
Information on Scientific Apparatus
ATTENTION of our readers is called to the existence of the

.t\.. Scientific Apparatus Information Service, a divisional ac
tivity of UNESCO.

From a practical viewpoint we believe that this service will
be of more pract.ical assistance to analytical chemists in coun
tries other than the United States. Nevertheless, the history
and scope of its activities will interest many of our readers.

During the Conference of Allied Mil}isters of Education in
London, when many requests were received for information on
scientific equipment, the idea of an international noncommer
cial Scientific Apparatus Information Bureau was conceived.
The Science Commission of the Conference of Allied Minis
ters of Education responded to such requests as best it could
and when the conference was liquidated, suggested that
UNESCO organize a similar service to help scientists all over
the world.

The first session of the general conference (Paris 1946) ac
cepted this suggestion and authorized the secretariat to set up
a Scientific Apparatus Information Service (SAIS) in 1947.
The staff then available was entirely occupied with the urgent
task of scientific reconstruction of war-devastated countries.
Nevertheless, the second session of the general conference
(Mexico City 1947) endorsed the previously approved ac
tivities of SAIS and included them in the program for 1948.

The scope of this service is deliberately limited to answering
queries concerning scientific and technological equipment for
education and research in the pure and applied sciences. It is
also being equipped to satisfy the need among scientific
workers for information on new materials and equipment de
veloped in recent years.

The equipment of SAIS, rudimentary as yet, consists of:

1. Up-to-date catalogs of the principal scientific manufactur
ers of the world and information on the newest developments in
the fields of instruments.

2. Important periodicals dealing with scientific instruments.
3. Technical journals published by the leading industrial con

cerns.
4. A card index of scientific instruments with cross references

and related to a World Index of Scientific Manufacturers.

In order to enhance the efficiency of SAIS and extend the
available services of information, assurances of close coopera
tion were obtained from sixteen representatives of scientific
apparatus manufacturers in nine leading countries, at a spe
cially convened meeting at UNESCO House in Paris in
June 1948. Contacts are being extended to include universi
ties, research associations, and international scientific unions.

In addition to providing technical assistance in operating
the Science Credit Scheme for the purchase of equipment for
the war-devastated countries, SAIS has been responding dur- .
ing the past year and a half to the queries from UNESCO's
Science Cooperation Offices, science institutions, and indi
vidual scientists.
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ANALYTICAL CHE:IUSTRY shortly will expand its services to
readers in disseminating information about scientific appara
tus and equipment. For several years Ralph H. Muller's col
umn on Instrumentation has acquainted readers with the
rapid strides being made in the development and use of instru
ments. We will introduce a section on industrial literature
and manufacturers' announcements of new scientific appara
tus, ins~ruments,and materials of direct interest to the analyst.

The widespread use of comparable information in both
Chemical and Engineering News and Industrial and Engineer
ing Chemistry has de~omitratedconclusively the value of such
information to our readers. Each such item of information
in C.&E.N. and I.&E.C. is carefully screened by our editorial
staff to ensure that what does appear is important and new.
A similar policy will be followed in A."'ALYTICAL CHEMISTRY.

The Analyst's Role in Increasing Crop Yields

THE scientific approach to the problem of increasing food
yields to feed more adequately a constantly increasing

world population is gaining acceptance at a highly satisfactory
rate. Rule of thumb procedures are rapidly disappearing as
scientists apply objective methods to provide truly scientific
answers to questions which have long baffled those seeking
to improve the quality and increase the quantity of foods
the world over.

Robert M. Salter, chief of the U. S. Department of Agri
culture's Bureau of Plant Industry, Soils, and Agricultural
Engineering, speaking at the fourth annual convention of the
American Plant Food Council at Bretton Woods last month,
reported that while one improved method of crop production
is beneficial, the advantages often pyramid when several good
practices are uS!ld in the right combination. Recognition of
this principle is spreading rapidly in research programs in this
and other countries. Continuing, Dr. Salter stated:

So far we have no more than scratched the surface with this
combined approach to research. We have by no means exhausted
the possibilities of still further increasing crop yields as we learn
to combine in optimum degree the various factors of crop
production under the diverse environments of soil and climate.
We now recognize that past ideas of what constituted adequate
facility must now be revised drastically upward if we are to strive
for top yield through this combined approach.

The chemical analyst will continue to playa very important
and significant role in soil science. Improved analytical
methods are providing soil scientists with more accurate
analysis of soils. In every step along the way to better food
yields, the a!lalyst is offered a challenging opportunity to ex
tend present knowledge. As in most other fields of human
endeavor, the analyst is essential to the successful cOI;lclusion
of any program of uncovering the secrets of nature and the
application of new knowledge to improving the material well
being of man.



Polarographic Studies of Organic Peroxides
in Nonaqueous Solutions

W. R. LEWIS', F. W. QUACKENBUSH, AND THOMAS DE VRIES
Purdue University, Lafayette, Ind.

A procedure is outlined for the polarographic study of water-insoluble Illaterials
in nonaqueous solutions. Current-voltage curves for the peroxides of fats,
ethers, and hydrocarbons are given. In early stages of autoxidation of fats., a
linear relationship exists between wave height and peroxide nUIllber. In very
advanced stages of autoxidation, the polarograph does not reduce all the sub
stances that are reduced by iodides in acidic solution. Three waves appear in
the current-voltage curves of fat peroxides in neutral solution.

1"N A study of the oxidation of fats, it was desirable to dis
.1 tinguish between reactive and stable peroxides.. Fat per
oxides are a poorly defined group of compounds which are
thought to vary appreciably in reactivity. However, the
methods commonly used which are based on the oxidation of
iodide or ferrous ions, offer little opportunity to distinguish be
tween reactive and relatively stable peroxides. A study was
made with the polarograph, and when suitable conditions were
established, several waves were obtained for the autoxidation
products of fats.

Procedures (or the polarographic determination of a few
organic peroxides in aqueous media have been described. Do
brinskaya and Neiman (2) determined methyl hydroperoxide in
mixtures with aldehydes. Later Shtern and Pollyak (5) deter
mined methyl hydroperoxide, ethyl hydroperoxide, ethyl per
oxide, etc., in several aqueous electrolyte solutions. However,
the peroxides of many larger relatively nonpolar molecules can
not be determined by similar 'procedures because of solubility
limitations. In the present work nonaqueous media were used.

contained an impurity which interfered, but could be removed by
vigorously shaking 1 liter of benzene with 100 ml. of concentrated
sulfuric acid in a separatory funnel for 10 minutes at room tem
perature, drawing off the sulfuric acid, and distilling the un
reacted benzene.

The effect of traces of water in the solvents has not been care_
fully investigated. However, addition of 1% of water to each
of the three supporting electrolyte solutions had little effect on
the current-voltage curves of oxidized lard except to alter some
what the. ratio of the height of the three waves obtained. Con
sequently, the electrolyte should be anhydrous if quantitative
results are to be obtained. That the solvents used were essen
tially anhydrous was shown by placing u few particles of anhy
drous copper sulfate and 5 ml. each of methanol and benzene in a
stoppered test tube and shaking occasionally. After standing for
a day, the copper sulfate was still white. However, in the case
of the methyl hydrogen sulfate supporting electrolyte solution

.3.6 grams of water per liter were formed by the reaction of
methanol and sulfuric acid. This water was not removed.
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Figure 1. Residual Current Curves for
Three Electrolytes

H-cell used for all three curves

Supporting Electrolytes. A supporting electrolyte solution
must possess two properties if it is to be useful for the deter
mination of fat peroxides. It must be capable of dissolving
appreciable quantities of fat, and it must offer low electrical resist
ance, a property that was found very important for the produc
tion of polarographic waves with desirable characteristics. Solu
tions of high resistance gave waves which were drawn out over a
considerable voltage range and usually had pronounced maxima.
Reasonably satisfactory curves were not obtained with solutions
which caused the minimum resistance of the unpolarized elec
trolysis cell appreciably to exceed 4000 ohms. A lower resistance
is desirable. The resistance of the cells used was 3500 to 4000
ohms.

Three supporting electrolytes, which differed markedly in

EQUIPMENT AND REAGENTS

The current-voltage curves were obtained with a Leeds.·&
Northrop Electrochemograph. The m and t values for the capil
lary were determined at 25 0 C. with an open electrical circuit and
the tip dipping into a 0.3 M solution of lithium chloride in a mix
ture of equal volumes of absolute methanol and benzene. The
values of m and t were 2.76 mg. per second and 2.10 seconds, re
spectively. Therefore, m 2 / 3 t' /6 was 2.13 mg. 2 / 3 t -1/2. At -0.70
volt with a closed circuit m and t were 2.10 mg. per second and
1.56 seconds. At this potential m 2 / 3 t' /6 was 1.77 mg. 2 / 3 t- 1 / 2•

A short drop time was used because it completely eliminated os
cillations in the polarograms recorded by the Electrochemograph.

Two types of electrolysis cells were used. One utilized a mer
cury pool anode approximately 6.2 sq. em. in surface area. Re
sults obtained with this cell were satisfactory only in a neutral
supporting electrolyte solution because the potential of the pool
did not remain constant in acidic or alkaline solutions. In the al
kaline solutions the peroxides reacted with the mercury of the
pool. The other cell was an H-cell of the type described by Lin
gane and Laitinen (.4-), which utilized an external saturated calo
mel half-cell. The H-cell gave reproducible curves in all three
electrolytes over the entire range of voltage which could be used
with these electrolytes. The H-cell was·used for all data reported
herein except those dealing with gasoline peroxides. The polaro
grams of gasoline peroxides were obtained with a mercury pool
anode before it was learned that the H-cell gave more satisfactory
results.

Solvents. The most suitable solvent investigEfted for use in
studying autoxidation of fats was a solution of equal volumes of
methanol and benzeJ;le. Mallinckrodt's analytical reagent abso
lute methanol was satisfactory without further purification.
Barrett & Company's thiophene-free benzene was also satisfac
tory as received. Two other brands of thiophene-free benzene

1 Present address, Research Laboratory, Kingan and Co., Indianapolis 6,
Ind. .
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PROCEDURE

Transfer 10 ml. of electrolyte solution to the cathode compart
ment of the H-cell. Bubble oxygen-free nitrogen through the
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Figure 3. Relation between Wave
Height and Concentration of Lard

Oxidized to Peroxide NUIOber 40
_0_0 Lit:hiuIII. Dl.cthoxide supporting electro

lyte. Wave height. m.casured at -1.4 volts
-x-x LithiuDl. chloride supporting electrolyte.

Wave height; m.casured at -1.7 volts

The height of the waves given by 0 to 2% of rancid lard in either
the lithium chloride or the lithium methoxide electrolytes was
directly proportional to the concentration of rancid lard when the
wave height was measured at -1.7 and -1.4 volts, respectively
(Figure 3). A similar relationship could not be accurately
established in the methyl hydr'ogen sulfate electrolyte because
when the wave at about -0.8 volt was large, it did not reach a
plateau before the hydrogen wave began. However, wave height
was roughly preportional to the concentration of rancid fat.

Solutions of oxidized fat in the electrolytes did not change
significantly on standing 30 minutes at room temperature.
However, the characteristics of the curves were appreciably
altered if the solutions were allowed to stand for several hours.
Consequently, solutions were always prepared immediately before
the current-voltage curves were obtained. Solutions of oxidized

EXPERIMENTA L

Fat Peroxides. The' oxidized fats used in these studies were
prepared by weighing 10 grams of fat into a 6-cm. Petri dish and
placing it in a100 0 C. oven for a suitable length of time. The
concentration of fat used in the electrolyte solutions was varied
with the degree of oxidation of the fat. In early stages of oxida
tion, 2% of fat was dissolved in the electrolyte solution. At this
concentration it was possible to obtain significant waves for
autoxidation products before tile peroxide number reached 1.0.

The peroxide numbers given in this paper were deterI)1ined
by the Wheeler method (6), which is based on the oxidation of
iodide ions in a chloroform-acetic acid solution. When the per
oxide number of oxidized methyl linoleate was determined, the
method was modified to exclude all oxygen from the reagents and
the atmosphere over the reaction mixture, and the reaction time
was extended to 30 minutes. The peroxide number as used in
this paper is the number of millimoles of peroxide oxygen per
kilogram of fat or per liter of gasoline or ether.

solution for 1 minute, then add 20 to 200 mg. of oxidized fat, de
pending upon the peroxide content of the fat. Fit a cork on the
capillary in the correct position to stopper the H-cellioosely when
the capillary is lowered into the solution to be analyzed. Con
tinue to bubble nitrogen through the solution for 2 minutes, then
pass nitrogen over the surface of the solution during the remainder
of the time required to obtain the polarogram. After the polaro
gram has been obtained, rinse the capillary and the H-cell with
methanol. Connect the cathode compartment of the H-cell to a
vacuum line and evacuate for at least 10 minutes. This step is es
sential if reproduci~le re~;ults are to be obtained. If the H-cell is
not to be used agam for several hours, fill the cathode compart
ment with aqueous potassium chloride solution.
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acidity, gave information that was useful in studying the products
of autoxidation of fats and related materials. Figure I shows the
residual current curves for these supporting electrolyte solutions
when a saturated calomel H-cell was used.

Methyl Hydrogen Sulfate Supporting Electrolyte Solution.
The strongly acidic supporting electrolyte used was a 0.2 M solu
tion of methyl hydrogen sulfate in equal volumes of absolute
methanol and benzene. It was prepared by adding 0.2 mole of
analytical reagent grade sulfuric acid to 500 ml. of methanol and
500 ml. of benzene in a flask and refluxing the resulting solution
for 30 minutes or longer. Titration indicated that the sulfuric
acid was quantitatively converted to methyl hydrogen sulfate by
this procedure.

Lithium Chloride Supporting Electrolyte Solution. A satis
factory neutral supporting electrolyte was a solution of 0.3 M
lithium chloride in equal volumes of absolute methanol and ben
zene. It was prepared by adding 12.72 grams of lithium chloride
to.P.) to a solution containing 500 ml. of methanol and 500 ml. of
benzene. A study of various electrolyte concentrations showed
that higher concentrations of lithium chloride decreased the re
sistance of the cell and somewhat improved the shape of the
waves obtained. However, as the salt concentration was in
creased, the solubility of fat in the solution decreased. Because a
0.3 M solution of lithium chloride would dissolve only about 2%
of fat, more highly concentrated electrolyte solutions were not
found practicable.

LithiUm Methoxide Supporting Electrolyte Solution. A 0.1 M
solution of lithium methoxide was prepared by immersing.a 1- to
2-gram piece of pure lithium metal in methanol until the surfaces
became shiny, and then quickly transferring the metal to a flask
containing about 400 ml. of methanol into which hydrogen was
continuously bubbled. After the reaction was complete, an ali
quot of the solution was diluted with water and titrated with
standard hydrochloric acid. The lithium methoxide solution was
then diluted to exactly 0.2 M with methanol. The 0.2 M solu
tion was diluted with 'an equal volume of benzene.

Sodium methoxide and lithium methoxide electrolyte solutions
gave similar reduction curves with rancid lard. When a 0.1 M
solution of either electrolyte was used, half-wave potentials
were identical and wave heights were only slightly different.
However, the maximum which appeared at - 1.0 volt with some
samples of rancid lard was larger and more frequently present
when the sodium methoxide electrolyte was used than when the
lithium methoxide electrolyte was used (Figure 2). Therefore, a
0.1 M lithium methoxide electrolyte solution was used in this
study.

A 0.1 M concentration of lithium methoxide was chosen be
cause that concentration gave waves of desirable shape without
excessive destruction of peroxides due to the high alkalinity of the
solution. Lower concentrations resulted in cells of excessively
high resistance. Higher concentrations decreased the height of
the maximum which occurred at -0.1 to -0.2 volt and also of
the small wave on which the maximum appeared (Figure 2).

0.0 - 0.4 -0.8 -1.2 -1.6
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Figure 2. Reduction Curves of Lard Peroxides in
Three Electrolytes

H-celt used for all t.hree curves
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of the second small wave measured at -0.30 volt. A linear
relation appeared to exist between the height of these two small
waves and peroxide value. However, the reproducibility of the
height of these waves was only about ±20%. Consequently,
deviations from linearity would not have been detected unless
the deviations were rather large. A linear relation existed
between the wave height measured at -1.50 volts and peroxide
value until the peroxide value reached 275. Thereafter, the
slope of the line decreased, indicating that the chemical method
determined one or more structures which the polarographic
method did not. The heigh.t of the large wave was reproducible
to within ±5%.

Ether Peroxides. Peroxides were removed from samples of
three ethers by the chromatographic technique described by Das
ler and Bauer (1). Autoxidation was accelerated by bubbling air
through the samples duringrefluxing. Before .oxidation, the
ethers gave no waves with any of the electrolytes. The methyl
hydrogen sulfate electrolyte gave no useful wave with ethyl,
isopropyl, or n-butyl ether peroxides. The lithium chloride and
lithium methoxide electrolytes each gave waves with all these
peroxide-containing ethers. The curve given by isopropyl ether
peroxides in the alkaline electrolyte differs uniquely from all
other peroxides which the authors have studied, in that a negative
current was obtained between about -0.1 and -0.26 volt (Figure
5). This was observed on two occasions with isopropyl ether
froin different sources. No plausible explanation is offered
for this anomalous result. The curve for n-butyl ether in lithium
methoxide is included in Figure 5 to show the differences in these
two ether peroxides. The general shape of the curve given by
isopropyl ether peroxides in the lithium chloride electrolyte was
also obtained with ethyl and n-butyl ethers.

Benzoyl Peroxide. Benzoyl peroxide was included in this
study because it has been used for comparative purposes in fat
autoxidation studies. Figure 6 shows the curves obtained from
0.001 % benzoyl peroxide using three electrolytes. Apparently
benzoyl peroxide was very rapidly destroyed in -the alkaline elec
trolyte solution.

Gasoline Peroxide. A sample of gasoline was distilled to re
move inhibitors. Autoxidation was accelerated by bubbling
air slowly through the solution while it was refluxed. Peroxide
numbers and current-voltage curves were obtained at intervals.
Some of the curves are shown in Figure 7. The mercury pool
was used as the anode and the potentials given are referred to it.
Much gum formation occurred before the gasoline reached a
peroxide number of 43. It is possible that these polymerization

Figure 5. Ether Perondes
Isopropyl ether, peroxide nuttlber 33, lithium. chloride sup

porting electrolyte
-- Isopropyl ether, peroxide nUDlber 33, lithiulIl lIlet.hoxide Sup

portjng elect.rolyt.e
n-Butyl et.her, peroxide nUIllber 13, lithium Illet.hoxide sup

port.ing elect.rolyt.e
Satutat.ed calonlel H-cell used for all three curves
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Similar characteristic curves have been obtained with refined
corn, cottonseed, soybean, peanut, and coconut oils. The method
is currently being applied to the study of autoxidation of edible
fats and related substances.

Relation of Peroxide Number to Wave Height. The relation
that exists between peroxide number and .wave height is shown in
Figure 4. On the vertical axis' is plotted the height of the
waves obtained when 1% solutions of oxidized methyl linoleate
in the lithium chloride supporting electrolyte were analyzed.
The polarograms of the peroxides of methyllinoleli4e were similar
to those of lard peroxides shown in Figure 2. If the polarographic
and the chemical methods determined the same structures, a
linear relation would exist. The lower line, which is nearly
parallel to the horizontal axis of Figure 4, shows the relation
between peroxide number and. the height of the first small wave
measured at -0.18 volt. The broken line indicates the height

fat i~ the strongly alkaline lithium methoxide electrolyte were
observed to change less rapidly than the neutral or acidic solu
tions. However, because only two waves wer.e obtained from
lard peroxides in' the lithium methoxide solution, one type of
peroxide may have been almost instantly destroyed in the
alkaline medium. This seems possible in light of the fact that
benzoyl peroxide gave no wave in the alkaline electrolyte solution
but did give two waves in either neutral or acidic solution (Figure
6).

Typical current-voltage curves for oxidized hlrd in acidic,
neutral, and alkaline supporting electrolyte solutions are shown
in Figure 2. Each electrolyte solution contained 0.5% of
lard oxidized to a peroxide number of 48. The curves have
been corrected for the residual current obtained with the elec
trolyte alone. The curves of fresh fats did not differ significantly
from the curves of the electrolyte alone. The potentials are
referred to the saturated calomel electrode but are not corrected
for the liquid junction potential. The potentials given else
where in this report, with the exception of the figure concerning
gasoline peroxides, are also referred to the saturated calomel elec
trode and are uncorrected for the IR drop of the cell or liquid
junction potentials. Reference to the residual current curves
of Figure 1 will show that the correct position for the beginning
of the first'wave on each of the three curve~ is somewhat in doubt
because in each case the curves for the electrolyte EiPlution alone
began to change rapidly at potentials which were more negative
than the beginning of the wave for the peroxides. The small
maximum at -0.19 volt which follows the large maximum in the
curve obtained with the lithium methoxide electrolyte is due to
the characteristics of the recording instrument and does not
accurately represent current-voltage relationships on this portion
of the curve.
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The procedure outlined has been used for a more extensive
study of oxidized fats and fatty esters (3). It is suggested that
this technique may profitably be used in the study of reaction
mechanisms, the mode .of action of inhibitors, and the kinetics of
autoxidations.
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products may have been responsible. for the pronounced changes
in the character of the curves which were obtained from the
highly oxidized samples.

The three supporting electrolytes were not equally' useful for
pohirogT1tPhy of gasoline peroxides. Unoxidized gasolines gave
a wllJZ:e-4vhen the methyl hydrogen sulfate electrolyte was used,
and oxidized gasoline gave no additional useful waves. Un
oxidized gasoline gave no wave with either the lithium methoxide
or the lithium chloride supporting electrolytes, but gasoline per
oxides gave waves in each of these electrolytes. When 10 mL
of gasoline were added to 100 mL of the electrolyte, 0.1 milli
mole of peroxide oxygen per liter of gasoline could be detected.

The gasoline for which the curves are given· was probably a
high olefin gasoline. Another brand of gasoline which was much
more stable toward autoxidation gave very different curves.
No further work was done with gasoline peroxides, because the
authors were interested principally in showing that the method
constitutes a useful tool for the petroleum laboratory as well as
foi' the fats laboratory.

DISCUSSION

The procedure and reagents used in this study frequently do
not give polarograms in which the waves are as well defined
and as regular in shape as those usually obtained in aqueous solu
tions. Consequently, no attempt has been made to give precise
values for half-wave potentials. The values given have been
corrected for residual current but not for the IR drop across the
cells. Because the resistance of the cells used was approximately
4000 ohms, the IR drop would be approximately 4 millivolts per
microampere.

Several maximum suppressors were tried, but none was cffec
tive. Gelatin was not soluble to any appreciable extent in the
electrolytes. Methyl red and methylene blue were completely:'
ineffective. Salts such as' aluminum acetate and trisodium
phosphate were also ineffective.

The' waves for fat peroxides which appeared at - 0.12 and
-0.23 volt in the lithium chloride electrolyte are too close to
gether to provide good precision in measuring either wave.
However, the sum of the heights of these two waves or the
height of the third wave could be determined with a precision of
==5%, unless very low concentrations were to be determined.

The sensitivity of the method permits detection of less than
1 milliequivalent of peroxide per kilogram of fat. The solu
bility of gasoline or ethers in the electrolyte solutions is greater
than the solubility of fats. Consequently, 0.1 milliequivalent
of gasoline or ether peroxides per liter can be detected.

The lithium chloride supporting electrolyte solution has
proved to be the most useful of the three that were used. It
gives waves that appear to correspond to the waves obtained in
the alkaline and· acidic electrolytes without the interference of
the hydrogen wave obtained in acidic solution or the large maxi
mum and probably peroxide destruction obtained with the lithium
methoxide solution.
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A polarographic procedure is outlined which permits polaro
graphic study of water-insoluble peroxides, such as those which
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stances, more than one wave is obtained for the autoxidation
products. The precisi9n of measurement is within ==5% for
fats with a peroxide number of 5 or higher. A linear relation
exists between the peroxide number determined by a modifica
tion of the Wheeler method and wave heights until the peroxide
nu~ber exceeds 250. Thereafter, wave heights do not increase
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Figure 6. Benzoyl Peroxide in Three Electrolytes
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Determination of Water in Freon 12
W. A. PENNINGTON

Carrier Corpordtion, Syracuse, N. Y.

A modification of the phosphorus pentoxide absorption n1ethod for determining
water in Freon 12 is suitable for use where an accuracy of I p.p.m. is desired.
SUe'h accuracy can be attained for moisture contents up to at least 35 p.p.nt. The
recomll1ended technique requires from 18 to 24 hO~lrs for an analysis, but no more
than 0.5 man-hour of actual work per analysis. The ll1ethod is especially suitable
for l'esearch investigations where no unusual speed-is necessary.

Figure 1. Sample Cylinder

the center. A hinged top protects the bulbs from dirt and break
age. The gas is led into and out of the box through a short length
of copper tubing which is rigidly fastened to the wood by means of
a copper collar..

A mixture of equal volumes of phosphorus pentoxide and asbes
tos is held in the center portion of the bulbs by glass wool at top
and bottom. The bulbs are connected by rubber tubing, in which
glass inserts are placed to reduce to a minimum the contact area'
of rubber tuping to refrigerant.

With bulbs properly packed, all moisture will be absorbed in the
first bulb within a short travel into the phosphorus pentoxide.
The first, second, and third bulbs are in the order shown in Figure
2 from left to right. The gas enters the phosphorus pentoxide at
the bottom and leaves at the top, going from bulb 1 to 2 and on to
3.

A Nesbitt bulb has much greater volume than brass weights;
therefore its weight will change with different conditions, even
though the lllass is constant. With the same mass a difference in
weight of 2 mg. with widely varying conditions is possible
about 7 p.p.m. on a 300-gram sample. As compensation for this,
another bulb (No.3 in the train) servcs basically as a "tare" in
weighing. The tare bulb should be the lighter in weight; brass
weights will be needed. on the right pan to achieve the final bal
ance. The idea of the tare's being put in the train is to treat all
bulbs alike, except that only the first has a chance to get the wa
ter.

Good analyses are possible with two bulbs, but extreme care is
necessary-for example, the chemical balance must be examined
thoroughly each time a weighing is made. To avoid such ex
treme care, a second bulb used between the first and third is the
real protected standard. Bulbs 1 and 2 are weighed, using No.3
as a tare, at the beginning and end of a run. The change in
weight for bulb 2 (C1W 2 ) may be due to a change in the balance or
to something that has happened to bulb 3. The change in weight
for bulb 1 (AWd includes not only this same change, but also an
other change due to moisture absorption. It follows that the
weight of water absorbed (AW) may be given as

(1)

A

R EFRIGERANTS, particularly Freon 12, are analyzed for
water content for at least two reasons: to find whether the

material meets certain exacting specifications and to ascertain
the dryness of a refrigerating system through an analysis of the
refrigerant removed from it. This analysis may be especially
useful on systems having a hermetic compressor and a permanent
drier containing an adsorbent desiccant.

A technique developed in this laboratory can be relied upon
for an accuracy of 1 p.p.m., where a sample of as much as 300
grams is used, even with a moisture content as high as 35 p.p.~.

In this determination as in no other known to the writer,
obtaining check results cannot be accepted as proof of accuracy.
Precise checks indicate only a uniform sample and a well defined,
specific technique. Poor technique can "beget water"; it is
possible to make an error of as much as 3 p.p.m. with checks that
may be more than comforting to the analyst.

METHODS AVAILABLE

A search of the literature revealed only one method readily
adaptable to the determination of water in refrigerants (2)
essentially that recommended by Kinetic Chemicals, Inc. (3).

In both cases phosphorus pentoxide, P 20 S, is used as the
absorbent. The phosphorus pentoxide is mixed with asbestos.
to provide adequate gas passage with a fairly low differential
pressure. Griest (2) used Swartz tubes for the absorbent mix
ture; Kinetic Chemicals (3) recommended a tower. Both took
the refrigerant sample in an open filter flask from which it was
distilled through the gas train.

There are two serious objections to such procedure: The flow
of refrigerant cannot be controlled adequately,. and owing. to
fractionation, serious changes in moisture content occur from the
time the sample is taken until it is analyzed. .

A method recently "described by Benning, Ebert, and Irwin (1)
makes use of infrared spectrophotometry. The method was not
available to this laboratory for the research that led to the method
described here. The authors claim an accuracy of 1 p.p.m.
where the moisture is not more than 10 p.p.m. They point
out that several compounds interfere with the analysis of im
pure refrigerant samples, and suggest a preliminary distillation to
eliminate oil interference.

Weaver and Riley (4) recently adapted electrical conduction in
a thin film to the measurement of water in gases.

APPARATUS

Sample Cylinder. One of the first requirements was a cylinder
that could be dried easily to hold the refrigerant, without leakq,ge,
until the technician was ready to carry out the alllflysis. The one
shown in Figure 1 is made of copper and provided witIi two angle
valves, one from the liquid and the other from the gas. The liq
uid-side valve is convenient in taking the sample; the gas-side
serves as an outlet during the distillation.

Absorption Train. l'he working train shown in Figure 2 con
sists of three Nesbitt bulbs in series placed in a wooden box.
Rubber bands hold the bulbs in place against a strip of steel down
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SAMPLING

Sample, in the pre!>ent discu!>!>ion; refer!> to a repre!>entative
portion of refrigerant taken from any clo!>ed container.

Analy!>e!> of Freon 12 were made for two up-ended 145-pound
cylinder!>, which remained inthi!> po!>ition until emptied. Ten

Once the sample cylinders have been used for refrigerant, they
may contain oil. Because of this possibility they are washed
with clean carbon tetrachloride, previously dried over calcium,
and heated in the oven at 300 0 F. Carbon tetrachloride forIllS a
heteroazeotrope with water and consequently will help dry the
cylinders as it is boiledout~

A

NESBITT
BULBCRYING TOWERS

Figure 3. Train for I)rying Air

Table I. Check on Absorption Trains

TRAP

Time,
Hours <l.W. <l.W. <l.W

22 0.0000 0.0000 0.0000
64 0.0002 0.0000 0.0002
17 0.0001 0.0001 0.0000
18 0.0003 0.0002 0.0001
18 -0.0001 -0.0001 0.0000
16 -0.0005 -0.0007 0.0002
16 0.0000 -0.0001 0.0001

to leave the bulbs open, the conventional procedure; in
,which the bulbs are closed, should be .used in spite of
its shortcomings. High concentrations of ammonia in
the air should be avoided if the new technique is used.
It is not necessary, however, to have constant conditions
in the laboratory. Ordinary temperature changes, even
with 8. considerable movement' of air, will not cause the
pickup of appreciable water in 2 hours.

Data given in Table I indicate the type. of results ex
pected on check runs involving the air sweep only. The
limit for ~W for a 16-hour sweep has been' set at 0.0003
gram on the positive side; a value lower than - 0.0001

has not been found.

B

CLEANING THE SAMPLE CYLINDER

A new sample cylinder (Figure 1), made through the use of
silver solder, must be treated to remove flux or moisture-holding
compounds. For this purpose, water is charged into the evacu
ated cylinder and boiled for 1 hour at 30 pounds per square inch
gage (21,000 kg. per square meter). The water is poured out and
the open cylinder is placed in an oven at 300 0 F. for an hour or
more. . While still hot, it is evacuated to a high degree of vacuum
(as low as 30 microns).

Two towers hold the phosphorus pentoxide, the second always
being kept in excellent condition as a precaution. The safety
trap prevents the build-up of a high pressure in the train if ac
cidentally closed.

Before the spare Nesbitt bulb, shown on the end of the line, was
used the air supply gave too much gain in the first bulb of the ab
sorption train. The rubber stopper at the top of the 'second
tower probably caused the trouble.

Air passes through the supply train constantly. At least once a
Inonth it is checked and, if not satisfactory, the rubber tubing is
heated in an evacuated flask for about an hour at 175 0 F. The
reassembled train is then checked again.

Until recently a sulfuric acid bubbler was used in the line imme
diately preceding the first tower to indicate the rate of air flow.
All it was suspected of causing trouble under certain conditions, a
temporary bubbler containing a concentrated water solution of
lithium bromide (about 60%) is now used at the end of the air
supply line to regulate the flow. A good rate is about 4 bubbles
per second.

Before an analysis, the absorption train should be checked by
passing dry air through it for a considerable lengthof time. Such
precaution serves as a test both of the nature of the dry air and of
the analyst.

The copper tube entering the box should be dried before air is
allowed to flow through the bulbs. This drying can be accom
plished with the passage of dry air for about an hour. It is
practically possible never to expose the inside of the tube to any
thing except refrigerant and dry air. At this point, connections
are made through the train with the stopcocks open. The
lithium bromide bubbler is used on the end of the train to deter-.
mine that the air is flowing through at a desirable rate.

H the air supply is really pure and dry, it can be passed through
the train indefinitely without giving any change in ~W. For
this reason, a long air check (overnight) is made, to discover when
impuritie.s are causing trouble. These impurities may come from
the air supply train or they may actually be in the absorption
train. Reaction products from rubber and sulfuric acid mi!>t
could cause the former; entrained oil, the latter.

After the air sweep, the box may be disconnected and taken
to the balance room, or, as in this laboratory, left connected to
the dry air supply. The bulbs are left open, taken out of the
box, wiped carefully with a clean, dry cloth, and allowed to stand
for an hour. An electric' blower may be used to free the bulbs
of dust, while the air sweep is being made. Electrostatic charges
are produced by wiping and under some' conditions cause serious
trouble.

At the expiration of the temperature and pressure equalization
period, the bulbs are weighed while still in the open position,. then
returned to their box and dry air 'is allowed to pass through
until they are needed again.

If contaminations in the laboratory air make it inadvisable

Dry Air Supply. A continuous supply of dry air is necessary,
so the refrigerant can be flushed from' the train at any time
without fear of trouble. The assembly used is shown in Figure 3.

Figure 2. Absorption Train

CHECKING TUE ABSOIU'TION TRAIN

A

Bulb 3 is also weighed with brass weights only, but this weight
is not used to determine the moisture. When certain kinds of
trouble prevail it becomes useful.
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Because of the great tendency to fractionate, the final vapor
left in the sample cylinder need not be swept through the train.
It should not contain an appreciable amount of water.

TYPICAL ANALYSES OF FREON 12

Table IV represents typical analyses obtained in this labora
tory after due consideration was given to the sampling technique.
The precision is satisfactory; the average range of variation is
1.1 p.p.m., and the average deviation from the average is not
more than 0.55 p.p.m. However, the accuracy is not acceptable.

Attention may be called to the analyses of refrigerant from
sources A, A', B, and B'. In reality A and A' are the. same
source; likewise, Band B' are the sarrie. However, the runs
were made in triplicate 3 months apart. Consistent results
were obtained for immediate checks, but the results at one time
do not agree sufficiently well with those obtained at a wholly
different time. The difficulty was finally traced to the rubber
tl).bing connecting the sample cylinder with the absorption tra.in.
Sulfuric acid mist from the bubbler may have been reacting With
the rubber.

Take the hot tubes from oven, blowout with an electric blower,
and connect to the gas outlet of the sample cylinder after the
valve has been dried with the blower.

Have air passing through the absorption train, so that it may
be known to be open.

Disconnect the absorption train from the air supply, and con
nect point A (Figure 1) to point A (Figure 2) and a bubbler ltt B.

With the train open and bubbler connected, open the valve at
the gas outlet slightly until the desired flow of refrigerant is ob
tained.

Remove the bubbler and connect the exhaust into an exhaust
manifold through which dry air is passing.

When the refrigerant has passed through the train, with the ex
ception of vapor in the cylinder, disconnect the absorption train,
connect to air supply, and pass dry air through for 20 minutes;
longer will do no harm.

Remove dust with an electric blower while air sweep is being
made, take open bulbs from box, and set them aside for an hour
near the balance.

Once the weighings have been finished, return the bulbs to
their boxes and allow dry air to pass through until needed for an
other analysis.

The final weights for one analysis become the initial weights for
the next, except that the bulbs should be weighed on the day
the analysis is started.

Where speed is not essential the flow of refrigerant is adjusted
to a low rate. The analyses are started in the late afternoon
and considered to be progressing satisfactorily if all the ga~ has
passed through the train by morning-about 30 grams per hour.
The air sweep is made immediately.

Experience will soon enable the analyst to detect certain dif
ficulties that may arise-for example, if l1W2 is found to be a
fairly large positive value (> +0.0005), the train may be
badly contaminated. Oil can cause such trouble. It can be
entrained and carried into all three bulbs; more stopping in No. 1.
After such a refrigerant analysis; a long air sweep will give large
negative values for l1W\. Fortunately, Freon 12, even from
refrigeration units, can be handled without this difficulty. Large
positive values for 11W2 cannot be tolerated 'where an analysis is
being made; large negative values for l1W\cannot be tolerated
for either an analysis or an air check.

This connecting tubing, at present, carries a glass insert per
mitting as little area of rubber as possible to come into contact
with the refrigerant. The tubing is heated at 175 0 F. in an
evacuated flask for an hour or more between uses. It is under
stood that air-dried tubing also works satisfactorily.

P.p.m.

58.4
11.9
6.2

25.5

H20,
p.p.m..

22.5
22.4
23.0
22.1

22.5

1st
2nd
3rd

Portion

Sample
No.

32
33
34
35

H20,
p.p.m.

26.3
25.1
25.4
25.9

Av.25.7

Sample
No.

28
29
30
31

Table III. Fractionation in Freon 12-Water SysteIn
Cylinder A (25.7 P.P.M.) Cylinder B (22.5 P.P.M.)

Sample Sample
No. Portion P.p.m. No.

36 1st 65.2 39
37 2nd 12.3 40
38 3rd 3.6 41

Av. 27.0

samples from cylinder E varied from 3.3 to 6.0 p.p.m. with an
average of 4.8 p.p.m. and a maximum deviation of 1.5 p.p.m.;
the average of seventeen samples for cylinder F was 5.1 with a
maximum deviation of 2.8 p.p.m. (not satisfactory).

It was suspected that the difficulties were within the original
cylinder containing the Freon 12, where fractionation pushed the
water in greater proportlons into the vapor space. Hot air
flowing over the lower part of the cylinder will cause a continuous
reflux, such that comparatively dry refrigerant liquid can exist
under a layer of free liquid water.

To demonstrate that some such riifficulty was causing the large
deviations two supplies of refrigerant, each in a 25-pound cylinder,
were analyzed. To avoid difficulty with fractionation, the cyl
inder was shaken thoroughly for 5 minutes before the sample was
taken. The results in Table II indicate that the large cylinders
also needed a good shaking. The data are far more precise than
those for the large cylinders, even though the water content is
much higher.

Taking a sample from the liquid phase is fraught with difficul
ties, but taking one from the vapor is worse. To demonstrate
this contention, two 50o-gram samples were distilled so as to
collect the distillate of each in three separate portions. Table
III demonstrates clearly the concentration of water in the early
fraction. The moisture content of 'the 50o-gram sample cannot
be predicted from the analysis of the first portion, unless the dis
tillation is effected under a condition of practical equilibrium.
Even so some involved mathematics is required.

For a representative sample all liquid must be evaporated.
The experiments performed in this laboratory are convincing
that the technician must have control of fractionation. It is
entirely possible to take liquid samples that are just as un
representative as the vapor samples. If only a portion of the
liquid is to be taken, one must make sure that the water is all
in solution and that the liquid is homogeneous.

MAKING THE ANALYSIS

Check the sample cylinder for valve leaks through the use of
flare connections and glass tubing by holding the-tubing under
water to see if gas is escaping. Because of fractionation, a small
leak may give a very large error.

Connect the absorption train box to the air supply at point A,
with the first bulb not yet connected, to dry the copper tubing.
Allow air to flow through for at least an hour.

Put the copper tubing connector (Figure 1) in the oven at
110 0 C. or higher for at least 10 minutes.

CHECKING ANALYTICAL PROCEDURE

The analyst should not try to analyze any refrigerant until
he can demonstrate that the absorption train and the dry air
train are in good working order. As soon as he can get results
like those in Table I, he is ready to check the analytical procedure.

One way to check on the mutine handling of the equipment is
to use a standard sample known to contain a known amount of
water. A useful sample is one that has been distilled through
phosphorus pentoxide; if distilled fairly slowly, it will be almost
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Table IV. Water in Freon 12

Sample Source P.P.lVI. Sample Source P.P.lVI.

50 A 5.9' 53 A' 8.8
51 A 6.0 54 A' 10.5
52 A 5.4 55 A' 9.0

Av. 5.8 9.4

56 B 1.8 59 B' 3.9
57 B 1.8 60 B' 3.5
58 B 1.7 61 B' 3.9

Av. 1.8 3.8

62 C 2.5 64 J 1.1
63 C 2.4 65 J 1.5

Av. 2.5 1.3

66 D 32.3 71 10.7
67 D 31.6 72 9.2
68 D 29.9 73 9.4
69 D 31.0
70 D 31.6

Av. 31.3 9.8

74 G 26.9 76 H 19.5
75 G 24.4 77 H 18.2

Av. 25.7 18.9

Table V. Analyses of Dry Samples
Sample No. H 20, P.P.lVI.

78 0.3
79 -0.3
80 0.3
81 0.7

Av. 0.3

bone dry. A very convenient dryer' can be made of stainless
steel, so that the distillation may be carried out at room tem
perature. If the analyst can find consistently less than I p.p.m.
of water, his procedure maybe assumed to be all right.

In this laboratory, a standard sample is often prepared in a
refrigeration unit containing a 0.25-hp. compressor and an ad
sorbent type of drier. In Table V may be found analyses of such
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standard samples, where about 400 grams of refrigerant were used.
These values are considered highly satisfactory and the routine
is in order when such results can be obtained.

StaRdardsamples can also be made by filling a sample cylinder
with water vapor under controlled conditions, say at 32° F ..
and then charging a controlled weight of bone-dry refrigerant
into the same chamber.

There is a possible second way of checking. The refrigerant
from cylinder A (Table III) was examined at a time when the
routine was under control; no such control existed when cylinder
B was analyzed. If the average for the three samples is not about
the same as the original, the routine is probably out of control.
This method is rather indirect and there is more work involved
than in the other method.

If the absorption train and the- air supply can be checked as
indicated and if a sample thoroughly dried can be run without
getting more than 1 p.p.m., the technique is under control.
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DESIGN OF AN ULTRAVIOLET ANALYlER
GILBERT KIVENSON, J. J. OSMAR, AND E. W. JONES'

Mellon Institute of Industrial Research, Pittsburgh, Pa.

A design is presented for a double-bealll ultraviolet colorillleter eIllploying inter
rupted radiation and a tuned aIllplifier. Drift and noise are cOlllparatively low,
and over-all stability and sensitivity are good.

PRELIMINARY CONSIDERATIONS

The composition (6) of a typical styrene-butadiene feed stream
is given in Table 1.

It was desired to determine styrene continuously in this stream
with as high an accuracy as possible.

A number of nondispersive ultraviolet instruments have been
built on single- and double-beam principles (2, 4, 5).

I N A study of methods of instrumentation for GR-S polymeri
zation plants, the utilization of an ultraviolet colorimeter for

continuous analysis .and control of the styrene and butadiene
streams seemed an attractive possibility. The ultraviolet
spectrophotometer was being successfully used for the analysis
of styrene mixtures in the laboratory and some attempts had been
made to adapt it to continuous flow operation.. In addition, such
techniques as light chopping and the use of tuned amplifiers
seemed to offer a solution to some of the electronic problems
encountered in the ordinary spectrophotometer. An instru
ment using these features was therefore designed and built.
The experimental model was tested with typical plant mixtures
and its properties were evaluated. This paper describes the
features and performance of the ~instrument as compared to
earlier designs and presents the experimental test results.

"Present address, 3114 Io,,;a St., 'Pittsburgh, Pa.

Table I.
•Component

Styrene
l,3-Butadiene
2-Butene
Vinylcyclohexene
I-Butene
1,2-Butadiene

Styrene-Butadiene Feed Strealll
% by Weight Component % by Weight

29.3 Ethylbenzene 0.3
66. 1 Isopropylbenzene 0 . 2

1. 9 lVIethylacetylene O. 1
0.8 Propylene O. 1
0.7 Pentenes 0.1
0.4
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DESIGN OF PRESENT INSTRUMENT

Perspective views of the instrument are given in Figures 5 and 6.

Radiation is provided by a Beckman hydrogen discharge tube.
The light is divided and focused back on an interrupter disk that
chops the radiation 15 times a second. The beams are sent alter
nately through two cells, one containing a standard and the other
the flowing sample. The transmitted light is then alternately re- .
focused by a quartz lens in each beam onto a 935 phototube. A
Corning red purple Corex filter (No. 986) is used directly before
the phototube. The front surface spherical mirrors (Perkin Elmer
3O-cm. focal length) are employed 18 degrees off-axis. In this
position the image of the source can be distorted to a thin horizon
tal line parallel to the knife-edge surfaces of the interrupter disk.
This effect permits a very sharp cutting of the light beams and
considerably reduces the time of overlap between the two bearns.
The resulting signal (after phase discrimination) is a square wave.

The simple input circuit of the phototube is illustrated in the
block diagram of Figure 7.

The curves of Figure 1 were combined with the emission curve
of a hydrogen source, the transmittance curve of a Corning
No. 986 filter, and the spectral response curve of an RCA 935
photocell by determining' the product at each wave length. 'The
resultant curves for the styrene-chloroform system are set forth
in Figure 3. The areas under each were determined and plotted
against the concentration to give the calibration curve, A in
Figure 4, which has adherence to Beer's law.

If the emitted light is confined to a 5 mIL band centered at
.310 mIL the theoretical calibration curve obtain~d is B in Figure 4.
The apparent extinction coefficients for the broad and narrow
band widths are 0.15 and 0.40, respectively.

o L-.2-6l::0:=--~,---::-30~0~'--,3:-!2~0,----:3=-'40=-=---::3:-:!6-::0---:3:-:!8'::O--:-':-:,--...;;:~=-I
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l"igure 3. Resultant Curves Obtained 'froll1 Consideration, of
Source, Filter, Phototube, and Sall1ple Characteristics
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Figure 1. Cutoff Curves of Styrene-Chloro
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The circuit by Hanson (2) utilizes a mercury arc source, a 935
phototube, and direct current amplifier. The arrangement of
Klotz and Dole employs a mercury germicidal lamp as a source
and a one-tube amplifier. Previous experiments made by the au
thors with steady radiation instruments indicated, however, that
an interrupted light-alternating current amplifier system would
be more suitable for the long operation periods necessary in plant
work. Flicker photometers are described by Dobson (1) and
others. In these instruments the radiation is alternately passed
through a known material (or adjustable light stop) and through
the material to be measured. The present instrument was de
signed on a similar principle.

To permit the use of thicker cells, an automatic diluting
apparatus was considered for a time, but the concentrations
required (of the order of 12 mg. of sample per liter of solvent)
made this type of arrangement appear impractical.

A cutoff method was then developed to permit the use of cells
with larger spacings. Figure 1 shows the cutoff curves obtained
by scanning various styrene-chloroform mixtures (l-cm. cell)
with a Beckman spectrophotometer. Chloroform was substi
tuted for butadiene for convenience in handli~g.
There 'appeared to be sufficient energy differences
to determine styrene in its various dilutions in the
28 to 31% range, particularly if the band width
were limited by filters.

If a relatively narrow band were to be used for
the analysis, there would be some question as to its
width and position. The position of the band de
termines to a large extent the shape of the calibra
tion curve. Figure 2 presents a series of curves
made in the Beckman spectrophotometer with the
styrene-chloroform system. The band width was
approximately 5 millimicrons and the position of the
center of the band is the parameter in Figure 4. ~n

a1m@st linear calibration curve was obtained at 320
millimicrons but the sensitivity is approximately
one half that at 310 millimicrons. In actual opera
tion with filters a band width as narrow as this is
difficult to achieve, so that the "optimum band
position" becomes less significant.

THEORY

A problem occurring on consideration of the system was that
of absorption cell thickness. The extinction coefficient of styrene
(for a 1-cm. light path at a wave length of 300 millimicrons) is
approximately 1000; this indicates that a cell thickness of 0.02
mm. is necessary to give a transmittance of only 1%. A much
smaller spacing would be needed to bring the transmittance to
an easily measured value. Such cells would be not only difficul t
to construct but troublesome to maintain in plant operation.
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and adjusting the opposing concave mirror for maximal silPlal as
indicated on an output meter or recorder. The light block J.8 then
removed and the other mi,rror is adjusted until toe minimal signal
is obtained. Fine adjustment of the two beams can be made by .
the use of two light trimmerS mounted in the light patti. The
minimal signal consists of the random noise effects (Jdhnson
noise, microphonics, light source variation, etc.) and the beam
"change-over" noise. The latter arises from the overlap of the
two beams and is produced in the period when both beams are
either off or on. This gives a nonrandom signal, which can, how
ever, be eli,minated by incorporating certain circuit changes.

A Table II. Styrene in Pllllit Samples
Styrene

Styrene in Styrene Read from
Original after Calibration Deviations

Sample Sa,%le. Dilution. Carve, from Aotual Deviations
No. % % Percental'l from Mean

1 98.86 28.00 30.0 +2.0 +1.7
2 94.21 28.00 30.0 +2.0 +1.7

u. 3 92.11 28.00 27.0 -1.0 -1.3
0 4 96.30 28.00 27.0 -1.0 -1.3
t- 5 99.66 28.00 26.5 -1.5 -1.9
z3 6 95.80 28.00 30.0 +2.0 +1.7
lIJ 7 95.08 28.00 26.5 -1.5 +1.9
u 8 95.53 28.00 30.0 +2.0 +1.7

ffi 9 92.74 28.00 28.0 0.0 -0.3

L Av. 28.3

Coupling is acCompliShed through a O.I-mfd. condenser. A
Western EleCtric tuned amplifier (Type KS-IO,28I) having a
band pass at 15 cycles filters out harmonics lltnd boosts the signal
to'Jlecorder voltages. At a gain of approximately 400 the maximal
signal.obtained (by blocking one light beam) is 4.97 millivolts.
This is the total "working" signal available for analysis. The
minimal noise level (with both beams balanced) is 0.02 inillivolt.
The ininimal detectable concentration change would therefore be
about 0.4%.

CONCAVE OFF-AXIS SPHERICAL MIRROR 30 CM. FOCAL LENGT:'

HYOROGEN DISCHARGE TUBE ULTRAVIOLET SOURCE

EXPERIMENTAL RESULTS

RCA 935
PHOTOTUBE

With a 27-73 styrene-chloroform mixture in both cells as the
zero condition, a calibration curve was made by varying the
material composition in the analytical cell. The curve in Figure
8 cQvering the 25 to 31%styrene range is typical and agrees with
that obtained from integration 'of the cutoff C\ll'Ves. With the
average sensitivity over this range established by the calibration
curve, several long-period runs were made. In some of these
runs styrene was placed across both beams, in others the cells
remained empty. In one run styrene was added to one side
only and the beams were balanced by partially blockiIlg off the
empty cell. The maximal drift per 24 hours as observed did not
exceed 14.7% of full scale, corresponding (Figure 9) to a styrene
concentration change of 1.6%.

Two .general testing methods were used. In the fust, samples
of styrene drawn from plant streams over a number of months
were analyzed by freezing point methods and diluted with chloro-'
form to a common styrene content. With pure styrene 'in' the

comparison cell, these samples were
analyzed in the instrument and the
readings referred to the original cali
bration curve. The results are given
in Table II.

These tests were made under fairly
rigorous conditions, as the use of pure
styrene in one beam instead of a sam
ple of a composition resembling that
being analyzed considerably reduces
the signal-to-noise ratio. In addition;
the interference effects of the impurities
in the blended plant samples are great
est in this case. In actual plant opera
tion one would take a typical sample
(containing the impuri~ies) as' a stand
ard and the variations in the impurities
from batch to batch would have less
significance.

In the llecond testing method liquid
butadiene was added to a plant styrene
sample (95.53% styrene) to produce
mixtures ranging froln 27), to 32%
styrene and these mixtures were run ill
the analyzer. The calibration curve
obtained was used to determine .the

TO 30 CYCLE TUNED
AMPLIFIER RECORDER

QUARTZ LENS

ANALYTICAL CELL
(SOLDERED yONSTRUCTION)
(HIGH PRESSURE OUARTZ CELL!

CHOPPING DISK

Perspective Drawing of ApparatusFigure 5.

LIGHTPROOF COVER

2L--_---'-__--L.__..l.-.__l..-_--J
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Figure 4. Theoretical Calibration
Curve with and without Filter

The chopper is driven by an 1800 r.p.m. Bodine synchronous
motor geared down by one half to give the 15-cycle chopping fre-
quency. .

With the sample in both beams and the filter in place, the total
energy incident on the phototube is of the order of 10.-4 micro
watt. The power consumed by the source is 19 watts. Greater
illumination intensity could easily be obtained, but the over-all
sensitivity is sufficient for this analysis.

The absorption cells were of a special pressure constructiou (3).
The cells are made of quart~ plates separated by a spacer 1.5
mIn. thick. The cell spacing used is approximately the smallest
value that would be practical for plant use. Although thicker
cells would permit the analysis to be performed, the minimal di
mension governs because of the decreasing effect of impurity con
centration changes with thinner cells.

The method of balancing consists of filling both cells with a rep
resentative sample of the material, blocking one bcam completely,
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8. Calibration Curve for 27.0% Styrene in
COlllparison Cell I ....

I

CONCLUSIONS AND
RECOMMENDATIONS

The instrument in its pres
ent form should be suitable
for analyses of styrene-buta
diene streams with an' aver
age reproducibility of about
±0.7%. For the analysis of
lower concentrations of sty
rene the accuracy and repro
ducibility to be expected
should be much greater. The
use of the cutoff principle
instead of the standard ab
sorption band technique
makes more convenient some
analyses that otherwise would
require elaborate automatic
dilution equipment or a
manually operated spectro
photometer.

It would appear from the
experience with this instru
ment that the following ad
ditions would afford higher
stability and reproducibility.

f-- -l
~% Styrene
Concentration
Change

7,....----------.......;,---,

6f.-

Imfd

I

A more stable hydrogen
tube would help the repro
ducibility at high sensitivity.

Double-Beam Analyzer with Cover Removed Some work can be done
on the regulation of these
tubes based on the emis

sion rather than on the voltage and current input.
Light scattering and refractive index effects will, of course, add

noise to the output of this type instrument. Serrated inner sur-

o
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styrene content of blended styrene-butadiene samples from the
feed stream of a GR-S reactor unit. Pure styrene was again used
as the comparison material. Table III presents typical results.

The deviations in this case were somewhat less, and more rep
resentative of average instrumental performance as based on the
stability studies.

I 1"- I
o 10 20 30

RECORDER CHART READING
(220 divisions =Full Scale)

Figure 9. Instrulllent Stability Run

40
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faces and the precise matching of absorption cells would reduce
the unwanted signal to a minimum.

A synchronized commutating switch, which might increase the
ratio of signal to background is being considered for incorporation
into another model of the analyzer. It would be mounted on the
chopping motor shaft and control the output so that the change
over signal could be more readily eliminated.

Percentage
Deviation

Table III.

Plant
Sample

No.

1
2
3
4

Styrene in Styrene-Butadiene Plant
Styrene Styrene

Determined by Found in
Plant Material Ultraviolet

Balance, Instrument,
% %

29.2 0.5 29.8
29.3 ± 0.5 28.0'
29.3 ± 0.5 '29.9
29 . .5 ± 0.5 29.7

Av.

Samples

+0.6
-1.3
+0.6
+0.2

±0.7
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Pneumatic Autodetector for Infrared Gas Analysis
R. D. MILLER' AND M. B. RUSSELL

Department of Agronomy, Cornell University, Ithaca, N. Y.

The absorption of bands in the infrared by heteroatomic gas molecules provides
a method for continuous analysis of gas streams. High sensitivity to minor com
ponents, suc,h as carbon dioxide in the atmosphere, may be obtained with rela
tively simple apparatus in which the detecting element consists of a cell con
taining the component for which analysis is desired. A major difficulty in the
application of the self-detection principle is the control of drift. A simple
analyzer designed to minimize drift is described.

H

Figure 1. Infrared Gas
Analyzers

A.. Typical negative filter ana
lyzer

B. Twin-path analyzer
C. Single-path analyzer

~c ~So 1
\ ' ,'C· O'

8.

ing component must be placed in the path to remove the inter
fering bands.

The usual application of the negative filter method is illus
trated in Figure 1, A. Twin beams of radiation from a source,
S, traverse a sample cell, C, containing a gas mixture which
includes X. One of the emerging beams passes through a filter
cell, F, filled with X. The other beam passes through a dummy
cell, F ' , containing a nonabsorbing gas such as oxygen. The
two beams 'are absorbed by temperature-sensitive elements,
D, D ' , of a differential thermopile or bolometer. Overlapping
bands of other components are removed by additional filter
cells, Fl! . .The beams. reaching the receiver are identical except

in the region of the absorp
tion bands. of X. These
bands have been partially
removed from the beam
which traverses the dummy
cell, depending on the con
centration of X in the sample,
whereas absorption of these
bands has been virtually
completed by the filter in the
other beam. Thus, the two
beams represent the enQrgy
entering and leaving the filter
cell, respectively, The pres
ence of other absorbing
components in the sample
affects both beams equally,
so that the two beams cancel
at the receiver except for
the bands absorbed by X.
The resultant thermoelectric
signal from the receiver is
inversely related to the con
centration of X in the
sample.

1.Prese.nt address, Division of Soils, University of California, Ber~eley

4, Calif.

T HE increasing 'exploitation of selective absorption in the
infrared by various molecular species is furnishing new and

sensitive methods to the analytical chemist. Several infrared
gas analyzers (1-4, 8, 11) for continuous analysis of gas mixtures
avoid the expensive optical components of the infrared spectrom
eter and are related to ordinary colorimeters in their conception
and design. However, the low energy of infrared radiations
requires new techniques of measurement, and the complexity
of the absorption spectra requires new concepts of filtering.

The most effective filter for isolation of the bands absorbed by
one component of a gas mixture is a quantity of the same com
ponent. A filter cell containing a component, X, will absorb
only certain well defined bands characteristic of X. This absorp
tion is in accord with Beer's law, though interactions with other
components and variations in total pressure may cause marked
deviations. If a beam of infrared entering such a filter has
traversed a sample cell containing a gas mixture which includes
X, energy in the region of the absorption bands of X will have
been partially removed from the beam and the ene~gy in these
bands subsequently absorbed by the filter cell will be correspond
ingly diminished; the energy absorbed by the filter cell is then
an inverse function of the concentration of X in the mixture.

Two methods of measuring the energy absorbed by the filter
cell may be applied. The first method. aptly known as the
negative filter method, compares the total radiant energy emerg
ing from the filter cell,with that which. entered it. The second
method measures the heating of the filter cell itself resulting from
the abl:;orption of the residual energy in the absorption bandl;.
If the absorption bands of some other component present in the
sample overlap those of X, a second filter containing the interfer-
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Simplified sectional sketch

EXPERIMENTAL

Although a successful analyzer was constructed, explorations of
the potentialities of the method were by no means complete when
circumstances ended the work. The utility of certain features of
the design of the analyzer warrants publication of the' progress
made. . '

Two analyzers were built. The first, a twin-path differential
analyzer shown diagrammatically in Figure 1, E, resembled auto
detector analyzers previously described in the literature and was
essentially identical with the analyzer recently patented by
Kidder and Berry (3). This analyzer cOnsisted -of a source, S,
two parallel sample cells, C, C', and tWQ' parallel detector cells,
D, D'. An air-tight box enclosed the external optical path to
exclude, carbon dioxide and to provide a filter corresponding to
F" in Figure 1, A. The detector cells were connected by a length
of glass ,tubing 2 mm. in inside diameter containing an indicator
drop, I, of diethyl phthalate. A pair of mirrors reflected twin
beams. frpm a Global' source through t,he sample and detector
cells.

25 WATT
SHOWCASE

LAMP

DalDping resistance
5 megohm.s
GalvanoDleter zero
Voltage stabilizer

+250 v. o r
Figure 3. Photoelectric Drop

Position Indicator·

of this type by Williams (10). It was found that by surrounding
the detector 'cells with a mass of water to provide high thermal
inertia, drifts due to temperature fluctuations of the surroundings
could be minimized.

A relatively large opticalaperture was attained with a single
path analyzer, diagramed in Figure I,C. This was accomplished
without the aid of lenses or mirrors by making the source housing,
H, the sample cell, C, and the detector cell, D, from sections of
brass tubing. These were placed end to end, so that diverging
radiations from the source were reflected in a zigzag path through
the sample cell into the detector cell.

Fastie and Pfund used this principle in their negative filter
analyzer and report an effective optical aperture of f 0.7 with
polished gold surfaces. The aperture attained with the brass
tubing used in these experiments was undoubtedly, inferior to
this value, as little effort was expended in polishing the internal
surface of the sample cell used.

The autodetector for the single-path analyzer cousisted of two
concentric cells of approximately equal volume, as shown in
Figure 2. The inner cell was the detector cell and the outer,
connected to the inner by a glass capillary with indicator drop,
provided compensation against ambient temperature changes.
Only the inner cell was allowed to "see" radiation. A water
jacket surrounded the two cells to provide high thermal inertia,
The concentric arrangement of the two cells gave a symmetry
toward random temperature gradients which was very effective
in reducing drift:

The 'detector was
t;lssentially a differ
ential gas thermometer
in which a difference
in temperature of the
inner and outer cells
was measured by the
position of the indi
cator drop in the capil
lary. Inoperation,radi
ant energy absorbed
by the carbon di
oxide in the detector
cell is converted to
thermal energy, raising
the temperature of the
gas until the losses by
conduction and convec
tion balance the gains
by absorption from the
beam. Thermal expan
sion is opposed by the
compensator cell, so

that the drop moves to a position which depends only on the mean
temperature difference between the two cells. At room tempera
ture.. thedrop position is essentially independent of ambient
temperature changes of the detector as a whole. A decrease in
the carbon dioxide in the sample cell increases the energy ab-

'sorbed by the carbon dioxide in the detector cell; an increase
,in the internal temperature gradient results, and-new steady state
is reached. 'The increased temperature differential between the
inner and. outer cells causes an adjustment of ,relative volumes
indicated by a displacement of the drop in the capillary.

The displacement of the drop for an increase in the carbon
dioxide content of the sample from 0 to about 300 p.p.m., the
concentration normally found in air, was very small, of the order
of 1 mm.

WATER JACKET

CAPILLARY

DROP

Pneumatic Auto
for Single-Path

Analyzer

Figure 2.
detector

The alternati·ve
method has been called
t'he 'positive filter
method. In this method,
the radiant energy ab
'sorbed by the filter gas
provides the basis for
measurement of the con
centration of the same
gas inthe sample. It is
suggested here that the
terri1"autodetector" is,
more descriptive of the
method, as the "filter" is
in reality a selective self
detector. The energy
extracted from the beam
by absorption reappears
as thermal energy which may be measured thermoelectrically, or
by the resultant pressure-volume changes in the detector gas.
Pfuud (6, 8) placed thermocoupleS in the detector cellin such a way
that they would not absorb energy from the beam but would re
spond to changes in the temperature of the detector gas. Luft (4)
measured pressure-volume changes with the aid of a flexible
diaphragm, and Pfund (7), Kidder and Berry (3), and Barnes (1)
all mention the use of a drop of fluid in a capillary for observing
pressure-volume changes.

The negative filter method requires measurement of a small
difference of energy between'two strong beams, whereas the auto
detector measures the same increment directly. Under favorable
conditions, it would be possible to make sm{ultaneous analyses
for several components with a trai¥ of autodetectors (1), but
this is impossible with the negative filter method. In spite of
these considerations, development of the negative filter method
has outstripped the development of the autodetector.

The autodetector analyzer described in this paper was developed
specifically for measuring small changes in the carbon dioxide
content of an air stream resulting from passage through a ch;mber
in which plants were growing, At the beginning of the develop
mental work, no infrared gas analyzer of adequate sensitivity at
the low concentration of carbon dioxide normally found in aii
(0.03%) was available, though the neg~ive filter analyzer re
cently described by Fastie and Pfund (2) has sufficient sensitivity
in this range.

. This analyzer was abandoned in favor of a, :single-path an
a,lyzer when it became clear that the optical aperture attainable
with the available mirrors was too low to give adequate sensitivity
in the desired rangc. This detector. was sUbject to excessive
drifts unle~ special precautions were taken to control ambient
temperature, a difficulty mentioned in connection with analyzers

Figure 3 shows a photoelectric position indicator which
effectively amplified this motion about 200 times. The drop
was utilized as a cylindrical lens (3) to focus light from the fila
ment of a showcase bulb on a slit behind and parallel to the capil
lary. Two photocells, centered approximately behind the ends
of the drop, were illuminated by light focused on the slit by :the
drop. As the drop moved, illumination of one photocell was
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increased while illumination of the other decreased. The two
photocells constituted arms of a Wheatstone bridge. Balance
or lack of balance of the bridge was indicated With a Leeds &
Northrup Type R galvanometer (0.00042 microampere per moo.)
whose deflections were recorded photographically at a distance of
1 meter.

For linear response of a position indicator of this type, design
should provide for changes in intensity of illumination of the
targets without accompanying changes in the areas illuminated.
The position indicator used here was apparently linear within
limits of error over an appreciable range. The use of a long
straight IDament as a light source .and the relatively small drop
displacements involved contributed to this property. Still
greater amplification is possible with this system if the slit is
shortened, reducing the amount of background light admitted
by portions of the capillary which are always IDled by the drop.
This reduces the range of linearity, however, and once ampli
fication sufficient to show the noise level of the analyzer has been
attained, no advantage is obtained by further amplification.
Stabilization of the line voltage to the showcase bulb was essential
for stability of the indicator.

CONSTRUCTION

The analyzer was constructed from stock materials without the
services of a skilled mechanician.' Dimensions and design were
therefore suited to available materials and simple lathe opera
tions.

A length of brass tubing 2.86 em. (1.125 inches) in i~side di
ameter was the heart of the analyzer; sections of this tubing
formed the source housing, the sample cell, and the detector cell,
each constructed so that when the components were placed
end to end, a continuous light path was obtain!ld.

The source was improvised from a flat coil of Nichrome wire
from an automobile cigar lighter mounted approximately in the
center and perpendicular to the axis of a 5.1-cm. (2-inch) length
oithe 2.86-cm. (1.125-inch) brass tubing. The latter was mounted'
inside a tube of larger diameter which formed a water jacket
through which tap water was circulated for cooling. The coil
attained a bright red heat (about 750 0 C.) drawing 10 amperes
from a 6-volt storage battery. The coil consisted of seven turns
of flat Nichrome ribbon (about 0.8 by 1.5 moo.) with an over-all
diameter of about 14 moo., a very compact and convenient source.

The sample cell used in most of the experimental work was a
I-meter length of the brass tubing mentioned. Flanges were
soldered to the ends, and the end nearest the source was bolted to
a similar flange on the source housing with a muscovite mica
window (about 0.01 moo. thick) sandwiched between. At the
detector end of the cellI a similar mica window was held in place
by a brass plate bolte<1 to the flange. Initially, two side tubes
near opposite ends of the sample cell were used for sample flow,
but later, three additional side tubes equally spaced along the
cell were added to reduce the velocity of flow in the vicinity of the
windows during rapid sample replacement. Samples were in
troduced through the second and fourth tubes and were swept
out through the remaining three.

A satisfactory reflecting surface was obtained by cleaning the
inside of the cell with silver polish, after which a pad of steel wool
was drawn through the cell several dozen times. The resulting
surface was an improvement over the initial state, but lacked the
bright appearance of highly polished brass. The interior surfaces
of the detector and source housing were polished to a high luster
while chucked in a lathe.

The detector was the most complicated component. It was
made from three sections of brass tubing and three end plates.
The essential features of the construction are discernable in Figure
2. The sections of tubing which enclose the detector and com
pensator cells were silver-soldered to the e. ,d plates, while the
outer tube enclosing the water jacket was sealed to the end plates
with red Glyptal enamel. A hole in the outer wall permitted
introduction of water to the jacket.

Four lengths of eighth-inch copper tubing were,soft-soldered
into the back plate of the detector and amplifier cells and passed
through the outer end plate. These provided means for intro
ducing the detector gas, connections to the capillary containing
the indicator drop, and a means of equalizing pressures in the
two cells. Four needle valves were required for convenient
operation. Two of these merely isolated the system after the
detector gas had been introduced, another was used to close off
the capillary during ffiling to prevent the indicator drop from
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being accidentally blown out of the capillary, and the fourth
permitted series connection of the cells during ffiling, equalization
of pressures during warm-up, or adjustment of the drop position.

A capillary of the same outside diameter as the copper
tubing was selected and was joined to the latter by slipping a
brass ferrule over the junction and painting with' red Glyptal
enamel. The inside diameter' of the capillary was approximately
2 moo., permitting free motion of the indicator drop. Diethyl
phthalate was found to work well as an indicator fluid, having
relatively low viscosity and low vapor pressure. It did not
tend to stick in the capillary as did some other liquids. ''rhe
capillary was bent slightly to form a shallow V, so that when
pressures were equalized in the two cells, the drop centered itself
by gravity.

The detector cell was a 2-inch length of the 1.125-inch tubing.
This length was chosen for convenience in construction, as it was
reasoned that dilution of the detector gas·with a I;Ionabsorbing
gas would permit distribution of absorption within the cell as
desired. Because 2 moo. of carbon dioxide at normal temperature
and pressure will absorb 88% of the radiation in the strong 4.2
micron band (5), the use of pure carbon dioxide in the detectOt
would cause most of the absorption to be in the vicinity of the
window. Experiments seemed to indicate, however that this
made little difference to the response as compared with the
deeper penetration in mixtures of carbon.dioxide and nitrogen.

Thin mica windows such as were used for the sample cell were
unsuitable for the detector window. Although the mica used
transmitted approximately 90% of the radiation in the region of
the 4.2 micron band, it absorbed strongly in other regions, and
might be expected to produce a spurious signal in the detector
if other absorbing gases were present in the sample. Equally
disconcerting was the tendency of the mica to flex suddenly under
the influence of temperature and pressure changes within the
cell. Instead, a rock salt window, cemented to the detector
with red Glyptal enamel, was used for the detector window.

The drop position indicator was assembled in a rectangular
metal box with removable sides. A smaller metal box mounted
inside the first contained the photocells and on the front of this
inner box was mounted an adjustable slit arrangement which
permitted control of the width, tilt, and length of the slit behind
each end of the drop. The detector was mounted on top of the
larger box. A third metal box housed the showcase lamp.
The lens for focusing the light from the filament to a narrow band
along the capillary was mounted on a plate clamped between the
light housing and the large box.

For usage where a continuous record was not required, the drop
position indicator might be replaced by a low-power microscope
of the traveling objective or optical micrometer type. Magni
fication of fifty times would permit measurement of drop position
with as great precision as was obtained with the photographic
record of the galvanometer trace, as the width of the trace is
much greater than the apparent width of the cross hair in the
optical micrometer.

OPERATION AND CALIBRATION

Although drift was greatly reduced in the single-path analyzer'
as compared to the split-path analyzer, it was nol;-- entirely
eliminated. The improvement in drift control and the increased
optical aperture of the single path analyzer more than balanCed
the loss of compensation for fluctuations of the source, though
the latter became the limiting factor in determining the sensitivity
of the instrument. After aging at red heat for several hours, the
source became relat~vely steady.

Because differential measurements were <iesired, it was possi1;>le
to make these measurements without apprecia.ble error ~ing
from drift by alternating the flow through the sample cell of'the
two samples to be compared. -n the concentrations werE; iden;
tical, the drop remained stationary or drifted slowly. . lithe
concentrations were unequal, the drop oscillated back and forth:;
giving a zigzag galvanometer trace. The amplitude of this oscU
lation was ind~ndent of the drift and was proportional to the
difference in the concentration of the two samples.

The analyzer was c8J.ibrated with samples of air compressed
into tanks and analyzed gravimetrically for carbon dioxide.'
Additions of carbon· dioxide or dilution with nitrogen before
analysis gave samples that differed slightly from the standard
saml?le. These samples were flowed alternately through thEi

. ,:.-.
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sample cell by manual opening and closing of the valves on the
tanks. For maximum reproducibility, provision must be made
for automatic switching and constant flow rates.

The behavior of the analyzer could be varied by adjusting the
distance between the sample window and the detector window.
The greatest response to a small change in concentration was
obtained by placing these windows as close together as possible,
a distance of about 1/"2 inch, but when this was done the noise
level of the source was emphasized, apparently through heating of
the mica window and conduction to the sample cell. The op
timum spacing was a compromise between diminished noise level
and reduced rasponse. A practical spacing (about 2 mm.)
gave an average response of about 8-mm. galvanometer deflection
for a 10 p.p.m. change in concentration when the sample con
centrations were of the order of 300 p.p.m. and a noise level which
was confined to a range equivalent to 3 to 5 p.p.m.

_7
L---J

, em.
Figure 4. Part of Typical Galvanometer Trace for
Intermittent Flow of Alternate Samples of Nitrogen

and Air

Warming of the mica windows caused another difficulty.
Variations in the velocity of flow of samples produced spurious
signals in the receiver, resulting from uneven cooling of the
windows. In order to assure uniform sample temperatures,
samples were passed through a coil of copper tubing immersed in
water before entry into the sample cell. The spurious signals
were largely eliminated by increasing the number of inlets and
outlets. A more satisfactory solution in the absence of non
absorbing windows might be the addition of a short dead cell at
each end of the sample cell.

DISCUSSION

The optimum path length for the measurement of carbon di
oxide.in air is of the order of 4.4 meters for the strong absorption
band between 4.Z and 4.3 microns. The optimum length would
be slightly larger.than this if all the weaker bands were considered,
but it is probable that many of these bands were absorbed by the
muscovite windows, for this material is not transparent over a
wide range in the infrared (9). The sample cell used in most of
these experiments was 1 meter in length, but be~ause of the in
direct path of some of the radiations, its effective length was
greater, depending on the efficiency of reflection. The reflec
tivity of most metals is high in the infrared; copper, for example,
reflects about 97% of the incident radiation in the 4-micron
region. Radiations leaving the source at an angle of 45 0 to the
axis of the sample cell would be reflected thirty-five times before
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Figure 5. Detector Mounted on Box Containing Drop
Position Indicator Assernbly

Capillary containing indicator drop, adjustable slits, and photoceU
housing (inner box, near side removed) are exposed, but lens for
focusing light (rom showcase bulb (removed front housing) is hidden.

Pho~ographby S. A. Taylor

emerging from a copper tube 2.86 cm. (1.125 inches) in inside di
ameter and 1 meter long. The intensity of this radiation would
thus be reduced by a factor of 0.9735 or to about one third of the
initial intensity. This suggests that the optimum path length
depends on the geometry of the cell and its reflectivity as well as
the optimum path estimated from the absorption coefficients of
the gas, and will be appreciably less than the latter. An increase
in response of about 20% was obtained by substituting a 45-cm.
(l8-inch) cell for the I-meter cell, but because the relative reflec
tivity of the two cells was unknown, no valid conclusions could
be drawn. It seems probable that high quality reflecting sur
faces would be superior to those used in these experiments, per
mitting the use of lower source temperatures with no loss in the
intensity of the desired spectral range reaching the detector, but
with marked reduction in the shorter wave length region of the
source spectrum. It is possible that the noise level due to
fluctuations of the source might be reduced with lower source
temperatures.

No effort was made to determine the time constant of the de
tector, as the limiting factor in determining the shortest practical
sample alternation cycle was the rate of replacement of one sample
with another. This in turn was limited by the cooling effect of
the samples on the window. However, at flow· rates of about 4
liters per minute, 30 seconds of flow produced maximum displace
ment and essentially complete replacement. If flow were halted,
the cooling effect became noticeable, but if both samples were
alternated at constant flow rates without interruption, the cooling
effect was assumed to cancel out.

A portion of a galvanometer trace obtained during a calibration
run is reproduced in Figure 4. This portion was selected for
reproduction, because it illustrates the cooling effect as well as
the noise level of the source. Similar peaks were recorded some
25 cm. to the left of those shown during the apparent gaps in the
record.

As the record strip moved upward, air containing 299 p.p.m.
of carbon dioxide was passed through the cell for 1 minute;
flow was halted for 1 minute; nitrogen was then swept through
the cell for 1 minute; flow was again halted for 1 minute and the
cycle was repeated. Portions of three such cycles are shown,
the peaks corresponding to the air portion of the trace. Maxi
mum displacement was attained before flow was halted and the
t.race drifted slowly to the left as the windows warmed up after
flow had been stopped. This same drift to the left was observed
in the opposing peaks when the cell was filled with nitrogen.
The return to the same point with each cycle is indicative of the
canceling of the cooling effect if continuous flow of alternate
samples were maintained. The irregularity of the peaks them
selves, superimposed on the drift to the left, is characteristic of
the noise level due to fluctuations of the source. When the
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equalizing valve was opened, these fluctuations all but vanished;
the remaining noise was attributed to the position indicator.

The utility of the analyzer for continuous measurements over
extended periods was impaired by the persistence of drift, which
made it necessary to recenter the drop from time to time by
momentarily opening the equalizing valve on the detector.
The direction and magnitude of the observed drift were
variable and may have been caused by slow changes in the
source temperature, as compensation of the detector itself was
apparently good. Drifts equivalent to 4 p.p.m. per minute were
sometimes observed. Inasmuch as the analyzer was not com
pensated for fluctuations of the source, stabilization of the source
deserved more attention than it received.

Considering the simplicity of this analyzer, and its ability to
detect changes of less than 3% of a 300 p.p.m. concentration of
carbon dioxide, this analyzer was considered sj,1Ccessful. How
ever, improved performance might be expected from an analyzer
with short dead cells at the ends of the sample cell for insulation
purposes, high quality reflecting surfaces, and a more stable
source, or perhaps reduction of source noise by an independent
feedback circuit.
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Automatic Recording of Polarographic Data
Obtained with Platinum Electrodes

L. B. ROGERS', H. H. MILLER, R. B. GOODRICH2, AND A. F. STEHNEY3

Oak Ridge' National Laboratory, Oak Ridge, Tenn.

Polarographic analyses appear to be feasible using a platinunl nlicroelectrode
and the usual autonlatic recording technique,. The effects on the half-wave
potential and the diffusion current of using different rates of polarization, larger
electrode areas, and stirring have been exanlined. Under controlled conditions,
the precision of the nleasurenlents is sOnlewhat lower than for the dropping nler
cury electrode.

PLATINUM electrodes have been used for obtaining polaro
graphic information by Laitinen and Kolthoff (4) who deter

mined the reproducibility of data obtained by a manual proce
dure, .and by' Miller' (9) who suggested' a modified procedure in
which the deposit was stripped from the solid electrode after
each point. Because the method of obtaining a curve point by
point is v~ry time~consuming, it appeared desirable to examine
the possibility of employing the usual-polarographic' procedure in
volving a continuously changing potential.

Zlotowski (15) and Walen and Haissinsky (14) used automatic
recording with solid electrodes to obtain electrochemical informa
tion about reactions, but they did not examine the polarographic
aspects of the procedure.' After the present investigation had
been started, Muller (10) reported po:arographic studies in which
solutions of electrolytes flowed past a stationary platinum elec
trode in a glass capillary. From Matheson (7) it was learned
that polarographic studies with stationary electrodes had been
carried out by H. A. Robinson of the Dow Chemical Company
using an oscillographic technique (8). Since the completion of
the study reported here, other papers (1, 11, 12) have appeared

1 Present address, Department of Chemistry, Massachusetts Institute
of Technology, Cambridge 39, Mass.

:I Present address, Electronics Division. National_ Bureau of Standards.
Washington, D. C. '

I Present address, Departme:nt of Chemistry, University of. Chicago,
Chicago, Ill.

on the general subject of polarographic techniques applicable to
solid electrodes.

In examining the possibilities of recording pQlarographic data
continuously, it was necessary to study variables such as the effect
of changing the size of the electrode, the effect of stirring the solu
tion, and the effect of applying voltage continuously at different
rates of change. The criteria used to check the po'arographic
reliability of the data were the reproducibility of the general shape
of the curve, of half-wave potentials, and of diffusion currents.
The chief consideration for quantitative analysis was the linearity
of the relationship between the concentration of reducible ion and
the diffusion current.

Silver was selected for this study because it has a simple redox
reaction which is thermodynamically reversible, because knowl
edge of such a system is necessary if more complex systems are to
be understood, and because the reaction illustrates an application
of the platinum electrode to the analysis of an ion which is reduced
in the ,region of potential that is positive in rEjlation to the satu
rated calomel electrode (S.C.E.).

EXPERIMENTAL DETAILS

Reagents and Solutions. All chemicals used in the investiga
tion were reagent grade, and all solutions were prepared with dis
tilled water. The, concentrations of standard stock solutions
were known to better than 1%.

The standard polarographic solution was 5.00 X 10- 4 M in sil-
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VOLTAGE VS S.C E
Figure 1. Curves Recorded Continuously

Using a 6-tnDl. wire electrode (0.10 sq. eDt. area) in quiet
solution

I. Manual
. II. 1.46 IUv./sec.
III. 4.38 IUv./sec.

1. I-mm. electrode
. (0.02 sq. om.) 0.34 0.8 0.33 0.8 0.34 1.0

2. 6-mm. electrode
(0.10 sq. em.) 0.33 3.2 0.33 3.0 0.35 3.9 0.35 4.1

3. Foil electrode
(2.14 sq. em.) 0.34 29.4 0.34 32.7 0.33 32.7

1.46 2.92 4.38
Manual Mv./Sec. Mv./Sec. Mv./Sec.

Elf!, id, BlI!, id, EllS, id, Ein. ill,
volt pa. volt pa. volt pa. volt pa.

Table l. Half-Wave Potentials and Diffusion Currents of
Silver in Quiet Solutions

Rate of Applied Voltage

drying with Kleenex before using. Because the acid treatment
was faster, it was emp.loyed throughout this study.

DEAERATION OF POLAROGRAPHIC SOLUTIONS. Although de
aeration was not necessary, in that silver ion was reduced before
dissolved oxygen, the step was carried out in order to eliminate a
possible variable.
POLAROGRAPHY~ The manual technique of Laitinen and Kolt

hoff was employed to establish standard curves. When curves
were recorded automatically, the rate of change of potential was
calculated in each case from the length of time required by the
slide-wire to change the applied voltage by one or more volts.

RESULTS

General Comparison of Results from Manual and Continuous
Runs. As shown in Figure 1, continuously recorded curves usually
had round maxima, whereas maxima were rarely observed in man
ual curves. Although the presence of maxima seemed to be the
rule in continuous recording, some runs, which were duplicates of
others for which maxima had been found, showed no signs of a
maXimum.

Maxima were expected from experience with the Laitinen and
Kolthoff technique and they indicate that the rate at which the
system reaches "diffusion equilibrium" is slower than the rate at
which the voltage changes (3). Evidence for such an explanation
is found in the observation that these maxima are not of the same
type as those encountered with the dropping mercury electrode,
in that the presence of gelatin exerts no repressive effect on them.
If the maxima do owe their existence to a change with time in the
flux of silver ion at the electrode surface, one would expect slower
rates of polarization to produce curves with small maxima. How
ever, the irregulai- occurrence of maxima prevented the authors
from reaching a quantitative conclusion concerning the effect of
the rate of polarization on the height of the maximum.

In Table I are listed the average values for the half-wave poten
tial and the diffusion current obtained with three sizes of elec
trodes. Values listed in this table have been corrected for IR
drop and residual current and represent the average of six or more
runs. The instrumental limits of accuracy were considered to be
about ±O.OI volt and ±O.I microampere. However, the repro
ducibility limits of the experimental measurements were usually
wider. Thus, although most of the values for half-wave poten
tials (in quiet solutions) fell within ±O.OI volt of the average,
some varied by 0.02 volt. Disagreement among the values for
the diffusion currents was more marked, and the differences in
creased with the size of the average. diffusion current.

Table I shows that the half-wave potential is independent of
the rate of polarization. The slightly positive shift observed for
the {j..;mm. electrode is within the limits of experimental error.
The half-wave potential for a continuously recorded curve ob
tained by using the opposite direction of polarization also agreed
within the limits of error with the values listed in Table 1. Al
though faster rates of polarization did not affect the half-wave
potential, they did produce larger diffusion currents in some in
stances.

Effect of Electrode Size. The size of the electrode does not
affect the half-wave potential. As one would expect, an increase
in the electrode area appeared to produce no important change in
the shape of the polarographic wave' after it had been corrected
for IR drop.
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An agar bridge saturated with potassium nitrate connected the
polarographic solution with a saturated calomel electrode. In
order to be able to make a correction for IR drop, the resistance of
the cell was measured before each run with· a conductivity bridge,
Model RC-IB, made by Industrial Instruments, Inc.

Polarograph Models XII and XX, manufactured by E. H.
Sargent and Company, were used for continuous recording. Al
though it was possible to use these instruments to obtain "man
ual" current-voltage curves, these curves were usually obtained
with a setup consisting of a Leeds & Northrup potentiometer, a
Rubicon galvanometer, and an Ayrton shunt.

A thermostat was felt to be unnecessary for most of this work.
The experiments were carried out at room temperature, which
was usually 26 0 ± 2· C. Each of the series of studies concerning
the relationship between diffusion current and concentration of
the reducible ion was completed in quick succession, during which
time the temperature of the room (and the solution) did not
change noticeably-Le., ±O.I· C. However, a bath maintained
at 25.0· ± 0.1· C. was employed in studying the effect of the
concentration of reducible ion on the half-wave potential.

For certain portions of this study it was necessary to stir the
polarographic solution during a run. Mild stirri~g was obtained
by bubbling nitrogen through the solution. For faster rates of
stirring, It motor-driven glass rod with a 60· bend 2.5 cm. (1 inch)
above the end was used. Its speed was adjusted to 365 r.p.m.
by means of a Variac.

Procedures. CLEANING ELECTRODES. Preliminary tests
showed that the electrode could be cleaned by imposing upon it a
sufficiently positive potential, or by dipping it into 6 N nitric acid
for 2 minutes or more, washing it with distilled water, and then

ver ion and 0.100 M in potassium nitrate. The pH, adjusted by
the addition of about 2 drops of 6 N nitric acid, was 4.00 ± 0.0l.

Tank nitrogen, used for removing oxygen from the polaro
graphic cell, was freed from oxygen by passing it successively
through three bottles of ammoniacal cuprous chloride followed by
a bottle of 6 N sulfuric acid.

Apparatus. The platinum electrodes were made by fusing
platinum wire into a soft-glass tube and making electrical contact
in the usual way by filling the tube with mercury. The rotating
electrod8 used in this study was similar to the one described by
Laitinen and Kolthoff. The electrode was coated with ceresin wax
several times, following which the platinum was scrapped to ex
pose about 2.5 mm. of clean wire.
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(1)E = EO + RT in C.j. + pRT In C F
1{2 nF ~ nF - ~ ~

Effect of Stirring. One would expect the results from stirred
solutions to be similar to those obtained either with a rotating
electrode or by flowing. a solution past the stationary electrode,
because in each case there is a movement of the solution past the
surface of the electrode. This expectation was verified by the
absence of maxima as well as the genera! results described below.

Stirring markedly decreased the reproducibility of both the
half-wave potential and the diffusion current. In many cases, no
half-wave potential could be calculated because of failure to ob
tain a diffusion current plateau. When half-wave potentials
could be determined, the values were often spread over a range of
0.06 volt and the average value appeared to be somewhat Iower
than that for unstirred solutions. In general, these findings were
consistent with those of Muller (10) and Laitinen and Kolthoff
(5).

Faster rates of stirring not only produced larger diffusion cur
rents but also decreased the probability of finding a diffusion
current plateau. The probability for a particular electrode and a
fixed rate of stirring could, however, be increased by using a faster
rate of polarization. These trends are consistent with studies of
the rotating electrode (5).

Relation· between Concentration of Reducible Ion and Diffusion
Current. One set of results is shown in Figure 3, where each
point represents the minimum diffusion current, which was usu-

o ally constany for more than 0.2 volt, for a single determination.
Attempts to duplicate these curves were very successful. For
currents greater than 3 microamperes, differences between two
values for a given solution were usually less than 10%, often 5%.
For currents less than 3 microamperes, agreement between dupli
cates nearly always fell within the 0.1 microampere limit men
tioned. Thus, the relationship between diffusion current and
concentration of silver was linear but the precision was not as
high as that obtained with the usual dropping mercury electrode.

Relation between Concentration of Reducible Ion and Half
Wave Potential. Deposition of an element on a solid electrode is
analogous to the deposition ~f an element insoluble in mercury on
the usual dropping mercury electrode. Therefore, a shift of the
half-wave potential to more negative potentials with dilution of
the reducible ion should be found (2) in accordance with the equa
t,ion

where subscript 8 refers to the reducible ion, subscript x to the
complexing ion, p to the number of coordinating groups, C to the
molar concentration, and f to the activity coefficient of the ion.
The activity of the deposit is assumed to be unity. The sign of
the potential in Equation 1 is reversed from the convention in
Latimer (6), so that it agrees with the sign of the polarographic
electrode.

In polarography, where the concentration of the reducible ion
is almost always less than 1% of the total ionic strength, f. is
esseu.tially unaffected by differences in the concentration of the
reducible ion in two otherwise identical solutions. The third
term need not be considered, providing the concentration of com
plexing agent is held constant. Similarly one can ignore correc
tions for liquid junction potentials, overvoltage, etc., by assuming
that these factors will remain constant. A test of Equation 1
can, therefore, be made easily.

Table II shows' that the change in the half-wave potential
agrees very well with the value of -0.59 volt predicted by the
equation. Because of this shift, it is essential to specify the con
centration of <lLn ion whenever the half-wave potential is reported
for a reaction in which one component is deposited. .The average
half-wave potential listed in Table I (0.33 volt) does not agree
with the value (0.29 volt) calculated for a 5.0 X 10-4 M solution
from Table II. It is felt that. the latter is a better value because
the analyses were obtained under more carefully controlled condi
tions.
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Figure 2. Relation between Electrode Size and Diffusiun
Current in Quiet Solution

o Foil electrodeso Wire electrodes
Rate of polarization, 1.46 Tllv./sec.

