+4e

EtOH •

As the reduction appeared to take place in two well-separated
steps involving four and two electrons, respectively, the nature
of the reduction products might be determined and these data
would help in verifying the electrode reaction. A considerable

However, viscosity and density data must be accurately de
termined for the solution and compound, respectively, and the
molecule in question must be large (7). The authors compared
values of n for some nitrate esters as determined from D values
calculated with the Stokes-Einstein equation and D values de
termined· experimentally by the magnetic stirring method re
ported herein (12). The data indicated that considerably more
reliable results could be obtained for the number of electrons, n,
involved in the reduction of organic molecules at the dropping
mercury electrode with experimentally determined values for
the diffusion coefficient (D). The values of n for the alkyl
phthalates reported in Table VI are definitely 4 for the first wave
and 2 for the second wave, while n values for phthalide and phthal
aldehyde are 2.

Mechanism of Reduction. From the polarographic data
and the number of electrons involved in the reduction of 'one
molecule (as calculated from Ilkovic equation with experimentally
determined values of D), the reduction of .diethyl phthalate at
the dropping mercury electrode appears to take place in two
steps. The first step requires four electrons and the second step
two electrons. The most likely intermediate products involving
a four-electron change were thought to be phthalaldehyde (Equa
tion 1) or phthalide (Equation 2).

o
,f'

C-OEt

ex
C-OEt
'\,

o
o

,f'
C-OEt

0/
~I"

C-OEt
'\,

o

1.05
1.08
1.07
1.08

-2.07
-2.08
-2.10
-2.15

1. 87
1. 95
1.88
1.88

1st wave 2nd wave

Ell 2 vs. S.C.E.,
Volts

-1.75
-1. 76
-1. 77
-1.80

1st wave 2nd wave

10.1
9.0
8.2
7.3

3.54
7.88

15.10
30.60

ia, p.a.

18.0
16.2
14.4
12.7

1st wave 2nd wave

5.16
12.65
25.60
51.52

1st wave 2nd wave

Effect of Concentration on El/2 Values of
Dimethyl Phthalate"

V.
1 CI + VI C.

D = K- log C C
• 1 - 2

Concentration, mM

0.674
1.685
3.370
6.600

Table V.

" 0.5M tetramethylammonium chloride with 0.001 % gelatin.

Mercury Column (r.), Cm.

92.7
69.2
58.4
45.7

Diffusion Coefficient Measurements. The porous diaphragm
cell method with magnetic stirring was selected for this work be
cause of simplicity and accuracy. The use of magnetic .stirring
simultaneously limits the diffusion path to the interior of the
diaphragm and stirs the compartment of the cell. Identical
conditions of diffusion path length and homogeneity of the bulk
solutions are assured even if the solutions differ from the cali
brating solution in solvent and viscosity, as was
the case in these measurements. The concentra-
tion of the solutions in the compartments at the
conclusion of a diffusion experiment were determined
polarographically and the diffusion coefficient, D,
was calculated using the equation

where K is the cell constant determined by potas
sium chloride calibration, t is the diffusion time, VI
and V. are the compartment volumes, and CI and C.
are the final concentrations in the two compartments.
Table VI presents experimentally determined
diffusion-coefficient data and n values as calculated
from the Ilkovic equation (n = id/607DI/'Cm·/3t1I6)
for diethyl phthalate, dioctyl phthalate, phthalide,
and phthalaldehyde i.n 75% ethyl alcohol solution
that was O.IM in tetramethylammonium chlo-
ride, In calculating C1 and C., the compounds were allowed to
diffuse for 200 to 300 hours so that greater precision could be
obtained by measuring large diffusion currents polarographically.
Well-defined waves were obtained in all experiments. The
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However, under the conditions of the large scale electrolysis
experiments, the product is not stable and. only a· resinous ma
terial was recovered from the catholyte.
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increment in voltage (Table I) occurred between the first and
6econd waves of diethyl phthalate. This increment was' enough
to allow a large scale controlled electrolysis of a solution of di
et,hyl phthalate to be made.

In addition, samples of phthalide and phthalaldehyde were
examined polarographically. Phthalaldehyde produced two
polarographic waves !Lt more positive potentials than diethyl
phthalate. The half-wave potential of the first wave VS. a
mercury pool was -1.15 volts, while the second wave vs. a
mercury pool was -1.fi7 volts. The first wave disappeared on
st::mding. The second wave appeared to overlap slightly with
the first wave for diethyl phthalate (Table I). Phthalaldehyde
was therefore not considered to be the intermediate product in
the reduction process. Phthalide produced one well-defined
wave with a half-wave potential nearly the same as that for the
second wave of diethyl phthalate (Table I). Thus, if phthalide
were the intermediate product in the electrode reaction, the addi
tion of phthalide to a solution of diethyl phthalate should in
crease only the second wave. Additions of phthalide to a Imlv!
solution of diethyl phthalate did increase only the second wave.

Three large scale electrolysis experiments failed to produce
phthalaldehyde as a reduction product. In each case phthalide
was il'olated in good yields.

o-Toluic. acid was at first thought to be the end product in the
reaction. However, no o-toluic acid was isolated from the reac
tion mixture upon reducing phthalide at a mercury cathode.
In this case the cathode potential was raised to -2.20 volts
vs. S.C.E. This potential was well on the limiting value of the
diffusion eurrent for phthalide as determined polarographically.
The product isolated in the reduction of phthalide appeared to
hnve the properties of an aldehyde as shown by infrared spectrum
and chemical tests. It was noncrystallillll as determined from
an x-ray diffraction pattern of a powdered sample.

On the basis of these experimental data the intermediate prod
uct in the polarographic reduction of diethyl phthalate is phthal
ide (Equation 2).

The end product in the electrode prOCE:SS is so far unknown.
From these experiments it seems likely that the second step in
the polarographic reduction is the following:'

Polarography of Humic Acid-Like Oxidation
Products of Bituminous ·Coal
A. F. CODY, S. R. MILUKEN, and C. R. KINNEY

The Pennsylvanfa State Un;l~ers;ty, State College, Pa.

A study of the polarographic behavior of humic acids
was undertaken because of the sensitivity of polarog
raphy to changes in conditions imposed during elec
trolysis. It was assum.ed that if the hum.ic acids have
abnorlIlal properties, indications of such abnorm.alities
might be observed at the dropping m.ercury electrode.
Under suitable conditions three well-defined reduction
waves were ohserved. The waves were long and drawn
out but otherwise appeared to be norlUal and were
affected by drop tilUe, telUperature, buffer, carrier ions,
pH, and concentration in a typical lUanner. The fi~st

wave was lUOSt persistent of the three and was believed
to be due to the reduction of nitl'O groups. The second
wave was best developed in alcoholic solutions of 30 to
40% alcohol. The third wave was best developed in
aqueous solutions containing a salt such as potassiulU
cWoride. Thf, structures responsible for the second
and third waves have not been identified. The potaro-

graphic behavior of the hUlUic acids indicates that these
substances can be studied successfully by this lUeans.
Diffusion currents observed for the first wave suggest
that the lUolecular weight of these acids is . less than
1000.

CERTAIN properties of the humic acid-like oxidation prod
ucts of bituminous coal appear to be anomalous (1) and

for this reason the behavior of these acids at the dropping mer
cury electrode was studied. Polarography was not selected to
prove structural features of the humic acids but rather because
of its sensitivity to changes in conditions imposed during electrol
ysis. If the humic acids have abnormal properties, it was as
sumed that indications of such abnormalities might be observed
at the dropping mercury electrode.

The humic acids selected for study were of a sample prepared
by the treatment of a high-volatile A bituminous coal with hot
concentrated nitric acid (2). The humic acids constituted about
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CONe HUMC ACIDS:Q.IOO 9/'
pH=1l6

a Oxidized with concentrated nitric acid.
b Oxidized with air at 200 0 C.

Sample 1, Sample 2, Sample 3,
Upper Freeport" Pittsburgh a Pittsburgh.

61.4 61.4 62.9
3.2 3.2 2.2
4.6 4.6 1.4
0.5 0.4 1.0

28.9 28.4 28.3
1.5 2.0 4.2

Effect of Mercury Drop Time"
First Wave Second Wave

El/2 id El/2 id

Table II.

Drop Time,
Seconds

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen (by difference)
Ash

3.5 -0.64 0.85 -1.68 0.45
4.0 -0.63 0.75 -1.66 0.13
5.0 -0.64 0.58 b b
6.0 -0.65 0.55 b b

a Humic acids. 0.100 gram per liter; Clark and Lubs borate buffer: O.IM,
pH: 9.1.

b These waves were too small to be measured.

Table I. Source of Coal and Analyses of Humic Acids on
Moisture-Free Basis

Amount of Elements Present, %

65% of the carbon of the original.coal and therefore are believed
to contain an important part of the structure of the coal unit
molecules. The nitric acid treatment introduces 4.6% nitrogen
into the humic acids, and it has been estimated that 68.4% of
the nitrogen (total nitrogen including that part of the original
nitrogen in the coal remaining after treatment) was in an oxidized
state, probably nitro groups. These groups were expected to
undergo polarographic reduction, as well as possible ketonic or
quinoidal structures that might have been produced by the
oxidizing action of the hot nitric acid or olefinic structures present
in the original coal molecules, although natural humic acids have
been reported as not being reducible (10).

EQUIPMENT

A Leeds and Northrup Electrochemograph Type E polaro
graph was used. To minimize large oscilI~t!ons during the
growth of individual mercury drops and to faCIlItate thereby the
measurement of the current-voltage curves, a high degree of
damping was imposed on the recording galvanometer. As a re
sult the half-wave potentials recorded were shifted to more
neg~tive values. The amount of the shift was -0.04 volt. Con
sequently, the half-wave potentials reported on the humic acids
presumably should be increased by this amount.

The capillary used was a 10-cm. length of marine b~rometer

tubing. A constant mercury level apparatus descrIbed by
Lingane and Laitinen (11) was employed to maintain a constant
drop rate. The capillary characteristics were: drop time, 4.0
seconds per drop; m for the capillary, 1.59 mg. per second; and
for m 213tI/ 6, 1.72 mg. 2/ 3 per second (open circuit).

The cells used were standard H-type, permanent external anode
cells described by Lingane and Laitinen (11), using the saturated
calomel electrode (S.C.E.). The cell in use was immersed in a
eonstant temperature water bath at 25 0 ± 0.5 0 C. Cells w~re

used until the porous plugs were harmed by the str.ongly: alkalme
solutions and then they were replaced. The reSIstance of the
cells was about 600 ohms.

A Beckman Model H-2 pH meter was used to obtain the pH of
all solutions studied.

solved in sodium carbonate solution. The type"of buffer seemed
to have little effect on either the half-wave potentials or the dif
fusion currents.

To prepare solutions of different concentrations of humic acids,
aliquots were removed from the stock solutions as prepared above
and diluted with an identically prepared solution containing no
humic acids. The pH of each solution was determined before
polarographing. Mter the humic acid solutions had bet!h placed
in the cell, nitrogen freed from oxygen by passing through alka
line pyrogallol was bubbled through the solution for 15 minutes
before beginning the run. Ordinarily the nitrogen was bUQbled
through water before passing through the test solution, but when
alcoholic solutions were studied, an alcohol-water solution of the
same concentration was used. When check runs were made on
the same solution, nitrogen was bubbled through the solution for
5 minutes before beginning the check run.

The effect of temperature on the first wave of sample 1, over
the range of 3 0 to 38 0 C., was to increase the diffusion current an
average of 1.65% per degree. Since this temperature coefficient
is within the normal range, it appears that the humic acids behave
normally with respect to temperature. All subsequent data were
obtained at 25 0 ± 0.5 0 C.

The effect of mercury drop time on diffusion currents is shown
in Table II for the first and third waves. A normal decrease in
diffusion current with increasing drop time is observed. Further
studies on the effect of drop time indicated that more reproducible
waves were obtained at 4 seconds and, although greater diffu
sion currents were observed at smaller drop times, 4 seconds was
chosen as standard.

201.0
POTENTIAL.-lIOlts

n

Figure 1. Polarograms of humic acids

1. Nitric acid-oxidized coal humic acids
II. Humic acids reduced by Devarda's alloy

00

MATERIALS

In addition to the nitric acid-oxidized coal humic acids men
tioned above, two other samples were examined. The source
of the coal, the method used in preparing the humic acids, and
the analyses appear in Table 1.

Sample 1, used in most of the present work, was a portion of a
large sample prepared previously from Upper Freeport seam coal
and stored under nitrogen (2). Sample 2 was prepared from
Pittsburgh-seam, high-volatile A bituminous coal (3), using the
same method as for sample 1. Sample 3 was prepared from the
same coal (12) using air oxidation (.n at 200 0 C. for 234 hours.
Humic acids from sample 1 were also reduced with an equal
quantity of .l?evarda'~ alloy at ro?m tempe~ature in d!lute so
dium hydroXIde solutIOn. Followmg reductIOn, the aCIds were
precipitated with hydrochloric acid and washed with water until
free from chloride ion. This resulted in some loss by peptization
of the humic acids and consequent recovery of 88%.

All other reagents used met AMERICAN CHEMICAL SOCIETY
standards of purity and were tested with the polarograph to en
sure that no interference occurred in the potential range under
study. Clark and Lubs borate buffer was used from pH 7.5 to
9.0 and Kolthoff and Vleeschouwer sodium carbonate-Borax and
disodium phosphate buffers from 9.4 to 19.6 and 10.9 to 1.1.7,
respectively. At pH 12.5 no buffer was added to the O.IN sodIUm
hydroxide solution.

PROCEDURE

Humic acid solutions were prepared by dissolving weighed
amounts of the acids in predetermined volumes of O.IN sodium
hydroxide, the volume depending upon the final pH desired.
After solution of the acids was complete and the buffer added,
any additional solvent, .salts, or other ma.terial was intr.oduced,
and the solution was dIluted to volume m a volumetnc flask.
When the sodium carbonate-Borax buffer was used with no
sodium hydroxide, it was found difficult to get the acids dis
persed satisfactorily in s~dium carb~nate, but if the acids ~~re
first dissolved in O.IN sodIUm hydroxIde followed by the addItIOn
of an equivalent amount of sodium bicarbonate, the acids were
well dispersed and the net result so far as the buffer and the pH
were concerned was the same as though the acids had been dis-
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Polarography of Alcoholic Solutions of HUDlic Acidsa

a Clark and Lubs borate buffer O.LU; pH 9.0; potassium chloride: 0.25M.

Table III. Effect of HUD:lic Acids on Reduction of
ThaIlium(I)a Ion

20

Effect of adding potassimn chloride

2.00
1.91
1.79
1.90
1.75

1.10
1.24
2.75
3.42
2.85
2.03

0.75
0.77
0.77
0.76
0.78

"

""""""

1.57
1.56
1.62
1.62
1.60
1.58

-Ell.

Figure 2.

O.lM KCl~_~_'l

o.5M KG! --<0----/

pH
Soln.

9.6
9.9

10.1
10.4
10.7
11.0

9.6
9.9

10.1
10.4
10.7
11.0

9.6
9.9

10.1
10.4
10.7
11.0

00

and the thallium wave were superimposed and could not be dis
tinguished. When the concentration of the thallium ion was
such that its wave was more than three times the humic acid
wave, the slope of the thallium wave was practically unchanged
and the wave height due to the presence of both reducing sub
stances was additive within the limitations imposed by the inac
curacies of reading the humic acid waves (see Table III). As
no decided variation in the thallium wave resulted from the addi
tion of humic acids, it was concluded that the reduction waves
for the humic acids are normal for these substances and that their
slope and height are not affected by the possible presence of an
adsorbed layer on the mercury droplets.

The addition of ethyl alcohol to the solvent medium also had a
pronounced effect upon the reduction waves of the humic acids.
The polarographic constants obtained from solutions containing
0.500 gram of humic acids and up to 50% alcohol are shown in
Table IV. Since the addition of alcohol to aliquots of the original
solution, made with varying amounts of O.IN sodium hydroxide
and O.IM boric acid, resulted in progressively more alkaline solu
tions, the pH of each solution is recorded also.

The effect on the first wave
of adding alcohol was to in
crease the negative half-wave
potential, but as the addition
of alcohol increased the pH of
the solutions, which also has
the effect of increasing the
potential, it may be presumed
that the primary cause of the
shift was the change in pH.
On the other hand, 40 to 50%
concentration of alcohol in
duced this wave to split into
two waves at the lower pH
values. The second of these
waves appeared in the range of
-0.9 to -1.1 volts. No at
tempt was made to establish
the chemistry underlying this
behavior. The effect of alcohol
on the wave height on the first
wave seemed to show no defi
nite trend. Very likely the
variations shown in Table IV
are due essentially to the
difficulties of measuring the
sloping waves.

1.44
1.46
1.41
1.45
1.56
1.59

"0.45
1.19
3.00
3.32
1.48

0.90

0.35
0.30
0.53

1.42
1.47
1.53
1.65
1.64
1,52

1.81
1.72
1.74

""1.76

9.0
9.3
9.5
9.8

10.1
10.3

9.0
9.3
9.5
9.8

10.1
10.3

pH of
Soln. -Elf'

4.82
5.25
5.79

Caled. id, p.a.

0.63 1.22 9.0 0.67
0.63 1.04 9.3 0.68
0.66 1.08 9.5 0.70
0.67 1.01 9.8 0.73

d 10.1 0.74
0.72/ 1'.'14 10.3 0.76

-Ell! ta
First Wave

id, pa.

4.55
4.77
5.40
5.69
0.27
0.70
1.24

8.4
8.8
9.0
9.6
9.8
9.9

8.4
8.8
9.0
9.6
9.8
9,9

pH of
Soln.

1.15
1.07
0.81

Humic Acids,
Gram per Liter

0.000
0.025
0.100
0.200
0.025
0.100
0.200

TICI
Molality

0.001
0.001
0.001
0.001

(} 8.2 n,'1
10 8.4 1.45 0'.'17
20 8.6 ; 0.18
30 9,0 1.62 0.41
40 9.3 b
50 9.7 1.61 1.79

Table IV.
Alcobol
Conen., pH of
Vol. % Soln. -Elf'

0 8.2 0.62
10 8.4 0.63
20 ~ 8.6 0.62
30 9.0 b
40 9.3
50 9.7

Second Wave
1.45 "
1.54 0.51
1.59 0.69
1.65 1.88
1.66 2.98
1.68 2.77

Third Wave
o 8.2 11 8.4 1.75 0.18

10 8.4" 8.8"
20 8.6 1.67; 0'.'18 9.0 1.75 0'.'40
30 9.0" 9.6"
40 9.3' 9.8"
50 9.7" 9.9"

a Concentration. 0.500 gram per liter; no buffet'.
b Wave distorted.
• Two waves (1) E1/' '= -0.69. id = 1.61; (2) Elf. = -1.11, id = 0.82.
d Two waves (1) Elf' = ~0.66, id = 0.79; (2) $1/' = -0.91, id = 0.65.
• Two waves, difficult to read.
I Extended, but could be read.
" Wave too small to read.
h Two small waves at ·_·1.39 and -1.57.
; Wave drawn out from -1.40 to -1.55.
i Also 8. fourth wave Et/2 = -1.81, i = 0.22.

DISCUSSION OF RESULTS

The nitric acid-oxidized coal humic acids (sample 1) dissolved
in buffered alkaline solutions gave polarograms of the type shown
by:Curve I in Figure 1. Previous reduction of the acids with
Devarda's alloy resulted in polarogram II. Under more favor
able conditions, the unreduced adds exhibited at least three
reduction waves. Polarograms of this type are shown in Figure
2, which also shows the effect of adding varying amounts of
potassium chloride as a supporting f;alt.

Al! of the waves obtained under varying conditions were of
the sloping character shown in Figures 1 and 2, but' considering
the heterogeneous character of the organic matter from which
coals were made, it is significant that the waves are as well defined
as they are. Possibly the sloping character of the waves reflects
the heterogeneity of the general strueture of the humic acid mole
cules, although the appearance of discernible waves must be
due to the reduction of characteristic structures present in the
majority of the molecules.

The mercury droplets falling to the bottom of the electrode
chamber showed a remarkable reEi:ltance toward coalescence,
suggesting that humic acids or ions were adsorbed on the surface
of the mercury droplets (8). As this might have an adverse
effe<:t on the polarography of the humic acids, an investigation
of the behavior of the acids in the presence of a "pilot" ion, which
gives a well-defined wave in the same region, was made. For
this purpose the thallous ion was selected, not only because it
meets the requirement above but also because it is one of the few
ions that does not precipitate the humic acids.

In buffered alk9Jine solutions the tint wave of the humic acids
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20

0.200
-ElI2

U~·
0.80 0.59 1.36
0.80 0.61 1.30

0.60 0.83 0.64 1.42
0.61 0.80 0.67 1.45
0.63 0.78 0.67 1.39
0.63 0.77 0.67 1.35
0.66 0.77 0.68 1.23
0.67 0.83 0.71 1.53
0.68 0.79 0.72 1.37
0.71 1.02 0.73 1. 53
0.72 0.91 0.75 1.51
0.74 0.86 0.74 1.38
0.80 0.95 0.80 1.50

1.68 1.93 1. 76 5.40
1.67 1.11 1.70 3.06
1.66 0.71 1.69 2.18
1.67 0.33 1.68 1.18 0

1. 72 0.33 1.60b 1.08 0

1.69 0.25 1.73 0.37
1.69 0.25 1. 72 0.44
1.67 0.27 1.72 0.40
1.69 0.23 1.71 0.50
1.68 0.30 1.69 0.51
1.67 0.26 1.69 0.55
1.67 0.20 1.69 0.48
1.64 0.32 1.67 0.45

1.07
0.47
0.30
0.24
0.10
0.09
0.08
0.18
0.12
0.18
0.16
0.20
0.23

(1) Elf' = -1.46, i. = 0.47; (2) El/' = -1.74,

AlROXIOZED

NITRIC ACID OXIDIZED

0.49 0.19 0.51 0.44
0'.52 0.22 0.53 0.44
0.55 0.23 0.57 0.44
0.56 0.24 0.59 0.48
0.58 0.28 0.60 0.46
0.60 0.26 0.59 0.48
0.62 0.25 0.63 0.42
0.65 0.28 0.66 0.56
0.66 0.27 0.67 0.61
0.67 0.32 0.68 0.60
0.68 0.36 0.70 0.60
0.72 0.33 0.72 0.61
0.76 0.29 0.78 0.55

00

rate 'of the electrode reaction in which the limiting current is
not a linear function of concentration (7). Considering the
strong tendency of humic acids to associate, it seems probable
that the effept of concentration and perhaps pH on both half
wave potentials and diffusion currents can be explained on this
basis. The tendency for the diffusion currents to rise with in
creasing pH is shown in Figure 3.

Figure 4. Comparison of polarograms of air-oxidized and
nitric acid-oxidized bituIninous coal humic acids

7.5
8.0
8.4
8.8
9.0
9.4

10.0
10.4
10.7
10.9
11.3
11.7
12.5

Table V. Polarographic Constants of Humic Acids Dissolved in Aqueous Buffered
Solutions of Varying pH Containing O.5M Potassium Chloride

Concn. Humic Acids, pH 0.025 0.050 0:100
Grams/Liter ObBvd. El/. ;. - El/. i. El/. i.

First Wave

Borate buffer

No buffer

Disodium phosphate buffer

Disodium phosphate buffer

Borate buffer

Carbonate-borax buffer

Carbonate-borax buffer

Third Wave

7.5 1.63 0.53 1.65
8.0 1.62 0.26 1.63
8.4 1.61 0.18 1.68
8.8 1.62 0.15 1.65
9.0 1.61 0.14 1.66
9.4 1.63 0.11 1.65

10.0 1.62 0.10 1.66
10.4 1. 63 0 . 07 1. 65
10.7 1.64 0.10 1.66
10.9 1.62 0.15 1.69
11.3 1.63 0.14 1.63
11.7 1.61 0.11 1.64

No buffer 12.5 1.59 0.18 1.62

a Total id for coalesced second and third waves.
b Rerun at a lower current range (2,) and two waves observed.

i. = 0.74.

The second wave was best
developed in alcoholic solutions
of 30 to 40% and at pH values
above 8.8 to 9.0. The half
wave potentials tended to in
crease markedly with alcohol
content at the lower pH values,
but at higher values the effect
was less important. Diffusion
currents rose rapidly with in
creasing concen tra tion of
alcohol to 30 to 40% and then
declined. No direct proof is
available, but it is suspected
that in the higher alcohol con
centrations the humate ions
tend to associate (13) in a way
that interferes with the second
wave reduction to a greater ex
tent than the first wave, be
cause if still more alcohol is
added, sodium humates pre
cipitate.

The third wave was erratic
and poorly defined in alcoholic
solutions. Usually, only a
slight inflection indicated its
presence and often the appear-
ance of a maximum or dip in the trace, as sho'(l'n in Figure 2,
interfered with measuring the wave.

Attempts were made to improve the character of the reduction
waves in alcoholic solutions by the addition of salts, but were
abandoned because of the salting out effect. The addition of
salts to aqueous solutions, however, was marked and was studied
in greater detail. Potassium chloride gave the best results
of those tried, which include potassium bromide, potassium
nitrate, and sodium sulfate. The effect of increasing concentra
tion on the first wave was to increase the wave height, as shown
in Figure 2. Small concentrations tended to develop the second
wave, while larger concentrations, 0.5M, produced a striking
improvement in the third wave at the expense of the second.
On the basis of these results a detailed study of aqueous solutions
containing 0.5M potassium chloride was made. Polarographic
constants for the first and third waves are given in Table V
for varying concentrations of humic acids in buffered solutions
of varying pH values.

The data in Table V show that the half-wave potentials of the
first wave were not constant when either the concentration of the
humic acids or the pH was varied and tended to shift to more
negative values with increasing concentration and pH. The
shift of half-wave potentials to more negative values with in
creasing pH has been discussed by Kolthoff and Lingane (9),
who note that this effect appears to be connected with the
mechanism of reduction. The diffusion currents, also, are not
proportional to the concentration of the humic acids. Instances
of this kind are known and appear to be governed by the actual

The structural grouping responsible for the first wave appears
to be the nitro group introduced into the humic acid molecules
by the concentrated nitric acid used in oxidizing the coal. The
observed half-wave potential not only agrees with reported values
of known nitro compounds and reduction with Devarda's alloy
eliminates this wave, but when nitric acid is replaced by another
method of oxidation, such as air oxidation, this wave does not
appear. This is shown in Figure 4, in which polarograms ob
tained from both nitric acid-oxidized and air-oxidized, Pitts
burgh-seam coal humic acids, samples 2 and 3 of Table I, are
compared under identical conditions. The polarogram of the

Z5 ~

pH

Figure 3. Diffusion current of first wave vs. pH
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Among these factors, values of nand D involve the greatest
uncertainties. Assuming an alkaline reduction of a nitro group
for the first wave and that each humate ion contains one nitro
group, a transfer of four electrons 'seems most probable. An
estimation of the diffusion coefficient of the humate ion was made
using the Stokes-Einstein equation (6):

D RT (47rNd)113
= N X 67T"77(3M)I/3

assuming that the humate ions WE,re spherical, that they were not
solvated, and that the viscosity of the solution was that of pure
water. Sinee none of these assumptions is quite correct, cal
culations b[~sed upon these assumptions must be considered to
be indicative of the magnitude of the molecular weight only;
nevertheless the results appear to be significant.

Upon substituting into and :r,~arranging the Ilkovic equation,
the following relationship was obtained:

The authors are indebted to E. K. Diehl, Jr., and H. L. Lovell
for samples 2 and 3 used in this work, and to G. G. Lingane for
suggesting the use of a "pilot ion."
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Table VI. Calculated Molecular Weights of Hmnate Ion

Concn. Humic Acid pH 9 pH 11
Mg./Liter id M id M

25 0.24 875 0.33 664
50 O. 50 845 0.60 722

100. 0.81 1012 0.90 924
200 1. 42 1133 1. 50 1077

(
RT ) 1/2 (dI/

G
m

1

2
/
3
t'/G) X (:;-S'd)

M7IG = 607 n 677( 7T"N)2/3 (3/4)1/3 X •

where M molecular weight
n . 4 electrons
R 8.315 X 107 ergs per 0 K.
T 298 0 K.
77 8.93 X 10-3 dyne seconds per sq. cm.
N 6.03 X 1023
d 1.6 grams per cc.
m 1.592 mg. per second
t 4.0 seconds
S sample, in milligrams per liter
id diffusion current, in microamperes

Substituting experimental values of sample weight and diffusion
current taken from Table V for the first wave into the equation
above gave the molecular weight values shown in Table VI.
From the data in Table VI it appears that the apparent molecular
weight increases with coneentration of the humic acids. A simi
lar increase was observed when the molecular weight was de
termined cryoscopically in catechol (13). In this case the
increasing molec.ular weight was ascribed to association of the
humic acid molecules which presumably are flat carbonlike mole
cules. Molecular weights estimated from diffusion currents
obtained in the more basic. solutions, as shown in Table VI, ap
pear to be consistently smaller than in the less basic solutions
possibly because of more effective dispersion of the humate ions.

'While the molecular weights given in Table VI are considerably
larger than those reported in catechol or acetamide solution (13),
they are qf the same order of magnitude. .!'\0 doubt the observed
molecular weights are too large because of the probability that
not all of the humic acid molecules contain nitro groups, that the
molec.ules are not spherical but are flat, and that the humate
ions are very extensively hydrated. In view of these difficulties,
the moleQular weights presented in Table VI seem to indicate
that the true molecular size of these humic acids is well below
1000.

"
pH

concentration
rate of flow of mercury
drop time of mercury

C
m
t

Figure 5 Diffusion current of
third wave vs. pH

diffusion current
number of electrons

transferred
diffusion coefficient

where id
n

D

air-oxidized eoal humic
acids shows no wave in
the -0.6 to -0.7-volt
region characteristic of
the IIitric acid-oxidized
coal humic acids. Two
other waves do appear
at about -1.0 and
-1.65 volts. The first
wave seems to be
characteristic of air
oxidized coal humic
acids and no doubt is
caused by the reduc··
tion of a group intro··
duced by air oxidation.
The second wave ap
pears in the same
region as the third
wave of the nitric acid-
oxidized coal humic.
acids, particularly
under conditions which bring about the greatest separation of
the third wave from the second. The polarogram of the nitric
acid-treated Pittsbu.rgh seam coal humic acids is very similar to
those obtained from the Upper Freeport seam coal humic acids
prepared by the same method. As the c.omposition of these two
preparations is also very similar, the basic constitution of humic
acids derived from different coals, but of the same degree of
metamorphism or rank, may be essentiaUy the same.

The half-wave potentials of the third wave, given in Table V,
were fairly constant, considering the difficulty of measuring these
waves, and usually appeared between -1.6 and -1.7 volts.
On the other hand, the diffusion currents, at all concentrations
of humic acids, fell rapidly as the pH was increased from 7.5' to
about 8.8. In this pH range the seeond wave, at about -1.4
volts, did not appear and therefore may have been combined
with the third wa,·e. Above ~H 8.8 the second wave did appear
at -1.4 volts but was too small to be measured. The ehange
in diffusion current. of the third wave with pH is plotted in Figure
5. The structures responsible for the second and third waves
have not been identified.

One of the uncertainties of the oxidized coal humic acids is
their true molecular weight, and because this is of fundamental
importance to coal chemistry, estimations of the molecular weight
of the humate ion have made using the Ilkovic equation (5):
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During the chroUlatography of plant acids by elution
analysis, it becaUle desirable to isolate SOUle of the free
acids. The siUlplest procedure was to use an eluent
which could be easily evaporated froUl effluent fractions.
For this purpose several ketones were tried as eluents.
Most procedures for organic acid chroUlatography
described eluents containing alcohols, which would
esterify the untitrated organic acids upon distillation
of the effluent. The ketones in cOUlbination with
halogenated hydrocarbons gave good separations of
Ulany organic acids. Except for the separation of citric
froUl isocitric acid the l,etones were useful substitutes
for alcohols. Circular paper chroUlatography was used
to check the purity and identity of acid fractions. The
latter technique was found to ·be rapid and capable of
detecting 0.5 to 1 'Y of UlOSt nonvolatile organic acids.
The drying tiUle of the developed paper chroUlatograUls
was reduced froUl several hours to 20 Ulinutes by heating
the papers at 170° to 180° C.

THE use of ketones has been developed for the chromatog
raphy of organic acids, particularly the nonvolatile acids

found in plant tissues. Such acids have often been chromato
graphed on silicic acid columns with alcohols in the eluents.
It has been reported that alcohols may esterify small amounts of
organic acids during their slow passage through a long column
(3) and during the preparation of acid samples (4, 8). Ketones
have good solvent properties without this disadvantage during
the separation and subsequent recovery of organic acids. Fur
thermore, when eluents must be changed during the operation of a
column, the concentration of ketone may be increased abruptly
without eluting inorganic acid from the internal phase as often
happens when alcohols are used (3, 8). Lower toxicity and fre
quently lower cost also may be cited as advantages of ketones over
alcohols. However, the ketones did not make some separations
as well as alcohols did, particularly the separation of citric acid
from isocitric acid.

REAGENTS AND APPARATUS

4-Methyl-2-pentanone (methyl isobutyl ketone, Carbide and
Carbon Chemicals Co.) and methylene chloride (Eastman Kodak
Co.) were used without redistillation. All solvent mixtures used
for column chromatography were equilibrated with 0.5N sulfuric
acid (water phase to organic phase, about 1 to 20). A loose plug
of fine glass wool in the separated organic phase quickly removed
suspensions of water droplets when the container was shaken.
Mallinckrodt's analytical reagent 100-mesh silicic acid was used
without any pretreatment. It had a water content such that it
lost 10.7% of its weight when dried for 24 hours at 100° C. A
glass column was prepared by sealing a 5-cm.. length of 7-mm.
diameter and I-mm. bore capillary tubing at the end of a glass
tube 20 cm. long and 8 mm. in inside diameter. The end of the
capillary was drawn to a tip.

Solvents used for paper chromatography were not specially
purified except that U.S.P. ether and chloroform were washed
with distilled water. Whatman No. 1 filter paper of 24-cm.
diameter was used as such for chromatograms or was sometimes
cut down to fit in a 20-cm. desiccator.

PROCEDURE FOR CHROMATOGRAPHY

Preparation of Column. One gram of silicic acid was ground
in a glass mortar with 0.5 m!. of 0.5N sulfuric acid and suspended
in a small volume of the organic solvent to be used initially.
A filter paper disk punched with a cork borer was placed above
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the capillary tube sealed into the chromatographic tube. The
column was filled with solvent, and air pressure was applied to
sweep air bubbles out of the filter paper disk. The slurry of
silicic acid was poured into the glass tube before the last of the
solvent used to displace air had passed through the paper disk.
The column was packed under 3 pounds per square inch air pres
sure. The samples were introduced into the column in aqueous
solution from a paper disk by a slight modification of an earlier
method (9). The sample of free nonvolatile organic acids was
generally taken to dryness or near dryness on a spot plate. Small
volumes of acetone and a glass tube with a capillary tip were used
to transfer the sample onto a 0.03-inch-thick filter paper disk
(Eaton-Dikeman). The disk was dried in an air stream and put
on the silicic acid column after the organic solvent had just
drained down to the silica. Any residual sample in the spot
plate was then picked up in two successive 0.025-m!. portions of
0.5N sulfuric acid with the same capillary tube used before.
Each 0.025-m!. portion was picked up in three or four passes of
the capillary and allowed to drain into the column by resting the
capillary tip on top of the paper disk. Uneven hydration of the
column was avoided by moving the capillary tip about the filter
paper disk. The addition of the aqueous phase to the under
saturated column facilitated complete transfer of the sample. It
also decreased the tailing compared to that observed when the
acids were displaced from the paper disk by the eluent.

Elution by Changing Solvents. Twenty fractions, about 1 m!.
each, were collected from the initial solvent, 25 volume % of
4-methyl-2-pentanbne in methylene chloride. The remaining
solvent was poured off by inverting the column. The second
solvent, 60% of 4-methyl-2-pentanone in methylene chloride,
was used for fractions 21 to 50. The second solvent was simi
larly replaced by 100% 4-methyl-2-pentanone, and about 50
additional fractions were collected. A time-flow fraction collector
was used, and air pressure was maintained (0.75 to 2 pounds per
square inch) to collect each I-m!. fraction in about 2 minutes.
The eluted acids were titrated in the test tubes with O.OIN so
dium hydroxide; a stream of carbon dioxide-free air was used for
mixing during titration.

Table I. Representative Rja Values of Organic Acids on
Circular Paper ChroUlatograUls

Solventsb
Acid A B -C--

Oxalic <0.10 <0.10 <0.10
cis-Aconitic 0.18 <0.10 <0.10
Tartaric 0.19 <0.10 <0.10
Citric 0.26 <0.10 <0.10
Isocitric 0.27 <0.10 <0.10
Maleic 0.29 0.22 0.26
Malic 0.38 <0.10 <0.10
a-Ketoglutaric 0.37 0.18 0.20
Glycolic 0.49 0.19 0.23
Malonic 0. 51 0. 20 0. 17
TricarbaUylic 0.59 0.10 0.13
Lactic 0.65 0.38 0.42
Succinic 0.67 0.31 0.41
trans-Aconitic 0.67 0.14 0.11
Glutaric 0.77 0.48 0.57
Fumaric 0.79 0.43 0.32

a The Rj values are relative to movement of Sudan III as 1.00. These
values are averages and show only the relative positions of the acids.

b Solvent A, 25 volumes of washed chloroform with 75 volumes of n-butyl
alcohol, the mixture equilibrated with 0.1 its volume of 10% formic add.

Solvent B, 90 volumes of methylene chloride with 8 volumes of n-propyl
alcohol and 2 volumes of 85% formic acid.

Solvent C, 14 volumes of methylene chloride with 1 volume of 98% formic
acid.

Procedure for Paper Chromatography. The circular paper
chromatographic procedure followed was similar to that of Saifer
and Oreskes (7) and of Airan et at. (1). Desiccators of 20- or
25-cm. inside diameter were used as chambers. The support
for the filter paper was a 19-cm. diameter crystallizing dish or a
24-cm. glass pie plate. The rectangular wick (3 X 25 mm.)
was cut radially from the center of the paper. The bo~tom of
the Petri dish well was about 2 to 2.5 cm. below the filter paper,
and the liquid level was adjusted to give flow rates of about 2
to 2.5 cm. per hour. Covers to hold the filter papers down were
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RESULTS AND DISCUSSION

Figure 1. Sepa.ration of organi.: acids on a silicic acid
column with increasing concentrations of 4-lTIethyl-2

pentanone in lTIethylene chloride

After the papers were removed from the desiccators, the ex
cess solvent was allowed to evaporate for a few minutes in a hood
and the papers were then placed for 20 to 30 minutes in an oven
heated to 170 0 to 180 0 C. This high temperature removed formic
acid by decomposition. The results of oven drying were equiva
lent to those from drying in an airstream overnight. The short
time of heating did not affect the nonvolatile acid spots appre
ciably. Immediately after being heated, the papers were sprayed
with bromocresol green (440 mg. per liter of 80% ethyl alcohol
plus sodium hydroxide to a dark green color). The acid spots,
which were yellow on a blue background, often were intensified
by briefly reheating the papers and spraying them lightly with
water 01' indicator solution. The bright spots lasted for several
weeks, even thou!~h the papers were unprotected in the laboratory.

The column was able to handle at least 0.1 meq. of each of the
acids. The coincidence of the citric and isocitric acid peaks is the
most serious case in which ketones did not separate acids as well
as did alcohols (4, 9). The system described suffered also from
tailing of fumaric acid and incomplete separation of oxalic and
glycolic acids. The use of a larger amount of silicic acid will im
prove the separations, but the solvent combinations employed
probably.will not separate all the overlapping acids appearing
with succinic acid, nor will they separate citric from isocitric acid.
trans-Aconitic acid was completely separated and lactic acid par
tially separated from succinic by collecting fractions 20 to 50
using 45 volume % of 4-methyl-2-pentanone in methylene chloride
as the eluent. The range of solvent combinations was limited be
cause the position of oxalic acid shifted from overlapping glycolic
acid to overlapping succinic acid as the percentage of ketone was
increased. However, the difficulties enumerated will not always
be encountered because the overlapping acids often will not be
present together.

If paper chromatography showed that succinic and a-keto
glutaric acids were both present, they were separated by chroma1.0
graphing that fraction on a buffered silicic acid column (1 gram
of silica plus 0.5 m!. of 7% potassium phosphate buffer pH 3.0;
eluted with 20 vo!. % of2-butanone in 4-methyl-2-pentanone).
Succinic acid was eluted in the third through sixth 0.5-m!. frac
tion followed by a-ketoglutaric acid in fractions 9 through 25.

Ketones tested other than 4-methyl-2 pentanone included ace
tone, 2-butanone, 3-pentanone, 2-octanone, 2,6-dimethyl-4
heptanone (diisobutyl ketone), and 2,4-dimethyl-3-pentanone
(diisopropyl ketone). The 2,4-dimethyl-3-pentanone, being less
polar than 4-methyl-2-pentanone, was a very good eluent for the
more soluble acids but it was not available in large amounts.. As
ketones of increasing molecular weight were used, their polarity
became too low to move citric acid, and their flow rates through
the columns became slow. As the molecular weight of the ketone
decreased, more nonpolar solvent was required to separate the
organic acids. Even acetone-chloroform mixtures gave some
satisfactory separations. N one of the ketones alone 01' in com
bination with other ketones effected a good separation of succinic
acid from oxalic acid. 4-Methyl-2-peritanone was a suitable
solvent because it was readily available and because by itself it
separated malic and citric acids.

Methylene chloride was used in combination with ketones to
give the desired separations, and, in general, gave sharper acid
peaks than did chloroform; however, the latter solvent was satis
factory if used at a starting concentration of 45% with 4-methyl
2-pentanone. Solvent integration (2), using upright and inverted
pear-shaped separatory funnels as reservoirs, gave results similar
to those obtained by successively changing solvents.

Paper Chromatography. Paper chromatography was useful
for verification of the identity of acid peaks from a column. Be
cause of the horizontal position in circular paper chromatography,
the rate of flow of solvent was mainly dependent on the width of
the wick and the distance between the paper and solvent surface.
The latter dimension was not strictly standardized because it was
more reliable to identify an acid by its position next to a standard
than by its absolute R j value under supposedly standard condi
tions. Identification with standards was achieved readily on the
developed papers, because the radial flow and the solvents de
scribed produced sharp bands from the original spots. A mini
mum difference of 0.06 in R j was required for separation of spots
as reported by Rao and Dickey (6). During periods of low rela
tive humidity the filter papers were too dry, and the spots de
veloped with solvent C (Table I) were very diffuse. This was
corrected by storing the filter paper in humid ail'.

Typical R j values are shown in Table 1. All listed acids except
citric and isocitric acids were distinguished from the others by
column and/or paper chromatography. Citric and isocitric
acids may be separated on silica gel columns using 35% n-butyl
alcohol in chloroform as eluent (9). This method of paper chro-
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not essential but were often used for the smaller papers. A satis
fadory cover was made by placing a 2()..cm. watch glass, convex
side up, on top of the paper. A handle was attached through a
hole cut in the center of the watch glass.

The free acids or their sodium salts were applied to the paper
in 6- to 9-mm. diameter spots; these were equally spaced about
the center of the paper in nine positions on a circle of 1.5-cm.
radius. For further identification of acids from natural materials
-after column chromatography, a small amount of the titrated
unknown acid was spotted adjacent to a mixture of authentic
salts anticipated to be similar to the unknown. The authentic
salts added were equivalent to about 5 'Y of free acid per spot. A
heavy spot of Sudan III in acetone was placed at the center of
the paper. This dye closely followed the solvent front, and Rj
values were measured using the leading edge of the dye front as
the 1.0 reference point. The dye front was allowed to move at
least 7 cm. before stopping the run. The solvents used are de
scribed in Table 1.

Colwnn Chromatography. Ketone ilolvents have proved useful
in separating mnny organic acids on a single small column of
silicic acid with only 3- to 4-hour running time. A typical sepa
ration achieved with this method described is shown in Figure 1.
The volume percentages of 4-methyl-:~-pentanonein the mixture
with methylene ehloride were: tubes 1 through 20, 25%; tubes
21 through 50, IlO%; tubes 51 through 90, 100%. The small
peaks at tubes 22 and 52 were shown by paper chromatography to
be residual fumaric and glycolic acids which were pushed off
abruptly by the ehange of solvent. A number of other acids over
lapped the acids shown. The fractions in which they occurred
were: lactyllactic 7 through 10, glutaric 17 through 22, lactic 23
through 26, a-ketoglutaric 26 through 30, trans-aconitic 28
through 32, malonic 27 through 32, and cis-aconitic 52 through 54.
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matography lent itself to the l.\se of rapidly moving solvents,
because their flow rates could easily be controlled by the width of
the wick.

Chromatograms were completed within 2 to 4 hours and fur
nished a rapid check on information obtained by column chroma
tography. High-temperature drying quickly removed formic acid.
Complete removal of formic acid eliminated obscuring back
ground when the papers were sprayed with indicator and brought
the sensitivity of a pH indicator spray within that of silver nitrate
sprays (5)., Five micrograms of any of the acids showed clearly,
and 0.5 to 1 "Y of most acids was detected.
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Titration of Elemental Sulfur with Solutions of Sodium Cyanide
D. A. SKOOG and J. K. BARTLETI'

StanFord University, StanFord, CaliF.

The purpose of this investigation was to deterIlline
whether the reaction between eleIllental sulfur and
cyanide ion could be applied to the voluIlletric deter
Illination of sulfur in acetone extracts. It was found
that such a titration is practical and that certain acid
base indicators can be used to detect the end point.
The Illethod is siIllple and rapid and requires only a
single, fairly stable standard reagent. The accuracy
which can be obtained by the proposed procedure is
cOlnparable with the other Illethods for this analysis.

MANY of the methods for the analysis of elemental sulfur
require a preliminary separation of the element by extrac

tion with acetone; such is the case with rubber products, plantspray
residues, and sulfur-bearing ores. This is followed by determi
nation of the sulfur in the acetone extract. Among the methods
proposed for accomplishing the latter s~ep is the oxidation of the
sulfur to sulfate by bromine followed by gravimetric analysis by
the usual procedures (7). Castiglioni (3) has proposed a volu
metric procedure which involves conversion of the sulfur to 'thio
cyanate in the acetone solution, followed by destruction of the
excess cyanide with formaldehyde and titration of the thiocyanate
with standard silver nitrate. Hardman and Barbehenn (.n
recommend conversion of the elemental sulfur to cuprous sulfide
by immersing a copper gauze in the acetone extract. The sulfide
,formed is then liberated with acid and determined iodometrically.
Mark and Hamilton (6) have determined sulfur in acetone
extracts by addition of an ammoniacal solution of cuprous sulfate.
The cuprous. sulfide formed is measured turbidimetrically. The
ASTM method (1) for the determination of elemental sulfur in
acetone extracts involves conversion of the sulfur to thiosulfate by
prolonged heating with a solution of sodium sulfite. The thio
sulfate is then determined iodometrically.

In some recent work on the colorimetric determination of small
quantities of free sulfur in hydrocarbons (2) it was observed that
the reaction between elemental sulfur and cyanide in aqueous
acetone solutions proceeds rapidly and quantitatively toward the
formation of thiocyanate. It occurred to the authors that this
reaction might offer a rapid and simple method for the direct
volumetric determination of sulfur in acetone extracts. An
investigation has indeed disclosed that such a titration of sulfur

1 Present address, Long Beach State College, Long Beach, Calif

with a standard solution of cyanide is entirely feasible. End
point detection can be accomplished readily because of the large
change in hydrogen ion concentration which occurs when a
slight excess of the standard cyanide is added to the solution.
This change may be detected by the use of suitable acid-base
indicators or by potentiometric measurements.

This method based upon the above appears to offer certain
advantages over the other methods for the determination of
sulfur in acetone extracts: The method is more rapid than most;
only a single, fairly stable standard solution is required; and
finally, an accuracy comparable with the other procedures can be
obtained.

REAGENTS AND SOLUTIONS

Elemental Sulfur. Flowers of sulfur were recrystallized once
from carbon disulfide, dried at 60° C., and stored over mag
nesium perchlorate.

Solvents. The acetone and isopropyl alcohol used in this work
were of technical grade.

Organic Sulfur Compounds. The organic sulfides, disulfides,
and mercaptans used were obtained from Eastman Kodak and
were not subjected to further purification. .

Standard Sulfur Solutions. Solutions containing known
concentrations of elemental sulfur were prepared by refluxing
weighed quantities of the purified sulfur in acetone until solution
was complete. The resulting solutions were then transferred
to volumetric flasks and diluted to the mark with acetone.
Approximately 35 mg. of elemental sulfur will remain in 100 ml.
of acetone at room temperature.

Sodium Cyanide in Isopropyl Alcohol, approximately 0.05F.
About 2.4 grams of sodium cyanide were dissolved in 200 ml. of
water and diluted to about 1 liter with isopropyl 'alcohol.

Silver Nitrate, 0.05F.
Bromocresol Purple Indicator, 1% solution.
Bromothymol Blue Indicator, 1% solution.

PROCEDURE

Standardization of Cyanide Solutions against Elemental Sul
fur. Accurately weigh about 0.16 gram of recrystallized sulfur
and dissolve in 400 m!' of acetone by refluxing. Cool and dilute
to exactly 500 ml. with acetone. Transfer a 100-mi. aliquot of
this solution to an Erlenmeyer flask, add about 20 ml. of water,
and bring the solution just to boiling on a hot plate. Remove
from the hot plate, add 3 to 4 drops of the bromocresol purple
indicator, and titrate with the cyanide solution to a distinct
bluish purple color. Reheat the solution. This should cause
the indicator to return to the yellow-green color. Continue the
additions of reagent and the heating until a permanent bluish
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a Volumes required for titration of aliquots equivalent to one fifth of
sulfur taken.

Table II. Stability of Aqueous Isopropyl Alcohol
Solutions of Sodium Cyanide

Time of
Standing, Formality

Days vs. S

application to the titration. Two of these, bromocresol purple
and bromothymol blue, exhibited sharp color changes at a point
corresponding exactly with the potentiometric end point. Of the
two, the bromocresol purple appeared to be somewhat more
satisfactory and was used in most of the work reported herein.

Rate of Reaction. At room temperature, the rate of the
reaction between cyanide ion and sulfur was found to be slow
enough to make titrations inconvenient. For example, near
the equi~alencepoint at least 5 minutes were required for equilib
rium to be achieved after addition of 0.1 ml. of reagent. How
ever, by maintaining the temperature just at the boiling point
of the solution, the reaction took place rapidly enough to make
the titration practical. The higher temperature appeared to have
no effect on the behavior of the indicators. At the boiling
temperature, the reaction rate is such that 20 to 30 seconds must
be allowed between additions of reagent when the titration is
within 0.5 ml. of the end point. With a little practice, the
titration can be easily completed in 5 minutes.

as

Formality
of NaCN

0.0465
0.0466
0.0465
0.0465

NaCN
Used,
Ml.

10.37"
9.86"

25.00
25.00

18.18
18.20

S
Taken,

Mg.

77.50
73.50

S
S
AgNO,
AgNO,

Primary
Standard

Table I. Comparison of Sulfur and Silver Nitrate
Primary Standards for Sodium Cyanide Solutions

0.0639F
AgNO,
Used.
Ml.

Determination of Sulfur in Aceton~Extracts. Take an aliquot
of the acetone solut,ion of such a size that it contains between
10 and 80 mg. of elemental sulfur. Add a volume of water
equal to approximately one fifth the volume of acetone present.
Bring the solution 1;0 boiling, add 3 to 4 drops of bromocresol
purple indicator, and titrate as directed in the section on stand
ardization of cyanide solutions against elemental sulfur. Cal
culate the milligrams of elemental sulfur in the aliquot as follows:

F . ._ ml. of AgNO. X [i'A,NO, X 2
NaCN - ml. of NILCN

mg. of S taken
FNaCK = ml. of NaCN X 32.07 >< 5

Standardization of Cyanide Solutions against Silver Nitrate.
Transfer 50 ml. of the standard cyanide solution into a flask and
add 150 ml. of water, 8 ml. of 6N ammonium hydroxide, and 0.6
gram of potassium iodide. Titrate to the first permanent
1;urbiditv with a standard 0.05F solution' of silver nitrate. This
end point corresponds to the reaction of two cyanide ions with
each silver ion to give the complex Ag(CN)2-; the formal con
,eentration of the cyanide solution can be calculated as follows:

pmple is obtained. Near the end point 20 to 30 seconds are
required for the reaction to take place. Calculate the formality
of the cyanide solution as follows:

EXPERIMENTAL

End-Point Detection. In the propmed method of analysis,
the end point is detected with an acid-base indicator. The
sodium cyanide reagent is highly hydrolyzed in the aqueous ace
tone solvent, whereas the thiocyanate formed is not. As a re
sult, the addition of a slight excess of the standard solution
results in a marked decrease in the hydrogen ion concentration
which can be readily detected.

Mg. of S = ml. of NaC~ X PNaCN X 32.07

0.464
0.464
0.462
0.462
0.462
0.461

o
2
5
I;

13
26

Standardization of Sodium Cyanide Solutions. Both elemen
tal sulfur and silver nitrate were found to be suitable for the
standardizati(Jn of the aqueous isopropyl alcohol solution of
sodium cyanide used as ·the standard reagent in the method.
When sulfur was used it was found necessary to recrystallize the
ordinary flowers of sulfur once from carbon disulfide before
application as a primary standard. In standardizing against
silver nitrate a modification of the Liebig-Deniges titration (5}
for cyanide was used. The modification involved increasing the
amount of potassium iodide and decreasing the quantity of
ammonia recommended for the titration in aqueous solution.
This was necessary in the presence of isopropyl alcohol as was
shown by titration of several aqueous solutions of exactly known·
cyanide concentration, to which had been added amounts of
isopropyl alcohol corresponding to the amount which would be
present in the standardization of an alcoholic cyanide solution.

Table I shows a comparison of results of the standardization of
a cyanide solution by the two methods. Nearly identical results
are obtained and either substance is suitable as a primary
standard. The data are of additional interest inasmuch as they
indicate that the reaction between sulfur and cyanide proceeds
quantitatively and involves a 1 to 1 ratio of the reactants.

Stability of Cyanide Solutions in Isopropyl Alcohol. During
the preliminary work on this method, standard solutions of
sodium cyanide in acetone were used. However, these were
found to be unstable, decreasing in formality by several per cent
each day. This lack of stability probably arises from reactions
between the cyanide and acetone to give the cyanohydrin which
may further decompose by hydrolysis. Solutions of sodium
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Figure 1.. Titration curve for sulfur with
sodium cyanide reaj;(ent

Concentration of cyanide solution O.0462F; 13.6 IIlg. of
sulfur

Figure 1 illustrates the magnitude of the changes in hydrogen
ion concentration which occm in a typical titration. In this
example, 13.5 mg. of elemental sulfur were dissolved in 100 ml. of
acetone, about 20 ml. of water were added, and the solution was
titrated with a O.0462F ~.olution of sodium cyanide. Empirical
pH readings were obtained with an ordinary glass-calomel
electrode system which had been calibrated against an aqueous
buffer solution. A well defined end point was obtained.

Several acid-base indicators were investigated for possible
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Table IV. Analysis of Acetone Solutions of
Elelllental Sulfur

cyanide to precipitate and become unavailable for reaction with
the sulfur. Concentrations of water higher than 20% appeared
to cause the rate of the reaction to decrease appreciably.

Interferences. The effect of a number of substances on the
proposed procedure was investigated. Table III shows that an
excess of either a typical aliphatic sulfide or disulfide does not
cause any alteration. of the results. On the other hand, mer
captans do interfere. This interference undoubtedly results
from the reaction between the mercaptans and elemental sulfur
which is catalyzed by the basic reagent.

Metallic ions such as silver, mercury, or cadmium interfere
with the titration by forming stable complexes with the cyanide
reagent. Apparently the complexed cyanide ions do not readily
react with the sulfur.

Results. Table IV shows results obtained by the proposed
method of aliquots of acetone solutions containing known quanti
ties of elemental sulfur. The average relative error of thes'e
determinations was found to be 0.2%. The standard deviation
was 0.3%.

17.87
15.60
21.05
26.27
15.60

Relative
Error,

%
0.1
0.1
0.5
0.0
0.3
0.3
0.4
0.0

Wt. S, Mg.

17.80
15.60
23.04
33.05
15.60

Present Found

Found

7.79
10.11
15.53
15.60
15.64
15.55
23.49
31.20

Sulfur, Mg.

Effect of Certain Compounds on Determina
tion of Elelllental Sulfur

Wt. of
Compound,

Mg.

200
40
20
20

8000

Taken

7.80
10.10
15.60
15.60
15.60
15.6.0
23.40
31. 20

Compound
Added

Petroleum ether

n-Butyl sulfide
Ethyl disulfide
n-Butyl mercaptan

Table III.

Average 0.2

cyanide in a solvent consisting of 80% by volume of isopropyl
alcohol and 20% by volume of water were found to be remarkably
stable. This is illustrated in Table II. These data indicate that
the alcoholic cyanide.solutions are considerably more stable than
simple aqueous solutions of sodium cyanide which are reported to
decrease in formality by 0.3% per day (5).

Effect of Water Concentration on Titrations. It was found
desirable to have between 15 and 20% by volume of water in
the acetone solvent at the beginning of the titration. With
smaller amounts of water, there was a tendency for sodium
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Iron(lI) Perchlorate as a Reductant in Glacial Acetic Acid
O. N. HINSVARK and K. G. STONE

Kedzie Chemical Laboratory, Michigan State College, East Lansing, Mich.

A reducing agent was required which could be used
for nonaqueous titrations of oxidants. Iron(I1) per
chlorate in glacial acetic acid was satisfactory for the
deterlllination of chromiulll trioxide and sodium per
lllanganate in glacial acetic acid without the addition
of water. An alllperometric end point with two active
electrodes was 1ll08t suitable.

STUDIES still in progress in this laboratory led to the investi
gation of iron(II) perchlorate as an analytical reagent for the

determination of oxidants in glacial acetic acid. Aqueous iron(II)
perchlorate has received limited attention as a reductant in the
establishment of oxidation potentials of various cerium(IV)
complexes (1). Iron(II) chloride has been used in glacial acetic
acid (3), but its low solubility in this solvent limits its applica
bility. Iron(II) perchlorate is much more soluble; solutions in
excess of O.IN with respect to iron(II) are easily prepared.

Using acetic acid solutions of iron(II) perchlorate standardized
against aqueous potassium dichromate, solutions of sodium
permanganate and chromium trioxide in glacial acetic acid can be
analyzed without the introduction of aqueous reagents.

REAGENTS AND APPARATUS

Baker's analyzed acetic acid was further purified by distillation
away from chromium trioxide followed by a second distillation
from potassium perman!!anate. The iron(II) perchlorate hexa-

hydrate and perchloric acid (70%) were obtained from the G.
Frederick Smith Chemical Co. Baker's analyzed chromium
trioxide and Fisher Scientific CO. C.P. grade sodium permanga
nate were used as oxidants.

A Fisher Elecdropode, sensitivity 0.025 /la. per scale division,
equipped with 2-cm. I8-gage platinum wire electrodes, was used
for detection of the equivalence point (2). The solution being
titrated was stirred under a nitrogen atmosphere with a mag
netic stirrer.

The iron(II) perchlorate solutions were prepared in the follow
ing manner: Acetic anhydride in slight excess over that neces
sary to react with the water present in the iron(II) perchlorate
was added to the acetic acid. After the acetic acid had been
flushed with nitrogen, the approximate weight of iron(II) per
chlorate hexahydrate was added. This solution was left under
a nitrogen atmosphere for a minimum of 2 hours but frequently
much longer. A measured volume of this solution was added to
a solution of 5 m!. of 85% phosphoric acid in 20 m!. of water.
The resultant solution was analyzed by titrating to the diphenyl
amine color change with a solution of primary standard potassium
dichromate en A potentiometric titration showed the equiv
alence point to be coincident with the color change when the
iron(II) solution was titrated under these conditions.

In the experimental work the iron(II) perchlorate solutions
were used for the analysis of acetic acid solutions of sodium per
manganate and chromium trioxide.

In the permanganate studies an approximate weight of sodium
permanganate was added to the desired amount of acetic acid.
Sodium permanganate was used in preference to the correspond
ing potassium salt because of its much greater solubility in this
medium. The actual concentration of the solution prepared
in this manner was found by titrating a weighed quantity of
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Table I. Stability of Iron(H) Perchlorate

OETERMINATlONS WITH .IRON(H) PERCHLORATE

Sodium permanganate was determined by titrating a measured
volume of the iron(II) perchlorate solution with the permanganate

Table II. Sensitivity at Equivalence Point"

Potential, !:J.i ",A.
Mv. Ti\11. ' MI.

W 1.2
75 3.6

100" 5.5
125 7.9
150 10.2
175 10.4
200 10.5

"50 mi. of 0.0102N Fe(CIO,j, titrated with 25.20 ml. of 0.0194N NaMnO,.

STABILITY OF IRON(II) PEneHLORATE

'When no precautions are taken, acetic acid solutions of iron(II)
perchlorate are slowly oxidized by air. This is to be expected,
because oxygen is much more soluble in glacial acetic acid than in
,mter. Evidence for the relative stability of the iron(II) solutions
stored under nitrogen and under air is presented in Table I. In
order to minimize decomposition, it is desirable to store the
solution under an atmosphere of nitrogen. When passed through
the solution being titrated, nitrogen minimizes air oxidation of
the iron(II) which would lead to high values for the concentration
of oxidant. Utilizing nitrogen, the equivalence point is sharp

. and definite, yielding more accurate and reproducible results.

0.0897
0.0903
0.0635
0.0637

0.1089
0.1089
0.1089
0.0684
0.0684

0.0901
0.0900
0.0637
0.0636

o
o
1.5
1.5

DeterITlination of ChroITliuITl Trioxide
N of CrO, N of CrO.

from Fe(CIO.), from Iodometric
Titration Determination

DeterITlination of SodiuITl PerITlanganate
N of NaMnD. N of
from Fe(CIO,), NaMnO, from

Days Titration Na,C,O.

Titration of Standard Fe(CIO,), Solution

0.1087
0.1088
0.1087
0.0683
0.0684

0.0679
0.0679
0.0679
0.0710
0.0710

Nof
Fe(CIO,),

0.1103
0.1103
0.1103
0.1103

Table IV.
Nof

Fe(CIO,), by
K,Cr,O,

Table III.

Titration of CrO, with Standard Fe(CIO,j,

0.0710 0.0685 0.0684
0.0710 0.0684 0.0684
0.0710 0.0683 0.0684
0.0710 0.1087 0.1089
0.0510 0.1159 0.1161
0.0510 0.1158 0.1161

solution or by adding excess iron(II) t9 the permanganate
solution and back-titrating the excess iron(II) solution. This
procedure was adopted in preference to the direct titration of
permanganate with the iron(II) solution, since the decom
position of the sodium permanganate is accelerated by the
addition of perchloric acid.

A desired volume of the standardized iron(II) perchlorate
solution was pipetted into the titration beaker containing enough
acetic acid to cover the electrodes while nitrogen was being passed
through the solvent. To this solution 0.5 mI. of 70% perchloric
acid was added, and the titration was carried out with the sodium
permanganate solution of unknown concentration. The titration
is conducted by adding the reagent rapidly at first and then
dropwise as the equivalence point is approached. The approach
to the end point is indicated by the magnitude of the decrease in
the galvanometer reading. In the course of the titration, the
current flow reaches a maximum, then decreases, and finally falls
off to zero at the end point. With this value a calculation of the
permanganate concentration is made.

The results are presented in Table III. The values derived
from the nonaqueous titration of permanganate with iron(II)
perchlorate solutions are in good agreement with those found from
oxalate titrations within the limits of error of the methods.

The two values obtained are indicative of the stability of the
permanganate solutions. In spite of the precautions taken for
purifying the acetic acid, a significant amount of decomposition
occurs in a relatively short time. Restandardization immediately
prior to use is therefore necessary.

Table IV presents the results found in the analysis of chromium
trioxide solutions. These data show the feasibility of a direct
titration of the chromium trioxide solution with one of iron(II~

perchlorate or by the reverse procedure-i.e., titrating a known
concentration of iron(II) with the chromium trioxide solution.
With both titrations the results are in good agreement with those
obtained iodometrically.

The titrations were conducted in essentially the same manner
as in the permanganate analyses. The solution being titrated is
acidified with 0.5 ml. of perchloric acid and the titrant is added
with nitrogen flowing throughout the titration. When the
iron(II) solution is being titrated, the galvanometer behaves in
the same manner as in the permanganate titration, the current
flow passing through a maximum and proceeding to zero at the
end point. In titrating the chromium trioxide solution, the
galvanometer shows the current passing through a small maximum

Under Nitrogen
Day~ Normality

o 0.0265
1 0.0264
3 0.0265

Unde. Air
Days Nor~ality

o 0.0265
1 0.0258
3 0.0240

primary standard sodium oxalate in the usual manner. This
titration was done in acetic acid as well as in aqueous media;
in an aqueous medium acidified with 2 ml. of sulfuric acid in
25 mI. of water, it gave a better end point. Regardless of the
medium, the fading of the permanganate color at the equivalence
point makes the end point somewhat indeterminate. By observ
ing the persistence of the permanganate color for 45 seconds, the
values for the sodium permanganate concentration were obtained.

The solutions of chromium trioxide were prepared by adding
the approximate weight of chromium trioxide to the desired
quantity of acetic acid. The chromium trioxide was standard
ized by adding a measured volume of the acetic acid solution to
an excess of 10% aqueous potassium iodide in a glass-stoppered
flask. The reaction mixture was left in the dark for 30 minutes.
The liberated iodine was then titrated to a starch end point with
aqueous standard sodium thiosulfate.

DETECTION OF EQUIVALENCE POINT

Potentiometric measurements with platinum-calomel electrodes
were too unstable for practical use. The solution being titrated
was too highly colored under the conditions employed to permit
the utilization of color indicators because of the deep red-brown
color of the iron(III) formed during the 1,itration. However, an
amperometric method with 1GWO active electrodes was possible for
detecting the equivalence point. To increase the sensitivity,
0.5 ml. of 70% perchloric acid was added to the solution and a
potential of 150 mv. was applied across the electrodes. This
value was obtained ,experimentally from the data given in Table
II, 150 mv. being the minimum potential giving the greatest
sensitivity under the conditions employed.

Sulfuric acid and 85% phosphoric acid were tried in lieu of per
chloric acid, hut the results were unsatisfactory. When sulfuric
acid was used, a precipitate was formed, causing erratic results.
The solution remained clear when phosphoric acid was used, but
the titrations gave values too low compared with the standardi
zation and the resuhs were not reproducible.
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and falling off to zero as the end point is reached. The next
addition of the iron(II) solution causes a large increase in the
current flow.
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MeasuremeRt of Refractometric Dry Substance of Sucrose Solutions
D. F. CHARLES and P. F. MEADS

California and Hawaiian Sugar Refining Corp., Ltd., Crockett, Calif.

Accuracy of refractometric readings is important in
controlling purity and concentration of liquid sugar

. ·products. An evaluation has been made of the ac
curacy and precision of readings for two commercial
refractometers. The standard deviation of the error of
observation" is 0.03% solids for the Bausch and Lomb
precision sugar refractometer and 0.07% solids for the
Zeiss sugar refractometer. The study indicates a small
error in the international scale of refractive indices of
sucrose solutions in the range from 50 to 75% sucrose.
about 0.07% soUds at 66% solids. This is in qualita
tive agreement with findings of others and points to
the need for additional work to provide a sound basis
for revision of the scale.

REFRACTOMETERS are employed widely in the sugar
. industry to measure the dissolved solids content of both

pure and impure sucrose solutions. Generally, a sugar industry
laboratory may be expected to have several of these instruments,
sometimes including a variety of models. Refractometers may
be located at plant operating stations or in routine controllabo
ratories to provide information for prompt process or product
control, and they may find application in research laboratories
for process study or other investigations. The result of a re
fractometric measurement may be used directly as an expression
of concentration in per cent solids by weight or it may be used
as part of other laboratory procedures-for example, in purity
determinations or an adjustment of solutions for color readings.

Although the principal emphasis of the present discussion is in
reference to the sugar industry, the data can be recalculated for
use in other processing industries. Almost without exception,
the industrial instruments in use in these industries in this country
fall into the classification of critical angle refractometers.

Refractometers which are now commercially available give
very satisfactory results, particularly for routine analytical work.
On occasion, however, when more precise results are desired,
certain questions of procedure and instrument accuracy arise.
Some of these problems have been investigated recently in this
laboratory and this paper discusses the results. In particular,
two factors ha.ve been of primary concern: the determination and
correction of errors in zero point adjustment; and the relative
accuracy of the Zeiss sugar refractometer (Figure 1) and the
Bausch & Lomb precision refractometer (Figure 2). In investi
gating the latter problem, discrepancies were encountered in the
international scale for converting refractive index to per cent
sucrose. Inasmuch as this experience parallels that of other
observers, this point has also been investigated in some detail.

GENERAL BACKGROUND

The refractive index of a sugar solution is dependent on the
concentration of the solution. Consequently, tabulations have
been developed relating index of refraction to per cent sucrose in
pure sucrose solutions (7) and the sucrose content of such solu
tions may be determined by reading the refractive index. In
fact, some instruments have a per cent sucrose scale mounted
directly on the instruments.

While this scale is correct for pure sucrose only, the effect
exerted upon refractive index by other sugars and soluble impu
rities is near enough to that for sucrose to make the reading on
this sucrose scale extremely useful even for impure solutions.
Refractometers are accordingly utilized to measure the solids
content of process liquors and of final liquid products in cane
sugar refineries and beet sugar factories. They are also used as

Figure 1. Zeiss sugar refractometer
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analytical tools in the determination of apparent purity of liquid
and solid sugar products. In this.latter procedure, an approxima
tion to per cent sucrose is obtained by a polaniscope reading while
the solids content is indicated by a refractometer reading. The
quotient of these values gives apparent purity.

For many applications an accuracy of 0.1 or 0.2% solids is
adequate. However, greater accuracy is sometimes desired,
particularly for certain investigative problems and for apparent
purity determinations of high purity liquid products. It was
Iparticularly the desire to improve the acc\lllacy of refractometer
'readings for the·latter purpose that led to the investigation de
scribed herein. Variations of the order of 0.1 or 0.2% in refrac
tometer readings are too great if usefully accurate purity values
are to be determined for products whose total impurity is only
0:2 or 0.3%.

FigUil'e 2. Bausch & Lomb preciSion refractometer

The approach to this problem has been almost entirely prac
tical and operational. There has been no attempt to determine
and analyze prism or optical characteristics of the instruments
under consideration. The primary objective was to determine
whether the Zeiss sugar refractometer, which had been used for
many years for routine control purposes, could be satisfactorily
employed to obtain the more accurate determinations necessary
for the Ipurity analyses, or whether it would be desirable to use
the reportedIy more accurate Bausch & Lomb precision re
fractometer.

GENIERAL U'I'ERATURE REVIEW

A review of the literature indicates little material bearing di
rectly on' the aspect of refractometry discussed here. Weiss
berger (12) has reviewed theory, techniques, and instrumenta
tion. Tilton (11) has analyzed the erl'ors in commercial refrac
tometry. Application of refractometers to sugar analysis is
discussed in several handbooks: Browne and Zerban (5), Spencer
and Meade (10), a National Bureau of Standards circular (1).
Forrest (6) has discussed instrumental design for the Bausch
and Lomb precision refractometer. F1inally, directions for use of
the instruments have been supplied by the manufacturers (2-4,
14).

The relationship between per cent sucrose and refractive index
has received considerable attention. The international scale for
sucrose solutions was adopted by the ninth session (1936) of the
International Commission for Uniform Methods of Sugar
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Analysis (7). This scale has been placed on most instruments
bearing a sugar scale since that time. It r.eceived further con
sideration at the 1953 meeting of the U. S. National Conunittee
of this commission (8).

DISCUSSION OF I1WESTIGATION

The investigation involved the zero point (distilled water)
calibration of the instruments, the relative accuracy and precision
of the instruments in terms of per cent sucrose, and the calibra
tion of the Bausch & Lomb refractometer in terms of refractive
index and consideration of apparent inaccuracies in the inter
national scale above 50% sucrose. The results of this investiga
tion are considered in sequence in the following sections.

Determination of Distilled Water Corrections. Refractometers
as supplied by the manufacturer have scales which are suffi
ciently accurate for many purposes without the application of
scale corrections. However, for maximum accuracy it may be
necessary to make a detailed study of the scale in order to provide
information to correct for the minor but possibly significant errors
in scale calibration. These errors are of two principal types:
those resulting from inaccurate positioning of the scale with refer
ence to some basic point. and errors from the unavoidable slight
inaccuracies in engravmg' scale divisions. Refractometer cali
brations for the purpose of determining these errors may include
readings with one or more of the following standards: glass
blocks of accurately known refractive indices; distilled water;
organic liquids of accurately known indices; and sugar solutions
of accurately known compo~ition.

The manufacturer usually provides a single glass block or plate
with each instrument as a ~tandard for positioning of the scale.
However, because of its convenience, becauSe it is easier to read,
and because it is the nomi;U solvent for sugar, distilled water is
often used as a reference standard for this. purpose. Any of the
other reference standards mentioned could be used to establish
the proper scale position.

Scale calibration with sugar solutions is discussed here in con
nection with the determination of relative accuracy of the two
instruments studied, while the use of glass pl~tes and organic
liquids is considered as part of the calibration of the precision
refractometer in. terms of refractive index. At this time, how
ever, consideration is given to the use of distilled water readings
in establishing the appropriate corrections for inaccuracy of
scale positioning.

Distilled water r~adingsare made on refractometers as a matter
of routine control. When significant discrepancies are detected
between the observed value and, the true value (0.0% solids or
the corresponding value on arbitrary scales), an adjustment is
made mechanically in. the position of the .scale. For most pur
poses, this is adequate. However, such adjustment involves
some measure of uncertainty and, furthermore, observers differ
in their interpretation of the zero point. This latter is a point
which merits elabor~tion. Since the two sides of the critical
shadow line, dark and light, are not symmetrical in appearance,
different observers. might set the index line in slightly different
positions, particularly if the shadow line is not razor sh~.
A particular observer might be expected to show the same bias
whether reading water or sugar solutions. Therefore a distilled
water correction should at least partially compensate for such
personal bias.

Thus for readings of the highest accuracy which naturally
involve replicated readings, a measurable zero point error is
normally observed. However, there was some question regarding
the proper procedure for calculation of corrections to observations
on· sugar solutions on the basis of measured zero point errors,
particularly as the scales for refractive index and per cent solids
are not linear. The basic problem, therefore, was the determin8'
tion of suitable corrections for zero point displacements. These
determinations took two. forms. In one case, the zero point was
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100

not have a per cent solids scale directly on the
instrument. Instead, it is provided with an arbi
trary scale, which, by means of a suitable conver
sion table, may be translated to per cent solids.
The arbitrary scale is linear with respect to the arc
on which it is mounted, both for convenience in etch
ing and so that a vernier can be used. That an ad
justment of the index causes uniform change in scale
reading was verified by test.

However, the relationship between scale units and
per cent solids is not linear. This relationship is
shown in Figure 4, along with the effect of a highly
exaggerated displacement of the scale. For example,
a displacement of 10 units on the linear scale corre
sponds with a displacement of 31 units in per cent
solids at 0%· solids and only about 11 units in per
cent solids at 67.5% solids.

The curve of Figure 5 has been calculated directly
from the data in the precision refractometer conversion
tables (4). Figure 5 is similar.to Figure 3 for the Zeiss
refractometer and it gives the correction for any point
on the per cent solids scale relative to the displacement

observed at 0% solids. In practice, in the case of the precision re
fractometer, the zero point correction could be applied as a uniform
correction to the arbitrary scale reading. However, for results
already expressed as per cent solids, Figure 5 is useful.

A comparison of Figures 3 and 5 for the two refractometers
indicates the same trend but a' difference in magnitude. This
difference is attributable to the difference in refractive index and
measuring angle of the prisms used in the two instruments. Thus,
for instruments of different design or appreciably different prism
constants, the relative zero point corrections would be expected
to be different.
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Equation 1 can be differentiated to give the following for a
and n g constant

nz = refractive index of unknown sample
ng = refractive index of glass measuring prism (constant)
a = refracting angle of the prism (constant)
b = angle from the normal of light emerging from the prism

(1)
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The foregoing results could also have been secured from the
basic equations for a critical angle refractometer. The following
formula, whose derivation was given in an early edition of a
Bausch & Lomb Catalog (2), expresses the relationship be
tween refractive index of the unknown and the angle, measured
from the normal, of the light emerging from the prism:

in which

Figure 4. Effect of scale displaceInent of precision
refractoIneter

deliberately displaced by an exaggerated amount and the effect
on readings at other points on the scale was observed. The
second approach involved an analysis of the relative length of
scale units at various positions on the scale and a subsequent
calculation of the relative effect of a shift in the zero point.

ZEISS REFRACTOMETER. The zero point of the Zeiss refractom
eter was displaced by an amount equivalent to about 6% solids
at the zero point. A series of 10 sugar samples was' read on the
refractometer before and after this zero point displacement. The
differences in the readings on the sugar solutions were then ex
pressed as fractions of the zero point displacement and are plotted
in Figure 3. Also plotted in Figure 3 are two sets of points ob
tained by direct observation of the spacing of scale marks, in
one case as compared with a short length of hair, in the other
case compared with the distance from the index line in the center
of the field to the top of the field as observed in the eyepiece.
The displacements or corrections (relative to that at the zero
point on the scale) as obtained by the three methods agree well.

For the Zeiss refractometer, then, the correction to be applied
at any point on the scale for slight displacements in the zero
pGint may be obtained by multiplying the relative correction for
that point on the scale, as determined from Figure 3, by the actuaJ
zero point displacement. Obviously, if the zero point is dis
placed in the negative direction the correction is additive. To
illustrate the use of Figure 3, suppose that the mean of a number
of observations of the distilled water reading is +0.050% solids.
Then, if the sugar solution has a mean reading of 66.000% solids,
the zero point correction is -0.44 X 0.050% solids. The cor
rected reading is 65.978% solids.

