
Your Division Is a Live Organization
THE great International Chemical Conclave, to

be held in N ew York City in September 1951,
is still more than a year away, but those responsible
for formulating and developing the scientific sessions
already are reporting definite plans for the A.C.S.
Jubilee Meeting and the International Congress of
Pure and Applied Chemistry.

H. H. Willard, chairman-elect of the Division of
Analytical Chemistry, has announced that the follow
ing symposia will be held during the week of the 75th
Anniversary Meeting of the AMERICAN CHEMICAL
SOCIETY:

Chemical Kinetics and Mechanisms
Chairman: Frederick R. Duke

Chemistry Department
Iowa State College, Ames, Iowa

Physical and Chemical Equilibria
Chairman: Ernest H. Swift

Chemistry Department
California Institute of Technology
Pasadena 4, Calif.

Absorption and Emission of Radiant Energy
Chairman: Wallace R. Brode

National Bureau of Standards
Washington 25, D. C.

Microchemistry
Chairman: E. W. D. Huffman

505 Majestic Building
Denver 2, Colo.

Economic Aspects of Chemical Analysis and
Manufacturing

Chairman: Beverly L. Clarke
Merck & Co., Inc.
Rahway, N. J.

Nucleonics and Tracer Techniques in Analytical Chemistry
Chairman: C. J. Rodden

U. S. Atomic Energy Commission
New Brunswick Laboratory
New Brunswick, N. J.

Polarographic Methods
Chairman: James J. Lingane

Chemical Laboratory
Harvard University
Cambridge 38, Mass.

The selection of subjects for symposia was made only
after several ad hoc sessions of the executive committee
of the division were held. We believe analysts will



THE ANALYTICAL PROCESS IN CHEMISTRY
PHILIP J. ELVING

The Pennsylvania State College, State College, Pa.

The hasic stages in the analytical process are discussed with emphasis on the
acute prohlems of isolating the material in a state suitable for measurement of
the desired component and of making the measurement itself. The former
problem is considered on the basis of the general techniques available for sepa
rating and segregating substances by chemical and physical methods. The
process of measurement as applied to chemical substances is considered on the
basis of the discriminatory power of the type of measurement used-i .e., ahility
of the measurement to distinguish between different substances. Funda
mental principles of physical measurement as used in analysis are outlined.

THERE have been many previous attempts to classify the
subdivisions and operations involved in the process which we

call chemical analysis. One of the most thoroughly explored of
such analyses of chemical analysis is that of Mellon (2-5), who
discusses previous attempts at classification. Building on the
foundation laid by Mellon, the analytical process has been ana
lyzed in order to define the fundamental operations involved and
learn how these operations are interconnected.

It might be asked why any attempt should be made to discuss
the fundamentals of analytical chemistry from the viewpoint of
its organization. The reasons for emphasizing fundamentals are
the same as those for any method of classification: It summarizes
available knowledge and leads to the discovery of new knowl
edge. Thus, it is hoped that a systematic investigation of he
bases of analytical chemistry would indicate new analytical possi
bihties such as promising avenues for research, the development
of better control methods, and the application of new techniques
to the solution of analytical problems. In addition, a considera
tion of the bases of analytical chemistry should lead to a better
understanding of the value and meaning of analytical data and
therefore to a better use of analytical chemistry. Analytical
chemistry, as we well recognize, is not an end in itself but a means
to an end, and a better comprehension of the means will inevitably
lead to more valuable results, thus yielding more fruitful analyti
cal data.

Before proceeding, it would be in order to define what we mean
by analytical chemistry. Analytical chemistry, as, previouslY
defined by the author, may be considered as comprising all tech
niques and methods for obtaining information regarding the com
position, identity,purity, and constitution of samples of matter in
terms of the kind, quantity, and groupings of atoms and mole
cules, as well as the determination of those physical properties
and behavior which can be correlated with these objectives.

In essence, then, analysis is the application of analytical chem
istry to obtaining qualitative and quantitative information about
the nature of matter at the individual limit of the atomic level or
higher.

THE ANALYTICAL PROCESS

The analytical process in chemistry can be considered as con
sisting of four principal stages of operation.

1. Sampling
2. Isolation (separation) of the desired constituent in a meas-

urable state
3, Measurement of the desired constituent
4, Calculation and interpretation of the numerical data

It is obvious that under certain circumstances operations 2 and
3 may be combined. As Mellon has pointed out, the first three
operations are essentially eombined' when the service station
attendant performs the all-too-familar analytical process of deter
mining the percentage of antifreeze in one's auto radiator by with-
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drawing a sample into a hydrometer. Usually, the interpreta
tion of the result is known beforehand; another quart of anti
freeze is necessary.

The most difficult portion of the analytical process is that in
volving isolation of the desired eonstituent in a measurable state.
The actual process of measurement is usually simple. For ex
ample, in the determination of carbon in various types of ma
terials, the process of isolation of the carbon as carbon dioxide is
the difficult step; measurement of the carbon dioxide once formed
is relatively simple and may be identical for different types of
materials and separation proeesses. Thus, carbon in steel is
eonverted to earbon dioxide by oxidation at high temperatures,
while the carbon in organic eompounds is converted to carbon
dioxide after a· relatively low-temperature eombustion proeess;
limestone is treated at still lower temperatures with aeid to liber
atc earbon dioxide, while carbon dioxide may be removed from
blood by the Van Slyke technique at roo'm temperature.

In this connection the following pertinent sentences occurred
in an article (1) on the semiannual report of the U. S. Atomic
Energy Commission:

Much of the chemist's work in the field of atomic energy comes
under the deceptively simple heading "chemical separation."
The separation or extraction of one' material from another, or
more often from a mixture of others, had to be resolved in order
to make the bomb possible. Similarly, future progress is de
pendent on more effective means of carrying out complex sepa
rations. In this work, the chemists have studied all known
methods for separations, including selective solvent extraction,
distillation, precipitation, ion exchange, and liquid-liquid ex
traction.

,\Ve now consider the four component steps of the analytical
proeess with particular attention to the role of current and future
development in making analytical ehemistry more useful.

SAMPLING

The first operation of sampling, paradoxically enough, has been
much better developed for plant practice than for research opera
tions.' The fundamental requirement of any analytical sample is
that it be representative of the mass of material whose composi
tion is to be judged in terms of the behavior of the particular
sample. The magnitude of the problem can be summarized in
the standard method for the determination of the calorific value
of coal, in which a carload of some 50 tons of coal may be re
duced to a I-gram sample which is burned in the calorimeter.
This represents a reduction in size of 45,000,000 grams to I gram.
The precision or reproducibility of the sampling process is evi
denced by the fact that the permissible difference set by the
American Society for Testing Materials is 0.3% for the same labo-·
ratory and 0.5% for different laboratories.

Methods of sampling for materials used in production and for
many types of common products, as well as for certain. types of
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Table I. Partition-Distributiorl'Processes

Table II. Methods of Measurement
Method Is Function of:

Let us consider now the nature of three types of measurement.
with particular reference to the situation~ in which they can be
used, and to their advantages and limitations.

Nondiscriminatory Methods. Nondiscriminatory methods of
measurement are essentially quantitative in nature. Thus, the
analytical balance measures ma~s while the graduated cylinder

MEASUREMENT

The desired constituent may be actually measured by any
one of three general types of methods. These types are based
upon the possibilities that the measurement may be (a) inde
pendent or dependent on the amount of material present and (b)
independent or a function of the nature of the substance being
measured. Accordingly, one may have methods which are de
pendent only on the amount. or only on the nature of t.he mate
rial being measured, or which depend both upon the amount and
upon the nature of the material being present. This basis of
classification is outlined and exemplified in Table II.

Example

Balance
Density
Polarography

Example

None ,
Dryin~ i.n air stream
Drying in air stream
Grast gas analysis
Organic separations
Soxhlet processes
Turner-Burrell apparatus
Chromatography
None

Type of method

Nondiscriminatory
Semidiscriminatory
Discriminatory

Evapbr"ation
Evaporation
Absorption
Extraction
Dissolution
Adsorption
Adsorpt.ion

Typical Technique

x
X

Added

G
G
G
L
L
L
S
S
S

x
X

Original

G
L
S
G
L
S
G
L
S

Phases in Contact

Amount of Type of
material material

rated into less heterogeneous groups by a suitable technique such
as one of those mentioned:

PI, PI(x) -+ PI + P 2 (x)

A familiar example is that in which P 2 , a solid phase (pre
cipitate) containing the desired constituent, is separated by fil
tration from the solution with which it was in contact.

Separation through Phase Formation. This type of separation
may be characterized by the equation

Pl(X) -+ P 2 (X) + Pa

where the essential operation involves the transformation or
production of a new phase-i.e., the emergence of a phase from a
persisting or existing phase-followed by mechanical separation
of the phases. This type of separation is exemplified by such
well known processes as precipitation and crystallization, electro
deposition, and volatilization and condensation. An outstanding
example of the latter type of operation is the usc of fractional dis
tillation or rectification in separating organic compounds.

Separation by Transference between Phases. Schematically,
the operation is represented by the equation

Pl(X) + P, -+ p, + P,(x)

In the presence of a phase containing.the desiredconstituent,x, a
new phase is introduced; competition occurs between the two
phases for the desired component, resulting eventually in the
more or less complete transfer of x to the new phase ; the final
operation usually involves the mechanical operation of the
phases. This type of operation includes all partition-distribution
(phase-equilibration) processes which are summarized in Table I.

products concerned in the human economy, have been carefully
standardized. Organizations such as the American Society for
Testing Materials, the Association of Official Agricultural Chem
ists, and the American Public Hcalth Association have done much
to develop valid sampling techniques. In research and in much
chemi.cal p~oducti.ol.', thoul;h, we are still inclined to use "grab"
sampling, assuming the material to be homogeneous within the
desired accuracy of the experimental results. We tend to over
look the possible heterogeneity that may exist in small scale
samples-for example, that due to relative particle size distribu
tion where the particles may not all be of the same type. The
organic chemist crystallizes or "salts out" 200 grams of his prod
uct; he then takes his spatula, picks up a few crystals at random
on the tip of the spatula, and transfers this sample to a vial which
is submitted for analysis. He assumes that his mass of crystals
is homogeneous; he overlooks the possibility that salts have crys
t,allized out with his organic product or that undesired organic
materials have crystallized out during the early or late stages of
crystallization of the main product. There is a serious need to
educate the average research chemist as well as chemical engineer
to the need of obtaining valid-i.e., representative--samples;
the analytical data will be no better than the care exercised in
sampling.

ISOLATION IN A MEASURABLE STATE

After a suitable sample has been secured, subsequent opera
tions are usually concerned with the preparation of the sample for
measurement. In essence, this process represents for the analyti
cal chemist an attempt to separate the measurable properties
of the desired constituent from those of the other constituents
present. Such operation can be based only on the distinguishing
properties, chemical or' physical, of the substances concerned.
Consideration of the processes that are used in separating the
desired constituent so that it can be measured leads to several
schemes for such classification. Thus, Mellon has classified the
methods of separation as consisting of the following four types:
volatilization, precipitation, electrochemical, and extraction.
To the present author it has seemeJ that what the chemist ac
tually does, in practice, is to isolate the desired constituent either
by chemical treatment or by a mechanical separation of phases
which may be preceded by phase formation or competition.
Accordingly, the following classification of processes of isolation
is suggested.

Separation through Chemical Environment. A common way
of permitting the measurement of a component in the presence
of interfering materials is to alter the chemical environment in
which the measurement is to be made. The use of complex for
mation in removing cations from the possibility of action or
reaction is well known--€.g., immobilization of ferric iron in the
iodometric determination of copper by the addition of fluoride
ion to form a ferric fluoride complex. In the polarographic
analysis of organic compound~, variation in pH can be used to
permit selective measurement; thus, maleic and fumaric acids
can be determined in the presence of each other in alkaline but
not in acidic solution.

Mechanical Separation of Phases. This type of separation is
a simple and fundamental one 'in chemical operations and in
cludes such familar opet'atkIi&.ili$;~filtration, dialysis, diffusion
(both thermal and gravi£atioiraO, sedimentation, electrophoresis,
magnetic and hand "picking,'.':;a,nILtlie;mass spectrometer. It is
well to emphasize that the prlm~ry i~Il.ctionof the mass spectrom
eter is to separate a group of heterogeneous phases on the basis
of their mass-to-charge ratios; when the group of ionized par
tides passes through the magnetic field of the mass spectrometer,
the result is a segregation into separate groups, each consisting
of phases with the same mass-to-charge ratio. The principle of
the mechanical separation of phases can be summarized in the
following equation,. where x denotes the desired constituent pres
ent in phase Pi, ina'process by which a mixture of phases is sepa-
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measures volume, without any particular reference to the nature
of the substance whose mass or volume is being measured. The
technique involved in such measurements is relatively simple.
They have the advantage of giving directly a value which can be
interpreted with a minimum of calculation or previous calibration
in terms of the desired result which is usually a concentrationlike
value-e.g., per cent by weight or volume, or, less commonly, a
statement of the absolute amount present. The serious limita
tion of the method is its lack of specificity. From the measure
ment one gains no knowledge regarding the nature of the sub
stance being measured; one merely obtains a numerical value
related to amount.

Semidiscriminatory Methods. As contrasted to nondiscrimi
natory methods, semidiscriminatory methods are essentially
qualitative in nature. Measurement is based on the variation in
value under specified conditions of a physical constant such as
refractive index, electrical and thermal conductance, rotation of
the plane of polarized light,. dielectric constant, viscosity, mag
netic susceptibility, standard potential or ionization constant in
chemical reactivity titrimetric analysis, and equilibrium constant
in many phase-distribution processes where competition prevails.

Measurement of the physical constants involved can be used
for the identification of a pure substance-Le., of a one-compo
nent system. In order to use such physical properties for quanti
tative measurement, one must deal with what is essentially a two
component system. Because the physical constant evaluated
yields only a numerical result, one must make (N - 1) measure
ments for the analysis of a system containing N components;
the needed Nth value for setting up the N equations containing
N unknowns is furnished by the fact that the sum of the mole
fractions present must equal one or, stated another way, the total
percentage composition must total 100%.

It is possible to analyze a multicomponent system for a single
component by a single measurement of one physical constant if
either of two situations prevails: Only the component being meas
ured may vary with the relative amounts of the other compo
nents remaining more or less fixed relative to each other, or the'
component being measured must have a value of the property
being measured which is so far different from the values of that
property for the other components that the system can be con
sidered to be essentially a two-component system under the con
ditions of measurement. An example of the first situation is
often encountered in the analysis of gases and permits the deter
mination of the variation in a single component by the measure
ment of the thermal conductivity of the sample. An example of
the second class was encountered in the case of product buta
diene, where the refractive index of the conjugated diolefin was
so far different from that of the simple olefins and paraffins pres
ent. that a single measurement sufficed to estimate the per cent
purity or the total per cent impurity in butadiene which was of
98% or higher purity. An outstanding example of the unique
value of a physical property in the determination of a substance
is the Pauling oxygen meter which measures the magnetic sus
ceptibility,of gases. Because the only paramagnetic gases be
sides oxygen are certain nitrogen and chlorine oxides, the instru
ment can be used for the specific determination of oxygen in com
plex gaseous mixtures.

Semidiscriminatory methods are finding effective use in measur
ing the composition of flowing streams of materials, either where
only one component is effectively varying or where an over-all
property of the system is desired-e.g., pH or hydrogen ion ac
tivity.

Discriminatory Methods. Discriminatory methods of meas
urement are essentially combinations of two types of measure
ments: qualitative semidiscrjminatory values and quantitative
nondiscriminatory values. The nse of such a method gives a
"qual-quant" plot, such as is indicated in terms of coordinates,
in Figure 1. In analytical distillation, the volumes of the desired
constituent are measured at selected boiling points, or ranges;'

ANAL Y TIC AL C H EM IS T RY

in polarography, diffusion currents are measured at selected po
tential values; in spectrophotometry the per Cltnt tr8J1Smittance
is measured at selected wave lengths. Discriminatory methods
of measurement offer great possibilities in terms of multicompo
nent analysis, either of the type where different components are
measured successively as in polarography or where the N compo
nents of a sample may all be determined by making N measure
ments on the composite pattern obtained as in infrared spectro
photometry. The use of a discriminatory technique of measure
ment at one fixed qualitative value converts it into a semidiscrimi
natory technique.

(0)

(b)

(0) Vol.

(b) E.m.f.

(c) Temp.

Figure 1. Oiscrhninatory Measuretnents

The field of the discriminatory methods offers great possi
bilities for both present and future development. In particular,
there is need for refining our techniques so that we can make our
quantitative measurement within a morll narrow range of qualita
tive spread, such as the measurement of per cent transmittance
in narrower wave-length regions-i.e., the use of smaller spectral
band widths.

As an example of the development towards discrimination, one
may consider the trend in photometric methods toward improved
methods for measuring'the per cent of radiant energy trans
mitted-i.e., improvement of the quantitative factor, and the
utilization of more narrow spectral band widths in order to im
prove the selectivity-i.e., qualitative factor---of the technique.
Starting out with the visual comparator using a set of Nessler
tubes or its equivalent and visual inspection, one can improve the
measurement of the per cent transmittance by using a Duboscq
colorimeter. Still more precise measurement of the trans
mittance as well as greater selectivity of absorption can be
achieved in the use of a filter photometer, using a photoreceptor.
From the latter instrument it .is logical to progress to the still
more selective spectrophotometer. Having achieved improve
ment in both the qualitative and quantitative factors, the next
step is the automatic recording of the data, as in the recording
spectrophotometer which measures the variation in transmittance
with time at one wave-length region or in the scanning spectro
photometer which produces the familiar "qual-quant" record for
a single sample. The final development is the application of the
response of the photometric instrument to the automatic control
of a c1).emical process.

Measurement Techniques. In most of the semidiscriminatory
and discriminatory methods of analysis we do not measure di
rectly the two prime types of data which the analyst requires
i.e., mass or concentration. Instead, in these so-called "physical
methods of analysis," we obtain a certain numerical value for a
physical property which must then be correlated with either mass
or concentration. It is usually more convenient to obtain a
correlation with the latter.

,Most, if not all, of the physical methods ofanalysis use one or
more of the following four types of methods to obtain the corre-
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lation between the measured value. and concentration. It is
significant that the application of almost any physical measure
ment to determining quantitative composition progresses t,hrough
part or all of these four types of calibration in the order listed.

STANDARD SERIES METHOD. In the standard series method
which is probably the most fundamental method of calibrating
analytical techniques, one compares the value obtained by the
particular technique used to the values obtained for a series of
samples containing varying but known amounts of the desired
constituent. Usually one series of known samples is analyzed to
obtain a calibration curve, which is then used to estimate concen
tration from the measured property'. This approach pre
supposes that the essential experimental conditions are identical
during calibration and analysis.

In one modification which may compensate for variation in
certain experimental conditions, a known standard is measured
with each batch of unknown samples and the data obtained are
handled by proportionation to determine the composition of the
sample; this modification presupposes that, the relation between
measured property and composition is linear in the range covered.

ADDITIVE METHOD. The additive method assumes that over a
relatively short range of concentration of the constituent being
measured, there is a linear variation between the amount of the
desired constituent and the effect which is being noted. In this
method a measurement is made on the sample, a known amount
of the desired constituent is added to the sample, the modified
sample is remeasured, and the amount of the constituent origi
nally present is then determined by proportionation. This
method requires a standardization run for eyery sample, but does
compensate for the effect of many environmental conditions and
may compensate for a proportional variation in the ,elation of
the property measured and the composition caused by the nature
of the sample itself. . '

INTERNAL STANDARD METHOD. In the internal standard
method the behavior of the desired constituent is compared to
that of a component which is either present in known amount or
added in known amount. Examples of this technique ar~ the
homologous pair technique of emission spectroscopy and the pilot
ion technique used in polarography. The principal advantage
of the internal standard technique is that it provides compensa
tion for varying environmental factors which may affect the rela
tive magnitudes of the. physical measurements being made. In
addition, the method affords an easy way of determining relatively
unstable substances for which the use of the standard series
method or the additive technique would not be feasible. Essen
tially the internal standard method operates as follows. Values
are measured for the constituent being determined and for the
internal standard component. The ratio of these measurements
is then compared to a calibration chart of different ratios versus
the concentration of the desired component. The principal req
uisite in the use of this method is to find a standard component
whose variability in reference to the measured property is the
same as that of the desired constituent for the significant environ
mental factors.

USE OF FUNDAMENTAL RELATION. Calculation of the amount
or concentration of x, using a basic equation which relates the
concentration of the desired constituent to the measured property,
is gradually increasing in importance. An example is the use of
the Ilkovic equation in polarography to calculate concentration
from the measured diffusion current. Similarly, Beer's law is
used in photometric measurements. This technique involves
knowledge of the values, under the experimental conditions, of all
the terms included in the equation.

In all or almost all of the so-called physieal methods of analy
sis, it is apparent that before making analytical measurements
one must have pure samples of the constituents to be determined,
and, o.ften, working curves must be prepared relating the con
centration of the. desired constituent to the property being
measured.
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It is true of any analytical method based on a physical property
that the reliability of the method is ensured·by the constant ac
tivity of that property which is measured. This constancy is
customarily achieved by control of the variables affectmg that
property or by appropriate correction for the effect of the vari
ables on the property. For example, in the infrared spectro
photometric analysis of gaseous mixtures, variables such as the
pressure and temperature (;If the gas, and the wave-length region
and distribution of the radiant energy to be absorbed are readily
corrected for or controlled; there is no control, however, over the
specific effects of the diluent components upon the absorption of
the principal absorber and the variation in magnitude of these
effects with variation in the composition of the mixture. In
situations where pressure broadening phenomena in the case of
the principal absorber are significant, ability to correct for the
effect of the diluent components will control the applicability of
the analytical method.

CALCULATION AND. INTERPRETATION

The fourth and final stage in the analytical process is the one
that is often rapidly disposed of. The calculation and interpreta
tion of the numerical data obtained are a vital link in the analyti
cal process. Because analytical measurements are made to pro
vide certain desired information, it is essential that the analytical
data be expressed in the form that will be most hel;,lful to those
who are to use the analytical results.

From the mechanical standpoint there have been a number of
innovations in recent years. Calculators employing the approxi
mation technique have been of the greatest service in enabling
multicomponent analysis of mixtures to be completed in a reason
able period of time. These calculators or computers have
found widespread application in infrared absorption spectro
photometry and in mass spectrometry.

One of the most significant developments of the past decade in
analytical chemistry is undoubtedly the greater attention paid to
statistical techniques both in the development of analytical pro
cedures and in assaying the value of analytical data. Increas
ingly greater use is being made of indexes of precision. The
analytical chemist should undertake to evaluate his results in
reference to confidence limits. We all know that the analytical
results may be incorrect; it would be of great value to know what
chance is being taken that the analytical results presented are
incorrect-I.e., that they are actually beyond a certain range
around the reported value. In place of reporting the percentage
of x in the sample as 32.3. it is more nearly correct and probably
more valuable either to express the result as follows or to have it
understood as meaning: "There are 98 chances in 100 that the
content of x i.s in the range of 32.3 ± 0.3%."

The interpretation of analytical data in reference to the purpose
for which they are being sought is usually left to the person for
whom the data are being obtained. Because the analvtical chem
ist is presumably better aware of the limitations of th~ separation
and measurement processes of the analysis than is the recipient of
the analytical results, the analytical chemist should attempt to
aid in the interpretation of the analytical data, particularly in the
case of complex mixtures whose composition may not be fully
known.
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Classification of Methods of Ouantitative Analysis
EARL J. SERFASS AND RALPH G. STEINHARDT, JR., Lehigh University, Bethlehem, Pa.,

AND FREDERICK C. STRONG, Villanova College, Villanova, Pa.

Representatiye existing classifications of analytical chemical methods are criti
cally surveyed on the basis of several fundaIllental criteria. The basic difficulty
is shown to be confusion of definitions of the various operations. An hnproved
classification is presented which generally satisfies the fllndaIllental criteria for
a satisfactory systelO, elilOinates lOost of the difficulties inherent in present
systems, and is capable of serving as the basis of an ilOproved indexing systelO.

The student is likely to ask himself, "Will they ever end?"
When assembled they are still just a list without order, rhyme,
or reason. Enumeration of the names gives no suggestion of
where an opportunity exists for devising a new method.

On the other hand, classification gives boundaries to the field
and order t,o the list. Presented thus to students, the methods
seem connected and are more easily remembered. Furthermore,
the structure of the pattern may suggest possible new methods.
Finally, if the classification has functional foundation, it may be
used as the basis of an indexing system.

A s STUDENTS and later as teachers, the authors have ob
served that after an elementary course in quantitative

analysis the student gets the impression that quantitative analy
sis consists of gnwimetric and titrimetric methods. He may have
been introduced to colorimetry. Then, in an advanced analytical
course or in a physical chemistry laboratory he is suddenly con
fronted with many new and diverse methods, used infrequently in
some cases, but essential in specific applications. If he has occa
sion to make up a list of all known methods, the array becomes
bewildering. The following partial list is an illustration:

CRITICAL SUMMARY OF PRESENT CLASSIFICATIONS

Before examining the virtues.,and faults of the various classifi
cations whic-h have appeared in the literature, it would be wellto
list the requisites of an ideal classification. Cohen and Nagel (4)
give three general requirements as:

1.. A division must be exhaustive
2. The constituent specie~ of the genus must exclude one

another
3. A division must proceed at every stage upon one principle,

the fundamentum divisionis

To these basic requirements it seems necessary to add several
specific requirements for an ideal classification. of analytical
methods:

4. It must be based upon the generally accepted divisions of
chemistry and physics

Absorption spectrometry
Absorption spectrography
Amperometric titrimetry
Biological assay
Capillary analysis
Colorimetry
Combustion analysis
Conductometric titrimetry
Coulometric analysis
Critical solution temperature

method
Densitometry
Electrical conductivity method
Electrodeposition
Electrographic analysis
Emission flame spectrophotom-

etry
Emission spectrography
Fluorometry
Gas analysis
Gravimetric analysis
Magnetic susceptibility methods

Mass spectrography
Mass spectrometry
Melting point and freezing point

change method
Microscopical analysis
Nephelometry
Neutron capture
Polarimetry
Polarography
Potentiometric titrimetry
Raman spectrography
Refractometry
Sonic methods
Spectrophotometry
Thermal conductivity method
Titrimetry
Turbidimetry
Viscometry
Volume of liquid distilled
Volume of precipitate
X-ray diffraction analysis
Zymometry
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5. It must use a generally accepted vocabulary
6. It must be of definite utility
7. It must not involve theoretical knowledge on a level above

that of an undergraduate in chemistry
8. The criteria for differentiation must be simply and clearly

defined
9. It must be capable of expansion and intensification without

the necessity for radical revision

Any actual classification will almost inevitably violate to some
extent anyone or several of the above criteria. This does not in
any way decrease their utility as a guide in the formulation of a
classification.

The most frequent fault with the classifications which have
previously been given lies in the careless use of the word "physico
chemical." Willard and Furman (10), for instance, cite the
measurement of specific gravity as an example of a physico
chemical method. If a hydrometer is placed directly in a solution
that is to be analyzed, the method is purely physical. If some
chemical preparation of the sample is required, these authors do
not consider this as part of the method to be applied and subse
quent measurement of specific gravity still involves a physical
property only. But according to its definition, physicochemical
should involve the principles of both physics and chemistry,
which makes this term inapplicable here. If preparation of sam
ple is to be included as part of the method, then this method
would be physical in certain cases and physicochemical in others.

Furthermore, the inclusion by these authors of preliminary
treatment of the dissolved sample (prior to precipitation) as part
of the gravimetric method is not logical. The essential idea of
such a method is that the addition of some agent causes a new
phase to separate and the addition of this agent is the logicla
starting point of the method. Outside of these difficulties, the
classification suggested by these authors has much to commend
it.

Kolthoff and Sandell (6) do not make an attempt at classifica
tion and their list of "physicochemical" methods is just that,
merely a list. They are definitely in error in describing density,
refractive index, and color as physicochemical properties. Kolt
hoff and Sandell, furthermore, use "specific" to denote a property
possessed only by the substance in question, such as its emission
spectrum. They refer to properties possessed by all specimens of
matter but differing in magnitude as "unspecific" properties
e.g., density, refractive index. In addition, they recognize that
some properties are both "specific" and "unspecific"-e.g;, con
ductivity of electrolytes, optical activity of certain compounds.

Patterson and Mellon (8) classify properties accordin:g to an
original concept of "static" and "dynamic" properties, a static
property being a contained property of the system, while dynamic
properties are those which require transmission or emission of
wave motion for their measurement. "Waves" are interpreted to.
include moving particles by the application of de Broglie's equa
tion for a moving particle of massm and velocityv,A =hjmv,
where Ais the wave length and Ii is' Planck's constant. In listing
properties they advocate revising the spelling of several terms in
the interest of consistency imd .devise other new terms'---C.g.,
"refractimetry," "masspectriinetry," "potentiimetry."·· In con-
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trast to the previously cited authors, they name methods wholly
on the basis of the property used in the final measurement and
consider the "separation of the desired constituent" extraneous to
the method. Taking what we now call ordinary gravimetric
analysis as an example, this would mean presumably that, be
cause the measurement is one of mass, the operations of precipita
tion, filtration, etc., are not to be considered as part of the
"method." Because the term "gravimetric analysis," as now
used, includes these operations as essential parts of the method,
it would have to be redefined or replaced. Such a step is in
opposition to the requirement that a desirable classification use a
generally accepted vocabulary. The same may be said with re
gard to their extensive terminology revisions and additions.

Another objection to the classification of Patterson and Mellon
is on the basis of requirement 7, that the necessary knowledge in
volved be on an undergraduate level. This is definitely not true
of the concepts involved in de Broglie's equation.

The size of the sample used for analysis has been an important
aspect of analytical methods since the founding of microchemistry
by Emich (5), who speaks of milligram and centigram methods.
The divisions into macro, semimicro, and micromethods are
rather indefinite, and, according to various authors, involve, re
spectively, samples in the ranges 100 mg. and above, 50 to 80 mg.,
and 15 to 1 mg. or less. The scale of sample size is an important
consideration and usually requires modification of the technique
involved in work on a different scale. At times, such a classifica
tion would be useful but, in general, its importance would be
secondary to the identification of the method, especially as most
methods can be adapted to different scales of sample sizes.

Another basis of classification has recently come into general
use-namely, instrumental and noninstrumental methods.
Many colleges and universities now offer courses in instrumental
analysis. At least one text (11) for such a course has been written
and others are known to be planned. Although this classification
has fairly wide usage, several authors (7-9) have pointed out
the ambiguity of the term "instrumental." Manual and semi
automatic might be somewhat better. Whatever the name, the
classification is needed and used, though it does not satisfy the re
quirement that the criteria for the differentiation of methods be
clearly definable.

Celsi has given considerable attention to the classification of
analytical methods (1-3). His divisions (3) of physical, chemical,
and biological methods are the ones advocated in the present
paper, but his over-all title of "Methods of Quantitative Chemical
Analysis" reflects the common confusion over sample preparation,
which may be chemical, and the method of analysis, which may
be purely physical. His subdivision of chemical methods accord
ing to whether measurement is carried out upon a reagent ora prod
uct (he proposes the terms "reactivimetrfa" and "corisimetria,"
the latter from the greek xwpunCT, "separation") is a logical one,
but as he admits, fails to provide' a satisfactory niche fO,r the
method of gas analysis. His alternative basis, the physical state
of the sample, does not appear to fulfill the requirement that 'a
classification have definite utility.

DEVEWPMENT OF A SATISFACTORY CLASSIFICA~ION

The scientific utility of a classification rests upon its defined
basis of systematization. The choice of this foundation, then, is
the first and most significant step in the development of an ac
ceptable classification. The basis for the classification presented
here is operational-that is, the classification is based upon the
fundamental nature of the operations which are carried out upon
the material to be analyzed. The purposein using an operational
(or functional) basis is to clarify the fundamental nature of the
operation itself, inasmuch as this i5 the source of confusion in
the organization of the science of analytical chemistry.

Differentiation between preparational operations and measure
ment operations must next be established. In this paper a
"method of analysis" is defined as a procedur~' or sequemie of
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operations which makes possible a quantitative estimation of the
chemical composition of any material. "Determination" de
notes an operation which involves a measurement, while "prepa
ration" denotes any operation to which the material must be sub~

jected before a measurement can be applied.
Thus, the basic structure of the proposed classification is:

Classification of Quantitative Analytical Methods

1. Methods of Preparation of Sample
2. Methods of Determination of Desired Constituent

Itis recognized thatpractically allpreparational operationscan be
differentiated on the basis of their being either essentially physical
or essentially chemical. Although the differentiation between
chemistry and physics is, on a fundamental scientific basis, arbi
trary, such differentiation is pedagogically justified on purely
traditional considerations. The distinction between a chemical
process and a physical process is made by considering whether or
not the chemical composition of the system changes as a result of
the process. Although it is realized that this is a cyclic definition,
the traditional acceptance of the idea of a chemical change, it is
felt, validates its use. The development of division 1 is simple
and direct, requiring no further discussion at this point.

Because of the enormous number of methods of measurement
available to the analytical chemist, the classification of these
methods, in order to be useful, must achieve a high degree of dif
ferentiation. The primary ciassification basis is not so simple as
in division 1, for biological methods of measurement comprise a
significantly large subdivision. Two questions are asked:

1. Is the determination based primarily on the response of a
living organism?

2. If not, does the chemical composition of the system change
as a necessary result of the determination?

From the answers to these questions it can be decided whether
a given determination is biological, chemical, or physical. In a
similar manner, other questions are asked until the system is suf
ficiently extended to differentiate satisfactorily between the cur
rently available methods of determination. As new methods be
come available further extension may become necessary. Be
cause the entire classification is given below and the various
criteria which are its basis are either presented therewith or are
"dictionary" definitions, it would be redundant to repeat here the
actual questions used in the development.

The use of a decimal symbology for denoting the various di
visions is made in anticipation of ·subsequent applications of the
classification to an indexing system in which such a symbology
has definite and obvious conveniences.

Classification of Quantitative Analytical Methods

1. Preparation of Sample (operations necessary to permit meas
urement)

.1:"-Physical (chemical composition of system does not change
~sult of the operation)

.01-Sampling

.02~Examination

.03-Division

.04-Size separation

.05-Drying

.06-Conversion to desired state
.OOI':"-Dissolution
.002-,Crystallization
.003-Filtration
.004-Extraction
.005-Physical adsorption
.006-Distillation
.007-Fusion

.2-Chemical (chemical composition of system changes as a
resl1lt of the operation)

.OI-Examination

.02-Conversion of system. to desired chemical composition



.0001-X-ray

.0002-Ultraviolet

.0003-ViI;ible

.0004-Infrared

.000.5-Microwave

.0001-Absorption

.0002-Emission

.0003-Scattering

.OO04-Diffraction
.0005-Hefraction
.0006-Combination of above
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2. Determination of Pesired Constituent (operations. involving
measurement)

.1,-BioloQ;ical (based primarily upon response of living organ
ism)

.Ol-Microbiological

.001-Antibacterial methods

.002-Growth stiI:nula~onmethods

.0001-Population methods

.OOO2-Chemical growth product determina
tions

.02-Macrobiological

.001-Physiological methods

.002-Psychological methods

.2-Chemical (chemical composition of system changes--:as a
result of determination)

.Ol-Spontaneous decomposition. Loss in mass measured
(ignition methods)

.02-Reaction incomplete. Concentration measured.

.001-Diffusion current measured (polarography)

.002-Reaction rate measured (kinetic methods)

.03-Stoichiometric quantity of reagent added and end
point determined by indicator. Measurement by
quantit.y of reagent used.

.001-Reagent is a liquid (titrimetry)

.0001-Chemical indicator

.00001-Self-indicator

.00002-Added

.00003-External

.0002-Physical indicator
.00001-Potentiometric
.00002-Conductometric
.00003-Amperometric

.002-Reagent is an electri;:: current (coulometric
analysis)

.04-Excess reagen~added

.001-Mass of product measured (gravimetric analy-
sis)

.0001-Chemical precipitation

.0002-Electrodeposition

.OO03-Gas evolution and absorption

.002-Volume measured

.0001-Voh,lme change of reaction mixture
.measured (gas analysis) .

.0002-Volume of product measured
.00001-Bolid (volume of precipitate

methods)
.OOOO2-Gas (evolution methods)

.3-Physical (chemical composition of system does not change as
a result of determination)

.Ol-Optical

.001-Absorp.tion

.002-Emission

.003-Scattering

.OO4---:Diffraction

.005-Refraction

.OO&-Interference

.007-Polarization

.008-Reflection

.OO9--Combinatio:ns of above

.02-Electrical

.00l-~Electromotiveforce

.OO2·-Conductivity .
,000-Current .
.004-Inductance
.OO5-Dielee·tric constant

.oa-Magnetic

.001,-Susceptibility
..000-Pertlleability
.000-8aturabUity
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.04-Acoustical

.OOl-Absorption

.002-Interference

.05-Mechanical

.001-Hardness

.002-Tensile strength

.003-Elasticity

.004-Density

.005-Length, area, or volume

.OO&-Viscosity

.007-Interfacial tension

.O&-Thermal

.001-Phase change temperature

.002~Calorimetry

.003-Diffusivity

.004-Conductivity

.07-Elementary particle

.001-Ions

.002-Electrons

.OO3-Protons

.004-Neutrons

.005-0ther particles

DISCUSSION OF UTILITY AND APPLICABILITY

Before applying the system to specific cases, several important
features should be pointed out. Gravimetric analysis is con
sidered to consist of the chemical separation of a phase by addition
of a reagent, followed by measurement of the mass of the separated
phase. Chromatographic "analysis" is a method of preparation .
of sample, because it is a technique of separation only. (The
term "chromatography" is to be preferred.) In classifying so
called electrochemical methods of analysis, distinction is made
between those that merely involve electrical indication of titrllr
tion end points and complete analytical methods such as polar
ography and electrodeposition.

In order to check the applicability of the classification, a copy of
Chemical Abstracts was chosen at random from the current vol
ume. In the Analytical Chemistry section, a pair of adjacent
columns was chosen at random by a disinterested observer. The
reference selected was Chem. Abs., 43, 5701-2 (1949). All the
references in these columns were successfully differentiated,
using the above classification. Although this admittedly was not
a satisfactory test to which to subject the system, it was felt that
it offered at least a preliminary estimation of the appiicability of
the scheme. The papers are listed below by page reference and
title only and are followed by the appropriate classification index
number: .

5701a-Diagram for the analysis of potash feldspar on the five-
axis universal stage-2.319 .

5701b-The cobalt chloride method for determining combined
. water-.2.23112

5701c--A complementing reaction for the identification of hydro
cyanic acid by sOdium picrate paper-1.21

5701d-Pqlarographic study of molybdiphosphorjc and molybdi
silicic aciJs-2.221

5701e-Spectmphotometric determination of pH by means of
. mixedindicators-2.3113

5701g-Determination of cobaltammine ammonia. Application
to determination of ferrocyanide ion-2.2411; 2.2421

5701h-Sensitive test for mllrcuryion-1.21
5701i-Detection of silver and mercury ions and their quantita

tive (colorim~tric)determination-1.21; 2.3113
5702b-Inorganic paper chromatography and detection 0'£ catioIls

by fluorescence-l.21
5702c-0rganic elementary anaJy~is-2.2411

5702d-earbon-hydrogen groups in hydrocarbons. Character
. ization by 1.1()'" to 1.25-micron infrared absorption-

2.3114' .
5702f-Determination of aliphatic alcohols by oxidation with

potassium dichromate.in the presence of BOnur organic
sUbstances-l.22-; 2.231. .

57:02h-PoJaro!/;raphic determination of saturated and unsatu
rated compounds-2;221
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Although in its present state t,he system has only a pedagogic
value, it will be shown in a subsequent paper that it can be ex
tended easily into a method which permits an unusually rapid
and accurate comparison of ana.\ytical methods on the basis of:

1. General theory

2. Characteristics
a. Rapidity
b. Accuracy
c. Sensitivity
d. Complexity

1. Mathematical
2. Operational

e. COSt
1. Initial
2. Operational

3. Applicability

A cross-reference system will be shown to be applicable.
The classification does not obey completely the previously cited

rules of Cohen and Nagel. Cohen and Nagel feel that "these
rules. . . . are of little help in practice. They express an ideal
rather than state a method. Moreover, the ideal is inadequate
for a well-developed science; it is more suitable to sciences in their
infancy." That analytical chemistry today is not an infant
science can be verified by any student or chemist who has ever

969

been exposed to the myriads of methods which lie between
"absorption spectrophotometry" and "zymometry."
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ACathode-Ray Polarograph
F. C. SNOWDEN AND H. T. PAGE

General Aniline and Film Corporation, Easton, Pa.

An iInproved cathode-ray polarograph, designed
around readily available components, is presented
with BOme-_perbnentarn!!lUlts' obtainable with it.
The circuit of the instrument contains a sweep gen
erator capable of applying to the dropping mercury
electrode a linear voltage sweep which is continuous
from +0.50 through 0 to -2.50 volts, a voltage clipper
which p-events the application ofdamaging excessive
voltages to the dropping electrode, a blanking relay
which prevents the focusing of the electron beam at
the cathode-ray tube screen except when the input
voltages are applied to the deflection plates, and a
voltage-compensating circuit which maintains the

DURING the past decade there have appeared in various
journals a few articles on the application of the cathode

ray tube and the oscillograph to polarography (1, 2, 4, 6, 7,9).
Two basic techniques were de"veloped, one employing a streaming
mercury electrode across which is continuously applied an alter
nating voltage of conventional wave form and frequency-Le.,
50 to 60 cp.-the other employing a dropping mercury electrode
across which is applied, intermittently at the proper time inter
val, a drop-synchronized, linear voltage sweep of short duration
(0.1 to 0.5 second). This relatively rapid sweep is applied to the
electrode near the end of the drop growth. In both techniques a
cathode-ray tube is used in the Presentation of the polarographic
data obtained. The first of these techniques is ably described by
Heyrovsky and Foretj (4) and the second by Randles (9).

From an analytical point of view, the second of these methods
showed the better promise of further development into a reliable,
generally applicable, quantitative as well as qualitative tool.
Indeed, Randles (9) described an instrliment with which he ot::
tained many useful data of a precision great enough to render
them quantitatively significant.' All. the work reported on in
this paper, however, was concerned with inorganic systems, and

potential drop across the polarographic cell inde
pendent of the drop across the series resistor. There
is also a built-in vacuum tube voltmeter for adjust
ing the minimum and maximum values of the sweep
voltage. The instrument can be used as a qualita
tive and quantitative analytical tool, for both inor
ganic systems and many organic systems. In addi
tion, it is capable of following rapid, as well as slow,
reactions of zero, first, and second order. There is
no reason to doubt that the instrument is capable
of following third-order reactions as well. The real
potentialities of this instrument lie in its ability to
follow and measure the rates of rapid reactions.

dealt chiefly with the detection and measurement of the metal
constituents of a solution. This is perhaps unfortunate, for it
may leave the impression that this instrument is limited to the
analysis of inorganic systems. The authors have shown, on the
other hand, that it is equally applicable to many organic systems.
In fact, it is entirely possible that the real contributions of such
instruments will be made in the organic field and in the study of
reaction rates.

This paper presents an instrument for use with the second of
the above-outlined techniques, which improves upon some of the
shortcomings of similar instruments previously reported; offers
a circuit design built around components, particularly vacuum
tubes, readily available in this country; indicates the value of the
technique in organic as weil as inorganic analysis; and, finally,
demonstrates the potentialities of the device in the realm of reac
tion kinetics study.

THE INSTRUMENT AND ITS DESIGN

The basic layout of the instrument is depicted in the block dia
gram of Figure 1. From this it can be seen that the completed de-
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Figure 2. .Phot~graph of Completed Instrument

Figure 1. Schematic Block Diagram of Cathode-Ray
Polarograph

.
To enable the curve to persist- for a length of time sufficient for

proper observation or for photographing, a cathode-ray tube
with a (ong-persistence screen was employed. The vacuum tube
voltmeter is built in to facilitate the presetting of the maximum
and minimum values of the sweep voltage.

Figure 2 shows the details of the control panel. When the
instrument is in use a viewing shield is placed over the cathode
ray screen (not shown in the photograph). The power supplies
are in a cabinet separate from the remainder of the apparatus to
facilitate maintenance and to eliminate the problems of magneti
cally shielding the cathode-ray tube from the power sources. In

Figure 3 is depicted the polarographic cell assembly, with
which a calomel half-cell is used as a reference. This as
sembly permits a wide choice in the selection of drop
time.