Figure 3. Relation between Concentration of Silver
Ion and Diffusion Current

I. I-nun. wire (0.02 sq. CD1.)
II. 6-D1D1. wire (0.10 sq. CD1.)

III. Foil (2.14 sq. CD1.)
Rate of polarization. 1.46 Dlv./eee.

Difficulty was experienced in obtaining a good curve showing
the known relationship between diffusion current. and electrode
area, despite care in measuring and cleaning each electrode.
Therefore, Figure 2 served only to substantiate the expected
trend. This figure illustrates the error that might be introduced
in trying to predict the size of a diffusion current for an electrode
by comparing its plane area to the area of a second electrode. It
emphasizes the need for calibrating each electrode with a standard
solution. Likewise, it is advisable to determine the r~sidual cur
rent for each electrode individually.

A comparison of the curves on Figure 3 emphasizes the desira
bility of selecting an electrode area according to the region of con
centration that is being examined-smaller electrodes are more
suitable for higher concentrations and larger electrodes for lower
concentrations of reducible ions.



780 ANALYTICAL CHEMISTRY

Table rI. Effect of Changes in Concentration of Silver
Ion on Half-Wave Potential

(In 0.1 JyJ potassium nitrate at pH 4.00)

Concentration, Elf,
M Trial 1 Trial 2 Average flEl/,

1.000 X 10-' +0.372 +0.375 +0.374

1.000 X 10-' +0.316 +0.322 +0.319 -0.055

-0.057
1.000 X 10-4 +0.275 +0.259 +0.262

Table III. Effect of Concentration on Half-Wave Potential
(For ferric to ferrous reduction in 0.1 J.v! hydrochloric acid)

Concentration, El/2
M Trial 1 Trial· 2 Average

1.00 X 10-' +0 514 +0.505 +0.510

1.00 X 10-3 +0520 +0.506 +0.513

1.00 X 10-4 +0 527 +0.511 +0.519

zero potentia'! and going toward positive potentials until
oxygen was evolved. Compositivecurves were constructed
for each electrode, and are shown in Figure 4 as curves I
and II.

If, instead of starting at zero potential and going nega
tive, the start was made at a potential where the oxygen
was being evolved, the curve for the statienary electrode
did not coincide with the one described above. Throughout
most of the region of positive potentials the residual current
in the latter case was of the same order of'magnitude but
opposite in sign to that found when the potential was ap
plied in the opposite direction. Curve III.in Figure 4 is a
representative example. The sign of residual current for
the rotating electrode also depended upon the direction of
polarization, but the differences were less conspicuous be
cause the residual current was much smaller, on the order
of 0.1 microampere or less.

Another comparison of the two types of electrodes was
made by recording curves for each electrode under con
ditions of an actual analysis. One set of curves for the
reduction of silver ion is illustrated by Figure 5. (The
curves have not been corrected for IR drop.) In a
similar study of the reduction of ferric ion (to ferrous)
in 0.1 M hydrochloric acid, the shapes and sizes of the
curves corresponded closely, the only difference being a
more nearly symmetrical S-shape for curve III.

The results indicate that although the particular station-
ary electrode used in this study gave a larger diffusion cur
rent than the rotating electrode, the curves from the rotat
ing electrode were easier to interpret because of the smaller
residual current, the sharper initial break in the deposition
curve, and the usual absence of a maximum. The half
wave potentials were within ±0.01· volt of the theo
retical reversible value for 5.0 >.< 10-6 .~1. silver in a 0.1 M

solution of potassium nitrate.
Maxima unexpectedly appeared in some of the curves of the

rotating electrode. Many of the maxima were relatively large,
and they were often immediately preceded by an inflection in the
polarographic wave as shown in Figure 6. Although this maxi-
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COlnparison of Residual CurrentsFigure 4.

1.8

Obtained with stationary platinuD'l electrode and rotated platinum. micro
electrode in 0.1 M Hel

I. Rotated :rnicroelectrode, potentials started at zero; 0.050 sq. CIn. area,
600 r.pID..

II. Stationary electrode, 2.1 sq. CD'l. area, potentials started at zero
III. Stationary electrode potential started at approxitnately 1.3 volt
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A shift in half-wave potential with dilution might not result if
a soluble ion were produced. In the general equation

01.7=§~;;=:=======:=:;;~ ....,....-_----:1ll'!!......---j

m

0.5 0.4 0.3 0.2 0.1
VOLTAGE VS. S.C.E.

Figure 5. COlTIparative Curves

6

Obtained with stationary platinul'tl electrode and rotated D1.icroelectrode for
solution of 5.0 X 10-' M AgN03 in 0.1 M KNO, and 0.01 % gelatin at pH 4.0

I. Stationary platinunl electrode, 2.1 sq. CIn. area
II. Blank (residnal current) with stationary electrode

11'1. Rotated platinuIn nlicroelectrode, 0.050 sq. Cnl. area, 600 r.p.rn.
IV. Blank (residul current) with rotated rnicroelectrode

the last two terms can· usually be disregarded in the
light of considerations discussed in connection with
Equation 1, and the remainder of the equation can
be simplified by assuming that"at Eli2, Cox equals C"d
andfo; equalsf"d. .

The results given in Table III show a slight drift of
the half-wave potential toward more positive values for
the more dilute solutions of iron. The drift may be a
real one resulting from the simplifying assumptions that
were introduced, but poor reproducibility of the measure
ments limits the validity of such a conclusion. Unfor
tunately, the attempts to measure a 1.00 X 10-5 M
solution were unsuccessful.

Comparison of Curves Obtained with Large Stationary
.Electrode and Rotated Microelectrode. Electrodes of
larger area are more suitable than microelectrodes for
analyses of dilute solutions. Because a rotated electrode,
compared to a stationary eleetrode, offers a simila~ in
crease. in sensitivity, the following study was earried
out to determine which approaeh was better.

First a comparison was made of the residual currents
i.e., blank runs-for the two eleetrodes ip 0.1 M hy_
drochloric acid by starting at zero potential and proceed
ing toward negative potentials until hydrogen was
evolved. An analogous wave was obtained by starting at
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Figure 6. Polarographic MaxilDulD
Obtained with rotated platinuID lUicroelectrode in solu
tion containing 5.0 X 10-' MAgNO, in 0.1 M KNO, and
O~OI% gelatin at pH 4.0. Rate ofpolari:.t.ation, 4.65 Itlv./sec.

mum was undoubtedly connected with the discharge of silver, it
was probably the result of a brief discharge of hydrogen. Curve
II in Figure 4 shows a similar but less striking maximum which
was probably due to oxygenevolution.

Applications. The fact that polarographic procedures offer a
rapid method for the determination of normal and formal (13)
potentials has been known for some time (2). If a solid platinum
electrode is used instead of a dropping mercury electrode for
studying deposition reactions, calculations can be simplified be
<cause there is no longer aneed for considering displacement of the
wave as a result of amalgam formation.

The recording of curves for ions other than silver has been
tested and found to be as satisfactory as for silver. Thus, it is
possible to use the usual polarographic recording technique to
.make qualitative and semiquantitative analyses for ceric, per
-manganate, and dichromate ions whose analyses have heretofore
.been complicated by the spontaneity of their reactions wi, h mer
<cury. Similarly, oxidation of hydrazine and chromic ion, which
{lannot be performed because of the anodic dissolution of the
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dropping mercury electrode, has been examined with a platinum
electrode. These studies will be reported later.

Solid electrodes simplify analyses in solutions containing hydro
fluoric acid because it is possible to use a plastic cell to hold the
solution and to coat, with wax, the glass in which the platinum
electrode is embedded. It appears plausible to expect a solid
electrode to be useful for studies in liquid ammonia and similar
solvents.
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Chemicotoxicological Examination of Foods
A Systematic Procedure

N. ,I.. GOLDSTONE, Department of Health, City of New York, N. Y.

A systelDatic procedure is presented for the isolation and detection of26 COlDlDon
toxic substances, cOlDprising the four groups: volatile, lDetallic, alkaloidal, and
nonalkaloidal. Sensitive analytical methods and confirlDatory tests fitted into
a methodical sequence are described in detail.

T HE branch of the science of toxicology that deals with the
isolation and detection of poisons is divided into two major

,classifications: the forensic, involving a crime either premedi
tated or accidental, to which scientific principles first began to be
;applied during the eighteenth century; and industrial poisoning,
the object of aggressive social and scientific attack only for the
past 50 years. A number of adequate texts (3-5, 8-10, 14-22,
.25-27, 30) have been. published in both categories, and these in
·clude precise chemical methods for the detection and estimation of
-a large number of toxic substances. In the forensic field the
·emphasis is naturally placed on the examination of the cadaver
.anq body organs, with a chapter incidentally devoted to a discus-

sion of the detection and identification of poisons in foods and
related products. The latter subject is constantly receiving more
attention in connection with the growing interest in the related
field of trace elements in food (7).

Most textbooks present the subject in a tabular form incor
porated within the framework of the particular system of classifi
cation prefer~ed by its author, describing the various members of
each group with their properties and physiological responses, in
addition to analytical methods for detection and estimation. But
nowhere in the literature is there to be found a simple, compre
hensive, and systematic analytical procedure whereby the chem
ist without any considerable experience in this paI:ticular field is
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enabled to proceed in an orderly manner to separate and identify
toxic substances.

In large cities cases of suspected food poisoning are daily occur
rences, and because community laws often make it obligatory on
the part of the attending physician to report such cases to the
public health authorities, a laboratory must be efficiently main-

tained for the analysis of the foods involved, often with the re
quirement that numerous samples' be eJ>amined concurrently.
The author has worked out a simple and sensitive procedure for
chemical analysis which may prove of interest to food and health
control laboratories, consultants, and perhaps also the industrial
laboratory which will sooner or later be called upon to investigate
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Table Y. Substances Detected by Routine Toxicological
Exa:tnination

REAGENTS

Ammonium Molybdate Solution. Dissolve 10 grams of molybdic
acid, MoOa, in a mixture of 15 mJ. of ammonium hydroxide
(specific gravity 0.90) and 27 ml. of water. Cool and pour Iillowly
with constant stirring into a cool mixture of 49 ml. of nitric acid
(specific gravity 1.42) and 115 ml. of water. Keer in a warm
place for several days or until a portion heated to 40 C. deposits
no yellow precipitate of ammonium phosphomolybdate. Decant
solution from any sediment and preserve in a glass-stoppered
bottle.

,Bromine Water Solution. Transfer about 5 grams 'of liquid
bromine to a glass-stoppered bottle and cover with 100 ml. of
water.

Calcium Chloride Solution. Dissolve 10 grams of calcium
chloride in water and dilute to 100 mJ.

a food complaint originating in the company lunchroom. It
might even be included in a course in qualitative analysis for the
advanced student, as a practical application of analytical chemis
try.

There are several systems used in classifying poisons, one, for
example, blllsed on physiological action, and another on chemical
properties, overlapping to some extent, but for analytical purposes
the system based on the method of isolation adopted by McNally
(22) is the most logical one: (1) volatile, (2) metallic, and (3)
alkaloidal and nonalkaloidaJ.

A schematic procedure must naturally fall far short of being
all-inclusive. It can provide only for the detection of a limited
number of all the foreign substances that might possibly find their
way into' a food product, but experience shows that when con
tamination does occur, it is confined almost invariably to a rela
tively small number of toxic S)lbstances, generally the active
principles of commercial insecticides, rodenticides, or disinfec~

tants which are usually found in a household, retail establishment,
or processing plant. Excluded of necessity are complex organic
compounds, toxic to man, sometimes occurring naturltlly in ani
mal or plant tissue, and poisonom; substances produced in food
by microbic activity. The isolation and detection of these in
volve special, complicated procedures which so far have defied
integration into a simple routine pnlcedure.

Sometimes the preliminary organoleptic examination offers a
clue to the presence of an unusual contaminant, whose character
istic odor, appearance or taste is easily recognizable. Analytical
procedure is then focused on direct isolation and detection of the
suspected substance. The history of. the case, which should
always be available to the analyst, may also provide a valuable
base for analytical attack;

Aside from the obvious saving of time and expense resulting
from the use of a systematic analytical procedure, it is of especial
value where the size of the sample is limited to only a few small
scraps left over from the meal supposedly responsible for the toxic
symptoms.

The routine toxicological examination performed in the labora
tories of this bureau on foods and allied products provides for the
detection of the substances listed in Table I, with the exception of
alkaloids, methanol, and formaldehyde, which are looked for only
when the history of the case or the nature of the sample indicates
a reasonable likelihood of their presence.

Volatile

Cyanides
Yellow 1,hoBIIhoTUB
Zinc phosphide
Phenol
Methanol
Formaldehyde

Metallic

Arsenic
AnUrnon:y
Bismuth
Mercury
Lead
Cadmium
Thallium
Zinc
Barium

Alkaloidal

Atropine
BTucine
Cocaine
Codeine
Heroin
Morphine
Pilocarpine
Strychnine

N onalkaloidal

Borates
Oxalates
Fluorides

Copper Foil. Cut a sheet of clean copper foil into pieces 1 cm.
square and store in a dry glass-stoppered bottle.

Chromotropic Acid Solution. Dissolve 5 mg. of chromotropic
acid, 1,8-dihydroxynaphthalene-3,6-disulfonic acid, in 10 m\. of 8

mixture of 9 m\. of concentrated sulfuric acid and 4 ml. of water.
, Gibbs Reagent. Dissolve 0.1 gram of 2,6-dibromoquinone
chloroimide in 25 ml. of 95% ethyl alcohol. Stored in a brown
glass-stoppered bottle in refrigerator, it remains stable for a week,
Discard when solution turns brown. (Obtainable from Applied
Research Institute, New York, N. Y.)

Mercuric Chloride Solution. Dissolve 5 grams of mercuric
chloride in water and dilute to 100 ml.

Phenol Solution. Dissolve 100 mg. of phenol in water and
dilute to 100 ml.

Picric Acid Test Paper. Wet a slieet of filter paper with 8

saturated water solution of picric acid and allow excess liquid to
drain. Air-dry and cut into strips 1 X 7 em.

Platinic Chloride Solution. Dissolve 5 grams of platinic
chloride, HzPtCI6.6H20, in water and dilute to 100 ml.

Potassium Chromate Solution. Dissolve 5 grams of potassium
chromate in water and dilute to 100 ml.

Potassium Ferrocyanide Solution. Dissolve 3.5 grams of po
tassium ferrocyanide in water and dilute to 100 ml.

Potassium Iodide Solution. Dissolve 10 grams of potassium
iodide in water and dilute to 100 mJ.

Potassium Permanganate Solution. Dissolve 5 grams of po
tassium permanganate in water and dilute to 100 ml.

Phosphoric Acid Solution. Dissolve 6 grams of sirupy phos
phoric acid (85%) in water and dilute to 100 ml.

Silica. Fluorine-free powdered silica or glass.
Silver Nitrate Solution. Dissolve 10 grams of silver nitrate in

in water and dilute to 100 ml.
Sodium Bisulfite Solution. Dissolve 5 grams of sodium bi

sulfite in water and dilute to 100 ml.
Sodium Borate Buffer Solution, a saturated solution of sodium

biborate in water. '
Sodium Carbonate Solution, a saturated solution of sodium

carbonate in water.
Sodium Chloride Solution. Dissolve 5 grams of sodium chloride

in water and dilute to 100 ml.
Sodium Polysulfide Solution. Dissolve 48 grams of sodium

sulfide, Na2S.9H20; and 4 grams of sodium hydroxide in water,
add 1.6 grams of powdered sulfur, shake until sulfur dissolves,
filter, and dilute to 100 ml.

Standard Buffer Solutions, pH range from 4.0 to 8.0 at 0.5
intervals. Made as described by Clark and Lubs (29) or most
conveniently from definite volume solutions of standard tablets
supplied by Coleman Electric Company, Maywood, Ill. .

Standard Zinc Chloride Solution. Dissolve exactly 100 mg. of
chemically pure zinc in hydrochloric acid and dilute to 1000 m\.
Each milliliter of solution contains 0.1 mg. of zinc.

Turmeri,c Test Paper, purchased commercially.
Universal Indicator Solution. Selected indicators combined in

one solution (6, 24), purchased commercially.
Wagner's Reagent. Dissolve L27 grams of iodine and 2 grams

of potassium iodide in water and drIute to 100 ml.

APPARATUS

Fluoride Etching Crucible. A satisfactory crucible for per
forming the etching test for fluorides is not available commer
cially, but may easily be fashioned in the laboratory.

Place a 30-ml. tall-form porcelain crucible on a wire gauze over
a Bunsen burner and melt sufficient printer's linotype metal
almost to fill the crucible. After cooling remove the mold by
gently tapping the overturned crucible. Clamp the mold in a
turning lathe and bore out to shape and approximate dimensions
shown in Figure 1. Place the top edge against a piece of sand
paper set on a flat surface and rub until smooth.

For the cover, hammer a slug of lead on a flat metal surface to 8

thickness of 1 mm. and cut to size with a pair of shea,s. Smooth
with sandpaper and punch a small hole in center.

Clean after each test by soaking in hot alkali solution and scmb
bing with a wad of steel wool.

PROCEDURE

Organoleptic Examination. ApPEARANCE. Examine the
material with a magnifying glass for the presence of extraneous
substances such as' glass fragments, wood splinters, mold, or
powdery substance not characteristic of the type of food under
consideration. Evidence of fermentation or decomposition usu
ally indicates bacterial contamination and may be toxicologically
significant. In the case of canned goods note the physical condi-
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tion of ~he container. Defects such as spring or swell, rust
marks, pmhole leaks, or corrosion of internal metal surface mlllY
be relevant.

ODOR. T~e presence of toxic substances such as yellow phos
phorus, cyamd~s, I2henols, and commercial solvents, even in very
low c~Jl~centratlOn IS often revealed by their characteristic odors.
Ran.Cldl~y and sour odors commonly result from bacterial con
tammatlOn.

40""/11I.

Figure 1. Fluoride Etching Crucible
and Cover

TAS.TE. From the sta~dpoint of personal health hazard, and
e~thetlcally, the analyst IS reluctant to taste specimens, but the
h~s~ory of the case generally includes a statement by the patient
glvmg an abnormal taste rea,ction, often of doubtful reliability
but occasionally offering a directing clue. '
p~ yalue. In a test tube macerate 0.5 gram of sample in2 m!.

of dist1I1ed water. Allow suspended matter to settle, decant a
few drops of the supernatant liquid onto a white spot plate and
add I drop of universal indicator. Compare against standard
buffer solutions to which 1 drop of indicator has been added.

Phenol. To the residue remaining in the test tube in the pH
value determination add 5 ml. of sodium borate buffer solution
shak':l, a'!d test wit~ litmus paper to ensure alkalinity. (If th~
solutlOn IS not alkalme, add a drop or two of sodium hydroxide
solution, never ammonium hydroxide.) Allow to settle and de
cant or filter into another test tube. A perfectly clear solution is
not essential. Divide the solution between two test tubes and
to one serving as a control add 1 drop of dilute phenol sol~tion.
Now add 3 drops of Gibbs (1, 13) reagent to each tube and shake.
The formation of the deep blue indophenol dye indicates the pres
ence of phenol.

CONFIRMATORY TEST. Transfer 10 to 25 grams of sample to a
distilling flask, cover with 75 ml. of water, make slightly acid with
sulfuric acid, and distill 50 ml. into a separatory funnel. Shake
out the distillate with two 25-ml. portions of ethyl ether and evap
orate the combined ether extracts slowly on a steam bath. Take
up the residue in 5 ml. of sodium borate buffer solution, then add
3 drops of Gibbs reagent. The presence of phenol is confirmed
by'the formation of the deep blue indophenol dye.

Cyanides, Yellow P,hosphorus, and Zinc Phosphide. Macerate
50 grams of sample in 50 ml. of water in a 250-ml. Erlenmeyer
flask and add 10 ml. of tartaric acid solution. Suspend over the
surface of the liquid a test paper strip moistened with a drop of
silver nitrate solution, and a picric acid test paper strip moistened
with a drop of sodium earbonate solution. Wltrm the mixture
fOl: 15 minutes at 50 0 C. on a steam bath. Presenee of hydrocy
amc acid is indicated by a red rose coloring of the picrie acid paper.
Blackening of the silver nitrate paper may indicate the presence
of yellow phosporus or zinc phosphide. Volatile substances such
as formaldehyde, formic acid, and hydrogen sulfide also blacken
silver nitrate; hence a positive paper strip test must be confirmed
by the distillation test.

ANALYTICAL CHEMISTRY

CONFIRMATORY TF!ST. Su~pen~ 25 grams of sample in 200
ml. of water, make slIghtly aCId WIth sulfuric acid and distill in a
dark room, using an ordinary distilling apparatus ~ith an upright
condenser; or preferably that deseribed by McNally (23). Pres
ence of yellow phosphorus is confirmed by the appearance of a
luminous ring in the upper part of the condenser. Minute
amounts of hydroeyanic aeid and yellow phosphorus will reveal
their presence by characteristic odors if the condenser exit is
cautiously smelled. If zinc phosphide is present phosphine is
generated and this also has a very characteristic odor. Allow
the vapors to eondense into a flask containing a few milliliters of
~iilute nitric acid. Phosphorus and phosphine are oxidized to
phosphoric acid, whi~h. is preeipitat.ed as the yellow phospho
molybdate on the addltlOn of ammomum molybdate solution.

Reinsch Test for Arsenic, Antimony, Bismuth, and Mercury.
Place 20 m~. ?f concentrat~dhydr~chlorieacid in the Erlenmeyer
flask contammg the matenal used m the paper strip test for phos
p.horus and cyanide. Drop in a strip of copper foil and allow to
sImmer on a hot plate for 0.5 hour. The presence of arsenic
antimony, Qr bismuth is indieated by deposition of a bluish-black
platin.g of t~e re~uced met.al on the eopper foil. Mercury salts
depOSIt a shmy slIvery platmg of the free metal. '

.CONFIRMATORY .TESTS. Carefully wash ·the plated copper foil
WIth water, dry WIth aleohol and ether, place in a small dry test
tube, and cautiously he!l't over a small flame. Arsenic, antimony,
and mercury are depOSIted on the cooler area of the inner surface
of the tube directly above the copper foil. l;;xamine through a
low powered mieroscope. Arsenie, as the trioxide is deposited in
c~araeteristic octahedral crystallin.e form, mercu;y as a mass of
ffimute opaque globules, and antImony as an uncharacteristic
amorphous smudge. Bismuth does not volatilize but its pres
ence c~n later be confirmed in the ash of the sampl~.

Ashmg. ?,rans{er 50 grams of sa~ple to a porcelain crucible,
wet down WIth 1 ml. of saturated sodmm carbonate solution dry
in an oven,. carefully burn ov~r a Bunsen flame, and complet~to a
gray or whIte ash at 500 0 C. m a muttle furnace.

Fluori~es. Tr~nsfer ~ portion of the ash to a metal etching
test cruClble, mOlst~n wI~h a drop of water, and 'cautiously add
concentrated sulfunc aCId, drop by drop, until effervescence
eeases. Wet the top edge of the erueible with sulfuric aeid to
form a seal, place cover on, and set a glass microscope slide over
hole in eover. Heat the crucible on a hot plate for 1 hour wash
and dry the slide, a'!d examine its surface for any etching pro
~uced b:y the generatlOn of hydrofiuorie acid. When the etching
~s v~ry lIght fr?m a sma~l ~oncentn~tion of fiuorine, breathing on
It WIll render It more dlstmet, or Its roughness may be felt by
gently scratching with the fingernail.

Hydrofluorie acid in th. presenee of a borate forms a volatile
borofluoride which. does not .haye an etching action on glass.
Henee when boron IS present ItS mterference must be eliminated
by a separation of calcium borate from caleium fiuoride based on
the inso~ubilityof the latter in dilute acetic acid (11).

In a SImilar manner, hydrofiuorie acid reacts with silica to form
tht') volatile fiuosilieie aeid, and this too lacks the ability to etch a
g.lass surface. Here, however, it is unnecessary to make a separa
tlOn, for the formation of fluosilieie aeid serves as the basis of an
even more sensitive test for a soluble fluoride than the etching
test, for which it may be substituted or used as a confirmatory
test, in the manner adapted by Gettler and Ellerbrook (12) for
the detection of fluorine in tissues.

CONFIRwIATORY ·TEST. Transfer a pineh of the dry ash to a
5-m!. porcelain crueible, mix with an equal amount of powdered
glass or silica, eautiously add a few drops of concentrated sulfuric
acid, and immediately cover with a mieroscope slide, from the
under .surface of which is suspended a small drop of sodium chlo
ride solution. Place the crucible on a hot plate maintained at a
temperature of 150 0 C. and put a drop of eold water on the upper
surfaee of the slide directly over the suspended drop, to retard
evaporation. After 5 minutes'heating remove the slide, allow
the suspended drop to dry in the air, and examine under a micro
scope (450 magnifications) for six-pointed stars or hexagonal
crystals of sodium fluosilicate. Ten micrograms of fluorine

. under this treatment should be detected without difficulty.
Borates. Dissolve the remainder of the ash in 20 m!. of water

and make slightly aeid to litmus paper with hydrochloric acid.
Moisten a strip of turmerie test paper with a drop of the solution.
and allow to dry in air. Presence of a borate is indicated by a
cherry red eoloring of the test paper, which changes to a dark
blue-green on wetting with a drop of ammonium hydroxide and
is restored by acid.

Soluble Barium Salts. Add 5 ml. of concentrated hydroehloric
acid, to the solution of the ash obtained in the. test for borates and
evaporate to dryness on a steam bath. Redissolve the residue in
25 ml. of hot water, filter, and wash into a 125-ml. Erlenmeyer
flask. To 1 m!. of the filtrate in a test tube add a few drops of
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Table II. Characteristics of MicrocheJUical Tests for
Alkaloids (2)

of calcium chloride solution, make ammoniacal, filter and wash
the precipitate with water. Redissolve the precipitat~in 5 m!. of
hot dilute hydrochloric acid, filter, wash with water, evaporate
the filtrate almost to dryness on a steam bath, cool, take up in
2~ ml. of -95% ethyl alcohol, an~ then add 25 ml. of ethyl ether.
Filter through paper and repeat If necessary until a clear solution
is obtained. Evaporate off the ether and alcohol on a steam bath
and take up residue in a few milliliters of water. Add 1 ill!. of
calcium chloride solution and make ammoniacal. The presence
of oxalic acid is indicated by the formation of a white silky pre-
cipitate of calcium oxalate. .

CONFIRMATORY TEST. Filter the precipitate, wash with water
and dissolve in a small amount of hot dilute hydrochloric acid:
The decolorization of a drop of potassium permanganate solution
added confirms the presence of oxalic acid.
. Methanol and Formaldehyde (Z8). Transfer 1 drop of the dis
tillate obtained in the extraction of alkaloids to each of two test
tu~es. ~o the first tube add a drop of water, a drop of phosphoric
aCId solutIOn, and a drop of potassIUm permanganate solution let
stand for. 1 minute, then add sodium bisulfite solution drop by
drop until. the permanganate color is discharged. If a brown
color remains add another drop of phosphoric acid solution. To
both. tubes now a:~d 5 m!. of freshly. prepared chromotropic acid
solutIOn and heat In a water bath at 60° C. for 10 minutes. The
appearance of a violet color in both tubes indicates the presence
of fo~maldehyde and possibly methanol. If the color appears

- only In the tube oxidized with permanganate, methanol alone is
present.

DISCUSSION

Wherever variations from accepted analytical methods are
found, they are slight arrd in the interest of easier manipulation
and isolation of the particular substance the analyst is seeking
to identify. In the detection of oxalates, for example, the inter
mediate step of precipitating all the insoluble calcium salts is
merely a convenient short-cut for separating oxalic acid from most
of the extraneous matter absorbed into the alcoholic extract.
Similarly, the isolation of zinc is effected more readily through
the ammonium hydroxide precipitation of interfering metals
than by the hydrogen sulfide separation.

As the contamination of a food product with a small-amount of
toxic substance generally does not affect the pH value appreciably,
the inclusion of this determination in the scheme requires an
explanation. Its utility lies in detecting the possible presence of
a caustic alkali or acid, besides serving as a clue to some other
abnormality. A good illustration occurred in the instance where
the author examined a sample of granulated sugar taken from a
public lunchroom, which had accidentally been contaminated
with trisodiumphosphate, causing a "food poisoning." The pH
value immediat~lygave a clue to the presence of an alkali, and its
identification followed soon after.

The presence of an alkaloid in a food product is a rare occur
rence, but there is nevertheless a logical reason for the inclusion
of this group. Sometimes in poisoning cases patent medicines or
drug products in addition to specimens of urine, blood, or vomitus
are submitted for analysis along with food products. The proce-

dilute sulfuric acid. A white precipitate of barium sulfate indi
cates the presence of a soluble barium salt.

Lead, Bismuth, Copper, and Cadmium. Pass a current of
hydrogen sulfide gas through the filtrate obtained in th'e test for
barium salts for 15 minutes and allow to stand until the precipi
tate coagulates. Pass through a paper filter wash and retain the
filt~ate for the de~ect.ion of zinc and thalliU:m. The precipitate,
whl~h may contam tm, .lead, copper, bismuth, and cadmium, is
sU?Jected to the c~nventlOnalproc~durefor separating and identi
fYing ~etals of this group, found In any textbook on qualitative
analysIs.

Zinc. Boil the filtrate obtained in the separation of the copper
group to remove hydrogen sulfide and make alkaline with sodium
carbonate s.olution, precipitating zinc, iron, and the alkaline earth
metals. Fllter, wash with water and ret.ain the filtrate for the
detection of thallium. Return pr~cipitateand paper to the origi
nal flask, a~d.25 ml. <.>f dilute hydrochloric acid, 5 ml. of bromine
water to OXidize any Iron present; boil to remove excess bromine,
and 3:dd an excess of ammonium hydroxide to precipitate iron and
alkaline earth phosphates. The zinc remains in solution Cool
filter into a Nessler ~ube, add 10 ~l. of hyd.rochloric acid '(1 to 1):
then 1 ml. of potassIUm ferrocyamde solutIOn and dilute to 100
ml. Presence of zinc is indicated by the fo;mation of a white
p'recipitate of zinc. ferrocyanide. Because many foodstuffs, par
tumlarly the proteins, contain small amounts of zinc, it is advis
able for th~ analyst to run a control along with the sample to
a.ccustom. hlmsel~ to make rough estimations of small concentra
tIOns of ZinC. Pipet 2 ml. of standard zinc chloride solution, add
the reagents, and compare the turbidities in both tubes.

Thallium. Add 1 ml. of sodium polysulfide solution to the
alkaline filtrate obtained in the detection of zinc. A brown
precipitate of ~hallium s~l~de indicates the presence of thallium.
Let stand un~ll. the precipitate coagulates, filter and wash, dis
solve the preCipitate In a few milliliters of dilute sulfuric acid, boil
to re.move hydr~gen sulfide, cool, and neutralize exactly with am
momum hydrOXide, using litmus paper as indicator.
. CO~FIRMATORY TEST. ·Divide the solution into two equal por

tions II!- test tube~. Make one portion slightly alkaline with
ammomum hydrOXide and add 1 ml. of potassium iodide solution.
A yellow crystalline precipitate of thallium iodide is formed. To
the other test tube add 1 m!. of potassium chromate solution
producing a yellow precipitate of thallium chromate. '

Extraction of Alkaloids. Transfer 50 grams of sample to a
Florence flask, macerate in 50 ml. of 80% alcohol add 5 ml. of
tartaric acid solution, and reflux on a steam bath for 1 hour.
Connect the flask with a suitable condenser and distill over 5 ml '
of liquid, retaining this for the detection of methanol and formal~
d.ehyde if the nature of the material is such that the presence of
either or both of these substances is suspected. Filter the mash,
wash well with 80% ethyl alcohol, and evaporate the filtrate on a
steam batJ:! t? a volume of 5 m!. Slowly add 50 m!. of 95% ethyl
alcohol, stlrrmg and breaking up any clumps formed with a glass
rod, again filter, and wash with ethyl alcohol. Evaporate on a
st~am bath to reIJlove the alcohol, dilute to a volume of 25 ml.
With water, and transfer to a separatory funnel. Extract with
three 25-ml. portions of ethyl ether, wash the combined ether ex
tracts t~i~e with 2 ml. p<?rtions o~ water, and add the washings
to the ongmal water solutIOn. ThiS ether extract from acid solu
ti~n may contain in addition tofat such compounds as salicylic
aCld,_ acetyl salicylic acid, barbituric acid, acetanilide, chloral
hydrate, DDT, phenols, and organic solvents, which may be
tested for if their presence is suspected.

.Make the. water solution distinctly alkaline to litmus paper
With ammomum hydroxide and extract with three 25-ml. portions
of ethyl ether, followed by two extractions with 25-ml. portions of
chloroform. Retain the water solution for the detection of oxa
lates. After washing the combined solvent extracts with
several 2-ml. portions of water, pass through a dry paper filter,
evaporate slowly on a steam bath to remove the solvents and
take up the residue in 4 drops of water. '
O~ the c0I1!mon alkaloids this residue may contain atropine,

brucme, cod~llle, he~oin, morphine, cocaine, nicotine, pilocarpine,
and strychmne. With a glass rod transfer 3 separated drops to a
glass microscope slide. To the first drop by means of a glass rod
add 3: drop of. Wagner's reagent, to the second a drop of mercuric
c?londe solutIOn, and to the third a drop of platinic chloride solu
tIOn. The formation of a precipitate in any of the drops indicates
the presence of an alkaloid. For identification examine the slide
under a I1!icroscope without stirring or covering (100 to 150
magmficatlOns) and compare crystal characteristics with known
controls prepared in the same manner, and also with comparison
chart. Confirmatory tests for specific alkaloids may then be
applied.

Oxalates. Make the water solution obtained in the extraction
of alkaloids slightly acid with hydrochloric acid and warm on a
steam bath to remove residual ether and chloroform. Add 1 ml.

Atropine

Brucine

Cocaine
Codeine

Heroin

Morphine

Nicotine

Pilocarpine
Strychnine

Reagent

Wagner's

Mercuric chloride

Platinic chloride
Wagner's

Platinic chloride

Wagner's

Mercuric chloride

Platinic chloride
Platinic chloride

Description of Crystals

Rods and triangular plates, sipgly and in
groupS -

Transparent, rectangular pIates and rosettes
of thin plates

Delicate feathery crystals
Red-brown precipitate, crystallizing in

yellow blades, extending in branches
Spherical clusters of golden yellow needles

around a nucleus
Heavy red-brown precipitate in shining

overlapping plates extending in branches
Radiating transparent blades in slight ex

cess of H2S0.. Featherlike blades with
Hel

Layers of thin, yellow triangular plates
Clusters of wedge-shaped needles moving

about in the field
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dure is also Ij.ppJ.i(lll.\:>\~ \\) these, and the examination would be
incomplete without a search for alkaloids. The author's record of
case histories includes a sample of whisky to which morphine had
been added with malicious intent. Caution is necessary in the
interpretation of analytical results. Routine toxicological exami
nation of foods produces negative results in a majority of cases,
for it. is rather unusual for foods to be contaminated with chemical
poisons. The incidence of the latter is much lower than that of
bacterial contamination. Chemical poisons have a characteris
tically rapid action on the system, although exceptions have been
noted in cases where the amount ingested was just enough· to
induce a delayed physiological response. The rule generally fol
lowed is that a time interval of less than 2 hours between con
sumption of the suspected food and the onset of toxic symptoms
points to'a chemical causative agent, without ruling out the
possibility of a bacterial toxin as the offender. Frequently both
chemical and bacteriological findings are negative even where
more than one victim. has complained of gastric disturbances.
The analyst may then be apt to question his results and fear that
perhaps he has overlooked something. Experience will give him
greater confidence. A more· thorough investigation of the back
ground of the case may elicit the information that the victim has
a history of chronic gastric disorder, and his latest attack is un
related to the food suspected. Even where food poisoning in
volves a number of individuals partaking of a common meal, in.
the absence of positive chemical and bacteriological findings the
phenomenon of mass hysteria must not be overlooked. In some
eases sampling is incomplete, the victim suspecting only a single
item of the whole meal consumed and submitting this alone for
analysis. The question of the purity of the rest of the meal thus
remains unanswered.

Many foodstuffs during processing and canning absorb traces
of such metals as copper, tin, and lead. The amounts are usually
less than the normal tolerances considered allowable and safe in
foodstuffs arid yet great enough to produce slight though observ
able turbidities in the hydrogen sulfide precipitation. Such minute
concentrations must be ignored as insufficient to produce acute
toxic effects.

Frequently in cases of food poisoning the attending physician
may prescribe such medications as bismuth or calomel. The
history of the case should include a statement as to the medication
administered, to safeguard the analyst against an erroneous inter
pretation where he finds these metallic substances in specimens of
stomach contents or urine submitted for analysis.

Whenever qualitative tests indicate the presence in a food prod
uct of a quantity of toxic substance sufficient to produce an ob
servable physiological response, a quantitative determination is
essential to a correct diagnosis of the cause of intoxication. It is
beyond the scope of this paper to discuss the extensive literature
on this subject, and the analyst is refer·red to standard books on
toxicology which include detailed quantitative methods.

The sensitivity of the entire procedure is great enough to permit
its designation at the microchemical level, as it provides for the
detection of as little as 1 mg. of substance in all instances and well
below this quantity in some. .As outlined, the procedure assumes
sufficient sample to provide 50 grams each for the three major
~nalytical schemes, in addition to a reserve retained as an insur
ance against a laboratory accident, for a check analysis or
quantitative determination. If the entire sample is limited to a
few grams, greater care in handling is required. The procedure
remains unchanged, except that 'Smaller apparatus is used and
the volume of reagents and dilutions are somewhat reduced.
Recently published texts on microchemical qu~itative analysis
may furnish the analyst with ideas on manipulative technique
which he can adapt. If the concentration is such that 1 gram or
less of foodstuff contains a few milligrams of toxic substance, no
analytical problem arises; thi~ quantity is detectable regardless
of the size of the sample. A normal helping of a dinner course,
say, 100 grams, containing only several milligrams of a toxic
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metal such as cadmium. or antimony, is capable of inducing an
acute physiological response, yet if only a small fraction of the
helping is available as a sample, the contaminant may escape de
tection. Such a set of circumstances is rather improbable, but
granting its occurrence, the chemist is at a disadvantage until
greater sensitivity in analytical method is achieved.

Sometimes very small samples are amenable to successful
analysis, if some thought is given to reasonable probabilities.
Recently the author examined a slice of bread in the center of
which was embedded a small clump of green foreign material
weighing not more than 1 or 2 mg. The possibilities were that
the material consisted of green mold, Paris green, Bordeaux mix
ture, or a coal-tar dye.· The particle was carefully removed from
the bread and divided into two portions. Microscopic examina
tion eliminated mold growth. The substance proved to be water
soluble, and hydrogen sulfide gave no black or brown turbidity,
denying the presence of tpe copper-bearing insecticides. A green
coloration was imparted to a small strand of wool immersed in a
warm dilute acid solution of the material, proving the presence of
an acid coal-tar dye, probably·a confectionery food color com
monly used in bake shops.

SUMMARY

The means of isolating and detecting in food and allied prod
ucts 26 specific substances toxic to man, classified in four groups,
are described in detail, and the manner of isolating a. number of
other compounds which may have toxicological significance is
indicated. Confirmatory tests are included where they are of
value. The entire procedure is systematized into a compact
analytical sequence, economical in time and material. Direc
tions for molding a metal crucible especially adapted for the de
tection of fluorides are given.
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~etermiWiatioWl of ~elath,e Color ~ensity of Liquids
A Rapid Photoelectric Method

LOUIS LYKKEN AND JOHN RAE, JR.'

Shell Development Company, Emeryville, Calif.

A rapid Illethod for the reproducible photoelectric
deterlllination of the relative color density of liquid
products involves Illeasurelllent of the optical den
sity of the test Illaterial relative to that of an easily
prepared liquid color standard selected to approxi
Dlatethe test Illaterial in hue and color density.
The Dlethod is particularly applicable to the deter
Dlination of colored substances present in the wide
variety of liquid products exhibiting spectral char
acteristics like those of norlllallubricating oils and
other "naturally colored" liquids having sDlooth,

A S AN indication of the purity or degree of refinement of many
ft product8, color is often the only criterion that is readily
available to and appreciated or understood by the consumer.
The measurement of color is a very useful research tool, particu
larly for following the course of chemical reactions in purification,
aging, and oxidation studies. Moreover, with modern improved
photoelectric colorimetric equipment, color considerations are
becoming increasingly important and useful to the research chem
ist. For these reasons, methods for measuring color are of wide
spread interest to the chemical industries.

The several methods available for the complete description of
color (3) require the use of unnecessarily expensive ~quipment or
involve somewhat complex visual measurements. Moreover,
the results obtained by these comprehensive methods are unneces
sarily complicated. for many purposes. In many instances, a
measure of the total transmittance of a given test material in the
visible region of the spectrum is sufficient for the color description
required and, indeed, is often more useful than spectrophoto
metric analysis in the study of certain types of chemical reaction,
such as oxidation.

In the American petroleum industry, the most widely used
"total transmittance" or color density method is the National
Petroleum Asso~iation (NPA) or A.S.T.M. union color number
method (1) for measuring the color density of lubricating oils.
This method depends upon visually matching the color density of
the light transmitted by the test material with one of a series of
colored glasses. However useful this method has been in the
past, it is limited by poor reproducibility because different ob
servers seldom strike the same compromise among the three
attributes of color sensation-hue, saturation, and lightness (3).
Furthermore, the glass color standards are difficult to duplicate
spectrally from set to set and they provide a discontinuous scale
which can be evaluated only at fixed intervals; color values falling

,between these points can only be roughly estimated. Other

1 Present address, Shell Oil CQmpany, Inc.. Houston, Tex.

spectrophotoDletric absorption curves with Dlaxi
UlUDl absorption in the near ultraviolet. The results
obtained are easily visualized in terDlS of real psycho
physical significance and readily correlated with such
phenoUlena as oxygen degradation of lubricating
oils, gasolines, Dlotor fuel blends, solvents, polyDlers,
and other Illaterials. This Dlethod is especially
useful as a specification Dlethod for Dleasuring color
density which is often taken as a criterion of purity,
or as a controllllethod for following Dlanufacturing
or refining processes.

visual methods such as the Saybolt (2) and Hazen (7) methods
for measuring color density are subject to errors similar to tnose
mentioned in connection with the National Petroleum Association
method.

Among the first to suggest overcoming these difficulties by the
use of a photoelectric colorimeter were Story and Kalichevsky (9)
who, in 1933, described a photoelectric method for measuring the
color of liquid petroleum products. However, the photoelectric
method was slow to gain acceptance by industry. Perhaps the
chief contributing factor was the lack of precise photoelectric
colorimeters which have come into common use only during the
past decade and even today are not being used to best advantage
in many laboratories.

In 1942, Diller; DeGray, Wilson, and co-workers (4, 5) de
scribed a photoelectric method based on absolute transmittance
and using a tungsten filament light source, a broad band filter,
and a barrier-layer type of photocell to measure the amount of
the light transmitted through the test material contained in a
specified round cell. In this. method, no provision was made for
inevitable changes in instrument response resulting from varia
tions in spectral characteristics of the light source,· in photocell
response, and in spectral characteristics of the light filter em
ployed. For these and less obvious reasons, the method has not
~en generally accepted. A recent contribution to photoelectric
methods for color density evaluation has been made by Osborn
and Kenyon (8). In their thorough. treatment of the subject,
these authors have rendered an excellent discussion of the theo
r~tical aspects and have described a rather elaborate method for
setting up col~r standards for instrument calibration, preparatory
to measuring the color density of a given line of spectrally similar
products. Another interesting contribution to the field of photo
electric color measurement has beeh made by Whyte (10), who
devised several color grading systems for tallows and greases.

Any specification method should give the same results regard
less of the peculiarities of the particular appamtus or instrument
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Any sensitive photoelectric colorimeter may be used, if it is
provided with a tungsten-filament, incandescent light source and
with one or more barrier-layer type photocells, and constructed to
permit use of the parallel, planar-surface glass cells described be
low.

The glass light "correction" filter. must have the relative
spectral characteristics shown in Figure 2. It is desirable that the
transmittance at any wave length be within 5% of the value
shown; greater variations are permissible, provided they are pro
portional over the entire spectral range. Because the filter has a
relatively high tran'imittance, it is sometimes necessary to reduce
the intensity of the incident light in order to obtain proper adjust
ment of the colorimeter, especially when adjusting the 100%

color density as the standard, and a value of 0.00 indicates
"waterwhiteness."

The relative color density method is empirical, inasmuch as the
value obtained is of significance only when expressed with relation
to the color comparison standard used and, to a lesser extent, with
relation to the length of the light path used. It does not indicate
the hue of the sample but merely measures the total light absorp
tion of the sample; thus, it is possible for samples visually differ
ing in hue or saturation to have the same relative color density.
The method is particularly useful for measuring color changes in a
series of liquids exhibiting similar spectral characteristics. In
fact, for such a series of liquids, an approximate correlation of rela
tive color density values with I.C.I. tristimulus values cpuldbe
made in a manner similar to that described by Diller and co
workers (4). However, in the applications for which the relative
color density method has been found useful, the results obtained
from such a correlation would appear to be of little practical value.
Results of similar magnitude and reproducibility would undoubt
edly be found with an I.C.I. tristimulus green (luminosity) filter
(3) in place of the chosen broad band filter but, for all practical
purposes, the results woule! still be empirical and subject to the
limitations of interpretation or correlation found for the relative
COlor density values.

The relative color density method is designed particularly as a
specification or control method for lubricating oils and similar
products, but is generally applicable to any nonaqueous or aque
ous solution. It is particularly applicable to materials, such as
petroleum products, which show predominant absorption in the
near-ultraviolet portion of the visible spectrum (see Figure 1) .
The method is most precise when applied to samples having color
densities close to that of the comparison standard (relative color
density of unity), especially when the spectral characteristics of
the test material are similar to that of the standard. The pre
cision decreases rapidly with increasing color density values
greater than 2.

Figure 2.
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Figure 1.

The method given in this paper uses Gardner-type color com
parison standards (6) composed of an aqueous solution of iron and
cobalt chlorides acidified with hydrochloric acid. These stand
ards are easily prepared,' universally reproducible, and stable
indefinitely, provided they are kept at a moderate room tempera
ture '(20° to 25° C.). They have been generally accepted by
industry and tested over a period of years in various commercial
visual color methods.

In the method described here, the relative color density
of a liquid is obtained by measuring the optical density
of the liquid and of a given color comparison standard,
using any of several commercially available photoelec
tric colorimeters equipped with a specified broad band
light filter, a suitable light reduction mask, and light ab
sorption cells of specified depth having parallel, planar
faces. The relative color density of the test material is
calculated by dividing its optical density by that of the
color comparison standard. The result obtained is,
therefore, a direct comparison of the color density of the
test material to that of the standard. It is of direct
psychophysical significance, as the light filter is chosen
so that the net response of the colorimeter approximates
the response of the normal eye. Moreover, as a .conse
quence of Beer's law, relative color density is, to a fair
approximation, proportional to the color concentration
in the test material. For' example,a relative color
density of 2.00 simply means that the test material is
twice as dark as the comparison standard, a value
of 1.00 indicates that the test material has the same
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used. Because different colorimeters may not give the same re
sponse even whim they are of the same make, and the response of
a given instrument may change significantly from month to
month, any specification method for the measurement of color
demit.y should be designed to compensate for variations in color
imeter response. Prior to the work of Osborn and Kenyon (8), no
established photoelectric color measurement method provided
for this necessary requirement. Osborn and Kenyon compen
sated for instrument response variations by use of a carefully
selected set of color comparison standards. The same result
was achieved independently in these laboratories by use of an
easily prepared single comparison standard for a number of prod
.ucts, having the same general spectral characteristics and covering
an approximately twentyfold color concentration range. Auxili
ary comparison standards are used for relatively dark and rela
tively light liquids.
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R
SRelative color density

R I · I d' 2 - log R
e atlve co or enslty = 2 _ log S

minute periods until a constant weight' is obtained.
From the weight of cobalt sulfate, calculate the cobalt
concentration in the stock solution.

Standards A, B, and C. Weigh a quantity of the
iron stock solution calculated to contain exactly the
quantity of iron given in Table I; transfer to a 100-m!.
volumetric flask, using a minimum amount of 0.6 N
hydrochloric acid to aid in the transfer. Introduce
into the same volumetric flask, either from a buret or
from a graduated pipet, a volume of the cobalt stock
solution calculated to contain exactly the amount of
cobalt given in Table I. Cool to room temperature,
dilute to 100 m!. with 0.6 N hydrochloric acid, and mix
thoroughly.

SAMPLE PREPARATION

The sample must be essentially free from turbidity
or suspended solids. If it appears turbid when viewed
through a thin layer-e.g., the 2-mm. absorption cell
filter through a fine filter paper or clarify in a centri
fuge before measuring the color.

1000

where Rand S are expressed in per cent transmittance.
In reporting the relative color density, specify the standard

used and the depth of the absorption cell. If the sample has been
clarified in any way, report this fact.

DISCUSSION

In any photoelectric colo'r measurement, there are four funda
mental factors involved: (1) the spectral energy distribution of
the light source, (2) the spectral response of the photocell, (3) the
spectral characteristics of the light filter used, and (4) the depth of
test material through which the light passes. The effects of the
first three upon instrument response are illustrated in Figures 2
and 3. COffiillon photoelectric colorimeters are generally
equipped with a tungsten filament light source and a barrier
layer, photovoltaic type of photocell. For these colorimeters,
consideration of the response relationships involved (Figures 2
and 3) makes it clear that only a broad band filter such as the
North Sky filter will lead to a net response approximating that of
the normal eye.

CALCULATION

If the colorimeter reads directly in optical density, or in units
proportional to optical density, calculate the relative color den
sity by means of the following equation:

where R = colorimeter reading for the sample, and S = color
imeter reading for the standard.

If the colorimeter scale is graduated in terms of transmittance,
calculate the relative color density by means of the following
equation:

PROCEDURE

Select a pair of matched 10-mm. colorimeter cells.
Eill one cell with distilled water and the second with the
sample to be tested. Polish the cell surfaces with a
clean, lint-free cloth or tissue.and place the water cell
in position in the colorimeter. Adjust the colorimeter
to a scale reading of zero optical density (100% trans

mittance). Replace the water cell with that containing the
sample and record the resulting scale reading. Reinsert the water
cell and check the instrument adjustment. If any readjustment is
made, obtain a new reading for the sample. Discard the sample.

Clean arid dry t1ie cell and fill with color standard B. Pro
ceeding as directed for the sample, obtain a colorimeter reading
for the standard. (This measurement of the standard· need be
made only sufficiently often to ensure constancy. In most cases,
one reading per week will suffice.)

Calculate the relative color density as directed below. If the
value obtained is greater than 2.0, repeat the color density meas
urement using standard A and matched 2-mm. colorimeter cells.
If the value obtained is less than 0.1, repeat the measurement
using standard C and matched 50-mm. cells. In borderline
cases, make and report measurements with both combinations of
standard and cell depth.

900800
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Table I. Composition of Standard Color Solutions
Standard Iron Cobalt

a./lOD ml. a.jlOD ml.

9.70 1.61
2.77 0.537
0.0333 0.0134
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Matched pairs of glass cells are necessary to permit measure
ment of the light transmittance of 50 ± 10, 10± 2, and 2 ± 0.5
mm. layers of test material. These c.ells should have parallel,
planar faces and be of proper dimensions to permit use in the
colorimeter employed. A 2-mm. cell depth may conveniently be
obtained by inserting an 8-mm. glass block (of clear optical glass)
in a lO-mm. cell.

Figure 3.

STANDARD COLOR SOLUTIONS

Iron Stock Solution. Dissolve 500 grams of C.P. ferric chloride
hexahydrate in 120 m!. of 0.6 N hydrochloric acid and filter
through glass woo!. Determine the iron content of the solution as
follows:. .

Accurately weigh 0.8 to 1.2 grams of the test solution into a
glass-stoppered weighing bottle and transfer to a 250-m!. Erlen
meyer flask containing 30 to 40 ml. of 0.6 N hydrochloric acid.
Heat the s0lution to boiling and add 10% stannous chloride solu
tion dropwise until the solution is colorless, being careful not to
add more than 2 drops in excess. Cool to room temperature,
dilute to ab0ut 80 m!., add 10 ml. of 5% mercuric chloride solu
tion, and allow to stand for 4 to 6 minutes. Add 3 ml. of 85%
phosphoric acid and 6 drops of 0.2% barium diphenylamine sulfo
nate indicator solution, and titrate with standard 0.1 N potassium
dichromate solution until 1 'drop produces a deep purple color
which does not fade within 5 seconds. Calculate the iron concen-
tration in the stock solution. .

Cobalt Stock Solution. Dissolve 100 grams of C.P. cobalt chlo
ride hexahydrate in 300 ml. of 0.6 N hydrochloric acid. Determine
the cobalt content of the solution as follows:

Pipet exactly 1 ml. of the test solution into a weighed I?latinum
dish, add 5 ml. of 18 N sulfuric acid, and cautiously evaporate to
dryness. Ignite in a muffle furnace at 500 0 ± 25 0 C. for 5-

Note~ This filter is usually referred to as the North Sky filter;
it is made of Aklo glass obtainable from the Corning Glass Works.
It has been chosen to transmit a somewhat wider band than a filter
accurately duplicating the luminosity response of the average eye to
daylight because such a filter spreads the density scale at the upper
and lower ends in a useful manner without materially affecting the
correlation with other colorimetric measures such as A.S.T.M. umon
color numbers.

transmittance setting. Satisfactory reduction of the amount of
light entering the sample cell can be accomplished by use of a
screen, or a mask, prepared from blaCK photographic paper having
small, uniformly distributed holes or slits of appropriate dimen
sions.
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"Based on unpublished results collected by Subcommittee VI of A.B.T.M. Committee
D-2 from 12 cooperating laboratories utilizing seven different make. of commercial pho-
toelectric colorimeters. . .

0.74 0.03 0.06

0'.09
1.03 0.03 0.11

0.56 0.03 1.90 0.05 0.15
0:30 0.8.

1'.64 0:07 0·:i8
1.23

1.25 0.05 0.12
0.82 0.05 0.17

1'.73 0:050.60 0.02 0.04 0.16
0:i30.05 0.45

1'.00 0:004
0.66 0.25 0.80

0.04
0·.051.00 0.005

1'.00 0:004 0:04
1.80 0.30 1.47

0'.3·1 0:06 0·."1"7
0.21 0.13 0.59

Precision of Relative Color Density Results Obtained in
DifTererit Laboratories .

1.18
Too light

0.64
1.00
1.36
.0.09

40-Mm.
Cell.

Klett
Summerson

Cenco
Sheard
Sanford

1.00
Too light

0.58
1.00
1.74

Too light

Lumetron
Model
402E

0.98
Too light

0.49
1.00
2.17
0.11

1.12
Too light

0.63
1.00
1.67
0.14

Fisher
electro

photometer

Description of 8ample

Lubricating oil, 8AE 10
Lubricating oil, SAE 20
Lubricating oil, SAE 50
Lubricating oil (union color less than 1)
Lubricating oil, SAE 50
Lubricating oil, SAE 40
Lubricating oil, SAE 30 (abnormal color)
Lubricating oil, highly fluorescent
Light kerosene (ordinary water-white kerosene)
Dark kerosene (sample S-58 containing 2% by volUloe of 8AE

10 oil)
Aqueous inorganic standard A (contains 9.70 grams of iron and

1.61 grams .of cobalt diluted to exactly 100 ml. with 0.6 II'
hydrochloric acid)

Aqueous inorganic standard B (contains 2.77 grams of iron and
0.537 gram of cobalt diluted to exactly 100 ml. with 0.611'
hydrochloric acid)

Aqueous inorganic standard C (contains 0.0333 gram of iron and
0.0134 gram of cobalt diluted to exactly 100 ml. with 0.6 II'
hydrochloric acid)

Aqueous inorganic solution X (contains 120 grams of nickelous
chloride hexahydrate in 14 liters of 0.2 II' hydrochloric acid
solution)

Aqueous inorganic solution Y (contains 0.0514 gram of iron and
0.0214 gram of cobalt diluted to 2000 m!. with 0.6 II' hydro
chloric acid)

Aqueous inorganic solution Z (contains 700 grams 0'£. copper
sulfate pentahydrate in 14 liters of approximately -0.1 .II' sul
furic acid solution) ~

Table II. Description of Color Test SaDlples

Mean

Relative Color Density for Indicated Standard and Cell Depth"

S-61

S-62

S-64

S-65

S-63

8ample
No.

8-50
8-.51
8-52
8-53
8-54
8-55
8-56
8-57
8-58
8-59

8-60

S-53
S-58
S-59
8-62
S-63
S-64

Table Ill. Relative Color Density Values
(Obtained with five makes of photoelectric colorimeters)

Relative Color Density, 8tandard B. 10-Mm. Cell
Fisher Lumetron Cenco-

Sample electro- Klett- Model Sheard- Hellige-
No. photometer Summerson 402E Sanford Diller

8-50 0.76 0.73 0.71 0.79 0.77
S-51 1.03 1.02 1.04 1.06 1.05
8-52 1.79 1.90 1.94 1.86 1.83
8-53 0.05 0.04 0.01 0.05 0.03
8-54 Too dark 5;31 5.04 4.47 5.14
8-55 Too dark 3.77 3.87 3.52 3.86
S-56 2.85 3.07 3.09 2.93 2.91
S-57 1.66 1.78 1. 74 1. 72 1.69
8-60 2.47 Z.64 2.70 2.48 2.44
S-61 1.00 1.00 1.00 1.00 1.00
8-62 0.06 0.04 0.03 0.02 0.02
8-63 0.07 0.05 0.05 0.04 0.03
8-65 0.27 0.29 0.43 0.31 0.31

Sample
No.

Tahle IV. Relative Color Density Values of Light Samples
(Obtained with four makes of photoelectric colorimeters)

Relative Color Density, Standard C, 50-Mm. Cell

Standard A, 2"Mm. Standard B, 10-Mm. Standard C. 50-Mm.
Cell Depth Cell Depth Cell Depth

Deviation Deviation Deviation
from Average from Average . from Average

Maxi- Av. Maxi- Av. Maxi-
mum value Mean mum value Mean rou m

Av.
value

S-50
S-51
8-52
8-53
8-54
8-55
8-56
8-57
8-58
8-59
8-60
8-61
8-62
8-63
S-64
8-65

Sample
No.

Tahle V.

Standard B
~

Slapdard A

.•./

cell depth =13 mm~

100r---r----r--::=-...---,----.,.,.,....---.....,

For reasons previously stated, the authors have chosen Gard
ner~type iron-cobalt color comparison standards to compensate.
for variations in response from colorimeter to colorimeter. Com
parison of Figure 4 and Figure 1 shows that the spectral charac
teristics of these standards closely approximate those of typical
petroleum products except for the spectral region above 700
millimicrons. However, thiS difference can be neglected, as the
net response of the colorimeter is comparatively small in this
region (Figure 2).

80

zo

-'60

to
o0:
i
c
f 49...

0
300 400 600 700 800 900

Wave Lenglh, mu
Figure [4. Spectral Characteristics of Standard Color

Solutions

With regard to the stability of the chosen standards A, B, and
C described above, repeated optical density measurements over a
period of 4 months indicated that they are stable when kept at a
moderate room temperature (20 0 to 25 0 C.). However, when not
in use, they should be-kept in tight glass-stoppered bottles, as
standards A and B, particularly, have a tendency to absorb water
from the air.

Although the authors have chosen the particular color stand
ards described for use in their work, it is intended that other suita
ble standards should be used for specific applications, particu
larly those involving specification testing. The standard selected
for a particular application should approximate. as closely a.s
possible the color density and spectral characteristics of a sample
of the test material which just passes the test or has Ii. color den
sity in the most critical range.

In order to check the reproducibility and general
usefulness of the proposed method, sixteen samples
of petroleum products and colored aqueous solu
tions, designated as S-50 to S-65, inclusive, were
prepared (Table II). Their relative color density
values were determined on five commercially avail-
able photoelectric colorimeters: the Klett-
Summerson photoelectric colorimeter (Model
900(3), the AC Model Fisher electrophotometer,
the Hellige-Diller photoelectric colorimeter (Model
405-A), the Cenco-Sheard-Sanford photoelectric
colorimeter (Catalog No. 12,340), and the Lume
tron colorimeter (Model 402-E). Table III gives
the results of the measurements made in lO-mm.
cells relative to standard B. Table IV gives
those made in 40- and 50-mm. cells relative tOe
standard C.

The results in Table III indicate that for those
samples in which the relative color density values
are between 0.1 and 2.0, good agreement is obtained
by the five different instruments; in this range, the
aver.age deviation from the mean of the relative
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)·.CO
1.62
0.15
;') ~4

0.63

0.31

2.44
1.00

0.77
1.05
1.83

2.91
1.69

Fourth Week

Showing Their

0.21
0.27
0.59

1.00
0.35

1.61
1.25
0.86
0.63

Stand- Stand- Stand
ard A ard B ardC'
2.4- 10- 58_
mm. mm. rom.
cell cell' oell

precision found by the authors
(Tables III and IV).

Inasmuch as the color sari:J.
pies' were being tested over a
long period of time, their rela
tive color densities were meas
ured on the YlSher ell!ctropho
tometer once a week over a pe
riod of 4 weeks in order to deter
mine whether the color density of
any of the samples changed with
time: The results, given in
Table VI, indicate that little or
no change tookp~ce. The data
also indicate the high degree of
repeatability obtainable when
the same colorimeter is used for
a series of color measurements.

Color densities relative to
standards A and B were
obtained for sixty samples of

lubricating oils representing tW'elve commercial brands (Table
VII). These color measurements were made on t.he Fisher
electrophotometer and the Klett-Summerson photoelectric
colorimeter. In addition, the A.S.T.M. union color numbers
(1) of these samples were determined. In most cases, the
final A.S.T.M. union color numbers reported were obtained by
averaging the readings obtained by three different operators.
The results in Table VII demonstrate the good instrument-to
instrument reproducibility obtained by the proposed method and
its applicability to lubricating oils and materials of similar color
characteristics. Table VIII shows the reproducibility of the rela
tive color density and A.S.T.M. union color (1) methods and
shows that the preciSIon of the relative color 'density values is
considerably better than that of the visual method when the de-

)'.00
1.54
0.08
5.42

0.52

1.02

Color Density Values of Color Test SllJDples,
Stability over a Period of Four Weeks .

(Instrument: Fisher electrophotometer)

Second Week Third Week
Stand- Btand- Btand- Btand- Stand. Stand
~A ~B ~C ~A ~B ~C
2.4- 10- 50- 2.4- 10- 50-
mm. mm. mm. mm. mm. mm.
cell cell cell cell cell cell

Relative

First Week

0.21 0.76 0.21 0.75 0.21 0.79
0.26 1.(}3 0.27 1.03 0.28 1.03
0.60 1.79 0.59 1.78 0.60 1.83

1:58
1.12 1. 14

1':6'21.60
1.38 1.26

2'. ill
1.27

0.85 2.85 0.86 0.86 2.88
0.63 1.66 0.65 1.65 0.64 1.68

1':00 i:4'7
0':63

2':4'3
0':61

1.'011.00 2.55
0.37 1.00

1'.00
0.37 1.00

1.0'0
0.36 1.00

1.67 1.67

0·.i7
0.14 0.14
.5.70 5.70

Stand- Stand- Stand
ard A ard Bard C
2.4- 10- 50-
mm. mm. mID.
cell cell cell

Table VI.

6-50
S-51
6-52
S-53
S-54
6-55
6-56
8-<57
6-68
S-59
6-60
6-61
8-62
~63
8-64
8-65

color density value for a single sample ranges fWIll 0.01 to 0.04.
For all the samples.in Table III the average deviation from 'the
mean of the relative color densities for a single sample ranges from
1.0 to 12.5%, with an average relative error of 4.4%. The rela
tive color density data obtained with standard C (Table IV) show
an average relative error of 11.6%.

These sixteen samples were also cooperatively tested in a pro
gram sponsored by Subcommittee VI of A.S.T.M. Committee
D-2.· Relative color density measurements were made in accord
ance with the described method in twelve different laboratories
Using a total of seven different makes of photoelectric color
imeters. The data obtained, given in Table V, show that .the
reproducibility of the method in different laboratories using com
mon photoelectric colorimeters is approximately the same asthe

'Sam
pie
No.

Table VII. Relative Color Densities and Union Colors of Sixty Commercial Lubricating Oils Representing
Twelve Brands

(Obtained with two colorimeters)
Standard A. Standard B, Standard A, Standard' B.

2.4-Mm. Cell 1O-Mm. Cell 2.4-Mm. Cell 10-Mm. Cell
Fisher Fisher Fisher Fisher

electro- Klett- electro- Klett electro- Klett- electro- Klett
Description of photom- Summer- photom- Summer- Union Description of photom- Summer- photom- Summer- Union

Oil Sample eter son eter son Color Oil Sample eter son eter son Color

.Brand A Brand F (pale)
SAE 10 0.26 0.27 1.08 0.99 3 1;' SAE 10 0.15 0.14 0.67 0.66 2 1/.
SAE 20 0.39 0.40 1.43 1.47 4 SAE 20 0.16 0.15 0.75 0.74 21;'

SAE 30 0.56 0.53 1.88 1.94 5- SAE 30 0.24 0.22 0.98 0.96 3
SAE,40 0.52 0.46 1.70 1.80 5- SAE 40 0.26 0.25 1.02 1.02 3
SAE 50 0.61 0.58 1.97 2.08 5 SAE 50 0.44 0.42 1.46 1.51 4
SAE 60 0.93 0.88 2.98 3.20 7+ Brand G

Brand B S;AE 10 0.28 0.27 0.91 0.92 3 1;'

SAE 10 0.34 0.31 .1.20 1.21 4 SAE 20 0.47 0.46 1.50 1.59 4 1/.
SAE 20 0.36 0.39 1.37 1.40 4 1/. SAE 30 0.60 0.57 1.87 2.01 5
SAE 30 0.51 0.49 1. 72 1.76 5- SAE 40 0.77 0.75 2.39 2.59 6
SAE 40 0.42 0.43 1.47 1.53 4 112 SAE 50 1.03 1.03 2.95 3.25 7
SAE 50 0.45 ·0.41 1.47 1.51 4 1/. SAE 60 1.36 1.34 Too dark 4.52 8+
SAE 60 ' 0.57 0.53 1.90 2.01 5+ SAE 70 1.24 1.23 Too dark 4.08 7+

Brand C Brand H
SAE 10 0.28 0.26 1.02 1.01 4~ SAE 10 0.19 0.19 0.68 0.69 3
SAE 20 0.34 0.33 1.16 1.17 4+ SAE 20 0.22 0.21 0.75 0.74 3 1/.
SAE 30 0.56 0.54 1.73 1.88 5 SAE 30 0.26 0.24 0.85 0.82 3 1;'
SAE 40 0.62 0.61 1.89 2.00 5 SAE 40 0.28 0.26 0.94 0.93 3 112 +
SAE'50 0.61 0.59 1:84 1.98 5' SAE 50 0.65 0.59 2.03 2.15 5
SAE,60 0.70 0.69 2.07 2.. 21 6- SAE 60 1.02 0.95 3.21 3.50 7
SAE 70 9.99 0.99 3.12 3.39 7+ SAE 70 1.68 1.66 Too dark Too dark Too

Brand D
Brand I (P'mn.)

dark
SAE 10 0.31 0.32 1.07 1.06 4-
SAE 20 0.29 0.31 0.99 1.00 ' '3 1/2+ SAE 10' 0,21 0.17 0.61 0.61 3
SAE 30 0.44 0.45 1.38 1.43 4+ SAE 20 0,78 0.78 2.12 2.31 5+
SAE 40 0.35 0.33 1.11 1.13 4- SAE30 '0.98 '0.94 2.72 2.99 6+

Brand E (green) SAE 40 ,1.25,' 1.23 Too dark 3.88 ' 8
SAE 10 0.67 0.65 2.18 2.31 5+ SAE 50 1.57 1.57 Too dark 5.31 8+
SAE 20 0.73 0.73 2.28 2.46 6 Brand J
SAE 30 0.67 0.65 2.18 2.32 5+ SAE 10 0.28 0.25 0.93 0.91 31f.
SAE40 0.65 0.62 2.13 2.27 5+ SAE 20 0.44 0041 1.39 1.43 4+
SAE 50 0.73 0.70 2.23 2.38 6 SAE 30 0.67 0.61 2.03 2.15 5+
SAE 60 0.89 0.86 2.75 2.98 7 Brand K
SAE 70 0.97 0.97 . 3.08 3.35 7+ SAE 30 0.43 0.42 1.37 1.42 4+

SAE40 0.59 0.56 1.89 1.99 4 1;'
Brand L (Hi-Duty)

TooSAE 70 1.69 1.71 Too dark 5.58
dark
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0.43
1.58

1.58
0.93
0.30
0.39
0.07

0.64
0.73
0.40
0.60
0.36
0.34

0.52
0.17

-0.15
-0.37
-0.47
-0.31

0.43
0.16

-0.08
0.04

-0.14
-0.29
-0.12
-0.18
-0.23
-0.36
-0.20

0.85
0.25
'0.38

-0.12
-0.09

~0.47

-0.36
-0.68
-0.42
-0.61
-0.72
-0.78

0.81
-0.59

0.20
0.52

-0.11
-0.08
-0.17

0.35
-0.57
'-0.69
-0.86
-0.84

0.99
0.23

-0.10

0.02
0.18

-1.07

Hellige
Diller

Devia-,
tion

5.38
4.73
4.10
4.19
3.87

4.44
4.53
4.20
4.40
4.16
4.14

4.32
3.97
3.65
3.43
3.33
3.49

1.51

3.66
3.51
a.68
3.62
3.57
3.44
3.60

4.65
4.05
4.18
3.68
3.·71

3.33
3.44
3.12
3.38
3.19
3.08
3.02

4.61
3.21
4.00
4.32
3.69
3.72
2.62

4.15
3.23
3.11
2.94
2.96

4.79
4.03
3.70

3.82
3.98

2.73
3'.80

0.40 4.23
0.59 3.96
0.07. 3.72
0.27 3.84

o 34

1.51
0.66
0.18
0.14

-0.01

0.70
0.55
0.42
0.55
0.20
0.29

0.92
0.13
0.04

-0.22
-0.35
-0.23

-0.13
-0.42
-0.37
-0.16
-0.40
-0.1~

-0.03

0.49
0.29
0.07

-0.04
-0.13

-0.38
-0.41
-0.43
-0.33
-0.5"
-0.36
-0.40'

0.42
-0.10

0.05
0.27

-0.15
0.00

0.10
-0.73
-0.75
-0.75
-0.61

0.18
0.02

-0.15

-0.06
0.10

-0.70

5.41
4.56
4.08
4.04
3.89

4.60
4.45
4.32
4.45
4.10
4.19

4.82
4.03
3.94
3.68
3.55
3.67

4.30
4.49
3.97
4.17

3.77
3.48
3.53
3.74
3.50
3.75
3.87

4.39
4.19
3.97
3.86
3.77

3.52
3.'49 .
3.47
3 ..55
3.35
3.64
3.50

4.32
3.80
3.95
4.17
3.75
3.90

4.00
3.17
3.15
3.15
3.29

4.08
3.92
3.75

3.84
4.00

3.20
3.90

1.43
0.72
0.04
0.26

-0.10

0.53
0.44
0.22
0.50
0.08
0.14

0.89
0.41

-0.29
-0.32
-0.46
-0.45

0.45
0.53
0.02
0.07

-0.33
-0.53
-0.37
-0.36
-0.44
-0.34
-0.35

1.12
0.68
0.40
0.21

-0.35

-0.02
-0.38
-0.55
-0.5:')
-0.82

-0.26
-0.83
-1.01

0.61
0.34
0.09
0.53

-0.26
-0.34

0.26
-0.14
-0.39

-0.17
-0.28

5.25
4.54
3.86
4.08
3.72

3.56
2.99
2.81

4.43
4.16
3.91
4.35
3.56
3.48

Ratio

3.65
3.54

3.82

4.08
3.68
3.43

·4.35
4.26
4.04
4.32
3.90
3.96

4.71
4.23
3.53
3.50
3.36
3.37

4.27
4.35
3.84
3.89

3.49
3.29
3.45
3.46
3.38
3.48
3.47

4.94
4.40
4.22
4.03
3.47

3.80
3.44
3.27
3.27
3.00

[Ratio of relative color density with standard B (lO-mm. cell) to relative
color density with standard A (2-mm. cell) I

Fisher Klett-
Electrophotometer Summerson

Devia- Devia-
tion Ratio tion Ratio

Description of
Oil Sample

Brand A
.SAE 10
SAE 20
SAE 30
SAE 40
SAE 50

Brand B
SAE 10
SAE 20
SAE 30
SAE 40
SAE 50
SAE 60

Brand C
SAE 10
SAE 20
SAE 40
SAE 50
SAE 60
SAE 70

Brand D
SAE 10
SAE 20
SAE 30
SAE 40

Brand E (green)
SAE 10
SAE 20
SAE 30
SAE 40
SAE 50
SAE 60
SAE 70

Brand F (pale)
SAE 10
SAE 20
SAE 30
SAE 40
SAE 50

Brand G
SAE 10
SAE 20
SAE 30
SAE 40
SAE 50
SAE 60
SAE 70

Brand H
SAE 10
SAE 20
SAE 30
SAE 40
SAE 50
SAE 60
SAE 70

Brand I (Penn.)
SAE 10
SAE 20
SAE 30
SAE 40
SAE 50

Brand J
SAE 10
SAE 20
SAE 30

Brand K
SAE 30
SAE 40

Brand L (Hi-Duty)
SAE 70
Average
Mean deviation
Maximum deviation

Table IX. Reproducibility of Relative Color Density
Values

APPLICATIONS

During the past two years, the relative color density method
has given satisfactory results for a variety of materials, especially
those in the color density range of standards A and B. It has
been particularly useful in following the color changes occurring
in experiments involving oxygen degradation of materials such as
lubricating oils, gasolines, motor fuel blends, solvents, and poly
mers. It has also given considerable aid in determining the de
gree of refinement or pm:ity of many chemical preparations;
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Relative to
Standard A

""

B

viations are considered on a relative percentage basis. This is
true even for samples 8-55, 8-56, aIj.d·S-60, which are really too
dark for accurate measurement relative to standard B.

Color data gathered in the past have often been expressed in
A.8.T.M. union color numbers and, therefore, it is useful to know
the relationship between any new color system and union colpr.
Using data similar to those given in Table VIII, the relative color
density values relative to standards A and B (measured in 2.4
and 100mm. cells, respectively), were plotted against the corre
sponding A.8.T.M. union color numbers. The resulting curves
(Figure 5) give an approximate correlation of relative color den
sity and the A.8.T.M. union color scales..

Table VIII. Reproducibility of Relative Color Density
and A.S.T.M. Union Color Num.ber Results

Relative Color Density A.S.T.M. Union Color
Standard B, lO-Mm.. Cella Numberb

Sample Maximum Maximum
No,' Avo deviation Avo deviation

~=~7 0.75 0.04 3 0.5
S-52 U~ g:g~ ,~!+ gj~
S-55 3 .75 0 . 23 7.5 0.5
S-56 2 .97 O. 12 7 1
S-57 1.72 0.06 5+ 0.5
S-60 2.55 0.15 5.5 0.5

a Measurements made using c~lorimetersof five different makes.
b Based. on unpublished results collected by Subcommittee VI of A.S.T.M.

Committee D~2 from 12 cooperati.ng ~aboratories.

10 r--,--i,--.-----,----,-----.

In the practical application of the method, a discontinuity of
calculated values occurs in progressively darker oils when it be
comes necessary to change from one specified cOInbination of cell
depth and standard to another. From a reproducibility stand
point, this discontinuity is serious only in borderline cases.
Table IX d.emonstrates the degree of constancy of the ratio of
relative color densities obtained with standard B (IO-mm. cell) to
those obtained with standard A (2-mm. cell) for various oils and
for three different makes of colorimeters. Apparently, a definite
relationship exists between the two sets of relative color density
values but it is not sufficiently constant from one material to
another to permit accurate conversion from one scale to another.

1.5 2.0 2.5 3.0
Color Oensily

Figure 5. Correlation of Relative Color Density with
A.S.T.M. Union Color Num.bers

This variation is probably attributable to differeIltces in spectral
transmission properties of some of the samples.. However,
neither reflectance nor fluorescence appears to bear any relation
ship to this variation. The most logical use of the average ratios
would be for approxima'te conversion of a series of values from one
systemto another when a transition of systems is necessary because
of color changes during the progress of a series of experiments.
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Determination of on in Oil-Field Waste Waters
H. DARWIN KIRSCHMAN, University of California, Los Angeles, Calif., AND RICHARD POMEROY,

Montgomery and Pomeroy, Pasadena 1, Calif.

In analyses of oil-field waste waters "oil" is 'con
sidered 'as the relatively nonvolatile liquid compo
nent that contributes to the formation of oil films
and deposit~. The' nonsaponifiable hexane-soluble
fraction most closely represents "oil content" in
this sense. In any analytical procedure that uses
a solVent, removal of this solvent prior to weighing
or volumetric measurement mu§t be accomplished
in a manner to minimize evaporation of the oil.
Drying t4e oil at room temperature after boiling
off the solvent has been found satisf~ctory. In the
wet-extraction method, samples of low oil content
(below 25 p.p.m.) yield-about 95% of the oil in two
extractions and 99% in three; higher percentage
recovery is attained at higher oil contents. Naph-

THE determfnation of oil in oil-field waste waters is of con
siderable importance where .pollution control agencies have

set up standards of quality for wastes discharged into bodies of
natural water, or where the efficiency of facilities for waste water
treatment must be evaluated. In general, procedures previously
recommended have not been investigated with enough thorough
'ness to provide an adequate basis for judging their accuracy and
suitability; the results of such investigations, if any have been
made, are not available in published form.

This paper reports the results of an investigation undertaken to
develop procedures that will yield valid results in terms of a
reasonable understanding of the objectives of the "oil" determi
nation. Two basic plans, the "wet extraction" procedure and the
"flocculation" procedure, have been elaborated and compared.

CONSTITUENTS CONSIDERED AS OIL

Before evaluating analytical procedures for determination
of the oil content of waste water, a decision should be made as to
what materials are to be included in the category of oil. Oil
field waste waters contain all the hydrocarbons of natural gas
and oil from methane up, plus asphaltic and resinous materials,
fatty acids, and other organic matter. The.hydrocarbons having
boiling points above normal atmospheric temperature-i.e.,
isopentane (2-methylbutane) and heavier-could be considered
as constituting the oil component of the sample. When the oil
is separated by solvent extraction, either with or without the aid
of flocculation, there is no practicaf way of separating the solvent
from the extracted oil without the loss of highly volatile fractions.

In one published procedure for determination of oil in waste
waters an attempt is made to overcome this difficulty by partially
distilling the sample and separating the distilled oil from the
water by gravity, with a subsequent volumetric measurement

thenic acids are extracted with the oil and must be
separated by saponification. A new procedure gives
results differing by an average of less than 1 p.p.m.
on duplicate samples. Ferric chloride is unsuitable
as a flocculating agent, because.it.produces sulfur in
the extract if the waste water contains sulfide. Zinc
salts are satisfa~tory. Results by the flocculation
method are reproducible with an average difference
below 1 p.p.m. on duplicates, but the results are
about 2 p.p.m.lower than those of the wet-extraction
method, because of incomplete trapping of the oil
by the floc and incomplete removal of the oil from
the floc. Because the wet-extraction method gives
results of superior accuracy in less elapsed time,
the authors consider it generally preferable.

(1). But even in this procedure, a small amount of ethyl ether
is used to collect all the oil in a capillary tube. Because of the
necessity of evaporating this ether, all the pentanes and 'at least
part of the hexanes are lost. Some type of distillation procedure
may be the only way to get accurate results as far as highly vola
tile components are concerned, but any such procedure, if exact,
is certain to be complicated and too lengthy to' be of value for
routine testing. The best way out of this difficulty is to ignore
hydrocarbons that evaporate rapidly at room temperature, and
to consider that "oil content," for practical purposes, means the
oil that remains as such after moderate exposure to the air.
This is a logical view, in so far as the pollutional character of the
water is concerned, for the highly volatile oils do not contribute
to oily films on the surface of polluted streams. The volatile
hydrocarbons may contribute to explosive atmospheres in sewers,
but this condition may result from the presence of hydrocarbon
gases as well as vaporizable oils. From an analytical standpoint
this is a problem entirely separate from oil content.

The final delimitation of the category designated as "oil"
will depend in part upon the practicability of laboratory proce
dures. The objective chosen in this research was the separation of
the components that are relatively nonvolatile liquids at room tem
peratur.e and contribute to the formation of oil films and deposits.

With this in mind a solvent should be chosen which will dissolve
the oils effectively, but will have a minimum solvent action on
nonliquid mat~ials. In drying the separated oil prior to weigh
ing, a procedure should be followed in which it will be possible to
evaporate the solvent used in the analysis, together with frac
tions of the oil similar to the solvent in volatility, but without
too great evaporation of heavier fractions. Solvent and drying
technique must be chosen before comparisons of extraction pro
cedures can be made.
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Table I. Solubility of Montebello Crude Oil in Solvents
(100 mi. of soivent pills 600 mg. of crude oil)

Insoluble Residue,
Solvent %of Sample

Neohexane 10. 3
Cyclopentane 4.8
Carbon tetrachloride 1.4
Benzene 1.0
Chloroform 0.95

The oils used were Montebello crude having an A.P.I. gravity
of 25 (specific gravity 0.902) a,nd Sa,ntI1- Ma.ria, crude with an
A.P.I. gravity of 10 (specific gravity 1.00).

Small samples of the crudes were weighed into 300-m!. conical
flasks, spread adequately over the bottoms of the flasks, and
allowed to stand at room temperature, with subsequent weighings
at appropriate intervals. In one case, 10 m!. of chloroform were
added to the oil with subsequent evaporation of the chloroform
by a stream of air until it was apparently all gone. Results are
shown in Table II.

DRYING OlLPREPARATORY TO WEIGHING

In any practical .analytical procedure, the oil will be separated
in the form of a dilute solution in an organic solvent. The solvent
must· then be removed by distillation or evaporation and the
containing vessel brought to equilibrium with the laboratory air.
To secure information about the losses of oil due to evaporation
and to develop a suitable technique for drying the extracted oil
prior to weighing, a study was made of the evaporation losses of
small samples of crude oil when exposed to the air.

A comparison of the two samples of Montebello crude shows
that the percentage loss of weight is greater for the smaller sample,
as would be expected, yet the difference is relatively slight. The
experiment also shows relatively little difference in behavior of
the two crudes. Rather surprisingly, the heavy Santa Maria
crude shows a slightly greater loss in weight than the less dense
Montebello crude. A greater range of behavior would no doubt
be found if a greater variety of crudes were tested.

The fourth test shows that some of the added solvent remained
with'the oil for an hour or more, but after 2 hours the figures for
percentage of loss are the same as for the sample to which no
cWoroform had been added.

CHOICE OF SOLVENT

Among the solvents that may be considered in the analysis of
oil~field waste waters, some--for example, benzene, t!le ethers,
chloroform, and carbon tetrachloride-dissolve not only the
liquid hydrocarbons but also. materials of the asphaltene class.
Alkane solvents, on the other hand, have very little solvent
action on the asphaltenes.. Naphthenic hydrocarbons, such as
cyclopentane, are intermediate in action. The relative strengths
of variuus solvents toward petroleum components are revealed
by treating small samples of crude oil with the solvents and
weighing the insoluble residue. A series of tests of this sort with
Montebello crude is shown in Table I.

When strong solvents are used in extractions of oil-field waste
waters, and the dried extract is treated with hexane, an insoluble
residue remains, which generally amounts to about 10% of the
total extract. These hexane-insoluble residues from crude oil
or from extractions of oil-field waste waters are black, amorphous
solids, typically asphaltenes. Samples of these residues from
various sources have been examined many times, and have not
shown an oily or tarry consistency, with the exception of a single
anomalous case (3).

The decision as to the inclusion of asphaltenes as a part of
"oil content" depends on the purpose of the analysis. Crude
oils hold asphaltenes in solution to some extent; hence these com
ponents might be included as possibly contributing to the total
quantity of an oily phase separating from waste waters. It does
not necessarily follow, however, that such materials. would always
be a part of the oily phase. Because they are not themselves
oils, and the objective is to determine, as nearly as possible
the "relatively nonvolatile liquids," the decision in this research
was to consider only the alkane-soluble material as oil. The
solvent selected for this purpose is essentially a mixture of iso
meric hexanes, sold as "mixed hexanes" and hereinafter referred
to as "hexan~." In certain steps of the procedures stronger
solvents are used, but the final separation is made with hexane.
The standard procedure of the American Public Health Associa
tion for determining "grease" in sewage (2) also uses an alkane
solvent (petroleum ether).

+28

24

-5.0

6

-4.5

-4.5

VOLATILITY LOSSES DURING DISTILLATION OF SOLVENT

The losses attending the process of distillation of the solvent
were studied.

In each test a sample of Montebello crude was weighed into a
300-m!. conical flask]..and a 20o-m!. portion of solvent was added,
and then distilled on. In the distillation process, a water bath
was used for heating and the flask was connected to the con
denser by corks and a glass angle tube 10 mm.·in diameter. The
solvent was distilled down to a volume of 3 to 5 m!. The flask
was. then disconnected and the last of the solvent removed by
tilting to pour out the vapor, reheating, if necessary, by a momen
tary immersion in the water bath and tilting again, until removal
of the solvent appeared to be complete. The flask was then
placed upright near the balance and weighed at intervals. The
results are shown in Table III.

The losses are substantially greater than when the samples
were merely exposed to the air, and generally increase with
increasing boiling point of the solvent used. Exceptions are
noted in the case of benzene at 1 and 2 hours, but this was prob
ably due to incomplete removal of the benzene.

The last line of Table III shows the results of re-use of a solvent
previously used in a similar experiment. The accumulation in the
solvent of volatile fractions of the crude oil evidently diminishes
subsequent losses. This was observed also with other solvents
in preliminary experiments. After this behavior became ap
.parent, all solvents were redistilled before re-use, and roughly 20%
discarded at the end of the distillation. When seeking the most
accurate results on small quantities of.oil, it is desirable to purify
the solvents by two successive distillations.

The object of the analysis is to separate relatively nonvolatile
oils. Hence it is desirable to hold the losses of volatile fractions
down to the minimum consistent with complete removal of the
solvent. The loss of these fractions, however, does not diminish
the usefulness of the results if the procedure gives reasonably
reproducible values.

The foregoing experiments led to the adoption of a procedure
substantially as outlined above-distillation on a water bath,

with removal of the last Of the solvent
by gentle warming and tipping of the
flask. Subsequently the flask is sup
ported in the balance room for 1 to 2
hours in an inverted position. When the
quantity of oil is too great to permit this,
the flask is left on its side for approxi
mately one day. The tare weight of
the flask is determined after weighing
flask plus oil, by rinsing out the oil

-4.3

-4.3

• Time, Hours
1 2 3 4
Per Gent Change of Weight.

0.5

-1.9 -2.4 -2.9 -3.5
-1.6 -3.1 -3.5 -4.5
-2.2 -3.1 -3.6 -4.1

+8 -1.8 -3.5 -4.1

Loss of Oil Due to Evaporation

-1.2
-1.2
-1.2

Table II..
Original

Weight of
Crude Oil, 0.25

Mg.

530.1
48.4

544.3

593.7

Type of
Crude Oil

Montebello
Montebello
Banta Maria
Banta Maria +

chloroform
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Table III. Loss of Oil During Distillation of Solvent
a subsequent separation' of these acids by saponification. The
details are given in the elaboration of the procedure below.

with the solvent and alIowing the flask to stand in the balance
room for 2 hours or more. .

Table IV. Effect of Acidification upon Quantity of Hexane
Extract .

Acidified Not
Sample Acidified Difference

Parts per m't1lion 01 extract

WET-EXTRACTION PROCEDURE

The wet-extraction method has been shown to be'suitable for
the determination of grease in sewage and certain industrial
wastes (3). Detailed examination of its performance as applied
to oil-field waste waters revealed two problems requiring special
investigation: possible extraction of organic acids from the water
and attaining complete extraction of the oil.

The magnitude of the first effect became apparent when suc
cessive extractions were made of two identical samples of Santa
Fe Springs waste water, one of which had been acidified, while the
other was left at its normal pH valu!l of 7.6. Results are shown
in Table IV.

The increase of extracted material in the acidified sample
amounted to 163 p.p.m. in three extractions, which indicates
that organic acids are potentially a source of large errors when the
pH is low enough to permit their extraction.

In another test, a sample of Wilmington oil-field waste water
was extracted with hexane, using high speed stirring. The total
extract recovered was dissolved in an ether-alcohol solu~ion and
titrated with sodium hydroxide. Subsequently hexane and
water were added and the mixture was shaken, thus transferring
the oil to the hexane layer and leaving the saponified acids in the
aqueous phase. Two additional extractions were also made of
the original waste water sample using chloroform,. with sub
sequent titration with base. For comparison purposes, the
weights of extract obtained by a hexane extraction at pH 11,
by the flocculation method, and by a hexane ext~action of the
saponified chloroform extract are included in the 'quantitative
results summarized in Table V.

The result obtained by hexane extraction at pH 11 led to the
hope that this might afford a simple way to prevent extraction
of the acids. An attempt was made to analyze Santa Fe Springs
waste water by this means, but it was impossible to prevent
the extraction, of fatty acids until the pH was raised to such a
value that the voluminous precipitate of calcium carbonate and
magnesium hydroxide prevented complete recovery of the oil.

Corrections for extracted acids might be made on the basis of a
titration of the extract, using an assumed equivalent weight for
the acids. This equivalent weight is variable, however, and if the
aCid content is high and the oil content is low, as in the case of the
Wilmington water (Table V), uncertainty of the correction will be
large relative to the true oil content.