PRECISION REFRACTOMETER. The Bausch & Lomb re
fractometer differs from the Zeiss refractometer in that it does
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From the 15 separate observations for each sample and each
refractometer it was possible to calculate the standard deviation
of a single observation at each concentration of the sugar solu
tions. (Statistical analysis showed significant differences be
tween observer means as compared to the within-observer vari
ances.. It may be expect.ed, therefore, that for any single ob
server the standard deviation of observation would be somewhat
less.) These standard deviations for the two instruments have
been plotted in Figure 6. A quick examina~ion of this graph
indicates that the standard deviations for readings with the
precision refractometer are somewhat less than half those with
the Zeiss refractometer. In fact, the standard deviation with
the precision refractomet.er varied from 0.02% wit.h distilled
water up to about 0.04% with solutiori's of more than 70% solids.
The standard deviation of observations with the Zeiss refractom-
ter varied from about 0.04 to 0.08% for the same solutions,

elt.hough in one case the calculated standard deviation was as
a

Test samples were prepared as follows: Confectioner's sugar
(a California and Hawaiian Sugar Refining Corp. coarse-grain
sugar boiled from high purity liquor, the purest sucrose readily
available) was dissolved in water to give approximately the de
sired density (no attempt was made at this time to obtain an
exact concentration of sugar). The solution was shaken in a
separatory funnel until the absence of striae indicated homo
geneity. Then some 40 or 50 small vials were filled and closed
immediately with rubber stoppers. In order to minimize evap
oration, the samples were kept until used in a glass desiccator
in which, in place of the UElual desiccant, a dish of the solution
corresponding to that in the vials was exposed to the atmos
phere. A number of samples were prepared in '~his way and read
on the refractometers to cover a broad range of densities.

Each observer made three readings on each instrument. A
sample from a flew vial was used for each reading. Thus, each
observer used six vials of each sample. If there appeared to be
some distinct irregularity ahout a particular reading, that read
ing was discarded and a sample from a new vial was used. A
medicine dropper was employed by most observers to introduce
the samples to the prism eavity,although some observers pre
ferred to use :a hard rubber rod to spot samples on the Zeiss
prism. In all cases, readings were estimated as closely as pos
sible and recorded results, after temperature eorrections, were
kept to the nearest 0.01 % solids. Average and standard devia
tions were carried to 0.001 ~70 solids.
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Solids

0.04-0.08

0.2-0.007

0.1-0.2 (14)
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o.00003-0 . 000015 (6)
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high as 0.12% solids. From these data it may be concluded that
the precision refractometer will give results with less than half
the error of the Zeiss refractometer when each instrument is
read carefully.

It may be of interest to compare these observed sensitivities
with those stated in the manufacturers' literature. This com
parison is shown in Table r.

In general, the Zeiss instrument was shown to be more precise
and the precision instrument somewhat less precise than stated.
However, these tests in this laboratory were made on sugar
solutions under specific conditions which, in all probability, differ
from the manufacturer's conditions. It should not be assumed
that the comparison is valid for all conditions.

In particular, per cent solids readings at higher points on the
scale should be more reproducible (6). Reference to Figures 3
and 5 shows that the per cent solids scale markings for higher
concentrations are spread farther apart. If it is only a matter of
reading the angle, results should be more precise at higher per
cent solids readings.

On the otjler hand, Figure 6 shows a reverse trend for both
refractometers; random error in terms of per cent solids appears
to be greater for high concentrations. Correspondingly, it has
been observed that the shadow line for sugar solutions becomes
less sharp and distinct for the higher concentrations. Whether
this is due to inadvertent evaporation causing nonhomogeneity
of sample or whether it is due to decreased resolution for larger
angles is not clear.

TESTS FOR ACCURACY. While the foregoing tests indicated the
relative precision of the Zeiss and Bausch & Lomb refractom
eters, they of course did not permit conclusions with respect
to the absolute accuracy of the two instruments. Tests in re
gard to this latter point required the preparation of solutions of
accurately known per cent solids composition and the determina
tion of the readings obtained from the instruments for such sam
ples. Accordingly a number of samples were very carefully
prepared by the following procedure:

A Florence flask weighing about 85 grams, with a capacity of
about 300 m!. and provided with a tapered ground-glass stopper,
was carefully washed, dried, cooled, and weighed with the stop"
per. Confectioner's sugar, previously dried in a desiccator, was
funneled into the flask so that no sugar dust adhered to the neck
of the flask. The flask was stoppered and weighed. Then dis
tilled water in sufficient quantity to give the desired density was
pipetted into the flask without wetting the neck. The flask was
again stoppered and weighed. The dry stopper was removed and

(2):" = cosacosb
sin a sin b cos b

Vn. - sin' b

The term dn~ represents the increment of refractive index cor
responding with an increment in the angle b (measured in radians).

Since a and n. are constants for any particular measuring'
prism, it is evident that Equation 2 can be used to compute
relative increments in terms of refractive index, providing the
constants are known. Such ealculations have been made for
the precision refractometer using Forrest's (6) values for a and
n.. The results, as would be expected, were essentially identical
to those derived from a consideration of the scale relationships.

Comparison of Precision and Accuracy of Zeiss Iwd Precision
Refractometers. The particular instruments compared were,
first, the Bausch & Lomb precision refractometer, Model
33-45-01, prism series 711, and instrument serial 7722. A
varitran Model V-1M autotransformer and a Sola eonstant volt
age transformer were used in the light circuit to provide constant
illumination and to provide the stable voltage required to start
the sodium light.

The Zeiss refractometer (Modell, serial 1389\)4) prisms were
illuminated by light from a 100-watt incandescent bulb located
about 1 foot from the mirror..

The comparison involved a determination of both the relative
reproducibility of readings and the absolute accuracy of the
refractometers.

TESTS FOR PRECISION. The initial tests were made to de
termine the reproducibility of measureml'mts on the refractom
eters. Five observers participated in this phaBe of the test
program.
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Figure 8. Comparative accuracy of Bausch &
Lomb precision refractometer and Zeiss sugar

refractometer with zero point correction·

replaced immediately with a second ground glass stopper which
had been coated with petrolatum to prevent evaporation. The
flask was shaken to dissolve the sugar. For more concentrated
solutions (above 65% solids), warming was employed to obtain
complete solution. The flask was then cooled to near the dew
point and unstoppered and the neck was wiped clean of the
petrolatum. The sample was poured quickly into a dry separa
tory funnel and vials were filled as before. In this case, however,
it was possible to fill only some 12 to 15 vials, so only two ob-
servers were employed in the tests. .

From the weight of sugar and water employed, it was possible
to calculate exactly the solids contents of the various solutions.
These were recorded as concentrations determined in air with
brass weigh~s. (This is the basis on which per cent solids
refractive index relationships are normally reported.) A suf
ficient number of samples was used to give adequate coverage of
the entire density range.

Accuracy of International Scale of Refractive Indices. The
accuracy of per cent solids determinations from refractometric
readings depends, in addition to the factors already discussed,
upon the soundness of the conversion from index of refraction
to per cent solids. The conversion currently in use is based on
the international scale adopted by the International Commission
for Uniform Methods of Sugar Analysis in 1936 (7). This con
version has been assumed to be the best available up to this time.
Recently in a report of the subcommittee, it was pointed out that
there appears to be considerable uncertainty as to the accuracy of
the international scale at the higher densities (8). Work of

7.706.
IN % SOllOS

60
CONCENTRATION

••
Apparent error of international scale for converting

refractive index to per cent solids

Zerban and Martin at the New York Sugar Trade Laboratory
and Snyder and Dryden at the National Bureau of Standards
has shown deviations in the range from 50 to 75% solids which are
in the same direction as those noted in the present investigation
and plotted in Figure 8.

The data of these other observers have been plotted in Figure
9, along with corresponding data from the present investigation.
Systematic positive deviations from the international scale are
shown for the region from 54 to 75% solids. The wide scattering
of these results is disturbing and prevents definite conclusions at
this time. as to the precise value of errors "in the international
scale. Results of this investigation appear to be somewhat more
consistent than those of other observers; also the apparent devia
tions from the international scale are smaller than those of others.

In considering these data for sugar solutions, it should be
noted that they have been obtained in the region of near saturated
and supersaturated solutions. Such solutions involve the great
est technical difficulties in securing precise results. For instance,
it is necessary to heat the sugar and water mixture to effect solu
tion. In doing this, it is essential to guard against decomposi
tion and evaporation.

The apparent deviations shown in Figure 9 represent differences
between observations of per cent solids readings and per cent
solids calculated from the known weights used in preparing the
solutions. In the case of the results of the other investigators,
the statement is made that a carefully calibrated Bausch &
Lomb precision refractometer was used with no mention of how
the calibration was performed. In the case of the results from
this laboratory, the data shown in Figure 9 were taken from Fig
ure 7 with all points being corrected for zero point displacement.

TEST OF REFRACTIVE INDEX CALIBRATION OF PRECISIO;"
REFRACTOMETER

The deviations of Figure 9 represent error in the international
scale only if the refractometer reads correctly in terms of refrac
tive index. To check the refractive index calibration of the
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Figure 7. Comparative accuracy of Bausch &
Lomb precision refractometer and Zeiss sugar
refractometer without zero point correction

Each observer read samples from two or more vials
in each sample set until he felt he had obtained ac~

curate readings. His results were averaged for each
sample set and for each refractometer. Then an aver
age for the sample was obtained from the individual
averages for the two observers. Finally the differences
of these composite averages from the calculated per
cent solids value for each sample were determined.
These have been plotted in Figure 7. It may be
noted that these observations indicated that both in
struments would generally provide results within
0.5% solids of the correct value over the full density
range. Thus, each instrument appeared to be in rea
sonably satisfactory adjustment.

Each of these instruments has a zero point dis
placement. Cons~quently,Figure 8 has been prepared
showing refractometer readings corrected for zero
point displacement in the manner discussed. The
Zeiss refractometer gave values which were slightly
less than the correct values and the Bausch & Lomb refrac
tometer gave values which were somewhat greater.

Within the limits for precision, both refractometers appear to
be equally accurate below about 50% solids. Above this point,
readings on this particular precision refractometer appear to be
slightly less accurate. This unexpected result led to a rather
careful evaluation of this upper portion of the scale.
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-0.000015
-0.000017
-0.000024
-0.0000035

Standard HydrocarbonsTable Ill.

refractometer, Serial No. 7722 i circulating water at 20° C.
Range of air temperature from 12° to 26° C.)

Change in Refractive Index
per 0 Change in Ambient

Temp., 0 C.Liquid

2,2,4-Trimethylpentane
Methylcyclohexane
Toluene
Water

Plate D
1. 46585 (70.3 % Solids)

R.I. %
X 10' solids

+83 +0.035
+78 +0.033
+61 +0.026
+63 +0.026
+78 +0.032

Table IV. Effect of Air TeITlperature on Measured
Refractive Index of Standards

Corrc-
NBS sponding Refractive Index

Certified
20

Approx. (X 10') as Function
Hydrocarbon nD % Solids o! Temp., 0 C.

2,2,4-Tri-
methyl-
pentane 1.39145 35.0 140123 - 48.5C - 0.02C2

Methyl-
cyclohexane 1. 42312 51.1 143348 - 52.6C + 0.04C2

Toluene 1. 49693 83.2 150743 - 49. 7C - O. 14C2

(Precision

and 30° C. From these data
the terms shown in Table III
were computed, from which
one can obtain the nD corre
spondingto any given tempera
ture within that range.

It was originally hoped that
an unequivocal calibration of
the scale in terms of refractive
index could be obtained using
these standard ~drocarbons.

However, the use of these ma
terials also led to complications.

First observations with the
hydrocarbons seemed to devi
ate from those for the glass
plates. It was suspected that

ambient temperature, as it varied from 21 ° to 30° C., was exerting
a significant influence upon observed results. The temperature
coefficients of refractive index of the hydrocarbons are about five
times as great as that of water and about three times as great as
those of concentrated sugar solutions. (The change of refrac
tive index with temperature is roughly inversely proportional to
the change of volume with temperature.) For the readings on
the hydrocarbons, therefore, errors due to temperature effects
are larger than when dealing with sugar solutions.

By covering the instrument with a fiberboard box and heating
the interior with a light globe, it was ascertained that there were
very real effects of variations in ambient temperature. The
apparatus was too crude, however, to permit the determination
of precise quantitative corrections.

Readings of refractive index for the liquid standards were
made over as extreme a range of room temperatures as could be
obtained. Rough estimates of the effect of ambient tempera
ture on refractometer readings obtained in this way are indicated
in Table IV.

Since the dependability of air temperature correction factors
was questionable, the procedure was adopted of maintaining
the circulating water temperature close to the air temperature.
It was hoped that temperature gradients in the prism block
would be minimized, thus avoiding any uncertainty as to the
true temperature of the prism. It was necessary, of course, to
calculate the refractive index of the certified sample at the par
ticular temperature used. This was done, using the data of
Table III. Results obtained in this way are shown in Table V.

The authors have misgivings about this procedure also, inas
much as when a series of readings was made on distilled water in
this way, a highly significant correlation was found between the

807020 30 40 50 60
CONCENTRATION IN 't. SOLIDS

Calibration of precision refractoITleter

'0

Table II. Observations with Glass Test Pieces
(Appa:rent errorG in refractive i.ll?eX and equiyalent deviation in terms of per cent solids.

PreCIsIOn refractometer Serial No. 7722)

o
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C • CERTIFr£.c HYDROCARBONS
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X
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X x ~•
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ICORRECTED FOR~
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..J..
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J;'igure 10.

Plate A Plate B Plate C
,13382 (56.4% Solids) 1.46210 (68.8% Solids) 46617 (70.4% Solids)
R.I. % R.I. % R.I. %

X 10' solids X 10' solids X 10' solids

+39 +0.018 +89 +0.037 +63 +0.026
+25 +0.012 +66 +0.027 +39 +0.017
+01 +0.001 +69 -0.029 +45 +0.019
+29 +0.013 +64+0.027 +04 +0.002
-17 -0.008 +48 +0.020 +42 +0.018
-15 -0007 +7ti +0.032 +43 +0.018
-27 -0.017 +78 +0.032 -HI +0.017
+02 +0.001 +40 TO.017 +38 +0.016

Mean +03 +0.002 +66 +0.028 +39 +0.017 +73 +0.030

c. Observed refractiv€ index (corrected for zero point displacement) minus engraved value of the test piece.
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instrument used in t.his work, a series of readings of several stand
ards was made. These served principally to indicate further
complexities in the entire problem of refractometry, while leaving
the true refractive index calibration of the precision refractom
eter somewhat in dou.bt.

Glass Plates. A series of readings of four glass test pieces
was made on the precision refractometer.- The results of these
t.ests are shown in Table II. In general, each estimate of the
apparent error represents the mean of five observations. The
mean result for each plate, corrected for zero point displacement,
is plotted in Figure 10. It is difficult to know how much im
portance to give to t.he results.

In the first place, eonsiderable care is required in making read
ings with these plates. It is necessary to observe interference
bauds 'GO ascertain their number and orientation to ensure that
the wedge of liquid between the glass test blocks and the prism
is not situated so as to affect the refraet.ing angle (3, 12). (The
precision refractometer has a speciallenil attachment for viewing
the back face of the prism and the interference bands. This
procedure is less easily done on other refractometers.) Consid
erable variability in the present results may indicate some short
coming of technique.

Secondly, there !tre no certifications of the values of refractive
index for the glass blocks, Tilton (11': questioned the engraved
refractive index of many such plates, finding errors as large as
0.0001 in refractive index.

Standard Hydrocarbons. Another method of calibration in
v9lves the use of standard hydrocarbons of known refractive
index (9, 12). These are listed in Table III, along with the values
of refractive index at 20° C. and corresponding per cent solids
figures. The certificates provided by the National Bureau of
Standards with 1;he hydrocarbons list values of nD for 20°,25°,
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a Observed refractive index (corrected for zero point displacement) minus
refractive index calculated from certified values.
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refractive index of toluene, 1.497, approaches closely the index
of the prism of the precision refractometer. The index is 1.51711
for a prism of Series 711, as found in the instrument used in this
work, Serial No. 7722 (3). Apparently the resolution is dimin
ished as the top of the scale is approached. The results obtained
for toluene should probably be ignored in attempting to establish
the calibration of the instrument.

The consistency of results with glass plates would seem to in
dicate that the refractometer reads slightly high in nn near 70%
solids. Thus the apparent error in the international scale near
this point would appear reduced to about +0.04% solids instead
of +0.06 or +0.07% solids, as Figure 9 would indicate.

The following would seem to be reasonable interpretations:
There are small but real err6rs in the refractive index scale of
the particular instrument tested; there are small but real positive
deviations in the international scale of refractive indices above
about 50% solids; and improved techniques must be employed
before reliable results can be obtained. The last would include
use of a constant temperature room and use of carefully cali
brated glass test pieces as well as liquid standards. The uncer
tain accuracy of the international scale for concentrations above
50% solids is evident and additional investigative work is indi
cated.

One more point should be recognized. By making tables of
differences it was shown that the Bausch & Lomb precision
refractometer conversion table for per cent sugar (.4-) was not
properly ·smoothed. Weitz has made the same comment (13).
In the present studies graphical methods were used to smooth
and interpolate the conversion tables. For purposes of further
study, using the precision refractometer, it seems desirable to
improve the smoothing and to carry results for per cent sucrose
to the third decimal place. Probably the first step is to smooth
the table of refractive indices of sucrose to the fifth decimal place.
This will be especially desirable if the refractive indices in the
higher range can be more carefully fixed.

RECEIVED for review February 8, 1954. Aceepted November 15, 1954.
Presented before the Division of Carbohydrate Chemistry at the 124th
Meeting of the AMERldAN CHEMICAL SOClE1'Y. Chicago, Ill., 1953

%
solids

-0.053
-0.071
-0.077
-0.079
-0.077
-0.099
-0.086
-0.077
-0.087
-0.072
-0.073
-0.085

-0.078

Toluene

-208

R.I.
X 10'

-142
-189
-204
-209
-204
-265
-228
-206
-232
-192
-194
-226

-0.008-16

Methylcyclohexane
R.I. %

X 10' solids

-27 -0.013
-37 -0.018
-04 -0.002
+16 +0.007
-09 -0.005
-34 -0.017
-01 -0.001
-08 -0.004
-25 -0.012
-30 -0.015
-07 -0.004
-21 -0.010

+0.017
Mean

+31

Table V. Observations with Standard Hydrocarbons
(Apparent errara in refractive index and equivalent deviations in terms of

% solids. Precision refractometer Serial No. 7722)
2,2,4

Trimethylpentane
R.I. %

X 10' solids

+35 +0.019
+30 +0.016
+21 +0.012
+15 +0.008
+34 +0.019
+28 +0.015
+24 +0.013
+24 +0.013
+36 +0.020
+48 +0.026
+37 +0.020
+34 +0.019

temperature (common to air and instrument, range 10° to 26° C.)
and the distilled water reading, corrected for water jacket tem
perature using a smoothing of SchOnrock's data (1, Table 127).
Each degree increase in temperature effected a decrease of 6.1
X 10-6 in refractive index units (equivalent to 0.0043% solids).
The explanation for this is not clear.

The effects mentioned are only indicative of the air tempera
ture control problem which was not explored completely. It
appears that control of room temperature is essential for precise
calibration. Unfortunately the authors did not have a constant
temperature room.

It appears important to assess the effect of air temperature
upon the readings for concentrated sugar solutions reported.
The air temperature was not recorded at the time of these readings.

It is felt that the effect is relatively small. Measurable effects
were found for distilled water and solutions of 24% solids, about
3.5 X 10-6 unit of refractive index per degree Centigrade change
in air temperature for both. If it is assumed that the effects on
concentrated solutions are proportional to the effect of water
temperature, then, based upon Sch6nrock's data (1, Table 127),
each degree increase in air temperature corresponds with a de
crease of 7 X 10-6 units of nn, equivalent to 0.003% solids at
70% solids. All readings were made in air temperatures between
22° and 28° C., including distilled water readings.

In terms of scale readings this estimated effect at 70% solids
is about three times that for distilled water. The net effect at
7ID% solids would be about 2/3 X 0.003% solids per degree Centi~

grade change in air temperature. Thus, the results for high
concentrations at an average temperature of 25° C. might be
estimated to be too low by about 5 X 0.002 or 0.010% solids,
with an uncertainty due to this cause of ±0.006% solids. No
correction for this effect has been applied to the sugar readings.

Tables II and V show the apparent scale errors of the instru
ment in terms of refractive index and per cent solids. The data
have been corrected for error in distilled water reading. The

.mean deviations are plotted in Figure 10. For comparison,
there are plotted also the results for sucrose solutions as heretofore
shown in Figures 7 and 9 (corrected for zero point).

The interpretation of the over-all pict~re shown in Figure 10
is not clear-cut. The authors have hesitated to attempt a
statistical analysis for two reasons: (1) It was difficult to assign
weights to the different standards. Certifications have not been
made of the refractive index values of the glass plates. On the
other hand, temperature corrections for' the hydrocarbons are
somewhat doubtful; and (2) the deviations of the mean values
for the test points from a smooth curve were greater than should
be expected on the basis of distribution of observed results .for
each individual standard.

There may be reason to ignore the tests on toluene~ The
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of reaction. Thus, if the sampling rate through the indicating
tube and the concentration of carbon monoxide in the ail' sample
are kept constant, the duration of sampling controls the color
response; and by varying this reaction time, an air sample of
known composition, passed through especially prepared indicating
tubes, can be used to produce color standards corresponding to
known concentrations of carbon monoxide. The color produced
by reaction with the unknown air can be compared with the stand
ard tubes. Color standards can be prepared in the laboratory,
and simultaneously indicating tubes exposed to air at various
locations in the field. Comparisons of knowns and unknowns may
be made several hours later in the laboratory. If preferred,
samples of the unknown air may be brought to the laboratory,
or the standard color tubes can be prepared in the field.

Apparatus and Reagents Required. The material require
ments are simple-a flow meter registering 100 to 250 cc. per
minute, an interval timer or stop watch, a rate-controlling valve,
a pump or aspirator for drawing air samples through the indicat
ing tubes, indicating and guard gels, and one or more standard
mixtures of carbon monoxide in air, compressed in cylinders.
The preparations of the indicating and guard' gels, and the stand
ard mixtures of carbon monoxide in air, have been described
(1); Two companies licensed by the Secretary of Commerce to
manufacture the gels are the Mine Safety Appliances Co.,
Pittsburgh ~, Pa., and Parmelee Plastics Co., Kansas City 6,
Mo.

Preparation of Special Indicating Tubes. Indicating tubes for
this type of determination are prepared as they are needed, and
usually may be used throughout the same day as prepared.

FLOW DIAGRAM - COLOR STANDARDS
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SPECIAL INDICATING. TUBE
FOR IMMEDIATE USE

AIR

At a constant rate of sampling, the color developed by the
reaction of carbon monoxide with the gel is determined by the
product of the concentration of carbon monoxide and the time

The NBS colorilllctric indicating gel, previously de
veloped for the detection of carbon lIJ.()noxide in air, can
he used to deterllline very low concentrations if several
refinen~ents of the lllethod are employed. A lllethod
is described for deterlllining alllounts of I to 0.1 p.p.lll.
and 10 to 25 p.p.lIJ.. to I p.p.lll. The lllethod lllay be
applied in studies of air pollution.

ANALYTICAL METHOD

I T IS sometimes useful to know the amount of carbon monoxide
in polluted ail', even though toxic amounts do not occur. If

all local sources of this gas are known, its concentration in the
air may contribute to the s'~udy of pollu'~ant sources. Thus, a
correlation of traffic data with the concentration of carbon mon
oxide and oxidants in air may give information concerning pos
sible pollution from automobiles. The approximately tenfold
inerease of carbon monoxide observed during smog conditions
in Los Angeles (2) served as one measure of pollutant build-up
during temperature inversion. If the amounts of acetylene,
discovered in the 1.0s Angeles air and bund to be characteristic
of auto exhaust gases (2), and of nitrogen dioxide are correlated
with earbon monoxide, the possible significance of the automotive
traffic in pollution might, be further studied. Under favorable
and eontrolled conditions, carbon monoxide might also serve as
a key in source studies involving industrial plants.

The rapid determination of small amounts of carbon monoxide
by the NBS colorimetric indicating gel has been described (1).
The indicating gel is a granular yellow solid that turns green
(eventually blue) in the presence of carbon monoxide, and is
usually sandwiched in a glass tube between sections filled with
white guard ge1. The guard gel is specially purified and dried
silica gel, which removes interfering substances, particularly
water vapor, from the gas to be tested. The indicating gel is
prepared from purified silica gel by J;he addition of palladium and
molybdenum :3alts and the subsequent treatment described by
Shepherd.

Field and laboratory methods have been outlined. The field
method compares commercially prepared tubes with fixed color
standards painted or printed on paper. Air to be tested is drawn
through the indicating tube by a rubber aspirator bulb equipped
with a rate-controlling valve. The presence of carbon monoxide
is indicated when the yellow gel~urns green. The field method
is widely used where physiological considerations are important,
but it is not sufficiently accurate for careful studies in air pollu
tion. However, the laboratory method (1) has an accuracy of
5 to 10% of the amount of carbon monoxide involved, and can
detect and estimate extremely '3mall amounts such as 1 part in
500,000,000 and much less. The laboratory method involves a
colorimetric comparison with freshly prepared indicating tubes
that have been exposed to known concentrations of carbon
monoxide. These special tubes are easily prepared, and are
free from the small variations which occur in the commercially
prepared tubes. The laboratory method has now been developed
for the determination of carbon monoxide in the very small
amounts which may occur in areas of air pollution.

1 Dec.eased, September 17, 1O;i3. Figure 1. Schelllatic drawing of apparatus
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a Unknown tube is 850 seconds; should contain 0.85 p.p.m.

P.P.M.
01 CO

And Act.ually
color Found

4 blind in Un-
known a

700 700 0.75
800 noo 0.85
850 800 0.95

1000 900 0.75
noo 850 0.85
900 1000 0,85

1200 1200 0.85
0.85

700 700 0.95
800 800 0.85
850 850 0.85
900 900 0.85

1000 1000 0,85
noo 1100 0.85
1200 1200 0.85

0.85
700 700 0.85
800 800 0.85
900 850 0.85
850 900 0.85

1100 1100 0.85
1000 1000 0.75
1200 1200 0.85

0.85
0.95
0.95
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85'
0.85

Av. .0.85 ±
0.02

3

N at Experienced
Observers

412
Arrangement of tubes, seconds a

130, 130, 120, 110, 100, 90, 80, 70, and 70 seconds. (If the work
is to be divided between field and laboratory, the first and last
tubes are taken to the field, where they may be used for one day.)

Exposure of Unknowns. The air to be examined usually
must be drawn through the indicating tube, using a pump,
aspirator, water displacement, or the best means at hand. Take
all samples at 100 ml. per minute for direct comparison with the
color standards already prepared. At this rate, expose each
tube just long enough to be sure that the color developed is
slightly darker than the last, 70-second standard tube, but
definitely lighter than the first, 130-second standard tube.
Record the duration of exposure of the unknown tube for subse
quent use in computing the concentration of carbon monoxide.
The relationship of concentration of unknown and knowns can
be expressed by the .equation p.p.m. u = p.p.m.k(tklt..), where
p.p.m. u and p.p.m.k are the concentrations (in parts per million)
of carbon monoxide in the unknown and known, respectively,
and tk and tu are the exposure times of the known and unknown,
respectively.

The response of the indicating gel is determined by the product
of concentration of carbon monoxide and time of exposure
that is, an exposure for 100 seconds to 0.005% carbon monoxide
will produce the same color as an exposure for 50 seconds to
0.010%. This is true over fairly wide limits, but the relationship
is not exact, and if the concentration of the unknown is consider
ably different from that of the known used to prepare the color
standards, a known more nearly matching the unknown in con
centration should be substituted. Standards of 1, 10, and 50
p.p.m. of carbon monoxide in air are adequate for most work in
air pollution. In preparing the color standards, the tubes are
exposed in the order dark to light. The colors are compared 3
to 4 hours after the tubes are exposed when operating between
field and laboratory.

Procedure for Colorimetric Measurement. Each of the stand
ard color tubes, as it is prepared, is marked with the duration of
exposure to the standard mixture. Usually five to seven tubes
are prepared, representing the desired increments of carbon
monoxide, and designed to bracket the unknown. The tubes
are shuffled, and the analyst then arranges them in the order of
their color intensity. After the tubes are arranged, the marked
exposure times or concentrations are read and recorded. If the
order is correct, the colorimetric determinat.ion haR been success-

700 700 700 700 700
800 850 800 800 800

1000 800 850 850 850
850 1000 900 900 900
900 900 1000 1000 1000

1100 1100 1100 1100 1100
1200 1200 1200 1200 1200

700 700 700 700 700
800 800 800 800 800
850 850 850 850 850
900 900 900 900 900

1000 1000 1000 1000 1000
1100 1100 1100 1100 1100
1200 1200 1200 1200 1200

700 700 700 700 700
800 850 800 800 800
850 800 850 850 900
900 900 900 900 850

1000 1000 1000 1000 1100
1100 1100 1100 1100 1000
1200 1200 1200 1200 1200

700 700 700
800 800 800
850 850 850
900 900 900

1000 1000 , 1000
1100 1100 1100
1200 1200 1200

700 700 700
800 800 800
850 850 850
900 900 900

1000 1000 1000
1100 1100 1100
1200 1200 1200

2 3
Experienced

700
800
850
900

1000
1100
1200

700
800
850
900

1000
1100
1200

700
800
850
900

1000
1100
1200

700
800
850
900

1000
1100
1200

700
800
850
900

1000
1100
1200

Colorillletric Deterlllination in 0.0001% Range (1 P.P.M.) of Carbon
Monoxide in Air

700
800
850
900

1000
1100
1200

700
850
800
900

1000
1100
1200

700
800
850
900

1000
1100
1200

700
800
850
900

1000
1100
1200

700
800
850
900

1000
1100

, 1200

Table I.

1

v
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lfl

Groups

When greenish rings appear
at the ends of the indicating gel,
where it is in contact with the
guard gel, the tubes should be
discarded. The tubes are pre-
pared as follows:

Select 7-mm. borosilicate
glass tubing of uniform bore.
(Tubes used in this work were
5.1- to 5.2-mm. bore.) Cut in
15-cm. lengths and fire polish.
Clean with fuming sulfuric acid
and distilled water and dn'
carefully; or heat at 500 0 C.
for 1 hour in the presence of air;
or select freshly drawn tubing
which has been protected from
dirt. Stopper one end of the
tube with an 000 cork, and in
sert a small wad of adsorbent
cotton which will form a loose
pad against the cork. Fill the
tube with a 5-cm. length of
guard gel, followed by a 2-cm.
length of indicating gel, and
this, in turn, by a second 5-cm.
length of guard gel. Insert a
second cotton pad, tap the side
of the tube twice gently against
the edge of a bench, and gently
tamp the second cotton pad
against the guard gel. Stopper
the tube with a second cork.
The tube will thus be arranged
as shown in Figure 1, A. When
air iE badly contaminated with
strong oxidants or reductants
such as ozon!!, nitrogen dioxide,
halogens, or unsaturated hydro
carbons-an extra' tube of guard
gel may be necessary. At the
prescribed sampling rate, car
bon monoxide produces an even
color throughout the indicating
gel. Other reducing agents are
indicated by a dark ring at the inlet, and oxidants by a bleached
ring" If such rings occur and interfere with the colorimetric
procedure, more guard gel must be used.

The tubes are conveniently filled from simply constructed dosing
apparatus such as sketched in Figure 1, Band C. All ground
glass surfaces are used dry, without lubricant; and all glassware
must be cleaned with fuming sulfuric or fresh chromic-sulfuric
acid, thoroughly rinsed with distilled water, and oven-dried.
The volume of D j is adjusted to deliver the 5-cm. layer of guard
gel to the indicating tube, and D 2, to deliver the 2-cm. layer of
indicating gel. Gels may be stored in the stoppered reagent
bottles, placed in a desiccator (with dry flange) over guard gel,
but the indicating gel should not be stored this way for long
periods-i.e., until the top layer turns greenish. Long-term
storage of either gel, and particularly the indicating gel, should
be in reagent bottles with necks previously drawn out to 9-mm.
tubing and sealed off. Unused guard gel may be reactivated by
heating 8 hours at 250 0 C., but, on cooling, the gel must be pro
tected from all vapors (1).

Tubes prepared in this manner are not as convenient to use as
the sealed tubes manufactured for field use, but they are capable
of giving considerably more accurate determinations. The
indicating and guard gels are taken from single, uniform batches,
and resistance to gas flow does not vary greatly.

Procedure for Preparing Standard Color Tubes. Connect the
cylinder containing the standard mixture of carbon monoxide in
air through needle valve V to stopcock S, to indicating tube and
the flowmeter (Figure 1, D). The two rubber connections are
of pliable nitrometer tubing. Adjust the sampling rate to 100
ml. per minute. Remove the indicating tube and retain it for
future adjustments of rate. Do not change the setting of the
needle valve. N ow prepare the required set of color standards
by exposing a series of tubes to the standard mixture according
to the predetermined time intervals. Connect each tube to the
flowmeter and the stopcock, with the standard mixture escaping
to the air. Then turn the stopcock to connect the tube to the
standard mixture and simultaneously start the interval timer.
At the end of the predetermined period, turn the stopcock to by
pass the tube.

In'this manner and at the fixed sampling rate of 100 ml. per
minute, pass a standard mixture of 10 p.p.m. carbon monoxide
in air successively through nine indicating tubes in this order for
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II Unknown tube is 95 seconds.

Table II. Colorimetric Determination in 0.0010% Range
tl0 P.P.M.) Carbon Monoxide in Air

Observers

exposure. Groups V, VI, and VII represent a more ambitious
effort. Using the lighter color range with a 100-second base
time, tubes were prepared at 5-seeond (0.5 p.p.m.) intervals
from 85 to 115. Out of 84 tubes arranged by four observers there
were only 5 inversions, whieh indicates the possibility of deter
mining carbon monoxide to within 0.5 p.p.m. in this range of oon
eentration. The average for these groups is 9.4 ± 0.1 p.p.m.

Table III gives the data observed with the 26 p.p.m. mixture.
Again a light (I and III) and a dark (II and IV) series were ex
amined. The base times were 60 and 100 seconds, and the incre
ments, 5 seconds. At the 60-seeond base, 5 seconds are equiva
lent to 2.2 p.p.m.; at the 100-seeond base, 5 seconds correspond
to 1.3 p.p.m. In the entire series of tests (I through IV) there
were no inversions on the part of the five observers. The prefer
ence was for the lighter series, 45 to 75 seconds. Working with
the lighter color range, a series of tubes was prepared with a 60
second base and 2-second (0.9 p.p.m.) steps from 54 to 66 seconds.
In two trials (V and VI) the same group of five observers made
but two inversions; five additional inversions were made by
two additional observers. If the base time is taken as the un
known exposure, average for all observers is 26.1 ± 0.2 p.p.m.

The data of the foregoing three tables established the aecuracy
of the method as about 10%, the reprodueibility about 5 to 10%,
and the sensitivity sufficient for this work.

fully performed. The unknown is assigned a value between
those of the two tubes which bm.cket it.

Daylight; fluorescent lighting is desirable for properly viewing
the tubes. The tubes should be placed on a dull white surface
and light should be excluded from both. ends of this area. Th~
observer looks down upon the tubes at an angle, so that objection
able highlights do not appear.

When the color increments are small, the first viewing usually
requires more time and is no'~ so completely successful as the
second or third effort. Fatigue may occur during the fourth or
fifth effort.

Time Schedule for Complete Determination. The tubes
gradually darken after reaction with the carbon monoxide, even
though the color change is almost complete within 1 or 2 minutes
after exposure. Within the limits of accuracy desired and
expeeted, it is necessary to arrange a simultaneous exposure of
the standard color tubes and the tubes used to exaniine the
unknown air. The colorimetric determination should be made 3
to 4 hours after the tubes are exposed, although longer periods
are satisfactory if the indicating gel shows no local darkening at
the inlet and/or outlet ends. (Tubes have remained relatively
unchanged after standing overnight.) If color standards are
prepared in the laboratory, field exposures should be made at a
temperature within ±5° C. of that of the laboratory.

Data Showing Accuracy, Reproducibility, and Sensitivity of
Method. Three standard mixtures of carbon monoxide in air,
prepared as described (1), were uBed to measure the performance
of the method. These standard mixtures contained 0.000101
±O.OOOOOl, 0.00100 ± 0.00001, gnd 0.00257 ± 0.00001 %. For
this work, these were considered to be 1, 10, and 26 p.p.m. In
,~omputing the values given, it Wll.S assumed that the air used in
the mixtures was carbon monoxide-free. Blanks were run on the
eompressed air used, but did not extend over a whole order of
magnitude beyond the significant value for the most dilute mix
ture. No carbon monoxide was indicated in any blank.

Nine observers took part in making the color comparisons
four were experienced, four were not experienced, and one was
not experieneed and color blind" When a series of such tests
was conducted on different occasions, not all of the observers
were available at all times.

Indicating tubes were exposed t,o the three standards on various
time schedules, so as to determine the least distinguishable dif
ferences and the preference in color range of the majority of
observers. These exposures also showed the effect of elapsed
time after exposure, the effect of temperature, and the over-all
aceuracy, reproducibility, and sensitivity to be expected.

RESULTS AND DISCUSSION

The data given in Table I are for exposures to 1 p.p.m. of ear
bon monoxide in air. Good colonl were developed with a base
time of 1000 seconds, which established the fact that the method
is sufficiently sensitive for this kind of work. (Greater sensitivity
is possible.) :8xposures were made from 700 through 1200 see
onds, at intervals of 100 seconds" 13xeept for a single tube at 850
seconds which was assigned the role of the unknown. With the
base time of 1000 seconds, 100 seeonds is equivalent to 0.1 p.p.m.,
50 seconds to 0.05 p.p.m. The sampling rate was 250 ml. per
minute. The average value for carbon monoxide in the unknown
is 0.85 ± 0.02 p.p.m. A good observer can determine carbon
monoxide to better than 0.1 p.p.m. in this range of concentration.

The data of Table I~ give results with the 10 p.p.m. mixture.
Groups I and III were exposed at intervals of 10 seconds from 70
to 130 seconds, with a base time of 100, and a 95-second tube
included as the unknown. Ten seconds is the equivalent of
1 p.p.m. Each group gave one inversion. Average for the 10
det,erminations is 9.6 ± 0.2 p.p.m.

Groups II and IV were exposed with a 150-second base in in
tervals of 10 seconds (equivalent to 0.67 p.p.m.). There were
12 inversions altogether in the two groups, illustrating the rela
tive difficulty of differentiating the darker colors. Before being
informed of thE' results, the observers were asked to express a
preference for the lighter or darker tubes. Four of the five em
pha,tically preferred the lighter ones. It is important to calibrate
the observer with respeet to his optimum color range. The 180
second tube of the darker group (II and IV) was exposed 1 hour
after the other tubes of this group. It was inverted with the 170
tube, 5 times out of 10, which indieates a difference of approxi
mately 0.34 p.p.m. carbon monoxide for the 1 hour off-schedule

Groups

II

III

IV

V

VI

VII

Experienced
Not

experi-
2 3 4 enced P.P.M.

Arrangement of tubes, seconds a of CO
70 70 70 70 70
80 80 80 80 80
90 90 90 90 90
95 95 95 95 95 9.5

100 100 110 100 100 9.5
110 110 100 110 110 9.5
120 120 120 120 120 9.5
130 130 130 130 130 9.5
140 150 140 140 150 9.5
145 145 145 150 145 9.5
150 140 150 145 140 10.5
160 160 170 160 . 160 9.5
170 180 160 180 180 9.5
180 170 180 190 170
190 190 190 170 190
70 7:0 70 70 70
80 80 80. 80 80
90 90 90 90 90
95 95 100 95 95

100 100 95 100 100
110 110 110 110 110
120 120 120 120 120
130 130 130 130 130

Av. 9.6 ±
0.2

140 140 145 140 140
145 150 140 145 145
150 145 150 150 150
160 170 160 160 160
170 160 170 180 180
180 180 180 170 170
190 190 190 190 190
85 85 85 85
90 90 90 90
95 95 95 95 9.5

100 105 100 100 9.5
105 100 105 105 9.5
115 110 110 110 9.5
110 115 115 115 9.5
90 85 85 85 9.5
85 90 95 90 8.75
95 95 90 95 9.5

100 100 100 100 9.5
105 105 105 105 9.5
110 110 110 110 9.5
115 115 115 115

Av. 9.4 ±
0.1

85 85 85 85
90 90 90 90
95 95 95 95

105 100 100 100
100 105 105 105
110 110 110 110
115 115 115 115
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a Corresponding sensitivities relative to sensitivity at 25° C.

ColoriD1etric DeterD1ination in 0.00257% Range (25.7 P.P.M.) Carbon
Monoxide in Air

a Base time, 60 seconds, where 5 seconds are equivalent to 2.2 p.p.m.
b Base time, 75 seconds, where 5· seconds. are equivalent to 1.7 p.p.m.
e Base time, 100 seconds, where 5 seconds are equivalent to 1.3 p.p.m.
d Base time, 60 seconds, where 2 seconds are equivalent to 0.9 p.p.m.

Effect of Increasing Color with Elapsed Time. Most of the
color is developed on the indicating gel during the exposure to the
air containing carbon monoxide, but the initial color slowly
darkens with time. The significance of this change was shown
in the following experiment. At 8 A.M., a series of tubes was
exposed for 80, 90, 100, 110, and 120 seconds to 10.0 p.p.m. of
carbon monoxide in air. These tubes were arranged twice by
each of three observers in the order of color intensity without an
inversion. This set of tubes now served to measure the apparent
intensity of additional tubes, each exposed for 100 seconds, at
9:30, 10, 11 A.M., 12 M., 1, and 2 P.M. Five minutes after
each additional tube was exposed, the standard series, plus all
additional tubes, were arranged in the order of apparent color
intensity. In all cases the freshly exposed tubes were placed
below the standard corresponding to 8.0 p.p.m. (80 seconds).
With the lapse of time, the apparent intensity of a tube increased
roughly 1 color step (1.0 p.p.m.) per hour until the reading was
between 9.0 and 10.0 p.p.m., which position was then maintained
for the following 24 hours. Three hours after exposure, the tubes
were within 1.0 p.p.m. of the correct value as measured by the
original color standards. Thus, a set of standards prepared
early in the morning would serve to measure unknowns exposed
throughout the day if the color comparisons were made 3 hours
or more after the unknown exposures, and a systematic error of
the order of minus 10% were acceptable.

The reason for the instruction previously given to prepare
standard color tubes in the order dark to light is now explained.
This order takes advantage of the color drift. Reversing the
order will cause more inversions in arranging tubes with very

Relative
Sensitivity a

2.7
1.3
1.2
1.0
1.0
1.0
0.7
0.6
0.3
0.1
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26
26
26
26
26
27
27
26
26
26
26
26
26
26
26.1 ±

0.2

P.-P.M.
of CO

Effect ofTeD1per~tureon Sensitivity of
Indicating Tubes

Av.

Exposure
Temp., 0 C.

60
50
40
30
25
20
10
o

-10
-20

54
56
58
62
60
64
66
54
56
56
60
62
64
66

Table IV.

2

56
54
58
62
60
64
66
54
56
58

·60
64
62
66

small color increments-e.g., a set representing increments of
0.5 p.p.m. of carbon monoxide in the range 10 p.p.m.

Effect of Temperature. The sensitivity of the indicating gel
changes in a regular manner over the range of normal atmospheric
temperatures. The direction and extent of this dependence are
summarized in Table IV.

The values given were derived from colorimetric-time measure
ments made on 26 p.p.m. carbon monoxide in air, with rate of
flow constant. If the results obtained are to be accurate to 10%
of the concentrations measured, corrections must be applied for
field tubes exposed at temperatures more than 5° C. different
from the exposure temperature of the color standards. This
procedure is feasible for temperatures of 0° and above but is not
satisfactory-for example, at _20° C., where the sensitivity is

lowered by a factor of ten. At
Iiluch low temperatures, it may
be necessary to keep the sensi
tivity at a usable, known level
by artificially heating the tube
and incoming sample to a con
stant temperature.

Correlation of Field and
Laboratory Measurements. If
the unknowns are to be exposed
in the field and the color stand
ards prepared in the laboratory,
a time schedule must be ob
served, and significant differ
ences in temperature must be
taken into account. If there is
a wide variation in the concen
tration of the unknowns, more
than one set of color standards
must be prepared. The time
schedule can be definitely pre
determined, and complete sets
of color standards can be 'pre
pared even though all are not
used. When the outside tem
peratures are abnormally low,
more consistent results may be
obtained if samples of the un
known air are taken to the labo
ratory for the exposures and
color comparisons.

Observers
2 3 4 1

Arrangement of tubes, seconds

45 45 45 45 45
50 50 50 50 50
55 55 55 55 55
60· 60· 60· 60· 60·
65 65 65 65 65
70 70 70 70 70
75 b 75 b 75b 75 b 75 b
80 80 80 80 80
85 85 85 85 85
90 90 90 90 90
95 95 95 95 95

100' 100' 100' 100' 100'
105 105 105 105 105
110 110 110 110 110

45 45 45 45 45
50 50 50 50 50
55 55 55 55 55
60· 60· 60· 60· 60·
65 65 65 65 65
70 70 70 70 70
75 b 75 b 75b 75 b 75 b
80 80 80 80 80
85 85 85 85 85
90 90 90 90 90
95 95 95 95 95

100' 100' 100' 100' 100'
105 105 105 105 105
110 110 110 110 110

54 54 54 54 54
56 56 56 56 56
58 58 58 58 58
60· 60- 60- 60- 60-
62 62 62 64 64
64 64 64 62 62
66 66 66 66 66
54 54 54 54 54
56 56 56 56 56
58 58' 58 58 58
60- 60- 60- 60- 60·
62 62 62 62 62
64 64 64 64 64
66 66 66 66 66

2

Elapse
of Time

after
Reaction,

Hours

V

II

VI

IV

III

Table III.
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Kjeldahl Method with Sealed Tube Digestion
Factors Influencing Ammonia Decomposition
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Figure 1. AIllIllonia recovery froDl aIllIlloniuIll sulfate
with varying teDlperatures of digestion for 0.5 hour

A . • 5.2 'Y of nitrogen in 0.8-ml. tube (6.5 'Y per mI. space) with 10
:microliters of concentrated sulfuric acido 26 'Y of nitrogen in O.8-:rn1.. tube (33.1' per Illl. space) with 10 IDicro
liters of concentrated sulfuric acid

~ 1250 'Y of nitrogen in 25-ml. tube (50 'Y per 1ll1. space) with 250
Inicroliters concentrated sulfuric acid

B. 0 1100 'Y of nitrogen in 25-n11. tube (44 l' per m.l. space) in oxygen gas

In this study similar experiments (2) concerning ammonium
sulfate decomposition were repeated on both the milligram and
microgram scales. Easily controlled conditions-i.e., sample
size, temperature, quantity, and concentration of sulfuric acid
were investigated. Curve A of Figure 1 illustrates 'the effect on
ammonia recovery of varying the digestion temperature. The
sample sizes and amounts of sulfuric acid are listed in the figure.
Employing the microgram diffusion procedure, the 125--y am
monium sulfate samples, in general, show a greater stability
than the 25--y ammonium sulfate samples. The ammonia re
covered from 6-mg. ammonium sulfate samples, however, does
not indicate a greater ammonia stability. While it would seem
that the rate of decomposition of ammonia should depend upon
the concentration of ammonium sulfate as indicated by the
microgram analyses, the uncertainty associated with the tem
perature of the bomb contents during the digestion discouraged
further study of this nature in conventional, sealed tubes. With
the exception of the two points at 560 0 and 5660 C., the curve
fits the data within the experimental error. The volumes of
acid for the microgram and milligram determinations afforded
about the same over-all gas pressures. In both cases, a liquid as
well as gas phase existed at temperatures somewhat below 530 0 C.
Above this temperature the sulfuric acid was completely vapor
ized.

Oxidation of Ammonia to Nitrogen Gas. Grunbaum and co
workers have suggested that the ammonia loss could be ascribed
to oxidation of the ammonia to nitrogen gas. To confirm that
this process was occurring, a 5.28-mg. sample of ammonium sul
fate and 250 1'1. of concentrated sulfuric acid were sealed in a

Grunbaum and coworkers (2) showed that ammonia from or
ganic, nitrogen-containing samples did not decompose as readily
as ammonium sulfate during digestion and that the conditions
established by White and Long, 0.5-hour digestion at 4700 C.,
were optimum for the digestion of organic samples.

T HE work of White and Long (4) on the Kjeldahl digestion
procedure in sealed tubes at 470 0 C. offers a major improve

ment in the reliabi.lity of this method for nitrogen determina
tion. The subsequ.ent work of Grunbaum, Schaffer, and Kirk
(2) on the decomposition of ammonium sulfate at higher tempera
tures suggested that rigorous conditioIw were required to' avoid
ammonia loss in the course of the digestion, and also showed, as
did the work of White and Long, that catalyst addition was un
necessary to effect decomposition of the organic material. Baker
(1) confirmed the work of Grunbaum and coworkers and stated
that ammonia actually was lost above 420 0 C. when a mercuric
sulfate-selenium catalyst was employed for the digestion.

The present investigation had several objectives. It was de
sired to identify the oxidation produet or products of ammonia
at elevated temperatures in sealed tubes and to establish a set
of conditions for the digestion which would suppress the am
monia decomposition and result in a less critical control of tem
perature. Finally, it seemed important to compare results be
tween the milligram and microgram scale analyses to determine
whether or not sUl'iace or other effects playa role'in the digestion
of microgram qua,ntities of material which are not evident with
milligram samples.

The sealed tube digestion procedur,e eInploys teInpera
tures considerably hig~er than those of the conven
tional Kjeldahl n~ethod, and loss of aInInonia due to
therInal decoIllposition is of prinlary concern. This
investigation was undertaken to deterIlline what fac
tors influence aU1InOma loss in this procedure. AIll
Inoni./:l bisulfate decolDposed to nitrogen gas at· teIn
peratures greater than 500 0 C. The quantity of sul
furic acid used for a digestion ][nay affect aIllIllonia
recovery and prolonged digestion may be responsible for
oxidation of appreciable quantities of aIllInonia.
Addition of sInall aIllounts of water to the digestion
mixture Illarkedly increases the stability of aInDlOma
nitrogen in sulfuric acid. ADlnlonia is oxidized by
sulfur trioxide or by oxygen over the saIne teDlperature
range. Excellent agreeIllent between the DlilligraDl
and Illicrogranl procedures was found.

EXPERIMEN'rAL

The apparatus and procedure used for the analyses of micro
gram samples were identical with those described previously (2);
the data oi the previous investigation demonstrated the reli
ability of the method. The borosilicate glass digestion tubes
used in the milligram scale were 22 to 25 cm. long, having an
inner diameter of 12 mm., a 3-mm. wall thickness, and a volume
that approximated 25 m!. This volume is approximately three
fold greater than that for the digestion tubes used by White and
Long. The distillation apparatus employed was described by
Kirk (3). The milligram method deviated from that described
by White and Long in that smaller quantities of sulfuric acid were
used for the digestion and that the sulfur dioxide and carbon
dioxide were driven off by heating the contents of the bomb to
gentle boiling before transfer to the distillation apparatus. This
eliminated the need for the addition of the base to the distillation
apparatus ahead of the digestion mixture. Omission of the
catalyst eliminated the need for the addition of sodium thio
sulfate to the alkaline distillation mixture. The temperature
range investigated for the digestion of both the milligram and
microgram samples varied from about 450 0 to 625 0 C. The
error in reading furnace temperature was less than 50 C.

384
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}'igure 2. Partial pressure of oxygen gas from thermal dis-'
sociation of sulfur trioxide gas using 250 JLI. of concentrated

sulfuric acid in 25-ml. sealed tubes

A. Calculation based on cOIDplcte dissociation of sulfuric acid to sulfur
trioxide gas and water vapor at temperatures listed

B. 10 :mg. of acetanilide digested to forrn sulfur dioxide gas, carbon di
oxide gas, and water vapor assuJn..ing that the sulfuric acid is COItl

plctcl,y dissociated to sulfur trioxide gas and water vapor

25-ml. bomb tube under vacuum (10-:-' mm. of mercury), and
the contents were digested under conditions in which the ammonia
was quantitatively lost (624° C. for 0.5 hour). The composition
of the gas phase was determined by use of the mass spectrograph.
The s~lfur trioxide and water were removed from the gas mixture
by the proper control of temperature and the remaining gas
showed 66.22 mole % of sulfur dioxide, 25.54 mole % of nitrogen,
and 8.24 mole % of oxygen. A calculation of the quantity of
nitrogen gas from the pressure, volume, and temperature values
listed from the mass spectrographic analysis indicated that
within experimental error the ammonia was oxidized quantita
tively to nitrogen gas (gas recovery = 105%).

The amount of sulfur dioxide formed in the course of the reac
tion was only in approximate agreement with the ratio from the
equation for the net reaction, SO./N2 = 3. Some of the sulfur
dioxide is lost because it has an appreciable solubility in sulfuric
!tcid at room temperature. Additional loss may be incurred in
removing water vapor and traces of sulfur trioxide. The presence
of oxygen is not due to contamination but rather to the decom
position of sulfur trioxide at the temperature of the digestion.
In the temperature region where the dissociation of sulfur tri
oxide becomes appreciable, either sulfur trioxide or oxygen may
oxidize ammonia to nitrogen gas. For this reason, it is of in
terest to compare the decomposition of ammonia by oxygen with
that by sulfuric acid.

Curve B of Figure 1 shows the results of a series of determina
tions in which weighed quantities of ammonium chloride were
sealed undcr 1 atmospherc of oxygen gas in 25-ml. tubes. The
oxidation of ammonia occurs in approximately the same tempera
ture region but at a slower rate in pure oxygen than in sulfuric
acid. This effect may be due to greater concentration of oxidiz
ing agent when sulfuric acid is present or to a different mechanism
in the oxidation process. The fact that oxidation of ammonia
starts at approximately the same temperature in the presence
of oxygen as when the sample is digested with sulfuric acid
would seem to indicate that oxygen is responsible for the am-

. monia loss.
Curve A of Figurc 2 shows the oxygen pressure due to the dis

sociation of sulfur trioxide which would exist in a 25-ml. sealed
tube if 250 ILL of concentrated sulfuric acid were completely va
porized at the temperatures listed. These calculations were
carriJed out assuming that gaseous sulfuric acid does not exist as
a major species. For these temperatures and pressures the valid
ity of this assumption is uncertain. For the purposes of this
comparison no corrections were made for gas imperfections, as
the calculations were intended only to demonstrate the effect
quantitatively, and the uncertainty as to the species present does
not warrant the lengthier and more exact treatment. In the
oxidation of ammonium sulfate no large amount of sulfur dioxide

Furnace NH,
Temp., Recovered,

Sample o C. %
In Air

(NH,hSO, 550 48.4
NH,HSO. 550 20.9

In Vacuum

(NH.hSO, 620 66.4
NH,HSO, 620 31.4
NH,Cl 620 98

Effect of Concentrated Sulfuric Acid. The qualitative ob
servation that ammonia was not decomposed as rapidly
when an organic. nitrogen-containing sample was digested as
when ammonium sulfate was heated under comparable conditions
(2) led to an investigation of the effect of reactant and product
concentrations in the digestion mixture. The variation in the
amount of sulfuric acid added was investigated first. The results
of measurements carried out in 25-ml. sealed tubes are shown in
Figure 3·. The reproducibility of the values plotted is of the order
of 10 to 20%. The minimum in this curve is associated with the
quantity of sulfuric acid that produces a two-phase system.
Amounts of sulfuric acid less than about 500 ILL (approximately 20
ILL of concentrated sulfuric acid per milliliter of tube volume) re
sult in a gaseous system in this temperature range; amounts
greater than about 500 ILL produce a two-phase system. The
distribution of the ammonia between the two phases diminishes
the rate of oxidation of ammonia in the course of the diges
tion. The species responsible for the oxidation of ammonia
(either sulfur trioxide or oxygen) will occur only in the gas phase
and at the surface of the liquid.

Figure 3 indicates that the least desirable quantity of sulfuric
acid to use is that in which the vapor pressures have reached a

2NH3(g) = N 2(g) + 3H2(g)

Tahle I. Oxidation of Amrnonia in Absence of
Sulfuric Acid

is produced and, as a consequence, the oxygen pressure may ap
proximate the amount calculated for curve A, Figure 2.

Curve B illustrates the reduced partial pressure of oxygen which
would occur if a 25-ml. bomb tube containing 10 mg. of acetanilide
and 250 ILL of concentrated sulfuric acid were sealed under vacuum
and digested at the indicated temperatures. As in the case of
curve A, the calculation has been made assuming that the con
centrated sulfuric acid is completely dissociated to sulfur trioxide
.and water vapor. This lowering of the oxygen pressure due to the
large amount of sulfur dioxide which is' formed in ,the destruction
of the organic matter could account for the inereased stability
observed when an organic nitrogen-containing sample is digested.

The data discussed so far did not rule out the possibility that
in this temperature region ammonia may also decompose to give
nitrogen and hydrogen gas. Table I indicates that the reaction
does not proceed according to this path. Ammonium sulfate
and ammonium bisulfate samples were sealed in a bomb tube
in the presence of ail' and heated for 0.5 hour at 550° C. These
samples lost more ammonia than the stoichiometric amount per
mitted by the reduction of sulfur .trioxide to sulfur dioxide, but
this is explained by the presence of oxygen from the ail' contained
in the sealed tube. When the same experiments were repeated
in evacuated tubes and the samples were heated to 620° C.,
the extent of oxidation was decreased. The reaction proceeded
until the stoichiometrically available amount of sulfur trioxide
was reduced to sulfur dioxide as shown by the loss of one third of
the ammonia in ammonium sulfate while two thirds was lost
with ammonium bisulfate. Within the certainty of the experi
ment, the reaction did not continue beyond the utilization of sul
fur trioxide. It was concluded from these measurements that
ammonia was not lost by th~ reaction
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Figure 4. Effect of water on recovery of am
monia from egg albumin using 250-1' samples

in 0.8-ml. sealed tubes

A. 0 ADl.DloniuDl. sulCate with 10 ~I. of concentrated
sulfuric acid •

B. 0 Egg albumin with 10 .aL oC concentrated sulCuric
acid

C. • Egg albuInin with 10 "I. of concentrated sulfuric
acid plus 10 .al. oC water
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maximum but no appreciable excess above this saturation amount
is present. The bulk of the work reported in this paper has been
performed under conditions which permitted investigation of the
gaseous process and avoided the uncertainties introduced by a
two-phase system. The starred point of FigUre 3 represents the
recovery of ammonia when 250 ~l. of 30% fuming sulfuric acid
were used instead of the regutar, concentrated acid. As would
be expected the loss of ammonia is greater in the presence of an
increased amount of the oxidizing agent.

o I
o 0.5 Ie 15 20
VOLUME OF CONCENTRATED SULFURIC IICID IN MILLILITERS

Figure 3. Effect of varying amounts of sulfuric acid
. on decomlwsitiolll of 6 mg. of ammonium sulfate in

25-ml. sealed tubes at 550 0 C.

Digestion period 0.5 hOUI* Recovery of amm.onia using 250 tnicroliters of 30% fUlUing
sulfuric acid.

Effect Qf Digestion Time. It was suggested un that tempera
ture played a more important role than time in the digestion
process. It was thought that after the 0.5-hour digestion period
equilibrium had been obtained. Work by Baker (1) with organic
sa.mples at 4200 and 4650 C. corroborated this belief. Further
work, however, in temperature ranges where the oxidation
eccurs at a more rapid rate, has shown that equilibrium for the
oxidation is not obtained in such a short time interval even at
temperatures where the reaction rate is relatively rapid. Table
II Bhows two sets of data: one in which the sample and acid were
Bealed in the presence of air and the second in which the tube
waB evacuated before sealing.

Table II. Variation in A:mmonia Loss from 6-Mg.
Ammonium Sulfate Samples with Time

Composition Time of NH,
of Digest, Ternp., Digestion, Lost,

/.1. 0 C. Hour %
In Air

250, H,SO. 550 0,5 57,69
1.0 85

In Vacuum

100, 1M H2S0. 620 0.5 63
1.0 87

Roughly the same fraction of ammonia is lost in the second
half-hour interval as in the firllt. This means that even at these
considerably higher tempera'~ures equilibrium conditions are
not obtained in an hour's heating time and that at digeBtion tem
peratures approximating 470 0 C., eBtablishment of equilibrium
iB Bufficiently slow that a 0.5~hour heating period caUBeB no seriouB
loss. This argument appears to be confirmed by the work of
Baker on aminoacetic acid at 465 0 C. The theoretical amount
of ammonia iB found in a O.S-hour digestion period, but after 3
and 4 hours at the'Bame temperature the analYBis Bhows an am
monia recovery of 98.7%. Further data are given below with
respect '~o loss with time for tryptophan.

Table III. Effect of Water above Its Critical Temperature
on Ammonium Sulfate Digestions"

NH,
Digestion Reagent Added, Recovered,

"I. %
None 666
100, H20 74
100, 1M H 2SO. 37
100, coned. H2S0. 0

o Digestion of ammonium sulfate at 6200 C. for 0.5 hour on milligram scale
in vacuum.

b Ammonia oxidized represents quantitative reduction of sulfur trioxide
to sulfur dioxide.

Effect of Added Water~ Initial experiments in which distilled.
water was added to the Bulfuric acid digestion mixture indicated
that the presence of water vapor suppressed the rate of ammonia
loss (Table III). The determinations show definitely that the
presence of water suppresseB the decomposition of ammonia.

Figure 4 illustrates the effect of added water on the deter
mination of nitrogen in egg albumin. Curve A is included for
comparison of the rate of oxidation of ammonium sulfate in 10
~l. of concentrated Bulfuric acid as compared to that of egg
albumin in a comparable amount of sulfuric acid. From theBe
two curveB it was concluded that the presence of sulfur dioxide
does not suppress the decomposition of ammonia, aB the major
difference in the two sets of experiments lies in the much larger
quantity of Bulfur dioxide formed in the decomposition of egg
albumin than in the oxidation of ammonium Bulfate. This ob
servation is in agreement with those listed in Table II, which
showed that equilibrium is not attained in 0.5-hour digestion
periods. Since time of digestion and pressure of sulfur dioxide
both indicate that an equilibrium state for the net reaction is
not reached in a 0.5-hour digestion period, it is necessary to
Beek another explanation for the suppression of oxidation by the
addition of water to the mixture as shown by curve C.

A plausible reason for the decreased rate of oxidation in the
presence of greater quantities of water vapor iB associated with
the quantity of oxidizing agent available to react with
the ammonia species. A large increase in water pressure in the
Bystem will decrease the equilibrium pressure of Bulfur trioxide aB
a result of the formation of sulfuric acid. Consequently, whether
the oxidizing species is sulfur trioxide or oxygen, the pressure of
either one Bhould be lowered appreciably. ThiB is confirmed by
the observation on the milligram scale that a liquid phase iB
present when 250 ~l. of concentrated sulfuric acid and 250 ,,1. of
water are heated to temperatures as great as 560 0 C. in a 25-rnl.
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Figure 5. Effect of water on recovery of all'lll'lonia
froll'l tryptophan and froll'l all'lll'loniull'l sulfate at

550 0 C. in 25-1l'lI. sealed tubes

sealed tube. While the liquid phase was not actually observed
on the microgram scale, the ratio of the volume of the bomb
tube to the volume of concentrated sulfuric acid plus water
implies that this also is true on the microgram scale.

Figure 5 shows the effect of digestion time on the decompo
sition of tryptophan and of ammonium sulfate at 550 0 C. Curve
A indicates the rate of decomposition when 250 ~l. of concentrated
sulfuric acid were used to digest the sample and curve B illus
trates the decomposition rate when 250 ~l. of concentrated sul
furic acid plus 250 ILL of distilled water were used. This tempera
ture was selected because ammonia is rapidly oxidized by 250
~l. of concentrated sulfuric acid at 550 0 C., and the effect of
water can be shown using digestion periods of short duration.
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tion method, it is recommended that for the microgram diffusion
procedure the use of catalyst be avoided. The presence of mer
curic sulfate and sodium thiosulfate impairs the rate of diffusion
of ammonia. Thus the time gained in digestion by the presence
of catalyst does not compensate for that lost in the subsequent.
diffusion step. White and Long have shown that with milligram
quantities of material the digestion rate is very appreciably
increased by the use of relatively large quantities of mercuric
oxide catalyst at 470 0 C. Baker has shown that when a mer
cury-selenium catalyst is employed, loss of ammonia occurs at
465 0 C. and he recommends a digestion temperature of 420 0 to
450 0 C. As White and Long have shown that a substance as
refractory as nicotinic acid can be digested in 30 minutes without
catalyst, and it has been found in this investigation that trypto
phan and egg albumin also yield quantitative recovery at 470 0 C.
when digested for 30 minutes, the authors have continued to
avoid the use of catalyst in the analysis of milligram amomlts of
material, since speed of an individual digestion greater than this
has not been an important factor. If the temperature of the
digestion furnace is difficult to control, an additional margin of
security can be achieved by the addition to the digestion mixture
of a small quantity of water. The critical temperature of water
is exceeded and about 10 ~l. of water should be added for each
milliliter of gas space, regardless of the quantity of concentrated
sulfuric acid added. Temperatures greater than 500 0 C. were
employed to investigate the rate of loss of ammonia and possible
means of retarding such loss. It is not recommended that a
temperature grea~r than that proposed by White and Long be
used in the sealed tube digestion procedure.

A. 0 9 IDg. of 'tryptophan plus 250 ~l. of concentrated sulfuric
acid

B. a 9 lUg. of tryptophan plus 250 ILl. of concentrated sulfuric
acid plus 250 J..'l. of water

C. • 6 .IIlg. of aJDlllonium. sulfate plus 250 Pol. of concentrated
sulfuric acid .

D.• 6 D'lg. of nrntnoniu:rn sulfate plus 250 J..'I. of concentrated
sulfuric acid plus 250 p.l. of water
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Digestion mixture contains 250- ~. of concen
trated sulfuric acid and 250 "Ie of :water
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Figure 6. Effect of water on recovery
of all'lmonia froll'l tryptophan at 530 0 C.
using 9-ll'lg. quantities in 25-1l'lI. sealed

tubes

SUMMARY

The iIivestigation of conditions for the sealed tube Kjeldahl
digestion demonstrated that ammonia loss in the digestion is due
to oxidation of ammonia to nitrogen gas. - Excellent agreement
existed between the reilUlts on the milligram and microgram
scales. Oxidation of ammonia by sulfur trioxide or by oxygen
(alone) occurs over the same temperature range. The difference
in rate of the oxidation probably is due to differences in the par
tial pressure of the oxidizing species.

The organic material was destroyed in less than 10 minutes in a
furnace heated to 550 0 C. in both cases, but the rate of oxidation
of ammonia was decreased considerably by the increased pressure
of water (total pressure approximately 30 atmospheres). The
closed circle points, C, represent the ammonia loss when 6 mg.
of ammonium sulfate were digested with 250 ILL of concentrated
sulfuric acid at this temperature. Curve D illustrates the in
creased stability of ammonium sulfate when 250 ILL of water and
250 ~l. of concentrated sulfuric acid were added to 6 mg. of am
monium sulfate at 550 0 C. The reason for obtaining 100%
ammonia recovery before appreciable loss occurs probably is
the length of time required for the contents of the bomb to reach
the temperature of the furnace. Because organic matter is de
composed by sulfuric acid at a rapid rate even at considerably
lower temperatures than 400 0 C., it is likely that by the time the
sample has reached the temperature region where oxidation of
ammonia occurs the organic portion of the sample has been com
pletely oxidized. This is confirmed by curve D, where little
difference is observed between the rate of decomposition of am
monia from tryptophan and ammonia from ammonium sulfate.

Figure 6 shows that when tryptophan was digested at 530 0 C.
with 500 ILl. of 9M sulfuric acid a digestion period of 10 to 30
minutes yielded a recovery of ammonia equal to or greater than
99%. Comparable experiments on the microgram scale have
shown that the digestion period may be shortened to a few
minutes. This shorter p'eriod is due undoubtedly to the much
smaller heat capacity of the smaller system, which permits the
maximum temperature to be reached in a considerably shorter
time.

As a result of work by Grunbaum and coworkers (2) in addition
to the present investigation on the sealed' tube Kjeldahl diges-



The data indicate that 0.5-hour digestions are more tllan ade
quate for t,he destruction of the organic portion of a substance
with compounds as refractory as tryptophan and that prolonged
digestion can result in the oxidation of appreciable quantities of
ammonia. Recently it has been found that several compounds
containing quaternary nitrogen groups gave very poor recovery
of ammonia nitrogen by the sealed tube method, whereas the
conventional Kjeldahl procedure proved iiatisfactory. A pre
liminary investigation has shown that the rate of increase of
digestion temperature plays an important part in the resulting
conversion to ammonia. Further study if, being conducted on
this problem. '

Because the addition of water to the digestion mixture de
creases the rate of oxidation of ammonia, temperature control
need not be so preci;;e if the digestion mixture contains small
amounts of water, and temperatures somewhat greater than
470° C. may be used ,l"ithout loss of ammonia.

A further study of the chemistry of the ammonia oxidation
step is being conducted. It is hoped that such a study will

ANALYTICAL CHEMISTRY

lead to a better understanding of the factors which may be con
trolled in this oxidation.
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Determination of Hydroxy and Amino Compounds by a
Chlo'rine-36-lsolope Dilution Method
POUl SORENSEN

Central L.aboratory, Saelolin & Holmblael, Ltel., Copenhagen, Denmark

A Il1lodification Qf isotope dilution analysis is proposed
by which it is possible to determine hydroxy and amino
compounds. The COllipound to be analyzed is quanti
tatively converted to a chlorine-eontaining derivative,
and this is determined by an ordinary isotope dilution
method. The principle has been applied to determina
tion of phenol, pYifOcatechol, methanol, ethylene
gly.~ol, aniline, and ,ethylenedillllnine.

RADIOACTIVITY measurements can be performed easily
and with good precision on chlorine-36 compounds (6).

Chlorine-containing compounds may thus be determined with
a corresponding precision by chlorine-36 dilution methods (1, 4).

In this paper a method is suggested by which non-chlorine
containing compounds may be analyzed by a chlorine-36 dilu
tion method. The compound to be analyzed is quantitatively
converted to a chlorine-containing derivative, and this is de
termined by an ordinary isotope dilution method (4).

The principle is a modification of 'Ghe method of Keston and
coworkers for the determination of amino acids (3). The amino
acids, as radioactin3 derivatives, are analyzed by a reversed iso
t.ope dilution met.hod, which has the advantage that isolation
of the desired compound always is possible. However, the im
purities present i.n the mixt.ure are highly radioactive and a
yery rigorous purification of the compounds is necessary.

By the method here suggested no radioactive impurities will
be p:resent. It may sometimes be rather difficult to isolate a
given compound, but when it can be done the method may be
eonsidered as absolutely specific for the compound in question.

In comparison with milinary isotope dilution analysis the
prineiple proposed has the following advantages: radioact.ivity
measurements are done with chlorine-36, and therefore good pre
cision is obtainable; with one radioactive compound a whole
group of compounds may be analyzed; and the reference com
pound'of the analysis is a derivative of the compound to be an
alyzed. The derivative is usually much easier to prepare in a
pure state than the compound itself.

The disadvantage of the principle is that the compound to be
analyzed must be quantitatively converted to a derivative.

For the purpose 3-chloroanisic acid (4-methoxy-3-chloro
benzoie acid) has been shown to be useful. Radioactive 3-chlo
roanisic acid can be prepared with an acceptably high yield of
ehlorine-36. Using an excess of 3-chloroanisoyl chloride, hy
droxy and amino compounds may be quantitatively chloroanisoyl
ated. The derivatives obtained are crystalline and have sharp
melting points.

PREPARATION OF MATERIALS

Anisic Acid (p-methoxybenzoic acid). A commercially avail
able product was recrystallized twice from toluene: melting point,
184.0-184.5° C.

3-Chloroanisic Acid. The compound was prepared by chlo
rination of anisic acid by the method of Hopkins and Chrisholm
(2). The crude product was crystallized twice from toluene:
melting point, 216-217° C.

3-Chloroanisoyl Chloride. A suspension of 175 grams of 3
chloroanisic acid in 250 ml. of purified thionyl chloride was re
fluxed until a clear solution appeared, and then further for 15
minutes. After removal of the exeess. of thionyl chloride under
diminished pressure the 3-chloroanisoyl chloride was distilled
at 1 mm. at 120° to 125° C. Yield, nearly quantitative; melting
point, 64° to 65° C. Analysis: calculated for C8H 60 2Cb, saponi
fiable chlorine, 17.3%; found, 17.4%.

Chloroanisoylation of Hydroxy Compounds. The hydroxy
compound and 50% excess of 3-chloroanisoyl chloride dissolved in
pyridine were heated to reflux for .20 minutes. After absolute
alcohol was added to decompose excess 3-chloroanisoyl chloride,
the mixture was poured 'into water. The precipitate was re
moved by filtration, washed with water, and crystallized to con
stant melting point from an organic solvent.

Chloroanisoylation of Amino Compounds. The preparation
was the same as described above, except that the reaction mix
ture was allowed to stand at room temperature for half an hour.
If reaction occurs at refluxing temperature, each amino group
may be partly dichloroanisoylated.

For monohydroxy and monoamino compounds it may be ad
vantageous to use an excess of the hydroxy or amino compound.

Solvents for crystallizations were dioxane, absolute aleohol,
methanol, and ligroine.

Radioactive Compounds. 3-Chloro(36)-anisic Acid. The
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where

and

Mg. of com ound = molecula~ weight of com~ound ~ B .
P molecular weIght of chloroamsoyl del'lVatlvl

_ specific activity of final sample
r - specific activity of standard sample

A milligrams of active solution added
B milligrams of 3-chloroanisoyl derivative present aftej

reaction with 3-chloroanisoy I chloride
a = milligrams of active solution used in preparing standarc

sample
b milligrams of 3-chloroanisoyl derivative used in pre·

paring standard sample
y milligrams of 3-chloroanisoyl derivative per milligran:

of active solution
P per cent purity of final sample

Formula

3-Chloroanisoyl Derivatives
Analysis•. % Cl
Calcd. Found

13.51 13.46
15.86 15.82
17.69 17.78
17.76 17.80
13.56 13.63
17.85 17.74

CALCULATION

( ! X :i X b + Ay X ! - r) X ~
r a r 100

Table -I.

B

Compound M.P., 0 C.

Phenol 141.7-142.0
PyrocatecholG 174.4-174.9
Methanol 94.0- 94.3
EthyleneglycolG 186.5-186.7
Aniline 169.2-169.5
Ethylenediamine G 243.7-244.1

G Di-(3-chloroanisoyl) derivative.

method mentioned here (2) was used with some modifications.
Radioactive elementary chlorine produced from 11.08 grams of
active silver chloride (.n was absorbed in 120 mi. of IN sodium
hydroxide, 3.90 grams of anisic acid were added,' and the solu
tion was placed in a closed flask provided with a dropping funnel.
The flask was evacuated to a pressure of about 200 rom. and
from the dropping funnel 130 mi. of IN nitric acid were forced
into the evacuated space by the atmosphere. This was followed
by 10 m!' of a 0.5% solution of sodium hydrosulfite to reduce
unreacted chlorine. During the procedure the flask was shaken
by hand. The precipitated 3-chloro(36)-anisic acid was re
moved by filtration, dried, and crystallized twice from 75 ml. of
toluene. Yield, 3.22 grams; melting point, 216-217 0 C.

The product was prepared with an activity of 1 microcurie per
milliequivalent.

Chlorine-36 was regenerated from chlorine-containing fractions
as silver chloride. Yield of 3-chloro(36)-anisic acid of chlorine
consumed was about 75%.

Chloro(36)-anisoylation of Monohydroxy and Monoamino
Compounds. 3-Chloro(36)-anisic acid was refluxed with 4 to 6
times as much thionyl chloride and excess thionyl chloride was
removed as described earlier. The residue of crude 3-chloro
(36)-anisoyl chloride and 100% excess monohydroxy or mono
amino compound, dissolved in pyridine, were refluxed for half
an hour. The reaction mixture was then poured into water and
the crude product obtained was purified by two crystallizations
from an organic solvent. The mother liquor from the crystalliza
tions was saponified and some 3-chloro(36)-anisic acid could be
regenerated. Yield of chloro(36)-anisoylated compounds based
on 3-chloro(36)-anisic acid consumed were 60 to 90%. The
melting point of a product differed not more than a few tenths of
a degree from that of the pure compound.

Chloro(36)-anisoylation of Dihydroxy and Diamino Com
pounds. The reaction was first carried out with an excess of
hydroxy or amino compound as described above. An excess of
inactive 3-chloroanisoyl chloride was then added. Mter the
reaction had finished alcohol was added, the mixture was poured
into water, and the product was purified as mentioned above.

API'ARATUS AND MEASUREMENTS

Determination of Purity. The purity of a derivative was de
termined from the melting point (4).

The molar melting point depression must be determined for
each component to be analyzed.

Radioactivity Measurements. The technique has been
described (5).

A ratio of two activities was determined with a statistical error
corresponding to a standard deviation of 0.6 to 0.7%.

ANALYTICAL PROCEDURES

Reagents. 3-Chloroanisoyl chloride; distilled, melting point,
64-650 C.

3-Chloroanisoyl derivative of compound to be analyzed; pure.
3-Chloro(36)-anisoyl derivative of compound to be analyzed.
Pyridine; reagent grade, dried over parium oxide.
Dioxane; alcohol (99.5 to 99.9%); methanol; ligroine; all of

reagent grade.
Preparation of Active Solution. Dissolve an amount of the 3

chloro(36)-anisoyl derivative corresponding to 0.7 microcurie in
100 ml. of dioxane.

Preparation of Standard Sample. Weigh accurately about
200 mg. of the 3-chloroanisoyl derivative (inactive) and 1.5 ml.
of active solution. Add dioxane to the mixture until a clear
solution is obtained by boiling. Pour into water and recrystal
lize the product.