Design and Functions of Individual Units. The
power requirements for the instrument are not particu
larly unusual or rigid, but they are specific enough
so that no readily available commercial unit will com
pletely suffice. For this reason it wa! decided to build a
power supply and, by so doing, obtain a compact unit
designed for the specific purpose at hand. The total
power requirements are as follows: -1050 volts rated
at 2 mils, +300 volts rated at 90 mils, and + 150 and -150
volts, both with a rating of about 30 mils. The last three
of these voltages must be well regulated.

The high voltage is used for the cathode-ray tube ac
celerating potentials, and accordingly need not be elec
tronically regulated. As a result, the high voltage power
supply shown in Figure 4 is conventional. (For the
component values and ratings, see the complete list of
parts, Figure 13.) Smoothing of the raw direct current
from the 2X2 rectifier is accomplished with a simple
R-C filter, and the various voltages required for the

cathode-ray tube are obtained from a bleeder
placed across the filtered direct current; the
resistance values for this bleeder were calculated
in the usual manner. Two of these resistors
were made variable in order that they might be
used as the intensity and focus controls of the
cathode-ray tube. These two controls can be
seen on the panel in Figure 2. The condensers,
C, and C2, are only 0.1 ~fd., which may seem
small, but they provide sufficient filtering in this
application. The primary consideration here is
the high breakdown requirement of the capaci
tors.

The regulated supply of Figure 5 provides the
other three voltages for the circuit. The +300
volts are electronically regulated by the tier of
four tubes at the right of the diagram. The
+150 and -150 volts are regulated only by
voltage regulator tubes (V.R. regulation). Both
types of regulation require good filtering of the
raw direct current for optimum results, and it
will be noted that an L-C filter is used, as com
pared to the R-C filter in the high voltage sup
ply. Because the breakdown requirements are
much less in this case, filter condensers of
higher value are employed, which grea.tly in
creases the amount of smoothing in the circuit.

sweep across the polarographic cell, and causes it to be inde
pendent of the series resistor. Next, (6), the change in current
manifested by a proportionate potential drop across the series
resistor and the linear voltage sweep across the polarographic cell
are amplified, and (7) the amplified signals are placed on the ver
tical and horizontal deflection plates of a cathode-ray tube, re
spectively, resulting in the desired current-voltagE: curve of the
electrolytic polarographic reactions occurring at the electrode
surface in the cell.

POSITlVf. t
NEIlJ\Tl'JE "REQ
ULf\TED VOllS

HlttH VOl-TAIlE
CA.THODE-RAY
TUBE SUPPLY

vice consists of thirteen intf'rrelated units, which, when caused to
operate in the proper sequence, present a cathode-ray picture of
the current-voltage curve of the E'lectrode reactions occurring at
the surface of the dropping merl'ury electrode in a polarographic
cell. Accordingly, this apparatus i~ called a c:athode-ray polaro
graph. [The name "oscillographic polarograph" is more appro
priately given by Heyrovsky (4) to an instrument based on the
first of the techniques discussed above, where an alternating volt
age is cuntinuously applied to the electrode.] The complete
cycll' of events that take place in the instrument is as follows:

(1) When a drop falls from the capillary orifice of the drop
ping electrode there is a sudden large change in the amount of
current flowing through the polarographic cell; (2) this current,
in flowing through an external series resistance, causes a corre
sponding sudden drop in potential across this resistor which is
applied through the vertical amplifier to the delay gate circuit;
(3) this activates the blanking relay and, after a certain time delay,
the sweep generator which (4) applies a linear voltage sweep to the
dropping electrode after being clipped and acted upon by the
comppl1sator; (5) the compensator maintains the linearity of the
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resistor as small as 0.005 volt, the ripple component must be kept
down to a level equal to 2% of this value. This is not an arbi~

trary evaluation for the amount of ripple" that can be tolerated, as
Kolthoff and Lingane t5) state that the accuracy of the polaro
graph under normal circumstances is :2% in the concentration
range from 10-4 to 10-2 molar. This means that the ripple
should not exceed 0.0001 volt in the preamplified signal. This
gives a good indication of the amount of filtering and regulation
required in the +300-volt source. Two 2A3 power triodes were
used in parallel in the output stage of this circuit because of the
relatively large (90 mils) load current. needs.

Figure 5. Regulated Voltage Supplies

The curve shown in Figure 6 represents this general I1kovic
equation when concentration C is constant. Because it is obvious
that for given cell conditions n, D, and m are also constant, this
equation must be a current-time curve, represented by the general
form:

(1)

(2)

Rll

+ISOub+3001l.<r--

i,· = Kt

it = 706 n DI/2 Cm2/' tl/< I-' amp.

where 706 is a combination of numerical constants, n iij the num
ber of electrons involved in the reduction, D is the diffusion
coefficient in sq. em. sec. -t, C is the concentration in moles per
cc., m is the flow of the mercury in the dropping electrode in
grams sec. -\ and t is the drop time in seconds.

DELAY GATE

If anyone of the various units of the cathode-ray polarograph
can be called the heart of the instrument it is the delay gate, for
it is this circuit which synchronizes the voltage sweep across the
cell with the drop. In other words, this portion of the instrument
ensures that the voltage sweep will occur at the same instant with
respect to drop growth for each drop. That this be done is
important from two standpoints: (1) to maintain the reproduci
bility of the curve from one sweep to the next, and (2) to mini
mize the distortion introduced into the curve by the increase in
diffusion current brought about by the increase in the surface
area of the drop during the sweep interval.

The necessity of meeting these two conditions can be best
realized by considering the current-time curve shown in Figure 6,
and by a brief examination of the theoretical equation for the
current at any time t (it) during the life of a mercury drop. This
equation was originally derived by I1kovic, and a very concise
treatment of the derivation and the theory behind it is given by
Kolthoff and Lingane (5). The equation so derived is
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Figure 4. High-Voltage Power Supply

-1050v.

Figure 3. Polarographic Cell Asselllbly

It is necessary for the +300 volts to be highly regulated be
cause of the great stability required in the plate supply voltages
for the delay gate, sweep generator, and subsequent stages. If
this voltage is not extremely stable, the ripple component ap
pears superimposed on the polarographic curve presented at the
cathode-ray tube screen, seriously impairing the usefulness of the
curve and the accuracy with which it may be read. This is all
the more serious when it is remembered that any ripple com
ponent present in the signal before it is amplified will be multi
plied by a factor of up to 2000 or more in the vertical amplifier.
Considered from another point of view, this problem becomes one
of keeping the ripple component level below the point at which it
will start to interfere with the direct current signal generated
across the resistor in series with the polarographic cell. Because
it is desired to detect and accurately measure signals across this
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Figure 6. Current-Time Curve
for 5-Second Drop Time

i~ = 932St

R"?S~j ~I !Q..S\'IEEP
Z. z.

TO+300

O.2-second duration is 0.85 second. A drop time of slightly more
than 1 second is found to be a satisfactory minimum for a sweep
of 0.25 second. From other considerations it has been found
practical to maintain drop times in the range 3 to 6 seconds, so
that in practice the drop times are found to be well above the
minimum time required for producing a virtually distortionless
curve on the cathode-ray screen, and distortion becomes a prob
lem of minor importance when the sweep is caused to occur at a
point approximately 0.5 second from the end of the drop life.

Because the drop time may vary by several per cent from drop
to drop, it is perhaps more correct to say that we cause the sweep
to occur at a preset time after the beginning of the drop life,
rather than at a given time from the end of the drop life. In any
event, the pulse received by the amplifier from across the cell
series resistor when the drop falls is amplified and fed into the
delay gate. The delay-gate circuit is what is commonly called a
"one-shot" multivibrator or "flipflop," as opposed to the free
running or continuously oscillating multivibrator. Puckle (8)
gives a full discussion of multivibrators and circuits of similar
type in his excellent book on the subject.

Theoretically, any time delay should be available with such
flipflop circuits, but the longer the "leak" time in such a circuit,
the less the reproducibility, and, for obvious reasons, the aetua.!
practical length of time delay obtainable by this means is de
pendent on the precision of measurement required. The maxi
mum times in which we are interested do not exceed 5 or 6 seconds,
and the reproducibility for times in this range is better than 1%,
entirely within the tolerable limits for the cathode-ray polaro
graph.

The diagram for the delay-gate circuit is presented in Figure 7.
The length of the time delay is determined by the size of the leak
resistor, a coarse time adjustment being provided by the switch
which selects resistors in lb.-megohm steps. In series with this
switch are a IO-megohm potentiometer and a 2.2-megohm fixed
resistor. The variable resistor is used as a fine time-delay ad·
justment, and the function of the 2.2-megohm resistance is to
limit the low end of the times available to some finite value.
Thus, the arrangement described permits one to select any resist-
ance value between 2.2 and 32.2 megohms.

61 2. 3 4 5
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After this fact has been established, it must be decided next at
which point along the curve with respect· to time to it is best to
apply the sweep each time. This is a problem involving the
relationships between the sweep interval and (1) the time which
is to elapse from the start of drop growth until the initiation of the
sweep, and (2) the total drop time. Because the sweep that is
applied to the polarographic cell is finite in value (usually 0.1 to
0.25 second), we must consider the increase in diffusion current
during the time of sweep. It is easily seen that any increase in
this diffusion current near the end of the sweep will cause a pro
portionate increase in the amplitude of any ion "break" occurring
near the end of the sweep. The same thing is true to a lesser
extent of ion breaks occurring at intermediate points during the
course of the sweep. The resulting curve will be accordingly dis
torted. In general, then, for optimum results and minimum dis
tortion the sweep should be applied across the polarographic cell
as near the end of the drop as is practicable. If the sweep were
instantaneous, it would make no real difference, as far as the
introduction of distortion is concerned, where the sweep were
applied, but even under these conditions it would be best to
choose a point near the end of drop growth, for it is in this region
t,hat maximum break amplitude would be obtained for a given
concentration.

The onlyj'lj'inaining question, now, is the relation of sweep
interval to drop time. We must determine what mL.TJ.imum drop
t,ime will give satisfactory results. By experiment with the 0.05
mm. capillary tubing used in the dropping mercury electrode, the
authors found that the value for K in Equation 2 averaged out to
approximately 9325 for such a capillary. This gives, then,

It can now be observed that unless the voltage sweep across the
polarographic cell occurs at the same time, t1, with respect to the
start of drop growth at to, the curves appearing at the cathode-ray
tube will not be reproducible from sweep to sweep, but will cause
the polarographic breaks to vary in amplitude according to the
sixth power of the current, i" flowing at the time of sweep, t,.

i~ = 9325 t (3)

whose derivative, Figure 7. Delay-Gate Circuit

gives the expression for the rate of change of current with re
spect to time. If, as previously stated, the accuracy of the polaro
graphic method is "=2%, then an increase in diffusion current
greater than 0.04 i" where i, is the average current during the
sweep duration, cannot be tolerated. By substitution in Equa
tions 3 and 4 we find that the minimum acceptable drop time for a
sweep of O.I-second duration is 0.42 second, and for a sweep of

di,jdt = 15M/i." (4)
As a plate load for the second stage of the "one-shot" ~u.lti

vibrator included in the delay-gate circuit, we use the coil of a re
lay, which in turn controls the contacts which operate the voltage
sweep generator arid the cathode-ray tube blanking voltage.
The coil has a direct current resistance of 11,500 ohms, shunted
by a 10K resistor, giving an effective load of approximately 5000
ohms. Multiplying this value by 4 (see PuckIe 8) gives the plate
19ad resistance for the first stage, 20,000 ohms.
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The function of the potentiometer in the grid circuit of the first
stage is for the purpose of adjusting the multivibrator sensi
tivity-i.e., the magnitude of the triggering pulse required to acti
vate the circuit.

Thus, the operation of the delay gate can be outlined briefly as
follows: Stage two is the one normally conducting when a large
positive pulse, from the vertical amplifier, is applied to the first
grid at the instant the drop falls; this action switches the multi
vibrator to stage one from stage two, dropping out the relay
which 'is normally closed; and finally, at the end of the time de
lay, the relay pulls up again as a result of the switchback to the
normal multivibrator regime. This activates the SWlJep genera
tor and "unblanks" the cathode-ray tube. The length of the
time delay is set in by means of the time-delay adjustors de
scribed, and it will vary, in normal usage, from about 3 to 6
seconds. The delay is fixed at a value approximately 0:5-second
less than the average drop time, thus permitting the drop to be
nearly full grown before application of the sweep voltage.

combination similar to' the one employed in regulating the delay
time. These are the coarse and fine sweep rate adjustments,
respectively, providing sweep times of from about 0.1 to 1.0
second. To date, the sweep times most frequently utilized,
experimentally, have been in the range 0.2 to 0.5 second. (By
sweep time is meant the time required for the voltage across the
condenser to reach the maximum value predetermined by the
setting on the voltage clipper.)

A. Ideal wave form Cor constant drop tinte
B. Type of wave form actually encountered

in practice
C. Wave form after addition of voltage clipper

TIME ..
Figure 9. Sweep Generator Wave
ForIns, Showing Action of Voltage

Clipper

The primary qualification of this sweep voltage is that it be
linear over the range of voltages to be used in the cathode-ray
polarograph. The wave form of the voltage developed across a
charging condenser is exponential; however, for all practical pur
poses it is virtually linear at the start of the charging period.
The maximum voltage applied to the dropping mercury elec
trode should never exceed 2.5 volts, less than 1% of the total
available charging potential of 300 v~lts, and consequently the
nonlinearity of the sweep so obtained is neither perceptible nor
significant in, this application.

One of the major failings of previously reported cathode-ray
polarograph circuits is the manner by which the voltage sweep is
terminated. The method employed was to permit the drop itself
to terminate the sweep. Under ideal conditions where the drop
rate would be absolutely uniform and perfectly reproducible, this
method would perhaps be acceptable, providing one could initiate
the sweep at exactly the correct time with respect to the time of
drop fall.

Under such ideal conditions, the sweep wave form would be a
uniform sawtooth wave, with a delay interposed between cycles.
Such a wave form is shown in Figure 9A. Unfortunately, the
drop times are not exactly reproducible, but vary, even under the
best of conditions, by a ,few tenths of a second. A typical ex
ample, obtained experimentally, shows that the drop time was
5.8 = 0.2 seconds. The wave form of the sweep voltage resulting
from such irregularities in drop time is shown in Figure 9R. The
fact that the wave form itself is not exactly uniform is not par
ticularly serious when considered alone, but the fact that such a
situation permits excessive voltage to be applied to the electrode
creates considerable havoc. This is especially true at the faster
sweep rates, where the voltage increases at a rate of approxi
mately 15 to 20 volts per second. !tis a matter of simple arith
metic to see that a variation of =0.2 second in the drop time can
cause a variation in the terminal 'sweep voltage of as much as 5
volts, if the drop is used as the sweep terminator. In such a case
the maximum sweep voltage would lie between 2.0 and 7.0 volts
in a normal experiment. (We are considering here the absolute

c
3·

2'UL/LfL\.

O·

0-'V\N'-;R4 &

c)-"V'V'v~ R41

TO COMPENSATOR
Figure 8. Sweep Generator, Blanking

Relay, and Voltage Clipper

The sweep generator in the instrument described by Randles
(9) starts its sweep at a value of -0.5 volt. Because there are
many ions whose half-wave potentials lie in the r:1nge 0.0 to
-0.5 volt, a sweep generator was designed for use in the authors'
instrument which was capable of sweeping from +0.5 through 0
to -2.5 volts. Thus, the range of operation of the cathode-ray
polarograph is greatly extended, and the versatility increased.
The ability of the instrument to sweep from some small positive
potential through zero into the negative range facilitates the
investigation of many organic systems where t,he half-wave poten
tials may be slightly positive. It was of aid, for instance, in the
investigation of gelatin sols.

The sweep generator is basically of the simplest kind, being
nothing more than a charging condenser. This condenser, how
ever, is rigidly controlled to prevent the voltage developed across
it from becoming excessive. In the diagram the relay contacts
are shown in their pulled-up position, which is the case when
stage two of the multivibrator is conducting. In this position the
charging condenser is connected to +300 volts through a large
resistor, the magnitude of which determines the charging rate;
the larger the resistor, the slower the charging rate, and the
longer it takes the condenser to reach a given value. An ex
amination of the circuit reveals a switching and variable resistor

SWEEP GENERATOR, VOLTAGE CLIPPER. AND BLANKING RELAY

A diagram of the sweep generator is depicted in Figure 8. In
cluded in this discussion, because of their interrelationship with
the sweep generator circuit, are the voltage clipper and the
blanking relay. This latter is nothing more than the second set
of contacts on the relay controlled by the multivibrator,

TO +300v.
-~-~V\f\J\r-~
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These difficulties were resolved by the development of what
may be called the "voltage compensator" circuit, or more briefly,
the compensator. Randles (9) included as a part of his cathode
ray polarograph a circuit which performs a similar function, al
though it differs in operational detail from the one here de
scribed. A diagram of the circuit discussed here appears in
Figure 10. The function of this circuit is to maintain the drop
across the polarographic cell independent of the drop across the
resistor in series with it.

The action of the circuit is such that if we apply an increase in
the voltage at point A, the point of application of the sweep volt
age from the generator-clipper circuit, the plate current through
the cathode-follower stage increases. This results in a rise in the
cathode voltage with respect to ground. This, in turn, increases
the bias on the second, or left-hand, stage of the circuit, conse
quently decreasing the plate current through the pentode. Under
ideal conditions the sum of the currents through these two stages
will remain constant. This is not entirely true here, however,
because of the presence of some degeneration. This, decrease in
plate current in the pentode stage causes a corresponding de
crease in the potential drop across the lOOK plate load resistor,
and subsequent rise in the voltage at point B, which, in turn, in
duces a similar proportional rise at point C. The coupling be
tween point C and the grid of the 6J5 cathode-follower causes this
grid to rise in accordance with the change at C. The current
through the rJJ5 increases as a result of this grid rise, and the re.,ult
ing increase in the voltage drop across the cathode resistor is

because, at any instant, the voltage across the cell is equal to the
instantaneous sweep voltage less the corresponding potential drop
across the series resistor. Also, the current does not increase
linearly during the time of sweep, but, rather, it exhibits sudden.
large increases at the half-wave potentials of the constituent ions
present in the cell solution. This causcd a marked divergence
from linearity of sweep across the cell, inasmuch as a propor
tionately larger and larger fraction of the total instantaneous
voltage was dropped across the series resistor. Because the volt
age developed across the polarographic cell was amplified and
transferred to the horizontal deflection plates of the cathode-ray
tube, this meant that the horizontal, or voltage, axis of the cur
rent-voltage curve was not linear with respect to voltage. Thus
it was impossible to obtain the half-wave potential of an ion as
indicated by a "brl;lak" in the curve by simply measuring the dis
placement from the origin of the break along the x-axis. Fur
thermore, the nonlinearity of this horizontal sweep is a function
of the number of ions present ·in the cell solution, and of their
respective concentrations. The influence of this latter factor
Le., the dependence on ion concentration-means, specifically,
that in a titration where ion concentration is increasing, there is
an apparent shifting to the left along the voltage axis of the break
due to the presence of the ron whose concentration is increasing.
The opposite effect is evident intitrations where the concentra
tion of the given ion is decreasing.

values of the potentials under discussion. These terminal. volt
ages are actually negative-i.e., the dropping mercury electrode
is negative with respect to the pool or some other equivalent point
of reference.) That such excessive voltages are extremelyunde
sirable is realized when it is known that voltages as low as 4 or 5
volts cause a pitting and enlargement of the capillary orifice of
the electrode, brought about by the fact that the mercury, under
the influence of these higher potentials, actually tears away some
of the glass from the periphery of the orifice. This effect, more
over, is cumulative, since after a few sweeps the drop size as well
as the drop time become very erratic, and much larger on the
average. This, in turn, causes still larger terminal sweep poten
tiais, until ultimately this condition proceeds to the point where
mercury streams continuously from the electrode in a series of
fast drops of irregular size, rendering the instrument completely
inoperable.

To correct this condition a voltage clipplolr was added to the
generator circuit. This is simply a diode-connected triode, with
cathode bias, placed in parallel with the charging condenser. The
potential level of the cathode above ground is determined by the
amount of cathode bias set in with the potentiometer, the center
tap of which is connected to the cathode. When the charge on
the capacitor raises the plate of this clipper to its critical value,
this tube begins to conduct, thereby effectively shunting a low
resistance across the condenser; the condenser then discharges
until the voltage falls below the critical value, and conduction
ceases. This sequence of events is very rapid; the whole process
is repeated many times a second, having the effect of stopping
the condenser charging action at the level of the diode critical
value plus the amount of cathode bias. Because the amount of
this bias can be varied, the sweep maximum can be adjusted to

. any reasonable value. By this clipping action, then, we can pre
vent any excessive voltage from being applied to the electrode
regardless of total drop time or any irregularities in this time. A
picture of the wave form of the generator output under these
conditions, and the one actually encountered in use, is shown in
Figure 9C.

The second set of contacts on the relay in the multivibrator
circuit switches the cathode of the cathode-ray tube to a voltage
which prevents the spot from being focused on the screen when
the voltage sweeps are not actually being applied to the deflection
plates. This prevents the otherwise bright, stationary spot from
burning a hole in the cathode-ray tube screen, and facilitates the
photographing of the polarographic curves. If the screen is dark,
except when the actual curve is being traced, the camera may be
opened a second or two before the start of the trace, permitting
full utilization of the fluorescence, as well as the residual phos
phorescence, of the excited portions of the screen. Before the
inclusion of this blanking relay, the camera could not be opened
until the sweep had started. By the time the film had been ex
posed to the rapidly moving spot under these conditions, the spot
was anywhere from one third to one half the way across the
screen, and the portion of the trace to the left of this p,oint was
more dense on the photographic plate than the portion to the
right, inasmuch as this latter portion of the curve was burned
in by the fluorescence of the moving spot, while the former por
tion was exposed merely to the residual phosphorescence. This
can be seen in the retouched photographs (Figures 14, 15, 18,
and 21). For the purpose of initial spot positioning, a blanking
relay shorting switch is provided, which eliminates the blanking
relay from the circuit.

THE' COMPENSATOR

Originally the sweep voltage was applied directly to the drop
ping mercury electrode through the resistor in series with it.
This introduced a rather serious distortion to the polarographic
curve, however, because the sweep across the polarographic cell,
under these conditions, is linear only if the current through the
cell, during the time of the sweep, increases linearly. This is so

TO+300v.

B

TO f\l'\PUF\£R
TO -lSOv.

Figure 10. COlllpensator Circuit
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The tests resulting in Table I
were made with a fixed value of
cell resistance. Because the resistance of the cell normally
varies considerably during the course of the voltage sweep, it still
remained to be demonstrated whether or not the potential across
the cell could be caused to remain independent of this resistance
change by the circuit described.

Data of a conclusive nature were obtained with a "dummy"
cell-a potentiometer that had been SUbstituted for tl,le polaro-

'---t~ TO HOR IZ.
+-----~--- DEfL. "PLTS.

TO +150v.

Figure 12. Horizontal Amplifier

Data obtained by the above procedure are shown in Table, II.
It is clearly indicated, then, that the changes in the voltage

across the cell, caused by a rapidly changing cell resistance, are
negligible, and that this voltage is therefore independent of such
resistance changes, and hence is independent of the flow of cur
rent through the cell. Similar tests were made without the
inclusion of the compensator circuit; the voltage across the cell
was found to vary from 0.2 to 0.8 volt with similar changes in cell
resistance. This compares to an average change of only 0.03
volt when the compensator was used.

TO +300 v.

I
'>

RI6

FROM POOL
OF CELL

It is possible, now, to use the change in voltage across the cell
as a reference for the horizontal sweep on the cathode-ray tube,
and know that the voltage on this axis is proportional to time and
to the displacement along the axis from the origin of the curve
under all conditions. Figure 11, A and B, shows the performance'
of the instrument before and after the inclusion of the compensa
tor circuit. The ion used for this illustration is cadmium in 1 N
ammonium hydroxide plus 1 N ammonium ion. The elimination
of the shift in the ion break now makes ion identification absolute,
and the half-wave potentials may be determined with reasonable
accuracy-Le., within 0.01 volt.

graphic cell. The potentiometer used was made variable from
5000 ohms to 45,000 ohms.

The input voltage at A was varied in 0.5O-volt steps, which
caused proportionate changes at D of 0.28 volt, as seen. The re
sistanceof the dummy was then rapidly varied (simulating a sud
den ion break) between values, which caused large deflections on
the microammeter which had been placed between the dummy
and ground. In all but the first two steps (Table II) the maxi
mum current was limited by the range of the meter used, but this
did not matter, because the changes in current through this
dummy cell were many times greater than those encountered in
actual practice. This was done so that the circuit could be
tested under extreme conditions.

0.28
0.27
0.28
0.28
0.29
0.28

<lV at D

0'.'50
0.50
0.50
0.50
0.50
0.50

B

Leftward shift of Cd++ peak
with increasing ion con
centration (a) without COID
pensator, and (b) after in
clusion of cOlDpensator,
ebowint elimination of shift.
o. Cd + eonen. = 8.0 X

10-'M .
b. Cd++ conen. 6.0 X

10-'M
c. Cd+ + coneD. 4.0 X

lO-'M
d. Cd + + conen. 2.0 X

10-'M
e. Pure supporting elec

trolyte, 1 N NH,OH +
NH.+

Figure II. Compensa
tor Action

A

0.00
0.28
0.55
0.83
1.11
1.40
1.68

Comparison of Voltages at Points A and D of
Compensator

Voltage at D. <lV at AVoltage at A

0.00
0.50
1.00
1.50
2.00
2.50
3.00

applied to the dropping elec
trode and its series resistance.
The function of the battery, BI ,

is to buck out the normal drop
across the cathode resistor and
to maintain the potential across
the cell at zero until the sweep
is applied.

When this change in voltage
across the cathode resistance is
npplied to the cell~resistor com
hination in series there is a rise
ill voltage at point D. Point D,
I'')wever, is the grid of the pen
lode stage of the compensator,
and this rise in voltage at D
counteracts, in part, the increase
in pentode bias caused by the
rise in voltage across its cathode
resistor. This means that the
change in potential at D will not
be as large as the corresponding
change at A. The important
fact is that this arrangement as
sures that the voltage at D-i.e.,
across the polarographic cell
;vill be a faithful, proportionate
:oeproduction of the voltage ap
plied at A if the pentode am
plifier is operated on the linear
portion of its if} - e. charac
teristic. That this is true is
evident from the obvious feed
back characteristics of the cir
cuit-Le., any tendency toward
nonlinearity at D is counteracted
by an equal, but opposite, effect
brought about by the circuit
action just described. Thus a
linear sweep at A will result in a
linear sweep at D. This is dem
onstrated by the data appear
ing in Table 1.

Table I.

Table II. Measurements Made with Dummy Cell

Voltage Voltage Voltage Change
im, p.a.dat A at D a b iT, ~.c ai, J.l.a. e

0.00 0.00 0.00 0.00 0 0 0
0.50 0.28 0.00 0.02 1 43 42
1.00 0.55 0.00 0.03 2 89 87
1.50 0.83 0.00 0.02 3 >100 >97
2.00 1.11 0.00 0.02 5 >100 >95
2.50 1.40 0.00 0.025 6 >100 >94
3.00 1.68 0.00 0.035 7.5 >100 >92.5
3.32 1.85 0.00 0.04 8 >100 >92

a Change in ,roltage at A as resiBtance of dummy cell varied from maxi~
mum to lllinimum.

b Same for voltage at D, estimated as closely as possible.
c; ir, current when resistance of dummy cell was maximum.
dim, maximum current observed. For first three readings this occurred

at minimum resistance. Others were restricted by meter scale.
e Change in current through cell from maximum to minimum resistance

conditiona.

AMPLIFIERS

All the amplifiers employed in the cathode-ray polarograph are
direct-coupled ordirect current amplifiers. They are of conven
tional design with no more than the usual attempts at drift
elimination, etc., inasmuch as the slight effects of a small amount
of drift can be compensated for by an occasional repositioning of
the spot on the cathode-ray screen. Actually, after the circuit
has been in operation for 2 or 3 hours, the amount of drift is
imperceptible over a period of 0.5 hour, and when it is known that
the instrument will be used the following day, it is left on during
the night.

The vertical amplifier consists of two push-pull stages with an
over-all gain of 2400; the horizontal amplifier is a single-stage
push-pull amplifier with a gain of 60. Because these amplifying
stages are all similar in operation, Figure 12 shows only the single-
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Figure 14. Cathode-Ray Polarogram. of
Solution Containing Some Cadmium,
Nickel, and Zinc in 1 N Ammonium

Hydroxide and 1 N Ammonium Ion

Figure 15. Curve of Figure 15 ElectricaU-y
Integrated before Presentation

stage horizontal amplifier. The amplifiers are both supplied with
gain controls, and in the case of the vertical amplifier this'means
that we have two alternative methods of controlling the gain;
the other method is through varying the magnitude of the resistor
in series with the polarographic ce)1. Both means of v8.rymg the
vertical gain of the instrument have their experimental advan,
tages.

The data assembled, sorted, and amplified by this iI\sti'Umen,t
are presented on a cathode-ray tube screen in the form of a volir
age-current curve, resulting in a polarogram of normal orientlr
tion-i.e., voltage increases negatively from left to right, and
current increases upward from the voltage axis. The screen
used is of the long-persistence type, having green fluorescence
and yellow phosphorescence, the latter persisting in slowly,
diminishing intensity for 12 to 15 seconds. This, enables the
operator of the instrument to make accurate estimates of "peak"
height, the relative position of the peak along the x-!Ioxis, etc. It
is also an aid in photographing the curves, if so d~ired. The
cathode-ray tube used is a 5-inch DuMont 5 LP 7.

A vacuum tube voltmeter was.built into the circuit for the pur-
pose of setting in, and occasionally checking, the sweep minimum
and maximum values. Calibrating jacks are located on the panel _
for the insertion of a standard cell whenever it is desirable to
restandardize the meter.
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A complete diagram of the instrument is presented in FiIDU'e 13.
With the aid of the preceding discussion of the various circuit
units, one should be able to chart the entire action of the circuit.
from the fall of a drop and the initiation of the time delay, on
through to the presentation of t.he final polarographic curve on
the cathode-ray screen.

EXPERUYENTALRESULTS

The extensive theory of the current-voltage curve has been
reviewed by Kolthoff and Lingane (5) and Randles (9) from both
of which sources a thorough understanding of the theory may be
received.

Figure 14 is a photograph of the cathode-ray polarogram of a
solution containing cadmium, nickel, and zinc ions in a supPort
ing electrolyte of 1 N ammonium hydroxide plus 1 N ammO-:
nium ion. It is immediately apparent that the ordinary polara-
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graphic "steps" have been rcplaced by peaks, but except for
that, the picture is entirely normal. It has been suggested (9)
that these peaks are a result of ion exhaustion at the electrode
surface, this ion exhaustion being clearly visible for a one-drop
polarogram, but averaging out in the case of an ordinary polaro
gram, where hundreds of drops are employed. As shown in
Figure 15, these peaks may be transformed into the more conven
tionally appearing steps by means of electrical integration. This
ma.v be more pleasing to the eyes of those engaged in ordinary
polarographic work, but because it is a rather artificial technique
from which little if anything is gained, the authors have not used
it extensively in their work to date.

was found that the instrument could discriminate between two
ions if their half-wave potentials were separated by at least 0.1
volt. If the half-wave potentials were separated by less than 0.1
volt, the two peaks merged and were indistinguishable from one
another. This is naturally not a sharp dividing line, but it pro
vides a suitable rule of thumb.

The usefulness of the cathode-ray polarograph as a quantitative
analytical instrument is best demonstrated by the curves of
Figures 16 and 17. In Figure 16 the molar concentration for four
representative ions, lead, cobalt, cadmium, and zinc, are plotted
against the peak height of the breaks observed at the indicated
concentrations. The results show that the instrument responds
linearly with respect to concentration, up to concentrations of
10-3, in general. One serious drawback of this method in quanti
tative work is the difficulty encountered in accurately measuring
the peak height. It can be done accurately, but it is very pains
taking and tedious, and this method should be used only when
no other will suffice. A second method, suggested by Randles (.9).
involves adjusting the value of the resistance in series with the
polarographic cell until the peak is exactly equal to some pre
selected standard height. This adjustment is a much easier task,
from an operational standpoint, than the measurement of some
random peak height, and it has the additional advantage of al
ways operating the amplifiers at the same bias level, thereby
eliminating the effects of any possible nonlinearity of amplifier
response. This method of determining concentrations can be
represented mathematical1y as follows:
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where R is the vertical amplifier input resistance (the resistor ill
series with the cell), K is the ion concentration, and a is a COII

stant, represented here by the fixed, standard peak height. It is
seen that this expression is a hyperbola asymptotic to the two axes.

Figure 17. Amplifier Input Resistance vs. Molar
Concentration

A. Mn++ in 1 N NH,OH + NH,+ C. Zn + + in I N KCI
B. Cd++ in 1 N NH,OH + NH,+ D. Ph H in I Nile
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Figure 16. Molar Concentration L·S. Peak Height

A. Pb H in 1 N KCI C. Cd++ in 1 N HCI
B. Co++ in 1 N KCI D. Zn H in I N NH,OH + NH.·

In the polarogram shown in Figure H, the sweep voltage was
not started at zero potential, but at -0.30, so that an unwanted
oxygen peak could be omitted from the photograph. Dry nitro
gen was not available at the time of photographing, and although
the second oxygen peak was eliminated with the ordinary nitrogen
on hand, the first peak, occurring ill the early portion of the curve,
was still fairly large. Thus, the true origin of the curve shown
was located 0.56 inch to the left of the apparent origin as seen in
the photograph. This, of course, refers to the original scale on
the cathode-ray screen. The displacement of the three ion peaks

. from this true origin are in direct proportion to the half-wave
potentials as obtained from an ordinary polarograph. The small
peak at the far left of the photogrnph is either part of the tail end
of the oxygen break, or a trace of impurity in the solution, per
haps a small amount of cobalt.

Many curves similar to the one just discussed were obtained.
Several supporting electrolytes have been employed, including 1 IV
ammonium hydroxide plus 1N ammonium ion, 1IV potassium chlo
ride, 1N hydrochloric acid, 1 Nand 2 N potassium hydroxide, and
1 N sodium hydroxide. In all cases the cathode-ray polarograph
gave half-wave potentials within ± 1.5% of the values obtained
in the usual manner, and in the majority of cases the results were
within ±1.0%. More than fifteen of the common metal ions
were tested in one or more of the supporting electrolytes, and it
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If then, Rand K are plotted against one another on either log-log
or hyperbolically ruled (reciprocally ruled) paper, the resultant
curve should be linear. Figure 17 shows'the results of several
experiments made with various ions and supporting electrolytes,
plotted on hyperbolically ruled paper.

Figure 18. Curve of Figure 15 Electrically
Differentiated Before Presentation
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Figure 19. Zero-Order Reaction
Plots Obtained by Ultraviolet Radi

ation Decomposition

A. p-Toluidine diazo in pH 3.0
B. Ethyl benzyl diazo, double tin salt, in

pH 4.2
C. Dietbyl a:mioo diazo,. double zinc salt,

in pH 4.2
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In the second method, a known amount of the ion being analyzed
is added to the cell, and the difference in peak height before and
after the addition of this known amount is used to calibrate the
current axis. In cases where best possible precision is desired,
both standardizing methods are employed.

For purely qualitative results, much more positive separation
of the ion breaks may be had if the output of the amplifiers is dif
ferentiated prior to the cathode-ray presentation. This results
in the transformation of the peaks into sharply defined spikes, as
shown in Figure 18, which is the differentiated form of the curve

. of Figure 14. One difference in the operating conditions of the
polarograph at the times when these two photographs were taken
is that for Figure 19 the'sweep was started at zero pot.ential, in
stead of at -0.30 volt as for Figure 14. Thus, Figure 18 shows
more clearly the proportionality which exists between the half
wave potentials represented by the breaks in the curve, and the
displacement of these breaks from the origin of the curve. Un
fortunately, in order to get satisfactory differentiation it was neces
sary to usc a differ('ntiator which clipped off the tops ofthe spikes;
this at once invalidated any possible application of these differen
tiated curves to quantitative determinations.

As interesting as these above results are, it is the feeling of the
authors of this paper that the contributions of the cathode-ray
polarograph to inorganic po1:l.rography will be secondary to
those that will be made in the organic and reaction kinetics fields.
Some preliminary work in these fields indicates the potentialities
of the instrument. To date the authors have been more inter
ested in the application of the cathode-ray polarograph to the
study of reaction rates and kinetics than to pure organic analysis,
but excellent results have been obtained in the analysis of form
aldehyde in slightly basic solutions in the presence ot acetone,
and in the analysis of some azo dyes. (This analysis had to be
performed quickly, because formaldehyde and acetone react to
form -y-ketobutanol in basic media.) It is also felt that the
application of the instrument to the field of organic analysis is
strongly implied in the following presentation of some reaction
rate curves for a few organic reactions.

The cathode-ray polarograph can be used to observe and
measure the rate of reactions whenever any of the reactants or

reaction products gives a polarographic break. In addition,
many times it is possible to see the formation and subsequent dis
appearance of some intermediate compound. Types of reactions
that the instrument here described has been used to observe are:
(1) relatively rapid light-sensitive reactions, (2) heat decomposi
tion of diazos and diazo salts, (3) formation of azo dye3 by diazo-

1.0
o 50 100 150 200 250 300

TIME IN MINUTES

Figure 20. First-Order Reaction
Plot Obtained by Heat Decomposi

tion
Double zinc salt of die'thyl amino diazo

at 50° C., pH 4.2

It was found that the precision obtainable with the cathode
ray polarograph in quantitative analysis was ±4% when the
first of the above two techniques was used, and within ±2% when
the second was used. In general, the precision improved up to
concentrations of 2 or 3 X 10-" with little or no improvement
noted for concentrations above this value. For very small con
centrations the finite width of the cathode-ray trace was a definite
limiting factor. Just as in ordinary polarography, the principal
limiting factor in the ability of the instrument to separate the
constitu~ntions into well-defined, easily measurable breaks is the
relative concentrations of the various ions in solution. If the
half-wave potentials of two ions are separated by (1) at least 0.5
volt, the cathode-ray polarograph performs satisfactorily for no
more than a tenfold difference in concentration; (2) at least 0.25
volt, performance is satisfactory for no more than a five fold dif
ference in concentration; and (3) at lea.st 0.1 volt, performance is
satisfactory only if the concentration difference is less than two
fold. Again, these values are not meant to constitute a hard and
fast rule, but are given as a convenient rule of thumb.

In most af the authors' experimental work to date, the ampli
fier controls were set so that 2 inches along the x-axis corre
sponded to 1 volt, and 1 inch along the y-axis corresponded to a
diffusion current of 1 Ila. Although these controls can be set with
great accuracy, two methods of standardizing the results were
still employed. In one method a known amount of an ion that is
not present in the sample is added; the height of the peak result
ing from this "pilot" ion is used to calibrate the current axis.
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Figure 21. Series of Cathode-Ra)'
Polarograms, Showing Formation
of Azo Dye in Diazo-Coupler Reac-

tion

L O.xygen lind diazo breaks beCore
addition of coupler

16 seconds after addition of coupler
32 seconds afterward
64 seconds afterward
) 28 secondl' afterward

------- - ----

II'here a and b are the initial concentmtions of the coupler and
diazo, respectively, and the other quantities are as indicated in
Table III; the values for k are calculated as follows:

CONCLUSION

An improved cathode-ray polarograph has been designed
around readily ava,ilable components. This instrument can be
used as a qualitative and quantitative analytical tool, for both
inorganic systems and many organic sy.,tems, and it is capable of
following rapid, as well as slow, reactions of zero, first, and

n,sulting in an average value for k of 81.0 liters moles- I sec. -I,

indicating clearly that this reaction is of the second order. Mul
tiplying the above value for k by 60 gives the value for k in the
more conventional units, 4860 liter~ moles- I min. -1. This
value agrees 'Iell with the results observed by Elofson, Edsberg,
and ::vrecherly (3), who have investigated many of the slower
diazo-eoupler reaction.., by ordinary polarographic technique.

(6)

80.7 liters moles- I sec.-1

79.4 liters moles- I sec.- I

82.9 liters moles-1 sec.-I

2.303 I b(a - x)
tea - b) og a(b - x)k

0.00
0.22 X
0.37 X
0.58 X
1.00 X

At 16 sec. k
At 32 sec. k
At 64 sec. k

Data Obtained b)' Coupling Sulfanilic Acid
Diazo with Sulfonated Pyrazolone
Molar Conen. of Molar Conen. of Molar Conen. of

Azo Dye Formed. Diazo Remaining, CoupLer Remainjn~J
.:c b-x a-x

1.00 X 10-' 2.00 X 10-'
0.78 X 10-' 1.78 X 10-'
0.63 X 10-' 1.63 X 10-'
0.63 X 10-' 1.42 X 10-'
0.00 1.00 X 10-'

Time after
Addition of
Coupler, se,'.

o
16
32
64

128

Table Ill.

coupler reactiolls, and (4) rp.actioll between formaldehyde and
acetone in slightly basic media, with the forination of' y-keto
butanol.

Three t'xamples of the fir~t typt' of reaction mentioned above
are showll in Figure 19, which represents the curves ohtained
when the diazo and diazo salts indicated were exposed to ultra
violet radiation from all H-() lamp plaeed 6 inches (15 em.) from
the polarographic (:cll. As can be s(e'en from the linear concentra
tion-t.ime plot. these three examples are~ ex(:."llent illustrations of
zl·ro-ordpr reactiolls. Apparently the rate-contl'Olling faetor is
the ahsorption of a photon of light; hence tllP relletion rate is
independent of cOll(:entration. These reaetiOll.'; all took place at
a temperature of 4 0 C., pw('luding the possibility of simultarwous
heat decinuposit,ioll of tllP reactants.

Figure 20 illustrates a rir~t-order reaetion, th" IlPat dc('omposi
tion of a diazo salt at 50° C. This is a relatively slow l'C'adion at,
this temperature, hut it is illPluded to show that the stability of
the instrument is mon' t.h'lll sufficient to allow for the plotting of
reactions which take, not ~ceond~ or minutes, but hours to com
plete. In addition to this, the curve shown is a good example of a
first-order reaction, and may, of itself, be of some interest.

Figure 21 presents a series of photographs showing the forma
tion of an azo dye from the coupling of sulfanilic acid diazo and
sulfonated pyrazalone. The first photograph shows a curve with
four breaks. The first and third of these are caused hy unswept,
residual oxygen, while the second and fourth show the presence of
sulfanilic acid diazo. The secoml frami shows the curve result
ing 16 seconds after the addition of the coupler; the third, fourth,
and fifth frames show tho curve after 32, 64, and ] 28 seconds,
respectively. In this last frame the reaction has been com
pleted. The initial coneentrations in the cell were 10-4 molar
for the diazo, and 2 X 10-' molar for the coupler. Table III
givBs the concentrations for the two reactants and the reaction
product, as measured from the photographs, at the indicated
times after the addition of the coupler to the cell.

By substituting the above valtll" in the formula I'm k for a
sep-ond ordl'r reactiun:
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second order. There is also no reason to doubt that the instru
ment is capable of following third-order reactions as well. It is
felt that the real contributions to be made by this instrument lie
in this latter field, particularly in following fast reactions of the
types which are completed in the range of 30 to 150 seconds.

ACKNOWLEDGMENT

The authors wish to thank R. H. Muller, New York University,
for his encouragement and ideas during the development of this
instrument, and for reviewing this paper. Thanks are also ex
tended to L. T. Hallett, under whose direction this work was per
formed, and to J. P. G. Beiswanger for his careful review of the
paper and the several valuable suggestions he offered during the
progress of this work.

981

LITERATURE CITED

(I) Bieber and Trumpler, Helv. Chim. ACta, 30, 971 (1947).
(2) Boeke and van Suchtelen, Phillips Tech. Rev., 4, 213 (1939) 47,166

(1939). .
(3) Elofson, Edsberg, and Mecherly, J. EleCtrochem. Soc.. 47, 166

(1950).
(4) Heyrovsky and Foretj, Z. physik. Chem., 193, 77 (1943).
(5) Kolthoff and Lingane, "Polarography," New York, Interscience

Publishers, 1946.
(6) Matheson and Nichols, Trans. Electrochem. Soc., 73,193 (1938).
(7) Muller, Garman, et al., IND. ENG. CHEM., ANAL. ED., 10, 339

(1938).
(8) Puckle, "Time Bases," New York, John Wiley & Sons, 1945.
(9) Randles, Trans. Faraday Soc., 44,327,332 (1948).

RECEIVED February 3, 1950. Portions of this paper presented for the authors
by. J. P. G. Beiswanger at the Gordon Research Conference on Instrumen
tation, New London, N. H., July-August 1950.