The most practical way to overcome this difficulty appears to
be extraction under conditions suitable for complete recovery of
the oil, regardless of the amount of organic acids· extracted, and

Ethyl ether 35
Methylene chloride 40
Chloroform 61
Benzene 80
Meihylene chloride" 40

B Sample re-used as recovered

Sample 2
P.p.m. %
26.8 53.5
13.7 27.3
7.8 15.5

1.9 3.7

50.2 100.00

Extractions,

5.4

100.00

2.2

40.9

Quantity and Acidity of Extracts
Weight of Me. of

Extract, Mg. Aoids

16.8G 0.028
30.3 0.13
12.4 0.005
13.0

12.5

Table V.

Total extract

First extra.ction, hexane at pH 7.2
Two additional extractions with ohloroform
Hexane extraction of identical sample at pH 11
Flocculation method, hexane extraction
Chloroform extraction with saponification and

hexane extraction of unsaponified ~il

G Saponifioation left 11.8 mg. of oil.

COMPLETENESS OF .~XTRACTIONOF OIL BY DIFFERENT
TECHNIQUES

Attempts to extract oil from oil-field waste water by manu
ally shaking with hexane gave unsatisfactory results (Table VI).
Complete extraction could not be attained with a reasonable
expenditure of time and energy.

If the oil were present in the waste waters entirely in the form
of colloidal dropiets, complete extraction should be readily
attained. Much of the difficulty is no doubt due to the fact that
a considerable amount of the oil is bound up with particles of
asphalt and other solid material, so that effective contact between
solvent and oil is not easily attained. ·With a solvent, such a~

benzene or chloroform, which will dissolve asphaltic material~,
the extraction end point should be more rapidly approached.
To determine the correctness of this con(Jept, samples of oil
field waste water were subjected to successive extractions with
chloroform,employing manual shaking (Table VII).

Comparison of Tables VI and VII shows, as expected, that the
extraction by manual shaking approaches an end point more
rapidly when using chloroform than when using hexane.

Although the oil can be quantitatively recovered by manual
shaking with chloroform, this requires considerable expenditure.
of time and effort. Mechanical agitation was then tried as an
easier method.

A sewing-machine motor was equipped with a Monel stirrer
35 mm. in diameter which could be lowered into a wide-mouthed
I-gallon bottle. Use of a rheostat controlled the speed of rota
tion to about 2000 to 4000 r.p.m. Both hexane and chloroform
were tried; 200 to 30Q-ml. portions of solvent were used in each
extraction with similar but, not identical water samples of 2 to 3
liters.

Table VI. Hexane Extraction Using Manual Shaking
Extraction No. Shaking Time Oil Recovered

Min. P.p.m. %
1 2 15 28
2 2 13 25
3 2 9 17
4 30 15 28

It is evident that mechanical agitation gives much better
recovery in each extraction than manual shaking, and that there
is little difference in this case between the two solvents. (How
ever, longer periods of agitation employed with hexane may have
compensated for some difference in solvent action.) Each
extraction yielded 75 to 80% of the oil remaining in the sample;
thus substantially complete removal can be effected in four ex
tractions and for approximate purpQses two or three extractions
would be satisfactory.

Manual shaking, 5 min.
Second manual· shaking, 5 min.
Third manual shaking, 5 min.
Additional motor stirrer extraction,

5 min.

Table VII. Removal Of Oil by Successive
Using Chloroform

Method of.Agitation Sample 1
P.p.m. %
28.8 70.5 '
6.7 16.3
3.2 7.8

- 9.5
- 9.7
-10.7

-11.00

123
27
13

163

- 8.·-
- 8.
-10.0

-8.5
-8.6
-9.6
-9.0
-4.7

141
15
6

162

Time, Hours

-7.0
-7.5
-7.8
-3.4
-4.4

1 2 3 24
% Change from Original Weight

of Oil

Original
Weight
of Oil,
Mg.

497.1
498.4
505.7
504.
528.8

by distillation from previous analysis.

264
42
19

325

Boiling
Point of
Solvent,

o C.Solvent

First extraction
Second extraotion
Third extraction

Total
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a Assuming that an additional 1%would be recovered in fourth extraction.

Table IX. Extraction of Oil by High-Speed Mixing with
Hexane

Table VIII. Hexane and ChloroforITl Extractions Using
Mechanical Stirring
Sample I, Sample 2,

Hexane, 15·Min. Stirring Chloroform, 5-Min. Stirring
in Each Extraction in Each Extraction

Extraction % of total % of total
No. P.p.m. recovered P.p'.m. recovered

1 95.4 81 102.2 82
2 16.8 14 15.7 13
3 4.3 4 5.8 4
4 1.1 1 (1.3)a 1"

Total 117.6 100 125.0 100

With the usual oil-field waste waters of moderate oil content
this· sludge layer appears very light in color after the second
extraction. The small fraction of the original oil content of the
sample remaining in this layer may be neglected in most cases,
but when more voluminous than usual and 'when maximum
accuracy is desired, a third extracti.on may be indicated or this
sludge layer may'be separately extracted with a small portion of
solvent.

At the conclusion of an analysis, a small amount of emulsified
chloroform remains in the water and settles to the bottom of the
vessel after a few hours' standing. The amount is generally so
small that additional operations to recover its oil ~ontent are not
worth while.

Oil in First oii in Emulsion Total
Time, Extraction, Layer, Extracted, % Remaining

Minutes % of Total % of Total % in Water

1 70 2.7 73 27
5 83 7.3 90 10

15 81' 12.7 94 6
30 90 2.0 92 8

Table X. Duplication of Results by Wet-Extraction
Method

Oil Content, Parts per Million
First Second

'Vater No. analysis anal3-~sis Av. Difference

1 3.0 3.4 3.2 0.4
2 7.5 6.3 6.9 1.2
3 8.7 8.0 8.3 0.7
4 12.4 12.5 12.4 0.1
5 34.4 36.0 35.2 1.6
6 70.0 69.5 69.7 0.5
7 74.0 76.0 75.0 2.0
8 125.2 124.8 125.0 0.4

Av. difference between 1st and 2nd analyses 0.85

In contrast to sewage, in which the sample yields its grease
content readily on moderate shaking with the solvent for short
periods of time, the oil-field waters require vigorous agitation.
During this agitation, a certain amount of viscous emulsion is
produced which accumulates between the water and solvent
layers when the mixture is allowed to settle. In the experiments
shown in Table VIII, this emulsion layer was left with the water
to be subjected to subsequent extractions. It appeared likely
that a substantial portion of the oil unrecovered after each suc
cessive extraction by high speed motor stirring might be present
in this emulsion layer. Accordingly, a series of tests was run with
four identical samples, in which the emulsion layers were in each
case separately extracted. The time of stirring was also varied.
Table IX presents the results.

After agitation for 5 minutes or more the amount of the oil
remaining in the water is 10% or less of the total oil content.
Agitation for 1 minute gives poorer removal, but there is relatively
little advantage in times longer than 5 minutes.

When chloroform is used as ·the first extracting solvent, the
problems of sludge or emulsion layers become somewhat different
than when hexane is used: When chloroform and waste water
are vigorously agitated, and allowed to settle for a few minutes,
three principal layers separate.: an aqueous phase on the top;
a bottom layer which generally consists of droplets of chloro
form. separated by aqueous films; and, between the' two, a
"sludge" layer of water, solvent, air, and solid matter. In the
recommended procedure set forth below the water is poured from
the top of the bottle used for agitation and the lower layers are
transferred to a separatory funnel. Subsequently, the bottom
layer in the funnel, consisting principally of c~loroform, is run
into a second separatory funnel. This operation usually causes
the separation of clear chloroform, apparently by disrupting the
films that separate the chloroform droplets. The sludge layer is
returned to the water for a second extraction, whereby any oil
that it contains is largely removed by dilution in successive ex
tractions.

LABORATORY DIRECTIONS FOR WET-EXTRACTION PROCEDURE

Transfer the sample of water (about 2.5 liters) to a I-gallon
bottle with a sufficiently wide mouth to admit a motor-driven
stirrer but not wider than necessary, so that loss by spray during
agitation may be kept down. Add a 30 to 50-m!. portion of
chloroform to the original sample bottle,' taking care to rinse
off the stopper, and shake. Add this solvent to the water' sample
and repeat the process with fresh portions of chloroform until the
bottle is sufficiently cleaned for the accuracy. desired in the
analysis. Add to the water enough more chloroform to make a
total of about 200 ml. and thim subject it to 5 minutes' stirring
with a motor-driven agitator at sufficient velocity of rotation
to keep the solvent and water well mixed. .

Decant most of the supernatant water back into the original
sample bottle and pour the chloroform with the remaining water
into a 5OO-ml. separatory funnel. Run the unclear solvent layer
off into a second separatory funnel.' It will usually become clear
with a small amount of viscous sludge at the solvent-water inter
face. If the solvent layer is not cleared by this procedure, allow
the second funnel to stand for a few minutes and give it a single,
sharp shake which will usually break the "emulsion" and give a
clear solvent layer. With care to keep the stem of the separatory
funnel free from water, run the clear chloroform through a filter
paper into a 300-ml. conical flask.

Add the water remaining in the first separatory funnel to the
original sample bottle. Wash the sludge in the second funnel
out of the funnel top into the water and repeat the extraction
process as previously outlined. .

While the second extraction is being made, connect a condenser
to the flask containing the filtered chloroform solution and distill
the chloroform by partially surrounding the flask with hot water.
When the volume is reduced to 10 to 20 mI., add the second
extract to the same flask and distill in a similar fashion down to a
volume of about 1 ml. Remove the last portion of solvent by
pouring the vapor out of the flask. To the cooled flask, add 5 ml.
of ethyl ether, followed by 10 ml. of ethanol or 2"propanol, about
1 ml. of 1 N sodium hydroxide, and 2 drops of phenolphthalein
indicator solution. Now wash the contents of the flask with 200
ml. of hexane into a separatory funnel containing about 200 mi.
of distilled water. Gently shake the mixture, then draw off the
water layer. Repeat this washing with water until the water
shows no color of the phenolphthalein.

Draw off the last portion of wash water and filter the hexane
layer into a 300-ml. conical flask. A 50-ml. pipet equipped with a
rubber suction bulb is convenient for the transfer of hexane to the
filter. Wash the filter paper well with small portions of hexane.
Distill off the hexan'3 down to a volume of about 1 m!. Remove
the flask from the water bath, and remove the vapor by tipping.
Wipe off the outside of the flask with lintless cloth or paper and
place it neck down through an iron ring on a stand near the
balance; weigh after 1 to 2 hours. (If the quantity of oil is so
large that it may run out'.of the flask, lay the flask on its side and
weigh the next day.) To obtain the tare weight of the flask, waSH
it out with. several portions of hexane and again bring to equilib
rium with the atmosphere. Inasmuch as the flask is now cool,
a longer time is needed; 2 hours are adequate.

Reproducibility of results attainable by this procedure is in
dicated by the series of analyses of duplicate samples shown in
Table X.

FLOCCULATION METHOD

The flocculation procedure as developed by the Committee
on Waste Disposal of the American Petroleum Industry (1)
recommends that the final measurement of the separated oil be
made volumetrically in a special apparatus. This volumetric
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(Comparison of wet-extraction and Bocculation methods. All figures in parts per million)
Samples

Wet Extraction Versus Flocculation with Zinc Carbonate

measurement is only slightly faster than weighing and is decidedly
less accurate. In the present research it was desired to secure
results of maximum accuracy, often using samples from which the
yield of oil was onlY'a few milligrams, and to obtain results suit
able for comparison with gravimetric results secured by the wet
extraction method~ Hence the extraction of the floc was fol
lowed by the removal of solvent, drying, and weighing of oil
in the manner previously described for the wet-extraction pro
cedure.

Tests of the flocculation method were first mad,e with ferric
chloride as the flocculating agent. It was found that if the waste
water sample contained sulfide, the material extracted from the
dried ferric hydroxide floc included sulfur. Other flocculating
agents were then tried. Aluminum hydroxide and zinc car
bonate appeared most suitable. Both trapped the oil just as
well as iron hydroxide and neither yielded sulfur when used with
sulfide-containing waters. Zinc carbonate is more compact
and filters much more easily than alumiri.um hydroxide and
therefore was used in most of the flocculation experiments.
A number of tests for acidity in the material extracted from the
floc by hexane showed no evidence of the presence of organic
acids.

The procedur~ finally adopted for the flocculation method is as
follows:

. To a sample of 2 to 3 liters, add 5 millimoles each of zinc
acetate and sodium carbonate in solution. After thorough
mixing, allow the floc of zinc carbonate to settle and filter the
supernatant liquid through a qualitative paper. Toward the end
of the filtration, transfer the floc to the filter paper and allow the
paper to stand in the air until thoroughly dry. Wash out the
original sample bottle with 50 to 100 m!' of hexane to remove any
oil on the walls and stopper. Separate the water with a separa
tory funnel and transfer the hexane to a Soxhlet apparatus, taking
care that no drops of water are included. Place the dried filter
paper and floc in a Soxhlet thimble and extract for 2 to 3 hours
with hexane. At the end of the extraction period, reduce the
volume of solvent in. the receiving vessel to 2 to 3 m!' Dis
connect the flask and remove this last portion of solvent as di
rected in the wet-extraction procedure. After removal of the
solvent, place the flask in an inverted position near the balance for
1 to 2 hours; then weigh. Wash the oil out of the (lask with
several small portions of solvent and dry the flask as before to
secure its tare weight.

Early tests on duplicate samples by the two methods showed
that results were generally somewhat lower by the flocculation
method. This discrepancy was found to be due to incomplete
removal of the oil by the floc ano:i incomplete extraction of the
oil from the floc by hexane. This is ~ell demonstrated by the
series of comparative experiments shown in. Table XI, in which
repeated flocculations of the water, repeated extractions of the
floc, and a wet extraction of the water after flocculation give a
basis for comparison with the results secured by the wet-extrac
tion method as previously described.

The first group of seven waters had oil contents below 10 p.p.m.
For these, on the average, a single flocculation and extraction
yielded 61 % of the total oil recovered. A re-extraction of the
first floc yielded another 10%, and second flocculation gave 7%

0.88 0.69 0.85 0.06 0.00
0.05 0.75 0.06 0.70 0.06
4.14 5.59 2.80 6.46 3.47

2.10 1.54 0.61 2.00 2.16
6.24 7.13 3.4~ 8.46 5.63

4.60 7.10 4.05 6.22 5.48
-1.39 -2.95 -2.16 -0.52 -2.07
+1.64 +0.03 -0.64 +2.24 +0.15

9

29.7

3.6
34.8

1.5
31.2

35.1
-5.4
+0.30

1.04
22.62

1.38
0.52

21.58

8

19.68

22.20
-2.52
+0.42

0.43
6.53

7

4.26

0.65
1.19
6.10

0.23
4.50

6

2.\18

1.00
0.29
4.27
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addi tional. From the re
mai~ing water, another 22%
was recovered by a single wet
extraction. The total re
covery averaged 110% of the
amount found by the proposed
wet procedure, using two ex
tractions. A third extraction
presumably would have yielded
an additional 5%, leaving a
discrepancy of 5%. This
difference probably is not
significant, as it would average
only 0.5 ± 1.5 mg. of oil in
the samples taken. This may

be considered satisfactory agreement, in view of the fact that
the t% gJ;oups of analyses involve five operations and ten flask
weighings on each sample.

With samples of higher oil content, the discrepancy between the
two methods is relatively less, but nevertheless substantial.
Thus sample 8, containing 22.2 p.p.m. as determined by two wet
extractions, yielded 89% of this amount by a single flocculation
and extraction, and 106% by two flocculations, re-extraction,
and wet extraction of the water. Sample 9, showing 35.1 p.p.m.
by two wet extractions, yielded 85% of this amount by the simple
flocculation procedure, and 99% by double flocculation and wet
extraction of fil trate.

RELATIVE MERITS OF FLOCCULATION AND WET-EXTRACTION
METHODS

The wet-extraction method, as previously shown, gives results
(Table'X) which, on samples with 3 to 125 p.p.m. of oil, are
duplicable within an average difference less than 1 p.p.m. On
samples of oil content up to 35 p.p.m. a comparison of the results
of the wet-extraction procedure with those obtained by two suc
cessive flocculations followed by a wet extraction showed differ
ences averaging less than 1 p.p.m. (Table XI). These facts
indicate that the wet extraction method gives a reliable measure
of the oil content of the sample; "oil" is understood to mean the
hexane-soluble, nonsaponifiable, relatively nonvolatile liquid
component of the waste water.

The flocculation method gives results that are similarly repro:..
ducible and consistent among themsevles, but in waters of low oii
content are about 2 p.p.m. lower than the wet-extraction method.
As it has been demonstrated that this amount of additional oil
actually can be recovered from the water by an additional
wet-extraction operation, it may be concluded that the dis
crepancy is due to incomplete recovery by the flocculation method.

With adequate equipment, the working time per analysis is
about the same for the two methods. However, results can be
obtained in considerably less elapsed time by the wet-extraction
method. Six hours of elapsed time are adequate for a wet
extraction analysis, but in the flocculation method the precipi
tated floc must be dried at least overnight, so that results cannot
be secured in less than 24 hours.

3.92 6.62
-0.94 -2.36

. +0.58, -0.09

5

3.41

4

5.70

3

1.89

2

4.15

1

3.21

Table XI.

Oil Recovered from

First extraction, first fioc
Second extraction, first

Boc
Extraction of second floc
Total by Boc
Wet extraction of filtered

water
Total recovered
By standard wet extrac

tion
Difference, line 7 - line 1
Difference, line 6 - line 7

1
2

3
4
5

6
7

8
9

Line



lodometric Determination of Zinc
EUGENE K. MAUN AND ERNEST H. SWIFT

California Institute Qf Technology, Pasadena, Calif.

The iodolDetric determination of zinc has been studied. Under the conditions
of the procedure recommended the necessity for stepwise addition of ferricyanide
and successive titrations of iodine has been elilDinated and a stable end point
obtained. Under these conditions oit·is necessary to increase by an empirical fac
tor of 1.019 the stoichiometrically calculated amount of zinc. The titration is
rapid, andthe end point is sensitive and stable. A precision of 1 to 2 parts per
thousand can be 'cl[pected.

I,.N THE course of an investigation of the zinc ferricyanides.
.a method, preferably volumetric, was needed for the deter

mination of zinc. "As a result of <lonsidemble experience with
various modifications of the conventional titration with ferro
cyanide, the method first proposed by Lang and subsequently
investigated by various others (1, e, 4, 6, 12, 13) was tried. This
method involves the addition of an excess of ferricyanide and io
dide to the zinc solution, whereupon iodine is produced as a
result of a combination of precipitation and oxidation-reduction
reactions which can be expressed by the following over-all equa
tion:

3Zn ++ + 2K+ + 2Fe(CN).--- + 31- =
K2Zn3 [Fe(CN)6]. (S)+ 13- (1)

The iodine is titrated with thiosulfate to the conventional
starch-iodine end point. The advantages of this end point over
the various end-point methods used in the direct titration of zinc
,\'ith f,llrrocyanide were obvious; however, certain features of the
iodometric method were inconvenient or troublesome. Thus,
the necessity for adding the ferricyanide in small portions,
followed by titration with thiosulfate after each addition, made
the titration tedious and time-consuming. Unless the excess
oi ferricyanide was carefully controlled there was a return of the
end point because of oxidation of iodide by the excess of ferri
cyanide. Finally, previous workers had found necessary an
empirical factor of considerable magnitude, as the reaction rep
resented by Equation 1 is not stoichiometric.

Because of these facts there seemed justification for an ex
perimental investigation of the various factors and conditions
involved in the method.. The results of this study and a modified
procedure are given below.

has been found/to be approximately -0.71 volt in 1 F Sulfuric.
perchloric, or hydrochloric .acid; -0.56 iIi 0.1 F and -0.48
in 0.01 Fhydrochloric acid; and -0.46 in 0.01 F sodium hy
droxide (5, 15). [Because Equation 1 represents a combination
of precipitation and oxidation reactions, volume formal con
centrations (formula weights per liter of solution) are used in
order to avoid uncertainty as to equivalent weights.] These
valueS indicate that pH control would play an important part in
the equilibrium established in solutions containing ferricyanide
and iodide. In addition, a rate effect is known to be involved,
as it has been established that the rate of Reaction 2 is first
order with respect to ferricyanide con~entration and second
order with respect to iodide concentration (3, 8, 9, 16). As a
result of these considerations studies have been made of the
effect upon the methpd of dilution, of the iodide and ferricyanide
concentrations, of the pH of the solution, and of the time elapsing
during and after the titration.

As a result of his first investigation, iQ which the titrations
were made in essentially neutral solutions, Lang (12) reported
reproducible values which were 1.65% low. This deviation was
attributed to the formation of a 6.6% solid solution of zinc
ferrocyanide in potassium zinc ferrocyanide. That zinc ferro
cyanide is formed during the precipitation has been confirmed
by de Koninck and Prost (11, 12) and by Saito (10, 14). As a
t'esult of subsequent titrations, made in sulfuric acid solutions,
Lang (13) found values 1.60% low. Aster (1), Hibbard (6),
and Casto and Boyle (2) used this value as the basis for an
empirical correction factor. In this study no conditions have
been found under which the· necessity for such a correction factor
is eliminated, ·although its value is somewhat dependent upon
the conditions of the titration.

and

2Fe(CNh---- + 3Zn++ + 2K+ = K2Zn3[Fe(CNhb.) (3)"

llISCUSSION OF METHOD AND OF PREVIOUS WORK

The over-all equation given above (Equation 1) represents a
combination of ·the two following reactions:

. 2Fe(CN)6--- + 31- = 2Fe(CN)6--~- + 13- (2)

An obvious requirement of the method is that Reaction 2 shall
proceed from left to right only when the ferrocyanide concen"
tration is kept at an exceedingly small value by precipitation
of the potassium zinc ferrocyanide;· That, this requirement has
not been met satisfactorily in previous methods is shown by a
pronounced tendency for a return of the starch-todine color after
completion of the titration in spite of the expedient of adding the
ferricyanide in successive small amounts in order to keep its
concentration at a low value..

The value of the formal potential for the half-cell reaction

EXPERIMENTAL

Reagents and Solutions. Where not otherwise specified, rea
gent grade chemicals were used. Approximately 0.1 F solutions
of sodium.thiosulfate containing 0.01 % sodium carbonate were
prepared in boiled distilled water, and were standardized against
Bureau of Standards potassium dichromate.

Approximately 0.1 F solutions of potassium ferricyanide were
prepared by dissolving the solid in distilled water at room tem
perature. These soluti0ns were stored in dark bottles and kept
out of the light when not in use.

Potassium iodide free from iodate was·used. Saturated solu
tions of potassium hydrqgen phthalate, approximately 0.45 F
and with a pH of 3.9, were prepared either by heating an excess
of the solid in distilled water, then cooling and filtering, or .by
stirring an excess of the reagent with distilled water and allowmg
the mixture to stand several hours. This reagent gave results
identical with those obtained with material prepared by heating
phthalic anhydride with potassium hydroxide and bringing this·
mixture to the same pH and formality. .

Most of the standard solutions of zinc were prepared by dis
solving weighed amounts of shavings of Bureau of. Standards
"freezing point" zinc in excess hydrochloric or nitric acid, and
boiling to eliminate nitrous oxides in case nitric acid wll:s used.
aile solution was· prepared by dissolving reagent grade ZInC sule(4)

798

Fe(CN)6---- = Fe(CN)6--- + e-
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Remarks

V" Na,S,O. 0.07 !HI.

VlO Na,S,O, 0.01 ml.
V" Na2S20. 0.05 ml.

VI' Na,S,O. 0.01 ml.
V" Na,S,O, 0.07 ml.
V" Na2S20, 0.12 ml.
V16 Na,S20, 0.19 mi.

Ppt. voluminous and gel
atinous

End points indistinct

Premature and returning
end points

Error
(-)

%
1.80
1.72
1. 75
1.77
2.05

1.73
1.73
1.77
1.70

represents the concentration of iodide catculated on the assump
tion that Reaction 1 has proceeded quantitatively with formation
of triiodide; this concentration remains roughly constant during
the titration, as the dilution factor is roughly equivalent to that
caused by increase in iodide by reduction of the triiodide.

Effect of Dilution. The effect of the volume of the solution
during the time the reactions represented by Equation 1 aI'''
taking place was investigated in a series of preliminary experi
ments which showed that when the volume is less than 100 m!.
and the conditions otherwise are those of the standard procedure,
iodine tends to be formed after the end point because of Reaction
2. With small volumes, an error of less than -1.6%·is obtained
which is attributed to the compensating effect of Reaction 2.
With small volumes, and especially at lower pH values (1.5 to
2.5), high resuits are obtained if the amount of zinc is small and
leaves a large excess of ferricyanide. Furthermore, the results
are very dependent upon the time required for titration. It was
found that dilution tended to minimize these effects and in most
later experiments such quantities of solutions and water were
used that the volume before beginning the titration of the liber
ated iodine was at least 200 m!' If the initial volume was 500
m!' the end points were indistinct and the erro~s averaged :-2.0%
or greater. The experiments tabulated in Table I show the effect
of certain deviations from the standard procedure. In the first
series of determinations the effect of volume changes is seen.

Effect of Iodide Concentration. The effect of variations in the
iodide concentration are shown by the second series of deter
minations in Table I. Preliminary experiments had demon
strated that high concentrations of iodide cause instability of the
end point, especially at lower pH values. As a result of these
experiments, the amount of iodide to be used has been fixed at
.3 grams in a volume of 200 to 250 m!' This amount results in
iodide concentrations before the titration ranging from 0.05
to 0.06 F. Although this is lower than the concentration usually
recommended, no evidence of loss of iodine has been observed.

Effect of Concentration of Excess Ferricyanide. In the third
series of determinations shown in Table I the effect of varia
tions in the concentration of ferricyanicle can be seen. The
volume of ferricyanide required by Equation 1 is approximately
27 ml. Other experiments have shown that concentrations of
excess ferricyanide greater than 0.005 F cause high values for
zinc and instability of the end point. It has also been found that

Effect of Deviations from General Procedure

3 6 2.2-2.4 30 1.77
3 6 2.2-2.4 35 1.77
3 6 2.2-2.4 45 1.60
3 6 2.2-2.4 ~5 1.30

3 0 3.6 30 1. 77
3 3 2.8 30 1.70
3 6 2.3 30 1.75
3 12 1.65 30 1.60

Sulfate Buffer

3 0 3.9 30 1.80
3 1 3.4 30 1.73
3 2 3.0 30 1.73
3 3 2.6 30 1.70
3 4 1.5 30 1.60

Table I.

250

250

250

c
d
e

a
b
c
d

1 a
b'

<1 a
b
c
d
e

~~ a
b
c
d

4 a
b
c
d

In these experiments 25.00 ml. of a 0.1638 F zinc nitrate solution were taken and treated by the standard procedure
with the deviations shown. The per cent error values are the results of at least three titrations which agreed to
within 0.1 % in most cases, never more than 0.2%. Except where noted, the end points were stable for at least 10

minutes. The phthalate buffer system was used in all experiments except series 5
Volume .pH of 0.1 F
before KI 0.5 F H2S0, Titrated K,Fe(CN),

Expt. No. Titration Added Added Solution Added
MI. Gram. MI. MI.

100 3 6 2.2-2.4 30
150 3 6 2.2-2.4 30
200 3 6 2.2-2.4 30
250 3 6 2.2-2.4 30
500 3 6 2.2-2.4 30

250 I 6 2.2-2.4 30
2 6 2.2-2.4 30
3 6 2.2-2.4 30
5 6 2.2-2.4 30

10 6 2.2-2.4 30

EXPLANATION OF' TABLES AND DATA

fate heptahydrate in distilled water, then analyzing for zinc by
precipitation as zinc sulfide and ignition to zinc sulfate according
to the procedure of Jeffreys and Swift (7). Another solution was
made from zinc oxide which had been previously heated to dull
redness for several hours in the electric oven, weighed, and dis
solved in an excess of 6 F hydrochloric acid. Additional solutions
of approximately known zinc concentration were used only to
determine the relative effects caused by various changes of
conditions.

Recommended Procedure. As a result of the numerous ex
periments which are summarized in the tables, the following
procedure was finally developed, applicable to 100- to 250-mg.
quantities of zinc, in which an option is provided whereby the
pH may be controlled by means of either a phthalic acid-mono
hydrogen phthalate buffer or a hydrogen sulfate-sulfate system.

Pipet 25.00 m!' of the zinc solution into a 500-m!. conical
flask, and neutralize to incipient precipitation of zinc hydroxide
(or to a pH between 4 and 6) by alternate addition of ammonium
hydroxide or sulfuric acid as required. Wash down the walls
of the flask with 100 to 125 m!' of distilled water, and add a
freshly prepared solution of 3 grams of potassium iodide in 50
m!' of distilled water. Add 25 m!' of saturated (0.45 F) potas
sium hydrogen phthalate solution, followed by6 m!' of 0.5 F
sulfuric acid. (Or, if use of the sulfate buffer is preferred, add 5
grams of sodium sulfate, followed by 2 m!' of 0.5 F sulfuric acid.)
Add 30 to 35 m!' of 0.1 F potassium ferricyanide, swirl the solu
tion, cover the flask with a watch glass, and place it in the dark
for 5 minutes. Titrate with 0.1 F thiosulfate, swirling the con
tents of the flask, until the iodine color is indistinct and the yellow
ferricyanide color predominates (this is approximately 2 m!'
before the end point). Add 5 m!' of 0.4% starch solution and
titrate slowly until the solution changes from a brownish to a
clear bright yellow. (One unfamiliar with the end point should
prepare a comparison solution by dissolving 0.5 to 1 gram of
zinc sulfate heptahydrate in 2iJ m!' of distilled water and treating
this solution by the above procedure, except that finally an ex
cess of 0.1 to 0.5 m!' of thiosulfate should be added.)

Multiply.the amount of zinc calculated on the basis of Equa
tion 1 by the factor 1.019-that is, 1 liter of 0.1 F thiosulfate
solution corresponds to 9.993 grams of zinc.

Where not otherwise stated, the recommended procedure was
used in obtaining the data shown below. The pH measurements
were made with a Beckman pH meter after completion of the
titration; pH values in brackets, as (3.0), were estimated from
previous measurements on the
same buffer system. ·Where
the concentration of ferri
cyanide is reported this refers
to the ferricyanide after Reac
tion 1 has occurred but before
titration of the iodine; hence
in most cases the volume is
250 m!'

In the tables the following
abbreviations or symbols. are
used:

Because under no condi
tions has it been found pos
sible to eliminate the necessitv
for an empirical correction
factor, per cent error desig
nates percentage deviation
from the calculated zinc value
based on the assumption that
Reaction 1 is stoichiometric.
Thus an error of -1.6% repc
resents results in agreement
with the correction factor of
Lang which was mentioned
above. V" Na2S203 indicates
the volume of 0.1 N thiosulfate
required to titrate the iodine
preserit n minutes after reach
ing the end point. KI, formal
concentration, before titration,
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0·,008 Recurs in 1 min.

Recurs in 5 min.

0.03
0.025
0.02

0.05

0.01
0.01 Recurs in 3 min.

V,
Na,S,O, Remarks

MI.
Error

%
-1.75
-1. 75

-1.9
-1.8
-1.9

-1.9
-1.9

-1.8
-1.8

-1.87
-1.87

-1.9
-1.9
-2.1

-1.8
-1.9

3.756
3.756

3.697
3.700
3.695

4.049
4.049

3.414
3.414

7.510
7.510

4.896
4.898
4.888

4.902
4.896

3.822
3.822

3.767
3.767
3.767

4.128
4.128

3.475
3.475

7.653
7.653

4.992
4.992
4.992

4.992
4.992

Zinc Zinc
Taken Found

Millimole.

zinc were titrated to the end point according to the recommended
procedure, then known quantities of iodine were added and the"
solutions were again titrated. In all cases the recovery of the
iodine was quantitative within the experimental methods in
volved. In another experiment a potassium zinc ferrocyanide
precipitate was prepared by titrating a sample of zinc according
to the recommended procedure, adding excess zinc solution (to
remove all ferricyanide), and again titrating. The precipitate
obtained was washed by decantation until it was free of zinc ion.
A portion of this precipitate was then introduced into a reaction.
mixture prepared according to the recommended procedure,
except that only 10 to 15 m!' of 0.1 F ferricyanide solution were
added. A known quantity of iodine was then added and titrated
by thiosulfate; again the iodine was completely recovered.

Experiments have shown that as much as 30millimoles of
chloride is without apparent effect; that two- to three-fold
variations in the potassium ion concentration are without
significant effect; and that acetate is without effect when the
pH is maintained at 3 or less. The effects of other ions upon
this procedure should be essentially the same as those found by
Lang (12, is) and by Casto and Boyle (2).

Confirmatory Analyses. The data obtained from a series of
confirmatory analyses, especially selected in order to evaluate the
empirical factor under various conditions, have been collected
in Table III. On the basis of these analyses (and of numerous
other experiments) the recommendation is made that the empiri
cal factor 1.019 be used in calculating the quantity of zinc found
by titrations by the recommended procedure. Considering the
magnitude of this factor, the reproducibility of the values is
surprisingly good, the average deviation being less than 0.1 %.

The recommended·procedure was used in these analyses except
for the variations stated or shown in" Table III. In series 4, 17
millimoles of chloride were present. In series 6, 40 millimoles of
chloride were present, 10 of which were added as hydrochloric
acid; no sulfuric acid was added. Series 7 was the same as
Series 6 but with 8.7 millimoles of ammonium hydroxide added.

As a further test of the method the recommended procedure was
given to a class of sophomore students, who were asked to make
titrations of a zinc solution which was prepared from the Bureau
of Standards zinc mentioned above, and calculated to be 0,1654
F. They used thiosulfate solutions which they had prepared
and standardized as part of their class work, and reported their
values without the use of a correction factor. When the correc
tion factor 1.019 was applied to the values from 22 students on
66 titrations an average formality of 0.1656 was obtained, the
average deviation being 0.08%. .

In many cases the titrated solution showed no significant
return of the iodine color even after standing up to 20 minutes.

(3.0)
(3.0)

(2.9)
(2.9)
(2.9)

(2.9)
(lL9)

3.01
2.99

(3.0)
(3.0)

2.10
2.50
2.98

3.72
3.78

Table III. Confirmatory Analyses

pH at
End

Point

5.0
5.0

3.0
3.0

3.0
3.0
3.0

3.0
3.0

4.0
4.0

5.0
5.0

5.0
5.0
5.0

11.0
11.0

11.0
11. 0
11.0

11.0
11.0

11.0
11.0

11.0
11.0

10.3
10.5
20.8

11.0
11.0

Potassium
Hydrogen K,Fe-

. Phthalate, (CN).
No. Added Added

Millimole. Millimole.

Stability of End Points

1 a
b

6 a
b
c

4 a
b

3 a
b

5 a
b

7 a
b

2 a
b

Recurs

Recurs in 2 minutes

Recurs
Recurs, V, Na,S,O, 0.01 ml.
Recurs

Expt.

Error
%

-1.9
-1.85
-2.0
-1.8
-1.8
-1.8
-2.1
-1.85
-2.0
-1.8

2.5
3.0
3.0
3.0
3.0
3.0
3.5
3.5
5.0
5.0

o
o
o
o
5
5
o

10
o

10

1
2
3
4
5
6
7
8
9

10

Table II. Effect of Time of Standing before Titration
In these tests 24.96 ml. of a 0.1426 F zinc sulfate solution were taken and
treated by the standard procedure. The volume before titration was 250 ml.
and 111 millimoles of potassium hydrogen phthalate were present in all ex-

periments. The pH at the end point was approximately 3
Time in

Dark
Expt. before K,Fe(CN)o

No. Titration Added
Min. Millimole.

Effect of Quantity of Zinc Taken. . The amount of zinc taken
may affect the composition of the precipitate and hence the value
of the empirical factor; the time required fo& completion of
Reaction 1; and the visibility of the end point. In addition,
the smaller the quantity of zinc the greater the excess of ferri
cyanide. An extensive series of experiments has shown that
with quantities of zinc varying from approximately 1 to 7.5
millimoles no such effects were observed.

In other experiments solutions containing a known amount of

the excess of ferricyanide is less
critical if the solution is buffered
nearer to a pH of 3, and that
under these conditions the aver
age error is nearer -1.85% than
the value of -1.65 found by
Lang. It seems probable that
under the conditions used by
Lang and others Reaction 2 may
operate as a compensating
factor, possibly because of the
effect of the lower pH.

Effect of pH of Solution. An
inspection of Table I shows that
with pH values less than 2, the
err9r is -1.6 and the end point
becomes unstable; other experi
ments have shown that with pH
values from 2.2 to 3.5 the error
is much more constant and in
general ranges from -1.8 to -1.9%. In addition, recurrence of
the end point is more pronounced at the lower pH values. Higher
pH values than 3do not appear to give substantial improvement
in the stability of the end point and tend to result in local precipi
tates of zinc hydroxide. The results obtained by the sulfate
buffer indicate that there is no specific action of the buffer systems
so long as the same pH is attained. The phthalate system is
recommended for accurate work, as it is more efficient for main
taining a value of approximately 3.

Effect of Time of Standing before Titration. The experiments
recorded in Table II were made for the purpose of determining
the effect of allowing solutions containing the reactants to stand
before beginning the titration. The work of Saito (10, 14) in
dicates that a precipitate of more uniform composition should
result; because Reaction 1 is somewhat slow, there should be less
tendency toward low titration values and recurrent end points.
On the other hand there would be more tendency toward high
values because of Reaction 2 or because of oxidation of iodide by
oxygen. Photochemical catalysis of these reactions was mini
mized by storage in the daJ;k during the time of standing. The
effect of pH upon Reaction 2 is shown by a comparison of experi
ments 8 and ~O with experiments 3b, c, and d, Table I.
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Determination of Water in Nitrogen Tetroxide
GERALD .C. WHITNACK AND CLIFFORD J. HOLFORD

U. S. Naval Ordnance Test Station, Inyokern, Calif.

A reliable and convenient lllethod has been developed for the deterlllination of
slllall alllounts of water that contalllinate nitrogen tetroxide. It is believed that
water reacts with nitrogen tetroxide to forlll nitric acid and hence nitric acid is
the contalllinant. The gas, in the presence of a strealll of dry nitrogen, is passed
over anhydrous sodhilll carbonate at 280°' C. and then over llletallic copper at
600 ° C. Most of the acidic substances are rellloved by anhydrous sodiulll car
bonate, and relllaining traces of oxides of nitrogen are cOlllpletely rellloved
by passage over llletallic copper. The water released by these reactions is ab
sorbed by anhydrous calciulll sulfate and weighed. For salllpies containing
about 0.5% water the precision of the deterlllination corresponds to a standard
deviation of 0.006% absolute.

T HE determination of water in nitrogen tetroxide in the past
has not been accomplished in a satisfactory manner. Water

will react with nitrogen tetroxide, forming nitric acid or nitric
and nitrous acids (4, 9). The acid or acids must be neutralized
in such a manner as to release the water, which can then be
collected and weighed.

The present report describes in detail the construction and
operation of equipment applicable for the precise and convenient
analysis of water in nitrogen tetroxide.

MATERIALS AND APPARATUS

The anhydrous calcium sulfate w~s 8-mesh indicating Drierite
(W. A. Hammond Drierite Company). The indicator for oxides
of nitrogen was a solution of diphenylamine (Eastman Kodak
Company) in concentrated sulfuric acid. Nitrogen tetroxide used
in dev,eloping the method was Matheson Company commercial
grade. Plirified nitrogen tetroxide was obtained by the method
of Giauque and Kemp (3).

The assembled apparatus is shown in Figure 1. The Pyrex
combustion tubes were approximately 300 mm. long, 13 mIll. in
inside diameter, and 17 mm. in outside diameter, and fitted with
T 10/30 joints at both ends. Combustion tube E was packed with
anhydrous sodium carbonate (J. T. Baker Chemical Company
analytical grade), which was dried for 12 hours at 120° C. Com
bustion tube F was packed with copper oxide (wire form,J. T.
Baker Chemical Company), and then was reduced with hydrogen
.at 200" to 300° C. U-tube A contained Drierite and was used to
ensure dryness of thenitrogen entering the system.

The reaction vessel, B, consisted of a 15 X 2.5 cm. (6 X 1 inch)
Pyrex tube fitted with a 5 X 1 inch hollow T 29/42 glass stopper.
Attached to the inside of this glass stopper was a glass hook from
which plunger C was suspended. The plunger, filled with iron
filings and weighing approximately 20 grams, was small enough to
fall freely the length of the reaction vessel. The combustion tubes

were heated in hinged combustion tube furnaces, G and H. The
furnace temperatures were controlled by rheostats. A glass coil,
J, with T 10/30 joints, was placed between combustion tube F
and weighing tube K for flexibility. Weighing tubes K and L were
standard Schwartz calcium chloride drying tubes 100 mm. long
with two hollow T 14/20 ground joint stoppers and were filled
with Drierite. The absorption bulb, M, contained an indicator
solution of diphenylamine for detecting the presence of oxides of
nitrogen in the escaping gas stream. Connections marked X
(Figure 1) were sealed with de Khotinsky cement. A good flex
ible grade of rubber tubing served as connections marked Y (Fig
ure 1).

For convenience in preparing ampoules of samples to be ana
lyzed, a stock ampoule cooled to -20 0 C. was filled with about 50
grams of liquid nitrogen tetrqxide directly from tl).e cylinder.
Small sampling ampoules of nitrogen tetroxide, of such size that
they would freely enter the reaction vessel, were then prepared for
analysis. The cooled stock ampoule was placed in an upright posi
tion with its stem protruding upward to a small opening in a
stainless steel plate (placed for safety over the stock ampoule).
The tared sample ampoule was then warmed and inverted, and
its stem was placed in the stock ampoule below the surface of the
liquid with its bulb resting on the rim of the hole in the stainless
steel plate. The bulb of the sampling ampoule was then cooled
with a cloth dipped in a mixture of dry ice and acetone. When
filled, the sampling ampoule was quickly sealed, using a !land
torch, and placed in a desiccator over Drierite for later analysis.

Analyses of several samples of pure nitrogen tetroxide, in
which the samp,les were obtained in an evacuated system, in
dicated that the former technique of sampling was entirely ade
quate and offered a slight advantage, because the problem of
recovering small broken particles of glass was eliminated when
the ampoule was broken in the reaction vessel. It was not possi
ble to obtain a preweight of an empty ampoule by the latter
method.
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PROCE:nURE

A small ampoule containing 0.5 to 1.0 gram of nitrogen tetrox
ide is weighed and carefully placed in reaction vessel B. The
ground-glass stopper containing plunger C is then put in place
and sealed with de Khotinsky cement. A beaker, N, containing a
dry ice-acetone mixture, is placed around the lower part of the
reaction vessel (Figure 1). This lowers the vapor pressure of the
liquid, and, when the ampoule is broken, prevents too rapid pas
sage of the gas over the anhydrous sodium carbonate. The fur
nace temperatures are adjusted to 280 0 C. for Eand 600 0 C. for

ANALYTICAL CHEMISTRY

0.445% water with a standard deviation of about 0.006% ab

solute (Table 1).
Six samples of purified nitrogen tetroxide were analyzed for

water. Data presented in Table II show an average of 0.02%
water with standard deviation of 0.01 % absolute. On the basis
of these results a confidence range of 0.02 ± 0.01% may be
expected on samples of purified nitrogen tetroxide containing
traces of water.

Figu~e 1. AsseIllbled Apparatus

A. U-tube (drying)
B. Reaction vessel
C. Plunger
D. A'Illpoule of nitrogen tetroxide
E. Combustion tube
F. COlllbustion tube
G~ H. Electric furnaces
t. TherntOIlleter
J. Glass coil

K, L. V-tubes (weighing)
M •. Absorption vessel (~iphenylaDline)
N. Ice bath
O ..Glass wool
P. Asbestos (wrapping)
R. Drierite
S. Bar lllagnets
X. Connections (cup and cone)
Y. Connectio·ns (rubber)

F. The air and water are removed from the apparatus in a stream
of dry nitrogen. Complete removal is assumed when U-tubes K
and L give constant weight within ±0.2 mg. on successive weigh
ings at I-hour intervals.

The plunger is then j'emoved from the glass hook in the glass
stopper with the aid of two bar magnets, S, and allowed .to drop,
breaking the ampoule of nitrogen tetroxide. The dry ice-acetone
bath'is now removed from the reaction vessel and the liberated
gases are allowed to pass over the heated anhydrous sodium car
bonate and metallic copper in the stream of dry nitrogen. At the
end of the run the reaction vessel and exposed portions of the ap
paratus preceding the weighing tubes are heated with an alcohol
lamp to expel the last traces of the sample through the reaction
tubes and the water into the weighing tubes. The weighing
tubes are then removed from the apparatus, wiped with lens pa
per, and weighed. The percentage of water in the liquid nitrogen
tetroxide is computed from the increase in weight of the weigh
ing tubes.

To ascertain the precision and reliability of the method, a
few experiments were made in which a known amount of dis
tilled water was added to a known amount of pure nitrogen te
troxide by breaking ampoules of water and nitrogen tetroxide
simultaneously in the reaction vessel. The results (Table HI)
indicate that the method has a precision, shown by a standard
deviation obtained from six values, of about 7 parts per thousand.

The indexes of precision used in the statistical analysis of data
presented in Tables I, II. and III are as follows:

Standard deviation (estimate)

Data.
nitrogen
scribed.

A sample from a cylinder of Matheson commercial
tetroxide was analyzed for water by the method de
Six aliquots from this sample showed an average of

s = V2:(X - x)'/(n - 1)

Standard deviation 'of mean of n

Sm = s/Vn
Confidence range (fiducial limits)

= X ± ism

(1)

(2)

(3)

DISCUSSION

The molecule of nitrogen tetroxide is considered to have the
formula N.04 at temperatures below -11.0 0 C. and to dissociate
into NO. as the temperature rises (1).

N.04 ::;:::::::= 2 NO.

At the temperature of the average laboratory the gas phase
equilibrium is shifted to the right and the gas will contain both
the simple molecule NO. and the dimer N.04• As the liquid
nitrogen tetroxide in the reaction vessel warms up, the gas passes

Table I. DeterIllination of Water in COIllIllercial Nitrogen
Tetroxide

Nitrogen
Tetroxide Water Water

Grams jW:g. %
1.2153 5.4 0.44
1.1653 5.3 0.45
0.8079 3.6 0.45
0.8\l52 3.9 0.44
0.9022 4.0 0.44
0.7M3 3.4 0.45
1.2895" 13.9 1.08
0.7295" 7.5 1.03

" Sample of Solvay Products nitrogen tetroxide containing 12 to 15%
nitric oxide. Index of precision is based on first 6 samples (Matheson" Co.
product).

Average (of first 6), x = 0.445%
Standard deviation, 8 = 0.0055% abs.
Standard deviation of mean (of 6) 8m = 0.0022%
Confidence range, 0.445 "" 0.0057%

X
t

In the above

mean of n observations of x
Student's t for the significance level desired and n-1 degrees

of freedom (2). For the 1 in 20 significance level and
means of 6 (5 degrees of freedom) t is 2.571.
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2NO. + Na.CO. _ NaNO. + NaNO. + CO,

N.O. + H.O _ HNO. + HNO.

Table III. Recovery of Water Added to Purified Nitrogen
Tetroxide

Table II. DeterIuination of Water in Purified Nitrogen
Tetroxide

following reactions which take place at 280 0 C. in the anhydrous
sodium carbonate tube.

2HNO. + Na.CO. _ 2NaNO. + CO. + H,O (6)

2HNO, + Na.CO. _ 2NaNO. + CO. + H.O (7)

When nitric or nitrous acid comes in contact with anhydrouL
sodium carbonate at a temperature of 280 0 C. sodium nitrate 'and
sodium nitrite, respectively, are formed, and carbon dioxide and
water are released as gases. The water is absorbed by the
Drierite in the weighing tubes. The carbon dioxide is not
absorbed by the Drierite and passes through the apparatus un
changed.

To test the effect of carbon dioxide on Drierite, under the condi
tions of the analysis, a sample of carbon dioxide snow was used
as a pure source and the gas was passed over the Drierite in the
weighing tubes. Constant weight of the tubes indicated no
interference from the gaseous carbon dioxide.

The furnace temperature of 280 0 C. in the anhydrous sodium
carbonate tube is high enough to ensure the release of all the
water formed in the reaction and low enough to prevent any
decomposition of sodium nitrate, sodium nitrite, or sodium
carbonate. At the temperature of the anhydrous sodium car
bonate tube some of the nitrogen dioxide is dissociated into
nitric oxide and oxygen (NO. :;::± NO + 1/.0.) (8). In early ex
periments traces of oxides of nitrogen were found in the Drierite
of the weighing tubes. A solution of diphenylamine in con
centrated sulfuric acid indicated the presence of traces of oxides
of nitrogen in the exit gas stream. A channeling of the gases
through the anhydrous sodium carbonate was first thought to
be the source of trouble. This possibility was disca~ded when
traces of the oxides of nitrogen were still found in the exit gas
stream, after the gases were allowed to pass through two tubes
filled with anhydrous sodium carbonate and heated to 280 0 C.
It is known that at a temperature of 150 0 C. nitrogen dioxide
begins to be measurably dissociated into nitric oxide and oxygen
(7). As nitric oxide and oxygen come out of the heated an
hydrous sodium catbonate tube' and come in contact with the
cooler part of the apparatus, they will re-form nitrogen dioxide.
Consequently, oxides of nitrogen will appear in the exit gases.
When the escaping oxides of nitrogen come in contact with the
water absorbed on the Drierite, a reaction giving nitric acid
or nitric and nitrous acids occurs. This gives rise to increased
weight in the weighing tubes and the data calculated as water
are in error.' To overcome this source of error, a tube containing
metallic copper heated to 600 0 C. was placed in the apparatus
in tandem with the tube of anhydrous sodium carbonate. A nega
tive test was then obtained for oxides of nitrogen in the exit
gases and on the Drierite. The final data were obtained with
the apparatus including a tube filled with metallic copper and
heated to 600 0 C. for compJete removal of oxides of nitrogen.

Commercial nitrogen tetroxide may contain some nitric oxide
as an impurity. If present the nitric oxide is probably in the
liquid nitrogen tetroxide as the compound nitrogen trioxide

NO + NO" • N,O.

Nitrogen trioxide in the gaseous state is almost completely
dissociated into nitric oxide and nitrogen dioxide (4), and hence
under the conditions of the analysis the equilibrium would be
shifted to the left.
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(4)

(5)

Water Found
Mg. %
0.2 0.01
0.4 0.02
0.6 0.02
0.6 0.04
0.2 0.01
0.6 0.03

3NO, + H,O _ 2HNO, + NO

NO + NO, :;::::::=: N.O.

2.0134
1.6750
2.4298
1.3237
2.1023
1.9934

Nitrogen Tetroxide
Grams

:"oJ'itrogen
Tetroxide Water Water "'later

Present Added Found Recovered
Mg. Mg. Mg. %

465.0 33.7 33.7 100.00
339.1 25.6 25.6 100.00
637.3 26.9 26.9 100.00
222.9 12.5 12.7 101.60
211.2 16.4 16.5 100.61
139.8 26.2 26.2 100.00

The reaction of nitrogen tetroxide and water is generally written
to indicate the formation of nitrous and nitric acids (1,4).

Water in nitrogen tetroxide then would be present as 'acids.
In obtaining the data for Table III, it was observed that samples
of purified nitrogen tetroxide and limited amounts of distilled
water gave a green color when broken simultaneously in the
reaction vessel. It is known that pure nitrogen trioxide is a
blue liquid and that pure nitrogen tetroxide is an amber colored
liquid, and the presence of the two liquids would result in a green
color. The samples of nitrogen tetroxide which were used in the
experiments (Table III) had been shown to be free of water (Table
II), and free of nitric oxide by the method of Milligan (6).
Thus, the green color resulting from the reaction of pure nitrogen
tetroxide and distilled water is probably due to the formation of
nitrogen trioxide. The nitrogen trioxide would be present if
nitric oxide were one of the products of the reaction of the pure
nitrogen tetroxide and water (9).

Average, x 100.37%
Standard deviation, S = 0.65% abs.
Standard deviation of mean (of 6), 8m = 0.27%
Confidence range, 100.37 ± 0.68%
Accuracy, x - true value = 0.37%

Average, i = 0.02%.
Standard deviation, 8 = 0.012% abs.
Standard deviation of mean (of 6), 8,.. ~ 0.0048%
Confidence range, 0.02 ± 0.012%..

over the heated anhydrous sodium carbonate. Sodium nitrate
and sodium nitrite are formed and carbon dioxide is released as a
gas.

?vlelvin and Wulf (5) studied the reaction of nitrogen tetroxide
and water by ultraviolet absorption. They found that nitrous
acid bands were plain only when nitric oxide was added in
exceS5, the nitric oxide effecting an increase in the concentration
of nitrous acid. They favored the formation of nitric acid and
nitric oxide, because the bands due to nitric oxide appeared in
ultraviolet. The authors of this paper believe that. the water
present in nitrogen tetroxide under the conditions described is in
the form of nitric acid. A further investigation of the products
from the reaction of pure nitrogen tetroxide and limited amounts
of water should solve this problem.

Assuming that the water in liquid nitrogen tetroxide is present
as nitric acid or as nitric and nitrous acids, we may write the
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Determination of Fungicides in Varnishes and
Wood Sealers

Salicylanilide, Pentachlorophenol, and Mercurial Fungicides

MELVIN H. SWANN

Paint & Chemical Laboratory, Aberdeen Proving Ground, Md.

Methods of analysis to ensure the presence of specified quantities of fungicides
in wood preservative sealers are needed. In separating salicylanilide and penta
chlorophenol frOln varnishes, use is Illade of their solubility in alkalies, insolubil
ity in acids, and slight solubility in water. They are then deterIllined colori
Illetrically. Mercurial fungicides can be reduced to the Illetallic state, separated
and deterIllined quickly and accurately without hazards or difficulties encoun
tered in standard procedures f~r deterIllining IllerCI,lry in organic substances.

SALICYLANILIDE has been determined in mildew-proofing
materials for cotton duck webbing (6) by extraction with a

suitable solvent and digestion with sulfuric acid by the usual
micro-Kjeldahl method. This determination is based on the
nitrogen content of the fungicide and >is unsuitable for resinous
materials, because the determination of salicylanilide by its
nitrogen content would involve the tedious and difficult de
composition of organic matter. In addition, the determination
would be questionable where such resins as urea-formaldehyde or
melamine-formaldehyde resins arep,esent, because of their high
nitrogen content.

Pentachlorophenol, in isolated form, has been estimated by its
hydroxyl or halogen content but must be extracted from resinous
materials before such determinations can be made with accuracy.
When pentachlorophenol is present there is no way of proving the
absence of other halogen-bearing compounds,>except in production
control where the resin and solvents can be tested qualitatively
for halogens before the fungicides are added. In addition, penta
chlorophenol must be extracted from the sealer for positive
qualitative identification.

The solubility properties of the two fungicides permit their
separation from oil and resin bases. They are extracted with
strong alkali from an ether or benzene solution, then acidified
aild re-extraeted with ether, from which they are re-extracted
with a weaker alkaline solution. The final purification is made
by diluting an aliquot portion to sufficient volume to hold the
fungicide in aqueous solution while the remaining impurities are
precipitated and separated by filtration.

The violet color of ferric salieylate that results when salicylic
acid or its salts react with ferric chloride, is used to determine the
salicylanilide colorimetrically following its extraction. Penta
chlorophenol is determined colorimetrically in the extract by
the yellow color of tetrachloroquinone, formed when pentachloro
phenol reacts with nitric acid (2). The colorimetric detennina-

tion of either fungicide is not affected by the presence of th~

other. Simple qualitative tests will show the presence or absence
>of either fungicide in the extract.

There are several mercury compounds used as fungicides in
wood sealers-phenyl mercuric oleate, phenyl mercuric naph
thenate, phenyl mercuric o-benzoic sulfamide, etc. When mer
curial fungicides are used, they compose· approximately 1%
of the nonvolatile portion of the sealer. The ratio of organic
matter to mercury is so great that relatively large samples must
be >used. The excess> of organic matter present necessitates pro
longed digestion when the usual methods of decomposingorgano
mercury compounds are employed.

A method has been described by Rauscher (3), in which amines
are used for the reduction of mercury to the metallic state in such
compounds as oxides, salts, and isolated organomercury com
pounds. This method has been modified slightly to give ex
cellent results with wood sealers. The method is relatively brief
and may be used with standard laboratory equipment. High
temperatures and the complete decomposition of organic matter
are avoided. Relatively large samples may be used if desired.
The metallic mercury that may separate in finely divided form
is washed by decantation. Possible losses from volatility of
mercury are avoided by never exposing the metal to air.> The
method is equally effective with all types of mercurial fungicides
and results are accurate and reproducible to less than 0.1%.

ANALYTICAL PROCEDURE

Extraction and Purification of Salicylanilide and Pentachloro
phenol. A sample of the varnish, not exceeding 3.0 grams, is
weighed by difference from a test tube into a 250-ml. pear-shaped
separatory funnel containing 40 m!' of absolut€ ethyl ether (if the
resin precipitates in ether, benzene is substituted in the first and
second funnels). The sample and solvent are mixed by swirling
and 20 m!' of 2.5% aqueous sodium hydroxide solution are added.
The funnel is vigorously shaken and the layers are allowed to sepa-
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rate completely. The aqueous layer is drawn off into a second
separatory funnel and again shaken with 40 m!' of ether. After·
separation, the lower layer is drawn off and shaken a third time
with ether. The aqueous layer is then filtered through paper (me
dium porosity) previously dampened with water, into a 400-m!.
beaker. Four more extractions are made, using additional 20
ml. portions of 2.5% aqueous sodium hydroxide. The same fun
nels and solvent are used for the washing. All aqueous layers are
filtered through the same funnel and paper.

All portions of the aqueous layers are collected in the same
beaker, along with the water used to wash the paper. A raised
cover is placed on the beaker, a glass rod is inserted to prevent
bumping, and the ether is driven off by immersing in a water
bath. Volume is reduced to approximately 80 m!' on a steam
bath and the sample is cooled. It is then transferred to a lOO
m!' volumetric flask and brought to volume with water.

One half of the sample, or 50 m!., are transferred to a 250-ml.
separatory funnel with a pipet, and acidified (pH 1.0) with
6 N hydrochloric acid, added dropwise. Accutint indicator
paper No. 20 is helpful in obtaining the desired pH. Acidifica
tion of the aqueous solution precipitates the fungicides, which can
then be taken up with ether. The fungicide is extracted with
three 20-m!. portions of C.P. ethyl ether, the combined ether
extracts are washed with 5 ml. of water, and the water is dis
carded.

The fungicide is next extracted from the ether with 100 ml.
of 0.1 N sodium hydroxide, used in 20-ml. portions. Each al
kaline layer is filtered through paper (medium porosity) pre
viously dampened with water, into a 400-m!. beaker. The paper
is finally washed with water. A raised cover is placed on the
beaker, a glass rod is inserted, and the ether is driven off in a
water bath. The beaker is transferred to a steam bath, the cover
is removed, and the sample is evaporated to dryness. It is then
transferred to an oven and heated for 1 hour at 1l0° C. Upon
removal from the oven, 25 ml. of water are added and the sample
is warmed on a steam bath until completely dissolved. It is then
cooled and transferred with water to a 50-m!' volumetric flask.
The sample is brought to volume and held for final purification
and qualitative or quantitative analysis.

Qualitative Identification. To show the presence or absence of
salicylanilide or pentachlorophenol, a 10- or 2O-ml. portion of
the sample is withdrawn and acidified (pH 1.0) by adding 6 N
hydrochloric acid slowly and with constant stirring. It is then
warmed for a few minutes in a water bath at 50 0 C. and cooled
in ice or cold running water. If as little as 3 or 4 mg. of either
fungicide are present, it will precipitate from solution. It is
separated by filtration and identified qualitatively.

Salicylanilide can be detected by the violet color of ferric salicyl
ate formed when ferric chloride is added, or by the Tafel reaction
for anilides (5). The former is conducted by dissolving several
milligrams of the salt in a few milliliters of ethyl alcohol, adding
80 to 100 ml. of water, and removing the alcohol by evaporating
to a volume of 40 or 50 mi. When 1 m!' of ferric cWoride solu
tion (1.0 gram of ferric cWoride hexahydrate in 100 ml. of 1.0 N
'acetic acid) is added dropwise, a stable violet color forms im
mediately if salicylanilide is present. To apply the Tafel
reaction for anilides, several milligrams of the fungicide are dried
in an oven at 50 0 C. and dissolved in 3 ml. of concentrated sulfuric
acid in a small test tube and 1 drop of a saturated aqueous solu
tion of potassium dichromate is added without agitation. An
intense violet color appears for several seconds, finally changing
to green when shaken.

The presence of pentachlorophenol is readily detected by a
strong positive reaction for halogens by Beilstein's copper wire
test (.4).

Colorimetric Procedure for Salicylanilide. (Because the
maximum amount that can be determined by the following pro
cedure is 5 mg. of salicylanilide, it is necessary to withdraw
several aliquots of different volumes from the extracted sample.)

Aliquots of 2, 5, and 10ml. are transferred to 250-ml. beakers
and diluted to approximately 75 ml. with water. Each sample
is then slowly and carefully acidified with hydrocWoric acid to
exactly pH 5.0. A pH meter is used for the adjustment and 6 N
hydrochloric acid is used first, followed by 0.1 N acid for the final
adjustment, to avoid overdilution of the sample. The samples
are allowed to stand 1 hour, then filtered through double thick
nesses of paper of fine porosity into 1ao-m!. volumetric flasks.
The paper and beaker are rinsed with water. Exactly 2 ml. of
ferric chloride solution (1.000 gram of ferric chloride hexahydrate
in 100 ml. of 1.0 N acetic acid) are added, and samples are diluted
to volume. The violet color is compared at once, preferably in a
Fisher electrophotometer, against a tube of water, using a green
light filter (approximate wave length 525 millimicrons).
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The weight of salicylanilide in each aliquot taken is determined
from a graph previously prepared as directed below. If the
amount of salicylanilide in two of the three aliquots fails to agree
proportionally, they are probably too large and smaller aliquots
should be withdrawn.

PREPARATION OF GRAPH. If salicylanilide of known purity
is not available, a quantity of the commercial product is dissolved
in aqueous sodium hydroxide, diluted to 100 to 200 mI., acidified
(pH 1.0) with hydrochloric acid, filtered, and washed with water.
The fungicide is dried overnight in an oven at 50 0 C. A quan
tity is weighed with fourth decimal accuracy, dissolved in
absolute ethyl alcohol, C.P. grade, and diluted to definite volume
with alcohol. Aliquots of 1 to 5 mg. are withdrawn into 250
m!' beakers, diluted with water to 150 m!., and evaporated on a
steam bath to approximately 75 mi. Each is transferred to a
lOG-ml. volumetric flask and color is developed as above.

Colorimetric Procedure for Pentachlorophenol. (Because the
maximum amount that can be held in solution during the final
purification process is 5 mg. of pentachlorophenol, it is necessary
to withdraw several aliquots of different volumes from the ex
tracted sample.)

AJiquots of 2, 5, and 10 mi. are transferred to 600-m!. beakers
and 400 ml. of distilled water are added. Each sample is acidi
fied (pH 1.0) with concentrated hydrochloric acid and allowed
to stand 1 hour. Accutint indicator paper No. 20 is helpful in
obtaining the desired acidity. The samples are filtered through
double thicknesses of paper of fine porosity into 60D-ml. beakers
and the filter papers are washed with water. Each is then
neutralized with sodium hydroxide and an excess of 5 ml. of 10%
sodium hydroxide is added. The samples are then placed in a
boiling water bath and the volume is reduced to 20 to 30 m!'
The samples are cooled, transferred with water to separatory
funnels, and acidified (pH 1.0) with 6 N hydrochloric acid and the
pentachlorophenol is extracted with three 20-m!. portions of C.P.
benzene.

The benzene extractions are combined and washed with 5 m!'
of water. The combined benzene layers of each aliquot sample
are filtered through paper (coarse porosity), previously dampened
with benzene, into glass-stoppered 25D-ml. Erlenmeyer flasks.
Ten milliliters of 10 N nitric acid and 1 ml. of 10% hydrochloric
acid are added. A small strip of paper is inserted at the side of
each glass stopper and the flasks are placed in a water bath at
70 0 C. for 20 minutes. Each sample is then cooled, transferred
to a 25D-ml. separatory funnel, and washed twice with 150 m!.
of distilled water. The water washings are discarded and the
benzene layers are filtered twice through paper of medium
porosity, previously dampened with benzene. The second filtra
tion is made directly into 10D-m!. volumetric flasks. The papers
are washed with benzene and the yellow benzene solution is
diluted to volume. The flasks are shaken thoroughly and al
lowed to stand from 10 to 30 minutes. The color is then com
pared in an electrophotometer against a tube of water, using a
blue light filter (approximate wave length, 425 millimicrons).

The weight of pentachlorophenol in each aliquot taken is
determined from a graph previously prepared as directed below.
If the amount of fungicide in two of the three aliquots fails to
agree proportionally, they are probably too large and an in
definite amount of pentachlorophenol has precipitated out during
the final purification.

PREPARATION OF GRAPH. If pentachlorophenol of known
purity is not available, a quantity of the commercial product is
dissolved in aqueous sodium hydroxide, diluted to 100 to 200
mi., acidified (pH 1.0) with hydrochloric acid, filtered, and washed
with water. It is then dried overnight in an oven at 50 0 C.
A quantity is weighed with fourth decimal accuracy, dampened
with absolute ethyl alcohol, dissolved in C.P. benzene, and diluted
to a definite volume. Aliquots of 1 to 5 mg. are withdrawn into
25D-m!. glass-stoppered, Erlenmeyer flasks. Volume is made
up to approxi~ately 60 ml. with benzene and the color is de
veloped as in the colorimetric procedure.

CALCULATIONS. If a = milligrams of fungicide in aliquot
taken, b = size of aliquot in milliliters, c = size of original sample
of sealer, in grams, and d = per cent ef solids in sealer, expressed

decimally, then b1~ ;xa
d = % of fungicide in sealer, calculated

on the solids basis.
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If it is likely that phenolic fungicides other than pentachloro
phenol are present it will be necessary to separate the latter by
precipitation. Fifty milliliters of the sample in 2.5% alkaline
solution are acidified, to pH 1.0, with hydrochloric acid and
diluted to 100-m!. volume. After standing at least 12 hours, the
temperature is adjusted to 25 0 ± 1 0 C. and the sample is filtered
through porous glass crucibles of medium porosity, containing a
layer of asbestos. The filtrate is used to make the transfer;
no water is used. Three milligrams of pentachlorophenol will be
lost because of its slight solubility, and correction must be made in
calculating. Other phenolic fungicides, if present, will remain in
the filtrate.

The precipitated residue is dissolved while still wet, by passing
100 m!' of 0.1 N sodium hydroxide through the crucible several
times, washing finally with water. The sample is then trans
ferred to a 400-ml. beaker, evaporated to dryness on a steam
bath, transferred to an oven, and heated for 1 hour at 110 0 C.
The original procedure is followed from this point.

Extraction of Metallic Mercury from Mercurial Fungicide
Sealers. A sample of the sealer, not exceeding 5.0 grams, is care
fully weighed by difference into a lOe-ml. round-bottomed flask
having a standard-taper, ground-glass joint. Five milliliters of
mineral spirits are added to prevent coagulation of the varnish
while the more volatile solvents arc driven off by heating the open
flask on a steam bath for 30 minutes. Five milliliters of di
ethanolamine and approximately 0.15 gram of sodium metal, cut
into small pieces and wiped dry with absorbent paper, are added.
Finally, several glass beads are added and a water-cooled con
denser is attached. The sample is boiled gently for 45 minutes.
The fungicide is reduced and metallic mercury collects in the
bottom of the flask. After cooling, the condenser is washed down
with either C.P. acetone, or absolute methyl alcohol, whichever
appears to be the better solvent for the products remaining
after refluxing.

Table I. A.ccuracy of Deterrnination

Fungicide Type of Sample Fungicide Fungicidt·
Solution Varnish Resin Size Present Deter rni ned
Grams Grams Gram8 Gram aram

3.0428 48.5016 Alkyd 4.8105 0.01188 0.0114."
3 .4629 68.7330 Linseed oil :3. 0322 0.01706 0:01683
1.1803 36.6071 Phenolie :') .2622 0.01928 0.01870

The condenser is removed and the' sample is diluted with ace
tone or methyl alcohol to approximately 50 m!' It is mixed by
swirling and the metallic mercury is allowed to settle into the
bottom of the flask. A trap is connected to a source of vacuum
and a curved glass jet is connected to the trap with vacuum
tubing. vVith gentle suction, the solvent and resinous portions
of the sample are drawn off by holding the point of the jet against
the side of the flask, near the bottom. All but a few milliliters
are drawn off and the mercury is washed by adding 50-m!.
portions of solvent, swirling, allowing the mercury to settle, and
drawing off the washings. When the washings appear free of
resinous matter, the mercury is washed with distilled water by
the same process. At all times, the mercury is covered with the
washing liquid. It is then dissolved in a minimum amount of
concentrated nitric acid, diluted to approximately 75 m!' with
water, and filtered through paper into a 100-m!. volumetric
flask. The sample is then diluted to volume with Water.

Quantitative Determination of Extracted Mercury. The
gravimetric determination of mercury in solution with Reinecke's
salt (1) is the method best suited to complete the analysis.

An aliquot estimated to contain from 2 to 20 mg. of mercury
is drawn off into a 25Q-m!. beaker or flask. It is diluted to 40 to
50 m!' with water and 0.1 N potassium permanganate solution
is added to the first appearance of pink color. The sample is then
made approximately 0.5 N with hydrochloric acid (4 or 5 m!'
of 6 Nhydrochloric acid). It is heated on a steam bath and
Reinecke's reagent i.s added dropwise-l m!' of reagent per milli
gram of mercury estimated to be present. ReiJlecke's reagent
(ammonium tetrathiocyanatediamine chromate) is made by
dissolving 1.0 gram in 100 m!' of 0.05 N hydrochloric acid and
filtering. A fresh solution is used.

The sample is allowed to stand at least 5 minutes and filtered
through a fritted-glass crucible containing an additional mat of
fine-fibered asbestos, previously dried for 1 hour at 110 0 C. and
weighed. The precipitate is washed with hot water and the
crucible is dried for 1 hour at 110° C. and weighed. Additional
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reagent is added to the filtrate and allowed to stand several
hours. If precipitate appears, it is added to the crucible.

CALCULATION. Weight of precipitate X 0.2396 = weight of
mercury in aliquot.

ACCURACY OF METHOD

To determine the accuracy of the method, weighed quantities
of fungicide solutions of known composition were added to
various types of varnishes so as to approximate the composition
of wood sealers. Table I shows some of the results obtained from
sealers made from 11.73% solution of phenyl mercuric oleate.

DISCUSSION

The recommended volumes of solutions and solvents specified
in the purification process for salicylanilide and pentachloro
phenol are based on the partition of a compound soluble in two
immiscible liquid media and must not be varied because it would
reduce maximum separation and accuracy. Large ether volumes
are used in the ether extractions, so that the large particles of
precipitated fungicides are dissolved in the first extract to
prevent clogging of the separatory funnel. Three such extrac
tions are sufficient.

To develop the procedures for extraction and purification of
salicylanilide and pentachlorophenol and to measure accuracy,
known quantities (40 to 50 mg.) of the fungicides were dissolved
in 40 m!' of benzene in separatory funnels. Weighed quantities
of various types of resins were added in such proportions as to
approximate the composition of wood sealers. The resins used
were glyceryl phthalate alkyds, linseed oil, and modified phenolics
as specified in U. S. Army Specification 3-186. The extraction
and purification processes were then followed as outlined and the
colorimetric procedure was conducted to determine the degree
of recovery. Accuracy to 0.1 % is obtained.

The graphs for colorimetric determination of both fungicides
are straight lines. Under certain conditions, the graph for salicyl
anilide may curve slightly in the upper portions owing to the
difficulty of obtaining a ferric chloride solution of exact composi
tion. Ferric chloride hexahydrate is so hygroscopic that it is
advisable to weigh a lump of the salt in a closed weighing dish
and calculate the amount of 1.0 N acetic acid that must be added
to produce a solution of the concentration recommended. For
the same reason, a large quantity should be made, sufficient to
complete all samples under test. When a new quantity of ferric
chloride solution is made, it is necessary to check it with known
amounts of salicylanilide against the existing graph and to re
graph the known quantities. This variation is due partially to
the fact that the iron salt is always present in excess and imparts
some of its own color to solution. If 0.05 molar ferric chloride
solution is used in place of the recommended 1% solution, equiva
lent amounts of salicylic acid could be used in place of salicyl
anilide for preparing the graph. However, at this concentra
tion of ferric chloride the range of the graph is reduced to such
an extent that not more than 2 mg. of salicylanilide in a lOQ-ml.
volume can be determined with accuracy.'

These methods of analysis were developed for use only on
fungistatic varnishes and are not suitable, for example. for deter
mining pentacWorophenol in treated wood.
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Method for Identifying Isobutylene
EDWIN D. PARKER AND L. A. GOLDBLATr

Bureau oj Agricultural and lndllstrial Chem,istry, United States Departm,ent oj Agriculture, New Orleans, La.

A Illethod for the identification of isobutyIene (2-Inethylpropene) is based on the
catalyzed absorption of isobutylene in phenol and the forInation of 4-tert-butyl
phenol. This reaction Inay also be applied to the identification of 2-Inethyl-l- .
butene and 2-tnethyl-2-butene by forIllation of 4-tert-pentylphenol.

I N. WORK on the thermal decomposition products of Diels
Alder adducts of certain terpenes, it beca)lle necessary to

establish the presence of small amounts of isobutylene (2-methyl
propene). Isobutylene has been identified chemically by for
mation of the nitroso chloride (3), the nitrosate (3), the nitrosite
(6), and the dibromide (2), but none of these methods is entirely
satisfactory.

Isobutylene reacts with phenol in the presence of a catalyst
to form the butyl ether which readily rearranges to form 4-tert
butylphenol, melting at 99 0 C. However, this reaction appar
ently has not been used for identifying isobutylene, although the
high melting point and good yields reported (4) would seem to
make the reaction a promising: one. In the present work, this
reacti on was investigated as a means of identifying isobutylene
and Was found suitable. The reaction conditions are not critical
and the apparatus required is simple. The method was also

.found suitable for the identification of the pentenes, 2-methyl-l
butene and 2-methyl-2-butene. All three olefins were. success
fully identified among the decomposition products of various
terpen e Diels-Alder adducts. Deliberate admixture of isobutyl
ene with equal volumes of ethylene, propylene, or acetylene did
not interfere with the formation and isolation of 4-tert-butyl
phenol. Admixture of isobutylene with an eq1.lal volume of buta
diene decreased the yield somewhat but pure 4-tert-butylphenol
was isolated without difficulty.

RECOMMENDED PROCEDURE

A typical recommended procedure is given below:

The isobutylene was prepared by refiuxing 25 ml. of teTt-butyl
alcohol with 8 grams of hydrated oxalic acid (1). The gas was
collected in 500-ml. storage bottles by displacement of water and
stored until use. Three procedures were found to be satisfactory
for absorbing the olefin in the phenol-catalyst mixture. In the
first method, the gas is bubbled through the mixture by displace
ment of the gas in the storage bottle; water is added from a sepa
ratory funnel at such a rate as to result in substantially complete
absorption, and unabsorbed gas is' collected and measured. In
the second, which can be used only if the isobutylene is fairly
pure, the gas is passed into the closed reaction tube under a head
of about 75 cm. (30 inches) of water after most of the air has first
been removed by evacuation. In the third method, the side arm
of the reaction tube is kept open until about 20 ml. of gas have
passed through, the side arm is then closed off by means of a pinch
clamp, and the isobutylene is absorbed as in method 2. If the
absorption slows down, owing to an accumulation of unreacted
gas, the side arm can again be opened to purge the tube of such
gas.

A number of trials were made 'to observe the effect of variation
in the quantity of phenol and the quantity and concentration of the
catalyst; drying of the isobutylene; temperature of the reaction
mixture during absorption; and additional heating. Additional
excess phenol tended to increase the rate of absorption but did not
increase the yield significantly. The presence of small amounts
of moisture did not significantly affect the yield, and use of 96%
sulfuric acid and isobutylene dried by passage over calcium
chloride gave substantially the same yield as 75% sulfuric acid
used with isobutylene which was not dried with calcium chloride
after displacement by water. An increase in temperature during
absorption tended to decrease the time required to complete
absorption and gave somewhat higher yields (10% total yield at
60 0 C. compared to 15% at 80 0

); but additional heating at
125 0 or 140 0 significantly increased yield. Thus, 1 hour of
additional heating at 125 0 after absorption was completed
raised the yield to 75%. Neither heating for more than 1 hour
at 125 0 nor heating for 1 hour at 140 0 further increased yield.
Use of other catalysts, such as oxalic-boric acid or aluminum
chloride, did not give as good results as did sulfuric acid.

A 10% excess of phenol (2.17 grams) is placed in a 20-ml. test
tube fitted with a side arm and 0.1 ml. of concentrated sulfuric

acid is added. The test tube is then
shaken by hand and placed in an oil
bath maintained at 90 0 C. The side
arm is connected by a short length of
glass tubing to an inverted graduate
filled with water to measure the
volume of any unabsorbed gas. The
mouth of the test tube is fitted with
a one-hole rubber stopper carrying a
glass gas inlet tube drawn to a point
and extended to within 1 or 2 mm. of
the bottom. A bottle containing 500
ml. of isobutylene is fitted with a two
hole rubber stopper carrying a 500-m!.
separatory funnel and an outlet tube,
and the outlet tube is connected to the
gas inlet tube of the reactor. The iso
butylene is displaced by adding water

JC-

REACTION TUBE../'""III:::::b-db,c:]:-====~

APPARATUS AND EXPERIMENTAL
PROCEDURE

The reaction is carried out in a
test tube (20 mI.) fitted with a side
arm and one-hole rubber stopper
carrying a glass tube drawn to a
point and extending to within 1 or .
2 mm. of the bottom (Figure 1).
The tube is heated by a suitable
bath. The isobutylene is displaced
from the storage container by water
added from a separatory funnel and
may be dried by passage through
a calcium chloride drying tube, if
desired, before being passed into
the reaction tube. Unabsorbeci gas
is collected over water in a graduate.

Apparatus for Absorption of Isobutylene

DRYING TUBE

Figure 1.

ISOBUTYL ENE
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from the separatory funnel at a rate sufficient to cause bubbling in
the absorption tube but substantially no escape of unabsorbed
isobutylene into the inverted grad.uate. Thi" requires 20 to 30
minutes and about 20 illl. of unabsorbed gas (chiefly air displaced
from the system) are collected in the graduate. The reaction tube
is then disconnected, the temperature of the bath is raised to
125°, and heating is continued for an additional hour. The hot
reaction mixture is then poured into 40 ml. of water and shaken
vigorously by hand to remove the acid and any unreacted phenol.
Crystallization occurs soon after shaking is begun. The colorless
needles so obtained are filtered off by suction, washed with 5 to 10
ml. of water, and dried to constant weight in a vacuum desiccator.

Using this procedure, 2.45 grams (76% yield) of product
melting at 89.6° to 97.2° were obtained. An additional 0.1
gram of product was obtained by rinsing the reaction tube and
extracting the aqueous filtrate with petroleum ether. Recrys
tallization by solution in aqueous alkali and acidification with
hydrochloric acid raised the melting point to 98-100° and this
recrystallized product did not depress the melting point of an
authentic sample of 4-tert-butylphenol.

EXTENSION TO PENTENES

The reaction may be extended to the pentenes, 2-methyl-l
butene and 2-methyl-2-butene.

Thus, 1.56 grams of 2-methyl-l-butene were distilled into an ab
sorption tube containing 2.0 grams of phenol and 0.2 gram of 75%
sulfuric acid. The mixture was heated for 1 hour at 125 ° C. and
poured into 20 rnl. of water. There were thus obtained 2.60 grams
of nearly colorless needles of 4-tert-pentylphenol, melting point
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82° to 90° C., which after two crystallizations from petroleum
ether melted at 94 ° to 96 ° C. and did not depress the melting
point of an authentic sample of 4-tert-pentylphenol. Correspond
ingly, 1.7 grams of 2-methyl-2-butene reacted with 2.3 grams of
phenol c~llltaining 0.2 gram of 75% sulfuric acid and gave 2.74
grams of crude 4-tert-pentylphenol, melting at 83° to 91°. After
two crystallizations from petroleum ether, the purified product
melted at 94° to 96° C. '

Although these two pentenes give the same tert-pentylphenol,
they may be readily differentiated from one another by their
physical constants. Thus, 2-methyl-l-butene boils at 31.0° C.
and has n;," 1.3777 (5), whereas 2-methyl-2-butene boils at 38.4 ° C.
and has n 2n" 1.3878 (5).
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Chemical Estimation of Tetraethyl Pyrophosphate
A. R. WREATH ANOE. J. ZICKEFOOSEI, Victor Chemical Works,Chicago Heights, Ill.

The biologically active tetraethyl pyrophosphate content of the technical grade
product and of the so-called "hexaethyl tetraphosphate" can be deternlined by
a nlethod which involves the preferential hydrolysis of the acconlpanying poly
phosphoric acid esters in a 25% aqueous acetone solution at.rOOnl tenlperature
and the absorption of these products on an AInberlite IR-4B resin, followed by
the alkaline hydrolysis of the colunln effluent containing the tetraethyl pyro
phosphate by excess standard base and back-titration with standard acid.

T HE chemical estimation of tetraethyl pyrophosphate pre
sented here was developed during an investigation of so

called "hexaethyl tetraphosphate" made by either the Schrader
(4) or Woodstock (6) process. Hall and Jacobsen (3) have
reviewed the properties and preparation of hexaethyl tetraphos
phate and of tetraethyl pyrophosphate and have concluded that

. the latter is the biologically active constituent. Toy has recently
presented a new method for the preparation of several tetraalkyl
pyrophosphates including tetraethyl pyrophosphate (5).

.The only method published to date (2) for the chemical estima
tion of tetraethyl pyrophosphate involves initial extraction of
the active ingredient from an aqueous solution by chloroform.
The tetraethyl pyrophosphate in the extract is subsequently
hydrolyzed by heating to 50° C. overnight to form diethyl
orthophosphate, which is then determined by titration with
standard alkali.

[After this manuscript was submitted for pub~ation a paper
on determination of tetraethyl pyrophosphate III mixtures of
ethyl phosphate esters was published (1). Tetraethyl pyro
phosphate is removed from mixtures of ethyl phosphate esters
by a benzene extraction after selective hydrolysis of the higher
polyphosphate esters. 'It is subsequently determined by hy
drolysis with alkali.]

1 Present address, A. S. Aloe Company, St. Louis. Mo.

In the new and improved procedure for estinlation of tetraethyl
.pyrophosphate in the technical grade product or in the hexaethyl
tetraphosphate the sample is first dissolved in 25% aqueous ace
tone. The ethyl polyphosphates are hydrolyzed rapidly to
acidic products which are removed by an acid-absorbing resin,
Amberlite IR-4B. Under the same conditions tetraethyl pyr<r
phosphate is not appreciably hydrolyzed and remains in solution.
Alkaline hydrolysis of the latter to the diethyl orthophosphate is
effected subsequently by an exc~ss of standard base and this
excess is determined by titration with standard acid.

MATERIALS AND APPARATUS

Acetone, 25% solution in water. Five hundred milliliters of
acetone, commercial grade, are mixed with 1500 mI: of water and
cooled to 25 0 C.

Sodium hydroxide, 0.1 N.
Hydrochloric acid, 0.1 N.
Amberlite IR-4B resin,. analytical grade, Resinous Products

and Chemical Company, Philadelphia, Pa., obtained from Fisher
Scientific Co., St. Louis, Mo. '

Beckman pH meter, Model G, or any other good glass elec
trode apparatus.

Methyl red indicator, 0.1 % aqueous solution.
Preparation and Use of Resin Column. Thirty grams of

Amberlite resin, screened. to remove all particles under 30-mesh,
are slurried with water and poured into a 1QO-rnl. buret contain-



VOL U ME 2 1, N O. 7, J U L Y 1 949 809

Net mI. of 0.1 N NaOH X 0.0145 X 1.016 X 2.5 X 100
weight of sample

% tetraethyl pyrophosphate

5 10 'S 2.0 2.5 30
TIME 'N NlII\lUTE:S

Figure 1. Hydrolysis of Tetraethyl Pyrophosphate and
Hexaethyl Tetraphosphate in Acetone-Water Soluti~ns

at 25° C.
Hexaethyl tetraphosphate in water (I), 20% acetone (2), 25% acetone
(3),33% acetone (4), and 50% acetone (5), tetraethyl pyrophosphate

in water (6), 20% acetone (7), and 25% acetone (8).

ing a glass wool plug at the bottom. The resin column is washed
With 150 ml. of 3% aqueous sodium hydroxide solution at a flow
rate of approximately 5 ml. per minute and rinsed with water at a
How rate of approximately 25 ml. per minute until the effluent is
colorless to phenolphthalein. The water is displaced with 25%
aqueous acetone solution and the column is ready for use. The
column should not be allowed to run dry or channeling may result.
The liquid level is maintained at all times approximately 2.5 cm.
(1 inch) above the resin bed.

It is advisable to exp,and the resin bed after each determination
before the introduction of a new sample, because the resin tends
to pack in the coluinn as it,absorbs acidic material. This reno
vation is accomplished simply by back-washing with 25%
aqueous acetone which is introduced at the base of the column
until the liquid level reaches the top of the. buret. After the
absorbent settles the solution is drained off to the customary
height of 2.5 cm. above the resin bed. The column is now ready
to receive the next sample.
. After eight to ten,samples have been passed through the column
it is necessary to remove the absorbed acidic material. Regen
eration of the resin is accomplished by repeating the initial treat
ment with sodium hydroxide, water, and acetone as described
above. .

PROCEDURE

Place the material to be analyzed in a glass-stoppered weighing
bottle or weight buret and transfer a 2.5-gram sample (1.0 gram
if the tetraethyl pyrophosphate content is over 50%), weighed
to the nearest milligram by difference, to 50 ml. of 25% aqueous
ac:etone contained i'n a 125-ml. separatory funnel. Mix the
sample with the acetone solution by swirling and allow it to
stand 15 minutes at 25° ='= 2° C. The use of a glass weighing
bottle having a ground-in dropper is recommended for the
weighing operation in order to exclude atmospheric moisture.

Permit the solution of the sample to run through the column
by gravity at a rate of approximately 25 ml. per minute. Wash
the column and funnel with three 5Q-ml. portions of 25% aqueous
aCetone, added successively, and maintain the 2.5-cm. liquid
level above the resin at all times.

Catch the combined effluent in a 25Q-ml. volumetric flask,
diliute to volume with water, mix, and transfer a 100-ml. aliquot
to a 25Q-ml. beaker. Add 50 ml. of 0.1 N sodium hydroxide,
stir well, and allow to stand at room temperature for 30 minutes;
then back-titrate with 0.1 N hydrochloric acid to a pH .of 6.0
using the glass. electrode assembly. Methyl red may be used as a
suitable indicator if a pH meter is not available. Calculate the
percentage of tetraethyl pyrophosphate by use of the following
formula: ' '40.7

'" 0.2
'" 0.6.

98.4
'" 0.2
'" 0.6

Pure TEPP Commercial TEPP
(100%) Series I Series II

98.5 40.5 35.2
98.6 40.6 35.3
98.5 40.3 35.6
98.5 40.9 35.5
98.5 40.9 35.4
98.4 40.6 35.f
98.0 40.9 35.3
98.2 40.5 35.4

36.1"
36.8"

.35.4
'" 0.1
'" 0.3

DeterIDination of Tetraethyl Pyrophosphate
Using AIDberlite IR-4B Resin ColuIDD

% Tetraethyl Pyrophosphate

1
2
3
4
5
6
7
8
9

10
Average
Average deviation
Precision

Determination

" Not included in average.

DISCUSSION

The method presented here makes use of the fact that ethyl
acid phosphates and ethyl acid polyphosphates are absorbed by a
basic resin. Ethyl polyphosphates are first allowed to hydrolyze
to acidic esters in a 25% aqueous acetone solution and the acidic
compounds so formed are then removed by the acid-absorbing
resin, Amberlite IR-4B. Tetraethyl pyrophosphate is not
appreciably hydrolyzed under the recommended conditions.
It is, however, subsequently hydrolyzed in the presence of an
excess of standard alkali to the diethyl orthophosphate; the
excess alkali is determined with standard acid to a pH of 6.0.

(CzH.).PzO, + HzO ---+ 2(CzH.)2HPO.

2(C2H.)2HPO. + 2NaOH ---+ 2Na(C2H.hPO, +H 20
:. (CZH.),P20,~2NaOH

A previous investigation in this laboratory had demonstrated
that acetone is one of a number of solvents with which tetra
ethyl pyrophosphate may be conveniently diluted-i.e., only'
slight reaction will occur over a considerable period of time as
evidenced by the development of an acid reaction. It is further
more not necessary to remove the solvent later in the procedure.

Solutions of so-called hexaethyl tetraphosphate were pre
pared using water and aqueous solutions of acetone containing
20, 25, 33, and 50% of the latter. The acidity of each was deter
mined after various time intervals. Data depicted .graphically
in Figure 1 indicate that hydrolysis in water solution increases
markedly up to 15 minutes, after which the change is much slower.
Consequently, the 15-minute time period was chosen as the re
quired time for hydrolysis of the polyphosphate esters. Solu
tions of tetraethyl pyrophosphate were also prepared using water
and aqueous solutions of acetone containing 20 and 25% of
acetone. The increase in acidity of each of these as a function
of time was likewise determined. On the basis of these data
the 25% acetone in water solution was chosen for the analytical
determination of tetraethyl pyrophosphate as permitting hy
drolysis of the polyphosphates present, while minimizing that of
the tetraethyl pyrophosphate. Curve 8 shows that pure tetra
ethyl pyrophosphate hydrolyzes to the extent of only 0.7% in
15 minutes.
If a sample of pure tetraethyl pyrophosphate is treated according

to the above method, a loss of approximately 1.6% is noted,
presumably due to adsorption by the resin or hydrolysis, or
both (Table I). This error is, however, fairly constant and is the
basis for the factor 1.016 used in the calculation.