Procedure. Weigh in a test tube an amount which is esti
mated to contain about 1 meq. of the compound to be analyzed.
Add 3 ml. of pyridine and about 0.8 gram of 3-chloroanisoyl
chloride and shake until the 3-chloroanisoyl chloride has dis
solved. If a hydroxy compound is to be analyzed, reflux for 20
minutes; if an amino compound is to be analyzed, allow to stand
at room temperature for half an hour. Add 3 mi. of alcohol and
boil for a moment. Add 1.5 m!' of active solution, and deter
mine the amount accurately by weighing before and after addi
tion. Heat the mixture to clear solution and pour into 100 ml. of
water. Remove crystals by filtration, and wash with water, and
finally with 2 mi. of methanol. Crystallize from an appropriate
solvent until the melting point differs by less than 1 0 from that
of the pure 3-chloroanisoyl derivative. Determine the purity
from the melting point. Measure the specific activity (activity
per unit weight) of this final sample as a ratio of the specific ac
tivity of the standard sample (correct for background and self
absorption).

EXPERIMENTAL

The method has been applied to the assay of the following
compounds:

1. Phenol, analytical grade.
2. Pyrocatechol, C.P., the product was recrystallized twice

from benzene, melting point, 104.5-105 0 C.
3. Methanol, reagent grade, water-free.
4. Ethylene glycol; the product was obtained as a middle

fraction by distillation of a technical product. n 2:J = 1.4298.
5. Aniline, reagent grade.
6. Ethylenediamine; a commercial product was dried with

potassium hydroxide and distilled in a vacuum. Titration
with IN hydrochloric acid showed a content of 81.9% ethylene
diamine (monohydrate 76.9%). The values in Table IX repre
sent the amounts of 100% ethylenediamine calculated from the
titration value.

The data concerning the 3-chloroanisoyl derivatives are listed
in Table!'

In the experiments the samples for radioactivity measurements
were purified until the melting point differed by less than 0.2 0

from that of the pure substance. The correction due to the
purity is then very small and an estimated melting point de
pression of 0.5 0 per per cent of impurity was used.

Only in the analysis of methanol was the difference in melting
points about 1 0

; the melting point depression was determined to
be 0.5 0 per per cent content of ethyl-3-chloroanisate.

DETERMINATION OF PHENOL

The derivative was purified by crystallizing from 10 ml. of
alcohol, 5 ml. of alcohol, and twice from 10 mi. of methanol.

DETERMINATION OF PYROCATECHOL

The derivative was purified by two crystallizations from 25 ml.
of alcohol.

QETERMINATION OF METHANOL

The usual procedure had to be modified. About 3 meq. of
methanol were required in the analysis and 1.2 grams of 3-chloro-
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a'nisoyl chloride were added. The derivative was crystallized
twice from 5 ro!. of methanol and once from S m!. of ligroine
(Table V).

Table VII. Determination of Aniline
Recovered

DETERMINATION OF ETHYLENE G'LYCOL

The derivative was crystllJlized twice from 10 m!. of a dioxane
alcohol mixture (1 to 1).

Aniline, Mg.

94.8
98.5 a

98.0a

99.1 a

98.4"

Mg. %
95.1 100.3
98.0 99.5
97.8 90,8
98.0 98.9
97.5 99.1

DETERMIl'iATION OF ANILINE

The derivative was crystallized from 5 m!. of alcohol and twice
from 10 mI. of 61 %alcohol.

a To the sample were added 5 mg. of 0- and 5 mg. of v-toluidine.

Table VIII. Effect of Varying Excess of 3-Chloroanisoyl
Chloride on Determination of Aniline

Table IX. Determination of Ethylenediamine
Recovered

a 10 mg. of water added to sample.
b 25 mg. of water added to sample.

Ethylenediamine, Mg.

24.95
25.B5
24.85
25.15
25.05"
26.40a

25.60 b
26.05 b

DETERMINATlON OF ETHYLENEDIAMINE

The derivative was crystallized from 20 and 10 m!. of alcohol.

mSCUSSION

Experiment3 with varying excess of 3-chloroanisoyl chloride
(Tables III and VIII) show that the chloroani:lOylation may be
considered to be quantitative. Even moderate amounts of
water are permissible (Tables II and IX).

When it is possible to isolate the desired derivative, a content
of homologs will not fundamentally disturb the determination.
It was usually considered as outside the scope of this investiga
tion to develop methods of purification when homologs were
present. However, the methods indicated may often give suffi
cient purifica,tion (Tables II and VII).

Aniline, Mg.

97.2
94.7
96.0

3-Chloroanisoyl
Chloride, Mg.

BOO
400
600

Recovered
Mg. %
97.2 100.0
95.0 100.3
96.1 100.1

Mg. %
23.5 04.2
2B.7 93.5
23.7 05.4
24.0 95.4
23.9 05.4
24.6 92.8
21.0 82.2
21.4 82.1

Table III. Effect of Varying Excess of 3-Chloroanisoyl
Chloride on Determination of Phenol

a 5 mg. of 0'-, 5 mg. of m- l and 5 mg. of p-cresol added to sample.
b 10 mg. of water added to Bample.
c 25 mg. of water added to sample.
d 50 mg. of water added tc"ample.
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In some of the series (Tables IV, VI, and IX) values a little too
low are found. It seems reasonable to suppose that the com
pounds analyzed were not pure.

The precision of the final result will usually be determined
mainly by the precision of the radioactivity measurements.

'"(0

Recovered
·Mg. %

100.2 90.3
103.1 100.7
),04.4 100.2

. 90.7
100 0
100,1
101.0
100.7
100.1
100.5
100.7
100.1
90.3
'~4'.3

B-Chloroanisoyl
Chloride, Mg.

400
600
600

Determination of Phenol
Recovered

Mg.

103.5
103.5
103.9
101.8
tOl.9
!L03.3
104.0
lO5.3
104.7
103.7
98.1

Phenol, Mg.

103.8
103.5
103.8
100.8
101.2"
103.2a

103.5a
104. (}b
104.6 c
104.4 c
104.0d

Table II.

Phenol, Mg.

100.0
102.4
104.2
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Pyrocatechol, Mg.

Methanol, Mg.

97.2
95.fi
95.fi
96.'1
96.1)

Ethylene Glycol, Mg.

39.8
B9.0
40.fi
30.2

In the article on "Automatic Titrating and Recording Appa
ratus for Microbiological Assays" [Eades, C. H., Jr., McKay,
B. P., Romans, W. E., and Ruffin, G. P., ANAL. CHEM., 27, 123
(1955) 1 reference (9) should read: McKay, B. P., and Eades,
C. H., Jr., Ibid., 27, 123 (1955), In the article on "Electro
magnetic Laboratory Valve" [McKay, B. P., and Eades, C. H.,
Jr., ANAL. CHEM., 27, 163 (1955)] the reference given in the
fourth line of the first paragraph should read: Eades, C. H., Jr.,
McKay, B. P., Romans, W. E., and Ruffin, G..P., ANAL. CHEM.,
27, 123 (1955).

In the article on "Potentiometric Titration of Very Weak
Acids [Deal, V. Z., and Wyld, G. E. A., ANAL. CHEM., 27, 47
(1955)] the second sentence under Solvent Effect on page 48
should read: "Carboxylic acids, on the other hand, titrate as
moderately weak acids in water, as weak acids in dimethyl form
amide, and as strong acids in ethylenediamine."

Corrections

Determination of lPyrocatechol
Reeovered

Mg. %
64.0 98.6
63.2 00.5
63.0 00.4
64.4 98.6

Determination of Ethylene Glycol
Recovered

Mg. %
39.a 98.5
B8.3 98.2
40.4 99,5
38.1 98.7

64.9
63.5
64.3
65.3

Table V. Determination of Methanol
Recovered

Mg. %
96.5 09.3
07.3 101.8
95.fi 100.0
96.;; 99.8
97.2 100.6

Table IV.

Table VI.



Reproducibility of Mounting of Solid Samples of Chlorine-36
Compounds for Radioactivity Measurements
POUl SORENSEN

Central Laboratory, Sac/olin & Holmblac/, Ltc/., Copenhagen, Denmark

A series of Illeasurelllents with four different organic
chlorine-36 COlllpounds is described. Three different
persons have prepared siunples.

SEVERAL years' experience has shown that radioactivity of
solid samples of chlorine-36 compounds can be determined

accurately.

EXPERIMENTAL

Equipment. Geiger-Muller counter. An ordinary end-win
dow counter was used [Madsen-tube (1)J; window thickness, 3
mg. per sq. em.; window diameter, 30 mm.; background, about
12 counts per minute.

Scaler. Bruel and Kirer electronic counter 6501.
Aluminum dishes. The samples were mounted in aluminum

dishes, 14 mm. in diameter, 2 mm. high. A dish was used for
only one determination.

Mounting of Samples. An amount of 50 ± 5 mg. of the
crystalline compound is placed in an aluminum dish, a few drops
of methanol or acetone are added, and the slurry is smoothed
with a nickel spatula during evaporation of .the suspending
agent. Finally the sample is dried under an infrared lamp.

counts and the whole counting procedure was performed twice
Le., a relative activity was determined with a statistical counting
error of 0.61 %.

CALCULATION

The relative activity of a sample is calculated from:

counts per minute of sample
ax = counts per minute of standard

Corrected activity is calculated from:

50
aso = x ax + (x - 50) X 0.0060

where

ax = relative activity of x-dl mg. sample
a,o = relative activity of the sample corrected to correspond

to a weight of 50 mg.

The last term in the expression is the self-absorption correction
and has been determined from the measurements h'ere described.

Table I. Activity Measurelllents of Different COlllpounds
Compound I Compound II Compound III ' Compound IV

Weigh" Relative Activity Weight, Relative Activity Weight, Relative Activity Weight. Relative Activity
Operator mg. Measured Corrected mg. Measured Corrected mg. Measured Corrected mg. Measured Corrected

Very skilled 45.78 0.942 1.001 46.70 0.957 1.004 47.95 0.972 1.001 48.00 0.975 1.003
50.16 1.001 0.999 48.15 0.975 1.001 50.20 1.005 1.002 50.15 1.008 1.005
51.10 1.001 0.986 49.25 0.997 1.007 51.00 1.014 1.000 51.00 1.016 1.002
53.87 1.044 0.992 53.26 1.054 1.009 53.32 1.046 1.000 52.95 1.036 0.996
57.55 1.108 1.008 54.65 . 1.048 0.987 57.22 1.087 0.992 56.70 1.091 1.002

Av. 0.997 1.001 0.999 1.002
S 0.008 0.009 0.004 0.003

Medium 44.62 0.922 1.000 45.69 0.958 1.021 46.35 0.941 0.993 47.75 0.991 1.023
skilled 47.25 0.965 1.004 47.78 0.989 1.022 48.62 0.971 0.990 49.10 0.983 0.995

50.15 1.002 1.000 50.84 1.010 0.999 49.86 0.990 0.992 50.17 1.000 0.997
51.14 1.020 1.005 53.33 1.051 1.005 51.60 0.997 0.976 51.05 1.014 0.999
54.25 1.059 1.000 55.93 1.060 0.983 53.80 1.038 0.987 55.64 1.082 1.006

Av. 1.002 1.006 0.988 1.004
S 0.002 0.016 0.007 0.011

Unskilled 46.44 0.920 0.970 47.32 0.980 1.018 45.40 0.929 0.994 47.00 1.022 1.069
49.25 0.993 1.003 49.01 0.972 0.985 48.90 0.972 0.987 48.40 0.986 1.008
52.75 1.040 1.002 50.82 1.018 1.006 51.86 1.017 0.991 48.84 0.971 0.987
54.50 1.057 0.997 51.90 1.032 1.006 53.27 1.035 0.992 53.90 1.050 0.997
55.80 1.076 1.000 54.49 1.042 0.984 54.90 1.043 0.979 56.32 1.084 1.000

Av.0.994 1.000 0.989 1.012
S 0.014 0.015 0.006 0.033

Materials. The compounds were prepared for other pur
poses (2, 3), and were chosen because they elMer appreciably
in solubility and crystal structure.

Compound I. 4-Chloro-2-methylphenoxyacetanilide, melting
point 130° C.

Compound II. 2,4-Dichlorophenoxyacetanilide, melting point
111° C.

Compound III. Methyl-3-chloroanisate, melting point 94° C.
Compound IV. Pyrocatechol-di-(3-chloroanisate), melting

point 175° C.
Compound II has a cottonlike structure and had to be mounted

in the dish with acetone. Methanol was used for the other com
pounds.

The activity of the compounds was 1000 to 2000 counts per
minute per 50 mg.

Counting. The samples from one compound were all counted
against a standard sample of the same compound having a
weight of 50.0 mg. Each sample was counted to about 20,000
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DISCUSSION

The results (given in Table I) show that errors introduced by
preparing the samples usually are small in comparison with the
counting error.

In the author's laboratory a chlorine-36 dilution analysis is

Table II. Duplicate Deterlllinations in Routine Analyses
No. of Duplicate Deviation between

Detns. Duplicate Detns., %
24 0 -0.5
14 0.5-1.0
11 1.0-1.5

8 1. 5-2.0
6 2.0-2.5
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used as routine analysis (2). Counting is carried out with 4
chloro-2-methylphenoxyacetanilide as described in this note.
A series of duplicate determinations has been performed, and
Table II gives the deviations between these. Calculation of
these results shows that a single determination is performed with
a standard deviation of 0.79%. The small difference from the
statistical counting error (0.61%) shows that no other factors
have a serious influence.

ACKNOWLEDGMENT

The assistance of Jytte Jl!Jrn-Jensen and Vivian Larsson is grate
fully acknowledged.

LITERATURE CITED
(1) Ambrosen, J., Madsen, B., Ottesen, J., and Zerahn, K., Acta

Physiol. Scand., 10, 195 (1945).
(2) Sorensen, Poul, ANAL. CHEM., 26,1581 (1954).
(3) Ibid., 27, 388 (1955).
RECEIVED for review July 19, 1954. Accepted November 23, 1954.

Reduction of Nitroguanidine by TitaniumClII) Chloride
WARREN W. BRANDI', JOHN E. DEVRIES, and E. ST. CLAIR GANTZ
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The reduction of nitroguanidine by titanium(III)
chloride in 1 to 1 hydrochloric acid was studied with the
addition of iroIll(II), in a 20 to 1 ratio to nitroguanidine.
The redox reaction is 98% complete for consumption
of 8 equivalents of titanium(III}. The route and
mechanism of the iron "'catalyzed" reaction was also
studied. The end products of the reaction are guani
dine and ammonia. It is proposed that the function
of the iron(II) is to stabilize,.by complexation, hy
droxylaIltlinoguanidine and to make this intermediate
susceptible to further' reaction with titanium(III).
The reduction of nitroguanidine using a 20 to 20 to 1
ratio of titanium(III), iron(II), and nitroguanidine is
quantitative and could be used for assay of nitroguani
dine.

THE reduction of nitro groups with titanium(III) has be
come a standard analytical method for their quantitative

determination. The usual procedure involves adding an excess
of titanium(III), boiling for a short period, and back-titrating
with iron(III) (3). Nitro groups in compounds such as nitro
benzene require 6 equivalents of titanium per mole. In general,
the reduction is carried out in strongly acidic solution.

The exten.sion of this method. to the nitramine group revealed
that in these cases the nitro group required only 4 equivalents
of titanium(III). Kouba and coworkers (2) determined nitro
guanidine quantitatively by this method. However, when they
attempted to determine RDX (hexahydro-l,3,5-trinitro-s-tri
azine) by the same procedure the 4-equivalent reduction per
nitro group was only 60% complete. They found that by intro
ducing iron(II) to the reaction mixture the reduction was within
1% of theory for 4 equivalents.

Zimmerman and Lieber (7) extended the investigation of ti
tanium(III) reductions to includ.e several nitroammonocarbonic
acids. When iron(II) was in.troduced into the reduction of
nitroguanidine and nitroaminoguanidine, they found .that the
reaction then approached a total of 8 equivalents per mole in
stead of the usual 4. A new path of reduction was proposed to
explain this phenomenon. Their proposal involved reductive
cleavage of the nitroguanidine as the first step, and subsequent
reduction of the nitramino grouJP to a hydrazine.

Recently, Sternglantz (5) has shown that under weakly acidic
conditions, using citrate buffer, nitroguanidine consumes 6
equivalents of titanium(III) per mole.

The current investigation was undertaken in order to study in
more detail the iron(II)-catalyzed reduction of nitroguanidine
by titanium(III) and to attempt to demonstrate the mechanism of
the function of the iron(II).

(2)

NHN02 ~HNH2

6' NH + 6(H) -- &~H + 2H20

" "H H

APPARATUS

Because of the instability of titanium(III) in air, all reagent.
solutions were kept under an atmosphere of carbon dioxide both
in storage and in the burets. The reaction flasks were all con
nected to reflux condensers by ground-glass joints. The former
were also equipped with a small inlet side arm for introducing a
stream of carbon dioxide over the surface of the solution. This
flow of carbon dioxide over the surface was started following the
initial degassing of the acid to be used and continued through the
final titration with iron(III) without interruption. All carbon
dioxide passing into the reaction flasks was passed through bub
blers, so that the rate of flow was readily visible at all times.

REAGENTS

A OAN titanium(III) solution was prepared in 1 to 1 hydro
chloric acid. It is convenient to use titanium hydride (Metal
Hydrides, Inc., Beverly, Mass.) 'as recommended by Wagner
et al. (6). A l.ON iron(II) solution was prepared in 1 to 1 hydro
chloric acid from reagent grade iron(II) sulfate. Reagent grade
iron(III) alum [Fe(NH,)(SO,)2.12H20j was used to prepare a
0.3N iron(III) solution in 1 to 1 hydrochloric acid. All hydro
chloric acid was Baker and Adamson C.P. reagent, 37 to 38%.
Nitroguanidine was prepared by recrystallization of a com
mercial sample from water. Potassium nitrate was Baker and
Adamson reagent grade.

Nitrosoguanidine (melting point 165 0 C.) was prepared by the
procedure described by Davis (1). Aminoguanidine hydro
chloride was prepared from Eastman's white label amino
guanidine bicarbonate.

The titanium(III) and iron(II) solutions were standardized
against National Bureau of· Standards. potassium dichromate
using sodium diphenylbenzidine sulfonate indicator. The iron
(III) was standardized against the titanium(III).

REDUCTION PROCEDURE

The weighed sample was dissolved in 50 m!. of 1 to 1 hydro
chloric acid and the solution degassed with carbon dioxide for 5
to 7 minutes. The titanium(III) and iron(II) were then added
and the solution was refluxed. The mixture was then cooled
in a water bath and titrated with iron(III) to a thiocyanate end
point. The time of reflux was measured from the start of vigor
ous bubbling.

In the reactions of potassium nitrate and nitrosoguanidine the

(1)

NHN02 NHN02
/ /

C=NH + 2(H) --;. C=NH + NHi" ."NH2 H
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also be formed by hydrolytic degradation (Equation 3); how
ever, the reduction is 90% complete or better, and therefore the
latter reaction could not explain the quantity of ammonia formed
unless the product of reduction were itself cleaved. This possi
bility was tested by putting aminoguanidine hydrochloride
through the above procedure as a blank. Only traces of ammonia
were found.

In order to isolate other products of the reaction, a typical
8-equivalent-per-mole reduction was carried out and titrated.
The iron was oxidized with hydr~gen peroxide and extracted with
isopropyl ether. The solution was then neutralized with sodium
hydroxide until the hydrous titanium(IV) oxide precipitated.
After filtration, a saturated aqueous solution of picric acid was
added to the filtrate. A heavy yellow precipitate settled out on
standing. After being twice recrystallized from ethyl alcohol the
solid melted at 333 0 to 334 0 C. X-ray diffraction patterns agreed
with the published results for guanidine picrate (4) and with pre
pared standards. This demonstrates the presence of guanidine
as an end product of the 8-equivalent reduction of nitroguanidine.
The amount formed was sufficient to classify it as a major product
and not the result of a side reaction. The effect of hydrogen
peroxide in 1 to 1 hydrochloric acid and subsequent neutraliza
tion was checked with aminoguanidine in a simulated reaction
mixture, since aminoguanidinewas the end product proposed by
Zimmerman and Lieber (7). No appreciable quantity of guani
dine was formed.

The presence of guanidine does not fit into the mechanism
proposed by Zimmerman and Lieber. A cleavage of the N-N
bond at some point during the reduction of nitroguanidine is
required. The simple possibilities for reduction of nitroguani
dine to gUanidine plus ammonia are presented in Figure 1.

Possible reactions in reduction of nitroguani
dine to guanidine and aIDIDonia

1 to 1 hydrochlorie acid was degassed and the titanium(III) and
iron(II) were added before addition of the weighed sample.

All results reported have been corrected by means of a blank
containing all the reagents except the compound being reduced.
In general, the blank encountered was equal to approximately
0.1 equivalent of reduction per mole.

RESULTS AND DISCUSSION

Over-all Reduction of Nitroguanidine. The reduction of
nitroguanidine in 1 to 1 hydrochloric acid was found to require
4 equivalents per mole in the presence of a 20 'to 1 mole ratio of
titanium(III) to nitroguanidine when refluxed for 30 minutes
as reported (7). The addition of a 20 to 1 excess of iron(II)
caused the predicted increase in reduction (7): Although Zim
merman and Lieber reported a maximum of 7.6 equivalents per
mole, the above conditions gave consistent results averaging 7.8
equivalents of reduction per mole. This represents approxi
mately 98% reduction, which was deemed sufficiently close to
quantitative for the current investigation. A 25% decrease in
the amount of titanium(III) caused a decrease of about 0.2
equivalent per mole. Increasing the iron(II) concentration or
the time of reflux caused no appreciable change.

In order to determine the function of the iron(II), a stepwise
investigation of the reduction of nitroguanidine was undertaken.
In these experiments a .calculated amount of titanium(III) was
added in order to provide an integral number of equivalents per
mole of nitroguanidine. In .one series, titanium(III) was refluxed
alone with the nitroguanidine for 5 minutes, followed by the
addition of 20 to 1 iron(II) and titanium(III) and refluxing for
an additional 20 minutes. In the other series, the usual 20 to 1
excess of iron(II) was added with the titanium(III), refluxed
for 5 minutes, then' excess titanium(III) was added followed by
an additional reflux period of 20 minutes. The over-all equiva
lents of titanium(III) consumed per mole were determined.

The results, shown in Table I, demonstrate that the iron(II)
is not accomplishing any reduction itself at any step in the proc
ess. In the second series a 20 to 1 excess of iron(II) is always
present, but the total amount of reduction corresponds to the
concentration of titanium(III) added initially.

NHNO,
/

C=NH + H,O - CO, + 2NH3 + N,O
"'-.

NH,

Figure 1.

(3)

NH
H.O II
(4) - NH,-C-NH, + HN03

\

2 eq. 2 eq.! (12)
(5)

NH
H.O II

--'-- NH2-C-NHz + HNO,
(6)

\

2 eq. 2 eq.j (13)
(7)

NH
HzO II
~ NH2-C-NHz + (H2N zO,)

\

2 eq.. 2 eq.1 (14)
(9)

t
NH

H 20 II
(li))" NH2-C--NH + NH20H

\

2 eq. 2 eq.1 (15)
(ll)

NH

NH2-~-NH2+ NH3 t

NH

NH.-~-NHNO.,. .

2 eq.

NH

NH,-~-NHNO

2 eq. (2)

NH

NfL-~-NHNHOH

2.q. 1(3)

NH

NH,-~-NHNH,

Table I. Stepwise Ueduction of Nitroguanidine
Ti(1l1) Alone Ti(IlI) and Fe(ll)

for Initial Reflux. Eq./lVIole for Initial Reflux, Eq./lVIole
Ti added Consumed Ti added Consumed

2.0 2.0 2.0 2.0
3.0 2.8 3.0 3.0
4.0 3.6 4.0 3.9
5.0 3.7 5.0 4.9
6.0 3.7 6.0 5.9
7.0 3.8 7.0 6.7

End Products of the Reduction. The second step in the in
vestigation was the identification of the products of the 8-equiv
alent reduction of nitroguanidine. A method was developed for
the determination of any ammonia which might be formed dur
ing the reaction. First, crystalline potassium iodate was added
until the disappearance of the last traces of iodine coloration.
Sodium sulfite crystals were then added until the solution was
free of iodine monochloride. Nitrogen gas was bubbled through
the solution for 15 minutes in order to remove the excess sulfur
dioxide. The solution was then transferred to a Kjeldahl flask
and ammonia distilled as in the usual Kjeldahl procedure. The
determination was completed by titration with standard alkali.

By utilizing the above method it was possible to demonstrate
the production of appreciable quantities of ammonia during the
reaction. The results were too variable to permit a formulation
of the exact number of moles of ammonia for each mole of starting
material, but the value was approximately unity. Ammonia
would be expected as one of the products in the mechanism pro
posed by Zimmerman and Lieber (see Equation 1). It might
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The reduction of nitroguanidine to aminoguanidine followed
by reductive cleavage to ammonia and guanidine (Reactions 1,2,3,
and 11, Figure 1) would seem to be a plausible path. It has been
reported that aminoguanidine is not redueed by titanium(III)
(7), but the reaction in·the presence of iron(II) had not been
checked. A sample of aminoguanidine wa, introduced into the
usual reduction mixture for an 8-equivalent reduction and refluxed
30 minutes. The average of several runs gave a 1% reduction.
It was therefore assumed that the path of reduction did· not pro
ceed through aminoguanidine. This eliminates Reactions 3, 10,
and 11, Figure 1, and requires cleavage of a reduction product
of nitroguanidine prior to the' aminoguanidine stage; presumably
at the 2- or 4-electron step.

In addition to genemting guanidine, such a cleavage of a
nitroguanidine reduction product would J'urnish a compound
which is an intermedia,te in the reduction path from nitrate ion
to ammonia. Therefore, the reduction of nitrate ion in 1 to 1
hydrochloric acid by titanium(III) was investigated.

Over-all Reduction of Nitrate. In these reactions, the potas
sium nitrate used as the source of nitrate ion was added after all
reagents were present. The results of closely agreeing deter
minations with titanium(III) alone as the reductant gave 3.8
equivalents per mole, which was interpreted as a 4-equivalent
reduction (Reactions 12, 13, Figure 1). In the presence of a 20
to 1 ratio of iron(II) in addition to the titanium(III) the results
of four determinations gave an average of 7.3 equivalents per
mole, which was interpreted as an 8-equivetlent reduction (Re
actions 12-15, Figure 1). Considerable effervescence occurs
early in the reduction, which might explain the relatively poor
percentage of reduction observed. These Tesults indicate that
iron(II) is effective in ,~ausing the reduction of nitrate by tita
nium(III) to go beyond the 4-electron point in a fashion similar to
its influence on the reduction of nitroguanidine.

Two-Equivalent Reduction of Nitroguanidine and Nitrate.
Thus .far it appeared that iron(II) was producing some species
in the course of the reduction of nitroguanidine which titanium
(III) was able to reduce. The determination of where this phenom
enon takes playe--Le., at what stage in the reduction-was the
next point investigated. In order to enable a decision to be
made concerning where the nitroguimidine reduction joins that
of nitrate (Reactions 1~~ to 15, Figure 1), tee latter was studied
as a comparison.

In these reactions the previously described scheme of adding
an integral number of equivalents of titanium(III) per mole
was utilized. In some cases the iron(II) was included for the
initial reflux; in others it was added afterward with the excess
titanium(HI).

Upon refiuxing a mixture of 2 equivalents of titanium(III)
per mole of nitrate ion with excess iron(II) for 10 minutes, a
reproducible 3-equivalent reduction takes place. This demon
strates the ability of iron(II) to reduce the 2-equivalent reduction
product of nitrate ion--i.e., nitrite ion. The solution is an in
tense brown, indicating 'Ghe expected nitrosyl iron(II) complex
ion. When these results are compared to those in Table I, it
becomes apparent that nitroguanidine and nitrate are completely
different after reduction by 2 equivalents of titanium(III) per
mole. This comparison eliminates Reactions 4, 5, and 6, Figure
1, as possible steps in the reduction of nitroguanidine.

If nitrate ion is refluxed 5 minutes with 2 equivalents of ti
tanium(IIl) per mole (Reaction 12, Figure 1) and this is followed
with excess titanium(IIl) and iron(II), the reduction proceeds
a total of 2.2 moles where 8 (Reactions 12-15, Figure 1) would be
expected if the 2-equivalent product (nitrite) were stable. The
instability of the nitrite ion is further demom,trated by repeating
the experiment and changing the initial reflux time from 5 min
utes- to 1 minute, and finally to merely standing 5 minutes without
heating. The total equivalents of reduction obtained increase
with the order of treatment listed, reaching a maximum of 604
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equivalents per mole for the initial 5-minute cold standing period
followed by reflux with excess titanium(III) and iron(II).

A similar study with nitroguanidine points out further dis
similarities between the 2-equivalent reduction products of
nitroguanidine and nitrate. An initial 2 equivalents of tita
nium(III) per mole refluxed for 5 minutes and followed by excess
titanium(III) for 20 minutes gave an average of 3.6 equivalents
of reduction per mole, indicating excellent stability of the system
with 2 equivalents of titanium(III) per mole. However, when
the initial 2 equivalents of titanium(III) per mole are refluxed
5 minutes and followed with titanium(III) and iron(II), the
total equivalents per mole observed are only 4.9 instead of close
to 8.0. This appears to contradict the immediately preceding
conclusion concernIng good stability.

The most reasonable 2-equivalent reduction product of nitro
guanidine would appear to be nitrosoguanidine (Reaction 1,
Figure 1). In order to compare the observed phenomena in the
reduction of nitroguanidine, a sample of nitrosoguanidine was
prepared. The decomposition of nitrosoguanidine in 1 to 1
hydrochloric acid is so rapid that it was possible to obtain only
an average of 1.5 for the expected 2-equivalent reduction with
titanium(III) and 5.1 with titanium(III) and iron(II). If
nitrosoguanidine is added to iron(II) alone in 1 to 1 hydrochloric
acid, an intense brown color is formed immediately, indicating a
very rapid cleavage of nitrosoguanidine to nitrite ion and guani
dine (Reaction 6, Figure 1). In the. light of these results, it is
apparent that the addition of 2 equivalents per mole of tita
nium(III) to nitroguanidine does not produce appreciable quan
tities of nitrosoguanidine. This requires a postulation that the
first reaction of nitroguanidine with titanium(III) is essentially a
4-equivalent reduction (Reactions 1, 2, Figure 1). This postu
late finds some support in the previous discussion of the stability
of the products of the 2-equivalent reduction with titanium(III).
The observed contradictory results would appear reasonable if
it is assumed that the first 2 equivalents of titanium(III) reduce
half of the nitroguanidine a total of 4 equivalents and this 4
equivalent product is unstable. Further titanium would thus
reduce the remaining nitroguanidine, giving a good over-all
percentage reduction, whereas the titanium-iron mixture would
have only half of the nitroguanidine remaining to work on, and
an over-all reaction of 6 equivalents would be the maximum
possible.

A confirmation of the initial 4-equivalent reduction of nitro
guanidine was obtained polarographically. It was first deter
mined that in 1 to 1 hydrochloric acid nitroguanidine gave a re
duction wave which could be used. Then a series of three sam
ples was examined. The first contained just nitroguanidine in
1 to 1 hydrochloric acid and gave a 142 j.la. wave at E 1/2 = -0.24
volt vs. the mercury pool. The second solution contained an
identical amount of nitroguanidine which had been refluxed 10
miimtes with 2 equivalents of titanium(III). This solution
gave a wave of 71 j.la. at E 1/2 = -0.30 volt. The third was iden
tical except that 4 equivalents of titanium were used. It gave
a wave of 6.6 j.la. at E 1/ 2 = -0040 volt. The titanium(IV)
present in the last two samples gave a wave at -0.05 volt which
did not interfere with the accuracy of the desired measurements.
The mercury pool became contaminated by products of the re
action in the last two samples, which might explain the shifting
potential.

These data demonstrate the presence of one half of the nitro
guanidine after the initial 2-equivalent reduction since the con
centration is proportional to the wave height in microamperes.
Thus an investigation of the 4-equivalent reduction product
became a necessity.

Four-Equivalent Reduction of Nitroguanidine and Nitrate.
Nitroguanidine was refluxed initially with 4 equivalents per mole
of titanium(III) and excess iron(II). In some cases this re
action was followed by the addition of excess titanium and a
second reflux period of 20 minutes. The initial reflux time was
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(I 1.92 milJimoles of compound used with 10 minutes' boiling in all cases.

a Four equivalents of titanium(III) and excess iron(II) initially present in
all runs.
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expected at the 6 and 7 equivalent steps in Table I, it apparently
is not formed in any appreciable quantity. This could mean that
the reaction did not go through hydroxylamine, or that it utilizes
the last 4 equivalents in a concurrent fashion, producing no ap
preciable concentration of hydroxylamine. To eliminate hy
droxylamine from the reduction path would require that no
cleavage of nitroguanidine or its simple reduction products could
occur at an N-N bond, since these would all give precursors of
hydroxylamine.' This leaves only a complex procedure in which
a coupled product is formed which cleaves to give guanidine and
ammonia and allows an over-all 8-equivalent reduction to occur.
It seems more reasonable to assume that the reduction goes
through hydroxylamine rapidly without producing a final
measurable concentration..

The 4-equivalent product is the essential point in the function
of the iron(II). Without the iron(II), titanium(III) is unable
to bring about further reduction and the product is rapidly de
composed, probably by' hydrolytic cleavage to hyponitrous acid
which also decomposes rapidly. This fact was confirmed by the
data in Table IV and by mass spectrographic analysis of the gas
from a 4-equivalent reduction of nitroguanidine by titanium(III).
With iron(II) present, the compound is stabilized to hydrolytic
cleavage, and altered in such fashion as to permit reductive
cleavage by additional titanium(III). Although it is a hypo
thetical compound, hydroxylaminoguanidine ~s the' simplest 4
equivalent reduction product to propose. It is expected to be
unstable; thus it would be necessary only to have this compound
stabilized by the presence of iron(II) in order tq make its postula
tion logical. It has been shown that large excesses of iron(II)
are necessary in order to approach an 8-equivalent reduction.
The total equivalents of reduction increases asymptotically
toward 8 as the concentration of iron(II) increases. This would
indicate also that the function of the iron(II) is not catalytic.
It appears rather to be the type of function which would be ex
pected if the excess iron(II) were affecting a displacement of
equilibrium. The most reasonable stabilization of the hydroxyl
aminoguanidine would be through some interaction compound,
possibly of the nature of a metal-organic complex ion. It
would be expected that such a species would be quite unstable in
1 to 1 hydrochloric acid and that large excesses of iron(II) would
be necessary to promote its formation. It is not unreasonable to
assume that such interaction could modify the electronic distribu
tion in the hydroxylaminoguanidine sufficiently to facilitate a
reductive cleavage of the N-N bond by titanium(III).

Attempted isolation of the postulated hydroxylaminoguani
dine was unsuccessful. Reaction mixtures, upon neutralization,
effervesced considerably, and guanidine was identified in appreci
able quantities. This is the expected product of hydrolytic
cleavage of hydroxylaminoguanidine. The compound will
probably have to be isolated in combination with iron(II), the
only form in which it has been found to be stable.

39.4
41. 6

40.4
40.6

2.5
10
15
30

Time of Average
initial reflux,· total

min. eq.jmole

12.9
13.6

35.'1
35.8

No Subsequent Reduction
Time of Average
reflux, total
min. eq./mole

2 3.6
4 3.8

10 3.9
30 4.0

No Subsequent Reduction
Time of Average
reflux, total
min. eq./mole

2.5 3.9
10 4.0

Table II. Four-Equivalent Reduction of Nitroguanidine"
Excess Ti(IlI) Added for

Second Reflux Period

Time of Average
initial reflux, total

min. eq./mole

2.0 5.1
5 4.4

10 4.0
a .Four equivalents of titanium(III) and excess iron(ll) initi~lly present

at all runs. .

Table III. Four-Equivalent Reduction of Nitrate Ion"
Excess of Ti(IlI) 'Added for a

Second Reflux Period

varied in order to determine the relative speed of the reduction
reaction and the decomposition of the product. The results are
shown in Table II. These results ~how that in the presence of
iron(II) the 4-equivalent reduction product of nitroguanidine
is stable in refluxing 1 to 1 hydrochloric acid.

For comparison, the same type of' study was conducted with
nitrate ion. In this case the product of a 4-equivalent reduction
was shown to be rather unstable. The results are summarized
in Table III. They demonstrate that although the reduction is
completed very quickly, the product is unstable and has com
pletely disappeared after 10 minutes' reflux. This is consid
erably different from nitroguanidine (Table II).

A further demonstration of the difference between the 4-equiva
lent reduction of nitroguanidine and nitrate ion is given by the
following experiments. These also served to confirm the pre
viously discussed difference in behavior of the 4-equivalent re
duction product of nitroguanidine in the presence and absence
of iron(II). This series of experiments involved collecting the
gas evolved during the course of reduction. The gas was swept
through the system with carbon dioxide and collected over 30%
potassium hydroxide. '!'he results are given in Table IV. The
difference in volume of gas produced when iron(II) is present
or absent showed a lack of identity for the 4-equivalent reduc
tion products of nitroguanidine and nitrate. Thus Reactions
4 to 8, Figure 1, are eliminated.

Table IV. Volume of Gas Evolved in 4-Equivalent Reduc
tion of Nitroguanidine and Nitrate Ion

Nitroguanidinc, Ml. a Nitrate Ion, Ml. a

Fe(II) Fe(II) Fe(ll) Fe (II)
absent present absent present

CONCLUSIONS

It would now appear ·that the following mechanism takes
place in the reduction of nitroguanidine. A 4-equivalent re
duction occurs initially (Reactions 1 and 2, Figure 1), and this
is followed by a reductive cleavage of hydroxylaminoguanidine
(Reaction 9, Figure 1). The latter reaction is effectively simul
taneous with the subsequent reduction of the' hydroxylamine
(Reaction 15, Figure 1). The reduction of hydroxylamine hydro
chloride was investigated separately and found to consume two
equivalents of reducing agent. The reaction with titanium(III)
proceeded rapidly. The reaction with iron(II) proceeded slowly.
Although a small amount of reduction of hydroxylamine would be
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Structure of Reducing Disaccharides by Lead Tetraacetate Oxidation
A. S. PERLIN I

Division of Applied Biology, National Research Laboratories, Ottawa, Can.

The use of lead tetraacetate oxidation for deterrnining
the structure of reducing disaccharides is described.
Measurements included the production of forrnic acid
and formaldehyde and the consurnption of lead tetra
acetate. A wide variety of hexose and pentose di
saccharides was examiued. Only a few rnilligrams of
each compound was required and the oxidation periods
were usually 5 to 6 hours. Each position of the gly
cosidic linkage was associated with a characteristic
oxidation pattern. The oxidation behavior of mono
rr>ethyl monosaccharides was similar to that of the
corresponding disaccharides, allowances being made
for the contribution of the nonreducing end units in the
latter compounds. Results agreed generally with the
thesics that reducing sugars are oxidized as the cyclic
hellliacetal and were explained, in sorne instances, by
the forrnation of stable forrnate esters. A crystalline
galactobiose isolated frolll a partial hydrolyzate of
Aca.:ia p:ycnantha guru was characterized by oxidation
as 3.. 0-D_galactopYI·anosyl-D-galactose.

THE characterization of disaccharides and higher oligo
saecharides produced by partial degradation of a poly

saccharide constitutes an important aspect of the determination
of structure of the poiymer. For instance, the finding that
maltose could be obtained in high yield from starch (11) furnished
an early unequivocal proof of the I,4-a-D-linkage in the poly
saccharide. Nlodern developments in chromatography (8, 14,
22) greatly facilitate the isolation of oligosaccharides and permit
small quantities of polysaccharide material to be examined con
venierrtly. However, with these advantages the need has also
arisen for methods to characterize isolated products on a scale not
always practicable with the well-established methylation and
periodate oxidation techniques. For this purpose, the use of
infr:J,red speetroscopy shows much promise (3) and periodate
oxidation on the microscale may find limited application (20).

The present paper com;iders the use of the lead tetraacetate
oxidation (1, 6) for charaeterizing oligosaccharides on the micro
scale. Results obtained from oxidation of a representative group
of redueing disaccharideB have shown that the reaction may
indeed be useful for determining, the structure of such compounds.
The oxidations required only a few milligrams of material and
were both convenient and rapid. The rate of formic acid produc
tion was determined from the evolution of carbon dioxide in the
Warburg respirometer (17, 21). In addition, the reaction mix
ture was analyzed at chosen intervals for consumption of lead
tetraacetate and for other products of the oxidation.

HEXOSE DlSACCHARIDES

This group comprised compounds of known constitution having
either a 1,:3-, 1,4-, or 1,6.. linkage. No 1,2-disaccharide was in
cluded, but the closely related compound 2-0..methyl-D-galactose
was examined, and 3-, .1-, and 6-0-methyl-D-galactose were also
oxidized for comparison with the corresponding disaccharides.
A erystalline galactobiose of unknown constitution, obtained by
p3,rtial hydrolysis of Acacia pycnantha gum (7), was oxidized
under the same conditions and a probable structure was assigned
by comparing its oxidation behavior with that of the known
compounds.

l Present address, Prairie Regiona.l Laboratory. National Research Council,
Saskat.oon, Saskatchewan, Can.
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The rates of formic acid production by hexose disaccharides
in whieh the nom'educing end units are glucosides and galactosides
are given in Figures 1 and 2.

Disaccharides havin'g a 1,6- linkage rapidly yielded approxi
mately 5 moles of formic acid (Figures 1 and 2, curve 1), four
being presumably from the reducing end and one from the non
reducing end. The production of acid from the 1,3-disaccharide,
laminaribiose (4) (Figure 1, curve 3), was much less than from the
1,6-disaccharide, isomaltose (curve 1), though noticeably greater
than from the 1,4-disaccharide, maltose (curve 4). In maltose
the acid appeared to be derived almost exclusively from the non
reducing end, since its rate of production was very close to that of
methyl a-D-glucopyranoside (curve 5). Similarly, the 1,4
disaccharide, lactose (Figure 2, curve 4), and its corresponding
glycoside, methyl a-D-galactopyranoside (curve 5), yielded acid
at very nearly equal rates. The approximate rates of formic
acid production from I,2-disaccharides are predicted (Figures
1 and 2, curve 2) and are based on oxidation data for 2-0-methyl
D-galactose (Figure 3) superimposed on the curves for methyl
glucoside and galactoside, respeetively (Figures 1 and 2, curve 5).
The oxidation behavior of the galactobiose (Figure 2, curve 3),
when allowance was made for differences in the contribution of
nonreducing ends, corresponded most closely to that of laminari
biose and therefore suggested the presence of a I,3-linkage.

In addition to indicating the position of a glyeosidic linkage,
the rate of acid production may sometimes designate the relative
position of the sugar units ill a mixed disaccharide. Thus the
rapid initial rate of aeid production from lactose, corresponding
as it does to that from methyl galactoside, is in accord with the
established structure in whieh the galactose unit is known to
comprise a pyranose nonreducing end.

Each position of the glyeosidic linkage was associated with a
characteristic consumption of lead tetraacetate. The calculated
consumption of oxidant at _the reducing end demonstrated thi~

pattern even more clearly (Table I, column 5). Correction for
the nonreducing end was made by assuming its consumption ot
lead tetraacetate to be equivalent to that of the corresponding
methyl glycoside. Most of the oxidation appeared to take place
within the first 15 minutes, in which time the reducing ends of the
1,3-, 1,4-, and 1,6- disaccharides consumed about 1, 2, and 3
moles of oxidant, respectively. By requiring 1 mole of oxidant,
the galactobiose again conformed to the pattern of the known 1,3
linked disaccharide.

The data for consumption of oxidant and acid production
suggest that the compounds were oxidi'l;ed in the cyclic hemi
acetal form-i.e., in accordance with the thesis of Criegee (6).
In this form the reducing end of a I,3-disaccharide (I, R =

Table I. Consumption of Lead Tetraacetate by Hexose
Disaccharides

Consumed by Consumed by
Time. Total' Corresponding Reducing

Disaccharide Min. Consumeda Glycosidea End

Melibiose (1,6-) 15 4.31 1.40 2.91
50 5.33 1.72 3.43

Isomaltose (1,6-) 15 3.53 0.50 3.03
50 4.37 1.01 3.36

Lactose (1,4-) 15 3.24 1.40 1.84
50 3.88 1.72 2.16

Maltose (1,4-) 15 2.30 0.50 1.80
50 3.13 1.01 2.12

Laminaribios' 0,3-) 15 1.60 0.50 1.07
50 2.12 1.01 1.11

Galactobiose 15 2.41 1.40 1. 01
50 2.96 1.72 1.24

II Corrected for lead tetraacetate consumed in oxidation of formic acid.



Figures 1 and 2. Production of formic acid (evolution of carbon dioxide)
during oxidation of hexose disaccharides with lead tetraacetate

4

3

39'1

H?~
,-,

CHO HfOH I
HdoR HCOH CHOHOCH

HotHr I
0

H60R 0 I
0
II II

Hta-1HJ
HCO-CH CO-CH

,
0 HCOH I

I II I H 2COR
HC---lH 2CO-CH IH2C--- H 2COR

IV V VI VII

In contrast, there was little evidence of ester formation during
oxidation of a 1,6-disaccharide (VI, R = glycosyl). By analogy
with the other disaccharides the expected product would haVE
been a formate ester (VII), but its formation would have entailed
the release of only 2 moles of acid from the reducing end rather
than the 4 moles found. On the other hand, in agreement with
the formulation VII, 3 moles of oxidant were consumed by the
reducing end within the first 15 minutes and the fourth mole
required a much longer period (Table I). Possibly, then, the
ester was actually formed but was unstable and easily hydrolyzed.
Under the same conditions of oxidation (18, 19), reducing sugan
form moderately stable esters, whereas uronic acids, which are
structurally akin to 1,6-disaccharides, appear to form no esten
or very unstable ones. Little is known of the relative stability,
for example, of primary and secondary formate esters and of the
influence on stability of neighboring groups. Hence the ob
served variations in behavior can only be recorded at present
rather than explained.

Oxidation of the cyclic hemiacetals of the disaccharides would
not be expected to yield formaldehyde since cleavage of carbon
6, the source of the formaldehyde, is prevented (6). Thus,
no formaldehyde was found with the chromotropic acid reagent
(12) at the outset of the oxidation of 1,3- and 1,4-disaccharides
(Table II). However, on more prolonged oxidation measur
able quantities of formaldehyde were liberated and at a much
faster rate from laminaribiose than from the 1,4-disaccharides.
These differences in rate could be readily reconciled with the
postulated reaction products since only one formyl ester group
of II, but two ester groups of V, had first to be hydrolyzed before
further oxidation could take place with the eventual produc-

tion of formaldehyde. The results
provided an additional index for dis
tinguishing the 1,3- from 1,4- and
1,6-disaccharides, the latter two pro
ducing traces of formaldehyde only
on prolonged oxidation. Accordingly,
the galactobiose again appeared to
contain a 1,3- linkage, since it closely
resembled laminaribiose in the pro
duction of formaldehyde (Table II).

The postulated products from
oxidation of a 1,3- and 1,4-disac
charide--II and V, respectively-con
stitute a pentose and a tetrose deriv
ative, which may be readily differ
entiated. The disaccharides were
therefore oxidized with a small excess
of lead tetraacetate and the products
were hydrolyzed and examined on the
chromatogram. The expected prod
ucts, arabinose from laminaribiose
and erythrose from maltose and
lactose, were found. Further, the
yield of pentose from laminaribiose,
as estimated with the orcinol reagent
(15), was 1.07 moles, whereas 1,4- and
1,6-disaccharides yielded negligible

1. I.B-Melibiose
2. Calculated for a 1,2-disaccharide
3. Galactobiose (unknown linkage)
4. 1.4-Lactose
5. Methyl a-D-galactopyranoside

Contains compounds in which the nonreducinj2;
end is a galactoside
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Contains compounds in which the nonreducing end
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1. I.B-Isomaltose
2. Calculated for a 1,2-disaccharide
3. 1,3-Laminaribiose
4. 1,4-Maltose
5. Methyl a-D-glucopyranoside

glycosyl) can be oxidized only at the 1,2-glycol group and a formyl
ester (II) is likely to be produced rather than free formic acid
(19). Further oxidation of II is then dependent on removal of
the ester group. Hence the yield of acid from laminaribiose at
t,he outset was of the same order as from methyl a-D-glucopyrano
side and one mole of·oxidant was consumed by the reducing end.
However, the ester was apparently slowly hydrolyzed and
eventually the quantity of acid from the laminaribiose consider
ably exceeded that obtained from the glycoside.
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A 1,4-disaccharide (III, R = glycosyl) presents two points of
attack at the reducing end (at the 1,2- and 2,3-glycol groups),
and two moles of oxidant were, in fact, consumed within the first
15 minutes by the 1,4- compounds examined. It was therefore
to be expected that carbon 2 would rapidly be liberated as formic
acid, but the results suggest that the acid produced came almost
exclusively from the nonreducing end. Possibly the oxidation
occurred first at the hemiacetal-glycol group to give a formate
ester (IV) in which a new hemiacetal-glycol group was formed,
and further oxidation yielded a diformate ester (V). Since addi
tional oxidation would then be dependent on hydrolysis of both
ester groups, the rate of acid production would be slow. Support
for the postulated formation of the second ester group is provided
by the finding that a 1,4-disaccharide in the pentose series (X)
yielded one mole of formic acid from the reducing end within
15 minutes reaction time (Figure 4), presumably because no
suitably oriented hydroxyl group was available for formation
of the second ester as in IV. Further, what appears to be a di
formate ester of D-erythrose (possibly V, R = H), rather than a
monoester, has been prepared by oxidation of D-glucose with two
moles of lead tetraacetate (18).
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Figure 4. Production of forlllic acid (evolu
tion of carbon dioxide) during oxidation
of pentose disaccharides with lead tetra-

acetate

~. 5-0-D-Xylopyranosyl-L-arabinose
3. 1,4-Xylobiose

Methyl fl-D-xylopyranoside (1 mole of acid on the
graph corresponds to 0 mole, 2 moles corresponds
to 1 mole)

4. 3-0-fl-L-Arabopyranosyl-L-arabinose
5. Methyl a-L-arabopyranoside

Oxidation of Monolllethyl
Lead Tetraacetate·

(Moles/mole)

Oxidant
Formic Acid Consumedb

2

Derivative

Table II. Production of Forlllaidehyde
Disaccharides

(Moles/mole)

Time, Hr. Laminaribiose Galactobiose Maltose

3 0.14 0.06 O·
5 0.16 0.11 O·
9 0.21 0.20 Trace

G Colorimeter readings were actually less than blank reading.

2-0-methyl 2.1
3-0-methyl 0.5
4-0-methyl 0.3
6-0-methyl 4.4

tl Reaction time, 5 hours.
b Corrected for lead tetraacetate consumed in oxidation of formic acid•
• Colorimeter readings were actually slightly less than blank reading.

PENTOSE DISACCHARIDES

This group consisted of compounds with 1,3-, 1,4-, and 1,5
glycosidic linkages, and 2-0-methyl-n-xylose as a model for 1,2
disaccharides. The results generally paralleled those of the cor
responding members of the hexose series. Thus 5-0-n-xylo
pyranosyl-L-arabinose (2) rapidly gave approximately the ex
pected 4 moles of acid (Figure 4, curve 1), by far the highest
yield, and consumed 4.7 moles of lead tetraacetate (Table IV).
The production of 1 mole of acid (Figure 4, curve 4) and the con
sumption of 3 moles of lead tetraacetate (Table IV) by the arabi
nose disaccharide isolated from the e-galactan of larch (10) was in

structure, some properties are particularly distinctive: the large
yield of acid from the 6-, formaldehyde from the 2-, pentose from
the 3-, and tetrose from the 4-substituted compound. Such
unique features may sometimes permit the detection of one com
pound in the presence of the others. Also, the reaction may be at
least partly useful for higher oligosaccharides, as the reducing
ends are likely to behave similarly to those of disaccharides.

Since the oxidation pattern of the galactobiose conformed ex
clusively to that of a known 1,3-disaccharide, it was designated
3-0-n-galactopyranosyl-n-galactose.

Table III.

1. 6-0-Methyl
2. 2-0-Methyl
3. 3-0-Methyl
4. 4-0-Methyl
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..... I