Application of the Distribution Law to Analytical
Polarography

Analysis of Compounds Having Similar Half- Wave Potentials
and Chemical Properties

B. E. GORDON' AND L. C. JONES', Shell Oil Company, Deer Park, Tex.

A method of polarographic analysis of compounds
having the same or closely similar half-wave poten
tials is proposed. It is an adaptation of the method
of Oshurn and Werkman,. which is based on differ
ences of distribution of these materials between two
immiscible solvents. The method, although applied
here to polarographic analysis, can be used where
any measurement, physical or chemical, is made to
determine the aggreg~tesum of the individual com-

SINCE the inception of polarographic analysis in 1922 by
Heyrovsky and his co-workers (5) of Charles University,

the pace of fundamental and applied research has rapidly gained
momentum. Today the polarograph has a secure position in the
analytical, physical, and organic laboratories as a most powerful
tool. There are, however, certain inherent limitations in polar
ography, some of which are due to electrode properties, others to
the properties of the materials subjected to electrolysis. It is
with the latter that this report is concerned.

It has been known for some time that many ions and com
pounds cannot be differentiated polarographically, owing to the
juxtaposition of their half-wave potentials. The problem is not
serious in inorganic analyses because most ions in this class differ
markedly in their chemical properties. Thus, separation can be
achieved by precipitation, complex formation, or neutralization.
Examples of such techniques may readily be found in the litera
ture (8). A notable exception is, of course, the alkali metals.
Tn organic polarography the situation is not so fortunate. The
functional group or groups which determine the reducibility of
the compound usually playa predominant part in its chemical
behavior. Thus, saturated aliphatic aldehydes, with the excep
tion of formaldehyde, all reduce at about -1.80 volts vs. the
saturated calomel electrode, peroxides at about -1.50 volts vs.
the saturated calomel electrode, etc. Because of this phenome
non, polarographic analysis of organic compounds has thus far
necessarily concerned itself with types of compourids rather than

1 Present address, Research Laboratory, Shell Oil Company. Martinez,
Calif.

2 Present address, Research Laboratory, Shell Oil Company, Wood River,
Ill.

ponents in one of the solvents. The tentative narne
"paptition polarography" is proposed for this par
ticular application. Formulas have been deduced
which predict the probable accuracy of such a
method and permit selection of optimum experi
mental conditions for each system with a minimum
orexperimental work. The lllethod has been applied
to the analysis of mixtures of acetaldehyde, pro
pionaldehyde, and n-butyraldehyde.

single compounds. The analyses, therefore, are for total per
oxides, total aldehydes, total naphthalenes, etc. Frequently,
this supplies all the data required, but occasionally the need is for
data concerning the individual compounds. It is obvious that
chemical differentiation of single compounds is not feasible in the
above-mentioned cases and that resort to differences in physical
properties might offer some promise in attacking the problem.

One of the earliest uses of partition constants in polarography
was made in 1935 by Gosman (.4). In order to determine the
acetaldehyde content of ether, he extracted the ether twice with
aqueous lithium hydroxide. The ratio of the two waves gave him
the partition eon·stant and he then calculated the original con
centration of acetaldehyde. Gnyubkin et al. (3) studied the re
duction of the wave heights of volatile aldehydes when deoxy
genating the polarographic solution with hydrogen. Gnyubkin
noted t.hat the rate of loss of acetaldehyde, propionaldehyde, and
n-butyraldehyde differed markedly.. Using Raoult's law, he de
rived an expression for calculating the loss of each aldehyde with
time, and by making wave-height measurements after scrubbing
with a known quantity of hydrogen, he could then solve two
simultaneous equations with two unknowns. This method is
applicable only to volatile constituents, but has the advantage
that devious means need not be adopted to avoid the necessity of
deoxygenating the solution with scrubbing. Knudsen and
Grove (7) developed an expression for determining the optimum
conditions of extraction for quantitatively separating two ma
terials closely related physically and chemically. Their work
appeared too time-consuming for adaptation to an analytical
technique.
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and ali (see Equation 2) will be left in the water layer. The dif
fusion current of the extracted aqueous layer is designated as i"
and it is apparent that in is determined by the following relation
ship:

'vVe now have two simultaneous equations with two unknowns
-Le., Equations 4 and 5-in which a and K are previously de
termined values, in is measured, and C for each component is
therefore the unknown. For a mixture of R solutes, the general
form of the equation is:

Recently, Tsai and Fu (15) published a critical analysis of the
use of partition constants in the methods of Behrens (1) and Os
burn and Werkman (10). This method was developed for the
determination of fatty acids of low molecular weight (excepting
formic) when present in mixtures. It was based on the fact that
each fatty acid has a different extraction coefficient, which is the
fraction of the total remaining in solvent w when extracted by
solvent 8. A thorough discussion was presented on the effects of
multiple extractions on accuracy in the method and means of
avoiding gross errors in analysis due to insufficient difference in
the extraction coefficients and of variation of these coefficients
with concentration due to association and dissociation of the
acids. This paper is concerned with the application of the tech
nique of Osburn and Werkman (10) to polarographic analysis.

THEORETICAL

KACA + KBCB +
a:;KACA + a;KBC B +
alKACA + aAKBC H+
alKACA + a~KHCH +

.. KRCR = io
. (XR,KRCR = in
. a\,KRCR = ij

.......... a~KRCR = i z

(5)

(6)

For purposes of the discussion which follows it is convenient to
evaluate the fraction aA (the extraction coefficient of Tsai and
Fu), of component A which remains in a volume, V w, of solvent w
after extraction with a volume V" of solvent 8. If C;,. 1s the
original concentration of A in w, it follows that:

(8)

(7)
• n •

tOCi.B - 'tn

KA(a; - (1)

It will be shown later that for any particular analysis of this
type there exist optimum values for the number of extractions, as
well as for the ratio of the volumes of the two solvents used in
each extraction.

From an examination of Equations 6 one can deduce several
requirem.ents placed upon this type of analysis. The first is
strict additivity of diffusion current, the second is constancy of
the partition constants in the working concentration range, the
third is the good separation of a values, and the fourth is the need
for accuracy of the highest order in all polarographic measure
ments to reduce magnification of errors that accompanies the use
of series of simultaneous equations. The first two conditions can
be verified experimentally. The third is obvious from a consider
ation of the two extremes of differences in a. If, in a two-com
ponent mixture, aA = 1.00 and aB = 0, the diffusion current after
the first extraction is due solely to solute A and, in effect, this be
comes a simple separation technique with no need for simultane
ous equations. At the other extreme of aA = aB both solutes
will be extracted to exactly the same extent. Because no seiec
tivity will result, the method will break down. A more detailed
examination of the propagation of experimental errors in this
analytical scheme follows.

Propagation of Experimental Errors in Partition Polarography.
For the sake of simplicity we shall first examine the case of analy
sis of mixtures of only two solutes, A and B, which satisfy the
conditions discussed above. By simultaneous solution of Equa
tions 4 and 5, we obtain:

It has been shown (12) that if an indirectly measured quantity,
Q, is related to several independent directly measured quantities
-qi, q2, ... qn-by the equation

(2)

(1)

C.4 ,.
(¥A =- =

c~w

In much of the previous analytical polarography using selective
extraction as a separation tool, emphasis has been laid on proc
esses that quantitatively isolate the desired component. It
would appear, however, that if only some selectivity is achieved,
one could mathematically deduce the original concentrations in
volved. We know that if a solute A is in equilibrium between
solvents wand 8, the ratio of the concentration of A in 8 (CA ,) to
that in w (C aw) is given by the distribution coefficient, kA •

CAs = k ACA,.

For Equation 2 to be valid, it is necessary that there be no ap
preciable change in volume of either phase during the extraction.
This condition would require that CAw be small and that each of
the two solvents initially be saturated with the other or that the
mutual solubilities be very low. The condition of very dilute
solutions is also necessary if the solutions are to obey the simple
distribution law. It follows that, for best results, the solutions
under examination must be as dilute as possible without a major
loss in analytical precision. Fortunately, polarographic analysis
is at its optimum in dilute solutions (ca. 10-4 to 10-6 M). Equa
tion 2 is useful because it permits calculation of aA at other ratios
of V,/Vw when it is known at one ratio.

One can develop an expression for determining the concentra
tions of a series. of components having the same E,/z values but
different distribution properties by means of polarography.

The Ilkovic equation can be simplified to

(3) (9)

where tre sols have their usual significance. In a mixture of
two solutes in water, the polarographic total wave height is the
sum of the individual wave heights, providing that exaltation,
suppression, and chemical reaction do not take place. Thus,

(4)

where K A is the slope of the calibration curve for solute A, CA is
the concentration of solute A, K Band CB are corresponding values
for solute B, and i o is the measured diffusion current of the unex
tracted mixture in water. If now a volume, V,., of the water
solution is extracted n times with equal volumes, V" of an immis
cible solvent under carefully controlled conditions so that equilib
rium is reached in each extraction, each of the solutes will behave
as if the other were not present, and a fixed fraction of each a.~

and we know the probable errors t:.qi, t:.q2 ... t:.qn in q" qi ... qn,
then the probable error in Q, t:.Q, is given approximately by the
equation

We may combine Equation 10 with 7 and 8 to predict the prob
able over-all accuracy of the proposed scheme of analysis. It is
necessary in this computation to consider the following experi
mentally measured variables: io, in, K A, K B, aA, and aB. Thus
we obtain t:.CA and t:.CB, the probable errors in CA and CB, re
spectively.
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8r--------------,

(13)

5
2
1
0.5

_~__~AGA 6~

178/ V w aA determined aA computed Q'B determined aB computed

4.2 4.7 4.3 5.2
2.3 2.5 4.5 4 7

U 4.6 ¥J 73

Calibration data for this system taken from the experimental part
of this paper are shown in Table 1.

We shall assume that Llio = O.Olio and Llin = O.Ohn and cal
culate the resulting errors in concentrations for a number of
hypothetical conditions. This assumption of constant per
centage accuracy in the measurement of diffusion coefficients is
essential to the attainment of highest accuracy in this scheme of
analysis. In general, it will mean that either ·the aliquot taken
for analysis from the extracted solution must be somewhat larger
than that. taken from the original solution or that a greater cur
rent sensitivity must be used in measuring the polarographic
wave obtained from the extracted solution. If larger aliquots are
taken it is necessary to correct the diffusion currents obtained
accordingly before applying Equation 7 and 8. If neither of
these precautions is taken Llin must be taken as O.Olioand larger
errors will be found, especially in the case of the components of
Iowa values. .

EFFECT OF RA'rIO OF SOLVENT TO WATER, V,/V w' It will be
noted in Table I that Cl'A and Cl'B for V,/Vw = 1 were the directly
measured variables. The uncertainties in their values, D.Cl'.{ and
LlCl'B, respectively, were estimated from the precision of the cali
bration data. The partition coefficients k A and k B , were obtained
by computation from Equation 2 and their uncertaintics hy com
bining Equations 10 and 2. Thus

Equation 13 may then be used to compute D.Cl'A and LlCl'B for
other values of V,/Vw' Table II lists computed values for Cl' A,

LlCl'A, Cl'B, and LlOlB for a few values of V,/Vw.
We may now use Equations 11 and 12 to compute the effect of

variation of V,/Vw on the over-all accuracy of the analysis. This
has been done for the case of equal concentrations of A and B, and
n = 1, with the results shown in Table III and graphically in
Figure 1. The errors have been calculated for two cases: (1)
The a values used in the analysis are computed from those corre
sponding to Vs/Vw = 1, and (2) they are determined directly.
In the latter case Lla is assumed to be 0.006a, which is in agree
ment with the precision of the experimental work. It is interest
ing to note that the optimum value ofV,/Vw is different for the
two components, being greater than 5 for propionaldehyde and
about 2 for acetaldehyde, A value of 2 seems to be about opti
mum. However, this might not be the case for other values of
CAand CB.

Table III. Effect on Over-all Accuracv of Variation of
Vs/Vw •

(GA = GB, n = 1)

Computed Error, % of Amount Pre-3ent.

6K

0.01
0.01

2.S0
2.07

Ilkovi~
Constant,

K,
I'a./Mg./

50 Ml.

c ACETALDEHYDE
o PROPIONALDEHYDE

V,jVw

1
1

Calibt'ation Data for SysteIll Acetaldehyde-
Propionaldehyde

Ex- Par-
trac- tition
tion Co-
Co- effi-
effi- cient,

cient, k
a 6a (Caled.) 61e

0.741 0.004 0.350 0.007
0.323 0.002 2.096 0.019

Component

V,jVw aA 6aA aB 6aB
5 0.364 0.005 0.0871 0.007
2 0.588 0.005 0.1926 0.0014
1 0.741 G 0.004a 0.323G 0.002G

0.5 0.851 0.0025 0.488 0.002
0.2 0.935 0.0012 0.705 0.0019

(t l"leasured values.

Table I.

Acetaldehyde
Propionaldehyde

n'a'li -, K1CJ,( LlCl'B)' + n'ar-' C1K 1( LlCl'A)' +
Cl(a~ - a::')' (LlKA)']'j, (ll)

I
± [a:;' (.<lio)' + (Llin )' +

KB(a::' - a'B)

n'a:;' -2KJ,CH Ll~A)' + n'a},n-2 CJ,KH LlCl'B)' +
CHa::' - (8)' (LlKB)'j!/' (12)

Table II. Variation of Extraction Coefficients with Ratio
of Benzene to Water

lJ)
(;; 4
et
CD'

I
a:
o
a:
a:2
LLI.,

Ol......__--lL.-__~----~
05 I 2 . 5

BENZENE TO WATER RATIO

Figure 1. Effect of Variation of Ratio of
. Benzene to Water on Accuracy of Analysis

CA = CB
n=l

aA determined for each value of Jl's/Vw
aA deterII1ined for v,1 Vw = 1

The improvement in aecuracy when going from V,/Vw = 1 to
V./Vw = 2 is small and would, therefore, be diffieult to verify
experimentally. Because the eomputations were performed at a
later date than the experiment:1l work, it is fortunate indeed that
the experimental conditions chosen after only a cursory examina
tion of relative a values should be so close to the optimum.

From Equations 2, ll, and 12, we can deduce much useful in
formation relative to the selection of optimum conditions for
carrying out a given analysis, the accuracy with which we can
expect under a given set of conditions and the effect of uncer
tainties in each of the experimentally measured quantities on the
over-all accuracy.

For the purpose of illustration, let us consider the analysis of
mixtures of acetaldehyde, A, and propionaldehyde, B, originally
present in aqueous solution with benzene as the extraction solvent.

Table IV. Effect on Accuracy of Varying NUIllbet· of
Extractions

(GA = GB, Y,/Vw = 2)

% of Amount Present
n AGA AGB
1 2.3 4.5
2 1.9 3.5
3 2.2 3.9
4 2.6 4.3
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EFFECT OF NUMBER OF EXTRACTIONS. The effect of the num
ber of extractions, n, has been computed for the case CA = CB,

V./V1D = 2, with the results presented in Table IV. It will be
noted that two extractions lead to best accuracy for each com
ponent, although the gain in precision is rather small in going
fromn = 1 ton = 2.

EFFECT OF VARIATION IN RELATIVE CONCENTRATIONS, CA/CB.

The expected errors in analyzing other mixtures of acetaldehyde
and propionaldehyde under these conditions are given in Table V
and Figure 2.

For comparison with the results for the binary system, it should
suffice to give the results for the case of equal concentrations of
the three aldehydes. The following errors are predicted corre
sponding to a 1% error in diffusion currents: acetaldehyde 4.3%,
propionaldehyde 20%, and n-butyraldehyde 29%. Comparison
of these figures with the data of Table III indicates a gross reduc
tion of accuracy on the introduction of the third component.

3 r--"""'T--.,..--or--"""'T--....

Figure 2. Variation of Accuracy of Analysis
with Colllposition

n ~ 2
V./Vw ~ 2

Table V. Effect of Varying Relative Concentrations of
COll1ponents

(v./vw = 2, n ~ 2)

aCA aCB

METHOD

The method used in this study is rather simple. If a binary
mixture is to be analyzed, dilute an aliquot of the water solution
to 50 m!. in a volumetric flask containing 5 mLof 0:5 M lithium
chloride and I m!. of 0.2% gelatin. Transfer the solution to the
cell and adjust the initial potential to -1.60 volts, the span poten
tial to 2.0 volts, and the sensitivity to yield a satisfactory wave.
Adjust the pen position with the down-scale helipot to compensate
for the oxygen waves. Record the polarogram from -1.60 to
-2.00 volts. Measure the deflection at -1.60 and -1.975 volts
and subtract. Calculate the current in microamperes. This is'
i o• Pipet another aliquot (usually 10 to 20 m!.) of the aqueous
solution into an extraction bottle containing exactly the same
amount of benzene if V./V 1D is to be 1. Stopper tightly and clamp
into place with the Bunsen clamp (below the surface of the wa
ter). Shake for 5 minutes, allow to settle for 1 minute, and re
move the bottle from the bath. Rapidly pipet an aliquot of the
water layer into a 50-m!. volumetric flask containing the same
amount of lithium chloride and gelatin as before. Dilute to the
mark and obtain the polarogram as above. Measure and com
pute the diffusion current in microamperes. Adjust this value
so that the same aliquot for i o and i l will be considered. For a
ternary mixture extract the extracted solution a second time and
polarograph to get i •.

To obtain the a values of each aldehyde, prepare solutions of
each aldehyde over a range of concentrations. Treat each solu
tion as described above-i.e., polarograph the original solution
and extracted solution and determine the ratio of the diffusion
current of the extracted solution to that of the original (on an
equal aliquot basis). This ratio is for V./Vw = 1, the solvent to
water ratio used in all the experimental work which follows. Be
cause the experimental part of this paper was terminated before
the mathematical considerations were studied, it was not realized
that slightly different conditions were advantageous.

PRELIMINARY STUDIES

A series of short studies was made to establish the best condi
tions for the analyses-Le., polarographic measurements and ex
tractions.

Temperature Control. By carefully varying the temperature

REAGENTS

All aldehydes were Eastman Kodak white labe!.
Lithium hydroxide, Mallinckrodt, purified.
Lithium chloride, Mallinckrodt, analytical reagent.
Lithium sulfate, Mallinckrodt, analytical reagent.
Carbon tetrachloride, Baker and Adamson, C.P.
Benzene, Baker and Adamson, C.P.
Gelatin, E. H. Sargent Co., purified pigskin gelatin for polaro

graphic use. Prepared in 0.2% concentration and preserved
with a few drops of toluene.

APPARATUS

A Sargent Model XXI recording polarograph was used com
plete with constant-temperature bath, and H-type thermostated
cell with a saturated calomel electrode as the external anode.

An equilibration unit was constructed by mounting a '/3-hp.
motor (1760 r.p.m.) and an 18·;' reducing head above a 25 0

±
0.2 0 C. open-top constant-temperature bath. A 4-inch .(1o-cm.)
diameter disk fastened to the output shaft of the reducmg head
provided the drive for an extension shaft extending below the
surface of the water. The shaft ended in a Bunsen clamp which
traveled through a 4-inch vertical stroke and remained below the
surface at all times. The upper end of this shaft extended
through a sliding bearing to a knuckle coupling to a second shaft
which was fastened to a hole on the outer edge of the disk. The
speed was about 180 strokes per minute. .

Extraction bottles were prepared by hand lapping the glass
stoppers of 30- and 60-m!. small-mouthed T bottles into the necks
until a close fit was obtained.

100

% of
total

aldehydes

2.8
2.6
2.2
1. 75
1.46
1. 29
1.25

[] PROPIONALDEHYOE
o ACETALDEHYDE

en
I&Jo
>
:I:
I&J
o
~2
oJ

~o
l
f/)

!
I

II:
o
II:
II:
I&J

If

% of % of % of
amount total amount

CA/CB present aldehyde present

1.77 1. 77
10 1.78 1.62 28.5

3 1. 79 1.34 9.1
1 1.86 0.93 3.5

0.3 2.46 0.57 1.91
0.1 2.50 0.23 1. 41
0 0.12 1.25

Ternary and Higher Systems. The extension of the method
for predicting over-all accuracy to the case of analysis of more
complex systems is straightforward. However, the computation
becomes very laborious, owing to the large number of possible
combinations of different values of V./Vwand numbers of extrac
tions which might be employed. Equations analogous to Equa
tions 11 and 12 have been derived for the ternary system acetalde
hyde-propionaldehyde-n-butyraldehyde for the case V./Vw = 1,
and measurements of i o, iI, and i •.

The accuracy for each component is best when propionaldehyde
is the major component, but for every condition studied the
accuracy for acetaldehyde (expressed as per cent of total alde
hydes) is better than that for propionaldehyde. This is largely in
consequence of its larger K and a values, as may be seen from
inspection of Equations 11 and 12. In general, the accuracy of
the method proposed here is best for the component which gives
the largest diffusion current for unit weight and is extracted to
the lesser extent. Furthermore, a:; - a';, should be as large as
possible.
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a Extrapolation.
b Fixed potential.

Acetal- Propion- id, Mm.
dehyde. aldehyde. LiOH LhSO, Liel.

Mg./50 Ml. Mg./50 Ml. 0.1 III 0.05111 0.1 M

1.36 58 56 55
2.72 117 112 111
1".36 1.46 92 103 101

2'.72
1.46 45 44 45
1.46 151 159 155

Table VII. Effect of Supporting Electrolyte on
Additivity of Diffusion Currents from Mixtures of

Acetaldehyde and Propionaldehyde

suIts were finally obtained by compensating the oxygen waves to
a low but constant value and starting the polarogram at this
point. The residual and limiting currents were measured at
fixed potentials and the difference between the two was taken as
the diffusion current. To this end it was fotl!ld that the Sargent
Model XXI polarograph was more precise than the Model XX,
presumably because of the inherent limitations of a continuous
Ayrton shunt and the better control of the down-scale compensa
tor in the later unit. Table VI shows the results obtained using
two methods of measuring wave height. In the first, the extra
polation technique, both the residual and limiting currents are
extrapolated until they intercept an extrapolated line of the
ascending portion of the wave. The difference between the points
of interception is the diffusion current. The second method, the
fixed potential technique, is described above.

The use of the fixed potential method results in a better
constancy for K(id/C). The residual current for the aidehyde
waves is flat and the use of precision helipots to control the up
scale and down-scale settings of the pen makes possible very re
producible compensation for the oxygen waves. The potential
pair used in this study were -1.60 and -1.975 volts VB. S.C.E.
The full damping capacitance was used in all measurements.
Using the fixed potential method the K value for propionaldehyde
was found to be 2.07 ± 0.01 and for n-butyraldehyde 1.56 ±

0.01.
Effect of Supporting Electrolyte on Diffusion Current of Mix

tures of Aldehydes. Lithium hydroxide has frequently been
recommended as a supporting electrolyte for the polarographic
determination of mixtures of aldehydes (6, 13, 16). Because of
the exploratory nature of this work, a study was made of the effect
of lithium hydroxide, lithium sulfate, and lithium chloride on the
additivity of the diffusion currents of the different aldehydes
when present in mL'l:tures. It became apparent at once that
lithium hydroxide in concentration from 0.5 to 0.001 lvI invari
ably resulted in diffusion currents which are smaller than the sum
of the individual diffusion currents. Table VII shows some re
sults of these experiments.

On the basis of the results in Table VII either lithium chloride
or lithium sulfate would be satisfactory. Mixtures of formalde
hyde and acetaldehyde studied polarographically in this labora
tory showed mutual suppression of the diffusion currents in dilute
lithium hydroxide, none in neutral medium. The cause is pre
sumably a condensation catalyzed by hydroxyl ion.

Determination of Extraction Coefficients (a). The extraction
coefficient, a, for each of the aldehydes was determined by the
method described above. Ten-milliliter quantities of aqueous
solutions and benzene were usually used in the extractions. The
values were obtained over a broad enough concentration range to
establish an adherence to or departure from constancy of a with
change in concentration.

In terms of per cent deviation, n-butyraldehyde shows the
poorest results. This is probably due to two factors: (1) the
small wave resulting when low concentrations of n-butyraldehyde
are extracted because of the Iowa vltlue and (2) the relatively
steeper slope of the limiting current of n-butyraldehyde com-

F.P.b

2.78
2.82
2.80
2.80 '"' 0.01

Ext.G

3.42 2.50
6.92 2.59

17.16 2.53
Av.2.54 '"' 0.03

3.07
6.35

15.51

Extra- Fixed
ploted potential
method method

Acetal
dehyde.
Mg./50
Ml. (C)

1.23
2.45
6.13

Table VI. Linearity of Diffusion Current vs.
Concentration of Acetaldehyde

(Wave measured by two methods)
Wave Height. "a.(id)

It was decided therefore to substitute benzene, which also has
desirable characteristics in such a study. Preliminary tests
showed that benzene made no contribution to the diffusion or
residual currents of any of the aldehyde investigated.

Effect of Measurement of Wave Height. The precision de
manded by this analysis is higher than is usually obtained in
polarographic work. Temperature control, volume dilution,
etc., received careful consideration in the early phase of the work
and need no further elaboration. The value for the diffusion
current, however, varied considerably depending on the method
used. Taylor (14) presented a critical evaluation of different
methods of measuring the diffusion current. Pilot ion and other
comparative techniques were not used here because of the
"crowded" polarograms due to the double reduction wave of
oxygen which preceded the aldehyde waves. An absolute method
was difficult because the aldehyde residual current could not be
exactly evaluated, owing to the omnipresent oxygen. Best re-

it was found that a 1.5° C. change in temperature from 25° re
sulted in a 4.5% shift in partition constant of acetaldehyde.

Time for Equilibrium to Be Reached. In a benzene-water
system with the different aldehydes as solutes and varied times
of shaking in the unit described, equilibrium was achieved in less
than 2 minutes. As an added safety factor 5 minutes were
adopted as standard extraction time.

Extraction Bottles. Loss of volatile materials through the
stopper was a serious source of trouble until all the glass stoppers
were carefully ground in with a fine Carborundum.

Choice of Extraction Solvent. In the initial portion of this
study, carbon tetrachloride was used as the extraction solvent
because of its immiscibility with water, prompt separation after
shaking, and general chemical and polarographic inertness. After
the study had progressed to the point where binary systems were
being analyzed and where larger aliquots of the aqueous layer were
being polarographed to get a measurable wave, a systematic
error appeared which vitiated the quantitative nature of most of
the data. A study was made therefore of the polarographic effect
of water equilibrated with carbon tetrachloride on the aldehyde
waves. Surprisingly enough, it appeared that the trace quanti
ties of carbon tetrachloride dissolved or dispersed in the aqueous
phase underwent a reduction at the potentials involved. A clear
"step" was not obtained, but both the residual and diffusion cur
rent slopes increased markedly, the latter more than the former,
which res~lted in i 1 values that were always too high. This effect
could be estimated by using larger aliquots of the water layer,
each having the same total quantity of acetaldehyde. A survey
of the literature revealed that Matheson and Nichols (9) ob
served.a reduction of carbon tetrachloride on their cathode-ray
oscillogmph used in conjunction with the usual polarographic
arrangement. Robinson (11) states that a clear wave for carbon
tetrachloride in methanol was obtained at an El;' of -1.45 volts
VB. S.C.E. with a cathode-ray oscillograph in the polarographic
circuit. Attempts at this laboratory to purify the carbon tetra
chloride by distillation, adsorption, and acid and alkali treatment
all resulted in products with the same polarographic characteris
tics. This phenomenon should probably be investigated further.
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The results were all computed on a 5-m!. aliquot basis.

Table IX. Comparison of Experimental and Predicted
Errors

Solving: X = 9.99jJ.a. = 0.966 mg. per mJ. (0.947 mg. per m].
= known value for propionaldehyde)

Y = 2.21jJ.a. = 0.284 mg. per m!. (0.316 mg. per m!.
= known value for n-butyraldehyde)

The equations are:
X + Y + Z 11.68
0.714X + 0.322Y + 0.0908Z = 4.92
(O.741)2X + (0.322)2Y + (0.0908)2Z = 2.89

Solving: X = 4.40jJ.a. = 0.315 mg. per m!. (0.306 mg. per m!.
= known value for acetaldehyde) .

Y = 4.31jJ.a. = 0.416 mg. per m!. (0.473 mg. per m!.
= known value for propionaldehyde)

Z = 2.97jJ.a. = 0.383 mg. per m!. (0.316 mg. per m!.
= known value for n-butyraldehyde)

Let X = wave height in jJ.a. due to acetaldehyde
Let Y = wave height in jJ.a. due to propionalde

hyde
Let Z = wave height in jJ.a. due to n-butyralde

hyde

Error, % Amount
Present, Computed

Concentration, % 0.2%
Mg./Ml. Error, 1% error error in

Blend Component Known Found Found in io, in io, in

1 Acetaldehyde 0.613 0.609 -0.58 "=2.9 "=1.1
Propionaldehyde 0.947 0.953 +0.51 4.3 1.3

2 Acetaldehyde 0.613 0.615 +0.35 3.5 0.80
n-Butyraldehyde 0.316 0.312 -1.23 6.9 2.69

3 Propionaldehyde 0.947 0.965 +1.94 1.7 1.7
n-Butyraldehydc 0.316 0.284 -10.1 8.0 3.7

4 Acetaldehyde 0.306 0.314 +2.8 4.3
Propionaldehyde 0.473 0.416 -12.0 20.0
n-Butyraldehyde 0.316 0.382 +20.7 29.0

The poorer accuracy for the propionaldehyde-n-butyraldehyde
mixture is to be expected, inasmuch as the n-bu£yraldehyde dif
fusion current accounted for a small fraction of the total diffusion
current (concentration effect of Figure 2) and the a values for
propionaldehyde and n-butyraldehyde are closer together than
the other two pairs of a values-i.e., a'A ~ a'B is small. This
then serves to point up a potential source of error in the method
as described: When component B is very minor in concentration
compared to A, the inherent error in the determination of the i o
and/or i l value may be of a magnitude to cause a gross error in B
while resulting only in minor error in A. 'Ways to reduce these
difficulties have been discussed above and in another paper (15)
and it may suffice to mention here that changes in V./Vw, n, or
extraction solvent for a given solute pair to cause the widest pos
sible difference in partition constants should be studied as out
lined above to minimize such errors.

Analysis of Ternary Mixture. A mixture of acetaldehyde
(0.306 mg. per m!.), propionaldehyde (0.473 mg. per m!.), and
n-butyraldehyde (0.316 mg. per m!.) in water was prepared. Five
milliliter aliquots were run to obtain ioand i" and a 10-mI. aliquot
for i 2 in an attempt to minimize the loss in accuracy because of
the small wave. This, of course, entailed an initial extraction of
20 mI. of the aqueous solution and a second extraction of 12 m!.
of the aqueous layer from the first extraction.

i 2 = 2.89jJ.a.

One can readily perceive the gross errors in this analysis for a
ternary system. The sensitivity to small errors in i becomes
even more obvious when one calculates the "true" values for i o,

iI, and i,.

i o
0.306 X 5 X 2.80 = 4.28jJ.a. for acetaldehyde (X)
0.473 X 5 X 2.07 = 4.90jJ.a. for propionaldehyde (Y)
0.316 X 5 X 1.56 = 2.46jJ.a. for n-butyraldehyde (Z)

Total 11.64jJ.a., calculated value

i o = 11.68jJ.a.
i , = 4.92 jJ.a.

is:

Table VIII. Extraction Coefficients of Acetaldehyde,
Propionaldehyde, and n-Butyraldehyde .

Aldehyde Concn., Mg./Ml.

Acetaldehyde 7 . 60 0 . 749
3.80 0.735
1.90 0.735
0.95 0.742
0.47 0.742

Av. 0.741 "=0.004

Propionaldehyde 7.00 0.321
3.50 0.326
1. 70 0.319
0.85 0.322
0.42 0.325

Av. 0.323 "= 0.002

n-Butyraldehyde 8.90 0.094
4.45 0.089
2.22 0.095
1.11 0.090
0.55 0.098

Av. 0.092 "= 0.003

pared to acetaldehyde and propionaldehyde. Continued check
ing of the a values for n-butyraldehyde did nothing to increase
the precision. It is likely that in this case a smaller value of
V,/Vw should have been employed in the measurement and the
value of V./Vw computed for V./Vw = 1 from Equation 2.

XA+YB=io

aAXA + aBYB = i l

where X A = wave height, jJ.a., for component A

Y B = wave height, jJ.a., for component B
in, iI, aA, and aB have been previously described.

ACETALDEHYDE-PROPIONALDEHYDE. .Mixture contained 0.613
mg. per m!. of acetaldehyde, and 0.947 mg. per m!. of propionalde
hyde. Two milliliter aliquots were run before and after extrac
tion with benzene.

X = diffusion current, jJ.a.,. due to acetaldehyde in 2-m!. aliquot
Y = diffusion current, jJ.a., due to propionaldehyde in 2-m!.

aliquot
X + y= 7.35jJ.a.
0.741X + 0.323Y = 3.80jJ.a.
Solving: X = 3.41jJ.a. = 0.609 mg. per m!. (0.613 mg. per m!.

= known value for acetaldehyde)
Y = 3.94jJ.a. = 0.951 mg. per m!. (0.947 mg. per m!.

= known value for propionaldehyde)

ACETALDEHYDE-n-BuTYRALDEHYDE. Mixture containing 0.613
mg. per m!. of acetaldehyde and 0.316 mg. per m!. of n-butyralde
hyde. Five-milliliter aliquots were run before and after extrac
tion.

X = diffusion current, jJ.a., due to acetaldehyde in 5-m!. aliquot
Y = diffusion current, jJ.a., due to n-butyraldehyde in 5-m!.

aliquot
X + Y = 11.04jJ.a.
0.741X + 0.0908Y = 6.60jJ.a.
Solving: X = 8.61jJ.a. = 0.625 mg. per m!. (0.613 mg. per m!.

= known value for acetaldehyde)
Y ~ 2.43jJ.a. = 0.312 mg. per m!. (0.316 mg. per m!.,

= known value for n-butyraldehyde)

PROPIONALDEHYDE-n-BuTYRALDEHYDE. Mixture containing
0.947 mg. per m!. of propionaldehyde and 0.316 mg. per m!. of
n-butyraldehyde. Five-milliliter aliquots were used for deter
mining both in and i l values.

X + Y = 12.20jJ.a.
0.322X + 0.0908Y = 3.42jJ.a.

FURTHER STUDIES

Analysis of Binary Systems. A series of binary mixtures of
aldehydes in water was prepared. After an aliquot of the solu
tion was analyzed polarographically, another aliquot, usually 10
mI., was extracted with an equal volume of benzene as described
above and an aliquot of the aqueous layer was again run polaro
graphically. The diffusion currents were corrected where neces
sary to the same aliquots for both analyses.

In order to simplify the computations to follow, the calcula
tions will be based on solving id (diffusion current) rather than
concentration. The general form for the three analyses to follow
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i l

0.741 (4.28) + 0.322 (4.90) + 0.0908 (2.46) = 4.97}.lll., cal
culated value

i'!
(0.741)2(4.28) + (0.322)2(4.90) + (0.0908)2(2.46)

2.88l'a., calculated value
Thus an error of +0.34% in i o, of -1.01 % in ii, and of -0.34%

in i 2resulted in errors of +2.8% in the acetaldehyde determina
tion, -12.0% in the propionaldehyde determination, and
+20.7% in the n7butyraldehyde determination.

DISCUSSION OF UMITATIONS AND ADVANTAGES

The results of these experiments have been summarized in
Table IX.

The results of the first two analyses are seen to be considerably
better than would have been expected. It is dangerous to draw
many conclusions from so few data, in the light of the statistical
nature of the computations of error, but it would seem that the
calibration data are somewhat bett.er than indicated by the pre
cision of t.he dat.a of Table VI and IX and that the diffusion cur
rents have been measured to better than 1% in all cases. It
seems possible that the back-extraction technique proposed by
Tsai and Fu (15) might be used to increase the precision of deter
mining the components which are preferentially ell."tracted. A
more attractive alternative involving less manipulation, which
has not been investigated, is the possibility of measuring the ex
tracted component in the organic phase. If possible experimen
tally, this would result in greatly improved precision for the ex
tracted component and have the advantage over the back-extrac
tion technique of reducing the number of ell.1Jerimental steps.
Nonconstancy of a vs. C should not be considered a deterrent in
the use of partition polarography as an analytical tool. If a
smooth curve for a vs. C can be obtained with good precision, a
method of calculation for C when a is not definitely known is
available (2). This is the method of successive approximations
and briefly would involve the following steps in a binary system.

1. Obtain io and in as described
2. Assume values for Cl'A and Cl'B

3. Solve for C
4. Using the values for C, obtain from the plots of Cl'A vs. CA

and Cl'B vs. CB new values for Cl'A and Cl'B

5. Solve for C again
6 Continue until there is no significant variation in C in two

successive solutions

987

The general method described above can, of course, be applied
to the analysis of any homologous series where sufficient spread
between a values can be achieved by proper choice of solvents
and where a precise method for measuring the total components
in one of the layers has been developed. The major advantage is,
of course, the fact that such an analysis is now polarographically
possible. In addition, the time required for a binary system is
usually short, 15 to 20 minutes, in contrast to many hours by the
usual chemical procedures.
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Mobile Infrared Spectrometer
For Rapid, on-the-Spot Analyses

R. L. CHAPMAN AND R. E. TORLEY

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

T HE development of the modulated beam type of infrared
spectrometer has permitted the operation of this instrument

under conditions of fairly widely ambient room temperatures
without any appreciable drift of the instrument zero point. A
little-realized value of this property is that it now permits the
analyst to set up his instrument for on-the-spot analyses at the
location of the chemical experiment. This is especially important
where the critical steps in the experiment involve reactions in
the gaseous state or where they may be followed by the observa
tion of changing compositions of gaseous mixtures.. Heretofore,
the chemist was required to withdraw samples from his reaction
system periodically and send them to the spectroscopy laboratory
for analysis.

To eliminate this transfer of material and its associated delays
when the infrared spectral absorption wa~ the basis of the analy-

sis, the infrared gas analyzers (5) and, more recently, a multi
component analyzer (4) were developed. Neither of these Ddh
ods, however, fulfills the requirement of versatility when the vari
ous intermediates or by-products of a reaction are unknown. TOO
mobile unit herein described was developed for the purpoEle' of
providing rapid, on-the-spot analyses involving any region of the
infrared spectrum normally covered. Because it is essentiall[y iii·

spectrometer, either spot checks of the concentration of several
components may be made or a continuous record may be obtained
of the concentration of a single component.

SETUP OF INSTRUMENT

Basically, the instrument consiilts Of a Perkin-Elmer Modell
12C spectrometer which, along With all the necessary electricalJ
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and optical components, has been mounted as a single unit on a
mobile carriage. In addition to the standard facilities supplied
with the instrument, there has been added a means of rapidly
determining absorbance values without recourse to calculations.
No complete description of this instrument exists in the literature,
but a description of the optical system (1) and of a somewhat
modified electrical system (3) may be found. Detailed descrip
tions are given in the manufacturer's bulletins.

The physical and electrical layouts are illustrated in Figure I,
which shows the locations of the various elements of the com
pleteunit.

A

ANALYTICAL CHEMISTRY

iug and chassis were made electrically common and a separate
ground lead was included in the main power cable.

Several changes were made on the original equipment, includ
ing the addition of a null-balance circuit similar to the one in use
on the earlier model of the Perkin-Elmer spectrometer (2) in this
laboratory and some modifications of the recording system. The
normal power supply for the global' consisted of a Sola voltage
regulating transformer and a Powerstat. By introducing a
Variac before the Sola and operating on a power plateau, some
added source stabilization was obtained. Checks on the noise
level of the unit indicated that the peak-to-peak noise was about
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Figure 1. Phantom Urawing of Complete '\fobile Spectrometer Unit Showing Location of COinponent

A. SpectronJ.eter G. Amplifier power supply
B. Recorder H. Null circuit potentiometer
C. Wathneter Cor Globar J. Amplifier
D. GalvanolDeter J. Variac and pOwerstat
J<;. Recording system. control~ K. Sola voltage regulator
F. Nun circuit controls IJO Filter circuit cont.rols

The framework consists of 2 X 2 inch pine, trussed at the front
and baek with airplane cable, while the sides, top, and shelves are
five-ply plywood panels to aid in strengthening the structure.
Aluminum panels, hinged at the bottom, provide space for the
controls with easy accessibility of the elements behind them.
The carriage is mounted on locking casters which serve as legs
when the instrument is in use. A detachable notebook shelf is
also included to serve as a convenience to the operator, as is
shown in Figure 2. This, along with other supplementary equip
ment such as absorption cells, cell holders, and the like, may be
stored in a compartment beneath the recorder. The smaller
aluminum panel serves as a door for this compartment and also
as a mount for the response controls of the filter circuit. One
eleetrical outlet plus water and sink facilities is needed for opera
tion. The entire unit measures 2 feet, 2 inches by 4 feet, 8 inches
and is 3 feet, 2 inches high, a size which permits passage through
standard door frames.

In order to minimize pickup, the amplifier was placed as far as
possible from the two power supplies and, in particular, the Sola
voltage stabilizer. For this reason also the thermocouple lead
was kept as short as possible, although it was still found neeessary
to wrap it with Mu metal strips for further shielding. The inter
connections were made with shielded cable using airplane-type
connectors for flexibility and easy maintenance. All cable shield-

Figure 2. Mobile Spectrometer Unit Showing Detacb
able Notebook Shelf in Place
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A coDlpact Inounting containing the Perkin-Ebner Model12C infrared spectroDl
eter coDlplete with the necessary power supplies, alnplifier, and recorder is
described. Also included is a null-halance circuit, the use of which enables the
operator to obtain absorbance values directly without recourse to calculations.
The entire unit is mounted on casters to facilitate the perfortnance of infrared
analyses at the site of the laboratory experiment.

signal as from the test micro-volts and adjusting the potentiom
eter until the galvanometer pointer is at its mechanical zero.
The slight ripple which remains during operation, causing a flicker
ing ofthe galvanometer, was minimized by placing a 500-mfd. con
denser across the galvanometer terminals. A fair but not objec-
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10 X 10-9 volt, a value sufficiently close to the recommended
8 X 10 -9 volt for normal operation. Because it was desired to
operate the instrument with a null-balance densitometer circuit
in conjunction with either a modulated or unmodulated beam, a
sixteen-pole, three-position switch was included for the purpose
of making the necessary circuit changes.

The advaRtage of the incorporation of the null-balance circuit
is most apparent in routine analyses where all the components of
the mixtures being analyzed are known. With it the operator is
able to read the appropriate absorbance values directly from a
scale attached to the potentiometer of a voltage dividing circuit
used to buck out the thermocouple signal before amplification.
A simple galvanometer connected to the output of the amplifier
serves to indicate the null condition. In the further interest of
speed and ease of operation, the controls required for this circuit
were located under the sample space and slit control of the spec
trometer, thereby making them readily accessible.

Because of the modulation of the beam in the Model 12C
instrument, it was necessary to introduce the bucking voltage of
the null circuit at such a point in the amplifier that it as well as
the zero control. and test signal would be interrupted in phase
with the beam modulation. It was further required that the
null circuit should not interact with either the positioning or
polarity of the zero balance control.

To accomplish these purposes it was necessary to introduce a
second 1.5-volt battery and use both poles of the double-pole,
single-throw switch individually. The modified amplifier circuit
is shown in Figure 3. Normally, in the case of modulated beam
operation, the "dark current" is zero and the
direct current feed-back circuit of the filter unit
is used to compensate for the' thermocouple
direct current signal. However, an overdamping
of the galvanometer occurred when this filter
unit was used with the null circuit, and other
means had to be found to compensate for this
thermocouple signal to prevent its appearance
as an alternating signal superimposed on the
rectified amplifier output.

This was accomplished by disconnecting the
zero balance leads from the switch on the modu
lator shaft and shorting out terminals 1 and 2
of the amplifier, thus supplying an adjustable
direct current volttage sufficient to buck out the
direct current thermocouple signal before ampli
fication. The necCS$ary circuit changes were
made by use of the selector switch, SI, shown in
the switching circuit given in Figure 4. Reading
clockwise, position 1 of this switch was chosen
for the normal operation of the spectrometer, and
2 and 3 for the unmodulated and modulated beam
operation of the mill-balance unit, respectively.

The voltage divider, which again is an in
tegral part of the Perkin-Elmer filter, also had
to be replaced in the null circuit and, as in
dicated in Figure 4, it was done by using a vari
able lOOQ-ohm potentiometer, RIO, the center tap
of which was grounded, having a 950-ohm fixed
resistor at each end to give a finer control in its
adjustment. The balance of the system may be
checked by introducing a standard direct current
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tionable amount of sluggishness of the galvanomcter was caused by
the introduction of this condenser. When the unit was operated
"ith an unmodulated beam, this sluggishness was not often ap
parent because of the much higher signal levels normally encoun
tered.