Up to as many as eight determinations may be made using the
same resin column before regeneration as indicated by success~ve

N~tml.ofO.1NNaOHX 3.67 _ 01 t t th I h h t
or weight of sample - 10 e rae Y pyrop osp a e

A single determination may be completed in 60 to 65 minutes.
Samples can be so staggered that a series of ten determinations
may be completed in 3.25 hours.

Table I.

8..0

~Z5
III
1:
fII

t:~~
o
If,o S
2
2...
o
... s
J:



810 A N A L Y TIC ALe HEM 1ST RY

Table II. Deterillination of Tetraethyl Pyrophosphate
Sample Bioassay Chemical Assay

% %
1 40.0 39.0
2 40.0 37.0
3 9.0 11.0
4 35.0 35.0
5 40.0 41.0
6 38.0 37.0

methods. Using the bioassay the MLD/50 for pure tetraethyl
pyrophosphate was found to be 0.80 mg. per kg., when male. white
mice were used.
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runs,. the results for which are given in Table 1. A second series
of successive determinations, using a product of lower pyro
phosphate content, revealed the presence of unabsorbed acid in
the column effluent after it had been used for eight samples. The
precision as calculated from three times the average deviation is
±0.5%.

A bioassay method and the above chemical method was com
pared on six samples of hexaethyl tetraphosphate and the tech
nical grade product of tetraethyl pyrophosphate. The data
presented in Table II show good agreement between the two
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Fluorometric Method for Determination
of Citric Acid

ELMER LEININGER AND SIDNEY KATZ, Michigan State College, East Lansing, Mich.

A quantitative Hl'lorollletric ntethod is described for the determination of citric
acid based upon its transforntation into the highly Huorescent cOntpound, ant
ntOniuIll citrazinate. The effect of changes in various operating conditions at
each step in the procedure is discussed. The ntethod is applicable to deterntina
tions of 10 to 75 nticrogrants of anhydrous citric acid. One hundred nticrog~ants

of tartaric and ntalic acids per santple do not interfere. Sulfate ion and hydro
scopic contpounds interfere. Application to deterntinations of citric acid in
citrus j llices is d.escribed.

REAGENTS

Thionyl Chloride, Eastman No. 246. It must be protected
from the moisture of the air at all times. The practical grade
causes lower fluorescence intensity and is not satisfactory.

AFLUOROMETRIC method for the determination of citric
acid and citrate ion is based upon the reactions employed by

Feigl (2) in a qualitative test for citric acid.
When anhydrous citric acid and anhydrous sodium carbonate

are refluxed with thionyl chloride, aconityl chloride is formed.
After the excess thionyl chloride is volatilized, aconitamide is
formed by exposure of the aconityl chloride to ammonia gas at
i-oom temperature. Citrazinic acid is formed by treatment of the
aconitamide residue with 76% sulfuric acid at 165 ° C. Upon
neutralization with ammonium hydroxide the solution of ammo
nium citrazinate exhibits an intense blue fluorescence in ultravio
let light. The solution is diluted to a definite volume and the
fluorescence intensity is determined.

000
CCI CNR2 COR

[; 6 b
/'-..... /'-..... /'-.....

HC CR2 HC CH. HC CH
I I -+ I I -+ I II

oc co oc co HOC COH
I I I I ~/
CI CI NH2 NH2 N

Aconityl chloride

APPARATUS

Sodium Carbonate, anhydrous, C.P.
Ammonia, from a compressed gas cylinder.
Sulfuric Acid, 76 to 77%. Concentrated sulfuric acid (73 mI.)

is added to 35 ml. of water with cooling. The specific gravity
(20°/4° C.) of the solution must be within the range of 1.681 to
1.692. .

Sodium Salicylate Solution. A standard solution is prepared
by dissolving 2.000 grams of reagent grade' sodium salicylate in
water and diluting to 1000 mL It may be preserved from mold
growth with a few drops of toluene.

Citric Acid Solution. A standard stock solution is prepared
by dissolving 7.000 grams of C.P. citric acid monohydrate in
water and diluting to 1000 mL The conoontration is checked by
titration with standard base. The standard stock solution may
be preserved with a few drops of toluene. Two tenfold dilutions
of this standard stock solution give a working standard con
taining 64 micrograms of anhydrous citric acid per' m!' The
working standard may be conveniently preserved by making it
0.3 N with respect to hydrochloric acid during the dilution.

Lead Acetate Solution. Normal lead acetate (75 grams)
is dissolved in water and 0.5 m!' of glacial acetic acid is added.
The solution is diluted to 250 m!'

Fluorescence intensities are measured with a Lumeti-on'fluores
cence meter Model 402EF with 25-m!' cells. Theprimaryfilter
permits maximum transmittance in the spectral region of 365
millimicrons~ .The secondary filters consist of a combination ofa
yellow filter, furnished by the Photovolt Corporation for use'in
vitamin B, determinations, which does not transmit emission
below 400, millimici-oris and a Corning 'lantern'bhiElfilter '. No.
5543. This combination of secondary filters permits maximum
transmittance corresponding to the region of greatest fluorescence

Citrazinic
acid

Aconitamide

o
COR
I

HOC

H 26"'CH2
I I -+

oc CO
I Io 0
H H

Citric acid
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intensity of the ammonium citrazinate solution-that is, in the
spectral region of 430 to 450 millimicrons..

The specially constructed apparatus is illustrated in Figure l.
For the thionyl chloride reaction a 25-ml. Pyrex Erlenmeyer
flask A is fitted to a Pyrex tube, B, 15 mm. in diameter and
260 :nrr:. in length, by means of a ground joint. The Pyrex
tube serves as a reflux condenser and a drying tube. A con
striction in the tube 160 mm. from the ground joint retains a plug
of fine glass wool, 130 mm. of Dehydrite, a.nd a covering plug of
glass wool. When not in use the tube is plugged with clean cork
stoppers. The ground joint is not sufficiently smooth as pur
chased and is polished with fine grinding compound, so that the
joint will not leak under vacuum. For the volatilization and
removal of the excess thionyl chloride a three-way stopcock,
C, is connected to the upper end of the drying tube by C-1, to
the vacuum pump by C-2, and to a capillary tube by C-3.

The transformation of aconityl chloride to aconitamide is
carried out in an ammonia chamber, D, which is an L-shaped
box of the following dimensions: horizontal section 5 em. wide,
8 em. high, and 30 em. long; vertical section 5 em. in both hori
zontal directions and 15 em. high. The horizontal section ac
commodates six flasks at a time. Ammonia gas from the com
pressed gas cylinder enters through a tube on t·he right-hand end
of D.

After the flask with the reflux tube attached has been placed
in the chamber the tube is loosened with the aid of a wooden
block, E, and removed. The block is 150 mm. in length, fits
loosely within the vertical section of the ammonia chamber, and
has a hole 20 mm. in diameter bored through it lengthwise. It
fits over the reflux tube and rests on the lip of the flask. The
reflux tube, being considerably longer than the block, is held by
the top and the assembly is raised a few mm. from the floor of
D while the block is tapped gently against the lip of the flask
to make it drop free of the tube. A cover, F, is place.d over the
opening on top of the ammonia chamber in order to retain a high
ammonia concentration.

FLUORESCENCE METI'R SI"I~flNG AND CALIBRATION

The fluorometer is set to give a reading of 100 with standard
sodium salicylate solution (2.000 grams per 1000 mi.) and a read
ing of 0 with distilled water. The fluorescence intensity of sodium
salicylate at this concentration varies only slightly over the range
of 20° to 30° C. and therefore temperature control is unnecessary.

A calibration curve, which is very nearly linear, is prepared
from instrument readings obtained from at least six well distrib
uted points by carrying amounts of anhydrous citric acid rang
ing from 10 to 75 micrograms through the procedure described
below. Proper volumes of the working standard (containing 64
micrograms of anhydrous citric acid per ml.) are measured out
with accurately calibrated pipets. If more convenient, a series of

Figure 1. Apparatus for Determining Citric Acid
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dilutions of the citric acid may be prepared so that I-mi. samples
are used in all cases.

DETERMINATION OF CITRIC ACID IN SOLUTIONS FREE FROM
INTERFERENCES

Analytical Procedure. A sample solution containing 10 to 75
micrograms of citric acid, preferably 1 ml. or less, is accurately
measured into the 25-ml. reaction flask A. The flask is heated for
2 hours in a vacuum oven at 65 ° to 70 0 C. in order to obtain an
anhydrous residue.

Approximately 15 mg. of anhydrous sodium carbonate and
2 mi. of thionyl chloride are added to the sample. The com
bination reflux condenser and drying· tube, B; is connected to the
reaction flask and the flask is heated in an oil bath maintained at
95 0 to 100 0 C.

After refluxing for 20 minutes, the reaction flask with the tube
attached is removed from the oil bath and the excess thionyl
chloride is volatilized and evacuated through tube B and the three
way stopcock, C. During this operation the reaction flask is
given a swirling motion to prevent spattering of the contents.
Gentle heat may be applied with the palm of the hand to hasten
the volatilization. The reaction flask is evacuated for 4 minutes
after the residue appears dry and then air is allowed to flow into
the flask by means of capillary C-3. The evacuation and flooding
with dry air are repeated three times, using I-minute periods of
evacuation.

The flask with the condenser attached is introduced into the
ammonia chamber (under a hood). A slow current of ammonia
is passed into ammonia chamber D. The tube is disengaged
from the reaction flask by means of wooden block E, and lifted
from the chamber. The cover is then replaced over the chamber
opening. After 10 minutes the flask is removed from the am
monia chamber, approximately 2 mi. of 76% sulfuric acid are
added, and the flask is tipped and rotated to bring the sulfuric
acid in contact with the entire residue.

The flask is then heated for 6 ± 0.5 minutes at 162 0 to 168 0 C.
in an oil bath. At this point the solution should be colorless to
straw colored. After removal from the oil bath, the solution
is diluted with 5 mi. of water and transferred quantitatively to a
lOO-ml. glass-stoppered volumetric tfiask, using 25 mi. of wash
water. The solution is made alkaline to litmus. with dilute
ammonium hydroxide (6 N), made up to 100 mi., mixed thor
oughly, and brought to 24 0

± 0.5 0 C., and the fluorescence in
tensity is determined with the fluorometer.

Discussion. The reaction between citric acid and thionyl
chloride must take place in the complete absence of water in ordre
to obtain reproducible results. The sample is dried effectively in
a minimum of time without decomposition by use of a vacuum
oven at 70 0 C.

The direct action of thionyl chloride on citric
acid produces much tarry material and the
final citrazinate solution is only weakly fluores
cent. In the presence of anhydrous sodium car
bonate darkening does not occur during this
reaction and the final fluorescence intensity is
increased approximately tenfold. From 10 to
50 mg. of sodium carbonate give maximum
fluorescence. The thionyl chloride reaction
reaches a maximum after 15 minutes' refluxing.

Exposure to water during or after refluxing
lowers the fluorescence intensity and therefore
the reaction vessel is protected with a drying
tube until it is placed in the atmosphere of
gaseous ammonia. The only satisfactory drying
agent found was Dehydrite. A water pump is
satisfactory for the removal of excess thionyl
chloride by evacuation.

Ammonia gas rather than ammonium hy
droxide is used to change the aconityl chloride
to aconitamide because it facilitates the control
of conditions in the reaction that follows. The
time of exposure to ammonia is not critical. The
reaction is apparently complete in less than 1
minute in some cases; long exposure does no
harm.
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Table I. Variation of Fluorescence Intensity with Sul
furic Acid Concentration for Constant Amounts of Citric

Acid

Table II. Variation of Fluorescence Intensity with Tem
perature of Oil Bath for Constant Amounts of Citric Acid
Temperature of Fluorometer Temperature of Fluorometer
Oil Bath, 0 C. Reading Oil Bath, 0 C. Reading

100 12.8 160 82.1
130 52.5 165 83.9 .
145 72.5 170 83.8
150 79.4 175 80.8
155 83.8 180 80.0

In the transformation of aconitamide to citrazinic acid the
concentration of sulfuric acid and the temperature of the oil bath
should be controlled rather closely. Table I illustrates the varia
tions of fluorescence intensity as the concentration of sulfuric
acid is varied and Table lp illustrates the variations of fluores
cence intensity as the temperature of the oil bath is varied. When
76 to 77% sulfuric acid and a temperature of 162 0 to 168 0 C.
were used for 4 to 8 minutes, consistently good results were ob
tained.

The final solution should be alkaline to litmus, but an exceSS of
ammonium hydroxide does not change the fluorescence intensity.
The temperature of the solution has a marked effect on the
fluorescence intensity; an increase of 50 C. decreases the intens
ity approximately 10%.

Table III demonstrates the reproducibility of fluorescence in
tensity readings for 29 of 31 samples taken. Each sample con
sisted of 60.0 micrograms of anhydrous citric acid.

Compounds that decompose to discolor the solutions resulting
from this series of reactions interfere. Tartaric and malic acids
fall[into this classification. However, if tartaric and malic acids
are present in amounts less than 100 micrograms per sample
taken, the interference is slight; 500 micrograms per sample
cause approximately 5% decrease in measured fluorescence in
tensity. Sulfate ion in very small amounts interferes, causing a
darkening in the thionyl chloride reaction and a loss of fluores
cence. Hygroscopic compounds interfere, owing to the presence
of water of hydration after the drying period.

The procedure requires 3 hours, of which 2 hours is the drying
period.

Concentration of
Sulfuric Acid, %

68.9
72.7
74.8
76.9
78.5
80.0
81.5

Ta~e III. Reproducibility of
Number of samples, N
Citric acid present in each sample
Average flu orometric reading, x
Average deviation of ft.uorometric readings
Standard deviation of flu orometric readings

[
(x - XJ2] 1/2

Standard deviation = :l:N'="T

Fluorometer
Reading

67.9
83.4
85.5
85.3
85.7
76.5
68.2

Fluorometric Method
29
60.0 rnicrogra InS
77.0 units
1.2 units
1. 6 units

ANALYTICAL CHEMISTRY

Table IV. Errors Incurred in Separation of Pure Citric
Acid

Citric Acid Citric Acid
Separation Present Found Error

Mil. Mil. %
A 63.3 61.9

60.9
62.9
61.0

Av. 61.7 2.4

B 63.3 61.7
60.7
62.0
59.7

Av 61.0 3.5

C 63.3 62.5
62.9
62.0
63.4

Av. 62.7 0.9

D 63.3 62.7
62.5
62.3
59.9

Av. 61.9 2.1

hours for the standard A.O.A.C. pentabroinoacetone gravimetric
procedure.

Procedure for Separation of Citric Acid from Citrus Juices. A
weight of sample containing 40 to 75 mg. of citric acid is selected.
The voluine is brought to 15 mI. with water or by evaporation.
After 1.5 m!' of I N hydrochloric acid are added, the solution is
heated to 50 0 C., and transferred quantitatively into a lOO-ml.
volumetric flask. The flask is cooled and brought to volume with
95% ethyl alcohol and the solution is well mixed. The solution
is filtered through a folded filter paper covered with a watch
glass. Fifty milliliters of filtrate are pipetted into a lOO-mI.
centrifuge tube, 2.5 to 3.0 m!. of lead acetate solution are added
and the solution is thoroughly mixed, and centrifuged at 1000
r.p.m. for 15 minutes.

The supernatant liquid is tested with lead acetate solution for
complete precipitation. If additional precipitate appears, more
lead acetate solution is added and the centrifuging is repeated.
The liquid is carefully decanted and discarded, leaving the precipi
tate in the centrifuge tube. The precipitate is washed by adding
50 m!. of 80% ethyl alcohol in small portions, using a stirring
rod to ensure a homogeneous mixture. The stirring rod is
rinsed with the last portion of the 80% alcohol. The solution
is again centrifuged and decanted as before. The precipitate is
suspended by adding 50 m\. of water in small' portions while
using the stirring rod for thorough mixing. The solution is
satw'ated with hydrogen sulfide and transferred quantitatively
to a lQO-mI. volumetric flask. It is brought to volume with
water; the contents are well mixed and filtered through a folded
filter paper. The filtrate is diluted I part to 4 parts of water.
One-milliliter portions are taken for fluorometric analysis. The
citric acid in the original sample is found by multiplying the
amount found in the I-m!. portion by 1000.

Table V. Citric Acid Determinations by FluorOlnetric
and A.O.A.C. Methods for Citrus Juices

Citric Acid by Citric Acid by
A.O.A.C. Method, % Fluorometric Method, %

Canned grapefruit jnice 1.48 1.54
1.48 1.42
1.47 1.49
1.43 1.43

Discussion. The error incurred by passing known amounts of
citric acid through this separation and the tluorometric determi
nation is illustrated in Table N. FolU' slloWp.les,each containing
63.3 mg. of anhydrous citric aCid, were used. In each of the four
sepl1rations four I-mI. aljquo,t portions were AAlI1yzed. The er-

CITRUS JUICES

The method of the Association of Official Agricultural Chemists
(1) for the separation of citric acid from citrus fruit juices has been
modified in that hydrochloric acid is substituted 001' sulfuric acid
and smaller volumes are used. In general, the protein matter is
coagulated and separated by filtration along with solids from the
juices. The citrate is precipitated as the lead salt, washed, and
put back into solution as citric acid by precipitating the lead as
its sulfide. The elapsed time required for a complete determina
tion by the f1uorometric method is 4 hours compared to nearly 24

Canned orange juice 0.845
0.841
0.835

0.858
0.820
0.863
0.827
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rors incurred in these separations and determinations are within
the same range as those found in the determination alone.

Values obtained by this method for some citrus juices are com
pared with values obtained by the use of the pe~tabromoacetone
method of the Association of Official Agricultural Chemists (1) in
Table V. Each fluorometric result given is an average of four ali
quots.
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Diphenylamine Test for Nitrates in Mixtures
of Cellulose Esters

A. G. ROBERTS, National Bureau of Standards, 'Washington, D. C.

Diphenyla:mine in sulfuric acid is a sensitive reagent
for indicating nitrates by producing a blue colora
tion. Earlier investigations were Ii:rnited to ni
trates in very dilute aqueous' solution. Uncertainty
exists concerning its use in the higher nitrate
range and upon solid :materials. An investigation
was ':made of the speed and strength of· color
develop:ment when solutions containing diphenyl
a:mine and water were brought into contact with
films cast fro:m :mixtures of cellulose esters covering

'D IPHENYLAMINE in sulfuric acid has long been known
(6) as a sensitive reagent for indicating the presence of

nitrates by the production of a blue coloration. Because the
blue color results from the oxidation of the diphenylamine, strong
oxidizing agents such as nitrite, chromate, ferric salts, etc., inter
fere (5).

The work of earlier investigators (3, 7, 10, 11) indicated that
the sensitivity of the test depends upon, the concentrations of
diphenylamine and sulfuric acid. They employed reagents con
taining from 0.008 to 0.67 gram of diphenylamine and from 0 to
150 m!' of water per 100 ml. of concentrated sulfuric acid. These
investigations were limited to the detection of very small amounts
of nitrate in higWy dilute aqueous solution, of the order of 1 mg.
of nitrate nitrogen per liter (0.0001 %). No investigation appears
to have been made of the broad higher nitrate range (from 0.001
to 12.0% nitrogen) or of solid materials such as mixtures of
cellulose esters, nor has the time for production of color been
emphasized as an effective quantitative criterion. Standard
reference works such as the "Modern Plastics Encyclopedia" (8),
the "Handbook of Chemistry and Physics" (.~), and others (2,13)
are at variance with regard to the indicator reagent compositions
recommended.

It was the purpose of this investigation to determine the op
timum concentrations of diphenylamine and sulfuric acid in the
diphenylamine indicator solution for general use in the detection
and estimation of nitrates in cellulosic films having a wide range
of nitrate nitrogen compositions.

EXPERIMENTAL

A series of diphenylamine indicator solutions was prepared
covering the range of 0.01 to 1.0 gram of diphenylamine per 100
m!' of concentrated (96%) sulfuric acid, and a range of 0 to 150
m!' of water per 100 ml. of concentrated sulfuric acid. These
were evaluated with films of various nitrate contents, ranging
from 12% nitrogen (as determined by a Kjeldahl titration) in a
film composed wholly of cellulose nitrate, to 0.001 % nitrogen in
a film consisting of a 1 to 12,000 mixture of cellulose nitrate and
cellulose acetate butyrate. The cellulose nitrate employed was a
dope grade complying with Army-Navy specifications (1).

The mixed nitrate-butyrate compositions were obtained by
casting films from homogeneous acetone solutions of cellulose

a wide range of nitrate co:mpositions. The color
develop:ment ti:me is a :mini:mu:m in the region of 2
to 6% nitrogen and increases at higher and lower
concentrations. Water content is i:mportant; di
phenyla:mine concentration exerts a :minor influence.
A suitable reagent for general use over a wide nitrate
range contains 0.1 gra:m of diphenyla:mine, 100 :mI.
of concentrated sulfuric acid, and 30 :mI. of water.
Quantitative esti:mates are possible when films of
known nitrate co:mposition are used for co:mparison.

nitrate and cellulose acetate butyrate in the desired ratios. The
latter was selected as the diluent because it is the standard ma
terial for doping fabric surfaces of naval aircraft (9) and is widely
used in the aircraft industry. The diphenylamine solutions were
prepared by suspending the diphenylamine in the water to be
added, then adding the concentrated acid. The heat of mixing
was thus utilized to effect rapid solution of the diphenylamine.
(Maximum sensitivity is achieved only with freshly prepared
reagents. The solution gradually deteriorates and should be
discarded when it no longer produces an adequate color with a
standard nitrate sample.)

The compositions investigated are indicated in Table 1.
The time required for a particular color to develop after a

single drop of the indicator solution was placed on a test film
was found to depend in a consistent manner upon the nitrate
content of the film. In order to standardize the time measure
ment, so as to permit visual resolution of nitrate composition
differences among the samples, it was found convenient to use
two arbitrarily selected reference colors-viz., a light blue (about
2.5PB 5/8 Munsell) and a deep blue (about 5.0PB 3/8
Munsell). In the extremes of the nitrate compositions tested,
where relatively little color is produced, the time required for the
appearance of the first observable blue coloration was a useful
criterion.

Figure 1 shows the relation between nitrate nitrogen content
and the color development time, using the several reference
colors, With indicator reagents containing 30 and 50 ml" re
spectiveiy, of water per 100 ml. of concentrated sulfuric acid.
A semilogarithmic plo~ has been employed solely for convenience
in treating the data. Although the data presented are not in-

Table I. Co:mpositions Investigated to Deter:mine
SenSitivity of Diphenylamine Test for Nitrate Radical
Water added to stlfuric acid, mI. per 100 0, 10, 30, 50, 80, 150

mI. of H2SO. (96%)
Sulfuric acid in reagent, % by weight 96, 91, 82.5, 75.5, 67, 53
Diphenylamine in reagent, grams per 100 0.01,0.05,0.10,0.50, 1.00

mI. of H2SO. (96%)
Nitrate nitrogen in film, % 0.000, 0.001, 0.005, 0.015,

0.025,0.050,0.100,0.185,
0.36, 0.71, 1.3, 2.4, 4.8,
7.2, 9.6, 10.6, 12.0
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Figure 1. Relation between Nitrate Nitrogen Content
and Tilne Required for DevelopIllent of a Reference Color
with DiphenylaIlline Indicator Solutions Differing in

Water Content.

Ctll"'ve-s shown are for a reagent containing 0.1 gram. of diphenylamine
per 100 Int. of concentrated sulfuric acid
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t.o select the applicable value. Such informat.ion, if not. already
known, can be ascertained by noting whether the time for color
development increases or decreases when the specimen is diluted
by the casting technique previously described. If, for example,
the time for color development increases upon dilution, obviously
t.he sample must be in the lower nitrate range. Resolution of
composition differences in the 2 to 6% nitrogen range can be
accomplished by quantitatively diluting the specimen to the lower
nitrate region before comparison with known standards.

The test is not so sensitive with the solid materials herein de
scribed as in the nitrate solutions studied by earlier investigators.
The practical lower limit of sensitivity with films of mixed
cellulose esters is about 0.003% nitrate nitrogen. Values below
0.005% nitrogen have not been plotted in Figure 1 because of
the poor reproducibility of results in this region.

Estimation of Nitrate Content. The principll;s which have
been described make practicable a simple and rapid procedure
for the estimation of nitrate nit~ogen in a cellulosic film.

Prepare a series of film standards of known nitrate content
covering the nitrate range likely to be encountered. Such
standards can be prepared by the diluting and 'casting technique
already described. Once prepared, the films may be cut into
small test pieces and stored indefinitely for use as needed.

Place a single drop of the diphenylamine indicator solution
on the unknown and on the standard samples and note to the
nearest second the time required for each sample to develop the
reference color. The nitrate content of the unknown sample
may then be taken as approximately that of the standard sample
whose color development time it most nearly matches. Or, if
the diphenylamine reagent is applied practically. simultaneously
to the unknown and to the standard samples, the nitrate content
may be estimated merely' by comparing the colors among them
at a given time and noting which standard is most closely match~d

in color by the unknown. If the latter method is employed, the
time interval allowed before comparison must be long enough to
develop an intensity of color. sufficient to enhance differences
among the samples, and yet not so long as to obliterate such
differences by the production of colors of too high a degree of
saturation for visual resolution.

Where two values are cbtained (as the color development time
has been shown to be a double-valued function of the'nitrate
content), the correct value can be recognized' from such factors
as knowledge of the manufacturing process which produced the
sample, its texture or appearance, its flammability, or its. solu
bility in certain solvents. In the absence of any such informa
tion," the applicable value can be ascertained by noting\\'hetlier
the time for color development increases or decre'ases when the

tended to be an absolute basis for analysis, they are typical and
serve to demonstrate how markedly the time required for color
development depends upon the amount of nitrate present.
Through use of a suitable reference color---;:-Le., one for which
there is a relatively large change in the time required to develop
the reference color for small changes in the nitrate content, as
exemplified by the curves in Figure 1 with the steepest slopes
it is possible to resolve differences in nitrate content over a wide
range of compositions with a single general-purpose indicator
solution; estimation of the amount of nitrate present then
becomes 'practical by comparing the unknown sample with films
of known nitrate content.

The usefulness of a particular reference color is determined
by the range in which it may be applied. Thus it is evident
from Figure 1 that although the time to develop a deep blue color
is the most satisfactory criterion for resolution of differences in
nitrate composition in the broad middle nitrate range, its use is
limited by the insufficiency of color developed in the extremes of
nitrate content, where the time for the first observable color to
develop becomes practical as a criterion.

DISCUSSION OF RESULTS

Effect of Water Content. Indicator solutions of several di
phenylamine concentrations and covering the range of water
contents indicated in Table I were tested over the nitrate range
from 2 to 11% nitrogen. The concentrated sulfuric acid solution
produced charring of the film rather than a blue coloration. The
"lO-ml." solution-i.e., containing 10 ml. of water per 100 mi.
of concentrated sulfuric acid-gave a dirty violet color and erratic
results. A pure blue color and consistent results were obtained
with the "30-mI." solution. Good results were also obtained with
the "50-mI." solution, but strength of color and sensitivity were
lower than with the "30-mI." reagent (Figure 1), and the useful
range was not so great. No color whatever was obtained with
either the "80-ml." or "150-mI." reagents.

On the basis of the above data, 30 mi. of water per 100 mi.
of concentrated sulfuric acid were selected as a suitable amount
of water to use in the diphenylamine indicator reagent. Such a
reagent contains approximately 82.5% sulfuric acid by weight.

Effectof Diphenylamine Content. Indicator solutions having
the concentrations of diphenylamine given in Table I and con
taining the amount of water as determined above were investi
gated with films in the 2 to 11 % nitrogen range. Saturation of
color and the rate at which it developed increased with increasing
diphenylamine content within this range. A similar series of
tests conducted in the low nitrogen range revealed a somewhat
greater sensitivity and a lessening of the color development time
with decreasing diphenylamine content for' compositions below
0.02% nitrogen.

With the higher diphenylamine concentrations investigated
the reference color was attained so rapidly as to make difficult
the resolution of differences in nitrate composition. On the other
hand, the solution containing 0.01 gram of diphenylamine per
100 ml. of concentrated sulfuric acid was low in sensitivity. The
intermediate reagent containing 0.1 gram of diphenylamine per
100 illi. of concentrated sulfuric acid plus 30 mi. of water was
selected as a .general-purpose indicator which would be suitable
for use over a wide range of nitrate content.

Effect of Nitrate Content. The general-purpose indicator was
evaluated with films covering the entire nitrogen range listed in
Table 1. The results are shown graphically in Figure 1. Color
was found to develop faster with increasing nitrate content up to
about 2% nitrogen. There was no appreciable ooange of color
development t.ime with nit.rate content. in the 2 t.o 6% nit.rogen
range. Above approximat.ely 6% nitrogen, color developed more
slowly with increasing nitrate content.

Because for any given color development time there are two
possible values of the nitrate content, some idea of the approximate
range in which the unknown composition lies is needed in order
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l;pecimen is diluted by the techniques mentioned. When the
composition lies in the less distinguishable 2 to 6% nitrate nitro
gen range, the composition may be more closely approximated
by quantitatively diluting the unknown specimen to the lower

,nitrate region before comparing it with the known standards.

SUMMARY

Speed and strength of color development were used as criteria
1,0 evaluate the utility of a variety of diphenylamine indicator
solutions 'with a wide range of nitrate compositions in the form
of films cast from mixtures of cellulose esters. The plot of time
for color development versus nitrogen content has a minimum
value in the 2 to 6% nitrogen region. Water content is shown
to be a critical factor, and diphenylamine concentration is found
to exert a minor influence. Although no single indicator solu
tion is best for all nitrate contents, a suitable reagent for general
applicability in qualitative tests over a wide nitrate range consists
of 0.1 gram of diphenylamine, 100 ml. of concentrated sulfuric
acid, and 30 ml. of water. The method can be used for estimating
nitrate nitrogen content by comparing samples with a series of
film standards of known nitrate composition.
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Determination of Glycosidic Methoxyl
CARROLL L. HOFFPAUIR AND RICHARD E. REEVES

SOllthern Regional Research Laboratory, New Orleans, La.

A method is described for the determination of glycosidic methoxyl based on
the hydrolysis of methyl glycosides by strong sulfuric acid to yield methanol.
The lllethanQI is separated by disillation and oxidized to formaldehyde, after
which it is deterlllined colorimetrically, using a sensitive fuchsin-sulfurous acid
reagent. The method is applicable to the determination of small amounts of
glycosidic methoxyl. If ether-linked methoxyl is present, as in highly lllethy
lated glycosides and cellulose derivatives, it is necessary to plot yield of methoxyl
against time and extrapolate to zero time to obtain glycosidic methoxyl values.
The method is not applicahle in the presence of ester-linked methoxyl or if the
sarnple steam-distills.

WHEN the glucose-glucose bonds in cellulose are l'uptured
by methyl alcohol in the presence of hydrochloric acid,

methoxyl groups are introduced into the cellulose (7). In ap
plying the conventional microadaptation of the Zeisel methoxyl
method (2) to the analysis of such modified celluloses it was
noted that glucose or purified cotton cellulose gave blanks,that
amount to approximately 0.3%. Similar results have b~en ob
served with polyhydric alcohols (1). These blanks would
account for more than half of the methoxyl found by the Zeisel
procedure in fully methanolyzed native cotton cellulose and OVllr
a third of that on methanolyzed mercerized cellulose; hence the
Zeisel method is not suited to the accurate determination of
small amounts of methoxyl in these materials.

Freudenberg and Soff (4-) have suggested a modification of the
)i;eisel apparatus for measuring acid-labile, glycosidic methoxyl,
but their method is not easily adapted to the determination of the
very small amounts encountered in methanolyzed cellulose.
Inasmuch as the methoxyl in methanolyzed cellulose is hydro
lyzed by aqueous acid, consideration was given to the possibility
of determining the methyl alcohol so .produced. The technique
of von Fellenberg (8) for the determination of methoxyl in pectin
appeared more promising. By substituting acid for alkaline
hydrolysis and refining the Schiff 'colorimetric procedure it was
succpssfully adapted to the prespnt purpose.

The methanol is separated by distillation, and oxidized to
formaldehyde by means of an acid solution of potassium per
manganate (3), and the formaldehyde is determined by a modi
fied colorimetric method (5, 6).

After drastic methanolysis native cotton celluloses yielded
0.20 to 0.25% and mercerized celluloses about 0.5% methoxyl
by the present method. Closely agreeing values are also ob
tained by the Zeisel procedure, if they are corrected for the large
blank. With simple methyl glycosides the two methods give
values which are in agreement. But with methylated methyl
glycosides, such as methyl 2,3,4,6-tetramethyl-J3-n-glucoside
and methylheptamethyl-J3-cellobioside, the Zeisel method meas
ured all the methoxyl groups whereas the new procedure gave
erratic results which in some cases were slightly greater than one
methoxyl per molecule. In the latter cases it was found that, in
addition to the acid-labile glycosidic methoxyl, a trace of ether
linked methoxyl was reacting. Because the two types of linkages
are cleaved at-vastly different rates, it modified method was
developed for glycosidic methoxyl in the presence of ether meth~

oxyl groups. The methods described here are not intended to
replace the Zeisel method for the determination of total methoxy!
in materials containing appreciable methoxyl, but have proved
useful in measuring small amounts of acid-labile methoxyl in
materials such as meth!Lllolyzed cellulose.
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Table II. Zeisel Blank Values 00 Purified Cellulosea

straight line, which is extrapolated through these points back to
the ordinate, as iIIustratedby Figure. 1. The point of the
intercept with the ordinate is regarded as a measure of the
glycosidic methoxyl present in the original sample.

DISCUSSION OF RESULTS

That purified cellulose and glucose give essentially a zero
blank by the procedure described is shown in Table I, which also
illustrates satisfactory recovery. of small known amounts of
methoxyl added in the form of methanol or ",iinethylglucoside.
In Table II are shown the blank values obtained on various
purified celluloses by the Zeisel method. It is doubtful that
these values represent true methoxyl, in view of similar values
obtained with pure dextrose (0.08, 0.09, 0.10, and 0.12%1 and the
polyhydric alcohols. Furthermore, the values slowly .increase
when the time of distillation with hydtiodic acid -is prolonged.

Methoxyl Contenta

%
o3 _0.34, 0.33, 0.34,

0.32, 0.32, 0.31
0.34, 0.29, 0.28, 0;32

0.23,0.28
0.41,0.43

0.29,0.33

0,32

40 80 IZO 160 200 240
HOURS

Figure 1. Yield of Methoxyl VB. Tilne

Table I. Recovery of Added Methoxyl
Methoxyl

Re-
Sample Added Substance Found Theory covery

Mg. Mg. Mg. %
D-Glucose blank, 0.5 None 0 0

gram 0

Purified cellulose None 0 0
blank, O.l-gram 0
samples 0.66, methanol 0.63 0.64 98

0.65 102
1.25, a-methylgluco- 0.21 0.20 105

side 0.21 105

Purified cellulose None 0 0
blank, 0.5-gram

0.66, methanol
0

'97samples 0.62 0.64
0.60 94

1.25, a-methylgluco- 0.20 0:20 100
side 0.20 100

Methanolyzed, mer- None 0.51%
cerized linters, 0.52%
O.2-gram samples 0.66, !I1ethanol 1.39 1.65 85

1.40 1.65 85
3.12, a-methylgluco- 0.96 1.03 92

side 1.08 1.12 97

Substance

1. Purified cotton linters

2. Purified cotton linters refluxed with
methanol, then exhaustively ex
tracted with water

3. Mercerized purified cotton linters
4. Mercerized purified cotton linters after

treatment as No.- 2
5. a-Cellulose from purified wood pulp

mercerized .
Average Zeisel value for purified cellulose

a Analyses calculated to anhydrous basis.

---
8.0

SAMPLE MATERIALS

The D-glucose (National Bureau of Standards .dextrose) ,
a-D-methylglycopyranoside, a-D-methylmannopyranoside, {J
methylcellobioside, 2,3,6-trimethyl-D-glucose, methyl 2,3,4,6
tetramethyl-J3-n-glucoside, and methyl heptamethyl-t/-cello
bioside used in this investigation were crystalline preparations
having physical constants in agreement with those recorded in
the literature. The methyl 2,3,6-trimethyl-a,t/-D-glucoside was
a sirup prepared from the crystalline 2,3,6-trimethylglucose by
refluxing with methanolic hydrochloric acid. Its total methoxyl
content (Zeisel) agreed with that calculated from the formula.

A commercially purified low viscosity sample of cotton linters
was used. The purified linters were methanolyzed by heating
for 1 hour at 120° C. in an autoclave with 50 parts of methanolic
hydrochloric acid. Initial concentrations of both 1 and 3.7%
hydrochloric acid were employed, but both concentrations
appeared to yield identical products. The methanolyzed linters
were methylated with methyl sulfate and sodium hydroxide in an
inert atmosphere. Where mercerized linters are indicated,the
mercerization was accomplished by treating purified linters at
room temperature with 30 parts of 18% sodium hydroxide solu
tion for 0.5 hour, followed by rinsing, souring, rinsing, and drying.

-PROCEDURE

In Absence of Ether-Linked Methoxyl. A sample containing
0.3 to 2.0 mg. of methoxyl is weiglied into a l00-ml. Kjeldahl
flask, 5 ml. of 72% sulfuric acid and 3 glass beads, are added
and the sample is allowed to stand with occasional shaking until
dissolved. It is then allQwed to stand overnight at approxi
mately 27° C., 55 ml. of distilled water are added and distilled
slowly into a 50-ml. volumetric flask until at least 36 ml. of
distillate have collected. The condenser is rinsed with water
into the flask and the solution made to volume. A lO-ml. aliquot
is transferred to a 25-ml. volumetric flask, 1 ml. of potassium
permanganate solution is added and allowed to stand for exactly
10 minutes. Excess permanganate is destroyed by adding 1.5 ml.
of oxalic acid and shaking well. Then 2 ml. of acetone (6) and
10 ml. of Schiff's reagent are added and the solution is made to
volume and mixed well. After 3 to 3.5 hours it is read in a
photoelectric colorimeter equipped with a filter with maximum
transmission at approximately 580 mIL, and compared with
standard methanol solutions developed in the same way. In the
present work an Evelyn colorimeter equipped with a 565 mIL
filter wafS used.

In Presence of EtheI'-Linked Methoxyl. Eight or more
samples are weighed out and treated with 72% sulfuric acid
exactly as in the first step in method 1. The solutions are kept
at a temperature of 27° C. ILlld at various intervals from 24 to
240 hours samples are diluted and distilled to isolaVl the methanol.
Alternatively a large sample may be treated with 50 ml. of
f>ulfuric acid and 5-inl. aliquots removed at the various time
intervals. When all the distillations have been completed,
methanol is determined exactly as in the first procedure and the
results are plotted on coordinate paper. The point at which
the curve of methoxyl vs. time in 72% sulfuric acid becomes a
straight line is noted (usunlly 24 to 48 hours at 27°) and all
subsequent points are employed for determination of the best

REAGENTS

Potassium permanganate solution, 3.0 grams of potassium
permanganate and 15 ml. of phosphoric add (85%) dissolved in
85 ml. of water.

Oxalic acid solution, 5.0 grams of. oxalic acid dissolved in 100
ml. of 18 N sulfuric acid.

Standard Methanol Solution. Approximately 2 ml. of absolute
methanol are accurately weighed and diluted to 1 liter in a volu
metric flask: A 2o-ml. aliquot of this solution is diluted to 250
ml. in:a volumetric flask. The exact weight of methoxyl in each
milliliter of this solution is calculated from the weight of methanol
used.

Schiff's Reagent (5). Basic fuchsin (rosaniline hydrocWoride,
0.5 gram) is dissolved in 500 ml. of water, 5.15 grams of
sodium acid sulfite are added, and allowed to stand 15 minutes.
Then 17 ml. of 6 N hydrochloric acid are added and allowed to
stand for at least 3 hours before using. The reagent should be
practically decolorized. Some batches'of rosaniline hydrochlo
ride give a reagent with appreciable red color. If this is the case,
a satisfactory reagent may be obtained by adding 1 gram of
decolorizing carbon and filtering before use.

Sulfuric Acid, 72%. Three volumes of concentrated analytical
reagent grade sulfuric acid are chilled and diluted with 2 volumes
of water. .

Acetone, C.P. grade.
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Table III. Comparison between Glycosidic and ZeiseI
Methoxyl Analyses on Methanolyzed Celluloses

Mathoxyl ContentO

It is probable that these Zeisel blanks reflect the low volatility
of some higher alkyl iodide produced during the distillation
process.

The agreement between glycosidic methoxyl values obtained
by the present method and Zeisel methoxyl values after the
latter are corrected by subtraction of the blank of 0.32%, shown
in Table III, indicates that all the methoxyl entering cellulose on
methanolysis becomes the acid-labile glycosidic (or acetal) type.
In Table IV is shO'Wn the agreement between analyt1cal values
and theory for several simple methyl glycosides. The methoxyl
contents of these compounds are, however, considerably higher
than the optimum range for the method.

In order to explore the limits of the method, several types of
organic compounds containing methoxyl groups in glycosidic
and other configurations were analyzed by method 1. Results
obtained are summarized in Table V. Two of the compounds
distilled to some extent, and when saturated aqueous solutions
of these compounds were oxidized with permanganate and
treated with Schiff's reagent, considerable color was developed.
Consequently, the results found in these cases were probably
due to interference by the oxidation products of the original
compound rather than the release of methanol in the method
Thus guiacol, which distills, gave an apparent yield of methoxyl,
whereas guiacol acetate, which does not distill, gave no methoxyl.
Similarly, anisaldehyde, which distills, gave an apparent yield
of methoxyl, whereas p-anisidine gave no methoxyl. ·The value
obtained for methyl galacturonide methyl ester is considerably
higher than that corresponding to one glycosidic methoxyl,
though less th.an the total methoxyl in the compound; this
indicates that ester methoxyl reacts somewhat, but not com
pletely, under the conditions of the determination. This is
also shown by the value obtained for citrus pectin, the methoxyl
of which is ester-linked.

Methoxyl

Results Obtained by Glycosidic Methoxyl
Method on Organic Compounds

0.160

Theory
%

0.00
13.1
12.4
6.8

By Method 2
%

0.00
13.2
11.0
6.5

0.15

Substance

Analysis of Some Methylated Carbohydrates
for Glycosidic Methoxyl

Glycosidic Methoxyl
Content

2,3,6-Trimethyl-D-glucose .
Methyl 2,3,6-trimethyl-a,p-D·glucoside
Methyl 2 3,4,6-tetramethyl-p-D-glucoside
Methylh~ptamethyl-p-cellobi08ide .
Partially methylated, methanolyzed lin-

ters (total methoxyl 27.5%)
Partially methylated, methanolyzed lin-

ters (total methoxyl 40.9%) 0.16 0.15 0

a Glycosidic methoxyl prior to methylation was 0.20%, ,fro!" which it
follows that theoretical values are calculated to be those mdicated. As
essentially complete sampl.e· rec~very was achieved. ?n methylation it is
assumed that no fractionatiOn WIth change of glycoSIdIC methoxyl occurred
during methylation process. .

Table VI.
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The method of treatment applied to substances containing both
ether and glycosidic methoxyl is illustrated in Figure 1. It was
observed that for compounds containing ether-linked methoxyl
the yield of methoxyl varied with the length of time the com
pound was allowed to react with the 72% sulfuric acid. This
suggested that ether-linked methoxyl reacts slowly under the
conditions of the determination. The reactivity of ether-linked
methoxyl was therefore investigated by analyzing .2,3,6-tri
methylglucose by method 2, which involved varying the time of
standing with 72% sulfuric acid. When yield of methoxyl was
plotted agains~ time a straight line was obtained with a slope
of 0.011% methoxyl per hour and an intercept of zero methoxyl.
In a similar manner, points were obtained for methyl 2,3,6
trimethylglucoside, methylheptamethylcellobioside, and methyl
2 3 4 6-tetramethylglucoside. For each of these samples a linear
r~l~tionship between yield of methoxyl and time was obtained
in the region between 48 and 240 hours. The best straight lines
through the points corresponding to times greater than 48 hours
were calculated by the method of least squares; and extrapolated
back to zero time. The intercepts which these lines make with
the Y-axis correct for the small amount of hydrolysis of ether
linked methoxyl and show the content of glycosidic methoxyl.
The satisfactory agreement of these extrapolated values with the
theoretical values is shown in Table VI.

When the method was applied to fully methylated Empire
cotton fiber, previously purified by extractions with alcohol and
1% aqueous sodium hydroxide, the intercept on extrapolation
was -0.04%. This small negative value is probably a reflection
of the uncertainty of the analytical determinations and the data
are interpreted as indicating the" absence of acid-labile methoxyl
in the sample.
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17.9

6.2

Glycosidic
method 1

%
0.21
0.21

0.52
0.54
0.56
0.57

9.57

Theory Found
% %

20.40 None
25.00 4.80

18.67. None
25.19 None
22.79 13.00

20.26 None
22.45 None

Method 1 Theory
% %

16.2 16.0
16.0 16.0
8.2 8.7

Zeiselb

%
0.21
0.22

0.53
0.55

on Methyl Glycosides
Methoxyl Content

2-HOC,H,-1-COOCH.
2-CH.O-C,H,-1-0H
1-CH.COOC,H,·2-0CH.
CH.OC,H,NH,
4·CH,OC,H,CHO
NO,C,H,OCH,
CH,OC,H,CH,OH

Compound

Substance

a-D-Methylglucopyranoside
a-D-Methylmannopyranoside
p-Methylcellobioside

Treatment Given Purified
Cotton Linters

Table V.

Table IV. Methoxyl Analysis

o Calculated on basis of anhydrous fiber.
b Zeisel valuea after subtracting 0.32% blank.

Methyl salicylate
Guiacol
Guiacol acetate
p-Anisidine
Anisaldehyde
p-Nitroanisole
p-Methoxybenzyl

alcohol
Methyl galacturonide CH,OCHO(CHOH),CHCOOCH. 27.93

methyl esters I!

Citrus pectin (9.57%) methoxyl)

a Aqueous solution of compound gives color.

Mercerized, then 1 hour at 1200 with
methanol-HCI

1 hour at 1200 with methanol-HCI



Analysis of Mixtures of Organic Acids
by Extraction

K. R. TSAI, National ATnoy University, ATnoy, China
AND

YING FU, University of Michigan, Ann Arbor, Mich.

The extraction lllethod for the analysis of fatty acid mixtures has been criticall)'
studied. The effects of dissociation and association of the acids and ofthe rati,os
of the volume of extractant to that of the aqueous solution on the accuracy of
analysis have been expressed in the forlll of Equations 10 and 13. In the case of
ternary Illixtures better results are obtained by the back-e.xtraction of the orga,nic
layer with water or dilute aqueous solution than by the extraction of the aqueous
solution repeatedly with organic solvent. The method~has been successftilly
applied to the analysis of binary Illixtures of acetic, propionic, and butyric 'acids, ,
and to the ternary Illixtures of the above acids either in the absence or in the
presence of forlllic acid.

If the solution is sufficiently dilute, V /vo and k are practically
constant. By assuming a and f3 to be small compared with
unity, Equation 3 can be written in the following'simpler form:

as the total amount of the acid must remain constant. Com
bining these two equations one has

Co
C = (V /V") + k(V' /VO)(1 -a)/(1 - (3) (3)

where f3 and a are, respectively, the degrees of association and
dissociation of the acid and k is the distribution constant. Let
Co and V O be the original concentratioil and volume of the
aqueous solution; and V and V' the volumes of tne aqueous and
organic phases after equilibrium has been reached; then

voCo = VC + V'C" (2)

I N MANY industrial processes, such as wood distillation and
fermentation, one often encounters mixtures of substances,

especially of organic acids, whose properties are similar. A
simple and rapid method for the routine analysis of such systems
is highly desirable.

Most of the available methods are based chiefiyon differences
in solubilities, boiling points, steam volatilities, and capacities
to form azeotropic mixtures. In view of the fact that the dis
tribution coefficients of organic compounds between immiscible
solvents often differ widely even with homologous substances,
and their determination, in the case of acids, involves no manip
ulation more complicated than ordinary titration, a method
based on the distribution principle would seem to have advan
tages over those mentioned, at least in so far as simplicity and
rapidity are concerned. Such a method was proposed by Behrens
(1) in 1926 and later improved by Werkman and associates
(4,5,8). C = eCo (4)

DERIVATION OF EQUATIONS

When an aqueous solution of an organic acid i~ shaken with an
immiscible orga~c solvent at constant temperature, the rela
tionship between the equilibrium concentrations, C' of the
organic phase and C of the aqueous phase, is given by the familiar
distribution law of Nernst:

A mixture of qualitatively known acids, such as an aqueous
solution of acetic and propionic acids, whose initial total but not
the individual concentrations are known, is extracted with an
'immiscible organic solvent and the final total concentration after
extraction is determined. 'With the two known total concen
trations two equations can be written involving two unknowns,
the initial individual concentrations, and, therefore, the un
knowns can be evaluated. With three-acid systems, the original
mixture is extracted twice with different amounts of organic
solvent. In principle, n - 1 extractions are required to deter
mine the n initial concentrations. The precision and applic
ability of this procedure have been studied by Maim, Nadeau,
and Genung (3) in a comprehensive paper with extensive bibliog
raphy.

Even though capable of yielding satisfactory results, this proc
cedure has one serious drawback, in that any experimental error
in the analysis may be greatly magnified in the final results.
This can be remedied.by submitting the procedure to a critical
analysis. Once the basic principles are clear, other extraction
methods of analytical importance may be developed to suit the
purpose at hand.

together with Equation 5 enables ,us. to calculate theiorigillal
concentrations of the individual acids in tlte mixtu~e; . Thus for a
mixture of acetic and'propionic acicls,onehas

a system of two equations with two .unkn.o\Vn~,C~'ana~q
Having determined the two total conCl3ntrations;:C(anu'C, and
the two extraction constants,a a~d;p,.~ana.• q~·,·ca.Il' b~easily
calculated. If' the originaL solutibn .. coiitains,~'~cetic,· propionic,
and butyric acids, the requiredequations~are~f~rnish~d~bysub
mitting the ,mixture to two s~parate.extr~ctio~s<with·different
volumes of organic liquid. The'available'eqtiations are:

(6)

.(7)

C:;+ C~

aC:; +, pcgC

Co

Co = C:; + C~ + C~, . ,.

where the extraction constant, e, represents the fraction of the
original acid remaining in the aqueous phase after the extraction,
and has a constant value for a fixed V' /Vo.

If the original aqueous solution contains more than one acid,
say acetic, propionic, butyric, ..... , Nernst's law of independent
distribution, which states that Equation 4 is separately applicable
t.o the individual acids, leads to the following expression:

C = Ca + Cp + Cb + .... = aC:; + pC~ t bC~ + .,., (5)

where C is the total acid concentration of the aqueous phase
after extraction, a, P, b, .. ,. are the extraction constants for
acetic, propionic, butyric; and other acids, and the subscripts
indicate the respective indiVidual acids. The initial condition

(1)k
C'(1 - (3)
C(I- a)

818
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In a mixture of several weak monobasic aeids the degree of
dissociation, ai, of acid i is given by

j.E = (V' /VO)[a2ka(aa - a~)A + p 2kp(ap - a~)P +
b2h(ab - OIbO)B] - (V' /VO) [a2ka({ja - {jnA + p 2k p

({j p - {j~)P + b2kb({jb - {jf:)Bl (10)

(14)

b, = 0.57

b2 = 0.10

:(a, - b,)
,(az - b2)

p, = 0.78,a, = 0.89,

a2 = 0.58, pz = 0.27,

With these values, Equation 13 gives

oA/oE, = -3.7, oP/oE, = -10, oB/oE, = 6.7

oA p, - b2 oP az -/)., oB P2 - a2
oE, t- -oE, t- oE, Ll

OA b, - p, OP b, - a, oB
(13)

a, - PI
oE2 t- oE2 t- oE2 t-

where !l. represcints the following determinant:

Evidently, in order to obtain the maximum accuracy, the two
sets of extraction constants should be of such values that the
absolute values for the above partial differential coefficients
are as small as possible. 'Insufficient attention to this point
will lead to large errors, especially when the percentage of the
acid is low. As an illustration, the following case may be cited.'

Using isopropyl ether as the extracting agent and adopting
(V' /VO), = 20/100 and (V' /V°), = 100/60, the following ex
traction constants have been obtained:

where KA is the association constant of acetiC' aeid in the oi'ganic
phase. It follows, therefore, that {j's are always smaller than
{j°'s, and the errors due to these variations are always small
positive quantities, if the association is not too large. Thus the
errors due to the variations of a's and {j's partially compensate
each other. Even though these errors are not serious under
proper conditions, it is gratifying to know that there is some
compensation. However, the above conclusion applies only to
small values of a and (j. With highly associated and dissociated
substances, further analysis is required.

This method has the danger of magnifying the experimental
errors. The reason for this will become clear from the following
equations relating A, P, and B with the extraction coefficients,
E, and E,:

For a mixture containing 90% A, 5% P, and 5% B, the calcu
lated E, should be 86.7. If the experimental value happens to be
86.4, an error of 3 parts per 1000 which is within the ordinary
limit of accuracy of volumetric analysis, the calculated value of
P from the analysis would be 8% instead of the correct, 5%.

From the above example, it is evident that the success of this
method of analysis depends chiefly on the proper choice of the
extraction constants. Ordinarily, the variations of the extrac
tion constants are achieved by changing the volume ratios, V'o/Vo.
From the authors' experience this procedure does not furnish
enough variation, as the two sets of extraction constants are more
or less similar. However, there are other ·ways to establish the
variations of these two sets of constants.

1. The aqueous solution is submitted to two separate ex
tractions with different organic solvents. The disadvantage of
this procedure is that two different sets of distribution constants
will be required. .

2. After the first extraction, the aqueous layer is again
extracted with the organic solvent. Here the second extraction
constant, say U2, is related to the first by the following equation:

Therefore, the signs of (aa - a~) and (ap -a~) will always be
opposite each other. Thus the errors due to the variations in
a's tend to neutralize each other to some extent. By using the

. experimental values of extraction and distribution constants, the
corrections for E due to the variation of a's have been calculated
for several volume ratios. It was found that they are always
small negative quantities. The degrees of association, {j and {j0,
of acetic acid, say, can be expressed as follows:

{ja = KAC; (1 - {ja)2 "" K AakaCO(A/I00)(1 - {ja)2

{j~ = KAaka(100/100)(1 - ~2)2 (12)

(8)

(11)

co = C~ + C~ + Cf:

C, .= a,C~ + p,C~ + b,Cf:

C2 = a2C~ + P2C~ + b2Cf:

[
Ki J'/2

ai = Ci + ;(K;/Ki)C;

where A, P, and B are the mole percentages of these acids in the
original mixture, and the first and second extraction coefficients,
E, and E2, represent the mole percentage of the total acids re
maining in the aqueous phase after the first and second extrac
tions.

where subscripts 1 and 2 refer to the first and second extractions.
Following Osburn, Wood, and Werkman, these equations are
converted into more convenient forms by multiplying with
100/co. For instance, in place of Equation 8 one has

100 100C~/Co+ 100C~/Co + 100CNCo = A + P + B

E, 100CdCo = a,A + PiP + b,B (9)

E 2 = 100C2/Co = a2A +. P2P + ~B

ANALYSIS OF THE METHOD

The applicability of this method depends on the constancy of
the extraction constants, a, P, b, etc. As shown in Equation 3,
these constants are functions of k, V/vo, V' /vo, a, and f3, all of
which vary with concentration. (The distribution constant is
usually identified with C' /C. As long as activity and concen
tmtion ani identical; k is independent of concentration. Be
cause activity and concentration are no longer identical at higher
concentrations, k will not remain constant over a wide range of
concentrations.) Therefore, it.is relevant to examine the situa
tion more closely. Experience shows that when the solutions
are sufficiently dilute, k is practically a constant, V /vo""l, and
V' /VO"" V'o/VO (V'O is the volume of the organic extracting liquid)
if the organic liquid has been first saturated with water. With
such weak acids as we are dealing with here, the a of any par
ticular acid is small compared with unity even when the con
centration of that acid is very low. The degree of association of
any organic acid depends on the concentration of the acid in, and
the nature of, the organic solvent. By proper choice of the ex
tracting agent, it is possible either to eliminate the association
entirely or to reduce it to a very low value. Therefore, by using
sufficiently dilute solutions and proper extracting agent, we may
assume, at least as a first approximation, the extraction constants
to remain practically unchanged:

In the determination of the extraction constants, standard
solutions of a single acid, whose concentration has been adjusted
to the same value as that of the unknown mixture, were extracted
with definite volumes of an organic solvent. Because the final
concentrations of the standard and the unknown are not the
same, the a'S and {j's in the mixture will not be the same as the
aO'S and {j°'s of the standard. It is interesting to investigate
how these deviations would affect the accuracy of the analysis.

The relationship between the extraction coefficient (E, or E2 )

and the variations of a'S and {j's is given by the following equa~

(,ion:

where the K's are the dissociation constants of the acids, i, j,
etc. From this equation it is evident that ai will be greater or
smaller than a:' as K;/Ki is smaller or greater than unity. In the
present case, the K's stand in the following order:

Ka/K >[(
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Simple calculation will show that this procedure will not be
able to furnish the desired range of variation.

3. The organic layer from the first extraction is extracted
back with water and the resulting aqueous layer is titrated. In
this case, the second constant is related with the first by

ad (1 - aa)/(1 - (ja) hka
a" = (V/V'). +{ (1 - aa)/(l _ (ja)}.ka (15)

Shake 100 ml. of the ethereal layer with 30 m!' of dilute sulfuric
acid (0.002 to 0.005 N) vigorously in a dry separatory funnel for
2 to 3 minutes and let it stand for 5 minutes. Titrate 25 m!' of
the aqueous layer with standard alkali and denote the titer by V 2•

To determine the blank correction due to the sulfuric acid, ex
tract 30 ml. of the dilute acid with 100 ml. of the water-satu
rated isopropyl ether and titrate 25 m!' of the aqueous layer
with standard alkali. Denote the volume used as VB.

bl = 0.37
b2 = 0.33

Apparently this procedure is able to furnish the widest range
of variation of the constants. In practice, the following pro
cedure has been found satisfactory. After the first set of ex
traction constants has been obtained, a few sets of provisional
second extractiontconstants were roughly calculated by means of
Equation 15, oiiiitting a and (j, for different volume ratios
(V' /VO)2. Fro.m these values the particular volume ratio corre
sponding to the most favorable set of constants-Le., the set
that yields the smallest values for the partial differential coeffi
cients of Equation 13-was adopted for the actual determina
tion of the second extraction constants. By this procedure the
following data were obtained at 15 0 C.:

(V' /VO)l = 0.6, al = 0.90, Pi = 0.67,

- (V' /V°). = 3.0, a" = 0.30, P2 = 0.48,
With these values Equation 13 gives

oA/oEl = 1.7, OP/OEl = -0.3, DB/DEl = 2.0
which evidently are more satisfactory than those cited pre
viously.

Another point may be noted here. Because the second ex
traction has to start with an organic layer of different initial
total acid concentration, there is no compensation for the errors
arising from the variations of a'S and (j's. In order to minimize
this source of error the procedure may be slightly modified
by using dilute sulfuric acid instead of water as the extracting agent.
The amount of sulfuric acid remaining in the aqueous layer may
be determined by running a blank. Using solutions of low initial
concentrations is also advantageous.

With the same organic extracting agent and the same volume
ratios, the extraction constants of formic acids have been found
to be Ii = 0.91,10 = 0.30. The distribution constant is 0.16.
These values are very close to those <if acetic acid; hence formic
acid cannot be determined by this method in the presence of ace
tic acid, and vice versa. However, formic acid can be easily
determined by other methods without affecting the other acids
in the series. In that case, the formic acid can be treated as a
known quantity and the other acids determined by this method
with the following modified equations:

(V2 - VB) X 100/Vo = a,,(p. or bz)

(b). DETERMINATION OF EXTRACTION COEFFICIENTS. tIeing
the "unknown" mixture instead of the standard single acids, the
first and second extraction coefficients, E l and E z, are determined
by the procedure given in (a) [The V's are, of course, different
from those in (a).]:

E l Vi X lOO/Vo

E2 (Vz - VB) X lOO/Vo

the total concentration ·of the unknown being about 0.05 M.
After the extraction constants and coefficients have been deter
mined, the individual initial concentrations may be calculated
either by Equation 9 or by the nomogram method of Osburn,
Wood, and Werkman (4,6,8).

ll. Determination of Acetic, Propionic, and Butyric Acids in
Presence of Formic Acid. The extraction constants of the dif
ferent acids and the extraction coefficients are determined by the
same procedure as in 1. Determine the mole percentage of for
mic acid by any known method and calculate the corrected ex
traction coefficients, E~ and E~, by

E~ = Ez - (fz - az)F

Ill. Analysis of Binary Mixtures of Acetic, Propionic, and
Butyric Acids, Using Isoamyl Alcohol as Extracting Agent.
Titrate 10 ml. of the acid solution (standard single acid or un:"
known mixture) with carbon dioxide-free sodium hydroxide and
designate the titer as Vo• Pipet 50 ml. of the acid solution and
50 ml. of water-saturated isoamyl alcohol into a dry separatory
funnel, shake vigorously for 2 to 3 minutes, and allow to stand
in a thermostat until the two layers become clear (about half
an hour). Titrate lo-ml. portions of the aqueous layer with
standard alkali and designate the titer as Vi.

Vi X 100/Vo = a(p, b, or E)

The -composition of the unknown mixture can be obtained
either algebraically from the following equations:

Composition Found
Fa A P B

10 80 6 4
.20 61 9 10
30 50 11 ~.
40 40 6 14
50 29 16 1>

51 10 3~
24 26 51)
30 30 41}

33.7
34.1
34.5
33.7
35.4

Table I. First and Second Extraction Constants of Acetic,
Propionic, Butyric, and Forlllic Acids, at 15 0

=I; 0.5 0 C.

Ml. of isopropyl ether (V~) _~ MI. of ether layer (V~) _100
MI. of acid solution a V. 1 - 200 Ml. of 0.005 N H2S0.b V. 2 - 30

First extraction a, 88.7 Second extractio!l... 32.7
constants C,' ~f:~ constants c: ~~:~

/I 90.0 /2 30.1>

a Initial concentration = 0.0500 M.
b Initial concentration = 0.00500 N.

Equilibrium concentration of H2S0. in aqueous layer = 0.00472 N.

85.2
81. 7
81.8
80.5
83.6
66.0
57.7
61.7

Analyses of Mixtures of Three (without ForlDic) or Four (Including Forlllic9

Known AlDount) Fatty Acids
(Extractant, isopropyl ether)

First Extraction Second Extraction
Coefficient Coefficient

E, E, E2 E.
calcd. obsd. E~ calcd. obsd. E~

85.4 85.3 33.3 33.5
82.1 81.8 33.9 33.7
82.4 82.0 33.7 33.8
80.8 80.3 32.7 32.8
83.5 82.9 34.1 34.3
66.2 34.6 34.5
57.8 37.1 _37.3
61.9 37.7 37.8

Composition Taken
F A P B

10 80 5 5
20 60 10 10
31a 50 10 10
40 40 5 15
50 30 15 5

50 10 40
25 25 50
30 30 40

1
2
3
4
5
6
7
8

a F treated as known.

JVI;ixture

Table II.

100 = (F + A) + P + B
E I - (fl - al)F_E~ = al(A + F) + PiP + biB
E2 - (f2 - a,,)F-==E; = a,,(A + F) + P2P + b2B (16)

where E~ and E; may be called the corrected extraction co
efficients.

EXPERIMENTAL PROCEDURE

I. Analysis of _Acetic, Propionic, and Butyric Acids in Ab
sence of Formic Acid. (a). DETERMINATION OF EXTRACTION
CONSTANTS. Titrate 25 m!. of the standard solution of each
acid with carbon dioxide-free
standard sodium hydroxide
sol u tion (approxim"ate ly
0.025 N) to the phenolphtha
lein end point. Denote the
volume of the alkali used by
Vo. Shake 200 m!' of the

standard solution and 120 ml.
of water-saturated isopropyl
ether in a 50o-ml. separatory
funnel vigorously for 2 or 3
minutes, and allow to stand in
a thermostat for 5 minutes.
By this time~he mixture will
separate into two layers.
Titrate 25 ml. of the aqueous
layer with the same alkali and
designate the titer by VI:

(V/V'h = 200/120, (V'/V), = 100/30.
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Table III. Binary Mixture of Acetic, Propionic, and
Butyric Acids

(Representative analyses, using isoamyl alcohol as extracting solvent in
proportion of 50 mi. of alcohol to 50 m!. of acid. a = 51.6, p = 25.1. b =

9.77 at 24 "" 0.2 0 C. Co = 0.2000 N)
Mole % of First Acid

Mixture No. Taken Found

Acetic-propionic 1 10 . 0 10.4
2 20.0 19.6
3 80.0 80.4
4 90.0 90.3

Propionic-butyric 1 10.0 10.3
2 20.0 20.5
3 80.0 80.4
4 90.0 ,90.4

Acetic-butyric 1 10.0 10.3'
2 20.0 20.3
3 80:0 80.0
4 90.0 90.1

100 = A + P

E = aA + pP

or graphically by plotting E VB. 4 or P. From such curves the
composition of a binary mixture can be read off directly once the
E-composition relationship has been ascertained.

Results of representative analyses using the above procedure
are given in Tables I to III.

DISCUSSION

The above results were obtained during the early stages of
this investigation. Later experience showed that with more
careful temperature control it was possible to increase the pre
cision of analysis appreciably. .

This method can be applied to other systems than homologous
acids. The main requirement is that the distribution and ex
traction constants of the various components should not be too
close to each other. This is true also for any other method, such
as partition chromatography (6) or countercurrent extraction
(7), in which distribution plays a role.

In common with' many physicochemical methods of analysis,
this procedure presupposes the mixture to be known qualita
tively. If some unsuspected acid is present in the mixture, this
method will obviously lead to erroneous results. This problem
has been partially solved by Osburn, Wood, and Werkman by
comparing the experimental extraction coefficient with the cal
culated value obtained from a separate extraction with varying
amounts of extracting agent. If the qualitative nature of the
mixture differs from that assumed, the two values would not
agree. As these investigators pointed out, this is a safeguard
but not a remedy, as it does not give the identity of the foreign
acid. Therefore, in applying this method to industrial or natural
products, it is necessary to submit the mixture to a preliminary
qualitative examination by either physical or chemical methods.

The discussion on the effect of association makes it evident
that one should use only those organic liquids in which the associa
tion is either totally absent or only very small. From this stand
point such polar solvents as the higher alcohols naturally suggest
themselves. But other requirements may impose' a limitation
Qn the choice of extractants. For example, amyl alcohol would
be a good solvent were it not for the fact that with this liquid
it takes a long time for the two layers to separate clearly. [Re
.cently it was found that if the volume, ratio of alcohol to water is
,about 1 to 1, the two layers will separate sharply in a short time.
But in view of the recent work of Bush and Densen (2) this may
not be the desired ratio.] In ethyl ether, used by both Behrens
:and Werkman, the association of fatty acids is not serious, but the
solvent is too volatile to be conveniently handled as, according to
the procedure recommended, definite volumes of the organic
phase have to be transferred from one separatory funnel to
'another. Isoamyl ether has been tried and rejected because
tfatty acids are highly associated in this solvent.
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In the authors' experience, isopropyl ether, first used by Werk
man, is a good extractant, as the association of fatty acids in this
liquid is slight and the separation into two ph!!:Ses is rapid. Be
fore use, it should be saturated with water in order to minimize
the volume change during extraction. 'The used solvent may be
recovered by washing with dilute,alkali and water, drying, and
distilling. It may be kept in a colored bottle for a long time
without deteriorating or developing acidity. Esters have been
used by MaIm and associates (3), who obtained good results with
n-butyl and n-propyl acetates. Using two parts of butyl acetate
to one of water, the spread in values for the extraction con
stants, a, p, and b is ~eater than those obtained with amyl alcohol
as recorded in Table III.

If the degree of dissociation of an acid is high, the extraction
constant vlj,ries with concentration and the present method
cannot be used without modification.

In pr~nciple, this method should be applicable to mixtures
containing any number of acids; btit in practice, the accuracy
of analysis decreases as the number of extractions is increased
because the concentration of the aqueous layer is too dilute for
accurate titration. With systems containing four or more acids
it is advisable to extract two portions of the aqueous mixtures
separately with different organic solvents instead of extracting
one aqueous solution repeatedly.

NOMENCLATURE

A, P, B, F = mole percentage of acetic, propionic, butyric, and
formic acids in original mixture

= extraction constants for above acids
= equilibrium total concentration of aqueous phase
= equilibriiIm concentration of acetic, propionic, and

, butyric acids in aqueous phase .
C' = equilibrium total concentration of organic phase
Co = imtial total concentration of aqueous phase
C~, C~, C~ = initial concentration of acetic, propionic, and bu-

tyric acids in aqueous phase
E" E2 = first and second extraction coefficients
E~, E~ = extraction coefficients corrected for formic acid
e = extraction constant in general
KA = association constant of an organic acid
K i , K; = dissociation constants of acids i and j
k = distribution constants
V = volume ofaqueous phase after extraction
V' = volume of organic phase
VO = initial volume of aqueous phase
0< = degree of dissociation
0<0 = degree of dissociation in standard solution
{J = degree of association
{J0 = degree of association in standard solution

Subscripts a, p, b, f signify acetic, propionic, butyric, and
formic acids. .

Subscripts 1 and 2 signify the first and second extractions.
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Spectrophotometric Determinatien of
Androsterone and Testosterone

P. E. HILMER AND W. C. HESS

Georgetown University School of Medicine, Washington, D. C.

The 2,4-dinitrophenylhydrazones of androsterone and testosterone have been
prepared according to the lllethod of Veitch and Milone. The absorption spectra
of these cOlllpounds after treatlllent with 0.1 N alcoholic potassiulll hydroxide
have been deterlllined. Androsterone hydrazone exhibited lllaxilllUlll abso,:p
tion at 430 lllillilllicrons, and the lllaxilllulll for testosterone hydrazone was at
460 lllillilllicrons. A chrolllatographic lllethod for the separation of the two
androgens frolll the estrogens and a sensitive spectrophotollletric lllethod for
quantitative estilllation of androsterone and testosterone are described.
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approximately 150 ml. of 20% acetone in petroleum: ether. The
two bands separated, and the androgens were eluted in the first
portion of the acetone-petroleum ether washing. The solvent
was evaporated, and the residue was dissolved in 1,25 ml. of chlo
roform and made to a volume of 25 ml. with 95% alcohol. This
solution was used for the spectrophotometric determination.

A 2-ml. aliquot was treated with 8 ml. of 0.1 N alcoholic po
tassium hydroxide, and its absorption was read at 430 and 460
millimicrons. Then 2 ml. of standard solutions of androsterone
and testosterone hydrazones, containing 7.75 micrograms of hy
drazone per ml. (equivalent to 4.8 micrograms of hormone), were
similarly treated with alcoholic potassium hydroxide and read at
the two wave lengths. The concentrations of the individual an
drogens were calculated by means of the formulas of Knudson et
al. (2):

0.1

c _ DA - k1C1

2 - k~

concentration of androsterone
concentration of testosterone
slope of androsterone hydrazone at 430 millimicrons
slope of testosterone hydrazone at 430 millimicrons
slope of androsterone hydrazone at 460 millimicrons
slope of testosterone hydrazone at 460 millimicrons
reading of density of mixture at 430 millimicrons
reading of density of mixture at 460 millimicrons

.'igLJre 1.

>- 0.4
~c;;
Z...
Q

...J 0.3
4:
u
:;:
o
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T HE use of 2,4-dinitrophenylhydrazine derivatives by Veitch
and Milone (.4) in this laboratory for the quantitative

estimation of the estrogens suggested the possibility of a similar
method for the determination of the male hormones. Following
their procedure, the dinitrophenylhydrazones of the androgens
were prepared by Johnston (1), but no attempt was made to
separate them from the estrogens. The present paper gives
details of a method for the separation of estrone and progesterone
from androsterone and testosterone, and a method for the quanti
tative estimation of these androgens.

EXPERIMENTAL

Preparation of 2,4-Dinitroplienylhydrazones of Androgens.
Thirty milligrams of the androgen were dissolved in 50 ml. of re
distilled, aldehyde-free ethyl alcohol and refluxed for 2 hours with
10 ml. of a saturated alcoholic solution of 2,4-dinitrophenylhydra
zine. After 2 hours, 1 ml. of concentrated hydrochloric acid was
added, and refluxing was continued for 2 minutes more. Distilled
water was added to the point of cloudiness, and the solution was
allowed to cool to room temperature, then placed in the icebox
until precipitation was complete. The crude hydrazone was fil
tered off and washed with 95% ethyl alcohol and water.

Further purification of the compound was effected by the
method of Johnston (1). The hydrazone was dissolved in a mini
mumamouilt of benzene and adsorbed on a column (100 X 15
mm.) of Fisher alumina. Treatment of the column with approxi
mately 100 ml. of a 12% solution of chloroform in benzene re
sulted in the formation of two bands, one of which (unreacted hy
drazine) was eluted by this solvent. The other band (hydrazone)
was eluted with approximately 150 ml. of chloroform. The elu
tion of the two separate bands can be easily followed visually.
Kfter removal of the solvent by distillation 'in vacuo, the hydra
zone was recrystallized from alcohol and water, and dried in a
vacuum desiccator. The hydrazones of the androgens melted in
the same range as those reported by Johnston (1).

Spectroscopic Analysis. Solutions of androsterone and
testosterone hydrazones in chloroform, 2..5 ml. containing120 and
104 inicrograms of hydrazone or 74 and 64 micrograms of hor
mone per mI., respectively, were treated with 5 ml. of 0.1 N alco
holic potassium hydroxide, diluted to a volume of 50 ml. with 95%
alcohol, and, submitted to spectroscopic analysis in the Beckman
spectrophotometer. Readings were made at intervals of 10 milli
microns. The hydrazone of androsterone showed maximum ab
sorption at 430 millimicrons; the maximum for testosterone hy
drazone was at 460 millimicrons (Figure 1).

Separation of Androgens from Estrogens. A benzene solution
containing not more than 20 micrograms of.each of the hydrazones
of androsterone, testosterone, estrone, and progesterone was ad
sorbed on a 100-mm. column of iVlerck alumiI¥l. (according to
Brockmann) in the apparatus described by Veitch and Milone
(4). The column was washed with 10 m!' of benzene, 50 m!' of
lo/c acetone in petroleum ether, and finally chloroform until the
washings were colorless. This procedure eluted all the hydra-
zones except estrone. .

After evaporation of the solvent from the eluate, the residue
was dissolved in benzene and adsorbed on a300-mm. column of
Florisil. This was washed with 5 m!' of benzene, then eluted with
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Table I. Recovery of Androsterone and Testosterone from
Solutions
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This procedure has been used for the determination of the
androgens in blood in several preliminary studies.

Five milliliters of blood were deproteinized by the method of
Somogyi (3). The protein-free filtrate was extracted for 2 hours
in a continuous extractor with carbon tetrachloride. After re
moval of the solvent by distillation, the residue was dissolved in
alcohol, and the hydrazone was prepared as described in this pa
per.' The hydrazones were submitted to the chromatographic
procedure, and the androgens were estimated in the Coleman
spectrophotometer. Initial investigations indicated that 100 m!'
of blood contain approximately 2 mg. of testosterone and some
what more androsterone. This work is still in progress, and these
values are only tentative.

102
110

109
95

109
95

103
101
103
101

105
100

%
Recoveryflydra.zones a

t. Androsterone
Testosterone

2. Androsterone
Testosterone

a. Androsterone
Testosterone

4. Androsterone
Testosterone

5. Androsterone
Testosterone

Found, 'Y

15.9 (9.8) b
17.3 (10.6)

17.1 (10.5)
14.8 (9.1)

17.1 (10.5)
14.8(9.1)

16.1 (9.9)
15.8 (9.7)

16.1 (9.9)
15.8 (9.7)
----

Average androsterone 16.4 (10.1)
Average testosterone 15.5 (9.6)

a 15.5 'Y (9.6 'Y) of each used in all tests.
b Values in parentheses ,are a.ndrogen equival~nts of hydrazones.

The slopes were calculated by dividing the optical densities of
the standards at the two wave lengths by the number of micro
grams of hydrazone in the volume of standard tested.

In a series of five determinations on solutions containing 15.5
m~crograms of the hydrazone of each androgen, the average con
centration of androsterone hydrazone was found to be 16.4
micrograms, and the average concentration of testosterone hy
drazone was 15.5 micrograms. In terms of free hormone, the
average concentration of androsterone was 10.1 micrograms, and
of testosterone 9.6 micrograms. These results are summarized
in Table 1.
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MICROBIOLOGICAL ASSAY OF PANTHENOL
ELMER DE RITTER AND SAUL H. RUBIN, Hoffmllnn-La Roche, Inc., Nutley, N . .I.

The method of Walter for the microbiological assay
of panthenol (the biologically active bydroxy analog
of pantothenic acid) has been modified to permit
assays in the presence of pantoyl lactone as well as
pantoic acid. The lactone is removed quantitatively
from water solution by continuous extraction (1 to
2 hours) with ethyl ether. Panthenol in the aqueous
residue is then hydrolyzed to pantoic acid for micro-

biological assay with Acetobllcter suboxydllns.
Assay before hydrolysis provides a correction for pre
formed pantoic acid. By modifying the medium
used by Sarett and Cheldelin and using Evelyn
colorimeter tubes with continuous shaking, the 60
to 70-hour growth period has been reduced to 211
to 24 hours. In stationary Erlenllleyer flasks suit
able growth curves are obtained after 40 hours.

PANTHENOL, a,l'-dihydroxy-N-(3-hydroxypropyl)-t3,t3-di
i methylbutyramide, the hydroxy analog of pantothenic acid,

was first shown by pfaltz (7) to have the full vitamin activity of
the latter in animals. Later work by Burlet (1) and in this
laboratory (10) demonstrated that the physiological availability
of panthenol to humans exceeds that of pantothenic acid under
stated conditions. This circumstance suggested superior sta
bility, a premise that has been borne out in studies in vitro (9), in
which panthenol displayed better stability at pH 3 to 5, and
especially at pH 4, to which considerable practical interest
attaches.

Because panthenol is oxidized to pantothenic acid in the
mammal, it has been possible to elaborate a rapid (2-day) bio
assay in rats (8) wherein the urinary excretion of pantothenic
acid is measured after a test dose of panthenol and related to a
standard curve of excretion. In the present report, suitable
microbiological assay procedures are described.

A direct microbiological assay of panthenol has been de
scribed by Walter (17), utilizing Acetobacter suboxydans as the
test organism, but the presence of even a small percentage
of pantothenic acid or pantoic acid (a,l'-dihydroxY-t3,t3-di
methylbutyric acid) invalidates such assays because of the far

greater activity of pantothenic and pantoic acids as growth
promoters as compared to pantlieno!. Subsequently Walter
(18) reported a method using the same organisms for determining
panthenol as pantoic acid after complete alkaline saponification.
This procedure, a modification of the turbidimetric assay of
Sarett and Cheldelin (12), employs a fully synth.etic medium and
is based upon the oxidation of sorbitol to sorbose and determina
tion of the reduction value as a measure of baeterial growth.
Preformed pantoic aCid, if present, is determined by assay before
hydrolysis. This method, however, is not applicable if sig
nificant amounts of pantoic acid have undergone lactonization, for
pantoyl lactone is als,o measured as pantoic acid after alkaline
hydrolysis but is not corrected for by the assay before hydrolysis
because of its slight activity per se as compared to pantoic acid.

In a study of the stability of pantothenic acid, Frost (5)
presented data. obtained by optical rotation measurements
regarding the relation between pH and the lactonization of
pantoic acid. At pH above 6..0, no lactonization was observed.
At pH below 6.0, the rate of lactonization increases as the pH
decreases, and at equilibrium, below pH 4.7, lactonization is
essentially complete. Because panthenol is considerably more
stable in vitro than pantothenie acid hetween pH 3 and5 (9),
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MICROBIOLOGICAL ASSAY PROCEDURE

Acetobacter suboxydans. Maintain the organism (No. 621'H
in the American type culture collection) on slants containing 5%
mannitol, 0.5% yeast extract, 0.3% peptone, and 1.5% agar.
Incubate the slants at 30 ° for 60 to 70 hours, then keep in the re
frigerator. Prepare new stock slants monthly. If the sensitivity
of the organism decreases on repeated transfers from slant ,to
slant, make new slants from a culture that has been transferred
through the inoculum broth at least four times.

Test Inoculum. The test inoculum· is obtained from a 24
hour culture grown at 30° in an Evelyn tube with continuous
shaking in 10 ml. of 1 to 1 diluted basal medium with the Casitone
omitted and the acid-hydrolyzed casein increased tenfold. Add
0.1 microgram of pantoic acid and 5 mg. of 1 to 20 liver concen
trate (Wilson's paste or powder) per 10 ml. of inoculum broth.
Transfer cultures from two tubes to a sterile test tube, centrifuge
at least 30 minutes, and resuspend in 10 ml. of sterile saline. This
suspension should have an Evelyn reading of 'about 20 (water =
100) with a 660 m,u filter. For use on successive days make trans
fers from broth to broth. At least sixty such successive transfers
have been used successfully. Broth cultures may be stored at
least one day in the refrigerator before use.

Basal Medium. The ingredients of the double-strength basal
medium are given in Table I. This is a modification of Sarett
and Cheldelin's (12) medium as shown.

on a steam or water bath to drive off the remaining ether, prefer
ably under a stream of nitrogen to prevent bumping. Avoid pro
longed heating or overheating to prevent evaporation of water
and changes in concentration.

Extract 20 ml. of standard panthenol solution in exactly the
same fashion. As a check on the percentage extraction of the
standard panthenol, it is desirable to determine panthenol in the
ether extract as described below, after boiling off the ether from
the extraction flask. If desired, most of the ether may be recov
ered by refluxing into a clean, empty extractor tube and taking off
only the last 10 ml. on the steam bath. .

Alkaline Hydrolysis. Hydrolyze the panthenol in both stand
ard and unknown solutions as follows. Pipet 4 m!' of the ether
free solution into a 125-ml. Erlenmeyer flask, add 4 m!' of 2 N
sodium hydroxide, cover with a small beaker,.a~dautoclave fo~ 30
minutes at 6.8 kg. (15 pounds). Cool, add dIstllled water, adjust
the pH to 6.0 with 2 Nand 0.1 N hydrochloric acid, and dilute to
1 liter. Avoid excess acid during the pH adjustment to prevent
lactonization of pantoic acid.

To the residue in the standard extraction flask, add 2.5 m!' of
water and 2.5 m!' of 2 N sodium hydroxide, autoclave as above,
and dilute to 500 ml. a(pH 6.0.

If pantoic acid is expected to be present-i.e., in stability tests
of products at pH above 4.7-dilute an aliquot of the aqueous
solution after extraction to an estimated free pantoic acid con
centration of about 0.2 microgram per m!' at a pH of 6.0.

Determine pantoic acid by the following- microbiological pro
cedure in the hydrolyzed standard (both aqueous and ether
phases) and in the hydrolyzed and unhydrolyzed unknown solu
tions after ether extraction.

ACID

stationary flasks
(40 hours)

PANTOIC

in shaken tubes~
(20 hours)

0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 1. Standard Curves
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TREATMENT BEFORE MICROBIOLOGICAL ASSAY

Preparation of Test Solution. Dilute liquid preparations in
distilled water to a panthenol concentration of about 70 micro
grams per m!' Extract solid products, such as tablets, capsules,
etc., by blending for 5 minutes, or until thoroughly disintegrated,
in distilled water in a Waring Blendor. Take a measured volume
of water for the extraction or dilute to volume after blending.
Filter or centrifuge and dilute to about 70 micrograms of pan
thenol per ml.

Ether Extraction. Pipet 20 m!' of the above test solution
into the extractor tube, pour about 75 ml. of ethyl ether into the
extraction flask, and assemble the extractor on the hot plate.

Extract for 1.5 hours at such a rate that the ether refluxes at
least halfway up the condenser. In the setup used in this labora
tory, a reflux rate of about 20 m!' per minute allowed quantitative
extraction of pantoyllactone within 1.5 hours. tf the presen<;e of
solubilizers.in the test product leads to the formation of emulsIOns
during the ether extraction, add 3 drops of laboratory aerosol
to the extractor tube as required, possibly several times during
the course of the extraction.

After 1.5 hours, remove the inner tube, decant as much as pos
sible of the supernatant ether into the extraction flask, and pour
the water solution into a 50-m!. Erlenmeyer flask. Warm gently

SPECIAL APPARATUS

Continuous Ether;'Extraction Apparatus. A convenient ex
tractor consists of a round-bottomed tube (outside diameter 2.5
om., over-all length 32 em.) with a side arm 17 em. from the
bottom for connection by a ball joint to a 250-ml., flat-bottomed
distillation flask and with a glass joint at the top for connection to
a Corning No. 2600, Friedrichs type, reflux condenser. An inner
tube 7.5 rom. in diameter with a perforated ball at the lower end
and a funnel at the top rests on the bottom of the extractor and
extends almost to the tip of the condenser.

Constant Temperature Room at 30°, needed for I-day assay.
If assays are set up in 5O-m!' Erlenmeyer flasks for a 2-day assay,
a 30 ° incubator can be used.

STANDARD SOLUTIONS

Panthenol. Dissolve 69.2 mg. of pure panthenol in distilled
water, adjust to pH 6.0, and dilute to 1 liter (1 ml. contains the
equivalent of 50 micrograms oJ pantoic acid).

Pantoic Acid. Autoclave 4 ml. of the above standard panthenol
solution with 4 m!' of 2 N sodium hydroxide for 30 minutes at 6.8
kg. (15 pounds). Cool, add distilled water, adjust pH to 6.0 with
2 Nand 0.1 N hydrochloric acid, and dilute to 1 liter (1 m!' con
tains 0.2 microgram of pantoic acid).

a range commonly encountered in multivitamin preparations.
its use in that range is of obvious advantage. Partial hydrolysis
at such pH levels during prolonged storage or during rapid aging
tests of products containing panthenol will result in t4e forma
tion of pantoyl lactone.

The present method has been developed to permit rapid micro-'
biological assays of panthenol in the presence of pantoyllactone
as well as pantoic acid. The lactone is removed quantitatively
from the aqueous test solution by continuous extraction for 1.5
hours with ethyl ether. The remaining aqueous solution is
assayed forpantoic acid before and after alkaline hydrolysis to
measure, respectively, preformed and, .total pantoic acid. The
difference represents pantoic acid formed by hydrolysis of pan
theno!. The standard solution of panthenol is also carried
through ether extraction and hydrolysis in order to correct for
slight losses in the ether. Pantothenic acid, if present in relatively
small amounts (up to 10% of the panthenol) will not interfere
seriously with the panthenol assay. as a partial correction for the
pantothenate is provided by assay before hydrolysis.

The medium recommended by Sarett and Cheldelin (12) for
pantoic acid assay with Acetobacter'suboxydans has been modified
iil order to obtain suitable growth curves and a shorter incuba
tion period. With the modified medium turbidimetric readings
may be taken after 40 hours in stationary, 50-m!' Erlenmeyer
flasks or after 20 to 24 hours in Evelyn colorimeter tubes if the
latter are shaken continuously. Some practical details on assays
by shaking have been given in a previous paper from this labora
tory on vitamin B. assays (11).
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Table I. Basal Media for Pantoic Acid Assay
Medium of
Sarett and Present

Cheldelin (I2) Medium
Grams Grams

CALCULATIONS
Plot the standard curve on semilog paper with galvanometer

readings on the logarithmic scale and micrograms of pantoic acid
on the linear scale. This is equivalent to plotting optical density
(2 - log G) against micrograms of pantoic acid on linear coordi
nate paper. Typical standard curves for both an assay shaken in
tubes and a stationary assay in flasks are shown in Figure 1.
Read the individual unknown points from the standard curve and
calculate average potency in the usual manner.

The Norit A-treated Casitone is prepared as follows: Dissolve
100 grams of Bacto-Casitone (Difco Laboratories, Inc., Detroit,
Mich.) in water by stirring, dilute to I liter, steam for 10 minutes,
and coo!' Adjust the pH to 1.5 with concentrated hydrochloric
acids, shake for 20 minutes with 70 grams of Norit A, and filter.
Readjust the pH to 1.5 and repeat the charcoal treatment. Ad
just the pH of the second filtrate to 6.0, steam, cool, and filter.
Store in refrigerator under toluene.

Assay Conditions. Into duplicate Evelyn tubes pipet aliquots
of standard pantoic acid solution ranging from 0 (4 tubes) to 5 m!'
at 0.5-m!. intervals-i.e., at pantoic acid levels of 0 to 1.0 micro
gram. Set up a similar, single series of tubes for each unknown,
omitting the blanks. Add sufficient water to each tube to bring
the volume to 5 m!' and add 5 m!' of basal medium (Table 1) to
each tube. Plug all tubes and autoclave for 15 minutes at 6.8 kg.
(15 pounds). Cool at once and inoculate all but two blank-tubes
with exactly one drop of the inoculum suspension of Acetobacter
suboxydans from a syringe. Shake all tubes for 20 to 24 hours at
30 °and measure growth turbidimetrically in the Evelyn colorim
eter with a 660 mJL filter, using the uninoculated blanks to set the
instrument at 100.

As an alternative procedure, the assay may be set up in 5O-m!.
Erlenmeyer flasks without shaking. Incubate a stationary inoc
ulum for 30 to 40 hours. For turbidity readings of the assay
after at least 40 hours, swirl each flask vigorously, pour contents
into an Evelyn tube, and measure the turbidity as above, but with
the 6-m!' aperture of the colorimeter. Do not stopper and shake
the flasks before reading, as some clumping of the organisms will
occur.