CRO

~~~S:
2 3 4 5
TIME. HOURS

Figure 3. Production offorlllic acid (evolu
tion of carbon dioxide) during oxidation of
Illonolllethyl D-galactoses with lead tetra-

acetate
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q uan ti ties of pentose.
The galactobiose, behav
ing as a 1,3--disaccharide,
on oxidation gave 0.97
mole of a pentose which,
on the chromatogram,
corresponded to lyxose,
the pentose expected by
cleavage of carbon 1 from
galactose.

The close structural
relationship of mono
methyl hexoses to the di
saccharides suggested an
examina tion of their
oxidation behavior; 2-,
3--, 4-, and 6-0-methyl-n
galactose served as repre
sentative compounds.
Results of the oxidations
were in close agreement
with~hose of the corre-
sponding disaccharides, allowance being made for the contribu
tion of the nonreducing units in the latter compounds. Thus
the rapid production of 4 moles of formic acid from 6-0-methyl
n-galaetose was reminiscent of the behavior of the 1,6-disac
charides and the small yields of acid from the 3- and 4-substituted
gaiactoses were characteristic also of the 1,3- and 1,4-disaccharides
(Figure 3 and compare Figures 1 and 2).

The acid yields were in general accounted for by the measured
consumptions of oxidant (Table III) but, as found for the corre
spondin,g disaccharides, the 4-substituted sugar produced very
little acid although it consumed two moles of lead tetraacetate.
In further agreement with the disaccharide results, little or no
formaldehyde was produced during early Btages of the oxidation
from the 3-, 4-, and E~O-methylderivatives (Table III) and only
the 3-0-methyl derivative yielded pentose .(Table III). An
espeeially interesting member of the group was 2-0-methyl-n
galactose, for which the disaccharide counterpart was not ex
amined and which, therefore, provided an indication of the results
to be expected on oxidation of a 1,2-disRccharide. Its yield of
two moles of formic add and one mole of formaldehyde readily
distinguished it from the other monomethyl galactoses. In ac
counting for these products it must be assumed that the cyclic
hemiacetal form of the eompound (VIII) was easily opened. Also,
an extra mole of oxidant was consumed, possibly by the active
hydrogen of the dialdehyde (IX) formed in the reaction.

From the results presented it appears reasonable to conclude
that the oxidation pattern of each hexose disaccharide and mono
methyI hexose differs sufficiently from that of the others to recom
mend the reaction for determining structure of unknown com
pounds. The use of periodate oxidation for identifying mono
methyl glucoses has been described by Lemieux and Bauer (13).
Although t,here are several criteria on which to base a choice of



VOL U M E 27, NO.3, MAR CHI 95 5 399

Table IV. Oxidation of Pentose Disaccharides .with Lead
Tetraacetatea

accord with the assigned structure, 3-0-L-arabopyranosyl-L
arabinose., The pyranose configuration of the nonreducing end
was further confirmed by the almost identical rates of acid pro
duction from the disaccharide and from methyl ",-D-arabopy
ranoside (curve 5). The 1,4-disaccharide, xylobiose(X), differed
from the corresponding hexose member by yielding an additional
mole of acid (curve 2) although the consumption of oxidant by
both disaccharides was the same. The very rapid release' of the
first mole was probably from the reducing end chiefly, since the
rate of appearance of the second mole closely paralleled the rate
of acid production from methyl ~-D-xylopyranoside (curve 3).
Apparently, therefore, carbon 2 was oxidized directly to free
formic acid but carbon 1 was retained in the formate ester (XI)
which was highly stable during the oxidation period used. This
interpretation is compatible with that attached to the oxidation
of 1,4-hexose disaccharides since the structure of xylobiose affords
no possibility for a second ester group as in VI.

HfOHl
HCOH

HOfH °1
HCOR

I
H 2C---.J

X

CHO

H~OR
I ~

H2CO-CH

XI

and titrating the liberated iodine with standard 0.005N sodium
thiosulfate.

Formaldehyde was determined as follows: The reaction mix
ture was transferred with acetic acid' to a 5-m!. volumetric flask
which contained 0.2 ml. of 10% oxalic acid in acetic acid; the
oxalic acid rapidly reduced excess oxidant and caused precipita
tion of the divalent lead. An aliquot (depending on the sample)
of the supernatant was diluted to 1 ml. with water and heated
for 30 minutes on the boiling-water bath with 10 ml. of chromo
tropic acid reagent (14). The solution was clarified by centri
fuging and the colorimeter reading was made at 570 mI'. The
blank was always appreciably colored, even when the acetic acid
was previously distilled over chromium trioxide, but standard
solutions of erythritol, oxidized under the same conditions,
yielded the theoretical quantity of formaldehyde.

Pentose was determined with the orcinol reagent (15): The
sample to be analyzed was prepared as described for the deter
mination of formaldehyde. An aliquot (depending on the sample)
of the supernatant was diluted to 3 ml. with water, and was
heated on the boiling-water bath with 3 ml. of orcinol reagent
for 35 minutes. The solution was clarified by centrifuging and
the colorimeter'reading was made at 660 mI'. .

The oxidations in which one mole of pentose was obtained from
1,3-disaccharides were carried out in the following manner:
One milligram of the disaccharide was dissolved in 0.01 ml. of
water and diluted to 0.1 mI. with acetic acid. Five milligrams of
lead tetraacetate dissolved in 0.4 m!. of acetic acid was added.
At intervals, 0.05-ml. aliquots were removed and treated with
excess oxalic acid in acetic acid; pentose was determined as
described. A maximum yield of pentose was obtained in 2 hours.
Maltose and lactose were examined under the same conditions.
Other aliquots of the oxidation mixtures were also treated with
excess oxalic acid, diluted with water, and heated on the boiling
water bath with a small quantity of Amberlite IR-120 resin.
The products of hydrolysis were separated on the paper chro
matogram using ethyl acetate-acetic acid-water (3 to 1 to 3) (9),
and but!j,nol-ethyl alcohol-water (4 to 1 to 5) (16), the rate of
travel of the compound compared with that of known sugars.

Disaccharide

Arabinobiose (1,3-)
Xylobiose (1,4-)
Xylosidoarabinose (1,5-)

'a Oxidation period 6 houTs.

Formic Acid,
Moles/Mole

1.1
1.9
3.6

Oxidant Consumed,
Moles/Mole

2.9
3.9
4.5
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In 5 to 6 hours of reaction time, 2-0-methyl-D-xylose yielded 1
mole of formaldehyde as well as 1 mole of formic acid. This be
havior suggests that a 1,2-pentose disaccharide should be readily
distinguished from other pentose disaccharides, which yield little
or no formaldehyde under the same conditions.

EXPERIMENTAL

Materials. The monomethyl galactoses, 3-0-~-L-arabopyran
osyl-L-arabinose (amorphous powder) and 5-0-D-xylopyranosyl
L-arabinose (sirup), were kindly provided by J. K. N. Jones.
The crystalline octaacetate of isomaltose was obtained through
the courtesy of M. L. Wolfrom. The acetate was deacetylated
with 0.05N sodium methylate (24), the base was neutralized with
acetic acid, and the sirup remaining after distillation of the
methanol was dissolved in 90% acetic acid and used directly in the
oxidations. The galactobiose (melting point 159° to 160.5° C.,
[",j't + 62.2) was isolated from a partial hydrolyzate of Acacia
pycnantha gum (7). Other carbohydrates were pure crystalline
compounds.

Lead tetraacetate was prepared by the procedure recommended
by Vogel (23).

All other compounds were of reagent grade quality.
Methods. The oxidations were carried out in a constant

volume type of Warburg respirometer at 27° C., the general
procedure having been descl'ibed previously (17, 21). The
vessel chamber contained 1 m!. of a solution of 20 mg. of lead
tetraacetate and 10 mg. of potassium acetate in 90% acetic acid
and the side arm contained 0.2 m!. of 90% acetic acid in which
was dissolved 0.3 to 1.0 mg. of the substrate. The side arm of
the blank vessel contained 0.2 m!. of 90% acetic acid. After
equilibration and mixing, the production of formic acid was
determined from the observed' increase in pressure due to evolved
carbon dioxide.

At chosen intervals the quantity of lead tetraacetate consumed
was determined by transferring the vessel contents to a 125-ml.
flask with 8 m!. of "stopping solution" [10 grams of potassium
iodide and 50 grams of sodium acetate in 100 m!. of water (5)J
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Determination of Combined Acetic Acid Content of Cellulose Acetate
Gravimetric Method
GIUSEPPE GARETTO ,and ALFREDO RUFFONI

Research Department, RhaJiatoce S.p.A., Milan, Italy

A gravimetri,c lllethod for the deterlllination of the
per cent of cOlllbined acetic acid content of acetone
soluble cellulose acetate has been established. The
lllethod is based on weighing the cellulose regenerated
from the ester by llleans of complete saponification in
an aqueous-alkaline lllediulll. Such a Illethod gives
results which COlllpare favorably with those obtainable
by the usual volullletric lllethods. It is anticipated
that this new technique will be applicable to cellulose
acetates having solubility projperties different frolll
those of the products exalllined here.

Dl"RING the past 50 years numerous papers have been pub
lished relating to studies carried out both in research

institutes and in industrial laboratorie11 on the determination
of the percentage of combined :wetic acid in cellulose acetate.

For an extensive and up-to-date documentation on this sub
ject, the reader is referred to Kruger (5), Heuser (.n, and Doree
(2), and to the report of a subcommittee of the Division of
Cellulose Chemistry (1) of the AMERICAN CHEMICAL SOCIETY.

The Eberstadt method (3) and the Ost method (6) have
:;timulated most of these studies. Both methods involve the
volumetric determination of acetic acid-with previous al
cohol-alkaline saponification (Eberstadt method) or acid hy
drolysis :~nd distillation (Ost method).

The work presented here describes a new gravimetric method
which has given very good results in the determination of the'
percentage of combined acetic acid of the secondary acetone
soluble aeetate having a 54 to 55% acetic acid content.

With this method the percentage of combined acetic acid is
obtained from the weight loss of the ester by its transformation
t,o cellulose by complete saponification.

The saponification is carried out in an aqueous-alkaline
medium.

The regenerated cellulose is collected on a filter, washed well,
dried to a constant weight, and weighed accurately.

If A is the weight of the dried cellulose acetate, and C is the
weight of the dried eellulose, the acetic acid content, t (ex
pressed as acetyl value), is given by the following equation:

4300 (A - C)
t= 42A

while the acetic acid eontent, T (expressed as acetic acid), is
given by

T = 6000 (A - C)
42 A

EXPERIMENTA L

Samples. Two samples of cellulose acetate having the fol
lowing properties have been examined.

Sample A. American cellulose acetate of the type used in
the production of plastics. It contained about 54% of com
bined acetic acid, and was in powder form which could be passed
through a Eieve of 840-micron mesh.

Sample B. Italian cellulose acetate of the usual type for use
in rayon production. It. contained about 55.5% of combined
acetic acid, and was in flake form. After being milled in a
Forplex mill it became pulverized and could be passed through
a sieve of 840-micron mesh.

Materials. In the volumetric method (control test) reagents
free of carbonates and of carbon dioxide were used, as the in
fluence of such factors on the results is we]] known. Neutral

400

glassware and burets of precision corresponding to those certified'
by the National Bureau of Standards were used.

In the gravimetric method normal filter paper, washed by
water and dried to constant weight, was employed. The re
agents were not specially controlled, as their influence is without
importance in this case. The same considerations apply to the
glassware.

Drying was carried out in a thermostatically controlled oven;
the temperature of 105° C. was kept to within ±2° C.

The saponifications were carried out at room temperature'
(about 20° C.) in 500-mi. flasks with narrow necks and ground
glass stoppers.

The flasks were rotated on a roller mixer at 60 r.p.m.
Test Methods. VOLUMETRIC METHOD. The cellulose ace

tate was dried for 5 hours at 105° C. and cooled in a desiccator.
A 2.5-gram sample was placed in a 500-m!. flask, and 100 m!. of
0.5N sodium hydroxide solution were added. The stoppered
flask was placed on a roller mixer for 48 hours at 20° C. Then
the flask was opened, the stopper and the neck were thoroughly
washed, and 0.5N sulfuric acid solution was added until there
was an excess of about I mi. (phenolphthalein as indicator).
The well-stoppered flask was allowed to stay on the roller mixel'
for 5 hours, and it was then titrated until a pink color appeared
and remained after vigorous stirring.

A blank test was made under the same conditions.
GRAVIMETRIC METHOD. The same technique was used as for

the volumetric method. At the end of the titration the contents
of the flask were quantitatively passed through a folded filter of
130-mm. diameter. The cellulose was washed with 500 m!. of
water at 20° C. using small quantities at a time, and then with
200 m!. at 70° C. The filter was allowed to stay 12 hours in the
oven at a temperature of 50° C., was placed on a weighing glass,
and was then replaced in the oven at 105° C. until a constant
weight was achieved (about 2 hours).

Table I. COlllparison of Volullletric and Gravillletric
Methods of Deterlllining COlllbined Acetic Acid in

Two Salllples of Cellulose Acetate
Acetic Acid Content. %

Volumetric Gravimetric
Test No. method method

Sample A

1 53.94 54.00
2 53.94 54.00
3 53.97 53.84
4 53.96 54.00
5 53.94 54.00a

6 53.95 54.00a

Av. 53.95 53.97

Sample B

1 55.68 55.77
2 55.68 55.81
3 55.70 55.75
4 55.68 55.85
5 55.66 5I>.88a

6 55.68

Av. 55.68 55.81

a Infrared dried.

The final drying to constant weight can also be carried out by
using an infrared radiating lamp of 0.250 kw., the distance be
tween the lamp surface and the bottom of the weighing gla~s
being 20 em. This type of drying was found to be more rapid
(about I hour).

EXPERIMENTAL DATA

The results obtained in tests carried out by the same operator
at different times are given in Table 1.
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CONCLUSIONS

It will be seen from Table I that the new method allows the
combined acetic acid content of secondary acetone-soluble
cellulose acetate to be determined with great accuracy. Small
differences in the results obtained by the new method and by the
volumetric method can be justified by experimental errOl'S and
by the fact that salts and other water-soluble impurities, always
present in the commercial products, give incorrect results in a
diametrically opposite way.

The gravimetric method can be used to help establish the
accuracy of other methods including those using saponification,
and to analyze mixed esters and other esters.
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Precipitation of Pyrophosphate and Triphosphate with Tris(ethyl
enediamine}cobaItClII} Chloride and Hexamminecobalt(1I1> Chloride
H. W. McCUNE and G. J. ARQUETTE

Miami Valley Laboratories, Procter & Gamble Co., Cincinnati 31, Ohio

triphosphate precipitate. Certain analytical applications are
also mentioned.

Materials. Hexamminecobalt(III) chloride (1) [Co(NH3).CI,j
and tris(ethylenediamine)cobalt(III) chloride (14) [Co(en).CI,J
were prepared according to published procedures'. Tris(propyl
enediamine)cobalt(III) chloride [Co(pn)3Clsl was prepared by
the same method as Co(en),CI" making allowance for the different
molecular weight of propylenediamine. All were recrystallized
and dried at 110° C. before use. Their identities were verified by
analysis.

Sodium triphosphate was prepared from a commercial product
by salting it out of aqueous solution with alcohol four times and,

Precipitations with Excess Reagenta

Co(NH,),Ch b Co(en),Ch b

pH pH
12.5 7.5 4.5 12.5 7.5 4 ..5

Table I.

CHEMISTRY

Qualitative Solubility. A striking difference in the solubilities
of the hexammine- and tris(ethylenediamine)cobalt phosphates,
silicates, and sulfates is shown in Table I. Sulfate and silicate
were included because their separation from the' phosphates is
often a problem. Tris(propylenediamine)cobalt(III) chloride
was also tested, but it did not precipitate any of the phosphates
except the polyphosphate with the longest chain length. Tris
(ethylenediamine)cobalt(III) chloride showed promise as a spe
cific pl:ecipitant, for of the phosphates and other anions tested
only pyrophosphate and triphosphate precipitated and these
precipitates were obtained at different pH values. With he'\
amminecobalt(III) chloride, pyrophosphate. and triphosphate
both precipitated at all pH values, indicating that a method
for one in the presence of the other was unlikely.

Sodium Salt in Solution

. Polyphosphates
n=ll X X X L L L
n = 5.1 X X X L L L

Triphosphate X X X 0 0 X
Pyrophosphate X X X 0 X 0
Orthophosphate X X 0 0 0 0
Tetrametaphospbate X X X 0 0 0
Trimetaphosphate 0 0 0 0 0 0
Sulfate X X X 0 0 0
Silicate, SiO,/N",O = 2.6 X X X 0 X 0

a In 50 rol. of mechanically agitated solution at room temperature there
were 3.00 millimoles of cobalt reagent and 0.250 gram of sodium salt except
for triphosphate (1.65 millimoles) and sulfate, orthophosphate, pyrophos
phate (2.50 millimoles). The pH was maintained constant witb NaOH
or HCl.

b X = prer.ipitate; 0 -= no precipitate; L = an oily liquid separated.

'Precipitation reactions of the condensed phosphates
wel'e studied for the purpose of discovering specific
l'eagents for their determination. Tris(ethylenedi
amine)cobalt(III) chloride [Co(en)3Cls) precipitates
tdphosphate but not pyrophosphate at pH 3.5 and
pyrophosphate but not triphosphate at pH 6.5. The
precipiitates dried at no o C. are Co(en)3H2P 301O.?H20
and Co(en)3HP20,. Orthophosphate, trimetaphosphate,
and tetrametaphosphate al'e not precipitated. Tri
phosphate can be precipitated from a IDixture which
contains pyrophosphate, but SOUle of the latter is co
precipitated and SOIDe of the triphosphate is left in
solution. The distribution of pyrophosphate and tri
phosphate between precipitate and solution was deter
Ulined by phosphorus-32-tagged phosphates. Co(en)3
Cis Ulay prove a valuable reagent for triphosphate,
notwithstanding the inftuence of pyrophosphate on the
precipitation of triphosphate. In contrast to Co(en)3·
Cis, hexaIDIDinecobalt(III) chloride [Co(NH3)eCh) pre
cipitates P'OIO----- and 1'20,----, instead of H 2P3
0 10--- and HP20 7 ---, and the yield of both is increased
by i:ncreasing·pH. Orthophosphate is also precipitated,
so Co(NH3)eCls is not a potentially valuable reagent.
The triphosphate precipitate dried at no o C. is Na[Co
(N fL)e],(P3010)2.

H EXAMMINECOBALT(III) chloride has been suggested
as a reagent in qualitative microchemical tests for pyro

phosphate (3) and triphosphate (.10). Recently the ampero
metric titration of pyrophosphate with this reagent has been
described (6). The possibility of a stepwise variation in com
position, size, and charge made Werner cations an attractive
class to investigat~ as specific precipitants for the various phos
phate anions.

This background led to a study of hexamminecobalt(III)
and the related tris(ethylenediamine) and (propylenediamine)
cobalt(III) ions as precipitants for use in the determination of
pyrophosphate and triphosphate in the presence of each other
and in the presence of orthophosphate, trimetaphosphate, and
other phosphates. Most of this paper deals with the precipita
tioB of phosphates, especially pyrophosphate and triphosphate,
by hexammine- and tris(ethylenediamine)cobalt(III) chlorides,
the description of resulting precipitates, and the coprecipitation

•01' pyrophosphate with the tris(ethylenediamine)cobalt(III)
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a pH was measured after titration. Before titration NaOH or NH3 was added except to sample
numbers 4, 5, 6, and 8, which were not adjusted, and to 9, to which was added NH4 +-NH. buffer.

b Only 10% alcohol waR present.

Table II. AIllpCI'OIlletric Titrations with HexaIllIllinecobalt(III) Chloride
[40 MI. of solution, titrated with 0.0549M Co(NH3),Ch]

Taken, Millimoles

after air drying, was weighed as Na.P30 IO.6H20. The water loss
on heating was 22.8% (theory 22.7%) and the per cent phosphorus
pentoxide as determined by titration after hydrolysis was 44.5%
(theory, 44.7%). Reagent grade sodium pyrophosphate, Na.
P20 7) was recrystallized and dried. Preparation of radioactive
pyrophosphate and triphosphate for tracer experiments is de
scribed elsewhere (11). Sodium trimetaphosphate, Na3P30•.H20,
was recrystallized at 50 0 C. from an aqueous solution of the
commercial material (Monsanto Chemical Co., St. Louis, Mo.).
Sodium tetrametaphosphate was salted out of a water solution of
Cyclophos (Victor Chemical Works, Chicago, Ill.) with ethyl
alcohol at 35 0 C.

The sodium silicate was weighed from an analyzed clear stock
solution made by diluting and filtering a commercial product.
The silicon dioxide-sodium oxide weight ratio was 2.60. The
polyphosphates were commercial samples characterized by the
average number of phosphorus atoms per ion, n, assuming only
linear ions present. The chain lengths were calculated from the
titration between end points before hydrolysis, W, the titration
between end points after hydrolysis, S, and the determined

orthophosphate (8),,0' from the relation, n = W2~ 0' This is

similar to the chain length formula used by Van Wazer (12) but
differs in that it gives the average number of phosphorus atoms
per ion including orthophosphate. The polyphosphate with
n = 10 was Calgon (Calgon, Inc., Pittsburgh, Pa.) and with n =
5.1 was Quadrofos (Rumford Chemical Works, Rumford, R. I.).

Hexamminecobait(III) Phosphates. In the presence of so
dium. ion Jorgensen (4) and later workers (6) have shown that
the precipitate with pyrophosphate, neglecting water of crystal
lization, is NaCo(NH,).P20,. With trisodium orthophosphate
the precipitate.Co(NH,),J>O" has been reported (2, 9).

12
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ReI.
Error, %

about pH 10, although the hexammine
cobalt(III) to triphosphate ion ratio was
maintained, the gravimetric yield was 1
to 2% high and analysis showed a slight
decrease in per cent nitrogen, cobalt, and
phosphorus, possibly due to the inclusion
of some alkali.

Tris (e thylene diamine )coba1t(III)
Phosphates. Amperometric titrations
(Table III) indicated that for precipi
tates of both pyrophosphate and tri
phosphate the tris(ethylenediamine)
cobalt(III) to phosphate ion ratio was
1 to 1. Analysis of precipitates dried
at 110 a C. showed their compositions to
be Co(en)3HP207 and Co(en)3H2P301O.
2H20. Analysis, calculated for Co(enh
HP20 7 : N, 20.6; P, 14.9; titratable

H, 0.243; found: N, 20.3; P, 15.1; titratable H, 0.253.
Analysis, calculated for Co(en)3H2P301O.2H20: N, 15.8; P, 17.5;
titratabJe H, 0.380; H20, 6.80; found: N, 16.0; P, 17.5; titra
table H, 0.377; H 20, distillation followed by Karl Fischer 6.64.

The same x-ray powder diffraction pattern was obtained for
the air-dried triphosphate precipitate as was obtained after drying
at 110 0 C. Crystals sucked dry on the sintered-glass filter con
tained 7.9 to 8.4% water. Apparently the precipitate came
down as the dihydrate and was not dehydrated by oven drying.
Usually ill-formed tabular crystals showing parallel extinction
were observed but sometimes bluntly terminated needles with
oblique extinction were also present. On the universal stage
the needlelike crystals proved to be identical with the tabular
cryst·als. Optical properties and x-ray powder diffraction data
useful for identifying these and the pyrophosphate crystals
have been published (7).

Theor.
Results, MI.

0.150 4.09 4.10 b
0.150 4.13 4.10 b
0.150 4.13 4.10 b

0.209 0.150 7.87 7.91a+b
0.209 0.150 7.93 7.91 a + b
0.209 0.300

0.·150 b
12.01 12.01a + b
2.69 0.00 a 2.73 c

0:209
0.150 b 2.58 0.00 a 2.73 c
0.150 b 3.8/ 3.81 a 6.54 a + c

0.209 0.150 b 6.37 3.81 a 6.54a+c
0.218 0.150 b 3.55 3.97 a 6.70a+c

I
2
3
4
5
tl
7
8
9

10
11

(a) (b) (c)
No. Na4P'O, Na,P,OlO Na,HP04 Found

0.0218
0.0218
0.0654
0.0654

Table III. Titration of Triphosphate with Tris(ethylene
diaIlline)cobnlt(III) Chloride

[40 MI. of solution titrated with 0.0487M Co(enJ,Ch and buffered with
0.15k£ NaAc-1.8M HAc, pH 3.7 to 4.1]

Sample, Millimoles Results a

N",P,O, Na,P,OlO Used, ml. ReI. error, %

0.2000 4.13 0.5
0.2000 4.13 0.5
0.2000 4.18 1.7
0.2000 4.20 2.2
0.2000 4.27 4.0
0.2000 4.30 4.3

a Theory, 4.11 ml.

Amperometric titrations of triphosphate with the reagent
(Table II) showed that the precipitate contained three hexam
minecobalt(III) ions per two triphosphate ions. The precipi
tate contained sodium, so that its formula is presumably Na
(Co(NHs)6],(P30 IO )2. Analysis of the precipitate made at pH
H.O and dried at 110 0 C. support.ed this formula, although close
checks for the theoretical nitrogen content were not obtained.
Analysis, caleulated for Na[Co(NH3).Js(P30 1O )2: N, 24.9; P,
18.4; Co, 17.5; found: N,23.8; P, 18.4; Co, 17.8. Above

pH

Figure 1. Effect of pH on pre-
cipitations with Co(NH3).CI3

Co(NH.>OCh O.060M

A. Na,p.OlO O.025M
B. N",P.O, O.050M
C. Na,HPO, O.050M

The pyrophosphate precipitate taken from the filter contained
4.3 to 4.5% water and after drying at room temperature and
47% humidity contained 4.02% water, indicating a monohy
drate (theory, 4.17%). The x-ray patterns of the air-dried and
anhydrous precipitates were different (7).

Effect of pH on Completeness of Precipitation. The curves of
Figure 1 show the per cent of theoretical gravimetric yield ob
tained when orthophosphate, pyrophosphate, and triphosphate
were separateiy precipitated with hexamminecobalt(III) reagent
at various definite pH values. The pH as indicated by a glass
electrode was maintained constant with sodium hydroxide or
hydrochloric acid. Data for similar experiments with tris
(ethylenediamine)cobalt(III) reagent are given in Figure 2.
The maximum yields of Co(en)3HP207 and Co(en)3H2P3010.2H20
were obtained at about pH 6.5 and 3.5, respectively, where HP2

0 7--- and H 2P..0 1O--- should be present in nearly the maxi-
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Taken. Millimole. Gravimetric Yield. Triphosphate Pyrophosphate
Na.P,O, Na,P,OlO % of Theor. Solid Solution Solid Solution

Table IV. Precipitation of Triphosphate in Presence of
Pyrophosphate with Co(en),CI,

[Total volume 110 m!.; pH 3.5; Co(en),CI, 1.20 millimoles]

Found. by Radioactive Count, Millimole.

0.000 1.000 99.1 1.01 0.0062
0.000 1.000 98.7 1. 01 0.0062
0.138 0.900 100 (0.024) 0'-oii8 0.107
0.267 0.800 101 (0.029) 0.0503 0.221
0.267 0.800 102 (0.025) 0.0523 0.225
0.415 0.700 101 (0.044) 0.0622 0.366
0.554 0.600 101 (0.058) 0.0827 0.479
0.692 0.500 99.3 0.444 0.0512 (0.068)
0.692 0.500 n5.5 !D. 077) 0.0703 o:6.in
0.692 0.500 102 (0.054) 0.081? 0.601
0.969 0.300 66.5 0.169 0.131 (0.040)
0.969 0.300 72.7 (0.116) 0.0432 0.916

O.B0.60.4

The purification by repeated precip
itation of a radioactive pyrophosphate
contaminated precipitate, prepared by
adding. Co(en),Cla to a solution. of pyro
phosphate and triphosphate (315 mI.,
16.0 millimoles of Co(en),Cla, 14.0 milli
moles of Na.P.01o, and 3.6 millimoles
Na.p3~O,), at pH 2.5 is shown in Fig
ure 4: .The precipitate was filtered. off
at each step and a sample was taken
for counting, the remainder being dis
solved in dilute sodium hydroxide soh,1.
tion and reprecipitated by adjusting the
pH to 2.5.

Discussion. The purification of the
pyrophosphate-contaminated' triphos
phate precipitate by repeated. precipita-

0.2

f-'
Q.
Q.

~ 0.4
<1)...
...J

~ 0.3

~

~ 0.2
«
:I:
Q.

~ 0.1
:I:

l5
a:
>
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PYROPHOSPHATE. MOLE FRACTION OF DISSOLVED PHOSPHATE

Figure 3. Pyrophosphate contaITlination of Co(en),
H'p,OIO·2H.o precipitate

dissolved phosphate, before precipitation, which is pyrophos
phate (Figure 3).

Powder x-ray diffraction data for the oven-dried samples of
Table IV did not show a second phase even for the precipitate
with the greatest contamination. The absence of lines in the
back reflection region and the width of the lines made it impos
sible to measure accurately the slight changes which appeared as
the amount of pyrophosphate)n the sample increased. How
ever, for the spacings of 2.63 and 2.40 A. there seemed to be a
regular increase in the diffraction angle, 20, which amounted to
about 0.5 0 going from a sample with 0% to one with 11.5%
pyrophosphate as Co(en),HP.07. The pattern for a sample
with 15.5% contamination was similar but showed some discon
tinuities such as the spacing formerly of 2.63 A. merging with
one formerly of 2.57 A.

Attempts to precipitate pyrophosphate in the presence of
triphosphate at a pH of 6.5 failed in a solution containing a mole
ratio of one pyrophosphate to four triphosphate [0.0200M
Na.P.07, 0.0800M Na.P,OIO, 0.1200M Co(en),ClaJ and the yield
was less than for pure pyrophosphate at a mole ratio oftwo pyro
phosphate to three triphosphate (total phosphate concen
tration 0.1000M, reagent 0.1200M). When more than half of
the phosphate was pyrophosphate al;>out the same yield as for
pure pyrophosphate was obtained (93% for 0.200M. Na.P.07
solution with reagent 0.0240M). The apparent solubility of
Co(en),Hp3~07 in a solution 0.0100M in P'OIO----- and
0.0230M in excess Co(en),+++ at pH 7 was determined by the
p" tag to be 0.98 mg. of Co(en),HP20 7per mI.. In addition the
precipitate must have contained triphosphate, •for the precipi
tate contained only 94% of the P.O, ---- required by its weight
and formula.

12B4

20

: '::fI~~B
~ 60 I
>- 40 1\

\

pH

Figure 2. Effect of pH on pre
cipitations with Co(en),CI,

Na,P,O" (A) and N",P,O, (B) were 0.020 to
O.050M and Co(en)aCla was in excess

0.021 to 0.060 M

mum concentrations. This type of curve, where the yields pass
through maxima at certain pH values, contrasts with those ob
tained with hexainminecobalt(III) chloride where the salts
were normal phosphates and the yield remained high above a
certain pH. The curves of Figure 2 suggest that tris(ethylene
diamine)cobalt(III) ions may be useful in detecting and de
termining triphosphate in the presence of pyrophosphate.

Precipitations with
Tris (ethylen e d i
amine reo balt(III)
Chloride. In solutions
of pure salts, triphos
phate precipi ta ted
almost quantita
tively (98 to 99.5%)
between pH 3.0 and
4.0 and pyrophos
phate precipitated in
yields of around 93%
at pH 7.0 (Figure 2).
However, when both
phosphates were in
the same solution,
precipitation of tri
phosphate from solu-
tions containing from about 3 to 1 to 1 to 1 molar ratios of
triphosphate to pyrophosphate (Table .IV, 20 to 40% sodium
pyrophosphate) gave yields in excess of 100% [the yield being
based on the amount of triphosphate present and the composi
tion CoCen),H.P.OIO .2H.OJ. In solutions containing excess pyro
phosphate precipitation was far from complete (Table IV, 50
to 70% sodium pyrophosphate).

Radioactive pyrophosphate, N a.p3~07, was used to check for
coprecipitation of pyrophosphate with triphosphate and Na,
p3~Olo was used in other experiments to determine the concen
tration of triphosphate ions in the solution. Results obtained
with tagged triphosphate and tagged pyrophosphate are given
in Table IV The values in parentheses were calculated as
suming the pyrophosphate to be present as .Co(en),HP.07
(see Discussion). Those for triphosphate in solution were cal
culated from the triphosphate taken, the weight of the precipi
tate, and the weight of Co(en),HP.07 as determined from
tagged pyrophosphate; the values for pyrophosphate in the
solid which are enclosed in parentheses were calculated from
the weight of precipitate and the weight of Co(en),H2P,OIO.
2H.O in the precipitate as determined by tagged triphosphate.
The solubility of Co(en),H.P.OIO .2H.O, determined by the use
of tagged triphosphate, under conditions of precipitation (room
temperature, pH 3.5, 0.0018M excess Co(en),Cla), was 3.01 mg.
per 100 mI.

The contamination of the Co(en).H.P.01o .2H.O precipitate
by pyrophosphate is proportional to the mole fraction of the
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tions (Figure 4) is much slower than would be expected for a
simple mixture of components, one of which (pyrophosphate)
is soluble in the absence of the other under the conditions
of the precipitation. A straight line would represent a distri
bution of pyrophosphate between precipitate and filtrate which
did not change with composition of the precipitate, or, in
other words, a rate of purification proportional to the amount
of impurity present. Although the reprecipitations can be
made rapidly, the number of reprecipitations necessary to get
a relatively pure product is too great for this to be a con
venient method for carrying out an isotope dilution determina
tion of triphosphate.
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Figure 1,. Purification of Co(en)3H:P301O'
2H20

TIle reasons for use of 00(en)3HP,,07 as the formula for pyro
phosphate in the solid should be explained. It is the formula
of the solid precipitating from pyrophosphate solutions between
pH 6 and 8 although at pH 3.5 no precipitate is formed. More
acid was liberated in precipitating a pyrophosphate-triphosphate
mixture than was liberated in precipitating pure triphosphate,
as would be expected if the precipitated ion was HP20 7---.
It 1;herefore appears reasonable to assume 00(en)3HP207 as
the formula for pyrophosphate in the solid, although direct
proof for its existence at low pH values was not' obtained.

In precipitai\ons from solutions containing up to 0.692 milli
mole of pyrophosphates per 0.500 millimole of triphosphate (Table
IV). the ratio of triphosphate in the solution to pyrophosphate
in the solid ranged from 0.5 to 1 and averaged 0.7. Difference
figures were used in calculating the values of the ratio so that
they are not very accurate and involve the foregoing assumption
of the formula of the pyrophosphatE' in the precipitate. How
ever, for the composition containing 0.500 millimole of triphos
phate, the ratio can be calculated directly from experimental
data and is 0.68. If it can be assumed from this evidence that
1.5 00(en)3HP;07 precipitates for each 00(en)3H2P30IO that
does not,.the moles of phosphorus in the solid remain constant,
the slight obsen-ed increase in yield with increased contamina
tion of the preeipitate with pyrophosphate is explained, and a
little extra 00(en)30h is used in agreement with amperometric
titration results for solutions containing pyrophosphate and
triphosphate (Table III).

When pyrophosphate was in greatest excess, about three
triphosphate ions were in solution for eyery pyrophosphate ion
that was in the precipitate. Most of this change was caused by
the low yield (high solubility) of the precipitate-that is, it con-

ANALYTICAL CHEMISTRY

tained 4 moles of triphosphate per mole of pyrophosphate and
dissolved to such an extent that the ratio of triphosphate in so
lution to pyrophosphate in the solid was raised from 0.5 to 1 to 3.

ANALYTICAL APPLICATIONS

Amperometric Titration Method. Solutions of the phosphates
were titrated with solutions of 00(en)30h or 00(NH3)60h as a
convenient means of studying the stoichiometry of precipitation
and of evaluating their use as analytical reagents. The titra
tion cell designed by Laitinen and Burdett (5) which provides
for continuous stirring by a gas stream was used. The required
voltage was supplied and current was measured by a Leeds &
Northrup Electrochemograph, Type E. The recommended
(6) applied potential of -0.65 volt I'S. standard calomel elec
trode was used for titrations with 00(NH3)60h; an applied
potential or -0.80 volt vs. standard calomel electrode was
chosen for 00(en)301, titrations after inspection of appropriate
polarograms. Gelatin (0.01%), supporting electrolyte (O.ION
sodium nitrate), and alcohol (usually 20%) were added to the
phosphate solutions. The supporting electrolyte was omitted
from certain experiments in which an acetic acid-acetate buffer
was used. Volume corrections were made but were never large.

Titrations with Hexamminecoba1t(III) Chloride. The ampero
metric titrations of pyrophosphate with hexamminecobalt(III)
chloride solution as described by Laitinen and Burdett (6) were
found to be satisfactory, except that other phosphates interfere
more than indicated. They state that sodium triphosphate does
not precipitate in O.IM concentration and 20% alcohol. The
data of Figure 1 indicate triphosphate is likely to interfere be
cause in their recommended pH range of 9 to 12 it is obtained in
as good yields as pyrophosphate. This is confirmed by the data
of Table II which show that triphosphate titrates quantitatively
in the presence or absence of pyrophosphate.

Orthophosphate is also more likely to interfere than indicated.
Laitinen and Burdett (6) have indicated that 4 X 10-3111 pyro
phosphate can be determined in the presence of 4 X 10-2111
orthophosphate if only 10% alcohol is present. However, great
difficulty was'experienced in titrating solutions which contained
orthophosphate because it precipitated slowly and in amounts
depending upon the pH. From pH 10 to 12 most of the ortho
phosphate, alone or with pyrophosphate, precipitated (Table
II). When sodium monohydrogen phosphate-pyrophosphate
mixtures were titrated with no pH adjustment or in a solution
buffered at pH 8.7, little orthophosphate precipitated (Table
II).

If alcohol does not change the shape of the curve of yield V8.

pH appreciably, Figure 1 indicates that the best pH for precipi
tating pyrophosphate and triphosphate but not orthophosphate
lies between about 8 and ] O. It is certain that above pH 10
orthophosphate interferes. At lower pH values its presence
constitutes a potential source of interference.

Titration of Triphosphate with Tris(ethylenediamine)cobalt
(III) Chloride. When triphosphate is titrated with this reagent,
orthophosphate and other possible interfering substances remain
soluble except for pyrophosphate. It coprecipitates, as described
previously, in amperometric titrations. As can be seen from
Table III the titration is satisfactory for triphosphate alone but
is spoiled when pyrophosphate is present in about a tenth of the
molar concentration of triphosphate. However, the remarkable
freedom from interference by other phosphates, sulfate. and
silicate suggests that a study of ways of minimizing or correcting
for the coprecipitation would be worth while. A colorimetric
method for triphosphate has been developed along these lines (13).
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Statistical Comparison of Three Methods for
Determining Organic Peroxides
CONSTANTINE RICCIUTI, J. E. COLEMAN, and C. O. WILLITS

Eastern Utilization Research Branch, U. S. Department of Agriculture, Philadelphia 18, Pa.

STATISTICAL DESIGN OF EXPERIMENT

The 3 X 3 Latin square was designed to include the three
methods, three aliquots of each peroxidic material being analyzed,
and the three different times at which the analyses were made.
This randomized block arrangement was repeated for each of the
six peroxidic materials included in the study. The Latin square
arrangement is as follows:

given to the stability of the peroxide samples with respect to time
and other conditions, such as exposure to air and room tempera
ture during sampling. To make the statistical comparison of
the three methods and to include the factors of stability, a series
of statistically designed experiments based on a 3 X 3 Latin
square arrangement (2,4,10) was conducted.

where I, II, and III are the polarographic, 'iodide, and stannous
chloride methods, respectively; 1,2, and 3 are the three undiluted
aliquots of a peroxidic sample; and M, W, and F are the days
(Monday, Wednesday, and Friday) on which the analyses were
made.

An analysis of variance as described by Snedecor (7) was then
applied to the data obtained by the Latin square arrangement so
that the effectof methods (polarographic vs. chemical and Wheeler
iodide V8. stannous chloride), aliquots, times, interaction, and
interaction within the three individual methods could be evalu
ated. In this experiment the three undiluted aliquots of each
original material were transferred to separate containers and each
of these aliquots were analyzed by the three methods on the three
different days. The Snedecor F ratio, obtained by dividing in
turn the mean squares for the methods, aliquots, times, etc.,
for each sample by the mean square for interaction, was compared
to critical F values at the 5% level to determine whether the mean
squares were statistically significant or not,

To determine if a difference exists between the values obtained
by the three methods, the least significant difference was cal
culated. This consisted in comparing the mean values of the
three sets of duplicates of the three undiluted aliquots for one
method and one sample with the corresponding mean values ob-

Aliquots
1 2 3

M W F
W F M
F M W

I
II

III

Methods

The polarographic m.ethod for determining hydro
peroxides was compared with the more commonly
used Wheeler iodide and stannous chloride chemical
methods. The Latin square experimental design a~d

statistical analyses were used to determine the relative
accuracy and precision of the results obtained. Th~

three methods gave results which were not significantly
different for high purity Tetralin hydroperoxide. For
two hydroperoxide samples of lower purity and for three
satnples of autoxidized methyl oleate, the chemical
methods gave values which were significantly higher
than ·those by the polarographic method. With pure
hydroperoxides the three methods apparently yield
identical results, hut with impure products the polaro
gl'aphic method may give more reliable values because
it is more specific than the chemical procedures.

BARNARD and Hargrave (1) recently presented a critical
review of chemical methods used for determining organic

peroxides and reported that these methods have many sources of
error. For example, the methods for ferrous ion oxidation are
unreliable unless carried out carefully under controlled condi
tions; the commonly used iodide oxidation methods are subject
to errol' because of the addition of iodine to olefinic double bonds
and the effect of sample size.

Barnard and Hargrave developed a modified stannous chloride
procedure, which when teste,d on peroxides and hydroperoxides
of high purity (99 to 100%) gave theoretical values with an av
erage standard deviation of only 0.32%.

The present investigators have used extensively a modifica
tion of the Wheeler (8) iodide methods for determining organic
peroxides. Recently they developed a polarographic method,
which, in contrast with chemical methods, distinguishes between
peroxides and hydroperoxides and is specific for determining
both. It was hoped that a statistical comparison between the
stannous chloride, Wheeler iodide, and polarographic methods
might explain some of the anomalous results which the present
investigators had observed between the last two methods. They
believed that a statistical appraisal might also show the relative
preciEion and accuracy of the three methods.

To make a proper statistical evaluation of the three methods,
not only should a variety of peroxidic samples and a sufficient
number of replicates be included but constderation should be
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32

W F
F M
M W

70.52 70.76
71.72 69.65
71.12 70.21
77.75 78.71
75.38 79.47
76.57 79.09
78.12 78.59
76.72 74.37
77.42 76.48

VI
High Level

Autoxidized Me
Oleate

III
Impure Cumene
Hydroperoxide
123

M
W
F

69.19
68.70
68.95
77.18
77.28
77.23
78.79
77.54
78.17

3

W
F
M

94.27
95.43
94.85
98.57
98,87
98.72
96.85
96,03
96,44

2

M
W
F

94.56
94.57
94.57
96.20
96.20
96.20
99.10
99.96
99.53

V
High Level

Autoxidized Me
Oleate (B)

F
M
W

94.78
94.31
94.55
98.19
99,70
98.95
98.56
98,66
98.61

32

F M W F M F M W
M W F M W M W F
W F M W F W F M

72.83 73.06 69,54 69,71 69.53 20.84 20,75 20.89
74.49 72.61 68.19 67.84 69.45 20.18 20.65 19.67
73.66 72.84 68.87 68,78 69.49 20.51 20.70 20.28
77.00 78.23 78.44 80.00 79.26 21.97 22.38 21.76
77.41 77.21 77.82 80.49 79.67 21.76 21.33 21.56
77.21 77.72 78.13 80.25 79.47 21.87 21.86 21. 66
79.54 81.52 80.30 78.42 78.18 22.27 23.38 23.71
78.52 82.54 81.41 78.56 78.49 23.57 23.77 23.21
79.03 82.03 80.86 78.49 78.34 22.92 23.58 23.46

Statistical Evaluation of Peroxide Methods
by Latin Square Design
I II

Tetralin Cumene
Hydroperoxide Hydroperoxide
123 123

wt. of sample X % peroxide oxygen in pure compound

K = diffusion current constant of a standard, hydro
peroxide, microamperes per mole per liter

This K value (5.85 ± 0.05 for the capillary used) had been
established (9) by analyzing highly purified samples of cumene,
Tetralin, and cyclohexene hydroperoxides.

STANNOUS CHLORIDE METHOD. The stannous chloride method
has been described by Barnard and Hargrave (1): A weighed
sample containing 0.75 to 1.0 meq. of peroxide is dissolved in
aeetic acid (10 mL) in a 250-ml. Erlenmeyer flask, which is then
evacuated to 20 mm. oj; mercury and filled with nitrogen. Fif
teen milliliters of O.IN stannous chloride solution are added
from a pipet, and the flask is immediately re-evacuated and filled
with nitrogen, the latter procedure being repeated twice. After
standing for 1 hour at room temperature, a boiling solution con
sisting of 5 ml. of stock ferric solution, 1 gram of ammonium
chloride, and 45 ml. water is added. The mixture is kept at 75° C.
for 30 seconds and then rapidly cooled, and 10 ml. of phosphoric
acid solution are added. The ferrous ion is titrated with 0.05N
potassium dichromate solution and 6 drops of indicator solution;
(0.25% solution of diphenylamine sulfonic aeid in water);
the end point is a sharp transition from green to violet. Blank
determinations are carried out in a similar manner.

% peroxide =

(blank - titer) X diehromate normality X mol. wt. of peroxide X 100
2000 X weight of sample

IODIDE METHOD. The iodide method was a modified Wheeler
method (6, 8). Twenty milliliters of 3 to 2 acetic aeid--chloro
form are introduced into a glass-stoppered 250-ml. iodine flask.
A weighed sample adjusted to give the same final volume of re
agent as the stannous chloride method is transferred to the flask
and flushed with nitrogen. Two milliliters of freshly prepared
50% solution of potassium iodide in water are added, and the
flask is again flushed quiekly with nitrogen. After 15 minutes,
50'ml. of water are added, and the liberated iodine is immediately
titrated with O.IN sodium thiosulfate. The entire procedure
is so arranged that the contents of the reaction flask are not in
contact with any appreeiable amount of dissolved or atmospherie
oxygen at any time until the water is added.

Under these conditions, the liberated iodine rises to a maximum
concentration in less than 15 minutes, and thereafter remains
constant. Peroxide values obtained with reaction times up to
2 hours are no different from those obtained in 15 minutes.

% peroxide =

ml. of thiosulfate X normality X 0.008 X 100 .

Table I.

M W F
W F M
F M W

98.55 98.27 98.29
98.68 100.30 98.97

Av.98.62 99.29 98.63
Wheeler iodide 99.28 97.60 99.38

98.87 99,18 100.00
Av.99.08 98.39 99.69

98.43 92,48 97.69
99.51 91,98 95.80

Av. 98.,97 92.23 96,75

IV
High Level

Autoxidized Me
Oleate (A)

W
F
M

73.37
71.16

Av.72.27
Wheeler iodide 77.61

77.61
Av.77.61

76.67
72.96

Av. 74.82

SnCI,

SnCI,

Aliquot

Methods
Polarographic
Wheeler iodide
SnCI,

Polarographic

Aliquot

Methods
Polarographic
Wheeler iodide
SnCI,

Polarographic

average of differences between each pair of means
observed differences between means of two methods
standard error of the differences between the three
means

();' h d 'd _ id X 10010· Y roperoxi e -7..~ X K

where Ii
D=8. =

d -4.30 8. ~ D ~ Ii + 4.30 8d

Iii - DI ~ 4.30 8;;

then adding Ii to the term of the expression, we obtain

where 8~ i8 the variance of the differences, n is the number of
set of duplicates being compared (in this case, 3), and (12 is the
square of the average differenee. Then ~ = 8d, the standard

deviation of the differences, and~ = 8a, the standard errorofthe

differences between means, were obtained. The critical t value
for the 2 degrees of freedom :g,t the 5% level, 4.30, and 8a were
used in calculating the limits of differences. A 5% risk was ac
cepted on each comparison so that the combined comparison
had a risk somewhere between 5 and 10%. These values were
inserted in the following expreHsion:

and eliminating absolute values,

- 4.30 8. ::; D ~ 4.30 8d

where id = diffusion current, microamperes
C = coneentration of sample in H-cell,

moles per liter

tained by another method on the same sample. The correspond
ing duplicates in each set were averaged, and, the differences (d),
between the two averages obtained. These three differences were
squared, giving di, dt and d~, which were then substituted in
the following equation:

8~ = ~1 (d; + d~ + cPs - nd,z)n-

From this expression the least significant differences were cal
culated between the Wheeler iodide V8. the
polarographic and between the Wheeler iodide V8.

the stannOUil cWoride methods.

EXPERIMENTAL

Preparation of Materials. Tetralin (1, 2, 3,
4-tetrahydronaphthalene) hydroperoxide, melting
point 54-54.5° C., and cumene hydroperoxide,
boiling point 65° C. at 0.1 mm. of mercury and
n'8 = 1.5221, were prepared as previously de
scribed (5). The autoxidized methyl oleate sam
ples were prepared by autoxidation of methyl ole
ate followed by precipitation of unoxidized methyl
oleate as the urea complex (3).

Procedures. POLAROGRAPHIC METHOD. The
polarographic procedure has been described (9). A
Sargent Model XXI polarograph was used to ob
tain the current-voltage curves; the electrolytic
solution was 0.3M lithium chloride in 50 to 50
methanol-benzene; the electrolytic cell was a
modified H··cell (9);, and the capillary had m and
t values of :3.116 mg. per second and 1.53 seconds,
respectively, yielding a capillary constant of 2.29.
The diffusion currents, id, were calculated from the
wave heights of the hydroperoxide waves for the
test samples with half-wave potentials of about
-0.90 volt. The hydroperoxide content of the
samples was ealculated as follow!!:

Transposing,
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Table III. Lintits of Differences between Means of
Duplicates

Table II. Table of Mean Squares'
DF I II III IV. V VI

Table I shows the six Latin squares for the six peroxide sam
ples, including the' duplicate peroxide values and their means
expressed as percentage' peroxide obtained on the respective days
by the three peroxide methods. It is evident that high purity
Tetralin hydroperoxide (I) is approximately 99% hydroperoxide,
whereas the high purity cumene hydroperoxide (II) has a slightly
lower hydroperoxide content. The impure cumene hydroper
oxide (III), containing approximately 75% hydroperoxide, had
originally been pure but had decomposed during a long storage
period at room temperature. The two high-level autoxidized
methyl oleates (IV, V) contained approximately 75% hydro
peroxide and the low-level autoxidized methyl oleate (VI) had
only 21 % hydroperoxide. These samples were chosen because
they represented a fairly wide range of hydroperoxide contents
and provided samples containing different levels of decom
position impurities.

2.3::> D::> 6.9 -0.2::> D ::> 6.1

7.6::>D::>12.9 -0.2::>D:$3.9

"'-1.0 ::> D :$ 1.6 -0.4:$ D ::> 2.6

by the polarographic and chemical methods yield a mean squan
with a noncritical F value at the 5% leveL This is consistent
with the assumption which is suggested by the means that the
chemical methods are measuring substances which are not reo
ducible polarographically and which are presumably not hydro
peroxides.

In contrast, the mean squares obtained in the comparison be
tween the Wheeler iodide and the stannous chloride methods
show that only in the case of low level autoxidized methyl oleate
(VI) was a critical F value at the 5% level obtained. This shows
that the two chemical methods generally yield very similar results.
The noncritical mean squares obtained for aliquots and for times
indicates that the subdivision of the sample into aliquots did not
significantly affect the peroxide values obtained by the three
methods, and further that performing the analyses on three
different days of the week had no significant effect. This in
dicated that the peroxidic samples were relatively stable during
the week's period covered by the experiment even though the
samples were exposed to atmospheric oxygen in room tempera
tures and light for several hours on each of the three days of the
experiment. At other times they were stored at _5° C. under
nitrogen.

The remaining mean squares which appear in Table II under
the items entitled interaction within polarographic, within
Wheeler iodide, and within stannous chloride did not yield
critical F values at the' 5% level. The mean squares for the
within methods interactions were not calculated for high purity
Tetralin hydroperoxide because of the replaced value. A further
comparison of these mean squares on a probability basis showed
that no definite decision could be arrived at concerning which
one of the three methods was the more precise.

Table III shows the range of differences between means to be
expected at the 5% level for the Wheeler iodide VS. the polaro
graphic and the Wheeler iodide VS. the stap.nous chloride methods.
The range in which the observed difference, D, falls shows that
the Wheeler iodide method can be expected to give markedly
higher values than the polarographic method. Also, the means of
duplicates obtained from the stannous chloride method have a
tendency to be somewhat higher than those from the Wheeler
iodide method.

The table also shows that the means of duplicates obtained
using the stannous chloride method had a tendency to be some
what higher than those obtained by the Wheeler iodide method.

Stannous
Chloride-Wheeler

Iodide, %
-3.0 ::> D ::> 5.2
-2.2 ::> D :$ 6.2
-1.0::>D::>3.9

53.06 208.28 8.48
1.86 0.00 3.47

10.73 0.03 0.08
11.85 2.55 0.03
4.69 0.91 0.09
1.31 0.88 0.32
0.20 0.13 0.20
2.47 0.23 0.34

23.31 109.65
0.08 0.11
0.43 0.18
1.02 0.05
3.47 3.33
0.26 0.48
0.40 1.03
0.24 3.55

Wheeler Iodide
Polarographic, %
-0.2 $ D $ 1.8
-0.4$ D::> 7.0

3.0 ::> D ;;; 12.1

RESULTS AND DISCUSSION

Methods
Polarographic VB.

chemical 1 0.76
Wheeler iodide vs. SnCh 1 1 .27

Aliquots 2 0.21
Times 2 0.15
Interaction 2 2.97

~j~~j~W~~~~~;~~3fde ~
Within SnCl, 3

• Basis means of duplicates.

Compound

I Pure Tetralin hydroperoxide
II Pure cumene hydroperoxide
III Impure cumene hydroperoxide
V High.level autoxidized methyl

oleate A
V High·level autoxidized methyl

oleate B
VI Low-level autoxidized methyl

oleate

The two values, 92.48 and 91.98%, in Table I, obtained for
aliquot 2 on Monday for high purity Tetralin hydroperoxide
(1) using the stannous chloride method were obviously not in
line with the remaining data in this Latin square. Some erratic
behavior or gross experimental error had probably occurred.
A supplied mean value of 98.15% was calculated for this position
in the block by use of the "missing plot procedure" (2). In all
subsequent treatment of these data this calculated value was
used instead of 92.23%, the mean of the observed pair of values.

Analyses of variance using the means rather than the two in
dividual values were then applied to the above data for each
sample. The results of the analyses of variance are shown in
Table II, wherein are represented the mean sum of squares (on
the basis of the means of two duplicates) for methods, aliquots,
times, interaction, and finally the interactions within the indi
vidual methods.

The exceedingly large mean squares (critical at the 1% level)
obtained in the comparison of the polarographic vs. the chemical
methods for all the samples except Tetralin hydroperoxide (I)
were anticipated, as previous work had shown that for impure
peroxidic samples the p.olarographic method tended to give lower
results than the Wheeler iodide method. Only in the case of
high purity Tetralin hydroperoxide (I) did the values obtained
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Conductometric Titration of Sulfuric and Hydrochloric Acids and
Their Mixtures in Anhydrous Acetic Acid
TAKERU HIGUCHI and CARL R. REHM

School of Pharmacy, University of Wisconsin, Madison, Wis.

SULFURIC ACID

The general type of conducte,metric titration plot yielded by
sulfuric acid solution in acetic acid when' titrated by an alkali
acetate solution is shown in Fig,ure 1. There are two significant
breaks in the curve which correspond very closely to the stoichi
ometric reactions:

MV.

ML. SODIUM ACETATE

Figure 1. Conductoll1etric titration of 100 ll1I. of
0.0176M sulfuric acid in acetic acid with 0.500M

~odiull1 acetate at 25° C.
First break corresponds to conversion of sulfuric acid to sodium bi~
sulfate; the second break corresponds to conversion of sodium bisul

fate to sodium sulfate
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lowing neutralization of the first hydrogen can be ascribed to
the lower degree of dissociation of the alkali sulfate, which was
progressively formed in the system, as compared to the alkali
bisulfate. Although straight-line approximations are used in
the plot of extrapolation purposes, theoretically the actual curves
are probably much more complex involving square root and
higher power terms of concentration. In practice, however, a
linear plot seems to be a fair approximation in the concentration
range studied.

This explanation, based on the assumption that alkali sulfates
are very slightly dissociated in acetic acid, is certainly a rea-

(1)
(2)

MAc + H 2S04 ...... MHSO. + HAc
MAc + MHSO. -- M2SO. + HAc

Sulfuric and hydrochloric acids and their ll1ixtures
have been titrated conductoll1etrically in anhydrous
acetic acid with several alkali acetates. The results
represent the first till1e that the neutralization end
JPoints of the two hydrogens of suJfuric acid have been
definitely differentiated in acetic acid. The conducto
Inetric plots for this aeid exhibit two breaks correspond
ing to the neutralization end points of the first and
second hydrogens. Diife,'ences in the plots obtained
froll1 titrations with different alkali acetates agree
with predictions based on conclusions of earlier investi
gators. Conductoll1etric titration plots of ll1ixttJres of
sulfuric and hydrochloric acids in acetic acid with
lithiull1 acetate were found to exhibit three breaks cor
responding to the neutralization of one of the two
hydrogens of sulfuric acid, the hydrochloric acid, and
the second hydrogen of sulfuric acid, in that order.
Quantitative estill1ations of sulfuric and hydrochloric
acids in such ll1ixtures, based on the three breaks, are
in agreell1ent with the all10uuts present.

I N CONNECTION with other studies being carried out at
these laboratories, conductometric titrations. of sulfuric and

hydrochloric acids and their mixtures have been carried out in
acetic acid. The results are of particular interest because they
represent so far as known the first time that the neutralization
end points of the two hydrogens of ,mlfuric acid have been defi
nitely differentiated in this solvent. These findings, together
with a rationalization of the observed facts, are presented at
this time not so much because of possible direct analytical ap
plication of the conductometric method to the particular acids
studied hut rather because they cast some light on the complex
behavior of add-base reactions in acetic acid and other solvents
of low dielectric constant which are enjoying wide usage in ana
lytical fields.

Apparently very little work has been done on conductometric
titrations of acids in acetic acid. Perchloric and hydrobromic
acid have been titrated conductometrically in acetic acid with
sodium acetate by Kolthoff and Willman en and perchloric acid
has been titrated conductometrically with a number of organic
amines by Hail and Spengeman (3). Although these investiga
tors have shown the general feasibility of the method, there has
been very little sustained interest in this field.

It is evident that the plot i, different from the usual acid-base
conductometric plots found in aqueous systems. The initial
increase in the conductivity in the figure can be attributed to
the higher degree of dissociation of the allcali bisulfate into cur
rent-carrying alkali ions and bisulfate ions as compared to the
original sulfuric acid molecules. The drop in conductivity fol-

700'---~-'--~--_f3----74---+--+---d

ML SODIUM ACETATE

Figure 2. Potentioll1etric titration of 2 ll11. of
sulfuric acid (0.049M) with sodiull1 acetate

(0.0507M) in glacial acetic acid
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Table 1. Conductometric Determination of Sulfuric
Acid in Acetic Acid

The initial r:ise in conductance can be ascribed to the formation
of the chloride salts which appear to be more highly conducting
than hydrochloric acid. The positive break obtained in the case
of triamylammonium acetate indicates that this base is ~ore
highly dissociated than the chloride salt. The absence of any
discontinuity in the plot obtained with potassium acetate in-

. dicates that potassium acetate and potassium chloride are effec
tively dissociated' to about the same degree. The negative
breaks obtained in the case of sodium and lithium acetate in
dicate that these bases are probably less dissociated than their
respective chloride salts in these systems.

MIXTURE OF SULFURIC AND HYDROCILORIC ACIDS

Although it is impossible to distinguish the alkalimetric titra
tion end points of mixtures of hydrochloric and sulfuric acids by
potentiometric means either in water or in acetic acid, acceptable
end points can be detected by use 'of conductometric means in
the latter solvent. From the results of the present investigation,
it appears that one of the two hydrogens of sulfuric acid is first
titrated, then hydrochloric acid, and finally the second hydrogen
of sulfuric acid.

The conductance .curves obtained on titrating 0.119M hydro
chloric acid alone in acetic acid with O.200M lithium acetate,
sodium acetate, potassium acetate, and triamylammonium
acetate are shown in Figure 4. Significant breaks were ob
tained in the case of triamylammonium acetate and lithium ace
tate. A slight break was obtained with sodium acetate. These
breaks correspond closely to the stoichiometric reaction

HCl + NaAc ->- NaCl + HAc

Millimoles 2nd
Hydrogen Found

1.73
0.903

0.588
0.586

0.520
0.510

Millimoles 1st
Hydrogen Found

1.72
0.904

0.587
0.580

0.580
0.580

0.497
0.583

Millimoles
Added

1.74
0.889

0.586
0.586

0.586
0.586

0.492
0.586 .

(C,Hll)aNHAc

LiAc

KAc

Titrant

NaAc

duce the coloumbic forces involved in the ion-pair formation.
Similarly, the use of a base containing a very large organic
cation might result in a curve in which the break is almost com
pletely suppressed. With a base containing a relatively small
cation, such as lithium acetate, one would expect the break to be
even more pronounced than that produced by sodium acetate.
These predictions are based on the conclusions of Kolthoff and
Willman (4).

All of these expectations were borne out experimentally. In
Figure 3, conductometric titration plots of sulfuric acid titrated
(top to bottom) with triamylammonium acetate, potassium ace
tate, sodium acetate, and lithium acetate are shown. Because
of the limited solubilities of lithium and potassium sulfates in
the system, it was found necessary to .employ a lower concentra
tion of the acid in obtaining these plots than that used in Figure
1. This resulted in somewhat poorer end-point breaks. It is
apparent, nevertheless, that the degree of the first break de
creased progressively in the order lithium> sodium> potassium
> triamylamine. The point of break for the amine does not ap
pear on the graph but consisted of a very slight positive break.

In Table I, anal:l;tical results shown in Figure 3 are given for
each end point. Although no serious efforts were made to obtain
highly acc1..lrate data, because of the type of extrapolation used
as discussed previously, these results nevertheless indicate
for most cases good stoichiometric relationships.

sonable one. Because of its high central charge, it seems logical
to expect, for example, the triple ion Na2+S0,-- to be'll;)ss dis
sociated than the ion pair Na +HSO. -, The effective negative
charge tending to bind sodium ions would appear to be consider
ably greater in the case of I than in the case of II because of the
greater electrophilic nature of the proton as compared to the
sodium ion.

1.0 2.0 3.0

MOLES ALKALI ACETATE/MOLES ACID

Figure 3. ConductOlnetric titrations of 100 mI. of
0.00586M sulfuric acid in acetic acid with 0.200M alkali

acetates at 25° C.

~,4

3,2

~.O

2.8

~.8,-----,----------------r-..,

3.6

Potentiometric plots which are presently widely used in non
aqueous titrimetric determinations do not, in contrast to the con
ductometric plots, bring out this behavior. As shown in Figure
2 the potentiometric titration curve of sulfuric acid in acetic
acid with sodium acetate exhibits only a single break correspond
ing to the titration of the first hydrogen. From potentiometric.
response alone there is very little to indicate that the second
hydrogen can be titrated.

From a purely theoretical standpoint, the glass electrode, more
over, is not necessarily the best indicator of the extent of these
acid-base reactions. It can be shown that the extent of such
reactions is roughly governed by the constant

K = KaKb (3)
KHAc K ab

where K a dissociation constan,t of the acid
K b dissociation constant of the base
KHAc = autoprotolytic constant of acetic acid
K ab dissociation constant of the resulting salt

Since the extent is not purely a function of the strengths of the
acid and of the base alone, an acidity indicator is thus not neces
sarily the best indicator of these reactions.

Further information as to the nature of this system can be
obtained by comparing the types of conductometric titration
plots exhibited by different bases. The magnitude of the break
in going from the bisulfate to the sulfate would be expected to
be strongly influenced by the nature and size of the cations in
volved if the rationalization is valid.

Thus, if potassium acetate were used to titrate the acid a
less pronounced break would be expected, since the larger :ize
of the potassium ion (as compared to the sodium ion) would re-

e Triamylammonium acetate
() Potassium acetate
+ Sodium acetateo Lithium acetate

. The fir~t 1?reak corresponds to conversion of sulfuric acid to the respec
tIve alkah bisulfates; the second break to the conversion of the alkali bi
sulfates to the sulfates
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a Because of the high volatility of hydrogen chloride in a.cetic acid, it was
difficult to maintain accurate concentration of the gas in solution.

Table n. Conducto01etric Deter01ination of Hydro
chloric Acid in Acetic Acid

Table III. Conducto01etric Esti01ation of Mixtures of
Hydrochloric and Sulfuric Acids in Acetic Acid with

Lithiu01 Acetate
Millimoles of

Acids Millimoles of Acid Found
Sample Added Acid Added 1st H 2nd H

1 HCI 0.559 0.594
0:526H2S0. 0.589 0.580

2 HCI 1.16 1.16
H2S0. 0.589 0.540 0.560

3 HCI 0.559 0.626
H2S0. 1.18 1.12 1. 20

Millimoles Found

1.11
1. 12

I 20
1.10

1.19
I. 16

Millimole. Added"

1.19
I. 19

I. 19
1.19

1.19
I. 16

Titrant

NaAc

(C.HnlaNHAc

LiAc

Determinations of hydrochloric acid made with the previously
mentioned bases (except potassium acetate) are shown in Table
n. The slightly low results obtained were undoubtedly due to
the high volatility oi hydrochloric acid in acetic acid.

Titration of s.everal different molar ratios of mixtures of sul
furic acid and hydrochloric acid with lithium acetate are shown
in Figure 5. The initial rise in conductance was due to the for
mation of bisulfate. The first break corresponds to the stoichi
ometric end point ofrem~val of one of the two hydrogens of
sulfuric acid. The subsequently greater rate of increase in
conductance upon further addition of base indicates that the
lithium chloride formed is somewhat more conducting (disso
ciated?) than lithium bisulfate. The second break in the con
ductance curve corresponds to the stoichiometric end point of
the neutralization of the hydrochloric acid in the system. The
decrease in eonductance after the second break is explained in
the same manner as before, the results of marked tendency for
ion-pair formation between the 8ulfate ion and the lithium ions.

The amounts of hydrochlorie acid and sulfuric acid found,
calculated on this basis, agree reasonably with the amounts
added as shown in Table III.

GENERAL DISCUSSION

These conductometric results are indicative of the vast dif
ference between acid-base behavior in water and in nonaqueous
solvents, especially of low dielectric constant. From purely
theoretical considerations, titrimetric differentiation in water of
sulfuric acid, bisulfate, and hydrochloric acid is impossible either
potentiometrically or conduetometrically, all three acids being
effectively of the same strength. Yet, as is evident from the
present study, relatively sharp end points can be detected for
mixtures of these acids in acetic acid.

conductometric plots it was tacitly assumed that the conducting
species were essentially simple ions, it must be recognized that,
especially at higher concentrations, complex ionic agglomerates
play important roles in the over-all process of electrical conduct
ance (2). Because of the complexity of these particular sys
tems, however, their full and complete analysis is unfeasible.
The simplified picture presented earlier appears to be sufficiently
valid to provide a working hypothesis for analytical studies in
these areas.
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Figure 4. Conducto01etric titrations of 100 011. of
O.01l91U hydrochloric acid in acetic acid with 0.200M

solutioIlLs of alkali acetates at 25° C.

8 Triamylammonium acetate
() Potassium acetate
+ Sodium acetateo Lithium acetate

I,t is of some interest to note that potentiometric titrations of
these same acids in acetic acid actually give only little indications
of the reactions taking place. No significant breaks are found
which can be correlated to the individual end points. This
behavior, as discussed before, is probably due to the fact that
the (J.xtent of the neutralization reaction is not dependent only
on the strength of the acid and the base, as in water, but also on
the relative dissociative tendency of the salt which is formed.

Although in the somewhat naive explanations of the observed

EXPERIMENTAL

Apparatus. A cylindrical jacketed borosilicate glass vessel,
5 cm. in diameter and 12 cm. deep, was used as the conductance
cell. A fitted rubber plug was provided with holes for the elec
trodes, stirrer, and buret tip. The electrodes were brightly
polished platinum plates with a cross-sectional area of 2.25 sq.
cm. Distance between the plates was less than 2 mID. The
cell constant was determined using O.OlM potassium chloride
and was found to be 0.06. It was found necessary to thermostat
the conductance cell because of an appreciable temperature
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Figure 5. Conducto01etric titrations of O1ixtures of
sulfuric and hydrochloric acids in acetic acid with

lithiu01 acetate at 25° C.

Plots for titrations of mixtures of hydrochloric and sulfuric acids with
0.200M lithium acetate are shown:

I. 1.16 millimoles of hydrochloric acid and 0.589 millimole of sulfuric
acid

II. 0.559 millimole of hydrocWoric acid and 1.18 millimoles of sulfuric
acid

III. 0.559 millimole of hydrochloric acid and 0.589 milIimole of sul
furicacid



VOL U M E 27, NO.3, MAR CHI 955

coefficient of electrical conductance in acetic acid. Water from
a constant temperature bath circulating through the cell jacket
permitted temperature control to ±0.2° C. of the desired tem
perature. A Leeds & Northrup conductance bridge (catalog
No. 4866) was used to determine the conductance values. In
order to increase the sensitivity of the bridge at high resistances
a cathode ray oscilloscope (Type 304-H, Allen B. Dumont Lab
oratories) was connected in parallel with the null point galva
nometer of the bridge. The null point of the bridge was deter
mined from the resulting screen pattern of the oscilloscope:

Chemicals and Reagents. ANHYDROUS ACETIC ACID. Re
agent grade acetic acid was rendered anhydrous byrefluxing over
boron acetate (4) for 4 hours and subsequently distilling the
anhydrous acid. The water content of acetic acid prepared by
this method was less than 0.02% by the Karl Fischer method.

STANDARD SULFURIC ACID. A standard solution of sulfuric
acid in anhydrous acetic acid was prepared by diluting absolute
sulfuric acid (5) with acetic acid. The molarity of the acid solu
tion was determined by barium sulfate precipitation.

STANDARD .LITHIUM, SODIUM, AND POTASSIUM ACETATE. Ac
curately weighed quantities of these reagent grade salts previously
dried overnight in a vacuum desiccator were dissolved in an
hydrous acetic acid and diluted to volume.

STANDARD TRIAMYLAMMONIUM ACETATE. Commercial tri
amylamine was purified by distilling several times under reduced
pressure, rejecting the first and last 20% of the distillates. Ac
curately weighed quantities of the amine were dissolved in anhy
drous acetic acid and diluted to volume. The molarity of the
resulting solution was checked by titrating with standard per
chloric acid in acetic acid, using quinaldine red as the indicator.
It was noted that acetic acid solutions of the triamylamine used
developed a deep red color upon standing for several days.

STANDARD HYDROCHLORIC ACID.. Anhydrous hydrochloric
acid was passed into cool anhydrous acetic acid until fairly satu-
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rated. The resulting solution was diluted with acetic acid and
the molarity was determined by silver chloride precipitation.
Frequent restandardization of this solution was found necessary
owing to the high volatility of hydrochloric acid in acetic acid.

Procedure. Accurately measured quantities of previously
standardized acids were pipetted into the conductance cell and
diluted to a volume of 100 ml. with anhydrous acetic acid. The
solution was stirred until it had attained the equilibrium tem
perature of the thermostated vessel. Small increments of
standardized base were added and the solution was stirred for
about 30 seconds. The conductance reading was taken when it
became constant after stirring had stopped.
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Purification, Purity, and Freezing Points of Sixty-four American
Petroleum Institute Standard and Research Hydrocarbons
ANTON J. STREIFF, AURA R. HULME, PHYLLIS A. COWIE, NED C. KROUSKOP, and FREDERICK D. ROSSINI

Carnegie Institute 01 Technology, Pittsburgh, Pa.

The purification and deterInination of freezing point
and purity are described for 64 hydrocarbons of the
American PetroleuIn Institute Standard and Research
series, including 11 paraffins, 3 alkyl cyclopropanes, 1
alkyl cyclopentane, '4 alkyl cyclohexanes, 24 Inono
olefins, 12 alkyl benzenes, 3 dicycloparaffins, 3 dinuclear
aromatics, 1 cycloparaffin-aroInatic, and 2 olefin-cyclo
paraffins. Values of freezing points and cryoscopic
constants are reported.

THE investigation reported is a continuation of the work of
producing highly purified hydrocarbons of the API Standard

and Research series (2, 5-9). This paper describes the purifica
tion and determination of purity and freezing points of 64
hydrocarbons, which include 11 paraffins, 3 alkylcyclopropanes,
1 alkyl cyclopentane, 4 alkyl cyclohexanes, 24 mono-olefins,
12 alkyl benzenes, 3 dicycloparaffins, 3 dinuclear aromatics,
1 cycloparaffin-aromatic, and 2 olefin-cycloparaffin hydrocar
bons. The final lots of material labeled API Standard are sealed
in vacuum in glass ampoules and made available as API Standard
samples .J!" hydrocarbons, by the Carnegie Institute of Technology.
(Twenty-seven of the Standard hydrocarbons are also available
from the National Bureau of Standards, Washington 25, D.C.)
The 'naterial labeled API Research is made available in ap
prop' iate small lots through the American Petroleum Institute
ReseMch Project 44 for loan to qualified investigators for the
measurement',of needed physical, thermodynamic,. and spectral
properties.

Table I gives the names of the 64 compounds, the laboratories
providing the starting material, details concerning the first and

succeeding distillations or other methods of purification, the char
acter of the plot of the freezing point of the hydrocarbon part of
the distillate asa function of its volume, and the volumes of
the final lots of API Standard and Research material.

The procedures followed in the process of purification and
determination of purity were the same as those described in
previous papers (3; 5-9). Details of the distillation apparatus
and operations also have been described (4, 10). .

Figures 1,' 2, and 3 show graphically the results of some typical
distillations. Figures 1,2, and 3 represent the cases where the
purest material is, respectively, largely in the forepart of the
distillation, in the middle of the distillation, and· in the after
part of the distillation. In each figure plots are given for re
fractive index, boiling point, freezing point, and purity, as a
function of the volume of the hydrocarbon part of the distillate.
As emphasized in the previous reports, the blending of fractions
of distillate for the preparation of material of the highest purity
can be done safely only on the basis <if the freezing points.

Table II gives the following information for the compounds
measured: the kind of time-temperature curves, whether freezing
or melting, used to determine the freezing point; the freezing
point of the actual sample; the calculated value of the freezing
point for zero impurity; the value of the cryoscopic constant,
determined from the lowering of the freezing point on the addition
of a known amount of a suitable impurity (3, 4); and the resulting
calculated amount of impurity in the API Standard and Research
materials. .
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Table I. Information on Purification of 64 API Standard and API Research Hydrocarbons

Distillation b

Amt. of Number
hydro- of equiv-
carbon alent

Volume ofin the theoreti- Rate of

HydI'OOJarbon Charged for
azeo- cal plates collec- Location Selected Sample

Laboratory' tropic in the tion of Time of of purest API API
Providing Distillation Azeotrope- distil- distill- distil- distil- material Stand- Re-
Starting VoluJnEl, Purity, forming 'late', % ing late, lation, in dis- dard, search,

Compound Material liters mole % Kinde substanced by vol. column b ml./hr. hours tillatel ml. ml.

2.2-Dimethyl- APIRP45 1.84 Reg. 200 4.5 480 M 350 100
heptane 4.00' Reg. 200 4.5 1032 M 700 240

3.3,5-Trimethyl- NESAuto. 4.66 Reg.
Eu C~ll.

200 4.5 1104 M
heptane Sec. 3. ftEi Azeo. 77 200 4.5 1104 M

10702.54 Reg. 200 4.0 840 M 375
n-UIJ~decane APIRP6 5.74 85.4 ± 0.2 Reg.

Me ·C~rb. 60 130 8.5 744 A
3.45 Azeo. 200 4.5 1656 F
2.56 91.7 ± 0.4~0.20h 85.4 ±0.2 Urea' 950 150
1.10' 83.7 ± 0.2

2-Methyldecane APIRP45 3.00; 99.82 ±0.08 Reg. 200 6.0 576 A 1240k 420k
n-Dodecane APIRP61 6.00; Reg. 125 8.0 792 M

5.4lim 99.78 ± 0.03 Reg.
Me ·C~rb.

130 5.0 1176 A
1.6:'; 99.91 ± 0.03 Azeo. 48 130 5.5 936 M 2190k 575k

n-Tl'idecane APIRP42 1.9.5 99.87 ± 0.06 Urea'
M

1130 350
n-Tetradecane APIRP61 10.11 93.4 ± 0.2 Reg. 125 6.2. 1800

4003.80 99.58 ± 0.10 Urea' 1320
n-Pentadecane APIRP42 2.20 99.89 ± 0.05 Urea'

1'2'0'0
1430 455

n-Hexadecane APIRP61 9 .. 86 90.2 ± 0.4 Reg. 125 8.0 M
3.33 99.82 ± 0.07 Ureai 2350 500

n-Heptadecane APIRP42 1.54 99.84 ± 0.05 Urea' iao 'A 900 350
n-Octadecane APIRP61 5.00 98.60 ± 0.08 Reg. 2.0 2472

4502.03 99.90 ± 0.08 Ureai
M

1150
l,ci.•-2-Dimethyl- APIRP45 2.69 99.5 ± 0.1 Reg. 200 2.5 840 { 170n

(1'10icyclopropane 1.00 Reg.
Meih~nol

200 4.0 360 F 605
0.17 Azeo. 91 200 4.0 168 F 45 70

l.tr.•ns-2-Dimethyl- APIRP45 2.,'0 96.0 ± 0.3 Reg. 150 2.5 864 M 738 148
cyclopropane

1.l,2.2-Tetra- APifRP45 1. 95 99.87 ±0.05 Azeo. Ethanol 70 200 4.5 672 M 1065 320
methylcyclo-
propane

99.75±0.18n-Decylcyclo- APIRP45 4,.03 Reg. 200 1.2. 3288 A 1070 368
pentane

1-Methyl-cis-4- APIRP45 5.:14. Reg.
Eu C~ll.

200 4.5 1368
isopropylcyclo- 0.06. Azeo. 55 200 3.2. 696

Ii.hexane 1.118p Azeo. Bu Cell. 55 200 4.5 1008
3.:l7p Reg.

55
135 4.0 792 A

1.17.
99.78' ± 0.15

Azeo. Bu Cell. 200 5.0 624 A
'880 '2'0'51.-15r Azeo. Bu Cell. 55 200 7.5 528 A

1-Methyl-trans-4- APIRP45 S.,34o Reg.
Bu Ceil. 59

200 4.5 1368
isopropylcyclo- 0.96. Azeo. 200 3.2. 696
hexane 2.673

99.60·± 0.04
Azeo. Bu Cell. 59 200 4.5 1224 M

lL06 Reg.
Bu C~ll.

200 4.2. 720 M { 840' 310
0.45 Azeo. 59 200 2.2. 528 F 305

2-Cyclohexyl-2- APIRP45 4.46; Reg.
Me ·C~rb. 60

200 4.7. 1032 M
l'1'80kmethylbutane 2.43; Azeo. 200 5.0 1224 M 300k

(tert-pentyl-
.oyclohexane)

n-Decylcyclo- APIRP45 3.99 97.90 ± 0.16 Reg. 200 1.2. 2832 M
3'5'0hexane '2.16 98.73±0.14 Xtlzn.u

M
1050

2.'I-Dimethyl- General £>'10; Reg. 135 4.5 1512
I-butene Motors fl.29m Reg. 200 4.5 1584 M

'6403.30 Reg. 200 4.5 1152 M 1080
2,3-Dimethyl- General S.83 Reg. 130 8.5 840 M

'3'802-butene Motors :l.98
99.25' ± 0.06

Reg. 200 4.5 1152 A 1275
trans-2-Heptene APIRP45 4.40; Reg. 200 7.0 1200 M 1180- 360-
trans-3-Heptene APIRP45 3.7M 99.1 ± 0.2 Reg. 200 4.0 768 M 1010k 330k
2-Methyl-1-hexe·D.e APIRP45 3.66 Reg. 200 7.0 648 M 1085 330
4-Methyl-1-hexene APIRP45 5.80;

99.66' ± 0.16
Reg. 200 4.5 1344 M

1'0'50 3'603.83m Reg. 200 4.5 1032 M
5-Methyl-1-hexene APIRP45 3.5H .± 0.2

Reg. 200 4.2. 1176 M 1100k 350k
2-Methyl-2-hexene APIRP45 4.74 99.5 Reg. 200 4.0 1320 M 1105 360
3-Methyl-cie- APIRP45 5.26 Reg.

Eth~;';'l 57
200 7.0 924 M

3703-hexene 3.47 Azeo. 200 7.0 1008 M 1085
3-Methyl-trans- APIRP45 3.2M Reg.

Eth~;';'l 60
200 7.0 696 A

1040 '3003-hexene 3.45m Azeo. 200 7.0 984 M
3--Ethyl-l-pentene APIRP45 3.50; 99.61±0.12 Reg. 200 7.0 528 A 1130k 375k
2.3-Dimethyl- APIRP45 3.33 Reg.

Eth~;';'l
200 5.7, 912 M

I-pentene 2.26 .± 0.3
Azeo. 65 200 4.5 888 M

1.65 98.9 Reg. 200 3.0 528 A
3.20' 96.3 ± 0.4 Reg.

Eth~;';'l 65
200 4.0 960 M

2.7510
99.64' ± 0.20

Azeo. 200 7.5 648 A
105'0 '3'4'02.21 Reg. 200 7.0 456 M

3-Ethyl-2-penteDe APIRP45 4.40; '± 0.5
Reg. 200 7.2. 768 M 1080k 350k

2,3-Dimethyl- APIRP45 4.23 98.4 Reg.
Et~;';'l 56

200 7.0 720 A
2-pentene 2.90 99.24 ±0.40 Azeo. 200 7.0 1008 A

100'02.10 99.55 ± 0.30 Azeo. Methanol 50 200 7.0 672 A 265
2,4-Dimethyl- APIRP45 3.70 Reg. 200 4.0 1008 A 1040 350

2-pentene
APIRP454.4-Dimethyl- 2.76 98.98 ± 0.15 Reg. 200 5.0 696 M 1040 240

Ci8~2-pentene

2.3-Dimethyl- APIRP45 4.37 98.3 ± 0.3 Reg.
Me·C~U. 70

200 7.0 960 M
2-hexene 1:.67 98.7 ± 0.2 Azeo. 200 6.0 864 M

1..88 99.65 ± 0.12 Reg.
Me ·C~ll.

200 4.0 624 A
'2'5'01.65 Azeo. 70 200 7.0 504 M 950

2.2-Dimethyl-c",- APIRP45 :l.37 Reg. 200 7.0 600 M
i803-hexene :l.94 99.77 ± 0.16 R.eg. 200 4.5 600 M 1010

2,2-Dimethyl- APIRP45 3.68 Reg. 200 6.0 888 M
trans-3-hexene :a.oo Reg. 200 3.0 768 M 1030 316

I-Dodecene APIRP61 11.20
99.47·±0.10

Reg. 125 8.5 1776 M
·LOO Reg. ... 200 3.5 1368 M
3.87m

99.60 ± 0.09
Urea.i

Me·C~rb. 30 'tao ·S.·5 'F
1000 325

1-Tridecene APIRP42 2.06; Azeo. 552 665k 212k
1-Tetradecene APIRP61 5.40; Reg. 130 2.0 2904 M

2.97m
'± 0.1

Ureai
Bu C':rb. iao '4.'0 1'87'2 M

1000 300
I-Pentadecene APIRP42 0.81 99.4 Azeo. 13

0.62 Urea' 360 127
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Table I. InforIDation on Purification of 64 API Standard and API Research Hydrocarbons (Continued)
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Distillation b
Amt. of Number
hydro- of equiv-
carbon alent

Volume ofin the theoreti- Rate of
azeo- cal plates collee- Time Location Selected Sample

Laboratorya Hydrocarbon Charged for tropic in the tion of of of purest API API
Providing Distillation Azeotrope- distil- distill- distil- distil- material Stand- Re-
Starting Volume, Purity, forming late', % ing late, lation, in dis- ard, search.

Compound Material liters mole % Kinde substanceel by vo!. column b m!./hr. hours tillatel m!. m!.

I-Hexadecene APIRP61 13.00 Reg. 125 3.5 3432 M
1'1704.42 97.1 ± 0.2 Xtlzn.u

'4'.2. A
1100

I-Methyl-2-iso- APIRP45 2.9M 99.5 ± 0.1 Reg. 200 984 115,50; 380k
propylbenzene

I-Methyl-3-iso- Atlantic 4.40u Reg. 130 8.5 600 F
1320propylbenzene 5.50'" Reg.

Me·C~rb.
200 4.5 1368 M 330

I-Methyl-4-iso- NACA I. 66 Azeo. 78 135 5.0 528 M
propylbenzene APIRP45 2.07g

99.54·±0.10
Azeo. Me Carbo 78 130 8.5 408 F

1.71'" Azeo. Me Carbo 78 200 4.5 672 A 1000 225
1,3-Dimethyl- NACA 2.40 99.58 ± 0.10 Azeo. Me Carbo 70 200 4.5 772 M 1090 280

5-ethylbenzene
1,2,3,5-Tetra- APIRP45 2.48 99.27 ± 0.06 Reg.· 52 135 4.5 648 A

'7'40methylbenzene 1.36 99.87 ± 0.03 Azeo. Me Carbo 200 4.5 720 A 160
1,2,4,5-Tetra- Humble 5.40'- Reg. 125 12.5 672 M

490methylbenzene 4.45'" Xtlzn.u
ii.·5 '45'6 M

1000
2-Phenyl-2-methyl- APIRP45 4.20'- Reg.

Me·C~rb. 60
125

butane (tert- 2.50'- Azeo. 200 4.2. 936 M 1130k 360k
pentylbenzene)

I-Methyl-3-tert- NACA 3.70 99.26 ± 0.08 Reg. 200 4.5 888 F 1075 266
butylbenzene

I-Methyl-4-tert- NACA 3.44 99.80 ± 0.03 Reg. 200 4.5 888 M 1135 355
butylbenzene

1,4-Diisopropyl- Atlantic 1.00 99.86 ± 0.05 Azeo. Me Carbo 42 200 4.0 720 M 630 150
benzene

1,3,5-Triethyl- NACA 3.64 99.88 ± 0.06 Reg. 130 4.5 1032 M 1980 500
benzene

n-Decylbenzene APIRP45 3,36 99.64 ± 0.16 Reg. 200 1.2. 2640 M
2.50 99.70 ± 0.16 Xtlzn.u

'502 M
1050 300

eis-Hexahydro- APIRP45 5.00
99.58 ± 0.06

Reg. 125 12.5
indan (cis- 3.67g Reg.

Bu beil.
200 4.5 888 A'

1000hydrindan) 2.70'" .± 0.2}
Azeo. 62 200 4.5 1272 M 295

trans-Hexahydro- APIRP45 '0.70 99.2 Reg. 200 7.5 936 Aindan (trans- 4.00g 99.2 ± 0.2
hydrindan) 3.35 99.61±0.14 Azeo. Bu Cell. 71 200 7.0 796 M 1175 360

Cyclopentyl- APIRP45 5.50 99.76 ± 0.04 Reg. 200 4.5 1320 A 1200 340
cyclopentane

Naphthalene Am. Cyan- 9.00 99.80 ± 0.04 Xtlzn.u
amid '6.40 99.87 ±0.04 Xtlzn.u

i25 M 20005.40 99.92 ±0.03 Reg. 6.0 1224 { 560-
505a•

I-Methylnaph- APIRP61 13.00 95.2 ±0.2 Reg. 125 8.0 1800 M
thalene (A).b 10.10 96.8 ± 0.1 Xtlzn.u

Bu C';rb. 24 i30 4:0 M'2.39'- 97.8 ± 0.1 Azeo. 2160
2.36 98.8 ± 0.1 Reg. 200 3.0 864 M
0.41a e 98.7 ± 0.1 Adsorp.GC

2'507.50ael .± 0.1
Xtlzn.u 1200

I-Methylnaph- APIRP61 4.22 98.5 Reg.
DPG' 48

200 2.5 1800 A
'87'5thalene (B)ab 2.22 99.60 ± 0.06 Azeo. 150 6.0 1152 A 260

2-Methylnaph- . APIRP61 18.00 97.3 ± 0.2 Xtlzn.u
6'.0 iii!! Mthalene 4,.70 99.39 ±0.1O Reg. 125

i4753.00 99.73 ± 0.08 Reg. 200 3.0 1008 M 440
1,2,3,4rTetra- APIRP6t 6.07'- 96.71 ± 0.20 Reg. 130 5.0 1176 M

1250hydronaphthalene 5.15m 99.38 ± 0.09 Reg. 130 4.5 1176 M 400
Ethenylcyclo- APIRP45 3.92 99.87 ± 0.12 Reg. 200 4.0 960 A 1050 350

pentane (vinyl-
cyclopentane)

APIRP45 { 350-Ethenylcyelo- 4.06'- 99.1 ± 0.1 Reg. 200 7.0 648 M 1100 250 a•hexane (vin)l-
cyclohexane

a Abbreviations represent the following laboratories: APIRP45, American Petroleum Institute Research Project 45, Ohio State University, Columbus,
Ohio; APIRP42, American Petroleum Institute Research Project 42, Pennsylvania State College, State College, Pa.; APIRP6, American Petroleum Institute
Research Project 6, Carnegie Institute of Technology, Pittsburgh, Pa.; Am. Cyanamid, American Cyanamid Co., Caleo Chemical Division, Bound Brook,