Figure 5. Clicker Unit for 1'1'()ducin~ Fi.lu.-ial "larks on
ReconlCl' Charl

Because a current flows in t,he nnll-ualance eil'l~uit when it is set
at the galvanometer null point, the an~ular displlwement of the
potentiometer, N" is not a linear function of the transmittance.
This, of course, could be compensated for by using a nonlinear
scale but, b('cause this nonlinearity was found to amount to less
than 0.6%, a linear scale was used satisfactorily. An inexpensive
potentiometer was used, so adjusted that the runoffs at the ends
did not produce any discontinuity in the resistance. When
tested, it was found that the nonlinearity of this potentiometer
did not cxcl'pd ±0.2%.

The original system for placing fiducial marks on the recorder
chart was less satisfactory than was desired because the pen would
not quickly return to the spectral curve after its excursions. A
better system consists of a solenoid arranged to give a sudden
jerk to the pcn cable of the recorder. This solenoid is operated
by the discharge of a condenser whose capacity is such that the
release is instantaneous. Figure 5 is a photograph of the uack of
the hingcd element of the Brown recorder showing this unit, and
the circuit is given in Figure 6.

Two other minor alterations were made in line with the opera
tional procedures used in this laboratory. Because portions of
the spectral tracings are normally removed from the recorder as
soon as they are completed, it was convenient to make the re
corder door easily removable rather than to leave it opcn. To
accomplish this the light wires and bracket were removed
from the door and the upper hinge pin was replaced with a re
movable one having a knob on its upper end. Again, it has been
found convenient to divide the rock salt spectrum into six sections
and to use four successive scanning speeds. In order to obtain
satisfactory spectra in a minimum of time, the over-all speed of
the Perkin-Elmer motor drive was almost doubled by the simplc
substitution of two gears in the gear train of the motor drive unit.

ANALYTICAL CHEMISTRY

Since this installation was made the Perkin-Elmer Corporation
has developed an improved amplifier and detector system. In
this the beam is chopped to produce a I3-cycle modulation and
the output of the thermocouple is fed through a short lead to a
preamplifier. This serves to increase the signal by a factor of
about 10,000 before it is transmitted to the main amplifier,
thereby minimizing noise from extraneous impulses and stray
6D-cycle signals and rendering the instrument more favorable for
operation in "noisy" locations. The essential- parts of this sys
tem are used in the newer Perkin-Elmer Model 12C instrument
(3). The use of this amplifier is, therefore, to be recommended
over the breaker-type amplifier used in the instrument described
herein.

OPERATION OF NULL-BALANCE CIRCUIT

Referring to Figure 4, with 81 in position 2, reading clockwise,
the dark current present in unmodulated beam operation is com
pensated for by the balance control on the amplifier panel with
the switch, 8 2, in position 4, and the shutter closed. All other
operations are the same for modulated or unmodulated beam
operation. The voltage span of the potentiometer, R., equivalent
to 100% transmittance, is obtained by adjusting the coarse and
fine variable resistors, R I and R2, or the slit width with 8. in posi
tion 5 and the shutter open. The sample cell is then placed in
the beam and the pot~ntiometer,R" is adjusted to reproduce the
null position of the galvanometer with 8. in position 3. The
fraction of the slide-wire thus utilized is proportional to the per
cent transmittance.

117L7

40 MFD 600V
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Figure 6. Clicker Unit Circuit

The range of transmittance spanned by the potentiometer slide
wire can be decreased for measuring small differences in relatively
high absorbances by making the slit wider than normal and ad
justing the coarse and fine variable resistors, R. and R., with 82 in
position 1 when making the cell-out adjustment. After this first
adjustment of the resistors R. and R., the operations are similar
to those in the preceding paragraph except that 8. is moved to
position 1 rather than 5 fol' each cell-out adjustment. Switch
positions 2 and 4 are identical for convenience when a span of less
than 100% transmittance is used.
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Infrared· Mass Spectrometer Combination Method
for light Hydrocarbon Analysis

M. J. O'NEAL, JR., Houston Research Laboratory, Shell Oil Company, Houston, Tex.

A Olethod is presented for the cOOlplete analysis of
C, to C. paraffin-Olono-olefin hydrocarbons (includ
ing differentiation of cis- and trans-2-butene) with
out the usual low teOlperature distillation or other
separation lllethods. A siOlple total pressure COOl
putation allows all components (including total

T HE use of infrared spectrometry and mass spectrometry'in
dividually in the analysis of various hydrocarbon mixtures

has been covered thoroughly in previous publications (1-3, 5, 8, 9).
A method has been described (6) fol' the combination of data from
both infrared and mass spectrometers in which only I-butene and
isobutene (2-methylpropene) splits are obtained; empirical pres
sure correction factors are introduced to compensate for instru
ment fluctuations to derive an absolute basis for the computation.
The combination method of analysis employed in this laboratory
differs from that described (6) in several significant respects:
The present method employs a simple total pressure computation
to derive an absolute basis for the combination calculation; the
normalization procedure is different in that a simple correction on
the butenes can be made once the mass spectrometer data have
been made absolute; and the components determined by infrared
are different.

In order to obtain a complete isomeric analysis for butenes in
C, to C, hydrocarbon mixtures, it is generally necessary to per
form a low temperature distillation to segregate the butane!.' and
butenes for subsequent infrared analysi.-; (2). The resulting analy
sis yields values for all the butene isomers, including cis- and
trans-2-butene. The mass spectronieter can be used to obtain a
comparable analysis, except that the cis- and trans-2-butene iso
mers cannot be distinguished and thus a total 2-butene analysis

butenes) to be based upon Inass spectrometer data
and the butene split to be Olade by Ineans of infrared
data. The resulting analysis takes advantage of the
superior infrared accuracy for butenes and retains
the accuracy and wide range of applicability of the
Olass spectrollleter to other light hydrocarbons.

must be made. Furthermore, the mass spectrometer analysis for
these isomeric butenes is far less accurate than for the other
hydrocarbon components, and is also inferior to that obtained by
the usual distillation-infrared technique. The inaceuracies in
volved in the butene analysis by mass spectrometer range from 1.0
to 4.0 mole %, depending upon the coneentration ranges and ex
tent of drifts in instrument calibrations. Milsom et at. (6) use in
frared data to determine isobutane (2-methylpropane) lLnd iso
butene and mass spectrometer data for n-butane and I-butenes.
Starr and Lane have shown (7) the mass spectrometer to be equal
or superior to the infrared for the analysis of all components in
this range except the butene isomers. The total butene value was
shown to be accurate by the mass spectrometer, whereas the
infrared was of eonsiderably greater aceuracy in the determina
tion of the individual eomponents. Thus it appeared that a
logieal technique would be to utilize the superior infrared butene
accuraey and the extended range of the mass spectrometer in one
method to arrive at data comparable to those obtained by the
more time-eonsuming method of low temperature distillation and
subsequent infrared determination.

APPARATUS

The mass speetl'ometer used was a Model 21-102 instrument
manufactured by the Consolidated Engineering Corporation,

Table I. Infrared Calibration Coefficients" (Becklllan IR-I)

Wave
Iso-Length, Pressure. Iso- n- 1- cis-Z- tran8-2- Iso-

I' Mm. Hg Methane Ethene Ethane Propene Propane butane Butane Butene butene butene butene pentane n-Pentane

9.05 570 0.001 0.180 0.011 0.094 0.030 0.026 0.047 0.595 0.135 0.119 0.118 0.044 0.062
10.4 40 0.000 0.235 0.010 0.235 0.004 0.002 0.086 0.116 0.150 0.724 0.005 0.041 0.004
11.4 55 0.000 0.154 0.040 0.228 0.015 0.004 0.001 0.111 0.016 0.017 0.562 0.002 0.034
14.4 70 0.000 0.011 0.002 0.015 0.011 0.011 0.020 0.037 0.636 0.008 0.014 0.011 0.021

a Corrected absorbance at unit nl01e fraction.

Table II. Mass Spectral Sensitivity Coefficients of C,-Cs Hydrocarbons

(Divisions/micron pressure)

l\Iass n-Cr;H12 i-Cr;Hu: ~Cr;HlO n-C"H1O i-C4 HlO i-C.H. 1-C,H. 2-C.H. C,H. C,H, C,H, C,H. CH. N, 0, H,

2 1.10 0.75 0.60 0.95 0.90 0.78 0.92 0.81 1.86 1.31 1,09 126.3

16 0.62 1.07 1.20 0.61 1.38 0.48 0.59 0.58 0.98 0.64 0.86 0.47 245.3 38.20

28 29.72 19.25 21.57 131.9 13.94 70.30 101.6 100.32 191.5 3.34 380.7 278.8 276.3
30 2.47 2.94 2.29 3.93 0.69 1. 79 1,89 2.09 7.16 0.06 90.06 . 0.12

32 1.84 1. 92 I. 42 220.9

42 266.6 252.9 243.2 49.88 154.7 12.48 ·12.15 10.81 19.50 169.5
43 468.3 301.9 11.37 413.1 480.4 0.36 0.56 0.38 77.54 5.61
44 15.21 9.78 13.48 15.61 0.03 0.03 93.35 0.12

56 10.24 50.22 13.26 3.23 1.81 156.2 138.7 164.4
57 61.30 169.1 0.52 10.36 14.58 7.63 5.98 6.94
58 2.78 7.39 50.44 12.19 0.22 0.14 0.17

70 0.45 0.33 121.8
72 41.13 18.54 0.14

991
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Pasadena, Calif. The infrared spectrophotometer employed was a Beck
man IR-1 instrument manufactured by National Technical Laboratories,
Pasadena, Calif. An electrical computer, Model 30-102, manufactured
by the Consolidated Engineering Corporation, was employed in the solution of
all matrices. The general techniques of operation of these instruments have
been previously described (1, 4, 8) .

PROCEDURE
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In a combination of mass spectrometer and infrared data, both must.
be expressed 10 the same terms and a method devised for adjusting each
set of data to an absolute basis. The difficulties involved in combination of
two sets of unnorrnalized data can be illustrated by an example in which
one half of the sample composition is determined by each-i.e., 50%
by mass spectrometer and 50% by infrared. If, say, the mass spec
trometer components computed to be 45% and the infrared to 55%,
the apparent total would be 100% although the actual values were
low and high, respectively, by 5%. It will thus be apparent that at
least one set of the data must be computed on an absolute basis, so
that final normalization can be correctly applied to only the unnormalized data.

The general expression for mass spectrometric computations is as follows:

METHOD OF COMPUTATION

where A ij IS the calibration coefficient at mass i of component ,j; Pi
is the concentration of componentj;and M i is the ion intensity at mass i. The
solution of this general matrix results 10 the inverse 01' reciprocal matrix
which may be expressed as follows:

Calibrations were obtained by standard techniques using the same pure
hydrocarbons on both instruments. Four wave lengths III the infrared
were used at a given standard pressure for each wave length as shown
Hl Table 1. The principal absorbers were found to obey Beer's law
over the concentration range normally encountered (to about 50%). It
was unnecessary in subsequent calculations, therefore, to employ cor
rection curves for deviations from Beer's law. Calibrations at each of
the four wave lengths were calculated in the usual manner (2) from null
type galvanometer measurements, and expressed as absorbance pel' unit
mole fraction.

A summary of mass spectrometer calibration data is shown in Table II.
The only precaution 10 handling of the sample was that a small sample
was taken into a glass bulb for the mass spectrometer simultaneously with the
filling of the infrared cell to ensure identical samples for both instruments.
The mass spectra were recorded and the peak intensities at the selected mass
numbers were read fro~l the record.

00

00 ~
M ""o

o
o 0

+ +

co
00

M 00
M .,.

"" 0~ 0

o 0

+ +

00

""co ""
"" Mt- 0
"" 0
o 0
I I

'.D t-O ....... lO
.~ ........ Ol..i,HC
.0 ."<1iOlQ~
.0.C"lOO .......

o 0_.00

':': ~C'?('.OO_

:~ )z8~8~
.0 .OOet::lOO

C 000_0

~,~OC'J-.j'<O"JOO

._OOt-"i"C'J"i"

.000-0""'-00

.000- .................

.,.
o oo-~o<:c ..". g
:8 :3§8~~ ~ g

oocoo 0 ::::

+ +

oo-e-:'\lCQ-Ct'-LI) M f:
:~~~~~~~~. ~ g
00000_00 :::: ::::

+ +

.Q

coot--~I'-~C'lC'H¢C"l 0 b
·88g~~b~~~~ ; ~
:~c:c:c:c:c:c:c:c:c: ~ 0
0-00000000 0 0

I I

L,?

.~g&3~~~~oo;g~ ~ ~
:~~~~~~~~~~ t; g
0_00000000 0 0

+ +

P,
P,
P"

I ll JJ-1, + I"AI, + [1311-13 ... '['nM"
[21jj;[, + [22M2 + [2311-13. . . [ 2nM n
, 31 M, + [32.~-1, + [33M3 .... ['n111n

_Nco ""1I1.') eDt--OOO:O-C'l
...~--

'"t- 0 0

:~ g ~
.0 11) 0

o 0 0

+ +

This inverse expression gives the concentrations, P, of components 1
through n as a lineal' relation of the ion intensities, 111, by means of the in
verse coefficients, [. When Mi is expressed as peak height (divisions) and
Aij as sensitivity (divisions per micron pressure), P j is given as partial pres
sure; when both AI; and A ij are expressed as sensitivities, Pi results in mole
pel' cent. Although relative sensitivities, M i , may be determined by use of the
experimentally measured pressure, such sensitivity values are often in errol'
because of instrumental fluctuations, etc. Milsom et al. (6) more nearly ap
proximate absa'lute sensitivity expressions by applying an empirical correction
factor determined from n-butane sensitivity ratios. However, this method
represents only an approximation of the actual pressure, because complete
stability of the mass spectrometer unit is assumed for the time elapsed be
tweet) the butane sensitivity determination and the unknown determination

The point of emphasis here is that the mass spectrometer data can be ex
pressed on an absolute basis by a simple computation. Referring to the in-
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Table IV. Infrared and Mass Spectral Calibration for Mass Spectrolllete~InfraredCOlllbined Matrix
1 2 3 4 5 6 7 8 9 10 11 12

Eqlla- Mass or Wave cis-2- trans-2-
tion Length, !' n-C5H12 i-C5H12 n-C4H,o i-C4HIO I-C.Rs C.Hs C.R, i-C.R, C,R, C,H, C,H. C,H.

1 72 41.13 18.54
10:362 57 61.30 169.1 14.58 5.98 6.94 6.94 7.63

3 58 2.78 7.39 50.49 12.19 0.14 0.17 0.17 0.22 .3: ill4 43 468.3 301.9 413.11 480.4 0.56 0.38 0.38 0.38 77.57
0:0115 9.05 0.062 0.044 0.047 0.026 0.595 0.135 0.119 0.118 0.030 0.094 0.180

6 14.4 0.021 0.011 0.020 0.011 0.037 0.636 0.008 0.014 0.011 0.015 0.002 0.011
7 10.4 0.004 0.041 0.086 0.002 0.116 0.150 0.724 0.005 0.004 0.235 0.010 0.235
8 11.4 0.034 0.002 0.001 0.004 0.111 0.016 0.017 0.562 0.015 0.228 0.040 0.154
9 44 15.21 9.78 13.48 15.61 0.03 0.03 0.03 93.35 0.12

10 42 266.6 252.9 49.88 154.7 12.15 10.81 10.81 12.48 19.50 169.5
11 30 2.47 2.94 3.93 0.69 1.89 2.09 2.09 1. 79 7.16 0.06 90.96 0.12
12 28 29.72 19.25 131.9 13.94 101. 5 100.3 100.3 70.30 191.5 3.34 380.7 278.8

Table V. Final Inverse" for Mass Spectrollleter-Infrared Matrix
1 2 3 4 5 6 7 8 9 10 11 12

Mass 28 30 42 44 43 58 57 72
Wave Length,!, 11.4 10.4 14.4 9.05

1 C,H. +4,063 -18,973 +1,504 -7,906 -406,406 -492,265 -437,421 -546,891 -75 -7,637 -649 -5,281
2 C,H, +63 +10,745 +107 -960 -34,520 -33,149 -29,245 -30,252 +7 -772 -183 -690
3 C,H, +129 -497 +6,185 +315 -71,174 -49,171 -44,025 -72,269 -2,162 + 12,375 -4,947 -8,913
4 C,H, +5 + 10,995

+ 1,974,021 +144:199
-314 -336 -358 -12

+2:296
-10

5 i-C.H. -1,090 +3,701 -2,767 +1,536 + 139,937 -197,311 +857 -2,753 +3,501
6 trans-2-C4Hs -1,392 +5,585 -2,420 +2,200 + 198,221 + 1,591,436 + 135,220 +84,034 +808 -4,492 +1,473 +4,327
7 cis-2-C4Hs +12 -68 -59 -163 -19,929 -1,934 + 1,591,509 -96,134 +4 -567 +69 -326
8 l-C.Hs -925 +3,788 -390 +1,155 • -'- 288,612 -187,293 -220,755 +1,934,45'1 -12 +887 +116 -83
9 i-C4H1O -29 +112 -141 -2,224 +19,217 +14,088 +11,635 +9,748 +2,770 -21,767 -657 -27,377

10 n-C4Hlo -2
'':'644

+19 +525 +829 +943 +1,681 -635 +24,985 -705 +6,278
11 i-Cc;Hn: +170 +299 -41 -104,626 -79,006 -71,069 -63,193 -324 +788 +6,971 -8,549
12 n-C6H':l -76 +288 -135 +15 +47,331 +35,359 +32,075 +28,908· +146 -345 -3.148 +28,178

~ mole +1,466 +4,050 +2,206 +5,433 +1,308,897 +941,160 +839,937 +884,034 + 1,028 +701 +649 -8.967
a All coefficients multiplied by 10 -6.

Table VI. COlllparison of Mass Spectrollleter-Infrared
Inverse and Graphical Solution

Concentration. Mole O"/r.

Table VII. Infrared, Mass Spectrollleter, and Mass Spec
trollleter-Infrared COlllparison Analyses on C 4 Fractions

Composition, Mole %,,-0 _

Mass
Component Infrared spectrometer M.S.-I.R.

but is not intended for samples containing a large concentration
of these components.

The total pressure matrix is shown in Table III as prepared
from the mass spectral calibrations in Table II. The factored and
transposed coefficients are shown with the factor value for each
row and the M value. This matrix is set up in the computer and
a solution is made according to the usual technique (.n. The
solution is shown as read from the computer as well as the final

Sample 1

n-C4H 1o 5.8 5.4 5.4
i-C4H1O 4.0 5.0 5.0
l-C.Hs 33.9 30.7 33.8
cis-2·C.Hs 7.5 }1O.4

6.7
trans-2-C4Hs 0.6 0.6
1,-C4Hs 48.2 48.5 48.5

Sample 2

n-C"Hlo 32.1 31.2 31.2
i-C4 H 1o 48.2 48.0 48.0
l-C.Hs 6.3 3.9 6.6
cis-2-C4 Hs 3.0 } 5.9 3.0
trans-2-C4 Hs 0.0 0.0
i-C,Hs 10..4 11. 2 11.0

-'i'

0.2
0.1
0.2
0.1
0.0
0.1
0.0
0.2
0.0
0.1
0.0
0.09

Difference

Av.

6.5
10.4
30.0
14.6
3.6
2.0
8.5
6.2
8.5
9.5
0.2

""lo'ii":O

6.3
10.5
30.2
14.7
3.6
1.9
8.5
6.0
8.5
9.6
0.2

100.0

M,S,-I.R.
Graphical solution inverse solutionComponent

Propene
Propane
n·Butane
Isobutane
cis-2-butene
trans-2-butene
Isobutene
I-Butene
n-Pentane
Isopentane
Pentenes

verse expression above, it Is apparent that the total pressure may
be computed by summation of the individual pressures. An ex
pression may be obtained for the total pressure by summation of
the columnar inverse coefficients of common JIll terms:

n n n n n
T-P. JIll, T-/ i1 + M 2 T-/' 2 +M3 '1:,/'3 ... . M" T-f;,.

This total pressure equation may be computed without going
through the complete inverse solution with subsequent summa~
tion of terms. In the normal inverse solution, employing an
electrical computer, each column of the matrix is solved sepa
rately by successive substitution of unity in each M position with
zero in the remainder of the M's (.n. The explicit form of the
summation equation can be obtained by simultaneous substitu
tion of unity or a smaller number suitable for the computer in each
of the M positions and solving. The resultant equation is the

n n
general solution for T-P., and the T-/' n values obtained are used in
all subsequent analyses. From this expression the total pressure
may then be computed for any mixture simply as the sum of
multiplicative terms involving the mixture peak height and the

n

corresponding T-J. term.
In the case of C, to C4 hydrocarbon mixtures a satisfactory

total.pressure matrix includes the components hydrogen, meth
ane, ethane, ethene, propane, propene, n-butane, isobutane, total
hutenes, isopentane (-2-methylbutane), n-pentane, and total pen
tenes. This 12-equation matrix contains all possible components
with the exception of air, hydrog~n sulfide, carbon monoxide, and
carbon dioxide. The latter two ordinarily may be ignored, as
their presence usually is made improbable by the source of such
mixtures. Diolefins and acetylenes were not considered, because
they were not expected to be present in significant quantities.'
Air and hydrogen sulfide may be computed separately, if present,
from their unicomponent masses (32 and 34). A total butene
value is used because of the similarity of spectra. It has been
found that no significant error is introduced in the total pressure
calculation even when the butene concentration is above 50%.
·The tot!!,! pentene value is included to make the method applicable
to samples containing small 'amounts of pentenes (less than 3%)
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[2:N - T-C4- (uncorrected) ]

"C4~ (corrected)
~C4- (uncorrectecf)

~ C4~ (corrected) = 1.00

F

where

ACCURACY

A comparison can be made of results calculated from the data (as described
above) with results obtained by a graphical approximation of the data. This
approximation was carried out by the usual analysis of the mass spectrometer
data, solving for total butene's and subsequent approximations and corrections
of the infrared absorbances by use of a graphical plot of the minor absorbers
at the various wave lengths. Such a comparison is shown for a C,-C. mixture in
Table VI. The largest deviation is 0.2% with an average value of 0.09%.

A comparison of the mass spectrometer-infrared method on C4 fractions can
be made with both the mass spectrometer method and the infrared as shown
in Table VII. The infrared method is generally accepted as more accurate than
the mass spectrometer on such mixtures and it is apparent that the mass spec
trometer-infrared method is in good agreement with -the infrared method
where mass spectrometer and infrared are not in close agreement.

An indication of the absolute accuracy of the method can be obtained
through the analysis of synthetic mixtures. Table VIII shows three synthetic
mixtures of different relative compositions and the analysis of each by the mass
spectrometer method alone and the mass spectrometer-infrared method. In
the case of the first two synthetics, the butene analysis by the mass spectrometer
infrared method is considerably better than that by the mass spectrometer
alone. Synthetic mixture 3 is analyzed with approximately the same degree
of accuracy by both methods. The average error for butenes by the mass
spectrometer-infrared method ranges from 0.5 to 0.8% as compared
with 0.7 to 3.1 % by the mass spectrometer. The other components
vary from 0.2 to 0.5% and 0.1 to 0.3%, respectively, giving an over
all average error for all components of 0.3 to 0.6% for the mass spectrometer-

n
normalized by use of theoretical pressure as calculated from the T-P. equation.
The butene correction factor for normalizatiorl is calculated as follows:

total pressure equation corrected for row factors and 111 conversion to unity.
This equation may be used for any mixture of the listed components except
those involving large. pentene concentrations.

Thus, an equation has been derived for a relatively simple method of com
puting a "spectral" total pressure for use in determining absolute sensitivities.
This spectral pressure is equal to the same value obtained by making a complete
analysis of the mass spectrometer data and computing the theoretical pressure
from the analysis. Because the use of theoretical pressure eliminates the need
for subsequent normalization of the mass spectrometer components, a satis
factory closure of the data can be made by normalization of the butenes.

The total pressure as calculated above can now be used to compute mixture
sensitivities which can be directly substituted in a combined matrix with cor
rected infrared absorbances in a straight-forward technique. This matrix is
shown in Table IV. Equations 1 through 4 and 9 through 12 represent mass
spectral sensitivity coefficients at the 72, 57, 58, 43, 44, 42, 30, and 28 masses
for the components shown. Equations 5 through 8 represent infrared calibra
tion coefficients (absorbance per unit mole fraction) at 9.05,14.4,10.4, and 11.4
microns for the same components. .Table V shows the inverse for this com
bined array as solved by the electrical computer. Methane, hydrogen, and air
are not included in the matrix. These components can be computed from the
mass spectrum as residuals or by isotope correction, for their parent masses are
essentially unicomponentand exhibit no absorption at the infrared wave
lengths. Pentenes may be calculated by correcting mass 70 for pentanes. How
ever, samples containing over 2 to 3%pentenes should be avoided in this method
because of the large absorption by pentenes at the infrared wave lengths.

The resulting computation by ,use of the inverse should total a mole fraction
of 1. However, if normalization is necessary, corrections should be made only
on infrared components, inasmuch as the mass spectra components have been

2:('4- total C4 olefins, by infrared
"£N = total mole fraction by mass spectrometer and infrared calculations
F = correction factor for individual butenes

The resulting values represent the final analysis of the data, with each compo
nent expressed in mole fraction.
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found to be fully adequate for all studies of this type encountered
to date where the pentene and C6 concentration is less than
3%.

Thi~ method easily may be applied to higher hydrocarbons of
the gasoline range where the mass spectra of any two or more
components may be similar. If these components exhibit suffi
cient difference in the infrared absorption spectrum, an accurate
analysis by the combination method can be made. Because the
basis of the method depends upon the distinguishing infrared
spectra (or other properties) for those components of similar mass
spectra in the particular type of mixture under examination, it
may well fit into a number of schemes of analysis for "closed"
systems of a finite number of components.

Table. IX. Repeatability of Analysis
Mass Spectrometer-Infrared l\Jlass Spectrometer

1 2 3 Spread 2 3 Spread

4.5 4.6 4.5 0.1 4.5 4.7 4.4 0.3
5.3 i;.3 5.5 '0.2 5.0 5.3 5.0 0.3
4.4 4.7 4.7 0.3 5.5 5.5 5.2 0.3
4.6 5.0 4.7 0.4 4.4 4.6 4.5 0.2
7.8 7.8 7.5 0.3 8.2 8.0' 7.9 0.3

10.1 10.0 10.0 0.1 10.3 10.3 10.4 0.1
21.5 21.2 21.5 0.3 20.4 19.5 20.3 0.9
5.5 5.3 5.5 0.2} 10 1 9 0 9 7 1 14.3 4.2 4.3 0.1 . . . .
9.3 9.1 9.2 0.2 8.6 10.3 9.5 1.7
9.8 9.8 9.8 0.0 9.7 9.9 9.7 0.2
6.3 6.4 6.2 0.2 6.6 6.4 6.5 0.2
4.7 4.7 4.6 0.1 4.9 4.8 4.9 0.1
2.0 1.9 2.0 0.1 1.8 1.8 1.8 0.0

Av. = 0.18 0.44

Hydrogen
Methane
Ethene
Ethane
Propene
Propane
Isobutene
trans-2-butene
cis-2-butene
I-Butene
Isobutane
n-Butane
Isopentane
n-Pentane
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Determination of Unsaturation of Butyl Rubbers and
Certain Branched Olefins

Iodine Monochloride Method

T. S. LEE', I. M. KOLTHOFF, AND ETHEL JOHNSON

University of Minnesota, il1inneapolis, ll1inn.

ARELIABLE and convenient method for the determination
of unsaturation of hydrocarbon polymers and of olefins can

generally be based on the addition of iodine monochloride to the
carbon-to-carbon double bond. The reaction is represented as
follows:

I CI
~ / ~I 1/
C=C + ICI _ C-C

/ ~ / ~

1 Present address, University of Chicago, Chicago, Ill.

(1)

The procedure usually consists in adding an excess of iodine
monochloride to the solution of unsaturated compound and, after
a suitable reaction period, determining by titration the amount
of iodine monochloride remaining. Although the iodine mono
chloride method yields accurate results for most olefins and poly
mers, it yields high results for certain olefins and polymers that
are branched in the neighborhood of the double bond. A num
ber of such compounds have been cited in the literature: 3-ethyl
2-pentene (12); trimethylethylene and limonene (11); isobutyl
ene dimers, trimm's, and tetramers (3); pinene, dipentene, and
a-terpineol en; dihydromyrcene and squalene (1); othel
branched olefins (8); and Butyl rubbers (4., 12, 13). Other ex
amples are given herewith.
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The reaction of iodine Illonochloride with highly
branched olefins and polymers is abnormal in that
the addition products formed possess steric strain
and tend to decom pose. The products of decom
position react further with iodine Illonochloride,
generally leading to high results in the determina
tion of unsaturation. Based upon the fact that the
addition of iodine Illonochloride to the decomposi-

ANALYTICAL CHEMISTRY

tion product is not so rapid as the addition 'of iodine
Illonochloride to the original olefin or polyIller, new
procedures have been developed for the determina
tion of unsaturation of highly branched ethylenic
substances. The procedures have been shown to
give reliable results for olefins such as the diiso
butylenes and for copolyIllers, such as isoprene
Butyl rubber and butadiene Butyl rubber.

In the reaction of iodine monochloride with highly branched
olefins and polymers, large amounts of acid and iodine are formed
in the reaction mixture, indicating the occurrence of side reac
tions. The high results in the determination of unsaturation
and the formation of iodine and acid are often ascribed to sub
stitution, although it has for some time been apparent that substi
tution cannot quantitatively account for the observed res~lts.

Substitution may be represented as follows (9):

Reaction 2 indicates that one mole of halogen is reduced for
each hydrogen atom of the olefin that is replaced. Reaction 3
has the effect of converting iodine monochloride to free iodine
without affecting the total iodometric titer of the reaction mix
ture. Inasmuch as one molecule of acid is formed for every mole
of halogen that is reduced by substitution, it would be expected
that the experimental results in the determination of unsaturation
could be corrected for substitution by application of the equation

where a is the unsaturation (expressed as the number of moles of
double bonds originally present), b is the decrease in the total
iodometric titer (expressed as moles of halogen), and c is the
number of moles of acid formed. [The value of c can be found
by titrating the acid formed in the reaction mixture (10). Inas
much as the molar amounts of acid and of iodine formed by sub
stitution are equal (9), the value of c alternatively can be found
by titrating the free iodine in the reaction mixture.]

It has been observed, and is also evident from the data and dis
cussion below, that Equation 4 yields a low value for the unsatu
ration of highly branched olefins and polymers (1, 6),.and, indeed,
even for many polymers that are not highly branched (9). This
means that the amount of acid (and of iodine) formed in the reac
tion of iodine monochloride with branched olefins and polymers is
greater than can be accounted for by substitution.

Another side reaction, "splitting out," has been assumed to
occur when halogens react with olefinic substances (2, 4). It is
thought that the halogen first adds to the double bond and that
subsequently a molecule of hydrogen halide splits out. It seems
especially probable that the splitting out reaction would occur
when iodine monochloride is added to highly branched olefins and
polymers, inasmuch as the addition products undoubtedly possess
steric straiil. Indeed, it was found impossible to construct steric
models of the iodine monochloride addition products of certain
branched olefins, owing to the large sizes of the halogen atoms and
of alkyl groups. Those branched olefins which yield high results
by the iodine monoehloride method appear, from consideration of
the models, to be unable to accommodate simultaneously an
iodine and a ehloride atom without eonsiderable steric strain.
Thus, it would seem reasonable that if these olefins add iodine
monochloride momentarily, the resulting addition products would
be unstable and would lose or split out hydrogen iodide or hydro
gen ehloride. On the basis of evidenee given below it is eon
eluded that only hydrogen iodide and no hydrogen chloride splits

I I
-CH + ICI ---+ -C-CI + HI

I I
HI + ICI ---+ 12 + HCI

a=b-c

(2)

(3)

(4)

out. In general, the splitting out reaetion is presumed to be
represented as follows:

I CI CI
I I I

-CH-CH- ---+ -CH=C- + HI (5)

and is followed by the reaction of hydrogen iodide with iodine
monochloride (Reaction 3). [It i(S possible that the splitting out
of hydrogen iodide forms bonds of the type

-CH=CH-CH(CI)-

as well as bonds of the type -CH=CCI-. The former bonds
would be expected to react more rapidly with iodine monochloride
than the latter. However, experimental evidence indicates that
no highly reactive double honds are formed as a result of split
tingout.]

The double bond ereated by Reaction 5 would be expected to
add iodine monochloride only slowly because of the retarding
inductive effect of the chlorine atom. Indeed, it is known that
the double bonds in polychloroprene (neoprene), which are of the
type -CH=CCI-, add iodine monochloride only slowly (6, 7).

As for the aecuracy of the iodine monochloride method of de
termining unsaturation, the splitting out Reaetions 5 and 3
would not affect the total iodometric titer and therefore would
not directly affect the accuracy of the results. However, addi
tion of iodine monochloride to the newly created double bonds
would eause high results. In general, the greater the extent of
splitting out, the higher the results due to this souree of error.

The interpretation given above (splitting out and addition of
iodine monochloride to the newly ereated double bonds) eonforms
with the results of a study of the reaction of iodine monochloride
with a number of branehed olefuls and with Butyl rubbers. The
interpretation also led to a modified iodine monochloride method
whieh yields reliable resultsJor highly branched olefins andpoly
mers.

EXPERIMENTAL

Materials Used. Iodine monochloride stoek solutions were
prepared by dissolving Eastman practieal grade iodine mono
ehloride in analytieal reagent grade earbon tetrachloride. The
exaet titers of the iodine monochloride solutions were determined
by titration with thiosulfate solution. Small amounts of iodine
trichloride, whieh sometimes occurs as an impurity in the East
man iodine monoehloride, do not interfere in the recommended
procedures, described below. However, in the experiments in
which free iodine is determined (experiments of Figmes 1 to 3, 6,
and 7), it is neeessary to convert any iodine trichloride present in
the stock solution to iodine monochloride by the addition of the
proper amount of iodine. The amount· of iodine trichloride
originally present was determined by titration of a portion of
the stoek falution with iodide solution, as described elsewhere (9).

The olefins used were obtained, with one exception, from the
National Bureau of Standards and were stated to be at least
99.9% pure. A sample of 3-methyl-2-pentene of unknown purity
was also used.

Samples of unvuleanized Butyl rubber were kindly supplied
by the Esso Laboratories, Standard Oil Development Company,
Elizabeth, N. J. These samples were purified in the authors'
laboratory as follows: Five grams of rubber were dissolved at
room temperature in 500 m!. of n-hexane. The solution was fil
tered through glass wool to remove any suspended impurities and
any gel that was present. The rubber was preeipitated by adding
the solution slowly to 2 liters of methanol. During the addition
the methanol was. stirred vigorously with a motor-driven stirrer.,
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The precipitated rubber was collected and dried for 24 hours at
room temperature in a vacuum desiccator. The above procedure
effectively removes the inhibitor (generally phenyl-2-naphthyl
amine) which is added to Butyl rubber to retard autoxidation.

Investigation of Reaction of Iodine Monochloride with Oletins
and Polymers. Reaction mixtures were prepared as follows:

A carbon tetrachloride solution of the olefin was added to a
volumetric' flask, a solution of iodine monochloride in carbon
tetrachloride was added, and the mixture was diluted to the mark
with the same solvent. After varying reaction periods aliquot
portions of the reaction mixture were removed and analyzed for
total iodometric titer by titration with thiosulfate, amount of free
iodine by titration with iodate in a hydrochloric acid medium,
and amount of acid by the McIlhiney method (removal of the
excess iodine monochloride and iodine with neutral aqueous iodide
and thiosulfate solutions, followed by addition of iodate and titra
tion of the liberated iodine with thiosulfate). The procedures for
these determinations are described elsewhere (9). The amount
of iodine monochloride remaining was found by subtracting the
amount of free iodine from the total iodometric titer.

The total iodometric titer of each reaction mixture is found
from the equation

Millimoles of halogen =
m!. of thiosulfate X normality of thiosulfate (6)

2

The decrease in total iodometric titer, expressed in millimoles of
halogen per gram of sample and represented by d, for each reac
tion mixture is given by the expression

d _ (millimoles of Iel added) - (millimoles of halogen remaining)
- weight of sample in 20 m!. of stock solution

(7)

The calculated values of d are plotted against the initial ratio
of halogen to olefin (expressed in any convenient units). An
illustration of this plot is given in Figures 4 and 5. The value of
d corresponding to the discontinuity in the curve is designated as
dd and is eq~al to the unsaturation of the sample (expressed as
millimoles of dou1Jle bonds per gram of sample).

If it is desired to express the unsaturation of the sample as
iodine number (LN.), the following relation can be used:

(8)

(9)

LN. = dd X 25.38

If it is desired to express the unsaturation of the sample as per
centage of theoretical, the equation is:

% of theoretical = dd X Mi:·
where M. W. is the molecular weight of the olefin.

Recommended Procedure for Determination of Unsaturation
of Butyl Rubbers. The Butyl rubber is purified as described
above. A stock solution is prepared by dissolving a weighed
portion of the rubber in carbon tetrachloride at room tempera
ture. The size of the sample should be chosen to yield a solution
that is 0.005 to 0.02 M in double bonds-i.e., in isoprene or buta
diene units. The dissolution of the sample requires from several
hours to a day, but may be hastened by putting the flask in a
mechanical shaker. (For other rapid methods of dissolving the
sample, see 7 and 4.)Hours

B. DiisobutyJene- 2

Hourll

A.Ciisobutylene-l

Figure 1. Reaction of Diisobutylenes with Iodine
Monochloride

Same conditions as in Figure I except initial lDolar ratio of leI to
olefin 3.0

Figure 2. Reaction of Diisobutylenes with Iodine
MOllochloride

Twenty-milliliter portions of the stock solution are added to a
series of five to eight iodine flasks, each containing 20 m\. of car
bon tetrachloride. (If the unsaturation of the Butyl rubber is
low, 50- instead of 20-ml. portions of the stock solution may be
used. In this case the concentration of double bonds in the stock
solution may be as low as 0.002 M. No additional carbon tetra
chloride should be added.) Varying amounts of 0.02 M iodine
monochloride are added to the flasks. For best results the
amounts of iodine monochloride added should correspond to
initial molar ratios of halogen to double bonds varying between 0
and 3. The reaction mixtures are allowed to stand 1 hour in the
glass-stoppered flasks and then the iodometric titer is determined
as described above. The decrease in total iodometric titer is
calculated for each reaction mixture from Equation 6. The
value of d is plotted against the initial ratio of iodine monochloride
to olefin (expressed as millimoles of halogen per gram of sample).
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Initial lllolar ratio of lei to olefin 1.5, initial concentration of olefin
0.02 M, tCD'lpcrature 25 0 C., solvent Celt

I. Decrease in total iodolllctric titer (expressed as moles of

halilcniodine formed
III. Iodine Illonochloride rctnaining

The results of the experiments are summarized in Figures 1 to
3, 6, and 7. The amounts of free iodine and of acid formed were
corrected for the small amounts of these constituents present initi
ally in the iodine monochloride stock solutions.

Recommended Procedure for Determination of Branched
Oletins. A stock solution of olefin is prepared by adding a known
weight of the sample to a volumetric flask and filling the flask to
the mark with reagent grade carbon tetrachloride. If the sample
is volatile, it should be weighed in a Victor Meyer bulb, and the
bulb broken with a stirring rod under the surface of the carbon
tetrachloride. Loss of olefin by volatilization may further be
minimized by cooling the carbon tetrachloride to 0 0 before break
ing the bulb. The concentration of olefin in the stock solution
should be 0.01 to 0.03 M for best results. Twenty-milliliter por
tions of the olefin stock solution are added to a series of five to
eight' iodine flasks, each containing 40 m!. of carbon tetrachloride.
Varying amounts of 0.05 M iodine monochloride solution in car
bon tetrachloride are added to the flasks. For convenience the
iodine monochloride solution may be dispensed from a buret (no
stopcock grease!). The amounts of iodine monochloride used
should be such as to provide .an initial molar ratio of halogen to
olefin of about 0.5 to 3 (see Figures 4, 5, 8, and 9). The iodine
flasks are then stoppered and allowed to stand at room tempera
ture for 1 hour, 40 m!. of 0.5 M aqueous acetic acid solution and 1
gram of potassium iodide are added, the mixture is shaken, and
the liberated iodine is titrated with standard 0.05 or 0.1 M thio
sulfate solution. Starch solution is added when the end point is
approached.

In order to find the titer of the iodine monoc4loride, a blank
reaction mixture containing no olefin is prepared and titrated in
the same way as' the sample reaction mixtures. Only one blarik
need be prepared for each series of sample reaction mixtures.
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Initial Ratio: Moles lei per Mole of Olefin

with 2,4,4-trimethyl-2-pentene was equal to the molar decrease in
iodometric titer; this indicated that the splitting out of hydriodic
acid from the addition product is quantitative and also that the
product formed by the addition of iodine monochloride to the
newly created double bonds quantitatively splits out hydriodic
acid. The splitting out of hydrogen iodide from the secondary
addition product (CsH ,5ICU would be expected from a considera
tion of the steric models.

This plot is illustrated in Figures 8 and 10. The value of d corre
sponding to the discontinuity in the curve (dd) is equal to the
unsat.uration of the polymer expressed in millimoles of double
bonds per gram. The relation between dd and the mole per cent
of copolymerized isoprene or butadiene is

j'dole % isoprene or butadiene = dd X 5.61 (10)

Equation 10 is not exact, but is based on the assumption that
t.he average molecular weight of the monomer units in Butyl rub
bers is 56.1, the molecular weight of isobutylene it.self (.4). Equa
tion 10 is sufficiently accurat.e for all practical work, provided
that the But.yl rubber does not. contain more t.han 5% isoprene
or 10% but.adiene (see below). The relation between dd and t.he
iodine number of t.he rubber is given in Equation 8. 2 4
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Figure 4. Deterlllination of 2,4,4-Trilllethyl-2
pentene by Recollllllended Procedure

In the experiments of Figure 3 the initial ratio of iodine mono
chloride to olefin was 5.0. The results are similar to the experi
ments of Figure 2 except that, as would be expected, the addition
of iodine monochloride to the newly created double bonds is more
pronounced. In the experiments of Figure 3 the apparent, un
corrected unsaturation after a reaction period of 3 hours was
150% for 2,4,4-trimethyl-l-pentene and 160% for 2,4,4-trimethyl
2-pentene (theoretical value for both olefins is 100%). If the
iodine formed in these reactions is assumed to be due to substitu
tion (Reactions 2 and 3) the "corrected" unsaturation found from
Equation 4 is 30% for 2,4,4-trimethyl-1-pentene and 5% for
2,4,4-trimethyl-2·pentene instead of the t.heoretical value 100%.

From a consideration of sterie models (Fisher-Hirschfelder
Taylor models) it is expected that one of the isomers of the addi
tion product of 2,4,4-trimethyl-1-pentene-namely, l-iodo-2
chloro-2,4,4-trimethylpentane-does not possess steric strain.
The other isomer of this addition product-namely, 'l-chloro-2
iodo-2,4,4-trimethylpentane-would be expected to be under
great sterie strain. In contrast to this, both isomers of the addi
tion product of 2,4,4-trimethyl-2-pentene would be expected to
pOSEess steric strain. This accounts for the fact that splitting out
occurs only partially in the case of 2,4,4-trimethyl-1-pentene but
completely in the case of 2,4,4-trimethyl-2-pentene. (In regard
to the addition products of 2,4,4-trimethyl-2-pentene, it is inter
esting to note that if 2-chloro-3-iodo-2,4,4-trimethylpentane is
formed momenta"ily, it would be expected to decompose into
iodine monochloride and 2,4,4-trimethyl-2-pentene again. This
expectation is based on the assumption of steric strain and on the
fact that this addition product cannot lose hydrogen iodide, be
cause neither the number 2 nor the number 4 carbon atom pos
sesses the hydrogen atom required for the formation of hydrogen
iodide.)
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l<'igure :~. Reaction of Diisobutylenes with Iodine
Monochloride

Same conditions as in Figure I except initial molar ratio leI. to olefin
5.0

REACTION OF IODINE MONOCHLORIDE WITH
DIISOBUTYLENES

2,4,4-Trimet.hyl-l-pent.ene(diisobutylene-1) and 2,4,4-trimethyl
2-pentene(diisobutylene-2) were chosen as representative highly
branched olefins. The experimental results of the reaction of
iodine monochloride wit.h these two olefins are shown in Figures
1 t.o 3. In t.he experiments of Figure 1 the initial molar ratio of
iodine monochloride to olefin is 1.5 It is seen that the decrease
in tot.al iodometric tit.er is 1.0 mole of halogen per mole of olefin,
the theoret.ical decrease expected for addition of iodine mono
chloride to an olefin. However, large amount.s of iodine are
formed in t.he reaction mixtures. The source of this iodine is not
substit.ution, for substitution would be accompanied by a corre
sponding decrease in iodometric titer. Furthermore, when iodine
monochloride was allowed to react with 2,4,4-trimethylpentane
(hydrogenated diisobut.ylene) under t.he conditions of Figure 1,
the decrease in iodometric t.it.er was less t.han 0.01 mole of h~tlogen

per mole of hydrocarbon after a 4-hour reaction period-the sub
stitution was practically negligible. It can be concluded that
under the experimental eonditions of Figure 1 the addition of
iodine monochloride to the diisobutylenes is very rapid and that
splitting out. is also rapid. It can be seen from Figure 1 that the
concentration of iodine monochloride in the reaction mixture after
the initial st.ages of reaction was very small. Consequently, no
addition to the newly created double bonds occurred. It is for
this reason that the theoretical decrease in iodometric titer was
found.