A micrograms of pantoic acid per m!' after hydrolysis
B micrograms of pantoic acid per m!' before hydrolysis
DA dilution factor for solution after hydrolysis
DB = dilution factor for solution before hydrolysis
(D A and DB = m!' of final dilution per unit of test product)
1.385 molecular weight ratio (panthenol/pantoic acid)
0.017 = ratio of activity in pantoic acid assay (panthenol/pan

toic acid)

(A X D A ) - (B X DB) X 1.385= mg. of panthenoI per unit of
1 - 0.017 1000 test product

EXPERIMENTAL

Because the relative activity of panthenol in promoting the
growth of Acetobacter suboxydans under the usual assay conditions
is small compared to that of pantoic acid and pantoyl lactone
(cf. Table II), it is obvious that even low concentrations of the
latter two will interfere with a direct assay of panthenol. Hence,
it is necessary to measure panthenol as pantoic acid after com
plete alkaline hydrolysis. If preformed pantoic acid is the only
interfering substance, it may be determined by assay before hy
drolysis. The. presence of pantoyl lactone, however, invalidates
such a correction and necessitates a separation of panthenol from
the lactone.

The possibility of a quantitative separation of panthenol and
pantoyllactone by means of solvent extraction was first investi
gated by distribution studies involving optical rotation measure
ments. Methyl isobutyl ketone and ethyl ether gave distribu
tions which were favorable for'a separation, but the ethyl ether
was selected because of its much lower boiling point, which per
mits greater ease of handling in continuous extraction apparatus.
In a single extraction of a 2% aqueous solution of pantoyllactone
with an equal volume of ethyl. ether (both solvents previously
saturated), 22.7% of the lactone passed into the ether phase.
In a similar extraction of panthenol, the amount found in the
ether phase was of the order of 0.5%, although the exact value
was not determined because of the small differences in rotations
involved. These data indicated the possibility of a separation
by repeated extraction, but, because multiple extractions in
separatory funnels are laborious and time-consuming and may
lead to mechanical losses of solvents, continuous extraction was
adopted. .

Extraction of 20-m!. aliquots of aqueous solutions of pantoyl
lactone at graded levels containing the equivalent' of 0.2 to 5 mg.
of pantoic acid was found to be essentially complete (99.5%)
after 1.5 ,hours in all cases, as determined by assay of the' aqueous
phase. Parallel assays of the ether phase, however, did not show
the expected levels of lactone but indicated losses in some cases
up to 25%. On the theory that such losses might be the result
of an oxidative reaction, similar extractions were carried out with
25 mg. of ascorbic acid added to both the aqueous and ether
phases before extraction. With this addition, it was found possi
ble to achieve recoveries of 96 to 100% of the lactone in the ether
extracts.

To determine the percentage extraction of panthenol under the
same conditions, a similar series of experiments was carried out
with solutions containing panthenol equivalent to 0.8 to 5 mg. of
pantoic acid. Assays of the ether extracts of 15 such solutions
after alkaline hydrolysis showed an average extraction of 8.6 ±

1.7% (S.D.) with no trend toward differences among the various
levels of panthenol. Parallel assays of the aqueous solutions
after extraction showed an average retention of 92 ± 2.8% (S.D.)
of the panthenol. These data indicate a quantitative over-all
recovery of panthenol. Similar tests with aqueous solutions of
several freshly ~repared, multivitamin preparations containing
panthenol showed the other constituents, including solubilizers
such as Tween 80, to have little or no effect on the percentage
extraction of panthenol. The addition of potassium chloride' at
levels as high as 16% did not affect the recovery in the'aqueous
phase by more than 2%.

To test the efficiency of the ether extraction as a means of
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Untreated liver concentrate (Wilson's 1:20)
Tryptophan·
Cystine
Adenine
Guanine
Uracil
Ii-Alanine
Nicotinic acid
p-Aminobenzoic acid
Thiamine .
Riboflavin
Pyridoxine

Folic acid
Biotin

Glycero.l
Glucose
Acid-hydrolyzed casein
Norit A-treated peptone
Norit A-treated liver concentrate (Wilson's

1:20)
Norit A-treated Casitone (Difco)
Sodium citrate

Salt solution A (13)
Salt solution B (13)
Salt solution C (8)
Lactic acid
Tween 80
Distilled water to 1 liter at pH 6.0

Pantoic acid
Pantothenic acid
Pantoyllactone

Autoclaved 15 min. 18
Autoclaved 60 min. 63
Filtered asepticallyO 0.5-0.6

Panthenol 1-2

a Filtered through ultrafine sintered-glass bacterial filters,

Table II.
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DISCUSSION

Attempts to extract pantoyl lactone from pantothenic acid in
aqueous solution with ethyl ether have been reported by Sarett
and Cheldelin (12), but these authors experienced incomplete
recoveries in the ether extracts. In the present study similarly,

Table IV. Comparison of Microbiological Assays and
Excretion Bioassays

(Panthenol in multivitamin solution at pH 2.0 and 45° C.)
Days at 45° Microbiological Excretion Microbiological X 100
and pH 2.0 Assay Bioassay Bioassay

Mg./ml. Mg./M!. 0/0
o 3.8 4.0 95
1 3.5 3.6 97
2 3.3 3.4 97
3 3.0 3.0 100
5 2.72.8 97
8 2.5 2.5 100

12 2.2 2.2 100
16 2.0 2.0 100
20 1. 8 1. 9 95

Mean 98

106
96

100
98

100

Recovery.
0/0

102
98
96
96
97

4.5 0.6 0.3 4.6
4.5 1.2 0.3 4.4
4.5 1.0 3.0 4.3
4.5 2.0 2.0 4.3
1.84 1. .')4 2.66 1. 78

4.8 0.3 0.6 5.1
4.8 0.4 1.4 4.6
4.8 0.9 2.6 4.8
4.8 1.0 4.0 4.7
2.5 2.3 2.3 2.5

Pantoic Pantoyl Panthenol
Panthenol acid lactone Found

Acid hydrolyzed

Initial

Acid hydrolyzed

lVlultivitamin
Solution

InitialA.

B.

Table V. Microbiological Assay of PanthenoI in Presence
of Pantoic Acid and Pantoyl Lactone

(All content values expressed as milligrams of panthenol per mI.)

Known Content

incomplete and variable recoveries of the lactone were obtained
in the ether phase after extraction, but this was found to result
from partial destruction of the lactone rather than from incom
plete extraction from the aqueous solution. Such losses are
similar to those observed in ether extraction of 3,3-diethyl-2,4
diketotetrahydropyridine (2). In both cases, the addition of
ascorbic acid prior to heating the ethel' prevents or minimizes the
losses, indicating that the reactions involved are probably oxida
tive. To determine the completeness of extraction of the lactone,
therefore, it has been necessary to assay the water phase after
extraction and alkaline hydrolysis.

The time and rate of ether extraction in the present method
have been found sufficient for complete extraction of pantoyl
lactone. Because the rate of extraction ofpanthenoI is low, and
a valid and reproducible correction for the extracted panthenol
can be had by extraction of a standard solution, it has not been
deemed advisable to shorten the extraction period further. The
possibly incomplete extraction of pantoyl lactone in a shorter
time is a much greater potential source of error than a slight
variation in.panthenol recovery. With standardized extraction
conditions, it has been found feasible to determine an average
pantheqol recovery in the ethel' extracts. This value can be deter
mined with greater precision by assay of the ether extracts than
the aqueous, standard panthenol solution. An unextracted'
standard may then be hydrolyzed directly for the microbiolog
ical assay, and the average recovery value introduced as a correc
tion factor in the calculation of results. As an alternative to the
use of standard panthenol for direct hydrolysis, an equivalent
amount of either calcium pantothenate or pantoyl lactone can
be used.

Attempts in this laboratory to apply the medium of Sarett
and Cheldelin (12) in the pantoic acid assay did not yield suit
able growth curves with Acetobacter suboxydans. Introduction
of the modifications shown in Table I, however, gave better
growth curves routinely (Figure 1) with good agreement betwe'en
duplicates. Although the reasons for the poor response with the
original medium are not entirely apparent, they may be related
to possible differences in natural consti~uents such as the Norit
A-treated liver and peptone, or to variations among the bacterial.
strains. The fact that several cultures obtained from various
sources behaved similarly in this laboratory on the two media
argues against the latter possibility. Although Sarett and
Cheldelin's medium (12) supplies all the growth requirements
reported by Underkofleret al. (16) for Acetobacter suboxydans,
it did not give graded growth in this laboratory with graded
amounts of pantoic acid. The addition of untreated liver
concentrate caused a markechmprovement in the shape of the
growth curves, evidently providing an additional factor or factors
which make the pantoic acid concentration the limiting growth
factor and, hence, provide the desired graded response thereto.
The inclusion of eIlzyme~digested casein (Casitone) shortens
materially the time required to reach suitable growth levels.
This stimulation by an enzyme digest of casein may be a strepo-

98
96

106
102
100

Recovery

0/0
105
100
102
103

97

Panthenol
Found

Mg.

1.05
1.00
1.02
1.03
0.97

4.9
4.8
5.3
5.1
5.0

5.0

Panthenol
Added

Mg.

1.0

separation of panthenol and pantoyl lactone, known mixtures
with varying proportions of these two compounds were prepared
in aqueous solution. and assayed for panthenol (after ether ex
traction of the lactone and alkaline hydrolysis of the panthenol
remaining in the aqueous solution). The results, given in Table
III, show clearly.the reliability of the procedure for determining
panthenol in the presence of pantoyllactone, even at concentra
tions of the latter much higher than would normally be en
countered.'

To determine whether the method would be equally satisfactory
when applied to multivitamin solutions, particularly those
in which panthenol has undergone partial hydrolysis, experiments
such as those shown in Table IV were carried out. Because the
stability of panthenol is such that the rate of hydrolytic cleavage
under normal storage conditions and even during accelerated
aging tests is slow, this solution was acidified to pH 2 with'con
centrated hydrochloric acid and heated at 45 a C. in order to
accelerate the breakdown of pa;nthenol. Under these acid condi
tions the product of hydrolysis is pantoyllactone. Assays by the
present microbiological procedure were compared with rapid
bioassays in rats by the excretion method (3). As shown in
Table IV, satisfactory agreement was achieved regardless of the
degree of hydrolysis of the panthenol.

The specificity of the present method for measuring panthenol
in the presence of both pantoic acid and pantoyl lactone was
further tested by experiments such as those shown in Table V.
Pantoic acid and pantoyl lactone were added in various known
proportions to two multivitamin solutions containing panthenol,
and the latter was determined by the present procedure. Quan
titative recoveries of panthenol were obtained in all samples
within the normal limits of a ,microbiological assay method.
The acid-hydrolyzed samples are included as examples of solu
tions that have undergone appreciable decomposition.

Table III. Assay of Known Mixtures of Panthenol and
'Pantoyl Lactone in Aqueous Solution

(All values in terms of equivalent amounts of pantoic acid in 20-ml. aliquot
taken for extraction)

Pantoyl
Lactone
Added

·Mg.

0.20
0.40
0.60
0.80
1.00

1.0
2.0
3.0
4.0
5.0
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genin effect similar to that described by Sprince and Woolley
(14) and Wright and Skeggs (19) for a variety of other bacteria.

Differences in the sensitivity of response to pantoic acid have
been observed, however, with different cultures. These variations
appear to be associate~ with the time of incubation required for
attainment of suitable levels of growth. As previously noted, a
decrease in the growth rate has been observed af~r ·repeated
serial transfers of the culture from slant to slant. The concomi
tant increase observed in the relative activity of pantothenic
acid as compared to pantoic acid appears to indicate that this
effect is due to a decrease in the efficiency of the organism in
synthesizing pantothenic acid from the latter.

With the present culture carried as directed, the use of a heavy
inoculum (G = 15 to 20), plus the modified medium, has per
mitted shortening the time of incubation in stationary flasks
from 60 to 40 hours. The use of continuous shaking in Evelyn
tubes during incubation permits assays in 20 to 24 hours. In
clusion of Tween 80 in bacterial media was reported by Dubos
and Davis (4) to enhance the rate and abundance of growth of
tubercle bacilli and has been applied extensively with other
organisms (6). The stimulatory effect of the lactate is similar
to that observed by Tosic (15), who attributed it to the buffering
effect of the bicarbonate formed from the lactate during growth
of A cetobacter turbidans.

SUMMARY

A microbiological procedure is described which permits assay
of panthenol, the biologically active hydroxy analog of panto
thenic acid, in the presence of pantoyllactone as well as pantoic
acid. ·The lactone is removed quantitatively from water solution
by continuous extraction with ethyl ether for 1 to 2 hours.
Panthenol in the aqueous residue is then hydrolyzed to pantoic
acid for microbiologicai assay with Acetobacter suboxydans. Assay
before hydrolysis ptovides a correctlion for preformed pantoic
acid and a partial correction for pantothenic acid. Hence, small
percentages of pantothenic a~id (up to 10%) will not seriously
affect the specificity of the panthenol assay. By modification of
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the assay medium of Sarett and Cheldelin and by setting up the
assay in Evelyn tubes with continuous shaking, the incubation
time has been shortened to 20 to 24 hours. Good agreement with
bioassays in rats has been demonstrated.
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Microdetermination of Carbon and Hydrogen
FRIEDRICH O. FISCHER'

Chemical Institute, University of Heidelberg, Heidelberg, Germany

A nlOdification of the proved Pregl micromethod for carbon and hydrogen eDl
ploys a fully automatic combustion procedure applicable to micro-sized saDlples
of Dlaterials of widely varying combustion characteristics. The values obtained
are Dlore accurate than the usually accepted ± 0.3% absolute. With 10- to 20
mg. saDlples and seDliautoDlatic operation, an accuracy of ±0.02% absolute can
be attained; this furnishes a Dlethod of high accuracy requiring relatively small
amounts of sample for such difficult problems as the determination of the con
stitution of high Dlolecular weight cODlpounds.

PREGL'S micromethod (10) has undergone development in
three directions: The sample size has been decreased (2, 9),

the combustion has been made automatic (4, 5, 11, 13, 16), and
the precision and accuracy have been increased (3, 6-8). In
the absence of a practicable ultramicrobalance the first and third
are mutually exclusive; higher accuracy requires larger amounts
of sample. A completely automatic combustion procedure can
be recommended fully for routine microdeterminations. It
considerably relieves the analyst and gives more uniform results.
But where higher accuracy is required and a larger quantity of

I Pre.enl, address, Schroderstrasse 6, Heidelberg. Germany.

sample is to be burned, It completely automatic procedure is
applicable only when the combustion characteristics of the 'sub
stance in question have been determined. A semiautomatic
procedure is useful in other cases. It is less tedious and leads
to more accurate results than can be obtained by manual opera
tion. By using.a modification of the Pregl microprocedure, an
automatic or semiautomatic combustion, and 10- to 20-mg.
samples, it has been found possible to obtain values within
±0.02%. This increase in sample size is small compared to
requirements for macroprocedures (1, 12, 14, 15) or to amounts
needed to carry out a number of micl'Odeterminations for the
purpose of ohtaining a more accurate average value.
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Figure 1. Apparatus

The connection of the combustion
tube with the water tube, the most
delicate point of the whole apparatus,
must be formed in a way to permit
the larger amoU.I).ts of water vapor and
carbon dioxide to pass without loss.
Replacing the usual rubber connection
with a good ground joint accomplishes
this and eliminates those errors in
troduced by improper lubrication of
the rubber and the wiping of the ab
sorption tubes before each weighing.
The absorption tubes are wiped only
before the beginning of a combustion
series and after that are handled
with chamois gloves and cork plate
pincers. When stoppered, the tubes
are cl;mstant in weight.

To ensure the complete combustion of larger samples, a more
active filling of the combustion and absorption tubes can be at
tained by increasing the surface and activity of the reagents.
Appreciable increase in the quantity of reagents, the dimensions
of Pregl's apparatus, or the quantity or velocity of gas flow
results in an increase in the magnitude of the inherent errors.

Even in the presence of copper oxide an excess of oxygen is
essential. The new automatic apparatus causes the slow vaporiza
tion of the sample far below its boiling point, and th~s ensures
excess oxygen.

Figure 2. Platinum Tube

A

Figure 3. Pressure Regulator

APPARATUS

Balance. Variations in the zero points of the microbalances
were largely eliminated by keeping them in an air-conditioned
room and by placing aluminum plates (300 X 210 X 25 rom.)
in the interior of the cases. The rider and all the weights were
made of aluminum and the tare bottles were filled with glass
beads. These materials were chosen because their densities
were nearer the densities of the samples to be weighed than the
heavy metals. Only when the density of the sample differed
significantly from that of aluminum were vacuum corrections
applied. A significant variation in air density between weighings
is not as likely in micro as in macro work because of the shorter
lapse of time. The rider and weights were carefully inter
calibrated.

Combustion Furnace and Constant-Temperature Chamber.
The combustion furnace and constant-temperature chamber,
separated by 20 rom. of asbestos, are placed in a porcelain tube
250 rom. long and 70 rom. in'diameter (Figure'I.) This is mounted
on a Pertinax box which contains all the instruments fOf control of
temperature and automatic regulation-voltage regulators,
contact thermometer relay, and rheostats. A voltmeter, am
meter, time switch, and microchronometer are mounted on the
front of the box.

Depending on the constancy of the current supply, the con
stant-temperature chamber is controlled by a simple voltage
regulator or contact thermometer. The constant-temperature
chamber is made of aluminum and is 60 rom. long and 35 rom. in
diameter. There is a central bore for the combustion tube and a
parallel bore 8 rom. in diameter for the contact thermometer.
The relay does not break the whole circuit but rather short
circuits a small rheostat when the temperature falls below that,
required.

The constant-temperature chamber and the combustion fur
nace are connected in series, so that the temperature of the
combustion furnace is controlled simultaneously with that of the
constant-temperature chamber.' .

Absolute temperatures are not so important as constancy of
temperature. The constant-temperature chamber is operated
at about 200 0 C. and the furnace at about 700 0 C. Theconstant
temperature chamber should be held constant within 0.5 0 C. '
and the furnace within 2 0 C.

The combustion tube (Figure 4) is made of Suprema:t glass
and fitted with polished standard-taper ground 'joints. The
pipet-shaped enlargement, 100 rom. long and 22 rom. in diameter,
provides space for the sample vapors to mix well with oxygen
before entering the combustion zone proper and for substances
that detonate.

The combustion tube is held firmly by clamps (Figure 1), so it

CAC E A CDC
B • A o I Z 3 4 ~ C.ro1.

Figure 4. COInbustion Tube
A.. Silver wool' B. Copper oxide C. Ashe.toe D. Lead chromate E. Lead dioxide
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To obtain accurate hydrogen values,
especially when the humidity is high,
it is necessary to operate the air sup
ply separate from the oxygen and to
pass it through a large drying tower
containing Ascarite and phosphorus
pentoxide on pumice. . The air passes
too slowly through the capillary of the
pressure regulator (Figure 3). A rapid
flow of dry air must stream from the
combustion tube when it is opened to

0'

0'

COl
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The water tube is made preferably of Supremax glass, so the
parts of the joint connecting the water and combustion tubes will

have the same coefficient of expansion.
The filling' is phosphorus pentoxide an
pumice. The carbon dioxide tube is
filled with Ascarite followed by a 5hort
layer of phosphorus pentoxide on pumice,
separated by asbestos.

The absorption tubes are held together
and to the combustion tube by a single
steel spring (Figure 1). To prevent con
densation of the larger amounts of
moisture, a semicylindrical heater 40
mm. long, cut from a copper tube 7
mm. in diameter, extends from the
constant-temperature chamber under the
joint and capillaries of the water tube
(Figure 1).

If the absorption tubes have capil
laries of stand.ard length and not more
than 0.2 mm. in inside diameter, and if
they are capped (stoppered), they are
absolutely constant in weight.

Mariotte Bottle. A modified Mariotte
bottle is shown in Figure 6. The 200-cc.
measuring cylinders are arranged one
above the other (Figure 1) on a rod
which can be rotated. By simply
changing over the rubber tubing and in-
verting, it is ready for the next analysis.

This is filled up with quartz wool and then introduced, inverted,
into the platinum tube.

Hygroscopic samples are weighed in bottles with ground-in
stoppers, preferably made of quartz, which are introduced directly
into the platinum cylinder.

Filling. The combustion tube filling (Figure 4) consists of the
reagents used by Pregl (10) but they are much more finely divided
and have more effective surfaces.

Copper oxide is formed in the combusti..m tube. Pure elec:
trolytic copper wire 0.05 mm. in diameter is cut into pieces 5 mm.
long. It is washed with benzene, alcohol, and ether and, after
drying, is stuffed into the combustion tube compactly. Its
corrwlete oxidation takes 12 to 15 hours. The resistance to gas
flow is not seriously increased by this transformation. It is not
advisable to carry out the oxidation in a separate tube and
transfer the copper oxide because the thin pins break too easily.

Silver is used in the form of a very fine wool, and the lead
chromate is used.in fine grains.

The increase in surface is attended by an increase in the hygro
scopicity of the filling. For this reason, not only the lead dioxide
but also the rest of the filling must be held at constant tempera
ture; the combustion tube must be cJos~d immediately after each
analysis.

Exact hydrogen values can be obtained in the presence of lead
dioxide if the temperature and the amount and velocity of the
gases passed through it are held constant, and if materials of
widely different hydrogen content are not burned consecutively.

Absorption Tubes. The absorption tubes used by Pregl (10)
were modified slightly in dimensions and provided with ground
joints (Figure 5). The joints must not be lubricated, but are
ground in with fine emery powder and then polished with rouge
in turpentine. (All ground joints an the apparatus are treated
in this manner.)

Figure 6. Modi
fied Mariotte

Bottle

5 eM.

Figure 5. Absorption Tubes

cannot be displaced by removal of the stopper or by the steel
spring that holds the absorption tubes in place.

A platinum tube (Figure 2) 7 mm. in diameter and 30 mm.
long is fastened to the stopper by a platinum wire 170 mm. long
and 1.5 rom. in diameter. The platinum boat or glass capillary
is placed in this tube. A window, the size of the platinum boat,
is cut in the tube, so the sample can be watched during heating.
Seven circular platinum plates, fastened to the platinum wire
normal to its axis, divide the back of the combustion tube into
seven chambers and prevent the back-diffusion of vapors.

Starting at the furnace and extending 220 mm. toward the
stopper (Figure 1) the combustion tube is wound with a chrome
nickel heating tape in such a way as to allow good observation
of the sample between the windings. The windings are held in
place on the underside of the combustion tube by an asbestos
potassium silicate putty. This wound section is surrounded by a
Supremax tube 220 rom. long and 24 mm. in inside diameter.

Automatic Vaporization Apparatus. The automatic vaporiza
tion apparatus consists. of the pressure regulator (Figure 3) and a
circular rheostat driven by an electric motor through a reduction
gear. The manometer of the pressure regulator is filled with
slightly acidified water and the U-ttibe with phosphorus pentoxide
on pumice,. asbestos, and Ascarite. A and B are platinum con
tacts. C is a steel wire for narrowing the capillary and thus ad
justing the sensibility. The rheostat is connected into the circuit
of the heating tape. The motor turns the rheostat slowly, de
creasing the resistance, thus causing a constantly rising tempera
ture within the vaporization zone. The rate of increase can be
regulated further by controlling the'speed of the motor with a
potentiometer connected into the circuit of the armature coil.
A commutator, connected in like manner, permits reversal of the
direction of the motor should the sample vaporize too rapidly.
The regulation of the speed of the motor and the proportion of
the reduction gear should be chosen so that the resistance is
cleared in 3 minutes at high speed and in 2 hours at. slow speed.
The rise in temperature in the vaporization zone should be about
6° C. per minute at low speed. The rheostat is wound with
resistance wire of different diameters in such a way as to obtain a
linear rise of temperature. A circular rheostat without stops
was chosen because it returns to its initial position. A pointer
mounted on the axis of the rheostat indicates on a scale the tem
perature within the vaporization zone at any position of the
rheostat.

The vaporiza.tion unit can be used in an entirely automatic
manner for routine microdeterminations or for precision deter
minations where the combustion characteristics of the given
material are known. When the vaporization is too rapid the
pressure regulator acting through arelay turns off the heating
system, and, through the commutator, reverses the motor so that
the resistance is increased. It remains thus until the excess
pressure has been dissipated. If the pressure regulator is ad
justed to a high· sensibility, this play continues for some time
and until the sample·is slowly vaporized and burned.

For the precision determination where the combustion char
acteristics of the material are not known the apparatus is used
in a semiautomatic manner by varying the speed of the motor
as needed. The art of combustion consists in burning the sample
very slowly, allowing it to vaporize far below its boiling or sub
limation point. When the pressure in the pressure regulator has
considerably decreased, the motor speed is increased, and the
vaporization zone brought to red heat.

Liquids are weighed in capillaries of larger than usual size.
When the air bubble in the half-filled capillary is heated; the
liquid is expelled below its boiling point. In order to obtain a
gradual mixing of the vapors with oxygen, the capillary is first
put into a quartz tube 35 mm. long and 4 rom. in inside diameter.
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prevent introduction of moist room air. (One cubic centimeter
of air at 22° C. and a relative humidity of 70% contains 0.014
mg. of water.)

If oxygen and air are not available in requisite purity, a pre
heater must be used.

The pressure conditions described by Pregl (10) are essential for
the proper operation of the pressure regulator of the automatic
combustion unit. To prevent loss at the coimections slight excess
suction is applied during the combustion. The air is delivered
at higher pressure (greater speed) but it is not.necessary to re
adjus(theMariotte bottle because by this time the concentrations
of water and carbon dioxide in the gas stream are very small.

The combustion proper takes 15 to,20 minutes. The rate of
oxygen flow is 5 cc. per minute. Air is delivered at a rate of 8
to 10 cc. per minute and 140 to 150 cc. are used. Pregl's weighing
procedure (to) is followed. A single determination takes about

i\nalytical Results on Five Compounds
Theory

Automatic Analyses of ;VIicro Samples

Theory

R ~lCFaVED February 3, 1948.
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Sample H2O CO, C H
Mg. Mg. Mg. % %

10.593 .5.757 36.460 93.928 6.082
11.235 6 ..086 38.665 93.914 6.062
15.318 8.312 52.721 93.925 6.073
14.215 7.717 48.928 93.930 6.075

Av. 93.924 6.073

17.863 7.694 52.347 79.970 4.820
17.431 7.500 51.084 79.976 4.815
14.320 6.158 41. 975 79.990 4.812
15.195 6.532 44.548 80.005 4.811

Av. 79.985 4.814

14.993 5.842 33.437 60.860 4.361
14.150 5.573 31. 575 60.893 4.408
19.754 7.692 44.046 60.847 4.358
15.851 6.207 35.340 60.841 4.382

Av. 60.860 4.377

12.133 7.265 31. 612 71.100 6.701
13.137 7.878 34.215 71.073 6.711
12.704 7.630 33.088 71.075 6.721
13 120 7.890 34.172 71.077 6.730

Av. 71.081 6.716

12.666 5.176 33.584 72.357 4.573
15.235 6.219 40.386 72.340 4.568
16.194 6.601 42.936 72.352 4.562
14.718 0.012 39.025 72.357 4.571

:\.\-. 72.3,51 4 .'in8

Av.

5.215 2.05 11.64
5.944 2.37 13.26
4.593 1.81 10.24
4.458 1.77 9.95

Av.

3.976 2.39 10.35
4.644 2.78 12.10
5.271 3.19 13.74
5.629 3.39 14.67

Av.

Sample
Mg.

4.235
4.550
5.124
5.655

Table I.

Table II.

c ~ 12.010.
H = 1.008.

Fluorene

Benzil

Acetanilide

p-Nitrobiphenyl

Salicylic acid

Benzene

Acetanilide

Sa.licylic acid

Picric acid 4.345 0.53 5.01
6.810 0.82 7.86
4.585 0.57 5.27
6.223 0.78 7.18

Av.

Pyridine perchlorate 6.344 1. 9.5 7.78
5.557 1.70 6.80
7.292 2.21 8.94
5.152 1.59 6.32

Av.

--_._------



Table of Azeotropes and Nonazeotropes
L. H. HORSLEY, The Dow Chemical Company, Midland, Mich.

THIS table of azeotropes and nonazeotropes is a supplement
to the table previously published in ANALYTICAL CHEMISTRY

(63). .
It is arranged in a table of binary systems and a table of ternary

systems. Individual systems are arranged according to empirical
formula. The systems containing inorganic constituents are
listed first, using alphabetical order by formula, and then organic
compounds in the Chem1:cal Abstracts formula index system.

For a given binary system the component with the lower order
formula is chosen as the A-component and is shown in bold-faced
type. Under each A-cG'mponent, the B-components are also
arranged by formula. A similar arrangement is used for the ter
nary systems.

A formula index is included at the end of the table and lists
under each compound all tlJ.e systems in which that compound
is one of the components.

Table I. Binary Systellls
Azeotropic Data

- 97.0

Minimum B.P.

N onazeotrope

94
94

/44
94

94
94
94

94

8
8

B7

94

69

94
94
94
94
94

1117
198
/28
127
128
128

/44
94

94, 144

94, /47

Reference

94,144

94.116
94

tlO

94
94
94

. 4
94,117
66,122

2,60
110

94,107
6, /3,23,24

10

1.3 b
57.7

8"
1-2.2
40

Reacts
Reacts
Reacts

Azeotrope

Reacts

N onazeotrope

N onazeotrope

N onazeotrope at 35 Q

70/420 60.5
N onazeotrope
,Nonazeotrope

53.8 94
52.7 63 5

Azeotrope
55.6 92

N onazeotrope
N anazeotrope

20"

74

N onazeotrope
N onazeotrope

Vapor pressure curve
38.1 1.5

N onazeotrope
73.6 5.4
72 19.5

37
97.8

Nonazeotrope at -60

66 3-4 b

B.P.. 0 C. Weight % A
B-Component

No. Formula Name B.P., 0 C.

A ~ HBr Hydrobromic Acid - 67
I H,S Hydrogen sulfide -70/480
2 H,S Hydrogen sulfide 86
3 O,S Sulfur dioxide - 10

A Br.Sn Tin Bromide 202
4 C7H120. [~thyl malonate 198.9

A CF,O Carbonyl Fluoride
CF.O Trifluoromethyl hypofluorite 94.2

A = CO, Carbon Dioxide 79.1
6 N,O Nitrous oxide 89.8
7 O,S Sulfur trioxide 47
8 CS, Carbon disulfide ~6.2

9 CHCh Chloroform 61.2
10 C.H,NO. o-Nitrophenol 214

A ~ Ch Chlorine - 33.5
11 S,Ch Sulfur chloride 138
12 H,O \Vater 100

A CIH Hydrochloric Acid 85
.13 . O,S Sulfur dioxide 10
14 C.H.O Acetone 56.2

A= ClaSb Antimony Chloride 220
15 Aromatics 200---220

A~ CI.Si Silicon Chloride 56.5
16 CH,NO, Nitromethane 101
17 C,H.Cl, 1,I-Dichloroethane 57.4
18 C,H.Ch 1,2-Dichloroethane 83.7
19 C,H,N PropionitrUe 97
20 C.H14 2-Methylpentane 60.4
21 C6H14 3-Methylpentane 63.3

A= CI.Sn Tin Chloride 113.85
22 C,H,CIO EpichiorohYdrin 116.45
23 C,H,N Pyridine 115.5
24 C.H120, Ethyl butyrate 119.9

A ~ Cu Copper 2310
25 Ph Lead 1525

A~ FH Hydrofluoric Acid 19.4
26 CChF, DichlorodiHuoromethBne
27 CHCIF, Chlorodifluoromethane
28 C,HIOO Ethyl ether 34.5

A ~ HI Hydriodic Acid 34
29 H,S Hydrogen sulfide 63.5

A ~ H,O Water 100
30 H,S Hydrogen sulfide -63.5
31 O,S Sulfur dioxide 10
32 CHN Hydrocyanic acid 26
33 CH,Ch Dichloromethane 41.5
34 CH,O Formaldehyde 21
35 C,HClo Trichloroethylene 86.2-86.6
36 C,H,Ch 1,2-Dichloroethane 84
37 C,H,CbO Bis(chloromethyl) ether 106
38 C,H,Br Bromoethane 38.4
39 C,H,CIO 2-Chloroethanol 128.7

40 C.H,I Iodoethane 70
41 C,H, Ethane - 93
42 C.H,CIO Chloroacetone 121

a Under unspecified pressure.
1» Volume per c~nt.
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Table I. Binary Systeills (Continued)

B-Component Azeotropic Data
No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A = H,O Water (Contd.) 100
43 C,H,ClO a-Chloropropionaldehyde 86 80.5-81 108
44 C,H,ClO Epichlorohydrin 117 88 25 47
45 C,H,Cl, 1,2-Dichloropropane 97 78 12 55
46 CaH,O, Methoxyacetaldehyde 92.3/770 88.8/770 20 87
47 C,H,O, Trioxane 114.5 91.4 30 152
48 C,H,CIO Propylene chlorohydrin 127.4 95.4 45.8 28, 24, 26, 70
49 CaH,N Allylamine 5?9 N onazeotrope 185

50 C,H,O, 2-Methoxyethanol 124.5 99.9 77.8 25
51 C,H'ON, 1,2-Diarninopropane 119.7 N onazeotrope 28, 24
52 C,H,O 1-Butyn-·3-one. 85 74 35 140
53 C,H,N Pyrrole 129.8 93-93.5 6
54 C,H,O, Biacetyl 87-88 78.5 21, 102
55 C,H,Cl 1-Chloro-2-methyl-1-propene 68.1 61.9 7.5 19
56 C,H,ClO, 4-ChloromethYl-1,3-dioxolane 66-68/40 99 182

57 C,HaCl,O l,3-Dichloro-2-methyl-2-propanol 174 98.3 64.8 19
58 C,H,O, l.3-Dioxane 104-105 86.5 182
59 C,HaO, Methyl lactate 143.8 99 80 180
60 C,H,CIO 1-Chloro-2-methyl-2-propanol 126.7 93-94 34 19
61 C,H,I 1-Iodo-2-methYlpropane 122.5 95-96 21 a 94,116
62 C,H,N Methylallylamine 78.7 78.4 4.1 135
63 C,HlOO, Meso-2,3-butanediol 183-184 N onazeotrope 113
64 C 4HIOO2 1-2,3-Butanediol N onazeotrope 149
65 C,H,oO, Acetaldehyde dimethyl acetal 64.3 61.3 3.6 "66 C,HlOO, l,2-Dimethoxyethane 83 77.4 10.1 25,66,94
67 C,H,OO, Ethoxymethoxymethane 65.91 61.25 4.4 159
68 C,H,oO, 1-Methoxy-2-propanol 118 96 48.5 36
69 C,Hl1N Diethylamine 56 94

70 C,H,NO Furfurylamine 144 99 74 145
71 C,H,O, Allyl acetate 105 Azeotrope 110
72 C,H,O, Methyl methacrylate 99.5 49/200 11.6/200 157
73 C,HaO, Methyl methacrylate 99.5 86-92/760 94
74 C,H,O, 2,4-Pentanedione 138 Heterogeneous 59
75 C,H,oO 2-Methyltetrahydrofuran 77 Minim"um B.P. 14
76 C,HlOO Tetrahydropyran Minimum B.P. 182
77 C,HlOO, 4,5-Dimethyl-1,3-dioxolane Minimum B.P. 47
78 C,H,oO, 3-Ethoxy-1,2-epoxypropane 124-126 90-91 16
79 C,HlOO, Methyl /1-methoxypropionate 84/100 Azeotrope 64, 110

- 80 C,Hl1Cl l-Chloropentane 108.35 82 32.1 66
81 C,H"O, l,2-Dimethoxypropane 92-93 80 58
82 CSH1203 l,l,2-Trimethoxyethane 126-127.5 93-94 30 94, 107
83 C,H,NO, Nitrobenzene 210.85 98.6 88a 6,28
84 C,H,N 3-Picoline 144 94.1-94.3/700 61.4/700 6, its, 100
85 C,H,N 4-Picoline 145.3 94.6-94.8/700 63.5/7006, 28, 33, 100
86 C,H,O, Vinyl crotonate 132.7/757 91.0/760 24.2 133
87 C,H,o 4-Methyl-1,3-pentadiene 67.0 7.5 129
88 C,H,oO I-Hexen-5-one 129 Minimum B.P. 110
89 C,H,oO, Crotonyl acetate 129 Minimum B.P. 110

90 C,HuN Diallylamine 110.4 87 22-23 185
91 C,H"O Butyl vinyl ether 93.8 76.7 11.5 136
92 C,H120 Butyl vinyl ether 93.8 N onazeotrope 186
93 C.H"O 2,2-Dimethyltetrahydrofuran 90-92 Minimum B.P. 59
94 C.H"O 3~Hexanone 124 Minimum B.P. 110
95 C,H"O 2-Methyl-2-pentene-4-o1 94.6 40.8 129
96 C,H"O, 2-Butoxyethanol 171.2 98.8 79.2 25
97 C,H"O, l,2-Diethoxyethane 123.5 89.4· 25 25,94
98 C,H"O, Ethoxypropoxymethane 113.7 85.90 18.4 159
99 C,H"N Diisopropylamine 83.86 74.1 9.2 135

100 C,H"N Triethylamine 89.4 75 10 94, 151
101 C,H,Cl p-Chlorotoluene 163.5 95 18
102 C,H,N 2,6-Lutidine 144 93.3-93.5/700 51.5/700 6,28,100
103 C,H"O 4-Heptanone 143 94 110, 111
104 C,H"O, sec-Amyl acetate 133,5 92.0 33.2 134
105 C,H"O, Butyl propionate 137 Minimum B.P. 110
106 C,H"O, Enanthic acid 221 94
107 C,H"O Amyl ethyl ether 120 Minimum B.P. 110
108 C,H"O Ethyl isoamyl ether 112 Azeotrope 110
109 €hHlS02 Diisopropoxymethane 129 79-80 12 94, 150

110 CsH, Styrene 145 93 .106
111 C,H,o Ethylbenzene 60.5/60 33.5/60 33 11,106
112 C,H,o m-Xylene 139 92 35.8 94,107,122
113 C,H" Diisobutylene 101-104 81 87 134
114 C,H"N DimethaUylamine 149.0 94.1 40.3 185
115 C,Hl'O Allyl isoamyl ether 120 Minimum B.P. 110
116 C,H18O 2,2,5,.5-Tetramethyltetrahydrofuran 115 Minimum B.P. 59
117 C,H180 Butyl ether 142.6 92.9 28a 110, 111, 112,

118,158
118 C,H180 sec-Butyl ether 121 Minimum B.P. 110
119 C,H180 Ethyl hexyl ether 143-144 92.9 29a 111
120 C,H180, l,l-Dipropoxyethane 147.7 94.7 36.6 7
121 C.H180, Bis(2-ethoxyethyl) ether 98.4 78.5 25
122 C.H19N Dibutylamine Minimum B.P. 71
123 C,oH, Naphthalene 218 98.8 84 107
124 C,oH"O, Acetaldehyde dibutyl acetal 188.8 98.7 66.3 7, 138

a Volume per cent.
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Table I. Binary Systems (Continued)

B-Component Azeotropic Data.
No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A ,= H2O Water (Contd.) 100
125 CIOH"O, .-I.cetaidehyde diisobutyl acetal· 171.3 97.4 52.5 7
126 C12H2602 Acetaldehyde diamyl acetal 225.3 99.8 85.5 7
127 C12H"O, Acetaldehyde diisoamyl acetal 213.6 99.3 78.8 7

A= H,N Ammonia -33.6
128 C,H,O Methyl ether -23 - 37 42.5 62

A= O,S Sulfur Dioxide -10
129 C,HIO Butane - 0.6 18 63.3 50,1OJ,
130 C,HIO 2-Methylpropane -12.4 24 50,1OJ,

A= CCIN Cyanogen Chlo.ride 12.5
131 GHN Hydrocyanic acid 26 Nonazeotrope 5J,

A= CCI,NO, Trichloronitromethane 111. 83
132 C,H,I 3-Iodopropene 101.8 Nonazeotrope 92
133 C,H,C\' 1,3-Dichloropropane 129.8 N onazeotrope 92
134 C,H,CIO 1-Chloro-2-propanol 127.0 <110.8 <96 92
135 C,H,I 1-Iodopropane 102.4 N onazeotrope 92
136 C,H,O, 2-Methoxyethanol 124.5 <110.5 <82 92
137 C,H,O, Dioxane 101.35 N onazeotrope 92
138 C,H,O, Isobutyric acid 154.6 N onazeotrope 92
139 C,H.I 1-Iodo-2-methylpropane 120.8 N onazeotrope 92
140 C,HIOO sec-Butyl alcohol 99.5 96.1 60 92
141 C,HIOO tert-Butyl alcohol 82.45 82.25 37 92

142 C,H,N Pyridine 115.4 N onazeotrope 91
143 C,HIOO Isovaleraldehyde 92.1 N onazeotrope 92
144 C,HllBr 1-Bromo-3-methylbutane 120.65 N onazeotrope 92
145 C,H120 3-Methyl-2-butanol 112.9 <106.5 <80 92
146 C,H120 2-Pentanol 119.8 108.0 83 92
147 C.H120 3-Pentan.ol 116.0 <107.3 <82 92
148 C,H, Benzene 80.15 N onazeotrope 92
149 C,HIO Cyclohexene 82.75 Nonzaeotrope 92
150 C6H12 Cyclohexane 80.75 N onazeotrope 92
151 C,H120 Cyclohexanol 160.8 N onazeotrope 92·

152 C,H120, Methyl isovalerate 116.5 Nonazeotrope 92
153 C,H140 o-Methylcyclohexanol 168.5 N onazeotrope 92
154 C,H160 n-Heptyl alcohol 176.15 N onazeotrope 92
155 C,H1O Ethylbenzene 136.15 N onazeotrope 92
156 C,HIO m-Xylene 139.2 N onazeotrope 92.
157 C,Hl. 1,3-Dimethylcyclohexane 120.7 111 .0 80 92
158 C,H180 Isobutyl ether 122.3 N onazeotrope 92

A= CCI, Carbon Tetrachloride 76.75
159 C,H,C\' 1,1-Dichloroethane 57 Vapor-liquid equilibrium 68
160 C,H,C1Si Chlorotrimethylsilane 57.5 N onazeotrope 128
[61 C,H,O, Butyric acid 163.5 N onazeotrope 105
162 C,H,N Pyridine 115.5 N onazeotrope 9J,
163 C,HnNO, Isoamyl nitrite 97.15 N onazeotrope 88
164 C,H,N Aniline 184.35 9J,
165 C,Hl' Heptane 98.45 Vapor pre~sure data 9J" 189

A= CS, Carbon Disulfide 46.25
166 CH,NO, Nitromethane 101.2 44.25 90 92,98
167 C,H,CI,O Bis(ch[oromethyl) ether 104 43.1 75 98
168 C,H,NO, Nitroethane 114.2 N onazeotrope 92
169 C,H,O, Methyl propionate 79.7 N onazeotrope 9J,
170 C,HlOO, Isovaleric acid 176.5 Vapor pressure data 9J,
171 C,H.oO 3-Methyl-2-blltanone 95.4 N onazeotrope 90
172 C,HIOO 2-Pentanone 102.35 N onazeotrope 90
173 C,HnNO, Isoamyl nitrite 97.15 N onazeotrope 88
174 C.H,NO, Nitrobenzene 210.85 9J,

175 C,H,N Aniline 184.35 9J,
176 C.H120 4-Methyl-2-pentanone 116.05 N onazeotrope 90
177 C,H. Toluene 110.7 N onazeotrope 9J,
178 C,H•• Heptane 98.45 9J,
179 C,HIOO, Ethyl benzoate 213 9J,
180 CIOH. Naphthalene 218 9J,
181 CIOH140 Thymol 233 9J,
182 C.OH160 Camphor 208.9 9J,

A= CHBrC\, Bromodichloromethane 90.2
183 C,H,NO, Nitroethane 114.2 Nonazeotrope 92
184 C,H,I 2-Iodopropane 89.45 90.7 50 87
185 C,H,NO, Butyl nitrite 78.2 N onazeotrope 88
186 C,H120 4-Methyl-2-pentanone 116.05 N onazeotrope 90

A= CHBH Bromoform 148.3
187 C,H,Cl, 1,1,2,2-Tetrachloroethane 146.2 145.5 45 87
188 C.H,Br Bromobenzene 156.1 N onazeotrope 87
189 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92
190 C,H140 4-Heptanone 143.55 151.0 77 90

A= CHCla Chloroform 61.2
191 CH,C\, Dichloromethane 41.5 N onazeotrope J,6
192 C,H,CI, l,1-Dichloroethane 57.3 Vapor-liquid equilibrium 68
193 C,H,Cl Chloroethane 13.3 N onazeotrope 9J,
194 C,H7Br I-Bromopropane 71.0 N onazeotrope 87
195 C,H,NO, Propylnitrite 47.75 N onazeotrope 88
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Table 1. Binary Systems (Continued)

B-Component .\zeotropic Data
No. Formula Name B.P., 0 C. B.P.. o C. Weight %A Reference

A- CHCI, Chloroform (Contd.) 61.2
196 C,H,CISi Chlorotrimethylsilane 57.5 N onazeotrope 128
197 C,H,NO, Butyl nitrite 78.2 N onazeottope 88
198 C,H,NO, Isobutyl nitrite 67.1 N onazeotrope 88
199 C,H,N Pyridin~ 115.5 94
200 C,H,CI Chlorobenzene 131.8 94
201 C,H,NO. Nitrobenzene 210.75 N onazeotrope 92
202 C,H,N Aniline 184.35 94
203 C7H16 Heptane 98.45. 94
204 C,HIO p-Xylene 138.2 94
205 C,HIOO. Ethyl benzoate 213 94

A= CH2Bn Dibromomethane 79.0
206 CH,O Methanol 64.7 Azeotrope doubtful 94
207 C,HIOO 3-Methyl-2-butanone 95.4 98.0 70 90
208 C,HIOO 2-Pentanone 102.35 N ona.zeotrop~ 90

A= CH,CINO, Chloronitromethane 122.5
209 C,H,N Pyridine 115.4' N onazeotrope 91
210 C6HuS Isopropyl sulfide 120.5 <119.7 20 92

A = CH2Ch Dichloromethane 41.5
21l C2H,Br I-Bromoethane 38.4 38.1 20 87
212 C,H,NO, Isopropyl nitrite 40.1 39.45 53 88

A= CH21, Diiodomethane 181
213 C,H,CI: p-Dichlorobenzene 174.4 171.3 48 87

A= CH20, Formic Acid 100.7
214 C2H,NO, N i troethane 114.2 N onazeotrope 92
215 C,H,OS Ethyl sulfide 92.2 82.2 35 98
216 C,HIOO 3-Methyl-2-butanone 95.4 >102.15 <85 90
217 C,H,OO, Isobutyl formate 98.3 N onazeotrope 158
218 C,H,N 3-Picoline 143.5 100-125/200 32,124
219 C,H,N 4-Picoline 143.1 100-125/200 82,124
220 C,H'20 Pinacone 106.2 >107.1 <24 90
221 C,H,N 2,6-Lutidine 143 100-125/200 32, 124

A= CH,Br Bromomethane 4.5
222 CH,O Methanol 64.7 3.55 99.45 156
223 C.H,NO, Isopropyl nitrite 40.1 N onazeotrope 88

A = CH.1 lodomethane 42.6
224 C,H,N Pyridine 115.5 94

A~ CH.NO, Nitromethane 101.15
225 C2H,CIO 2-Chloroethanol 128.6 N onazeotrope 92
226 C2H,NO. Ethyl nitrate 87.70 87.68 1.2 92
227 C,H,S Ethanethiol 35.8 N onazeotrope 92
228 C2H,S Mtthyl sulfide 37.4 N onazeotrope 92
229 C,H,O, Propionic acid 141.3 N onazeotrope 92
230 C,H,Cl I-Chloropropane 46.4 N onazeotrope 98
231 C,H,CIO I-Chloro-2-propanoJ 127.0 N onazeotrope 92
232 C,H,CIO 2-Chloro-l-propanoJ 133.7 N onazeotrope 92
233 C,H,NO. Propyl nitrate 110.5 100.2 75 92
234 CaH,CISi Chlorotrimethylsilane 57.7 N onazeotrope 127

235 C,H,O 2-Butanone 79.6 N onazeotrope 90
236 C,H,O, Dioxane 101.35 100.55 56.5 92
237 C,H,O, Methyl propionate 79.85 N onazeotrope 92
238 C,H,O, Propyl formate 80.85 N onazeotrope 92
239 C,H,OO, 2-Ethoxyethanol 135.3 N onazeotrope 92
240 C,H,OS I'lutanethiol 97.5 < 93.2 92
241 C,H,OS Ethyl sulfide 92.1 85.0 30 92,93
242 CoRIO 3-Metbyl-l-butene 20.6 N onazeotrope 92
243 C,H" Cycl..pentane 49.3 < 47.5 > 9 92
244 C,HIOO Cyclopentanol 140.85 Nonazeotrope 92

245 C,H"O, Isopropyl acetate 89.5 < 89.3 92
246 C,H,OO, Methyl isobutyrate 92.5 91.2 92
247 C,HnBr l-Bromo-3-methylbutane 120.65 97.5 92
248 C,HnCI l-Chloro-3-methylbutane 99.4 88.2 48 92
249 C,H" 2-Methylbutane 27.95 N onazeotrope 92
250 C oH1201 2-Propoxyethano! 151.35 N onazeotrope 92
251 C,HIO Cyclohexene 82.75 < 74.5 <31 92
252 C,H,O 1,5-Hexadiene 60.1 < 57.5 <23 92
253 C,HIOS Allyl sulfide 139.35 N onazeotrope 92
254 C.H" Cyclohexane 80.75 70.2 28 92

255 C,H12 Methylcyclopentane 72.0 64.2 23 92
256 C,H"O 4-Methyl-2-pentanone 116.05 Nonazeotrope 90
257 C,H'20 Pinacolone 106.2 <100.5 90
258 C,H120, Ethyl butyrate 121.5 N onazeotrope 92
259 C,H'20, Ethyl isobutyrate 110.1 100.0 72 92
260 C6Hh 2,3-Dimethylbutane 58.0 < 54.5 <26 92
261 C7Hlll n-Heptane 98.4 80.2 37 92
262 C,H, Styrene 145.8 Nonazeotrope 92
263 C,HIO Ethylbenzene 136.15 Nonazeotrope 92
264 C,H,O m-Xylene 139.2 Nonazeotrope 92

265 CSHIC a-Xylene 144.3 Nonazeotrope 92
266 C,H" 1,3-Dimethylcyclohex3ne 120.7 90.2 50 92
267 CsH18 2,5-Dimethylhexane 109.4 85.5 43 92
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Table I. Binary SystelDs (Continued)

56.5-56.8 25 66
N onazeotrope 137

61. 5/760 50.0 164
< 59.55 <55 93

94
57.1 25.3 169

React. 84, 98
N OJ;lRzeotrope 91,94

51. 5 22.3 1£0
Nonazeotrope 90
N onazeotrope 64

60 360 14ft
Nonazeotrope 92

91,

Minimum B.P. 40

112.85 51. 5 91
120.1 86 90
118.15 55 90

74.6/778 71 119
Nonazeotrope 90
Nonazeotrope 106
Nonazeotrope 88
Nonazeotrope 90

Nonazeotrope 94
Nonazeotrope 94
Nonazeotrope 9ft

Reacts 78
Reacts 78

<159 4 >40 94
Nonazeotrope 92
Nonazeotrope 94
Nonazeotrope 89

169.0 35 90

.Nonazeotrope 94
Nonazeotrope 94
Nonazeotrope 92

Nonazeotrope 92
Nonazeotrope 89

Reacts 91,

Nonazeotrope 94
Nonazeotrope 94
Nonazeotrope 92

Reacts. 91,

Nonazeotrope 119

N onazeotrope S9

Nonazeotrope 91
N onazeotrope 90

Nonazeotrope 94
75/133.0 73 74

120/612.7 72 74
N onazeotrope 92
Nonazeotrope 11

Vapor-liquid equilibrium 68
56.4 128

92.0 53
N onazeotrope
N onazeotrope
N onazeotrope

75-90

B-Component
No. Formula Name B.P., 0 C.

A~ CH,NO. Nitromethane (Con/d.)' 101.15
268 C,H" n-Octane 125.75
269 C,H180 Isobutyl ether 122.3
270 C,H" Cumene 152.8
271 C,H" Mesitylene 164.6
272 Cn H2n+! Paraffins . 90-118

A= CH,O Methanol 64.7
273 CaH,Ch 1,2-Dichloro-I-propene 76.8-77.0
274 C,H,O, 2-Methoxyethanol 124
275 C,H,Ch 2,3-Dichloro-l,3-butadiene 98
276 C,H,S ,Thiophene 84
277 C,H" Butane 0.6
278 C,H"O, Ethoxymethoxymethane 65.90
279 C,HnN Isobutylamine 68.0
280 C,H,N Pyridine 115.4
281 C,H,O 2-Methylfuran 63.7
282 C,H"O 3-Methyl-2-butanone 95.4
283 C,HnCI I-Chloropentane 108.35
284 C,H"OSi Methoxymethyltrimethylsilane 83
285 C,H,NO, Nitrobenzene '210.75
286 C"H"O Thymol 233

A= CH,N Methylamine -6.5
287 C,H" Amylenes

A= C,CI, Tetrackloroethylene 120.8
288 C,H,N Pyridine 115.4
289 C,H,O Cyclopentanone 130.65
290 C,H"O 3~Hexanone 123.3

A= C,HCI, Trichloroethylene 86.95
291 C,H,N Acetonitrile 81.6
292 C,H,O Acetone 56.15
293 C,H,O, Butyric acid 162.5
294 C,H,NO, Butyl nitrite 78.2
295 C,H"O 3-Methyl-2-butanone 95.4

A= C,HChO, Trichloroacetic Acid 197.55
296 C,H,O, Methyl formate 31.9
297 C,H"O Ethyl ether 34.6
298 C,H,NO, Nitrobenzene 210.75
299 C,H,O p-Cresol 201.7
300 C,H,O, Guaiacol 205.05

A= C,HCIo Pentachloroethane 161.95
301 C,H,O, 2,4-Pentanedione 169.5
302 C,H,NO, Nitrobenzene 210.75
303 C,H"O. Propyl 'lactate 171. 7
304 C,H"N N.N-Dimethyl-o-toluidine 185.3
305 C,H"O 2,6-Dimethyl-4-heptanone 168.0

A= C,H,CI,O, Dichloroacetic Acid 190
306 C,H,O, Methyl formate 31.9
307 C,H"O Ethyl ether 34.6
308 C,H,NO, Nitrobenzene 210.75

A= C,H,C4 1,1,2,2-Tetrachloroethane 146.35
309 C,H,NO, Nitrobenzene 210.75
310 C,H,N Aniline 184.35

A= C,HaBrO, Bromoacetic Acid 208
311 CnH"O Methyl terpineol ether 216

A= C,H,CIO, Chloroacetic Acid 189.35
312 C,H,O, Methyl formate 31.9
313 C,H"O Ethyl ether . 34.6
314 C,H,NO, Nitrobenzene 210.75
315 CnH"O Isohornyl methyl ethe, 192.2

A= C,H,N Acetonitrile 81.6
316 C,H,O Acetone 56.4

A= C,H, Ethylene -103.9
317 C,H, Ethane -88.3

A= C,H,Br, 1,1-Dibromoethane 110
318 C,H,N Pyrrol 130.0
319 C,H120 4- Methyl-2-pentanone 116.05

A= C,H,B" 1,2-Dibromoethane 131.5
320 C,H,Ch 1,2-Dichloroethane 83.7
321 CaH,NO, l-Nitropropane 75/1111
322 CaH,NO, l-Nitropropane 120/550.2
323 C,H,NO, Nitrobenzene 210.75
324 C,H, Styrene 68/60

A= C,H,Ch 1,l-Dichloroethane 83.7
325 C,H,Ch 1,2-Dichloroethane 83.7
326 C,H,CISi Chlorotrimethylsilane 57.7

o Volume per cent.

B.P., 0 C.
Azeotropic Data

Weight % A Reference

92
9ft
92
9ft
61
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Table I. Binary Systems (Continued)

B-Cornponent .\zeotropic Data

No. Formula Name B.P.. °c. B.P., 0 C. Weight % A Reference

A= C,H,CI, 1,2-Dichloroethane 83.7
327 C,H,O, Butyric acid 162 N onazeotrope 105
328 C,HuNO, Isoamyl nitrite 97.15 N onazeotrope 88

A= C,H.CbO Bis(chloromethyl) Ether 104
329 C,H,CI l-Chloropropane 46.4 N onazeotrope 93

A= C,H,O, Acetic acid 118.5
330 C,H,NO, Nitroethane 114.2 112.4 30 92'
331 C,H.Br2 1,2-Dibromopropane 140.5 116.0 70 93
332 C,H.O, Methylpyruvate 137.5 N onazeotrope 90
333 C,H.02 Butyric acid 163.5 Vapor pressure data 94
334 C,H,O Cyclopentanone 130.65 N onazeotrope 90
335 C,H,N 3-Picoline 144 152.5 30.4 32,33,124
336 C.H,N 4-Picoline 145.3 154.3 30.3 32, 33, 124
337 C,HlOS Allyl sulfide 139 116.55 78.5 93

338 C.H120 Pinacolone 106.2 N onazeotrope 90
339 C,H14S Isopropyl sulfide 120 111.5 48 93
340 C,H.O, Benzoic acid 249.5 94
341 C,H,O, Salicylic acid 211/20 94
342 C,H,N 2,6-Lutidine 144 148 27.8 32,33,124
343 C,H14O, Amyl acetate 149 N onazeotrope 112
344 C,H140, Meso-2,3-butanediol diacetate 190-193 N onazeotrope 113
345 C,H1602 Methyl isoamyl acetate N onazeotrope 109
346 C12HuN Diphenylamine 302 94
347 C13HlOO Benzophenone 305 94

A = C,H,02 Methyl Formate 31.9
348 C2H,NO, Ethyl nitrite 17.4 N onazeotrope 87,88
349 C,H.S Methyl sulfide 37.2 29.0 62 93
350 C,H,NO, Isopropyl nitrite 40.1 N onazeotrope 87, 88
351 C,H7NO, Propyl nitrite 47.75 N onazeotrope 87, 88
352 C,H, Cyclopentadiene 41.0 Minimum B.P. 45
353 C,H, 1,3-Pentadiene 42.5 Minimum B.P. 45

A~ C,H,Br Bromoethane 38.4
354 C,H,02 Butyric acid- 163.5 Vapor pressure data 94
355 C,H,N Pyridine 115.5 94
356 C,H,,02 Caproic acid 204.5 94
357 C,H1OO, Ethyl benzoate 213 94

A= C,H,BrO 2-Bromoethanol 150.2
358 C,HlOO Cyclohexanone 155.7 N onazeotrope 90
359 C,H"O 2,6-DimethyI4:heptanone 168.0 N onazeotrope 90

A= C2H,CIO 2-Chloroethanol 128.8
360 C,H,NO, Nitroethane 114.2 N onazeotrope 92
361 C,H.Bn 1,2-Dibromopropane 140.5 126.0 93
362 C,HuBr I-Bromo-3-methylbutane 120.3 113.0 24 93
363 C,H,Br Bromohenzene 156.1 127.45 97
364 C,HlOO Mesityl oxide 129.45 130.2 33 90
365 C,H120 2-Hexanone 127.2 129.0 75 90
366 C,H120 3-Hexanone 123.3 N onazeotrope 90
367 C.H120 4-Methyl-2-pentanone 116.05 N onazeotrope 90
368 C,H120 Pinacolone 106.2 N onazeotrope 90
369 C.H13Br I-Bromohexane 156.5 126.5 97
370 C,H14S Isopropyl sulfide 120 115.5 30 93
371 C7H140 4-Heptanone 143.55 N onazeotrope 90
372 C,H140 5-Methyl-2-hexanone 144.2 N onazeotrope 90
373 C,H" 2,5-Dimethylhexane 109.4 101.0 97

A= C2H,CIO Chloromethyl Methyl Ether 59.15
374 C,H,O 2-Butanone 79.6 N onazeotrope. 90

A= C,H,I lodoethane 72.3
375 C,H,Br 3-Bromopropene 70.5 N onazeotrope 87

A= C,H,NO Acetamide 221.2
377 C,H7NO 2-Aminoethanol 170.8 Nonazeotrope 89
378 C,HuNO 2,2'-Iminodiethanol 268.0 N onazeotrope 89
379 C.H,O, 2-Furaldehyde 161.45 Reacts 78
380 C,H,O, Levulinic acid 252 N onazeotrope 90
381 C,H,CINO, m-Chloronitrobenzene 235.5 212.5 50 9€
382 C.HoCINO, o-Chloronitrobenzene 246.0 216.0 60 92
383 C,H,N Aniline 184.35 N onazeotrope 89
384 C6HgN2 a-Phenylenediamine 258.6 N onazeotrope 89
385 C6Hl/iNO 2-Diethylaminoethanol 162.2 N onazeotrope 89
386 CrH,CIa a,a, a-Trichlorotoluene 220.9 Reacts 78

387 C7H7N02 m-Nitrotoluene 230.8 210.8 42 92
388 C,H,N Methylaniline 196.25 193.8 14 89
389 C,H,N m-Toluidine 203.1 200.95 14 89
390 C,H,N p- 'Fo luidine 200.55 198.7 12 89
.391 C,H140 4-H,eptanone 143.55 N onazeotrope 90
392 C7H140 5-Methyl-2-hexanone 144.2 N onazeotrope 90

393 C,HllN 2,4-Dimethylaniline 214.0 <209.5 21 89
394 C,HllN 3,4-Dimethylaniline 225.5 <213.5 <29 89
·395 C,HllN Ethylaniline 205.5 199.0 18 89
:396 C,HllNO a-Phenetidine 232.5 216.0 55 89
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Table I. Binary SystelDs (Continued)

23.2
34.4

B-Component
No. Formula Name B.P., o C.

A= C,H,NO Acetamide (Conld') 221.2
397 C.HnNO p-Phenetidine· 249.9
398 C.H140 Methylheptenone 173.2
399 C.Rl80 2-0ctanone 172.85
400 C.R,N Quinoline 237.3
401 C,R13N N ,N-Dimethyl-p-toluidine 210.2
402 C,R140 Phorone 197.8
403 C,R"O 2,6-Dimethyl-4-heptanone 168.0
404 CroR,N I-Naphthylamine 300.8
405 CroRr,O Camphor 209.1
406 C"Rr,O Carvenone 234.5
407 C"Rl80 Fenchone" 193.6

A= C,R,NO, Ethyl Nitrite 17.4
408 C,R.S Methyl sufide 37.4
409 C.R,Cl 2-Chloropropene 22.65
410 C,R.O Isopropyl alcohol 82.35
411 C,R,O Furan 31.7
412 C4HlO Butane 0.6
413 C,Rro Cyclopentane 49.3
414 C,R" 2-Methyl-2-butene 37.15
415 C,R12O Ethyl propyl ether 38.85

A= C,R,NO, Nitroethane 114.2
416 C,R,NO, E thyI nitrate 87.7
417 C.R,CIO l-Chloro-2-propanol 127.0
418 C,R,NO. Propyl nitrate 110.5
419 C,R.O, Dioxane 101. 35
420 C,RgBr I-Bromobutane 101.5
421 C,RgBr 1-Bromo-2-methylpropane 91.4
422 C,RgCl l-Chlorobutane 78.5
423 C,RroO, Propyl acetate 101.6
424 Cc.HnBr I-Bromo-3-methylbutane 120.65
425 C,Hr,O Amyl alcohol 138.2

426 C,Hr.O. 2-Propoxyethanol 151.35
427 C.H. Benzene 80.15
428 C.RI' Methylcyclopentane 72.0
429 C.RI'O. Butyl acetate 126.0
430 C.R12O, Ethyl butyrate 121.5
431 CaH1202 Ethyl isobutyrate 110.1
432 C.HI.O, Isobutyl acetate 117.4
433 C.R14S Isopropyl sulfide 120.5
434 C,Hl4 Methylcyclohexane 101.15
435 C;H2n+ 2 Paraffins 107-110
436 C,Rr. n-Heptane 98.4
437 CgR" m-Xylene 139.2
438 C.R" 2,5-Dimethylhexane 109.4

A = C,R.NO, Ethyl Nitrate 87.68
439 C,H.O, Methyl carbonate 90.25
440 C,RgO 2-Butanone 79.6

A = C.R. Ethane 88.3
441 C,RroO Isobutyl alcohol 108
442 C,R12O Isoamyl alcohol 131.8

A= C,R.ChSi Dichlorodimethylsilan~

443 C,Rl8 2-Methylhexane 90.1
444 C,R" ;l-Methylhexane 91.96

A= C,R,O Ethyl Alcohol 78,3
445 C,R,S Thiophene 84
446 C,R. l,3-Butadiene 4.5
447 C,R,O." Biacetyl 88
448 C,R,CIO, Ethyl chloroacetate 143.5
449 C,R.O Ethyl vinyl ether 35.5
450 C,RroO, 2-Ethoxyethanol ~33

451 C,HroO. Ethoxymethoxymethane 65.90
452 C,RnCISi ChloromethYltrimet~Ylsilane 97
453 C,R,N Pyridine 115.4
454 C,RroO Allyl ethyl ether 63-65

455 C,RnCI 1-Chloropentane 108.35
456 C.R,NO, Nitrobenzene 210.75
457 C.R,N Aniline 184.35
458 C.Rro l-Rexyne 70.2
459 C.R" 3-Rexyne 80.5
460 C.R120 (I-Methylallyl) ethyl ether 76.65
461 C.Rr.O Irans-2-Butenyl ethyl ether 100.45
462 C.R120 cis-2-Butenyl ethyl ether 100.3
463 C,Rl40, Ethoxypropoxymethane 113.7-
464 C,Rr,OSi Ethoxymethyltrimethylsi1ane 102
465 C,R12 l-Reptyne 99.5
466 C,R12 5-Methyl-l-hexyne 90.8
467 CgRr. 2,2,4-Trimethylpentane 25/96.1
468 CgR"O, Ethyl benzoate 213

A= C,R.O Methyl Ether 21
469 C,RgN Trimethylamine 3.5

Az,eotrOlJic Data

B.P .. 0 C. Weight, % A

N onazeotrope
N onazeotrope
N onazeotrope
N onazeotrope

194.0 22
194.8 12

N onazeotrope
N onazeotrope

199.8 23
213.0 44

<192.8 > 5

N enazeotrope
N onazeotrope

Minimum B.P.
N onazeotrope
N onazeotrope
N onazeotrope
N onazeotrope
N onazeotrope

N onazeotrope
N onazeotrope

<109.6 >21
N onazeotrope

96.0 25
89.5 10

N onazeotrope
N onazeotrope

<108.5 >55
<137.8 >83

N onazeotrope
N onazeotrope

71.2 4
N onazeotrope

<113.7 >73
108.5 27
112.5 60

<110.9 >60
90.8 30
82-104
89.2 28

N onazeotrepe
< 96.9 >62

N onazeotrope
N onazeotrope

N onazeotrope

N onazeotrope
N onazeotrope

70.0 45
N onazeotrope

74.5 53
N onazeotrope
N onaze;otrope
N onazeotrope

63.95 13.3
72

N onazeotrope
60.5

72.5
N onazeotrope

62.8
67.5
69
77.5
76.2

N onazeotrope
74
74.2 54.6
71.0 39.8
30.4 Liquid vapor

N onazeotrope

Reference

89
90
90
91
89
·90
90
89
90
90
90

88
88
98
88
88
88
88
88

92
92
92
9111:
920
92'
920
920
920
99'

92
92
9it
92

·92
·92
92
99
99
30
9fa
9fa
9/J

87
90

94
94

128
128

93
20

90,102
22

13/5
3

159
142

91,94
99

/54
92
94
/51
/51
99
9!J
99

159
142

/51
/51

72, 731
94
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Table I. Binary 8ysteUls (Continued)

B-Component Azeotropic Data
No. Formula Name B.P., 0 C. B.P.. o C. Weight % A Reference

A~ C,H,O, Glycol 197.4
471 C,H,O, Dioxane 101.4 N onazeotrope 35
472 C,HI20, 2- (2-Methoxyethoxy) ethanol 194.2 192 30 25
473 C,H,CINO, m-Chloronitrobenzene 235.5 192.5 53 92
474 C,H,CINO, o-Chloronitrobenzene 246.0 193.5 68 92
475 C,H,N, .-Phenylenediamine 258.6 N onazeotrope 89
476 C,HlOO, 2,5-.Hexanedione 191.3 <180.5 <45 90
477 C,HlOO, Ethyl oxalate 185.0 Reacts 94
478 C.HlOO. Methyl succinate 195 Reacts 94
479 C,H,Ch a, a, a··Trichlorotoluene 220.9 Reacts 78
480 C,H,NO o-Anhddine 219.0 <193.5 <59 89

481 C,H120, Ethyl malonate 198.9 Reacts 94
482 C,H160 Heptyl alcohol 176.15 174.1 17 87
483 C.H,O, Benzyl formate 202.3 Reacts 78
484 C,HuN 2,4-Dimethylaniline 214.0 188.6 47 89
485 C.HuN 3,4-Dimethylaniline 225.5 <189.0 <91.6 89
486 C,H"O, Ethyl succinate 217.25 Reacts 78
487 C.H"O, 2-(2-Butoxyethoxy) ethanol 230.4 196.2 72.5 25
488 C.H"O, Bis(2-ethoxyethyl) ether 178.0 26.1 25
489 C.,R,N Quinoline 237.3 196.35 79.5 91
490 C,H18N N.N-Dimethyl-p-toluidine 210.2 182.0 47 89
491 C,H180 2.6-DimethYI-4-heptanone 168.0 164.2 35 .90
492 ClaR"O Menthone 209.5 <190.0 <62 90
493 C,.H"O Ii-Terpineol 210.5 188.4 50 87
494 GuH"O, Isoamyl carbonate 232.2 188.45 46 95

A~ C,R,S Ethanethiol 36.2
495 C,H, Isoprene 34.1 Reacts 94

A'~ C,R,S Methy(Swftde 37.4
496 C,H,NO, Propyl nitrite 47.75 N onazeotrop.e 88
497 C,R,O, Methylal 42.25 :l.'i.7 93

A ~ C,HeSO, Methyl Sulfate 188.4
498 C,R,O Phenol 181.5 Reacts 94
499 C,.H,.O, Isoamyl isovalerate 192.7 185.8 63 87

A~ C,H,N Ethylamine 16.55
500 C,H,O Furan 31.7 N onazeotrope 89
501 C,H"O Ethyl ether 34.6 N onazeotrope 89
502 C,H,.O Methyl propyl ether 38.95 N onazeotrope 89
503 C,H" 3-Methyl-l-butene 20.6 < 15.4 >54 89
503a C,H" 2-Methylbutane 27.95 N onazeotrope 89

A .~ C,H,NO 2-Aminoethanol 170.8
504 C,H,NO Propionamide 222.2 N onazeotrope 89
505 C,RlOO, 2-Ethoxyethanol 135.3 N onazeotrope 89
506 C,R,O Cyclopentanone 130.65 N onazeotrope 89
507 C,R"O, 2-Propoxyethanol 151. 35 N onazeotrope 89
508 C,H"O. 2-(2-Methoxyethoxy)eth"nol 192.95 N onazeotrope 89
509 C,H,CI, a-Dichlorobenzene 179.5 157,3 40 89
510 C,R,Br Bromobenzene 156.1 145.0 22 89
511 C,R,Cl Chlorobenzene 131. 75 128.55 13.5 89, 93. 141
512 C,H,I lodotoluene 188.45 161.0 45 89
513 C,R, Benzene ~0.15 N onazeotrope 89

514 C,R,O Phenol 182.2 N onazeotrope 89
515 C,R,N Aniline 184.35 170.3 90 89
516 C,H"O Cyclohexanone 155.7 N onazeotrope 89
517 C,R,.S Allyl sulfide 139 137.2 8 93
518 C,R" Cyclohexane 80.75 N onazeotrope 89
519 C,R" Hexane 68.8 N onazeotrope 89
520 C,R"O, 2-Butoxyethanol 171.15 166.95 43 89
521 C,H,Br m-Bromotoluene 184.3 159.3 44 89
522 C,H,Br o-Bromotoluene 181.5 157.8 4 89
523 C,H,Cl .-Chlorotoluene 159.2 146.5 26 89

524 C,H,Cl p-Chlorotoluene 162.4 148.2 28 89
525 C,H,O Aniso 153.85 145.75 25.5 89
526 C,H,O a-Cresol 191.1 N onazeotrope 89
527 C,H,O p-Cresol 201.7 N onazeotrope 89
528 C,H,N Methylaniline 196.25 167.5 70 89
529 C,H'N a-Toluidine 200.35 N onazeotrope 89
530 C,H" MethYlcyclohexane 101.15 <100. 5 <10 89
531 C,H"O 4-Heptanone 143.55 N onazeotrope 89·
532 C,H,O Acetophenone 202.0 N onazeotrope 89
533 C,H" Ethylbenzene 136.15 131 .0 15 89

534 C,H" m-Xylene 139.2 133.0 18 89
535 C,H" .-Xylene 144.. 3 <138.0 20 89
536 C,H"O Benzyl methyl ether 167.8 150.5 28 89
537 C,H"O p-Methylanisole 177.05 154.5 37 89
538 C,EhoO Phenetole 170.45 151.0 30 89,97
539 C,HuN Dimethylaniline 194.15 163.5 55 89
540 C,H"N 2,4-Dimethylaniline 214.0 N onazeotrope 89
541 CaHn n-Octane 125.75 <123.0 <16 89
542 C,H"O Butyl ether 142.4 136.5 16 89
543 C,R"O Isobutyl ether 122.3 N onazeotrope 89

544 C,H18S Isobutyl sulfide 172.0 156.0 33 93
545 C,R" Mesitylene 164.6 148.5 30 89
546 C,H" fropylbenzene 159.3 <147.0 <30 89
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Table I. Binary SystelUs (Continued)

B-Component Azeotropic Data

No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A - C,R,NO 2-Aminoethanol (Contd.) 170.8
547 C,R170 Benzyl ethyl ether 185.0 159.8 45 89
548 C,H170 Phenyl propyl ether 190.5 162.5 55 89
549 C,H"N N.N-Dimethyl-o-toluidine 185.3 161.0 50 89
550 C,H"N N ,N-Dimethyl-p-toluidine 210.2 <169.0 >75 89
551 CIOH, Naphthalene 218.0 N Onazeotrope 88
552 CIOH" Butylbenzene 183.1 <158.5 <48 89
.553 CIOH" Cymene 176.7 154.7 37 89

554 C,oH"N Diethylaniline 217 .05 <169.0 >82 89
555 CIOH" Camphene 159.6 144.0 28 89
556 CIOH" a-Pinene 155.8 142.0 25 89
557 CIOH" a-Terpinene 173.4 <154.0 <36 89
558 CIOH" Dipentene 177.7 153.0 37 8i
559 CIOH"O Amyl ether 187.5 <160.0 <50 89
560 CuHIO I-Metbylnaphthalene 244.6 N onazeotrope 89
561 CuHIO 2-Methylnaphthalene 241.15 N onazeotrope 89
562 CuH"O Isobornyl methyl ether 192.4 <165.0 <62 89
563 C"H" Diphenylmethane 265.4 N onazeotrope 89

A- C,H,N, Ethylenediamine 116.5
564 C,H,O, 2-Methoxyethanol 124.5 130.0 31-32 1i6

A= C,HaCIaO. Methyl Trichloroacetate 152
565 C,HIOO, Ethyl lactate 155 Azeotrope doubtful 94

A = C,H,CIt 1.3-Dichloropropene
566 C,H,Cl 3-Chloropropene 45.7 N onazeotrope 166

A = C,ILO. Pyruvic Acid 166.8
567 CaH,O, Propionic acid 141.3 N onazeotrope 90
5611 C,HIOO. 2-Methoxyethyl acetate 144.6 N onazeotrope 90
569 C,H,Br Bromobenzene 156.1 147.0 34 90
570 C.H, Benzene 80.15 N onazeotrope 90
571 C,H120. 2-Ethoxyethyl acetate 156.8 N onazeotrope 90
572 C,H,CI o-Chlorotoluene 159.2 149.5 37 90
573 C,H,CI p-Chlorotoluene 162.4 151.5 40 90
574 C,H, Toluene 110.75 110.05 7.5 90
575 C,H,O Anisole 153.85 148.5 . 28 90
576 C,HIO Ethylbenzene 136.15 130.5 22 90
577 C,HIO o-Xylene 144.3 137.0 28 90
578 C,H"O Butyl ether 142.4 138.0 15 flo
579 C,H" Cumene 152.8 143.0 33 90
580 C,H" Mesitylene 164.6 151.2 40 90
581 C,H" Propylbenzene 159.3 147.6 37 90

A= CaH,Br 3-Bromopropene 70.8
582 C,H.O Acetone 56.15 56.05 8 90
583 C,H.O 2-Butanone 79.6 N onazeotrope 90
584 C,H,Cl 1-Chloro-2-methylpropane 68.85 68.75 15 87

A- C,H,BrO Epibromohydrin 138.5
585 C,HIOO Mesityl oxide 129.45 N onazeotrope 90

A- C,H,BrO. a-Bromopropionic Acid 205.5
586 C.H,NO, Nitrobenzene 210.75 203.3 60 91!

A = C,HaCI 2-Chloropropene 22.65
587 C,H,CI 3-Chloropropene 45.7 N onazeotrope 156
588 C,H,NO. Isopropyl nitrite 40.1 N onazeotrope 88

A- C,H,C) 3-Chloropropene 45.15
689 C,H,O Acetone 56.15 44.6 90 90
590 C,H,CI 1-Chloropropane 46.6 N onazeotrope 81

A = C,H,CIO 1-Chloro-2-Propanone 119.7
591 C,H,O Isopropyl alcohol 82.4 N onazeotrope 90
592 C,HIOO Butyl alcohol 117.8 112.5 57 90
593 C,HIOO sec-Butyl alcohol 99.5 N onazeotrope 90
594 C,HIOO Cyclopentanol 140.85 N onazeotrope 90
595 C,H120 Amyl alcohol 138.2 N onazeotrope 90
596 C,H120 tert-Amyl alcohol 102.35 N onazeotrope 90
597 C,H"O 2-Pentanol 119.8 <116.0 <68 90
598 C,H" Methylcyclohexane 101.15 <100.5 90
599 C,R"O, Ethyl isovalerate 134.7 N onazeotrope 90
600 C,HIO Ethylbenzene 136.15 N onazeotrope 90

A~ C,H,CIO Epichlorohydrin 116.4
601 C,H,N pyrrole 130.5 Reacts 94
602 C,H,N Pyridine 115.5 Reacts 904
603 C,HlOO 3-Pentanone 102.06 Nonazeotrope 90
604 C.HlOO Mesityl oxide 129.45 N onazeotrope 90

A- C,H,ClO. Methyl Chloroacetate 129.95
605 C,H,O Cyclopentanone 130.6~ <129.6 90
606 C.H120 3-Hexanone 123.3 N onazeotrope 90
607 C,H120 4-Methyl-2-pentanone 116.05 N onazeotrope 90
608 C,H"O 4-Heptanone 14:3.55 Nonazeotrope 90

A= CaR,I 3-Iodopropene 102.0
609 CaH,O Isopropyl alcohol 82.45 ~ 79 ~58 94
610 C.HuCI l-Chloro-3-methylbut.ane 99.4 N onazeotrope 87
611 C,HuNO. Isoamyl nitrite 97.15 96.0 88
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Table I. Binary Systenls (Continued)

B-Component A.zeotropic Data
-No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A= C.H,N Propionitrile 97.1
612 C.H,CISi Chlorotrimethylsilane 57.7 Nonazeotrope 127
613 C,H, Toluene 110.7 Minimum"B.P. 76

A= C,H,N30, Nitroglycerin
614 C,H,O Acetone 56.15 N onazeotrope -94, 103

A= C3H,Br, 1,2-Dibromopropane 141.6
615 C,H,O, Propionic acid 141.3 134.5 67 93
616 C,H,N Pyrrole 130 N onazeotrope 9.3
617 C,HlOO, 2-Ethoxyethanol 135.3 132.5 50 93
618 C,HIOO Mesityloxide 129.45 N onazeotrope 90
619 C,H"O 4-Heptanone 143.55 N onazeotrope 90
620 C,H"O 5-Methyl-2-hexanone 144.2 N onazeotrope 90

A= C,H,CI, l,2-Dichloropropane 97
621 C.H,O Isopropyl alcohol 82.4 50 49
622 C,H,O, Butyric acid 162.4 N onazeotrope 105

A= C,H,CI, 2,2-Dichloropropane 70.3
623 C,H,NO, Butyl nitrite 78.2 N onazeotrope 88

A= C.H,CI,O l,3-Dichloro-2-propanol 174.5
624 C,HIOO Cyclohexanone 155.7 N onazeotrope 90
625 C,H,O Acetophenone 202.0 N onazeotrope 90
626 C,H180 2,6-Dimethyl-4-heptanone 168.0 177.5 >85 90

A= C.H,CI,O 2,3-Dichloro-1-propanol 183
627 C,HlOO C~rclohex.anone 155.7 N onazeotrope 90
628 C,H,O Acetophenone 202.0 N onazeotrope 90
629 C,H180 2-0ctanone 172.85 184,0 90

A~ C,H,O Acetone 56.35
630 C,H,O Allyl alcohol 96.85 Nonazeotrope 90
631 C,H7I 2-Iodopropane 89.45 N onazeotrope 90
632 C,H,O n-Propyl alcohol 97.2 N onazeotrope 90
633 C,H,O Butyraldehyde 75.2 N onazeotrope 90
634 C,H,O Isobutyraldehyde 63.5 N onazeotrope 90
635 C,H,CI 2-Chlorobutane 68.25 55.75 80 90
636 C,H,NO, Isobutyl nitrite 67.1 N onazeotrope 88, 90
637 C,HlOO Butyl alcohol 117.7 N onazeotrope 17,49
638 C,HIOO Isobutyl alcohol 108.0 N onazeotrope 90
639 C,HllN Butylamine 77.8 N onazeotrope 89

640 C,H. 3-Methyl-1,2-butadiene 40.8 :35.3 27 90
641 C5HIO Cyc10pentane 49.3 41.0 36 90
642 C,H120 teTt-Amyl alcohol 102.35 ~onazeotrope 90
643 C,H120, Diethoxymetkane 87.95 N onazeotrope 90
644 C,H,F Fluorobenzene 84.9 Nonazeotrope 90
645 C,H7N Aniline 184.35 94
646 C,H12 Methylcyclopentane 72.0 50.3 57 90
647 C&H14, 2,3-Dimethylbutane 58.0 46.3 42 90
648 C,H"O Isopropyl ether 69.0 54.2 61 46
649 C,H"O PropyI ether 90.1 N onazeotrope 90
650 C,H15N Triethylamine 89.35 Nonazeotrope 89
651 C,H,O Benzoic acid 249.5 94
652 C,H" Methylcyclohexane 101.15 N onazeotrope 90
653 C.H18 2,5-Dimethyhexane 109.4 N onazeotrope 90
654 C,HlOO, EthYl benzoate 213 94

A- C,H,O Allyl Alcohol 97.0
655 C,H,N Pyridine 115.4 N onazeotrope 9.1
656 C,HIOO 2-Pentanone 102.35 96.0 70 90

A- C.H,O Propionaldehyde 48.7
657 C,H.O Cyclopropyl methyl ethel 44.73 43 135

A= C,H,O Propylene Oxide 35
658 C,HlO Cyclopentane 49.3 Minim.um B.P. azeotrope 153
659 C,HIO Pentenes Minimum B.P. azeotrope 153
660 C,H12 Pentanes Minimum B.P. azeotrope 153
661 C&H12 Cyclohexane 80.75 Minimum B~P. azeotrope 153
662 C,H12 Hexenes Minimum B P. azeotrope 153
663 C&H14. Hexanes Minimum B.P. azeotrope .I/j3

A= C,H,O, 1,3-Dioxolane 75
664 C,H, Benzene 80.2 74 85 76

A= C,H,O. Ethyl Formate 54.15
665 C.H,NO, Isopropyl nitrite 40.1 N onazeotrope 87, 88
666 C.H,NO, ·Propyl nitrite 47.75 47.4 12 87,88
,667 C.HIOO. Ethyl benzoate 213 Vapor pressure data 94
ti68 C,Hn Pseudocumene 169 Vapor pressure data -94

A= C.H,O, Methyl Acetate 57,0-
669 C,H,NO, Isopropyl nitrite 40.1 Nonazeotrope -88
670 C,H,NO, Propyl nitrite 47.75 N onazeotrope 87,88
671 C,H,Oi Ethyl acetate 77.05 94
672 C,H,NO, Isobutyl nitrite 67.1 N onazeotrope 88
673 C,H,.O, Propyl acetate 101. 55 94
674 C.H,CI ChlorobpT\~e:ne 131. 8 94
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Table I. Binary SysteDls (Continued)

841

B-Component Azeotropic Data

No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A= C,H,O, Propionic Acid 141.3
675 C,H,O, . Methyl pyruvate 137.5 <137.2 >75 90
676 C,H,O, Ethyl pyruvate 155.5 ·Nonazeotrope 90
677 C,H,O Cyclopentanone 130-~65 N onazeotrope no
678 C,HuNO. Isoamyl nitrate ~149.6 .13&...4 59 82
679 C,H,N 3-Picoline 143.5 122/212 48.5 32,33,124
680 C,H,N 4-Picoline 143.1 124/212 48.1 32,33,124
681 C,HlOO Cyclohexanone 155.7 N onazeotrope 90
682 C,HlOO Mesityl oxide 129.45 N onazeotrope 90
683 C,H120 2-Hexanone 127.2 N onazeotrope 90
684 C,HI'O 3-Hexanone 123.3 N onazeotrope 90
685 C,H120 4-M'ethyl-2-pentanone 116.05 N onazeotrope 90
686 C,H13Br I-Bromohexane 156.5 139.0 97
687 C,H,N 2,6-Lutidine 143 119/212 48.8 32,33,124
688 CnH. HydrocarboRB 138-140 134 67 123
689 C,H160, Amyl propionate N onazeotrope 123

A= C,H,O, Methyl Carbonate 90.25
690 C,HlOO 3-Methyl-2-butanone 95.4 N onazeotrope 90
691 C,HlOO, Methyl isobutyrate 92.5 N onazeotrope 87
692 C.HIOO Mesityl oxide 129.45 126.45 94 90'

A= C,H,O, Trioxane 114.5
693 C.HIO Xylene 140 lVIinimum B.P. 7(J

694 Cn H2n+2 Paraffins 94-115 Minimum B.P 75

A= C.H,Br 2-Bromopropane 59.35
695 C,H,O 2-Butanone 79.6 N onazeotrope 90

A= C,H,CI l-Chloropropane 46.65
696 C,H,O, Ethyl acetate 77.05 N onazeotrope 93
697 C,H,NO, Isobutyl nitrite 67.1 N onazeotrope 88,93
698 C,HIOO tert-Butyl alcohol 82.55 N onazeotrope 93
699 C,HIOO Ethyl ether 34.5 N onazeotrope 93.
700 C,H" Pentane 36 <34.8 <32 98;

A= C,H,CIO l-Chloro-2-propanol 127.0
701 C.H"O 3-Hexanone 123,3 N onazeotrope 90
702 C,H"O 4-Methyl-2-pentanone 116.05 N onazeotrope 90

A= C,H,I l-Iodopropane 102.4
703 C,HlOO 3-Methyl-2-butanone 95.4 N onazeotrope 90
704 C,HuN02 Isoamyl nitrite 97.15 < 96.7 88

A = C,H,I 2-Iodopropane 89.35
705 C.H,O 2-Butanone 79.6 N onazeotrope 90

A = C,H,NO Propionamide 222.2
706 C,H,O, Levulinic acid 252 N onazeotrope 90
707 C,H.CINO, m-Chloronitrobenzene 235.5 216.5 >48 92
708 C,H,CINO, a-Chloronitrobenzene 246.0 <220.6 >54 9if
709 C,H,N Aniline 184.35 N onazeotrope 89
710 C,H,N, a-Phenylenediamine 258.6 N onazeotrope 89
711 C,H,NO, m-Nitrotoluene 230.8 214.5 44 92
712 C,H,N Methylaniline 196.25 N onazeotrope 89
713 C,H,N m-Toluidine 203.1 N onazeotrope 89
714 C,H,N p-Toluidine 200.55 N onazeotrope 89
715 C,HuN 2,4-Dimethylaniline 214.0 <2~2.0 <27 89

716 C,HuN 3,4-Dimethylaniline 225.5 220.5 28 89
717 C,HuN Ethylaniline 205.5 <204.0 >12 89
718 C,HuNO a-Phenetidine 232.5 <222.0 89
719 C,H160 2-0ctanone 172.85 N onazeotrope 90
720 C,H,N Quinoline 237.3 N onazeotrope 91
721 C,HIOO Propioplienone 217.7 207.0 28 90
722 C,H19N N ,N-Dimethyl-o-toluidine li5.3 182.5 89
723 C,H19N N ,N-Dimethyl-p-toluidine 210.2 199.0 20 89-
.724 C,H..O Phorone 197.8 N onazeotrope 90
725 C,H180 2,6-Dimethyl-4-heptanone, 168.0 N onazeotrope 90'
726 CloH,N I-Naphthylamine 300.8 N onazeotrope 89
727 CloH16O Camphor 209.1 203.5 17 90

A= C,H,NO, Ethyl Carbamate 185.25
728 C,H,Ch p-Dichlorobenzene 174.35 167.0 24.2 .. 98
729 C,H,NO, Nitrobenzene 210.75 184.95 88 92
730 C,H,NO, m-NitrotQluene 230.8 N onazeotrope 92
731 C,H,NO, o-Nitrotoluene 221. 75 N onazeotrope 92
732 C,H,NO, p-Nitrotoluene 238.9 N onazeotrope 92
733 C,H,O Acetophenone 202.0 184.85 86, 90
734 C,H..O . Methylheptenone 173.2 171.5 30" 9.0,
735 C,H160 2-0ctanone 172.85 171.5 28c 9.0;
736 C,H18S Isobutyl sulfide 172.0 166.5 23. 9.rt.
737 C,HlOO p-Methylacetophenone 226.35 N onazeot;fope 90'
738 C,HIOO P'ropiophenone 217.7. N onazeotrope 90
739 C,H..O Pharone 197.8 <184.5 <82~ 90
740 CloH160 Camphor 209.1 184.85 84, 90
741 ClOH160 Fenchone 193.6 <182.0 <75. 90

A= C,H,NO, Isopropyl Nitrite 40.0
742 C,H,NO, Propyl nitrite 47.75 N onazeotrope 88
743 C.H,O Furan 31.7 N onaaeotrope 88
744 C,HlOO Methyl propyl ether 38.85 < 37.5 33~ 88;
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Table l. Binary Systems (Continued)

B-Component Azeotropic data
No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A ~ C,R,NO, Isopropyl Nitrite (Contd.) 40.0
745 C,R" Cyclopentane 49.3 < 39.9 <92 88
746 C,H" 2-Methyl-2-butene 37.1 35.5 38 88
747 C,H" 3-Methyl-l-butene 20.6 N onazeotrope 88
748 C,H,o Biallyl 60.1 Nonazeotrope 88
749 C,H.. 2,3-Dimethylbutane 58.0 N onazeotrope 88

A~ C,R,NO, 1-Nitropropane 130.5
750 C,H, Styrene 68/60 N onazeotrope 11
751 C.H" Ethylbenzene 60.5/60 56.4/60 61 II

A~ C,R,NO, 2-Nitropropane 120
752 Cn H 2n+2 Paraffins 107-110 96-108 30

A~ C.R,NO, Propyl Nitrite 47.75
753 C,H" Cyclopentane 49.3 45.5 54 88
754 C,H"O Ethyl propyl ether 63.85 N onazeotrope 88
755 C6H14 2,3-Dimethylbutane 58.0 N onazeotrope 88

A~ C,R.O Isopropyl Alcohol 82.45
756 C,H,O, Biacetyl 88 77 .3 ~60° 90,102
757 C,RnO 3-Methyl-2-butanone 95.4 N onazeotrope 90
758 C,HlOO 3-Pentanone 102.05 N onazeotrope 90
759 C.H,iO Pinacolone 106.2 N onazeotrope 90

A~ C.R,O Propyl Alcohol 97.25
760 C,H,O, Biacetyl 87.5 85.0 25 90
7111 C,H.S Tetra!lydrothiophelle 118.8 96.5 90 93
762 C,H,N Pyridine 115.4 N onazeotrope 91,9,4
763 C,H,CIO, Propyl chloroacetate 162.3 N onazeotrope 22
764 C,H,OO 3-Methyl-2-butanone 95.4 93.5 35 90
765 C,H120, Diethoxymethane 88.0 86.15 11 159
766 C,H140, Ethoxypropoxymethane 113.7 N onazeotrope /1i9
767 C.H,.O, 1,1-Dipropoxyethane 147.7 N onazeotrope 7

A~ C,R.O, 2-Methoxyethanol 124
768 C,H,N Pyrrole 130.0 N onazeotrope .91
769 C,H,N Pyridine 115.4 N onazeotrope 91
770 C,H120, 2-(2-Methoxyethoxy) ethanol 193.2 N onazeotrope /37
771 C,H,CI Chlorohenzene 131 119.45 47.5 93
772 C.H,OO Mesityl oxide 129.45 122.5 59 90
773 CoH"S Allyl sulfide 139 122.5 75 93
774 C,H120 2-Hexanone 127.2 <121. 5 <56 90
775 C.H120 3-Hexanone 123.3 <119.5 <43 90
776 C,H, ,0 4-Methyl-2-pentanone 116.05 114.2 2,; 90

A~ .C,R.O, Methylsl 42.15
777 C,R,N Propylamine 49.7 N uuazeotr"ope 89
778 C,HIO I-Pentene 30.1 29.8 260 126
779 C6HIO 2-Pentene 36.5 34.9 29" /~6

A ~ C.R.O, 1,2-Propanedi<>1 188.5
781 C,H,N Aniline 184.3;; 179.5 43 89
782 C,H,N Methylaniline 196.25 <181.0 >46 89
783 C.H.O Acetophenone 202.0 <183.5 90
784 C,RllN Dimethylsniline 194.05 <177.0 >45 89
785 C.R180 2-0ctanone 172.85 <169.5 90
786 C,HlIN N,N-Dimethyl-o-toluidine 185.3 <174.0 37 89
787 CioH180 Camphor 209.1 <185.0 90
788 C"HI80 Menthone 209.5 <185.0 <85 90

A= C.R.O, Glycerol 290.0
789 C,H,CINO, m-Ohloronitrobenzene 235.5 232.2 10 92
790 C,H,CINO, o-Chloronitrobenzene: 246.0 242.1 15? 9~

791 C,H,CINO. p-Chloronitrobenzene 239.1 235.6 13 1)2
792 C,H,N Quinoline 237.3 N onazeotrope 91
793 C,H" 3-Phenylpropanol 235.6 Nonazeotrope 87
794 CIOHIOO, Methyl cinnamate 261.9 Reacts 78
795 Cl1HuO, Ethyl cinnamate 271.5 Reacts 79

A= C,R.S 1-Propanethiol 67.5
796 C,H. 3-M ethyl-l,2-butadiene 40.8 Reacts 9,4
797 C,HIO Biallyl 60.2 Reacts 9,4

A= C.R,BO, Methyl Borate 68.7
798 C,H.O, Ethyl acetate 77.1 N onazeotrope 87
799 C,R.O, Isopropyl formate 68.8 < 67.0 <58 87
800 C,H,NO, Butyl nitrite 78.2 N onazeotrope 87,88
301 C.H,NO, Isobutyl nitrite 67.1 < 66.9 87,88,9,4

A~ C,R,CISi Chlorotrimethylsilane 57.7
802 C,H" 2-Methylpentane 60.4 56.4 .65 IS8
303 C,R" 3-Methylpentane 63.3 57.3 70" 1S8

A~ C.R,N Propylamine 49.7
804 C,R.O 2-Butanone 79.6 N onazeotrope 89
805 C,HlOO Ethyl ether 34.6 Nonazeotrope 89
806 C,RlO Cyclopentane 49.3 47.0 52 89
,,07 C,H" 2-Methylbutane 27'.95 N onazeotrope 89,9,4
808 CGH" 2,3-Dimethylbutanc 58.0 N onaze:otrope 89

III Volume per cent.