N. J.; Atlantic, Atlantic Refining Co., Philadelphia, Pa.; General Motors, General Motors Corp., Detroit, Mich.; Humble, Humble Oil and Refining Co.,
Houston, Tex.; NACA, National Advisory Committee for Aeronautics, Lewis Flight Propulsion Laboratory, Cleveland, Ohio; N.BS Auto. Sec., Automotive
Section, National Bureau of Standards, Washington, D. C.

b See (.0) and (10) for details.
c Azeo., azeotropic; reg., regular.
el, MeCarb, methyl Carbitol. diethylene glycol monomethyl ether; Bu Cell, butyl Cellosolve, ethylene glycol monobutylether; Me Cell, methyl Cellosolve,

ethylene glycol monomethyl ether; Bu Carb, butyl Carbitol, diethylene glycol monobutyl ether; DPG, dipropylene glycol.
e Approximate ,value obtained from actual volume of hydrocarbon recovered by extracting the azeotrope·forming substance with water in separatory funnels.
I Designations refer to general location of purest material in the' hydrocarbon part of the distillate as a function of its volume. F, fore or front of the dis

tillate; M, middle part of the distillate; and A, after part of the distillate.
""'.,Second lot of this compound.
- h· Similar to. original rnaterial.

i Fractionation by use of solid molecular compounds with urea (4, Chap. 10).
,- One of two similar distillations.
k Half of this sample obtained from each of similar distillations.
I Obtained by purchase of commercially available material.
m Material having substantially the same composition from each of previous distillations.
n.Total API Standard was 820 ml. Total API Research was 180 ml.
o~Both cis and trans isomers were obtained from this material.
p Cis: concentrate from first distillation.
g Cis concentrate from each of two distillations immediately preceding.
T Material having substantially same composition from 2nd, 3rd, and 5th distillations above.
• Second lot of trans concentrate, 0.67 liter, plus 2 liters from first distillation.
t Total API Standard was 1145 ml.
u'Purification by crystallization with centrifuging. See (4 Chap. 9).
• Part of sample obtained from each distillation.
w Material having substantially the same composition from preceding three distilJations.
• One third of this sample obtained from one distillation and two thirds from other distillation.
u One of 4 similar distillations. .
_ (A) sample (Table II).
aa (B) sample (Table II).
a b Footnote a, Table II.
ae Preceding distillation, 2.05 liters, was divided into 5 equal charges for fractionation by adsorption (4, Chap. 8).
eel Material having substantially same composition from the preceding 4 steps of purification.
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0.02 ± 0.02

0.04 ±0.03

0.08 ± 0.06

0.07 ± 0.05

0.29 ± 0.11

0.02 ± 0.02
0.03 ± 0.03
0.12. ± 0.10
0.05 ± 002

0.03 ±0.03

0.05 ± 0.04

0.04 ±0.03
0.04 ± 0.03
0.03 ±0.03
0.17 ± 006
0.02 ± 0.02
0.08 ± 0.06
0.07 ± 0.06

0.08 ± 0.08

0.02 ± 0.02
0.08 ±0.04

(0.15 ± 0.10)d

0.05 ± 0.03

Calculated Amount of Impurity
in Actual Material C

0.11 ± 0.06

0.05 ± 0.03

0.29 ± 0.11

0.03 ± 0.03
0.03 ± 0.03
0.20 ± 0.16
0.06 ± 0.02

0.08 ± 0.05

0.05 ±0.03
0.04 ± 0.03

0.22 ± 0.06
0.03 ± 0.03
0.09 ± 0.06
0.14 ± 0.06

o 05 ± 0 04

0.09 ±0.09

0.23 ± 0.12 0.23±0.12

0.04 ±0.03 0.04 ± 0.03

0.20±0.18 0.20 ± 0.18
0.20 ± 0.09 0.13±0.09

0.07 ± 0.03 0.03 ± 0.03

(0.20 ± 0.15)d (0.15 ± O.lO)d

0.14±0.11 0.12±0.11
0.14±0.13 0.14 ± 0.13
0.10 ± 0.05 0.06 ± 0.05
0.15 ± 0.05 0.14 ± 0.05
0.20±0.15 0.20 ± 0.15
0.12±0.08 0.10±0.08
0.22±0.16 0.18 ± 0.16

(0.20 ± 0.15)d (0.15 ± 0.10)d
0.14±0.11 0.13 ± 0.11

(0.20 ± 0.15)d (0.15 ± O.lO)d
(0.20 ± 0.15)d (0.15 ± O.lO)d
0.15 ± 0.06 0.14 ± 0.06
0.20±0.15 0.15 ± 0.10

(0.20 ± 0.15)d (0.15 ± O.lO)d
0.40 ± 0.25 0.27 ± 0.20
0.14±0.04 0.12±0.04
0.21±0.11 0.15 ± 0.11
0.29 ±0.09 0.26 ± 0.09
0.16 ± 0.12 0.14±0.12

(0.20 ± 0.15)d (0.15 ± O.lO)d
0.13 ± 0.07 0.09 ± 0.07
0.21 ± 0.09 0.15±0.09
0.27±0.13 0.27 ± 0.13
0.16±0.05 0.11 ± 0.05
0.16±0.07 0.07 ± 0.06
0.06 ± 0.04 0.06 ± 0.04

0.08 ±0.02
0.14 ± 0.04

(0.20 ± 0.15)d

API API
Standard, Research,'
mole % mole %

0.17±0.15 0.13±0.1O
(0.20 ± 0.15)d (0.15 ± O.lO)d
0.04 ± 0.03 0.03 ± 0.03
0.09 ± 0.06 0.09 ± 0.06

0.031 ±0.025 0.025 ± 0.025
0.09 ± 0.06 0.08 ± 0.06
0.07 ±0.06 0.07 ±0.06
0.07 ± 0.05 0.07 ± 0.05
0.06 ± 0.04 0.04 ± 0.04
0.09 ±0.06 0.09 ± 0.06
0.10 ± 0.08 0.10 ± 0.08
0.13 ± 0.05 0.09 ± 0.05

0.'0434
0.0524
0.0621
0.0479
0.0705
0.0522
0.0735
0.0559
0.0821
0.032'

0.0416

0.0304

0.0587
0.0307

0.0346

0.0275

0.0571
0.046
0.0236
0.0522
0.068
0.0542
0.0522

0.0534

0.0375

0.0213
0.0205

0.0302

0.0183

0.022

0.0352

0.0281
0.0204
0.0538
0.0033

0.'0'283
0.044

0.'045
0.0385
0.0362
0.0443
0.0480

0.0370
0.0439
0.0452
0.0490
0.0477
0.0296

0.0240

0.0285
0.0182"
0.0182"
0.0151
0.0151
0.0152"
0.0288

0.0455

0.0352

Cryo
scopic

Constantb
A, Mole

Fraction!
Deg.

0.042

67.93.5 ± 0.010

84.325 ± 0.020

41.370 ± 0.020

52.515 ± 0.015

17.030 ± 0.010
66.415 ± 0.015
14.38 ±0.03
36.70 ± 0.05

59.44 ± 0.05

35.230 ± 0.020
23.070 ± 0.020
12.85 ± 0.03
3.730±0.010
4.120 ± 0.015

71.540 ± 0.015 (I)
75.24 ± 0.03 (II) (u)
81.53 ± 0.03 (III) (u)
63.745±0.01O

25.590 ± 0.010
48.860 + 0.010
9595 ± 0.010
5385 ± 0.012

+ 5.863 ± 0.008+ 9.930 ± 0.010+ 18.155 ± 0.010+ 21.980 ± 0.010+ 28.180 ± 0.010
-140.870 ± 0.015

-149.57 ± 0.03

80.720 ± 0.010

22.13 ± 0.03
89.80 ±0.03

86350±0.01O

1.720 ±0.020
-157.27 ±0.03
- 74.280 ± 0.020
-109.480 ±0.010
-136.63 ± 0.03
-102.840 ± 0.015
-141.45 ±0.03

-130.350·± 0.020

-127.480 ± 0.020
-134.30 ± 0.10

-118.27' '± 0.05
-127.700±0.01O
-135.46 ± 0.03
-115.000 ± 0.020
-137.350 ± 0.025

+

23.685 ± 0.010+ 79.240 ± 0.020

-126.480 ±0.020

-126.760 ± 0.010

-126.760±0.01O

35.345 ± 0.010
+ 80.290 + 0.015+ 80.290 ± 0.015

30.480 ± 0.020
30.480 ±0.020+ 34.58 ± 0.04
35.790 ±0.020

Freezing Point for Zero
Impurity in Air at

1 Atm., 0 C.

-113.00 ± 0.05

67.944

41. 399

84.353

52.539

63.760

17 .038
66.432
14.403
36.85

59.57

-113.03

25.597
48.877
9.599
5.402

+ 5.853+ 9.916
+ 18.149+ 21.964
+ 28.168
-140.900

-149.626

80.732

22.164
89.841

86.360

-127.530
-134.33

-liil:33
-127.730
-135.502
-115.058
-137.380

35:255
23.105
12.913
3.753
4.106

71. 561 (I)

1. 741
-157.30
- 74.304
-109.507
-136.66
-102.858
-141.485

-130.375

23.694
+ 79.202

+

-126.498

-126.770

-126.773

35.360+ 80.269
+ 80.274

30.590
30.496+ 34.527.
35.814

67.952

84.360

52.541

41.403

63.762

17.040
66.432
14.418
36.87

·-113.04

Freezing Point of Actual
Material in Air at 1 Atm.

API API
Standard, Research,

o c. 0 c.

25.599
48.877
9.600
5.404

+ 5.853+ 9.916+ 18.147+ 21.964+ 28.168
-140.910

-149.626

80.733

22.164
89.866

86.369

1. 745
-157.30
- 74.323
-109.508
-136.66
-102.863
-141. 493

-130:377

-127:532
-134.34

-118.36
-127.736
-135.517
-115.066
-137.383

35:266
23.118
12.913
3.762
4.086

71. 561 (I)
+

23.722
+ 79.174

-126.773

30.624
30.498

+ 34.522
35.838

-126.500

59.57

35.361
+ 80.269

From z tables of American Petroleum Institute Research Project 44 (1).
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Freezing Points and Purity of 64 API Standard and API Research .Hydrocarbons
Kind of

Time-Tem
perature
Observa

tions Used to
Determine
Freezing
Pointb

M

Table II.

Compounda

2,2-Dimethylheptane
3,3,5-Trimethylheptane
n-Unde!lane
2-:Methyldecane
n-Dodecane
n-Tride:cane
n-Tetradecane
n-Pentadecane
n-Hexadecane
n-Hepoadecane
n-Octadecane
1,cis-2-Dimethylcyolo··

propane .
l,trans-2-Dimethylcyclo

propane
1,1,2,2-Tetramethylc:ycio

propane
n-Dec:ylcyclopentane
l-Methyl-cis-4-isopropyl

cye.lohexane
1-Methyl-trans-4-isopropyl

cyclohexane
2-Cyclohexyl-2-methyl

butane (tert-pentyl
cyclohexane)

n-Decylcyclohexane
2,3-Dimethyl-l-butene
2,3-Dimethyl-2-butene
trand-2-Heptene
trans-3-Heptene
2-Methyl-1-hexene
4-Methyl-1-hexene
5-1Hethyl-1-hexene
2-Methyl-2-hexene
3-Methyl-cis-3-hexene
3-Methyl-trans-3-hexene
3-Ethyl-l-penten"
2,3-Dimethyl-1-pentene
3-Ethyl-2-pentene
2,3-Dimethyl-2-pentene
2,4-Dimethyl-2-pentene
4,4-Dimethyl-cis-2-pentene
2"i-Dimethyl-2-hexene
2,2-Dimethyl-cis··B-hexene
2,2-Dimethyl:'trans-3-hexene
1-Dodecene
1-Tridecene
1-Tetradecene
I-Pentadecene
I-Hexadecene
1..Methyl-2-isopropyl

benzene!

1-Methyl-3-isopropyl
benzene

l-Methyl-4-isopropyl
benzene

'l,3-Dimethyl-5-ethyl-
benzene

1,2,3,5-Tetramethylbenzene
1,2,4,5-Tetramethylbenzene
2-Phenyl-2-methylbutane

(tert-pentylbenzene)
1-Methyl-3-tert·butyl

benzene
1-Methyl-4-t.,·t-butyl-

benzene
1,4-Diiaopropylbenzene
1,3,5-Triethylbenzene
n-Decylbenzene
cis~Hexahydroindan(cis~

hydrindan)
trans-Hexahydroindan

(trans-hydrindan)
Cyclopentylcyclopentane
Naphthalene (A)
Naphthalene (B)
1.Methylnaphthalene (A)
1-Methylnaphthalene (B)
2-Methylnaphthalene
1,2,3,4-Tetrahydronaph-

thalene
Ethenylcyclopentane

(vinylcyclopentane)
Ethenylc~'clohexane(vinyl

cyclohexane) (A)
Ethenylcyclohexane (vinyl

cyclohex,me) (B)

.. (B) following the name of compound designates, for the API Research series, a second (and usually slightly purer) sample of given cnmpound, first sample
of which is labeled (A).

b F indicates freezing and M indica.tes melting. For experimental details and definition of cryoscopic constant. (3. 4).
C The values in this column, exeept as otherwise noted, were calculated (8, 9) using values of cryoscopic constants and freezing points for zero impurity

given in preceding columns.
d Estimated by analogy with isomers subjected to similar purification.
• Cryoscopic constant determined by procedure of (3, p. 371).
/ This hydrocarbon has more thau one crystalline form. Three forms indicated are labeled r. II, and III in order of decreasing temperature of fusion (or

freezing poi.nt). Forms other than I will be, at their respective freezing points, in metastable equilibrium with the undercooled liquid, but will be unstable
with respect to transition to some other solid form at same temperature and pressure (1 atmosphere); indicated by a letter u in parentheses following the
Roman nUJueral.

11 Not determined in this investigation.
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Figure 1. Results of azeotropic distillation of 1
tridecenc with diethylene glycollllonolllethyl ether,

lllethyl Carbitol
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Figure 3. Results of azeotropic distillation of· 1,2,3,5
tetralllethylbenzene with diethylene glycol lllono

lllethyl ether, lllethyl Carbitol
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Purification of Supporting Electrolytes for Polarographic Trace
Analysis by Controlled Potential Electrolysis at Mercury Cathode
LOUIS MEITES

Department of Chemistry, 'r'a/e University, New Haven, Conn.

A siDlple and generally applicable lllethod for the
rellloval of heavy llletal illipurities from eupporting
electrolytes to be used in polarographic trace analysis
consists of electrolyzing the solution with a lllercury
cathode whose potential is kept constant at a suitable
value, and in each of the cases studied reduces the con
centration of the illlpUl'ity to a polarographically un
detectable value within 45 minutes oi' unattended
electrolysis.

aXE of the most important problems confronting the trace
analyst is that of securing or preparing reagents which are

sufficiently free from the substance being determined to give a
satisfactorily low blank. Though this problem is by no means
peculiar to polarographic analyses, it is perhaps especially severe
there because of the relatively large amounts of indifferent salts
wed. It is not at all uncommon to employ a 1M supporting
electrolyte in a polarographic procedure in which the' substance
being determined may be present at a concentration as low as
10-6 or lO-6M. For an analysis to be even feaaible-Iet alone
accurate--under these conditions, it is clearly essential that the
concentration of the substancl~being determined in the supporting
electrolyte be no greater than lO-6M. This corresponds to an
impurity of about 0.001 % or less in the solid salt, w'hich is a stand
ard not satisfied by many commercially available reagents.

There is now reported the development of a method for the
purification of supporting electrolytes which is more efficient,
simple, and rapid than any other generally applicable method
for the removal of traceB of heavy metal impurities. It
consists of pre-electrolyzing a portion of the supporting electro
lyte solution with a mercury cathode, using a potentiostat to
maintain the cathode potential constant at a value at which the
deleterious impurity is completely deposited. The only evident
limitation of the method is the fad that it cannot be used for
the removal of elements such as tungsten, vanadium, and ura
nium, which cannot be reduced to the metallic state by electrolysis
of' an aqueous solution at a mercury cathode. However, such
elemems are rarely, if ever, present in significant amounts in
reagents used as supporting electrolytes.

EXPERIMENTAL

The potentiostat used in this work was designed in collabora
tion with Julian M. Sturtevant. It is to be made available
commercially by Analytical Instruments, Inc., of Bristol, Conn.
A feature especially useful in this work was the fact that the
input impedance of the nmplifier is high enough to permit
the use of a 5-inch calomel reference electrode available from the
National Technical Laboratories for use with Beckman pH
meters: This is not true of Borne of its predecessOl's (1 ).

In principle, all of the purifications described could have been
accomplished by the classical constant current electrolytic tech
nique. However, the use of a potentiostat for controlling the
cathode potential has a very considerable practical advantage,
in that it permits the prOb'1'ess of the purifica~ion to be followed
by simply observing the magnitude of the electrolysis current,
which decreases practically to zero at the completion of the
electrolysis. To take fun advantage of this indication, oxygen
was removed from all solutions by a stream of nitrogen. [Nor
mally oxygen is formed by the electrochemical reaction at a plat-

inurn anode in the cell used (3) or in any other nondiaphragm
cell, but the flow of a rapid stream of nitrogen through the solu
tion keeps the concentration of dissolved oxygen always very
small.]

The recording polarograph used has been described (4).

APPLICATIONS OF THE METHOD

Removal of Zinc from Sodium Hydroxide. During the de
velopment of a polarographic method for the determination of
zinc in lead and its compounds, it was found that the percentage
of zinc in the best available sodium hydroxide was of the order
of 0.001 %. Thus the zinc wave in the blank was approximately
equal in height to the wave which would have been secured from a
sample containing 0.01 % of zinc, and would have seriously
affected the accuracy and precision of the determination of small
percentages of zinc. A typical polarogram of a 2M sodium hy
droxide solution, secured at one tenth of the highest sensitivity
of the polarograph, is shown as curve a in Figure 1. The dif
fusion current of zinc measured from this curve, 0.083 /-la.,
corresponded to 0.012mM zinc.

A portion of this solution was subjected to electrolysis as de
scribed above, with the potential of the mercury cathode kept
constant at -1.8 volts V8. S.C.E. After 30 minutes, a portion
of the solution was withdrawn from the cell: Its polarogram
is shown as curve b. Since no trace of a zinc wave could be de
tected even at the full sensitivity of the polarograph, it is esti
mated that the concentration of zinc remaining in solution must
have been less than 0.0002mM. The fact that the current on
curve b is appreciably lower than that on curve a even at poten
tials preceding the zinc wave shows that the original sodium

. hydroxide also contained traces of other reducible impurities
which were removed by the electrolysis.

When a sodium hydroxide solution thus purified was allowed
to stand in borosilicate glass, a small zinc wave was observed
after some time, doubtless because traces of zinc were leached
from the glass. Such solutions should therefore be stored in
thoroughly cleaned polyethylene bottles.

Removal of Nickel and Zinc from Ammoniacal Ammonium
Chloride. This was of interest in connection with the develop
ment of a method for the determination of nickel and zinc in
copper and its salts. In the procedure finally evolved, a stock
4M ammonia-4M ammonium chloride-1M hydrazine hydro
chloride solution was prepared and diluted fourfold in the course
of dissolving the sample. Curve a in Figure 2 is a polarogram
of such a stock solution prepared from the best available chemi
cals. Curve b is a polarogram of the same solution, recorded
with slightly higher damping than curve a, after electrolysis for
30 minutes at a cathode potential of -1.6 volts V8. S.C.E., and
it shows no detectable wave for either element. Moreover, it
is clear that the solution also contailled traces of other reducible
substances which were removed by the electrolysis.

Removal of Iron from Citrate Medium. A recently published
method (2) for the determination of iron in copper-base alloys
involves the measurement of the height of the ferric iron wave in
a weakly acidic 1M citrate buffer after removal of the copper.
The amount of iron present in the citric acid used for the prepara
tion of the buffer proved a source of serious annoyance in the
determination of traces of iron. A procedure for the preparation

416
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Ca) Before and (b) after controlled potential electrolysis at -1.60
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cessity in this instance, for no other type so nearly completely
prevents transfer of potassium ion from the reference electrode
into the solution being electrolyzed. It is convenient to reserve
one electrode for such electrolysis and to store it in a tetraethyl
ammonium chloride or hydroxide solution between electrolyses to
leach most of the potassium out of the fiber.

u

T_----"' -----JL...----..JT

E

0.3

a.

~ 0.7
o
~

u

C
<I>
~ 0.5
=>
u

E

of such a solution free from any polarographically detectable
trace of iron has now been devised. The citric acid solution is
merely made about O.IM in excess sodium hydroxide and electro
lyzed at -1.75 volts VB. S.C.E. for about 30 minutes. This is
well beyond the half-wave potential of the reduction wave of
the ferrous complex in this medium. When the iron has been
completely deposited, the solution is removed from the cell and
neutralized to the desired pH wi~h concentrated hydrochloric
acid. This modification of the general procedure is necessitated
by the fact that the ferrous citrate complex can be reduced to the
metallic state at a lower potential than is required to reduce
hydrogen ion only in an alkaline solution.

Removal of Alkali and Alkaline Earth Metals from Tetraethyl
ammonium Hydroxide. This separation cannot be accomplished
directly by recrystallization because of tlie high solubility of the
hydroxide. Instead tetraethylammonium bromide must be
recrystallized several times, then converted to the desired hy
droxide by treatment with moist silver oxide. This is a tedious
procedure, and the yield obtainable is low enough to make it a
rather expensive one as well.

0.9

Ed vs. S.C.E., volts.e.
Figure 1. Polarograms of 2M sodium

hydroxide

Ca) Before and (b) after controlled potential electrolysis at
-1.80 volts V8. S.C.E.

In 50% ethyl alcohol containing O.IM tetraethylammonium
hydroxide the half-wave potentials of the alkali metals range
from -1.99 volts for rubidium to -2.31 volts for cesium, and
those of the alkaline earth metals range from -1.86 volts for
barium to about - 2.2 volts for magnesium, while the final current
rise does not begin until about -2.4 volts. It has been found
that all these metals could be removed by electrolysis at -2.35
volts for about 45 minutes. The current does not decrease quite
to zero when the purification is complete, and so the electrolysis
should be discontinued when the current has remained constant
at a few milliamperes for 10 or 15 minutes.

The fiber-type calomel electrode mentioned is virtually a ne-

-1.3 -1.7 -2.0 In a typical instance an electrolysis for 30 minutes served to
purify a 50% ethyl alcohol-o.lM tetraethylammonium hydroxide
so thoroughly that the residual concentration of alkali and alka
line earth metals was too low to be detected polarographically.

Other Applications. Though this technique has as yet been
applied only to solutions to be used in polarographic work, it
should be useful in various other types of procedures as well.
It should, for example, prove convenient in removing such ele
ments as lead and zinc from reagents to be used in colorimetric
procedures employing dithizone, which is a ubiquitous problem of
colorimetric analysis.
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Complexes of Eriochlrome Black' with Calt:ium and Magnesium
ALLEN YOUNG and THOMAS fR. SWEET

McPherson Chemical Laboratory, The Ohio State University, Columbus io, Ohio

EXPERIMENTAL

ml. with 95% grain alcohol. After mlxmg, the solution was
transferred to a 500-ml. Florence flask, which was fitted with a
rubber stopper and a constricted glass tube that served as a vent.
This was placed on a reciprocal motor-driven shaker for 0.5 hour.
The solution was stored in the dark until it was used.

All pH measurements were made with a Beckman Model G
pH meter equipped with a Beckman Type E micro glass elec
trode and a micro saturated calomel electrode. The absorption
measurements were made with a Beckman Model DU quartz
spectrophotometer equipped with 5-mm. Corex cells. All
measurements were made against water as the blank solution.
The slit width was adjusted so that the sensitivity knob was
maintained at or very near its counterclockwise limit-i.e., a
minimum slit width was used for each reading.

600600
WAvE LENGTH, m,u.

500

Figure 1. Absorption curves

1. 4.33 X lO-'M Mg, 12.99 X lO-'M dye, pH 11.50
2. 4.33 X lO-'M Ca, 12.99 X lO-'M dye, pH 11.50
3. 4.33 X lO-'M Mg, 12.99 X lO-'M dye, pH 9.32
4. 0,12.99 X lO-'M dye, pH 11.50
5. 4.33 X lO-'M Ca, 12.99 X lO-'M dye, pH 9.32
6. 0, 12.99 X lO-'M dye, pH 9.32

0.10

The solutions for Figure 1 were prepared by mixing 5.0 ml. of
water or 5.0 ml. of 4.33 X 10-4 metal solution (prepared by
diluting 43.3 ml. of the O.OOIM metal to 100 ml.) with 7.5 ml.
of the 8.66 X 1O-4M dye and 12.5 ml. of 95% grain ·alcohol.
The appropriate volume of buffer solution (5.0 ml. of pH 9.32
buffer or 2.5 ml. of pH 11.50 buffer) was added and the solution
was diluted to 50 ml. with water.

For the continuous variations experiments (see Figures 2
through 4), solution A is 8.66 X 1O-4M dye and solution B is
8.66 X 1O-4M calcium or magnesium (86.6 ml. of the O.OOIM
metal solution diluted to 100 ml. with water). Volumes of A
and B totaling 10 mI. were pipetted into 50-ml. volumetric
flasks. Five milliliters of one of the ammonium hydroxide
ammonium chloride buffers (for pH values between 8A·and 10),
2.5 ml. of one of the piperidine-piperidine hydrochloride buffers

w
ua 040
lD
a:
o
of>

r:t 0.30

0.50

Q70

0.60

T HE dye Eriochrome Black T, has been used to a large ex
tent as a metal ion indicator in analytical chemistry (1-8).

Perhaps its most widely known application as a metal ion indi
cator is in the determination of the total calcium and magnesium
content of water, where ethylenediaminetetraacetic acid is used
as the titrant.

Schwarzenbach and Biedermann (9) described the indicator
8iction of the dye with variation of pH and have determined the
following ionization constants; K 2 = [H+j[HF--j/[H2F-j =
10-6.2 and K 3 = [H+j[F-3j/[HF-2j = 1O-11 •65• The form
H2F- is red, the form HF--2 is blue, and the form 1"-3 has been
described as orange.

Schwarzenbach and Biedermann (9) have shown that both
calcium and magnesium form 1 to 1 complexes with the 1"-3
anion and Harvey, Komarmy, and Wyatt (II) reported a 2 to
1 complex for magnesium at pH 10.1.

Some preliminary work on a spectrophotometric determination
of calcium and magnesium led the present authors to believe
that other complexes in addition to those mentioned existed in
solution:, containing the dye and calcium or magnesium. In the
present paper, the method of continuous variations has been
used in order to determine. the various calcium and magnesium
complexes that are formed with the dye, Eriochrome Black T.

OH HO

'"
CO

~-N-N-< >-SO;

~ -1 U-N02

The complexes of the dye Eriiochrome Black T with the
alkaline earth metals calcium and magnesium were
studied by the n~ethodof continuous variations. Evi
dence is presented which indicates that 1 to 1, 2 to 1,
and 3 to 1 complexes exist for both calcium and mag
nesium. Previous literature on the subject has de
scribed only a 1 to 1 complex for calcium and a 1 to 1
and a 2 to 1 complex for magnesium.

REAGENTS

Water. Triple-distilled water was used in all the experiments.
Its conductance was less than 1 micromho.

Buffers. Buffers in the region pH 8.4 to 10 were prepared by
mixing 25 ml. of concentrated ammonium hydroxide and the
required volume of concentrated hydrochloric: acid with sufficient
water to make a final volume of approximately 500 ml. Buffers
in t:he region pH 10 to 12 were prepared by mixing 75 ml. of
piperidine and the required· volume of concentrated hydrochloric
acid with sufficient water to make a final volume of approxi
mately 500 ml. All buffer solutions were stored in polyethylene
bottles.

Calcium Solution, O.OOIM. A 0.1000-gram sample of calcium
carbonate (Hach Chemjcal Co., 99.97% pure) was dissolved in
0.3 ml. of ,concentrated hydrochloric acid and the solution was
diluted with water to 1 liter.

Magnesium SOIUtioIl, O.OOlM. A 0.0913-gram sample of
3MgC03.Mg(OH)2.3H20 (Baker and Adamson, 99.96% pure)
was dissolved in 0.3 ml. of concentrated hydrochloric acid and this
was diluted with water ·~o 1 liter.

Dye Solution, 8.66 )( IO-4M. A 0.100-gram sample of Erio
chrome Black T (W. H. and L. D. Betz) was transferred to a 250
ml. volumetric flask by means of small portions of water. The
total volume of water used was about .15 rnl. One milliliter of
pH 11.70 !ouffer was added and the solution was diluted to 250

418
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A = 540 m,.. C". + Cd" = 1.732 X lO-4J}!. X max . = 0.675,
n = 2.08

Figure 2. Continuous variation for IllagnesiuIll at
pH 9.52
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In the continuous variations experiments, the value of n,
the number of ligands per cation, is obtained from the relation

n = 1 ~xmax. ,'Yhere X max. represents the fraction of solution
max.

B present at ~he point where the difference curve Y is a maximum.
The value obtained for n corresponds to that complex which pre
dominates at the pH of measurement. It was found that n
varied with the pH and that at certain pH values no one complex
predominates. For magnesium the following values of n were
obtained by the method of continuous variations: 1.08 at pH
8.41, 2.08 at pH 9.52, 2.33 at pH 10.11, 2.84 at pH 10.61, and
3.00 at pH 11.70. These values indicate a 1 to .1 complex at
pH 8.41, a 2 to 1 complex at pH 9.52, solutions that are composed
of mixtures of the 2 to 1 and 3 to 1 complexes at pH 10.11 and
10.61, and a 3 to 1 complex at pH 11.70. The formation of higher
complexes increases as the pH increases. This is to be expected'
ifitisassumed that the metal ion coordinates with the F--- anion,
since the proportion of F--- ion in the solution is controlled by
the pH and increases as the pH becomes higher.

), ~ 540 m,.. Cea + Cd,. = 1.732 X lO-4M. X max . = 0.75. n = 3.00

Fract ion of Dye, X

Figure 4. Continuous variation for calciuIll at pH
12.4
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For calcium, the following values of n were obtained by the
method of continuous variations: 2.1 at pH 10.61,2.33at pH 11.70,
and 3.00 at pH 12.4. A 2 to 1 complex is indicated for calcium
at ·pH 10.61. At pH 11.70 it appears that the calcium solution
is composed mainly of both the 2 to 1 and 3 to 1 complexes.
Since the calcium complexes are less stable than those of magne-

-sium, it is necessary to usehighe. pH values ill order to obtain
values of n that are comparable. to those found for magnesium
for example; for magnesium, n = 2.33 at pH '10.11, whereas for

(for pH values between 10 and 12); or 1 nil. of pure piperidine
(for a pH of 12.4) were then added and the solutions were diluted
to 50 m!. with water. These solutions were stored in the dark
for 1 hour. Following this period of standing, their absorbance

( defined as the function log,o [[blank) was measured at 520, 530,
aolo.

540, 550, and 560 m~. The curves marked Y represent the dif
ferences between the measured absorbance and the absorbance
that would be obtained if complex formation had not taken place
-i.e., the straight line of no reaction that can be drawn between
the ends of the measured values.

In Figure 5, solution A is 4.33 X 1O-4M with respect to the
dye and 2.165 X 1O-4M with respect to magnesium ion-i.e.,
dye and cation are present in a 2 to 1 ratio in solutioI?- A. Solu
tion B is 2.165 X 1O-4M dye. Volumes of A and B totaling 20
ml. were pipetted into 50-ml. volumetric flasks. Two and one
half milliliters of buffer were added and the solutions were diluted
to 50 nil. with water. These were stored in the dark for 1 hour
and then measured at 630; 640, and 650 m~.

DISCUSSION

Figure 1 is a series of absorption curves for the dye Eriochrome
Black T with and without calcium 'and magnesium ions and il
lustrates the effect of changes of pH and the presence of metal
iona.
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{lalcium n ,= 2.33 at pH 11.70.. By increasing the pH to 12.4
it was possible to obtain a solution that was composed primarily
of the 3 to 1 calcium complex.

The values given were all obtained from curves that were
drawn at 540 mI'. Curves drawn at 520, 530; 550, and 560 mp
are very similar and indicate the same values of n.

A modified method of continuous variations that was used by
Watters and Aaron (10) in their study of copper pyrophosphate
complexes was utilized in the present work in order to provide
additional evidence for the presence of the 3 to 1 complex for
magnesium. This is shown in Figure 5. The value of n, the
number of ligands per cation, if! obtained from the relation n
= (2 - Xm••.)!(1 - Xmax.) where Xmax. represents the fraction
of solution B present at the point where the difference curve Y
is a maximum., Since Xmax, = 0.54, n = 3.18. This is reason
able since a maximum in the difference curve Y at 0.50 would in
dicate that a 1 to 1 complex is formed between the 2 to 1 complex
~nd the dye, This is the same as a 3 to 1 complex of dye with
meta!. A wave length of 640 mil. was used because data at 640
mp showed greater deviation from the straight line of no reaction
than did data that was obtained when using wave lengths between
520 and 560 mu. Data obtained at 630 and 650 mIl resulted in
curves that were very similar to those in Figure 5. This modified
method of continuous variations was also used with calcium at
pH 11.7 and pH 12..4. The results were not so well defined as
-those for magnesium.' Nevertheless, they indicate reaction be
tween the 2 j,o 1 complex and the dye.

CONCLUSIONS

The dye Eriochrome Black T forms 1 to 1, 2 to 1, and 3 to 1
complexes with magnesium and al80 with calcium.

ANALYTICAL CHEMISTRY

Schwarzenbach and Biedermann (9) suggested that calcium
and magnesium have a coordination number of 6 when they
form 1 to 1 complexes with the dye. Their proposed formula
for these complexes showed one bond with each of the phenolic
oxygens, one with each of the azo nitrogens, and one with each of
two water molecules. A possible explanation of the 3 to 1 com
plexes that are indicated in the present work is that the dye
anion acts as a bidentate through the two phenolic oxygens or
through one azo nitrogen and an adjacent phenolic oxygen, and
that the alkaline earth metal ion has a coordination number of
6, thus forming an octahedral complex in which the spsd2 orbitals
of the metal are involved in bond formation.

LITERATURE CITED

(1) Betz, J. D., and Noll, C. A., J. Am. Water Works Assoc., 42,49
(1950) .

(2) Biedermann. W., and Schwarzenbach, G., G.himia (Switz.), 2,
56 (1948).

(3) Cheng, K. L., Kurtz, T .. and Bray, R. H., 'ANAL. CHEM., 24,
1640 (1952).

(4) Debney, E. W., Nature, 169, 1104 (1952).
(5) Diehl, H., Goetz, C. A., Hach, C. C., J. Am. Water Works Assoc.,

42,40 (1950).
(6) Harvey, A. E., Jr., Komarmy, J. :M., and Wyatt, G. M., ANAL.

CHEM., 25,498 (1953).
(7) HoI, P. J., and Leedertse, G. C. H., Chem. Weekblad, 48, 181

(1952) .
(8) Kinnunen, J., and Merikauto, B., Chemist Analyst, 41, 76-9

(1952).
(9) Schwarzenbach, G., and Biedermann, W., Helv. Chim. Acta, 31,

678 (1948).
(10) Watters, J. I., and Aaron, A., J. Am. Chem. Soc., 75, 611 (1953)

REcEIvEn for review June 15, 1954. Accepted October 4, 1954. From a
thesis presented to the Graduate School of The Ohio State University by
Allen Young in partial fulfillment of the requirements for the degree of
master of science.

lew Organic Reagent for Silver and Copper
BERNARD GEHAUF and JEROME GOLDENSON

Chemical Corps Chemical and Radiological Laboratories, Army Chemical Center, Md.

A red dye prepared from 1..phenyl-3-methyl-5-pyrazol
one, pyridine, sodiulD cyanide, and chloramine-T
was found to give deep blue compounds with silver and
cuprous icons. The sensitivity of a test for metals based
on the use of this dye is 1 Ipart in 600,000 for silver and
1 part Jin 250,000 for copper. As a reagent for silver,.
the dye can be used as an outside indicator for the
titration of chlorides or silver.

I N THE comse of a search for a satisfactory m,ethod of detect
ing microamounts of cyanides, a blue-green dye was ob

tained when a mixture of sodium eyanide, pyridine, and I-phenyl
3-methyl-5-pyrazolone was treated with chloramine-To While
investigating the stability of this coloring matter under various
conditions it was found that a reel compound was formed when
the blue dye 'Nas boiled for a short time in aqueous alkaline solu
tion. Investigation of this new red compound, to which the
name Zolon Red has been applied, proved that it is a true dye
stuff with interesting properties as such but of even more interest
because of its properties of forming deep blue insoluble com
pounds with silver and cuprous ions. This latter property was
of sufficient interest to warrant an investigation of its possible
uSes as an o!'l~anic aIllaly~ical reagent.

PREPARATION (lJ;' ZOWN RED

Four grams of pyridine a.nd 18 grams of I-phenyl-3-methyl-5
pvrazolone were stirred to a uniform paste and diluted with

250 m!. of water. Two and one half grams of sodium cyanide
were then added, and while stirring, 250 m!. of an aqueous solu
tion containing 14 grams of chloramine-T were added over a
period of 10 minutes. A red color formed immediately, rapidly
cp.anging through purple to blue. When all of the chloramine-T
had been added, the stirring was continued until tests made by
placing a drop of the reaction mixture on filter paper gave a pure
blue spot with no trace of a red ring. The mixture was allowed
to st~nd until a thick paste of dye separated. This was then
filtered with suction and the filtrate, which retained a consider
able amount of dissolved dye, was treated with 20 grams of
sodium chloride, and the salted out dye was added to the original
filter cake. After being pressed down well on the filter, the cake
was washed once by displacement with an equal volume of water.

The blue-black dye paste was then transferred to the original
reaction vessel and broken up into a thin paste with a small
amount of water. Two hundred and fifty milliliters of water and
20 grams of sodium carbonate were added, and the mixture was
brought to boiling. This was continued until the conversion to a
red dye was complete. The conversion was followed by placing
drops of the. reaction mixture on filter paper and observing the
colors displayed by the spot. When a clear red spot with no blue
or purple center was obtained, the heating was terminated
and the mixture was allowed to cool to room temperature.
The thick deposit of red fibrous crystals which separated was
filtered off with suction and washed twice by displacement with a
volume of water equal to that of the filter cake. The wet cake,
which consisted of the sodium salt of the dye, was broken up in
500 mI. of water and reprecipitated as the free acid of the dyestuff
by adding a slight excess of 10% hydrochloric acid. The brick
red precipitate was filtered with suction, washed thoroughly with
water, and dried.

The product was very slightly soluble in water, freely soluble in
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a variety of organic solvents to an orange color, and soluble in
aqueous alkaline solutions to a pure magenta color (absorption
maxima, 490 to 530 mIL). The alkaline salts of the dye, in
addition to being water-soluble, were also soluble in various
organic solvents such as acetone, alcohol, and pyridine.

REACTIONS OF ZOLON RED WITH METALS AND
SENSITIVITY

The reactions of Zolon Red with metals were studied by adding
a saturated alcoholic solution of the fre'e dye acid to aqueous
solutions of the metals at approximately O.IN dilution buffered
with sodium acetate. Only silver and cuprous ions gave deep
blue insoluble compounds. Gold gave a red purple precipitate
after standing. Mercuric salts reacted after long standing to
form a red flocculent precipitate. No reaction under the above
conditions was obtained with the following metals: lead, zinc,
cadmium, iron, nickel, cobalt, platinum, and palladium. '

The blue compounds of silver and copper when first formed
appeared as highly dispersed colloids which, after standing for
some time, separated out as a blue-black precipitate. The
colloidal suspensions showed a maximum absorption band in
the visible spectrum at 590 to 620 mIL. When separated and
dried, the solid was almost black, with a strong metallic bronze
reflection. The silver compound was found to be stable under
ordinary conditions. The cuprous compound was unstable,
owing to oxidation to the cupric state. Both the silver and cu
prous compounds were destroyed by acids or salts that formed
insoluble or nonionized complexes with the metals, the red dye
being regenerated in the process. Iodides and thiocyanates will
destroy the cuprous-Zolon Red compound.

The sensitivity of Zolon Red to silver and cuprous ions was
investigated. Ten milliliters of aqueous solutions of known
metal content were buffered with sodium acetate and then
tested by adding 6 drops of a saturated solution of Zolon Red in
alcohol. Color changes were observed in a 0.75-inch test tube
viewed vertically. The limit of sensitivity was found to be:
silver, 1 part in 600,000; copper, 1 part in 250,000.

The same sensitivity could be obtained on paper dyed with
Zolon Red. In this case the buffered solutions of the metals
were applied from a capillary tube to the paper; by this means
the insoluble blue compounds were formed and concentrated in
a small area.

ANALYTICAL POSSIBILITIES OF ZOLON RED

While the analytical possibilities of Zolon Red have not been
thoroughly explored, it has been shown that it can be used as
an indicator in the volumetric titration of chloride with silver or
vice versa. Although the blue silver complex is destroyed by
chlorides with regeneration of the red dye, a sharp end point
cannot be obtained when it is used as an internal indicator be
cause of adsorption of the dye and blue complex by silver chloride.
However, the end point can be determined sharply with O.IN
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solutions when papers dyed with Zolon Red are used as an outside
indicator and in the manner indicated.

STRUCTURE OF ZOLON RED

The structure of Zolon Red has not been determined. How
ever, it appears to be closely related to the blue dye from which
it is prepared. This latter substance is a polymethine dye cor
responding to the following general formula:

9 9
1"0=0 Ho-6)

1I I II U
CH,-C-C=CH(-CH=CH)n-C-C--CH,

Three dyes of this type are known. The first, n = 0, is a yellow
substance prepared by Knorr (2). The second, n = 1, is ma
genta, and the third, n = 2, the dye under discussion, is blue
green. The series is of interest because it illustrates in a striking
manner the effect of the increased length of conjugated carbon
chain in shifting the maximum absorption band in the spectrum
from the short to the longer wave lengths. In this case, the
shift is remarkably uniform (1). The same sequence of colors is
also noted in the preparation of the blue-green dye.

As prepared in this investigation, three distinct stages in the
reaction can be observed. The first, in which the pyridine ring
is ruptured by the action of cyanogen chloride, results in the
formation of a yellow substance, enolized glutaconic aldehyde,
which has the same auxochromophoric system as the yellow dye
prepared by Knorr (2). In the second stage of the reaction the
aldehyde is condensed with one molecule of the pyrazolone, re
sulting in an unstable product that has an auxochromophoric
system of seven conjugated carbon atoms. This is magenta in
color, has weak dyeing properties, and forms blue compounds
with silver ions. The resemblance of this compound, both in
regard to its color and reactions with silver, to Zolon Red would
seem to indicate that the latter also has an auxochromophore of
seven conjugated carbons.

A further effect of interest as possibly throwing some light on
the composition of Zolon Red is the color that the blue-green
dye displays when dissolved in concentrated sulfuric acid. This
is a brilliant magenta, which reverts to the original blue-green
when the solution is diluted with water and the free acid is neu
tralized with alkali.
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Improved Apparatus for Zone Electrophoresis
ARTHUR M. CRESTFIELD and FRANK WORTHINGTON ALLEN

Department of Physiological Chemistry, University of California School of Medicine, Berkeley, Calif.

An apparatus for elec.trophoresis on paper whic.h fea
tures iIllproved eooIing, drying, and ease of Illanipula
tion is deseribed. An evaluation of the apparatus shows
that the Illobilities of charged substances in filter
paper, as distinguished froIll those in free solution, Illay
be deterIllined with caffeine as an uncharged reference
substance, easily detec.ted by ultraviolet radiation.

THE rediscovery of filter paper electrophoresis by Wieland
and Fischer (15) 11 years after the apparently unnoticed

description of the technique of Konig (5" 8) has stimulated a rapid
development of experimental methods and applications. Inves
tigations in this laboratory in which the resolution of certain pro
teins, nucleic acids, and nucleotides have been studied have re
sulted in the development of an improved apparatus.

APPARATUS

In order to study the movement of' a charged substance
through filter paper for the purpose of i;eparating it from other
species or of comparing its rate of movement with that of a
known substance for qualitative identification it is necessary to
provide a constant voltage distribution in the paper, to control
and measure the flow of liquid in the paper, and to localize the
Z'ones without distortion or movement during detection proce
dures. Published methods (3-5,8-10, 15) for zone electrophore
sis show a wide latitude in the efficiency with which these require
ments are met.

The apparatus shown in isometric form in Figure 1 resembles
that of Kunkel and Tiselius (9) and has certain features which
permit control over the foregoing listed requirements. Thus, the
apparatus is provjded with a top plate which is raised 1/16 inch
above the paper by a spacer of plastic. This serves the double
purpose of permitting an equilibration period under applied volt
age before addition of the samples through a sliding panel in the
top plate and allowing the removal of the top plate after com
pletion of migration without distortion or movement of the
zones.

The evaporation of water from the electrolyte' and condensa
tion onto the top plate during the flow of current is prevented
by a sprinkler system which sprays cooling water to the'bottom
of the supporting plate. The efficiency of this means of cooling
is such that 0.10 to 0.25 watt per sq. cm. of paper may be applied.
The ends of the filter paper are not cooled by the sprinkling sys
tem. Polyethylene film is laid in place to prevent evaporation at
these positions. Upon completion of the electrophoresis, rapid
drying of the paper with a minimum movement of the zones is
achieved by application of hot water through the sprinkler.

In cases where ultraviolet absorbing substances are under in
vestigation, observation without intenuption of the migration
may be carried out in the darkened room by means of ultraviolet
radiation applied through the 96% silica glass sliding panel in the
top plate.

OPERATION

It is essential for the proper performance of the cooling system
that the bottom sUl'face of the supporting glass plate be free from
grease. This can be assured by cleaning with alcoholic potassium
hydroxide. .

The top surface of the supporting plate is coated with a hydro
phobic silicone film by rubbing with a Desicote soaked tissue
(Beckman Instruments, Inc.). The excess is removed with
benzene and any residual hydrochloric acid produced by hy
drolysis of the chlorosilanes is rinsed off with water. The edges
of the buffer vessels are coated with a bead of silicone stopcock
grease and the glass plate placed between them with about 1/8
inch overhang on each end. The grease prevents water leakage
into the vessels and also prevents current leakage out of them.

The edges of the buffer vessels are made level, using a spirits
level and the adjustable screw feet on the vessels. The sag in the
plate is prevented by means of the adjustable center support and
the plate leveling eompleted by means of the adjustable foot, on
'the mounting table.

A siphon is used to equalize the liquid level in the buffer vessels
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so that no hydrostatic flow occurs. Leakage of current has been
detected when the siphon is left in place and merely clamped off.
Therefore the siphon is removed after the initial liquid level ad
justment.

The filter paper is cut with a single edge razor blade on a sheet
of glass to produce as uniform an edge as possible, since structural
variations in the paper affect the flow of liquid due to electro
osmosis. Marking of the paper with pencil, as is the usual prac
tice in paper chromatography (2), is not permissible, as the
graphite particles act as secondary electrodes and hence cause pH
variation as well as oxidation and reduction.

The paper is wet with electrolyte by drawing it rapidly through
the liquid in one of the buffer vessels and withdrawing it against
the end of the glass plate to aid drainage of excess liquid. Rubber
gloves should be used to ensure that no contamination occurs.
As rapidly as possible, the fully wet paper is laid on the support
plate, starting at the center and taking care to prevent the
trapping of small air bubbles between the paper and the glass.
Any bubbles may later develop into hot spots and hence should
be removed by sliding the sheet around on the plate or by starting
over again. It is best to have the paper excessively wet rather
than too dry, as drainage is faster than inflow and bubbles are
easier to eliminate.

After the paper is centered on the plate, polyethylene cover
sheets are placed on the ends of the paper so as to extend about

Figure 1. IsoIlletric drawing of apparatus for zone
electrophoresis

Scale. 1 em. of drawing ~ 15.0 em. of completed apparatus
1. 96% 8ilica glass viewing panel ground to I-mm. thickne8s and

polished
2. Lucite mounting box for panel with 8ilicone grease seal
3. Lucite top plate with opening for panel mounting box
4. Alternative top plate with port8 covered by greased poly-

ethylene film
5. Spacer strip either glued or held to top plate with grease
6. Polyethylene film to cover paper ends
7. Filter paper sheet
8. Glass plate cut from I/I.-inch picture frame glass
9. Power supply lead makes contact through mercury

10. Gla8s tube with platinum wire sealed in bottom to mount a
piece of platinum gauze. Tube is filled with mercury

11. Slotted rubber 8topper
12. Sprinkler
13. Adjustable center support for glas8 plate
14. Sheet metal retainer to prevent force of sprinkler system from

shifting glas8 plate
15. Ring stand
16. Buffer vessel
17. Flange for three:point sU8pension
18. Adjustable foot for leveling ,
19. Polyethylene film for collection of cooling water
20. Mountingboard
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a Referred to site of application as zero.
b Electroosmotic rate.
c Referred to caffeine as zero.

11.2
11.8
10.9
11. 7
12.3

3.6
4.6
6.8
9.2
9.9

Table I. Mobilities of Picrate Ions at Different pH Values
Buffer Picrate lona Caffeine b Picrate Ion C

pH Ion To anode To cathode To anode

Sq. cui. per·volt per second X 105

Formate 10.2 1.0
Acetate 10.1 1.7
Phosphate 8.3 2.6
Borate 7.5 4.2
Carbonate 8.9. 3.4

A solution which contained both picric acid and caffeine was
prepared by the neutralization to pH 7.0 of a solution of picric
acid saturated at room temperatures. This solution was finally
saturated with caffeine. One-microliter samples of the solution
were applied to the paper. at various time intervals. After migra
tion the final positions of the zone centers as detected by ultra
violet radiation were marked before drying. This latter precau
tion was taken because earlier work in this laboratory- as well as·
certain reports in the literature (11) had shown movement of
zones upon drying. .Comparison of zone 'positions noted before
drying the paper with those after drying showed that the hot
water sprinkling system as introduced in this apparatus effectively
eliminates the movement of zones during drying'. '

·Mobilities were calculated from the slope of a graph of move
ment vs. time and the measured voltage distribution. Calculated
mobilities were corrected for the difference in' viscosity between
the buffer and distilled water (14). The paper shru{ks 1 to 2%
upon drying. No correction for the factor was applied, as it is
both small and consistent.

The mobility data are presented in Table I. The mean mo
bility of picrate ion referred to caffeine asz~ro mobility in buffers
which range from pH 3.6 to 9.9 is ,11.6 X 10-5 sq. em. per volt
per second in Whatman No.1 filter paper with a'variation coeffi-

cient (..!!- ·X 100) of 4.3%. In 17 studies of the migration of
avo .

picrate ions in seven different ,buffers wi~h a .range from pH 1
to pH 9.9 the average range from the mean movement at 'each
pH value was ±3.6% for a migration time of 100 minutes at
18 volts per em.

Caffeine is an easily detected substance which can be used as a
reference for the estimation of the rate of electroosmotic flow of
liquid through the paper.

The precision obtained is adequate for studies of the 'effects of
the variables of solutions upon thl'l mobility of a given substance.
The comparison of substances of similar mobilities, as in qualita
tive analyses, is best conducted on one sheet of paper.
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1 inch into the cooled region of the paper,. and then the top
plate is added and clamped in place with ordinary screw clamps.

In order to allow equilibration of the liquid content of the
paper, the sprinkler is turned on and the voltage to be used is
applied for from 30 to 60 minutes. A sheet of plastic film serves
to collect the sprinkler water and prevent excessive splashing as
well as to divert the water down the center well drain. No part
of the apparatus is touched while the voltage is applied.

After the equilibration period, the voltage is turned off and the
samples are added in from 1- to 5-1'1. portions from Kirk-type
capillary pipets which may be inserted through ports in the top
plate. The starting position is marked by means of an indenta
tion made in the paper with a sharp point.

At any time the progress of ultraviolet absorbing samples may
be observed by darkening the room and illuminating the zones
with ultraviolet radiation from a mineral light (Ultraviolet
Products, Inc.). A yellow filter held in front of the eye elimi
nates disturbing reflections of the visible output of the lamp. This
procedure is used whenever materials of unknown mobility are
applied and whenever positions before drying are to be noted.

When the migration is completed, the power is turned off, the
sprinkler system turned off, and the cold water drained from it.
The ends of the paper are torn off to prevent the inflow of liquid
which would occur because of evaporation after the top plate is
removed. The top plate is removed and the paper is further cut
off 1 inch back from the ends of the supporting plate, since this
portion of the paper is not dried as fast as the remainder and any
inequality in drying rate causes zone movement. Finally, hot
water is turned into the sprinkler. The paper dries inabout
10 minutes and is ready' for detection of the zones;

Ultraviolet-absorbing substances are detected either by the
direct visual method of Holiday and Johnson (7) or by the ultra
violet radiation contact printing method of Markham and Sinith
(12), modified by affording better contact between papers by
means of a nylon net stretched over a hemicylindrical surface and
by exposure with an 8-watt germidical lamp (General Electric
Co.). Proteins have been detected by means of the aqueous
I;>romophenol blue method of Kunkel and Tiselius (9).

EVALUATION

In order to evaluate the precision and performance of the ap
paratus in terms of the constancy of the distribution of voltage in
the paper and the control and measurement of the flow of liquid
in the paper, studies of each requisite were undertaken.

The first requisite was tested by direct measurement of the
voltage distribution. For this purpose a vacuum tube volt
meter was equipped with probes. The probes were inserted
through ports at various intervals in the top plate. Measure
ments that were taken at various points immediately after plac~

ing the wet paper in the apparatus and applying the voltage
showed a nonuniform field strength throughout the paper. The
nonuniformity of field strength gradually disappeared during
equilibration until a period of 30 to 45 minutes, wherein the field
strength became constant. The period of 30 to 45 minutes ap
plies only to the use of buffers from pH 3.0 to 9.0. A longer
period is required for buffers of pH greater than 9.0.

Voltage measurements that are taken within 5 em. of the anode.
side of the paper show a reduction under those in the remainder
of the paper. This reduction increases with time 'but can be par
tially eliminated if polyethylene film is laid in place to prevent
evaporation at the ends 'of the filter paper. Complete elimina
tion of the occurrence has not been found necessary, as no more
than 5 em. of the total 40 em. of paper develop the n9nuniformity.
Similar observations have been made by Slater and Kunkel (13).

The precision with which the flow of liquid in the paper could
be controlled and measured was determined by studies of the
mobility of caffeine and of picrate ion. The pK, of caffeine is
0.15 (6); hence, a net charge of zero above pH 3 is expected.
The mobility of caffeine, then, should represent the rate of elec
troosmosis through the paper. The pK of picric acid is 0.8 (6).
At any pH value greater than 3, picrate ion has one net charge
and theinobility should be independent of the pH. Possible
interaction of picrate ions with. buffer ions as well as variations
in electroosmotic flow which are known to be dependent upon the
species of cation (1) were eliminated as variable,factors by the
use of. only sodium ions with a total ionic strength of 0.10.



Resolution· of libonucleotides by Zone Electrophoresis
ARTHUR M. CRESTFIELD and FRANK WORTHINGTON ALLEN

Department of Physiologic,,1 Chemistry, University of California School of Medicine, Berkeley, Calif.

Figure I. Resolutions of nucleotides

.A, G, C, and U refer to adenylic, guanylic, cytidylic, and uridylic acids,
respectively. Superscript refers to appropriate isomer. Length of paper
shown is 28 cm.

A. Formate buffer, pH 3.5, ionic strength 0.1, field 30 volts per cm., time 60
minutes

B. O.IM sodium tetraborate solution, pH 9.2, field 30 volts per cm., time 93
minutes

C-F. O.IM sodium tetraborate solution, pH 9.2, field 37 volts per cm., time
90 minutes

G. O.IM sodium bicarbonate, pH 8.0, field 40 volts per cm., time 120
minutes

H. Formate buffer, pH 3.8, ionic strength 0.1, field 38 volts per cm., time
240 minutes

I. Phosphate buffer, pH 6.2, ionic strength 0.1, field 32 volts per cm., time
125 minutes

J. Phosphate buffer, pH 5.8, ionic strength 0.1, field 37 volts per cm.• time
148 minutes

strength. This resolution has also been found by other workers
(9,16,18,19).

Separation of the four 3' mononucleotides occurs also in 90
minutes with a field of 30 volts per em. at a pH of 9.2 in O.lM
sodium tetraborate buffer, as shown in Figure 1,B. This reso
lution is expected from the presence of enolic group dissociations
in this pH region in uridylic and guanylic acids, the higher pK
for the enol group of uridylic acid than for that of guanylic acid,
as well as the lower mass of the uridylic acid, and the difference
in mass between the cytidylic and adenylic acids.

Mixtures of the mononucleotides may be fractionated best
according to the base component by the conditions at pH 3.5,
as the percentage difference in mobilities is higher than at pH 9.2.

Separation of Each 5' Isomer from Corresponding 2' and 3'
Isomers. The 5' phosphate ester of any ribose nucleoside pos
sPosses one characteristic by means of which it may be separated
from the 2' and 3' esters of this same nucleoside: the presence
of two adjacent hydroxyl groups in the ribose moiety. Com
plext's of boric acid with adjacent hydroxyl groups have been re
viewed recently by Boeseken (2) and Zittle (20). The reaction
generally is reported to occur in sodium tetraborate solution at
pH 9.2. The complex is a stronger acid than boric acid itself
(20), and hence it is strongly negative at pH 9.2 (20). The
mobility of the 5' nucleotide in tetraborate buffer is expected to

The study reports the electrophoretic separation of the
isollleric ribonueIeotides by conditions whichelll
phasize one or lllore of the following properties of the
lllolecules: the net charge, the :mass and geollletry, and
the forlllation of cOlllplexes. With the exceptions of
the 2' and 3' iSOlllers of guanylic acid and the 3' and 5'
iSOlllers of adenylic acid, the resolutions described
have not been previously obtained by zone electro
phoretic tec:hniques. One advantage of the new
lllethod is the speed with which the separations lllay
be achieved.

CHROMATOGRAPHIC and spectrophotometric procedures
for the analysis of the mononuc:1eotide composition of ribo

nucleic acids have received widespread attention since the initial
work of Vischer and Chargaff (17). Effort has been expended
upon conditions for the liberation of the various mononucleotides,
their separation, and their quantitative determination. No
one of the paper chromatographic solvents described in the lit
erature has been reported to resolve the mononucleotides com
pletely and subsequently permit quantitative estimation by
ultraviolet spectrophotometry (3, 4,10,15).

At present three isomers of each of the four ribonucleotides
are recognized. These isomers have been characterized as the
2', 3', or 5' phosphate esters of adenosine, gu~osine, cytidine,
or uridine. Their presence in a hydrolyzate of ribonucleic acids
is dependent upon the hydrolytic conditions chosen. Separation
is accomplished by ion exchange chromatography (6).

The present study reports the electrophoretic separation of
the isomeric nucleotides by conditions which emphasize one or
more of the following properties of the molecules: the net charge,
the mass and geometry, and the fonnation of complexes.

METHOD

The apparatus and techniques haNe been described (8). The
best conditions lor a given resolution by electrophoresis have
been selected by consideration of the net charges of the nucleo
tide molecules as calculated from published dissociation con
stants, inclusion of mass differences among the nucleotides as
frictional differences, calculation of net charge and mass upon
fonnation of complexes with boric acid, experimental verifica
tion of the resolutions under the chosen conditions, and incidental
observation of unexpected resolutioml during experiments which
were designed for other purposes.

Before it is concluded that a resolution of two substances is
possible, certain precautions must be observed: The mobilities
must be compared in one and the same sheet of paper, and a
mixr,ure of the two substances must be included in a third channel
of the paper.

RESULTS AND DISCUSSION.

Separation of 3' Mononucleotides. The titration curves of the
four ribonucleotides have been determined by Levene and co
workers (12, 13).. These data are for the 3' isomers (6). It is
evident from these curves that within the region of pH 3 to 4,
the net charges on the nucleotides are sufficiently different to
make possible complete separation in an electrical field due to the
differences in the dissociation constants of the amino groups and
the absence of an amino group in uridylic acid. Figure 1,A,
shows the resolution which is obtained in 60 minutes with a
field of 30 volts per em. at pH 3.5 in fonnate buffer of 0.1 ionic
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be faster than that of the corresponding 2' and 3' nucleotides.
Such resolutions were obtained in 90 minutes with' a field of
37 volts per em. at pH 9.2 in O.lM sodium tetraborate buffer, as
shown in Figure l,e to F. Similar results for the adenylic acid
isomers were obtained by Jaenicke and Vollbrechtshausen (11).

Separation of 2' Isomer from Corresponding 3' Isomer. The
dissociation constants of the 2' and 3' isomers of adenylic acid and
cytidylic acid differ appreciably (l, 5). Resolution of these iso
mers is expected to occur near the pH values where dissociations
are half completed (7). Experiments showed that the 2' and
3' isomers of both pyrimidine nucleotides could be resolved in
the region of pH 6 in 0.1 ionic strength phosphate buffer Figure
1,1 and J.

It is likely that the separations occur because of net charge
differences, as the cytidylic 3' isomer moves faster than the 2'
isomer, in accord with the published secondary phosphate dis
sociation constants (5, 14).

The isomers of adenylic acid are not separable'at pH 6. The
3' adenylic acid does not move faster than 'the 2' isomer at pH
6, as expected from the net charges which are calculated from the
reported dissociation constants (1,4). An explanation for the lack
of separation was found accidentally, when it was observed that
these isomers are resolved at a pH above 8, as in Figure I,G.
The secondary phosphate groups of both isomers are over 95%
dissociated under these conditions and the faster movement by
the 2' isomer must be evidence of a steric difference between the
isomers which opposes the slight difference in net charge. The
net charge difference at a pH below 8, which is expected from the
pK values (1, 4), does not cause the 3' isomer to migrate faster
than the 2' isomer, owing to the opposing steric effect evident in
the difference in mobility above pH 8.

The 2'- and 3'-guanylic acids do not separate at pH 6,'but
resolution does occur in 240 minutes at 38 volts per em. in the
region of pH 3.8 in formate buffer of 0.1 ionic strength (Figure
I,H). This resolution has also been reported by Davidson and
Smellie (9).

SUMMARY

The four 3' ribonucleotides are resolved by electrophoresis
in paper in 90 minutes under a field of 30 volts per em. in both
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formate buffer of pH 3.5 and ionic strength 0.1 and O.lM sodium
tetraborate solution. Each 5' isomer may be separated from
the corresponding 2' and 3' isomers in 90 minutes with a field of
37 volts per em. in O.lM sodium tetraborate solution. The
2'- and 3'-cytidylic acids as well as the 2'- and 3'-uridylic acids
maybe resolved in 150 minutes under a field of 37 volts per em.
in phosphate buffer of pH 5.8 and ionic strength 0.1. The 2'
and 3'-adenylic acids are resolved in 120 minutes at 40 volts per
em. in 0.1 ionic strength buffers of pH greater than 8. The 2'
and 3'-guanylic acids are separated in 240 minutes at 38 volts
per em. in formate buffer of pH 3.8 and ionic strength 0.1.
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A High Rate of Shear Rotational Viscometer
E. M. BARBER, J. R. MUENGER, and F. J. VILLFORTH, JR.

Beacon Laboratories, The Texas Co., Beacon, N. Y.

The assumption that viscosity is independent of shear
rate is implicit in conventional viscometry, but is not
valid for plastic materials nor for many fluids which
are becoming increasingly important in lubrication and
other fields. These materials should be studied over
a wide range of shear rates. . This paper presents in
formation on the design, construction, and typical
operation of a rotational viscometer for operation at
shear rates up to about 1,000,000 reciprocal seconds.
A simple and novel method was devised to deal with the
heat generated at high rates of shear in the fluid film.
The paper presents calibration data on the viscometer;
some indications of the adequacy of the methods for
handling the heating within the film; and sample data
for several fluids, including two fluids that had been
tested by another investigator; and suggests one pos
sible simplification in describing or measuring the vis
cosity behaVior of polymer-thickened oils.

V ISCOSITY is one of the important properties that must be
dealt with in many liquid flow problems, particularly in

bearing lubrication, where viscous forces determine both the
load-carrying capacity and the friction of the bearing. Precise
methods have been developed for measuring the viscosity of
liquids. These methods generally have been developed around
Newton's law of viscosity and his assumption that viscosity is
independent of the rate of shear. The most widely used method
comprises flow through a capillary (1, 2); rotational viscometers
(3, 10, 12) are used much less frequently. Ordinarily, viscosity
measurements are made at relatively low rates of shear, which
vary across the capillary, with respect to time during a determina
tion, and from sample to sample depending upon the viscosity
and density of the liquid being tested.

Most pure liquids and mineral lubricating oils are Newtonian
in the sense that their viscosity is independent of rate of shear.
Many industrially important materials such as blends of mineral
oils with polymers, paints, inks, and greases are non-Newtonian
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It is clear from the foregoing that the uncertainty due to the
temperatmc gradient within the film can be reduced to minor
proportions if high rate of shear is attained by very thin films
at low rotative speeds rather than by thick films at high rotative
Bpeeds.

where () = film tempera,ture gradient,
p. = absolute viscosity
R = rate of shear
h = film thiekness
k = thermal conductivity

all of which must be of a consistent Eel. of units. Hersey (8) dis
cusses film temperature relationships and expresses them in
terms of linear velocity which equals shear rate times film thick
ness.

Derivation of this equation assumes that the inner member of
the viscometer is a heat barrier, that the heat flow is radial, and
that the viscosity and thermal conductivity of the film can be
expressed by mean values. Calculations of temperature gra
dients for such an oil film of SAE-lO grade motor oil at a tempera
ture of 100' F. and a rate of shear of 1,000,000 sec. -1 are given
below:

in the sense that they exhibit a viscosity that does depend on rate
of shear. For these materials it is desirable to be able to measure
viscosity as a function of rate of shear up to shear values that pre
vail in the machine elements where the materials are used. Hates
of !ihear up to and beyond 1,000,000 reciprocal seconds are not
uncommon in lubricated machine elements, and this number was
chosen as a reasonable design goal for the imitrurrient to be de
scribed.

The measurement of viscosity at high rates of shear has been
the subject of a number of investigations (5, 7, 9, 11, 16), and
the making of satisfactory measurements is known to present
several formidable problems. Regardless of the type of fluid or
instrument, the temperature rise due to the shearing results in
cor,siderable uncertainty of the actual temperature of the fluid
and inadequate handling of this factor will lead to erroneous
results. In capillary instruments the pressure on the fluid to
prc,duce very high rates of sh~ar becomes very high and m[LY itself
aff'lct the viscosity. Also, in capillary instruments the velocity
distribution becomes quite uncertain, particularly with plastic
ma,terials where "plug flow" may take place.

/ir----:;::;;::::::~E:;:;--~==aDRIVE SHAFT

In previous rotational viscometers known to the authors one
film boundary has a restricted path for conduction of heat from
the liquid film. In the typical case where the inner cylinder
loses heat generated in the film only from the ends that protrude
into·the atmosphere, the film boundary of the inner cylinder
runs at a higher temperature than the outer cylinder, and its
temperature distribution is unsymmetrical in the axial direction.
These conditions contribute to the temperature gradient across
the film and, because of differential expansion, make for uncer
tainty of the clearance between the two cylinders. Blok (.n
discusses this problem at some length and cites the mathematical
study by Kingsbury (9), l?ratt and Duncan (6), Nahme (13),
and Hagg (7).

The authors' investigation suggested the following solution to
the problem of heat flow distribution. The inner cylinder is
bored, and the bore diameter is selected so that the heat path.
from the film surface to the bore surface of the inner cylinder is
equal to the heat path from the film surface to the outer surface
of the outer cylinder; the bore of the inner cylinder and the outer
surface of the outer cylinder are maintained at the same tempera
ture by being placed in contact with a temperature-control
liquid; axial heat flow is minimized by appropriate heat barriers at
the ends of the cylinders. Under these conditions the film tem
perature gradient is reduced to one fourth of the values given
previously; differential expansion is nil, provided that both cyl
inders are of the same material and the axial temperature gra
dient can be made negiigible.

Figure 1. Section through high rate of shear rotationa}
viScollleter

CONSTRUCTION OF APPARATUS

Figure 1 is a section view of tne viscometer· that has been
constructed. The design features are generally evident.

The inner, or rotating, cylinder is·bored out and the same tem
perature control liquid that fills the retaining cup and surrounds
the outer cylinder is supplied into the bore.

Axial heat flow is mininiized.
The outer cylinder and retaining.cup assembly is mounted on

self-aligning ball bearings. The shearing force is measured by
the torque required to restrain this assembly from ro~ati~g.. The
hand operated worm is used to cancel o)it the ~tatlC fn?tlOn of
the support' bearings. Torques measured while· r?tatl~g the
worm first in one direction and then in th~ other d1rectlOn are
shearing torque plus and shearing torque minus support bearing

Film Temperature
Gradient, 0 F.

32.4
1.29
0.324

Film Thickness,
In.

0.0005
0.0001
0.00005

DESIG'" CONSIDERATIONS

A consideration of the problems of high rate of shear I'iscom
etry led to a decision to eoncentrate on the design and develop
ment of a rotating cylinder type of viscometer. The test material
is~ontained in the annular space between two eoneentric eylin
de:ts; the inner cylinder is rotated, the resultant shearing forces
in the liquid film tend to turn the outer cylinder, and the foree
required to reEtrain it from turning is a direct measure of viseosity.
The greatest difficulties or this type of instrument, when operated
at high rates of shear, are the uncertainties of the temperature of
tho:J film and of the film thickness. This is largely due to the
normal outward dissipation of the frictional heat which will
cause the inner cylinder to be hotter than the outer one. An
investigation of these problems led to design details that ap
peared to minimize these difficulties to such an extent tha,t they
should not invalidate viscosity measurements.

It can be shown that, for any given rate of shear, the tem
perature gradient in the oil film of such a viscometer is propor
tional to the square of the film thickness:

p.R'h"
() ="2k
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Figure 3. High rate of· shear rotational
. Viscometer

·Th
IJ. = 0.154N

Calculated Filni Thickness at Several Test Temperatures with High
and Low Viscosity Index Oils

97 V.I.-Oil 0.00010 130.0 430,000' 0.000122
97 V.I.·Oil 0.00010 145.2 412,000 0.000127
97 V.I.-bil 0.00010 199.5 417.000 0.000126

11 V.I.-Oil 0.00010 134.5 427.000 0.000123
11 V.I.-Oil 0.00010 147.0 407,000 0.000128
11 V.I.-Oil 0.00010 210.0 417,000 0.000126

Comparison of Nominal and Effective Film Thicknesaes
Nominal Radiala Effective

Clearances, Film Thickness,
IL IL

O. 00050 O. 000528
0.00020 0.000234
0.00010 0.000124

a :Specification for manufacture of cylinders, not actual measurement on .
c;9'linders:

Table I. Sample Calibration Results
Nominal Measured Calculated Calculated
Radiala Film Tem- Rate of Film

Calibration Clearance, perature, Shear, Thickness,
Oil In. 0 F. Sec. -, In.

Calculated Film Thickness for Several Rates of Shear
. 97 V.I.-Oil 0.00020 142.0 45,700 0.000235

97 V.I.-Oil 0.00020 143.0 157,000 0.000234
97 V.I.-Oil 0.00020 148.0 196.,000 0.000237
97 V.I.-Oil 0.00020 149.0 243,000 0.000237

CALIBRATION (NEWTONIAN FLUIDS)

For the instrument as constructed, viscosity is given by:

Figure 3 is a photograph 'of the viscometer assembly .together
with some of the auxiliary apparatus.

The retaining cup is the oIily part of the viscometer proper
that can be' seen. A variable-speed hydraulic transmission is
meunted directly above the inner cylinder of the viscometer;
this unit drives the inner cylinder through a long flexible drive
rod which Is held at each end in collet chucks. The hydraulic
transIilission is' belt-driven from an 1150 r.p.m. motor, and the
hydraulic transmission has an output ranging from 0 to ±100%
of its input speed with good speed stability at any setting.
Speed of the transmission is measured by an accurate electrical
tachometer which does not appear in the photograph.

Thermocouple leads can be seen coming from the outer cylin
der; readings of these couples are obtained by an expanded-
scale electronic-type indicating potentiometer. .

Just in front of the drive rod is a flexible coil of tubing which
connects to the supply groove of the outer cylinder of the vis-
cometer.. .

The cabinet at the lower left of the photograph supplies the
temperature control liquid to the retaining cup and to the bore
of the inner cylinder. Temperature control liquid can be sup
plied at any desired temperature from -200 to 250 0 F.

In operation of the viscometer, equilibrium thermal conditions
are established at each test point; in practice a period of ap
proximately 25 minutes is allowed. Owing to the heat generated
in the film, a temperature differential exists between the tempera
ture control liquid and the film. Either of two procedures can
be followed: The temperature of the control liquid can be
adjusted to produce a selected constant value of the film tem
perature, or the temperature of the control liquid can be held at
a constant value and the viscosity can be related to the measured
film temperature. The latter of these procedures has generally
been employed. .

where IJ. = viscosity in pound seconds per square inch (reyns)
T = torque in inch-pounds
h = film thickness in inches
N = revolutions per minute

By making tests with Newtonian fluids of known viscosity,
it is possible to calculate an effective clearance for each set of
inner and outer cylinders and this value serves as a calibration
constant of the instrument. Systematic calibration measure
ments have been made at high and low rates of shear using high
and low viscosity index Newtonian liquids at several levels of
temperature. Sample results of these tests are illustrated in
Table I. For each combination of cylinders the constancy of
the effective clearance with rate of shear, 'viscosity index, and
temperature level constitutes good evidence of the generally

Pair of test cylindersFigure 2.

friction. This can
cella.tion of sup
port bearing fric
tion is significant
only for the lowest
torques.

The test material
is supplied into a
groove which ex
tends clear around
the circumference
of the outer cylin
der. It is impor
tant to ensure a
continuous film.
As a preliminary
to a test, the test
mil. terial is sup
plied into the
groo¥e under soine
pressure, and ~he . ., .
inner cylinder IS' rotated; the pressure IS mamtamed until
consiiderable leakage free of air bubbles occurs from the film. A
continuous film is then assumed to exist and the pressure -is
re<!luced to a small gravity head for the test work.

The surfaces that form the film are accurately lapped cylinders
ha,ving a nominal diameter of 1 inch and a nominal axial length
of 2 inches. Four inner cylinders are available to produce
nominal film thicknesses of 0.00050, 0.00020, 0.00010, and
0.00005 inch.'· With these clearances and the other design
features, it is· possible to attain at least 100,000, 250,000, 500,000,
and 1,000,000 reciprocal seconds shear rates, respectively, wit.h
negligible film temperature gradients. Figure 2 shows a paIr
of the cylinders. The quality and accuracy of the cylinders are
a feature of the apparatus that warrants special mention. They
were manufactured by the Acme Scientific Co., Chicago, Ill.

Thermocouple holes are located so that the axial, circum
felfential, and radial temperature distribution of the cyl.inders
can be determined. The thermocouples are embedded m the
bottoms of these holes with copper dental cement. Originally
it ihad been planned to utilize all or most of these couples to
deduoe a me.an film temperature. Experience thus far indicates
that it is sufficient to treat·the average reading of the couples
located approximately 1/,6 inch from the film surface as the film
temperature.
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satisfactory operation of the aJlparatus and of the fact that the
film temperature problem is under control.
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Figure 5. Typical observed data with high rate of shear

rotational viscotneter

RATE OF SHEAR, R, SEC-l X 10-·
Figure 6. Viscosity-rate of shear coefficients for

six polytner-tnineral oil lubricants

data required to specify the shear behavior of non-Newtonian
fluids.

Figure 5 is the typical pattern of measured viscosity V8. tem
perature at a range of rates of shear. On the coordinates, log
m~ V8. the reciprocal of absolute temperature, the viscosity data
for each rate of shear plot as a straight line, the viscosity level
decreasing as the rate of shear increases.

From inspection of Figure 5 it appears that the percentage
loss in viscosity with increasing rate of shear is independent of
temperature, since the data can be fitted with parallel lines for
constant rates of shear.

Figure 6 shows plots of the viscosity-rate of shear coefficient
against rate of shear for six non-Newtonian oils which were tested.
Viscosity-rate of shear coefficient is the ratio of the high rate of
shear viscosity.to the capillary viscosity at the same temperature.
A two-parameter exponential or hyperbolic relationship appears
to fit these X vs. R curves reasonably well, suggesting that
the entire rate of shear behavior of such oils may be described by
the values of two parameters.
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Figure 4. Comparison of high rate of shear rotational
viscotneter data witih results of Needs (14)

TYPICAL TEMPERATURE, VISCOSITY, AND RATE OF
SHEAR PATTERNS

Viscosities of several non-Newtonian lubricants have been-de
termined' over a range of temperatures and rates of shear. The
typical pattern of these results is of considerable interest and the
patterns exhibit several features which, if they turn out to be the
common pattern of such fluids, will minimize the amount of

In the method of test used in I.he present work, surface tension
forces are sufficiently great so that under the gravity head on
the film supply groove no detectable end leakage occurs. Thus
it is thought that the same element of test liquid undergoes con
tinuous sb.earing·during the entire test. Furthermore, the prac
tice is followed of starting a test at a low rate of shear, of taking
points at progressively higher rates of shear to the maximum for
the test cylinders, and then of taking points at successively lower
shear rates so that the test is terminated at a low rate of shear
near the initial one. A systematic variation between points
obtained upon increasing and decreasing rates of shear would be
evidence that the shear history to which the film has been sub
jected has produced a permanent change in viscosity; conversely,
agreement between the increasing and decreasing rate of shear
points is evidence that no permanent loss has occurred. In the
work reported in this paper no permanent viscosity change could
be detected for any of the test oils. Needs also stated that he
did not detect any permanent loss of viscosity with shearing ac
tion for the two API oils.

There appears to be good agreement between these two investi
gations which employed different apparatus and techniques of
operation.

COMPARISON WI1H PUBLISHED DATA

In a recent paper (14) Needs presented comparative data on
the viscosity of four lubricants, two Newtonian and two non
Newtonian. Samples of the two non-Newtonian lubricants
(API-lOa and API-104) were Gbtained by the authors and vis
cosity determinations were made by the present apparatus and
technique for comparison with Needs' results. The comparative
results are shown by Figure 4.
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Table II. Identification of Six Test Lubricants
Tests on B....e Oil Tests on Blend

Vis. Poly- Vis.
Grav- at mer Grav- at
ity. 100· Addi- ity. 100·

Name o API F .• cs V.l. iive • API F., C8 V.l.

API-I03 29.4 8.75 60 1 28.0 33.1 168
API-I04 29.4 8.75 60 2 28.9 33.3 172
Oil A

3'1.'3 3'2'.3
3 30.3 43.1 121

B 98 4 31.1 52.3 144
C 31.3 32.3 98 5 31.2 69.8 127
D 31.3 32.3 98 6 31.3 60.0 127

Table II identifies these oils by gravity, viscosity at 100· F.,
and viscosity index of both the base and finished oils.

SUMMARY AND DISCUSSION

A high rate of shear rotational viscometer has been developed
for studying the shear behavior of non-Newtonian materials.
Temperature effects due to high rates of shear have been satie
facwri1y controlled by employing thin films and making equal
heat paths from the film through the outer and inner working
cylinders. Operation of the instrument has covered the tempera
ture range of 100 to 200· F. and the rate of shear range of 5000
to 460,000 sec. -Ion oils comparable in viscosity range to 10
grade motor oils. Data are given for six mineral oil-polymer
blends, two of which were investigated by Needs (14). Agree
ment is shown for the two investigations. The rate of shear
effects (the maximum reduction in viscosity was 38%) were
found to be reversible; that is, no permanent loss in viscosity
resulted from prolonged and high rates of shear. The viscosity
rate of shear coefficient, },R, appears to be independent of tem
pel'"ature for these oils.
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Preliminary experiments were also made with an inner cylinder
having a nominal clearance of 0.00005 inch, with which it was
possible to reach rates of shear up to 1,200,000 sec.-I

The authors believe that the apparatus can be extended ad
vantageously to a variety 'of investigations of non-Newtonian
materials such as the study of greases, where the yield point can .
be determined and where the viscosity can be determined as a
function of the "shear history."
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Anllyzer-Recorder for Measuring Hydrogen Sulfide in Air
E. B. OFFUTP end L. V. SORG .

Research Department, StanJarJ Oil Co. (Indiana), Sugar Creek, Mo.

An instrwnent for measuring and recording hydrogen
sulfide in air in the concentration range of 0 to 100
p.p.m. has been developed for testing refinery atmos
pheres. The instrument is based upon the use of
special film prepared by coating blank 16-mm. motion
picture film with buffered lead acetate. The sample is
pumped continuously through an exposure'hood, where
the hydrogen sulfide reacts with the :film coating to
form a stain. A light beam through the stained film
falls on a photoelectric cell and generates an electric
current proportional to the hydrogen sulfide concentra
tion. This current operates a conventional electronic
recording potentiometer. A warning alarm sounds
automatically if the hydrogen sulfide exceeds 25 p.p.m.

H YDROGEN sulfide always present in petroleum refining
operations causes concern because it is a deadly poison.

In concentrations over 20 p.p.m., it is considered unsafe (6).
Its obnoxious odor reveals it at low concentrations, but the human
nose soon becomes insensitive to the odor. The safety-minded
ness of the petroleum industry demands that such a hazard be
continuously recognized. Hence, a sensitive instrumental
method is needed for continuous detection and measurement of
hydrogen sulfide, particularly in the range from 0 to 100 p.p.m.

I Present addr688, American Thermometer Division, Robertshaw-Fulton
Controls Co., St. Louis, Mo.

None of the instruments on the market monitors continuously
and specifically the presence of hydrogen sulfide in this concen
tration range, and none has wide use. Some instruments meas
ure hydrogen sulfide together with other gases present in refinery
atmospheres (1, 2). Another measures only hydrogen sulfide
(5, 7); but it was designed for analysis of gaseous streams low in
oxygen content and is not continuously recording. The Ameri
can Iron and St~el Institute sampler intermittently detects hy
drogen sulfide by staining of lead acetate impregnated on a
filter-paper tape (4). Laboratory determination of light trans
mittance is required. Most refiners have had to rely on spot
checks made with a hydrogen sulfide detector (3); these provided
information only for the moment at which they were made.

An instrument has been developed for continuously measuring
small amounts of hydrogen sulfide in air. It can be equipped to
operate an alarm, either visual or audible, should the concentra
tion exceed a predetermined limit within the range of the instru
ment. The new hydrogen sulfide analyzer-recorder is based upon
the reaction of hydrogen sulfide with buffered lead acetate on a
transparent moving film. In operation, the continuously moving
film is moisture-conditioned and exposed to the air streams under
test. Any hydrogen sulfide present stains the film coating;
the stain density is proportional to the hydrogen sulfide concen
tration. A light beam through the stained film falls on a photo
electric cell and generates an electric current, which operates a
recording potentiometer. The recorder reads directly in parts
per million of hydrogen sulfide. .
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Figure 1. Hydrogen sulfide
analyzer-recorder
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Figure 2. Essential parts of analyzer section

Figure 3. Means for fihn-stain formation and