In the experiments of Figure 2 the initial ratio of iodine mono
-chloride to olefin was 3.0. The decrease in total iodometric titer
was about 1 mole of halogen per mole of olefin in the initial stages
-of reaction (0 to 0.5 hour). The total iodometric titer decreased
.slowly over longer reaction periods, indicating that slow addition
to the newly created double bonds was taking place. The molar
.amount of iodine formed in the reaction of iodine monochloride
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free iodine even when the excess of iodine monochloride is small.
On the other hand, Reaction 14 undoubtedly is not so rapid in the
case of 2,4,4-trimethyl-1-pentene as in the case of 2,4,4-trimethyl
2-pentene. Consequently, if the initial ratio of halogen to olefin
is high-e.g., 4 or 5-the decrease in total iodometric titer is not
so large in the reaction of 2,4,4-trimethyl-1-pentene as in the reac
tion of 2,4,4-trimethyl-2-pentene.

As can be seen from Figures 4 and 5, a method for the deter
mination of the diisobutylenes and similar branched olefins is the
following: A number of reaction mixtures are prepared with
varying ratios of iodine monochloride to olefin. After a suitable
reaction period the decrease in iodometric titer of each reaction
mixture is determined and the results are plotted as shown in
Figures 4 and 5. The discontinuity in the curve corresponds to
the unsaturation of the sample (see recommended procedure).

The procedure should also be applicable to a mixture of
branched and unbranched olefins, as well as to the determination
of terpenes (5, 11).

H H H CI
I I I I

-C=C- + 2ICI ---+ -C=C- + 12 + HCI (18)

Figure 5. DeterDlination of 2,4,4-Trirrtethyl-l
pentene by Recorrtrrtended Procedure

10 20 30 40
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The results given in Figures 1 to 5 show that iodine monochlo
ride first adds to the double bonds and that subsequently hydrogen
iodide splits out from the addition product. The direct reaction

apparently does not occur. Reaction 17 is eliminated by the
following reasoning: Inasmuch as the reaction of hydrogen iodide
with iodine monochloride is very rapid (presumably much more
rapid than Reaction 17) we can write, in place of Reaction 17,

In the case of a substance like 2,4,4-trimethyl-2-pentene, the
addition product of which is completely unstable (see Figures
2,B, and 3,B), it would be expected from Equation 18 that if the
initial ratio of iodine monochloride to double bonds was 1.5, the
decrease in total iodometric titer would be only 1.5/2 or 0.75
mole of halogen per mole of double bonds. Actually, it was
found (Figure 1,B) that the decrease in iodometric titer was 1.0

CSH IO + ICI ---+ CsHloICI Very fast (11)

CsHloICI ---+ CsH 15CI + HI Fast (12)

HI + ICI---+ 12 + HCI Very fast (13)

CsH l5CI + ICI ---+ CaH I5ICI, Slow (14)

CaH IsICI2 ---+ CaH 14CI2 + HI Fast (15)

HI + ICI ---+ 12 + HCI Very fast (16)

Reaction 11 represents rapid addition, Reaction 12 represents
rapid splitting out of hydrogen iodide, Reaction 14 represents
slow addition of iodine monochloride to newly created double
bonds, and Reaction 15 represents splitting out of hydrogen
iodide from the secondary addition product.

It was found, by determination of the acid in a number of the
reaction mixtures, that the molar amount of iodine formed was
in all cases substantially equal to the molar amount of acid
formed. This result would be expected on the basis of the above
scheme.

Consideration of Reactions 11 to 14 leads to the expectation
that reliable results may be obtained in the determination of un
saturation of branched olefins if the appropriate excess of iodine
monochloride over olefin is used. Thus, if the initial excess of
iodine monochloride is small and if Reaction 12 is much faster
than Reaction 14 but not nearly so fast as Reaction J1, the de
crease in iodometric titer should be equivalent to the amount of
olefin initially present. Under these conditions Reaction 11 goes
to completion and Reactions 12 and 13 convert the excess iodine
monochloride into free iodine, which does not react further.

In Figure 4 are shown the results of experiments in which the
initial ratio of iodine monochloride to 2,4,4-trimethyl-2-pentene
was varied from 0.6 to 5. The following conclusions are drawn
from Figure 4.

If the initial molar ratio of halogen to olefin is less than 1.5, the
decrease in total iodometric titer is less than theoretical. This
indicates that the rate of Reaction 12 is less than.but comparable
to that of Reaction 11. Thus, if the ratio is less than 1.5, Reac
tion 11 and Reactions 12 and 13 compete for iodine monochloride.
This explains why the iodine monochloride method sometimes
yields low results in the determination of branched olefins (4).

If the initial molar ratio of halogen to olefin is between 1.5 and
2.5, the theoretical decrease in iodometric titer is obtained. This
is reasonable on the basis of the discussion given above.

If the ratio is greater than about 2.5, the decrease in iodometric
titer is larger than theoretical, due to Reaction 14.

In snmmary of the above discussion the reaction of iodine
monochloride with diisobutylenes is the result of a number of
individual reaction steps:

When both the iodine monochloride and the 2,4,4-trimethyl-2
pentene were diluted without changing the ratio of the two react
.ants, the relative importance of Reaction 14 as compared with
Reaction 12 was diminished. This is to be expected, because
Reaction 12 is presumably a first-order reaction while Reaction
14 is of higher order. As It result of this effect, values of unsatura
tion close to the theoretical value can be obtained when the reac
tion mixture is very dilute, even if the initial ratio of iodine mono
-chloride to olefin is 4 or more. In general, it is not advisable,
however, to carry out the determination of unsaturation at high
·dilution because of the difficulty in titrating very dilute solutions.

Experiments similar to those of Figure 4 were carried out in
which 2,4,4-trimethyl-1-pentene was used instead of 2,4,4-tri
methyl-2-pentene (Figure 5). It is seen that the theoretical de
.crease in iodometric titer is obtained only if the initial ratio of
.halogen is within certain narrow limits. This would be expected
:from the fact that the splitting out Reaction 12 is far from com
plete in the case of 2,4,4-trimethyl-1-pentene (whereas it is com
.plete in the case of 2,4,4-trimethyl-2-pentene). Consequently, in
·the reaction of iodine monochloride with 2,4,4-trimethyl-1
.pentene, the excess of iodine monochloride is not converted into
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Table I. Reaction of Iodine Monochloride with Olefins and PolYlllers
(Initial molar ratio of halogen to olefin 1.5, initial concentration of double bonds 0.02 ill,

solvent CCl" temp. 25 0 C.)

Expt.

1

Olefin or Polymer Structure

Unbranched olefins (1- RCH~CHR and RCH~

octene, I-pentene, cis-2- CH2

pentene, trans-2-pen-
tene)

Iodine
Formed,

Moles per
Mole of
Double

Apparent Bonds X 100
Unsatura- In first In

tioD. O. 1 next
% hour hour

98-100 0-1 0-1

indicates that the addition products of these two
types of olefins are not under steric strain. How
ever, if additional alkyl groups are added to the a
or fJ carbon atoms, steric strain usually results.
The steric strain is reflected in the experimental
data of experiments 7 to 10.

It can be concluded from Table I that the
ordinary iodine monochloride method is reliable
for determination of unbranched olefins or for
branched olefins of the type used in experiments 2
to 5. It is not applicable for the more highly
branched olefins or polymers of experiments 7 to 10.

9 Isoprene Butyl rubber
10 Butadiene Butyl rubber

it Purity of sample of 3-methyl-2-pentene unknown.
b Initial molar ratio of iodine rnonochloride to double bonds 3.0.

2

3

7

8

3,3-Dimethyl-l-blltene

2-Methyl-2-butene

3-Methyl-1-butene

3-1"1e tl)y1-2-pentenea

2-Methyl-l-butene

2,4,4-Tl"illlethyl-l-pen tene

2,4 ,4-~l'rinle th yl-2-pen te ne

CH,
I

CH2~CH-C-CH3

I
CR,

CH,

CH,-LcH-CH,
CH,
I

CH2~CH-CH-CH"
CH,
I

("H,-CH~C-CH2-CH,

CU,
I

('H2~C-CH2-CH,

CH, CH,
I I

("H2~C-CII,-C-CR,

I
CU,

CH, CH,
I I

CH,-C~CH-C-CH,

I
CU,

98 0 0 2

0 0

101 2.7 0

98 5 .5 6

106 7 7 2

108 b 25 b 4 b

103 b 90 b 13 b

29-42 b
8--11 b

REACTION OF IODINE MONOCHLORIDE WITH
BUTYL RUBBERS

Butyl rubbers are copolymers of isobutylene and
either isoprene or butadiene. The amount of iso
prene or butadiene in the copolymer is small, gen
erally about 0,2 to 5 mole % of the monomer units.
The unsaturation possessed by Butyl rubbers is
presumably due entirely to the isoprene or buta
diene units and consequently a method for deter
mination of unsaturation provides a means for de
termining these constituents.

Inasmuch as the structure of the isobutylene
isoprene copolymer (isoprene Butyl rubber) closely
resembles that of the diisobutylenes, a large amount
of splitting out would also be expected to occur in
the reaction of iodine monochloride with isoprene
Butyl rubber. Figures 6 and 7, which show
the reaction of iodine monochloride with iso
prene Butyl rubber, should be compared with

REACTION OF IODINE MONOCHLORIDE WITH
OTHER BRANCHED OLEFINS

5,---------------,

Figure 6. Reaction of Isoprene
Butyl Rubber with Iodine

Monochloride
Initial :molar ratio of leI to double
honds 1.5, initial concentration of
polYIl1.er 5.61 gral'lls per liter, initial
concentration of leI 0.00314 il1. I,

II, and III 8S in Figure I
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Figure 7. Reaction of Isoprene Butyl
Rubber with Iodine Monochloride

\'r\fOl".tiCQ\ c1te.r.a.,e \1"'\ iodometl"\c. tIter
I ------- -- -- - - - ---- - -- -- - - - -- - ~- - - - - - --- - ---

Initial Itlolar ratio of leI to double bonds
11.0, initial concentration of polyIner 2.46
grains per liter., initial concentration of lei

0.025 M. I and II as in Figure 1

Figures 1,B, and 3,B, respectively. It is seen that isoprene
Butyl rubber and 2,4,4-trimethyl-2-pentene do indeed react in
a very similar manner. The theoretical decrease in iodometric
titer found in the experiment of Figure 6 indicates that the
source of iodine is splitting out, not substitution. In further
support of this supposition, very little free iodine is formed in
the reaction of iodine monochloride with polyisobutylene that
contains no copolymerized butadiene or isoprene. Thus, in an
experiment similar to that of Figure 6 less than one tenth as
much iodine was formed when pure polyisobutylene was substi-
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In order to find whi0h olefin stru0tures cause splitting out,
several branched olefins were allowed to react with iodine mono
chloride, and the amounts of free iodine formed after 0.1- and 1
hour reaction periods were determined. The results are given in
Table I. The amount of splitting out is represented approxi
mately by the amount of iodine formed in the first 0.1 hour (9),
although splitting out may not be rapid in all cases. Moreover,
slow addition of iodine monochloride to newly created double
bonds may occur, resulting in further splitting out over an ex
tended period of time.
Addition to newly
created double bonds
causes the "apparent un
saturation" to be higher
than theoretical. In
Table I the "apparent
unsaturation" is the un
corrected percentage of
theoretical unsaturation
fonnd after a reaction
period of 1 hour.

From Table I it is seen
that no detectable split
ting out occurs in the
reaction of iodine mono
chloride with olefins that
do not possess side alkyl
groups. The extent of
splitting out is also small
for straight-chain olefins
possessing only one side
methyl group. Con
struction of steric models
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:;ingle determination of the
decrease in total iodomet
ric titer, provided that
the initial ratio of iodine
monochloride to double
bonds is between 2 and 5
and thc reaction period is
1 hour at room tem
perature.

The recommended pro
cedures described above
for determination of un
saturation of highly
branched olefins and poly
mers are not adaptable to
routine analyses because
they are not rapid. Never
theless, the-procedures are
of value in the research
laboratory and in the
standardization of em-

2 3 4 5

Inltlol Ratio: Mlillmoies lei per Gram of Polymer

6.._ m
--O------<>--------- -<J

n
b-__-o-------o------------------o
o 1 2 3 ~

Hours

Determination of Unsaturation .of Butadiene Butyl
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pirical, routine procedures. A very convenient procedure for
determination of unsaturation of isoprene Butyl rubbers is the
iodine-mercuric acetate method described by Gallo, Wiese, and
Nelson (4). This method is of much practical importance, al
though the interpretation of the experimental results involves
a numerical factor which at present must be considered empirical.

12

1.0

.. ~

~ :. as
•
~ ;.., g
~"O 0..
c- ...-.. 0
o e o.
~=:i
0-

Figure 10.

tuted for the isobutylenlrisoprene copolymer (equal weights of
polymer used in each experiment, reaction period 1 hour).

In Figure 8 are shown the results of the determination of un
saturation of isoprene Butyl rubber by the recommended pro
cedure. The unsaturation found, 4.6 mole % isoprene, is very
close to the "theoretical" value,4.7 obtained by the perbenzoic acid
method. The latter method is known to be reliable for this type
of polymer and will be described in a subsequent publication.
The value found from Figure 8 is also close to the value 4.9 found
for the same sample at the Esso Laboratories by the iodine
mercuric acetate method (.4).

The reaction of butadiene Butyl rubber with iodine monochlo
ride would not be expected to be accompanied by an exceptionally
large amount of splitting out, inasmuch as the butadiene units in
the copolymer do not contain side alkyl groups. Some splitting
out can be expected, however, because of the proximity of the
butadiene units to the highly branched isobutylene units.

In Figure 9 is shown the reaction of iodine monochloride with
butadiene Butyl rubber. The conditions of this experiment are
essentially the same as in the corresponding experiment with iso
prene Butyl rubber (Figure 6). Comparison of Figures 6 and 9
shows that the amount of splitting out which occurs in
the reaction of the butadiene copolymer is relatively
small. From Figure 9 it can also be seen that the de
crease in iodometric titer is nearly theoretical, even
though a relatively large excess of iodine monochloride
is present throughout the reaction period.

In Figure 10 are shown the results of the determina-
tion of unsaturatlon of butadiene Butyl rubber by the
recommended procedure. An unsaturation of 6.0 mole
% is found as compared with the "theoretical value"
6.3. The latter value was found by the iodine-mercuric
chloride method, which is applicable to butadiene Butyl
rubber (to be described in a subsequent publication).
The unsaturation of'the same sample was found to be 4.1
mole % at the Esso Laboratories by the iodine-mercuric
acetate method. However, the Esso value was calcu
lated using an empirical factor of 1.5 molecules of iodine
per double bond (.4), instead of the theoretical factor
1.0. According to the authors' study of the iodine
mercuric acetate method, the theoretical factor 1.0
should be used for olefins and polymers that are not
branched in the immediate neighborhood of the. double
bond. A recalculation of the Esso value, using the
factor 1.0, yields a value of unsaturation of 6.2 in
good agreement with the results given above.

As would be expected,and as can be seen from Figure 10, the
effect of excess io<;iine monochloride on apparent unsaturation is
much less in the case of butadiene Butyl rubber than in the case of
isoprene Butyl rubber. Indeed, a reasonably accurate value of
unsaturation of the butadiene Butyl rubber can be found from a

'nltiol Ratio: Millimoles I Cl per Gram of Polymer

Figure 8. Determination of Unsaturation of Isoprene
Butyl Rubber by Recommended Procedure

1.8
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Determination of Free Carbon in Cured Rubber Stocks
I. M. KOLTHOFF AND R. G. GUTMACHER

University of Minnesota, Minneapolis, Minn.

A lllethod for the deterlllination of free carbon in vulcanized rubber stocks is
described. The salllple is softened in boiling p-dichlorobenzene before treat
lllent with tert-butylhydroperoxide in the presence of oSllliulll tetroxide. No
difficulties are encountered in the filtration of the carbon black. The carbon
black is washed on the filter with dilute nitric acid to relllove acid-soluble in
organic fillers. The lllethod has been successfully applied to natural rubber,
GR-S, Butyl rubber, and neoprene. No correction is necessary.

I N THE course of current studies on the interaction of rubber
and carbon black, a method for the determination of the

free carbon content of vulcanized rubber stocks, which is simple,
rapid, and of an accuracy sufficient for control purposes, was
developed.

The procedures which have been used for the control of rubber
carbon black batches may be classified in three groups. Widest
adoption has been gained by the methods involving the degrada
tion of the rubber matrix and most compounding ingredients
by hot concentrated nitric acid. Typical of these is the current
A.S.T.M. method (1). Butyl rubber (GR-I) and neoprene,
which are resistant to nitric acid decomposition, cannot be ana
lyzed in this way. McCready and Thompson (8) have suggested
preliminary digestion of the sample in hot mineral seal oil to
make the method applicable for Butyl rubber. The chief dis
advantage of the nitric acid procedures is the difficulty experi
enced in filtration of the carbon, because the finely divided par
ticles tend to' run through the asbestos filter. Because some
of the decomposition products of the rubber are retained by the
carbon, the results are high and variable; an empirical correction
of 0.95 must be applied. A recent modification by Louth (7)
eliminates many of these disadvantages, but adds a few of its
own. The procedure involves preliminary softening of the
sample in boiling 1,1,2,2-tetrachloroethane (which permits
analysis of Butyl rubbers and neoprene), the use of ether to
coagulate the carbon during the filtration, and drying of the car
bon at 250 0 instead of 110 0 C. to avoid application of the correc
tion factor. The unpleasant nature of 1,1,2,2-tetrachloroetha~e

and the possibility of violent reaction between the nitric acid and
ether in the filtration step in spite of all precautions constitute
the disadvantages of this procedure.

The extraction of the rubber by a high boiling inert solvent
has been little used, partly because of the length of time required
(2,5).

The third group of methods involves dry distillation of rubber
from the carbon black and inorganic fillers in an inert atmosphere
and subsequent burning of the carbon black in oxygen. The
method was first used for natural rubber by Decker (4) and
modified for the analysis of GR-S by the National Bureau of
Standards (9). Bauminger and Poulton suggest collecting and
weighing the carbon dioxide evolved in addition to the usual
determination of the weight loss during the combustion (3).
These methods are rapid if two combustion furnaces are available.
However, standard sample blanks must be run with each set of
samples to correet a slight empirieal error in the method. In
addition, inorganie fillers whieh ehange weight during the two
combustions may prove troublesome.

The method here proposed makes use of the faet that rubber
eontaining ethylenie double bonds is oxidatively cleaved by tert
butylhydroperoxide in the presenee of osmium tetroxide. The
resulting fragments are compounds of small molecular weight.
The reaetion has previously been used for the determination of
polystyrene in GR-S (6). The applicability of the method was

tested by the analysis of natural rubber, GR-S, Butyl rubber,
and neoprene, and found suecessful in each case.

OUTLINE OF METHOD

The sample is softened in gently boiling p-dichlorobenzene, and
then treated with tert-butylhydroperoxide in the presence of a
catalytic quantity of osmium tetroxide. The mixture is filtered
through a Gooch crucible. The carbon on the filter is washed
with benzene, and then with dilute nitric acid and water to dis
solve inorganic fillers. The filter is dried at 350 0 C., cooled,
and weighed. The carbon is burned off at low red heat, and the
crucible is cooled and reweighed. The loss in weight represents
the amount of carbon originally present.

REAGENTS

tert-Butylhydroperoxide, commercial grade (minimum 60%
tert-butylhydroperoxide), is obtained from the Lucidol Division,
Novadel-Agene Corporation, Buffalo, N. Y. The reagent is
stable for several months if kept in a cool place.

Osmium tetroxide is prepared by dissolving 0.08 gram in 100 m!.
of reagent grade benzene. .The solution should be protected from
light and discarded at the first appearance of a blaek precipitate.

p-Dichlorobenzene, eommercial, Paradow.
Nitric aeid, C.P.
Gooch crucibles are used for filtration. The asbestos pad

consists of a layer of medium fibers covered by a layer of fine
fibers. It is ignited at 800 0 C. for at least an hour.

PROCEDURE

Cut the rubber into small cubes and weigh out samples of 0.2
to 0.25 gram accurately. Place 20 grams of p-dichlorobenzene
in a 125-m!. Erlenmeyer flask with ground-glass joint, fitted with
a reflux condenser, or in a I50-m!. beaker, which may be covered
by a I25-m!. Erlenmeyer flask filled with cold water. Heat on
the hot plate until the p-dichlorobenzene is melted, add the
rubber sample, and adjust the temperature of the hot plate so
that the liquid boils gently. Softening for half an hour is suf
ficient in most cases. Cool the solution slightly (80 0 to 90 0 C.),
and add 5 m!. of tert-butylhydroperoxide and 1 m!. of osmium
tetroxide solution. Heat to about 120 0 C. and keep there for 30
minutes. Cool the mixture to 50 0 to 60 0 C. and add 25 m!. of
reagent grade benzene. Filter through the Gooch crucible while
still slightly warm. No difficulty is encountered in filtration;
the carbon settles out readily and has no tendency to run through
the filter. (In isolated cases, the addition of a few milliliters of
ether may serve to speed the filtration.) \Vashthe filter and
beaker with benzene; empty the filter flask, and wash the filter
with two 5-ml. portions of warm 1 to 2 nitric acid, using gentle
suction. Wash with several portions of distilled water, dry the
crucible at 325 0 to 350 0 C. for 0.5 hour, cool in a desiccator, and
weigh quickly. Ignite at 750 0 to 800 0 C. cool, and weigh. The·
loss in weight represents the carbon present in the original sample.

Calculate the per cent of free carbon from the expression:

wt. of crucible and carbon -
wt. of crucible after ignition X 100

% free carbon wt. of sample

ANALYTICAL RESULTS

Four samples of carbon black, corresponding in weight to·
25 to 30% carbon black loadings of rubber samples 0.2 to 0.25.
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Table I. Blank Analyses of Cal'bon Black

Carbon Black Weig&~aTZ:ken, Weig&~!r::und,

No rubber present

Ca. 0.14 gram of GR-S pre,ent

Spheron 6 (MPC) 0.0514
Philblack A (HMF) 0.0752

Philblack 0 (RF)
Sterling 99 (FF)

0.0390
0.0622

0.0379
0.0607

0.0501
0.0746

procedure. The authors are indebted to G. D. Louth of Firestone
Tire and Rubber Company, who furnished the certified stock
with information on the kind and amount of inorganic filler.
The results of the analyses are given in Table II.

The average deviation of a single determination never ex
ceeded 0.6% absolute. The method appears sufficiently accurate
to recommend it for control work o~ rubber-earbon black master
batches.
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0.13
0.20

28.6
28.3

3
5

28.8
28.2

3.8
3.1
1.9

Analyses of Vulcanized Rubber Stocks
Amt. Nominal Carbon Av.

of Carbon No. Found, Deviation
Filler, Black, of % of Mean,

% % Detn5. (Av.) % Abs.

2 30.4 7 30.5 0.21
2.6 23.6 5 23.9 0.21

Inorganic
Filler

Zinc oxide
Magnesium

oxide
Zinc oxide
Zinc oxide
Zinc oxide

Table II.

Type of
Rubber

::-.'atural
~eoprene

Type GN
Butyl
GR-S

Comparison of Calcium 45 Oxalate and Carbonate
Precipitates for Radioactive Assays

RAY L. SHIRLEY, RILEY DEAL OWENS, AND GEORGE K. DAVIS

Floridu Agriculturul Experiment Stution, Guinsville, Flu.

Oxalate and carbonate lllethods have been COInpared with respect to preparation
of suitable precipitates for radioactivity assays of calcium 45. Interference of
magnesiun1, phosphorus, and aluminum was studied in regard to weight of pre
cipitate and influence on activity measurements. Because of the COllllllon pres
ence of inerfering ions, the oxalate method is indicated to be more satisfactory
than the carbonate procedure for the preparation of calcium precipitates for
radioactivity assays, especially in biological materials.

CALCIUM is customarily precipitated from a solution of the
ash of biological materials as the oxalate (1) and in this form

it is generally collected by filtration for radioactive assay of cal
cium 45 (3, 4, 6). In this investigation the oxalate method was
compared with a carbonate procedure for the preparation of suit
able calcium precipitates that might be used for routine analysis
of radioactive calcium 45 in biological materials.

that supplied by Tracerlab, Inc. (7). This equipment provides a
very reproducible means for preparing precipitates for radioactive
assay. The surface area of all precipitates was 2.835 sq. em.
Thin mica-window (1.5 to 2.0 mg. per sq. em.) Geiger-Mueller
tubes were used in conjunction with commercial scalers for the
activity measurements.

RESULTS AND DISCUSSION

EX~ERIMENTAL

The oxalate procedure (1) requires heating approximately 50
ml. of a solution of the sample to boiling temperature, adding 10
ml. of saturated ammonium oxalate, and then adjusting the pH
to the intermediate color of methyl red indicator (approximately
pH 4.8). In making wet digestions of biological materials with
concentrated nitric acid preparatory to calcium 45 determina
tions, it appeared that a more simple procedure would be' to
neutralize an aliquot of the digest with sodium hydroxide, add
sodium carbonate, stir, let stand a few hours, and then filter the
carbonate precipitate. To evaluate this procedure, precipitates of
solutions of known calcium content and samples of biological ma
terial were prepared by the oxalate and carbonate procedures.
The precipitates were collected on "Vhatman No. 42 filter paper
by means of a suitable funnel, ring, and disk assembly, such as

In Figure 1, self-absorption curves show the rate at which the
calcium carbonate and calcium oxalate precipitates were found
to absorb the beta-particles emitted by the calcium 45. The
calcium oxalate precipitates absorbed a few more per cent of the
radiations than the carbonate precipitates of corresponding
weight. This difference became greater as the weight of the pre
cipitates increased. The self-absorption curves for both com
pounds show a nearly· linear dependence upon sample weights in
the range investigated in this study. Some writers (2, 5) have
pointed out the desirability of preparing precipitates of "infinite
thickness" in which a negligible number of beta-particles reach
the surface from the bottom of the sample. In such precipitates
the observed counting r.ate is proportional to the specific activity.
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Self-Ab-

The values obtained for per cent dose by the two procedures are
nearly equivalent except sample 7, where 25.32% was obtained by
the oxalate method, compared to 18.41% by the carbonate
method. The carbonate procedure showed a little more total
calcium to be present in the aliquots analyzed than was found by
the oxalate method, except in samples 3 and 7, which were slightly
lower. Although these data suggest that either method will give
equivalent results on such biological materials as poultry excre
ment, because of the slow rate at which the carbonate solution
filters, compared with that of the oxalate precipitate, the latter
method is much to be preferred. Slow filtration was not experi
enced in the carbonate method on standard calcium samples that
contained no added phosphorus or aluminum; this indicated that
the carbonate procedure should find application in nonbiological
materials or substances which do not contain significant quanti
ties of interfering elements.

SUMMARY

Preparation of suitable precipitates for radioactivity assays of
calcium 45 by the calcium oxalate and calcium carbonate methods
was studied. The oxalate precipitate was found to have greater
capacity to absorb beta-particles than the carbonate precipitate.
This was expected because of the difference between the average
atomic numbers of the two substances. The difference in self
absorption between the two types of precipitates is not great
enough to affect size of samples required for routine analysis.
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Figure 1. Beta-Particle
sorption

Curves obtained with radioactive calciuJ:D.
oxalate and caJciulll carbonat.e precipitates

As indicated in the self-absorption curves in Figure 1, the spe
cific activity is approximately a linear function of the weight of
the precipitate throughout the range investigated, and precipi
tates that weigh more than 80 mg. are difficult to filter and trans
fer by the technique used in this investigation. Therefore, it is
believed by the authors that for practical routine analysis it is
easier to make corrections for self-absorption by such curves as
those presented in Figure 1 than to prepare and handle precipi
tates of "infinite thickness."

Sample
No;

1
2
3
4
5
6
7

Interfering Elements. In biological materials the elements
most likely to be present in sufficient quantities to interfere with
either the carbonate or oxalate procedures are magnesium, alumi
num, and phosphorus. Magnesium may be removed in the oxa
late procedure by washing the precipitate with hot water (1). In
the carbonate procedure 5 mg. of magnesium were found not to
interfere in the weight of the precipitate, but caused a loss of
approximately 25% of the radioactivity. The cause of this loss
was not determined, but it may have been due to the magnesium
altering the gross absorption coefficient so that the apparent ac
tivity was decreased by this amount. The oxalate method was
not affected by 50 mg. of aluminum alone, but when this amount
was present with 50 mg. of phosphorus, approximately twice the
weight of precipitate was obtained as was expected from the
amount of calcium present and there was a great decrease in the
apparent specific activity of the precipitate. The increased
weight of the precipitate was probably due to precipitation of
aluminum phosphate. However, samples containing up to 20
mg. of both phosphorus and aluminum were found to have no
interference. In the case of the ,calcium carbonate precipitation,
5 mg. of aluminum were without appreciable effect, but 50 mg.
made filtration practically impossible. As little as 2 mg. of phos
phorus caused interference in the carbonate method, particularly
by increasing the time of filtration and decreasing the apparent
specific activit,y of the precipitate.

Analysis of Biological Materials. In Table I data are presented
that were obtained for (1) the per eent dose of calcium 45, and (2)
the weight of total calcium found in equivalent aliquots of hen
excrement by the oxalate and carbonate procedures. The
metabolism studies made with the chickens using calcium 45 will
be published elsewhere. The excrement samples were digested
with concentrated nitric acid and made up to volume in volu
metric flasks. Equivalent aliquots were taken for preparation of
both the calcium oxalate and calcium carbonate precipitates.
The values reported were calculated to represent the per cent of
the administered calcium 45 excreted by the particular hen during
the day that the excrement sample was collected. The hens had
previously'received single oral doses of t4e calcium 45 isotope.

Table I. Calciulll 45 and Weight of Total Calciulll Found
in Equivalent Aliquots of Hen ExcrelDent

Oxalate Procedure Carbonate Procedure
Dose. % Ca, Mg. Dose, % Ca, Mg.

0.23 11.9 0.21 14.0
0.15 11.9 0.14 12.4
0.17 11.8 0.40 10.8
0.51 10.0 0.52 13.6
0.64 6.6 0.48 9.6
0.87 23.8 0.83 24.8

25.32 32.2 18.41 30.0

Interference of magnesium, phosphorus, and aluminum was
studied in regard to weight of precipitate and influence on activity
measurements. Magnesium altered the gross absorption coeffi
cient of the carbonate precipitate, but otherwise caused no inter
ference. Both phosphorus and aluminum markedly interfered
with the rate of filtration of the carbonate solution in the car
bonate method. Phosphorus caused a decrease in the apparent
specific activity of the carbonate precipitate. In the case of the
oxalate procedure, aluminum and phosphorus caused no inter
ference when present alone, but when present together in the
range of 50 mg. each, large discrepancies in weight of precipitate
and in apparent specific activity were observed. Because of the
common presence of interfering ions; the oxalate method is indi
cated to be more satisfactory than the carbonate procedure for
the preparation of calcium precipitates for radioactivity assays,
especially in biological materials.
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Analysis of East Texas Virgin Naphtha Fractions
Boiling Up to 270

0

F.
MARY FRANCES BELL

Esso Laboratories, Standard Oil Development Company, Linden, N. J.

The individual paraffins andnaphthenes in cOlllplex
hydrocarbon lllixtures boiling up to 270 0 F. can be
deterlllined by infrared spectroscopic procedures,
cOlllbined with distillation and percolation lllethods.
A lllethod for the colllplete analysis of the individual
C7 and C. naphthenes boiling between 1900 and
270 0 F. is reported for the first tillle. By applying
these lllethods the cOlllpositions of two East Texas

THE determination of the composition of petroleum fractions
is a major problem in studies directed toward the develop

ment of improved petroleum refining processes. It is well known
that the reaction characteristics of hydrocarbons present in
petroleum vary widely according to type, whether paraffin,
naphthene, olefin, or aromatic, and to a lesser extent according
to molecular weight. Reaction characteristics may also vary
widely among structural isomers within a given homologous
series of hydrocarbons. Methods for determining the composi
tion of petroleum fractions, before and after processing, are of the
utmost importance in guiding the decisions regarding the most
favorable methods for processing these fractions.

Distillation and refractometric techniques have furniShed the
most complete data hitherto available on the composition of the
paraffin-naphthene portions of virgin naphthas (4, 7, 8). Deter
minations of the C1 through C. hydrocarbons are readily accom
plished by distillation alone (16) or by means of mass spectrom
etry (20). Tte C. and .C•. hydrocarbons can be determined by
means of distillation and refractive index measurements (4, 8).
In the C7 and higher boiling ranges, overlap between closely
boiling isomers is encountered on distillation, and grouping of
simihr isomers in the analytical results is required, although some
individual compounds boiling as high as 243 0 F. have been identi
fied (7). Mass spectrometry has also been applied through the
C 7 and higher fractions, although the grouping of various isomers
having similar mass patterns is necessary (2).

The rapid determination of aromatic hydrocarbons present in
gasoline fractions boiling up to 290 0 F. by ultraviolet or Raman
spectrometric methods has heen possible for some time (6, 18),
and more recent extensions of the Raman technique have per
mitted determination of aromatic compounds boiling up to 350 0 F.
or higher (3,11). Infrared spectrometric procedures have been
applied to the analysis of light hydrocarbons (1) and of paraffin
mixtures boiling up to 255 0 F., but application of quantitative
infmred techniques to the naphthenes has been limited to cyclo
pentane, methylcyclopentane, cyclohexane, and methylcyclo
hexane (5, 10, 12).

The infrared spectra of most of the naphthene isomers in the
120 0 to 270 0 F. range are now available from the National
Bureau of Standards, A.P.I. Project 44, and the absorption bands
best suited for distinguishing some of the di- and trisubstituted
cyclopentanes and cyclohexanes have been reported (15).

The first part of the present paper describes infrared procedures
by which the paraffin-naphthene portion of virgin naphthas
may be analyzed quantitatively for all compounds boiling up to
270 0 F. The various compounds are determined on a volume
per cent basis. The analysis distinguishes between all isomers,
including cis- and trans-alkyl cyclopentanes and alkylcyclo
hexanes, with the exception of one pair of isomers for which the

naphtha fractions boiling in the lI5° to 215 0 F. and
the 215 0 to 270 0 F. ranges have been deterlllined.
Quantitative data on 3 n-paraffins, 34 isoparaffins,
22 cyclopentane hOlllologs, and 10 cyclohexane
hOlllologs are presented; these hydrocarbons COlll
prise all the cOlllpounds of their respective types
boiling up to 270 0 F., with the possible exception of
SOllle of the C. cyclopentane hOlTIologs.

pure C'is- and trans- isomers are not available (cis- and trans-1
methyl-3-ethylcyclopentane) and the tetramethylcyclopentanes,
some of which may boil below 270 0 F.

The second part presents the quantitative analysis of the
paraffin-naphthene portions of an East Texas light virgin naphtha
for all compounds boiling up to 215 0 F., and of an East Texas
heavy naphtha for compounds boiling up to 270 0 F. This
represents an extension of approximately 30 0 F. above the highest
boiling point for which the quantitative analysis of all the paraf
fins and naphthenes in crude oil had previously been reported
(19).

INFRARED METHOD FOR DETERMINATION OF ALI~

PARAFFINS AND NAPHTHENES BOILING UP TO 270 0 F.

lNFRARED ANALYSIS OF NAPHTHA
CONSTITUENTS BOILING UP TO 215 0

}'.

Infrared determination of the individual paraffins and naph
thenes in naphtha feed and reaction products provides informa
tion on the behavior of the individual hydrocarbons. In this
section of the paper, the determination of all compounds boiling
up to 215 0 F. in the light naphtha range is described. By this
method, the percentage of branched and straight-chain paraffins,
cyclohexane, methylcyclohexane, and the alkylcyclopentanes,
including the various dimethyl isomers, can be determined.
Approximately 30 man-hours are required for the infrared analysis
of the distillation cuts, including instrument and calculation
time. The preparation of the sample, including percolation to
remove the aromatics, distillation, and blending of the distilla
tion cuts, requires approximately 120 hours of elapsed time.

Sample Preparation. The treatment of a virgin naphtha sam
ple prior to infrared analysis insolves isolation of the paraffin
naphthene portion by percolation through silica gel, distillation
into narrow boiling fractions, and the blending of distillation cuts
into composite samples which can be analyzed by infrared tech
niques. The first step in this procedure, the segregation of the
paraffins and naphthenes from the aromatics by a technique such
as percolation, is necessary because the aromatics absorb strongly
in the infrared regions in which the paraffins and naphthenes must
he determined. Suitable percolation procedures include those by
Mair and Forziati (13) and A.S.T.M. Designation D 936-47T.
The aromatic fraction obtained by percolation is analyzed by
ultraviolet techniques.

The paraffin-naphthene fraction should be distilled in a frac
tionating column of good separating efficiency. In these labora
tories, satisfactory distillations are performed using an 80-plate
Fenske-type column (9), operating at a boil-up rate of 150 mI.
per hour, with a column holdup of 8 m!. The reflux ratios
usually employed are 20 to 1 to 100 0 F., 50 to 1 to 150 0 F., and
100 to 1 thereafter to completion of a run.

Although narrow cuts (approximately 1%) are taken through-
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Table I. Wave Lengths of Analytical Points Elllployed for
Paraffins and Naphthenes in 80 0 to 215 0 F. Boiling Range

Wave Length, Microns
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Base line

10.28 10.05 10.56
13.75 13.29 14.03
11. 19 10.77 11.70
8.25 8.09 8.46
8.87 8.36 9.13

13.52 13.29 14.03
10.50 10.31 10.66
13.82 13.37 14.03
10.24 10.01 10.63
13.51 13.32 13.98
12.34 12.06 12.57
11.59 11.38 11.86
9.20 9.10 9.45
9.97 9.42 10.27
7.54 7.48 7.72
8.93 8.50 9.13
8.55 8.36 9.00
8.71 8.50 9.00
7.77 7.61 8.36

10.19 9.42 10.48
13.56 13.29 13.98
11.11 10.75 11.33
13.85 13.20 14.13
8.02 7.89 8.13
9.64 9.46 10.05

11.84 11. 35 11.98

._----~.

Absorption
peakCompound

Isopentane
n-Pentane
Cyclopentanc
2,2-Dimethylbutane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane
n-Hexane
Methylcyclopentane
2,2-Dimethylpentane
2.4-Dimethylpentane
Cyclohexane
2.2,3-Trimethylbutane
3,3-Dimethylpentane
1.I-Dimethylcyclopentanc
2,3-Dimethylpentane
2-Methylhexane
trans-l,3-dimethylcyclopentane
trans-l,2-dimethylcyclopentane
cis-l,3-dimethylcyclopentane
3-Methylhexane
3-Ethylpentane
n-Heptane
2,2,4-Trimethylpentane
cis-I, 2-dimethylcyclopentane
i\'1ethylcyclohexane

out the distillation, the number of samples reqUll'lng infrared
analysis is reduced by blending together those distillation cuts
which contain the same components. The blending procedure
is established by a consideration of the boiling point-refractive
index data from the distillation and by infrared analysis of spot
cuts. Whenever possible, blends are made between distillation
plateaus formed by single hydrocarbons. By this procedure, the
compounds boiling on the plateaus act as separating agents
between lower and higher boiling compounds. In virgin naphtha
analyses, however, twelve compounds boil in the 25 0 F. interval
between 190 0 and 215 0 F., with no single component present in a
sufficient quantity to form a distinct plateau. Consequently,
several of the distillation cuts contain a large number of com
ponents. In this case, instead of blending all cuts of similar
composition into a single, complex blend, several blends con
taining the same constituents and covering successive boiling
range intervals are prepared. With this procedure, a check
upon the analyses is furnished by the manner in which the
concentrations of individual constituents increase and then
decrease with increasing temperatures.

To complete the analysis of a light naphtha through 215 0 F.,
spot cuts selected beyond the methylcyclohexane plateau should
be examined to ensure a determination of all the methylcyclo
hexane present in the sample.

Calibration. In thc calibration of the infrared spectrometer to
be used for this analysis, hydrocarbons of high purity such a<
those obtainable from the National Bureau of Standards, A.P.I.
Project 46, should be employed. The spectrum of each com
pound in the 6.35- to 15-micron region is compared with those of
other isomers in the same boiling range to select the absorption
peak which is most nearly unique for distinguishing that com
pound from the constituents with which it is likely to occur.
A base line method (10) is employed to obtain quantitative
measurements of absorption peaks. The wave lengths selected
for infrared analysis of the naphthenes and paraffins boiling from
82.1 0 to 213.7 0 F. are shown in Table 1.

The data from these measurements of pure compounds are
used to set up the simultaneous linear equations employed in
performing analyses (10).

Analytical AccUracy. The accuracy of the determination of
each of the compounds present in a particular naphtha may be
established by the analysis of synthetic samples prepared from
National Bureau of Standards pure hydrocarbons to match the
composition of key distillation blends. In general, the accuracy
which can be anticipated for analysis of distillation blends within
the light naphtha boiling range is indicated by the data on syn
thetic blends shown in Table II, in which the blended and an
alyzed compositions of a number of synthetic samples are pre-
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sented for comparison. These data indicate a mean deviation
of ='=1.3%. The maximum deviation is -5.9% on cis-l,3
dimethylcyclopentane, which suffers from strong interference
from trans-l,3- and trans-l,2-dimethylcyclopentane and other
isomers boiling within a few degrees. Because the compounds
are analyzed in distillation blends which represent a small per
centage of the total sample, the concentrations of the individual
compounds calculated on a total sample basis should show a
proportionally smaller deviation from the correct value.

INFRARED ANA LYSIS OF NAPHTHA
CONSTITUENTS BOILING I<'ROM 2150 TO 2700 F.

Infrared techniques and distillation procedures have been ex
tended to permit the analysis of hydrocarbon mixtures for all the
Cs-C, paraffins and Cs naphthenes falling in the 215 0 to 270 0 F.
boiling range. This analysis is based on an extension of the
principles described in the previous section. Because of the
presence of a larger number of isomers for a comparable spread
in boiling points, however, the procedure is more complex and
time-consuming than for the light naphtha analysis.

Sample Preparation. For separation of the paraffins and
naphthenes (obtained by percolation) in the heavy naphtha
range, a distillation column of highest obtainable efficiency is
recommended.

At these laboratories, a 20Q.-plate Fenske-type column, oper
ating with a boil-up rate of 100 m!. per hour and a holdup of 30
mI., is employed. The reflux ratio is maintained at 50 to 1 to
228 0 F. and 200 to 1 for the remainder of the distillation. If it is
necessary to shut down the equipment before completion of the
distillation, a still of this type should be placed on total reflux
for at least 7 hours before continuing the distillation. In the
boiling range from 240 0 to 250 0 F. where there are a large number
of closely boiling isomers, the distillation is more difficult. In
this region spot-cut infrared analyses of 2-m!. samples taken at
4-hour intervals (200 to 1 reflux) show a decrease in the amount of
high-boiling isomers for two or three cuts after starting the
take-off. In this range, the minimum time to reach equilibrium
is estimated to be 18 hours.

In establishing the sample blending procedure, a number of
individual distillation fractions are examined qualitatively by
infrared. In the distillation of virgin naphtha fractions in the
215 0 to 270 0 F. range, the risers in the distillation curve are com
posed of ten to twelve compounds, separated by plateaus con
taining six to eight components. Because of the complexity of
these mixtures, it is necessary to limit the blending to very closely
boiling fractions and to analyze several blends including the same
isomers. By this procedure the changes observed in the ratios
of closely boiling isomers in successive distillation cuts can be
used to check the quantitative results. Some of the individual
fractions examined qualitatively as spot cuts may be subsequently
blended with adjacent fractions, using aliquot portions, to reduce
the number of quantitative analyses required.