VOLUME 21, NO. 7, JULY 1949 843

Table I. Binary SysteIIls (Continued)

B-Component Azeotropic Data

No. Formula Name B.P., 0 C. B.P.. 0 C. Weight % A Reference

A ~ CaHaN Trimethylamine 3.5
809 C,R, I-Butene -6 N onazeotrope 62
810 C,R. 2-Methylpropene -6 N onazeotrope 62
811 C,R" n-Butane 0 N onazeot.rope 62
812 C,R" 2-Mcthylpropane -10 N onazeotrope 62

A = C,R,S Thiophene 84.7
813 C,R,NO, Butyl nitrite 78.2 N onazeotrope 88
814 C,R,NO, Isobutyl nitrite 67.1 N onazeotrope 88
815 C,R"NO, Isoamyl nitrite 97.15 N onazeotrope 88

A= C,H,CIO, a-Chlorocrotonic Acid 212.5
816 C,R,NO, Nitrobenzene 210.75 <208.0 >30 92
817 C,R,NO, o-Nitrotoiuene 221. 75 <211.2 >72 92.

A = C,H,N Pyrrole 130.5
818 C,RlOO Butyl alcohol 117.8 N onazeotrope 91
819 C,R"S Ethyl sulfide 92.1 N onazeotrope 91
820 C,RlOO Cyclopentanol 140.85 N onaze.otrope 91
821 C,R"O Amyl alcohol 138.2 N onazeotrope 91
822 C,R"O Isoamyl alcohol 131.9 <129.4 >21 91
823 C,R"O 2-Pentanol 119.8 N onazeotrope 91
824 C,R"O, 2-Propoxyethanol 151.35 N onazeotrope 91
825 CoR,Br Bromobenzene 156.1 N onazeotrope 91
826 C,R14S Isopropyl sulfide 120.5 117.5 20 91
827 C,R"S Propyl sulfide 140.8 127.5 65 91.93
828 C,R,Cl o-Chlorotoluene 159.2 N onazeotrope 91
829 C,R, Toluene 110.75 Nonazeotrope 91
830 C,RI' Xylenes 140 Minimum B.P. 76
831 C,R.. n-Octane 125.75 <124.3 <36 91

A= C,H, 1.3-Butadiene -4.5
832 C,RI.O Ethyl ether 34.5 N onM.zeotrope 20

A = C,H,O Crotonaldehyde 102.25
833 C,RlOO 3-Methyl-2-butanone 95.4 N onazeotrope 90

A = C,H,O, Allyl Formate 80.0
834 C,R,NO, Butyl nitrite 78.2 < 77.0 >30 87.88

A = C,H,O, Biacetyl 87.5
835 C,R"O Isoamyl alcohol 131.9 N onazeotrope .90
836 C,R, Benzene 80 79.3 ~55· 102

A= C,H,O, Methacrylic Acid
837 C,RsO, Methyl mcthacrylat.e N onazeotrope 167

A= C,HsO. Acetic Anhydride 138
838 C,RI( Methylcyclohexane 101 99 ~18 48
839 C,R.. n·Heptane 98.4 Azeotrope 48
840 CsR.. Ethylcyclohexane 131 US ~37 48
841 C,RlS n-Octaoe- 125.8 Azeotrope 48
842 C,R" n-Nonane 150 Azeotrope 48
843 ColOH22 n-Decane 173 Azeotrope 48
844 CllH24 n-Undecane 194.5 Azeotrope 48

A= C,H,O. Methyl Pyruvate 137.5
845 C,RsO, Isobutyric acid 154.6 Nonazeotrope ·90
846 C,R,I l-Iodobutane 130.4 <127.0 90
847 C,R,O, 2,4-Pentanedione 137.7 <136.2 90
848 C,RlOO, Propyl acetate 101.6 N onazeotrope ,90

849 C,RllI I-Iodo-3-methylbutane 147.65 <136.0 90
850 CoR,Br Bromobenzene 156.1 N onazeotrope 90
851 .C,R,CI Chlorobenzene 131. 75 129.0 30 90
852 C,RlOO MeBityl oxide 129.45 N onazeotrope 90
853 C,R"O 2·Hexanone 127.2 N onazeotrope 90
854 C,R"O, Isobutyl acetate 117.4 N onazeotrope 90

855 CsR140 Propyl ether 90.1 N onazeotrope 90
856 C,RsO Anisole .153.85 N onazeotrope 90
857 C,R140, Ethyl isovalerate 134.7 <132.0 90
858 C,H140, Isoamyl acetate 142.1 135.0 65 90
859 C,RI' m-XylBne 139.2 130.0 50 90
860 C.RI' m-Dimethylcyclohexane 120.7 <117.0 90
861 CSRISO Butyl ether 142.4 130.2 90
862 C,RISO Isobutyl ether 122.3 <121. 5 90
863 CloH16 Camphene 159.6 <135.2 90
864 CloH16 a-Pinene 155.8 <134.5 90

A= C,H,O. Methyl Oxalate 164.45
865 C,RI'O, Butyl butyrate 166.4 160.5 58 87
866 C,RISO, Ethyl caproate 167.7 161.0 60 87
867 C,RI'O, Isoamyl propionate 160.7. 157.5 38 87
868 C,RI'O, Isobutyl butyrate 156.9 <155.. 5 >23 87
869 C,RISO, Propyl isovalerate 155.7 <154.5 >20 87
870 C,RISO, Isoamyl isobutyrate 169.8 161.0 65 87
871 CloH16 Terpinylene 175 ~155 <80 94
872 CloH2002 Isoamyl isovalerate 171.2 162.2 70 87
873 C12H220. Isoamyl oxalate 172.7 Doubtful 94

lJ, Volume per cent.
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Table I. Binary Systems (Continued)

B-Component Azeotropic Data
No. Formula Name B'P.,.o C. B.P., 0 C. Weight % A Reference

A= C,H,BrO, Ethyl Bromoacetate 158.2
874 C,Hl'O 2-0ctanone 172.85 N onazeotrope 90

A= C,H,CIO, Ethyl Chloroacetate 143.5
875 C,H,O Cyclopentanone 130.65 N onazeotrope 90
876 C,HIOO Cyclohexanone 155.7 N onazeotrope 90
877 C,HIOO Mesityl oxide 129.45 N onazeotrope 90
878 C,H120 2-Hex,anone 127.2 N onazeotrope 90
879 C,H140 4-Heptanone 143.55 142.75 47 '90

A C,H,CI,O Bis(2-Chloroethyl) Ether 178.65
880 C,H,03 Methyl acetoacetate 169.5 N onazeotrope 90
881 C,HIOO, Ethyl acetoacetate 180.4 N onazeotrope 90
882 C,H,Br o-Bromotoluene 181.4 <177.9 >63 93
883 C,Hl'O 2-0ctanone 172.85 N onazeotrope 90
884 C,Hl'S Butyl sulfide 185.0 178.4 88 93

A= C,H,O 2-Butanone 79.6
885 C,H,O Isobutyraldehyde 63.5 N onazeotrope 90
886 C,H,O, Dioxane 101.35 N onazeotrope 90
887 C,H,Br 2-Eromobutane 91.2 N onazeotrope 90
888 C,H.CI 2-Chlorobutane 68.25 N onazeotrope 90
889 C,H.NO, Butyl nitrite 78.2 76.7 30 88,90
890 C,H.NO, Isobutyl nitrite 67.1 N onazeotrope 88, 90
891 C,HlOO n-Butyl alcohol 117.8 N onazeotrope 90
892 C,HIOO Isobutyl alcohol 108.0 N onazeotrope 90
893 C,HnN Butylamine 77.8 74.0 35 89
894 C,HIOO Isovalenildehyde 92.1 N onazeotrope 90

895 C,Hl'O, Diethoxymethane 87.95 N onazeotrope 90
896 C,H,F Fluorobenzene 84.9 77.3 75 90
897 C,HIO Cyclohexene 82.75 73.0 47 90
898 C6H14 2,3-Dimethylbutane 58.0 56.0 15 90
899 C,H16N Dipropylamine 109.2 N onazeotrope 89
900 C,Fl' Peril uoroheptane 81.6 62-63 44

A= C,H,O I-Butene-3-o1
901 C,HIOO, 2,3-Butanediol N onazeotrope 118

A~ C,H,O Butyraldehyde 75.7
902 C7H16 Paraffins 75-80 ~ 61 57

A = C,H,O Isobutylaldehyde 63
903 C,H, Benzene 81 N onazeotrope 57
904 C7H16 Paraffins 75-80 ~ 50 57

A = C,H,O, Butyric Acid 162.45
905 C,H,O, Ethyl pyruvate 15'5.5 N onazeotrope 90
906 C,HIO Cyclohexene 82.75 N onazeotrope 105
907 C,HIOO, Ethyl acetoacetate 180.4 N onazeotrope 90
908 C6H12 Cyclohexane 80.75 N onazeotrope 105
909 C7H14 Methylcyclohexane 101.8 N onazeotrope 105
910 C,Hl'O 5-Methyl-2-hexanone 144.2 N onazeotrope 90
911 C,H,Cl o,m,p-Chloroethylbenzene 65.7/10 63.3/10 34/10 10
912 C,H140 Methylheptenone 173.2 N onazeotrope 90
913 C,Hl'O 2-0ctanone 172.85 N onazeotrope 90
914 C.Hl'O 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C,H,O, m-Dioxane 105
915 C,H, Toluene 110.7 85 76

A= C,H,O, p-Dioxane 101.4
916 C,H,N Pyridine 115.4 N onazeotrope 91
917 C,HllNO, Isoamyl nitrite 97.15 N onazeotrope 88
918 C,HIOO Cyclohexanone 156.7 N onazeotrope 85
919 C nH2n+2 Paraffins 109.5-110.5 96.6-98.9 39

A= C,H,O, Ethyl Acetate 77.15
920 C,H.NO, Butyl nitrite 78.2 76.3 71 87,88
921 C,H.NO, Isobutyl nitrite 67.1 N onazeotrope 88
922 'C,HIOO Isobutyl alcohol 108.0 Vapor pressure data 94
923 C,H,N Pyridine 115.5 94

A= C,H,O, Isobutyric Acid 154.35
924 C,HIOO Ethyl ether 34.06 Vapor pressure data 94
925 C,H,O, Ethyl pyruvate 155.5 153.0 60 90
926 C,H,O, Methyl acetoacetate 169.5 N onazeotrope 90
927 C,H140 4-Heptanone 143.55 N onazeotrope 90
928 C7H140 5-Methyl-2-hexanone 144.2 N onazeotrope 90
929 CgH180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C,H,O, Isopropyl Formate 68.8
930 C,H.NO, Isobutyl nitrite 67.1 65.5 40 87, 88

A= C,H,O, Methyl Propionate 79.'1
931 C,H,NO, Butyl nitrite 78.2 77.7 12 87,88

A= C,H,O, Propyl Formate 80.8
932 C 4H gN02 Butyl nitrite 78.2 76.8 35 87, 88

A= C,H,03 Glycol Monoacetate 190.9
933 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92
934 C,H,O Acetophenone 202.0 N onazeotrope 90
935 C.H140 Phorone 197.8 N onazeotrope 90
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Table I. Binary Systems (Continued)

B-Component Azeotropic Data
No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A References

A= C,H,O, Methyl Lactate 143.8
936 C,H,O Cyclopentanone 130.65 N onazeotrope 90
937 C,HlOO Cyc\onexanone 155.7 N onazeotrope 90
938 C,HlOO Mesityl oxide 129.45 N ODa~eotrope 90
939 C,H140 4-Heptanone 143.55 142.7 47 90

A= C,H,S Tetrahydrothiophene 118.8
940 C,H,N Pyridine 115.4 113.5 45 91

A= C,H,Br I-Bromobutane 100.35
941 C,H,Cl l-Chlorobutane N onazeotrope 139
942 C,HlOO 2-Pentanone 102.35 100.1 63 90
943 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92
944 CoH"O 4-Methyl-2-peutanone 116.05 N onazeotrope 90
945 CoH"O Pinacolone 106.2 101.1 86 86, 90
946 C,H"O, Ethyl isobutyrate 110.1 N onazeotrope 85
947 C7H16 Heptane 98.45 96.7 50 81,139

A= C,H,Br 2-Bromobutane 91.2
948 C,H,Br I-Bromoc2-methylpropane 91.4 N onazeotrope 87
949 C,HlOO 3-Pentanone 102.05 N onazeotrope 90
950 C,HuNO, Isoamyl nitrite 97.15 N onazeotrope 88

A= C,H,Br I-Bromo-2-methylpropane 91.3
951 C,H,NO, Butyl nitrite 78.2 N onazeotrope 88
952 C,HIOO tert-Butyl alcohol 82.5 Minimum B.P. 148

A= C,H,Cl l-Chlorobutane 78.05
953 C,HllNO, Isoamyl nitrite 97.15 N onazeotrope 88
9504 CoH,NO, NitrObenzene 210.75 N onazeotrope 92
955 C 7H16 Heptane N onazeotrope 139

A =' C,H,Cl 2-Chlorobutane 68.25
956 C,HoNO, Butyl nitrite 78.2 N onazeotrope 88
957 C,H,NO, Isobutyl nitrite 67.1 66.2 38 88
958 CoH,NO, Nitrobenzene 210.75 N onazeotrope 92

A= C,H,Cl l-Chloro-2-methylpropane 68.85
959 C,H,N Pyridine 115.5 94
960 C,HIO Heptane 98.45 94

A= C,H,Cl 2-Chloro-2-methylpropane 51.6
961 C.HIOO tert-Butyl alcohol 82.5 N onazeotrope 148

A = C,H,I l-Iodobutane 130:4
962 C,HsO Cyclopentanone 130.65 129.0 60 90
'963 C,H120 3-Hexanone 123.3 N onazeotrope 90

A = C,H,N Pyrrolidine
964 CoH, Benzene 80 Minimum B.P. 76

A= C,H,NO, Butyl Nitrite 77.8
965 C,H1OS Ethyl'sulfide 92.1 N onazeotrope 88
966 C,HlOO 3-Methyl-2-butanone 95.4 N onazeotrope 88. 90
(167 C,HlOO, Isopropyl acetate 89,5 N onazeotrope 88
968 C,H120, Diethoxymethane 87.95 N onazeotrope 88
969 CoH,F Fluorobenzene 84.9 N onazeotrope 88
970 CoH"O Propyl ether 90.1 N onazeotrope 88
971 C7H14 Methylcyclohexane 101.15 N onazeotrope 88
972 C7Hl6 Heptane 98.4' N onazeotrope 88

A = C,H,NO, Isobutyl Nitrite 67.1
973 C,HlOO, Acetaldehyde dimethyl acetal 64.3 N onazeotrope 88
974 C,HIO Cyclopentane 49.3 N onazeotrope 88
975 C,H120 Ethyl propyl ether 63.85 < 63.7 5 88
976 C,Ho Benzene 80.15 N onazeotrope 88

A= C,H,NO. Isobutyl Nitrate 122.9
977 C,HlOO. Ethyl carbonate 126.5 N onazeotrope 87
978 C,H120, Isoamyl formate 123.8 <122.0 >54 87
979 C,H"O, Propyl propionate 123.0 <121. 7 >41 87

A= C,H.oO Butyl Alcohol 117.75
980 C,H.o 2-Methyl-2-butene 37.75 N onazeotrope 43
9in C,H.oO 3-Methyl-2-butanone 95.4 N onazeotrope 90
982 C,HlOO 2-Pentanone 102.35 N onazeotrope 90
983 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92
984 C,H,N Aniline 184.35 N onazeotrope '89
985 COHIOO Mesityl oxide 129.45 N onazeotrope 90
986 C,HnClO, Butyl chloroacetate 181.9 N onazeotrope 22
987 CoH120 Butyl vinyl ether 93'.8 93.3 7.75 41, !36
988. C,HI'O 2-Hexanone 127.2 N onazeotrope 90
989 C,H120 3-Hexanone 123.:1' 117.2 80 90
990 C,H14S Isopropyl sulfide 120.5 112.0 45 93
991 C,H160, Butyl butyrate 166 N onazeotrope 109
992 ClOH"O, Acetaldehyde dibutyl acetal 187.8 N onazeotrope 7.31

A= C,HlOO sec-Butyl Alcohol 99.5
993 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92
994 C,H120 Pinacolone 106.2 99.1 84 90
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Table I. Binary SysteDls (Continued)

B-Component Azeotropic Data
No. Formula Name B.P., 0 C. B.P.. 0 C. Weight % A Reference

A = C,HlOO Bee-Butyl Alcohol (Contd.) 99.5
995 C,H" Methylcydohexane 100.8 89.9 41 9
996 C,H, Styrene 68/60 45/60 96 11
997 C.HlO Ethylhenzene 60.5/60 44/60 84 11

A = C,H100 tert-Butyl Alcohol 82.55
998 C,HlOO 3-Pentanone 102,05 N onazeotrope 90
999 C,H, Styrene 68/60 N onazeotrope 11

1000 C.HlO Ethylbenzene 60.5/60 28/60 95 11

A = C,H100 Ethyl Ether 34.6
1001 C,H,N Pyridine 115.5 94
1002 C6HuN Triethylamine 89.35 N onazeotrope 89
1003 C,H" Pseudocumene 169 Vapor pressure data 94
1004 CuRu Anthracene 94

A= C,H,OO Isobutyl Alcohol 108.0
1005 C,HlOO 3-Methyl-2-butanone 95.4 N onazeotrope 90
1006 C,HnCIO. Isobutyl chloroacetate 97.8 N onazeotrope 22
1007 C.H"O 2-Hexanone 127.2 N onazeotrope 90
1008 C,H"O 3-Hexanone 123.3 N onazeotrope 90
1009 C,H"O Isobutyl vinyl ether 83.0 82.7 6.2 136
1010 C,H"O 4-Methyl-2-pentanone 116.05 107.85 91 90
1011 C,H14S Isopropyl sulfide 120.5 105.8 73 93
1012 C,H"O. Diisobutoxy methane 163.8 N onazeotrope 62
1013 CloH220 2 Acetaldehyde diisobutYlacetaJ 171.3 N onazeotrope 7

A- C,HlOO Methyl Propyl Ether 38.8
1014 C,HuN Diethylamine 55.9 N onazeotrope 89

A = C,H100. Acetaldehyde Dimethy.l Acetal 64.3
1015 C.HuN Diethylamine 55.9 N onazeotrope 89

A = C,HlOO. 2"Ethoxyethanol 135.3
1016 C,H,N Pyridine 115.4 N on8zeotrope 91
1017 C,H,O Cyclopentanone 130.65 <130.2 <27 90
1018 C,HlOO Mesityloxide 129.45 128.9 18 90
1019 C.H120 3-Hexanone 123.3 N onazeotrope 90
1020 C.H120 4-Methyl-2-pentanone 116.05 N onazeotrope 90
1021 C,H120. Butyl acetate 124.8 125.8 35.7 26
1022 C.H140. 1,2-Diethoxyethane 123.1 121,0 3.1 26
1023 C.H14S Propyl sulfide 140.8 130.2 52 93
1024 C,HlONO 2-Diethylaminoethanol 162.2 N onazeotrope 89
1025 C,H, Toluene 110.75 110.15 97
1026 C,H"O 5-Methyl-2-hexanon p 144.2 N onazeotrope 90
1027 C,HlO Heptane 98.4 96.5 97
1028 C,H. Styrene 14S Minimum B.P. 116
1029 C.HlO EthYlbenzene 136 Minimum B.P. /16
1030 C.H180 ButYl ether 131 127.0 50.0 ffi

A~ C,HlOO. L-Methoxy-2-propanol 118-119
1031 C,H. Toluene 110,7 106 . .5/750 30 36

A= C,H190. Diethylene Glycol 245.5
1032 C,H,ClNO, m-Chloronitrobenzene 235.5 228.2 32 92
1033 C.H,CINO, o-Chloronitrobenzene 246.0 233 . .5 41 92
1034 C.H,CINO, p-Chloronitrobenzenf' 239.1 229.5 34 92
1035 C.H.NO, Nitrobenzene 210.75 210.0 10 92
1036 C,H,NO. m-Nitrotoluene 230.8 224.2 25 92
1037 C,H,NO. o-Nitrotoluene 221. 75 218.2 17,5 92
1038 C,H,NO, v-Nitrotoluene 238.9 228.75 35 92
1039 C.H,O Acetophenone 202.0 N onazeotrope 90
1040 C,H,N Quinoline 237.3 233.6 29 91
1041 C••HuO Camphor 209.1 N onazeotrope 90

A- C,H18S 2-Methyl-l-propanethiol 88
1042 C.H. 1,3-Cyclohexadiene 80.8 Reacts 94
1043 C,H. 1,4-Cyclohexadiene 85.6 Reacts 94
1044 C.H19 Cyc10hexene 82.75 Reacts 94

A= C,HnN Butylamine 77.8
1045 C,Hn Cyclohexane 80.75 76.5 60 89
1046 Cl>H12 Methylcyclopentane. 72.0 < 77.5 89

A = C,HnN Diethylamine 55,9
1047 C,HlO 2-Methyl-2-butene 37. J N onazeotrope 89
1048 C,HlOO 3-Methyl-2-butanone 95.4 N onazeotrope 89
1049 C.H120 Ethyl propyl ether 63.85 N onazeotrope 80,89
1050 C,H17 Methylcyclopentane 72.0 N onazeotrope 89
1051 C,H" 2,3-Dimethylbutane 58.0 <55.0 <62 89

A= C,HnN Isobutylamine 68.5
1052· C,H19 Cyclopentane 49.3 N onazeotrope 89
1053 C,HIOO 3-Methyl-2-butanone 95.4 N onazeotrope 89
1054 C.H. Benzene 80.15 N onazeotrope 89
1055 C.Hu Cyclohexane 80.75 N onszeotrope 89

A= C,HnNO 2-Amino-2-methyl-J-propanol 165.4/760
1056 C,H,CI o,m,p-Chloroethylbenzene 67.5/10 .59.0/10 46/10 10

A= C,H,O. 2-Furaldehyde 161.5
1057 C,H.GJ, Methyl acetoacetat.e ~169.5 Renctfii 94
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Table I. Binary SystelDs (Continned)

B-Component Azeotropic Data
No. Formula Name B.P., 0 C. B.P.,o C. Weight % A Reference

A C,H,O, Methyl Acetoacetate 169.5
1139 C,HlOO, Valerie acid 186.35 N onazeotrope 90
1140 C,H,Cl, p- Dichlorobenzene 174.4 167.2 33 90
1141 C,H,O Phenol 181.5 Reacts 94
1142 C,HlOO Cyclohexanone 155.7 N onazeotrope 90
1143 C,H,O Benzaldehyde 179.2 Reacts 94
1144 C7H7Cl o-Chlorotoluene 159.2 <158.2 >16 90
1145 C7H7Cl v-Chlorotoluene 162.4 160.0 26 90
1146 C7H,O Anisole 153.85 N onazeotrope 90
1147 C,H,Cl o,m,v-Chloroethylbenzene 67.5/10 .60.0/10 52/10 90
1148 C,HlOO Benzyl methyl ether 167.8 <160.0 >47 90
1149 C,HioO Phenetole 170.45 <163.5 >52 90
1150 C,H"O Methylheptenone 173.2 167.7 9'0
1151 C,HI60 2-0ctanone 172.85 168.5 90

1152 C,HI60, Ethyl caproate 167.7 164.0 55 90
1153 C,H160, Isoamyl propionate 160.7 <159.5 >20 90
1154 C,H1602 Isobutyl isobutyrate 148.6 N onazeotrope 90
1155 C,H180 Butyl ether 142.4 N onazeotrope 90
1156 C,H180 2,6-Dimethyl-4-heptanone 168.0 <166.8 90
1157 C,H180, Isoamyl butyrate 181.05 <168.5 >75 90
1158 C,H1802 Isobutyl isovalerate 171.2 165.0 60 90
1159 CloRi4 p-Cymene 176.7 165.0 56 90
1160 CloH16 Camphene 159.6 152.8 40 90
1161 CloRI8 Dipentene 177.7 162.3 61 90
1162 CloH2002 Isoamyl isovalerate 192.7 N onazeotrope 90
1163 CIQH"O Amyl ether 187.5 N onazeotrope 90
1164 ClOH"O Isoamyl ether 173.2 160.5 60 90

A= C liHs04 Methyl Malonate 181.5
1165 C,H,O Phenol 181.5 Reacts 94
1166 C,H7N Aniline 184.35 Reacts 94
IHi7 C6HIOO.; Ethyl oxalate 185.65 N onazeotrope 87
1168 C6HIOO4 Glycol diacetate 186."3 N onazeotrope 87
1169 C7H,O o-Cresol 190.8 Reacts 94
1170 C7H,O v-Cresol 201.8 Reacts 94
1171 C,H,O Acetophenone 202.0 201.0 39 90
1172 C,H"O Methylheptenone 173.2 N o:p.azeotrope 90
1173 C,H180 Octyl alcohol 195.15 Reacts 79
1174 C,Hl'O sec-Octyl alcohol 178:05 Reacts 94
1175 C,Hl'O, Butyl isovalerate 177.6 175.0 30 87
1176 C,Hl'O, Isoamyl butyrate 181.05 <177.2 >39 87
1177 C,'fI1802 Isobutyl isovalerate 171.2 <170.5 >17 87
1178 CloH2002 Isoamyl isovalerate 192.7 <180.8 >75 87

A e: CSHI0 2-Methyl-2-butene 37.15
1179 C.H, Benzene 80.2 94
1180 C,HI2 Pseudocumene 169 94

A= C5HlO Amylene 37
1181 C.H,N02 Nitrobenzene 210.75 N onazeotrope 92, 94
1182 C,H,N AJililine 184.35 N onazeotrope 94
1183 CloH16 Pinene ~156 94

A= C,HIOO Cyclopentanol 140.85
1184 C,H,N Aniline 184.35 N onazeotrope 89
1185 C.HIOO Mesityl oxide 129.45 N onazeotrope 90

Ae: C,HlOO Isovaleraldehyde 92.3
1186 C,HIOO 3-Pentanone 102.05 .N onazeotrope 90

A= C,HIOO 3-Methyl-2-butanone 95.4
1187 C,Hl'O, Ethyl propionate 99.1 N onazeotrope 90
1188 C,HaCI l-Chloro-3-methylbutane 99.4 95.0 65 90
1189 C,HllNO. Isoamyl nitrite 97.15 94.0 50 88,90

A= C,HIOO 2-Pentanone 102.25
1190 C.Hl'O, Methyl isobutyrate 92.5 N onazeotrope 90
1191 C,HllN02 Isoamyl nitrite 97.15 96.5 20 88,90
1192 C.H120 tert-Amyl alcohol 102.35 100.9 58 :90
1193 C,H12 Cyclohexane 80.75 79.8 5 90
1194 C7H16 Heptane 98.4 93.2 34 90

A = C,HIOO 3-Pentanone 101. 7
1195 C,HllCI l-Chloro-3-methylbutane 99.4 98.5 25 90
1196 C,HllN02 Isoamyl nitrite 97.15 96.45 21 88,90
1197 C,H120 Isoamyl alcohol 131.9 N onazeotrope 90
1198 C,H120 2-Pentanol 119.8 N onazeotrope 90
1199 C,H120 3-Pentanol 116.0 N onazeotrope 90
1200 C,Hl' Methylcyclopentane 72.0 N onazeotrope 90
1201 C,H14 Hexane 68.8 N onazeotrope 90
1202 C.H140, Propyl ether 90.1 N onazeotrope 90
1203 C,Hl,N Dipropylamine 109.2 <101.0 <82 89
1204 C,Hl' 1,3-Dimethylcycft:,hexane 120.7 100.5 83 90

A = C.HIOO, Ethyl Propionate 99.15
1205 C,H120 Pinacolone 106.2 N onazeotrope 90

A = C,HIOO, Isobutyl Formate 97.9
1206 C,HuNO, Isoamyl nitrite 97 ;15 95.5 43 87,88
1207 C,H120 Pinacolone 106.2 N onazeotrope 90
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Table I. Binary SysteIDs (Continued)

B-Component Azeotropic Data

No. Formula Name B.P., 0 C. B.P., 0 C. Weight %A Reference

A= C,HlOO, Isopropyl Acetate 90.8
1208 C,HllNO, Isoamyl nitrite 97.15 N onazeotrope 87, 88

A= C,HlOO, Isovaleric Acid 176.5
1209 C,HtoO Cyclohexanone 155.7 N onazeotrope 90
1210 C,HlOO, Ethyl acetoacetate 180.4 176.. 1 77 90
1211 C,H140 Methylheptenone 173.2 N onazeotrope 90
1212 C,H18S Butyl sulfide 185.0 175 73 93
1213 C,H180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C,HlOO, Methyl Isobutyrate 92.3
1214 C,HllNO, Isoamyl nitrite 97.15 N onazeotrope 87,88

A = C,HlOO, Propyl Acetate 101.55
1215 C,HllNO, Isoamyl nitrite 97.15 N onazeotrope 88

A= C,HlOO, Tetrahydrofurfuryl Alcohol 72.1/10
1216 C,H.Cl o,m,p-Chloroethylbenzene 67.5/10 63.0/10 29.5/10 10

A= C,HlOO, Valerie Acid 186.35
1217 C,HtoO, Ethyl acetoacetate 180.4 N onazeotrope 90
1218 C,H,O Acetophenone 202.0 N onazeotrope 90
1219 C,H160 2-0ctanone 172.85 N onazeotrope 90
1220 C,H140 Phorone 197.8 Nonazeotrope 90

A= C,HlOO, Ethyl Carbonate 126.0
1221 C,Hl'O 3-Hexanone 123.3 N onazeotrope 90

A= C,HIOO, Ethyl Lactate 153.9
1222 C,H140 5-Methyl-2-hexanone 144.2 N onazeotrope 90
1223 C,H180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C,HllBr I-Bromo-3-methylbutane 120.3
1224 C,HIOO Mesityl oxide 129.45 N onazeotrope 90
1225 C,H120 3-Hexanone 123.3 119.8 45 90,93
1226 C,H12O 4-Methyl-2-pentanone 116.05 115.6 30 90, 93

A= C,HllBr I-Bromopentane 130.0
1227 C,H, Toluene 110.7 N onaz~otrope 125

A =. C,HllI l-Iodo-3-methylbutane 147.65
1228 C,HIOO Mesityl oxide 129.4'5 N onazeotrope 90
1229 C,H140 4-Heptanone 143.55 143.0 35 90

A= C,HaN Piperidine 105.7
1230 C,H14 Methylcyc10hexane 100 Minimum B.P. 38

A= C,HllNO, Ethyl N -Ethylaminoformate
1231 C,H.Cb p-Dichlorobenzene 174.35 167.0 24.2 98
1232 C,Hl'S Isobutyl sulfide 17.2.0 166.5 23 93

A= C,HllNO, Isoamyl Nitrite 97.15
1233 C,H120, Diethoxymethane 87.95 N onazeotrope 88
1234 C,H12 Methylcyc10pentane 72.0 N onazeotrope 88
1235 C,H120 Pinacolone 106.2 N onazeotrope 88, 90
1236, C,H140 Propyl ether 90.1 N onazeotrope 88
1237 C,H16 m-Dimethylcyclohexane 120.7 N onazeotrope 88
1238 C,H18 2,,';-Dimethylhexane 109.4 N onazeotrope 88

A= C,HllNO, Isoamyl Nitrate 149.6
1239 C,H140, Methyl caproate 149:8 148.5 55 87
1240 C,Hl'O, Isobutyl butyrate 156.9 N onazeotrope 87
1241 C,Ht,O, Isobutyl isobutyrate 148.6 <147.5 <40 87

A= C,H12 2-Methylbutane 27.95
1242 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92, 94
1243 C,HlOO, Ethyl benzoate 213 Vapor pressure data 94

A= CliH12 Pentane 36.15
1244 C,H14 Hexane 68.95 94
1245 C,H16 Heptane 98.45 94
1246 C,Hl' Octane 125 94

A = C,Hl'O Amyl Alcohol 137.8
1247 C,HlO Ethylbenzene 60.5/60 57.5/60 20 11
1248 CloH"O Amyl ether 188 N onazeotrope 118
1249 C12H"O, Acetaldehyde diamyl acetal 225.3 N onazeotrope 7

A= C,H12 O Ethyl Propyl Ether 63.6
1250 C6H15N. Triethylamine 89.35 N onazeotrope 89

A= C,H120 Isoamyl Alcohol 131.3
1251 C,H,N Aniline 184.35 N onazeotrope 89
1252 C,HI20 4-Methyl-2-pentanone 116.05 N onazeotrope 90
1253 C,Hl,ClO, Isoamyl chloroacetate 195.2 N onazeotrope 22
1254 C,H 14O 4-Heptanone 143.55 N onazeotrope 90
1255 C,HI.O Isoamyl vinyl ether 112.6 112.1 12 186
1256 C,Ht.O 5-Methyl-2-hexanone 144.2 N onazeotrope 90
1257 C12H2602 Acetaldehyde diisoamyl acetal 213.6 ~onazeotrope 7
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Table l. Binary·Systellls (Continued)

B-Component Azeotropic Data
No. Formula Name B.P.. 0 C. B.P., 0 C. Weight % A Reference

A= C,H"O 2-Methyl-1-butilnol 70/60
l258 C,H, Styrene 68/60 60/60 52 11
l259 C,H" Ethylbenzene 60.5/60 56/60 33 11

A= C,H"O 3-Methyl-2-butanol 61/60
l260 C.R" Ethylbenzene 60.5/60 51/00 62/60 It

A = CoH"O 2-Pentanol 119.3
12M C,H"O Mesityl oxide l29.45 N onazeotrope 90
1262 C,H"O 2-Hexanone l27.2 N onazeotrope 90
1263 C,H, Styrene 68/60 60/60 69 11
1264 C,H" Ethylbenzene fiO.5/60 54/60 50 It

A= C,H"O 3-Pentanol 116.0
l265 C,H"O 4-Methyl-2-pentanone 116.05 <115.0 >35 90
l266 C,H" Ethylbenzene 60..';/liO 51/60 50 It

A= C,Hl'O, Diethoxymethane 87.95
l267 C,H, Benzene 80.15 N onazeotrope 97
l268 C6HHiN Triethylamine 89.35 86.8 89
l269 C7H16 n-Heptane 98.4 87.8 97

A= C/jH120~ 2-Propoxyethanol l51.35
1270 C,H,N Aniline l84.35 N onazeotrope 89
1271 C,HI,NO 2-Diethylaminoethanol l62.2 N onazeotrope 89
l272 C,H,N Benzylamine l85.0 N onazeotrope 89
l273 C,H14O 4-Heptanone l43.55 N onazeotrope 90
l274 C,H140 5-Methyl-2-hexanone l44.2 N onazeotrope 90
l275 CsH13N N ,N-Dimethyl-o-toluidine l85.3 N onazeotrope 89
1276 C,H18O 2,6-Dimethyl-4-heptanone l68.0 N onazeotrope 90

A= C,HI'O. 2-(2-Methoxyethoxy)ethanol 193.2
1277 C,H,NO, Ni trobenzene 210.75 N onazeotrope 92
l278 C,H,N Aniline 184.35 N onazeotrope 89
l279 C,HllNO, Nitrocyclohexane 205.3 <192.7 92
l280 C,H,NO, o..,Nitrotoluene 221. 75 N onazeotrope 92
l281 C,H,N Methylaniline 196.25 190.0. 60 89
1282 C,H,O Acetophenone 202.0 191.9 80 90
l283 C,H,N Quinoline 237.3 N onazeotrope 91
l284 C,HuN N,N-Dimethyl-o-toluidine l85.3 <183.0 89
l285 C,H140 Phorone 197.8 190.5 <75 90
l286 CloH"N Diethylaniline 217.05 N onazeotrope 89
l287 CloHl.O Camphor 209.1 N onazeotrope 90

A= C,H12S 3-Methyl-l-butanethio1 -120
[288 C.H1OO I-Hexene-5-one 129 Reacts 9.&

A= C.H,CI, 1,3,5-Trichlofobenzene 208.4
1289 C,H,NO, o-Nitrotoluene 221.75 N onazeotrope 92
l290 C,H,N Methylaniline 196.25 N onazeotrope 89
l291 CsHuN Dimethylaniline 194.15 N onazeotrope 89

A = C.H,BrCI p-Bromochlorobenzene 196.4
l292 C.H,N Aniline l84.35 N onazeotrope 89
l293 C,H,O Acetophenone 202.0 N onazeotrope 90
l294 CgH13N N,N-Dimethyl-o-toluidine l85.13 N onazeotrope 89
l295 CgH13N N,N-Dimethyl-p-toluidine 210.2 N onazeotrope 89
1296 C,H140 Phorone 197.8 N onazeotrope 90

A= C.H,Bn p-Dibromobenzene 220.25
l297 C.H,CINO, m-Chloronitrobenzene 235.5 N onazeotrope 92
1298 C.H,CINO, p-Chloronitrobenzene 239.1 N onazeotrope 92
1299 C,H,N m-Toluidine 203.1 N onazeotrope 89
l300 C,H,N p-Toluidine 200.55 N on,azeotrope 89
1301 C,HllN Ethylaniline 205.5 N onazeotrope 89
l302 C,H,N Quinoline 237.3 N onazeotrope 91
l303 C,HuN N,N-Dimethyl-p-toluidine 210.2 N onazeotrope 89
1304 CloH180 a-Terpineol 217.8 Reacts 78

A= C.H,CINO, m-Chloronitrobenzene 235.5
l305 C.H,O, Pyrocatechol 245.9 N onazeotrope 92
l306 C,HI'O, Dipropylene glycol 229.2 <227.0 92
l307 C,H,CI, a,ata-Trichlorotoluene 220.8 N onazeotrope 92
1308 C,H,NO, m-Nitrotoluene 230.8 N onazeotrope 92
l309 C,H140, Enanthic acid 222.0 <221.5 92
l310 C,H,O. Methylsalicylate 222.95 N onazeotrope 92
1311 C,H1OO 3,4-Xylenol 226.8 N onazeotrope 92
1312 C,HIOO p-Ethylphenol 220.0 N onazeotrope 92
1313 C,HllNO o-Phenetidine 232.5 N onazeotrope 89
l314 C,HllNO p-Phenetidine 249.9 N onazeotrope 89

1315 C,H,N Quinoline 237.3 N onazeotrope 91,92
l316 C,HlOO Cinnamyl alcoh~1 257.0 N onazeotrope 92
l317 C.HIOO. Ethyl salicylate 233.8 N onazeotrope 92
l318 CloH, Naphthalene 218.0 N onazeotrope 92
1319 CloHI'O, Propyl benzoate 2~0.85 N onazeotrope 92
1320 CloH140 Carvacrol 237.85 <235.4 ge
1321 CloH140 Thymol 232.9 N onazeotrope 92
1~22 ClLHIO I-Methylnapht.halene 244.6 N onazeotrope 92
1323 CI1H"O, Isoamyl carbonate 232.2 <231.8 92
1324 CuH"O, Bornyl acetate 227.6 N onazeotrope 92
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Table I. Binary SysteDls (Continued)

B-Component Azeotropic Data
No. Formula Name B.P.,oC. B.P.. o C. Weight % A Reference

A= C.H.CINO, a-Chloronitrobenzene 230
1325 C.H.O, Resorcinol 281.4 N onazeotrope 918
1326 C.H"O. Triethylene glycol 288.7 N onazeotrope 918
1327 C,H.O, Benzoic acid 250.8 243.0 67 918
1328 C,H,NO, p-Nitrotoluene 238.9 N onazeotrop~ 92
1329 C,H"O, Enanthic acid 222.0 N onazeotrope 92
1330 C.HllNO o-Phenetidine 232.5 oN onazeotrope 89
1331 C.HllNO p-Phenetidine 249.9 N onazeotrope 89
1332 C,H,N Quinoline 237.3 N onazeotrope 91,92
1333 ClOH,CI l-Chloronaphthalene 262.7 N onazeotrope 92
1334 C"HlOO, Isosafrole 252.0 N onazeotrope 918
1335 CloHlOO2 Safrole 235.9 N onazeotrope 92
1336 C,.H"O Carvacrol 237.85 N onazeotrope 92
1337 C"H140 Thymol 232.9 N onazeotrope 92
1338 CuH" 2-MethyInaphthalell e 241.15 N onazeotrope 92
1339 CuH"O, Butyl benzoate 249.5 N onazeotrope 92
1340 CuHI.O, Isobutyl benzoate 241.9 N onazeotrope 92
1341 C"H160. Isoamyl salicylate 277.5 N onazeotrope 918

A= C.H.CINO, p-Chloronitrobenzene 239.1
1342 C.H"O, Dipropylene glycol 229.2 <228.3 <89 92
1343 C,H.O Benzyl alcohol 205.25 N onazeotrope 918
1344 C,H"O; 2- [2-(2-Methoxyethoxy) -ethoxy lethanol 245.25 <234.0 92
1345 C.H"O 3,4-Xylenol 226.8 N onazeotrope 92
1346 C.Hl.O, Caprylic acid 238.5 <235.5 918
1347 C,H,N Quinoline 237.3 N onazeotrope 91,92
1348 C,H.O Cinnamaldehyde 253.5 N onazeotrope 918
i349 C,H"O Cinnamyl alcohol 257.0 N onazeotrope 92
1350 C"H,N Quinaldine 246.5 N onazeotrope 92
1351 CI.H"O Carvacrol 237.85 237.4 92
1352 CuRIo I-Methylriaphthalene 244.6 N onazeotrope 918
1353 CURlO 2-M ethylnaphthalene 241.15 N onazeotrope 92
1354 CuH"O, Butyl benzoate 249.5 N onazeotrope 918
1355 C"H" Diphenyl 256.1 N onazeotrope 918

A = C.H.C\, a-Dichlorobenzene 179.5
1356 C.H,NO, Nitrobenzene 210.75 N onazeotrope 918
1357 C.H,N Aniline 184.35 77.4 70 89
1358 C,H"O. Ethyl acetoacetate 180.4 175.5 58 90
1359 C,H,N' Methylaniline 196.25 N onazeotrope 89
1360 C.HuN Dimethylaniline 194.15 N onazeotrope 89
1361 C,H"N N ,N-Dimethyl-o-toluidine 185.3· N onazeotrope 89

A = C.H.CIt p-Dichlorobenzene 174.35
1362 C.H"O, 2-Butoxyethanol 171.25 168.3 48 93
1363 C,H,N Methylaniline 196.25 N onazeotrope 89
1364 C.HuN Dimethylaniline 194.15 N onazeotrope 89
1365 C,H..O 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C,H,Br Bromobenzene 156.15
1366 C.H,F Fluorobenzene 85.2 Vapor pressure data 91,
1367 C.H,N Aniline 184.35 N onazeotrope 89

A= C,H,CI Chlorobenzene 131.9
1368 C.H,F Fluorobenzene 85.2 Vapor pressure data 91,
1369 C.H,I Iodobenzene 188.55 91,
1370 C,H,NO, Nitrobenzene 210.75 N onazeotrope 92
1371 C,H"O Mesityl oxide 129.45 N onazeotrope 90

A= C.H,CIO a-Chlorophenol 175.5
1372 C.H,N 3-Picoline 143.5 178-'184/760 121,
1373 C,H,N 4-Picoline 143.1 17&-184 121,
1374 C,H,Br a-Bromotoluene ~198.5 Reacts 91,
1375 C,H,Cl a-Chlorotoluene 179.35 Reacts 91,
1376 C,H,N 2,6-Lutidine 143 178-184/760 121,

A =. C,H,CIO p-Chlorophenol Zl9.75
1377 C,H,Ch a, a,O:-Trichlorotoluene 220.9 Reacts 78
1378 C,H,C\' a,a-Dichlorotoluene 2'65.1 Reacts 91,
1379 C,H,NO, m-Nitrotoluene 230.8 Nonazeotrope 92
1380 C,H.O Benzyl alcohol 205.2 Reacts 78
1381 C,H"O Propiophenone . 217.7 230.3 90
1382 ClOH"O Carvone 231.0 238.3 <45 90
1383 CI.H160 Camphor 209.1 227.. 5 >75 90

A= C,H,F Fluorobenzene 85.2
1384 C,H,I Iodobenzene 188.55 Vapor pressure data 91,

A= C,H,I Iodobenzene 188.55
1385 C.H,NO, Nitrobenzene 210.75 Nonazeotrope 92
1386 C,H,Br m-Bromotoluene 184.3 N onazeotrope 87
1387 C,H,N 'm-Toluidine 203.1 Nonazeotrope 89
1388 O,H,N p-Toluidine 200.55 N onazeotrope 89
1389 C.HuN Ethylaniline 205:5 N onazeotrope"· 89
1390 C,HuN N ,N-Dimethyl-a-toluidine 185.3 N onazeotrope 89

A= C,H,NO, Nitrobenzene 210.75
1391 C.H,NO. o-Nitrophenol 217.2 N onazeotrope 92
1392 C.H. Benzene 80.15 N onazeotrope 918,91,
1393 C,H,N Aniline 184.35 N onazeotrope 89
1394 C.H.O. Methyl maleate 204.05 203.9 7 92
1395 C,H"O n-Hexanol 157.85 N onazeotrope 92
1396 C,H"O, 2-Butoxyethanol 171.15 N onazeotrope 92
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Table I. Binary Systems (Continued)

B-Component Azeotropic Data
No. Formula Nam.e B.P., 0 C. B.P., 0 C. Weight % A Reference

A = C,H,NO, Nitrobenzene (Con/d.) 210.75
1397 C,H,O Benzaldehyde 179.2 N onazeotrope 92
1398 C,H, Toluene 110.7 N onazeotrope 92, 94
1399 C,H,N Benzylamine 185.0 N onazeotrope 89
1400 C,H,N Methylaniline 196.25 N onazeotrope 89

1401 C,H,N m-Toluidine 203.1 N onazeotrope 89
1402 C,H,N 0-Toluidine 200.35 N onazeotrope 89
1403 C,H,N p-Toluidine 200.55 N onazeotrope 89
1404 C,Hl'O, Ethy I malonate 199.35 N onazeotrope 92
1405 C,Hl'O, Enanthic acid 222.0 <209.5 <88 92
1406 C7H1604 2- [2- (2-Methoxyethoxy) ethoxy]ethanol 245.25 N onazeotrope 92
1407 C,H,O, Phenyl acetate 215.3 N onazeotrope 92
1408 C,HlOO 3,4-Xylenol 226.8 N onazeotrope 92
1409 C,HlOO p-Ethylphenol 220.0 N onazeotrope 92
1410 C8~llN Dimethylaniline 194.15 N onazeotrope 89

1411 C,HaN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1412 C,HaN 3 ,4-Dlmethylaniline 225.5 N onazeotrope 89
1413 CsHuN Ethylaniline 205.5 N onazeotrope 89
1414 CSH1204 Ethyl fumarate 217.85 N onazeotrope 92
1415 CSH1204 Ethyl maleate 223.3 N onazeotrope 92
1416 CSH140 4 Propyl oxalate 214.2 210.0 92

1417 C,Hl'O, Caprylic acid 238.5 N onazeotrope 92
1418 C,Hl'O, Isoamyl lactate 202.4 N onazeotrope 92
1419 C,H1OO Cinnamyl alcohol 257.0 N onazeotrope 92
1420 C,H13N N ,N-Dimethyl-p-toluidine 210.2 <210 89

1421 C,H14O Phorone 197.8 N onazeotrope 90
1422 CloH160 Pulegone 223.8 N onazeotrope 90
1423 ClOH180 13-Terpineol 210.5 204.8 50 92
1424 CloHzzS Isoamyl sulfide 214.8 209.5 <93 92
1425 CUH160 Methyl thymol ether 216.5 <209.2 <82 92
1426 Cl2H"O Bornyl ethyl ether 204.9 203.0 30 92
1427 C12H"O Ethyl isobornyl ether 203.8 202.57 257 92

A= C,H,NO, o-Nitrophenol 217.25
1428 C,H,O Acetophenone 202.0 N onazeotrope 90
1429 C,H1OO p-Methylacetophenone 226.35 N onazeotrope 90
1430 C,HlOO Phorone 197.8 N onazeotrope 90
1431 CloHl'O Camphor 209.1 N onazeotrope 90

A= C,H, Benzene 80.2
1432 C,H,N Aniline 184.35 N onazeotrope 89, 94
1433 C,Hl20 Pinacolone 106.2 N onazeotrope 90
1434 C,H16N .Triethylamine 89.35 N onazeotrope 89
1435 C,H16 2,2-Dimethylpentane 75.85 46.3 12
1436 OsHu Octane 125.8 94
1437 C9HlOOZ Ethyl benzoate 213 Vapor pressure data 94
1438 CIOHs Naphthalene 218.1 94

A~ C,H,O Phenol 182.2
1439 C,HlOO, Ethyl acetoacetate 180.7 Reacts 94
1440 C,H,Cl, 0:, a-Dichlorotoluene 205.1 Reacts 94
1441 C,H,Br a-Bromotoluene 198.5 Reacts 94
1442 C,H,CI a-Chlorotoluene 179.35 Reacts 94
1443 C,H,N Benzylarnine 185.0 196.8 45 89
1444 C,Hl20, Ethyl malonate 198.6 Reacts 94
1445 C,HaN Ethylaniline 205.5 N onazeotrope 89
1446 C,Hl'S Butyl sulfide 185 177.5 45 - 93
1447 C,Hl'S Iso.butyl sulfide 172 <170.5 <28 93

-1448 C,HlOO Propiophenone 217.7 N onazeotrope 90
1449 C,H140 Phorone 197.8 198.8 18 90
1450 C,Hl'O 2,6-Dimethyl-4-heptanone 168.0 183.4 80 89

A= C,H,O, Pyrocatechol 245.9
1451 C,H,NO, m-Nitrotoluene 230.8 N onazeotrope 92

'1452 C,H1OO 3,4-Xylenol 226.8 N onazeotrope 87
1453 C,HaNO o-Phenetidine 232.5 246.0 92 83,89
1454, C,HaNO p-Phenetidine 249.9 253.8 34 83, 89
1455 CloH14O Thymol 232.9 232.2 17 87

A= C,H,O, Resorcinol 281.4
1456 C,HaNO o-Phenetidine 232.5 N onazeotrope 89
1457 ClzH1602 Isoamyl benzoate 262.0 N on~zeotrope 81

A= C,H,S Benzenethiol 170
1458. CloH16 Camphene ~158 Reacts 94
1459 GloHI6 a-Phellandrene 171.5 Reacts 94
1460 ClOH16 a-Pinene 155.8 Reacts 94
1461 ClOH18 Menthene 170.8 Reacts 94

A= C,H,N Aniline 184.35
1462 Aromatic hydrocarbons 16()-175 Minimum B.P. 34
1463 C n H2n+2 Paraffins 16()-175 Minimum B.P. 84
1464 C,H1OO Cyclohexanone 155.7 N onazeotrope 89
1465 C.HaNO, Nitrocyclohexane 205.4 N onazeotrope 89
1466 C,H" Cyclohexane 80.75 N onazeotrope 89,94
1467 CaH14 n-Hexane 68.8 N onazeotrope 89,94
1468 C,Hl'O, 2-Butoxyethanol 171.15 N onazeotrope 89
1469 C,H15NO 2-Diethylaminoethanol 162.2 N onazeotrope 89
1470 C,H,O Benzaldehyde 179.2 Reacts 94
1471 C,H,Ilr a--:Bromotoluene 198.5 Reacts 94
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Table I. Binar.y.Systerns (Continued)
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B-Component Azeotropic Data

No. ' Formula Name B.P., 0 C B.P.,oC. Weight % A Reference

A = C,H,N Aniline (Conld.) 184.35
1472 C,H,Br m-Bromotoluene 184.3 179.9 39 89
1473 C,H,CI a-Chlorotoluene 179.35 Reacts 94
1474 C,H,CI o-Chlorotoluene 159.2 N onazeotrope 89
1475 C,H,NO, o-Nitrotoluene 221. 75 N onazeotrope 89
1476 C,H, Toluene 110.75 N onazeotrop'e 89
1477 C,H,O, Guaiacol 205.05 N onazeotrope 89
1478 C,H" Methylcyclohexane 101.15 N onazeotrope 89
1479 C,Hi, Heptane 98.4 N onazeotrope 89,94
1480 C,HIO Ethylbenzene 136.15 N onazeotrope 89
1481 C,HIO o-Xylene 144.3 N onazeotrope 89

1482 C,HIO p-Xylene 138.45 N onazeotrope 89
1483 C,HIOO Benzyl methyl ether 167.8 N onazeotrope 89
1484 C,HIOO, o-Ethoxyphenol 216.5 N onazeotrope 89
1485 C,HIOO, . Veratrole 206.8 N onazeotrope 89
1486 C,H"O Methylheptenone 173.2 Reacts 78
1487 CaRIB 1,3-Dimethylcyclohexane 120.7 N onazeotrope 89
1488 C,HI' Octane 125.75 N onazeotrope 89
1489 C,HI'O Butyl ether 142.4 N onazeotrope 89
1490 C,HI'O Isobutyl ether 122.3 N onazeotrope 89
1491 C,H" Cumene 152.8 N onazeotrope 89

1492 C,Hl'O Benzyl ethyl ether 185.0 179.8 51 89
1493 C,HI'O Phenyl propyl ether 190.5 <183.5 <82 89
1494 CloH14 Butylbenzene 183.1 177.8 46 89
1495 CloH16 p-Pinene 163.8 161.8 23 89
1496 CloH16 a-Terpinene 173.4 169.5 32 89
1497 CIOH160 Camphor 209.1 N onaz~otrope 89
1498 eloHIS Dipentene 177.7 171.3 39 89
1499 ClOH18 d-Menthene 170.8 <167.5 <34 89
1500 CloH18O fJ- Terpineol 210.75 N onazeotrope 89
1501 CloH22 n-Decane 173.3 <169.5 <36 89
1502 CloHn 2,7-Dimethyloctane 160.1 <1'59.5 <22 77, 89
1503 CloH"O Amyl ether 187.5 177.5 55 89
1504 CUHIO 2-Methylnaphthalene 241.15 N onazeotrope 89
1505 CUH200 Isobornyl methyl ether 192.4 <183.8 <80 89,94

A= C,H,N 3-Picoline 144
1506 C,H, Toluene 110.7 N onazeotrope 33
1507 C,HI' 2.3,4-Trimethylpentane N onazeotrope 33

A= C,H,N 4-Picoline 145.3
1508 C,H, Toluene 110.7 N onazeotrope 33
1509 C,HI' 2,3.4-Trimethylpentane N onazeotrope 33

A= C,H,N, o-Phenylenediamine 158.6
1510 C,H,NO, .m-Nitrotoluene 230.8 N onazeotrope 89
1511 C,H,NO, p-Nitrotoluene 238.9 N onazeotrope 89
1512 C,H,O, m-Methoxyphenol 243.8 N onazeotrope 89
1513 C,HloO Phenethyl alcohol 219.4 N onazeotrope 89
1514 C,H"O 3-Phenylpropanol 235.6 N onazeotrope 89
1515 CloH,O I-Naphthol 288.0 N onazeotrope 89
1516 CioHIOO2 Isosafrole 252.0 249.2 30 89
1517 ClOHlOO, Safrole 235.9 N onazeotrope 89
1518 CloH12O Anethole 235.7 Nonazeotrope ·89

1519 CloHl,a, Eugenol 254.8 N onazeotrope 89
1520 ClOH200 Menthol 216.3 N onazeotrope 89
15.21 CaRlO 1-Methylnaphthalene 244.6 <243.0 <17 89
1522 CllH1402 1-Allyl-3,4-dimethylbenzene 254.7 250.5 38 89
1523 CllH140;2 1,2-Dimethoxy-4-propenylben~ene 270.5 N onazeotrope 89
1524 CuRIO Acenaphthene 277.9 <258.0 89
152'5 -Cl2RIO Diphenyl 256.1 249.7 37 89
1526 C13RI2 Diphenylmethane 265.4 254.0 70 89
152,7 C14Hll 1,2-Diphenylethane 284.5 N onazeotrope 89

A= C,H,O, Melhyl Fumarate 193.25
1528 C6HIOO. Ethyl oxalate 185.65 N onazeotrope 87
1529 C,HIOO. Glycol diacetate 186.3 N onazeotrope 87
1530 . C,H120. Ethyl malonate 199.35 N onazeotrope 87
1531 C,H,O, Methyl benzoate 199.4 N onazeotrope 87
1532 C,HI'O, . Methyl caprylate 192.9 189.4 46 87

A= C,H,O. Methyl Maleate 204.05
1533 C,H,O, Methyl benzoate 199.4 198.95 25 87
153-4 C,HIOO, Ethyl benzoate 212.5 N onazeotrope 87
1535 CIOH200, Isoamyl isovalerate 192.7 190.65 25 87

A= C6HlOO Cyclohexanone 156.7
1536 C,Hl'O, Propyl lactate 171.7 N onazeotrope 90
1537 C,H"O Methylcyc1ohexanol 168.5 N onazeotrope 90
1538 C,H"O, Methyl caproate 149.7 N onazeotrope 90
1539 C,HI'O, Butyl butyrate 166.4 N onazeotrope 90
1540 CaRl' Cumene 152.8 152.0 65. 90
1541 CloH16 .a-Pinene 163.8 152.2 65 90
1542 CIOHia a-Terpinene 173.4 N onazeotrope 90

A= C,HlOO Mesilyl Oxide 130.5
1543 C,H120, Propyl propion~te 123.0 N onazeotrope 90
1544 C,H" Methyl cyclohexane 101.15 N onazeotrop e 90



854 ANALYTICAL CHEMISTRY

Table 1. Binary Systems (Continued)

B-Compon"nt Azeotropic Data
No. Formula Na.me B.P., 0 C. B.P.. o C. Weight % A Reference

A - C,HlOO Mesityl Oxide (Contd.) 130.5
1545 C,H"O, Isobutyl propionate 134.0 N onazeotrope 90
1546 C,H" m-Dimethylcyclohexane 120.7 !l8.0 25 90
1547 C,H"O, Pro:pyi isovalera:t.e 134.7 N onazeotrope 90
1548 C,HlBO Butyl ether 142.4 N onazeotrope 90

A= C,H1OO, 2,S-Hexanedione 75.4/10
1549 C,H,Cl o,m,p-Chloroethy]henzene 67.5/10 66.0/10 24/10 10
1550 C,HlBO Octyl alcohol 195.2 <190.0 >65 90

. A = C,H1OO • Ethyl Acetoacetate 180.7
1551 C,H1OO. Ethyl oxalate 185.65 N onazeotrope 90
1552 C,H"O, Isocaproic acid 199.5 N onazeotrop~ 90
1553 C,H,O Benzoic acid 179.2 Reacts 94
1554 C,R,O Anisole 153.85 N onazeotrope 90
1555 C,H,O a-Cresol 190.8 Reacts 94
1556 C,H,O Acetophenone 202.0 N onazeotrope 90
1557 C,H,O, Phenyl acetate 195.7 N onazeotrope 90
1558 C,R1O a-Xylene 144.3 N onazeotrope 90
1559 C,R"O p-Methylanisole 177.05 175.7 30 90,97
1560 C,H"O, Veratrole 206.8 N onazeotrope 90

1561 C,H"O, Butyl butyrate 166.4 N onazeotrope 90
1562 C,H"O, Isoamyl propional.f' 160.7 N onazeotrope 90
1563 C,HlBO Butyl ether 142.4 N onazeotrope 90
1564 C,H" Propylbenzene 159.3 158.3 24 90
1565 C,H"O Benzyl ethyl ether 185.0 175.5 >75 90
[566 C,HlBO 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90
[567 C,HlBO, Isoamyl isobutyrate 169.8 169.0 20 90
1568 C,HlBO, Isobutyl isovalerat.e 171.2 170.2 25 90
1569 CloH, Naphthalene 218.0 N onazeotrope 90
1570 CloHH I:lutylbenzene [83.1 174.0 52 90
1571 CloHl6 a-Terpinene 173.4 166.6 40 90
1572 ClOHl'O Fenchone 193.6 Nonazeotrope 90
1573 ClOH18 Dipentene 177.7 169.05 43 90
1574 CloHIS d-Menthene 170.8 164.9 90
1575 CloH2002 Isoamyl isovalerate 192.7 179.5 77 90
1576 CloH"O Amy[ ether 187.5 174.5 70 90
1577 CnH200 Isobornyl methyl et.her 192.4 <179.0 .90

A= C'H"O. Ethyl Oxalate 185.65
1577s C,HlOO. Methylaniline 196.25 Reacts 94
1578 C,HlBO, Butyl isovalerate 177.6 176.3 25 87
1579 C,HlBO, Ethyl enanthate 188.7 [83.0 60 87
1580 C,HlBO, Isobutyl isovalerat.e 185.65 N onazeotrope 87
1581 C,HlBO, Methy[ caprylate 192.9 184.2 70 87
1582 Cl0H2002 Isoamyl isovalera,t,e 192.7 184.1 69 87

A= C,HlOO. G[yco[ Diacetate 186.3
1583 C,HlBO, Butyl isovalerate 177.6 <177 .0 >15 87
1584 C,HlBO, Isoamy[ butyrate 181.05 179.0 38 87
[585 Cl0H2002 Isoamyl isovalerat,e 192.7 184.6 }5 87

A= C,H190; Methyl Succinate 195.5
[586 C,H"O Phorone 197.8 Nonazeotrop~ 90
1587 C,HlBO. Isobutyl carbonate 190.3 N onazeotrope 87
1588 CloH2002 Ethyl caprylate 208.35 N onazeotrope 87
1589 ClOH200, Isoamyl isovalera,f,e 192.7 [91.0 30 87

A = C,HnNO, Nitrocyclohexane 205.3
1590 C,H,O Benzaldehyde 179.2 N onazeotrope 92
1591 C,H,N Methylaniline 196.25 N onazeotrope 89
1592 C,H,N m-Toluidine 203.1 <203.0 > 4 89
1593 C,H,N 0-Toluidine 200.35 N onazeotrope 89
1594 C,HnN Dimethylaniline 194.15 N onazeotrope 89
[5jl5 C,HnN Ethylaniline 205.5 <::204.8 89
1,,96 CgHuN N ,N"Dimethyl-a-toluidine 185.3 N onazeotrope 89

A = C,H" Methylcyclopentane 71.8
159i C,Hl,N Triethylamine 89.35 N onaz;eotrope 89

A= C,H"O Cyclohexanol 160.65
[598 C,H1OO Benzyl methyl ether 170.5 Minimum B.P. 196
[599 CSHllN Dimethylaniline 194.05 N onazeotrope 89
1600 C,H"O Methy[heptenone 173.2 N onazeotrope 90
[601 C,HlOO 2-0ctanone 172.85 N onazeotrope '90
[602 C,HuN N ,N-Dimethyl-a-toluidine 185.3 N onazeotrope 89
1603 C,HlBO 2,6-Dimethyl-4-heptanone 168.0 Nonazeotrope 90

A= c!,H"O 2-Hexanone 127.2
1604 C,H"O, Isoamyl formate 123.8 N onazeotrope 90
[605 C,H"O, Propyl isobutyrate 134.0 N onazeotrope 90

A= C,H"O 3-Hexanone 123.3
1606 C,H"O, Butyl acetate 126.0 123.1 90
1607 C,H"O, Ethyl butyrate 121.5 N onazeotrope 90
1608 C,R"O, Isoamyl formate 123.8 123.0 50 90
1609 C,H"O, Isobutyl acetate 117.4 N onazeotrope 90
1610 C,H"O, Methyl isovalerate 116.5 N onazeotrope 90
1611 C,R"O, Propyl propionate 123.0 122.5 40 90
1612 C,H"S Isopropyl sulfide 120.5 119.0 32 93
1613 C,H"BO. Ethyl borate 118.6 116.7 28 90
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Table I. Binary SysteDls (Continued)

B-Component Azeotropic- Data

No. Formula Name B.P.• 0 C. B.P., o C. Weight % A Reference

A ~ C,H"O 3-Hexanone (Conld.) 123.3
1614 C,H"N Dipropylamine 109.2' N onazeotrope 89
1615 C,H. Toluene 110.75 N onazeotrope 90
1616 C,H" n-Heptane 98.4 N onazeotrope 90
1617 C.R., m-Xylene 139.2 N onazeotrope 90
1618 C.R., . m-Dimethylcyclohexane 120.7 116.0 37 90

A = C,HnO 4-Methyl-2-pentanone 116.05
1619 C,HnO, Ethyl butyrate 121.5 N onazeotrope 90
1620 C,RnO, Ethyl isobutyrate 110.1 N onazeotrope 90
1621 C,H"O, Isobutyl acetate 117.4 115.6 90
1622 C,RnO, Isopropyl propionate 110.5 N onazeotrope 90
1623 C,HnO; Methyl isovalerate 116.5 115.6 55 90
1624 C,R..S Isopropyl sulfide 120.5 114.9 72 98

'1625 C,R15N Dipropylamine 109.2 <105.5 <32 89
1626 C,R. Toluene 110.75 110.7 3 90
1627 C,R14 Methylcyclohexane' 101.15 <100.1 <20 90
1628 C,R•• Heptane 98.4 97.5 13 90
1629 C.R., Ethylbenzene 136.15 N onazeotrope 90
1630 C.R" m-Dimethylcyclohexane 120.7 112.0 53 90
1631 C.R" n-Octane 125.75 113.4 65 90

A= C,RnO Pinacolone 106.2
1632 C,RnO, Ethyl isobutyrate 110.1 N onazeotrope 90
1933 C,HnO, Isopropyl propionate 110.5 N onazeotrope 90
1634 C,R.. Hexane 68.8 N onazeotrope 90
1635 C,R.' Toluene 110.75 106.0 85 90
1636 C.R" 1'.3-Dimethylcyclohexane 120.7 104.0 75 90

A= C,H110, Caproic Acid 204.5
1637 C,R,O, Benzoic acid 249.5 94
1638 C,H,NO, p-Nitrotoluene 238.9 N onazeotrope 9S

, 1639 C,R.,O Propiophenone 217.7 N onazeotrope 90
1640 C,R..O Phorone 197.8 N onazeotrope 90

A= C,HnO, 4-Hydroxy-4-methyl-2-pentanone 61.6/10
1641 C.R,C] o,m,p-Chloroethylbenzene 67.5/10 59.0/10 58/10 to

A= C,H110. Propyl Lactate 171.7
1641a C,R.,O, Propyl lactate 171.7 171.2 ~22 94
1642 C.R"O 2-0ctanone 172.85 <171.4 <75 90

A= C,HnCI0, Chloroacetaldehyde Diethylacetal 156.8
1643 C.R.,O 2-0ctanone . 172.85 N onazeotrope 90

A~ C,H.. n-Hexane 68.95
1644 C,HaN Triethylamine 89.35 N onazeotrope 89

A= C,H..O 2-Ethylbutanol 55.6/10
1645 C.H,Cl o,m,p-Chloroethylbeuzer.le 65.5/10 54.9/10 74/10 IO

A~ C,H..O n-Hexyl Alcohol 157.85
1646 C,H..O 5-Methyl-2-hexanone 144.2 N onazeotrope 90
1647 C.R,Cl o,m,p-Chloroethylbenzene 67.5/10 62.0/10 43/10 10
1648 C.RllN Dimethylaniline 194.05 N onazeotrope 89
1649 C,R.,O 2-0ctanone 172.85 Nonazeotrope 90
1650 C,H..N N,N-Dimethyl-o-toluidine 185.3 Nonazeotrope 89
1651 C,H"O 2,6-Dimethyl-4-heptanon e 168.0 Nonazeotrope 90

A= C,H..O Propyl Ether 90.55
1652 C,R"N Dipropylamine 109.2 N onazeotrope 89
1653 C,R"N Triethylamine 89.35 < 88 . .5 89

A= C,Hl.O, Acetaldehyde Diethyl Aceta, 103.55
16.54 C,R"N Dipropylamine 109.2 Nonazeotrope 89

A= C,H140, 2-Butoxyethanol 171.25
1655 C,H"NO 2-Diethylaminoethanol 162.2 Nonazeotrope 89
1656 C,R,N Benzylamine 185.0 Nonazeotrope 89
1657 C,R,N Methylaniline 196.25 N onazeotrope 89
1658 C,H,.O, 1,3-Butanediol methyl ether acetate 171. 75 170.1 53 96
1659 C,R,Cl o,m,p-Chloroethylbenzene 67.5/10 62.5/10 37/10 10
1660 C.H1OO Phenetole 170.45 167.1 97
1661 C.RllN Dimethylaniline 194.15 N onazeotrope 89'
1662 C.R..S Isobutyl sulfide 172 163.8 42 93
1663 C,H,N Quinoline 237.3 N onazeotrope 91
1664 C,H..N N ,N-Dimethyl-o-toluidine 185.3 170.95 88 89
1665 C.oR"O, Acetaldehyde dibutyl acetal 240 170.6 .2.0 96

A= C,H180, Pinacol 174.35
1666 C.HllN Dimethylauiline 194.05 <169.5 >60 89

A= CtH..O, Dipropylene Glycol 229.2
1667 C,R,NO, o-Nitrotoluene 221.75e 216.9 >21 92
1668 C,R,NO, p-Nitrotoluene 238.9 225.0 62? 9S

A = C,H"N Dipropylamine 109.2
1669 C,R. Toluene nO.75 <108.5 >53 89
1670 C,R" n-Heptane 98.4 N onRzeotrope 89
1671 C.R" 1,3-DimethylcycIohexane 120.7 N onazeotrope 89
1672 C.R" 2,4-Dimethylhexane 109.4 <108.0 <54 89
1673 C,H"O Isohutyl ether 122.3 N onazeotrope 89
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Table I. Binary SysteDls (Continue,l)

B-Component Azeotropic Data
No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A= C,H15N Triethylamine 89.35
1674 C 7H80 Anisole 153.85 148.0 19 89
1675 C 7H1 4 Methylcyclohexane 101.. 15 N onazeotrope 89
J.676 C 7H16 n-Heptane 98.4 N onazeotrope 89

A= C8H15NO 2-Diethylaminoethanol 162.2
1676a C7H80 Anisole 153.85 <148 0 >19 89
1677 C7H,O o-Cresol 191.1 N onazeotrope 89
1678 C7H,N Methylaniline 196.25 N onazeotrope 89
1679 C,H,Cl o,m,p-Chloroethylbenzene 67.5/10 57.0/10 91 10
1680 C8HuN Dimethylaniline 194.15 <160.5 >58 89
1681 C,H180 Isobutyl ether 122.3 N onazeotrope 89
1682 C19H"O Isoamyl ether 173.2 <156.5 >58 89

A= C 7H,Cis o:,a,o:-Trichlorotoluene 220.9
1683 C7H80 Benzyl alcohol 205.2 Reacts 78
1684 C 7H,O, Guaiacol 205.05 Reacts 78
1685 ClOH7Cl a-Chloronaphthalene 262.7 N onazeotrope ~.I,

A= C7H,Ch a,a-Dichlorotoluene 205.1
1686 C 7H7NO, o-Nitrotoluene 221. 75 N onazeotrope 92
1687 C 7H80 Benzyl alcohol 205.5 182? 9.1,
1688 C 7H,O m-Cresol 202.8 Reacts 9.1,
1689 C7H,O o...,Cresol 190.8 Reacts 9.1,
1690 C 7H,O p-Cresol 201.8 Reacts 9.1,
1691 C7H,N Methylaniline 196.1 Reacts 9.1,
1692 C7H,N p-Toluidine 200.3 Reacts IN
1693 C,HuN Ethylaniline 206.3 Reacts 9.1,
1694 CloH180 Menthone 207 Azeotrope doubtful 9.1,

A= C7H,O Benzaldehyde 179.2
1695 C 8H,CI o,m,p-Chloroethylbenzene 67.5/10 63 .5/10 57/10 10
1696 C8HuN Dimetbylaniline 194.05 Reacts 9.1,
1697 C,H140 Phorone 197.8 N onazeotrope 90
1698 C,H180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A = C7H,O, Benzoic Acid 250.5
1699 C7H7NO, m-:r~ntrotoluene 230.8 N onazeotrope 92

A= C7H7Br a-Bromotoluene 181.4
1700 C7H80 o-Cresol 190.8 Reacts 9.1,
1701 C 7H,O p-Cresol 201.8 Reacts 9.1,
1702 C7H,N Methylaniline 196.1 Reacts 9.1,
1703 C 7H,N p-Toluidine 200.3 Reacts 9.1,

'A = C7H7Br m-Bromotoluene 184.3
1704 C7H,N M ethylaniline 196.25 N onazeotrope 89
1705 C 8HuN Dirnethylaniline 194.15 N onazeotrope 89
1706 C8Hl'O 2-0ctanone 172.85 N onazeotrope 90
1707 CgHliIN N ,N-Dimethyl-o-toluidine 185.3 N onazeotrope 89

A= C7H7Br o-Bromotoluene 181.4
1708 C 7H,N m-Toluidine 200.55 N onazeotrope 89
1709 C7H,N o-Toluidine 200.35 N onazeotrope "89
1710 C 7H,N p-Toluidine 200.55 N onazeotrope 89
1711 C,H13N N,N-Dimethyl-o-toluidine 185.3 N onazeotrope "89

A= C7H7Br p-Bromotoluene 185
1712 C7H,N p-Toluidine 200.55 N onazeotrope 89

A= C7H7Cl a-Chlorotoluene 179.35
1713 C7H,O o-Cresol 190.8 Reacts 94
1714 C,H,O Acetophenone 202.0 N onazeotrope 90
1715 C 8HuN Dirnethylaniline 194.05 Reacts 9.1,

A= C7H7Cl o-Chlorotoluene 159.3
1717 C,H180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C 7H7Cl p-Chlorotoluene 162.4
1718 C,H13N N ,N-Dimethyl-o-toluidine 185.3 N onazeotrope 89
1719 C,H180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C7H,I p-Iodotoluene 212
1720 C7H7NO, o-Nitrotoluene 221. 75 N onazeotrope 92
1721 C7H,N m-Toluidine 203.1 N onazeotrope 89
1722 C7H,N o-Toluidine 200.35 N onazeotrope 89
1723 C7H,N p-Toluidine 200.55 N onazeotrope 89
1724 C,HuN Dimethylaniline 194.15 N onazeotrope 89
1725 C,H7N Quinoline 237.3 N onazeotrope 91
1726 C,H1OO rropiophenone 217.7 N onazeotrope 90

A= C7H7NO, m-Nitrotoluene 230.8
1727 C7H..O, Enanthic acid 222.0 220.0 30 92
1728 C7H 160, 2-[2-(2-Methox)'tthoxy)-ethoxy]ethanol 245.25 226.4 77 92
1729 C,HIOO 3,4-Xylenol 226.8 N onazeotrope 92
1730 C,HIOO p-Ethylphenol 220.0 N onazeotrope 92
1731 C,HllNO o-Phenetidine 232.5 233.0 30 89
1732 C,HuNO p-Phenetidine 249.9 N onazeotrope 89
1733 C,Hl'O, Ethyl fumarate 217.85 N onazeotrope 92
1734 C,H120, Ethyl maleate 223.3 N onazeotrope 92
1735 C 8H140, Ethyl sucCinate 217.25 N onazeotrope 92
1736 C,Hl'O, Caprylic acid 238.5 <229.8 <80 92
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Table I. Binary Systems (Continued)

B-Componerit Azeotropic Data
No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A ~ C,H,NO,. m-Nitrotoluene (Contd.) 230.8
1737 C,HI'O, 2-(2-Butoxyethoxy)ethanol 231.2 <229.0 <70 92
1138 C,H,N Quinoline 237.6 N onazeotrope 92
1739 C,HIOO Cinnamyl alcohol 257.0 N onazeotrope 92
1740 C,HIOO, Benzyl acetate 215.0 N onazeotrope 92
1741 CloH1202 Propyl benzoate 230.85 230.0 48 92
1742 CIOH140 Carvacrol 237.85 N onazeotrope 92
1743 CloH15N Diethylaniline 217.05 N onazeotrope 89
1744 CloH200 Citronel101 224.4 223. 2 >26 92
1745 CllHlO 2-Methylnaphthalene 241.15 N onazeotrope 92
1746 CUH1402 Ethyl Il-phenylpropionate 248.1 N onazeotrope 92
1747 CllH140, Isobutyl benzoate 241.9 N onazeotrope .92
1748 CllHl7N Isoamylaniline 256.0 N onazeotrope 89
1749 CllH"O. Isoamyl carbonate 232.2 <230.2 >56 92
1750 C12H200, Bornyl acetate 227.6 <226.5 >28 92

A= C,H,NO, o-Nitrotoluene 221.85
1751 C,H,N Methylaniline 196.25 N onazeotrope 89
1752 C,H,N 0-Toluidine 200.35 N onazeotrope 89
1753 C,H,N p-Toluidine 200.55 N onazeotrope 89
1754 C,H140, Enanthic acid 222.0 <218.0 <60 92
1755 C,HI'O, 2- [2- (2-M ethoxyethoxy) ethoxy]ethanol 245.25 <220.8 88 92
1756 C,H,O, Phenyl acetate 228.75 N onazeotrope 92
1757 C,HIOO 3,4-Xylenol 226.8 N onazeotrope 92
1758 C,HllN Dimethylaniline 194.15 N onazeotrope 89
1759 C,HllN 3,4-Dim ethylaniline 225.5 N onazeotrope 89
1760 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1761 C,HlIN Ethylaniline 205.5 N onazeotrope 89

1762 C,HI'O, Ethyl fumarate 217.85· N onazeotrope 92
1763 C,HI'O, Ethyl maleate 223.3 221.0 62 92
1764 C,H140, Ethyl succinate 217.25 <217.1 92
1765 CoR,N Quinoline 237.3 N onazeotrope 92
1766 C,HlOO Cinnamyl alcohol 257.0 N onazeotrope 92
1767 C,H13N N,N-Dimethyl-p-toluidine 210.2 N onazeotrope 89
1768 ClOH"O Carvacrol 237.85 N onazeotrope 92
1769 CloHl7CI Bornyl chloride 207.5 N onazeotrope 92
1770 ClOH"Q Citronel1al 208.0 N onazeotrope 92
1771 CloHl'O Il-Terpineol 210.5 209.7 10 92
1772 CloH200, Methyl pelargonate 213.8 N onazeotrope 92
1773 CUHlO I-Methylnaphthalene 244.6 N onazeotrope 92
1774 CllHlO 2-Methylnaphthalene 241.15 N onazeotrope 92
1775 CllH200 Methyl a-terpineol ether 216.2 215.0 15? 92

A= C,H,NO, p-Nitrotoluene 238.8
1776 C,H160, 2- [2-(2-Methoxyethoxy) ethoxy]ethanol 245.25 231.2 61 92
1777 C,H,O, Phenylacetic acid 266.8 N onazeotrope 92
1778 C,HlOO 3,4-Xylenol 226.8 N onazeotrope 92
1779 C,H,N Quinoline 237.3 237.2 8 91,92
1780 C,HI'O, 2-Benzyloxyethanol 265.2 N onazeotrope 92
1781 ClOH,Cl l-Chloronaphthalene 262.7 N onazeotrope 92
1782 CloH120, Eugenol 254.8 N onazeotrope 92
1783 CloH140 Carvacrol 237.85 237.7 >25 92
1784 CloHl'O Borneol 215.0 N onazeotrope 92
1785 ClOH"O {3-Terpineol 210.5 N onazeotrope 92

1786 CllHlO 2-Methylnaphthalene 241.15 N onazeotrope 92
1787 CllH1402 Ethyl Il-phenylpropionate 248.1 N onazeotrope 92
1788 C"Hl7N Isoamylaniline 256.0 N onazeotrope 89
1789 C12HIO Diphenyl 256.1 N onazeotrope 92
1790 C12HlOO Diphenyl ether 259.0 N onazeotrope 92
1791 Cl2Hl603 Isoamyl salicylate 277.5 ~onazeotrope 92

A= C,H, Toluene 110.75
1792 C,H,N 2.6-Lutidine 144 N onazeotrope 33
1793 C,H" Methylcyclohexane 100.85 N onazeotrope 121
1794 C,HI' n-Heptane 98.45 N onazeotrope 16,94
1795 C,HIO m-Xylene 139.0 94
1796 CSHIO p-Xylene 94
1797 C,H" n-Octane 125.4 N onazeotrope 10

A= C,H,O Anisole 153.85
1797a C,H160, Ethylorthoformate 145.75 N onazeotrope 87
1798 C,HI'O Butyl ether 142.4 N onazeotrope 87
1799. C,H19N Diisobutylamine 138.5 N onazeotrope 89

A= C,H,O Benzyl Alcohol 205.2
1800 C,H,NO o-Anisidine 219.0 N onazeotrope 89
1801 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1802 C,HlIN 3,4-Dimethylaniline 225.5 N onazeotrope 89
1803 C,H"NO o-Phenetidine 232.5 N onazeotrope 89
1804 C,H,N Quinoline 237.3 N onazeotrope 91
1805 C,HIOO Propiophenone 217.7 N onazeotrope 90
1806 C,HI,N N,N-Dimethyl-p-toluidine 210.2 202.8 58 89

A= C,H,O m-Cresol 202.2
1807 C,H,O p-CreBol 200.9/738 N onazeotrope 53
1808 C,H,N Benzylamine 185.0 >207.2 <94 89
1809 C,H,N .m-Toluidine 203.1 205.5 53 89
1810 CoH13N N, N -Dimethyl-p-toluidine 210.2 N onazeotrope 89
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Table I. 'Binary SysteD1s (Continued)

B-C.omponent Azeotropic Data.
No. Formula Name B.P., ·C. B.P., ·C. Weight % A Reference

A= .C,H,O o-Cresol 191.1
1811 C,H,N in-Toluidine 203.1 N onazeotrope 88
1812 C,HuO. Ethyl malonate 198.9 Reacts 94
1813 C,H"O. 1,3-Butanediol methyl ether acetate 171. 75 194.1 68 96
1814 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1815 C,H"O Phorone 197.8 201.3 35 80
1816 C.H"O 2,6-Dimethyl-4-heptanone 168.0 N onRzeotrope· 90
1817 ClOH"N Diethylaniline 217.95 N onazeotrope 89
1818 C"H"O Fenchone 193.6 199.6 43 90

A= C,H,O p-Cresol 201.7
1819 C,H.N Benzylamine 185.0 >206.5 <95 89
1820 C,H,N m-Toluidine 203.1 204.9 47 89
1821 C,H120. Ethyl malonate 198.9 Reacts 94
1822 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 88
1823 C,H"O, Ethyl succinate 216.5 Reacts 94
1824 C,H"N N,N-Dimethyl-p-toluidine 210.2 N onazeotrope 89
1825 C,Hl.O Phorone 197.8 206.0 55 90
1826 CloH16 Terpinene 180.5 -179 94
1827 CloH16 Terpinolene 185 183 ~15 94

A= C,H,O, Guaiacol 205.1
1828 C,H,N m-Toluidine 203.1 N onazeotrope 89
1829 C,H.N p-Toluidine 200.55 N onazeotrope 89
1830 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1831 C,HI,N N,N-Dimethyl-o-toluidille 185.35 N onazeotrope 89

A = C,H,O, m-Methoxyphenol 244
1832 CURliN Isoamylaniline 256.0 N onazeotrope 8.9

A= C,H,S a-Toluenethiol 194.8
1833 CloH16 Terpinolene 185 Reacts 94

A= C,H,N Benzylamine 185.0
1834 C,H"O Benzyl methyl ether 167.8 N onazeotrope 89
1835 C,HlOO Methyl p-methylanisole 177 .05 N onazeotrope 89
1836 C,H"O Phenetole 170.45 N onazeotrope 8a
1837 C,oH"O Cineole 176.35 175.6 16.5 89
1838 C"H"O Amyl ether 187.5 <ISO.0 <6~ 8a
1839 C19H"O Isoamyl ether 173.2 170.4 23 89

A = C,H.N 2,6-Lutidine 144
1840 e,H" 2,3,4-Trimethylpelltalle 133 N onazeotrope 88