measurement

the light beam transmitted by the film, inversely proportional to
the hydrogen sulfide concentration, is picked up by the photo
electric cell just beneath the film. The electrical response from
the cell is transmitted to the electronic recorder.

The film is the type used for 16-mm. sound motion pictures,
but the silver is removed from the gelatin emulsion to make it
completely transparent. It is prepared for the analyzer in equip
ment designed to apply a 3/.-inch trace of sensitized lead acetate
to the gelatin coating. The coating solution contains 1M lead
acetate and 1M sodium acetate, maintained at a pH of 6.7. In
the coating step, film passes over a trough containing the coating
solution and a layer of reactant is taken up by the gelatin surface.
The film is dried and rolled on reels, which are ready for installa
tion in the analyzer. The coating, drying, and rolling operations
are continuous. For storage, the film is hermetically sealed in
plastic bags and kept below 70° F. The film coating is light
stable, an important factor for use in this instrument. Film
aging at analyzer-chamber temperatures necessitates weekly
changing of the film. A 50-foot reel lasts about a week.

CALIBRATION

Calibration of the instrument is based upon determination of
light transmittance through film stains obtained with known con
centrations of hydrogen sulfide in air. A standard mixture is pre
pared by transferring a measured portion of pure hydrogen sulfide
into a stainless steel bomb holding about 1.25 cubic feet. The
bomb is pressurized with dry air to dilute the hydrogen sulfide to
the desired concentration. Loose strips of stainless steel sheet
are placed in the bomb to mix the gas when shaken. Samples so
prepared were found by chemical analysis to be stable for several

DESIGN AND
OPERATIO:,,/

Figure 1 shows the
complete instrument
contained in an up-'
right metal cabinet
mounted on casters.
An electronic record
ing potentiometer of 0
to 10-mv. range is
located at the top.
The analyzer section
is just below the
recorder. Valves and
the two large rotame
tel's on the panel be
low the analyzer con
trol the sample-carrier
air stream and a moist
air stream for condi
tioning the film. The
rotameter tube at the
center and the valves
on the lower panel are
used in checking the
calibration. A water
saturator for the moist
air stream and the
sample pump are in
the lower compart
ment, to which access
is gained by removal
of covers on the rear
of the cabinet.

Figure 2 shpws the.
essential pa.rts of the
sample system and the
analyzer section. The
former consillt~ of a
blower, which con
tinuously forces a large
volume (50 to 00 cubic
feet per minute) of the
test air from the source
location to the instru
ment, and a variable-
valume sample pump which forces an aliquot of the test air
into the carrier air line. The sample pump is a specially de
signed constant-speed, positive-displacement pump built of cor
rosion-resistant materials. Throughpllt may be adjusted from
zero to maximum as required to compensate for minor variations
in film sensitivity. The sample-carrier air stream is controlled
at a fixed flow rate for an iosuument of given range. Acting as a
diluent, it carries the ~aniple through an H-type humidifier in the
analyzer chamber. Wicking, partially submerged in water, fur
nishes a large evaporative surface to aid humidification. The
sample then is introduced into the exposure hood, impinging on
the film through a jet. The spent sample is.exhausted from the
hood by a fan and passes from the instI;ument to a vent with the
aid'of eductor action. . ,

The analyzer chamber is airtight. It is held under a slight
vacuum by means of the eductor in .the sample line. Thus,
une~sed.filmdoes not become contaminated from the area in
which the instrument is operated. Constant temperature is
maiIi."tained by an electrically controlled heater mounted on the
heavy aluminum panel to which the various parts of the analyzer
mechanism are a.ttached. Uniform heat distribution thus is
achieved. The moist air stream (2000 mI. per minute) to condi
tion the film just prior to exposure is brought to constant humidity
while passing through a bubbler-type water saturator mounted
on the panel. Water levels are adjusted by leveling bottles on
the rear of the panel. Access to them is ·gained by moving the
panel outward on a pair of telescoping slides.

The manner in which film stain forms,and its intensity is meas
ured is shown in Figure 3. Unexposed film passes through the
exposure hood at the rate of 33/. inches per hour. Moist air
issuing from a broad jet softens the film coating to aid gas dif
fusion and stain formation. The sample stream containing hy
drogen sulfide impinges on the film through a flat rectangular
compartment with the upper surface sealed by a thin section of
glass. Reaction with the film· coating occurs over an area 3/8
inch square, with the spent gas discharged around the edges of
the film ana exhausted from the hood with the surplus moist air.

A constant-intensity light source is housed in the upper portion
of the eJq)OsUre hood. A lens system focuses the light beam \IP0I;l
the film in the area where the stain is formed. The intensity of
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days. The bomb must be free from dust odinely divided rust b{)
cause such materials appear to promote decon;position of the hy-
drogen sulfide. ,

In the calibration step, standard mixtures are ~ed to the sample
pump, as'indicated in Figure 2. The flow through the rotameter
is adjus'ted within the range of 125 to 150 m!. per minute to pro
vide an excess over the 50 to 100 m!. per minute normally required
by the pump. The sample is taken from the side arm of a special
Pitot-tube T through which the excess of the mixture is being
passed. Several known mixtures are passed through the instru
ment; the recorder positions obtained from the resulting film
stains determine the instrument scale.

Typical flow rates are 2000 m!. of moist air, 275 m!. of carrier
air, and 60 m!. of test sample per minute. After calibration, all
tests are made with the same moist air and carrier air rates.
The test sample rate may be varied to compensate for slight dif
ferences between rolls of film. This adjustment may be made by
a single check with a standard mixture containing 25 p.p.m. of
hydrogen s\)lfide; the throughput of the sample pump is varied
until the recorder indicates 25 p.p.m. of the scale, other rates be
ing identical with those used in the original calibration.

Although the instrument has a scale limit of 100 p.p.m., it will

,I

TEST
OFF

. L.• TEST ON

detect up to 400 p.p.m. as limited by the sensitivity of the re
corder.Through control of the carrier air, rate, con,centrations of
hydrogen sulfide as high as 2000 p.p.m. have been estimated.

Figure 5. Typical field test 'record

PERFORMANCE

Figure 4 is a section of a typical recorder chart obtained from
measurements of 'standard mixtures. It illustrates the precision
of the instrument. In the range of 1 to about 25 p.p.m. of hydro
gen sulfide,in air, ,the instrumep.t is sensitive to a change of 1
p.p.m.; in the range of 25 to 50 p.p.m., to'about 2 p.p.m.; and in
the range of 50 to '100 p.p.m., to about 5 p.p.m.

The speed of response of the instrument is related to the volume
of the sample system and to the time required for film stain to
form and be picked up by the recorder. If the change in con
centration is from a low value to a high one, the recorder responds
in 10 seconds. If 'the change is frorh high to low,the response is
slower. With an increase in hydrogen sulfide from 0 to 400
p.p.m., the instrument will actuate the alarm set to operate at
25 p.p.m. in 40 seconds. The instrument requires several min
utes to level out at each new concentration.

The hydrogen sulfide analyzer-recorder has been used for con
tinuous tests in several locations about the refinery. In a typical
location, the test air streamw'as brought 50 feet to the instrument
from a pump room suspected of containing dangerous amounts of
hydrogen sulfide.' A section of the recorder chart obtained from
this installation is shown in Figure 5. Hydrogen sulfide was
present intermittently. At times the concentration was as
high as 20 p.p.m., which is the maximum allowable concentration
for prolonged exposure. The source of' the gas was traced by a
flexible hose to a valve that leaked intermittently.

The instrument has performed 'satisfactorily in hot, smoky,
and dusty locations and is considered suitable for gen~ral plant
'use;
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Routine service consists of daily inspection of instrument
operation and addition of water to the saturator and humidi
fier; weekly changing of the film. and inspection of the sample
pump; and monthly changing of the recorder chart and lubrica
tion of certain parts. Servicing the recorder normally requires
an additional 15 minutes daily, an extra hour once a week, and an
extra 2 hours once a month.
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Spot Reaction for Acidic Polynitro Compounds
FRITZ FEIGL and VICENTE GENTIL

Ministerio rJa Agricultura, Rio rJe Janeiro, Brazil

Translated by Ralph E. Oesper, University of Cincinnati, Cincinnati, Ohio

When enoIizable nitro cOllnpounds react with rhoda
Dline B, they give red-violet salts, whose red solutions
in benzene fluoresce oran,ge. This. finding has been
Dlade thfl basis of a new, lfairly sensitive spot reaction
for the detection. of enoIizaI)le polynitro cODlpounds.

E EGRIW.E (1) discovered that the violet precipitates formeo
in strong hydrochloric acid solution by the amphoteric

water-soluble dye rhodamine B with antimony(V), gold(III),
and thallium(III) ions can be made the basis of sensitive tests
for these metals. According to Kuznetsov (7), these reactions
involve the production of salts of the dye, or its quinoidal zwitter
ions, with the complex [SbCl.] ._, [AuCl.]-, or [TiC1]- ions.
The production of the antimony compound, whose formation
may also be used for quantitative microdeterminations (8, 9,11),
can be represented as:

Analogous reaction schemes apply for the other two metal
chloride ions and likewise for [SbI.] - (.~) .. Most of the water
insoluble salts of rhodamine B with metal-halogen acids dissolve
in benzene {toluene) to give red-violet solutions (5), a finding
that was first reported by Webster and Fairhall (10) in the case
of the antimony salt. The benzene solutions of most of the rho
damine salts exhibit an orange-red fluorescence in ultraviolet
light.

The behavior of rhodamine B toward organic acidic compounds
with respect t;o the production of colored benzene-soluble salts
has been studied in the present investigation. Enolizable nitro
compounds are outstanding in this regard. When not too dilute
solutions of such compounds are allowed to react with aqueous

neutral or mineral acid solutions of rhodamine B, violet precipi
tates appear in many cases. These products are soluble in
benzene and the resulting red solutions display an intense
orange-r.ed fluorescence in ultraviolet light. The color and the
fluorescence reaction can be observed at dilutions that are too
slight to produce a visible precipitate. This behavior, which is
completely analogous to that of complex metal halogen acids,
is a strong indication that the ·reaction involves the formation
of benzene-soluble salts of rhodamine B with the ad- form of the
nitro compounds.

When other acid groups are absent, the acidic character of
organic nitro compounds is due to the formation of the so
called nitroxy acids (6)-in other words, to the enolization of the
N02 to the N02H group. In the case of aliphatic primary and
secondary nitro compounds, there is an equilibrium between
the tautomeric forms:

-GH2-N02 ;::::: -GH=N02H

CH-N02 ;::::: C=N02H

In the case of aromatic nitro compounds, the acidification re
sults from the rearrangement into quinoidal compounds with
development of NOzH groups. For example, the following
equilibria are established in the case of p-nitrophenol and hexa
nitrodiphenylamine, respectively:

OH 0

'no""v
~Oz ~OzH

Enolizable aliphatic and aromatic nitro compounds give yellow
solutions in caustic alkali because formation of the water-soluble
alkali salt removes the aci- form from the equilibrium. This
removal resulting from salt formation with rhodamine B can
also occur in the absence of water. This is proved by the fact.
that the colorless solution of rhodamine B in benzene (toluene),
which contains the lacta- form of the dyestuff, immediately turns
red on the addition of nitro compounds which are able to produce
nitroxy acids on enolization. This salt formation, beginning
with the lacto- form, can be represented schematically as:
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Because most nitro compounds are far more soluble in benzene
than in water and the colorless lacto- form of the dyestuff can
be extracted by benzene from the water solution of rhodamine B,
it is probable that the reaction given above is likewise involved
Le., the reaction theater is transferred to the benzene solution
when neutral or acid suspensions of nitro compounds in water
solutions of rhodamine B are shaken out with benzene. The
possibility that the color and fluorescence reaction with rhodamine
are due to the formation of molecular compounds with participa
tion of N02 groups can be excluded, because nitro compounds
which are not capable of an enolization do not react with rhoda
mine B. This was demonstrated by the negative results ob
tained with o-nitrophenol, p-nitrotoluene, m-nitroaniline, 6
nitroquinoline, nitroguanidine, p-nitrobromobenzene, p-nitro
acetamide, p-nitromandelic acid, nitrobarbituric acid, I'l-nitro
alizarin, and trinitrotoluene.

Very small amounts of many enolizable nitro compounds can
be detected directly through the salt formation on treatment
with a benzene solution of rhodamine B. However, this pro
cedure is not reliable. Some phenols, mercapto compound;;,
carboxylic acids, and sulfonic acids give red solutions; others are
tinted red when treated with a benzene solution of rhodamine B.
Obviously, here again there is some production of a rhodamine B
salt. Acidic compounds which are not soluble in benzene never
theless produce benzene-insoluble salts with rhodamine B via
topochemical surface reactions.

Solid monobasic fatty acids are not colored by benzene solu
tions of rhodamine B. The aliphatic dicarboxylic acids---{)xalic,
malonic, maleic-give a pronounced reaction, whereas succinic,
glutaric, and adipic acids show no reaction. An intense color is
obtained with a-hydroxycarboxylic acids such as tartaric and
(anhydrous), mandelic acid and its derivatives, malic acid, and
citric acid (including the hydrated variety). The following are
colored irreversibly: 2,7-dihydroxynaphthalene, gallic acid, di
methylglyoxime, benzoinoxime, alizarin, nitroalizarin, 8-quino
lino15-sulfonic acid, and barbituric acid. Powdered phenol resins
are tinted red on contact with benzene solutions of rhodamine
B. Frequently the tinted products give the same fluorescence
color in ultraviolet light as the salts of rhodamine B.

Many inorganic compounds likewise. yield red or red-violet
colors when treated with a colorless benzene solution of rhoda
mine B. Instances of this behavior are: sulfates of the alkaline
earths, anhydrous sulfates of copper, manganese, and cobalt,
cuprous iodide, silver halides, and oxides of aluminum, zirconium,
titanium, columbium, and tantalum. In these cases it is likely
that there is an irreversible adsorption of the dye, whose lacto
form is thus rearranged into its corresponding quinoidal form.
Perhaps the adsorptive binding of the dye molecule involves its
trivalent nitrogen atom or the oxygen of the pyrone ring.

Furthermore, some enolizable nitro compounds do not react
directly with rhodamine B dissolved in benzene, because the
quantity of the aci- form in the tautomerism equilibrium is in
sufficient. The red solutions of rhodamine salts of aci-nitro
-compounds in benzene can be lightened in tone considerably by
.adding an equal volume of ether. This result is due solely to
-dilution; the red benzene solutions of rhodamine salts with
phenols and the like are decolorized by this treatment. It may
be assumed that the ether causes a splitting of the rhodamine B
-salts into their lactone colorless phenol components. The utiliza
tion of this finding together with the fact that alkaline solutions
·contain only ions of the aci- form of the nitro compounds, from
'Which the respective nitroxy acids are liberated transiently on the
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addition of an acid (6) makes possible a
new test for aci-nitro compounds with
rhodamine B as reagent.

In the procedure, it is necessary to
bring together a weak alkaline solution
or suspension of the test material and a
mineral acid solution of rhodamine B
and to extract the mixture at once with
ether-benzene. A red color in the super
natant layer is characteristic of enoliza-
ble nitro compounds. The sensitivities

attained are adequate for micro or semimicro tests, especially for
enolizable nitro compounds. More than 80 acidic compounds
of the most varied classes were subjected to this test in amounts
from 5 to 10 mg. per ordinary drop. Only thio compounds,
such as mercaptobenzothiazole and thioglycolic acid amino
naphthalide, show a behavior with this reagent analogous to that
of acidic polynitro compounds. However, thio compounds are
easily revealed by the iodine-azide test (2) and furthermore they
are readily oxidized to noninterfering disulfide~ by evaporation
with hydrogen peroxide, a treatment which leaves nitro com
pounds unchanged. Accordingly, the test with rhodamine B
in the form given here can be regarded as characteristic for poly
nitro compounds (3).

EXPERIMENTAL

Reagent. A 0.1 % solution of rhodamine B in 4% hydro
chloric acid.

Procedure. Orie drop of the weakly alkaline test solution is
placed in a micro test tube and 5 drops of the rhodamine B re
agent solution is added. Five drops of 1 to 1 ether-benzene mix
ture is introduced and the system shaken vigorously. A red or
pink color in the upper layer and an orange fluorescence in ultra
violet light signify the presence of enolizable polynitro com
pounds.

DISCUSSION RESULTS

The following mononitro compounds, which are capable of
enolization, were tested with the colorless reagent solution:
nitromethane, nitroethane, the three isomeric nitrophenols,
p-nitroaniline, and 5-nitrosalicylic acid. With the exception of
the latter compound, the color and fluorescence reaction were
not evident with amounts below 2500 'Y. o-Nitrophenol does
not show any reaction below 0.5 gram. Furthermore, and
again with exception of 5-nitrosalicylic acid, the stability of the
red benzene solution toward ether is distinctly less than in the
case of enolizable polynitro compounds. Consequently, it ap
pears that nitro and carboxyl groups in enolizable nitro com
pounds exert a positive influence on the occurrence of the reac
tion with rhodamine B.

IDENTIFICATION LIMITS
0.25 'Y of dipicrylamine (2,4,6,2',4',6'-hexanitrodiphenylamine)
0.5 "y of picric acid (2, 4, 6-trinitrophenol)
1 "Y of picrolonic acid [3-methyl-4-nitro-l-(p-nitrophenyl)5-pyrazo-

lone]
"Y of 5-nitrosalicylic. acid
"Y of Martius yellow (alkali salt of 2,4-dinitrophenol)
"Y of naphthol yellow (alkali salt of 2,4-dinitro-l-naphtholsulfonic

acid)
"Y of 2,4-dinitrophenol
"Y of p (m)-nitrophenol
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Colorimetric Estimation of Oltramicro Quantities
of Calciu,m in Human Serum as the Complex with Alizarin
SAMUEL NATELSON and RALPH PENNIALLI

Department of Biochemisty, Rockford Memorial Hospital, Rockford, 1/1.
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Figure 1. Extinction coefficients of calciullI and
llIagnesiullI collIplexes with alizarin and alizarin
sulfonic acid plotted against wave, length. T.E.A.

triethanolallIine
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ALIZARIN REAGE.NT (4 mg. per 100 m!.). Alizarin (Eastman Ko
dak No. P 1599) is purified by heating 1 gram with 100 in!. of
95% alcohol, filtering while hot with suction, filtering off the
crystals obtained on cooling, and washing with 25 mI. of cold
alcoho!. The recrystallized alizarin (40 mg.) is dissolved with
warming and made up to 1 liter with n-octyl alcohol (Eastman
Kodak No. P 871).

CALCIUM STANDARD (10 mg. per 100 mI.). Calcium carbonate
(reagent grade) is dried overnight at 100° C.; 250 mg. is trans
ferred to a 1000-m!. volumetric flask. Distilled water (100 ml.)
and concentrated hydrochloric acid (1 m!.) are added and the
mixture is, shaken until solution is complete. The solution is
diluted to 1000 mI. .

Procedure. Into the screw-cap tubes is introduced 1.0 m!. of
distilled water. A fresh serum sample (0.02 m!.) is washed into
the water. Serum should be fresh, as calcium phosphate pre
cipitates on standing (1). Solutions of 2.0 m!. of 1.0N trietha
nolamine and 3.0 m!. of the alizarin-octanol are added from
burets. The standard contains 0.02 mI. of the calcium standard
solution washed into the 1.0 m!. .of water from the same pipet.
The blank comprises 1 mI. of water, 2 m!. of 1.0N triethanol
amine, and 3 mI. of the alizarin solution. The tightly capped
tubes are shaken for 20 minutes in the shaking machine. After
removal from the shaker the tubes are centrifuged at 2000 r.p.m.
for 5 minutes. Approximately 2 ml. of the upper layer are trans
ferred to another tube and recentrifuged to ensure clarity. The
color is read in the Klett-Summerson colorimeter with the 56
filter. For the Coleman spectrophotometer 2 mI. is diluted to
5 mI. with n-octyl alcohol and the color is read at 560 mIL on the
optical density scale.

Calculations.
Reading of unknown
Reading of standard

Al'apid colorilDletric Dlethod suitable for the routine
clinical laboratory is described for estiDlating calciuDl
by extraction of the calciuDl alizarin cODlplex in n-octyl
alcohol. Pra<:tical or technical grades of triethanol
amine are used to adjust to alkaline pH so as to avoid
turbidity in the alcohol phase. Purer grades of tri
ethanola:mine are not satisfactory for this purpose.
With inorganic alkali iron interference is notoo but
:magnesiullI, bariullI, and strOlmtiuDl do not interfere.
With organic bases i~on does not interfere but inter
ference is noted froDl llIagnesiullI, strontiullI, and
bariullI. The procedure described for hUllIan serUllI
subtracts a constant factor for rnagnesiullI interference
which is of the order of 7%. The calciullI llIay be pre
cipitated as the oxalate and then deterllIined colori
llIetrically as the calciullI alizarinate in n-octyl alcohol.

I Present address, Department of. Bioch~mistrYJ Baylor University,
EIouston, Tex.

METHOD

Reagents and Materials. SCREW-Top TUBES (Kimble No.
4,5066, 16 X 125 mm.). The tubes have a 15cm!. capacity and
~nd the caps should be fitted with liners eut from Tygon sheeting.
Tygon tubing (5-m:m. bore) slit lengthwise may be flattened after
~entle warming on the hot plate to obtain the sheeting. A No.
7 eork borer is used to cut disks to fit snugly inside the caps.

l.ON TRIETHANOLAMINE. Triethanolamine (141 mI. of 95%
E;astman.Kodak No. P 1599) is diluted to 1000 mI. with distilled
water.

T HERE is a need in the clinical laboratory for a rapid,
simple method for calcium estimation on fingertip blood.

The method should analyze from 0.01 to 0.02 mI. of serum or 1 to
2 'Y of calcium. In the search for such a method, a number of
procedures which are in use for larger quantities of calcium were
investigated.

Methods studied include analysis of precipitated calcium oxa
late oxidimetrically (2, 5,33, 36, 38), acidimetrically (34), colori
metrically (37), and by ethylenediaminetetraacetic acid titra
tion (.9, 11, 19). Precipitation as the molybdate (16, 39),
tungstate (12, 18, 24, 27), phosphate (;~5), and sulfate (3), and
direct titration with sodium ethylenediaminetetraacetic acid
in the presence of Eriochrome Black T (32) or murexide (7, 8, 10,
21-23, 28, 40) were also studied. Colorimetric estimation with
1,8-dihydroxy-2-(3·,chloro-6-hydroxybenzene azo) naphthalene
3,6-disulfonic acid (,4) and calcium analysis by flame photometry
(13, 17, 30, 41) were also investigated.

These methods were found unsuited to the purpose of the
present work because of one or more undesirable features, such
as the need for too large a sample, long or tedious procedure, or
interference caused by icteric or even slightly hemolyzed serum
or magnesium.

Alizarin and related l)ompounds were then investigated, since
these compounds form intensely colored complexes with calcium
as evidenced by their use in staining bOIle (6). Further, calcium
had been assayed by precipitating the oxalate, dissolving in acid,
and reprecipitating with alizarin and dissolving the precipitate
to read the alizarin colorimetrically (14). A method was finally
devised which was suitable for analyzing 1 to 2 'Y of calcium rap
idly from serum.

434
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Comparison of Ultramicromethod and Mediod of Clark and Collip (5) for
Human Serum

jJg. CALCIUM/3ml

Figure 2. Klett reading (absorbance X 500)
plotted against concentration for calcium

complexes with 560-m'/l filter

The observed difference between the ultramicromethod and
the Clark and Collip method (5) was 0.50. The t value to be
exceeded at the 1% level was 2.74, with an observed t value of
13.38 comparing the averages of the two methods. Since the
value of 0.6 was not obse'rved, it was suspected that the Clark
and Collip method was giving high results as claimed by others
(31). Table II compares the results by the Clark and Collip
method with that obtained by analyzing the precipitate from
the ·Clarkand Collip method by the ultramicromethod for its
actual calcium content. This procedure is 'listed as the absolute
procedure in Table II because magnesium interference has been
essentially eliminated by oxalate precipitation.

A significant .difference ·betwe.en the two procedures was ob
served. The t value for differences between averages (8.79)
exceeded the t value for differences between averages (2.85)
at the 1% level. Adding this difference (0.38) to that observed
in Table I a total difference of 0.88 mg. per 100 ml. was obtained

5

Co
ALIZARIN

SULFONIC ACID

(pH·IO.I)

Co
AL IZARINA'TE

(NoOH'
octano!)

Co ALIZARINATE
,<I.E.A. -octanol)

0.0040
0.0008
0.0068
0.0040
0.0364
0.0264
0.0032
0.0100
0.0242
0.0040
0.0012
0.0084
0.0040
0.0012
0.0008

1:",2 _ (1:",)2
N

~oo

200

~ 150
o
'"UJ
a::

....

....
UJ
...J

'"

anthraquinone, a' calcium com
plex was not extractable into
the organic phase. 1,2,5,8
Tetrahydroxyanthraquinone
has properties similar to ali
zarin but oxidizes in air when
alkaline.

With potassium or sodium
hydroxides, magnesium, bar
ium, and strontium are not ex
tractable, as the alizarin com
plexes, into the organic phase.
Iron is extractable. However,
because of persistent turbidity
in the alcohol layer, the inor
ganic alkali was abandoned in
favor of organic base. Trieth
anolamine (practical or com-
mercial grade) as the base in the
aqueous phase resulted in a

clear alcoholic phase with high absorptivity (Figure 1). In this
system iron was not extractable but magnesium, barium,
and strontium could be extracted. The absorptivity of the
magnesium alizarin complex is 0.3 times that for the calcium com
plex and magnesium is normally present in serum at 0.2 times
the calcium concentration (32, 35). This should introduce an
error of 6%. Table I is a study designed to determine the correc
tion factor for magnesium experimentally.

Clark and Collip (5)

No. of Mean,
detns. mg./l00 ml.

2 10.26
2 10.10
2 9.70
2 9.86
2 10.26
2 8.92
2 9.88
2 10.13
2 9.36
2 9.59
2 9.65
2 10.15
2 9.89
2 9.89
2 9.50

9.81
Std. dev. ± 0.10

Serum
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

(1:",)2 Corrected
~X2 _ __ value

N (mean - 0.7)

0.0000 10.0
0.0450 10.4
0.0648 9.4
0.0000 9.6
0.0000 10.1
0.0000 8.9
0.0392 9.7
0.0018 10.0
0.0128 9.5
0.0024 9.0
0.1130 9.1
0.0924 9.6
0.0000 9.6
0.1405 9.9
0.0338 9.7

9.63

Ultramicro

Mean,
mg./100 ml.

10.73
11.11
10.11
10.29
10.82
9.55

10.44
10.69
10.22
9.67
9.81

10.30
10.33
10.60
10.40

Av. 10.31
Std. dev. ±0.18

Table I.

Serum No. of
No. detns.

1 2
2 2
3 2
4 2
5 2
6 2
7 2
8 2
9 .2

10 2
11 4
12 2
13 2
14 2
15 2

The correction factor may be avoided by adding magnesium to
the calcium standard (2 mg. of magnesium per 100 ml. or 204
mg. of magnesium sulfate heptahydrate per liter). This system
(suggested by R. E. Mosher) has been found to have advantages
for the routine laboratory.

ALIZARIN METHOD USING OXALATE PRECIPITATE

Serum (or urine) (0.2 ml.) is measured into a 3-ml. centrifuge
tube with a mark at 2 ml. Saturated ammonium oxalate solu
tion (0.2 ml.) is added and the w.ell-mixed solution is allowed to in
cubate at 37° C. for 2 hours. After centrifuging at 2000 r.p.m. for
5 minutes the supernatant is aspirated. Then 0.3 ml. of 1.2%
ammonium hydroxide (concentrated ammonium hydroxide,
58%, diluted 1 to 50) is added and the solution is mixed and
centrifuged as before, aspirating the supernatant. The pre
cipitate is redissolved in 0.2 ml. of O.IN hydrochloric acid at
100° C. and 'diluted to the 2-ml. mark; 0.2 ml. is transferred to
the culture tube, 0.8 ml. of distilled water is added, and one
proceeds as described.·

Calculations.

Reading of unknown X 10. = mg. Ca/100 ml.
Reading of standard

DISCUSSION

Alizarin sulfonic acid (alizarin red S), which was first investi
gated, was found unsatisfactory because of relatively low ab
sorptivity (Figure 1), overlapping of its absorption spectrum with
that of the calciuIJI complex, magnesium interference, linearity
of absorbance-concentration plot being maintained over a narrow
range of concentration (Figure 2), and because pH had to be
controlled critically (10.1 to 10.6). It was felt that greater
specificity would be obtained if the complex could be extracted
preferentially by an organic solvent. Because of the polar
nature of the sulfonic acid group, the alizarin sulfonate complex
could not be extracted by an organic solvent. Alizarin was
therefore investigated for the same purpose.

It was found that calcium alizarin complex may be preferen
tially extracted from an alkaline (0.1 to 2.0N sodium or potas
sium hydroxide) solution of alizarin, leaving the excess alizarin
in the aqueous phase. I-Butanol, n-amyl, isoamyl, n-.hexyl,
n-heptyl, n-octyl, 2-methylcycl~hexyl,and n-decyl alcohol would
extract the ca:lcium alizarin complex from the aqueous 'phase
while diethyl ether, diisopropyl ether, di-n-butyl ether, 4-methyl
2-pentanone, 3-heptanone, chloroform, carbon tetrachloride,
toluene, heptane, benzene, 4-methyl-2-pentanone, 2,4-dimethyl
3-pentanol, methyl n-hexyl carbinol, and caprylic' alcohol were
unsatisfactory. Jt is of interest that 4-methyl-2-pentanol and
4-methyl-2-pentanone were found to extract the iron alizarin
complex but not the calcium complex. This preferential solu
bility of alizarin metal complexes inorganic solvents may be use
ful for metal determinations other than calcium. From isomers
of alizarin, 1;4-dihYdroxyanth~~qlii'~one' and 1,5-dihydroxy-
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When larger amounts of
serum are available and when
speed is not essential the au
thors prefer to precipitate the
calcium as the oxalate. For
serum obtained from experi
mental animals a magnesium
interference factor needs to 'be
determined for the particular
anima!. In rabbits the inter
ference is of the same order,
percentagewise, as in humans
(7%), the absolute factor
being higher since total calcium
is higher.

Analytical grade triethanolamine (Eastman Kodak No. 1599)
may not be used in this procedure since it is not sufficiently basic
to convert the alizarin to the purple color. Small amounts of
diethanolamine (5%) added to pure triethanolamine results in
complete extraction of the alizarin from the organic phase but
a decrease in sensitivity as for inorganic Itlkali (Figure 1). Thus
pH is not the sole factor in producing the results observed with
impure grades of triethanolamine. Addition of 5% monoetha
nolamine to the triethanolamine gave the high sensitivity of the
impure triethanolamine. Thus the results observed with prac
tical triethanolamine are probably due to a calcium alizarin com
plex formed with monoethanolamine or some impurity present
in monoethanolamine other than diethanolamine. Commercial
triethanolamine (Carbon & Carbide) is also satisfactory.
Matheson, Pract. No. 2885 is not satisfactory for this purpose.
Tests of different shipments of Eastman's practical triethanola
mine produced consistent results and this material is recom
mended.

High concentrations of alkali or salts in the aqueous phase
should be avoided since it tends to drive the alizarin into the
organic phase (Figure 3). Concentrations of phosphate, fluo
ride, and oxalate in the aqueous layer exceeding O.IN will inter
fere with complete extraction of the calcium alizarin complex
into the aqueous layer. The amount of oxalate remaining in
the procedure where calcium is precipitated as the oxalate does
not measurably interfere.

No. of Mean,
detns. mg./l00 m!.

2 9.65
2 10.15
2 9.89
2 9.89
2 9.34
2 9.50
7 9.94

9.81
Std. dev. ± 0.10

101.5

Mean
Recovery, %

18
19
20
21
22
23
24

Serum
No.

Std.
Dev. ±

Cl.051

0.0727
0.0018
0.0827
0.0338
0.0000
0.0207
0.1289

1.015

Mean
Recovery

Ca
Added, 'Y

1. 00
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./ _ AT 560mp.

Mean,
mg./IOO m!.

9.09
10.10
9.87
9.27
8.91
9.00
9.70

Av. 9.43
Std. dev. ± 0.15

Absolute Proc":::.du"'r"'e -----:=-'""'
(2::>:)'

2:",' - ----w-

COlllparison of Absolute Procedure and Method of Clark and Collip (5) for
HUlllan Serulll

Clark and Collip (5)

4
2
4
2
2
;;
7

No. of
detILS.

o!:-0---f----~i:---~3t----;Al:~---t;----i~:-
NORMALITY of ALKALI (NoOH)

3. Influence of alkali concentration on
color density of solvent blanks

:;0

250

...........

..J

'"

Figure

~ 200
o.....
II:: 150

11

Table II.

Serum
No.

18
19
:20
21
22
23
24

Table III. Recovery of Calcium Added 1:0 HUlllan SerUllls
Ca

No. of in Serums
Serums (Mean), 'Y

2.095

as the effect of magnesium interference, as eompared to a calcu
lated value of 0.60 mg. per 100 m!. One reason for this difference
is the fact i;hat oxalate does not precipitate all the caleium (26,
fJ9)" Another reason came from an unexpeet.ed source.

It was noticed that recoveries of magnesium added to calcium
solutions were high. The readings obtained for magnesium were
higher in the presence of calcium than in it3 absence. Thus to
the calculated figure of 0.60 had to be added a correction factor
for this auxochrome effect. Statistical analysis revealed this
factor to be 0.14. The total iactor, to be subtracted from the
calcium value obtained experimentally, ealculated to 0.74 or
0.7 in significant figures. One explanation for this auxochrome
effect is the possible formation of a combined magnesium-eal
cium alizarin complex. In Table I this faetor is subtracted from
the observed values ·~o obtain the corrected values in the last
column of the ultramicro section. These values are lower than
that obtained by the Clark and CoIIip method.

The extent of error introduced by variations in serum mag
nesium may be estimated from the extremes of magnesium con
centration observed. in human serum. The lowest value ob
served is reported as 0.6 mg. per 100 mI. (15). In this seven
month old infant, 1. gram of magnesium sulfate administered
daily resulted in a level of 2.6 mg. per 100 mI. after two weeks.
The highest serum magnesium level reported by Sobel (32) was
2.27 mg. per 100 m!. and by Orange (20) was 2.3 mg. per 100
mI. Assuming extremes of 0.6 to 2.6 mg. of magnesium per 100
m!., possible errors of +0.49 to -0.21 mg. per 100 m!. could be
made when using the 0.7 mg. per 100 m!. correction factor.
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Applications of Curved-erystal X-Ray Spectrometers
Microanalysis and Simultaneous Analysis
L. S. BIRKS and E. J. BROOKS

U. S. "Nna' Researcb Laboratory, WaslJ/ngton, D. C.

Curved, reflection-type, focusing crystals allow. f1uores';
cent x-ray spectroscopy to be applied to analysi!l of
microgralD quantities of specimen lDaterial. The in
tensity, resolution, and line-background ratio froID a
I-lDg. specilDen on a curved-crystal spectrolDeter were
found to be as good as those froID a 10-gralD speciIDen
on a colDlDercial flat-crystal spectrolDeter. Parts per
million of niobiulD, hafniulD, tantalulD, thoriulD, and
1.U'aniulD in iron were lDeas1.U'ed by extracting these
elelDents froID 10 gralD8 of iron, the residue containing
5 to 20 'Y of each of the five elelDents. Standard devia
tions for these lDeasurelDents were of the order of 13%
of the alDount present. Curved crystals also silDplify
the instrulDentation for siIDultaneou8 analysis of
several elelDents in a specilDen. An eIaDlple is shown
for the analysis of chromiulD, nickel, and 1D0lybdenuID
in steel with a very compact arrangelDent of fixed
detectors and curved crystals.

THE use of a curved, reflection-type, focusing crystal for
fluorescent x-ray spectroscopy has been described (3). In

tlMl focusing arrangement shown in Figure 1, an ordinary flat
specimen is located outside the focusing circle and a slit. on the
focusing circle acts as a line source of radiation. In another
arrangement, the large specimen may be removed, and the slit
can be replaced by a capillary-type specimen located on the fo
cusing circle. Two applications in which the curved-crystal ar
rangement has advantages over other x-ray spectrometers (3) are:
analysis of microgram quantities of specimen material and re
peated simultaneous analysis for a particular group of elements.
For simultaneous analysis, a number of appropriate crystals and .
detectors are used corresponding to the number of elements being
detected.

MICROANALYSIS

For many slIlill samples, the constituents are not known, and
a qualitative analysis is required before a quantitative analysis
can be performed. Therefore a scanning, curved-crystal spec
trometer was constructed as shown in Figure 2. The lead
shielding has been removed in the photogr~p'h, so that the com
ponents are more easily shown. The capillary-type specimen,
consisting of powder cemented to a fine glass fiber, is mounted
at A on the focusing circle. The crystal, 0, and detector, D,
move along the periphery of the focusing circle centered at B.
Gearing of the crystal and detector arms is such that the detector

moves at twice the angular velocity of the crystal, so that the
~iger-counterslit will always be at the focus of the diffracted
radiation. Furthermore, it is neceBBary to keep the detector
pointed at the crystal rather than tangent to the circle. This'is
accomplished by the wire and pulley system, EFG, which turns
the detector mounting table, E, through the proper angle as the
detector arm rotates. Both manual and motor drive are pro
vided for the spectrometer. The range in wave length that can
be covered by the spectrometer is limited at the short wave-length
end by the crystal touching the specimen and at the long wave
length end by the spacing of the crystal. With lithium fluoride
the wave-length range is from 0.46 to 3 A. By substituting

X-RAY TUBE

o
A1~'Ji,1\'

SPECIME~ [~~'~'.f'4lQ:l

.
" "\, ... ",/0

"fl:~::CT"
Figure 1. Principle of curved, reflection
type focusing-crystal arrangelDent for x-ray

spectroscopy

Table I. Analysis of Iron and Manganese in an A1uminulD
Alloy Containing 0.52% Iron, 0.81% Manganese

Curved Crystal· Flat Crystal.
Fe Mn Fe Mn

Intensity, counts/sec. 390 160 280 190
Breadth of line at half

maximum 0.5· 0.4· 0.50 0.50

Line/background ratio 19.5 16.0 18.7 19.0

• I-mg. aluminum alloy sample containing less than 10 ., each of iron and
manganese.

& Ordinary flat sample containing several grams of aluminum alloy.
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sedium chloride, the long wave-length end may be extended to
4 A. For wave lengths less than 0.86 A. (krypton absorption
edge), it is of advantage to substitute a krypton-filled Geiger
tube for the usua.! argon-filled tube.

A test of the analysis of small quantities of specimen material
was conducted on an aluminum sample containing fractional per
centages of iron and manganese along with other elements. The
aluminum merely acts as a matrix and does not interfere with
analysis for the desired elements. A speeimen of about 1 mg.
was scraped from the aluminum block and mounted on a capillary
as described above; the actua.! amounts of iron and manganese
present in the milligram sample were less than 10 'Y each. Re
sults from this small specimen were compared with results from
the large a.!uminum block analyzed on a commercial f1atr-crystal
spectrometer and are shown in Table I. As can be seen from the
table, the intensity, resolution, and line-background ratio are as
good from the I-mg. specimen as from the specimen containing
several grams of materia.!.

Figure 2. Scanning-type cuned-crystal
spect;rometer

A. Capillary specin1en
B. Axis of foensing circle
C. Curred crystal on brass DlOunt
D. Geiller-eounter detector
E. Detector Dlounting table pulley
F. Pulley wire
G. Drive pulley

As a further illustration of the application of the curved-crystal
anangement to .microanalysis, a particular problem arose in
which it was desired to determine some 50 elements in iron when
the concentrations were about 1 p.p.m. Although most of the
elements were conveniently handled by conventional emission
spectroscopy, six of the elements-niobium, hafnium, tantalum,
thorium, uranium, and cerium.,---were not readily amenable to that
method. Of these six elements, only cerium could not be detected

iby x-ray spectroscopy; the wave lengths of its K series lines were

ANALYTICAL CHEMISTRY

too short, and those of its L series lines were too long. The re
maining five, along with possibly some 1'5 other elements, were
separated from the iron. by a mercury-cathode, electrolysis ex
traction. As some of the 15 undesired elements would interfere
with x-ray spectroscopy of the desired five, it was necessary to
remove them by standard chemica.! procedures, the procedures
used being determined by which of the 15 elements appeared with
emission spectrocopy. The final residue from an initial lQ-gram
iron sample (containing of the order of 10 'Y of each of the five
desired elements) was ideally suited to the scanning, x-ray spec
trometer described above. Because one could not be sure of
collecting all the residue on the capillary, an internal standard
(5)-thallium-was added at the end of the extraction process,
so that the intensities of each of·the five elements could be com
pared with the intensity of the known percentage of thallium.
As the same fraction of $a.Ilium as for the other five elements
would be lost in collecting~the residue, the composition ratio of
each of the five to iIialliiun reinairied unchanged.

When a residue w"a.8·;r.ep~d rr; ilie iMnner described above, it
was inqeed possible' 1;0,.me~e. the x-ray fluorescence from the
five desired elements an~~to~d1termine·theratio to the thallium
intensity. However it is not possible to state, a priori, what the
content of each:df·tli~·~I~J:Iien~~:fi-oin:the nieashred intensity
ratiQs~ withQut·.lcii6wit:s)AA'd~d,ij·{orc.ompa.risQn.... Five known
compositions were.. p.J'epai~d.to illustrate how the "unknown"
thallium intensity r~tio~aned'for the five elements and also to
determine the-aecw-acy-'tliai· might-be'eicpected'>from analySes of,
s.uch residues takiftg~inWconBiderati(m'how;tlfelBtenBityfrom'one
element 'miib:i b"€:Affected:»y cllangirig' the 'telatlv-e"colicentraiion
of another" eleniefft(iiFtflis:"CaSe the' itifePDilJ'standardth8.lliUIh.
. TableII li~tS theC6ihposition of the"fivEi' standards which were

prepared by dissolving appropriate amount-s of the elements in
sulfuric acid and' ·carrying· through the steps in the extractio'n
process. As shown in the table, both the absolute amount of a
given element and the amount relative to thallium are varied.
In order to compare results from the five combinations in Table II
it was necessary to norma.Iize the data aa follows: For a given
unknown, say nio1;lium, ·the intensity ratio niobium-thallium waa
determined for each of the five combinations in Table II. These
five intensity ratios were normalized to equal concentrations of
niobium and thallium by multiplying by the inverse of the actual
concentration ratio.' For instance, in the combination 1 p.p.m.
of niobium to 2 p.p.m. of thallium, the observed intensity ratio
for niobium-thallium was multiplied by 2/1, etc. All the nio
bium-thallium ratios should then be the same and standard and
maximum deviations from the average could be determined.

Table II. Combinations of Unknowns and Thallium
(Quantities equivalent to parts per million in 10 grams of iron)

Unknowns. T·hal!ium.
P.P.M. P.P.M.

0.5 I
I 0.5
I 1
1 2
2 1

Table Ill. Intensity Ratio of Unknowns to ThalliulD
AverageO

Average O Intensity
Wave Intensity. Ratio. Standard Maximum

Unknown Length. Counts/ Unknown Deviation, Deviation.
Element A. Sec. TI % %

Nb 0.745 353 4.02 18.9 26.9
Hf 1.57 114 1.29 8.5 13.2
Ta 1.52 92 1.05 11.2 18.1
Th 0.95 84 0.96 12.9 16.7
U 0.91 67 0.77 14.9 18.6

Average 13.3 18.8

G Average'after normalization to 1 p.p.IIi. of unknown .and 1 p.p.m. of
thallium of five combinations given in Table II. Wave-length of Tl La -
1.21 A. .



VOL U M E 27, NO.3, MAR C H 1 95 5 439

Mo,
%

2-3
0.2
0.28
0.55
l.q8

-3-

Table IV.

Specimen

1
2
3
4
5

100,000

10,000

0
z
0
0
w
If)

0::
W
0.

If) 1,000t-
Z
::;)

0
0

Co:mposition of Chro:mium-Niobium
Molybdenu:m Steels

Cr, Ni,
% %

10-18 10-14
0.53 0.55
1.25 3.44

11.5 O·
11.4 0

Figure 3. Fixed crystal-detector arrange:ment for si:mul
taneous analysis of chro:miu:m, nickel, and :molybdenum

steel

20100.1 1.0
WEIGHT. % CONCENTllllTION

Figure 4. Fluorescent x-ray interisityt,s. composi
tion for chromium, nickel; andm"O"lybdenum steel

the slit on the focusing circle controls resolution and .intensity
and may be opened to increase inten~ity when resolutio~ .can be
sacrificed. . : ' ". : .

Figure 3 shows the instrumentation of siili~ltanebUS :analysis
of chromium, nickel, and m'olybdenum .·in steel 1J.S1ng thre:e' crys
tals and three detectors in fi..xed positions.. CutVed":1ithlum fluo
ride (.1) analyzing crystals were I):se.d for all thriie·.eieme~,ts, the
radii of curvature being 40 em. for rri\jlybdenum~ atrd' 2«(cm. for
nickel and chromium. A krypton-fill~9' d.ete~t9r·· WJJ.8 :.used
for the molybdenum radiation; argon~filred dete'cfurs were used
for nickel and chromium.

Five nickel-chromium-molybdenum steels were chosen with
compositions covering a large variation in each of the three ele
ments as shown in Table IV. Ordinary sized specimens were
used and yielded the intensity vs. composition curves shown in
Figure 4' (no background corrections were made). Because of
the large variation in composition, it was necessary to use ab
sorbers in front of the detectors for some of the measurements;
the counting rates shown in Figure 4 were corrected for this,
which explains the counting rates of 20,000 counts per second.

The three crystals and detectors may be repositioned to detect
three other elements, or more crystals may be added within
reason for simultaneous analysis of more than three elements,

CONCLUSIONS

Curved-crystal spectrometers for fluorescent x-ray analysis
have some advantage over flat-crystal spectrometers even for

SIMULTANI':OUS ANALYSIS OF SEVERAL ELEMENTS

Simultaneous analysis of several elements using flat analyzing
crystals has been described (1). Curved-crystal arrangements
have several advantages over flat crystals: No collimators are
required, thus allowing a more compact instrumentation; either
a large or small sample may be used, and with a large specimen,

Table III lists results from the normalized data for each of the
unknown elements. Standard and maximum deviations are of
the order of 13 and 19% of the amount present, respectively.
It is felt that these represent the errors which would be observed
in practice due to inaccuracies in adding the internal standard
and the relative effect of one element upon another. From the
intensity obtained with 5 'Y of an element (0.5 p.p.m. in Table
II), it is estimated 1 'Y would be detectable.

As shown in Table III, with the exception of niobium, the
intensity ratio of unknown thallium decreases as the wave length
of the unknown decreases as would be expected, since the sensi
tivity of the detector decreases with wave length. The niobium
thallium ratio cannot be compared with the others because a
krypton-filled Geiger tube was used to detect the niobium radia
tion. To illustrate the advantage of the curved crystal, a
residue similar to those used above was collected on a 0.25-mil
Mylar film and examined in a commercial, flat-crystal spectrom
eter. The intensity was less than 0.1 that with the curved
crystal. For reasonable counting times, this made the total
count so low that large statistical errors were introduced.

For small samples such as these, almost all of the material is
subject to excitation and fluorescence. Such is not the case in
ordinary fluorescence analysis, where the specimen is effectively
of infinite thickness. Calculation procedures such as that de
scribed by Beattie and Brissey (2) cannot be applied to small
samples.
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large specimens. With a slit acting as a line source of radiation,
the slit width controls resolution. By opening the slit, intensity
may be increased where resolution can be sacrificed. To accom
plish the same purpose with flat-crystal spectrometers, it is
necessary to have several interchangeable collimators. For
very small amounts of specimen material, the curved-crystal
instrument has its greatest advantage. It yields appreciably
higher intensities (by an order of ten times) without loss of resolu
tion. It offers the possibility of analyzing microgram quantities
of material with accuracy comparable to the analysis of gram sam
ples. The curved crystal is applicable to either a scanning-type
instrument or multichannel analysis. For multichannel analysis,
elimination 6f any collimating device allows more compact in
strumentation.

ANALYTICAL CHEMISTRY
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Colorimetric Determination of Phosphorus by
Modified 'hosphomolybdate Method
D. N. BERNHART and A.. R. WREATH

Research Laboratories, Victor Chemical Works, Chicago Heights, 1/1.

A modified colorimetric procedure for orthophosphate
employs a 4% solution of molybdic acid in ION sulfuric
acid and a medium which is at least 25% acetone by
volulDe. As most water-insoluMe alkyl phosphates
are acetone-soluble, the method serves well in deter
mining the amount of uncombined phosphoric acid in
these compounds. The method is specific for ortho
phosphate and is not affected by moderate concentra
tions of pyro-, meta-, or polyphosphates. It may be
used ,to determine orthophosphate in commercial con
dlensed phosphate compounds, and in organic and in
orgaDic phosphorus compounds after conversion of the
phosphorus to orthophosphate by acid digestion or
alkaline fusion in a selDiIDicro Parr bolDb.

T IHE yellow complex fonned by phosphate with vanadate
: and molybdate in acid solution has been shown to be capable

of high precision in tiRe quantitative comrimetric determination
of phosphorus (1, 2). The mixed reagent of vanadate and
molybdate must be allowed to age a few days before use, as it
tends to precipitate. In this laboratory free phosphoric acid in
organic phosphates (some of which are insoluble in aqueous
solution) and orthophosphates in poly,phosphates have been
detennined by the molybdenum blue proeedure. The investiga
tion of the vanadomolybdate method led to the development of a
simplified procedure.

The method presented here makes use of only molybdate in
acid solution and acetone or acetone-water solutions as the sol
vents. The former eliminates the need to age the reagent. The
latter intensifies the phosphomolybdate calor and allows complete
solution of the organic phosphates. Although the omission of
the vanadate is not entirely new (3), the use of a water-soluble
solvent such as acetone simplifies the extraction procedure using
butyl alcohol and may be used in aqueous solutions. For
complete color development the final volwne of solution may be
as low as 25% or as high as 95% acetone by volume with very
little change in color intensity taking place between these con
centIrations. The color forms immediately and is stable for
at least 5 hours. AB low as 0.0025 mg. and as high as 3.00 mg.
of phosphorus pentoxide may be detected iby this procedure using
a Klett-Summerson photoelectric colorimeter at 430 mJL. Using

this instrument at that particular wave length, standard curves
which varied slightly from being linear were obtained at concen
trations of from 0 to 0.3 mg. of phosphorus pentoxide and from 0
to 3 mg. of phosphorus pentoxide using a 40-mm. cell and io-mm.
test tube, respectively. When C.P. ammonium molybdate and
commercial grade acetone were used, the blanks were practically
undetectable with the Klett-Summerson photoelectric colorim
eter.

Orthophosphates may be determined in commercial poly
phosphates, since the latter, in moderate concentrations, do not
affect the color intensity and do not hydrolyze to orthophos
phate rapidly enough to vitiate the results.' Table I shows the
accuracy achieved in determining orthophosphates in both con
densed phosphates and alkyl phosphates.

The total phosphorus pentoxide contents of various organic and
inorganic phosphate 'compounds were determined by this pro
cedure following conversion to orthophosphate by either acid
digestion or oxidation in a semimicro Parr bomb. Table II
shows a satisfactory agreement between this method and the
volumetric ammonium phosphomolybdate method which is
commonly use.<! in this laboratory.

Table I. Determination of Orthophosphates in
Condensed and Alkyl Phosphates

Weight of
lliPO., Mg.Sample,

Compound Gram Added Found

DibutYl phosphonate 0.100 0.099
0.200 0.200
0.300 0.302

Mono-octyl phosphonate o.roo 0.100
0.200 0.198
0.300 0.303

Sodium 'tripolyphosphate 0.01 0.100 0.100
0.200 0.200
0.300 0.302

Tetrasodium pyrophosphate 0.01 0.100 0.100
0.200 0.201
0.300 0.300

Sodium hexametaphosphate 0.01 0.100 0.101
0.200 0.203
0.390 0.301

StaDdard deviation, 7 parts per thousand.
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Table II. CODlparison of ColoriDletric and VoluDletric
Methods

REAGENTS

'Ammonium Molybdate Solution. Dissolve 18.8 grams of
ammonium molybdate, reagent grade, in 300 ml. of water. Add
150 ml. of sulfuric acid (98%) carefully. Cool and dilute to 500
ml. with water.

Standard Phosphate Solution A. Dissolve 1.9157 grams of
mono:potassium phosphate, previously dried at 105° C. for 1
hour, m water and dilute to 1 liter; 1 ml. = 1.0 mg. of phosphorus
pentoxide.

Standard Phosphate Solution B. Dilute 10 ml. of the solution
A to l00-ml. volume with water; 1 mI. = 0.1 mg. of phosphorus
pentoxide.

PROCEDURE

Free Phosphoric Acid in Organic Phosphates. Dissolvll 1
gram of sample in acetone and dilute to 100 ml. with acetone.
Transfer a 5-ml. aliquot to a 25-mI. volumetric flask, add 2 ml.
of ammonium molybdate solution, dilute to 25 mI. with acetone,
and mix thoroughly. Prepare a blank with the same quantities
of reagents and adjust the colorimeter to zero at 430 m",. Deter
mine the absorbance of the sample and calculate the free acid con
tent from a standard curve prepared with the same quantities. of
reagents and 0, 1, 2, and 3 mI. of standard phosphate solution B.

Orthophosphate in PolYJlhosphates (Pyro-, Tripoly-, Meta-).
Dissolve 1 gram of sample m water and dilute to 100 mI. Trans
fer a I-ml. aliquot to a 25-mI. volumetric flask, add 2 ml. of am
monium molybdate and 10 ml. of acetone, and dilute to volume
with water. Prepare a blank with the same quantities of re
agents and adjust the colorimeter as before. Determine the ab
sorbance and calculate as in the free acid method above using
the same standard curve.

Compound

Monosodium phosphat-J
Tetrasodium pyrophosphate
Sodium tripolyphosphate
Sodium metaphosphate (hexameta)
Trisodium phosphate
Diammowum phosphate
Dicalcium phosphate
Tricalcium phosphate
Calcium tripolyphosphate
Trimagnesium phosphate
Trioctyl phosphate, wet ...hed
Trioctyl phosphate, Parr bombed

Total P.O. Content, %
Volu- Colori-
metric metric

57.5 57.5
53.6 53.5
57.5 57.2
67.3 67.5
19.9 19.8
53.8 53.8
41.1 41.3
39.5 39.7
46.2 46.2
35.9 36.1
16.4 16.4
16.4 16.3

Total Phosphorus Pentoxide Content. 'INORGANIC PHOS
PHATES. Convert 0.5 gram of sample to orthophosphate by
fuming with 10 m!. of perchloric acid (if the sample is an ortho
phosphate dilute to 100 ml. with water, add 10 m!. of perchloric
acid, and boil for 5 minutes). Dilute to 500 ml. with water.
Transfer an aliquot containing 1.5 to 2.5 mg. of phosphorus
pentoxide to a 50-m!. volumetric flask (a 5-ml. aliquot is appro
priate for most phosphates). At the same time, transfer a 2
mI. aliquot (2 mg. of phosphorus pentoxide) from standard solu
tion A to a second 50-mI. volumetric flask. Add 10 ml. of am
monium molybdate solution and 25 ml. of acetone to each
flask. Dilute to volume with water. Mix well and set the
colorimeter by adjusting the reading to match that of the stand
ard curve at 2 mg. with the standard containing the same amounts
of reagent and 2 mg. of phosphorus pentoxide. This curve is
prepared by using the same volume of reagents as above with
0, 1, 2, and 3 ml. of standard solution A. Obtain the absorbance
of the sample and calculate the phosphorus pentoxide content
from the sample weight and the standard curve.

ORGANIC PHOSPHATES. Oxidize a 50- to 100-mg. sample in
a semimicro Parr bomb or fume 0.5 gram with a mixture of 25 ml.
of nitric acid and 10 mI. of perchloric acid. Use the latter pro
cedure only if the phosphorus is linked to carbon through oxygen.
Dilute to appropriate volume and transfer an aliquot containing
between 1.5 and 2.5 mg. of phosphorus pentoxide and continue
as indicated above for inorganic phosphates.

CONCLUSION

The method is simple, rapid, and accurate. The reagent is
more stable than the mixed vanadate-molybdate reagent. . The
acetone solution intensifies the color and makes possible the
complete solution of organic phosphate for the colorimetric
determination of free phosphoric acid.

ACKNOWLEDGMENT

The authors wish to acknowledge the assistance of Esther
Paciorek in obtaining the data presented in this paper.

LITERATURE CITED

(1) Barton, C. J .. ANAL. CHEM., 20,1068-73 (1948).
(2) Gee, A., and Deitz, V. R., Ibid., 25, 1320-4 (1953).
(3) Snell, F. D., and Snell, C. T., "Colorimetric Methods of Analysis,"

3rd ed., Vol.· II, p. 675, Van Nostrand, New York,
1949.

RECEIVED for review June I, 1954. Accepted Septemb>r 24. 1954.

Infrared and X-Ray Diffraction Studies of Digitonin
OLIVER H. GAEBLER, JONATHAN PARSONS, and W. T. BEHER

Edsel B. Ford Institute lor MedicI I Research, Henry Ford Hospital, Detroit 2, Mich.

CODlDlercial digitonin preparations gave three types of
x-ray diffraction patterns: a noncrystalline type, and
two distinct crystalline ones. Differences also occurred
in infrared absorption, but spectra of lots which gave
different x-ray diiJractionpatternsDlaybeindistinguish
able. Digitonin preparations which difl'ered with re
spect to these optical properties proved to be equally
useful in several analytical applications.

M ANY analysts whe used the original procedure of Schoen
heimer and Sperry (..n for determination of cholesterol

searched diligently for a consistently satisfactory source of digi
tonin. In the more recent methods of Sobel and Mayer (5:
and Sperry and Webb (6), earlier difficulties have been over·
come by dissolving the glucoside in 50% alcohol instead of in
water. Nevertheless, it must be kept in mind that commercial
digitonin has a number of components, since new analytir.al pro
cedures involving its use continue to appear. For example,

the color reaction which digitonin gives with anthrone has reo
cently been used by Beher and Anthony (1) to estimate total
p-steroids in a digitonide precipitate. Dihydrocholesterol is pre
cipitated by digitonin but does not give the Liebermann-Burchard
reaction, and can thus be detected in the presence of cholesterol.

In the present study it was proposed to determine whether
infrared spectra and x-ray diffraction patterns could serve as
criteria for selection and preparation of digitonin suitable for
determination of cholesterol and other p-steroids. It was found
that lots of the glucoside obtained from a number of suppliers
were equally usef\li in present methods, although they differed
considerably with respect to infrared absorption and x-ray dif
fraction patterns. It is possible, however, that these criteria
may be of value in the problem of purifying digitonin.

EXPERIMENTAL

Eight digitonin preparations from four different firms were
examined. Each preparation was powdered to 2OQ-mesh size for
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Table II. Source of Digitonin Sample and Type of X-Ray
Diffraction Pattern

~ST.

7

0.0
02
0,4

0.6

0.0

02
z 0.4
o 0.6o0.0
z 02

~ 0.4
w 0.6

0.0

02
0.4

0.6

0.0

02
0,4

0.6

Type
Sample Supplier Lot No. Pattern

1 Fisher 502467 C
2 Fisher 454193 B
3 Hoffmann-La Roche B511080 A
4 Hoffmann-La Roche 512092 B
5 Penick No number B
6 Penick 158S-LJA A
7 Penick 2329-LGB-l B
8 Merck 2\95-.'1.52340 C

Figure 2. Infrared specira of various
samples of digitonin

freshly prepared 0.2% solution of anthrone in glacial acetic acid
were added. While the solution was vigorously agitated, 5 mI.
of concentrated sulfuric acid were added rapidly. It is important
to remove the stirring rod immediately after this addition. The
blank and a series of standards prepared from various lots of
digitonin were placed in a dark closet for an hour, after which
readings were made at 750 mil. The period of color development
in determinations can be shortened to 30 minutes, but in this
case should be kept uniform by making the preparations and
subsequent readings at I-minute intervals. Completeness of
recovery of cholesterol with various lots of digitonin was tested
by using conditions of precipitation similar to those of Sperry
and Webb (6), and by determining cholesterol in the precipitate
with the Liebermann-Burchard react-ion.

RESULTS

Examination of the x-ray diffraction patterns revealed two
distinct crystalline types and one which was relatively noncrys
talline. In Figure' 1 pattern A is noncrystalline while patterns
Band C represent the two crystalline types. The term noncrys
talline has come to mean those very poorly crystalline materials
such as silicate glasses, certain organic polymers like polystyrene,
and unstretched rubber. These substances do show one or two
broad bands, the centers of which do indicate some degree of
repetition such as average chain spacing. The band centers
of the A type patterns agree well with the strong line positions
of type B.

The d values and relative intensities, I/I., of the lines in the
patterns of types Band C are given in Table 1. The accuracy of
d value measurement varies from ±0.004 A. at 2 A. to ±0.20 A.
at '13 A. The relative intensities, 1/1" were measured by visual

. estimation with the strongest line rated 10. Classification of
the eight samples of digitonin as to the source of their manufac
ture and x-ray diffraction pattern type is presented in Table II.

d. A. III. d, A. 1/1,
13.19 7 13.50 G
10.78 4 11.87 5
9.77 3 10.22 2
8.42 1 9.26 8
7.86 1 8.35 2
6.83 6 7.08 5
6.63 6 6.07 10
5.83 5 5.64 7
5.45 10 5.11 9
5.10 8 4.88 3
4.93 5 4.19 4
4.73 1 3.82 8
4.56 2 3.59 7
4.18 3 3.41 2
3.97 1 3.08 4
3.87 1 2.93 2
3.74 3 2.86 2
3.56 4 2.75 1
2.87 2 2.G8 1
2.75 2 2.49 1
2.52 1 2.35 1
2.32 1 2.28 1
2.11 1 2.15 2

2.06 1
1.81 2

Table I. X-Ray Diffraction Powder Pattern d Values and
Relative Intensities for Types Band C Digitonin

Type B Type C

Figure 1. X-ray diffraction patterns of digitonin
preparations

x-ray diffraction analysis, and mounted ill thin walled plastic
tubes as described by Beu and Claassen (2, 3). These tubes have
a wall thickness of 0.01 mm. and an inside diameter of 0.2 mm.
The mounted samples were exposed for 5 hours in Norelco (North
American Philips Co., Inc.), 114.59-mm. diameter, Debye
Sehenrer cameras. Eastman no-screen x-ray film was' used.
Nickel-filtered. copper radiation produced at 35-kv. peak and
2O-ma. current was employed.

For infrared spectroscopy, paraffin oil suspensions were pre
pared by rubbing 100mg. samples of powdered digitonin with 0.1
mi. of Nujol in a ,Small agate mortar. The suspension was spread
between clear polished plates of sodium chloride separated by
shims 0.0025 inch in thickness, secured in a holder provided with
suitable clamping plate and screws. A Beckman IR-2 infrared
spectrophotometer was used. Readings were made potentio
metrically throughout the range from 7.5 to 11.5 microns at
intervals of 0.04 micron or less when necessary. As the zero set
ting before each reading was made without cell or sample in the
radiation path, absorption of the sodium chloride plates is in
cluded. but this does not alter the natUlle of the extinction curves.

ColOr production with anthrone was measured with a Coleman
Junior spectrophotometer. Two milliliters of glacial acetic acid
'solution of digitonin, which contained 0.2 mg. of the sample
to be tested, were placed in a colorimeter tube, and 3 m!. of
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top of Figure 2, shows the sharpest "peak" at 9.32. This was
the sample which also gave the most clearly defined x-ray dif
fraction pattern of type C. Sample 7, which gave a crystalline
type B pattern, sample 6 from the same supplier but noncrystal
line in type, and the noncrystalline sample 3 from another man
ufacturer, differed very little in absorption characteristics. Ab
sorptions at 9.3 and 9.6 were more nearly equal in these samples
than in sample 8. When sample 3 was recrystallized, the in
frared absorption shown at the bottom of Figure 2, became similar
to that of sample 8. That the peak at 9.32 microns became sharper
was actually due to diminished absorption at 9.6. Sample
3, during recrystallization, approached sample 8 with respect
both to infrared absorption characteristics and type of x-ray
diffraction pattern.

Data on the intensity of color production with anthrone are
presented in Table III. Samples 3 and 6 were of the noncrystal
line type C. Absorbance at 750 m!' was essentially the same for
all samples. Recovery by precipitation of cholesterol as the
digitonide was equally good when digitonin samples of various
types were used, as indicated by the data in Table IV.
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Theory, Mg.

200
200
200
200

Sample

3
5
6
7

Table IV. Precipitation of Cholesterol by Digitonin
(Lieberntann-Burchard Reaction)

Cholesterol
Recovery, Mg.

201
199
200
202

Table IiI. Absorbance of Color Produced by Various
Santples of Digitonin (Anthrone Method)

Absorbance. Standard
Sample 0.2 Mg. Digitonin Deviation

3 0.193 0.010
5 0.198 0.011
6 0.199 0.005
7 0.200 0.019
8 0.199 0.010

Three recrystallizations were made of poorly crystalline sample
3 (Table II). Rapid recrystallization from 95% ethyl alcohol
produced no change in the pattern obtained. When the same
alcohol solution was allowed to crystallize more slowly, the
pattern observed began to take on the appearance of type C.
The third recrystallization, from an ethyl alcohol-benzene
mixture controlled so as to proceed at a slow rate, produced a
type C diffraction pattern sharper than the previous ones, but
not nearly so distinct as that of samples 1 and 8. Although no
chemical. determinations of the structures of the samples before
and after recrystallization were made, an examination of the
infrared curves in Figure 2 indicates no chemical change occurred
during crystallization.

Infrared absorption spectra of five of the eight samples are
presented in Figure 2. Below 9.2 and above 9.7 microns the
spectra are virtually identical: Differences between 9.2 and
9.7 microns appear to be due to the relative intensity
of absorption at about 9.3 and 9.6. Sample 8, at the

Phenol-lndo-2,6-Dichlorophenol as a Spray: R.igent
J. BARNABAS, AhmeJnagar College, AhmeJnagar, /nJia

G. V. JOSHI, Wi/son College, Bombay-7,/nJia

Indophenol dye ntay be used as a spray reagent, in the
paper chrontatography of organic acids. This dye was
better than the usual indicator sprays because of its
ease of preparation and its usefulness in differentiating
certain acids. Separation of ntaleic and ntalonic acids
is also reported.

SEVERAL spraying materials have been introduced by Buch
and coworkers (2) for the identification of organic acids on

paper chromatograms. Similarly, mercurochrome has also been
used to locate the positions of organic acids on filt-er' paper
disks (1). Indophenol dye may also be used as a spray reagent
in the paper chromatography of organic acids.

The organic acids were separated on paper strips, as well as on
circular disks, using a refiuxed mixture of I-butanol, forlnic acid,
and water-a solvent that has been used by Wiggins and Wil
liams (3) for the separation of alnino acids and sugars. When a
chromatogram was treated with an alcoholic solution of the indo
phenol dye, organic acids usually developed dark pink spots
immediately after spraying against a blue background, thus
making the distinction between the spots and the background well
pronounced; certain acids bleached the dye, thereby aiding in
differentiating these acids from the rest. The spray reagent was

prepared in ethyl aJ'cohol, and it did not require the adjustment
of pH as is usually necessary for indicator sprays.

MATERIALS AND REAGENTS

Paper. Whatman filter paper No.1 strips (32 X 28 cm.) and
circular disks (36 cm. in diameter).

Solvent. A solvent lnixture of I-butanol, formic acid, and
water was prepared by refiuxing for an hour a mixture of 10 ml.
of 85% forlnic acid, 120 mI. of I-butanol, and 10 mI. of water. A
further 60 mI. of water were added in small quantities, the mix
ture being shaken from time to time during cooling. After
having been allowed to stand for 24 hours, the upper'layer was
used.

Spray reagent. Phenol-indo-2,6-dichlorophenol (0.1 gram) in
neutral ethyl alcohol (100 mI.).

METHOD AND RESULTS

An ascending strip chromatogram (32 X 28 cm.) containing
25 'Y of test acid per spot, was developed in a cylinder (height 36
cm., radius 6.5 cm.) in the usual manner. After development,
the chromatogram was dried in air for about 3 hours, until it was
free from forlnic' acid fumes, and it was then sprayed with the
dye solution. The organic acids developed dark pink spots
against a blue background, except for ascorbic acid and gallic
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Figw:e 1. Circular paper chromatogram of organic
acids

matograms, as well as ·by applyirig the color tests proposed by
Buch and coworkers (B): . .

A circular paper chromatogram (?6 em. in di8.meter) containing
SO 'Y of test acid per spot was prepared in the manner described
[Airan and coworkers (1 »). Mter being air-dried, the chromato
gram was treated with the spray reagent, and was photographed
(Figure 1). Maleic and malonic acids, which have an identical
R, value in a pentanol-formic acid' system, were separated. .

CONCLUSION

Indophenol dye is a better spray reagent than the usual indi
cator sprays because of its ease of preparation and use and its
usefulness in differentiating certain organic acids.
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acid, which bleached the dye immediately. With time; lactic
\aCid, maleic lacid, and malonic acid showed a tendency to bleach,
~e bleaching beinl complete within 4 hours. The positions of
the acidS in a mixture were determined by running mixed chro-

C. Citric
F. ~aric

CLu. Gl1UlOnic
MLn. Malonic

MLe. Maleic
M. Malic
S. Succinic
T. Tartaric
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Colori.etric Deter.ination of Chloride Ion via Ion Exchange
JACK L. LAMBERT and STANLEY K. YASUDA

Deparflltertt 01 'Cltemistry, Kansas State College, Manhattan, Kan.

Chloride lion is determined. colorimetrically over the
range··O to 180 p.p.~. after exchanging for iodate ion
witlh lP'auular silver iodate in a column. The released
iodate ion reacts with cadmium iodide,...linear starch
~D:t to form the blue linear starch-triiodide ion
~p~, the ab80rbaJncy of which at 615 mil is propor
ltiobl1JO tbe'coneentration of chloride ion. No serious
,interferences were. found among ions commonly found
In nabJial waters, within the limitS of their usual con
eentratioDS. Bromid~and iodide ions react.in the 8ame
iDlanner as chloride ion but are not cOlD.monly present.

~WRIMETRICprocedures for the determination of chlo-
. '-.A ride ion involving ion exchange with a solid phase reagent,
,Iuep as silver chromate or.silver ferrocyanide, halVe been described
(3)'.' Chl6ii.de fun exchanges for chromate or ferrocyanide ions,
and\ is. determined inOOdy by the colorimetric determination
Of tlJ.e relea:sed ion or the reaction pl'oducts of the released ion.

IDthe method described here, chloride ion exchanges for iodate
Ion with gr8lll:u1al' silver io~te, and the concentI1ation of chloride
,Ion is determined by the absor1;>ancy of the blue linear starch
~Oaide ion complex formed by the reaction of the released
Iodate ion~ cadmium iodide-linear starch reagent in acid
8O~On. The relatively low melting point of silver iodate per
initlli iiB prep8r'atioh in massive form, from which particles of
unifdrmsize suitable for column reactions are obtained by grind
ing~ sieving. Its use in 8 column ensures the attainment of
equillbriuDl with chloride ion in solution.

REAGENTS AND EQUIPMENT USED

Silver iodate,' granular, 100- to 200-mesh.
Cadmium iodide-linear starch reagent (1), 11.00 grams of

cadmium iodide and 2.S0 grams of twice-recrystallized linear
potato starch fraction per liter of solution.

Hydrochloric acid, l.ON.
Standard chloride ion solution, 200 p.p.m., 0.330 gram of so-

dium chloride per liter of solution.
Buret, glass stopcock, SO-ml.
Volumetric flasks, lOo-ml. and 2So-ml.
Pipets, l-ml., 100ml., and 20-ml.
Pressure bulb assembly.
Spectrophotometer, Beckman Model nu, lO-mm. cells.
Pure silver iodate may be purchased, or prepared by reaction

of 0.1 mole each of silver nitrate and potassium iodate in dilute
solution. It may be prepared under nearly homogeneous condi
tions by dissolving each salt in SOO ml. of distilled water and
allowing both solutions to drip slowly at the same rate into 1 liter
of rapidly stirred water. Mter precipitation is complete, the
product is washed well and dried. Small batches are carefully
melted and poured into cold water, forming hard masses which
can be ground and sieved to the desired 100- to 200-mesh size.
Silver iodate dec<omposes slightly on melting, but the resulting
~ilver iodide does not affect t~e reactions' of the gr.an~ar silver
Iodate. The pure salt IS white, but turns yellowisJr white on
melting owing to the silver iodide formed. Its melting point
is above· 200 0 C. .

The silver· iodate column is prepared by firmly tamping a small
plug of borosilicate gla~s wool into the constriction or the butet
above the stopcock, filling the buret half full of water, and pour
ing in a slurry of the granular silver iodate to form a column 6
cm. high. A second borOBmcateg~s!i w?<?l p~ug,is packed' firmly
on top of the column to keep th,e !lilver. 19.i!atii-p4rticles, firmly in
place. The column is never allowed to run.WY., a«d distilled water
is kept in the buret at all times when the'cOlUJiID is not in use.

The pressure bulb assembly for. forcing-wash water through the
column is very convenient. A short lengtp: of. flexible tubing is
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P.P.M. CI

Figure 1. Absorbancies of linear starch-triiodide ion
complex produced by chloride ion solutions of known

concentrations
At 615 lUI'

attached to a double-acting rubber bulb in such a mamier that
the bulb acts as a source of air pressure. A No. 00 one-hole
rubber stopper, which fits the top of the buret, is attached to the
oth~r end of the rubber t?-be b:J; means of a short length of glass
tubmg. If the column IS aCCld~ntally allowed to run dry, it
may be reverse-flushed by reversmg the rubber bulb and using
it to suck distilled water up through the column.

I'ROCEDURE

The column in the buret is washed twice with the solution to
~e analyzed by filling the buret (with the stopcock closed) and
mverting to empty, taking care to keep liquid around the silver
i?date particles. The glass wool plug on top of the colunm effec
tIvely prevents liquid from draining out of the column if the
rinsing solution is poured off quickly. A buretful of the ;olution
is allowed to run through at normal speed (about 80 drops per
minute) or, alternatively, two buretfuls are forced through
by the use of the pressure bulb.

The buret is filled approximately to the zero mark and the
solution is allowed to run out until the meniscus is exactly on the
~O-ml. mark. The next ~O.O m!. are very carefully measured
mto the 100-ml. volumetnc flask and diluted up to the calibra
tion ~ark ,,:,ith disti!led wa~er. Mter thorough mixing, 10.0 mI;
of thIS solutIOn are pipetted mto the 250-ml. volumetric flask. and
diluted up to the calibrated volume. From this, 20.0 ml. are
taken as a sample, and 1.0 m!. each of the LON hydrochloric acid
and cadmium iodide-linear starch reagent are added. The ab
sorbancy of the solution at 615 mJL is determined 5 minutes from
the time the acid and the starch-iodide reagent are added. The
absorbancies produced at all the concentrations studied were
practically constant between 5 and 20 minutes after addition of
the acid and st.arch-iodide rea!!:ent.

28
28
55
79

130

70
84

100
29

Analysis of Typical Water Samples
CI- Found, P.P.M.
Mohr This

method method
68

Mg(C,HiO,),

Zn(C,H,O,),
Al (NO,),

Fe(NO,)s

Ca(C,H,O,),

NaF
KNO,
NaHCO,
NaC,H,O,

.ZnSO,
Na,HPO,
KC,H,O,
NaC,H,O,
NH,C,H,O,

Substance

I1e

Table II.

I1Id

Sample
Ib

Mg++

Ca++

F
NO,
HCO,
C,H,O,
SO,-
HPO,-
K+
Na+
NH,+

Table I. Effect of Possible Interferences
Concentration,

P.P.M.· Color

50 Equals blank"
500 Equals blank
500 Equals blank
500 Equals blank
500 Equal. blank
50 Equals blank
500 Equals blank
500 Equals blank
300 Appreciable b
200 Equals blank
500 Appreciable
400 Equals blank
300 Appreciable
200 Equals blank
500 Equals blank
400 Appreciable
300 Equals blank
300 Appreciable
200 Equals blank

H+ H,SO, lO-'N Equals blank
OH- NaOH lO-'N Equals blank

" Color approximately as intense as that obtained with distilled water by
the regular procedure.

b Significantly more color than i. produced by distilled water.

Zn++
11.1+++

Fe+++

No. of CI- Added,
Detns." P.P.M.

5 0
4 0
4 16
4 32
5 0
2 0
4 0
4 25
4 50
4 100

a Good agreement between results of multiple determinations.
b Kansas river water collected near Manhattan, Kan., with suspended

solids removed by filtration and/or centrifugation.
e Manhattan, Kan., city water supply, obtained from wells in Blue River

valley.
d Manhattan, Kan., city wa!er supply, different date.

diameter of each circle indicates the range of four determinations
made at that concentration. The relationship apparently would
-be linear over a greater· range than is shown, but practical diffi
culties in reading the absorbancies at high concentrations limit
the concentrations that can be detennined directly. The loss
of precision at higher concentrations may be due partly to errors
in reading absorbancy values. The optimum concentration
range for analysis without resort to dilution is apparently 0 to
150 p.p.m. of chloride ion. .

A faintly colored blank is obtained when distilled water is run
through the column and determined in the regular manner.
This could perhaps be reduced by greater dilution, but at a loss
of sensitivity of the method. The absorbancy of the blank is
very small (about 0.015) but constant, and is due to the very
slight solubility of silver iodate, which is 1.89 X 10:-4 mole per
liter at 25° C. The solutions analyzed in Figure 1 were com
pared with such blanks obtained at the time each series of sam
ples was detennined. Another calibration curve was obtained
by comparing the absorbancies against distilled water as a ref
erence; This line was displaced upward at all concentrations
by the optical density of the zero chloride ion blank. The con
stant value of this blank would permit use of distilled water as
a reference in spectrophotometric detenninations. No attempt
was made to control temperature for any of the detenninatioDs.

Potential interferences were studied up to a maximum of
500 p.p.m., with the results shown in Table 1. The colors pro
duced by the various substances shown which were approximately
the same as the zero chloride ion blank are listed as "equals
blank," and are considered not to interfere. From these data,
it is evident that very few ions would interfere at the concentra
tions usually found in natural waters or drinking water supplies.
The inorganic salts of several of the cations showed interference
at slightly lower concentrations than the acetate salts of the same
cations, probably because of trace amounts of chloride ion present
as an impurity in the inorganic salts. Bromide and iodide ions
would give the same reactions as chloride ion, but they are not
usually present in natural waters in concentrations that would
give high chloride ion values.

Chloride ion concentration in two representative waters was
analyzed with the results shown in Table II. Detenninations
were made on the raw samples and on samples to which known
amounts· of chloride ion were added. The river water, after
removal of suspended matter, was diluted with 200 p.p.m. of
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DISCUSSION

From data given in the literature (2), the solubility product
constant of silver iodate at 25° C. is calculated to be 3.57 X lO-s
and that of silver chloride to be 1.85 X 10-10 at the same tem~
perature. At equilibrium, the ratio of iodate ions to chloride
ions in solution would be 193. Equilibrium is apparently reached
quickly in the column, as the dark band of silver chloride is seen
to form at the very top of the column and progress downward
slowly, as long use of the column exhausts the silver iodate.
Less than 0.25 inch of the column was darkened as a result of
all the determinations made in this study, indicating a long useful
life for the column. Silver iodate is not very light-sensitive but
should be protected from direct light by an opaque cylinder
around the buret.

The calibration curve, Figure 1, was determined using pure
sodium chloride solutions of known concentrations. The vertical
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standard chloride ion solution to give the desired increase in
chloride concentration. Solid sodium chloride was added to
one batch of the city water to giVIJ the increased chloride ion
concentrations. The values obtained by this method agree
well with those obtained by the Mohr method.
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Determination of Lead in Lead Drosses and Lead-Base Alloys
Application of Ethylenediaminetetraacetic Acid Method
JACK L. PINKSTON and CHARLES T. KENNERI

Southern Leael Co., Dallas, Tex.

The rapid.and accurate deterUlination of lead in lead
drosses and siUlilar IDaterial., is often difficult owing
to the high lead content and nUIDerous iIDpurities.
The purpose of this investigation was to develop a
simple, rapid, and accurate deterIDination of lead in
lead drOSSf'S by use of a Versenate titration. The
average relative error of the lI'Dethod in the deterIDina_
tion of pure lead was less than 0.5 part per thousand,
and the standard deviation iu the' analysis of a series
of typical drosses was 0.106%. The IDethod should be.

'applicable t9 the deterIDination of lead as a IDajor
constituent in lead drosses and lead-base alloys.

T HE rapid and accurate determination of lead in lead drosses
and similar materials is difficult owing to the high lead con

tent and the varying amounts of other materials such as silica,
rubber, and compounds of arsenic, antimony, tin, copper, iron,
and zinc. Of the many methods suggested, the molybdate titra
tion (7) is perhaps the most widely used, even though it requires
an outside indicator. Schwarzenba,ch (6) first suggested the use
of ethylenediaminetetraacetic acid (Versene) for titration of solu
tions containing lead. This method has been further developed
by Flaschka and his coworkers (2-4). Kinnunen and Wenner
strand (5) have applied the method to the determination of small
amounts of lead in nickel sulfate.

The purpose of this investigation W!J,S to develop a rapid, simple,
and accurate met;hod for the determination of lead in lead drosses
and alloys by titration with disodium dihydrogen ethylene
diamine tetraacetate (Versenate) using Eriochrome Black T
(F24l) as the indicator. The proposed method is rapid and the
results are accumte and precise.

REAGENTS AND SOLUTIONS

Reagents. All reagents used were C.P. or analytical grade
chemicals which conformed to AM]IRICAN CHEMICAL SOCIETY
specifications. Analytical reage~t .~rade ~isodium dihydrogen
ethvlenediamine tetraacetate (dlsocllUm dlhydrogen Versenate)
was used to prepare the titrant solutions. The indicator was
the sodium salt of 1 (l-hydroxy-2-naphthylazo)-5-nitro-2-naph
thol-4-sulfonic acid, which is also known as Eriochrome Black T
and as Indicator F241.

Solutions. Standard Versenate. Approximately 18.6 grams
of disodium dihydrogen Versenate were dissol~ed in w:ater and
diluted to 1 liter. This solution was standardized agamst pure
lead by the recommended procedure used in sample analysis.
One milliliter of this solution equals approximately 10.0 mg. of
lead.

1 Present addresa, Department of Chemistry, Southern Methodist Uni
yersity. Dallas, Tex.

Indicator Solution. Approximately 0.20 gram of Indicator
F241 was dissolved in 50 ml. of ethyl alcohol. This solution was
not stable and was discarded after 48 hours.

Ammonium Acetate. Approximately 454 grams of am
monium acetate were dissolved in water and diluted to 1 liter.

EXPERIMENTAL

Owing to the fact that drosses and similar materials contain
relatively large amounts of lead and varying amounts of materials
which interfere in Versenate titrations, the recommended titra
tion method was developed using lead sulfate. Accurately
weighed samples were dissolved by boiling with 30 ml. of am
monium acetate solution to which 2.0 grams of tartaric acid
were added to keep the lead in solution upon dilution and adjust
ment of pH. After dilution to 100 ml., the pH was adjusted to
9.5 with concentrated ammonium hydroxide and the solutions
were titrated warm using 7 drops of indicator. The color change
of the indicator from pink to sky blue at room temperature
occurred over a range of 1.0 ml. of the titrant, but with experi
ence could be reproduced satisfactorily. It was noted, however
that the color change was much sharper at elevated tempera-

Table 1. DeterIDination of Lead Metal and Lead Sulfate
Lead Metal Lead Sulfate

Rela- Rela-
tive tive

Taken, Found, Error, error, Taken, Found, Error, error,
mg. mg. mg. % mg. mg. mg. %

450.1 450.2 0.1 0.02 658.4 658.1 0.3 0.05
454.1 454.0 0.1 0.02 602.0 601.6 0.4 0.07
449.6 449.0 0.6 0.13 602.2 601.9 0.3 0.05
453.8 453.6 0.2 0.04 611.7 611.6 0.1 0.02
449.6 449.6 0.0 0.00 605.4 605.6 0.2 0.03
450.6 450.5 0.1 0.02 607.6 607.8 0.2 0.03

604.5 604.1 0.4 0.07

Average 0.18 0.038 0.27 0.046

Table II. DeterIDination of Lead in National Bureau of
Standards Alloys