Infrared Measurements and Calculations. Nearly all hydro
carbon standards needed for calibration in the 215 0 to 270 0 F.
range can be obtained from the National Bureau of Standards,
A.P.I: Project 46. The only compounds within this boiling
range not available in high purity from any source include the
cis- and trans-l-methyl-3-ethylcyclopentanes and cis,cis,c-is
1,2,4-trimethylcyclopentane. The first two are available as an
unseparated mixture, and the cis,cis,cis-l,2,4-trimethylcyclopen
tane is available as a concentrate in cis,cis,trans-l,2,4-trimethyl
trans-cyclopentane.

None of the tetramethylcyclopentanes are available. The
boiling points of these compounds have not been determined,
except for 1,1,2,3-tetramethylcyclopentane which boils at 271 0 F.
It is probable that one or more of the isomers in this series boil
below 270 0 F.

In performing the calibration for this analysis, the spectrum
of each compound is measured in a rock salt cell 0.08 mm. thick.
The wave lengths of the absorption bands and the respective
base line points for this analysis are listed in Table III. In
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establishing analytical points for analyses in the heavy naphtha
boiling range, base lines covering much wider wave-length in
tervals than those for the light naphtha analysis must be em
ployed.

Because many of the compounds have relatively low infrared
absorption with no unique peaks, often two and sometimes three
wave-length positions are employed in determining a single
compound. The equations for the analysis are set up in the
manner described above for the light naphtha procedure. As
many as twenty equations in eleven unknowns must be solved in
the analysis of some distillation blends. When more than one

Table III. Wave Lengths of Infrared Analytical Points
Employed for Determination of Paraffins and Naphthenes

in 215 0 to 270 0 F. Boiling Range

\Ya '"C Lengths, l\'!icrons
Compound Peak Base Line

Ethylcyclopentane 10.71 10.55 11.01
1,1,3-Trimethylcyclopentane 7.63 7.52 7.80

10.08 9.78 10.73
2,2-Dimethylhexane 13.72 13.34 13.96
2,5-Dimethylhexane 10.86 10.60 11.08
c£s ,trrms,cis-I, 2,4·trimeth)Tlcyc!opentane 8.69 8.41 9.00
2,4-Di methylhexane 13.04 12.69 13.26
2,2,3-Trimethylpentane 9.24 9.08 9.46
cis, trans ,cis-I,2,3-tri methyleye}opentane 10.11 9.51 10.73

10.44 9.51 10.73
3,3-Dimethylhexane 12.78 12.58 13.00
2,3,4-Trimethylpentane 8.91 8.68 9.04

9.62 9.51 10.73
1,1,2-Trimethylcyclopentane 9.47 9.29 9.62
2,3,3-Trimethylpentane 8.66 8.52 8.83

9.94 9.51 10.73
2,3-DimethYlhexane 8.88 8.52 9.10

13.51 13.17 14.11
2-Methyl-3-ethylpentane 11.52 11.28 11.83
cis,cis,trans-l,2,4-trimethylcyclopentane 9.82 9.50 10.12

10.2,6 10.08 10.44
2-Methylheptane 8.56 8.41 9.04

13.82 13.17 14.11
cis, cis, trans-I, 2,3-tri methylcyclopentane 9.25 9.11 9.46

9.93 9.50 10.12
4-Methylheptane 10.46 10.19 10.76

13.51 13.17 14.11
3,4-Dimethylhexane 8.92 8.27 9.12

10.53 9.51 10.73
cis, cis,cis-I, 2,4-trimethylcyclopentane 8.98 8.27 9.12

9.80 9.33 10.12
3-Methyl-3-ethylpentane 11.37 11.08 11.68
3-Ethylhexane 11.25 11.08 11.68
3-Methylheptane 10.37 9.51 10.73

13.76 13.32 14.11
trans-I, 4-di methylcyelohexane 9.72 9.51 10.73

10.08 9.51 10.73
l,l-Dimethylcyclohexane 8.52 8.27 9.12

10.39 9.51 10.73
cis-l ,3-di methylcyclohexane 8.99 8.27 9.12

10.52 9.51 10.73
11. 76 11.48 11.95

cis-l-methyl-3-ethylcyelopentane } 10.67 9.51 10.76trans-1-methyl-3-ethylcyclopentane
trans-1,2-methylethylcyclopentanc 10.34 9.51 10.76

1,I-MethylethYlcyclopentane
10.99 10.80 11.11
10.04 9.51 10.76
12.78 12.56 13.28

2,2,4,4-Tetramethylpentane 8.04 7.82 8.41
10.26 9.38 10.56

cis, cis, cis-I, 2,3-trimethyleyclopentane 9.20 8.96 9.38
9.60 8.38 10.56

t'rans-l,2~dimeth;yleyclohexane 10.33 9.51 10.73
11.30 11.08 11.52

2,2,5-Trimethylhexane 8.03 7.82 8.45
8.33 7.82 8.45

cis-l,4-dimethylcyelohexane 9.13 8.96 9.38
9.98 9.38 10.66

trans-1,3-di methylcyclohexane 11.64 11.35 12.01
11.91 11.35 12.01

n-Octane 13.87 13.20 14.13
Isopropylcyclopentane 7.58 7.51 7.82

8.59 8.27 8.75
2,2.4-Trimethylhexane 8.05 7.87 8.4.5
cis-I, 2- methylethylcyclopentane 10.68 10.55 10.91
cis-I, 2-dimethYlcyclopentane 9.95 9.68 10.41

10.22 9.68 10.41
2,4,4-Trimethylhexane 8.58 8.27 8.75

9.91 9.38 10.66
10.21 9.38 10.66

2,2-Dimethylheptane 8.05 7.82 8.45
10.31 9.38 10.66

n-Propylcyclopentane 11.23 10.87 11.71
13.52 13.20 14.13

2,3,5-Trimethylhexane 8.66 8.27 9.12
8.85 8.27 9.12

Ethylcyclohexane 11.25 11.08 11.71
11. 88 11.68 12.01
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EAST TEXAS LIGHT VIRGIN
NAPHTHA, lI5° TO 2150 F. FRACTION

The analytical results on individual
distillation blends for the East Texas
light virgin naphtha are shown in
Table V. The accuracy of the analy
sis for each of the compounds pres-

The particular naphthas for which
the compositions are. reported here
were obtained from two separate dis
tillations of an East Texas crude oil.
The lower boiling or "light" naphtha
was distilled in a refinery pipe still
containing approximately 30 plates.
The nominal boiling range of this
part of the naphtha was from the
initial to 250 0 F., and the total dis
tillate collected represented 14.5% of
the crude oil charged. The higher
boiling or "heavy" naphtha was ob
tained from a pilot plant distillation,
which was carried out with approxi
mately the same efficiency as the pipe
still operation. The nominal cut
temperatures for the heavy naphtha
distillation were 215 0 and 435 0 F.,
with a reported total of 24.5% of
the crude oil charge taken as over~

head.
In the analytical distillation of

these naphthas, carried out in columns
of high efficiency, it was found that
13.3% of the light naphtha boils
above 247 0 F. and that approximately
6% of the heavy naphtha boils below
215°F.

INFRARED ANALYSIS

equation is employed for a single constituent, these equations
are carried along as a group. An average of the concentrations
obtained is carried forward during the approximation procedure
and the final average is taken as the proper concentration for that
constituent.

Analytical Accuracy. In order to check the accuracy of the de
termination of each of the compounds found present, a series of
synthetic samples, prepared to match the calculated composition
of key fractions selected from the analysis, should be analyzed
by infrared spectrometry. A careful comparison of the spectra
of corresponding synthetic blends and samples furnishes a check
against the presence of unidentified material in the samples.
The quantitative infrared analyses of a series of synthetic samples,
presented in Table IV, indicate that the maximum deviation in
determining the concentration of hydrocarbons in the 215 0 to
270 0 F. is usually less than ;'3% from the actual amount present,
with a mean deviation of ± 1.4%. This accuracy is considered
excellent in view of the small differences in the infrared spectra of
compounds in the blends, many of which contain eleven or
twelve components.

High negative values instead of zeros are obtained for the cis,
cis, trans isomers of 1,2,3- and 1,2,4-trimethylcyclopentane in
several of the synthetic blends. The absorption peaks of these
isomers are relatively weak and occur at wave lengths where inter
ference from the other compounds is strong. In general, the
infrared spectra of the cyclopentane series tend to become more
diffuse as the number of alkyl groups on the nucleus increases.
This trend is not so evident for the cyclohexane series.
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EAST TEXAS HEAVY VIRGIN NAPHTHA,
2150 TO 270 0 F. FRACTION

ent is established by the analysis of synthetic
samples prepared to match the composition
of key distillation blends. Such data, as shown
in Table II, indicate a mean deviation of
±, 1.3% for all compounds determined and a
maximum deviation of -5.9% on cis-1,3
dimethylcyclopentane, which suffers from
strong interference. Inasmuch as the distilla
tion blends which were analyzed in this case
represented from 7 to 32% of the total sam
ple, the concentrations of the individual com
pounds calculated on the total sample (initial
to 250 0 F. light naphtha) basis should show
an average deviation within 0.1 to 0.4% from
the correct value.

The infrared analysis of the East Texas
paraffin-naphthene fraction and the ultraviolet
analysis of the aromatics present, calculated
on the initial to 250 0 F. sample basis, are pre
sented m Table VI. With the exception of
2,2,3-trimethylpentane and 2,2,4-trimethylpen
tane, all the paraffin, alkylcyclopentane, and
alkylcyclohexane isomers boiling between 80 0

and 215 0 F. have been identified in the sam
ple. The relative amounts of the various types
of hydrocarbons in the C6 and C7 ranges are
shown in Table VII.

The fractions of the East Texas heavy virgin
naphtha analyzed by infrared spectrometry rep
resent 31 % of the paraffin-naphthene portion
of the heavy naphtha or 6.6% of the original
East Texas crude oil. They cover the temper
ature range from 194 0 to 270 0 F. The aromatic
content of the total (215 0 to 435 0 F.) heavy
naphtha, determined by Raman spectroscopy,
was 13%, corresponding to 3.2% of the crude
oil.

The initial analytical distillation required
339 hours on heat to reach 35% off at 281 0 F.
In this distillation, while column operating con
ditions were being established, several column
floods and incipient floods occurred in the
region between 240 0 and 250 0 F., where there
are a large number of closely boiling isomers.
A second distillation was therefore carried out,
and the analytical data on the cuts from the
two distillations were combined on the normal
octane plateau. A total of 41 samples were
analyzed quantitatively, of which 19 were
in the 240 0 to 250 0 F. interval.

The analyses of the individual naphtha frac
tions and blends covering the 190 0 to 270 0 F.
boiling range are presented in Tables VIII to
XI. In addition to the known paraffins and
naphthenes included in these tables, an un
known compound which boils above 259 0 F.
was detected in maximum concentration near
262 0 F. Inasmuch as the extraneous ab
sorption peaks appearing in the spectra of the
cuts containing this material suggest the pres
ence of a naphthene, the unknown may be
one of the tetramethylcyclopentanes. The
boiling points of these compounds, except
for 1,1,2,3-tetramethylcyclopentane which boils
at 271 0 F., have not been establisheeI. The
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Table VI. Composition of East Texas Light Virgin
Naphtha

(Initial to 250 0 F. nominal boiling range. 14.5% of crude. Volume per cent
of paraffins and naphthenes by infrared analysis, aromatics by ultraviolet

analysis)

B. P., Percentage Percentage
Compound of. of Naphtha of Crude

Compounds boiling below 1200 F. 15.8 2.28
Cyclopentane 120.7 1.2 0.18
2,2-Dimethylbutane 121.5 0.2 0.03
2,3-Dimethylbutane 136.4 0.6 0.08
2-Methylpentane 140.5 5.4 0.78
3-Methylpentane 145.9 3.1 0.45
n-Hexane 155.7 8.2 1. 19
Methylcyclopentane 161.3 6.5 0.94
2,2-Dimethylpentane 174.6 0.2 0.03
Benzene 176.2 0.3 0.04
2,4-Dimethylpentane 176.9 0.3 0.04
Cyclohexane 177.3 3.6 0.56
2,2,3-Trimethylbutane 177 .6 0.0 0.00
3,3-Dimethylpentane 186.9 0.2 0.03
1,1-Dimethylcyclopentane 190.1 1.3 0.19
2,3··Dimethylpentane 193.6 1.3 0.19
2-Methylhexane 194.1 2.8 0.40
trans-l,3-Dimethylcyclopentane 195.4 2.7 0.40
trans-l,2-Dimethylcyclopentane 197.4 4.1 0.60
cis-l,3-Dimethylcyclopentane 197.4 0.7 0.10
3-Methylhexane 197.5 3 . .5 0.51
3-Ethylpentane 200.2 0.1 0.01
n-Heptane 209.2 7.1 1.03
2.2,4-Trimethylpentane 210.6 0.0 0.00
cis-l,2-Dirnethylcyclopentane 211.2 0.9 0.12
Methylcyclohexane 213.7 8.8 1.27

Nonarornatics above 213.7° F. 19.4 2.81
Toluene 231.1 1.7 0.2.5

100.0 14.48

Table VII. Relative Amounts of C. and C,a Naphthenes
and Paraffins in East Texas Light Virgin Naphtha

(Volume per cent by infrared analysis. Total volume, 61.6% on total light
naphtha fraction. Initial to 2500 F. nominal boiling range, 14.5% of crude)

Percentage of
C6 and C7 Paraffin- Percentage

Naphthene Portion of Crude

n-Hexane 13.3 1.19
n-Heptane . 11 .5 1. 03
Isohexanes 1.5.0 1. 34
Isoheptanes 13.7 1. 21

Total paraffins 53. 5 ~i

Methylcyclopentane 10 . .5 0.94
Dimethylcyclopentanes 15.8 1. 41
Cyclohexane .5 . 9 0 . 53
Methylcyclohexane 14.3 1. 27

Total naphthenes a through 215 0 F. 46.5 4.15
a These figures do not include ethylcyclopentane boiling at 218.2° F.
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possibility of the presence of peroxides and olefins has been
eliminated by chemical tests, and other oxygenated materials
and aromatics may be ruled out on the basis of the infrared
data.

The percentages of each compound, calculated on the basis of
the 215 0 to 435 0 F. paraffin-naphthene portion and on the total
crude, are shown in Table XII. As demonstrated in Table IV,
analyses of synthetic blends, prepared to match the calculated
composition of key fractions, indicate that the maximum devia
tion in determining the concentrations of hydrocarbons in dis
tillation blends in the 215 0 to 270 0 F. range is usually less than
±3% from the actual amounts present, with a mean deviation of
± 1.4%. On the basis of the 215 0 to 435 0 F. naphtha sample, the
mean deviations expected for the concentrations of individual
constituents lie between 0.01 % and 0.1 %.

The C, paraffins, constituting 10.2% of the total heavy naph
tha, were principally n-octane and methylheptanes, as shown in
Table XIII. Fifteen of the 18 octane isomers were found in the
sample, although the identification of 2,2-dimethylhexane and
3-methyl-3-ethylpentane is questionable, because the maximum
concentration found for each in any fraction was 1%. The three
isomers which appeared to be definitely absent, or present in less
than detectable amounts, were 2,2,3,3-tetramethylbutane and
2,2,3- and 2,2,4-trimethylpentane.

The distribution of the C, alkylcyclopentanes, comprising
10.2% of the total heavy naphtha sample, is summarized in
Table XIV. Of the 21 isomers, only the cis,cis,cis-l,2,4-tri
methylcyclopentane was not detected. Compounds for which
identification is questionable include 1,I-methylethylcyclo
pentane, cis-l ,2-methylethylcyclopentane, isopropylcyclopentane,
and cis,cis,cis-l,2,3-trimethylcyclopentane. The cis,cis,trans-l,2,3
and cis,cis,trans-l,2,4-trimethylcyclopentane were probably pres
ent in higher concentrations than are reported, as indicated by
the results on synthetic blend analyses.

The ratio of the lower to higher boiling isomer of each cis-trans
pair of dimethylcyclohexanes is about 5 to 1. In conformity with
the conclusions of recent investigators (14, 17), the lower boiling
1,2- and 1,4-dimethylcyclohexanes have been called "trans,"
while the lower boiling 1,3-dimethylcyclohexane has been called
"cis." On this basis, the 1,3-dimethylcyclohexanes are the only

Table VIII. Composition of Narrow Boiling Fractions, Paraffin-Naphthene Portion of East Texas Heavy
Virgin Naphtha

(Volume per cent by infrared analysis. Cuts from 200-plate distillation at 200 to I reflux. Initial to 2280 F. at .50 to I)

Cut No.

Cut temperature, CI F.
Cut volume, %
Cumulative volume, %

C6 and lighter material
I,I-Dimethylcyclopentane

2,3-Dimethylpentane
2-Methylhexane
tmns-I,3-dimethylcyclopentane
trans-I,2-dimethylcyclopentane

cis-I,3-dimethylcyclopentane
3-Methylhexane
3-Ethylpentane
n-Heptane

2,2,4-Trimethylpentane
cis-I,2-dimethylcyclopentane
Methylcyclohexane
Ethylcyclopentane

1,1,3-Trimethylcyclopentane
2,2-Dimethylhexane
2,5-Dimethylbexane
cis,trans,cis-l,2.4-trimethylcyclopentane

B.P., 0 F.

190.1

193.6
194.1
19.5.4
197.4

197.4
197.5
200.2
209.2

210.6
211.2
213.7
218.2

220.8
224.3
228.4
228.7

2 3-5 6-11 12

194 197 210 213 214
0.46 0 . .50 1.45 2.75 0.47
0.46 0.96 2.41 5.16 .5.63

100 '8'a

9 2
24 4
20 9
19 21

5 4
No e~idence14 20

No evidence
43"36

No evidence
2 10

10l)2 47

13-17

22
2.36
7.99

52
11

20
o
4

11

2,4-Dimethylhexane 229.0
2,2,3-Trimethylpentane 229.7

a Leaders indicate that presence of a given compound was not expected and no analysis was carried out.
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Table IX. CODlposition of Narrow Boiling Fractions, Paraffm-Naphthene Portion of East Texas Heavy Virgin Naphtha
(Volume per cent by infrared analysis. Cuts from 200~plate distillation at 200 to 1 reflux. Initial to 2280 F. at 50 to 1)

35
Cut No. 18-23 24 2;~-26 27-28 29 30 31-33 34 37-38 36 39-42

Cut temperature, 0 F. 230 233 239 241 244 244 245 245 245 246 246
Cut volume, % 1. 54 0.25 0.50 0.48 0.23 0.24 0.70 0.25 0.73 0.24 0.94
Cumulative volume, % 9.53 9.78 10.28 10.76 IO.H9 11. 23 11.93 12.18 13.15 14.09

B.P.• 0 F.
Methylcyclohexane 213.7 0
Ethylcyclopentane 218.2 1
1,1,3-Trimethylcyclopentane 220.8 0 1
2,2-Dirnethylhexane 224.3 1 ),To evidence
2,5-Diruethylhexane 228.4 10 3 0
cis ,trans I cis-I, 2,4-trimet hy Ieye10-

pentane 228.7 35 5 0
2,4-Dimethylhexane 229.0 13 4 7
2,2,3-Trirnethylpentane 229.7 No evidence
cis, trans ,cis-I,2,3-tri met hyloycl0-

pentane 230.7 40 39 11 0 0
3,3-Dimethylhexane 233.6 0 .5 3 0 0
2,3,4-Trimethylpentane 236.3 7 9 1 I
1,1,2-Trimethylcyclopentane 236.7 22 29 f) ;j

2,3,3-Trimethylpentane 238.6 3 5 0 2
2,3-Dimethylhexane 240.1 11 26 25 12 8 2 3 2 4 4
2-Methyl-3-ethylpentane 240.2 0 4 12 3 4 1 0 0 1 0
cis, cis,trans-l, 2,4-tri methy1cycl6-

penta.ne 242.1 6" 4 3 0 1 0 2 0 0
2-Methylheptane 243.8 40 50 70 73 72 64 55 55
cis, cis. tra.n 8-1,2.3-tri methyIeyel 0-

pentane 243.9 3 3 2 3 4 3 1 6
4-Methylheptane 243.9 6 H 12 1:1 15 14 12 17
3,4-Dimethylhexane 243.9 4 :3 4 6 4 7 6 3
cis ,cis,cis-I, 2,4-tri methylcyel 0-

pentane 244 Possible trace
3-Methyl-3-ethylpentane 244.9 0 0 0 0 1 0
3-Ethylhexane 24.'\.4 0 0 0 1 4 3
:3-Methylheptane 246.1 0 1 2 6 12 11
trfLn8-1,4-dirnetllylcyclobexane 246.8 0 0 0 1 4 1

;:>2
54-56

Cut No. 43 44-50 51 53 ;:>8-59 57 60 61-62 63 64-65 66

Cut temperature, 0 F. 246 249 249 249 249 249 249 250 250 2:")1 251
Cut volume. % 0.23 1. 76 0.23 0.24 1.45 0.25 0.26 0.49 0.23 0.50 0.23
Cumulative volume, % 14.32 16.08 16.31 18.25 18.51 19.00 19.23 IH.73 19.96

B.P., 0 F.

2-l\'1ethylheptane 243.8 47 16 0
cis, cis ,trans-I,2,3-tri me thy Ieyel 0-

pentane 243.9 8 0 0
4-Methylheptane 243.9 15 4 0
3,4-Dimethylhexane 243.9 4 3 0
cis, cis,cis-l ,2, 4-trimethylcyc I0-

pentane 244 Possible trace
3-Methyl-3-ethylpentane 244.9 0 0 0

i3-Ethylhexane 245.4 2 6 3 4 2
3-Methylheptane 246.1 20 35 30 33 24 22 14 11 6 2
trans-l,4-dimethylcyclohexane 246.8 2 16 24 26 27 30 27 23 19 16 10
l,l-Dimethylcyclohexane 247.2 0 3 5 6 6 7 6 5 5 3 3
ci3-1,34dimethylc:.~,rclohexane 248.2 2 16 36 2H 36 39 50 57 57 60 49
cis-1-methyl-3-ethyIcyclopentane 248.4 {O {I {2 {2 {5 {I {I {I {9 {3 {12trans-1-methyl-3-ethylcyclopentane 249.4
trans-1,2-methylethylcyclopentane 250.1 0 0 0 2 3 4 14 26
1,1-Methylethylcyclopentane 250.7 0 0 0 0 0 0 2 0
2,2,4,4-Tetramethylpentane 252.1 No

evidence
cis, cis ,cis-I,2, 3-tri methylcyclo- 253.4 No

pentane evidence

a Leaders indicate that presence of a given compound was not expected and no analysis was carried out.

E~t: 23+ higher
boiling
eompound~

101-103

268
0.73
28.91

Virgin

Est. 87

o
1
1

98

Initial to 2280 F. at 50 to 1)

88-95 96-100

259 260
1.97 1.19
26.99 28.18

0'·
2

3
5

90

0"
32

9
19
37

0"
{o
o
3

7· .
11
3

2'
67

'0'
40

o
o
o

16

{ 13
24

3

B.P., OF.

246.1
246.8
247.2
248.2
248.4
249.4
250.1
250.7
252.1
253.4
254.2
255.4
255.8
256.0
258.2
259.5
259.8
262.4

CODlposition of Narrow Boiling Fractions, I'araffin-Naphthene Portion of East Texas Heavy
Naphtha

(Volnme per cent by infrared analysis. Cuts from 200-plate distillation at 200 to 1 reflux.

67-72 73-74 75-80 81-87

255 255 258 259
1.43 0.48 1.42 1.73
21.39 21.87 23.29 25.02

Table X.

Cut. No.

Cut temperature, 0 F.
Cut volume, %
Cumulative v'olume, %

3-Methylheptap.e
trans-l,4-dimethylcyclohexane

,1-Dimethylcyclohexane
cis-l,3-dimethylcyclohexane
cis-1-methyl-·3-ethylcyclopentane
trans-l-methyl-3-ethylcyclopentane
trans-1,2-methylethylcyclopentane
l,l-Methylethylcyclopentane
2,2,4,4-Tetramethylpentane
c!B,cis,cis-l,2,3-trimethylcyclopentane
trons-1,2-dimethylcyclohexane
2,2,5-Trimethylhexane
cis-1,4-dimethylcyclohexane
tran.-1,3-dimethylcyclohexane
n-Octane
Isopropylcyclopentane
2,2,4-Trimethylhexane
cis-1,2-methylethylcyclopentane
Unknown (tetramethylcyclopentane?)

a Leaders indicate that presence of a given compound was not expected and no analysis was carried out.



VOL U M E 2 2, N O. 8, AUG U S T 1 950 1013

Cut temperature, OF.
Cut volume, %
Cumulative volume, %

Portion of East Texas Heavy VirginTable XI.

Cut No.

COlllposition of Narrow Boiling Fractions, Paraffin-Naphthene
Naphtha

(Volume per cent by infrared analysis. Cuts from 200-plate distillation at 200 to 1.

95-99° 100-102 103-106

259 264 269
1.27 0.84 1.00
27.26 28.10 29.10

Initial to 228 0 F. at 50 to 1)

107-109 110-111

272 272
0.75 0.50
29.85 30.35

112-117

278
1.61
31.96

5
9

1
o
1
o

Trace

4
4
o

12

o
78

12
2
o
3

20

17
o
4
9

o
33

1
77 Est. 25
+ +
Higher Higher
boiling boiling

compounds compounds

Two distillations were required because flooding of distillation column

68
2
o
1

12

5
4
1
o
o
2

91
2
o
4
3

b265.5
266.5
267.4
267.7

268.5
269.2

B.P., 0 F.

258.2
2.59.5
259.8
262.4

(J, Cuts in this table are from a different distillation from that reported in Table X.
was encountered in first distillation.

b Leaders indicate that presence of a given compound wa..~ not expected and no analysis was carried out.

n-Octane
Isopropylcyclopentane
2,2,4-Trimethylhexane
cis-1,2-methylethylcyclopentane
Unknown (tetrarnethylcyclopentene?)

cis-l,2-dimethylcyclohexane
2,4,4-Trimethylhexane
2,2-Dimethylheptane
n-Propylcye!opentane

2,3,5-Trimethylhexalle
Ethylcyclohexane

Table XII. COlllposition of Paraffin-Naphthene Portion of East Texas Heavy Virgin Naphtha
(215 0 to 435 0 F. nominal boiling range, 21.3% of crude. Volume per cent by infrared analysis)

% of % of
Paraflin- Paraflin-

Naphthelle % of Naphthene % of
Compound B.P., 0 F. Portion Crude Compound B.P., 0 F. Portion Crude

C. and lighter material 0.46 0.098 4-Methylheptane 243.9 0.60 0.128
1,1-Dimethylcyclopentane 190.1 0,04 0.008 3,4-Dimethylhexane 243.9 0.24 0.051
2,3-Dimethylpentane 193.6 0.07 0.015 cis,cis,cis-l,2,4-trimethylcyclopentane 244 . 0.000
2-Methylhexane 194.1 0.18 0.038 3-Methyl-3-ethylpentane 244.9 0.00 0.000
trans-l,3-dimethylcyclopentane 195.4 0.23 0.048 3-Ethylhexalle 245.4 0.20 0.043
trans-1.2-dimethylcyclopentane 197.4 0.40 0.085 3-Methylheptane 246.1 1. 51 0.322
cis-1,3-dimethylcyclopentane 197.4 0.08 0.017 trans-l,4-dimethylcyclohexane 246,8 1.22 0.260
3-Methylhexane 197.5 0.36 0.077 1,1-Dimethylcyclohexane 247.2 0.26 0.055
3-Ethylpentane 200.2 0.00 0.000 ci8-1,3-dimethylcyclohexane 248.2 2.24 0.477
n-Heptane 209.2 1.71 0.364 ci8-1-methyl-3-ethylcyclopentane 248.4} 0.38 0.0812,2,4-Trimethylpentane 210.6 0.00 0.000 tran8-1-methyl-3-ethylcyclopentane 249.4
cis-1,2-dimethylcyclopentane 211.2 0.30 0.064 tran8-1,2-methylethylcyclopentane 250.1 0,52 0.111
Methylcyclohexane 213.7 3.02 0.644 l,l-Methylethylcyclopentane 250.7 0.10 0.021
Ethylcyclopentane 218.2 0.28 0.060 2,2,4,4-Tetramethylpentane 252.1 0.00 0.000
1,1,3-Trimethylcyclopentane 220.8 0.50 0.107 cis ,cis,cis-l,2,3-trimethylCyclopentane 253.4 0.01 0.002
2,2-Dirnethylhexane 224.3 0.02 0.004 tran8-1,2-dimethylcyclohexane 254.2 1.38 0.294
2,5-Dimethylhexane 228.4 0.26 0.055 2,2,5-Trimethylhexane 255.4 0.00 0.000
cis,trans,cis-l,2,4-trimethylcyclopentane 228.7 0.81 0.173 ci8-1,4-Dimethylcyclohexane 255.8 0.26 0.055
2,4-Dimethylhexane 229.0 0.27 0.058 trans-I,3-dimethylcyclohexane 256.0 0.46 0.098
2,2,3-Trimethylpentane 229.7 0.00 0.000 n-Octane 258.2 5.23 1.115
cis,trans,cis-l,2,3-trim ethylcyclopentane 230.7 0.77 0.164 Isopropylcyclopentane 259.5 0.06 0.013
3,3-Dimethylhexane 233.6 0.03 0.006 2,2,4-Trimethylhexane 259.8 0.01 0.002
2,3,4-Trimethylpentane 236.3 0.07 0.015 ci8-1,2-methylethylcyclopentalle 262.4 0.09

g:~bgb1,1,2-Trlmethylcyclopentane 236.7 0.24 0.051 Unknown (tetramethylcyclopentane?) 0.47
2,3,3-Trimethylpentane 238.6 0.04 '0.009 cis-l,2-dimethylcyclohexane 265.5 0.24 0.051
2,3-Dimethylhexane 240.1 0.41 0.087 2,4,4-Trimethylhexane 266.5 0.06 0.013
2-Methyl-3-ethylpentane 240.2 0.10 0.021 2,2-Dimethylheptane 267.4 0.07 0.015
cis,cis,trans-l,2,4-trimethylcyclopentane 242.1 0.05 0.011 n-Propylcyclopentane 267.7 0.23 0.049
2-Methylheptane 243.8 2.72 0.580 2,3,5-Trimethylhexalle 268.5 (>'01 0.002
cis.cis.trans-l,2,3-trimethylcyclopentane 243.9 0.16 0.034 Ethylcyclohexane 269.2 1. 72 0.367

Total 31.15 6.637
• Presence not detected by analytical method employed.
b Amount determined by difference.

geometric isomers in the cyclopentane or cyclohexane series in
which the cis form is found to predominate.
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Table XIII. Relative AnlOunts of Cs Paraffins in East
Texas Heavy Virgin Naphtha

(Volume per cent by infrared analysis)

TahIe XIV. Relative AlDounts of Cs Naphthenes in East
Texas Heavy Virgin Naphtha
(Volume per eent by infrared analysis)

0.38
0.61
0.10

0.81
0.05

c

0.26
0.24
1.38
2.24
0.46
0.26
1.22

0.06
0.23

0.77
0.16
0.01
0.50
0.24

0.29

6.06

1.09

2 . .54

% of Paraffin
Naphthene

Portion b

0 . .5
2.0

6.6
1.4
0.1
4.3
2.0

3.2
.5.2
0.9

6.9
0.4
c

2 5

9.3

21.7

% of C,
Naphthenes"

Trimethylcyclopentanes
cis,trans,cis-l,2,4-trimethylcyclopentane
cis,cis ,trans-l.2,4-trimethylcyclopentane
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cis + trans-l,2-methylethyleyclopentanes
1,I-Methylethylcyelopentane

Propylcyclopentanes
Isopropylcyclopentane
n-Propylcyclopentane

Dimethylcyclohexanes 51. 8
1,l-Dimethylcyelohexane 2.2
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trans-l,3-dimethyleyclohexane 3.9
cis-l,4-dimethylcyclohexane 2.2
trans-1,4-dimethylcyclohexane 10.4

Ethylcyclohexane 14.7 1.72
Total 100.0 IT.7O
"C, naphthenes comprise 10.2% of total heavy naphtha (215-435 0 F.

nominal boiling range), or 2.5% of crude.
b Paraffin-naphthene portion comprises 87% of total heavy naphtha.

(21.5-43.5° F. nominal boiling range), or 21.3% of crude.
c Presence not detected by analytical method employed.

% of Paraffin-
Naphthene

Portion b
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0.24
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0.00
0.00

0.20
0 20

0.10
O. 10
0 00
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0.9
0.0

7

3 .5
2 3
2 2
2.0
0.3
0.2

0.6
0.3
0.0
0.0

23.3
12.9
5.1

% ofC,
Paraffins tt

0.9

0.9

1.7

44.7
41.3

105

n-Octane
Methylheptanes

2-Methylheptane
3-Methylheptane
4-Methylheptane

Dimethylhexanes
2,3-Dimethylhexane
2,4-Dimethylhexane
2,5-Dimethylhexane
3,4-Dimethylhexane
3,3-Dimethylhexane
2,2-Dimethylhexane

Trimethylpentanes
2,3,4-Trimethylpentane
2,3,3-Trimethylpentane
2,2,3-Trimethylpentane
2,2,4-Trimethylpentane

Ethylhexane
3-Ethylhexane

Methylethylpentanes
3-Methyl-3-ethylpentane
3-Methyl-3-ethylpentane

Total 100:0
" C, paraffins comprise 10.2% of total heavy naphtha (21.5 to 435° FI

nominal boiling range), or 2.5% of crude.
b Paraffin-naphthene portion comprises 87% of total heav~,r naphtha

(21.5° to 43.5 0 F. nominal boiling range), or 21.3% of crude.
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Sodium and Potassium Determination
in Refractory Materials

Using Flame Photometer

FRANK M. BIFFEN, Johns-Manville Research Center, Manville, N. J.

A lDethod has been devised by which refractory lDaterials are sintered with cal
CiUlll carbonate as in the J. Lawrence SlDith lDethod, and sodiulD and potassh.l.lD
are deterlDined on the water extract using the BalDe photollleter. Consideration
is given to the calciulD present in the extract. Results are at least as accurate,
and probably 1D0re accurate, as those obtained using the J. Lawrence SlDith
method, and the tilDe necessary to colDplete the analysis is cut in half.

U NLESS thoroughly worked out for a specific material, the
J. Lawrence Smith method for estimation of sodium and

potassium in refractory materials is tedious and time-consuming,
and the optimum conditions for the analysis may not be at once
obtained. Various modifications of the method are given by
Hillebrand and Lundell (3).

Several possible errors !Ire inherent in this procedure. First,
the analyst is not absolutely sure that the mixed chlorides obtained

are free from elements other than sodium and potassium (and
possibly, very minor amounts of lithium). Secondly, the amount
of alkali chlorides obtained from the small sample (0.5 gram)
normally used is often so very small that very slight errors in
weight give noticeable errors in the results. Thirdly, sodium is
usually obtained by difference; the potassium is determined, for
instance, as chloroplatinate, on the mixed chlorides. Conse
quently, any error in the potassium determination is reflected in



VOL U M E 22, N O. 8, AUG U S T 1 950 1015

N.B.S.
Results

0.28 3:i7
8.48 3.25
4.16 0.16

Na,O, K,O;
% %

Modified Method,
Gravimetric and Flame

Photometer
1500 P.P.M. 1800 P.P.M.

CaD CaO
Na,O, K,O, Na,O, K,O,

% % % %
2.96 O. 72 2.96 0.72
0.58 0.57 0.59 0.50
0.28 3.11 0.28 3.14
8.82 3.43 8.97 3.43
4.15 0.18 4.19 0.18
0.88 1.44 0.88 1.44

BOTH 50~~104. AND 1001':1':"104. AS I 001 READ I NG

AU COHUIN IOOep.H. lITHIUH

90

85

80

15

10

65

60

~
~ 55
iii
[!j 50

~ 45
b
if

40

35

30

Gravimetric and Flame
Photometer

Calcd.
as total

Na,O, K,O, chlorides,
% % %

3.00 0.71 6.78
0.60 0.56 2.02
0.28 3.11 5.46
8.59 3.3,; 21.50
4.05 0.17 7.91
0.88 1.43 3.93

Figure 1

10 20 30 ijQ 50 60 70 80 go~

PARTS PER MIUI()I SOOILM (Jl POTASSILM

Gravi
metric as

total
chlorides,

%
6.70
2.48
5.80

20.76
7.98
4.04

Cmnpadson of J. Lawrence Slllith and Modified Methods
(Single determinations)

J. Lawrence Smith Method

Table I.

Sample

Celite 545
Celite Sil-O-Cel
PIIl-,tic clay
Opal glass
Borosilicate glass
J-M firebrick

the sodium figure obtained. This is par
ticularly noticeable when much potas
sium and little sodium are present;
indeed, the sodium figure in such a.case
may be 50% out. Such discrepancies
have been noticed in the collaborative
results given for sodium and potassium
with such standard samples as those
issued by the National Bureau of
Standards. All in all, the results ob
tained by this method, unless followed
with extreme precision and care, may well
be looked upon with some suspicion. If
the method has been thoroughly worked
out and the procedure carefully fol-
lowed for specific samples, good results are obtainable. Never
theless, the method is time-consuming.

It was felt that if the alkalies in refractory materials could be
obtained in solution without too much trouble, the flame pho
tometer could b~ employed for rather rapid determination of the
alkalies separately. Such a method has been found and very
satisfactory results have been obtained. Indeed, it is believed
that, in general, more consistently accurate results can be ob
tained in not more than half the time necessary when using the
complete J. Lawrence Smith method.

FLAME PHOTOMETER

The flame photometer used in this work was the Perkin-Elmer
instrument, Model 52A. This has a dual optical system enabling
the internal standard method to be employed; this reduces the
effects of gas and air pressure fluctuations, foreign ions and mole
cules, and viscosity differences. The effects, and they are serious
ones, produced by these conditions are discussed rather fully by
Berry, Chappell, and Barnes (1) and by Parks, Johnson, and Lyk
ken en. The latter authors used the Perkin-Elmer Model 18, in
which there is a single optical system, as did Bills, McDonald,
Niedermeier, and Schwartz (2), who proposed to reduce errors by
using a newly designed amplification circuit and by working at
lower concentration ranges than have been recommended in the
past. Using the same instrument, Pratt and Larson (6) suggested
the use of interference filters to reduce error due to calcium in the
determination of sodium.

It is not essential to use the internal standard method, particu
larly when specific conditions of the above-mentioned variables
can be properly duplicated in samples and standards. Under
certain conditions, as when small amounts of lithium may be
present in the samples tested, the direct-reading method may be
more accurate.

SAMPLES ANALYZED BY NEW METHOD

In order to try this method on different types of refractory ma
terials, the materials listed in Table I were used. These included
three National Bureau of Standards certified analysis samples in
order to check the results obtained. The presence of small and
large amounts of sodium and of potassium will be noticed. The
borosilicate glass contained 12% 8 20 3 • It was thought that these
different samples fairly well represented the general run of refrac
tory materials.

PREPARATION OF SOLUTIONS AND COMPENSATION FOR
INTERFERENCE

In the proposed method, which employs the initial steps of the
J. Lawrence Smith method, calcium and chloride are present in
the solutions containing the alkalies. Using a O.5-gram original
sample, the extract containing the alkalies, after addition of suffi
cient lithium nitrate to act as internal standard at a final concen
tration of 100 p.p.m. as lithium, was bulked to 250 ml. Six re
fractory ~aterials were treated in the same manner and the cal
cium was determined in each and in a blank run at the same time,
after bulking to volume. Calculated as calcium oxide the

amounts varied from 1530 to 1714 p.p.m., while the blank COll
tained 1798 p.p.m. It was, therefore, necessary to add similar
amounts of calcium as chloride to each of the standard solutions
used. In order to note the effect of differen t amounts of calcium
and whether the amount to be added to the standards was criti
cal, two sets of standard solutions were made up, containing simi
lar amounts of sodium and potassium as chlorides, but one set
containing 1500 p.p.m. and the other set 1800 p.p.m. of calcium
calculated as oxide.

Results show that curves obtained with t,he standards coincided
in the higher alkali ranges and were slightly separated, as would
be expected, in the lower alkali ranges (Figure 2). Results ob
tained on the samples indicate that 'it made little, if any, differ
ence which amount of calcium was present, as long as the appro
priate curve was used with the standard solutions against which
the samples were run. Hence, it appears that the amount of
calcium present is not critical. It is best, of course, to keep it
around the amount found in solution after known conditiolls of
treatment and extraction of the treated sample. This can quickly
be determined simply by making a calcium determination. In
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Figures 1 and 2 show the curves made for use in this work.

Table II. Calcium in Extract Solutions (Bulked to
250 Ml.) in Modified Method

all probability it would not be necessary to repeat this except
under markedly different conditions.

sallLM 1Il POTASSlLM

SQlJIUM

AI()

POTASSIUM

NA -75~~ AND 160~~M.AS 1001 READING

-75f~.AS 1001 READING.

NA AND K BOTH CONU IN EITHEA 1500f!~M.

OR 1800~~.CAlCIUM AS CAO

ALL CONTAIN loo~~ LITHIUM

Figure 2
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65

30
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15

~o

35

20

25

90

95

given above, and National Bureau of Standards data for three of
the six materials are all given in Table I. In most cases the two
sets of flame photometer readings agree well among themselves
and with the National Bureau of Standards results. The gravi
metric chlorides figures given, although they agree with the other
results fairly well, are probably somewhat less accurate for the
reasons stated above. The photometer results are consistent,
whereas the separate National Bureau of Standards results for
sodium given on the certificate of analysis for the clay, which are
averaged to give the final value, are not. In other words, the
short flame photometer method may well give inherently more
accurate results than the general run of good gravimetric work by
the J. Lawrence Smith method. This is largely due to the fact
that sodium is normally determined by difference in the latter
method.

100

Table II shows the actual calcium as oxide found in the solu
tions and blank made up to 250 ml.

DISCUSSION

70

75

80

85

The possibility that ions other than the alkalies, calcium, and
chloride might be present and so produce interference in the
flame photometer should be considered. This possibility is, how
ever, rather remote, for refractory materials do not normally con
tain soluble materials other than the alkalies, calcium, and mag
nesium. The method of treatment-sintering with calcium car
bonate and ammoniun chloride-renders insoluble all metals
other than the alkalies, calcium, and possibly minor amounts of
magnesium, amounts that would have negligible effect on the.
flame photometer readings. Some sulfate as calcium sulfate
might be present. However, sulfate is not usually present in
refractory materials, and the solubility of calcium sulfate is

Calcium as CaO,
P.P.M.

1530
1714
1638
1544
1682
1564
1798

Sample

C.elite 545
Sil-O-Cel
Plastic clay
Opal glass
Borosilicate glass
J-M firebrick
Blank

PREPARATION OF CALIBRATION CURVES

The number of standard solutions required will depend on the
amount of the alkalies present in the bulked sample solutions.
These are made up in the usual manner and kept in No-Solvit
(Wheaton & Company) or polythene bottles. Borosilicate glass
may be used for several weeks without noticeably affecting the
alkali contents even of sample solutions. To each standard, 100
p.p.m. of lithium are added as with the solutions, if the internal
standard solution is used.

Calcium approximately equivalent to that present in the sam
ple solutions must now be added. A stock solution of, say 10,000
p.p.m. of calcium as oxide, is made up by dissolving the equiva
lent of low-alkali C.P. calcium carbonate in just sufficient hydro
chloric acid. The solution is heated gently to drive off carbon
dioxide, cooled, and bulked to volume. After the requisite
amounts of this stock solution have been added to the standards,
it is made up to volume.

Photometer readings are made, either by the direct-reading or
the internal standard method (5). The frequent checking of the
instrument with the standards is essential. Curves should be
made as indicated, the larger the number of curves with as large
a number of points as possible, the better. In practice, the num
ber of curves necessary will be limited to actual requirements.