A= C,H.N M ethylaniline 196.25
1841 C,H.N 0-Toluidine 200.3 N onazeotrope 87
1843 C,H"O n-Heptylalcohol 176.75 N onazeotrope 89
1844 C,HlOO Methyl p-methylanisole 177.05 N onazeotrope 8a
1845 C,H19O, o-Ethoxyphenol 216.5 N onazeotrope 89
1846 C,H, Indene 182.6 N onazeotrope 8a
1847 CgHu Mesitylene 164.6 N onazeotrope 89
1848 CloHI. Cymene 176.7 N onazeotrope 8a
1849 CloH16 Camphene 159.6 N onazeotrope 89
1850 CloHn a-Pinene 155.8 N onazeotrope 8a
1851 CloH16 ,B-Pinene 163.8 N onazeotrope 8a
1852 CloH" a-Terpinene 173.4 N onazeotrope 89
1853 CloRa Dipentene 177.7 <177.2 <11 8a
1854 C,oH"O Cineole 176.35 N onazeotrope 89
1855 C"H"O {3-Terpineol 210.5 N onazeotrope 89

1856 C,oH"O Isoamyl ether 173.2 N onazeotrope 8a
1857 CuRIa 1,3,5-Triethylbenzene 215.5 N onazeotrope 8a
1858 C"H"O Ethyl isobornyl ether 203.8 N on~zeotrope 89

A= C,H,N m-Toluidine 2()3.3
1859 C,H190 3,4-Xylenol 226.8 N onazeotrope 8a
1860 C,H190 p-Ethylphenol 218.8 N onazeotrope 89

1861 C,H,oO, o-Ethoxyphenol 216.5 N onazeotrope 8a
1862 C,H"O n-Octyl alcohol 195.2 N onazeotrope 89

1863 CsH"O sec-Octyl alcohol 180.4 N onazeotrope 8a
1864 CloB, Naphthalene 218.0 N onazeotrope 89
1865 CloH14 Butylbenzene 183.1 N onazeotrope 89

1866 CloH160 Camphor 209.1 N onazeotrope 89

1867 C"H"O Pulegone 223.8 N onazeotrope 8a
1868 C"H"O a-Terpineol 218.25 N onazeotrope 89

1869 CIIH200 Methyl a-terpineol ether 216.2 N onazeotrope 89

1870 C12H"O Ethyl isobornyl ether 203.8 <201.0 <60 89

A- C,H.N 0-Toluidine 200.3
1871 C rH120. Ethyl malonate 198.9 Reacts 94
1872 C,H"O n-Heptyl alcohol 176.15 N onazeotrope 89

1873 C,HIOO Phenethyl alcohol 219.4 N onazeotrope 89

1874 C,H"O sec-Octyl alcohol 180.4 N onazeotrope 8a

1875 C,H, Indene 182.6 Nonazeotrope 89

1876 C,H190 Propiophenone 217.7 N,onazeotrope 8a

1877 C,oH" Butylbenzene 183.1 Nonazeotrope 89

1878 CIOH" Cymene 176.7 N onazeotrope 8a

1879 C19H180 {3-Terpineol 210.75 N onazeotrope 89

1880 C,oH,oO Menthol 216.3 N onazeotrope 8a

A- C,H.N p-Tolwdine 200.3
1881 C,H180 .lec-Octyl alcohol 180.4 N onazeotrope 89

1882 C,H, [lidene 182.6 N onazeotrope 89

1883 C.H190 Propiophenone 217.7 N onazeotrope 89
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Tahle I. Binary Systems (Continued)

B-Component Azeotrdpic Data

No. Formula Name B.P., 0 C. B.P.,o,C. Weight % A Reference

A ~ C,H,N p-Tol!,idine (Conld.) 200.3
1884 C,oH, Naphthalene 218.0 N onazeotrope 88
1885 CloH16 Terpinolene 184.6 <183.5 88

A- C,H,NO o-Anisidine 219.0
1886 C,oH"O Menthol 216.3 <216.0 88

A~ C,Hl20, Ethyl Malonate 199.35
1887 C,H,O, Benzyl formate 203.0 <198.2 87
1888 C,H"O 2-0ctanone 172.85 N onazeotrope 80
1889 C,H"O Phorone 197.8 <197.65 <47 90
1890 ,C,H180, Methyl caprylate 192.9 191. 9 26 87
L891 C,H180. Isobutyl carbonate 190.3 N onazeotrope 87
1892 ClOH160 Camphor 209.1 N onazeotrope 90
1893 ClOH"O, [saamy} isovalerate 192.7 191 .75 30 87

A= C,H"O 4-Heptanone 143.55
1894 C,H"O, Butyl propionate 146.8 N onazeotrope 90
1895 C,H"O, Ethyl n-valerate 145.15 N onazeotrope 90
1896 C,HlO m-Xylene 139:2 139.0 10 90
1897 C,H" Cumene 152.8 N onazeotrope 90
1898 C,H" Propylbenzene 159.3 N onazeotrope 90
1899 ClOH" Camphene 159.6 142.5 9.5 90

A= C,H"O a-Methylcyclohexanol 168.5
1900 C,HIlN Dimethylaniline 194.05 N onazeot"rope 89
1901' C,H"O Methylheptenone 173.2 N onazeotrope 90
1902 C,H160 2-0ctanone 172.8'5 N onazeotrope 89
1903 C,H13N N ,N-Dimethy1-o-toluidine 185.3 N onazeotrQpe 90
1904 CoH180 2,6'Dimethyl-4-hept.anone 168.0 167 .5 40 90

A = C,H"O 5-Methyl-2-hexanone 144.2
1905 C,H"O, But.yl propionate 146.8 N onazeotrope 90
1906 C,H"O, Isoamyl acetate '142.1 141.8 18 90
1907 C,H"O, Isobutyl propionate 137.5 N onazeotrope 90
1908 C,H"O, Propyl butyrate 143.7 143.3 35 90
1909 C,H,O Ethylbenzene 136.15 N onazeotrope 90
1910 C,HlO a-Xylene 144.3 143.0 42 90
L911 C,H"O, Isobutyl isobutyrate 148.6 N onazeotrope 90
1912 C 9H12 Cumene 152.8 N onazeotrope 90
1913 CloHlft ·a-Pinene 155.8 102.0 75 .90

A= C,H"O, Amyl Acetate 149.0
1914 C,H"O, Isobutyl isobutyrate 148.6 <148.5 >10 87

A = C7H14 0 2 Enanthic Acid 222.0
1915 C,H,O Acetophenone 202.0 N onazeotrope 90
1916 C,HlOO p-Methylacetophenone 226.35 <221.2 >70 90
1917 C,HlOO Propiophenone 217.7 216.5 20 90'
1918 ClOH"O Carvone 231.0 N onazeotrope 90

A= C,H"O, Isobutyl Propionate 134.0
1919 C,H, Styrene 66/60 Nonazeotrope 11

A = C,H"O. 1,3-Butanediol Methyl Ether Acetate 171. 75
1920 C,H180, Isobutyl isovalerate' 171.2 170.35 47 .96

A= C,H160 n-Heptyl Alcohol 176.5
1921 C,H13N N,N-Dimethyl-o-toluidine 185.3 175.5 82 89
1922 ClOH"N Diethylaniline 217.05 N onazeotrope 89

A= C,H"O 2-Heptanol 65.4/10
1923 C,H,Cl o,m,p-Chloroethylbenzene ,67.5/10 61. 4/10 43/10 10

A = C,H,.O, 2- [2- (2-Methoxyethoxy)ethoxy]ethanol 245.25
L925 C,H,N Quinoline 237.3 235.55 22 91

A= C,H,O Acetophenone 202
1926 C,HlOO 3,4-Xylenol 226.8 N onazeo~rope 90
1927 C,HlOO p-Ethylphenol 218.8 219.5 15 90
1928 C,HlOO, o-Ethoxyphenol 216.5 N onazeotrope 90
1929 C,HaN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1930 C,H"O, Propyl oxalate 214.2 Nonazeotrope 90
1931 C,H"O ,ec-Octyl alcohol 180.4 Nonazeotrope 90
1932 C,HlOO, Ethyl benzoate 212.5 N onazeotrope 90
1933 C,H13N N ,N-Dimethyl-o-toluidine 185.3 Nonazeotrope 88
1934 ClOH180 11-Terpineol 210.5 Nonazeotrope 90
1935 CloH2002 Methyl pelargonate 213.8 Nonazeotrope 90

A= C,H,O, Benzyl Formate 202.3
1936 C,H,O, Methyl benzoate 199.4 N onazeotrope 87

A= C,H,O, Methyl Benzoate 199.55
1937 C,H"O Phorone 197.8 Nonazeotrope 90
1938 ClOH"O Camphor 209.1 Nonazeotrope 90
1939 ClOH2002 Isoamyl isovalerate 192.7 N onazeotrope 87

A= C,H,O. Methyl Salicylate 222.3
1941 C,H,N Quinoline 237.3 Nonazeotrope 91
1942 C.HIOO Propiophenone 217.7 N onazeotrope 80
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Table I. Binary Systems (Continued)

B-Component Azeotropie Data

No. Formula Name B.P., 0 C. B.P., o C. Weight % A Reference

A = CaRlo m-Xylene 139.0
1943 C,HI,N Diisobutylamine 138.5 13'7 .5 49 89

A= C,HloO p-Ethylphenol 218.8
1944 C,HIIN Ethylaniline 217.05 214.0 60 89
1945 C,HllNO o-Phenetidine 232.5 N onazeotrope 89
1946 C,HIOO p-Methylacetophenone 226.35 229.5 30 90
1947 C,HIOO Propiophenone 217.7 224.5 90
1948 C,H13N N ,N-Dimethyl-p-toluidine 210.2 Nonazeotrope 89
1949 CloH15N DiethylaniIine 217.05 214.0 60 89

A= C,HIOO p-Methylanisole 175.3
1950 C,HllN Dimethylaniline 194.15 N onazeotrope 89
1951 ClOH"N Diisoamylamine 188.2 N onazeotrope 89

A= C,HlOO Pheneihyl Alcohol 219.4
1952 C,HllN Dimethylaniline 194.05 N onazeotrope 89
1953 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1954 C,HllN 3,4-Dimethylaniline 221>.5 N onazeotrope 89
1955 C,HllNO a-Phenetidine 232.5· N onazeotrope 89
1956 C,HI,N N,N-Dimethyl-p-toluidine 210.2 208.5 30 89
19.57 CllH17N Isoamylaniline 256.0 N onazeotrope 89

A= C,HlOO Pheneto1e 171.5
1958 C,HllN Dimethylaniline 194.15 N onazeotrope 89
1959 C,HI,N Dimethy1-o-toluidine 185.35 N onazeotrope 89
1960 ClOH"N Diisoamylamine 188.2 Nonazeotrope 89

A = C,HIOO 3,4-Xyleno1 226.8
1961 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1962 C,HllN Ethylaniline 205.5 N onazeot~ope 89
1963 C,HllNO o-Phenetidine 232.5 232.65 8 89
1964 C,HllNO' p-Phenetidine 249.9 N onazeotrope 89
1965 C,HlOO Propiophenone 217.7 228.5 67 90
1966 C,H13N N,N-Dimethyl-p-toluidine 210.2 N onazeotrope 89
1967 ClOH140 Thymol 232.9 N onazeotrope 87
1968 CloHI,N Diethylaniline 217.5 217.0 8 89

A~ C,HlOO, o-Ethoxyphenol 216.5
1969 C,HllN Dimethylaniline 194.15 N onazeotrope 89
1970 C,HllN 2,4-Dimethylaniline 214.0 N onazeotrope 89
1971 C,HIOO Propiophenone 217.7 218.3 90
1972 C,HI,N N,N-Dimethyl-p-toluidine '210.2 N onazeotrope 89
1973 CloHI,N Diethylaniline 217.05 <216.2 >57 78, 89
1974 CloH160 Pulegone 223.8 N onazeotrope 90

A~ C,HIOO, Veratrole 205.5
1975 CloHI,N Diethylaniline 217.05 N onazeotrope 89

A= C,HllN Dimethylaniline 194.15
1976 C,HlOO Propiophenone 217.7 N onazeotrope 89
1977 C 9Hl2 Mesitylene 164.6 N onazeotrope 89
1978 C,H12 Propylbenzene 159.3 N onazeotrope 89
1979 CloH, Naphthalene 218.0 N onazeotrope 89
1980 ClOH14 Cymene 176.7 Nonazeotrope 89
1981 ClOHl6 a-Pinene 155.8 N onazeotrope 89
1982 CloHl6 ,a-Pinene 163:8 N onazeotrope 89
1983 CloH16 a-Terpinene 173.4 N onazeotrope 89
1984 CloHleO Camphor 209.1 N onazeotrope 89
1985 ClORl8 Dipentene 177.7 Nonazeotrope 89
1986 CloH"O Cintronellol 224.4 N onazeotrope 89
1987 ClOH"O Amyl ether 187.5 <187.0 <27 89
1988 CloH"O Isoamyl ether 173.2 N onazeotrope 89
1989 CI,H"O Bornyl ethyl ether 204.9 N onazeotrope 89

A= C,HllN 2,4~Dimethylaniline 214.0
1990 C,HI'O n-Octyl alcohol 195.2 N onazeotrope 89
1991 C,HloO Propiophenone 217.7 N onazeotrope 89
1992 C loH 14O Thymol 232.9 N onazeotrope 89
1993 .ClOHI.O Camphor 209.1 N onazeotrope 89
1994 ClOH"O Menthol 216.3 213.5 70 89
1995 CI2H18 1,3,5-Trieth~ylbenzene 215.5 212.5 51 89

A= C,HllN 3,4-Dimethylaniline 225.5
1996 C,HI'O 3-Phenylpropanol 235.6 N onazeotrope 89
1997 ClOHl8 Naphthalene 218.0 N onazeotrope 89
1998 CloH"O' Citronellol 224.4 223.5 40 89
1999 CURIO 2-lVIethylnaphthalene 241.15 Nonazeotrope 89

A= C,HllN Ethylaniline 205.5
2000 C,HI'O sec-Octy! alcohol 180.4 N onazeotrope 89
2001 C,HIOO Propiophenone 217.7 N onazeotrope 89
2002 ClOHlSN Diethylaniline 216.5 94
2003 CloHl6 Terpinolene 184.6 N onazeotrope 89
2004 ClOH200 Citronellol 224.4 Nonazeotrope 89
2005 CloH"O n-Decyl alcohol 232.8 N onazeotrope 89
2006 CllH200 Isobornyl methyl ether 192.4 N onazeotrope 89
2007 C12H"O Bornyl ethyl ether 204.9 <203.0 <48 89

A= C,HllNO o-Phenetidine 232.5
2008 C,HI'O 3-Phenylpr.opanol 235.6 N onazeotrope 89
2009 ClOH120 Anethole 235.7 232. 25 75 89
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Table I. 'Binary Systems (Continued)

861

B-Component Azeotropic Data

No. Formula Name B.P., 0 C. B.P., 0 C. Weight % A Reference

A = C.H"NO a-Phenetidine (Contd.l 232.5
2010 ClOH"O Ca.rvacro} 237.85 238.0 13 89
2011 ClOH180 a-Terpineol 218.85 N onazeotrope 89
2012 ClOH200 Menthol 216.3 N onazeotrope 89
2013 C18H"O n-Decyl alcohol 232.8 232.0 >52 89
2014 CURIO 2-Methylnaphthalene 241.15 N onazeotrope 89
2015 CuRlS 1,3,5-Triethylbenzene 215.5 N onazeotrope 89

A= C.H"NO p-Phenetidine 249.9
2016 C,HlOO Cinnamyl alcohol 257.0 N onazeotrope 89
2017 C,H"O 3-Phenylpropanol 235.6 N onazeotrope 89
2018 CloH"O Anethole 235.7 N onazeotrope 89
2019 CloH"O Carvacrol 237.85 N onazeotrope 89
2020 ClOH140 Carvone 231.0 N onazeotrope 89
2021 C lOH180 Carvenone 234.5 N onazeotrope 89
2022 C"HIO 2-Methylnaphthalene 241.15 240.85 15 89
2023 CllH14.02 1,2-Dimethoxy-4-propenyIbenzene 270.5 N onazeotrope 89
2024 CI,HI'O, Isoamyl salicylate 277.5 N onazeotrope 89

A= C.HI'O. Ethyl Fumarate 217.85
2025 C,HIOO p-Methylacetophenone 226.35 N onazeotrope 90
2026 C,HIOO Propiophenone 217.7 216. 8 53 90
2027 C,HlOO, Benzyl acetate 215.0 N onazeotrope 87
2028 CloHI.O Camphor 209.1 N onazeotrope 90
2029 C;OHI'O Pulegone 223.8 N onazeotrope 90
2030 ClOH200, Methyl pelargonate 213.8 N onazeotrope 87
2031 C12H2002 Bornyl'acetate 227.6 N onazeotrope 87

A= C.H"O. Ethyl Maleate 223.3
2032 C,HlOO p-Methylacetophenone 226.35 223.15 88 90
2033 C,HlOO Propiophenone 217.7 Nonazeotrope 90
2034 C,HIOO, Benzyl acetate 215.0 N onazeotrope 87
2035 ClOH14 O Carvone 231.0 N onazeotrope 90
2036 CloH180 Pulegone 223.9 223.8 53 90

A= C,HaO Methy1heptenone 173.2
2037 C,H.,O Octyl alcohol 195.2 N onazeotrope 90
2038 CloH14 Butylbenzene 183.1 N onazeotrope 90
2039 CloHa p-Cymene 176.7 172.7 72 90
2040 CloH16 a-Terpinene 173.4 170.0 42 90
2041 CloII18 Dipentene 177.7 170.9 52.5 90

A= C.H"O. Ethyl Succinate 217.25
2042 CloH1202 Ethyl a-toluate 228.75 N onazeotrope 87
2043 ClOH18O Geraniol 229.7 Reacts. 78
2044 CloH2002 Methyl pelargonate 213.8 212.5 87
2045 CllH2202 Ethyl pelargonate 227 N onazeotrope 87
2046 C12H2002 Bornyl acetate 227.6 N onazeotrope 87

A= C,H"O, Propyl Oxalate 214
2047 C,HlOO 2 Benzyl acetate 215.0 <212.5 87

A = C,H160 2-0ctanone 174.1
2048 C,H.,O, Butyl butyrate 166.4 N onazeotrope 90
2049 C.HI.O, Hexyl acetate 171.5 171. 4? 90
2050 C,H" Mesitylene 164.6 N onazeotrope 90
2051 C,Hl' Pseudocumene 168.2 168.0 90
2052 ClOH16 a-Terpinene 173.4 169.0 42 90
2053 CloH18 Dipentene 177.7 170.0 55 90

A= C.H160, Butyl Butyrate 166.4
2054 C,H20SiO. Ethyl silicate 168.8 N onazeotrope 87
2055 C,H180 2,6-Dimethyl-4-heptanone 168.0 N onazeotrope 90

A= C.H160, Ethyl Caproate 167.8
2056 C,HISO 2,6-Dimethyl-4-heptanone 168.0 167.5 60 90

A= C.H160, Isoamyl Propionate 160.3
2057 C,H.,O 2,6-Dimetpyl-4-heptanone 168.0 N onazeotrope 90

A= C,H160, Isoamyl Lactate 202.4
2058 C,H••O Phorone 197.8 N onazeotrope 90
2059 ClOH.,O Camphor 2Q9.1 N onazeotrope 90

A= C,H18 n-Octane 125.8
2060 C.H" 2,2,4-Trimethylpentane 99.2 N onazeotrope 15

A= C.H180 Isobutyl Ether 122.3
2061 C.H19N Diisobutylamine 138.5 N onazeotrope 89

A= C,HI'O Octyl Alcohol 195.2
2062 CloHl'O Camphor 209.1 N ona.zeotrope '90

2063 C,oH"O Menthone 209.5 N onazeotrope 90

A= C.HI.O sec-Octyl Alcohol 180.4.
2064 C,HI,N N,N -Dimethyl-p-to1uidine 210.2 N onazeotrope 89
2065 ClOH"N Diethylaniline 217.05 N onazeotrope 89

A= C,H180, 2- [2~Butoxy)ethoxy ]ethanol 231.2
2066 C,H7N Quinoline 237.3 <229.5 >56 . 91

A= C.H18S Isobutyl Sulfide
2067 C.oH"O Isoamyl ether 171.0 62 93
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Table 1. Binary Systems (Continued)

B-Component Azeotropic Data
No. Formula Name B.P., a C. B.P., a C. Weight %A Reference

A= C,H"SiO. Ethyl Silicate 168.8
2068 C,H180, Isobutyl isovalerate 171.2 1611.75 93 87

A= C,H,N Quinoline 237.3
2069 C,HIOO, Ethyl salicylate 233.8 N onazeotrope 91
2070 c,Hi,o, 2-BenzyloxyethanoJ 265.2 N onazeotrope 91
2071 CIOH, Naphthalene 218.0 N onazeotrope 91
2072 CIOHIOO, Safrole 235.9 235.15 27 91
2073 C"HIOO, Isosafrole 252.0 N onazeotrope 91
2074 CIOH120 Anethole 235.7 234.7. • 30 91
2075 C"H"O Menthol 216.3 N onazeotrope 91
2076 CURIO a-Methylnaphthalene 244.6 N onazeotrope 91
2077 CURIO I3-Methylnaphthalene 241.15 237.25 93 91
2078 C12HIO Diphenyl 256.1 N onazeotrope 91
2079 C12H160, Isoamyl salicylate 277.5 N onazeotrope 91

A= C,H, Indene 182.6
2080 CIOH"N Diisoamylamine 188:2 N onazeotrope 89

A~ C,H"O Cinnamyl Alcohol 257.0
2081 C"H14O Carvone 231.0 N onazeotrope 90
2082 C"HuN Diethylaniline 217.05 N onazeotrdpe 89

A= C,HIOO p-Methylacetophenone 226.3
2083 CIOH120 Anethole 235.7 N onazeotrope 90
2084 CloRnO:! Ethyl a-toluate 228.75 226.2 75 90
2085 CIOH15N Diethylaniline 217 .05 N onazeotrope 89
2086 CIOH"O Citronellol 224.4 223.7 32 90
2087 CllH"O Methyl terpenyl ether 216.2 N onazeotrope 90
2088 CllH..O. Isoamyl carbonate 232.2 N onazeptrope 90

A= C,HIOO Propiophenone 217.7
2089 C IOH15N Diethylaniline 217.05 <216.6 <47 89
2090 CloH2D02 Methyl pelargonate 213.8 N onazeotrope· 90
2091 C12H lO 1,3,5-Triethylbenzene 21.5.5 215.4 2.5 90

A= C,HIOO, Benzyl Acetate 214.9
2092 CIOH160 Pulegone 223.8 N onazeotrope 90

A = C,HIOO, Ethyl Benzoate 212.4
2093 C,H"O, Methyl a-toluate 215.3 N onazeotrope 87
2094 CloH15N Diethylaniline 216. I Reacts 94

A= C,HIOO, Methyl a-Toluate 215.3
2095 ClOH160 Pulegone 223.6 Nonazeotrope 90

A= C,HlOO. Ethyl Salicylate 233.7
2096 ClO H160 Pulegone 223.8 N onazeotrope 90

A= C,H" Mesitytene 164.6
2097 C,HuN N,N-Dimethyl-o~toluidine 18~.3 Nonazeotrope 89

A = C,H"O 3-Phenylpropanol 235.6
2098 CllH17N Isoamylaniline 256.0 Nonazeotrope 89

A = C,HuN N ,N-Dimethyl-o-toluidine 185.3
2099 CIOH, Naphthalene 218.0 N onazeotrope 89
2100 ClOHu Cymene 176.7 N onazeotrope 89
2101 CloHlll Camphene 159.~ N onazeotrope 89
2102 CloH16 a-Pinene 155.8 N onazeotrope 89
2103 ClOH160 Camphor 209.1 N onazeotrope 89
2104 ClOH.;O Borneol 215.0 N onazeotrope 89
2105 ClOH18O 13-Terpineol 210.5 N onazeotrope 89
2106 CllH"O Isobornyl methyl ether 192.4 Nonazeotrope 89

A= C,HuN N,N-Dimethyl-p-tolnidine ZlO.2
2107 CIOH180 Geraniol 229.6 Nonazeotrope 89
2108 ClOH"O n-Decyl alcohol 232.8 N onazeotrope 89

A= C,HuO Phorone 197.8
2109 C,H180, Methyl caprylate 192.9 .Nonazeotrope 90

A= C,H180 2,6-Dimethyl-4-heptanone 168.0
2110 C,H180, Isoamyl isobutyrate 169.8 N onazeotrope 90
2111 C,H180, Isobutyl isovalerate 172.2 N onazeotrope 90

A= C,H180, Methyl Caprylate 192.9
2112 ClOH"O, Isoamyl isovalerate 192.7 192.5 47 87

A= ClOH,O I-Naphthol 288.0
2113 ClOH,N I-Naphthylamine 200.8 N onazeotrope 89
2114 C.,H,N 2-Naphthylamine 306.1 N onazeotrope 89
2115 C"HllN Diphenylamine 275 Azeotrope 94

A= CIOH,N I-Naphthylamine 300.8
2116 C"HlO Acenaphthene 277.9 N onazeotrope 89
2117 CuH120 Benzyl phenyl ether 286.5 N onazeotrope 89
2118 C14H 14 1,2-Diphenylethane 284.5 N onazeotrope 89

A= ClOHlOO, IsosafroIe 252.1
2119 CllH17N Isoamylaniline 256.0 <250.0 >64 89
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Table I. Binary Systems (Continlted)

B-Component Azeotropic Data

No. Formula Name B.P., 0 C. B.P.• 0 C. Weight % A R~ference

A= ClOHlOO, Safrole 235.9
2120 CllH17N Isoamylaniline 256.0 N onazeotrope 89

A= ClOHlOO, Methyl Phthalate 283.2
2121 CUH1202 Ethyl cinnamate 272.0 N onazeot-rope 87

A= ClOH120 Anethole 235.7
2122 ClOH"O Carvone 231.0 N onazeotrope 90
2123 ClOH"N Diethylaniline 217.05 N onazeotrope 89

A= ClOH120, Eugenol 255.0
2124 ClIH17N Isoamylaniline 256 0 <254.5 89

A= ClOH120, Propyl Benzoate 230.85
2125 ClOH1,O Carvenone 234 ..5 Nonazeotrope 90
2126 CllH220S Isoamyl carbonate 232.2 <230. 8 87

A= CloH14 Cymene 176.7
2127 CloH"N Diisoamylarnine 188.2 Non3Zt'O rave 89

A= CloH"O Carvacrol 237.85
2128 CloH"O Carvone 231.0 242.2 58 90
2129 CloH"N Diethylaniline 217.05 N onazeotrope 8~}

2130 ClOH"O Pulegone 223.8 238.4 90
2131 CllH17N Isoamylaniline 256.0 N onazeotrope 89

A= CloH"O Carvone 231.0
2132 CloH"N Diethylaniline 217.0tl N onazeotrope 89
2133 ClOHlSO Geraniol 229.6 229.2 40 90
2134 ClOH"O Menthol 216.3 N onazeotrope 90
2135 CllHIO 2-Methylnaphthalene 241.15 N onazeotrope 90
2136 ClIH"O, Isobutyl benzoate 241.9 N onazeotrope 90

A= CloH"N Diethylaniline 217.05
~137 CloHuO Camphor 209.1 N onazeotrope 89
2138 CloH180 Citral 226 Reacts 94
2139 CloHl.O f3-Terpineol 210.5 N onazeotrope 89
2140 CllHlO 2-Methylnaphthalene 241.5 N onazeotrope 89
2141 ClIH"O Methyl a-terpinyl ether 216.2 <215.0 <48 89
2142 C12H"O Ethyl isobornyl ether 203.8 N onazeotrope 89

A= CloH16 Camphene 159.6
2143 ClOH"N Diisoamylariiine 188.2 Nonazeotrope 89

A= CloH16O Camphor 208.9
2144 CloHlSO Citronellal 208.0 207.5 90

A= CloH160 Carve none 234.5
2145 Cl1R140, Isobutyl benzoate 241.9 N onazeotrope 90
2146 Cl1H"O, Isoamyl carbonate 232.2 .... onazeotrope [u

A= CloH160 Pnlegone 221.5
2147 Cl1H"O. Isoamyl carbonate 232.2 90
2148 C"H"O, Bornyl acetate 227.6 1\ Vuu,'zeutrope 90

A= CloHl8 Dipentene 177.7
2149 ClOH"N Diisoamylamine 188.2 N onazeotrope 89

A= CloRl80 Cineole 176.35
2150 ClOH"N Diisoamylamine 188.2 N onazeotiope 89

A= CloHl80. Propyl Succinate 250.5
2151 CllH14O, Butyl benzoate 249.0 N onazeotrope 87

A= CloR"O Isoamyl Ether 173.2
2152 CloH"N Diisoamylamine 188.2 N onazeotrope 89

A= Cl1H"O, Ethyl Cinnamate 272.0
2153 C12H"O. Isoamyl oxalate 268.0 <267.5 >21 87

A= CllHu02 l-Allyl-3,4-dimethoxybenzene 254.7
2154 ClIH17N Isoamylaniline 256.0 250.5 58 89

[End of Table I]
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Table III. Formula Index

ANALYTICAL CHEMISTRY

The following index lists all compounds appearing in the azeotropic tables,
including the numbers of the s:fstems in which each compound appears.

B.p., 161.95

B.p., 190

B.p., 72.3

B.p., 222

B.p., 110

B.p., 131.5

Formula

BrH

Br<Sn

CF,O

CO,

ClH

Cl,

CI,S,

CbSb

CI.Si

CI.Sn

Cu

FH

HI

HNO.

H,O

H,S

H.N

N,O

O,S

O,S

Pb

CCIN

CCbF,

CCbNO,

CCI.

CF.O

CS,

CHBrCI,

CHBr,

CHCIF,

CHCb

CHN

Cf£,CINO,

CH,CI,

CH,!,

CH,O

CH,O,

CH,Br

CH,I

CH,NO,

CH.O

CH,N

C,Cl,

C,HCb

C,HCbO,

C,HCI,

CoH,CJ,I),

C,H,Cl,

C,H,BrO,

C,H,ClO.

Nanle and System Nos.

Hydrobromic acid. B.p.. -67
1-3, 2155

Tin bromide. B.p., 202
4

Carbonyl Huoride
5

Carbn" dioxide. B.p., -79.1
6-10

Hydrochloric acid. B.p., -85
13, 14

Chlorine. B.p., -33.5

SuU~/;hloride. B.p., 138
11

Antimony chloride. B.p., 220
15

Silicon chloride. B.p., 56.5
16-21

Tin chloride. B.p., 113.85
22-24

Copper. B.p., 2310
25

Hydrofluoric acid. B.p., 19.4
26-28, 2155a

Hydroiodic acid. B.p., -34
29

Nitric acid. B.p., 86
2156

Water. B.p., 100
12, 30-127, 2155-2244

Hydrogen sulfide. B.p., -59.6
I, 2, 29, 30

AInmonia. B.p., -33
128, 2157, 2245-2249

Nitrous oxide. B.p., -90.7
6

Sulfur dioxide. B.p., -10
3, 13, 31, 129, 130

Sulfur trioxide. B.p., 47
7, 2156

Lead. B.p., 1525
25

Cyanogen chloride. B.p., 12.5
131 '

Dichlofodifluoromethane
26

Trichloronitromethane. B.p., 111.85
132-158

Carbon tetrachloride. B.p., 76.75
159-165,2158-2160,2250,2251

Trifluoromethyl hypoHuorite. B.p., -94.2
5

Carbon disulfide. B. p., 46.25
8, 166-182, 2161, 2162, 2252

Bromodichloromethane. B.p., 90.2
183-186

Bromoform. B.p., 148.3
187-190

Chlorodifluoromethane
27

Chloroform. B.p., 61
9, 191-205, 21G3, 2164, 2253-225.5

Hydrocyanic acid. B.p., 26
32, 131

Dihromomethane. B.p., 97
206-208

Chloronitromethane. B.p., 122.5
209, '210

Dichloromethane. B.p., 40.0
33, 191, 211, 212, 2165, 2253, 2256

Diiodomethane. B.p., 181
213

Formaldehyde. B.p., -21
34

Formic acid. B.p., 100.~5
214-221, 2166

Bromomethane. B.p., 4.5
222, 223

Iodomethane. B.p., 42.6
224

Nitromethane. B.p., 101
16, 166, 225-272

Methanol. B.p., 64.7
206, 222, 273-284, 2161, 2167-2171, 2250, 2252, 2254,
2256,2257

Methylamine. B,.p., -6;5
287

Tetrachloroethylene. 'B.p., 120.8
288-290, 2172

Trichloroethylene. B.p., 86.95
35,291-295,2173

Trichloroacetic acid. B.p., 197.55
296-300

Pentachloroethane.
301-305; 2258

Dichloroacetic add.
306-308

1,I,2,2-Tetrachloroethane. B.p., 146.35
187, 309, 310, 2174

Bromoacetic acid. B.p., 208
311

Chloroacetic acid. ,B.D., 189.35
312-315

Formula

C,H,N

C,H,

C,H,Bn

C,H,Bn

C,H.CJ,

C,H.CJ,

C,H.ChO

C,H,O

C,H.O,

C,H.O,

C,H,Br

C,H,BrO

C,H,CI

C,H,CIO

C,H,elO

C,H,I

C,H,NO

C,H,NO,

C,H,NO,

C,H,NO,

C,H~

C,H,CJ,Si

C,H,O

C,H,O

C,H,O,

C,H,S

C,H,S

C,H,SO.

C,H7N

C,H7NO

C,H,N,

C,H,CbO,

C,H.Ch

C,H,Ch

C,H,O,

C,H,Br

C,H,BrO

C,H,BrO,

C,H,CI

C,H,CI

C,H,CIO

C,H,CIO

C,H,CIO

C,H,CIO,

C,H,I

C,H.N

C,H,NaO,

C,H.CI,'

C,H.CI,

C,H.Ch

Name and System Nos.

Acetonitrile. B.p., 81.6
, 291, 316, 2158, 2162, 2163, 2171-2180

Ethylene. B.p., -103.9
317

1,I-Dibromoethane.
318, 319

1,2-Dibromoethane.
320-324

1,I-Dichloroethane. B.p., 57.3
17, 159, 192,325,326

1,2-Dichloroethane. B.p., 83.7
18, 36, 320, 325, 327, 328

Bis(chloromethyl) ether. B.p., 106
37, 167, 329

Acetaldehyde. B.p., 20:2
2259

Acetic acid, B.p., 118
330-347, 2181, 2259

Methyl formate. B.p., 31.9
296, 306, 312, 348-353

Bromoethane. B.p., 38.4
38,211,354-357

2-Bromoethanol. B.p., 150.2
358, 359

Chloroethane. B.p., 13.3
193,2255

2-Chloroethanol. B.P., 128.8
39, 225, 360-373

Chloromethyl methyl ether. B.p., 59.15
374

Iodoethane.
40, 375

Acetamide.
377-407

Ethyl nitrite. B.p., 17.4
348, 408-415

Nitroethane. B.p., 114.2
168, 183, 214, 330, 360, 416-438

Ethyl nitrate. B.p., 87.68
226, 416, 439, 440

Ethane. B.p., -88.3
41, 317, 441, 442

Dichlorodimethylsilane
443, 444

Ethyl alcohol. B.p., 78.3
445-468, 2155a, 2165, 2182-2192, 2255

Methyl ether. B.p., -21
128, 469, 2245

Glycol. B.p., 197.4
470-494, 2193'

Ethanethiol. B.p., 36.2
227,495

Methyl sulfide. B.p., 37.2
228, 349, 408, 496, 497

Methyl sulfate. B.p., 188.4
498, 499

Ethylamine. B.p., 16.55
500-503

2-Aminoethanol. B.p., 172
377, 504-563

EthYlenediamine. B.p., 116.5
564 ,

Methyl trichloroacetate. B.p., 152
565

1,2-Dichloro-l-propene. B.p., 77
273

1,3-Dichloropropene
566

Pyruvic acid. B.p., 166.8
567-581

3-Bromopropene. B.p., 70.8
375, 582-584

l!~pibromohydrin. B.p., 138.5
585

a-Bromopropionic acid. B.p., 205.5
386

2-Chloropropene. B.p., 22.65
409, 587, 588

3-Chloropropene. B.p., 45.7
566. 587, 589, 590

l-Chloro-2-propanone. B.p., 119.7
42, 591-600

a-Chloropropionaldehyde: B.p., 86
43

Epichlorohydrin. B.p., 116.4
22, 44, 601-604

Methyl chloroacetate. B.p., 131.4
605-608, 2167

3-Iodopropene. B.p., 102.0
132, 609-611 '

Propionitrile. B.p., 97
19,' 612, 613

Nitroglycerin
614

1,2-Dibromopropane. B.p., 141.6
331, 361. 615-620

1,2-Dichloropropane. B.p., 97
45,621, 622

1,3-Dichloropropane. B.p., 129.8
133

. 2,2-Dichloropropane. B.p., 69.8
623
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Name and System Nos.

1-Chloro-2-methyl-1-propene. B.p., 68.1
55'

4-Chloromethyl-1,3-dioxolane
56

Ethyl chloroacetate. B.p., 143.5
448, 875-879, 2183

1-Hutene. B.p., - 6
809, 2246

2-Methylpropene. B.p.,-6
810,2247

Bis-2-(chloroethyl) ether. B.p., 178
880-884

l,3-Dichloro-2-methyl-2-propanol. B.p., 174
57

2-Butanone. B.p., 79.6
235, 374, 440, 583, 695, 705, 804, 885-900, 2196, 2197,
2204

1-Butene-3-o1
901

Btityraldehyde. B.p., 75.7
633, 902, 2205

Cyclopropyl methyl ether. B. p., 44.73
657

Ethyl vinyl ether. B.p., 35.5
449

Isobutyraldehyde. B.p., 63
634, 885, 903, 904, 2206

Butyric acid. B.p., 162.45
161, 293, 327, 333, 354, 622, 905-914

1,3-Dioxane. B.p., 104
58,915

l,4-Dioxane. B.p., 101.3
137, 236, 419, 471, 886, 916-919, 2193

Ethyl acetate, B.p" 77.05
671,696,798,920-923,2176,2251,2261, 2264

Isobutyric acid. B.p., 154,35
138, 845, 924-929

Isopropyl formate. B.p., 68;8
799, 930

Methyl propionate. B.p., 79,85
172,237,931

Propyl formate. B.p" 80.85
238, 932

Glycol, monoacetate. B.p., 190.9
933-935

Methyl lactate. B.p., 143.8
59,936-939

Tetrahydrothiophene. B.p., 1lS,8
761,940

1-Bromobutane. B.p., 103.5
420, 941-947

2-Bromobutane. B.p., 91.2
887, 948-950

1-Bromo-2-methylpropane. B.p., 91.4
421, 948, 951, 952

1-Chlorobutane. B.p., 77.9
422, 941, 953-955

2-Chlorobutane. B.p., 68.25
635, 888, 956-958

1-Chloro-2-methylpropane. B.p., 68.8
584, 959, 960, 2207

2-Chloro-2-methylpropane. B.p., 50.8

1~~~}oro-2-methYI-2-propanol. B.p., 126:7
60

1-Iodobutane. B.p., 13004
846, 962, 963

1-Iodo-2-methylpropane. B.p., 122.5
61, 139

2-Methylallylamine. B.p., 78.7
62

Pyrrolidine. B.p., 87.5
964

Butyl nitrite. B.p., 77.8
185, 197, 294, 6~3, 800, 813, 834, 889, 920, 931, 932, 951,

,,956, 965-972 . .
Isobutyl nitrite. B.p., 67.1

198, 636, 672, 697, 801, 814, 890, 921, 930, 957, 973-976
Isobutyl nitrate. B.p., 122.9

9n~97.9
Butane. B.p., 0

129, 277, 412, 811, 2248
2"Methylpropane. B.p., -10

130, 812 2249
Butyl alcohol. B.p., 117.75

592,637,818,891,980-992,2208-2210,2264
sec-Butyl alcohol. B.p., 99.6

140, 593, 993-997, 2211, 2212
tert-Butyl alcohol. B.p., 82.55

141, 698, 952, 961, 998-1000, 2160, 2204, 2207
Ethyl ether. B.p., 34.5

28, 297, 307, 313, 501, 699, 805, 832, 924, 1001-1004,
2213

Isobutyl alcohol. B.p., 108
441, 638, 892, 922, 1005~1O13, 2169, 2214-2219

Methyl propyl ether. B.p., 38.9
502, 744, 1014 .

Acetaldehyde dimethyl acetal. B.P.. 64.3
65, 973, 1015 .

1-2,3-Bl.tanediol
64 '

MeRo-2,3-butanediol. B.p., 183-184
63,901

l,2-Dimethoxyethane. B.p.,83
66,2170

2-Ethoxyethanol. B.p., 133
239 450.505,617. 1016-1030, 2184

EthOl;ymethoxymethane. B.p., 65.91
67. 278, 451, 2171, 2185

C,H,CI

C,H,CIO,

C,H,CJO,
2175,

C,H,

C,H,

C,H,CI,O

C,H,ChO

C,H,O

C,H,O

C,H,O

C,H,O

C,H,O

C,H,O

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,O.

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,S

C,H,Br

C,H,Br

C,H,Br

C,H,CI

C,H,CI

C,H,CI

C,H,CI

C,H,CIO

C,H,I

C,H,I

C,H,N

C,H,N

C,H,NO,

C,H,NO,

C.H,NO,

C,HlO

C,HlO

C,H"O

C,H"O

C,H190

C,H190

C,HIOO

C,H190

C,H190,

C,H190,

C,HIOO,

C4H 1002

C,H190,

C,H190,

B.p., 48.7

B.p., 3.5

Table III. Forlllula Index (Continued)
Nllme and System Nos. Formula

l,3-Dichloro-2-propanol. B.p., 174.5
624-626

2,3-Dichloro-1-propanol. B.p., 183
627-629

Acetone. B. p., 56.4
14, 292, 316, 582, 589, 614, 630-654, 2159,.2164,
2194, 2195, 2253, 2254, 2256, 2259, 2260

Allyl alcohol. B.p., 96.85
630, 655, 656

Propionaldehyde.
657

Propylene oxide.
658-663

l,3-Dioxolane. B.p., 75
664

Ethyl formate. B.p., 54.1
665-668

Methoxyacetaldehyde. B.p., 92
46

Methyl acetate. B.p., 57.1
669-674, 2261

Propionic acid. B.p., 140.7
229, 567, 615, 675-689

Methyl carbonate. B.p., 90.3.5
439, 690-692

Trioxane. B.p., 114.5
47, 693, 694

1-Bromopropane. B.p., 71.0
194 .

2-Bromopropane. B.p., 59.35
695

1.Chloropropane. B.p., 46.4
230, 329, 590, 696-700

1-Chloro-2~propanol B.p., 127
48, 134, 231, 417, 701, 702

2-Chloro-1-propanol. B.p., 133.7
232

1-Iodopropane. B.p., 102.4
135, 703, 704

2-Iodopropane. B.p., 89.35
184, 631, 705

Allylamine. B.p., 52.9
49 •

Propionamide. B.p., 222.1
504, 706-727

Ethyl carbamate. B.p., 185.2.5
728-741

Isopropyl nitrite. B.p., 40.0
212, 223, 350, 588, 665, 669, 742-749

1-Nitropropane. B.p., 130.•5
321, 322, 750, 751

2-Nitropropane. B.p., 120
752

Propyl nitrite. B.p., 47.75
195, 351, 496, 666, 670, 742, 753-755

Propyl nitrate B.p., 1l0.5
233,418

Isopropyl alcohol. B.p., 82.44
410, 591, 609, 621, 756-759, 2196

Propyl alcohol. B.p.,,97.2
760-767, 2197-2201, 2262

2-Methoxyethanol. B.p., 124
50, 136, 274, 564, 768-776

Methylal. B.p., 42.25
497, 777..779, 2168

l,2-Propanediol. B.p., 188.5
780-788

Glycerol. B.p., 290
789-795, 2157

1-Propanethiol. B.p., 67.5
796, 797

Methyl borate, B.p., 68.7
798-801

Chlorotrimethylsilime. B.p., 57.5
160, 196, 234, 326, 612, 802, 803

Propylamine. B.p., 49.7
777, 804-808

Trimethylamine. B.p., 3.5
469, 809-812, 2245-2249

l,2-Propanediamine. B.p., 119.7
51

2,3-Dichloro-1,3-butadiene. B.p., 98
275

1-Butyne-3-one. B.p., 85
52

Fumn. B.p., 31.7
411, 500, 743

Thiophene. B. p., 84
276, 445, 813-815

a-Chlorocrotonic acid. B.p., 212.5
816, 817

Pyrrole. B.p., 130.5
53, 318, 601,616, 818-831

l,3-Butadiene: B.p., -4.5
446,832

Crotonaldehyde. B.p., 102.15
833, 2202, 2203

Allyl formate.' B.p., 80.0
834

Biacetyl. B.p., 87.5 ,
54, 447, 756, 835, 836, 2182

Methacrylic. acid
837

Acetic anhydride. B.p., 138
838-844, , ,

Methyl pyruvate. B.p., 137.5
332, 675, 845-864

Methyl oxalate. - B.p., 164.2
865-873, 2258, 2263

Ethvl bromoacetate. B.P.. 158.2
874

Formula.

C,H,CI,O

C,H,CI,O

C,H,O

C,H,O

C,H,O

C,H,O

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,O,

,C,H,Br

C,H,Br

C,H;CI

c,H,cio
C,H,CIO

C,H,I

C,H,I

C,H,N

C,H,NO

O.H,NO,

C,H,NO,

C,H,NO,

C,H,NO,

C,H,NO,

C,H,NO,

C,H,O'

C,H,O

C,H,O,

C,H,O,

C,H,O,

C,H,O,

C,H,S

C,H.BO,

C,H.CISi

C,H,N

C,H,N

C,H"N,

C,H,C!'

C,H,O

C,H,O

C,H,S

C,H,CIO,

C,H,N

C,H,

C,H,O

C,H,O,

C,H,O,

'C,H,O.

C,H,O,

C,H,O,

C,H,O,

C,H,B,.O,
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Table III. ForulUla Index (Continued)
Fonllula

C,HlOO,

C4H 1oOa

C,HloS

C,HlOS

C,H1oS

C,HuCISi

C,HuN

C.HllN

C,HuN

C,HIlNO

C,HnNO,

C,H,O,

C,H,N

C,H,

C,H,O

C,H,O,

C,H,NO

C,H,

C,H,

C,H,

C,H,O

C,H,O,

C,H,O,

C,H,O,

C,HsO,

C,HsOs

C,HsO.

C,H,O,

Cr.lIlo

CflHlo

C,H"O

C,HloO

C,H;oO

C,H100

C,HlOO

C,HlOO

C,HIOO

C,HlOO

C,HlOO,

C{jH1oOt

C,HlOO,

CijHIOOt

C,HlOO,

CfiH 1002

C,HlOO,

C,HlOO,

C,HlOO,

C6HIOOZ

CE"H100a

.Cf,H1003

Name and System Nos.

I-Methoxy-2-propanol. B.p. 119
68, 1031 '

Din~r~el0~flYcol. B.p., 245.5

I-Butanethiol. B.p., 97.5
240

Ethyl sulfide. B.p., 92.2
21'5, 241, 819, 965

2-Methyl-1-propanethiol. B.p., 88
1042-1044

Chloromethyltrimethylsilane. B.p., 97
452

Butylamine. B.P.. 77.8
639, 893, 1045, 1046

Diethylamine. B.p., 55.9
69, 1014, 1015, 1047-1051

I8obutylamine. B.p., 68.5
279, 1052-1055

2-tMto-2-methyl-l-propanol. B.p., 165.4

2,2'-Iminodiethanol. B.p., 268
378

2-Furaldehyde. B.p., 161.45
379, 1057

Pyridine. J;\.p., 115.5
23, 142, 162, 199, 209, 224, 280, 288, 355, 453, 602. 655,
~~~9,9

2
1
2
6
65

923, 940, 959, 1001, 1016, 1058-1081, 2220-

Cyclopentadiene. B.p., 41
352

2-M~thylfuran. B.p., 63.7
281

Furfuryl alcohol. B.p., 169.35
1082, 1083

Furfurylarnine. B.p., 144
70

Isoprene. B.p., 34.5
495, 2194

3-Methyl-l,2-butadiene. B.p.. 408
640, 796

Piperylene. B.p., 42.5
353

Cyclopentanone. B.p., 129
289, 334, 506, 605, 677, 875, 936, 962, 1017, 1084-1094

Allyl acetate. B.p., 105
71

Methyl methacrylate. B.p., 99.5
72,73, 837

2,4-Pentanedione. B.p., 138
74, 301, 847, 1095-1099

Ethyl pyruvate. B.p., 155.5
676, 905, 925, 1100-1123

Levulinic acid. B.p., 251
380, 706, 1124-1138

Methyl acetoacetate. B.p., 169.5
880, 926, 1057, 1139-1164

Methyl malonate. B.p., 181.4
1165-1178

Propyl chloroacetate. B. p., 162.~
2198

Amylenes
290, 659

Cyclopentane. B.p., 49.3
243, 413,641, 658, 745, 753, 806, 974, 1048

2-Methyl-2-butene. B.p., 37.75
414,746,980, 1047, 1179, 1180

3-Methyl-l-butene. B.p., 22.5
242, 503, 747

Allyl'ethyl ether. B.p., 64
454

Cyclopentanol. B.P.. 140.85
244, 594, 820, 1095, 1184, 1185

Isovaleraldehyde.· B.p., 92.1
143, 894, 1186

·3-Methyl-2-butanone. ~., 94
19~8:~&5E,I~ig¥~ifi~'690, 703,757,8,3; 966, 981,1005,

2-Pentanone. B.p., 102.25
170, 208, 656, 942, 982, 998, 1190-1194

3-Pentanone. B.p., 102.2
603, 758, 949, 1186, 1195-1204

Tetrahydro-2-methylfuran. B,p., 77
75

Tetrahydropyran
76

4,5-Dimethyl-l,3-dioxolane
77

3-Ethoxy-l,2-epoxypropane. B.p., 125
78

Ethyl propionate. B.p., 99.15
1187, 1205

Isobutyl formate. B.p., 98~3
217, 1206, 1207

Isopropyl acetate. B.p., 91.0
245, 967, 1208

Isovaleric acid. B.p., 17.6.5
171, 1209-1213

Methyl isobutyrate. B.p., 92.3
246, 691, 1190, 1214

PrOPYl acetate. B.p., 101.6
423, 673, 848, 1215, 2177, 2261

Tetrahydrofurfuryl alcohol
1216

Valerie acid. B.p., 187
1139, 1217-1220

Ethyl carbonate. B.p., 126
977, 1084, 1221

Ethyl lactate. B.P., U;3.9
565, 1222, 1223

2-~8thoxyethYIacetate. B.p., 144.6

Formula

C6H1oOa

C,HuBr

C,HnBr

C,HnCI

C,HllCI

C,HllI

C,HllN

C,HllNO,

C,HllNO,

C,HllNO.

CCiH12

C&H12

C,H120

C,H120

C,H120

C,H120

C,H120

C,Hl'O

C,H120

C,H120

C,H120,

C,H120,

C,H120,

C,H120,

C,Hl'S

C,H140Si

C,H,Cb

C,H,BrCI

C,H,B"

C,H,CINO,

C,H,CINO,

C,H,CINO,

C,H,Cb

C,H,Cb

C,H,Br

C,H,CI

C,H,CIO

C,H,CIO

C,H,F

C,H,I

C,H,NO,

C,H,O

C,H,O,

C,H,O,

C.H,S

C,H,N

Name and System Nos.

Methyl !l-lllethoxypropionate
79 '

I-Brolllo-3-methylbutane. B.p., 120.3
14f, 247, 362, 424, 1085, 1224-1226, 2262

1-Brolllopentane. B.p., 130
1227

l-Chloro-3-methylbutane. B.p., 99.4
248, 610, 1188, 1195

l-Chloropentane. B.p., 108.35
80, 283,455

l-Iodo-3-methylbutane. B.p., 147.65
849, 1228, 1229

Piperidine. B.p., 105.7
1230, 2265

Ethyl N-ethylaminoformate
1231, 1232

Isoamyl nitrite. B.p., 97.15
163, 173, 328, 611, 678, 704, 815, 917, 950, 953, 1189,
1191, 1196, 1206, 1208, 1214, 1215, 1233-1238

Isoamyl nitrate. B.p., 149.6
1239-1241

2-Methylbutane. B.p., 27.9.5
249, 503a, 807, 1242, 1243

Pentane. B.P., 36.15
660, 700, 1244-1246

Amyl alcohol: B.P., 137.8
425, 595, 821, 1058, 1247-1249, 223@, 2231

teTt-Amyl alcohol. B.p., 101.7
596, 642" 1059, 1192

Ethyl propyl ether. B.p., 63.6
415, 754, 975, 1049, 1250

Isoamyl alcohol. B.p., 131.3
~~~'4 822, 835, 1060, 1086, 1096, 1197, 1251-1257, '2232,

3-Methyl-2-butanol. B.p., 112.9
145, 1260

2-Methyl-l-butanol
1258, 1259

2-Pentanol. B.p., 119.3
146,597,823, 1087, 1198, 1261-1264

3-Pentanol. B.p., 116.0
147, 1061, 1199, 1265, 1266

Diethoxymethane. B.p., 87.5
643,895,968, 1253, 1267,1268, 1269,2199

1,2-Dimethoxypropane. B.p., 92
81

2-Propoxyethanol. B.p., 151.35
250, 426, 507, 824, 1270.1276

2-(2-Methoxyethoxy)ethariol. B.p., 193.2
472, 508, 770, 1277-1287

1,I,2-Trimethoxyethane. B.p., 126
82

3-Methyl-l-butanethiol. B.p., 120
1288. .

M~~~oxymethYltrimethYlsilane. B.p., 83

1,3,5-Trichlorobenzene. B.p., 208.4
1289-1291

·p-Bromocillorobenzene. B.p., 196.4
1292-1296 .

p-Dibromobenzene. B.p.; 220.25
1297-1304 ,

m-Chloronitrobenzene. B.p., 235.5
381,473,707,789, 1032', 1297, 1305-1324

o-Chloronitrobenzene. B.p., 230
382, 474, 708, 790, 1033, 1325-1341

p-Chloronitrobenzene. B.p., 239.1
791, 1034, 1298, 1342-1355

o-DichloToben.zene. B.p., 179.5
509, 1356-1361

p-Dichlorobenzene. B.p., 174.35
213, 728, 1140, 1231, 1362-1365

Bromobenzene. B.p., 156
188, 363; 510, 569, 825, 850, 1097, 1100, 1366 1367

Chlorobenzene. B.p., 131.8 '
200, 511, 674, 851, 1088, 1101, 1368-1371, 2155, 2251

o-Chlorophenol. B.p., 15.75
1372-1376

p-Chlorophenol. B.p., 219.75
1~77-1383

Fluorobenzene. B.p.. 85.15
644, 896, 969, 1366, 1368, 1384

Iodobenzene. B.p'., 188.55
512, 1098, 1369, 1384-1390

Nitrobenzene. B.p.,210.75
83, 174, 189, 201, 285, 298, 302, 308, 309, 314, 323, 456.
586, 729, 816, 933, 943, 954, 958, 983, 993, 1035, 1124.
g~~, 1242. 1277, 1356, 1370, 1385, 1391-1427; 2235-

o-Nitrophenol. B.p., 217.65
10, 1391, 1428-1431

Benzene. B.p., 80.2
148, 427, 513, 570, 664, 836, 903, 964, 976, 1054, 1062,
m~: i:2J: N5?: 2~~~2-1438, 2179, 2214, 2232, 2235,

Phenol. B.p., 182.2
.498, 514, 1141, 1165, 1439-1450, 2195, 2241, 2242

Pyrocatechol. B.p., 245.9
1305, 1451-1455

Resorcinol. B.p., 281.4
1325, 1456, 1457

Benzenethiol. B.p., 170
1458-1461

Aniline. B.P.. 184.35
164, 175, 202, 310, 383, 457, 515, 645, 709, 984, 1063,
1166, 1182, 1184, 1251, 1270, 1278, 1292, 1357, 1367',
1393, 1432, 1462-1505, 2236, 2241, 2266-2269

3-Picoline. B.p., 143.5
84, 218, 335, 679, 1372, 1506, 1507

4-Picoline. B.p., 143.1 '
85, 219, 336, 680, 1373, 1508, 1509
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Name- and System Nos.
1-Bromohexanc. B.p., 156.5

369,.686
Chloroacetaldehyde diethyl acetal. B.P .. 156.8

1643
2,3-Dimethylbutane. B.p., 58.0

260, 647, 749, 808, 898, 1051
Hexane. B.p., 68.95

519, 663, 1201, 1245, 1467, 1634, 1644
2-Methylpentane. B.p., 60.2

20,802
3-Methylpentane. B.p., 63.2

21, 803
2-Ethylbutanol. B.p., 148.9

1645
Rexyl alcohol. B.p., 157.8

1395, 1646-1651 .
Isopropyl ether. B.p., 69.0

648
Propyl ether. B.P., 90.55

649, 855, 970, 1071, 1202, 1236, 1652, 1653
Acetal. B.p., 103.55

1654,2188
2-Butoxyethanol. B.p., 171.25

96, 520, 1362, 1396, 1468, 1655-1665
1,2-Diethoxyethane. B.p., 123.1

97, 1022
l'~thoxypropoxymethane. B.p., 113.7

98, 463, 2189, 2200
Pin'wol. B.p., 174.35

1666
Dipropylene glycol. B.p., 229.2

1306, 1342, 1667, 1668
Triethylene glycol. B. p., 288.7

1326
Isopropyl sulfide. B. p., 120..5

210, 339, 370, 433, 826, 990, lOll, 1072, 1612, 1624<
,Propyl sulfide. B.p., 140.8

827, 1023
EtlIyl borate. B.p., 118.6

1613
Diisopropylamine. B.p., 83.86

99
Dipropylamine. B.p., 109.2

899, 1203, 1614, 1625, 1652, 1654, 1669-1673'
Triethylamine. B.p.. 89.4

100, 650, 1002, 1250, 1268, 1434, 1597, 1644, 1653, 1674
1676, 2190, 2213, 2242

2-Diethylaminoethanol. B. p., 162.2
385, 1024,1271, 1469, 1655, 1676a-1682

Ethoxymethyltrimethylsilane. B.p., 102
464

PerRuoroheptane. B.p., 81.6
900

a,a,a-Trichlorotoluene. B.p., 220.9
386,479, 1307, 1377, 1683.1685

a,a-Dichlorotoluene. B.p., 205.2
1378, 1440, 1686-1694

Benzaldehyde. B.p., 179.2
1143, ,1397, 1470, 1590, 1695-1.698

Benzoic acid. B.p., 250.5
340, 651, 1327, 1553, 1637, 1699

Salicylic acid
341

a-Bromotoluene. B.p.. 198.5
1374, 1441, 1471, 1700-1703

m-Bromotoluene. B.p., 183.8
521, 1386, 1472, 1704-1707

o-Bromotoluene. B.p., 181.4
.522, 882, 1104, 1708-1711, 2266

p-Bromotoluene. B.p., 185
1712,2267

a-ClIlorotoluene. B.p., 179.35
1099, 1375, 1442, 1473, 1713-1716, 2270

o-Chlorotoluene. B.p., 159.3
523, .572, 828, 1105, 1144, 1474, 1717

p-Chlorotoluene. B.p., 162.4
101,524,573,1106,1145, 1718, 1719

p-Iodotoluene. B.p., 212
1720-1726

m-Nitrotoluene. B."., 230.8
~n7!li50730, 1036, 1125, 1308, 1379, 1451, 1510, 1699,

o-Nitrotoluene. B.p., 221.85
r~h~N7l037, 1126, 1280, 1289, 1475, 1667, 1686, 1720,

p-Nitrotoluene. B.p., 238.8
732, 1038, 1127, 1328, 1511, 1638, 1668, 1776-1791

Toluene. B.p., 110.7 ,
177, 574, 613, 829, 915, 1025, 1031, 1091, 1227, 1398,
1476, 1506, 1508, 1615, 1626, 1635, 1669, 1792-1797,
2180, 2181, 2202, 2237, 2240, 2257, 2260, 2264, 2271

Anisole. B.p., 153.85
525, 575, 856, 1107, 1146, 1554, 1674, 1676a, 1797a.
1798, 1799

Benzyl alcohol. B.p., 205.2
1343, 1380, 1683, 1687, 1800-1806

m-Cresol. B.p., 202.8
1688, 1807-1810

o-Cresol. B.p., 191.1
526, 1169, 1555, 1677, 1689, 1700, 1713, i811-181&

p-Cresol. B.p., 201.7
2~, 527, 1170, 1690, 1701, 1808, 1819-1827

Guaiacol. B.p., 205.1
300, 1477, 1684

m-Methoxyphenol
1512, 1832

a-Toluenethiol. B.p., 194.8
,1833

Benzylamine. B.p., 185.0
1272, 1399, 1443, 1656, 1808, 1819, 1834-1839

2,6-Lutidine. B.p., 143
102, 221, 342, 687, 1376, 1792, 1840

C.H.,CIO,

C.H"

C,R"

C.R"

C.HuO

C,H"O

C,H"O

C.H"O

C'H"O,

C.H"O,

C6H1402

C6Hu02

C6H1402

CsHuDa

C.H"O,

C,HuS

C.HuS

C,HI,BO,

C,HI,N

C.H"N

C.H"N

C,[-{,Br

C,F.,

C,H,Cb

C,H,Cr,

C,H.O

C,H,O,

C,H,O,

C,H,BI'

C,H,Br

C,R,CI

C,H,CI

C,H,CI

C,H,I

C,H,NO,

C,H.

C,H,O

C,H,O

C,R.O

C,H.O

C,H,O,

C,H.02

C,H,S

C,H,N

C,H N

Formula Index (Continued)
Formula
C.R13Br

Table III.
Name and System Nos.

1,3-Cyclohexadiene. B.p., 80.8
1042,2220

1,4-Cyclohexadiene. B.p., 85.6
1043

o-Phenylenediamine. B.p., 158.6
384,475,710, 1510-1527

Vinyl crotonate. B.p., 132.7
86

Methyllumarate. B.p., 193.25
1528-1532

Methyl maleate. B.p., 204.05
1394, 1533-1535

Cyclohexene. B.p., 82.75
149,2.51,879,906, 1044, 2221

Biallyl. B.p., 60.2
252, 748, 797

I-Hexyne. B.p., 70.2
458, 2186

3-Rexyne. B.p., 80.5
459, 2187

4-Methyl-l,3-pentadiene
87

Cyclohexanone. B.p., 156.7
~~~4,5i~33~t54~27, 681, 876, 918, 937, 1102, 1142, 1209.

I-Hexene-5-one. B.p., 129
88, 1288

Mesityl oxide.. B.p., 130.5
364, 585, 604, 618, 682, 692, 852, 877, 938, 985, 1018,
1064, 1185, 1224, 1228, 1261, 1371, 1543-1548

Crotonyl acetate. B.p., 129
89

2,5-Rexanedione. B.p., 191.3
476, 1549, 1550

Ethyl acetoacetate. B.p., 180.7
881,907, 1210, 1217, 1358, 1439, 1551-1577

Ethyl oxalate. B.p., 185.65
477,1167, 1528, 1551, 1577a-1852, 2266-2269

Glycol diacetate. B.p., 186.3
1168, 1529, 1583-1585

Methyl succinate. B.p., 195
478, 1586-1589

Allyl sulfide. B.p., 139
253, 337, 517

Butyl chloroacetate. B.p., 175
986, 1006, 2208

Isohutyl chloroacetate. B.p., 174.4
2215

Diallylamine. B.p., 110.4
90

Nitrocyclohexane. B.p., 205.3
1279, 1465, 1590-1596

Cyclohexane. B.p., 80.75
. ~~g2 254, 518, 661, 908, 1045, 1055, 1065, 1193, 1466,

Hexenes
662

Methylcyclopentane. B.p., 71.8
255, 428, 646, 1046, 1050, 1200, 1234, 1597,

ci8-2-Butenyl ethyl ether. B.p., 100.3 .
462

trano-2-Butenyl ethyl ether. "B:I5:';"100,45
461

Butyl vinyl ether. B.p., 93.8
91, 92, 987

Cyclohexanol. B.p., 160.8
151, 1598-1603, 2258, 2263

2,2-Dimethyltetrahydrofuran. B.p., 91
·93

2-Rexanone.. B.p., 127.5
365, 683, 853, 878, 988, 1007, 1262, 1604, 1605

3-Hexanone. B.p., 124 .
94, 290, 366, 606, 684, 701, 963, 989, 1008, 1019, 1067,
1221, 1225, 1606-1618

Isobutyl vinyl ether. B.p., 83.0
1009

I-Methylallyl ethyl ether. B.p., 83.0
460

4-Methyl-2-pentanone. B.p.. 117
176, 186, 256, 319, 367; 607, 685, 702, 944, 1010, 1020,
1068, 1226, 1252, 1265, 1619-1631

2-MethYI-2-pentene-4-ol
95, 2243

Pinacolone. B.p., 106.2
i~~2~fl36338, 368, 759, 945, 944, 1066, 1205, 1207, 1235,

Butyl acetate.' B.p., 124.8
429, 1021, 1089, 1103, 1606, 2178

Caproic acid. B.p., 204.5
356, 1637-1640

Ethyl butyrate. B.p., 119.9
24, 258, 430, 1607, 1619, 2262

Ethyl isobutyrate. B.p., 110.1
259, 431, 946, 1620, 1632

4-Rydroxy-4-methyl-2-pentanone. B.p., 165
1641 ' ,

Isoamyl formate. B.p., 123.6
978, 1090, 1604, 1608, 2244

Isobutyl acetate. B.p., 118
432, 854, 1069, 1609, 1621

Isocaproic acid. B.p., 199.5
1552

Isopropyl propionate. B.p.. 110.5
1622, 1633

Methyl isovalerate. B.p., 116.3
152, 1610, 1623

Propyl propionate. B.p., 123.0
1611

2-Ethoxyethyl acetate. B.p., 156.8
571

Propyllactate.B.p., 171.7
303, 1536, 1641a, 1442

C.l-l.,

C.H.,

C.H120

C,HnO

C.H"O

C.HnO

C.HnO

C.HI'O

C.HnO

C.HIO

C.HIO

C.HIOO

C,HIOO,

C.HIOO,

C.HIOO,

C.HIOO.

C.HIOO,

C.HloO.

C.HIOS

C.HuCIO,

C.HllCIO,

C.HuN

C.HllNO,

C.H"

Formula
C.Hs

C.Hs

C.H.N,

C.H,O,

C.R,O.

C.H,O,

C.HIO

C,HIO

C,HnO

C.HnO

C.HnO

C.HnO

C.HI,O

C.HI,O,

C.HnO,

C.HnO,

C.HnO,

C.HI,O,

C.HnO,

C.H.,O,

C,HnO,

C.HnO,

C.RnO,

C.RnO,

C,H1,03

C,H;,O,
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Name and System Nos.
Ethylbenzene. B.p., 136.15

Ill, 155, 263, 533, 576, 600, 751, 997, 1000, 1029, 1075,
1093, 1247, 1259, 1260, 1264, 1266, 1480, 1629, 1909

m-Xylene. B.p., 139.0
112, 156, 264, 437, 534, 693, 830, 859, 1076, 1111, 1617,
1795, 1896, 1943,2166,2238

D-Xylene. B.p., 143.6
265, 535, 577, 1481, 1558, 1910

p-Xylene. B.P., 138.4
204, 1482, 1796

, Benzyl methyl ether. B.p., 170.5
536, 1148, 1483, 1598, 1834

p-Ethylphenol. B.p., 220
1312, 1409, 1730, 1860, 1927,1944-1949

p-Methylanisole. B.p., 175.3
537, 1559, 1835, 1844, 1950, 1951

Phenethyl alcohol. B.p., 219.4
1513, 1873, 1952-1957

Phenetole. B.p.. 171.5
538, 1112, 1149, 1660, 1836, 1958-1960

3,4-Xylenol. B.p., 226.8
1130, 1311, 1345, 1408, 1452, 1729, 1757, 1778, 1859,
1926, 1961-1968

D-Ethoxyphenol. B.p., 216.5
1484, 1845, 1861, 1928, 1969-1974

Veratrole. B.p., 205.5
1485, 1560, 1975

N,N-Dimethylaniline. B.p., 194.05
539, 784, 1291, 1360, 1364, 1410, 1594, 1599, 1648, 1661,
1666, 1680, 1696, 1705, 1715, 1724, 1758, 1900, 1950,
1952, 1958, 1969, 1976'-1989

2,4-Dimethylaniline.• B.p., 214.0
393, 484, 540, 715 1411, 1760, 1801, 1814, 1822, 1830,
1929, 1953, 1961, 1970, 1990-1995

3,4-Dimethylaniline. B.p., 225.5
394,485,716, 1412, 1759, 1802, 1954, 1996-1999

Ethylaniline. B.p., 205.5
395, 717, 1301, 1389, 1413, 1445, 1.595, 1693, 1761, 1944,
1962, 2000-2007

D-Phenetidine. B.p., 232.5
396, 718, 1313, 1330, 1453, 1456, 1731, 1803, 1945, 1955,
1963, 2008-2015

p-Phenetidine. B.p., 249.9 ,
397, 1314, 1331, 1454, 1732, 1964, 2016-2024

Ethyl fumarate. B.p., 217.85
1414, 1733, 1762, 2025-2031

Ethyl maleate. B.p., 223.3
1131, 1415, 1734, 1763, 2032-;2036

Diisobutylene
113, 2229, 2265

6-Methyl-5-hepten-2-one. B.p., 173.2
398, 734, 912, 1150, 1172, 1211, 1486, 1600, 1901, 2037
2041

2,4,6-Trimethyl-5,6-dihydro-l,2-pyran
2243

Meso-2,3-butanediol diacetate. B.p., 190
344

Ethyl succinate. B.p., 217.25
1764, 1823, 2042-2046

Propyl oxalate. B.p., 212.0
1416, 1930, 2047

Dimethallylamine. B.p., 149
114

1,3-Dimethylcyclohexane. , B.p., 120.5
157, 266, 860, 1077, 1094. 1204, 1237, 1487, 1546, 1618,
1630, 1636, 1671

Ethylcyclohexane. B.p., 131
840

Allyl isoamyl ether. B.p., 120
115

2-0ctanone. B.p., 174.1
39\}, 629, 719, 735, 785, 874, 883, 913, 1113, 1151, 1219,
1601, 1642, 1643, 1649, 1706, 1888, 1902, 2048-2053

2,2,5,5-Tetramethyltetrahydrofuran. B.p., 115
116

Amyl propionate
689

Butyl butyrate. B.p., 166.4
865, 991, 1539, 1561, 2048, 2054, 2055

Caprylic acid. B.p., 237.5
1135, 1346, 1417, 1736

Ethyl caproate. B.p., 167.7
866, 1152, 2056

Hexyl acetate. B.p., 171.5
2049

Isoamyl propionate. B.p., 160.3
867, 1114, 1153, 1562,2057 .

Isobutyl butyrate. B.p., 156.8
868, 1240

Isobutyl isobutyrate. B.p., :147:3
1115, 1154, 1241, 1911

Methyl isoamyl acetate.
345 '

Propyl isovalerate. B.p., 155.7
869, 1116, 1547

Isoamyl lactate. B.p., 202.4
1418, 2058, 2059

2,4-Dimethylhexane. B.p., 109.4
1672

2,5-Dimethylhexane. B.p., 109.2
267, 373, 438, 653, 1078, 1238

n-Octane. B.p., 125.8
268, 541, 831, 841, 1079, 1246, 1436, 1488, 1631, 1797.
2060

2,2,4-Trimethylpentane. B.p., 113.6
467, 1080, 2060

2,3,4-TrimethYlpentane. B.p.. 113
1507, 1509, 1840 _

Butyl ether. B.p., 141 .
117, 542, 578, 861, 1030, 1155, 1489, 1548, 1563. 1798,
2211, 2216

C.H"

C.HlOO,

C.HlOO,

C,HlIN

C,HlO

C.HlO

C.H1oO

C.H100

C.H100

C.H100

C,HlOO

C,HIOO

C.HuO

C.HuO.

C.Hl'O.

C.HuO.

C,H16N

C.HuNO

CaRlS

C.HuNO

C.Hl'O.

C,H120.

C,Hu

C,HuO

CsHu

C.H,.O

C.H160,

C.H,.O,

C.H,.O,

C.H160,

C,H,.O,

C,HliO,

C,H,.O,

C,H"O,

C,H,.O,

C.H160,

C.H160.

C.H"

C.H"

C,H"

C,H"

C.H,.O

C.HlIN

C.HlIN

C.HlIO

Formula Index (Continued)
Formula

C.HlO

Table III.
Name and System Nos.

Methylaniline. B.p., 196.1
388, 528, 712, 1281, 1290, 1359, 1363, 1400. 1591, 1657,
1678, 1691, 1702, 1704, 1751, 1841-1858

m-Toluidine. B.p., 203.3
389,713, 1299, 1387, 1401, 1592, 1593, 1708, 1721, 1809,
1811, 1820, 1828, 1859-1870

D-Toluidine. B.p., 200.3
529, 1402, 1709, 1722, 1752, 1841, 1871-1880

p-Toluidine. B.p., 202.3 '
~~g:/t~2i,3r~8l~18:851403, 1692, 1703, 1710, 17l2, 1723,

o-Anisidine. B.p., 219.0
480, 1800, 1886

Methylcyclohexadiene
2223

I-Heptyne. B.p., 99.5
465, 2191

5-Methyl-l-hexyne' B.p., 90.8
466, 2192

Ethyl m.lonate. B.p., 198.1
4,481,1404,1444,1530, 1812, 1821, 1871, 1887-1893

Isoamyl chloroacetate. B.p., 190 '
1253,2233

1,l-Dimethylcyclopentane
2224

1,2-Dimethylcyclopentane
2225

1,3-Dimethylcyclopentane
2226

Methylcyclohexane. B.p., 101.8
434, 530, 598, 652, 838, 909, 971, 995, 1073, 1230, 1478,
1544, 1627, 1675, 1793,2260, 2271

4-Heptanone. B.p., 143.55
103, 190, 371, 391, 531, 608, 619, 879, 927, 939, 1229,
1254, 1273, 1894-1899

Isoamyl vinyl cther. B.p., 112.6
1255

D_Methylcyclohexanol. B.p., 168.5
153, 1537, 1900-1904

5_Methyl-2-hexanone. B.p., 144.2
372, 392, 620, 910, 928, 1026, 1108, 1222, 1256, 1274,
1646, 1905-1913

Amyl acetate. B.p., 149.0
343, 1914

sec-Amyl acetate. B.p., 133.5
104

Butyl propionate. B.p" 146.5
105, 1109, 1894, 1905

Enan,thic acid. B.p., 221
106, 1128, 1309, 1329, 1405, 1727, 1754, 1915-1918

Ethyl isovalerate. B.p., 134.7
59~ 85~ 1092, 1110

Ethyl valerate. B.p., 145.15
1895

Isoamyl acetate. B.p., 142.1
858, 1906, 2244

Isobutyl propionate. B.p., 136.9 '
1545, 1907, 1919

Methyl caproate. B.p., 149.6
1239, 1538

Propyl butyrate. B.P.. 143.7
1908

Propyl isobutyrate. B.p., 134.0
1605

1,3-Butanediol methyl ether acetate. B.p., 171.75
1658; 1813, 1920

Isobutyl lactate. B.p., 178.7
2270, 2272

2,2-Dimethylpentane. B.p., 79.1
1435

Heptane. B.p., 98.45
165, 178, 203, 261, 436, 839, 947, 955, 960, 972, 1027,
1074, 1194, 1245, 1269, 1474, 1616, 1628, 1670, 1676,
1794, 2205, 2206, 2227, 2271

2-Methylhexane. B.p., 90.0
443

3-Methylhexane. ' B.p., 91.8
444,2228

Amyl ethyl ether. B.p., 120
107

Ethyl isoamyl ether. B.p., 112
108

Heptyl alcohol. B.p., 176.5
154, 482, 1843, 1872, 1921, 1922

sec-Heptyl alcohol. B.p., 65.4/10
1923

Diisopropoxymethane. B.p., 129.0
109

Ethyl orthoformate. B.p., 145.75
1797a

2_[2_(2_Methoxyethoxy)ethoxy]ethanol. B.p., 245.25
1344, 1406, 1728, 1755, 1776, 1925

Styrene. B.p., 145.8
110,262,324,750,996,999,1028,1258,1263,1919

Acetophenone. B.p., 202
532, 625, 628, 733, 934, 1039, 1171, 1218, 1282, 1293,
1428, 1556, 1714, 1915, 1926-1935

Benzyl formate. B.p., 202.3
483, 1887, 1936

Methyl benzoate. B.p., 199.55
1531, 1533, 1936, 1937-1939

Phenyl acetate. B.p.. 195.55
1407, 1557, 1756

Phenylacetic acid. B.p., 266.8'
1777

Methyl salicylate. B.p., 222.3
1129, 1310, 1941, 1942

0, m, p-Chloroethylbenzene
911, 1056, 1082, 1147, 1216, 1549" 1641, 1645, 1647,
1(;59, 1679, 1695, 1q23

C,H"O.

C,H13CIO,

C,Hu

C,Hu

C7Hu

C,Hu

C7HuO

C,HuO

C,HuO

C7H••

C7H,.

C,H160

C,H,.O

C7H,.O

C,H,.O

C,H160,

C,H,.O.

C,H,.O.

CsH.

C.H.O

C7HuO,

C,HuO,

C7HuO,

C,HuO,

C,HHO,

C7HuO,

C7Hu0,

C,H140,

C7HH O,

C,HuO,

C7HuO,

C7H140,

C7HuO.

C7H••

C,H,.

Forlnula

C,H.CI

C,H.O,

C.H.O,

C.H.O,

C,H,O,

C,H.O.

C,H,NO

C,HlO

C,H"
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Table III. ForImila Index (Continued)

Formula

C,H180

C,H180

C,H180

C,Hl'O

C,Rl'O

C,Hl'O,

C,H180,

C,HI'O,

C,H18S

C,HI'S

C,HI,N

C,H18N

C,H"SiO

C,H,N

C,H,

C,H,O

C,H190

C,Rl'O

C,H190

C,HI'O,

C,H190,

C,Rl'

C,H"

C,H"O

C,H120

C,H"O

C,Hl'O,

C.H13N

C,HI8O

<::,H180,

'C,H180,

'C,H180,

<::.H180,

-C,H180,

'C,H18O,

'C,HI'O,

-C,H"

'C,H"O,

'C,H"O,

'C18H,CI

'Cl.H,

Name and System Nos.

sec-Butyl ether. B.p., 121
118,2212

Ethyl hexyl ether. B,p., 143
119

Isobutyl ether, B.p., 122.2
158, 269, 543, 862, 1081, 1117, 1490, 1673. 1681, 2061.
2217

Octyl alcohol. B.p., 195.15
1173, 1550, 1862, 2037, 2062, 2063

sec-Octyl alcohol. B.P., 179
1174, 1863, 1874, 1881, 1931, 2000, 2064, 2065, 2272

Acetaldehyde dipropyl acetal. B.P., 147.7
120

Bis (2-ethoxyethyl) ether
121, 488

2-(2-Butoxyethoxy)ethanol. B.p.. 230.4
487, 1737, 2066

Butyl sulfide. B.p., 185.0
884, 1212, 1446

Isobutyl sulfide.. B.p" 172.0
544, 736, 1232, 1447, 1662, 2067

Dibutylamine
122

DiisobutYlamine. B.p" 138.5
1799, 1943, 2061

Ethyl silicate. B.p., 168.8
2054, 2068

Quinoline. B.p., 238.5
400, 489, 720, 792, 1040, 1083, 1283, 1302, 1315, 1332,
1347, 1663, 1725, 1738, 1765, 1779, 1804, 1925, 1941,
2066, 2069-2079

Indene. B.p., 182.6
1846, 1875, 1882, 2080

Cinnamaldehyde. B.p., 253.5
1348

Cinnamyl alcohol. B.p., 257.0
1316, 1349, 1419, 1739, 1766,2016,2081,2082

p-Methylacetophenone: B.p., 226.35
737, 1429, 1916, 1946, 2025, 2032, 2083-2088

Propiophenone. B.p., 217.7
721, 738, 1381, 1448, 1639, 1726, 1805, 1876, 1883, 1917,
1942, 1947, 1965, 1971, 1976, 1991, 2001, 2026, 2033,
2089-2091

Benzyl acetate. B.p.. 214.9
1740, 2027, 2034, 2047, 2092

Ethyl benzoate. B.p., 212.4
179,205,357,468,654,667, 1243, 1437, 1534. 1932,2093,
2094

Methyl a-toluate. B.p., 215.3
2093, 2095

Ethyl salicylate. B.p., 233~7

1133, 1317, 2069, 2096
Cumene. B.p., 152.4

270, 579, 1118, 1491, 1540, 1897, 1912
Mesitylene. B.p., 164.6

271,545, 580, 1119, 1847, 1977,2050, 2097
Propylbenzene. B.p., 158.9

546, 581, 1564, 1898, 1978
Pseudocumene. B.P.. 169

668, 1003, 1180, 2051
Benzyl ethyl ether. B.p., 185.0

547, 1492, 1565
3cPhenyipropanol. B.p., 235.6

793, 1514, 1996,2008,2017,2098
Phenyl propyl ether. B.p., 190,2

548, 1493
.2-Benzyloxyethanol. B,p".265,2

1780,2070
N,N-Dimethyl-o-toluidine. B.p., 185.3

304, 549, 722, 786, 1275, 1284, 1294, 1361, 1390, 1596,
1602, 1650, 1664, 1831, 1903, 1921, 1933, 1959, 2097,
2099-2106

N,N-Dimethyl-p-toluidine. B,p" 210.2
401, 490, 550, 723, 1295, 1303, 1420, 1767, 1806, 1810,
1824, 1948, 1956, 1966, 1972, 2064, 2107, 2108

Phorone. B,p.. 198,2
402, 724, 739, 935, 1220, 1285, 1296, 1421, 1430, 1449,
1586, 1640, 1697, 1815, 1825, 1889, 1937, 2058, 2109

2,6-Dimethyl-4-heptanone, B,p.. 164
305, 359, 402, 491, 626, 725, 914, 929, 1120, 1156, 1213,
1223, 1276, 1365, 1450, 1566, 1603, 1651, 1698, 1717,
1719, 1816, 1904, 2055, 2056, 2057, 2110, 2111

Butyl isovalerate. B.p., 1.77.6
1175, 1578, 1583

Ethyl enanthate. B.p., 188.7
1579

Isoamyl butyrate. B,p" 178.5
1157, 1176, 1584

Isoamyl isobutyrate, B,p., 168.9
870, 1567, 2110

Isobutyl isovalerate, B.p.. 168,7
1158,1177, 1568, 1580, 1920,2068,2111

Methyl caprylate. B.P., 192,9
1532, 1581, 1890, 2109, 2112

Isobutyl carbonate. B.p., 190.3
1587, 1891

Nonane. B.p" 150.7
842

Dibtitoxymethane. B,p., 181.8
2209

Diisobutoxymethane. B.p" 163.8
1012,2219

l-Chloronaphthalene. B.p., 262.7
1333, 1685, 1781

Naphthalene. B,p.. 218
123, 180, 551, 1134, 1318, 1438, 1569, 1864, 1884, 1979,
1997, 2071, 2099

I-Naphthol. B.P., 288,5
1515, 2113-2115

I-Naphthylamine, B.p., 300.8
404, 726, 2113, 2116-2118

Formula

CI,H,N

CI,H,N

C18H 180,

C1oH1002

CloH1002

CI,H180.

C18H120

C18H"O,

CloH1202

CloH1202

CloH14

CloH14

OloHI6

OrOHI6

OloHI6

CloH16

OloHI6

CloH16

OloHI6

CloH16

Cl,H160

Cl,H160

Cl,Hl'O

Cl,H160

CI,H160

CloH18

C18H180

C18HI80

C18Hl'O

C18H180

CI,H180

C,H180

C18H180

C18H180.

Cl,H"O

Cl,a"O

C18H"O,

CI,H"O,

C18H"O

C18H"O

Name and SYstem Nos.

2-Naphthylamine, B.p., 306.1
2114

Quinaldine. B.p" 246.5
1350

Isosafrole. B.p.. 252,1
1334, 1516, 2073, 2119

MethYl cinnamate. B,p" 261.9
294

Safrole. B.p., 235.9
1135, 1335, 1517,2072,2120

Methyl phthalate. B.p" 283.2
2121

Anethole. B.p., 233.8
1518, 2009, 2018, 2074, 2083, 2122, 2123

Ethyl a-toluate, B.p., 228.75
2042, 2084

Eugenol. B,p., 255
1519, 1782,2124

Propyl benzoate. B.p., 230.85
1319, 1741, 2125, 2126

Butylbenzene. B.p., 183.1
552, 1494, 1570, 1865, 1877, 2038

Cymene. B.p., 176.7
553, 1159, 1848, 1878, 1980, 2039, 2100, 2127

Carvacrol. B.p., 237.85
n~~' 1336, 1351, 1742, 1768, 1783, 2010, 2019, 2128-

Carvone. B.p., 230.95
1382, 1917, 2020, 2035, 2081, 2122, 2128, 2132-2136

Thymol. B.p., 232,8
181,286, 1321, 1337, 1455, 1967, 1992

Diethylaniline. B.p., 217.05
554, 1286, 1743, 1817, 1922, 1949, 1968, 1973, 1975,2002,
2065, 2082, 2085, 2089, 2094, 2123, 2129, 2132, 2137
2142

Camphene. B.p., 159,6
555,863, 1121, 1160, 1458, 1849, 1899, 2101, 2143

a-Phellandrene, B.p" 171.5
1459

d-Limonene. B.p" 177.8
2263, 2268, 2272

a-Pinene. B.p., 155.8
556, 864, 1122, 1183, 1460, 1850, 1913, 1981, 2102, 2239

/I-Pinene. B.p., 164 .
1495, 1541, 1851, 1982

a-Terpinene. B.p., 173.3
557, 1496, 1542, 1571, 1826, 1852, 1983, 2040, 2052,2269,
2270

Terpinolene. B.p" 185
1827, 1885, 2003

Terpinylene, B.p" 175
871

Camphor. B.p., 209.1
182;405,727,740,787,1041,1287,1383,1431,1497,1866,
~~~~' 1938, 1984, 1993, 2028. 2059, 2062, 2103, 2137,

Carvenone. B.p., 234,0
406, 2021, 2125, 2145, 2146

Citral. B.p., 226
2138

Fenchone. B.P.. 193
407, 741, 1572, 1818

Pulegone. B.p., 224
1422, 1867, 1974, 2029, 2036, 2092, 2095, 2096, 2130,
2147,2148

Bornyl chloride. B.p., 207.5
1769

Dipentene. B.p. 177.7
558, 1161, 1498, 1573, 1853, 1985, 2041, 2053. 2149

d-Menthene. B.p., 170.8
1461, 1499, 1574

Borneol B.p., 215.0
1784,2104

Cineole. B.p., 176.35
1123, 1837, 1854, 2150

Citronellal B.p., 208.0
1770,2144

Geraniol. B.p., 229.7
2043, 2107, 2133

Menthone. B.p., 207
492, 788, 1694, 2063

a-Terpineol. B.p., 217.8
13041 1868, 2011

p-TerplOeol. B.p., 210.5
493, 1423, 1500, 1771, 1784, 1855, 1879, 1934, 2105, 2139

Propyl succinate. B.p., 250.5
2151

Citronellol. B.p., 224.5
1744, 1986, 1998,2004,2086

Menthol. B.P.. 216.4
1520, 1880, 1886, 1994, 2020, 2075, 2134

Ethyl caprylate. B.p., 208.35
1588

Isoamyl isovalerate. B.p., 193.5
499, 872, 1162, 1178, 1535, 1575, 1582, 1585, 1589, 1893,
1939,2112

Methyl pelargonate. B.p., 213.8
1772, 1935, 2030, 2044, 2090

Decane. B.p., 173.3
843, 1501

2,7eDimethyloctane. B.p., 160.25
1502

Amyl ether. B.p., 190
559, 1163, 1248, 1503, 1576, 1838, 1987

Decyl alcohol. B.p., 232.8
2005, 2013, 2108

Isoamyl ether. B.P., 172.6
1164, 1682, 1839, 1856, 1988, 2067, 2152

Acetaldehyde dibutyl acetal. B.p., 188.8
124, 992, 1665, 2210
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(3) Baker et al., Ind. Eng. Chem., 31, 1260, 1263 (1939).
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(1938).
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(9) Berg and Harrison, Trans. Am. Inst. Chem. Engrs., 43, 487

(1947).
(10) Berg and Harrison, U. S. Patent 2,442,229 (1948).
(11) Berg, Harrison, and Montgomery, Ind. Eng. Chem., 38, 1149

(1946).
(12) Birch, Collis, and Lowry, Nature, 158,60 (1946).
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(1931) .

(14) Bremner, Jones, and Coats, Brit. Patent 592,919 (1947).
(15) Bromiley and Quiggle, Ind. Eng. Chem., 25,1136 (1933).
(16) Brooks. U. S. Patent 2,436,.286 (1948).
(17) Brunjes and Furnas, Ind. Ena. Chem., 27, 396 (1935).
(18) Buchheim, Gel'. Patent 616,596; Chem. Zentr., 1935, II,

3703.
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Formula

ClOH"O,

ClOH"S

CuHnO,

CuH"O,

C U Hlt02

CUH1402

CuH"O,

C U H1402

CllH160

CllH17N

CllH"O

CllH"O

CllHu02

C11H220a

CllH2(

CllH 2402

Cl2Rio

C"HllN

C12R1602

C12H1603

CURlS

C12H2002

C"H"O

C"H"O

Cl,H"O,

C12 H2602

Cl,H"O,

CljHlOO

Table III. Formula Index (Continued)

Name and System Nos.