N.B-S.127a N.B-S.53c
Solder (65/35) Lead-Base Bearing Metal

N.B.S." N.B.S."
value, Found, Error, value, Found, Error,

% % % % % %
( 69.01 69.16 0.15 84.28 84.22 0.06

68.97 0.04 84.28 0.00
69.14 0.13 84.26 0.02
69.08 0.07 84.30 0.02
69.14 0.13

Average 69.10 0.104 84.27 0.025
Standard b

deviation 0.082 0.039
Confidence"

limits,
± 0.10 84.27 ± 0.0695% 69.10

a By difference.
b Calculated from range and deviation factor.
" Calculated from range and confidence factor.
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tures. Titrations were tried at several temperatures and the
optimum was found to be between 70 0 and 80 0 C. At these tem
peratures, a complete change from pink to sky blue occurs with
0.10 ml. or less of the Versenate.

Several methods of dissolving the samples were tried using
various types of materials encountered in lead smelter control
laboratories. Most of these methods were satisfactory for some
samples but not for others. In some cases the time required for
solution of the sample was excessive, while in others there was
incomplete removal of or introduction of interfering materials.
The recommended procedure of solution in sulfuric acid contain
ing filter paper and destruction of organic matter by concentrated
nitric acid is rapid and has proved satisfactory for all types of ma
terials encountered. Interferences are removed by the diges
tion, filtration, and thorough washing of the lead sulfate.

Preparation of Samples. All dross samples were prepared for
analysis by grinding with a Wiley mill to pass a"National Bureau
of Standards No. 40-mesh screen and, after thorough mixing,
reduced to laboratory sample size with a Jones riffle. Reduction
of particle size to pass a No. 100-mesh screen is preferable when
such reduction is feasible.

Recommended Procedure, Sample weights were selected,
which contained 0.40 to 0.48 gram of lead and were weighed
into Erlenmeyer flasks. A small piece of filter paper was added
to aid in reduction and solution of antimony, and the sample
was covered with 20 ml. of sulfuric acid and heated until solution
was complete. A few drops of concentrated nitric acid were
ad"ded to the hot solution to destroy the filter paper and other
organic matter. The solution was cooled and diluted to 200 ml.
Approximately 2 grams of tartaric acid were added, and the solu
tion was boiled to digest the precipitate and to facilitate separa
tion of iron and antimony. It was then cooled, filtered, and
washed thoroughly with cold sulfuric acid (1 to 9). The precipi
tate and paper were returned to the original flask and boiled
with 30 ml. of ammonium acetate solution to break up the paper
and to ensure complete solution of the lead sulfate. Two hun
dred milliliters of water, 2 grams of tartaric acid, and 25.0 ml.
of concentrated ammonium hydroxide were added, and the solu
tion was heated to 70 0 to 80° C. The hot solution was titrated
with standard Versenate using 7 drops of the indicator. The
end point is a sharp change from pink to pure blue.

RESULTS

The results obtained in the determination of pure lead and
pure lead sulfate by the recommended procedure are shown in
Table 1. The average relative error in both sets of data is less
than 0.5 part per thousand, and the maximum relative error is 1.3
parts per thousand. As a further check on the accuracy and pre
cision of the method, two National Bureau of Standards standard
samples were run by the recommended method; the results are
shown in Table II. The standard deviations'and the confidence
limits were calculated from the range as suggested by Dean and
Dixon (1) for sets of data with up to 10 measurements. In the
case of sample 127a, solder (30/70), the average absolute error
from the accepted value was 0.10%, and the standard deviation
of the individual values from the average of the set was 0.082%.
The accepted value as listed by the National Bureau of Stand
ards lies within the 95% confidence limits of the average. For
sample 53c, lead-base bearing metal, the average absolute error
from the accepted value was 0.025%, and the standard deviation
of the individual values from the average of the set was 0.039%.
The accepted value in this case also is within the 95% confidence
limits of the average. These results show that the method is
bothpreciEle and accurate.

A series of typical dross samples was determined by the rec
ommended procedure with the results shown in Table III.
The standard deviations shown were calculated by the method of
Dean and Dixon (1). The average standard deviation is 0.11 %.
The standard deviation of all the determinations in this table
is 0.106% as calculated by the usual statistical procedures.

A series of duplicate determinations on 43 samples representing
an average week showed a standard deviation of 0.137% for lead
values in the same range as those in Table III. The 99% confi
dence limits on, this set of determinations was ±0.04%. The
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Table III. Deterlllination of Lead in Lead Slllelter
Salllples

Percentage of Lead
Sample Standard

Number Type Found Average deviationG

3961 Battery mud 66.97 67.09 0.20
67.20

3951 Breakdown dross 72.39 72.50 0.10
72.48
72.50
72.52
72.63

3986 Battery scrap dross 74.13 74.25 0.14
with battery mud 74.25
and rubber 74.36

·3973 Battery scrap dross 77.33 77.43 0.07
77.40
77.45
77.46
77.50

3970 Battery scrap dross 78.10 78.12 0.03
78.13

3971 Battery plate dross 80.62 80.67 0.07
80.64
80.74

3963 Sump mud 86.51 86.67 0.16
86.53
86.70
86.72
86.88

Average standard deviation O. 11

a Calculated from range and devia.tion factor.

maximum difference between duplicates was 0.46%, and the
average difference between duplicates was 0.16%. These repre
sent a maximum difference between duplicates of approximately
6 parts per thousand and an average. difference between dupli
cates of 2 parts per thousand. All of these samples were handled
by four different technicians working on two different shifts.

DISCUSSION

The proposed method is simple, rapid, accurate, and precise
and has proved satisfactory for all samples analyzed over a
period of several months.

The sharpness of the end point at elevated temperatures over
comes the usual difficulties associated with the use of the F241
indicator for Versenate titrations of metals. A fading of the
end point color to purple or pink while the solutions are still
hot usually indicates incomplete solution of the lead sulfate in
the hot ammonium acetate solution due to incomplete disintegra
tion of the filter paper.

Calcium and barium both interfere in the determination, as
calcium produces high values and barium low values. However,
these two metals are seldom contaminates of lead drosses and
lead-base alloys.

The use of potassium cyanide to complex interfering metals is
not necessary, 'as the digestion and thorough washing of the pre
cipitate with cold dilute sulfuric acid satisfactorily remove all
interfering substances with the exception of barium and calcium.

The method should be applicable to the determination of lead
in lead-base alloys and lead drosses.
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Benzidine-Pyridine Reagent. Dissolve 18 ml. of pyridine in
12 ml. of water and add 3 ml. of concentrated hydrochloric acid.
Add 10 ml. of benzidine solution and shake until any precipitate
dissolves. This solution must be prepared daily.

Sulfide Solution. Dissolve 0.75 gram of sodium sulfide (Nlt2S·
9H,O) in water and dilute to 100 m!. This solution contains 1
mg. per ml. of sulfide.

PROCEDURE

Calibration. Pipet into 25-m!. volumetric flasks, containing
1 m!. of 1% by weight of sodium hydroxide, appropriate volumes
of standard cyanide solution to give concentrations of 0, 1, 3, 5, 7,
and 10 'Y of cyanide, and add 2.5 m!. of sulfide solution to each
flask. Add a small (3 X 3 mm.) piece of Alkacid paper to each
flask, acidify with glacial acetic acid, then add 0.5 ml. in excess.
Immediately after acidification, add 2 ml. of saturated bromine
water, and swirl the flask to mix thoroughly. Let the solutions
stand with occasional shaking for 10 minutes. If a precipitate of
elemental sulfur remains or if the bromine is consumed, a!id
bromine water in 0.2-ml. increments until an excess is present
as shown by the color. When the solutions clear, add arsenious
acid solution diopwise and gently swirl until the mixtures are
free from bromine, then add 0.2 ml. in excess. Add 4 m!. of
pyridine-benzidine reagent, and swirl to mix thoroughly. Wait 30
seconds, then add 5 m!. of ethyl alcohol, and dilute to volume
with water.

MICROGRAMS CYANIDE

Figure 1. Calibration with and without added
sulfide

After 15 minutes measure the absorbance of each solution at
530 mJ<. The red color formed is stable for approximately 30 min
utes. Prepare a calibration curve of concentration versus ab
sorbance. A new calibration curve should be made for each batch
of reagents. Typical calibration curves with and without added
sulfide are shown in Figure 1.

Unknown. Determine the sulfide concentration of the un
known by an appropriate method such as electrometric titration
(10). If the sulfide content is above 2500 l' per milliliter, take an
aliquot for analysis in which the sulfide is below this amount.
If the sulfide is less than 50 p.p.m., add sufficient sulfide solution
to the volumetric flask to give 100 to 2500 I' of sulfide in the reac
tion mixture. Failure to add this sulfide will cause a high cyanide
value. Pipet 1 to 5 ml. of the aqueous solution or aliquot into a
25-ml. volumetric flask and proceed as described above. Measure
the absorbance at 530 mJ< against a reagent blank containing
approximately the ·same sulfide concentration as the sample
tested. Determine the cyanide concentration by reference to
the calibration curve.

T HE determination of micro quantities of cyanide in the
presence of a large excess of sulfide in refinery dry gases

and in certain aqueous streams has been handicapped by the lack
of a sensitive procedure that does not require sulfide removal.
Since casutic solutions from scrubbing of dry gas and separator
water from distillation columns may contain several thousand
times as much sulfide as cyanide, there is a definite risk of losing
the cyanide if prior sulfide removal is necessary.

Several sensitive procedures have been developed (3, 6) for
cyanide determination for llimilar applications, but sulfide must
first be removed. The pyridine-benzidine procedure of Aldridge
(1) and the pyridine-pyrazolone procedure of Epstein (5) are
sufficiently sensitive, and it appeared that sulfide would not
seriously interiere with either. Both methods have been success
fully applied to the analysis of sewage and. industrial wastes
(4, 7-9), where the sulfide content was apparently very low.
Because of the availability of reagents, the Aldridge procedure
was chosen for this work:. However, when applied to cyanide
solutions containing as little as 5 -I of sulfide, results were 8 to
10% low, and more serious interference was encountered at
high sulfide eoncentrations. This procedure \\'as therefore modi
fied to minimize the interference .from sulfide and thus to elimi
nate the necessity for its removal. Aldridge (1, 2) brominates
cyanide and. thiocyanate in neutral or acid solution to form
cyanogen bromide. This reacts with a mixture of pyridine and
benzidine to form a red colored compound which may be meas
ured calorimetrically. Cyanide can be distinguished from, and
determined in the presence of, thiocyanate owing to the differ
ence in volatility of the two acids. Hydrogen cyanide is removed
by aeration of an aci<;lified aliquot of the solution, and the differ
ence before and after aeration gives the eyanide content.

The Aldridge procedure for the deternlination of cya
nide has been 'modified to lllininlize interference frolll
the sulfide ion and thus to elilllinatc the necessity for
its prior remoyal from. the salllp,le. Sulfide is oxidized
to sulfuric acid with brornine at the sallle tillle that
the cyanide is brolllinated to forlll cyanogen brOlllide.
Cyanogen brom.ide then reacts with a pyridine-benzi
dine m.ixture to forlll a colored cOlllpound wWch lllay
be Jmeasured colorillletri<:ally. TWs lllethod is sensitiye
to less than 0.5 'Y of cyanide in the presence of 2500 'Y

of ,sulfide and is accurate to ±5% at a concentration of
10 'Y of cyanide. This procedure has been used for the
analysis of refinery dry gases and separat(J>]' water frolll
the distilling units.

APPARATUS

Spectrophotometer, Beckman Model B or DU or equivalent, or
colorimeter equipped with green filter such as Corning 401.

REAGENTS

The reagents used in these experiments were the same as those
described by Aldridge (2), except for the benzidine solution and
the beniidine-pyridine reagent. The benzidine was not found to
be solub.le in dilute hydrochloric acid to the extent indicated by
Aldridge. Baker and Adamson's reagent pyridine gave a clear
,~olor without being redistilled.

Benzidine Solution. Add 0.5 gram of benzidine to 50 ml. of
0.5N hydrochloric add. Heat to boiling, cool, and filter the solu
tion. Store the solution in a dark bottle.
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Table I. Effect of Added Sulfide on Absorbance
S-- in Blank, "y

Cyanide,
P.P.M.

5.4
23.0
0.7
1.2

Separated

Synthetic SaIDpIes
CN-- Found, "(

0.3
0.6
0.98,1.04
2.00,2.08
2.90,2.99
5.00,5.11

10.3,9.95

Cyanide Determination in Water
frOID Various Distillates

Sulfide,
P.P.M.

2500
400
0.0
270

Source of Wa.ter

Cat. cracker fractionator accumulator
Propane, propylene absorber
Straight-run naphtha accumulator
Pressure distillate tops

Table III.

Table II. Cyanide Determination in
CN-- Added, "y S-- Added, "y

0.4 1000
0.6 1000
1.0 1000
2.0 1000
3.0 2500
5.0 2500

10.0 2500

CONCLUSIONS

The presence of sulfide inhibits the color development in the
original procedure. At high sulfide concentration this may be
due in part to competition of the sulfide for the available bromine.
However, as shown in Figure 2, ve~y small amounts of sulfide
cause a significant drop in absorbance, although an excess of
bromine may still be present. The modified procedtire minimizes
this interference and has been successfully applied to the analysis
of synthetic and contaminated water samples. Less than 0.5 l'

of cyanide can be detected in the presence of 1000 l' of sulfide.
At the 10-1' level, this method is repeatable to ± 5% of the cya
nide present.

oxidized beyond the elemental state when the bromine color
disappeared. Therefore,' a series of experiments was under
taken in which an excess amount of bromine required to oxidize
the sulfide to sulfuric acid was added in addition to the 0.2 m!'
required for the bromination of the cyanide present. These tests
were made on solutions containing 4 l' of cyanide 'and from 200
to 2500 l' of sulfide in a final volume of 25 m!' After standing
with occasional shaking until all of the sulfur was dissolved, the
color was developed as described above. When measured against
reagent blanks containing the same concentration of sulfide, a
nearly constant absorbance was obtained for a given cyanide
concentration. Therefore, if the same amount of sulfide is added
to the reagent blank as is present in the sample to be tested, a
single calibration curve may be used. The results of these
experiments are shown in Table I.

A similar experiment on a cyanide solution containing 5000
l' of sulfide was unsuccessful, as no definite red color developed.
It appears, therefore, that the upper tolerance for sulfide under
these conditions is between 2500 and 5000 1'.

Applications. Synthetic samples containing varying amounts
of sulfide and cyanide were analyzed by this modified procedure.
These results are presented in Table II. Cyanide has been deter
mined in waste water which is separated from various refinery
streams. Several examples of these determinations are presented
in Table III.
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Figure 2. Effect of sulfide on absorbance with
fixed brOlnine addition

EXPERIMENTAL

Determination of Wave Length of Maximum Absorption. The
color was developed in a solution containing 10 l' of cyanide. The
absorption spectrum was determined between 380 and 700 m",
with a Beckman Model B spectrophotometer. No sharp peaks
were found, but the maximum absorbance occurred at 530 m",.
All subsequent measurements were made at this wave length.

Optimum Concentration Range. Since varying amounts of
bromine water must be added, depending on the amount of sul
fide present, it is necessary to dilute the reaction mixture to a
definite final volume before absorbance measurement. When
30 l' of cyanide in 25 m!' of final solution was exceeded, a red
precipitate formed. This was prevented by the addition of 5 m!'
of ethyl alcohol immediately after the addition of the benzidine
pyridine reagent.

With a Beckman Model B spectrophotometer using a I-em.
cell, the absorbance approaches 1 when the color is developed
from 10 l' of cyanide in 25 m!' of solution. As reasonably accurate
measurements can be made up to an absorbance of 2.5 with this
instrument, about 25 l' of cyanide in 25 m!' of final solution is the
maximum amount which can be determined without dilution.
However, 10 l' in 25 m!' is probably the upper limit for most
colorimeters unless smaller cells are used.

Application to Thiocyanates. Solutions of ammonium thio
cyanate were substituted for potassium cyanide and the calibra
tion was repeated. Calculation of the observed data into terms
of equivalent cyanide concentrations gave a series of points which
were on the.previous calibration curve. Accordingly, the method
is equally applicable to either ion if the concentration levels are
properly adjusted.

Effect of Sulfides. Solutions containing various concentrations
of cyanide (0 to 10 1') and sulfide (0 to 2500 1') were analyzed by
the Aldridge procedure, except that the solutions were diluted to
25 m!' before measurement of absorbance. The results are shown
in Figure 2. Even 5 l' of sulfide caused a significant error, while
larger amounts of sulfide caused up to 40% decrease in absorbance.
At the higher sulfide concentrations much of the sulfide was not
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a Theoretical strength of each reagent = 4.3 mg./ml.

Figure 1. Stability of Karl Fischer reagent prepared
with methanol and IDethyl Cellosolve

2
3
5
7
8
9

Methyl Cellosolve Reagent
(Initial Strength 6. 6 mg.ot water per ml)

5
6

11
14
18
22

66
63
62
59
57
54
51

Mg./ml.

2.84
2.69
2.66
2.53
2.43
2.33
2.21

Stability of Dilute Fischer Reagent Prepared with
Methanol and Methyl Cellosolve
Methanol Reagent Methyl Cellosolve Reagent

% %
% of drop from % of drop from

theorya first value Mg./ml. theorya first value

3.63 84
3.54 82
3.52 82
3.45 80
3.39 79
3.35 78
3.31 77

Age,
Days

0.3
3
6

10
14
20
30

70 L.... .l.... ~ -'-:: .....L:-__"-:':-__--'
o 10 ZO 30 40 50

Time of Standing. days

The stability of both the methyl Cellosolve reagent and the
methanol reagent is improved by decreased concentration. Sta
bility measurements on more dilute reagents, prepared with
larger amounts of alcoholic solvent than recommended above,
are given in Table 1. In these tests, the water contents of the
components of both reagents were identical, such that the theo
retical strength of each reagent was calculated to be 4.3 mg. per
mI., based on the weight of iodine added and allowing for the
known water contents of the solvents employed. The results
clearly show the greater stability and more nearly theoretical
strength of the methyl Cellosolve reagent. Although the more
dilute reagent is somewhat more stable than the 6 mg. per ml.
reagent described above (compare Table I with Figure 1), the
stronger reagent tends to give sharper end points and readily
permits the titration of as much as 0.2 to 0.3 gram of water in
samples and in standardizations against weighed amounts of
water. However, the choice ofreagent strength is largely depend
ent upon personal preference and the particular application for
which the reagent is to be used.

Add, in small increments and with constant swirling, 70 m!. of
anhydrous liquid sulfur dioxide from a graduated cylinder and
mix thoroughly. The water equivalence of this reagent is approxi
mately 6 mg. of water per m!. of reagent.

The relatively greater stability of Fischer reagent prepared
with methyl Cellosolve compared with that prepared with
methanol is shown in Figure 1. The curves show the percentage
decrease in strength from the original standardization on standing.

Table I.

A substantial gain in stability can be achieved by sub
stituting Dlethyl Cellosolve for Dlethallol in the forDlula
for Karl Fischer reagent. In addition to its greater
stability, the Dlodified reagent extends the applicability
of the method by perIDitting an appropriate choice of
saIDple solvent. :Methanol is an undesirable solvent
in SODle cases because of interfering ",ide reactions with
the sample. A Dlixture of ethylene glycol and pyridine
perIDits the direct titration of water in ketones and
SOIDe aldehydes and iIDproves the direct titration of
water with Fischer reagent to the rcyerse dead-stop end
point.

MODIFIED FISCHER REAGENT

The reagent suggested here is essentially the same as that em
ployed by Karl :Fischer (5), except that methyl Cellosolve is
substituted for methanol and the quantity of solvent used is
decreased so that ;;he effective strength of the reagent is approxi
mately three times as great. The molar ratio of iodine to pyr
idine to sulfur dioxide is maintained. at 1:10:3. It is essential
that the ingredients of the reagent be pure and free of water.
However, commercial methyl Cell030lve (Carbide & Carbon
Chemicals Co.) and C.P. pyridine (J. T. Baker Chemical Co.)
can generally be used without further purification. If the water
content of the methyl Cellosolve is appreciably greater than 0.1 %,
it may be decreased by distilling off about 5% through a small
column and using the remaining 95%, but this has seldom been
necessary.

For each lite:r of solution, dissolve 133 grams of C.P. iodine in
425 m!. of C.P. pyridine in a dry,....glass-stoppered bottle, add 425
ml. of anhydrous' methyl Cellosolve, :md cool in an ice water bath.

FOR t.he quantita,tive determination of water in various
materials, the Karl Fischer reagent (5) has found continually

expanding application. The principal advantages of this ver
satile reagent lie in the broad applicability and the rapidity with
which titrimetric determinations can be made. Because sub
stances which normally interfere in the method often react
quantitatively or can be converted to inert derivatives, and be
,cause many compounds other than water can be determined by
means oi stoichiometric water-producing or water-consuming
reactions with other substances, the method has a wide scope.
One disadvantage of the reagent is its rehtive instability, which
necessitates frequent standardization.

It has become common practice to prepare Fischer reagent
with methanol, which serves the dual purpose of acting as diluent
and reacting with the pyridine-sulfur trioxide formed in the pri
mary reaction of water with iodine, sulfur dioxide, and pyr
idine (7).

Although this methanolic reagent is satisfactory for most
purposes, a reagen't prepared with the monomethyl ether of
ethylene glycol (methyl Cellosolve) in place of methanol has
several advantages, whereas no difficulty attributable to this
substitution of diluents has been observed in 15 years of use by
the authors. Reagent prepared with methyl Cellosolve is appre
ciably more stable than that prepared. with methanol, is less
subjec;; to interfering side reactions, and has some advantage
in the direct titratbn with Fischer reagent to the reverse dead
stop eod point. Simple, but effective, apparatus for dispensing
the reagent and conducting the titrations also have been thor
oughly tested.
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Mitchell and Smith (8) have found it advisable to prepare a
very stable stock soluton of iodine, pyridine, and methanol, and
to add the sulfur dioxide only a few days prior to use; they further
recommend that the mixture be prepared in small batches-e.g.,
3 liters at a time. .However, owing to the greater stability of the
reagent prepared with methyl Cellosolve, it is practical to pre
pare 9-liter quantities of finished reagent. This reagent usually
decreases in strength over a period of several months only to the
extent of 1 mg. of water per m!. of reagent. Because of the in
creased stability of the reagent, it need be standardized only
once during an 8-hour period of use for highest accuracy demands.
Moreover, the reagent prepared with methyl Cellosolve permits
the elimination of methanol from the titration mixture; methanol
is sometimes undesirable because of side reactions with com
ponents of the sample.

BURET ASSEMBLY

,. While several commercial, all-glass, automatic buret assemblies
are suitable for storing and dispensing Fischer reagent, the
specially constructed system illustrated in Figure 2 is suggested
for long, continuous service. This assembly consists of a 9-liter
serum bottle, a modified 50-m!. precision buret, and connecting
glass tubings fitted with spherical joints, constructed to afford
ease of assembly and considerable flexibility. All stopcocks in
the connecting lines are spring-loaded with light tension springs
in order to minimize leakage; a large drying tube containing
Indicating Drierite affords adequate protection against atmos
pheric moisture. Sisco 300 lubricant (Swedish Iron and Steel
Co., 17 Battery Place, New York, N. Y.) and Apiezon N (Shell
Oil Co., New York, N. Y.), are satisfactory as lubricants for
the ground-glass surfaces.

Figure 2. All-glass, siphon-type
buret asselllbly

Modification of the buret involves the addition of a spherical
joint to the top of the buret and addition of a side arm below the
50-m!. graduation of the buret; the side arm also terminates in a
spherical joint.

In this laboratory it has been found convenient to mount bur
ets by means of two spring-loaded clamps, one above and one
below the graduated portion of the buret. The low~r one is
clamped to the buret in the area below the graduation but above
the side arm; to accomplish this without modification of the
buret requires that the clamps be trimmed to avoid masking the
extreme lower portion of the graduations. The clamps in turn
are fastened to horizontal metal strips which extend over the
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Table II. Effects of Solvents on the Deterlllination of
Water in Ketones with Fischer Reagent

(Visual end point procedure)

Solventa Titration Recov- .Nature of End Point
Sample Re- Temp., ery. Color

Analyzed agent Sample o C. % change Stability

1. 17% water in M M 25 130 Good Fades very
acetone rapidly

M M 0 107 Good Fades rapidly
M P 25 104 Poor Fades
M P 0 98 Poor Fades slowly
MC P 0 101 Very Stable

poor
MC G-P 25 101 Good Fairly stable
MC G-P 0 100 Good Stable

1.15% water in M M 25 115 Good Fades rapidly
methyl ethyl M M 0 105 Good Fades
ketone M P 25 103 Poor Fades slowly

M P 0 101 Poor Fairly stable
MC P 0 98 Very Stable

poor
MC G-P 25 101 Good Fairly stable
MC G-P 0 100 Good Stable

a M = methanol, MC = methyl Cellosolve, P = pyridine, G-P = ethylene
glycol + pyridine (4: 1). .

length of the titration stand. Behind each buret and fastened to
the horizontal metal strips there is a vertical strip of white plastic
or metal with a white enamel finish to aid in reading the buret.

TITRATION SOLVENT

Although methanol usually is a highly satisfactory solvent for
the sample, as well as for the reaction products, in the titration
of water with Fischer reagent, it has certain disadvantages.
By a study of several sample solvents it was found that a mix
ture of ethylene glycol and pyridine (4 to 1, by volume) is satis~

factory and widely applicable. Pyridine reduces the viscosity
of the ethylene glycol to a considerable extent; it also has good
solvent properties and in some cases avoids side reactions which
may otherwise occur.

When methanol is used as a solvent for samples containing
carbonyl compounds it is necessary to convert these compounds
to the relatively inert cyanohydrins (10) in order to avoid inter
fering water-producing reactions between methanol and the car
bonyl compound.

To determine wat~r directly in the presence of ketones, other
investigators have recommended the use of a reagent high in pyr
idine content (10, 12) or an excess of pyridine instead of methanol
as solvent for the sample (10). Results obtained by these modi
fications are reasonably accurate, Qut the end points still fade
slowly and are rather indistinct.

When the glycol-pyridine solvent mixture is employed in con
junction with Fischer reagent prepared with methyl Cellosolve,
the titration can be performed in the presence of free ketones with
out interfering side reactions (provided the titration mixture is
maintained near 0° C. .throughout the titration), and the color
change at the end point is good. Results with various solvents
in the presence of ketones are shown in Table II

Large amounts of the lower aldehydes (except formaldehyde)
interfere even when glycol-pyridine sample solvent at 0° C is
employed with the methyl Cellosolve reagent. Such samples must
first be reacted with hydrogen cyanide to form the cyanohydrim
(10). However, the interference from aromatic aldehydes and
from Csand higher aliphatic aldehydes is slight when less than 1 or
2 grams of such aldehydes in 10 m!. of glycol-pryidine at 0° C. are
titrated with Fischer reagent prepared with methyl Cellosolve.

Although most organic acids do not cause serious errors in water
titrations by virtue of the relatively slow reaction between the
acid and methanol, possible interference by acids is also elimi
nated by means of the reagent and solvent described. •If ketones
and organic acids are known to be absent, the titration may be
carried out at room temperature, and methanol or other suit
able solvents for the sample may be employed as the titration
solvent.
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Figure 3. Titration flasks

Left. Dead-stop titration flask
Right. Side-well titration flask

the buret tip while it is inserted in the neck. As a precaution,
any moisture which collects on the buret tip while it is exposed to
the atmosphere during a titration should be frequently removed
with a dry cloth or tissue by wiping with a downward motion. A
flexible closure, such as a rubber dam with a hole for introducing
the buret tip, between the neck of the flask and the buret is de
sirable in humid climates. The flask is swirled by hand during
titration. In laboratories which employ Fischer reagent for
various purposes-for example, determination of organic func
tional groups by means of water-producing or water-consuming
reactions-these titration vessels are more convenient than sta
tionary titration vessels in permanent setups because they can
be used as the containers in which preliminary reactions are
carried out in water baths, ovens, etc., and they permit simulta
neous preparation of a number of samples. One electrode pair is
sufficient for many flasks, as the side arm can be kept closed with
a standard-taper glass plug until just before the titration step.

For the highest accuracy, Fischer reagent should be stand
ardized in the same manner (visual or dead-stop end point pro
cedure) as it is to be used. The reverse dead-stop technique
has been found to yield a standardization.value approximately
1% higher than the value by the visual end-point procedure.
Choice of titration solvent appears to make very little, if any,
difference in standardization values, provided the reagent (or
the solvent) contains a reactive alcohol.

TITRATION IN TWO-PHASE SYSTEM

For the determination of water in materials such as hydro
carbons which, because of low water content, require a large
sample, a procedure whereby all of the water in the sample is
concentrated in a relatively small volume is obviously desirable.
Solvent. systems which give a large quantity of homogeneous
solutions (11) do not yield the highest accuracy because of the
indefinite nature of the end point obtained in a highly diluted
titration mixture. Extraction of the water from the sample with
methanol or ethylene glycol (11) is generally satisfactory. Ethyl
ene glycol (without pyridine) is to be preferred because it is less
miscible with hydrocarbons than is methanol and is an efficient
water-extracting agent. A marked improvement in results
and greater simplicity are attained by performing the extrac
tionand titration in the same vessel.

For this purpose, the special titration flask shown in Figure 3
(right) has been employed (this apparatus is available from
Rankin Glassblowing Co., 3920 Franklin Canyon Road, Martinez,
Calif.). This flask is made from a borosilicate glass SOO-ml. volu
metric flask by adding a side well of 20-ml. capacity as shown in
the figure. The iodine color is retained in the lower (glycol) phase
and is easily observed in the side well. The glycol phase is pre-

0.0176
0.0175

0.0281
0.0287

0.072
0.068

154
161

123
127

75
81

Propylene TetramerG

Sample Water,
size, g. wt. %

148 0.0091
156 0.0099

0.0388
0.0384

0.079
0.078
0.081

163
200

110
115
154

o

25

50

27

75

172 0.0605
176 0.0599

80 0.113
81 0.114

62 0.239
62 0.243
63 0.246
64 0.247
M 0.231
6H 0.231

<> Saturated with water at temperature indicated.

Table HI. Solubility of Water in Hydrocarbons
Detcnnined by Means of Fischer Reagent

(Visual end point procedure, uaing 15 ml. of ethylene glycol as the lower
phaae and side-well flask)

Toluenea Diisobutylenea
Temp., Sample Water,-' Sample Water,

o C. size, g. wt. % size, g. wt. %
257 0.0293 152 0.0052
267 0.0293 157 0.0053

170 0.0051

149 0.0149
200 0.0154

ELECTROMETRIC DEAD-STOP TITUATION

In the reverse dead-stop method for detecting the end point
in the direct titration of water with Fischer reagent, temporary
drifting deflections of the galvanometer are frequently observed
before the true end point when methanol is employed as the
sample solvent. To avoid this difficulty, the ad.dition of excess
Fischer reagent and back-titration with standard water in meth
anoi solution to the dead-stop end point isfrequent.lyrecommended
.(9, 12). lHodiiications of t,he dead-stop apparatus, employing
increased potential across the electrodes (2) or increased current
(3), have been reported to be satisfactory for the direct titration
with Fischer reagent, and an automatic titration apparatus in
corporating a timer mechanism which disting'uishes between
transitory currents produced by temporary excesses of uncon
,sumed Fischer reagent and the true end point has been de
scribed (6) and marketed.

Although these instruments appear to be satisfa.ctory for most
direct titrations, a further decrease in tendency for temporary
currents in advance of the tme end point can be obtained by the
use of the glycol-pryridine solvent mixture and the modifie(l
Fischer reagent described above. Under these conditions, the
true end point can be quickly determined by direct titration,
even when a dead-stop apparatus with low potential (20 mv.)
across the electrodes and a low current (10 I"a.) at the'end point
is used. Apparently, a slightly larger concentration of Fischer
reagent (and consequently larger concentrations of iodine and
sulfur dioxide resulting in more rapid reaction with water) is
required to depolarize the electrodes in glycol-pyridine solution
than in methanoL The sensitivity of the end point is slightly
lower in glycol-pyridine than in methanol, but is adequate for·
nearly all analytical purposes, giving more precise results than
the visual end point procedure.

An alternative solvent mixture, consisting of 1M' ,mlfur dioxide
and 1M pyridine in methanol, also permits direct titration with
Fischer reagent to the dead-stop end point when the presence
of methanol is not objectionable because of side reactions. The
use of this solution as the titration solvent gives just as high end
point sensitivity as the use of methanol alone and decreases the
tendency for temporary, drifting deflections before the end
point by increasing the rate of the reaction with water.

A convenient titration vessel for reverse dead-stop titrations
is shown in Figure <I (left) (this apparatus is available from Rankin
Glassblowing Co., ,:920 Franklin Canyon Road, Martinez, Calif.).
An interchangeable platinum electrode pair is inserted into a
2SD-ml. volumetric flask through a side arm carrying' a standard
taper ground-glass joint. A vo:lumetric flask is used because the
long, narrow neck provides a gradient between the dry air in the
flask and the moist atmosphere- outside. When the moisture
contenti,of the atmosphere is not too high, the flask nlso protects
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titrated with Fischer reagent to the end-p~intcolor of a matching
standard prepared in a similar flask. The hydrocarbon sample
is then added and shaken thoroughly in the stoppered flask to
extract the water into the glycol phase, with care that the upper
portion of the neck of the flask does not become wet with glycol.
The mixture is then titrated with Fischer reagent until the lower
phase is near the end point color. The flask is again stoppered
and shaken as before. The phases are allowed to separate and
the titration is then completed with small increments of titrant
until the color of the lower phase, as observed in the side well,
matches the original color standard. When dense or viscous oils
are analyzed, the addition of a light petroleum fraction before
the pretitration of the glycol phase assists in the separation of
phases.

. The application of this procedure for the determination of
solubility of water in hydrocarbons is sho.wn in Table III. Rep
licate determinations indicated excellent precision of the method,
except for the experiments at 75 0 C., where difficulties in sampling
caused somewhat poorer precision. The reverse dead-stop end
point procedure also can be employed, using the dead-stop titra
tion vessel (Figure 3, left). As long as the electrodes are immersed
in the lower (glycol) phase, the end point can be readily deter
mined when the flask is gently swirled.

CONCLUSIONS

The usefulness of the reagent, solvents, and apparatus de
scribed has been demonstrated in the laboratories of the authors
and others who have adopted several of these techniques but have
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not included complete details in their publications (1, 4). It
is felt that these techniques will be found to be of general value
to others employing Karl Fischer reagent for aquametric analysis.
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Apparatus for the Pyrohydrolytic Determination
of Fluoride and Other Halides
C. D. SUSANO, J. C. WHITE, and J, E. LEE, JR.

Analytical Cbemistry Division, Oalc RiJge National Laboratory, Oalc RiJge, Tenn.

An apparatus tor the pyrohydrolytic deterlDination of
fluoride and other halides is constructed entirely of
nickel and stainless steel rather than platinum and
quartz. The apparatus is econolDical, colDpact, and
easily lDanipulated. ApproulDately 5000 determina
tions were made in 22 lDonths before replacement of the
reactor tube was necessary. The tube had been main
tained at 10000 C. tor approxilDately 3500 hours with
daily cooling and reheating.

T HE method of pyrohydrolysis for the determination
of fluorides was first exploited by Warf and coworkers (1),

who developed a method for the determination of fluoride in
which steam is passed over a heated sample in a platinum ap
plll'atus. The volatile products of the pyrohydrolysis are then
condensed and titrated:

MF2 + H 20 -+ MO + 2HF

This reaction, in the case of many fluorides, is slow and is usually
conducted at temperatures of the order of 1000 0 C. This high
temperature and the known corrosive action of solutions of
hydrochloric, hydrofluoric, and hydrobromic acids on metals
dictates the use of extremely resistant structural materials.
Warf and coworkers (1) used platinum and quartz in the fabri
cation of their apparatus. This report concerns the use of nickel
for this purpose.

It was desired that the apparatus be constructed of material
of similar durability to platinum and require less initial expendi
ture. Nickel was chosen as the metal most likely to meet these
requirements. In order to reduce the cost of the apparatus still
further, stainless steel was to be used wherever possible. In the'

design of the apparatus, prime consideration was given to these
four factors: cost, durability, ease of manipulation, and com
pactness.

DESCRIPTION OF APPARATUS

The apparatus, in its final design, is shown in Figure 1. Its
over-all dimensions are 28 inches high, 21 inches deep, and 15
inches wide. Thus, it is possible to place two sets of apparatus
in a 6-foot fume hood and still have ample space for titration and
any other necessary operation. Steam is generated in a I-liter
flask, which is heated by an electric hot plate. The steam is
passed through a line made of I-inch (iv-side diameter) 3.16 stain
less steel, which is heat€d by a 42Q-watt, 5-inch furnace operated
at 1000 0 C. A ball joint is used to connect the steam line to the
reaction tube, which is made of nickel. The ball joint was fab
ricated by the machine shop and was patterned after the familiar
glass ball joints. Fabrication was from nickel metal.

Pertinent dimensions for the apparatus shown are: male joint,
19/u-inch outside diameter in width; .female, 15Iwinch outside
diameter broadening to PIs-inch outside diameter. The seal
is made tight by the weight of the reactor tube. The reaction
tube is heated by a 9-inch, 580-watt furnace. The condenser
jacket is made of 316 stainless steel, as is the handle. The joint
is made leakproof by means of the position and weight of the
handle which is 7.25 inches in over-all length, 4 inches of which is
a I-inch bar and 3.25 inches of 0.25-inch 316 stainless steel rod.
The handle weighs approximately 1.4 pounds. A photograph of
the ball joints and ball joint lock is shown in Figure 2.

The apparatufl is positioned so that the handle of the door lock
is directly in front of the operator. Thus, the receiver vessel
for the condensate is located directly to the rear. This position
is the most advantageous, as it makes for simplicity in introduc:"
ing the sample into the tube and permits a full view of the ball
joint and thus virtually eliminates any inadvertent loss of sam
ples due to escape of hydrolysis products through an improper
fitting of the lock.

The apparatus was designed to use steam either generated by a
water boiler or obtained from the plant steam line. A condensing



trap may be viewed at the bottom of the preheater. A water
boiler was found to be the more reliable source of steam, as steam
taken from steam lines was often contaminated with titratable
acidic constituents.

DISCUSSION

This apparatus has proved entirely satisfactory in all respects
over a period exceeding 2 years of allIlGst constant use. With

Figure 1. Front view of apparatus for the
pyrohydrolysis of halides, showing nickel

reactor tube and ball joints

respect to durability, it has perfomned beyond original expecta
tions. Approximately 5000 detemninations were made over a
period of 22 months before replacement of the reaction tube
was necessary. It was estimated that the tube had been main
tained at 1000 0 C. for approximately 3500 hours with daily
cooling and reheating. No rupture of the tube was noted despite
this treatment. When the tube was removed from the furnace
and cooled in air, spalling occurred, probably ,due to the high
cooling rate. A nickel insert was welded to the tube and the
apparatus has been used for 8 months since replacement.

ANALYTICAL CHEMISTRY

Figure 2. Close-up of sa"Dlple entrance
port and ball joint lock

A new tube is conditioned by passing preheated steam through
the reactor tube for several hours. This treatment removes any
constituents that may be titratable with base. Nearly '1500

.determinations have been performed during this period. The
replacement of the nickel reaction tube in direct contact with
the furnace has been the only maintenance required in this period,
which attests to the durability and economy of the apparatus.

Monel metal has also been suggested as a possible material for
this apparatus, but has not been tested in this laboratory.
Stainless steel is not satisfactory because of its nonresistivity to
steam. The original model of the nickel apparatus was built
with a stainless steel condenser line. Subsequent testing of the
apparatus revealed that this was not satisfactory because sig
nificant amounts of iron are dissolved by the acid condensate
which interferes with the titration of the acid with standard
alkali solution.
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Determination of Phosphate in Perchloric and Sulfuric Acid
Solutions of Uranium Phosphates
10\\ .Exc\\"\\ftt St\laration and Amperometric Determination
E. G. COGBILl', J. C. WHITE, and C. D. SUSANO

Analytical Chemistry Division, Oak Ric/ge National Laboratory, Oak Ric/ge, Tenn.

The antperontetric titration of phosphate with uranyl
acetate has been applied to the deterD1ination of phos
phate in sulfuric and perchloric acid solutions of
uraniunt phosphates. UraniuD1 is rentoved by cation
exchange separation with' Dowex 50 resin. The coef
ficient of variation was 0.6% for solutions containing
65 to 150 ntg. of phosphate and 180 ntg. of uraniuD1 (as
U02 ++) and having acid concentrations as high as 8M
perchloric acid and 11M sulfuric acid.

T' HIS investigation was undertaken to study the applicability
of an amperometric method for the determination of phos

phate in solutions of uranium phosphates which are strongly
acidic with respect to sulfuric and perchloric acids. The range
in concentration of phosphate considered in this report is of the
order of 0.1 to OAM.

Kolthoff and Cohn (2) have shown that phosphate in low
concentrations (0.01 to 0.0002M) can be determined by ampero
metric titration with uranyl acetate. The method depends upon
the precipitation of a slightly soluble alkali uranyl phosphate
such as:

(1)

The alkali uranyl phosphates are very slightly soluble in weakly
acidic solutions, and their solubility may be further decreased by
the addition of alcohol. Kolthoff and Cohn (2) carried out the
titration in acidic solutions (pH 3.5) having an ethyl alcohol con
centration of 20%, and used either potassium chloride or nitrate
as the supporting electrolyte. The end point was found by
measuring the diffusion current of uranyl ion at an applied volt
age of about -0.7 volt (vs. S.C.E.). They were able to deter
mine phosphate in concentrations as low as 0.0002M in solutions
oi pure potassium dihydrogen phosphate with an accuracy of 1%
or better.

This report describes the application of a combination of the
ion exchange separation of phosphate from interfering substances
and the amperometric titration of phosphate with uranyl ace
tate, to the determination of phosphate in sulfuric and perchloric
a.cid solutions of uranium phosphates.

REAGENTS AND APPARATUS

Reagents. Uranyl Acetate, Stock Solution, 0.105M. Dis
solve 45 grams of uranyl acetate dihydrate and 8 ml. of glacial
acetic acid in about 800 ml. of water. The salt dissolves slowly
and may require several hours' standing, with occasional mixing.
Dilute to 1 liter with water.

Uranyl Acetate, Titrant Solution, 0.035M. Dilute 1 volume
of the stock 0.105M solution with 2 volumes of water. Each
milliliter is equivalent to 3.3 mg. of phosphate. Standardize
the solution by the amperometric titration of aliquots of a solu
tion of potassium dihydrogen phosphate as follows: Take an
aliquot containing about 10 mg. of phosphate and transfer it to
the titration cell. Dilute to 50 ml. with water, add 5 drops of
bromocresol green solution, and adjust the pH with dilute sodium
hydroxide and O.IM hydrochloric acid until the solution has a
shjtde of yellow green. Add 0.5 ml. of O.IN acetic acid, 7 ml. of
1M potassium chloride, and 17 ml. of ethyl alcohol, then titrate.
Diffusion current readings are conveniently taken at 2.0, 2.5,
3.25, 3.50, 3.75, and 4.00 ml. of standard solution.

1 Present address, Chemistry Department, University of Virginia,
Charlottesville, Va.
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Standard Phosphate Solution, 1 mg. per ml. Dissolve 1.433
grams of potassium dihydrogen phosphate-dried at 120 0 C.
in water, and dilute to 1 liter.

Potassium Chloride, 1M. Dissolve 75 grams of potassium
chloride in 1 liter of water.

Bromocresol Green Indicator, 0.1 w../v. %. Dissolve 50 mg.
of the solid indicator, Eastman Organic Chemicals Co., No.
1782, in 50 m!. of ethyl alcohol.

Sodium Hydroxide, 2M. Dissolve 80 grams of solid sodium
hydroxide in 1 liter of water.

Hydrochloric Acid, O.IM. Dilute 1 ml. of concentrated hydro
chloric acid to 120 mLwith water.

Acetic Acid, O.lM. Dilute 1 ml. of glacial acetic acid to 170
ml. with water.

Absolute Alcohol. Reagent grade ethyl alcohol, 95 volume
%, may be substituted.

Apparatus. ION EXCHANGE COLUMN. Leach overnight the
contents of a I-pound bottle of Dowex 50 (NalciteHCR) resin,
50- to IOO-mesh, with about 2 liters of 2M sodium hydroxide.
Wash with water by decantation and leach for 1 hour with three
successive, I-liter portions of 6M hydrochloric acid. Wash sev
eral times, by decantation; with water to removEdiiies.

Shorten the outlet tubing of a Jones reductor tube of the usual
dimensions (body of tube approximately 21 inches. long and 7/8
inch in diameter) by cutting it off about 1.5 inches below the
stopcock. Fit the outlet tube with a short length of tubing,
carrying a Hoffman pinch clamp and a short-' glass' delivery tip.
Half-fill the tube with water, then expel the'air bubbles from the
outlet tube. Insert a plug of glass wool into the body of the tube
and pack it tightly at the bottom, working it with a glass rod to
expel entrapped air. Mix the resin with water and with the aid
of a wash bottle, wash it into the column. Continue to add
resin until abed 24cm. deep is obtained. Pass 200 ml. of 5 to 6M
hydrochloric acid. through the column, followed by several
hundred milliliters of water. The column is then ready for use.

In operation, the flow rate of liquid through the column can
be regulated by the pinch clamp with the stopcock wide open.
The maximum flow rate is determined by measuring the column
of water delivered per minute when the liquid level is at the top
of the tube. The preadjusted setting of the pinch clamp may
then be left undisturbed while a sample is being put through the
column and the flow can be stopped or started at will with the
stopcock without altering the flow rate. This permits shutting
off the flow just when the liquid level has reached the top of the
resin bed, so that each portion Of wash liquid can be drained com
pletely before the next portion is added. This aids the effective
elution of the column with a minimum of wash liquid, and is a
convenience when several columns are operated simultaneously.

After separation of uranium, the column should be eluted with
about 200 ml. of 5 to 6M hydrochloric acid, at a flow rp.te of
approximately 10 ml. per minute, and finally washed with water.

POLAROGRAPH. A manually operated Fisher Elecdropode was
used.

TITRATION ASSEMBLY. The titration cell consisted of a
cylindrical glass vessel, 4.8 em. in diameter and 10 em. high,
attachable to the buret assembly by a 35/55 spherical ball joint.
The usable volume of the cell was about 100 ml. The cell car
ried a side arm, 8 mm. in diameter, through which the gas inlet
tube was inserted, and a wide side arm near. its bottom in which
was mounted a 20-mm. fritted-glass disk. This arm was filled
with saturated potassium chloride-agar gel up to the fritted
disk, the gel extending through a flexible bridge-tube of Tygon
tubing into a saturated calomel electrode.

SOURCE OF INERT GAS. Helium (nitrogen or argon may be
used) was freed from oxygen by passing it through a series of
three gas-scrubber bottles half-filled with Oxorbent solution
(Burrell Corp., Pittsburgh, Pa.), 2M sodium hydroxide, and an
aqueous solution containing 20 volume % of alcohol, respectively.

PROCEDURE

Procedure Adopted. Transfer a 5-ml. aliquot which contains
at least 25 mg. of phosphate to a 50-ml. Erlenmeyer flask and
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-0.002
+0.003
-0.004

+0.003
+0.001
-0.003
-0.003
-0.001
-0.005

+0.001
-0.002
-0.001
-0.003
+0.007
-0.003

Deviation from
Over-all

Average Ratio

Region of
IConstant.

Volt

-0.33 to -0.80
-0.35 to -0.95
-0.85 to -1.15
-0.40 to -1..00

No attempt was made in
tbis work to study the polarog
raphy of uranium, except in
so far as it was necessary to
select the proper applied volt

·age for the amperometric ti
tration under certain specifiecl
experimental conditions. Only
the diffusion current plateau
corresponding to the first stage
of the reduction of uranyl ion
is of interest; the voltage
selected must lie within the
region of constant diffusion
current between the first and
second waves. As the half
wave potentials of these waves
may change with varying con
centration and kind of indif
ferent electrolyte, it was
necessary to determine the
shape of the polarograms of
uranyl ion in media similar to
that in which the titration
was to be carried out. For
this purpose,' current-voltage
curves were recorded for
uranyl acetate in solutions
having concentrations of

cWoride, sulfate, perchlorate, and nitrate approximating the
highest concentrations of these ions to be expected in an actual
determination of phosphate. Similar polarograms were made
with solutions in which the supporting electrolyte was potassium
chloride, sodium sulfate, or sodium perchlorate. An ORNL
Model Q-1l60 recording polarograph (1) was used in these ex
periments. Pertinent data from the polarograms obtained are
shown in Table 1. With the exception of the first solution in
Table I (O.IN potassium chloride, pH 4) which contained no
alcohol, the ethyl alcohol concentration of all solutions was 20
volume % and the pH was approximately 3.5.

The data show that, of the anions considered, sulfate causes the
greatest displacement of the first wave of the uranyl reduction
from its position in a supporting electrolyte which is predomi
nantly potassium chloride. The region of constant diffusion cur
rent extends from 0.45 to -1.00 volt and any applied voltage be
tween these values should be suitable for the amperometric titra
tion. The value of -0.7 volt was therefore adopted, and used in
this work.

Precision of Titration. The precision of the titration was
determined by titrating aliquots of a standard solution of potas
sium dihydrogen phosphate both in a supporting electrolyte of
O.IN potassium chloride and in supporting electrolytes contain
ing perchlorate, sulfate, and nitrate ions. The results of these
determinations are given in Table II.
. The average volume ratios (0.726, 0;727, 0.726) of the stand
ard solutions of uranyl acetate and potassium dihydrogen phos
phate which were found in the experiments involving three dif
ferent supporting electrolytes are for practical purposes identical,
thus indicating no interference, in the concentration ranges
studied, with the titration of perchlorate, sulfate, or nitrate ions.
The experiment reveals that the coefficient of variation is of the
order of 0.5%.

Separation of Uranium by Ion Exchange. Samuelson (4)
showed that phosphate can be separated quantitatively from
cations by means of a cation exchange resin. This technique
was applied to the s~paration of phosphate from uranium in
perchloric and sulfuric acid solutions of uranium phosphates.
The optimum conditions that were selected for this separation

-1.27
-1.28
-1.3
-1.2

Ratio
UO,(C,H30,), per

1'111. of KH,PO.

0.725
0.730
0.723

Av. 0.726

0.728
0.725
0.726
0.724
0.734
0.724

Av. 0.727

0.730
0.728
0.724
0.724
0.726
0.722

Av. 0.726

0.727
0.0033
0.5%

-0.25
-0.26
-0.53
"';0.28

Phosphate,
Mg.

9.60
12.00
14.40

0.27
0.27

0.067

0.1

Chloride

Precision of Alllperornetric Titration of Phosphate with Uranyl Acetate in
Various Supporting Electrolytes

KH,PO. Titrant
Taken, UO,(C,H,O,j"

1'111. 1'111.

4.00 2.90
5.00 3.65
6.00 4.33

O.lN CI

Table 1. Polarographic Reduction of Uranyl Ions in Presence of Certain Anions
Concentration, l\!Iolar El/ 2, Volt

Per- First Second
chlorate Sulfate Nitrate wave wave

Over-all average volume ratio of fltandard solutions
Standard d.eviation
Coefficient of variation

0.07M CIO. 4.00 2.91 9.60
O.lOM NO, 2.90
0.07M CI 5.00 3.63 12.00

3.62
3.67
3.62

0.07M SO. 4.00 2.92 9.60
0.10M NO, 2.91
0.07M CI 5.00 3.62 12.00

3.62
3.63
3.61

Composition
of Supporting

Electrolyte

0.002
0.003
0.003
0.003

Acetate

Table II.

neutralize wi1;h concentrated ammonium hydroxide to a methyl
red endpoint. The contents of the flask should be cooled in an
ice bath and swirled constantly to prevent spattering. Add 5
m!. of concen1;rated nitric acid, and boil gently for 1 or 2 minutes
to oxidize the uranium to the hexavalent state. Dilute the solu
tion with about 300 m!. of water. Pass the solution through a
24 X 2 em. column of Dowex 50 resin at a maximum flow rate
of 5 In!. per minute. Catch the eflluent in a 500-ml. volumetric
flask. Rinse the beaker with water, and pour into the column.
When the level of liquid in the eolumn reaches the top of the
resin bed, shut off the flow and wash the column with 25-m!.
portions until 500 ml. have been collected. Transfer a 50-m!.
aliquot of the eflluent to the titration cell, add 5 drops of bromo
eresol green solution, then neutraLize with 2M sodium hydroxide.
Add O.IN hydrochlorie acid dropwise until the solution is yellow
ish green. Add 0.5 ml. of O.IN acetic acid. Stirring may be
effected by passing a slow stream of oxygen-free inert gas, nitro
gen, helium, or argon, through the solution. Add 7 ml. of 1M
potassium cWoride and 17 m!. of ethyl alcohol. Allow the solu
tion to cool to room temperature. Attaeh' the titration cell to
the buret assembly, then pass inert gas through the solution for
10 minutes. Set the applied voltage at -0.7 volt (vs. S.C.E.)..
Titrate with the standard solution of uranyl acetate by the usual
amperometrie technique.

Alternative Procedure. A slightly different method from that
described above was tested in which the solutions were diluted
to a known volume of 500.0 ml. before passage through the resin
eoiumn. The :6.rst 400 m!. of the efIluent were then rejected, and
the 50-In!. aliquot to be titrated was taken from the last 100-m!.
portion of effiuent without further dilution. This technique
permits maximum dilution of the influent and obviates the time
consuming elution of the column which is neeessary if the solu
tions are to be made up to exact volume after the ion exchange
separation. It does not, however, consume appreeiably less
time than the usual procedure. A dilution of 300 m!. of the
influent appears to be adequate for efficient action of the exchange
resin.

RESULTS AND DISCUSSION

Polarographic; Reduction of Uranyl Ion. Current-voltage
eurves for the reduction of hexavalent uranium at the dropping
mercury electrode are markedly affected by the composition of
the supporting electrolyte (3). Especial interference is exerted
by the nitrate ion (whieh is eatalytically reduced in the presence
of uranyl ions) .and by anions, sU&h as acetate and sulfate, with
which the uranyl ion forms complex anions.
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When the removal of uranium by the ion e'xcfiange resin ap
peared to be complete, in no case was the amount of phosphate
found to differ from that taken by more than 1.1%. The aver
age difference of 14 samples from, the known values (68 to 100
mg.) was 0.5% and t4tl coefficient of variation was 0.6% on a
95% confidence level. Neither precision nor accuracy appear
to have been affected adversely with changes in flow rates rang
ing from 3 to 5 m!. per minute.

Concentration Range of Applicability. The phosphate con
tent varied from 65 to 150 mg.; hence, the quantities of phosphate
in the aliquots finally taken for titration lay between 6.5 and 15
mg. No difficulty should be expected in applying the method
to more concentrated samples, because the phosphate content
of the solution which is to be titrated can be brought within this
range by taking a smaller aliquot either of the original sample or
of the effluent from the ion exchange step. At the lower ex
treme, the limiting factor should be the titration itself. Kolthoff
and Cohn (2), titrating with O.OlM uranyl acetate, were able to
determine phosphate in solutions as dilute as 0.0002M with an
accuracy of 1%. This dilution corresponds to 1 mg. of phosphate
in a 50-m!. aliquot. At two to four tim~s this dilution, results
(using 0.005M titrant) were high by 2 to 11 %.

Under the experimental conditions applied here, and using
0.035M uranyl acetate as the titrant, 3 mg. of phosphate can be
determined within 1 %; for smaller quantities, the results are high.

Difference,
B-A

0.6
-0.2

68.8 0.4
69.2 0.7

101.7 1.1
99.5 -0.6

147.8 -0.3
148.0 -0.1

99.9 -0.2

Found,
B

99.7
100.6

Phosphate, Mg.

148.1
148.1

100.1

Taken,
A

99.1
100.8

64.8
68.5

100.6
100.1

3.5
3.1

Flow Rate,
Ml. per

Min.

300 4.7
4.4
4.6
4.3

300 3.7
3.5

500 4

Table III. DeterDlination of Phosphate by ADlperoDletric
Titration with Uranyl Acetate after Cation Exchange

. Separation
[Dowex 50, 24 X 2.1 em. column. Composition of original solution, uranium,

180 mg. (U02++), HCIO" 0.66M, H 2SO" 1O.9M]

Volume
of Influent
Solution,

Ml.

100

were: size of resin column, 24 X 2.1 cm., and flow rate, 3 to 5
ml. per minute. The longer resin column effectively eliminated
breakthrough of uranium (in strong sulfuric acid solution) as
the anionic uranyl sulfate complex. Phosphate in solutions
as '~oncentrated as approximately 11M with respect to sulfuric
acid was successfully determined. Perchloric acid presented no
difficulty in the separation. The longer columns were also satis
factory with regard toholdup of phosphate in the column~The
volume of influent was not critical.

Precision of Method. Synthetic samples of uranium phos
phate in volumes of 5 m!. were prepared which contained varying
amounts of sulfuric and perchloric acids. Each contained 1 m!.
of 0.67M uranyl sulfate (180 mg. of UO, ++) and 65 to 150 mg. of
phpsphate. The latter was added as a solution of potassium di
hydrogen phosphate containing 92.56 mg. of phosphate per gram
of solution. The portion of the standard solution of phosphate
used to prepare each sample was measured by weighing it in a
stoppered flask. Typical data, which were obtained under the
optimum conditions, are shown in Table III.

Weighing Pipet Method for Preparing Infrared Oas
Standards for Ether and Alcohol
FRANK PRISTERA and ALEXANDER CASTELLI

Picatinny Arsenal, Dover, N. J.

A lllethod is described for the preparation of infrared
gas standards of ether and alcohol using a weighing
pipet (Dlicro). The Dlethod was found satisfactory
when applied to synthetics containing known aDlounts
of ether and alcohol. It should be applicable also to
any reasonably volatile substances such as the nUDler
ous organic solvents which have widespread cODlDlercial
application.

I N THE manufacture of solid propellants, 'ether and alcohol
are widely used as solvents for the nitrocellulose. The fin

ished propellant is then usually placed in a solvent recovery
house where the concentration of ether and alcohol may reach
appreciable proportions. It was in connection with the infrared
analysis of the air for ether and alcohol in such a solvent house
that the weighing pipet method for preparing infrared gas stand
ards was developed.

The infrared analysis of a gas (1), in essence, consists of obtain
ing the infrared absorbance of the sample and relating such absorb-

ance (usually at some selected absorption band) to concentration
from a previously established relationship (working curve) of
absorbance versus concentration. The establishment of the
working curve necessitates the preparation of standards contain
ing known and varying amounts of the gas. Such gas standards
are usually prepared by the introduction of controlled amounts
of gas into 'an il).frared gas cell, making accurate measurements of
their pressure, and relating such pressure measurements to con
centration. This method is lengthy, very difficult to control
accurately, and in the case of ether and alcohol it would also
be very difficult to apply as these substances are not normally in
the gaseous state. For these reasons a more suitable method for
preparing standards was considered desirable.

In the field of organic quantitative microanalysis (2), volatile
liquids are handled in capillaries called weighing pipets. It
therefore appeared reasonable to anticipate that a suitable tech
nique could be developed to introduce known amounts of ether
and alcohol in an infrared gas cell using similar weighing pipets.
This paper describes the developed technique and presents some
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data obtained in the application of this method to prepared
samples containing known amounts of ether and alcohol.

Table I. Results Obtained on Synthetics of Ether
and Alcohol
Ether, % Alcohol, %

Sample No. Added Found Added Found

1 6.9 :'.0 1.3 1.3
2 2.2 :1.4 2.1 2.0
3 1.1 LO 0.58 0.55
4 1.0 l.0 3.0 3.1

Av. 2.80 :1.85 1.75 1.76

EXPERIMENTA.L PROCEDURE

Preparation of Weighing Pipets. Thin-walled soft glass tub
ing I to 3 mm. in inside diametel' was sealed at one end with a
flame. At about 2 em. from the sealed end the tube was heated
in a flame, dra.wn out to a fine capillary, and cut at about 3 em.
from the sealed end. (Weighing pipets were purposely made in
different sizes ranging from I to 3 mm. in inside diameter, so as
to be able to prepare standards of ether and alcohol ranging in
'~oncentrationfrom about I to 8%. Using a lO-cm. gas cell, the
weighing pipet with a I-mm. inside diameter, when filled to I
'~m. from the sealed end, produced a concentration of about 1%.)

Filling and. Weighing the Pipet. The pipet, previously weighed
empty on a m.icrobalance or a good semimicrobalance, was placed
with the open end down in a lO-mL beaker containing about I ml.
of the ether or the alcohol. The beaker was placed in a Fisher
Filtrator in which the upper opening was stoppered. The vacuum
was turned on for a few seconds and then turned off. In this

Std. deviation of differences 0.13 0.082

process some of the air within the pipet was withdrawn in the
evacuation process and, upon shutting off the vacuum, the ether
or alcohol moved into the pipet to replace the air withdrawn.
The pipet was placed in a small centrifuge tube with the sealed
end in the outward direction artd centrifuged to move the liquid
to the sealed end. The open capillary end was sealed in a flame
and the sealed pipet was weighed on the same balance which was
previously used. The gain in weight of the pipet was considered
as ether or alcohol. (The pipet should be filled to no more than
I em. from the sealed end.. To get varying amounts of ether or
alcohol, pipets of different inside diameters are used together
with variation in the level of the liquid in the pipets. A prelim
inary weighing of the pipet can be made prior to sealing its tip
to ensure that it contains the desired amount of liquid. To place
additional liquid in a pipet, after centrifuging and prior to seal
ing, repeat the evacuation process, described above. If too much
liquid has been introduced in a pipet, some of it may be removed
before centrifuging by warming the pipet slightly, by holding it
between two fingers or even by centrifuging with the tip of the
pipet in the outward direction.)

Preparation of Standard Samples and Working Curves. The
pipet containing a known amount of ether or alcohol was intro
duced through one of the threaded openings into a Perkin-Elmer
lO-cm. gas cell having a metal body. With a thin metal rod
heated to about 50° C. and inserted through the threaded open
ing, the pipet was fragmented inside the cell. The end of the
rod was held in the cell for about a minute to allow evaporation
of any ether or alcohol which may have deposited on the tip
during the fracturing process. (The rod was heated to about
50° C. to facilitate this evaporation.) The rod was then with
drawn, and the threaded opening of the cell was suitably closed.
(The other threaded opening was kept closed during the complete
operation.) The cell was allowed to stand for about 0.5 hour to
allow the ether or alcohol to evaporate completely and to disperse
itself inside the cell. The percentage of ether or alcohol in the

5000 2500 1500
CM.-l
1200 1000 900 800 700

III
V
Z«
'"'"
~«

15141312111076 8 9
MICRONS

Figure 1. Absorbance of alcohol and ether in lO-CIn. cell

5432

Upper. Alcohol. Lower. Ether
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The relationship of concentration to absorbance for both
ether and alcohol at both 6.9 and 8.0 microns appear to follow
a straight line and therefore the working curves have been
drawn as straight lines. The various points lie very close to
the lines, indicating that the weighing pipet method of preparing
infrared'gas standards for ether and alcohol is valid.

To test the applicability of the method, four known samples of
ether and alcohol in air were prepared by introducing known
amounts of both ether and alcohol in the gas cell as described
above. The infrared absorbance of the prepared samples was
measured at 6.9 and 8.0 microns and the values were calculated
to per cent ether and alcohol using the method of successive
approximations (3). The results obtained are listed in Table
I and, show good agreement between the values added and the
values found.

analysis. The net absorbance (total absorbance minus cell ab
sorbance) of the various standards at the two selected positions
was plotted against concentration to obtain the working curves
(Figure 2).

DISCUSSION AND APPLICATION OF METHOD

823456
CONCENTRATION, VOL. %

Infrared absorbance of alcohol and ether

.....,=:----'-__--L-__-'--_---'-__--L-__-'--__ ,

7

Figure 2.

II"li 0.40
«...
Cl:

~ 0.30

«
~ 0.20

At 8.00 Dlicrons in lO-c:rn. cell
- - - A't 6.90 Dlicrons in IO-CIll. cell

0.10

cell was calculated as follows (all work was done at 760 mm. of
pressure and 25° C. or 298° K.):

Per cent of ether or alcohol by volllme wt. X22,400 X 100X298
= M.W.X-V 273

where
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Wt.
M.W.
V

= weight of ether or alcohol in pipet in grams
gram molecular weight of ether or alcohol

= volume of gas cell in cubic centimeters calculated from
its geometry (found to be 147.6 cc. for the cell used)

In this way various standards of ether and alcohol were pre
pared. The infrared spectrograms of the gas cell without ether
or alcohol, and of the prepared standard samples were obtained
on paper with absorbance marl(ings using a Perkin-Elmer double
beam infrared spectrophotometer (Figure 1). The 6.9-micron
ether band and the 8.0-micron alcohol band were selected for
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Instrumental Variability of a Model 7 Coleman Photonephelometer
HUBERT J. KElLY and L. B. ROGERS

Department 01 Chemistry and Laboratory 01 Nuclear Science,

Massachusetts Institute 01 Technology, Cambridge, Mass.

Instrumental variability is attributed to variations in
the blanks used to set the instrument sensitivity and to
a tendency for the readings to drift to lower values. By
nlOdifying the manufacturer's operations and making
frequent checks against standards, a standard deviation
for individual measurements of 0.28 reading unit at
the normal instrument sensitivity has been estimated.

D URING the course of a study on the nephelometric deter
mination of sulfate (4), the need arose for an evaluation of

the variability contributed to the measurements by the instru
ment alone. The Model 7 Coleman Photonephelometer used in
the study measures the light scattered at right angles to the direc
tion of illumination by means of two barrier layer cells. The
instrument, which is linear in its response to scattered light, may
be operated as either a direct or a null-reading device.

Unknown turbidities may be compared with standards, sup
plied by the manufacturer, which are suspensions of an inorganic
salt in a highly viscous organic polymer (8). Each one is labeled
with a particular Nephelos number which has been assigned with
reference to a master standard. Thus, the light-scattering prop-

erties of the standards, and the samples subsequently measured
with reference to them, are empirically related. In this way, a
correlation of readings in Nephelos units between laboratories
should be possible.

Essentially, the standards provide a means of reproducibly
establishing the instrument sensitivity, which is defined as the
slope of the linear relationship between the instrument read
ing and the 90°-scattered light intensity. This relationship ii'
referred to below as the instrument-response curve.

RESULTS

Using the procedure outlined by the manufacturer for the null
method of operation (1), the instrument was adjusted using a
standard 38 and a distilled water blank. [A modification (2) of
this procedure is now. recommended by the manufacturer.]
Five other standards were then run as "samples" in a random
order which was determined by a chance selection of a 5 X 5
Latin square (5). A different Latin square was used for' the
data in each table.

. Table I indicates the'values taken after a single initial adjust
ment of the instrument with standard 38. The readings for each
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Table I. Readings Obtained after Single Initial Adjust
ment of InstrulDent Sensitivity at NorlDal Value with

Standard 38
(Distilled water used as blank)

Coef-
Nominal Stand- ficient
Value of ard of
Stand-

Individual Readings
Aver- Devi- Vari-

ardCl age stioD b stioD e

4 3.7 3.6 3.6 3.'9 3.7 3.7 0.12 3.3
9 8.5 8.2 8.4 8.4 7.8 8.2 0.28 3.4

18 19.9 19.6 19.6 19.15 19.4 19.6 0.20 1.5
37 41.7 41.9 41.4 41.1 41.1 41.4 0.36 0.9
78 84.2 83.4 82.8 82.1 81.8 82.9 0.52 0.6

(J Nominal values are Nephelos nUmbtlTS assigned to standards by manu·
facturer.

b Estimated standard deviation of individual measurements. 8 =

~
~(Xi - X),, .

N - 1

8 100
e Coefficient of variation, v = X.

standard have been recorded in t·heir chronological order of
.measurement; but, because of the Latin square arrangement, the
time intervals between individual values for a given standard
were not necessarily constant. A drift toward lower values is
observable, particularly for the high standards. This drift
could be due to photocell fatigue and/or decrease of the intensity
of light source. The power supply was a 6-volt storage battery.
A recheck of the standard 38 at (,he completion of the series
showed that its value read 35.9.

Table II. Rea.dings Obtained Using Repeated Adjust
:ment of InstruIDent Sensitivity at NorlDal Value with

Standard 38 and DistiIIed Water for Blank
(Each group of readings taken on different day)

Nomi-
nal Coef-

Value Stand- ficient
of ard of

Stand-
Individual Readings

Aver- Devi- Vari-
Group ard age atioD atioD

A 4 4.6 4.3 4.2 4.2 .1. 5 4.4 0.18 4.1
9 8.6 8.9 9.2 9.4 8.6 8.9 0.36 4.0

18 21.3 20.8 20.9 20.9 20.6 20.9 0.26 1.2
37 42.2 42.8 42.3 42.5 42.8 42.5 0.28 0.6
78 86.1 86.7 86.1 86.6 m'.l 86.5 0.42 0.5

B 4 3.4 3.4 3.4 3.2 3.4 3.4 0.09 2.6
9 8.6 8.3 8.4 8.5 8.5 8.5 0.11 1.3

18 20.6 20.2 19.9 20.1 :20.0 20.2 0.27 1.3
37 42.9 42.7 42.2 42.4 43.1 42.7 0.37 0.9
78 87.9 87.4 87.4 87.8 87.6 87.6 0.23 0.3

In Table II, each measurement was preceded by a check or
readjustment of the instrument sensitivity with standard 38,
with the result thnt the drifting of the readings toward lower
values was avoided. However, when the average values obtained
for the same standard on different days were compared by means
of the I-test (5), the difference between them, with the exception
of standard 37, was shown to be greater than could be accounted
for by the variability within the data taken on a particular day.
With standards 4 and 78, the differences were "very highly
significant"-i.e., the probability that the differences were due
to chance variations alone was less than 0.1 %.

These results sugg;ested that the blank adjustment, which was
made with unfiltered distilled water, was influencing the slope of
the instrument-response curve. To show the effect of a high
blank, standard 4 was substituted for the distilled water as the
blank, and, as before, standard 38 was made to read 38.0. Table
III indicates the measurements taken. It is evident that the
high blank caused a tilting of the instrument-response curve about
the value of the standard chosen for setting the instrument sensi
tivity.

ANALYTICAL CHEMISTRY

In order to make a precise adjustment of the instrument sensi
tivity, a blank with a constant light-scattering ability is required.
Zero would have been ideal, but in lieu of such a blank, the sensi
tivity level was adjusted with two standards using the following
procedure.

With the blank adjustment completely inoperative, standard
38 was made to read 38.0 with the STn knob. Next, the second
standard, which had a nominal value of 9 (not the same one
included in the tables), was adjusted to read 10.0 with the BLK
knob. This could be done because its value was slightly higher
than 10 before this adjustment. A second adjustment with
each standard was usually all that was required to provide an
instrument-response curve which passed through the values 10.0
and 38.0. Table IV shows the values obtained for the five
"samples" when using the above procedure for setting tlie
instrument, together with an adjustment with the STn knob
using standard 38 before each reading. The BLK knob needed
no further attention.

With the instrument in the authors' laboratory, the slope of
the instrument-response curve was varied from 0.3 to 3.2 times
the normal value, on the basis of the fact that standard 38 could
be made'to read any value from 11.4 to 122. These values were
only approximate because of the tendency to drift, which lowered
both limits simultaneously. By reducing the galvanometer
sensitivity (maximum galvanometer setting was used with the
null method of operation), the lower limit could be reduced still
further. However, for the measurement of low turbidities the
gain in sensitivity over the normal-i.e., IX-value was of
principal interest. Therefore, the standards were read at 3X
sensitivity and then converted to normal sensitivity. The re
sulting average values of 4.2, 9.3, 20.4, and 41.8 show good agree
ment with the data in Table·IV. Standard 78 could not be read
because the full scale limit of the instrument is 130.

DISCUSSION

The null method of operation was used in preference to the
direct-reading method because, even at the normal sensitivity, it
was twice as sensitive as the direct-reading method at full galva
nometer sensitivity. For example, standard 38, which could be

Table III. Readings Obtained Using Repeated Adjust
lDent of InstruIDent Sensitivity at NorlDal Value with

Standard 38 and Standard 4 Used as Blank
Coef-

Nominal Stand- ficient
Value of ard of
Stand-

Individual Readings
Aver- Devi- Vari-

ard age stioD ation

4 0.0 0.0 0.0 0.0 0.0
0'.'2'3 id9 7.0 7.4 6.9 7.4 7.1 7.2

18 19.2 18.6 18.4 18.2 18.6 18.6 0.37 2.0
37 42.2 42.2 42.2 42.4 42.2 42.2 0.09 0.2
78 89.4 90.9 90.4 90.9 90.2 90.4 0.62 0.7

Table IV. Readings Obtained Using Two-Standard
Method for Establishing InstrulDent Sensitivity and

Hypothetical Blank
(Each group of readings taken at normal sensitivity on different days)

Nomi~

nal Coef-
Value Stand- ficient

of ard of
Stand-

Individual Readings
Aver- Devi- Vari..

Group ard age ation ation

A 4 4.0 4.2 4.1 4.4 4.6 4.3 0.24 5.6
9 8.9 9.3 9.4 9.2 9.9 9.3 0.36 3.9

18 19.9 19.9 20.2 20.1 20.4 20.1 0.21 1.1
37 41.7 41.9 42.0 41.9 42.4' 42.0 0.26 0.6
78 85.2 85.6 85.4 85.6 85.4 85.4 0.17 0.2

B 4 4.3 3.9 4.6 3.9 3.6 4.1 0.39 9.5
9 9.5 9.1 9.1 9.4 9.3 9.3 0.18 1.9

18 20.6 20.4 20.1 20.0 19.9 20.2 0.29 1.4
37 41.7 41.8 42.2 42.1 42.4 42.0 0.29 0.7
78 85.4 85.8 85.9 86.3 85.9 85.9 0.32 0.4
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adjusted to read 38.0 by the null method; gave a maximum value
of only 20.3 by the direct-reading procedure; after 0.5 hour of
instrument operation, the maximum reading was 16.6. Only
when the null method was used at the 3X sensitivity (standard
38 made to read 114.0) was maintenance of the sensitivity diffi
cult, owing to the downward drift of the readings. The cause of
this drifting was not investigated, but it was noted that an initially
high maximum value could always be obtained after the instru
ment had been inoperative for a short time.

A comparison of the instrument with three other Model 7
Photonephelometers was made, using standard 38 and the null
method of operation. Each instrument had a widely different
inherent maximum sensitivity. The instrument used in this
study proved to be capable of four times the sensitivity of one of
the instruments tested. The condition of each instrument was
not investigated, but each was relatively new and apparently
undamaged.

8o,------,--,-------,----.------,--,-----,
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o0~.£--;';;,0--*'20,.---~:lO,.----!;40,.----;!50-;;---;'60\:;----!70
Intensity 01 9CY- Scattered light

In Arbitrary Unit.

Figure 1. Hypothetical instruDlent-re
sponse curves estahlished with standard 38

at norDlal sensitivity

- - - Ideal curve obtained with zero blank
-- Effect of unknown blank; not 8ubtracted from stand-

ard 38
- - - - Effect of 8ubtraction of known blank from standard 38

It is evident from the tables that the nominal values of the
standards as assigned by the manufacturer are not exact. Obvi
ously, standard 37 had a greater light-scattering power than
standard 38, which was used to adjust the instrument. Thus,
correlation of data, even within a particular laboratory, will be
poor if the instrument sensitivity is adjusted with different
standards without regard for their true values relative to one
another. The linearity of the instrument-response curve has
been assumed without investigation, and subsequent use of the
instrument with chemical systems en has brought forth no
reason to doubt this assumption.

One year after the data in Table IV were taken, a replication of
the work was done with the same five standards. The average
values obtained were 3.8, 9.1, 20.5, 42.1, and 84.5, respectively.
For each standard, a "between and within treatments" analysis
of variance (5), involving all the data used to obtain the three
averages-for example, the averages 20.1, 20.2, and 20.5 for
standard 18--showed no significant difference between them
i.e., the probability was greater than 5% that variations were due
to chance alone. The standards used above had been in frequent
use by several workers during the I-year interim period. This
indicates the very satisfactory stability of the Coleman Nephelos
standards.

461

In order to limit the'instrumental variability to a mlllUllum,
the light-scattering power of the blank must be known relative to
the s.tandard used to establish the instrument sensitivity. The
dashed line in Figure 1 represents an ideal instrument-response
curve at IX sensitivity as obtained with standard 38 and a blank
with zero scattered-light intensity. The full line in· Figure 1
shows the effect of using a blank, the value of which is assumed
to be unknown and therefore cannot be subtracted from standard
38. As in Table III, where standard 4 was used as the blank, the
slope of the curve has been increased. Because of the negative
intercept, samples with light-scattering abilities less than those of
standard 38 have readings which are lower than those on the ideal
instrument-response curve, whereas those with more light-scat
tering ability are higher. As indicated by the dotted line in
Figure 1, the subtraction of a known blank from standard 38 has
the effect of "nulling" out its light-scattering power without
changing the sensitivity (slope) of the instrument. Unfortu
nately, in chemical systems, a prior knowledge of the value of the
blank relative to the standard used to establish the slope of the
instrument-response curve is unavailable. As shown in Table II,
slight variations in the turbidity of distilled water caused signifi
cant changes in the sensitivity setting. The procedure, using
two standards to establish the instrument-response curve as
described for Table IV, is really a method for defining a hypo
thetical blank the value of which is unknown but constant with
respect to standard 38. Later work (4) with optically clear solu
tions, which were obtained by-filtration, showed this hypothetical
blank to be essentially zero.

In order to show that the separate variances (square of stand
ard deviations) calculated for each standard might be combined
to provide an estimate of the instrument error, the Bartlett test
(5) for the homogene~tyof v'ariances was applied to the data in
Table IV. This test indicated that, regardless of the level of the
light-scattering ability of the standards, the variances did not
differ significantly among themselves rP%(xo) = 82]. There
fore the standard deviations in Table IV were pooled,' and pro
vided an estimated standard deviation for individual measure
ments of 0.28 reading (or Nephelos) units at the normal (IX)
instrument sensitivity.

In general, the instrumental variability is independent of the
level of turbidity being measured, and depends upon the pre
cision with .which .the slope of the instrument-response curve can
be established. However, as indicated by the coefficients of
variation shown in the tables, the percentage of error contributed
by the instrument depends upon the level of turbidity being read.
Where the instrument sensitivity was three times the normal
value, an improvement in precision was achieved in the measure
ment of very low turbidities at instrument sensitivities greater
than normal. However, for turbidities with values greater than
10 Nephelos units at IX sensitivity, no particular advantage
seems to accrue from the use of greater sensitivities than norinal.
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Extraction of Metal Thiocyanate Complexes with Tributyl Phosphate
Coppell'(lI) Thiocyanate

L.ABEN M. MELNICK' and HENRY FREISER

University of Pittsburgh, Pittsburgh 13, Pi!.

The study of the extraction of lUetal thiocyanate COlU
plexes whh tributyl phosphate has been extended to
include tdlects of telUpera.ture, pH, thiocyanate to
copper ratio, and concentration of copper on the extrac
tion of copper. Spectral t"anslUiUance data were ob
tained for copper thiocyanate in tributyl phosphate.
Under the proper conditions copper(II) thiocyanate
can he e.'{tracted completely frolU aqueous solution.

T RIBUTYL phosphate has previously been found to be a
useful solvent for extracting iron(III) thiocyanate (1, 6).

Preliminary results indicated that copper(II) thiocyanate could
also be extracted with tributyl phosphate. Although copper(II)
is reduced by thiocyanate in basic solution (.4), reduction in acid
solution does not normally occur (9). The extraction of cop
per(II) thiocyanate from acid solution was studied with regard
to its analytical potentialities.

REAGENTS AND APPARATUS

Unless otherwise stated, all reagents are C.P. or reagent grade.
All pH measurements were made with a Beckman pH meter.
Ammonium thiocyanate. Stock solutions were standardized

with silver nitrate.
Tributyl phosphate obtained from Commercial Solvents Corp.,

and used without furt,her purification.
Stock copper solutions prepared with pure copper.
Calibrated weights and buret.
Beckman DU spectrophotometer.