RESULTS

The results of the J. Lawrence Smith method taken to the total
chlorides stage, flame photometer determination of sodium and
potassium on these total chloride solutions, flame photometer
determination of sodium and potassium obtained by the method

PROCEDURE

As in the J. Lawrence Smith method, intimately mix 0.5 gram
of finely powdered sample with 4 grams of low-alkali C.P. calcium
carbonate and 0.5 gram of C.P. ammonium chloride. Heat in a
special thimble crucible if available, orin a 3O-ml. platinum crucible
with a well-fitting lid, inserted in an asbestos board in the normal
manner and for the usual time. Cool the crucible, transfer the com
plete contents to a well-used borosilicate glass beaker, and allow
the sintered mass to disintegrate completely. Filter into a 250
ml. volumetric flask and wash well with hot water, using as little
volume as is necessary. Depending upon the expected amount
of alkali present, it may be advisable to use a 5OO-ml. or 100o-ml.
volumetric flask. The calcium is present, in the main, as chloride
with some hydroxide. To prevent precipitation of the hydroxide,
neutralize with a few drops of hydrochloric acid. Using the same
amounts of calcium carbonate and ammonium chloride, run a
blank in an exactly similar manner. I t is anticipated that with a
final volume of 250 ml. and with careful and similar treatment and
washing, the calcium content as oxide will range somewhere
around· 1500 to 1800 p.p.m. This work shows that standards
made with either amount gave very comparable results.

Add sufficient lithium nitrate, if the internal standard method
is used, to give an equivalent of 100 p.p.m. as lithium metal in
the final solution. Because this is merely used as a reference
standard, the actual amount added is not critical, but it is abso
lutely essential to add exactly similar quantities to all the samples
and all the standards. Consequently, use stock solutions made
so that at least 5 ml. can be measured exactly, preferably from a
microburet. Bulk the sample solutions to volume. Read on the
flame photometer and use the calibration curves to determine the
alkali contents.
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small. The presence of 12% boron as B20 3 in the borosilicate
glass analyzed did not prevent accurate results from being ob
tained by this method.

The gas used with air in these experiments was acetylene.
Substitution of propane, using an appropriate burner, might be of
some advantage, as there would then be a lower rate of excitation
of any nonalkali metals present. Sodium and potassium excite
more readily than most other commonly present metals.

The photometer readings were made on the instrument without
previously cleaning the burner which had been in use for some
time. Although it is well always to keep the burner clean, the
results obtained indicate that good work may be done even when
the instrument is not in optimum condition.

It is important that the flow of air and of gas do not fluctuate
during the readings. To this end it is advisable to insert a ma-

nometer in each line. If the air is supplied from an air pump, the
presence of a large vessel in the line will help to equalize pressure.
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Hafnium-Zirconium and Tantalum-Columbium Systems
Quantitative Analysis by X-Ray Fluorescence

L. S. BIRKS AND E. J. BROOKS

U. S. Naval Research Laboratory, Washington, D. C.

The x-ray 8uorescence analysis method was adapted to the determination of
small amounts of hafnium in zirconium and tantalum in columbiunl. Curves
of the relative intensity of spectral lines of tantalum and columbium or hafnium
and zirconium were plotted against percentage composition by using prepared
standard compositions. As an example of the accuracy attainable, with a
counting time of 3 to 5 minutes on a 0.5 atolllic o/f) specilllen of tantalulll in
colulllbhlln, the probable error in tantalulll content due to statistical 8uctua
tions of the Geiger counter was 0.02% or 40/0 of the alllount present.

HIGH ENERGY BEAM FROM TUBE STRIKES
SPECIMEN CAUSlHG THE VARIOUS ELEMENT':>
TO FLUORESCE TI£IR CHARACTERISTIC X-RAY
SPECTRA •

GOLUMATOR PASSES CH-Y THE Pl\AAU.EL
BEAM OF FLUORESCENT X-RAYS TRAVELING

.TtlWAROS THE ANALYZING CRYSTAL

Figure 1. Principles of X-Ray Fluorescence Analysis
Method

data on spectrochemical analysis of samples containing less than
1% by weight of hafnium in zirconium. Most present interest
lies in the low-hafnium or -tantalum end of these systems. Haf
nium usually occurs as small impurity of about 1.5 weight % in
zirconium deposits and is very difficult to separate from the zir
conium. X-ray analysis has been used extensively for the analy
sis of the hafnium-rich end of the hafnium-zirconium system
since the discovery of hafnium by Coster and von Hevesy (2).
Its application to the hafnium-poor end of the system is shown in
this paper.

Hafnium was discovered by its x-ray L spectrum when a sample
of zircon was placed on the target of an x-ray tube and excited by
electron bombardment, Placing the specimen on the target of a
demountable tube is inconvenient, however, \Vith the develop
ment of the x-ray fluorescence method (4) where the specimen is
outside the tube, the procedure is simpler and faster. The prin
ciples of x-ray fluorescence are shown in Figure 1. The method
has proved valuable in. measuring the small concentrations of
lead and bromine in gasoline and in similar problems and would
seem to be directly applicable to the small concentrations of
hafnium in zirconium or tantalum in columbium. Usually there
is no overlapping of the x-ray spectral lines from elements with
similar chemical properties because they fall in the same column
of the periodic table and the difference in atomic number is such
that the x-ray spectra are well separated. However, in the haf
nium-zirconium and tantalum-columbium systems, the difference
in atomic number is such that the K series spectrum of zirco
nium diffracted in the second order by the crystal overlaps some
what the L series spectrum of hafnium. The same is true of
columbium and tantalum, Therefore, the method of analysis was
more complicated than with most systems. The wave lengths of

I
I

.' t t

~~'lCRYSTAL. OF KNOWN SPACING DIfFRACTS ~ X-RAYS i--.
AT ANGLES eoRRESf"CN)HJ 'TO~ WAVU£NGTHS ...........
~ISPClNOt«> TO THE ELEMENTS IN THE ..........

N~·20Sfol' ......... ..........."" ............................
..............

Gf)G[R COU{TER CETECTS TI€ Of'f'RACTED X-RAYS.
NTENSITY CORRESPONDS TO THE A»Cl.NT OF
NATlGl.I.AR EL.EMENT IN SP£ClMEN.

QUANTITATIVE analysis of the hafnium-zirconium and tan
talum-columbium systems is difficult by standard chemical

methods. It is also somewhat difficult by spectrochemical
means; however, Feldman (3) has recently published very good
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Figure 2. Spectra of Eleuwnts in HafniuIll
ZirconiuIll and TantaluIll-ColuIllbiuIll SysteIlls

Lengths of lines are only an approxhnate representation of
relative intensities.
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power supplies or tubes. The wave length of HfKa is 0.22 A.,
which would require an analyzing crystal with a spacing of the
order of 1 A., such as one of the weaker planes in quartz.

TANTALUM-COLUMBIUM SYSTEM

C.P. filings of tantalum and columbium metals were converted
to the pentoxides by heating. The columbium c.ontained less
than 1% of tantalum and the tantalum contained even less
columbium. Standards were prepared by adding tantalum to
columbium in amounts of 0.5, 1, 2, and 4.5 atomic % and the
x-ray spectra were plotted from 6 to 19 degrees (J with a sodium
chloride crystal.

Figure 3 shows the spectrum of the columbium standard and of
the mixture with 4.5 atomic. % tantalum. The curve in Figure 4
was obtained by Method B by taking the ratio of the area of the
unresolved doublet of TaL(3 plus CbK(3 to the area of the first
order of CbKa-that is, the ratio of AlB in Figure 3. Figure 4 is
the standard curve for the tantalum-columbium system and de
pends on the fact that all other elements which would give spectral
lines near A or B have been removed. Such a separation is not
difficult and would be necessary for almost any method of analy
sis. In fluorescence analysis, the metal atoms fluoresce inde
pendently of the compound in which they are present. The na
ture of the compound therefore does not affect the line intensity or
position, except for a very small second-order effect on the in
tensity due to the small absorption of the oxygen or other non
metallic atoms in the compound. Thus the same calibration
curve would be equally valid for the sulfide, nitride, or silicate,
because it is based on the atomic per cent of tantalum in colum
bium.

The accuracy of the data depends on the number of counts
measured by the Geiger counter. Other causes of inaccuracy,
such as voltage fluctuations and circuit irregularities, have been
reduced to well below the statistical accuracy of the Geiger

ZR K SERIES

2ND ORDER

2ND ORDER

1ST ORDER

1ST' ORDER

the spectral lines of the elements in the two systems are shown in
Figure 2.

Recently Cauchois and Mac Taggart (1) described a method
for analysis by x-ray absorption where the absorption was meas
ured on both sides of the absorption edge of hafnium. They did
not give the results of the experiment or .indicate the accuracy

0+0--O"'.,--,~.O-"""'I":--::"2.0::-~2;r;.,:--;~ino:-,~';;",----;".'OO--;'4.•
ATOMIC '4 TA AOOEO

17 Ie

~-~CB-4.5ATOMtC". TA ADDEO
"'-,.. .............CB STANDARD

Ce - TA SYSTEM

SYSTEM

10 II 12 13

e IN DEGREES

100

Figure 3. Representative Spectra of TantaluIll
COIUIllbiuIll SysteIll with ColliIllator 4 Inches Long

8. Bragg angle for diffraction frOID NaCI crystal
A. Unresolved doublet of TaL{:J lines plus second-order CbKp line
B. First-order CbKa line

O.i

Figure 4. AlB Represents Ratio of Areas under
Curves A and B froIll Spectra Such as Those in

Figure 3
Ratio plotted against atoIllic per cent Ta added to Ch

standard

0.2

APPARATUS

The x-ray fluorescence analysis unit was essentially that de
scribed by Friedman and Birks en, with slight modification in the
method. of specimen mounting and replacement of the spec
trometer arc with a diffraction-type spectrometer in which the
Geiger counter was geared to move at twice the speed of the
crystal. As is shown in Figure 1, the beam from the x-ray tube
strikes the specimen, causing it to fluoresce the characteristic
x-ray spectra of the elements. A beam of parallel fluorescent
radiation coming off the specimen is passed through the collimator
and diffracted according to its wave length by the crystal and the
intensity is measured by the Geiger counter with standard scaling
circuits.

EXPERIMENTAL METHODS

possible. Zemany, Winslow, Poellmitz, and Liebhafsky have
also reported on the use of x-ray absorption for the analysis of a
hafnia-zirconia mixture (5). However, they were working with
percentages of hafnia above 20%.

The overlapping of the spectra complicated the experimental
procedure, but three methods of attacking the problem were
tried with comparable accuracy of results: Method A, fine colli
mation to resolve the overlapped hafnium and zirconium lines;
Method B, comparison of the integrated intensity of an unre
solved tantalum-columbium doublet with the integrated in
tensity of a resolved columbium line; Method C, lowering the
x-ray tube voltage to excite the hafnium L spectrum without ex
citing the zirconium K spectrum. It might seem advantageous
at first thought to raise the tube voltage high enough to excite the
K spectrum of hafnium and so avoid the overlap with zirconium.
However, this would require power of the order of 80 kv., which
is not attainable with the commercial diffraction type of· x-ray
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counter. The general rule for determining the statistical ac
curacy of the Geiger counter data is that the standard deviation in
counts is the square root of the total number of counts. The
probable error is two thirds of the standard deviation. The areas
used in calculating the ratios in Figure 4 were obtained by planim
etering experimental. curves such as those in Figure 3. To
calculate the probable enor in the data it was easier to add up the
total counts obtainecl at 11 points on line A, Figure 3, and the
total number of counts at 11 points on the background and treat
these according to the usual method of handling Geiger counter
data. The probable error in a line intensity measurement is given
by

P.E. = '/,,(Ns + NB)l!' (1)

In Table I for the tantalum-columbium specimens are listed
the total number of counts, N s, and the background count, N III

the standard deviation in each of these values, and finally the
relative probable error from Equation 2.

.0

ZR - HF SYSTEM

where N s is the total number of counts of the line plus back
ground and N B is the total number of counts of the background.
The relative probable error of the line above background meas
urement is then

Relative P.E. (Ns - NB)
2/3 (Ns + N B )l!2

Ns - IllB
(2)

o+---,---.,.---..---,-~r--,--T""-"'T--,---,;:-___:1
o 5 6 fO

ATOMIC" HF

Figure 7. Ratio of Peak Intensities of Unresolved
HfL{3 Plus Second-Order ZrK{3 Doublet and ZrKOl Line

with ColliInator 4 Inches Long
Tube voltage decreased to 30 kv. to reduce Zr spectrulIl preferentially

o.f.O---.--,--,--'4---r.--:!6:--:l:----:,-r9-:;,o:--r"
ATOMIC "-, HF

Figure 6. A/B Represents Ratio of Peak Intensities
of Lines A and B froIn Data Such as Those in Figure'5

for Standard Specimens

HAFNIUM-ZIRCONIUM SYSTEM

Method A was tried for the hafnium-zirconium system. The
HfL{32 line was resolved from the ZrK{3 plus HfL{31. doublet by
using a collimator 16 inches long with nickel tubes lit. inch in
diameter. Samples were prepared for the calibration curve from
three specimens of zirconium with known hafnium content
loaned by the Bureau of Mines, Albany, Ore., and from C.P. zir
conium oxide (from the Fansteel Products Company, North
Chicago, Ill., listed as C.P. Zr02) with known hafnium content to
which hafnium metal (Varlacoid Chemical Company, New York,
N. Y., listed as 98-99% pure Hf) was added. The metallic zir
conium obtained from the Bureau of Mines was converted to the
oxide chemically to make all the samples as nearly alike as possi
ble.

CONCLUSIONS

Any of Methods A, B, or C could be applied to the hafnium
zirconium system, but in the tantalum-columbium system it was
not possible even with the 16-inch-long collimator to resolve the
TaL{32 line from the CbK{3 second-order line. Therefore, only
Methods Band C were applicable to tantalum-columbium. The
accuracy of any of the methods depends on the intensity of the
spectral lines-i.e., on the counting rate as measured by the
Geiger counter and the Geiger counter statistics rather than ex
perimental limitation. Greater accuracy is obtained by deter
mining the integrated intensity of the lines than by merely de
termining the peak intensity when the lines are not bell-shaped.

Figure 5 shows the spectra for the C.P. zirconium oxide (haf
nium content 1.1 atomic %) and the mixture of C.P. zirconium
oxide with 10 atomic % of hafnium added. The ratio of peak in
tensities A/B is plotted for the various samples in Figure 6. Be
cause peak intensity A represents the amount of hafnium present,
the curve should pass through the origin. Figure 6 is the calibra
tion curve for the hafnium-zirconium system and is independent
of the compounds in which they are present, just as for the tan
talum-columbium system.

Data were also obtained on the hafnium-zirconium system by
Method C, that is, lowering the x-ray tube voltage to reduce the
intensity of the zirconium K spectrum relative to the intensity. of
the hafnium L spectrum. It was found impractical to reduce the
voltage below 30 kv. because of the decrease in intensity of the
hafnium lines. However, at 30 kv. the intensity of the zirconium
spectrum was reduced preferentially and the results shown in
Figure 7 were obtained. The ordinate represents the ratio of the
peak intensity of the unresolved doublet of HfL{3 plus second
order ZrK{3 to the peak intensity of the first-order ZrKOl line.
Either Method A or C seems to be satisfactory for hafnium-zir
conium with approximately the same accuracy.
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Figure 5. Representative Spectra of
Hafnium-Zirconimn System with Colli-

Inator 16 Inches Long
A. HfL{3, line. B. Unresolved HfL{31 plus second

order ZrKfJ doublet. For a Zr standard with no
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Once the relation of area to peak intensity had been established,
greater accuracy would be obtained by counting for the full time
at the peak. of the line. '

In the tantalum-columbium system, the TaL(3 plus CbK(3
doublet was determined by counting for 32 seconds at each of 11
points on the line and 11 points on the background. From Table I
for the 0.5 atomic % tantalum specimen, the relative probable
error was 0.75%. The probable error in the area under the
CbKa line was negligibly small compared to this. Therefore, the
probable error in ratio AlB was about 1%. In Figure 4, at 0.5
% tantalum, ratio AlB was about 0.11. The probable error was
1% of this or 0.001. From the curve, it is seen that ratio AlB
changes by 0.06 in going from 0 to 1% tantalum. Therefore,
0.001 represents 0.02% tantalum. The measured value for the
tantalum content in this region has a statistical fluctuation of
0.02/0.5 or 4% of the amount present.

In the hafnium-zirconium system, the accuracy was not as
great by Method A because of the lower counting rate with the
long collimator. For the zirconium standard, the accuracy was
between 5 and 10% of the amount present for counting times of

AN A L Y TI CAL C HEM 1ST R Y

32 seconds. However, Method B should give the same accuracy
for hafnium-zirconium as it did for tantalum-columbium.

The limit of the minimum amount of hafnium or tantalum de
tectable would depend on the length of the counting time, but
considering the data above would probably be of the order of .
0.1 % for reasonable counting times.
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Phenoldisulfonic Acid Method of Determining
Nitrate in Water

Photometric Study

MICHAEL J. TARAS
Department of Water Supply, Detroit, Mich.

Optilllunl conditions for'nitrate analysis include absence of chloride ion and
presence of a nentral or slightly alkaline Illedilllll during salllple evaporation.
Reproducible noninterference is possible at nitrite nitrogen levels below 0.2
p.p.lll. All reagent volullles Illust be equalized in both visual colorillletric
standards and salllpies. In Illany cases use of alllllloniulll hydroxide for color
developulent obviates necessity for final filtration.

FOR many years, nitrate determination has been difficult
. in this laboratory. Scrupulous adherence to the standard
procedure (1) yielded an off-color yellow which taxed the imagina
tion when compared against standards prepared in the accepted
manner. At first, it was thought that the fault lay in the syn
thesis of the phenoldisulfonic acid, and extreme care was exercised
in preparation of the reagent. This precaution failed to improve
the situation in any material way.

A search of the literature revealed the Detroit difficulty to
be no isolated case. Burke's recommendation (3) that 1 m!. of
phenoldisulfonic acid be added to the standards was found to
produce a better match between the standards and sample.

However, the bulk of the studies (4-7) to date have centered
on the nitrate range above 1.0 p.p.m. A thorough photometric
investigation of the nitrate reaction disclosed that factors which
could be overlooked in the higher nitrate ranges must be con
trolled very carefully in the lower ranges; doubly so, because
phenoldisulfonic acid is one of the few reagents available for
the determinations of the relatively small nitrate concentrations
present in many municipal water supplies.

Several improvements suggested themselves during this period
of trouble-shooting. It was found that the success of the visual
determination depends on the equalization of all reagent volumes

in standards and samples alike, and that significant nitrate losses
arise from the presence of chloride ion and the neutralization of
the total alkalinity. Accordingly, a procedure embodying these
findings was developed.

PHENOLDISULFONIC ACID REAGENT

The color of the phenoldisulfonic acid reagent depends on the
initial color of the solid phenol and the acids used in the prepara
tion. The whiter the crystals and solutions, the clearer and
paler is the final reagent.

Oftentimes, the reagent possesses a faint color and reacts
with strong alkalies to give a characteristic hue. This positive
interference can be compensated for by the addition of identical
volumes of reagent to samples and standards. This precaution
nullifies the considerable error which may otherwise occult' at the
lower nitrate levels (under 0.5 p.p.m.), and also improves the
visl.lal color match where Nessler standards must be employed.

The practice of introducing equal volumes of all reagents into
the blank and the visual and calibration standards is supported
by the spectral transmittance curve obtained with a Beckman
Model DU spectrophotometer. At wave length 410 mJ.l, the
point of maximum absorption, the reagent blank records a
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Table I. Effect of Alkalinity Neutralization on Nitrate
Recovery froID Synthetic Solutions

Nitrate Nitrogen Found
Loss

Nitrate Total Resulting
Nitrogen Alkalinity U nneutral ized Neutralized from Neu-

Added Added" sample sample tralization
P.p.m. P.p.m. P.p.m. P.p.m. %
0.50 100 0.50 0.21 58
0.50 250 0.51 0.16 68
0.50 500 0.48 0.11 77
0.25 100 0.26 0.09 64
0.50 100 0.50 0.18 64
1.00 100 0.99 0.53 47
2.00 100 1.97 1.59 21
0.25 100 b 0.25 0.22 15
0.50 100 b 0.51 0.44 12
1.00 100 b 0.99 0.93 7
2.00 100 b 1.99 1.90 <;

a Total alkalinity expressed as CaCO,. All alkalinities Produced with
Na,CO.. .

b These alkalinities included 35 p.p.m. calcium as CaSO. and 10 p.p.m.
magnesium as Th.'[gS04.

measurable transmittancy when compared against distilled
water in a lO-cm. cell path. The same effect is registered at a
1-cm. cell depth, but to a lesser extent.

COLOR DEVELOPMENT

The fundamental reaction of the analysis is the nitration of
phenoldisulfonic acid in :10 anhydrous medium. Color develop
ment results from the conversion of the acid nitration product to
the alkaline salt. For this reason, the color may be read im
mediately upon development. Visual standards prepared from
high grade reagents are stable for at least a month. Occasion
ally, slight color develops after several hours' standing, owing to
side reactions between reagent and alkali. This belated de
velopment is characteristic of reagent solutions containing con
siderable initial color. In this event, fresh preparation of visual
Nessler standards is advisable.

The chromatic system is such that nitrate nitrogen can be
determined accurately at a wave length of 410 mIL in the range
from 0.01 to 2.0 p.p.m. with a 1-cm. cell. Conformity to Beer's
law also extends to the higher wave lengths of 470 and 480 mIL,

enabling measurements with the Beckman spectrophotometer
up to 12 p.p.m. nitrogen.

NITRATE LOSS CAUSED BY ACIDIFICATION

A thorough investigation of the current standard procedure
disclosed that an appreciable reduction of nitrate resulted from
acidifying the total alkalinity of the sample. The loss averaged
slightly more than 10% in natural waters, and exceeded that
value in solutions corresponding to zeolite-softened effluents,
where the alkalinity is predominantly due to sodium bicarbonate.

The results reported in Table I show that the nitrate loss in
distilled water rises with an increase in neutralized sodium car
bonate alkalinity, ranging from 58% at 100 p.p.m. neutralized
total alkalinity to 77% at 500 p.p.m. neutralized total alkalinity.
Table I also reveals the nitrate loss at ,various steps when the
neutralized sodium carbonate alkalinity is held constant at 100
p.p.m. All alkalinity values are expressed in terms of calcium
carbonate. On a percentage basis the neutralization loss reaches
a maximum at low nitrate concentrations and declines with
increasing nitrate content.

Except for zeolite-softened effluents, perhaps, natural waters
boast a more diversified mineral composition than that repre
sented by a dilute sodium carbonate solution. Accordingly,
synthetic solutions containing 35 p.p.m. of calcium ion added
as calcium sulfate, 10 p.p.m. of magnesium ion added as mag
nesium sulfate, and 100 p.p.m. of sodium carbonate alkalinity
were prepared and the loss resulting upon neutralization was

l02i

noted at various nitrate nitrogen strengths. Table I shows the
per cent loss to be considerably less than that occasioned in solu
tions composed of neutralized sqdium carbonate alone, but on a
level with that occurring in natural waters, as demonstrated in
Table III. Thus, the mixed mineral salts present in a natural
water reduce but fail to prevent entirely nitrate losses attendant
upon the addition of dilute sulfuric acid. It is probable that
neutralization of the sample to a pH below 5.0 introduces suf
ficient acid to release some nitric acid which might be volatilized
during evaporation. As in the case of the neutralized sodium
carbonate alone, the neutralization loss reaches a maximum at
low nitrate strengths and declines with increasing nitrate concen
tration:

Although no acid natural waters were available for investiga
tion, these findings suggest the advisability of raising the sample
pH to the neutral or slightly alkaline region before evaporation.is
undertaken. Because most natural supplies are 'iriitially of a
mildly alkaline reaction, such a step would be limited to a rela
tively few untreated samples.

EFFECT OF CHLORIDE ON NITRATE RECOVERY

Small amounts of chloride ion cause substantial reductions in
the nitrate values of synthetic solutions. Table II reveals the
extent of these losses in distilled water dosed with chloride ion.
As little as 5 p.p.m. of chloride produce a 12% decrease in nitrate
recovery, while higher chloride values cause correspondingly
greater losses.

Table II. Effect of Chloride on Recovery of 0.5 P.P.M. of
Nitrate Nitrogen froDl Synthetic Solutions

Nitrate . Loss Nitrate Nitrogen
Nitrogen Resulting Recovery after
Recovery from Chloride Chloride Removal
·P.p.m. % P.p.m.

0.50 0 0.50
0.44 12 0.49
0.40 20 0.50
0.35 30 0.51
0.33 34 0.51

These losses probably originate from the interaction of the
hydrochloric and nitric acids liberated by the strongly acidic
phenoldisulfonic acid reagent. For this reason, a minimum of
chloride can be tolerated. Because most water supplies contain
some chloride ion, it is important that the concentration be
ascertained and the ion removed by the addition of standard
silver sulfate solution before analysis is undertaken.

The application of silver ion invariably results in minute
quantities of silver remaining in the solution finally made alkaline
to develop the characteristic nitrate color. Alkalies such as
sodium and potassium hydroxides peptize small amounts of silver
hydroxide, imparting an off-color brownish hue to the solution
and thereby making color matching difficult. Ammonium
hydroxide, on the other hand, complexes the silver ion and
enables an excellent visual match between color standards and
samples. Another advantage of ammonium hydroxide is that
filtration is unnecessary in the case of waters low in magnesium
and iron.

The chloride ion in some waters can be removed by merely
adding the equivalent amount of standard silver sulfate solution
and centrifuging immediately for 15 to 30 minutes. Other
waters require heat to coagulate the silver chloride, followed by
filtration for best results. The Flat Rock samples, reported in
Table III, were subjected to such treatment in order to precipi
tate all of the colloidal silver chloride and obtain a final yellow
color which would visually match the Nessler standards.
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Table III. Analysis of Natural Waters

RECOMMENDED PROCEDURE

Determine the chloride content of the water (2) and treat
100 ml. of the sample with an equivalent amount of standard
silver sulfate solution. Remove the precipitated chloride either:
by centrifugation or by filtration, coagulating the silver chloride
by heat if necessary. Transfer the clarified sample to a casserole
and evaporate to dryness over a hot water bath; Rub the residue
thoroughly with 2.0 ml. of phenoldisulfonic acid reagent to
ensure solution of all solids. If need' be, heat mildly on the hot
water bath a short time to dissolve the entire residue. Dilute
with 20 m!. of distilled water and add concentrated ammonium
hydroxide solution (about 6 to 7 mI.) until maximum color is
developed. Filter any resulting flocculent hydroxides from the

NITRITE INTERFERENCE

By virtue of fan~ily reseniblance and susceptibility to oxidation,
considerable amounts of nitrite ion interfere with the nitrate
determination. Concentrations below 0.2 p.p.m. of nitrite
nitrogen exert no effect on the phenoldisulfonic acid reagent, but
concentrations in excess of that amount yield erratic and Ull

reproducible results. At 1.0 p.p.m. of nitrite nitrogen, the
positive interference varied from 0.00 to 0.04 p.p.m. in terms 9f
nitrate nitrogen; at 5.0 p.p.m., the amount of nitrate coior
developed varied from 0.04 to 0.75 p.p.m. No two runs gave
identical or even closely similar values.

Because municipal supplies seldom contain 0.2 p.p.m. or more
of nitrite nitrogen, interference from this quarter is not so general
or serious as that deriving from the presence of chloride.

APPARATUS AND REAGENTS

Beckman Model DU spectrophotometer with lO.005-cm. and
1.00l-cm. Corex cells.

Cenco-Sheard-Sanford Photelometer with blue filter near 410
mil, and tubular cells with a 17-mm. light path (routine analysis).

Tall-form lOQ.-ml. Nessler tubes for visual colorimetric in
vestigations.

Phenoldisulfonic Acid Reagent. Dissolve 25 grams of C.P.
phenol in 150 ml. of concentrated sulfuric acid, add 75 ml. of 15%
fuming sulfuric acid, and heat for 2 hours on a hot water bath.

Stock Nitrate Solution. Dissolve 0.7216 gram of C.P. potas
sium nitrate in 1 liter of distilled water.

Standard Nitrate Solution. Evaporate 50,0 ml. of the stock
nitrate solution to dryness on a water bath, dissolve the residue
by rubbing with 2.0 ml. of phenoldisulfonic acid reagent, and
dilute to 500 ml. with distilled water. The solution contains 10
p.p.m. of nitrate nitrogen. Prepare calibration curves and visual
standards from this solution by taking the desired aliquots, add
ing 2.0 ml. of phenoldisulfonic acid reagent, and developing the
color with ammonium hydroxide in accordance with the recom-'
mended procedure.
, Standard Silver Sulfate Solution. Dissolve 4.397 grams of the

C.P. saltin 1 liter of distilled water. One milliliter of this solution
is equivalent to 1.0 mg. of chloride ion.

Concentrated ammonium hydroxide solution (density 0.90),
C.P.

DISCUSSION

The data suggest the advisability of retaining the alkalinity
normally present in most natural supplies as a means of,nunimiz
ing the nitrogen losses attendant upon' the neutralization cur
rently recommended in the, phenoldisulfonic ,acid. method of
nitrate analysis. The need is also 'indic~ted 'for re~oviilg as much
chloride ion as possible, because, of a natural incompatibility with
nitrate in the highly acid medium required for·thedominant
reaction. Studies. 'on, synthetic and natural'samples corroborate
the importance of the losses occurring at low nitrate concentra
tions in the, absence of these precautionary steps. The method
is accurate to "=0.01 p.p.m. on known nitrate concentrntionsin
the region below 1.00 p.p.m. of nitrogen. An averagereproduci
bility of 0.01 p.p.m. has been achieved on typical'routine natural
water samples in this laboratory.

RECEIVED January- 25, 1950.

colored solution into a 100-ml. volumetric flask or Nessler tube,
dilute to themark, and mix thoroughly.,. ", '

Make photometric readings in cellsofappropl'iate' light path
(I-em. cells are suitable) n:gainst a' blank prepared from the same
volumes of phenoldisulfonic acid reagent and ammonium hy
droxide used in the determination. Measure transmittancy at
a wave length of 410 m" or in conjunction with.a blue filter ex
hibiting maximum absorption in the range from 400 to 425 mIL.

Add 2.0 m!. of phenoldisulfonic acid reagent to all color
standards if visual comparison is employed.
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ANALYSIS OF NATURAL WATERS

The chloride content of the natural waters investigated in this
study ranged from 4 to 1000 p.p.m. while the total alkalinity
varied between 71 and 247 p.p.m. Three sets of paralle(e~peri
ments were conducted on each sample. In the first se~, the
sample was evaporated over a boiling water bath without any
pretreatment. In the other two sets the chloride was first pre
cipitated with the required amount of standard silver sulfate
solution; then the total alkalinity of one 10Q.-ml. portion was
neutralized with 0.02 N sulfuric acid and evaporated to dryness
on a water bath, parallel with a second 100-m!. portion in which
the alkalinity was left unneutralized.

Coincident with the findings obtained on the synthetic solu
tions, the maximum nitrate values for each natural wa~er re
sulted in the samples from which the' chloride was removed and
the total alkalinity was left unneutralized. The lowest values
occurred when the chloride was allowed to remain and the total
alkalini~y was neutralized. Slight improvement was noted
when the sample was left untreated. Still greater improvement
was evident when the chloride was eliminated but theneutraliza~
tion was retained.

Only two of the waters, Detroit and Flat Rock, had measurable
quantities of nitrite. The highest nitrite coritent of the Flat.
Rock samples was 0.04 p.p.m. of nitrogen, whereas both Detroit
raw samples had 0.001 p.p.m. of nitrite nitrogen. ,

With the exception of the Detroit and Flat Rock silpplies,
which are of surface origin, all samples were drawn' from ground'
water sources. All except Detroit water' had a' totala:lka.liriity
and hardness in excess of 100 p.p.m., as calcium carbonate. '

Total Total
alkalinity alkalinity
neutral- unneu-

ized tralized
P.p.m. P.p.m.

0.94 1.02
0.62 0.65
0.20 0.23
0.13 0.16
0.53 0.62
0.11 0.12
0.00 0.00
0.14 0.17
0.14 0.17
0.15 0.19
0.15 0.19
0.61! 0.77

Nitrate Nitrogen
Found in Sample

after Chloride
RemovalNitrate

Nitrogen
Found in
Untreated

Sample
P.p.m.

0.93
0.60
0.17
0.12
0.50
0.11
0.00
0.12
0.12
0.12
0.12
0.00

Total
Alka- Chlo-
linity ride
Con- Con-

Sample Source tent" tent
P.p.m. P.p.m.

Flat Rock raw 1 180 10
Flat Rock raw 2 153 7
Ypsilanti Township well 235 21
Ypsilanti well 245 18
Ann Arbor 188 11
Ann Arbor well 190 10
Willow Run village weI 210 4
Detroit raw 1 79 7
Detroit tap 1 74 7
Detroit raw 2 79 8
Detroit tap 2 71 8
Detroit factory well 100 1000

a Total alkalinity expressed as CaCO,.



Flame Photometer Attachment as an Excitation Source
for the Spectrograph

W. G. SCHRENK AND F. M. SMITH'

Knnsas Agriculturnl Experiment Stntion, .Mnnh"ttan, Kan.

The Beckman flamc spectrophotometer attachment
may be used as' an excitation source for sodium,
potassium, and lithium analyses in conjunction with
usual spectrographic equipment. Its use witb a
Bausch & Lomb large Littrow spectrograph is de
scribed. Using Eastman Type I-N plates, good
results were obtained for the deterrnination of
sodium and potassium in plant and animal sub
stances. When using a slit width of 45 microns
and an exposure time of 30 seconds, approximate
nlinimum readable sensitivities were potassium

I ~TEREST in flame excitation methods for spectrochemical
analyses has been revived recently by the development and

availability of instruments for this purpose in this country
(2-5). These instruments, primarily, designed' for the deter
mination of elements requiring low excitation energies, apparently
are based on the methods 'originally developed by LundegArdh
(10) who, working with an air-acetylene f1amll, was able to obtain
highly reproducible results, apparently through good control
of excitation conditions. Equipment similar to that developed
by LundegArdh has not been readily available in this country.
Cholak and Hubbard (7) have described equipment, patterned
after that of LundegArdh, which was constructed for them.
Their evaluation of its usefulness and efficiency also indicates
highly accurate results and reproducibility.

Some of the newer equipment is completely self-contained,
using photoelectric cells and galvanometers to indicate the in
tensity of emission, after suitable isolation of the spectral region
required for the element under considenition (5): The Beckman
flame spectrophotometer attachment, 'however, includes only
a burner and atomizer l1nd their appropriate controls. It has
been designed primarily as an attachm"nt to the Beckman spec
trophotometer, but because of its .cilllstl'l:~ction·"it may serve
also as an excitation source for ordinary sPectrographic equip
ment. It differs from the Lundegardh flame,' in that it uses
oxygen and natural or bottled gas, rather tha~ oxygen and
acetylene. "

This paper describes the use of the Beckman flame attachment
as an excitation source for the spectrograph and presents data
regarding the sensitivity, precision, and aqcuracy obtained in the
determination of sodium and potassium in materials of plant and
animal origin. A limited amount of data on the influence of
extraneous elements on analytical results as applied to sodium
and potassium analyses in these materials is also presented.

MATERIALS AND METJ!:ODS

The Beckman flame spectrophotometer' attachment was used
as an excitation source in conjunction with a Bausch & Lomb
large Littrow spectrograph. The flame photometer used was the
type which had the heated atomizer chamber. A concentric
type atomizer also was used. The flame photometer was modi
fied by replacing the mirror supplied with the instrument with a
piece of stainless steel bent so as to focus the light partially
on the spectrograph slit. A cylindrical quartz lens was mounted'

1 Present address, Standard Oil Company Research Laboratories, Whit
ing, Ind.

10 p.p.rn., sodiurn 20p.p.m., and lithium 20 p.p.m.
With lithium as internal control, a series of 18
determinations of sodium gave a standard deviation
of 1.44%. For 20 potassiurn determinations the
standard deviation was 0.47%. Agreement with
other methods of analysis is good. Excitation con
ditions affect sensitivity. Maximum sensitivity was
attained using a gas pressure of 6 ern. of water and an
air pressure of25 pounds per square inch. Optimllln
oxygen pressure varied, being 30 inches of water for
potassiunl and 40 for Iithiurn and sodiurn.

directly in front of the slit of the spectrograph to focus the rays
further. The use of the lens and conca.ve mirror increased the
sensitivity of the spectrograph approximately 50%. The burner
of the flame SQurce was approximately 20 cm. (8 inches) from the
slit. No undue heating of the optical system wa~ observed.
The excitation procedure was standardized with 'I'espect to
exposure time (30 seconds) and slit width (45 microns).'

Although higher sensitivity could be obtained with increased
exposure time and increased slit width, this was not necessary
for the wo.rk planned in this laboratory:. Other arrangements
could be used for other samples as desired. Slit \vidth would, of
course, be limited by the amount of resolution de,gired.

All samples were prepared for analysis by drying; followed by
ashing in a muffle at 550°C. The ash was,then taken up in a
solution containing 100 p.p.m: of lithium in the form of lithium
chloride, which served as an internal standard~' Suffieient solu
tion \\"as added to plaee the final potassium concentration be
tween 20 and 100 p.p.m. For sodium the ash was diluted with
the internal standard solution to make the sodium eoneentration
fall within the limits of 50 to 400 p.p.m. These ranges were
found most satisfactory for the proeedure as outlined in this
paper. All spectrographic data reported in this paper were
obtained using lithium as an internal standard.

Standard solutions for calibration purposes were made from
reagent grade chlorides of potassium, lithium, and sodium.
For potassium; five concentrations were used: 20, 40, 60, 80,
and 100 p.p.m. For sodium the concentrations prepared con
tained 50, 100,200, 300, and 400 p.p.m. Each of these solutions
also eontained 100 p.p.m. of lithium whieh served as the internal
standard. Five standards were exposed on each plate. '

Eastman Type I-N spectroseopic plates were used. They were
developed .in D-19 for 4 minutes at 68° F. Line intensities
were measured with an ARL-Dietert densitometer.

Spectral lines employed for analytieal and internal standard
purposes were as follows: potassium 7664.9 and 7699.0 A.,
lithium 6707.8 A., sodium 5890 and 5895.9 A., and calcium
4226.7 A. Caleium, however, is not in the spectral region for
whieh this type of spectroscopic plate is intended to be used.

EXPERIMENTAL

Effect of Excitation Variables. In order to determine optimum
operating conditions it was necessary to study the effects of three
variables: oxygen, gas, and air pressures. It was found ad
visable to use air pressure at its maximum; in this laboratory
this was 25 pounds per square inch (17,600 kg. per sq. meter).
The air pressure apparently is related to the quantity of sample
atomized into the flame per unit time. Gas pressure ,.(natural
gas was used) 'also was held at its maximum of 6 em. of water.
This value also gave the greatest sensitivity.

Considerable difference in sensitivity oceurred with changes in
oxygen pressure, as can be observed by an inspection of Figure 1,
where spectral line intensity is plotted against oxygen preSsurE!.
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Figure 2. Typical Calibration Curves for
SodiuIll in Plant and AniIllal Material
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Calibration curves for potassium and sodium are given in
Figures 2 and 3, with lithium as an internal standard and without
internal control. The data are plotted by two methods; the
lines sloping downward are plotted with reference to the per
cent transmittance only and represent typical calibrations with
out the use of the internal standard. The lines sloping upward
are relative intensity curves using lithium for internal control.
The per cent transmittance of the lithium line is also plotted in
Figure 2 in order to show graphically the reproducibility of the
line intensity. The calibrations are not the usual straight lines
obtained by other methods of excitation. This effect has been
described as being due to cooling in the outer portions of the
flame (2). Comparing the two calibrations given for sodium
(see Figure 2), in which the two spectral lines show similar
curvatures regardless of line intensity, shows that the effect is
not due to operating on the nonlinear portion of the developing
curve.

Effect of Extraneous Elements. Berry, Chappell, and Barnes
(5) and Parks, Johnson, and Lykken (11) have reported the effects
of certain extraneous substances on the intensity of emission of
the spectral lines in the flame. A limited amount of similar
data is presented in Figure 4, in regard to the effects of potassium,
sodium, and lithium on each other. The range of values used
covers those usually encountered in working with plant and
animal materials. It.is evident that within this limited range
no general trend occurs. Such data, however, would not be
necessarily valid outside the limits of this study.

Comparison with Other Methods. The spectrographic method
has been compared with the more common chemical methods
used for potassium and sodium. In Table III are presented
data on potassium determinations. Only two samples were
available that had been analyzed by the chloroplatinate pro
cedure (1); the agreement on these two samples seems to be

.good. The remaining potassium determinations were made by
means of the sodium cobaltinitrite reagent suggested by Peech
and English (12). The technique used with this reagent was that
developed by Wolf (1.n. These data are in relatively good agree-

>-.= .40...
~

~
~

•.20
~
-;..
a:

No..of Standard Standard
Deter- Range, 1\.1ean, Deviation, Deviation,

Element minations P.P.M. P.P.M. P.P.M. %
Na 18 62-72 65.7 0.95 1.44
K 20 67-72 68.8 0.32 0.47
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Table I. Results of Duplicate DeterIllinations of SodiuIll
and PotassiuIll in Plant Materials

Sodium, % Devia- Potassium, % Devia-
Trial Trial tion, Trial Trial tion,

Sample 1 2 Mean % 1 2 Mean %
Silage 1 0.044 0.044 0.0440 0.00 0.98 0.98 0.980 0.00
Silage 3 0.054 0.056 0.0550 1.82 1.19 1.21 1.200 0.83
Alfalfa

pellets 0.037 0.039 0.0380 2.64 2.17 2.14 2.155 0.70
Brome

pellets 0.041 0.041 0.0410 0.00 2.36 2.38 2.370 0.42
Soybean

0.025 0.025 0.0250 0.00 1.72 1.91 1.815 5.24pellets
SO~'bean

0.012 0.016 0.0140 14.25 1.29 1.32 1.305 1.15meal
Wheat

2.850 0.00grass 1 0.068 0.074 0.0710 4.22 2.85 2.85
graBs 2 0.110 0.115 0.1125 2.21 3.42 3.46 3.440 0.58

Oats
3.22 3.23 3.225 0.15gra...ss 1

grass 2 2.80 2.73 2.765 1.26

Figure 1. Effect of Oxygen .Pressure on Relative
Intensity of PotassiuIll, SodiuIll, LithiuIll, and

CalciuIll

Using these conditions with an exposure time of 30 seconds and
a slit width of 45 microns, the sensitivity of this method of
excitation is as follows: potassium 10 p.p.m., sodium 20 p.p.m.,
lithium 20 p.p.m., and calcium 600 p.p.m. Standards used for
lithium ranged from 10 to 100 p.p.m. and for calcium from 500
to 1000 p.p.m.

Precision of Method. Precision can be determined well from
the results of duplicate determinations made for both potassium
and sodium (Table I). Data are also presented in Table II
on a series of 20 potassium and 18 sodium determinations made
on the same sample. The standard deviation for potassium was
0.47%, and for sodium a value of 1.44% was obtained.

Table II. Precision of Spectrographic DeterIllination of
SodiuIll and PotassiuIll

A maximum value is obtained for each element, followed by a
decrease. Maximum sensitivity is obtained for potassium at an
oxygen pressure of 30 inches of water; for potassium and lithium
the value is 40 and for calcium 60. These values roughly follow
the order of ionization potentials of these elements. Because of
these data a value of 40 inches of water was chosen as the best
value for both potassium and sodium and was used for the data
reported herein.



VOL U M E 22, N O. 8, AUG U S T 1 9 50 1025

10.0',---------..,100

Table In. Comparison of Chemical and Spectrographic
Methods for Determination of Potassium

Table IV. Comparison of Chemical and Spectrographic
Methods for Determination of Sodium
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The eleme.nts studied have included only potassium,
lithium, sodium, and calcium. Data regarding calcium indicate
that too low a sensitivity is obtained for use with most plant
and animal materials without concentration of the calcium.
The spectroscopic plates used, however, are not considered too
sensitive in the region where the calcium lines are located (4226.7
A.). It is possible that some other type of plate, designed for this
wave-length region, together with increased slit width and ex
posure time, would make calcium determinations possible with
the flame excitation source.

The procedure has the advantage of simplicity, as compared
with chemical methods usually used for the determination of
sodium and potassium. The precision is also good, and com
pares favorably with other methods. Spectrographic deter
minations of sodium and potassium have, in general, been less
precise than for many other elements-for example, Helz and
Scribner (9) in reporting on minor elements in portland cement
indicate a probable error of a single determination for sodium
oxide to be 5%; for potassium oxide the error reported was 8%.

The original unheated atomizer chamber also was tested in
this work. A gradual decrease in sensitivity occurred during
a series of readings. This presumably was due to the cooling of
the atomizer chamber as the sample evaporated, followed by
recondensation of the vapor on the sides of the chamber. This
fault seems to have been completely corrected by means of the
heated jacket on the atomizer chamber.

It is essential that samples be completely free of solid particles.
The atomizer can clog readily. This effect is, however, easily
observable and can be corrected by blowing air back through the
atomizer tip.
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a Chloroplatinate procedure used on these two samples.