Acetaldehyde diisobutyl acetal. B.p .• 171.3
125, 1013, 2219

Isoamyl sulfide. B.p., 214.8
1424

Diisoamylamine. B.p., 188.2
1951, 1960, 2080, 2127, 2143, 2149, 2150, 2152

I-Methylnaphthalene. B.p., 245.1
560, 1322, 1352, 1521, 1773,2076

2-Methylnaphthalene. B.p., 241.15
561, 1338, 1353, 1504, 1745, 1774, 1786, 1999,2014, 2022,
2077, 2135, 2140

Ethyl cinnamate. B.p., 271.5
795, 2121, 2153

l-Allyl-3,4-dimethylbenzene. B.p., 255.0
1522,2154

Butyl benzoate. B.p., 249.8
1339, 1354, 2151

1,2-Dimethyl-4.propenylbenzene. B.p., 270.5
1523,2023

Ethyl !l-phenylpropionate. B.p., 248.1
1746, 1787

Isobutyl benzoate B.p., 242.15
1340, 1747, 2136, 2145

Methyl thymol ether. B.p., 216.5
1425

Isoamylaniline. B.p., 256
1748, 1788, 1832, 1957, 2098, 2119, 2120, 2124, 2131,
2154

Isobornyl methyl ether. B.p., 192.2
315, 562, 1505, 1577, 2006, 2106

Methyl terpineol ether. B.p., 216.2
311, 1775, 1869,2087,2141

Ethyl pelargonate. B.p., 227
2045

Isoamyl carbonate. B.p., 232.2
494, 1136, 1323, 1749,2088, 2126, 2146, 2147

Undecane. B.p., 194.5
844

Diamyloxymethane. B.p., 221.6
2230

Aeenaphthene. B.p., 277.9
1524, 2116

Diphenyl. B.p., 255.9
1355, 1525, 1789, 2078

Phenyl ether. B.p., 259.0
1790

Diphenylamine. B.p., 302
346, 2115 .

Isoamyl benzoate. B.p., 262.3
1457

Isoamyl salicylate. B.p., 279
1341, 1791, 2024, 2079

Triethylbenzene. B.p., 215.5
1137, 1857, 1995, 2015, 2091

Bornyl aeetate. B.p., 227.6
1324, 1750,2031,2046,2148

Bornyl ethyl ether. B.p., 204.9
1138, 1426, 1989, 2007

Ethyl isobornyl ether. B.p., 203.5
1427, 1858, 1870. 2142

Isoamyl oxalate. B.p., 268.0
873, 2153

Acetaldehyde diamyl aeetal. B.p., 225.3
126, 1249, 2231

Aeetaldehyde diisoamyl acetal. B.p., 213.6
127, 1257, 2234

Benzophenone
347

Diphenylmethane. B.p., 265.6
563, 1526

Benzyl phenyl ether. B. p., 286.5
2117

Anthracene
1004

1,2-Diphenylethane. B.p., 284.5
1527,2118
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High Temperature Bath Made from Aluminum Shavings
STEPHEN DJANG

Michigan State College, East Lansing, Mich.

THE need for a high temperature bath for refluxing aqueous
. solutions led to the work presented in this paper. Because

of their high conductivity of heat, aluminum shavings were used
in construction of the bath.

A copper box which contains aluminum turnings about the size
of rice granules is placed on top of a copper plate 0.6 <:m. (0.25
inch) thick and fastened by screws. The copper plate IS heated
by three electric elements and the heat is regulated and con
trolled by a thermoregulator, which is located in the center of the
bath (Figure 1). . .

Because of the high conductivity of copper, a umform tem
perature bath can. be constr~cted. The copper plate !Uust be
thick enough to diffuse suffiClent heat to the entIre umt. The
entire bath is enclosed in a box of Transite, so that the uniform
temperature of the bath can be preserved. The space between
the copper box and the Transite wall measures 2.5 cIl?-. (1 inch)
and is filled with rock wool as insulator. The bath IS covered
with individual Transite covers with notches to accommodate
the necks of the flasks.

The inside of the bath is 40 inches in length, 6 inches in width,
and 4.5 inches in depth. Eight 300-ml. ro~nd-bottomed fla~ks
can be set in a row. The flasks are placed m metal cups, which
are 236-ml. (8-ounce) almninum measuring cups with handles
removed. If flasks break, the solution is trapped in the cups
(Figure 1). The flasks are cushioned in the cups with Chore-.

girl copper ribbon material which retains its form. Aluminum
shavings were not satisfactory because they did not retain a
definite form to accommodate the shape of the flasks. However,
the bath can be operated without the use of metal cups.

In packing the bath. the eight metal cups with their contents
are placed on the bottom of the box (Figures 1 and 2): Then the
aluminum shavings are poured in to a depth of 0.75 mch, evenly
distributed but not pressed or tamped. Two aluminum bars,
39 inches long and 0.5 inch in diameter, are laid on top of the
aluminum shavings in front and in back of the metal cups but
not touching the cups or the side walls of .the bath.. After aU
are in position, the bath is filled with alummum shavmgs up to
1 inch from the top. The aluminum bars are used as heat
conductors (Figures 2 and 3).

The bath was tested for 50 hours of continuous operation at
200 0 C. Recordings at five different positions in the bath showed
that the fluctuation of temperature at all positions was the same,
±1.5° C. (Table I). It was demonstrated that the temperature
of the bath was even and constant at various positions in the bath
when the thermoregulator was set at 200 0 C.

When the thermoregulator was set at temperatures ranging
from 30 0 to 250 0 C. for 12-hour periods, the bath hE)ld the given
temperature throughout the period tested. The author was in-
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the shaving bath has one advantage over a water bath: no
liquid escapes by evaporation. There is no danger from fumes
as with acids or organic liquids; hence this bath is safer for the
operator and avoids contamination of samples.

The cost of the material, except the thermoregulator, for
building the bath is between $12 and $15. The thermoregulator
is manufactured by Fenwal, Inc., Ashland, Mass. An aluminum
plate 0.375 inch thick, 40 inches by 6 inches, weighing 10 pounds
may be used instead of copper (cost $3). Aluminum shavings
are obtainable at machine shops at 10 cents per pound.

RECEIVED April 28. 1948.
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Table I. TeIllperature Variations at Five Positions in the
Bath

Thermo-
Time, regulator 1 2 3 4 5
Min. Pilot Light o C. o c. o c. o c. o c.

0 Off 201 203 201 202 201
2 Off 201 203 201 202.5 201
4 Off 201 203 201 203 201
6 On 201 202 200 202 200
8 On 200 201 199 200 200

10 On 199 200 198 200 199
12 On 198 200 198 200 199
14 On 199 200.5 198 200 199.5
16 On 199.5 201 198 200 200
18 On 200 201 199 200.5 200.5
20 Off 200 201 200 201 201
22 Off 200 202 200 201.5 201
2'4 Off 200.5 203 200.5 202 201.5
26 Off 200.5 203 201 202 200
28 Off 200.5 202 200.5 202 200
30 Off 200 202 200.5 201 199
32 Off 200 202 200 200.5 199
34 On 200 201 199.5 200 199
36 On. 199 200 198.5 200 199.5
38 On 198.5 200 198.5 200 199
40 On 198.5 200 198 200 199
42 On 198.5 200 198 200 199
44 Off 199 201 199 200 200
46 Off 199 201 199.5 200 200
48 Off 200 202 200 201 200.5
50 Off 200 202 200 201 201
52 Off 200 202 200 201 200.5
.54 Off 200 201.5 200 200 ..5 200.5
56 Off 199.5 201 199.5 200 200
58 On 198.5 200 199 200 199.5
60 On 198 200 199.5 199.5 199

Highest reading 201 203 201 203 201
Lowest reading 198 200 198 200 199
Range or variation 3 3 3 3 2
Fluctuation =1.5 "'1.5 "'1.5 "'1.5 "'1

terested in securing a bath which was constant at temperatures
between 150 0 and 250 0 C. and compiled detailed data only at
200 0 C. Temperatures higher than 250 0 C. could be secured
by adding more heating elements.

The bath so constructed is especially useful at or above 100 0 C.
for refluxing samples for long periods. Aluminum shavings
are noncorrosive and always appear clean. Below 100 0 C.

Detection of Persulfate in Acid Solution
GEORGE L. CLARK AND TSONG-CHI TSO

University of Illinois, Urbana, Ill.

Sensitivity

8208-- not detectable in all concentrations
1 part &0,-- detectable in 500 parts solution
1 part· 820, - - detectable in 1000 parts solution
1 part 820, -- detectable in 2000 parts solution
1 part 820, - - detectableln 2000 parts solution
1 part 820, - - detectable in 5000 parts solution

10
5
2
1
0.5
0.0

Table I. LiIllit of Dilution with Zwikker Reagent
Acid Normality

in Persulfate
8olution

Isulfuric acid, no crystals are formed in high concentration of
persulfate. In 5 N or lower acid solutions, crystals of exactly the
same form as in neutral solutions are obtained, the limit of dilu
tion varying with the strength of acid (Table I).

Therefore, to test for persulfate ion in acid solution with
Zwikker reagent, the sample solution must be diluted before the
reagent is added. To prevent the decomposition of persulfate by
heat of dilution, the solution should be kept cold during dilution.

2,7-Diaminofluorene (3, 7) is synthesized by nitration of
fluorene, followed by reduction of the nitration product with tin
and hydrochloric acid. Crystals of 2, 7-diaminofluorene hydro
chloride are obtained on precipitating the tin with hydrogen
sulfide and evaporating the solution. U1jually, an aqueous solu
tion of 2,7-diaminofluorene or its hydrochloride is usedfor the de
tection of persulfate. In neutral solution, potassium' persulfate
gives a distinct blue coloration at a dilution of 1 to 200,000 with a
1% solution of the reagent. .

Zwilrker Reagent (4 m!. of 10% copper sulfate, 1 m!. of
pyridine, and 5 m!. of water) forms specific prismatic crystals with
peraulfate in neutral solution. The limit of dilution is found in
this, ~ork to be 1 to 5000 (1 part of persulfate in 5000 parts of
neutral solution), but that found by Berisso (1) was 1 to 10,000
and that by Wagenaar (4) was 1 to 1000. In a 10 N solution of

T~E common reagents that are relative!y sensitive. ~nd simp~e

ill use for persulfate (S20,--) detectIon are amime, benZI
dine, 2,7-diaminofluorene, and Zwikker reagent. The first three
reagents show color changes due to oxidation of the reagent by
persulfate ion, while the last one gives definite and highly typical
crystals after reaction with persulfate. All four reagents are very
sensitive in neutral solution when used according to the directions
in analytical books.

For detection of persulfate in strong acid solutions, the situa
tion is different. The authors have studied the behavior of these
four- reagents in both neutral and acid solutions of various
strengths. Some modifications of the method using two of the
reagents have been developed for detection of persulfate in acid
solutions. This is of particular importance in the case of persul
furic,acid.formation at the anode during charging of storage bat
teriesat temperatures as low as -65 0 F., at which the acid is far
more stable than atroom temperatures, with resulting solution of
lead dioxide and gradual disintegration of the positive plates.



VOL U M E 2 1, NO.7, J U L Y 1 949 875

The aqueous solution of 2,7-diaminofluorene or its hydrochlo
ride cannot be used in testing acid samples, because a white pre
cipitate is formed on acidification. But if a 1% solution of the
reagent or its hydrochloride in concentrated sulfuric acid is used
instead of a neutral solution-,a clear green coloration is produced
by a persulfate solution of any acid strength. The dilution limit is
1 part of potassium persulfate in 10,000. _

Aniline (5). According to Lenz and Richter (2), the reagent is
prepared by diluting 5 grams of 20% sulfuric acid to 100 m!. add
ing 10 grams of pure aniline, and filtering after shaking violEmtiy.
By boiling with an equal volume of persulfate solution a brown
color is developed. '

The authors have found that, on boiling, a neutral solution of
persulfate at a dilution of 1 to 20,000 gives a yellow coloration. In
acid solution the dilution limit is 1 part of potassium persulfate in
2000, in which case a rose coloration is developed.

Benzidine (6). A dilute acetic acid solution of benzidine gives a
blue coloration with persulfate solution. The limit of dilution in
neutral. solution is 1 to 100,000. It cannot be used for samples in
strong acid solution because it forms a precipitate on mixing.

SUMMARY

Four kinds of reagents for persulfate detection in neutral solu
tion have been tested in strong acid solution. Benzidine cannot be
used in strong acid solution, whereas aniline can be used in acid

solution as well as in neutral solution, but with less sensitivity.
Zwikker reagent forms the same crystalline precipitate in acid
solution as in neutral solution, but previous dilution before adding
the reagent is necessary if the sample solution is above 5 N in acid.
The most sensitive reagent for detection of persulfate in acid solu
tion is 2,7-diaminofluorene in concentrated sulfuric aid instead of
in aqueous solution; one part of persulfate in 10,000 of solution
may be detected easily, in contrast with 1 to 2000-for the other
two reagents.
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Apparatus for Measuring Gas Absorption or Evolution during Organic Reactions
Catalytic Hydrogenation, Dehydrogenation, and Zerewitinojj Determination

MILTON ORCHIN AND IRVING WENDER

Office of Synthetic Liquid Fuels, Bureau of Mines, Bruceton, Pa.

QUANTITATIVE CATALYTIC HYDROGENATION

Figure 1. .Apparatus for Measuring and Salllpling Gases

~
a - Magnetic stirrer

b - Reaction flask
Air c - Neoprene stopper

f
serum

~
d - Buret

e - Cold trap

f - Sampling bulb

g - Dehydrogenation
reaction flask

When the apparatus is used for hydrogenation, the Erlenmeyer
flask described by Noller and Barusch (3) is used as the reaction
flask. The apparatus and procedure then resemble those de
scribed by Jos~el (1). To follow pressure changes and to facilitate
leveling the buret, it is convenient to atta<;h a small open-end
manometer to the stopcock on the extreme left by means of
rubber tubing. When p-nitrotoluene was hydrogenated with
platinum oxide catalyst in this apparatus, the amount of hy
drogen absorbed was 99% of the theoretical.

REACTIONS involving the absorption or evolution of gases
are common in the organic laboratory. The measurement

and analysis of the gases are desirable, for such information
often provides valuable clues concerning the course, speed, and
stoichiometry of a reaction. The authors have used the appara
tus shown in Figure 1 successfully for three different types of
'reaction: Zerewitinoff determination of active hydrogen, cat
alytic hydrogenation, and catalytic dehydrogenation. The size
of the apparatus permits its use not only for analytical purposes
but for preparative purposes as well.

ZEIR.EWITINOFF METHOD FOR DETERMINATION OF ACTIVE
HYDROGEN

Figure 1 represents certain additions and modifications to the
usual apparatus for the Zerewitinoff determination of active
hydrogen. It features the .convenience. of magnetic stirring
and the use of a serum stopper for the injection of liquids. The
preparation of the necessary reagents and the standard precau
tions to be taken are described elsewhere (2, 4).

After the system is flushed with nitrogen, the sample is weighed
into the flask shown in place in Figure 1 and dry pyridine is added.
Stirring is started, and an excess of methyl magnesium iodide in
n-butyl ether is injected into the reaction chamber through the
serum stopper by means of a syringe fitted with a stainless-steel
needle. The mercury is lowered immediately, so that a slight
negative pressure is maintained within the system while the
methane is being generated. Using I-naphthol, 98% of the
theoretical amount of methane was obtained.

A white film of basic magnesium salt collects immediately below
the neoprene stopper during a determination. The apparatus
is easily cleaned by removing the neoprene stopper and the
reaetion flask and inserting pipe cleaners moistened successively
with dilute hydrochloric acid, ethanol, and acetone.

The sampling system has been used for collecting gases for
analysis and for obtaining samples of pure gaseous hydrocarbons.
The injection of butyl magnesium chloride into heavy water, for
example, yields a deuterated butane.
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CA'rALYTIC DEHYDROGENATION

The reaction flask for the dehydrogenation is shown in g,
Figure L

With the loaded reaction flask in place, the system is flushed
with nitrogen, and the organic compound plus catalyst (palladium
<:harcoal) is heated by means of a salt bath to a temperature at
which there is rapid gas evolution or gentle boiling. The evolved
gases are collected and measured.

A sample of p-cyclohexylanisole was quantitatively dehydro
genated in this apparatus. Because the nature of the evolved
gas was of interest, a sample was taken by evacuating the sam
pling system, closing the stopcock to the pump, and slowly opening
the stopcock to the buret. Mass spectrometric analysis of the
gas sample showed a small quantity of methanol present, but no
methane. This indicated that a portion of the evolved hydrogen
was used for hydrogenolysis of the aromatic carbon-to-oxygen
bond. This was confirmed by the isolation and identification of a
small quantity of diphenyl in the reaction products. To keep
traces of the more volatile compounds formed in the reaction
flask from entering the sample bulb, it is probably better to use
liquid nitrogen in the Dewar in place of the dry ice-acetone
mixture which was used in this experiment. The rate of flow
through the cold trap may be reduced by placing a negative
pressure in the buret before the system is opened to the evacuated
gas-sampling bulb.

ANALYTICAL CHEMISTRY

The authors have used 25-ml. and 50-ml. reaction flasks and a
500-mJ. buret in these three determinations, but there is no
reason why. the' scale of the apparatus cannot be reduced for
semimicro work. The apparatus can be used, of course, for any
reaction in which the measurement of gas absorption or evolu
tion is desirable. Thus, the quantity of oxygen absorbed by coal,
the determination of lithium aluminum hydride,. and the extent
of reduction by this r~agent can be measured in such an appam
tus.
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All-Glass Filtration Apparatus for Radioactive Tracer Experiments
JACOB SACKS.

Brookhaven National Laboratory, Upton, L. I., N. Y.

Figure 1. Sec
tional View of Filtra

tion Apparatus

THE extensive use of radioactive isotopes in tracer experi-
ments has resulted in the development of numerous special

ized techniques for preparing the sample for measurement.
Where the isotope can be obtained as a precipitate, this is filtered
off on some device that serves as a sample holder for the radio
activity measurement. The apparatus described by MacKenzie
and Dean (3) uses a sintered-glass disk filter stick on which are
mounted a piece of filter paper and a glass tube. The filter paper
is then transferred to a suitable sample holder. This method is
somewhat complicated and requires a high degree of technical
skill. The modified Buchner funnel technique of Armstrong and
Schubert (1) is simpler to use, but the preparation of the sample
holder is a rather involved process.

The use ofthe sintered-glass disk presented by a Pyrex Gooch
crucible as a sample holder has many obvious advantages over
such a filter Paper technique, and has been adopted by many
workers in the field. For use with either a thin-walled or end
window Geiger-Muller tube, the usual practice is to cut off the top
two thirds of the upper portion of the stock 15-ml. capacity
crucible with a 20-mm. diameter disk. This leaves almost 5-ml.
capacity above the disk, and allows the sample to be placed within
15 mm. of the window of the counter tube.

When Gooch crucibles modified in this manner are used in the
conventional way, by fitting them to filter tubes by means of
Gooch tubing and filter tubes passing through rubber stoppers
into suction flasks, the possibility of radioactive contamination of
the rubber parts is always present. There is also considerable in
convenience· in the frequent removal. of the filter tube from the
rubber stopper, which is required for the careful cleaning necessary
for use with radioactive materials.

An all-glass apparatus has been devised which retains the ad
vantages of the Gooch crucible technique and has the important
added one that the parts may be readily separated and cleaned.

The essential unit consists of a filter tube equiptled with a flat
ground surfaee to receive the modified crucible, equipped with a
standard-taper ground joint and side arm for attaehment to a
suction pump. The reeeiver is an Erlenmeyer flask fitted with a
standard-taper ground joint neek. Size 24/40 ground joints are
most convenient for this purpose. The lower edge of the crucible
is ground to fit on the flat surface of the filter tube. The fit of the
two ground surfaces is usually good enough so that no lubricant

need be used. Occasionally a water seal has been found helpful.
The filtration assembly is shown in section in ·Figure 1.

The dimensions of the modified crucible will be determined to a
certain extent by the type of Geiger-Muller tube and lead shield
ing available. It will probably be necessary to make changes in
the sample holder of any commercially available model so that it
will accommodate the crucible. Those shown in the figure have
an over-all height of 22 mID., and the distance from the top of the
disk to the lo.wer edge is 9.6 mm., with a tolerance of 0.05 mm.
Such close tolerances are desirable for soft 13-emitters, but for use
with p32 a tolerance of 0.1 mm. is adequate. The crucibles used
are selected for relative uniformity of disk diameter and also for
exactness of the plane of the disk.

The distance of 15 mm. between the disk and the counter win
dow is relatively unimportant in the case of high energy 13
particles such as those from P32. With soft 13-emitters, such as CI4

or S35, the air absorption plus the
reduction in solid angle resulting
from this sample distance may
reduce by about 50% the "ge
ometry" of the counting system.
For counting such isotopes, the
adaptation of the methane flow
proportional counter described by
Bernstein and Ballentine (2) is
very useful. This apparatus uti
lizes the full length of the Gooch
crucible as the windowless
counter chamber. The distance
between the sample and the end
of the center wire is approxi
mately3mm.

Although the filter tube de
scribed was designed primarily for
use in radioactive tracer experi
ments, it is also useful for any
ordinary gravimetric determina
tion in which the Pyrex Gooch
crucible can be used. For general
analytical purposes, any stock cru
cible can be used, and needs only
to have the lower end ground flat.
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The filter tube has been modified by making the terminal por
tion of tubing 4 mm. in outside diameter, to fit inside the neck of
the 25-ml. volumetric flask used as receiver. The Lucite ring in
which the flask sits serves to prevent the flask from tipping over
when the filter tube is removed. The suction flask consists of a
500-ml. Erlenmeyer flask with standard-taper ground joint neck.
The bottom is' cut off and the edge ground flat to fit the ground
glass plate. A Pyrex bottle with ground joint neck could bc used
instead of the Erlenmeyer flask. The phosphomolybdate pre
cipitate is dissolved by adding 1 m!. of phosphate-free 1 N sodium
hydroxide, filtering by suction, and washing with successive small
portions of water. The contents of the flask are then made up to

. the mark and suitable aliquots taken for the colorimetric deter-
mination of phosphorus. .

As a test of the completeness of the solution process, duplicate
aliquots of p32 phosphate solution containing about 10,000 counts
per minute were taken, carrier phosphate was added, and the
material was precipitated in the usual manner. After counting,
the precipitates were dissolved by the usual technique, and the
crucible was dried without any further washing and again
counted. One crucible now gave 6, the other, 4 counts per minute
above background.

The amounts of phosphorus encountered in the experiments
range from 50 to 1500 micrograms. Known amounts of phos
phorus as phosphate, within this range, were precipitated as phos
phomolybdate and treated as described above. With 100 to 200
micrograms, the recoveries were between 98 and 100%.

The Gooch crucible
technique is suitable for
almost any radioactive
isotope which is capable
of yielding a precipitate
in such physical form
that it can be filtered off
satisfactorily and form a
uniform layer of mate
rial on the surface of
the disk. In many cases
slight modifications of
standard gravimetri c
procedure are necessary
to obtain such uniform
distribution of the pre
cipitate.

Figure 2. Sectional View of
Assembly for Solution of Pre

cipitate

In the particular prob
lem for which the appa
ratus was devised, phos
phate containing p3' is
precipitated as ammo
niumphosphomolybdate.
The well-known tend
ency of this precipitate
to creep has been over
come by washing first
with 5% ammonium

nitrate to remove the nitric acid, and then with a 0.1 % solution of
Aerosol MA in 5% ammonium nitrate. Occasionally it is neces
sary to use a rubber policeman to facilitate washing the last
traces of the precipitate down from the walls of the crucible onto
the disk. The aerosol and ammonium nitrate are then washed out
with ethanol, and the crucible and contents are dried in air.
Other surface-active agents have been tried, but none was as
satisfactory as Aerosol MA. Acetone has been used to wash out
the salt and surface agent, but it tends to cause the precipitate to
pile up unevenly over the surface of the disk.

The experiments in progress, which consist of a study of the
relative turnover rates of the acid-soluble phosphorus compounds

RECEIVED S~ptember 13, 1948. Research carried out, at Brookhaven Na
tional Laboratory under the auspices of the Atomic Energy Commission.

Modified Dumas Nitrogen Apparatus
WILLIAM K. NOYCE

Uni'versity of Arkansas, Fayetteville, Ark.

rrHE volumetr~c.determination of nitrogen in organic com
- pounds as ongmally developed by Dumas has undergone

many changes and refinements. The apparatus described here is
not suggested as a substitute for the elegant equipment of the
specialist, but rather as an inexpensive modification of con
ventional macroapparatus that may be easily assembled from
common items usually found in the chemistry laboratory. It has
given excellent results in the hands of inexperienced operators,
and reduces the time required for the usual macroprocedure to
approximately one half. The apparatus and procedure described
by Fisher (1) served as the starting point around which the modi
fications were developed. The main features are a convenient car
bon dioxide source, the use of a back-flush technique, and pro
vision for cooling the combustion tube outside the ·furnace.

APPARATUS

The carbon dioxide source, which is shown diagrammatically in
Figure 1, is assembled around a Kipp generator.

Air is prevented from coming in contact with the acid by con
necting two 3.785-liter (I-gallon) bottles, H, to the upper bull;> of
the generator as indicated. This allows the acid level to rise and
fall without drawing air into the Kipp generator. It is simpler
than the use of a second generator as suggested by Nieder! and
Niederl (5), and it requires less attention than the system of
nmrcury valves described by.Hein (3) and by Trautz and Niederl

(7). It is also less wasteful of carbon dioxide. The usual pre
cautions are taken in setting up and charging the generator (5).
(In using the procedure outlined by Niederl and Niederl, the Kipp
generator should be evacuated with extreme care, for even the
vacuum easily attained by a water-suction pump may be enough
to collapse tlie generator. The broad, fl.at bottom of the lower
section, obviously is not designed to withstand such pressures.)

The two bottles are filled with freshly boiled distilled water and
then thoroughly flushed to displace the air with carbon dioxide.
Every few days a small amount of carbon dioxide is allowed to
pass into the upper bulb in order to ensure a sufficient volume in
the trap. As there is always a positive pressure within the sys
tem, leakage of air into the apparatus is prevented.

In order to minimize the amount of hydrogen chloride and water
in the combustion train, the carbon dioxide is bubbled through
water and then through concentrated sulfuric acid. Because of
fluctuations in the pressure in the Kipp generator at times the
liquids in these traps tend to back up. To meet this situation the
bottle of liquid is preceded in each case by an empty bottle with
the outlet tube extending to the bottom, so that liquid which may
have sucked back will be forced into the proper bottle again when
the flow of gas is resumed. If the return tubes are of small
diameter and in Ie vertical position, they tend to become partially
filled with liquid, resulting in a very erratic flow of carbon dioxide.
To prevent this, the return tubes are of large diameter (9 mm. in
outside diameter), and they are bent to extend to the side of the
bottom of the bottle. (The size and shape of these tubes are not
indicated in the drawing.) Sometimes during a combustion that
is not carefully controlled, the pressure in the combustion tube
may temporarily exceed the pressure in the Kipp generator.
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The carbon dioxide is allowed to sweep out the tube in the reverse
direction for 2 or 3 minutes, after the stopper has been reinserted
in the combustion tube, to prevent contamination of the rest of
the filling. The combustion itself can proceed as soon as micro
bubbles 'are obtained.

Later tests have shown that the amount of time required to ob
tain microbubbles is not shortened appreciably by the use of the
loading tube as described above. It would no doubt be more
efficient if a continuous stream of carbon dioxide were passed into
it during ,the change. Even then the saving in time is open to
question. However, the use of the tube without any carbon
dioxide is found to be advantageous, particularly for the inex
perienced student. Ordinarily the copper oxide spiral is removed
with a hook, often handled with tongs, and then it must be laid
down while the sample is being inserted. The mechanical wear
on the spiral, as well as the chances for contamination, is con
siderably less when the loading tube is used.

A

GLASS
WOOL

CuOleu

TO MANOMETER

H"O H.SO".

Figure 1. Modified DUlllas Nitrogen Apparatus

Under such circumstances a reversal of flow is
prevented by the mercury check valve, G. 'The
whole assembly is essentially foolproof and needs
very little attention from the operator.

The arrangement of stopcocks shown in Figure
1 allows carbon dioxide to be passed into the
combustion tube from either direction (.n. A, B,
C, D, and E are all three-way stopcocks of 2-mm.
bore. By using the T type at D it is possible to
flush out the by-pass tube between A and D, and
to check the purity of the carbon dioxide by
means of the azotometer, without involving the
combustion tube. The by-pass is of glass tub
ing 6 mm. in outside diameter, connected to the
stopcocks with short lengths of rubber tubing.
This arrangement allows no "dead-end" pockets
where unwanted gas could collect and later diffuse
into other parts of the apparatus. The loops in
the lip.es connecting the stopcocks indicate 250
mm. sections of rubber tubing which make it 1'0>;

sible to remove the combustion tube from the
furnace without disturbing any connections. The
tubing is of the thick-walled type commonly
used in combustion trains, and it is treated as
usual to remove impurities and reduce porosity I-IJ
(2). Two buret clamps, attached to the front
of the furnace, provide a place for the combus-
tion tube while it is cooling and being reloaded.

The loading tube, F, is a 150-mm. section of an
old combustion tube. A snug-fitting sleeve (made from a No.8
rubber stopper) is slipped over the upper end, and the lower end is
closed with a two--hole rubber stopper fitted with the inlet tube
connected to stopcock B, and the wire hook. A small rubber
plug is attached to the wire near the hook, so that the second
hole may be closed when the hook is drawn back into the tube.
A one-hole rubber stopper fitted with a short length of capillary
tube is provided for the upper end. (This stopper is omitted in
the diagram.) The use of the loading tube is explained below.

The usual azotometer arrangement has been altered only in de
tail. The azotometer used has a capacity of 33 ml. and is gradu
ated in 0.1 mI., giving greater accuracy than the 100-ml. azo
tometers commonly available for the macroapparatus. A jacket is
provided, and instead of a funnel at the top, an inverted U-tube
is used with a beaker as shown in the figure. A vacuum pump and
a manometer are attached as indicated. The furnace' is like that
described by Fisher (1), and the combustion tubll is similar except
that Pyrex brand glass No. 172 is used.

PROCEDURE

For the sake of brevity this discussion includes only those parts
of the procedure that have been modified from that given by
Fisher (1).

The copper, oxide is placed in the tube and prepared for use by
heating while the tube is alternately evacuated and flooded with
carbon dioxide. For evacuation stopcock B is closed while C and
E are turned to the appropriate positions for connecting the
pump with the combustion tube. Before B is opened to admit
carbon dioxide, E is closed. For re-evacuation these positions are
again reversed; B is closed first. In this way a minimum of
volume is involved and the pressure in the tube may be observed
at all times. The copper gauze may be removed for reduction and
reinserted in the usual manner; stopcocks A and B are turned to
allow carbon dioxide to flow through the combustion tube while
it is open.

After the apparatus has been prepared for the combustion, the
sample is inserted. Stopcocks A and D are turned to allow carbon
dioxide to flow through the by-pass and into the combustion tube
from the left end by way of stopcock C. B is turr~ed to allow the
gas to escape through the loading tube, F. By keeping this tube
in an approxim:ltely vertical position and closing the hole in the
lower stopper where the wire passes through (using the plug on
the wire);.the air is displaced by the heavier carbon dioxide in 2 or
3 minutes. As soon as the stopper of the combustion tube isre
moved, the rubber sleeve of the loading tube is slipped over the
end and the copper oxide spiral is withdrawn with the wire hook;
the small rubber plug is used to close the hole in the stopper.
The tube containing the spiral is then removelt from the end of
the combustion tube and theupper end is closed with a rubber
stopper. Thus the spiral is left in a carbon dioxide environment
while the sample is being placed in the combustion tube. (During
all ,this time there is a back flow iJ,f carbon dioxide through the
combustion tube.)

Then the loading tube is again connected to the end of the com
bustion tube and the copper oxide spiral is pushed into place.

In starting the actual combustion the usual procedure (1) is to
move one section of the furnace slowly o'\Oer the sample. In many
cases it was found more satisfactory not to move a section of the
furnace during the first part of the combustion. Thus the copper
oxide on each side of the boat remains properly heated. This
leaves the part of the tube containing the boat exposed and heat
ing is begun with a brush flame from a Bunsen burner. The com
bustion may be started more quickly without loss of control and a
too rapid evolution of nitrogen is more easily averted. The large
middle section of the furnace is moved over the'boat for the final
heating. The volume of nitrogen is observed while the gas is over
the potassium hydroxide solution, and corresponding vapor pres
sure corrections are made. The apparatus may be calibrated for
such errors as adhesion of the solution to the sides of the azo
tometer (6). A funnel is not needed at the top, as liquids do not
have to be poured in from the top. By using the inverted U-tube
and a beaker there is less danger of an overflow at the top and, if
desired, any amount of solution may be removed from the top
with ease. Approximately 1 ml. of potassium hydroxide solution
(sufficient to prevent the entrance of air into' the azotometer) is
left above the stopcock during the entire time that nitrogen is
being collected.

When two or more runs are to be made consecutively, a con
siderable saving in time is afforded by the fact that the combustion
tube may be removed from the f~naceas soon as the sweeping out
is complete. Thus it can be cooling rapidly while the operator is
waiting to take the reading of the azotometer. A small fan or a
stream of air from a compressed air line may be used' to hasten
the cooling of that part of the tube containing the boat and the
copper oxide spiral. No J;lreakage of combustion tubes has re
sulted from this practice, and a determination of the cooling rate
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pleted in approximately 50 minutes. Samples smaller than those
sometimes used for macroanalysis have been satisfactory-i.e., in
the range of 0.10 gram 01' less. There is no apparent reason why
the apparatus could not be adapted to the semimicro scale success
fully.

The results shown in Table I indicate that the method is
capable of sufficient accuracy. These data were obtained by
students with no previous experience in the use of the Dumas
apparatus. In each case only two determinations were made.
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Table 1. Detennination of Nitrogen
Nitrogen 1st Trial 2nd Trial
(Theory), Nitrogen, Error, Nitrogen, Error,

% % 0/00 % 0/00

10,22. 10,184 10,21 1

rSubstancc

.-\ n thranilic acid
(C,H,O,N)

Phenyl hydrazine
(C,H.N,)

Aniline (C,H,N)
Benzamide

(C,H,ON)
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Microdetermination of Total Carbon in Carbonates, Cyanides, and Alkali
or Alkaline-Earth Organic Salts and Mixtures

J. R. LAFORCE, D. F. KETCHUM, ANDA. E. BALLARD

Kodak Research Laboratories, Rochester, N. Y.

I N" THE course of work on the microdetermination of carbon
in alkali cyanides and carbonates containing C14, it was found

desirable to recover the carbon as barium carbonate for subse
quent isotopic analysis in the mass spectrometer. It appeared
that the use of the organic microcombustion apparatus and the
collecting procedure of Dauben and co-workers (1) might offer a
s:1tisfactory method, provided that the cyanide or carbonate
curbon could be liberated quantitatively and collected.

The use of sodium bisulfate to cover the sample in the platinum
microcombustion boat proved to be a satisfactory solution to this
pl'Oblem, and some extensions of this procedure were made which
showed that it is equally applicable to the estimation of carbon in
organic salts of alkalies and for the estimation of total carbon
in mixtures of organic and alkali or alkaline-earth carbonates and
cyanides.

As the procedure is in effect a bisulfute fusion in an oxygen
atmosphere, it should prove valuable with difficultly combustible
organic substances.

Apparatus. A Hallett microcombustion apparatus (3) and tube
filling with an automatically propelled pyrolysis furnace (2)
at 750 0

d: 25 0 C. was used.
Procedure. A 5- to 20-mg. sample, or enough to give from 3 to

20 mg. of carbon dioxide, was weighed accurately into a platinum
microcombustion boat and covered with approximately 60 mg. of
powdered sodium bisulfate. The combustion was carried out in
the normal man,ner, and the liberated carbon dioxide was ab
sorbed in Ascarite. The Drierite tube must be placed between
the combustion tube and the Ascarite absorption tube to absorb
the water formed.

Discussion. The accuracy and .preCISIOn of the method, as
shown in Table I, were about as high as could be expected for the
determination of organic carbon in this apparatus (4).

Table I. Deterlllination of Carbon
Sample CO, Carbon Carbon NaHSO,

Compound Taken Found Found Calcd. Added
Mg. Mg. % % Mg.

K,CO. 13.30 0.20 <1 8.7 None
12.76 3.96 8.5 60
15.73 5.07 8.8
14.34 4.51 8.6

CaCO. 13.24 5.89 12.1 12.0 None
15.80 6.98 12.0 60
12.52 5.53 12.1

BaCO. 15.20 0.380 .<1 6,1 None
15.78 3.60 6.2 60

KCN,98,0% 14.01 2.60 5 18.4 None
16.07 10.77 18.3 60
14.03 9.41 18.3
13.40 8.95 18.2
14.16 9.54 18.4

Na,CO. 16.20 0.10 <1 11 ,3 None
16.22 '.87 11.6 60

Potassium acid 9.04 1n.1O 45.6 47.1 None
phthalate 7.95 12.56 43.1 None

7.59 13.16 47.3 60
6.71 11.59 47.1 60
8.42 14.61 47.4 60

Benzyl isothio- ) 5.29
urea hYdro-i 60chloride 12,80 13.24 20.0 19.9

Potassium car-,
bonate
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Colorimetric Adaptation of Levvy Method for Arsenic
EVAN W. McCHESNEY

Sterling-Winthrop Research Institute, Rensselaer, N. Y.
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Figure 1. Design of Wash
Tube and Receiving Tube

Only receiving tube need be cali
brated at 10 :rnI.

One third actual size

I'ROCEDURE

Charge the receiving tube with 2 ± 0.1 m!. of 0.1 N silver
nitrate and exactly 2.00 mI. of ceric sulfate (either 0.01 Nor 0.002
N, depending on the amount of arsenic estimated to be present
i.e., whether more or less than 100 micrograms). Measure into

the generating flask the
sample to be analyzed
(usually in 20 volume %.
sulfuric ·acid, after wet
oxidation), and enough 20
volume % sulfuric acid to
bring the volume to 50 mI.
(Small-scale digests, in 10mI.
of concentrated sulfuric
acid, may be transferred to
the generating flask with
the aid of enough distilled
water to bring the volume
up to about 50 mI., or the
digestion may be carried out
direci2!Y in Kjeldahl flasks
with , necks.) Add 3 drops
of stannous chloride solu
tion, and about 8 grams of
C.P. granular zinc, 30-mesh
(low in arsenic, lead, and
iron). Add the zinc through
a wide-mouthed funnel, so
that particles will not stick
in the neck of the flask.
Connect quickly to the
adapter. Allow the genera
tion of hydrogen to con
tinue until it practically
stops (about 35 minutes),

Stannous chloride, 40% solution in 5% hydrochloric acid
Sodium hydroxide, 40% solution
Silver nitrate, 0.1 N (approximately 1.8%)
Sulfuric acid, approximately 1 N solution
Sulfuric acid, 20 volumes % solution, specific gravity, 1.17
Ceric sulfate, 0.1 N

[Approximately 11 grams of ceric sulfate [Ce(HSO.).] are dis
solved in 200 m!. of 1 N sulfuric acid, titrated against 0.1 N thio
sulfate, and then diluted exactly to 0.100 N with 1 N sulfuric acid.
Such a solution is known to be stable for as long as 40 weeks (11).
From this stock solution 0.01 and 0.002 N working concentrations
are prepared daily by dilution with 1 N sulfuric acid. A method
for preparing these weaker solutions in a stable form has been
described by Weybrew, Matrone, and Baxley (10).]

Standard Arsenic Solution. A convenient concentration is 500
micrograms per m!. Weigh accurately into a I-liter volumetric
flask 660 mg. of C.P. arsenious .acid and dissolve it in 100 ml.
of 1 N sodium hydroxide. Dilute to about 800 mI..with water,
add 100 mI. of 1 N sulfuric acid, and dilute to the mark with water.
From this stock solution prepare working concentrations of 10
and 100 micrograms per mI.

Equipment. Each uni~ consists of generating flask, wash tube,
and receiving tube. The generating flasks are 125-mI. Erlenmeyer
flasks with 24/40 T necks. The adapters which fit into the neck
of these flasks have outlet tubes bent at right angles, about 5 cm.
(2 inches) long (see, for example, Ace Glass Co. catalog No. 5205).
The gas is passed through a washing solution which consists of 1.5
mI. of 40% sodium hydroxide; this solution is renewed after
about a dozen determinations. It may be placed in a 15-m!.
centrifuge tube with attached side arm (see Figure 1). The gas is
led in through a glass delivery tube which has an internal di
ameter of about 0.5 to 1 mm. at the tip. The delivery tube is in
serted in the rubber stopper in such a way that the tip will come
as nearly as possible to the bottom of the wash tube. The outlet
from the wash tube is connected to the delivery tube of the re
ceiver. The receiving tube has the same construction as the wash
tube, but is accurately calibrated at the lO-m!. mark (Figure 1).
Four units may be set up in one test tube rack. If duplicate
generating flasks and receiving tubes are available, as many as 36
determinations may be completed in a working day, exclusive of
the digestion step, with this equipment.

3H20 + 2AsHa + 12AgNOa As20, + 12A~ + 12HNO,

is oxidized as rapidly as it is formed by having present an excess
of a standard solution of ceric sulfate. The amount of the excess
is then determined colorimetricaUy along lines suggested by the
work of Sendroy (8). The reaction consumes 6 equivalents pel'
mole of arsenic, which is an advantage over the 2 equivalents
consumed in the iodine titration of the originafLevvy method.

SOLUTIONS AND EQUIPMENT

Solutions Required. Biological materials are first prepared by
wet oxidation as described by Levvy (small scale process), and
his reagents for this purpose are required, as well as the following:

THERE is no. dearth of methods for the determination of
arsenic in the minute. quantities that are usually found in

biological materials. Some of the most satisfactory methods are
based on the distillation of arsenic as arsenIc trichloride (5, 9) or
arsenic pentabromide (6), or on carrying over the arsenic as
arsenic trihydride in a stream of hydrogen (1, 2, 4). In spite of
efforts at simplification, the procedures remain comparatively
laborious, for they all involve the three distinct steps of digestion,
distillation, and estimation (either titrimetric or colorimetric).
Any changes that would lighten the work of the analyst would
represent an improvement.

The method of Magnuson and Watson (6), as modified by
Maren (7), leaves little to be desired from the point of view of
precision and accuracy. Some analysts, however, prefer the
method of Allcroft and Green (1) as modified by Levvy (4) be
cause of its greater technical simplicity, even though it is not so
precise. It does not claim to determine less than 5 micrograms of
arsenic, whereas the Magnuson-Watson method can be applied if
the quantity is as low as 1 microgram. An examination of the
Levvy technique shows several points at which improvements
are clearly desirable. Even if the quantity of arsenic present is
fairly small (50 micrograms), the arsine formed from it cannot be
quantitatively absorbed in one tube of silver nitrate solution of
the specified strength. This necessitates routinely providing a
second, or guard tube, and titrating it in case it appears to contain
any appreciable amount of precipitated sliver. If the quantity
of arsenic is fairly large (100 micrograms or more), a 'third tube

. may be needed. The presence of precipitated silver in the solu
tion tends to render the delicate end point difficult to identify
with confidence. The present work represents an attempt to
eliminate these two difficulties.

An obvious means of increasing the arsine-absorbing capacity
of a single tube of silver nitrate solution is to increase its con
centration. Levvy used 1.5 mI. of 0.02 N solution in each
receiving tube of the series. It has been found in this work that
if 2 mI. of 0.1 N solution are placed in the receiving tubes, quanti
ties of arsenic as high as 700 micrograms are absorbed in a single
tube, and only a trace passes through. Furthermore, even
50 micrograms are not completely absorbed in a single tube
unless this concentration is used. (In the procedure described,
the working concentration of silver nitrate is actually only 0.05
N, or sometimes less, but the total amount used is always that
given above.) Levvy apparently did not examine the possibili
ties of using a more concentrated solution on the ground that
there was danger <;>f o"idizing the arsenic to arsenate (3); indeed,
indirect evidence (1) i~dicates that l this occurs. However, in
this work no evidence of such oxidation has been found.

In order to elimin.ate the final tedious titration, the metallic
silver formed in the reaction

880
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a Quantities of arsenic that required more than 2 11I1. of standard solution
initially were run by putting 2 ml. of eerie sulfate in receiver, then adding
further amounts when metallic silver began to precipitate.

Table II. Recovery of Arsenic Added to Typical Biological
Materials

Arsenic Found, "'S.E., "y

Calibration of Colorimeter. The calibration of the instrument
simply involves setting up dilution series for the two standard
solutions. The reaction can always be arranged so that the
excess of eerie sulfate is not more than 2 m\.; hence only this range
need be covered in the calibration.

Table I. Recovery of Arsenic Added as As20" Carried
through Arsine Distillation Only

Ceric Sulfate Arsenic Found,
No. of Reduced. Av. '" Standard

Arsenic Added, "y Trials Added. ml. av., mi. Error. "y

A. Using 0.002 N eerie sulfate in recei ver

which is obtained is not a straight line, but deviates from linearity
at its mid-point by about 27%. The optical density for 2 ml. of
eerie sulfate is about 0.77.

Proceed in the same way to calibrate the instrument for the
0.002 N solution of eerie sulfate, but use the 375 filter. The curve
of optical densities so obtained deviates from a straight line by
about 31 % at its mid-point, and the optical density for 2 ml. of
eerie sulfate is about 0.94.

Calculation of Results. From the observed optical density of
an unknown, determine the corresponding amount of unused
eerie sulfate. Subtract this amount from the total which was
put in the receiver (usually 2 ml., but occasionally more), and
multiply by the factor 125 for 0.01 N eerie sulfate or by 25 for
0.002 N. This gives the result as micrograms of arsenic in the
aliquot used. Subtract the value of a blank determination run on
the reagents.

Results. Typical values obtained with this procedure are
given in Table I. The weaker solution of eerie sulfate gives more
precise results. Because arsenic is determined by difference,
the absolute error remains the same regardless of the amount
present. This means that the percentage error increases in
inverse proportion to the amount of arsenic found. The per
centage error is within the usual limits of colorimetric methods,
however, except when the amount of arsenic is less than 50
micrograms. Below this amount the absolute error remains
small, but becomes increasingly important on a percentagll
basis. Recoveries of arsenic from typical biological materials
are given in Table II.

Working Precautions. Fallaciously high results are not to
be expected from this procedure. Low results must be par
ticularly guarded against, and may arise from two causes:

A poor-fitting T joint on the generating flask. A fragment of
zinc lodged in the neck is the usual cause. To avoid this the neck
of each flask should be cleaned routinely with a dry cloth before
each use, and stopcock lubricant should be applied frequently to
ensure an absolutely air-tight connection. .

Incomplete oxidation of the precipitated silver because too
small an excess of ceric sulfate is present. In this case another
1-m\. portion may be added and, after making sure that the oxida
tion reaction has been completed, the result read as usual. A
situation of this sort might arise, for example, when 0.002 N ceric
sulfate is being used and the amount of arsenic is between 40 and
50 micrograms.

DISCUSSION

In addition to the two improvements in the Levvy procedure
which have been pointed out, a third improvement consists of
using a different process for the generation of hydrogen. The
generation is started at room temperature, rather than at 50 0 C.,
and the initial rate is low, when the concentration of arsine is high.
The rate of evolution of hydrogen continues to rise steadily for
8 or 9 minutes (by which time the concentration of arsine has
become low), then falls off gradually for about the next 30
minutes. Each generation, therefore, follows almost exactly
the same pattern. These circumstances guarantee that the
liberation and absorption of arsenic will be reproducible and prac
tically quantitative, providing the apparatus is perfectly set up.

It may not, in all cases, be possible to decide in advance
whether more or less than 100 micrograms of arsenic is present.
In this case the 0.002 N solution of ceric sulfate should be used to
charge the receiver. -If it is decolorized very rapidly (within a
minute) and silver begins to precipitate, the amount of arsenic
is too large to be determined with this solution. One should
now add 2 ml. of the 0.01 N solution and, if necessary, still another
2-ml. portion. When the calculation is made the amount of
ceric sulfate added is calculated as 2.4 or 4.4 m!. of 0.01 N solu
tion, and the subs~quently determined excess of 0.01 N is sub
tracted from this. In this manner an amount of arsenic up t<t
about 500 micrograms can be accurately determined, even
though it was expected in advance that less than 100 micrograms
would be found. Thus, only in the unusual circumstance that
the amount of arsenic exceeds 500 micrograms is a repetition of
the determination necessary.

1.8 '" 0.5
6.9 '" 1.8

14.6 '" 2.0
27.9 '" 2.0
51.9 '" 1.1
99.0'" 2.1

103.8 '" 4.9
152.5 '" 5.5
197.5 '" 3.0
298.8'" 6.0
380.0 '" 4.9
492.5 '" 1.4
685.5 '" 6.3

1.5 '" 1.0
12.3 '" 0.8
23.9 '" 0.4
41.8 '" 1.2
78.6 '" 2.2

194.0 '" 4.0

0.07
0.276
0.584
1.116
2.076
3.96

2.0
2.0
2.0
2.0
3.0
5.0

A. Urineb B. Feces.

1.4 '" 0.8
11.6 '" 0.9
22.1 '" 1.3
40.6 '" 3.2
79.1 '" 1.7

196.6 '" 2.7

4
12

8
12
8

11

B. Using 0.01 N eerie sulfate in receiver
10 2.0 0.83

8 2.0 1.22
22 2.0 1.58

4 4.0 2.39
4 4.0 3.04
7 5.0 3.94
8 6.0 5.49

o
10
20
40
80

200

o
5.0

12.5
25.0
50.0

100.0'

100.0
150.0
200.0
300.0'
378.6
500.0
700.0

Arsenic Added", "y

then disconnect the generating flask and the receiver. (If the
eerie sulfate becomes completely decolorized during the genera
tion process and metallic silver begins to precipitate, add care
fully, while keeping the delivery tube well below the surface of
the solution, another 2-ml. portion of the eerie sulfate. It is
not urgent that this addition be made as soon as the decoloriza
tion occurs, for there is always a large excess of silver nitrate,
and the metallic silver will react quickly when more of the oxidiz
ing agent is added. If the amount of arsenic is very large, the
addition of even a third 2-ml. portion of eerie sulfate may be
necessary, but more than this is not practicable, and it is then
better to repeat the determination on a smaller aliquot.)

Remove the delivery tube from the receiver after making sure
that all metallic silver both inside and outside the tube have
reacted. Wash the delivery tube down With a little 1 N sulfuric
acid, and dilute to the 10-ml. mark with more acid. (The delivery
tubes which lead into the receivers should be cleaned occasionally
by dipping in concentrated nitric acid, followed by washing in dis
tilled water.) Centrifuge briefly to ensure absolute clarity, and
read in the Evelyn colorimeter as descrihed hclow.

:vfeasure into tubes (graduated accurately at 10 m\.) 2 m\. of
0.1 N silver nitrate and quantities-of 0.01 N eerie sulfate ranging
from 0 to 2 m\. in steps of 0.2 ml. Dilute each to the mark with
1 N sulfuric acid and read in the Evelyn colorimeter, setting_ the
galvanometer at 100 with the solution containing no eerie sulfate,
and using the 420 filter. Convert the readings so obtained to
optical densities and plot them, on large graph paper, against
milliliters of eerie sulfate solution present. The smooth curve

"As AsIO.. -
b 25-ml. samples digested with 20 ml. of concentrated sulfuric acid and

nitric acid, excess nitric acid boiled off, and digest made up with water to 100
ml. 200m!. aliquots taken for analysis in quadruplicate. Amounts of arsenic
in digests were therefore five times those sbown in table.-

• 4 grams of dry_rat feces digested with 20 ml. of concentrated sulfuric acid
and nitric acid, finishing with nitric-perchlaric acid mixture. Excess nitric
acid boiled off, and digest made up with water to 100 ml. aliquots of 20-ml.
were taken for analysis, with amounts of arsenic in whole digests again five
times those shown in table.
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The co\oiunetric readings may be reserved for a time when a
dozen or more are available t.o be read at once. Some economy
of reagents is effected, since the Levvy method requires about
1 'gram of potassium iodide for each determination whereas the
present method requires none.

The results tend to be lower than the theoretical when the
amount of arsenic is 200 micrograms or more, particularly when
the blank correction is subtracted.. No method has been found
which ",ill correct this difficulty consistently. Allcroft and
Green also found the results to be about 3% low ~th amounts of
arsenic of this order.

SUMMARY

The Levvy method for arsenic determination has been simpli
fied in two respects: A greater concentration of silver nitrate is
used, so that as much as 700 micrograms of arsenic may be ab
sorbed as arsine in a single receiver; and the quantity of liber
ated metallic silver is determined by oxidizing it with an excess
of a standard solution of eerie sulfate, the excess of which is
determined colorimetrically. Quantities of arsenic ranging from

oto 100 micrograms may be determined with an average standard
error of 1:8 micrograms. Quantities ranging from 100 to 700
micrograms may be determined with an average standard error
of 4 micrograms.
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Refractive Indexes (5893 A..: 25° C.). '" = 1.630 ± 0.002;
f3 = 1.633 ± 0.004 (calcd.); or = 1.644 ± 0.002.

Optic Axial Angles. (5893..t.; 25° C.). 2fT = 55°; 65° (1)
2H = 60°.

Dispersion. Very slight, v > T.

Optic Axial Plane. 1..010.
Sign of Double Refraction. (+ ).

c d
Figure 1. Hexachlorocyclohexane

o. Crystals of modification I frOID. thYlDol .
b. Modification of pseudotnorphs of m after 8Olid-solid transforma

tion, showing characteristic herringbone pattern·
c. Modificat:ion I (lower left) growing through II pseudomorphs of III

at rooUl telDperature
d. Thymol mixed fusion of I (right) and II (left). The rods growing
into t:he thYlDol are II; t.he larger crystals on the right. are I. The
transformation is progressing through the solid state in the lower left

and through the solution phase in the upper right

ba20. ,..-Hexachlorocyclohexane
(Gammexane, Benzene Hexachloride)

THE gamma isomer is one of the most important of the isomers
of hexachlorocyclohexane because of its use as an insecticide.

Crystals of this isomer may occur in anyone of three polymor
phic forms, although only rapid cooling of most solutions will
give the unstable forms. Most normal recrystallizations if not
carried out too rapidly will give the stable modification (I) de
scribed below. Slade (3) has published a useful table of solu
bility date for the isomers of hexachlorocyclohexane.

Good crystals of or-hexachloride (I) are obtained from any of
the common solvents.

CRYSTAL MORPHOLOGY (determined by W. C. McCrone).
Crystal System. Monoclinic.
Form and Habit. Plates and tablets on the basal pinacoid

\001}: other forms are: prisms {110 l; orthopinacoid {IOO};
and clinopinacoid {01O}.

Axial Ratio. a:b:c = 1.51:1:1.35.
Intl'rfacial Angles (Polar). 110 A 110 = 108 0 20'.
Bl'ta Angl!'. 109 0

; 121 (4). .
X-RAY DIFFRACTION DATA (determined by J. Whitney and

I. Corvin).
The powder lines reported here agree with the unit cell and space

group determined by van Vloten et al. (.n. It is interesting to note
that the forms observed for this crystal are isomorphous with a
"unit. cell" (a', b', c'; f3 equals 109 degrees), centered on the a'-c'
face, and having twice the volume of the simplest primitive unit
cell. The axes of this "morphological unit cell" are related to
those of the primitive cell by the vector equations: a' equals 2a
plus c; b equalR b'; c' equals c. It is felt that, because this
crystal habit occurs in crystallization from a great variety of sol
vents, it will better suit the needs of the analyst to describe ·the
morphology and crystal opties in terms of the morphological mit
cell.

~pace Group. P2J/c (4). 0

Cell Dimensions. a = 15.43 A..; b = 10.24 A.; c = 13.85 A..
a = 8.5 A.; b = 10.3 A..; c = 13.9 A.. (4).

Formula Weights per Cell. 8; 4 (4).
Formula Weight.. 290.85.
Density. 1.87 (flotation) 1.88 (x-ray).

OPTICAL PROPERTIES (determined by W. C. McCrone and A.
Underwood).
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Acute Bisectrix. 'Y.
Extinction. ex A c = 10 ° in acute P.
Molecular Refraction (R) (5893 A.; 25 ° C.). ~ = 1.636.

R (calcd.) = 56.9. R (obsd.) = 55.7.

'0

I

Figure 2. Typical Crystal of 'Y
Hexachlorocyclohexane (I)

Broken line labeled a is the a axis of van Vloten (4). The b
and c axes ar«? identical with the two different choices of axes

FUSION DATA (determined by W. C. McCrone).
Hexachlorocyclohexane melts at 114 ° C. with a slight tendency

for sublimation. This compound shows three polymorphic
forms when crystallized from fusion. If fused completely and
allowed to cool spontaneously either on a cool surface or in air,
form III crystallizes very rapidly as low birefringent (usually
first order white) rods. Within a few seconds a second modi
fication (II) grows across the field by one of two mechanisms: at
high temperatures (above 50° to 60° C.) the new modification
nucleates spontaneously at many points throughout the field
to give smoky patches; at lower temperatures form II grows more
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Principal Lines
d 1/1, d I/b

6.55 0.21 2.48 0.06
5.89 0.26 2.40 0.24
5.50 Very weak 2.35 0.29
5.08 0.21 2.29 0.13
4.68 Very weak 2.19 0.22
4.34 0.21 2.17 Very weak
4.19 0.12 2.12 0.16
4.01 0.12 2.10 Very weak
3.88 0.09 2.. 04 0.09
3.67 0.29 1.99 Very weak
3.50 0.24 1.97 Very weak
3.41 1.00 1.94 0.13
3.26 0.18 1.89 0.14
3.14 0.47 1.83· 0.12
3.10 0.32 1.79 0.15
3.01 0.21 1.75 Very weak
2.93 0.15 1. 724 Very weak
2.91 0.09 1.717 Very weak
2.78 0.50 1.69 Very weak
2.70 0.06 1.67 Very weak
2.61 0.32 1.64 0.12
2.55 0.24 1.60 0.15

Kauer (2) reports x-ray powder data in agreement with that given here
with.

slowly and with a "herringbone pattern" (see Figure 1, b). On
rewarming, this transformation reverses at about 90° C. Form
II has very low birefringence (first order gray).

If the melt is seeded with room temperature-stable form I,
higher birefringent plates and rods will grow rapidly, although
often if the temperature is low enough, Form III will nucleate
at the crystal front of I and two fronts will then grow simultane
ously: melt ->- IIIj III ->- 1. Occasionally if the slide tempera
ture falls to about 30° before crystallization is complete the trans
formation of III ->- II will occur. Modification I will grow rapidly
through III but much more slowly through II (Figure 1, c). The
rate of II ->- I is nearly zero at room temperature. On reheating
in a hot stage this transformation (II ->- I) increases in rate to
about 90° C., when it increases discontinuously because II -+' III.
The rate of III ->- I then decreases on further heating and re
verses at 113.8 ° C. Form I then melts at 114.2° C. and Form III
at 114.3° C.
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Symposium on Fine Particles and Resolution
F. A. HAMM, General Aniline & Film. Corporation, Eastqn, Pa.

THE second symposium sponsored by the Armour Research
Foundation of the Illinois Institute of Technology and the

Physics Department of the institute was held on June 9, 10, and
11 at the Stevens Hotel, Chicago, Ill. The meeting was known as
a Symposium on Fine Particles and Resolution. Approximately
225 people attended.

The philosophy of the meeting was unique in that formality was
held to a minimum. In general, experimental results, new instru
ments, new techniques, and theories were briefly presented by
invited experts who formed a panel. This was followed by in
formal discussions between members of the panel, including active
participation by the audience. The Armour Research Founda
tion and its Physics Group deserve much credit for successfully
promoting this novel type of scientific meeting. The consensus
of opinion suggests that the purpose of the symposium was
achieved.

Although the term "resolution" may be defined and is inter
preted in various and sundry ways, depending upon the instru
ment or principles utilized by the investigator, there is no real
distinction between macromolecules and small particles. This
is borne out when one examines the three majo.r topics considered
at the symposium: formation and characterization of fine par
ticles, light scattering, and microscopy of fine particles. It is an

obvious consequence that dimensions varying from a few Ang
stroms to several microns were under consideration. The success
of the meeting was largely due to the efforts of the recognized
authorities, who, acting as chairmen of their sessions, coordinated
the question apd discussion periods. Herman F. Mark .of the
Polytechnic Institute of Brooklyn served as chairman of the first
session. The second session was conducted under the chairman
ship of Peter J. W. Debye of Cornell University. Because of the
corroborative nature of light and electron microscopy, it was per
haps only natural that C. W. Mason of Cornell University and R.
C. Williams of the University of Michigan should serve as co
chairmen of the third session. The discussions were well bal
anced .because the invited members of the discussion panels rep
resented both academic and industrial laboratories.

The first session on the formation and characterization of fine
particles exemplii,ed the fusion of theory and practice. Poly
merization by means of addition, polycondensation, and vulcani
zation was treated from the standpoints of reaction kinetics and
statistics. Several interesting points were made clear. The ki
netics approach to polymerization becomes extremely cumbersome
because of the tremendous number of different-size reactants
(radicals). For this reason the statistical approach using proba
bility functions now appears to be in better usage. Perhaps the
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biggest obstacle encountered in the determination of macromole
cule molecular weights is the ability to isolate clean, narrow prod
uct fractions. Much progress is yet to be made' in overcoming
this experimental difficulty. The speculation that polystyrene,
presumably a linear polymer, might be cross-linked was also of in
terest. The relationships between molecular weight and the type
of polymerization, number of functional groups, catalyst content,
viscosity of medium (diffusion rate), etc., were all considered pri
marily from the theoretical point of view.

Data and theory for the techniques employing the ultracen
trifuge and sedimentation rates were also presented. The particle
shape and diffusion rate'are apparently not important factors in
the latter technique. Inhomogeneities, size, and concentration
are, however, significant factors.

The technique used to make monodispersed sulfur sols having
particles with a diameter of 1400 A. ± 5% is finding useful appli
cations in the preparation of other molecular compounds. The
critical limit of supersaturation, in either liquid or vapor phase
(aerosols) is the most important aspect in this problem. The
primary particles (nuclei) must get doser than 2 or 3 A. in order
for molecular forces to overcome the electrostatic repulsive forces
so that "aggregates" may form. The light-scattering technique
(light intensity ratio for 4000 A. light against time) is used to fol
low the reactions leading to these monodispersed systems. The
monochromaticity of the scattered beam (Tyndall) is a measure
of particle size uniformity-for example, the addition of 10% of
particle A having a radius 2% larger than particle B is readily de
tectable, demonstrating the usefulness of the light-scattering
technique.

The session on light scattering was virtually all-inclusive and
left very little unsaid. The theory was reviewed, but the main
theses consisted of new applications, instruments, and testing the
theories by analyzing relatively large partieles. It was a pleasant
surprise to learn that the size of monodispersed polystyrene latex
particles agreed very well with the value (ca. 2500 A.) previously
determined in the electron microscope.

Not unlike other physical methods of analysis, the investigator
must take full cognizance of many details both instrumental and
theoretical. In so far as light scattering is concerned, when dif
ferential refractometry or turbidity is utilized, the effect of wave
length and concentration must be taken into account.. In general,
for particle size measurements, as the particle size increases, it
becomes imperative to use longer wave-length radiation. The
infrared, therefore, is best for particles in the 4000 A. range.
Furthermore, the weight average particle diameter is always cal
culated from light-scattering data.

This session was concluded by discussing low-angle x-ray scat
tering in solids.

The last session was devoted to the light and electron micros-
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copy of fine particles. Discussions on resolution, magnification
calibration, accuracy of size-frequency data, etc., were the nat
ur~l consequence of the main subject. It would seem that more
precise information including more specific details might have
been in order. Presumably the discussions consisted mainly of
generalizations rather than specific details because the audience
contained both light and electron microscopists. Perhaps a few
specific particle size problems which would demonstrate the ef
fective overlapping of both instruments might have served a use
ful purpose.

The effects of lens aberrations, apertures, depth of field, con
ditions of illumination, stray magnetic fields, vibration, cleanli
ness, specimen preparation technique, etc., were discussed as re
lated to the particular instrument. One fact stands olit in bold
relief-the monochromaticity of the electron is of tremendous
significance in minimizing chromatic aberration, which is a con
stant thorn in the side of the light microscopist.

The vitally different phenomena which give rise to the images
in the light and electron microscope were also discussed. A
elear understanding of the mechanisms resulting in these image
ries is fundamental to the intelligent use of both instruments.
Thus, the roles of diffraction, reflection, refraction, and absorp
tion in the' formation of the light microscope image were stressed.
Only the scattering of the electron by the specimen is the sig
nificant factor in the formation of electron microscope images.

In one respect the light microscopist still holds the ace card
namely, many electron microscopists prefer to base their magni
fication calibration on a calibrated light microscope image. How
ever, experience also suggests that replicas of diffraction gratings
(preferably 15,000 lines per inch) may be used to calibrate the
electron microscope with a reproducibility of a few per cent.

Although it may at first appear paradoxical, it develops that
electron microscope lenses are of such extreme high quality from
the standpoint of spherical ,aberration that further improvement
is perhaps undesirable, and at present a well focused image of a
thin .specimen reveals very little. More practical considerations
coneerning speeimen drift, speeimen eontamination, power sup
ply stability, ete., will aid the eleetron mieroseopist in realizing
better resolution.

Perhaps a subjeet of vital interest to all mieroseopists is that of
representative sampling, counting, and measuring from thesta
tistieal point of view, in either particle size or morphologieal
studies. A more eritieal diseussion of this subjeet might have been
desirable.

The symposium was novel in its nature from the standpoints of
subjeet matter and informality. It ean perhaps be deseribed as
a sueeessful experiment. It is hoped that a new preeedent has
been established.

Methods of Quantitative Micro-Analysis. Collected and edited
by R. F. Milton and W. A. Waters. viii + 599 pages. Long
mans, Green &.Co., Inc., 55 Fifth Ave., New York, N. Y.,
1949. Price, $15.

The editors state that, as a consequence of tJ:1eir wartime ex
perience, they have planned a fairly comprehensive survey of
modern microanalytical techniques, and invited specialist eon
t,ributions from practieing analysts well eonversant with the in
herent laboratory procedures, and difficulties, of each branch of
rlle subject. They claim that they have checked each section
from the standpoint of the practical worker at the beneh. It
JSeeillS permissible to conclude that actual testing of the recom-

mended procedures by the contributors is not.necessarily implied.
In the definition of microanalysis the editors take the catholic

point of view, and one half of the book is consequently dedicated
to colorimetry, nephelometry, fluorometry, polarography, am
perometric titration, and conductometric titration. The theo
retical foundations are briefly outlined in each section, followed
by the description of a selection of apparatus and a choice of
applications, some in table form and some supplied with working
directions. A large fraction of the examples of application has
been taken from the field of biochemical assay, and the same
tendency is apparent in the discussion of the development of
microanalysis.
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Less than 10% of the book (pp.l1-54) is given to Part I dealing
with gravimetric apparatus and general microchemical tech
niques and containing sections on dialysis, ultrafiltration, and
organic reagents. The discussion of errors in weighing is unsatis
factory. The directions for observing the deflection of the micro
chemical balance are contrary to good practice. The use of lead
shot in the preparation of tares has been abandoned by a number
of microanalysts, and filter sticks are neither brushed before
weighing (p. 17) nor used for stirring rods (p. 21). The relatively
large amount of space given to description of work with micro
Gooch crucibles could have been better used for copious references
to the literature on filtration in quantitative microanalysis.

Part II, on ultimate analysis of carbon compounds and deter
mination of molecular weight and functional groups (pp. 55-126),
has been contributed by Ingram and Waters. For the determina
tion of carbon and hydrogen, the authors seem to prefer Ingram's
boat filling to Pregl's universal filling of the combustion tube. In
general, they follow ContInental rather than American trends,
which should make this chapter interesting reading for the
American specialist.

For Part III, on volumetric analysis (pp. 127-218), the editors
had the cooperation of K. M. Wilson. The theory ofredox titra
tion' has. been made somewhat confusing by assuming that a
"normal" hydrogen electrode is inserted into the titrated solu
tion. It then seems to follow as a general rule that "the oxidation
potential of a solution decreases as its acidity decreases." A
reasonable selection of volumetric apparatus is described, and a
numlJer of applications are discussed.

R. F. Milton is the author of Part IV (pp. 219-403) dealing
with colorimetry, nephelometry, and fluorometry. Of the. photo
electric instruments .only the Evelyn photometer, the Morris
photometer, and the Hilger Spekker absorptiometer are de
scribed. Detailed procedures are given for the estimation of
metals, acid radicals, a large number of organic compounds, and
gases and vapors. Procedures are outlined for the analysis of
steel, aluminum alloys, blood, and water, and for the determina
tion of normal mineral constituents of foods as well as the estima
tion of heavy metals in foods and drugs.

J. T. Stock, author of Part V on electrochemical methods of
microanalysis (pp. 405-503), treats in a concise manner potenti~

ometry, polarography, electrodeposition, coulometric analysis,
and conductometric analysis. Emphasis is placed on theory and
special equipment; examples of application are for the larger part
listed in table form with references to the literature.

Part VI on gasometric methods of microanalysis (pp.·505-578)
by K. M.. Wilson, presents a brief but reasonably adequate de
scription of a cleverly selected choice of .methods. The tech
niques of Blacet and Leighton, T. C. Sutton, and R. Spence, and
the glycerol-entrained bubble method applied to the analysis of
gas bubbles in glass are described for the purpose of gas analysis.
The techniques of Van Slyke (26 pages), Warburg, and Barcroft
are suggested for manometric methods of microanalysis. Five
tables and two graphs for use. with the Van Slyke apparatus are
appended.

The book contains no author index, but there are indexes on
scientific principles .and general ···techniques, . microchemical
apparatus, reagents, inorganic analysis, and organic analysis.

The scope of the book would have defeated any attempt to
present a complete and critical survey. The authors have wisely
limited themselves to methods that appeared to them most
practical. Even with this limitation, definite statements on
accuracy: precision, and limitations are frequently lacking, and
ambiguity may occasionally be found. Nevertheless, the editors
and contributors must be congratulated for the enthusiasm which
enabled them to complete a difficult and arduous task. The book
should be valuable for quick r~ferencein any analytical laboratory
which has to deal with a great variety of materials, to analyze
small samples, or to determine trace constituents.

A. A. BENEDETTI-PICHLER
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Quantitative Pharmaceutical Chemistry. G. L. Jenkins, A. G.
DuMez, J. E. Christian, and G. P. Hager. 3rd edition. xii +
531 pages. McGraw-Hill Book Co., 330 West 42nd Street,
New York, N. Y., 1949. Price, $4.75.

The four authors of this new edition of a well known book
represent both personal reputation and institutional prestige in
pharmaceutical chemistry. Such cooperative' effort should pro
vide the perspective needed to eliminate many of the minor
deficiencies so often found in singly authored books. The objec
tive in this edition was to bring the material of the second edition
up to date with the United States Phl\-rmacopoeia XIII and the
National Formulary VIII. The two junior authors are new on
this edition.

A total of 141 exercises is included for making specific deter
minations, either of the amount of a desired constituent or of some
physical property, such as solubility, of a given system. In gen
eral,. the examples areselected from the two standard pharmaceu
tical references mentioned. Each kind of method is accom
panied by a table listing other pharmaceutical products to which

. it is applicable. The operating directions seem clear and ade
quate. It is doubtful, however, that the authors have completely
achieved their stated objective of "imparting a thorough funda
mental knowledge of the theory ... of analytical procedures."

The exercises, together with certain general material, are ar
ranged in the form of a fairly conventional approach to elemen
tary quantitative chemical analysis. The general viewpoint
underlying the classification of methods seems to the reviewer
the weakest point in the presentation. To him all analytical
methods, whether applied to pharmaceutical products or to other
kinds of materials, consist of (1) the chemical'preparative and/or
separative operations necessary to get the sample ready for
measurement, and (2) the physical operation of the measurement.
A functional nomenclature and a consistent classification would
then take these basic items into account. Viewed in this way,
the writer can see nothing "special," for example, in the volatili
zation-gravimetric determination of ash and moisture (Chapter
20), or in the extraction-titrimetric determination of certain
alkaloids (Chapter 26). Similarly, the procedures of Chapter
19 are gravimetric measurements, the electrodeposition involved
being merely a separative operation. If one accepts gasometric
as one kind of method (Chapter 10), consistency would seem to
imply that the other two kinds are liquidometric and solidometric.
The colorimetric measurements discussed on pages 288 and 327 are
both comparimetric, and so would seem to belong together.

To assist the student each exercise is subdivided as follows:
object; materials needed; procedure, including operating direc
tions and explanatory comments on the chemistry and calcula
tions involved; and questions and numerical problems.

This kind of book raises an old pedagogical question. Is it
necessary, or most efficient, to teach a givEln subject under condi
tions that happen to be of most personal interest-to each student?
For example, can the chemistry student best learn German word
order by using only. texts containing chemical terms; or can the
analytical student best learn to operate and u,nderstand a.balance
.only by having samples of soda ash for engineers; bakirig powder
for dietitians, aspirin for pharmaceutical chemistry majors, or
spheroidal residues from the sheep barn for agricultural chemis
try majors? The writer believes that weighing is a perfectly
general unit operation of quantitative analysis, and that, as such,
it has no specific connection with the nature of the object to be
weighed. Admittedly, interest is psychologically important for
motivation; butogenerality of viewpoint is important for broad
education.

The critical reader will hardly be satisfied with certain state
ments of fact. The analytical balance is not essential in all
quantitative methods of analysis (p. 32). In some gravimetric
determinations the sample is not weighed nor is the precipitate a
compollnd (p. 47). A titrant may be measured by mass as well
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as by volume, and, obviously, a standard solution may be speci
fied in terms of the mass of reagent per unit m~ss of solution (p.
69). The cubic centimeter may be officially the one-thousandth
part of a liter for the American Pharmaceutical Association;
but in the metric system it is the one-millionth part of the cubic
meter, and, as such, it is not related to the liter (p. 70). The Bron
sted definition of a base (p. 78) seems not to be used later (pp.
83, 104). Because normality is not always an unambiguous
specification "Of titrant value, equal volumes of oxidizing and re
ducing solutions of equal normality are not necessa~ilyequivalent
(p. 181).

Analytical teachers in chemically self-contained schools of
pharmacy should find this book very well adapted for work in
quantitative pharmaceutical analysis. If the instructor believes
in dispensing to students samples of known composition, some
products, such as hydrogen peroxide or chlorinated lime, must
present a serious problem. For teachers of general quantitative
analysis the book is valuable as a reference to the wide variety of
pharmaceutical applications, including the chemistry involved
in the methods. M. G. MELLON

Trace Elements in Food. G. W. Monier-Williams. viii +
511 pages. John Wiley & Sons, Inc., 440 Fourth Ave., New
York 16, N. Y., 1949. Price, $6.

This book by the well known British authority on food analysis
contains 28 chapters devoted to 38 elements found in the human
body and in foods, to the extent of 0.005% as the upper limit.
The last chapter Cis a catchall for ten elements not found very
often, described in rather sketchy fashion.

The definition of trace elements embraces iron, a trace element
in most foods, though the animal body is regarded as containing
more than a

C
trace. Some of the elements discussed are essential

to animal life; others, only to plants. Some are important
because they enter foods as the result of agricultural practices
or industrial processes. Certain elements are definitely toxic;
others, relatively harmless. The author treats these elements
in an excellent and readable manner from the standpoint of their
natural occurrence and advent into human foods, their necessity
for animal or plant nutrition. their toxicology, and, finally, their
determination in foods. The text is invaluable to one interested
in the role of trace elements in soil-plant-animal relations, as
well as to those concerned with food analyses in the interest of
public health. Adequate references up to about 1947 are given
at the end of each chapter.

Nutritionists, toxicologists, and chemists all can get a clear,
concise, over-all background picture of the present knowledge
of the trace elements. There is, inevitably, a gap between date
of publication (1949) and the latest literature cited. This
explains, perhaps, why some of the latest nutritional and pharma
cological discoveries are not discussed more fully. For example,
no mention is made of fluorine as a possible essential element in
animal nutrition or of its possible role in normal tooth structure.
It is unfortunate that the author was unable to include recent
information on the presence of cobalt in the vitamin B12 complex
and on the toxicology of lithium. Pharmacologists might wish
a cmoreextended discussion of the toxicology of those trace
elements, tersely described or even omitted-for example, gold,
which is more prevalent than has been suspected. Such extended
discussion would have increased the size of the volume; but this
is worth consideration in future editions.

The same gap between about 1947 and date of publication can
be noticed inc the analytical literature, partioolarly in relation
to some of the newer dithizone methods.

The author is to be commended for connecting organic com
poUIids, enzymes, catalyses, or vitamins with various trace
elements CcontainedCtherein, the Ccombination of which affects
nutrition or other biological processes so strongly as to make the
element essential to life. This requiredc no small ampunt of
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boldness aud courage. The reviewer also commends,the author's
practice of giving the daily intake and excretion anoxic. elements
in terms of milligrams per kilogram of bodyweight.c It,is'on
such facts that storage, nonstorage, and· incidence of toxic
effects are determined.
'The analytiCal sections of the various chapters are' given in

general outline rather than in detail; more than one method is
described and compared simply but adequately. The book is,
intended as a companion to, not as a substitute for, pertinent
chapters and sections of "Official and Tentative Methods' of
Analysis," of the Association of Official Agricultural Chemists
or others like it. The author gives to the reader seeking ana
lytical knowledge on trace elements, a background not found in
other books devoted to food analysis.

OnlyC one serious error was noted. In the dithizone method
for lead the wave length used to read the lead tlithizonate color
should be 510 instead of 570 mIl.

This book has a decided and delightf.ul English flavor, and it
is only natural that references to the English literature are
emphasized. This is well exemplified cin the analytical section
of the lead chapter. The colorimetric lead, sulfide method is
good, even if many analysts think newer pastures are greener;
and the holding fast to the things that are good is a sterling
ingredient of the English character.

H. J. WICHMANN

Techniques of Histo- and Cytochemistry. David Glick. x."ii +
531 pp. IntersCience Publishers, Inc., New York, N. Y.,
1949. Price, $5.

Glick has supplied a comprehensive guidebook to a field that
must before long engage a significant fractiOn of biological re
search. Histo- and, cytochemistry (tissue and cell chemistry)
have been at times defined too narrowly in terms of specific
microscopic techniques. Because the validity of some of the
earlier microscopic methods was questionable, the field has been
slow to gain recognition. Glick's book helps materially to
broaden the definition of histochemistry. With the presentation
of a very wide variety of methodologies, it becomes obvious that
none of them defines the field and that histochemistry is actually
'a concept rather than a specific approach to a problem.

The book is divided into three main sections. cThe first covers
microscopic techniques, and is comparable to Histochemie:Ani
male, but the material has been consolidated and extended;, c,' Two
important trends are made evident. There 'has been a:peisistent
and successful effort to increase the specificity of riiicroscopic
methods, and there' is a new emphasis on the quantitation of
measurements under the microscope. An amazingly ingenious
array of techniques is described in rather full'detail. Themore
dramatic include measurements of absorption spectra (yisible
and ultraviolet) in small areas of a single cell, measurement of the
concentration of certain elements in tissue sections with x-ray
absorption, radioautography, and, probably most potentially
fruitful, localization of enzymes.' Throughout the author;.is
properly critical and warns the reader of the less satisfactorY'Ix,o
cedures.

The second and largest section of the bookis devoted tomicio
chemical procedures suitable for measurements ··on. entire' hist<>;
logical sections or other small biologicalobjects: Thesemetnods
do not have the exquisite sensitivity ofreactions conducted under
the microscope but are in general morespecifi?an-dqua:Rtitative,
and are actually amazinglysensitive. The variousjtoylik~jtools
are carefully described, and detailed instructions'a~,eigiven for
more than 60 individual microchemical methods.-ThiS,' section
should be of interest to anyone concerned with microchemistry.'

The final section describes the iSolation of cell cornponeiits on a
macro scale by differential clmtrifugation. As thiS approach is
at present yielding our most definite informationconcerning'cell
nuclei, mitochondria, and other cell particulates, it is particularly
timely.
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There is a theme written between the lines of this book which
may be more important than any of the discrete tools described.
This is an affirmation that the living tissue functions not be
cause it contains certain enzymes and salts, nor because it has a
certain microscopic architecture, but because the structure is a
chemical and enzymatic one, an(i because the active systems are
segregated and organized on cellular and intracellular levels.

OLIVER H. LOWRY

Recent Advances in Analytical Chemistry. R. E. Burk and O.
Grummitt, editors. Vol. VII. vi + 209 pp. 15 X 23 em.
Interscience Publishers, Inc., 215 4th Ave., New York 3, N. Y.,
1949. Price, $4.50.

The present work is Volume VII of the annual series of lectures
at Western Reserve University on the general subject of frontiers'
in chemistry. Certain aspects of modern analytical chemistry
comprise this latest report. The following subjects are included:
voltammetry and amperometric titrations (1. M. Kolthoff);
inorganic analysis with organic reagents (J. H. Yoe); recent
colorimetric and gravimetric organic reagents (J. H. Yoe);
application of infrared spectroscopy in analysis (0. Beeck);
electron microscopy and microanalysis-new methods in chem
istry (J. Hillier); fractionation, analysis, and purification of
hydrocarbons (F. D. Rossini); and applications of the mass
spectrometer (J. A. Hipple).

These reports vary in length from 18 to 54 pages, the two
shortest being those on organic reagents and the longest that on
instruments utilizing a medium voltage electron beam. The
material for each subject approximates that which one might ex
pect to be presented as a lecture to a reasonably well informed
local section audience of the AMERICAN CHEMICAL SOCIETY.
Thus, Kolthoff discusses the general principles of voltammetry
and polarography and gives typical examples of applications, to
gether with a selected list of references. The other chapters
dealing with instruments are treated similarly. The figures
include illustrative schematic diagrams, general views. of selected
equipment, and tabular and graphical experimental data. The
lectures on organic reagents represent essentially a brief summary
of part of the book by Yoe and Sarver (organic analytical re
agents), and a summary of published work of Yoe et al. on certain
reagents for silver, palladium, iron, titanium, and tungsten.

These lectures are' all by competent men. The reports seem
to be critically evaluated, brief summaries of contemporary
knowledge for the various subjects. As such, they should interest
especially advanced undergraduate and graduate students and
many teachers. Herein may be found that perspective of a field
which one so often needs. The reviewer would welcome many
ot.hers of similar nature.

M. G. MELLON

Semimicro Qualitative Analysis. A Non-Hydrogen Sulfide
System. Jacob Cornog. Herman T. Briscoe, editor. xi +
259 pages. Houghton Mifflin Co., 2 Park St., Boston, Mass.,
1948. Price, $3.

This book presents a semimicro scheme of qualitative inorganic
analysis in which ammonium sulfide in buffered acetate solution
is substituted for the usual hydrogen sulfide precipitations of the
iron and tin groups. This edition should serve well as a labo
ratory work book for use in a college elementary course. Ac
cording to one of the prefaces, the book has been tested and
modified during several years of experience in many classes. Ex
amination of the book indicates that it was written with an
awareness of the problems of the beginning student in this field.

The text is concise but sufficiently detailed so that fundamental
points of theory and practice are adequately covered. The
analytical scheme is easy to follow and is interspersed with notes
and problems. Except for the precipitation of the sulfide groups,
the order and techniques of the group separations are not unusual.
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Approximately the last third of the book is devoted to theory and
includes a good review of the exponential arithmetic required for
calculations of solubility products and ionization constants.
The text is preceded by a comprehensive bibliography.

A modified decimal system of numbering paragraphs and fig
ures is used. This is satisfactory except in a few instances, such
as on page 134, where instructioQ.S referring-the student to certain
paragraphs may be confusing owing to insufficient punctuation of
the reference numbers.

A work of this quality merits a better format; the cover is
paper and the spiral wire binder is small for the number of pages.

W. C. JONES, JR.

Laboratory Outlines and Notebook for Organic Chemistry
C. E. Boord, W. R. Brode, and R. G. Bossert. Second edi
tion; xi + 282 pp. John Wiley & Sons, Inc., 440 Fourth
Ave., New York 16, N. Y., 1949. Price, $3.

This laboratOry manual was designed for the usual 36-week
course in organic chemistry with two laboratory periods per week
(or three periods per week for 24 weeks under the "quarter"
plan). It could, of course, be used for shorter courses by making
proper omissions.

The authors have included a larger proportion of experiments
dealing with the chemistry of aliphatic compounds than is found
in most laboratory manuals. The order of the experiments is
such that laboratory and lecture work will be closely parallel when
the latter is presented in the traditional manner. 'The experi
ments are well chosen as to type and interest, and the directions
and discussions are clear and concise. Special attention should be
called to several experiments which utilize molecular models to
evolve the idea of homology and isomerism.

The book is constructed on the notebook style-i.e., blank
space has been left so that the questions concerning the experi
ments can be answered in the notebook. The book is bound by
means of spiral wire; therefore, individual exercises can be re
moved for grading as soon as they are completed. Such a system
does reduce the time required for correction of notebooks and
should enable the instructor to handle a relatively large number of
students and spend more time in laboratory supervision. How
ever, this fill-in type notebook does not emphasize to students the
importance of organizing their own experimental results and it
frequently leads to a less conscientious attitude on the part of the
poorer student.

The book is bound in stiff cardboard and is printed on a good
grade of paper. The appendix is complete and gives an adequate
description of the amount of chemicals each student will need per
experiment.

W. E. PARHAM

The Analyst's Calendar
Fourth Instrument Conference and Exhibit. Municipal Audi

torium, St. Louis, Mo., September 12 to 16
American Society for Testing Materials. Fairmont Hotel, San

Francisco, Calif., October 10 to 14
Optical Society of America. Hotel Statler, Buffalo, N. Y.,

October 27 to~9
American Council of Commercial Laboratories. Miami, Fla.,

December 5 to 7
Third Symposium on Analytical Chemistry. Louisiana Ste,te

University, Baton Rouge, La., January 30 to February 2,
1950
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and eliminates the use of a separate mercury reservoir in that it
incorporates the reservoir..{volume, 18 mI.) in the hollow stopcock
barrel. ~This type of float valve has been in operation for a con~

siderable period of time and its performance has been excellent.

The U-tube is 11 mm. in outside diameter, with hollow-ground
plug with iron core, and is connected to the reservoir by 2-mm.
capillary tubing. The stopcock barrel contains three holes, two
at the bottom level and one at the top level, so arranged that each
hole at the bottom level will be in line with the capillary tube con
necting to the U-tube as the hole at the top level of the barrel co
incides with either protruding arm. One arm can be connected
directly to a vacuum pump and the other arm left exposed to the
air. Then as the stopcock is turned from one position to the
other, the mercury will either rise or fall in the U-tube. In the
neutral position the mercury level will remain stationary. The
mercury can never fall below the bend in the capillary tube and
the length of the ground barrel eliminates any danger oJ air leak
age into the high-vacuum system. The entire assembly can be
supported by placing a clamp around the middle of the stopcock.

Assembling Multiple-Junction Thennocouples. E. H. Graham
and Ralph Scruby, Graham Instrument Laboratory, Boulder,
Colo.

rrHE following method produces thermocouple assemblies that
are mechanically rugged and withstand flexure indefinitely

without short circuits.

After the alternate strands of wire are joined at their encls in the
usual manner, they are gathered together in a loose bundle and
twisted into a gentle spiral throughout their entire length. The
potentiometer leacls are left free of the main bundle.

To avoid kinking, the bundle is held gently taut while it is
passed full length through a latex solution three times, with a
drying period of 2 to 5 minutes between each pass. The potenti
ometer leads are given a similar latex coating, and the assembly is
hung vertically to dry.

A suitable length of varnished "spaghetti" tubing forms the
outer protective layer of the assembly. A No. 22 copper wire is
threaded through the spaghetti, looped to the thermal bundle,
which is then drawn into this outer tube.

The potentiometer leacls, which have been kept separate from
the main bundle of wires, are then similarly encased in spaghetti
tubes, which are seized or bound for a short distance with a
wrapping of linen thread to the main bundle. The encls of the
spaghetti, beyond which the junctions and leacls extend, are
seized with linen thread wrappings and coated with latex, Glyptal,
or other suitable bonding.

Although not recommended for applications at much above
room temperature, thermocouples of this construction have been
used for low temperature measurement where they are subjected
to continuous cyclic flexure at 2 cycles per second over a period of
months without failure.
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LEADS

HOT JUNCTIONS
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------~
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JUNCTIONS

A float valve consists essentially of a pair of ground-glass
plugs in a U-tube arrangement, a men~ury reservoir, and a
method of controlling the flow of mt'rcury from the reservoir to
and from the U-tube. As mercury enters the U-tube the plugs
float up into position and thus seal off communication between the
two arms of the U-tube; then as a vacuum is pulled on the mer
cury reservoir, the mercury is withdrawn from the U-tube and the
plugs drop to an open position, thus permitting vapors and gases
to pass between the two arms. In any arrangemlmt it is neces
sary to supply both air and vacuum to the mercury reservoir. In
some of the older arrangements an ordinary stopcock (or ground
plug) is placed between the reservoir and the U-tube, and in oper
ation a rubber tubing connected to a vacuum pump is placed over
the open end of the reservoir in order to pull a vacuum on the
valve, or the open end of the reservoir is left untouched in order to
get positive air pressure. When one has a number of these mer
cury float valves in a system, operation of the valves by this
method becomes very cumbersome.

Recently there has appear,~d on the market a Hoat valve in
which alive-way stopcock effectively replaces the ordinary stop
cock and allows air or vacuum to be piped directly to each reser
voir and thereby facilitate the manipulation of the float valves.
However, it is possible for all the mercury to drain back into the
reservoir, thus exposing the grease in the stopre>ck to the vapors or
gases, and the short distance along the ground barrel of the stop
cock between the entrance to the U-tube and thc end of the stop
cock increases the danger of air leaking (especially after long us
age) into the high vacuum system.

The float valve described herein circumvents these difficulties

Improved Mercury Float Valve. 1. Shapiro, U. S. Naval Ord
nance Test Station, Pasadena, Calif.

F
REQ(T~JNTLY in high-vacuum work it is found necessary to
keep vapors and gases from coming in cont·act with the

grease used in stopcocks, and in these instanccs the replacement of
stopcocks with mercury float valvl~s has proved useful.
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