To determine the optimum volume of tributyl phosphate
needed, a series of extractions was carried out in which the volume
of tributyl phosphate was varied from 5 to 30 m!. in 5-m!. incre
ments. Twenty-five-milliliter aliquots of the copper solution were
taken, the ratio of thiocyanate to copper being constant at 25 to 1.
The pH values of the samples were 3.20 ± 0.05. After extraction,
copper was determined in the raffinate.

To find the affect of acidity on the extraction of copper, samples
were run in the pH range 1.46 to 5.13 with the ionic strength
constant. Twenty-five-milliliter aliquots of 0.0001285M copper
were taken, and the pH values were adjusted by the addition of
dilute sodium hydroxide. The thiocyanate to copper ratio was
maintained constant at 20 to 1. Extractions were made with 25
m!. of tributyl phosphate, and the copper remaining in aqueous
solution was determined.

The effect of copper concentration on the extraction of copper
was studied next. Twenty-five-milliliter aliquots of two copper
solutions, 0.001285M and 0.00514011I copper, were taken. Thio
cyanate was added to each aliquot so that the ratio of thiocyanate
to copper for each group of samples ranged from 5 to 25 to I in
increments of 5. The pH values of the solutions were adjusted
to 3.20 ± 0.05 with dilute sodium hydroxide, the final volume of
the samples being approximately 45 m!. Extractions were made
with 25 m!. of tributyl phosphate. Copper was then determined
in the raffinate.

Extractions of copper were next made at four different tempera
tures to find the temperature coefficient of extraction. Extrac
tions were made using 25-ml. aliquots of 0.001285M copper solu
tion with the thiocyanate to copper ratio maintained constant at
25 to 1. The pH values of the samples were 3.20 ± 0.05, and
the volume of tributyl phosphate for each extraction was 25 m!.
The extraction temperatures, measured after the phases were
mixed for 30 seconds, were varied from 10 0 to 55 0 C. Copper was
determined in the raffinate, and the per cent copper extracted
was calculated.

EXPERIMENTAL PROCEDURE RESULTS AND DISCUSSION

..

0.00128& M COPPER

pH: 3.20 £ 0.0&. J§/lc: 25

TEMP. AT SEPARATION G 2&.1".z.0.a"e.
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TSP VOLUME (filL.)

Figure 2. Extraction of copper
as a function of \'olulUe of tri

butyl phosphate

So

The smallest ratio of thiocyanate to copper to give maximum
extraction is between 23 and 24 to 1 (see Figure 1). Assuming
that the compound extracted is [Cu(SCN)21., the theoretical
optimum ratio of thiocyanate to copper should be 2 to 1. Hence,

0.001285 M COPPER

pH. 5.20 ± 0.05

TEMP. AT SEPARATION I 26,0·.zo.s·c.

10 15 20 2&

THIOCYANATE TO COPPER RATIO

1

I
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~5
o

. U

0-'e
ffi
"3

Figure 1. Extraction of copper as
a function of ratio of thiocyanate

to l;opper
I Present address, U. S. Steel Corp., Pittsburgh

13, Pa.

The extraction of copper(II) thiocyanate from aqueous solution
is affected by ratio of thiocyanate, to copper, volume of tributyl
phosphate, copper concentration, and temperature. After each
extraction, copper in the raffinate was determined colorimetrically
as thediethyldithiocarbamate (3). Each raffinate was diluted
to 100 mI. in a volumetric flask. An ap-
propriate aliquot was placed in a second
100-mI. volumetric flask, and diluted to about
50 m!. The following 'additions were made,
the solution being mixed after each addition:
5 m!. of 20% citric acid, concentrated
ammonia added dropwise until the solution
was basic to litmus, 2 m!. of 1% gum arabic,
and 10 m!. of 0.1 % sodium diethyldithio
carbamate. After diluting to the mark, spec
trophotometric measurement was made at
the absorption maximum of 445 mIL.

In order to find the thiocyanate to copper
mtio at which maximum extraction occurs,
ammonium thiocyanate was added in varv
ing amounts to 25-m!. aliquots of 0.001285M
copper sulfate solution so that the mole ratio
of thiocyanate to copper varied from 5 to 1
to 25 to 1. The pH values of tIle samples
were adjusted to 3.20 ± 0.05 with dilute
sodium hydroxide, the total volume of
each solution being approximately 45 m!.
Copper(II) thiocyanate was extracted from
each solution with 25 m!. of tributyl phos
phate, and the raffinate was collected as pre
viously described (6). The temperature rise
on shaking the aqueous and organic phases
was noted, and the pH of the raffinate was
measured. Copper in the raffinate was then
determined spectrophotometrically.
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Each curve consisted of only two points.
Molarities were used instead of activities.

The ionic strength for th
samples of one copper COD
centration differed from th
ionic strength of the sam
pIes at the other copper COD
centration.

Further study woul<
therefore be necessary fA
determine whether the de
pendence of extraction 0

copper on copper concen
tration is due to the ex
traction of a polymer OJ

to a self-saliting.,out phe
nomenon.

Decreasingithe ~m~·
ture resultedf. mm~
extraotion ,of ~p'~:!~
Figure, 5,)1.....F:O;t.•.
0.(01285)( .oil>c~~~~
100% extradtioil was':IlD:
tained at 18.5.°. C. At'~

still lower te~peutU:~e;
10.2° C., ~action ~gain

was compiete. The tem
perature .coefficientof ex
tractioll over the range
18.5° to 55 0 C. was -0.9%
per 10 C.

A spectral transmittance
curve for copper(II) thio

cyanate in tributyl phosphate (!lee Figure 6) showed this com
pound to have an absorption maximum at 382.5 IllS' lltn4ia·pl<il~c.~
ular extinction coefficient of 620. For comparisolll, the:Ql91~ul~r
extinction coefficients for other colored copper complexef\l,are '6t.2
for the copper ammonia complex (5), 95,500 for copper ditlu
zonate in carbon tetrachloride (8), and 9100 for copper diethyl
dithiQc!U"bamate in aqueous solution. The spectrophotometric
determination of copper(II) thiocyanate in tributyl phosphate
would therefore be a relatively insensitive method.
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the bracketed quantitiel! NfeniPgc~ ~~ties., Then the aseocia
tion number, n, would b~ eqWi.t ~~"liloM of a' plot of tb
logarithm of the tributyl phosPlu\te copper activity versus th
logarithm of the aqueous copper activity. From calculation
using the above equation it was found that the association numbE
varied from 5 to 17 depending on the thiocyanate to copper rati<
'However, the following should be taken into consideration:
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Figure 6. Spectral transJDittance curve for
copper(II) thiocyanate in tributyI phosphate
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Figure 4. Effect of copper cOn~n
tration on extraction of cOpPer

or

one may conclude that the effect of triQutyl phosphate extrac
tion of copper{II) thiocyanate uppn, ,the formation of this
complex is far less significant than it seemed to be upon the
analogous iron(III) case (8). After the aqueous and organic
phases had been mixed, the temperat.ure was about l°high~r.than
before mixing. Only a 3O-second Jnixing period was needed to
establish equilibrium. Samples niixed for 3 minutes with trilJutyl
phosphate showed no impro:vemeiIt in separation. Also, 20 mi. of
tributyl-phosphate were sUfficient to obtain good extractions for
the samples and conditions involved in this work (see Figure 2).
There were no discernible volume changes of the phases upon
equilibration. '

Figure 3 shows that the extraction of copper, at constant ionic
strength, is independent of pH over the range 2.58 to 5.13.
Below a pH of2.58.there is a slight decrease in extradtion of cop
per. The pH independence of extraction is to be expected since
thiocyamc acid is a strong aoid.

From FigUre 4 it may l>e seen that the fraction' of copper ex
tracted at a given thiocyanate to copper ratio inCre8.ses with in
creasing copper concentration. This same anomaly was found on
extraction of Uon(lli) chloride from hydroqhloric acid solution
(11). This was attributed to the formation of a tetranier (11) and
also to a self-salting.,out phenomenon (7). If a polymer of copper
(II) thiocyanate is extracted, then the distributiOn of copper may
be expressed by



Microchemicall Detection of Fluorides
Sodium Fluosilicate Crystal Test
N. I. GOLDSTONE
Department of Health, City 0 New Yorle, New Yorle, N. Y.

A modification in composition of the hanging drop
solution in the sodium fluosilicate crystal test for the .
microchemical detection of fluorides renders the test
considerably more sensitive. A detailed procedure is
given for detection in a variety of organic and inorganic
substances. The test is applied to distinguish between
inorganic fluorides and monofluoroacetic ~cid.

T HERE are a number of microchemical tests described in the
, literature for the detection of soluble fluorides, wherein the

fluoride is converted into hydrofluoric acid or f1uosilicic acid,
which is then distilled, entrapped, and identified by various
means. The common devices used are a hanging drop of liquid
reagent suspended on a glass slide or in an open tube of small
diameter, or identification by the etching action on the glass slide
itself.

Of these the best known and most commonly used are the etch
teet (3), in which hydrofluoric acid evolved from a soluble fluoride
is detected by its etching action on a dry glass slide; and the
liilicic acid hanging drop test (9, 10), in which f1uosilicic acid is
evolved and absorbed by a drop of water hanging in a small glass
tube, where it is hydrolyzed into silicic acid and detected by
means of the cloudy effect produced by the latter. Less known
ahd rarely used are the sodium fluosilicate crystal test (1), in
which evolved fluosilicic acid is trapped in a drop of sodium chlo
,ride solution hanging from the surface of a glass slide, with subse
'quent identification of characteristic sodium fluosilicate crystals
nii ... scopically; and the barium fluosilicate crystal test (2)
identical in performance with the latter except for the substitu
tion of barium chloride solution in the hanging drop.

A search of the literature failed to disclose any single work in
which the sensitivities of these or the numerous colorometric
imethods for the detection of fluorides had been evaluated com
paratively, evidence on this question being only fragrilentary and
lIlot definitive. ,

Probably the etch test is the most frequently used today, be
cause of its simplicity. As ordinarily performed, its sensitivity
is not of a high order, various reports indicating the amount of
fluoride required to produce a visible etching as ranging between
iO and 0.1 mg., with an average of about 0.5 mg. Greatly in
creased sensitivities were achieved by Woodman and Talbot (14,
16) and later by Gautier and Clausmann (5), who with modified
techniques were able to detect a few micrograms without, how
ever, obtaining consistent results. Williams (13), in an attempt
to develop a quantitative method for the determination of
minute amounts, was able to detect as little as 0.1 'Y, using flanged
platinum distillation tubes embedded in a specially designed
heating block. He obtained consistent results in qualitative
detection, but the apparatus required is not readily available to
tlhe average analytical laboratory.

In a comparative appraisal of some of the outstanding qualita
tive tests Gettler and Ellerbrook (6) concluded that the sodium
fluosilicate crystal test was the most sensitive, and adapted it for
deteetion in blood and tissues. Fluorides were isolated by copre
clpitation of lanthanum fluoride with the hydroxide, followed by
distillation and entrapment in a hanging drop of 5% sodium
chloride solution and microscopical identification of sodium
fluosilicate crystals. These investigators stated that 10 'Y of
fluoride in 50 grams of normal tissue could be detected, but
the precise degree of sensitivity was not made clear, as they
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found that 20 grams of normal tissue, which according to their
tables contained approximately 10 'Y of fluoride, always gave a
negative result, whereas 50 grams of normal tissue containing 26
'Y of fluoride produced a positive result, with 3 or 4 sodium fluo
silicate crystals appearing in the entire microscopic field. No
indication was given as to whether the lanthanum fluoride pre
cipitation was quantitatively complete. Harrigan (7, 8), com
paring the above procedure with the Feigl method (4) of quench
ing aluminum oxine.f1uorescence in the presence of fluoride ion,
decided in favor of the latter because the size and number of
sodium fluosilicate crystals were too small. Harrigan found the
lowest limit of sensitivity of the Feigl test to be circa 50 'Y of
fluoride. .

In the present investigation a st\ldy was made of the sodium
fluosilicate crystal test, and by minor variations in conditions,
principally a modification in the composition of the hanging drop,
it was possible to obtain a positive test with as little as 0.2 'Y of
fluoride. With increasing concentrations of fluoride larger num
bers of crystals could be observed, until with the subjection of
1.0 'Y of fluoride to the test several thousand crystals of assorted
sizes appeared in the field.

Along with the increased sensitivity the modified test has the
additional advantage of enabling the sodium fluosilicate crystals,
which appear in characteristic hexagonal form (Figure 1) or as
six-pointed stars, to stand out individually and more distinctly
from the larger sodium chloride crystals. They are furthermore
tinted a deeper shade of pink and are more easily recognized than
those produced in the Gettler and Ellerbrook procedure.

REAGENTS

Standard sodium fluoride solution. Dissolve 0.2210 gram of
pure sodium fluoride in water and dilute to 2000 m!. Each
milliliter of this solution contains 50.0 'Y of fluorine.

Standard sodium monofluoroacetate solution. Dissolve 0.05

Figure 1. Photomicrograph of sodium fluosilicate
. crystals (440 X)
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gram of sodium monofluoroacetate in water and dilute to 250
ml. Each milliliter of solution contains 0.2 mg. of the salt;
0.05 ml. of solution contains 1.9 'Y of fluorine.

Standard sodium fluosilicate solution. Dissolve 0.1650 gram
of pure sodium fluosilicate in water and dilute to 2000 ml. Each
milliliter of solution contains 50 'Y of fluorine.

Sodium chloride hanging drop solution. Dissolve 1.0 gram of
pure sodium chloride and 3.0 grams of pure glycerol in water, add
2: drops of 40% formaldehyde to preserve, dilute to 100 ml., and
filter through paper into a glass reagent bottle. Insert a 3-mm.
diameter glass rod with fire-polished ends, and of suitable length,
through a rubber stopper and keep bottle well stoppered. This
apparatus serves very conveniently for the transfer of a small
drop of solution to the surface of the glass slide in the crystal
test.

Silver sulfate. Pure crystalline silver sulfate stored in a brown
bottle.

Saturated silver sulfate solution. An excess of silver sulfate
suspended in water and stored in a brown dropping bottle.

Silica. Fluorine-free powdered silicon dioxide.

APPARATUS

Heating block. A metal block approximately 2.5 cm. thick
and large enough to hold four IO-ml. porcelain crucibles is suit
able. A well to hold the bulb of a thermometer is drilled into
the block. A few drops of mineral oil are placed in the well to
cover the bulb. The block is set on a tripod and preferably
heated with a multiple-jet gas burner. A satisfactory block
may be constructed by melting sufficient printer's type metal in
an aluminum pie plate. A small test tube I cm. in diameter is
set and held in the molten nietal by a clamp on a ring stand,
then the metal is allowed to cool slowly and to solidify.

Glass ·slides. Microscope slide glass is cut into pieces 4 X 4
cm.

Pipets. Pipets, 0.2 mI., graduated into O.OI-mI. divisions ar'e
used.

Standardized micropipet. For convenient delivery of uniform
drops of standard fluoride solutions a satisfactory pipet may
~eadily be constructed. A length of thin-walled glass tubing of
5-mm. diameter is drawn out into a fine capillary, which is
broken off at a point where its diameter is less than I mm. It
is standardized by allowing water to flow from it, drop by drop,
at a uniform rate into a microburet filled with water exactly to
the 1.00-mI. mark. If the zero mark is not reached by addition
af 50 drops, the individual drops are too small, and a short length
af capillary is cut off and the trial repeated. The procedure is
repeated until a uniform drop of exactly 0.02 mI. is delivered.
The pipet is dried and inserted through a rubber stopper fitted
to a test tube or small reagent bottle containing standard fluoride
solution, from which definite quantities of fluoride may be ac
curately delivered when required.

Crucibles. A number of high-form glazed porcelain crucibles
of 10-mI. capacity.

Dropping bottle. T.K. type of 30-mI. capacity for delivering
lllIlaIl uniform drops of concentrated sulfuric acid.

EXPERIMENTAL

Modified Sodium Fluosilicate Crystal Test. Using a stand
ardized pipet, I drop (0.02 mI. containing 1.0 'Y of fluorine) of
standard sodium fluosilicate solution was transferred to a lO-ml'
porcelain crucible. Approximately 0.5 mg. of powdered calcium
carbonate was added, the crucible was dried on a hot plate until
free of moisture and then cooled to room temperature. To the
residue were added 2 small drops of sulfuric acid (specific gravity,
1.84); the crucible was placed on a metal block maintained at
170° C. It was immediately covered with a'glass slide, on the
undersurface of which had been placed a small drop (diameter
0.4 em.) of modified hanging drop solution. A 50-mI. beaker
containing an ice cube was firmly set on top of the slide and the
distillation was allowed to proceed for 20 minutes, after which
the slide was carefully removed, its upper surface was blotted
dry with filter paper, and it was then put in a warm place for a
few minutes 'until the hanging drop was dry. Microscopic
examination (440 X) revealed the presence of several thousand
decidedly pink crystals of various sizes, either in hexagonal form
or as six-pointed stars. These crystals were not uniformly dis
tributed throughout the field but were mainly concentrated along
the periphery of the drop. Viewed very slightly out of exact
focus they appeared opaquely black. The limit of sensitivity
was reached when 0.2 'Y of fluorine was subjected to the test,
producing a few tiny crystals, the number increasing to over 100
when 0.3 'Y was used. To perform the test on quantities less
than 1.0 'Y the standard solution was diluted to one tenth its
Ifluoride content and the appropriate number of drops was taken.
When standard sodium fluoride solution was used instead of the
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fluosilicate, the procedure was not changed except for the additio:
..of circa 2 mg. of silica powder in the microdistillation; thi
converted the hydrofluoride into fluosilicic acid. Tests indicatel
that the recovery in the form of sodium fluosilicate crystals wa
not quantitative, only part of the fluoride being trapped in th
hanging drop.

INTERFERENCES

During the course of the work it was found that a number oj
common negative ions such as chlorides, nitrates, borates, car
bonates, and sulfates influenced iIi varying degrees the formation
of sodium fluosilicate crystals in the hanging drop test. The
presence of these ions tended to inhibit the quantity of fluoride
recovered, and in general the more negative ions present, the
fewer crystals appeared in the microscopic field. The ions men
tioned above are listed in the descending order of their capacity to
interfere. When the test was performed on 1.0 'Y of .fluoride, to
which had been added I mg. of sodium chloride or nitrate, inter
ference was complete and no crystals could be observed in the
field. Some of th~se ions influenced the shape of the crystals,
tending to round off the corners of the hexagon, so that they were
more nearly circular. In the distillation, the negative ions were
volatilized along with the fluosilicic acid and were absorbed in the
hanging drop, where they influenced the formation ofthe crystals.

It was essential that conditions of absolute cleanliness be
maintained in preparing and handling microscope slides.

APPLICATIONS

Detection of Fluorides in Foods, Drugs, and Biologicals. The
sensitivity of the modified crystal test lends itself to the detec
tion of minute amounts of fluoride in foodstuffs, drugs, biological
materials, tissues, and other organic and inorganic substances.
This procedure.is designed to eliminate the interferences of car
bonates and chlorides, which are usually present in the ash of
such substances.

Alkalize a few grams of the material to be tested with a slight
excess of sodium carbonate solution, dry in an oven at 100° C.,
cautiously burn off the organic matter over a Bunsen flame, then
continue heating in a muffle furnace held below 500° C. until a
gray or white ash is obtained. Transfer about 20 mg. of the ash
to a 15-mI. test tube, add 10 mI. of distilled water, shake until all
soluble matter is dissolved, and then transfer half of the solution
to another 15-mI. test tube. To the second tube, which serves
as a control, add 2.0 'Y of fluoride, and heat both tubes in a beaker
of boiling water. Add a small pinch of silver sulfate powder to
each, and shake occasionally until the silver precipitate formed
coagulates. Test the clear supernatant liquid by adding a drop
of saturated silver sulfate solution, and if additional precipitation
occurs, add more powdered silver sulfate; continue to heat, sha~e,
and test until precipitation is complete. Cool tubes in an ICe
bath and filter through small paper filters into lO-mI. porcelain
crucibles, washing with two successive small portions of water.
To each crucible add circa 0.5 mg. of calcium carbonate powder
and circa 2 mg. of powdered silica, then evaporate gently (to
avoid spattering) on a hot plate to dryness, allowing the crucibles
to bake for a few minutes. Cool to room temperature and pro
ceed with the modified crystal test. If fluoride is present in t~e
sample tested it is indicated by the presence of the characterIs
tic fluosilicate crystals, the control being, of course, positive.

Distinction between Inorganic Fluorides and Sodium Mono
fluoroacetate. With the discovery of the powerful rodenticidal
action of sodium.monoflu.oroacetate, designated in the trade as
Compound 1080, and its introduction into the exterminating
industry, it became necessary to devise methods for the deteCtion
and estimation of this compound. Ramsey and Clifford (11)
published a quantitative method for its estimation in the presence
of inorganic fluorides involving a chromatographic separation
followed by an alkaline fusion of the isolated monofluoroacetic
acid and subsequent estimation of the released fluorides by a
standard method. Ramsey and Patterson (12) followed later
with a qualitative test based on the formation of thioindigo, a
red dye, by the interaction of monofluoroacetic and thiosalicylic
acids; both procedures are rather lengthy and complicated.
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It was found that the modified crystal test afforded a means of
distinguishing between inorganic fluorides and sodium mono
fluoroacetate. The test is based on the stability of the carbon
fluorine linkage in monofluoroacetic acid in contact with hot con
centrated sulfuric acid, under which eondition no free hydrofluoric
acid is released. Therefore, the modified crystal test performed
on sodium monofluoroacetate will be negative, as no hydro
fluoric acid is evolved. If, however, monofluoroacetic acid is
first fused with sodium carbonate, the fluorine is converted into
sodium fluoride, which with the addition of silica will produce a
positive crystal test.

Transfer 0.05 m!. (0.01 mg. of the salt or 1.9 /' of fluorine) of a
standard solution of sodium monofluoroacetate to each of two
10-m!. porcelain crucibles. To the second crucible add a drop
of phenolphthalein solution and a small drop of O.OlN sodium
hydroxide solution, and dry both crucibles on a steam bath.
Fuse the contents of the second crucible over a low Bunsen flame
or in a muffie furnace below 500 0 C. for a short time. Allow the
crucibles to cool, add circa 2 mg. of powdered silica to each, and
perform the crystal test on both. The unfused sodium mono
fluoroacetate will give a negative test, while the fused salt will
produce large numbers of sodium :fluosilicate crystals. If the
volume of standard solution is increased to 0.2 mI. (7.6 /' of
fluorine) great masses of pink crystals are formed in the hanging
drop. Commercial sodium monofiuoroacetate usually contains
traces of free sodium fluoride and a few crystals are sometimes
observed when the test is performed on the unfused salt, but
the contrast in numbers between the latter and the fused salt is
so sharp that no doubt exists in the interpretation of results.
The test is not specific for sodium monofluoroacetate, as other
organic fluorine compounds will be converted to sodium fluoride
by alkaline fusion. Furthermore the test is inapplicable to those
organic fluorine compounds in whieh the carbon-fluorine linkage
is unstable when in contact with sulfuric acid

This test was put to practical application when Compound 1080
began to be employed as a rodenticide in New York City. The
practice among exterminators was to distribute a number of shal
low paper cups containing about 10 mI. of a 0.4% solution of the
salt, throughout a rodent-infested cellar. Because of the high
toxicity of the compound to humans, the Sanitary Code required
that the cups be collected and burned after sufficient time had
elapsed for the rodents to partake of the bait. Instances occurred
where the Code was violated, and in order to prove legally the
presence of sodium monofluoroacetate rather than sodium fluo
ride, the cups were collected and l>ubjected to the crystal test.
The bait had usually evaporated to dryness by the time they were
collected, 'and the crystal test was performed on a drop of infusion
of the cup in 10 mI. of water.

APPLICATION AS QUANTITATIVE METHOD

The sensitivity of the crystal test suggested the possibility of
its application to the quantitative estimation of the fluoride con
tent of potable waters with a very low fluoride content. A study
was made of the recovery from such waters by evaporating meas
ured volumes of water, applying the crystal test to the residue,
and microscopically estimating the number of sodium fluosilicate
crystals formed in the hanging drop. Many tests were performed
on measured volumes of tap water and also on volumes of dis
tilled water to which had been added known quantities of fluoride.

Where the volume of sample evaporated was small-that is, up
to 30 mI.-the number of crystals c:ounted in the hanging drop
was fairly consistent and it was possible to make quantitative
comparisons. However, evaporation of larger volumes of water,
up to and beyond 100 m!. led to highly inconsistent results, and
numerical comparisons were of little 11se.

From this work the author concluded that the failure iIi the
quantitative recovery probably stems from the varying adsorp
tion of fluorides on the surface of the glass container during
evaporation. Evaporation in porcelain or platinum containers
gave results no more ,c:onsistent, nor did the use of various
alkalizing agents such as sodium, calcium, and magnesium hy
droxides and carbonates. If this failure is indeed due to adsorp-
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tion, this factor is present and is a source of error in any of the
accepted methods for the microestimation of fluorides where
evaporation is necessary. The addition of a drop of silver sulfate
solution served to prevent the adsorption to some extent, but not
sufficiently to create a condition of complete recovery. If this
difficulty can be overcome, this approach to the problem of esti
mating fluoride in potable waters of very low content has the
possibility of producing a method more accurate than those cur
rently in use.

DISCUSSION

The modified crystal test produces greater sensitivity in the
microchemical detection of fluorides, although no claim is made
that it represents the complete solution to the problem of fluoride
determination. The interference of negative ions, particularly
:Qitrate, requires further study. The procedure for the distinc
tion between inorganic fluorides and monofluoroacetic acid is not
intended as a replacement for the methods of Ramsey and co
workers, but is presented as a quick preliminary sorting test, use
ful and time saving, where the analysis of a number of samples
is required. It may also serve as a confirmatory test.

In the suggested application for quantitative estimation it
would be necessary to design and experiment with a microchemical
apparatus in which all the evolved fluosilicic acid is entrapped.
This might be accomplished by an apparatus in which a thin
stream of air passes through a heated reaction chamber into a
trap of cold hanging drop solution, follow!Jd by microscopic
examination of an aliquot of the latter.

During the distillation the heating block was maintained at a
temperature of 170 0 C., but this does not mean that the reaction
took place at this level, as measurements indicated that the actual
reaction temperature was in the region of 110 0 C. It was found
that 170 0 C. was the optimum condition for producing the maxi
mum number of crystals in the hanging drop, although some dis
tillation takes place when the block is held at lower temperature
levels.

The technique of applying the hanging drop to the microscope
slide requires a further word of instruction. The purpose of
restricting the diameter of the drop is to facilitate easier examina
tion of the slide. It is desirable to obtain maximum convexity
approaching hemispherical shape in the drop, so as to prevent
spreading during the distillation. This is best accomplished by
cooling the slide in a refrigerator prior to transferring the drop,
and then giving the glass applicator rod, wet with hanging drop
solution, a quick tOl.\ch to the slide, a technique easily acquired
with a few practice attempts. It is well to restrict the alkalinity
of the residue in the reaction crucibles to a minimum, as the
addition of sulfuric acid generates water which distills and con
denses, thereby increasing the diameter of the hanging drop.
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High Frequency Induction Furnace in the
Determination of Radiocarbon
A. M. GAUDIN and HORACIO E. BERGNA
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B B B 9 B

RECOVERY AND PURIFICATION SYSTEM

TO
ATMOSPHERE

F~\r;=='"

-TO VACUUM
MANIFOLD
AND
MANOMETRIC
SYSTEM

Figure 1. Apparatus for burning .sample and isolating
active carbon dioxide

carry a labeled organic agent. To induce heat in a nonconduct
ing mineral, electrolytic iron powder was mixed with the sample,
as suggested by Jackson (.,0 for the determination of organic
carbon in soiL Actually a mixture of iron and tin is used to
lower the melting point of the iron. The sample should fuse
completely during oxidation. Smith and Hockenyos (6) remark
that failure to obtain fusion results in incomplete removal of
carbon as carbon dioxide in the determination of carbon in high
melting alloys.

I
I I
I Z~ 5Z6 JIL _

fiSHER INDUCTION CARBON APPARATUS

1. Solenoid valve
2. Magnesium perchlorate
3. Caroxite
4. Combustion tube and coil
5. Manganese dioxide
6, Flowmeter
7. Platinum oxidizer
8. Liquid nitrogen trap
9. Liquid nitrogen and isohexane mixture at - ] 40 0 C.

,--- --------
I
I

OXYGEN
-- ....

An Alundum boat was one-half filled with granular Alundum
and approximately 0.5 gram of powdered electrolytic iron was
then spread evenly over the Alundum. One gram of quartz was
thoroughly mixed with the powdered radioactive lauric acid and
approximately 0.5 gram of a 50--50 mixture of granular tin and
electrolytic iron powder. This mixture was placed on the bed
of electrolytic iron powder in the boat and covered with addi
tional electrolytic iron and granular Alundum.

If the powder containing the sample, iron, and tin is placed,on
and then covered by a layer of electrolytic iron, satisfactory con
ditions are obtained with the use of the Fisher furnace, whiich
is credited by the manufacturers with reaching temperature~of
1600 0 C.

Samples containing quartz and 3, 4, and 5 mg. of radioactive
lauric acid were prepared in the following way.

SAMPLE

BOTH dry and wet combustion techniques have been used in
tracer work to oxidize carbon to carbon dioxide. Dry

combustion, as in the Liebig and sodium peroxide fusion meth
ods, and wet combustion, as in the 'persulfate and Van Slyke
Folch methods, are described in the literature.

The use of a high frequency induction furnace provides a fast
and convenient method of dry oxidation, securing a reproducible
and reliable combustion.

Induction heating has been used for the determination of car
bon in high-melting alloys (6) as well as in low-carbon iron and
steel (8). A rapid method of determining minute quantities of
carbon in metals using the high frequency induction furnace has
been described (7). Recently, electrolytic iron powder has been
used to induce heat in a nonconductor such as soil (,,0. In this
way, rapid and accurate determinations of carbon in soils are
being made.

In the present investigation the induction furnace has 'been
applied to the combustion of radiocarbon. Mixtures of labeled
lauric acid and quartz and a radioactive solution were chosen to
illustrate the method. Using the gas counting technique de
scribed by Miller and Brown (1, 5) adopted in this laboratory
(3), the reproducibility of the oxidation procedure was ascer
tained.

The carbon dioxide evolved was purified in a leakproof train,
using chemical absorbents for water and sulfur dioxide, A
special procedure was used for hun1id and liquid samples from
which much water vapor was evolved.

Assay of. materials labeled with carbon-14 commonly
involves their oxidation to carbon dioxide, which is
then measured directly by a Geiger counter or in a
carbon dioxide ionization chamber. Alternatively, the
material may be converted to a solid, such as barium
carbonate, before radioassay. The use of high fre
quency induction heating in an oxygen atmospher~

provides a fast, reliable method of oxidizing radioactive
carbon to carbon dioxide, which can then be determined
in the usual way. The method has been successfully
applied to the combustion of radiocarbon in mixtures
of labeled lauric acid and quartz and in radioactive
solutions. The radioactive carbon dioxide has been
assayed with internal Geiger counters to prove the
reliability of the combustion method.

Figure 1 is a schematic drawing of the apparatus,

APPARATUS

A Fisher induction carbon apparatus, originally designed for
the determination of carbon and sulfur in steels, was used as a
high frequency induction furnace. It is commercially available
with a leakproof train containing chemical absorbents for water
and sulfur dioxide.

The outlet of the instrument was sealed to a vacuum svstem
which has five liquid nitrogen traps. Three of them suffice to
recover the carbon dioxide when the water content of the sample
is low. When water is present, the two extra traps are used to
distill the carbon dioxide from the water.

Because the method is intended primarily for tracer use in
mineral engineering, quartz was chosen as a suitable mineral to

As adsorbed coatings of radiocarbon-marked organic agents on
minerals have been measured by depending on low-temperature
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~ombustion methods (2), it is reasonable to expect that even
more reproducible results are obtained at the high temperature
)btained in the induction furnace. Accordingly, special tests
;vere not made to determine whether adsorbed coatings could be
neasured as readily as mixtures.

Radioactive solution samples were prepared in the following
way.

An Alundum boat was one-half filled with granular Alundum
and approximately 0.5 gram of powdered electrolytic iron was
spread evenly over the Alundum as in the preparation of solid
samples. Next, 1 ml. of radioactive solution was evenly added
dropwise to the bed of electrolytic iron powder in the boat,
which was left overnight ih a desiccator with anhydrous mag
nesium Jlerchlorate. When the concentI:ation of the solution so
required, enough solid. inactive lauric acid was added to the boat
to carry the isotopic carbon. A layer of granular Alundum was
then added to the boat and the sample was ready for determina
tion (see Figure 2).

carbon dioxide, provided it is not radioactive carbon dioxide, but
the technique of measuring radioactivity with an internal Geiger
counter includes a blank to determine the background.

RESULTS

Results obtained determining carbon-14 in mixtures of quartz
and radioactive lauric acid are shown in Table I, which presents
the data of 14 different determinations. For each of the three
amounts of lauric acid, the standard deviation of a single ob
sel vation is under 3.5%. This value is considered satisfactory
for the kind of counters used.

Table I. Results Obtained with Mixtures of Quartz and
3, 4, and 5 Mg. of Radioactive Lauric Acid

Counting Rate, Counts per Minute per Mg.

EXPERIMENTAL PROCEDURE

The boat and sleeve were pushed into position in the induction
furnace. The apparatus was fired and the effluent gases passed
through three traps cooled by liquid nitrogen and an extra safety
trap cooled by liquid nitrogen and open to the air. The complete
cycle lasted 2 minutes, after which the three traps where gases and
water were frozen were isolated from the induction apparatus and
the atmosphere by closing appropriate taps in the vacuum system.
The oxygen was then pumped out.

When the chemical absorbents were sufficient to prevent water
contamination of the carbon dioxide, the latter was allowed to
evaporate from the liquid nitrogen traps, and was then ready for
measurement.

3-Mg. 4-Mg. 5-Mg.
sample sample sample

254 255 250
272 260 265
247 262 271
259 243 270
259
250

Average 257 255 259

An experiment in duplicate was also made using a dilute
aqueous lauric acid solution instead of powdered solid agent.
The solution contained 20 mg. per liter and 1.080 ± 0.003 mI.
of this solution was used in each test. The total net activity
of each sample was 494 ± 10 counts per minute in both cases.
The agreement is excellent.

APPLICATIONS

The high frequency induction furnace may be used for the
oxidation of carbon-14 to carbon dioxide in the determination of
labeled collectors for tracer work in mineral engineering. Min
erals with the radioactive substance adsorbed, as well as humId
samples or radioactive solutions, may be conveniently oxidized
using this combustion method. An internal carbon dioxide
counter or a carbon dioxide ionization chamber can be used for
the final counting of radioactive carbon dioxide. Alternatively
the carbon dioxide may be converted to a solid, such as barium
carbonate, before radioassay.

Samples other than those encountered in mineral engineering
research work can probably be treated in the same way.

n is believed that radioactive sulfur may be also determined
using induction heating to convert the sulfur to sulfur dioxide,
but experiments to support this opinion have yet to be made.

GRANULAR ALUNDUM

ItJ

GRANULAR ALUNDUM

~,J
POWDERED ELECTROLYTIC
IRON

FOR SOLID SAMPLE

MIXTURE OF QUARTZ,
POWDERED RADIOACTIVE
LAUFtlC ACID AND ~o- 50
MIXTURE OF GRANULAR TIN
AND ELECTROLYTIC I RON

POWDER~ t:-
~( ? ? ?

RADIOACTIVE SOLUTION
SAMPLE (AND SOUD
INACTIVE LAURIC A.CIO
WHEN NECESSARY)

~12
POWDERED ELECTROLYTIC
IRIIN

FOR LIQUID SAMPLE

Figure 2. Preparation of cOlllbustion boat

When water was not completely absorbed by the chemicals 88

in the case of humid or liquid samples, it remained in part frozen
with the carbon dioxide in the three traps. In this case the con
tents of these traps were allowed to warm up and diffuse through a
glass spiral at -140° ::1= 2° C. (boiling solution of isohexane in liq
uid nitrogen) to another trap cooled with liquid nitrogen. These
two traps were otherwise not used, The operation was per
formed under vacuum with the stopcockB to the pumps closed.
Fifteen minutes sufficed for the operating volume of carbon di
oxide to diffuse and be recovered entirely free of water in the end
liquid nitrogen trap.

Assay of the radioactive carbon dioxide has been made with
internal Geiger counters using a technique already described (3).

It is not important if all the ingredients. in the boat give off
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92. Ajmalicine, Ijmalicine Hydrate, and py-Tetrahydroserpentinol
HARRY A. ROSE, Lilly Research Laboratories, Indianapolis 6, Ind.

X-Ray Powder Diffraction Data for Ajrnalicine

110

- - - - - - - It
100

+o(~
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201 ~:103.
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~o

12SC( :~: +$' )
Figure 2. Orthographic projection

of ajrnalicine hydrate

Figure 1. Projections of ajrnaJicine

FUSION DATA. On heating, ajmalicine melts in the range 253
254 0 C. with decomposition.

AJMALICINE. HYDRATE

CRYSTAL MORPHOLOGY
Crystal System. Monoclinic.
Form and Habit. Blades lying on 100 elongated parallel to

and showing the prism {110}, positive orthodome 1201}, ortho
pinacoid {100} and basal pinacoid {001}.

Axial Ratio. a:b:c = 1.9822:1:0.8233 (x-ray).

Structure of py-tetrahydro
serpentinol

d Ilh hkl d(Ca!cd.)

7.53 0.40 011 7.52
7.08 0.32 120 7.11
6.53 0.60 111 6.49
6.07 0.16. 210 6.09
5.42 1.00 121 5.42

5.11 0.16 220 5.14
4.93 0.08 211 4.89
4.65 0.40 031 4.70
4.38 1.00 221 4.38
4.20 0.04 002 4.19

4.11 0.04 310 4.16
4.02 0.04 140 4.05
3.91 0.08 102 3.98
3.88 0.40 112 3.88
3.61 0.32 122 3.61
3.26 0.20 222 3.24
3.02 0.12 420 3.04
2.99 0.12 042 2.99
2.57 0.08 440 2.57

Structure of ajrnalicine

AJMALICINE is one of the alkaloids found in the plant Rauwolfia
~ serpentina benth. The compound has been given several
names by various investigators: ajmalicine, alkaloid F, 0
yohimbine, and py-tetrahydroserpentine (for the hydrate)
(1-4). Discussions of the chemistry and structure of the com
pound have been published by these investigators and independ
ently by Norbert Neuss of this laboratory.

Anhydrous ajmalicine is obtained by crystallization from ab
solute methanol, while the hydrate is obtained by crystalliza
tion from methanol-water solutions. The hydrate on heating to
110° to 120° C. loses water and the resulting powder gives the
x-ray pattern of the anhydrous material.

Tetrahydroserpentinol is obtained by reduction of ajmalicine
with hydrogen in the presence of lithium aluminum hydride.

X-Ray Powder Diffraction Data for Hydrate Ajrnalicine,
AJMALICINE

CRYSTAL MORPHOLOGY
Crystal System. Orthorhombic.
Form and Habit. Blades elongated p.ltrallel to c and showing

the prism {120} and right bisphenoid {211}.
Axial Ratio. a:b:c = 0.7557:1:0.4917.
Interfacial Angles (polar). 120 A 120 = 66° 58'. 211 A 211

= 108° 34'.
X-RAY DIFFRACTION DATA

Cell Dimensions. a = 12.88 A.; b = 17.04 A.; c = 8.38 A.
Formula Weights per Cell. 4(4.011, x-ray).
Formula Weight. 352.4.
Density. 1.276 grams per cc. (flotation), 1.273 grams per cc.

(x-ray).
OPTICAL PROPERTIES

Refractive Indices (5893 A., 25° C.). a = 1.59, (3 = 1.678,
'Y = 1.686.

Optic Ax~al Angles. 2V = (-) 18° (calcd. from {J and Mal
lard's constant), 2E '= 300

•

Optic Axial Plane. 100.
Acute Bisectrix. a = b.

d

16.31
8.08
7.50
6.76
5.85

5.43
5.32
4.82
4.56
4.16
4.09
3.89
3.78
3.69
3.53
3.43
3.17
3.02
2.86

lilt
0.20
0.03
0.20
0.20
1.00
0.07
0.07
0.67
0.33
0.53

0.13
0.07
0.03
0.07
0.07

0.27
0.13
0.20
0.07

hkl

100
200
110
001
210

300
111
211
310
311
400
401
220
121
411

221
102
312
202

d(Ca!cd.)

16.28
8.14
7.57
6.76
5.86

6.43
6.29
4.82
4.56
4.16
4.07
3.89
3.78
3.58
3.53

3.42
3.17
3.02
2.90
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G
~r_bCIIDc( 010 a(
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I'Y-TETRAHYDROSERPENTINOL

JRYSTAL MORPHOLOGY
Crystal System. Orthorhombic.
Form and Habit. Blades lying on 010 elongated parallel to a

md showing the forms macropinacoicl 1100}, brachydome {011},
md brachypinacoid {0101.

Cleavage. Good, parallel to 100.
Axial Ratio. a:b:c = 0.4138:1;.9.3929 (x-ray).
Interfacial Angle (polar) 011 A 011 ,= 42° 54'.

(-RAY DIFFRAC1~ION .
Cell Dimensions. a = 11.50 A.; b = 27.79 A.; c = 10.92 A.
Formula Weights per Cell. 8(7.99, x-ray).
Formula Weight. 324.4.
Density. 1.233 grams per cc. (flotation), 1.235 grams per cc.

x-ray).

Interfacial Angles (polar). 110 A TIo = 53° 32' (x-ray), 201
001 = 45°.
~-RAY DIFFRACTION DATA

Cell Dimensions. a = 16.71 A.; b = 8.43 A.; c = 6.94 A.
Formula Weights per Cell. 2(2.03, x-ray).
Formula WeighG. 370.4 (monohydrate).
Density. 1.277 grams per cc. (flotittion), 1.292 grams per cc.

,-ray).
)PTlCAL PROPERTIES

Refractive Indices. (6893 A., 25° C.). a = 1.580, fJ = 1.680,
= 1.683.
Optic A.xial Angles. 2V = (-) 16° (calcd. from a, fJ, and 1'),

8° (clLlcd. from ,S and Mallard's constant), 2E = 31°.
Optic A.xial Plane. Perpendicular to 010.
Acute Bisectrix. a.
Extinction. a A c = 30° in obtuSE: fJ.
Dispersion. v > T, large.

cUSlO:-I DATA. On heating, ajmalicinc hydrate loses water in the
ange 110° to 120° C. to give the anhydrous form.
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FUSION DATA. On heating, tetrahydroserpentinol melts at
244° C. with decomposition.
X-RAY POWDER DIFFRACTION DATA. All powder diffraction data
were obtained using a camera 114.6 mm. in diameter and chro
mium radiation with vanadium pentoxide filter. A wave-length
value of 2.2896 A. was used in the calculations.

Determination of Vitamin A in Natural Products and Especially
Cod Liver Oil. R. A. MORTON, Department of Biochemistry, The
University, Liverpool, AND F. BRO-RASMUSSEN, State Vitamin
Laboratory, Copenhagen.

In view of the lack of official recognition of vitamin A2 it is not
perhaps desirable to express the results of spectrophotometric assays
in terms of total vitamin A activity without indicating how much is
due to vitamin A2• Liver oils from salt fish in general have at least
90% of the total activity supplied by vitamin At.
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The tenth annual general meeting of the Physical Methods
Group, held November 30 in London, presented a discussion on
possibilities in the establishment of standard samples for the
determination of some trace elements. Topics mentioned in
cluded the use of square wave polarography and radioactivation
analysis, involving lead in foodstuffs, and minor elements in
analytical reagents, pure metals, ferrous and nonferrous alloys,
and rocks and minerals.

A joint meeting of the Society for Analytical Chemistry and the
Oils and Fats Group of the Society of Chemical Industry was
held December 1 in London, devoted to the subject of methods
for the chemical determination of vitamin A.

Gas-Phase Chromatography as an. Analytical Technique. C. J.
HARDY, Department of Chemistry, University of Bristol, Bristol.

The development of gas-phase chromatography as a technique for
the separation and estimation of volatile substances was described.
The basic principles were briefly outlined and apparatus and practical
methods of analysis described in detail. Separations of substances
by differential adsorption on, or desorption from charcoal and similar .
adsorbents were compared with those obtained by the newer James
and Martin technique on gas-liquid partition columns.

Intensive research by many workers during the last 2 years on the
development of apparatus and the semimicroanalysis of gases and
liquids was summarized. Examples to illustrate the methods and
results were given from the author's own work on the separation and
determination of halogenated hydrocarbons, aliphatic hydrocarbons,
and alkyl esters. Gas-phase chromatography has been shown to be
applicable to specific problems such as the analysis of intermediates
and final products in gaseous reactions. An example of the analysis
of products in a gaseous reaction between ethyl nitrite and nitrogen
dioxide was given in detail.

Gas-phase chromatography was compared with fractional dis
tillation and masS and infrared spectrometry as a technique for the
separation of closely related compounds and complex mixtures.
Its use for the preparation of certain pure substances was considered.
The advantages of gas-phase chromatography over other analytical
methods and its potential applications in many fields were discussed.

THE Western Section of the society met November 13 at
Cardiff, Wales, when the following paper was presented and

discussed.

1.613,

5.19
4.86
4.78
4.63
4.41

4.35
4.09
3.92
3.81
3.64

d(Calcd.)
13.90
10.15
8.86
8.59
7.62

6.95
5.91
5.75
5.63
5.31

1.590, fJ

5.22
4.84
4.76
4.63
4.45
4.35
4.08
:3.92
3.80
:1. 67

a.53
a.44
a.36
:1. 06
a.01
~1. 967
~1.860

2.633

d

13.90
10.15
8.86
8.57
7.61

6.88
5.95
5.78
5.63
5.32

X-Ray Powder Diffraction Data for py-Tetrahydro-
serpentinol

1/11 hkl

0.53 020
0.20 011
0.66 120
0.20 021
0.27 III

0.07 1)40
0.13 140
0.13, :100
0.27' :110
0.53 :l20

0.53 141
1. 00 112
0.20 nl
1.00 060
0.13 240

0.20 132
0.07 ~!41

0.13 212
0.66 222
0.20 232

0.03
0.03
0.13
0.03
0.07
0.03
0.03
0.03

Figure 3. Orthographi,c projection
of py-tetrahydroserrentinol

OPTICAL PROPERTIES ,
Refractive Indiees (5893 A., 25° C.). a

l' = 1.68 (est.).
Opt,ic A.xial Angle. 2V = (+) 60° (est.)
Optic Axial Plane. 100.
Acute Bisectrix. l' = b.
Dispersion. T > v.
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The analytical procedures of the British and United States Phar
macopeias were discussed in relation to the historical setting and the
newer problems arising out of the presence of three vitamin A-active
substances (all-trans and neovitamin A, and vitamin A2) in fish liver
oils.

The properties of the three active substances were noted and the
combined effects of their intrinsic biological activities and their
absorption spectra were worked out with special reference to conver
sion factors.

The geometrical correction procedure using thc fixation points for
all-trans vitamin A, overcorrects the neovitamin A contribution to
the total absorption but this is very nearly balanced by the lower
biological activity of neovitamin A compared with the all-trans form.

Three cod liver oils and two rich oils have been examined by the
new chromatographic method of Bro-Rasmussen, Hjarde, and Porot
nikoff, which permits quantitative estimate of how the total vitamin
A absorption at 325 m,u is distributed between the three active sub
stances. The same oils tested on the "unsap." without chromatog
raphy but corrected by the "geometrical" procedure lead to much
the same estimate of total vitamin A, potency.

Chromatographic Separation of Vitamin A-Active Compounds in
Cod Liver Oil. F. BRO-RASMUSSEN, W. HJARDE, AND OLGA POROT
NIKOFF, State Vitamin Laboratory, Copenhagen, Denmark.

A method was described for preparing dicalcium phosphate for
chromatography of fish liver oil unsaponifiable matter. The ad
sorbent permits a separation of all-trans vitamin A, neovitamin A
and vitamin A2 • The method recommended for cod liver oil consists
of determining the absorption spectrum of the total vitamin A frac
tion obtained by a single chromatographic separation and determin
ing the proportions of the three vitamin A-active materials by a
separate chromatography.

Modined Method for Spectrophotometric Estimation of Vitamin A
in Margarine. J. W. LORD AND PAULINE M. BRADLEY, Research De
partment, J. Bibby & Sons, Ltd., Liverpool.

In principle, the modified method is similar to the official method,
but does not require specially activated adsorbents. Commercially
available defatted bone meal of appropriate particle size is the se
lected adsorbent. Experiments on margarine show that it is possible
to recover from the column a fraction giving spectral absorption sub
stantially the same as that of vitamin A. After a correction for
slight irrelevant absorption, results on commercial margarines using
the official and modified methods are, for practical purposes, in good
argument.

At the 349th meeting of the Physical Methods Group, held
January 18 in London, four papers were presented.

Solvent Extraction. Introductory Survey. H. M. N. H. IRVING,
Inorganic Chemistry Laboratory, Oxford.

The distribution of a substance between two immiscible phases
lends itself to procedures for enrichment or separation; these can be
conducted by batch or continuous operation. It is convenient to
distinguish the solvent extraction of inorganic materials under four
classes: neutral substances which obey the Nernst partition iso
therm (iodine or osmium tetroxide); uncharged inner complexes of
metals with chelating agents (oxine dithizone, T.T.A.); mineral acids,
their metallic salts, and metal acido complexes; salts or ion pairs
incorporating bulky aniOnS or cations (tetraphenylarsonium per
rhenate or pertechnetate). Some of the difficulties encountered in
the practical application and quantitative theoretical treatment of
solvent extraction were indicated.

Laboratory Apparatus for Solvent Extraction. I. WELLS, Atomic
Energy Research Establishment, Harwell.

Laboratory equipment for solvent extraction is used to achieve
separation for analytical work and to investigate and develop new
types of solvent extraction processes. Simple separating funnel
techniques are suitable when the partition coefficients are large in
favor of the solvent. \Vhen the partition coefficients are small, coun
tercurrent flow is necessary to keep to a minimum the number of
operations and the volume of extract. The .advantages and disad
vantages of various types of countercurrent equipment were dis
cussed. Two types of laboratory apparatus were demonstrated.

Fractionation of Crude Fumagillin by Distribution Methods. R.
R. GOODALL AND JUSTUS K. LANDQUIST, Imperial Chemical·(Pharma
ceuticals), Inc., Manchester.

From a strain of Aspergillu8 fumi{]atu8 C. T. Calam isolated
fumagillin and a noncrystalline product which also had amebicidal
activity. The purification of this product was difficult and we sub
mitted it to a countercurrent fractionation to ascertain whether the

biological activity was due to contamination with fumagillin or to tl
presence of a new amebicide. Distribution in the system benzen
petrol, ethanol-water, demonstrated the presence of fumagillin ar
two other fractions. neither of which had amebicidal activity.

There followed the development of distribution methods for tl
bulk purification of crude fumagillin. In this case advantage Wi

taken of the acidic properties of fumagillin for separation from neutr
or less acidic impurities by partition between a dilute aqueous buff,
solution and a solvent only partly miscible with water. Fumagill
and accompanying impurities are decomposed in aqueous solutic
above pH 10. so that operating conditions were kept below this lev<
For example, distribution between pH 9 aqueous borax buff,
(0.05M) and butyl acetate effected substantial purification, so th,
subsequently fumagillin of purity higher than 90% was isolated i
good yield by a single crysta.nization from acetone.

'Solvent Extraction in the Analysis of Precious Metals. W. A. I
McBRYDE, University of Toronto, Toronto, Canada,

Present-day applications of solvent extraction for the analytic,
separation of gold and the six platinum metals were summarize'
The types of compounds whose solvent extraction was discussed il
clude halogen complexes,' oxides, complexes with stannous chlorid
and organic complexes. The choice of method in these cases
usually governed by the environment of the metal being separate
and by the subsequent operations in the over-all analysis. Anoth.
case of solvent extraction discussed is that of the metals themselv.
from reducing fluxes into collecting buttons of lead or other metals a
for instance, in the fire assay;

At a joint meeting of the Western Section with the local se.
tions of the Royal Institute of Chemistry, the Society of Chemic:
Industry, and the Chemical Society, held January 27 at Bristo
E. Windle Taylor, Metropolitan "Vater Board, spoke on "Recer
Advances in the Bacteriological Examination of Water."

Until about 75 years ago the assessment of purity of a water d.
pended upon the chemical analysis, but with the discovery of ba'
teria and the association of some of them as being the causati\
agents of disease, a more delicate test for purity became available.

The chief object of the bacteriological analysis of water is to enSUI
that the water is free from pathogenic bacteria by the time it paSSl
into supply to consumers. The criterion of purity from the ba'
teriological standpoint has been based on the isolation of normal iI
testinal organisms from water. If it can be shown that a sample i

free from bacteria normally present in the human or the animal ir
testine, it can be assumed that the water is free from disease-produc
ing bacteria.

Correct sampling procedure is of importance; otherwise the resul1
of laboratory investigation are worthless. The bacteriological anab
sis is only a part of the investigation of a water supply and the resul1
must be interpreted in conjunction with the chemical analysis, ir
spection of the site, and its historY.

. Improvements in the bacteriological examination of water hav
been concentrated in recent years on speeding up the examinatio
and the present practice for the control of water supplies is to sampl
more frequently, but limit the scope of the .examination on eac
sample.

New bacteriological procedures for the isolation of coliaero{]ene:
and other microorganisms from water were outlined and the si~

nificance of the results was discussed. Finally a plea was made fc
uniformity in analytical procedure. Report 71, "The Bacteriologic:
Examination of Water Supplies" published by the Ministry of Healtl
has done much toward this end. Uniformity of methods means un
formity of interpretation and leads to greater confidence in thei
value when the results and opinions therefrom are submitted an
explained to lay persons.

A lecture on "The Complexones and Their Analytical Applic3
tion," accompanied by practical demonstrations was give
February 2 in London by G. Schwarzenbach, Zurich University.

Ethylenediaminetetraacetic acid (EDTA, Versene, ENTA, seque!
tric acid) is probably the most important and versatile organic rl
agent ever introduced into analytical practice. Yet it is only one c
the large group of polyaminocarboxylic acids developed at Zurich b
Schwarzenbach and known collectively as the "complexones,
which have found widespread use as complexing (masking) agent!
ill gravimetric and volumetric analysis, in polarography, in separs
tions of rare earths, and in many other fields. In conjunction wit
"metal indicators," many of which were first developed at Zuricl
the complexones provide new volumetric procedures for many metal!
among which the simple and rapid determinations of calcium an,
magnesium hardness in water is the most revolutionary.
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lonbumping Digestion Heater

ndrejs Steinbergs, Division 0\ Plant Industry, Commonwealth Scientific
,d Industrial Research Organization, Canberra, A. C. T., Australia.

stages of the digestion has been reduced by this improved heating
arrangement and creeping of the charring material into the neck
of the flask eliminated.
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W. N. Carson, Jr., C. E. Michelson, and Karl Koyama, Hanford Atomic
Products Operation, General Electric Co., Richland, Wash.

ALTHOUGH salt bridges are widely used in the analyticallabora
ft tory in polarography, titrimetry, and pH measurement, and
their use is increasing as more electrometric methods of analysis
are employed, the present forms and materials leave much to be
desired in mechanical stability, small solution flow, and low elec
trical resistance. Work in this laboratory has shown that porous
glass and ion exchange resin membranes can be used to make
salt bridges that are superior in most respects to conventional
bridges.

Porous glass bridges are made from Corning Glass Works glass
7930, which is leached but unfired Vycor glass. The glass is
available in a variety of forms, such as sheet, tubing, !tnd rod. It
cannot be handled easily by glassblowing techniques (This glass
burns, when touched to the lips or other moist skin areas, and
will cause severe dehydration and excoriation in the manner of a
burn.), as it shatters when placed in a flame. Special shapes,
closed tubes, etc., must be fabricated before leaching; these can
be supplied by Corning. Some properties of Corning porous
glass 7930 are (Corning Glass Works technical brochure): void
space (dry), 28% of volume; average pore diameter, 4 mJ.l;
composition: 96% Si02, 3% B20 3, 0.4% R 20 3, traces of alkalies
and arsenic; flow through 2-mm. thickness, 0.00065 mI. of water
per sq. cm. of area per atmosphere of pressure pllr hour.

The large void space permits a large amount of electrolyte to
be held in the glass, and thus give low electrical resistance to the
bridge, while the small pore size prevents more than a very small
flow of solution. As the glass is electrically inert, the junction
potential of a bridge is determined by the electrolyte used in the
bridge. Nonaqueous solutions may be used as bridge electrolytes
for nonaqueous systems. The bridges are ~uitable for use at
elevated temperatures.

Fluoride and caustic attack the glass, as would be expected for
finely divided silica. The high specific surface gives rise to ad-

Salt Bridges of Porous Glass and
Ion Exchange Membranes

o I 2
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,-x THEN solid particles are boiled for a prolonged period with a
VV liquid on the normal type of electric heater (as in Kjeldahl
igestion for determination of nitrogen in soils), bumping usually
ccurs, accompanied frequently by loss of some of the contents
'om the container. The liquid enclosed among the heavy solid
articles is prevented from free movement and when heating. is
'om beneath, this leads to local superheating and consequent
umping.

Figure 1

A new type of digestion heater eliminates this effect. The main
eating is directed toward the sides of the flask, with only slight
eating from the bottom. Accordingly, the bulk of the liquid
ecomes heated, and readily circulates.
Two types of heater have been used: one with cylindrically

haped walls for use with Kjeldahl flasks up to 30-mI. volume or
Jr test tubes, the other with conical shaped walls for Kjeldahl
.asks up to 100-mI. volume. Details of the heaters are shown in
'igure 1.

The heating element, C, is wound twice around the inside of a
.feclay support, B, commencing 1.0 to 1.5 cm. from the bottom.
'he :flask is placed on a removable concave support, D, inside the
eater. By placing asbestos rings underneath the support or by
emoving: it and placing the flask directly on the concave bottom
f the heater, it is pos8ible to adjust the heating of the flask to the
:esired zone.

An assembly of six heaters is mounted on an asbestos-cement
ase plate, E, lying in an angle-iron frame, F. The asbestos
ement outer cover, A, for each of the hee,ters is fastened to the
rame by means of wedge-tailed clips. Thus all three parts (outer
over, heater, and base plate) are easily firmly assembled or dis
lantled for repairs.

All Nichrome wires of the heaters are connected to bus bars, G,
)cated under the base plate. These run along the length of the
ssembly under the heaters, their ends resting freely in slots in
sbestos-cement sheets which are attached to the inside faces of
he end panels of the heater support. The bus bars are protected
.y a safety casing clipped to the asbestos-cement side sheets.
~hus the bus bars are readily accessible.

In several hundred nitrogen determinations, with a wide range
,f soil types, no bumping whatsoever occurred during the diges
ions. Because of m.ore efficient and uninterrupted heating, the
Litrogen analyses gave results in many cases up to 10% higher
han those obtained with the usual type of digestion stand. In
Litrogen determinations on plant materials, -frothing in early
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Figure 2. Reference electrodes

large area can be made in a similar fashion from wide-mouthed
bottles.

The electrical resistance of bridges made from the new mate
rials was measured, employing saturated potassium chloride as
electrolyte, by coupling the bridge in series with two mercury
pool electrodes by means of potassium chloride solutions of known
resistance. A 6D-cycIe alternating current Wheatstone bridge
waS 'employed. To obtain the resistance contributed by the
bridge materials, the resistance of a column of potassium chloride
solution of the same cross section and length as the bridge was
measured. The difference was assigned to the bridge material.
Although the total resistance values obtained in the measure
ments were easily reproducible to within 0.1 % of the total value,
the differences are uncertain to 1 to 5 ohms. Hence, the values
given should be considered orders of magnitude rather than abso
lute values.

I 6" I
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Fignre 3. Ion exchange membrane salt bridges

PRESENTED at the Northwest Regional Meeting of the AMERICAN CHEMICAL

SOCIETY, Richland, Wash., June 11 and 12, 1954.

The total resistance of the A type of porous glass (of full tube
length as shown in Figure 1) is about 300 ohms; of this 15 to 20
ohms are in the porous glass section. Porous glass rods 1/( inch
in diameter, such as those used in bridge B, give an average re
sistance of 9 to 10 ohms per rom. of length. The resistance of
disks of porous glass 1/( inch in diameter and 1lts inch thick (em
ployed in a bridge similar to membrane bridge A) averaged 15 to
20 ohms. Cation exchange membrane (Amberplex C-l) salt
bridges of type A have resistances of 25 to 40 ohms across the
membrane; similar bridges of anion exchange membrane (Amber
plex A-I) have resistances of 40 to 100 ohms across the membrane.
For comparison, the resistance of some 1% agar-agar, saturated
potassium chloride bridges was measured. The total resistance
of a bridge made with tubing 7 rom. in outside diameter and 11.75'
inches long was 620 ohms. For a bridge made from tubing 4 rom.
in outside diameter and 11.75 inches long, the resistance was 2059
ohms. These may be compared to the 48D-ohm total resistance
of a bridge of porous glass Type A, 1P/( inches long (7 rom. in
outside diameter). Although bridges of the same cross section
show similar resistances, the mechanical properties of the porous
glass bridge make it possible to use a much shorter length than
would be feasible for agar-agar bridges. Bridges of 50 ohms or
less are easily made with porous glass.

The limited experience with these new bridges to date has
shown them to outlast conventional bridges many times, espe
cially in applications requiring evacuation of the measuring cell,
and have shown little change in characteristics for several months
if the bridge was not allowed to dry. Their superior mechanicai
and flow resistance should make them popular, and their electrical
characteristics are very satisfactory for all uses. The only ad
verse observation has been the severe leaching of salt from porous
glass bridges stored in distilled water. This leaching is observed
to a lesser extent with agar-agar bridges.
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sorption of materials such as dyestuffs; desorption is difficult.
Mechanically, the bridges are rugged. Care must be taken to
avoid drying porous glass with salt solution inside, as the m"a
terial shatters when the salts crystallize.

Figure 1 gives bridge designs used in this laboratory.

Bridge A, which can be supplied by Corning, consists of a closed
tube unfired a~ the closed end, but ~edov~r the remaining length;
~he fired portion may be worked like ordinary Vycor. Bridge B
IS made from porous glass rod. The sleeve must fit very tightly
to prevent creep of salts between the sleeve and porous glass.
Ty;gon, o~ other relatively stiff tubing, is suitable for the sleeves.
~ndge C .IS mad~ from porous glas~ tubing. Ordinary glasswork
I~g techmques will no~ work on this gla:ss; hence seals and junc
tl~ns' must be of plastic or ot~er m~tertai. For mQst work, type
!"- IS ~ecoromended. All the bndgeslllustrated operate satisfactor
ily with up to about 1 atmosphere pressure difference across them.
Flow rates of electrolytes with such a pressure difference are very
low; about 0.1 ml: per week is typical.

Figure 2 gives some designs for reference half cells using porous ,
glass bridges.

The other bridge materials used in this study which have great
promise are the ion exchange membranes, which are sold under
the trade name Amberplex by Rohm & Haas, Philadelphia,
Pa., and under the trade name Nepton by lonics, Inc., Cam
bridge, Mass. The membranes are available in cationic or
anionic fonns. The sheets are 1/16 to l/Sinch thick, and handle,
when wet, like medium hard gasketing materials; when dry they
are fragile. Neither fonn can be allowed to dry under constraint,
although they may be wet and dried repeatedly if no constraint
is applied.

When these membranes are used in salt bridges, they do not
give low junction potentials, as conduction through them is al
most exclusively either cationic or anionic. The advantage of
the membranes is that they do not pass any solution per se, and
can be used to block unwanted ions-e.g., mercury-from passing
from the reference half cell to the other half cell. Figure 3 gives
,two forms of bridges using these membranes; both utilize the
gasketing properties of the,material. Bridge B is made from a
small screw-cap vial with a hole drilled in the cap. Bridges of
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D.te,mination of Phosphorus in Organic Compounds

Barbara C. Stanley, Sadie H. Vannier, leon D. Freedman, and G. O. Dook,
Venereal Disease Experimental laboratory, U. S. Public Health Service,
School of Public Health, University of North Carolina, Chapel Hill, N. C.

A MODIFICATION of the method described by Bachofer and
Wagner (1) for the semimicrodetermination of phosphorus

has been used in this laboratory for over 3 years. With this modi
fication satisfactory values for phosphorus have been obtained
with such compounds as aromatic phosphonic and phosphinic
acids, and their esters and amides. The principal change consists
in the use of a Parr electric ignition macrobomb (22 m!.) instead of
the flame ignition semimicrobomb used in the original method.
The electric ignition bomb does not require the experience or skill
'demanded by flame ignition methods. Furthermore, the 22-m!.
bomb is the most widely distributed size (3). The modification is
applicable to both solids and nonvolatile liquids. The sample size
iJ.sed is the same as in the original procedure. The accuracy ob
tainable is illustrated by the analyses reported in a recent commu
nication (2), in which 27 aromatic phosphonic diamides gave
phosphorus values with a median deviation from the theoretical
of 0.07% and a maximum deviation of 0.14%.

A fusion cup of 98% nickel and a head gasket of lead are used.
Fusion cups of 30% nickel-steel and rubber gaskets give less sat
isfactory results. The charge for the bomb consists of the sam
ple (whether solid or liquid) intimately mixed with 0.40 gram of
potassium nitrate, 4 grams of sodium peroxide (from a scoop),
and powdered sucrose in such amount that the combined weight
of sample and sucrose is '0.50 gram. The bomb cup cover is
threaded with a lO-cm. length of ignition wire. After ignition, the
melt is dissoved and acidified as described by Bachofer and Wag
ner. The solution is boiled for 15 minutes and then cooled to
about 40° before the molybdate reagent is introduced. After 2
hours the precipitated ammonium phosphomolybdate is trans
ferred to the filter with the aid of about 50 ml. of 2% ammonium
nitrate solution. The precipitate is finally washed with an ice
cold solution of 1% potassium nitrate in 30% ethyl alcohol. The
determination is completed exactly as described by Bachofer and
Wagner.
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Figure 1. BeckDlan DU spectrophotometer adapted for
use as spectr06uorometer

tion of the cuvette directly opposite the photocell and the upper
slit of the monochromator. Fluorescent radiations can pass
through this slit, trarel through the monochromator, and emerge
from the lower slit. Here the light is reflected toward the rear
by the plane mirror contained in the mounting blpck. The only
difficulty in placing the phototube housing to receive this light,
is that the lamp housing is in the way. Fortunately, the ~uvette

compartment can be reversed in position on the mounting block .
without any structural alteration, and without disturbing the
optical alignment between the cuvette and the monochromator.
The light source can then be placed in front, mounted on a fixed
base, and aligned with the lens opening of the fluorescence acces
sory by means of a connecting collar.

The assembled system is illustrated in Figure 1.

Incident light from a 5OD-watt tungsten lamp passes through
the quartz lens of the accessory and is reflected upward from a
front-surfaced mirror through the hottom of the square Corex
cuvettes. Suitable filters can be fitted in the horizontal slide
beneath the cuvette holder. Fluorescent radiations from the
cuvette enter the upper slit of the monochromator compart
ment; selected wave lengths emerge from the lower slit and are
reflected toward the rear. This light is shielded in a rectangular
channel and directed through the opening of the phototube hous
ing onto a high-sensitivity photocell such as the IP28 tube sup
plied with the Beckman photomultiplier accessory set.

In order to keep the light source and phototuhe housing in
proper alignment, the whole instrument has been mounted on a

Simple Adaptation of the Beckman DU
Spectrophotometer as a Spectrofluorometer

Allan G. Gornall and Harold Kalant, Department of Pathological
Chemistry, University of Toronto, Toronto, Canada

RECENT developments in a number of analytical fields have
demonstrated the usefulness of spectral distribution measure

ments of the radiation emitted by fluorescing materials. Such
measurements cannot be made with the fluorescence accessory
set as supplied by Beckman Instruments, Inc., for the Model DU
spectrophotometer, as the set makes no use of the excellent mono
chromator which the instrument contains. By constructing
special accessory equipment, Burdett and Jones (1), Lauer and
Rosenbaum (3), and Huke and coworkers (2) have used the
Beckman monochromator to study fluorescence spectra. The
method of Huke and coworkers is unique, in that the emitted ra
diation is passed through the monochromator in reverse of the
usual direction. The attachments supplied with the regular
Beckman fluorescence accessory set can be adapted very easily
in a similar optical arrangement,

When the c'uvette compartment of the fluorescence accessory
is in its usual.position, the incident-exciting radiation enters from
behind and is reflected upward through the bottom of the cuvette.
After traversing about 10 mm. of solution, the light reaches a por-

1

Figure 2. Extra parts necessary to adapt Beckman
Fluorescence accessory as spectro6uorometer
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I. Quinine sulfate in O. IN sulfuric acid
2. Fluorescein in aqueous sodium hydroxide
3. Pyronine in ethyl alcohol
4. Rose bengal in ethyl alcohol

Automatic Micromuffle for Determination
of Ash in Carbonaceous Material

Robert Meyrowitz and C. J. Massoni, U. S.
Geological Survey. Washington 25. O. C.

BecaUse in many analytical situations fluorescence may be of f

low order of intensity, the over-all sensitivity of the instrument is f

major consideration. For comparison with other instrument!
the following calibration was carried out with a solution of quininE
sulfate in O.IN sulfuric acid. The incident light was passed
through a 3-mm. Corning 9863 filter. With the photomultiplieI
at maXimum sensitivity and a sulfuric acid blank set at zero,
a concentration of 0.15 'Y of quinine sulfate (U.S.P.) per ml. of
solution gave a scale reading of 100 at a slit width of about 1.8
mm. A straight-line relationship held for lower cpncentrations.

The higher sensitivity of the modification described by Huke
and coworkers can be attributed mainly to the higher intensity
of incident radiation supplied by the hydrogen arc and larger
quartz lens which they used. Replacing the tungsten lamp in
the present instrument with an Allen hydrogen arc operating
at 0.5 ampere gave a 30% increase in fluorescence with quinine
sulfate. A higher sensitivity could also be achieved with a
mercury or xenon arc light source.

Figure 3 illustrates the spectral distribution curves of fluo
rescence emitted by extremely dilute solutions (less than 1 'Y

per ml.) of quinine sulfate in sulfuric acid, fluorescein in aqueous
sodium hydroxide, pyronine in ethyl alcohol, and rose bengal
in ethyl alcohol. These substances were used simply to demon
strate the application of the instrument at differen:t wave lengths
of fluorescent light.
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THE mineralogy and geochemistry of carbonaceous rocks are
being studied as part of a program of research on the geo

chemistry of uranium that the U. S. Geological Survey is conduct
ing on behalf of the Atomic Energy Commission. To help solve
certain phases of the problem, an organic microanalytical labo
ratory has been organized. This paper describes an automatic
microcombustion apparatus that has been designed and used in
this laboratory for the determination of the ash content of amall
amounts of carbo:Qaceous materials. Often the amount of mate
rial available for analysis is small, necessitating the use of micro
methods. Norton, Royer, and Koegel (1) have shown that.there
is a saving of time without loss of precision when the microtech
nique is used for ash determinations.

Two automatic micromufRes have been described (1, 2). These
micromufHes have been made to order and require a great deal
of machine-shop work in their construction. The micromufHe
described by Norton, Royer, and Koegel (1) has platinum heat
ing coils, and the temperature is regulated by varying the voltage
with a variable autotransformer. Either one or two samples
can be burned at one time; the furnace is stationary, and the
tubes are drawn through the furnace. There are two rates of
travel, the slowest speed being 2.5 cm. per 10 minutes. Steyer-
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Figure 3. Fluorescence spectra as
determined with modified Beckman

spectroftuorometer
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plywood base. Two wooden blocks acc.ommodate the feet' Of
the monochromator housi~g 'ip fitt~d holes"and raise the instru
ment to the height desireg.· A: p~tform with angle irons ap.d
set-screws holds the phot~tiIbe.·h6!l~ng. The light source .is
mounted on a metal platfbrm and:!iecUI'ed to the base by screws.
The instrument can readily be convert~dfrom spectrophotometer
to spectrofluorometer in less t~ail 5 mi~tites.

The parts necessary to .make, the adaptation of the fluorescence
accessory are shown in Figlire 2.

. Part 1 is the base for the light source, made from l/arinch
sheet brass. This .base can' be modified for different light hous
ings and its:heiglit is deter~ed ny'the position of the ~uores
cence accessory lens. Part ~ IS. a brass rmg collar, machined to
fit on the lamp hoUsing ana into t~e lens opening. . This collar
holds in position the metal washers which determin~ the, size- of
the incidentbea.Iil: Part 3 is,a light.channel made from !/s-inch
brass plate cut to size and soldered. The channel is designed at
one end to fit the aperture at the back of the mounting block'
and at the other to fit the opening of the phototube housing.
A projecting frame of thin metal sheet and a collar at each end
help to provide light-tight connections. In order to facilitate
optical alignment, ~he face plate of the m0!10chromator serves
as one wall of the light channel for part of Its length. A layer
of felt interposed between the cuvette holder and the channel
helps to hold the latter tightly against the face plate. Part
4 is a gasket made of heavy blotting paper or pressed cardboard,
placed between the mountmg block and the fluorescence cuvette
holder. Part. 5 is an end plate of lis-inch brass made to fit
the outer side of the cuvette holder. A layer of blotting paper
and' a gasket similar to part 4 should be cemented to the inside
of this plate. The gaskets help to provide light-tight connections
and clearance for the cuvette carriage to be racked in and out.
All parts are painted in a dull black finish to minimize reflected
radiation.

When the instrument is assembled for the first time, it is essen
tial to make certain that the light source is in alignment with the
mirror in the base of the fluorescence accessory and -that the
beam passes vertically through the cuvette. The angle of the
mirror in the mounting block of the monochromator may require
some adjustment, to ensure that liglit emerging from the lower
slit passes through the center of the channel to the photocell.

20

RESULTS

The general principles of procedure described in detail by Huke
and co)Vorkers (2) appiy equally to the above arrangement. The
incident light reaches the cuvette from 'below rather than above
and the light path through the solution is about 10 mm. rather
than 2 mm., factors which, in the case of quinine in dilute sulfuric
acid, reduce sensitivity by about 20%. Other systems would
be affected similarly' unless they absorbed the exciting radi
ation strongly. In practice there has been no difficulty due to
light scattering or fluorescence by the cell. In some applica
.tions there is an advantage in being able to use covered cuvettes.
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nark's micromuffie (2) is heated by, means of 8lIl8ll Nichrome
fire, and temperature regttlation is by means of a variable auto
:ransformer. Two samples can be bWIDed at one time; the tubes
ore stationary and the furnace is moved. There is one rate of
;ravel, 2.5 cm. per ]0 minutes.

The micromufHe described here can be assembled with a
ninimwn of labor, using parts available from certain scientific
aboratory apparatus companies.

Figure 1. MicrornufDe

The micromufHe pictured in Figure 1 consists of two parts:
(1) a furnace drive, single speed (2.0 cm. per 10 minutes), elec
tric, having adjustable limit stops to arrest the advance of the
:fWIDace automatically, and (2) the moving, shon-furnace section
-of an automaticz micro- and semimicro- combustion apparatus.

To the best 01 the authors' knowledge, part 1 is available only
:from Arthur H. Thomas Co., Philadelphia 5, Pa. (Catalog No.
1,5683K), and part 2 is available only from E. H. Sargent and
Co. Chicago 30, Ill. (Catalog No. 8-21580).

This furnace is of the radiant-heating type, with hinged shell
'and open-sided heating elements, and operates on a lI5-volt,
6():.cycle, alternating current circait. '['he furnace unit consists
of six parts: (1) voltage-reducing transformer, designed to
operate on 100-volt, 5O/60-cycle, single-phase service; the
secondary is rated 10 volts at 28 amperes; (2) variable auto
transformer; (3) thermocouple and direct-reading pyrometer
for temperature control; (4) fuse; ('5) pilot light; and (6)
switch. The maximum temperature for continuous operation
is 900 0 C. .

To calibrate the pyrometer, the thermocouple of a second
pyrometer is inserted into the combustion tube until it reaches
the position to be occupied by the combustion boat. While a
stream of oxygen is flowing at the rate to be used in the ash
determination, the position of the thermocouple in the furnace
is adjusted so that the reading of the pyrometer of the micro
mutHe is the same as that of the second pyrometer.
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APiparatus for Automatically Cha~ingSolvent
[Polarity during Chromatography

~. R. Allen and D. N. Eggenberger, Researcl1 Division, Armour and Co.,
'Chicago, III.

IN the separation of organic dibasic acids by partition chro-
matography [Higuchi, T., Hill, N. C., and Corcoran, G. B.,

ANAL. CHEM., 24, 491 (1952)J the mdbile phase is a series of
solvent mixtures progressively increasing in concentration of
n-butyl alcohol. An apparatus has been designed that adds the
solvents automatically in the correct proportions and, when
coupled with a mechanical fraction collector, makes the whole
separation procedure automatic. Also, constant pressure in the
apparatus permits more even elution of the acids.

The apparatus consists of two glass clmtainers, A and B, con
nected at the bottom by rubber tubing through a T-tube to a
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mercury contaiI!er, Cw Near the ,tops of A and B, capillary side
arms lead·to a distributor head, D, to which the chromatograph
tube is connected by a !:iall joint. Small funnels are joined
through pressure stopcocks to the tops of A and B. The con
tainer, A, which llontains chloroform, is a straight tube but B,
which contains butyl alcohol, is made up of a senes of progres-
sively larger tubes sealed together. .

In operation the sample of acids is washed into the stationary
phase m the chromatograph tube. The tube is filled to the joint
with the first eluting solvent mixture, the stopcock at the bot
tom is closed, and the tube is clamped to the distributor head.
With the mercury container lowered, A is filled with chloroform
and B with butyl alcohol, and the stopcocks are closed. The
mercury container, C, is then raised to a position so that the de
sired total volume of eluent will be obtained. The stopcock on
the chromatograph tube is opened to obtain the desired rate of
floV\'. AB the effiuent passes from the chromatograph tube, the
mercury rises in A and B and forces both chloroform and butyl
alcohol into the distributor head. The ratio of butyl alcohol to
chloroform changes as the mercury rises into each new segment of
B.

The diameter of each segment of B is calculated from each
desired ratio of butyl alcohol to chloroform, and· the length is
determined by the total volume of each composition. For ex
ample, if 3% volume of solvent B in solvent A is.desired, the
ratio of the diameters of B and A would be 31/ 2 to 97112• If the
specific ~avities of the liquids in A and B are equal, a segment of
B contaming 3 mI. would be the same length as a segment of A
containing 97 mI. However, because the specific gravities of
butyl alcohol and chloroform are different, the mercury level in
B will be higher than that in A. The length of each segment of
B may be corrected by the equation -

ah = (Sp. gr. A - sp. gr. B) hA
(Sp. gr. Hg - sp. gr. B)

where ah is the difference in mercury levels in A and B, and hA
is the distance from the mercury level in A to the capillary-tube
outlet in the distributor head.

In the constru~tionof the apparatus, a tube of sufficient volume
is selected for A, and the length necessary for the volume of
chloroform in each compOsition is calculated. This length cor
rected for the difference in mercury levels is the length of each
segment of B. The diameter of each segment of 11 is then deter
mined to obtain the required amount of butyl alcohol for each
mixture...
So~e BP.ace a1:l0ve the stationary phase in the chromatograph

tube is'neCessary to'bbtain thorough mixing of the liquids as they
are -delivered. The change of compositions is smooth and does
not give rise to false shoulders on the chromatographic peaks.
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