Figure 3. Typical Calibration Curves
for Potassium in Plant and Animal

Material

DISCUSSION

The data Presented indicate that it is possible to use the
Beckman flame spectrophotometer attachment as an excitation
source with the usual type of spectrographic equipment.

ment, the mean difference between the methods being 4.1 %.
Duplicate determinations made spectrographically were in closer
agreement than those made by the colorimetric method, indicat
ing greater precision for the spectrographic procedure.

Numerous sodium determinations have been made on plant
materials, but no comparison with other methods is available.
A series of samples of bovine urine and blood serum has, how
ever, been analyzed by chemical and spectrographic methods,
with the results reported in Table IV. The chemical method
used was that of Weinbach (13). These results are also in good
agreement and serve to illustrate the type of results to be ex
pected when using the flame spectrophotometer attachment as
an excitation source in these spectrographic techniques.

Sample

Bovine blood 2
Serum 4

6
8

10
12

Bovine urine 2
4
6
8

10
12

Spectrographic
Na. P.P.M.

3150
3200
3350
3300
3450
3450

350
1160
790
100
135
110

Chemical
Na, P.P.M.

3660
3690
3610
3610
3680
3650

356
1380

742
96

148
96

Difference,
%

+13.9
+13.2
+ 7.2+ 8.6
+ 6.3+ 5.5
+ 1.7
+15.9
- 6.2
- 4.0
+ 8.8
-12.7

It has been found necessary to ash all samples containing
organic substances prior to atomizing them into the flame.
The organic materials have a tendency to clog the orifices of the
burner, and this is followed by a loss in sensitivity. The ashing
procedure eliminates this difficulty. The technique used con
verted the ash primarily to chlorides; as a result, chlorides were
used in the preparation of standards whenever feasible.

In an earlier bulletin (3) it was suggested that the sample be
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diluted with one part of isopropyl alcohol to four parts of sample.
Effects due to viscosity changes have been indicated (4). The
effects have not been studied in this laboratory but the use of the
alcohol mixture has been continued and all data reported in this
paper have been obtained, using the alcohol dilution technique.

Eastman I-N plates were the only type found satisfactory.
Other plates, including Type 1-1" did not have sufficient sen
sitivity in the spectral region used. The Type I-N, which has
been designed for use in the infrared region of the spectrum (8),
apparently decreases in sensitivity in the wave-length region
between the sodium and potassium lines. This probably ac
counts for the differences in sensitivity observed for these two
elements, which are not in accord with those reported for arc
and spark spectra elsewhere (6).

Plate development seemed more critical with Type I-N plates
than with others. This was partly due to the relatively high
gamma (2.65 at 7699.0 A.) produced by the plates and the de
veloper used. These factors also account in part for the pre
cision achieved in these determinations, as well as the narrow
range of concentrations for which the method is suitable.

The procedure as described and evaluated appears to be a
promising method for the determination of sodium and potassium
in several types of samples. Accuracy and sensitivity are good,
small samples are sufficient (2 to 5 mI.), and existing equipment
in many laboratories may be utilized. Further study should
lead to applications of the procedure to other types of samples

ANALYTICAL CHEMISTRY

and possibly to the determination of other metals which mll,Y
respond sufficiently to this form of excitation.
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Mineral Analysis of Biological Material by Flame
Spectroscopy

Apparatus and Application

ABNER R. ROBINSON, KATHERINE J. NEWMAN, AND ERNEST J. SCHOEB

Research Laboratory, Children's Fund of Michigan, Detroit, Mich.

The construction is described of an inexpensive, simple burner with an all-plastic
atomizer and glass chamber similar to those described by Griggs (5). With the
use of a Bausch & Lomb medium quartz spectrograph 15 elements can be de
termined directly or upon the dissolved ash of biological materials with an
accuracy of ='=50/0.

L UNDEGARDH (6, 7) in Sweden published in 1929 a text
on the use of a flame as the excitation source for spectral

iqentifieation and quantitative determination of alkalies, alkaline
earths, and a number of other elements. However, in 1941
the flame technique was being used by only two or three workers
in the United States (3, 5). Since 1944 many modifications of the
flame-producing burner necessary for this method of analysis
have been described in the literature and several are available
through commercial instrument channels. After extensive ex
perimentation the authors have devised a simple, inexpensive
burner with which satisfactory results can be obtained from
analyses of biological materials for certain minerals.

BURNER

The materials used in constructing the burner shown in Figure
1 are considerably less expensive than those employed in earlier
burners.

The tip is a standard stainless steel product (Jarrell-Ash
Company), specially rhodium plated, and is connected to the
borosilicate glass- tube with a rubber sleeve. The acetylene inlet

is a piece of thick-walled capillary tube, sealed into the burner
with Plicene.

Used with a Bausch & Lomb medium quartz spectrograph, the
burner is mounted with the tip 4 em. from the spectrographic slit.
A flat, stainless steel mirror is mounted directly behind the flame,
across the optical path of the spectrograph, to intensify the
emission.

BURNER OPERATION

The burner is operated with compressed air supplied at a pres
sure of 30 pounds and acetylene from a tank at a water gage pres
sure of 23 cm. Both air and acetylene are water-saturated
before entering the burner. An all-plastic atomizer (Jarrell
Ash Company) and glass atomizer chamber similar to those
described by Griggs (5); except that the chamber and burner
are connected by a standard-taper ground joint, are employed to
introduce the sample. The atomizing unit and burner are easily
cleaned after use. Wetting agents are not required in the opera
tion of the burner and a screen below the burner tip, used in the
Lundegardh and later-modifications, is unnecessary._

SPECTROGRAPHIC TECHNIQl):E

In analysis for alk~limetals the region 1 em. above the blue cone
of the flame is used, the region Lundegardh designates as most
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sensitive for these elements. Two-minute exposures are satis
factory with Eastman emulsion 33 plates. Wratten Wainwright
panchromatic plates are used to investigate the red range of the
spectrum.

The spectral lines used for analysis and their sensitivities under
the analytical conditions are listed in Table 1. Cobalt is used as
the internal standard, lines 3405 and 3874 being the control lines.
Standard solutions are analyzed on each plate and standard
curves are drawn for each element from each plate. The analyti
cal ranges found for the elements are given in Table II.

Attempts are not made to calibrate the plate emulsions as
suggested by Cholak (1), but exposure and developing times are
rigidly controlled. Plates are processed with mechanical agita
tion throughout, immersed in Eastman D-19 developer for 3

Table II.

minutes, in 5% acetic acid solution for 30 seconds, then in East
man x-ray finisher and fixer. Line densities are measured with a
Leeds & Northrup densitometer.

Using the flame spectroscopy technique described, quantitative
analytical values have been obtained for sodium, potassium,
magnesium, calcium, silver (4), copper, iron, strontium, and
lithium in human and cow's milk, blood, urine, feces, and tissue.
The method is satisfactory for analysis of the readily soluble ash
from biological materials and, under the conditions described,
provides reproducible results within an accuracy of 5%. For
duplicate spectra, 3 Ill!. of solution are required. Sample mate
rial must be completely in solution and the total salt concentra
tion must not be so high as to cause precipitation in the atomizer.
As with other burners, the presence of strong oxidizing acids in
final dilutions of ash must be avoided to prevent oxidation of the
burner tip. The standard solutions for each sample must be
prepared carefully to contain amounts of the elements to be
determined consistent with the amounts known to be present in
the sample. Background effects result when magnesium, iron,
and aluminum concentrations vary widely.

Chemical methods of analysis are employed to check results of
flame spectroscopy determinations: the gravimetric procedure
(11) for calcium, the zinc uranyl acetate gravimetric method (9)
for sodium, and the Peech (8) colorimetric procedure for magne
sium. Results with spectrographic and chemical determinations
eheck within the limits of error of both methods.

PREPARATION OF SAMPLES

Milk samples are dried from the frozen state with Desivac
equipment. One gram of dry milk is reduced to white ash in a
platinum crucible at 450 0 C. The ash is dissolved in, and
diluted to 25 m!. with, 10% redistilled hydrochloric acid con
taining 0.75 mg. of cobalt per milliliter for determination of
sodium, potassium, and magnesium. Calcium analysis requires
additional dilution of 1 to 100 and adjustment of the cobalt
eoncentration to 0.375 mg. per milliliter.' Attempts to use fresh
milk for the determinations with the internal standard are unsuc
ecssful because precipitated protein clogs the atomizer.

APPLICATION OF METHOD

STAINLESS
STEEL TIP

Internal
Standard

Co 3405
Co 3405
Co 3873
Co 3873
Co 3873
Co 3405
Co 3873

Analytical Ranges
Analytical

Range,
Mg./I0 Ml.

0.06-0.6
0.25-2.5
0.02-0.12
0.47-4,7
0.01-0.3
0.02-0.6
0.06-0.6

METAL
MIRROR

Spectral Lines and Sensitivities
Sensitivity, Sensitivity,
Mg./lO Ml. Line Mg./lO Ml.

0.05 Li 6708 0.0(11
1.0 Mg 2852 0.05
0.004 Mn 4031 0.003
0.01 Na 3302 0.11
0.005 Na 5890 0.002
0.005 Ni 3515 0.1
0.05 Sr 4607 0.002
0.08

Element

Magnesium
Sodium
Calcium
Potassium
lVlanganese
Copper
Iron

Ag 3281
Ba 5535.5
Ca 4227
Co 3527
Cr 3579
Cu 3247.5
Fe 3850
K 4044

Line

Table I.

Sodium
A B

0.33 0.40
0.74 0.84
0.26 0.45

0.90 0.88

1.20 1.274.5 4.6

4.7 4.8

0.298 0.334

Effect of Changing Concentrations on Results
of Flame Analyses.

(Values in milligrams per 10 ml.)

Magnesiunl b Potassium
A B A B

0.159 0.162 2.3 2.2
0.290 0.296 4.4 4.2
0.145 0.158 3.0 2.8

Solution a

Table III.

Milk, diluted 1-10
Milk, diluted 2-10
Milk, diluted 1-10,

0.8 mg. K added
Milk, diluted 2-10,

0.4 mg. N a added
Milk, diluted 2-10,

0.2 mg. Mg added
Magnesium. 0.2 mg./lO Illl. 0.20 0.21

0.4 mg./lO ml. 0.40 0.40
Potassium, 1.6 mg'/lO m!. 1.7 1.6
Sodium, 2.0 mg'/lO m!. 1'.70 1. 76

0.6 mg'/lO m!. 0.37 0.54
1.5 mg./l0 ml. 1. 26 1. 28

a All results obtained by reading against standard in which concentrations
approximated those of milk and containing cobalt as internal standard.

b A, calculated from ratios of element to cobalt. B, calculated from
ratios of (element minus background) to (cobalt minus background).

19/38

11-'-11__ RUBBER
SLEEVE

Figure 1. Burner for Flanu~ Spectroscopy

ATOMIZER
CHAMBER CAPILLARY

TUBE

Samples of blood plasma,' tissue, and feces were wet-ashed with
nitric-perchloric acid mixture, evaporated to dryness, dissolved
in, and diluted to correct concentration with 10% hydrochloric
acid containing the proper concentration of cobalt. (Five milli
liters of plasma provide sufficient material.for magnesium, potas
sium, calcium, and sodium determinations.)

Samples of urine are diluted with the proper amounts of cobalt
solution and the alkali metals are determined without ashing,
but for other cations concentration of the urine is necessary.

Recovery experiments (Table III) were made with milk sam
ples of differerit dilutions, milk samples of different dilutions to
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which known amounts of elements to be determined had been
added, and solutions of the elements only, to determine whether
methods of calculation are justified or greater care of plate calibra
tion is necessary. The results emphasize the necessity of consid
ering background corrections in calculating final data from flame
analysis spectrograms, especially with respect to sodium and
magnesium. Recoveries with pure sodium solutions are not so
complete as with sodium in diluted milk; this indicates that a
standard is required which approximates the composition of the
sample as shown by the values obtained with pure solutions of
sodium in contrast to those obtained with dilute milk solutions.

The curves of ratio of element to cobalt and (element minus
background) to (cobalt minus background) are drawn on semilog
paper, the backgrounds being subtracted directly and not as
recommended by Pierce and Nachtrieb (10). Plate calibrations
using the two-line method of Churchill (2) were made, but the
increase in accuracy does not warrant routine use of this pro
cedure, despite the advantage of being able to read the concen
trations of elements from straight-line calibration curves.

ANALYTICAL CHEMISTRY

LITERATURE CITED

(1) Cholak, J., and Hubbard, ,D. M., IND. ENG.. CHEM., ANAL. ED.,
16, 728 (1944).

(2) Churchill, J. R., Ibid., 16, 653 (1944).
(3) Ells, V. R., J. Optical Soc. Am., 31, 534 (1941).
(4) Gerbasi, F. S., and Robinson, A. R., Am. J. Clin. Path., 19, 668

(1949).
(5) Griggs, M. A., Johnstin, R., and Elledge, E. K, IND. ENG.

CHEM., ANAL. ED., 13, 99 (1941).
(6) Lundeg&rdh, H., "Die quantitative Spektralanalyse der Ele-

mente," Vol. I, Jena, Gustav Fischer, 1929.
(7) Ibid., Vol. II, 1934.
(8) Peech, M., IND. ENG. CHEM., ANAL. ED., 13, 436 (1941).
(9) Peters, J. P., and Van Slyke, D. D., "Quantitative Clinical

Chemistry," Vol. 2, p. 732, Baltimore, Williams & Wilkins
Co., 1932.

(10) Pierce, W. C., and Nachtrieb, N. H., IND. ENG. CHEM., ANAL.
ED., 13, 774 (1941). '

(11) Willard, H. H., and Furman, N. H., "Elementary Quantitative
Analysis," p. 314, New York, D. Van Nostrand Co., 1939.

RECEIVED December 27. 1949. Presented at the 53rd Annual Meeting of
the Miohigan Academy of Soienoes. Arts and Letters. Sanitary and Medioal
Soience Seotion, Detroit, Mich .• April 2, 1949.

Titration of Bases in Nonaqueous Solvents
JAMES S. FRITZ

Wayne University, Detroit 1, Mich.

Organic bases U1ay be accurately titrated in glacial acetic acid, benzene, chloro
benzene, nitrobenzene, chloroforU1, ethyl acetate, diethyl ether, petroleuU1
ether, and acetonitrile, using U1ethyl violet as the indicator. The titrant eU1
ployed is a solution of perchloric acid in glacial acetic acid. PotentioU1etric
titrations in U10st of the above solvents U1ay be conveniently U1ade with a pH
U1eter using a glass-silver electrode cOU1bination without a salt bridge. SU1all
aU10unts of water do not interfere, but larger aU10unts of water, alcohol, dioxane,
and acetone should be absent.

I T WAS first pointed out by Conant (3) that the strength of
basic compounds is much greater in glacial acetic acid than in

aqueous solution. In this work curves were published for the
potentiometric titration of a large number of bases with per
chloric acid. Nadeau and Branchen (6) titrated amino acids in
glacial acetic acid, using anyone of several visual indicators to de
tect the end point. Blumrich and Bandel (1) determined several
amines in acetic acid solvent, and Herd (5) applied this method
to the determination of quinine. Small amounts of basic im
purities in benzene (8) and in hydrocarbon oils (9) have been de
termined by first mixing acetic acid with the sample and then
titrating with an acetic acid solution of perchloric acid. Palit
(7) titrated certain bases in glycol-hydrocarbon solvent mix
tures. It has recently been found (4) that many bases may be
advantageously titrated in dioxane using a dioxane solution of
perchloric acid as the titrant.

The purpose of this investigation is to demonstrate that both
strong and weak bases may be conveniently titrated in benzene,
chlorobenzene, nitrobenzene, chloroform, diethyl ether, ligroin
(petroleum ether), and other relatively inert organic solvents.
The titrant used is perchloric acid in either glacial acetic acid or
acetic acid-chlorobenzene. Methyl violet serves as the in
dicator. In each case the end point is at least as sharp as when
the base is titrated in' glacial acetic acid. The chief advantage
gained, however, is in the analysis of samples in which a base is
dissolved in any of the above listed solvents. The determination
of aniline in nitrobenzene, estimation of amines in hydrocarbon

polymerization feed, and titration of bases extracted by chloro
form from a mixture are but a few examples of practi(lal applica
tions. In each case the base may be titrated directly without
first evaporating the solvent and redissolving in acetic acid.

PROCEDURE

A sample of suitable size is dissolved in 25 to 50 ml. of the cho
sen solvent. Two or three drops of methyl violet indicator
(methyl violet in chlorobenzene) are added and the solution is
titrated to a green color with 0.1 N perchloric acid in acetic acid.

The perchloric acid solution is prepared by dissolving 8.5 ml.
of 70 to 72% perchloric acid in 1 liter of glacial acetic acid. If de
sired, the water may be removed by adding about 14 grams per
liter of acetic anhydride, and allowing the solution to stand over
night. This solution is standardized against diphenylguanidine,
prepared according to the directions of Carlton (2). Results
obtained by this method agree with sodium carbonate standardi
zation; diphenylguanidine is, however, preferred because it has a
much higher equivalent weight and gives a somewhat sharper end
point than sodium carbonate.

Data given in Table I indicate that the results obtained from
titrating several representative bases in benzene, chlorobenzene,
etc., are in agreement with those obtained from titration in
glacial acetic acid.

INTERFERENCES

It is not possible to titrate bases in dioxane, alcohols, or ace
tone when perchloric acid in acetic acid is used as the titrant.
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DISCUSSION

In the titration of aniline, the end point in acetic acid is less
sharp than in most other solvents. A particularly good end point
is obtained in chlorobenzene and acetonitrile (see Figure 1).
These solvents are therefore preferred to acetic acid for titrating
bases.

The question of how strong a base must be in order to give a
satisfactory methyl violet end point is important. Extremely
weak bases may be titrated fairly accurately if an insoluble per
chlorate salt is formed to assist in forcing the reaction to com
pletion. Caffeine (K = 4.1 X 10-14), which forms an in
soluble perchlorate, gives a fairly good separate end point; urea
(K = 1.5 X 10-14), which forms no insoluble perchlorate in ace
tic acid, does not give a satisfactory end point. In general, basic
nitrogen heterocyclic compounds tend to form perchlorates which
are insoluble in most of the above solvents, while ordinary
amines do not. It appears that the ionization constant (in
water) of amines must be about 10-13 or greater for accurate
titration to the methyl violet end point.
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(9) Wittmann, Angew. Chem., A60, 330 (1948).

RECEIVED February 15, 1950.

CORRECTION Attention has been called to an error in the title
appearing in connection with a contribution by H. 1. Feinstein
[ANAL. CHEM., 22, 723 (1950»). This should read "Identification
and Determination of Nickel," not "microdetermination" as
published.
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Figure 1. Potentiolllctric Titration of Aniline
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Even when other solvents are employed, dioxane and alcohol
cause high results and a poor end point if present in much more Table I. Titration of Bases in Nonaqueous Solvents with

than trace amounts. The presence of somewhat larger quantities Perchloric Acid in Glacial Acetic Acid

of acetone can be tolerated. Wt. HClO, Normality Purity
Taken. Used. of of Base.

Base Solvent Gram Ml. HCIO. %
Pyridine HAc 0.1357 17.07 0.0980 97.51

Benzene 0.1375 17.30 0.0980 97.53

0.50
Chlorobenzene 0.3243 41.03 0.0980 98.07
Nitrobenzene 0.1615 20.35 0.0980 97.67
CHCla 0.1915 24.04 0.0980 97.31
Petroleum ether 0.1367 17.18 0.0980 97.42

Aniline HAc 0.1755 18.52 0.1004 98.67
0.1901 20.08 0.1004 98.76

Benzene 0.2203 23.75 0.0985 98.87
0.1984 21.31> 0.0985 98.74

Chiorobenzene 0.1414 15.23 0.0985 98.78
0.2384 25.58 0.0985 98.40

0.40
Nitrobenzene 0.2218 23.88 0.0985 98.74

0.1720 18.52 0.0985 98.75
CHCla 0.2660 28.60 0.0985 98.61

0.0810 8.74 0.0985 98.95
Ether 0.2150 23.14 0.0985 98.70

~
0.1666 17.92 0.0985 98.65

Ethyl acetate 0.1821 19.60 0.0985 98.71

0 0.1892 20.40 0.0985 98.88

> CH,CN 0.2016 21.69 0.0985 98.70
0.1897 20.43 0.0985 98.77..;

0.30
Benzyl- HAc 0.2012 18.97 0.0979 98.89

amine Benzene 0.1679 15.81 0.0979 98.76
0.2662 25.18 0.0979 99.22

Chlorobenzene 0.2301 21.68 0.0979 98.83
0.2517 23.74 0.0979 98.93

Brucine HAc 0.6723 17.06 0.1001 100.2
Chlorobenzene 0.6070 15.41 0.1001 100.2

POTENTIOMETRIC TITRATIONS

Potentiometric titrations were carried out using a Beckman
Model G pH meter. A glass electrode was used as the indicator
electrode and a silver wire with a thin coating of silver chloride
served as the reference electrode. This electrode system pos
sesses two distinct advantages over the chloranil-calomel elec
trode combination previously employed for titrations in glacial
acetic acid. The glass electrode is inert to ordinary chemical
attack and the use of the silver-silver chloride electrode elimi
nates a salt bridge.

The effect of water on titrations in glacial acetic acid was stud
ied by adding varying amounts of water to acetic acid solutions of
aniline. The aniline was then titrated with a perchloric acid
solution made anhydrous by addition of acetic anhydride. The
conclusion reached was that although larger amounts interfere,
water in small amounts (up to about 3% of the original solvent)
has ]ittle if any effect on either the sharpness of the end point or
the accuracy of the titration. In view of this, it hardly seems
necessary to add acetic anhydride to remove the last traces of
water from the perchloric acid reagent.

0.20

It was found possible to titrate bases in acetic acid, chloroben
zene, nitrobenzene, ethyl acetate, chloroform, and acetonitrile by
this method (Figure 1). Potentiometric titrations in benzene,
ether, and petroleum ether failed. This failure is probably due
at least in part to the very high resistance of the solution. In all
cases equilibrium was rapidly attained. In these titrations
methyl violet gave a sharp end point (violet -+ green or yellow)
corresponding to the potentiometric end point.

There is but a single break in the potentiometric titration of
brucine, despite the fact that brucine is a diacid base. A prob
able explanation is that in the above titration, slightly soluble
brucine monoperchlorate is formed whi'lh prevents further reac
tion with the perchloric acid.



Ultraviolet Spectrophotometric Determination of
Molybdenum

GEORGE TELEP AND D. F. BOLTZ, Wayne University, Detroit, Mich.

A spectrophotometric study of the peroxymolybdic acid complex was made using
a Beckman Model DU spectrophotometer. The effect of various variables on the
maximum absorbancy was determined and optiIllum conditions were ascer
tained. Conformity to Beer's law was found for concentrations from 0 to 150
p.p.m. of molybdenum using 1.000-cm. quartz cells. The main interfering ions
are iron, tungsten, vanadium, titanium, and fluorine. The recommended gen
eral procedure is rapid, accurate, and convenient.

330 410
WAVE LENGTH, mIL

1. Effect of Molybdenum
Coneentralion

1. 20 p.p.n>.
2. 60 p.p.lll.
3. 100 p.p;lll;
4. 140 p.p.n>.

0.4 Wh-j'---+-----\-t-\+-+----\

Figure

Hydrogen, Peroxide Concentration. The,. effect of various
amounts of hydrogen peroxide was studied. using 100p.p.m; of
molybdenumand 10 m\. of perchloric acid in a final yolume of 50
m!. Jt wasJound that aminimlfmyolume of 1 m!. of',3%,hY<4"0
gen peroxide (per 50.nil. of solution) is necessary forattainmp.nt of
maximum absorbancy. '

Effect of 1)iverse ;Ions.. ; The. effect of.various diverse ions, ':Vas
studied using :100. p.p.m., of ,molybdenum.,: Al:>sorbancy, ,readings
were tak~nat330.mIL .in .order tQ ascertain,anY;JJhanges..lIl. ,the
maximum absorbancy. A negligible, error ':Vas.obtl!;ine,clwith 1000
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o to 150 p.p.m. An intense absOJ-ption peak occurs at 330 mIL, as
shown in Figure 1.

Acid Concentration. The effect of various concentrations of
perchloric aeid was determined using 100 p.p.m. of molybdenum
and 1 m\. of hydrogen peroxide in a final volume of 50 m!. It was
found that 1 to 15 m!. 'of perehloric aeid had little effect upon the
maximum absorbancy measured at 330 mIL. From this study, 5 to
10 m!. of perehlorie aeid per 50 rill. of solution were deemed to be a
sufficient amount for attainment of maximum absorbancy. The
study of the effect of other acids indicated that small concentra
tions of phosphoric acid have little effect, but other acids should
not be substituted for perchloric acid in the procedure.

APPARATUS AND SOLUTIONS

The absorbancy measurements were made with a Beckman
Model DU spectrophotometer and l.OOO-cm. quartz cells. The
spectrophotometer was equipped with an ultraviolet-sensitive
phototube for high sensitivity in the 250 to 625 mIL region of the
spectrum. The reference cell contained redistilled water for all
the measurements.

A standard molybdate solution was prepared by dissolving
0.5000 gram of pure sodium molybdate in 1 liter of redistilled
water containing 5 m\. of concentrated sulfuric acid. This solu
tion was standardized by an A.S.T.M. procedure of analysis
according to which silver molybdate is weighed (1). One milliliter
of this solution contained 0.20 mg. of molybdenum. The per
chloric acid solution used was 72% reagent grade. The hydrogen
peroxide was 3% analytical reagent grade. Other acids used were
C.P. reagent grade.

COLOR REACTION

The treatment of an acidic solution of molybdate ions with
hydrogen peroxide results in the formation of the peroxymolybdic
acid complex. This complex has a pale yellow hue with maximum
absorbancy in the ultraviolet region.

In order to study the effect of certain variables on the maximum
absorbancy, the following procedure was used.

A definite amount of the. standard molybdate solution was
transferred by. means of, a pipet to a 50-m\. volumetric flask.
The desired amount of perchlwicacidwas added and the volume
was adjusted to 50 m!. with redistilled water. After addition of 1
m!. of. 3% hydrogen peroxide, the contents of the flask were
thoroughly mixed and absorbancy measurements 'were taken from
250 to 450 mIL at 2-m!, intervals. The complexation is immediate,
and the system is stable for at least 72 hours. In the study of the
effect of diverse ions, a definite amount of the solution containing
each ion was added before dilution and complexation.

EFFECT OF CONCENTRATION

Molybdenum Concentration. The absorption spectra for
various concentrations of molybdenum was determined and con
formity to Beer's law was found at 330 mIL in concentrations from

THE colorimetric determination of molybdenum utilizing the
peroxymolybdate complex in an alkaline solution was in

troduced by Funck in 1926 (2). This procedure had little sig
nificance, owing to the instability of the complex. Weissler
utilized the peroxymolybdate complex iIi an acidic solution for the
simultaneous spectrophotometric determination of molybdenum,
titanium, and vanadium (.4). Although a simultaneous deter
mination of the three peroxide complexes was possible, little at
tention was given to the determination of molybdenum. There
fore, it seemed desirable to investigate critically the absorption
spectra of the peroxymolybdic acid complex in the ultraviolet re
gion of the spectrum. This study ~'as made in order to ascertain
the suitability of the pale yellow peroxymolybdic acid complex
for an ultraviolet spectrophotometric determination of small
amounts of molybdenum.
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p.p.m. of the following ions: aluminum, borate, calcium, cad
mium, cobalt, cupric, bismuth, citrate, acetate, dichromate, mag
nesium, manganous, nickelous,. plumbous, oxalate, malonate,
stannate, silicate, sulfate, nitrate, tartrate, zinc, and zircony!.
Table I lists the interfering ions and their effect.

Fluoride Concentration. The effect of various amounts of
fluoride was studied, using 100 p.p.m. of molybdenum. A nega
tive error was caused by the fluoride ion. This precludes the ad
visability of attempting to remove the iron and titanium inter
ference by use of fluoride ions.

INTlmJo'ERENCES

Tungsten Interference. The effect of various concentrations
of tungsten was studied using 100 p.p.m. of molybdenum. It was
found that 10 p.p.m. of tungsten gave an appreciable error.
Wells and Grimaldi utilized citrate ions to lessen the tungsten
interferenee in using the molybdenum thiocyanate eolorimetric
method (5). An investigation of the effectiveness of citrate ions
in removing the tungsten interferenee when absorbancy is deter
mined at 330 miL revealed that up to 40 p.p.m. of tungsten eould
be tolerated in the presence of 1600 p.p.m. of citrate ions.

Iron Interference. The use of phosphate and tartrate ions to,
remove the iron interference by complexation was studied. A
maximum concentration of 8p.p.m. of ferric ion was success
fully complexed using 5 m!. of phosphoric acid. A maximum
coneentration of 20 p.p.m. of Jerrie ion was complexed by 2200

a In presence of citrate ions.
1J In presence of phosphate ions.

Ion

Fe+++
WO,-
Ti ++++
VO,
F-

Table I.

Added as

Fe(CIO,),
Na,WO,
Ti(SO,),
Nfl,vo,
NaF

Interfering Diverse Ions
Amount Error, %
Added, of Desired
P.P.M. Constituent

100 60
100 4.5
100 25
100 43
120 8.0

Permissible
Amount,
P.P.M.

10
40a

20b
5
o

p.p.m. of tartrate ions. Citrate ions had a complexing effect
similar to that of the phosphate ions..

Interference of Titanium and Vanadium. Merwin studied
methods of bleaching the titanium peroxide complex (3). Mer
win's study indicated that phosphoric acid and eitric acid reduce
the intensity of the titanium peroxide color. The effect of
various concentrations of titanium was studied using 10 p.p.m.
of molybdenum and an acidic mixture of 5 m!. of perchloric and
5 m!.of phosphoric acids. A maximum concentration of 20
p.p.m. of titanium was successfully complexed. A maximum
concentration of 15 p.p.m. of titanium can be complexed, using
1600 p.p.m. of citrate ions and 5 m!. of perehloric acid. There
was no evidence that vanadium was complexed by these reagents.
For larger amounts of titanium and for vanadium, corrections
based on the absorbancies of the pure titanium and vanadium
peroxy complexes can be made according to the method outlined
by Weissler (4).

RECOMMENDED GENERAL I'ROCEDURE

Sample. 'Weigh, or measure I:>Y volume, a sample containing
an amount of molybdenum such that the final solution contains
Jlot more than 0.20 mg. of molybdenum per m!. of solution.
Acidify this solution with perchloric acid and dilute to a given
volume. '

Desired Constituent. Transfer a 25-m!. a,liquot of this pre
pared solution to a50-m!. volumetric flask and add 10 m!. of a
1 to 1 mixture of perchloric and phosphoric acids and sufficient
water to bring the meniscus to the mark. Add 1 m!. of 3%
hydrogen peroxide and mix thoroughly. Measure the absorbancy
at 330 mIL in 1.000-cm. quartz eclls.
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Determination of Levulose in Fruit
Polarographic Method

K. T. WILLIAMS, ELIZABETH A. McCOMB, AND E. F. POTI'ER
'Western Regional Research Laboratory, Albany, Calif.

A polarographic procedure for the deterrnination of levulose in fruit is described.
The sugars are extracted and prepared for rn.easureIllent by conventional Illeth
ods. The dextrose and sucrose present do not interfere and concentrations of
levulose varying from 0.05 to 2.0 rng. per rnl. are suitable for IlleasureIll~nt.
Ion exchange resins are used to control pH.

T HE chemical methods for the determination of levulose are,
in general, involved and time-consuming. In many of the

procedures now in use it is necessary to determine the dextrose
and levulose together ,as well as the levulose alone. An adjust
ment must then be made in the levulose value by the use of a
factor and a series of approximations to compensate for the
reducing power of the dextrose present. In some methods of,
.analygis sucrose interferes and it must also be determined and a
correction made. Because a direct determination of levulose,
unhampered by dextrose or sucrose interference, is desirable, it
:seemed feasible to investigate the polarographic determination of
this sugar.

Heyrovsky and Smoler (4) found that although aldehydes are
reduced at the dropping mercury electrode, the aldoses (glucose,
rhamnose, arabinose, mannose, galactose, lyxose) and disac
charides (maltose, lactose, sucrose) are not reduced. However,
they found that ketoses (levulose and sorbose) give well defined
polarographic waves. Kotlnek and Babicka (7) made analytical
use of this reduction to follow the inversion of sucrose by the
aetion of different bacteria. Heyrovsky, Smoler, and Stastny
(5) determined levulose in wine. Heyrovsky (3) described its
determination in the presence of sucrose and glucose in honey.
Vavruch and Rubes (11) determined levulose in candy. Wiesner
(12) reported a polarographie investigation of the electroreduc-



1032 A N A L Y TI CAL C HEM 1ST R Y

Table II. Levulose Content of Fruits

Ratio
Mm./Mg.

43.5
44.3
43.&
43.9
44.1

Chemical

%
6.72,6.81
10.3,10.7

2.23,2.23
2.13,2.20
1. 83, 1. 79
7.96,8.16

Av.
j\·[m.

34.8
44.3
52.6
70.2
88.2

Polarographic
%

6.67,6.77,6.50
10.5,10.8,10.6

2.15,2.22,2.23
2.11, 2.15, 2.11
U~:uu:n' 1.56,1.60, 1.61

35.2.35.4.34.2,34.3
45.0,44.9.44.2,44.3,44.6,43.0
54.0,52.0,51. 7
70.2,70.2,70.3,705,69.7
88.0.88.4

Ratio of Wave Height to Levulose Concentration

(Over range 0.8 to 2.0 mg. per mI.)

Wave Height
111m.

Apple
Grape, Thompson

seedless
Grapefruit
Orange
Peach
Pear

Fruit

Levulose
M g./MI.

0.8
1.0
1.2
1.6
2.0

Table I.

APPARATUS AND REAGENTS

A Heyrovsky Model XII polarograph manufactured by E. H.
Sargent and Company was used to obtain the current-voltage
curves. The capillary characteristics were determined at 25 0 C.
with an open circuit, the electrode dipping in a 0.1 M solution of
calcium chloride. The value of m·/3t- I / 6 for the capillary was
1.73 my·/3t- I /. where m = 1.66 and t = 3.57.

For routine analysis a simple Heyrovsky, Erlenmeyer-style
(15-ml.) cell employing a stationary mercury pool as the anode
was used. An H-cell of the type described by Lingane and
Laitinen (8) was used to determine the half-wave potential.
For a 0.005 M levulose solution the half-wave potential V8. the
saturated calomel electrode was found to be -1.7 volts, which is
in agreement with values reported in the literature (6).

tion of sugars, and Vavruch (10) the polarographic properties
of levulose.

This paper outlines a procedure for the polarographic deter
mination of levulose in fruit.

Figure 1. Representative Polaro
grams of Standard Levulose

Solutions

milliliter. The heights of the waves (see Figure 1) were meas
ured by the third method described by MUller (9).

RESULTS AND DISCUSSION

A standard curve was prepared from· polarograms obtained
for pure levulose solutions at intervals throughout the investiga
tion. The data in Table I show a straight-line relationship.
Polarograms were also made from solutions of levulose con
taining dextrose (National Bureau of Standards, standard sample
41) and sucrose (National Bureau of Standards, standard sample
17). The poiarograms obtained for solutions containing levulose
and dextrose in the ratio of 1 to 2 and for levulose and sucrose
in the ratio 1 to 2 were the same as those obtained for pure levu
lose solutions of equal levulose concentration. Therefore, no
corrections were needed for these sugars in any of the polaro
graphic analyses in this report.

The results obtained by the 'chemical method (1 ) (Table II)
were obtained on aliquots from the solution after the pretreatment
had been completed for polarographic analysis. These direct
comparisons show that the two methods gave values that were in
good agreement.

A precipitate formed in the peach solution upon the addition
of gelatin. The material causing the precipitation was not
identified but was assumed to be tannin. The precipitant was
removed by Baker and Adamson Code 1551 carbon, which does
not adsorb significant amounts of levulose under the conditions
that were used (2).

Polarograms obtained from the orange, grapefruit, and peach
solutions without pH adjustment were badly distorted. When
the pH was raised to 5.5 with 0.1 N sodium hydroxide, there was
an appreciable residual current. However, normal polaro
grams were obtained when Amberlite resins were used to adjust
the pH.

Some measurements of levulose were made by making polaro
grams of the fruit solutions 'prepared as directed and the same
solutions plus a known added amount of levulose. The added
height of the wave, due to the known amount of added levulose,
was used to determine the ratio of height in millimeters to con
centration of levulose in milligrams per milliliter. This method
gave results comparable to those obtained by the standard
curve; therefore, the wave height obtained for the treated fruit
solutions could be compared directly with those obtained for
pure levulose solutions to determine the levulose concentration.

Concentrations of levulose much lower than 0.8 mg. per ml.
'can be measured satisfactorily by varying the current sensitivity.
The authors found that with R = 20 and with 0.01 % gelatin
present, concentrations of levulose from 0.05 to 0.25 mg. per ml.
gave polarographic curves suitable for measurement. For
concentrations from 0.15 to 0.60 mg. of levulose per ml. they used
R = 50 and prepared the solutions with 0.015% gelatin.'

LEVULOSE

A = 0.8 MG. PER ML.
B = 1.6 MG. PER ML.
C = 2.0 MG. PER ML.

(/)

a::
ILl
~
ILl
::E
:::i 80
-'
::E

60
z
I-

~ 40
ILl
:I:

ILl 20
>
<l:
~

o
I I I I

-1.0 -1.3 -1.6 -1.9 -2.2

VOLTS VS. S.C.E.

PROCEDURE

The sugars were extracted from the fresh fruits with 80%
ethyl alcohol. Aliquots of the extract were evaporated on a
steam bath to remove the· alcohol. The residual water solution
was filtered through Celite analytical filter-aid (13) and made to a
final volume estimated to contain approximately 2 to 10 mg.
of levulose per ml. Excess acid can be removed from this
diluted solution by passing it through the Amberlite resins as
previously described (13).

Aliquots, estimated to contain 40 to 100 mg. of levulose, were
transferred to 50-ml. volumetric flasks, 5 ml. of 1 M calcium
chloride dihydrate and 5 ml. of 0.2% gelatin were added, and the
aliquots were made to volume with distilled water.

The polarographic cell was filled with the solution and the
polarograms were made in the presence of air at room temperature
(25 0

± 1 0 C.), with current sensitivity, R = 200, and with a
bridge voltage of 3. Three polarograms were made for each
solution, the wave heights were measured in millimeters, and
from the average wave height the concentration of levulose in
milligrams per milliliter was read from a standard curve.

A. standard curve was prepared from polarograms obtained
from levulose solutions of known concentration, by plotting wave
height in millimeters against concentration in milligrams per

Calcium chloride dihydrate, conforming with AMERICAN
CHEMICAL SOCIETY specifications, was used as a supporting elec
trolyte as recommended by Vavruch (11). Gelatin was neces
sary to suppress the maxima. Cation-exchange resin Amberlite
IR-lOOH-AG and acid-binding resin Amberlite IR-4B-AG were
used in the control of pH, and D( - )levulose, made by the Pfan
stiehl Chemical Corporation, was used without purification for
the preparation of standard levulose solutions.
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The analytical results obtained at the various levulose con
centrations were comparable-for example, in the analysis of
grapes, values of 10.8, 11.1, and 10.6% were found with R =
20, R =50, and R = 200, respectively.

Because the method is applicable over a wide range of concen
tration, 0.05 to 2.0 mg. per mI., it should be useful in a variety
of problems involving levulose measurements in fruit.
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Colorimetric Determination of Panthenol
and Pantothenates

ERNEST G. WOLLISH AND MORTON SCHMALL

Products Control Laboratory, Hoffmann-LaRoche, Inc., Nutley, N. J.

A rapid! colorillletric Illethod for the assay of pan
thenol and pantothenates is described, which can
be applied for the assay of panthenol and D-calciulll
pantothenate in pure forlll as well as in tablets and
alllpouies. The results show good agreelllent with
the Illicrobiological Illethod. An adaptation of the
Illethod deals with the deterlllination of panthenol
in Illultivitalllin preparations. Through the use of
an ion exchange resin colullln for the adsorption and
elhnination of interfering ionic substances the
Illethod is rendered specific for panthenoI. The

B ECAUSE panthenol (a,-y-dihydroxy-,8,,8-dimethylbutyr
amide) and pantothenates assume considerable importance as

members of the vitamin B complex family, a rapid chemical
method for their determination was desired. A microbiological
assay method for panthenol and pantothenates has been de
scribed by Walter (10, 11). DeRitter and Rubin (2) modified
this method for the determination of panthenol in the presence of
pantoyl lactone and pantoic acid, and Drekter e! al. (3) used
excretion bioassays for their determination. Frost (5) assayed
solutions of D-calcium pantothenate by means of their optical
rotation and determined their stability under varied conditions.
Crokaert (1) described a color reaction between ,8-alanine, one of
the hydrolytic cleavage products of pantothenic acid, and 1,2
naphthoquinone-4-sodium sulfonate, while Szalkowski, Mader,
and Frediani (9) reacted ,8-alanine with 2,4-dinitrophenylhydra
zine and determined colorimetrically the precipitated hydrazone
in pyridine. Hestrin (6) suggested that the color reaction for
esters and lactones, described by Feigl et al. (4), might be utilized
for a quantitative procedure. This reaction had previously been
used by Lipmann and Tuttle (7) for the determination of acyl
phosphates.

The method described is based upon FeigJ's (4) color reaction
after hydrolysis of panthenol or pantothenates to pantoyllactone.

PRINCIPLE OF METHODS

Panthenol and pantothenates undergo hydrolytic cleavage in
acid medium with the formation of pantoyl lactone and ,8-alanol

colorillletric Illethod is based upon the forlllation of
pantoyl lactone by hydrolytic cleavage in acid Ille
diulll. The lactone reacts with hydroxylallline in
the presence of alkali. The hydroxalllic acid thus
forIlled yields a purple color upon acidification in the
presence of ferric chloride. This color, with a Illaxi~

IllUIll absorption at 500 Ill!', is utilized for photo
Illetric Illeasurelllents. The effect of teIllperature,
pH, and quantities of reagents added is described
and data concerning the stability of the color de
veloped are presented.

and ,8-alanine, respectively. The pantoyl lactone reacts with
hydroxylamine in alkaline solution to form the hydroxamic
acid of pantoyl lactone. Upon acidification and addition of
ferric chloride, a purple color complex is developed, which is util
ized for photometric measurements (Figure 1).

Apparatus. A Klett-Summerson photoelectric colorimeter
equipped with filter No. 50 and calibrated test tubes of 12.5-mm.
diameter which accompany this instrument were used, but any
type of instrument suitable for absorption measurements at a
wave length of 500 mIL can be employed.

Reagents. Standard Solution. An aqueous solution of
U.S.P. reference standard D-calcium pantothenate, dried in a
vacuum desiccator over sulfuric acid for 24 hours, is prepared,
containing 1.0 mg. of D-calcium pantothenate per ml.

The hydroxylamine-sodium hydroxide reagent is prepared by
dissolving 7.5 grams of hydroxylamine hydrochloride in 100 ml. of
1 N sodium hydroxide (freshly prepared).

Sodium hydroxide, 1 N.
Hydrochloric acid, 1 N.
A 0.1 % solution of 2,4 dinitrophenol in 95% ethyl alcohol.
Aqueous ferric chloride solution, 2%.
Procedure. To a sample aliquot of about 3 mg. of panthenol

or pantothenates in 5 ml. of water, contained in a 50-ml. volu
metric flask, 3 ml. of 1 N hydrochloric acid are added. The flask
is capped loosely and the mixture is hydrolyzed by heating for 3
hours in an oven at 80° C. and then cooled to room temperature.
Two milliliters of the hydroxylamine-sodium hydroxide reagent
are added, followed by 5 ml. of 1 N sodium hydroxide. After 5
minutes' standing, 3 drops of 2,4-dinitrophenol indicator are
added and the solution is carefully titrated with 1 N hydro
chloric acid until a colorless end point is reached. The volume is
then made up to 50 mJ. with water.
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DISCUSSION

E =~liquot of panthenol solution used,

D=

C = mg. of D-calcium pantothenate con
tained in B

m!. wt. of panthenoJ X 2
mole. wt. of Ca pantothenate

205.13 X 2 = 08613
476.33 .

'"z
~

'"> 170
0 160

a: 150.. 140.....
1302!

0z 120..
> 110..J.. 100..

0.5 2 3 4 ~

The procedure described was arrived at
after investigation of all factors which have
a bearing upon the development of the color.

Effect of Temperature upon Acid Hydroly
sis. The acid hydrolysis of panthenol and
pantothenates, using 1 N hydrochloric acid,
went to completion within 1 hour at 100 ° and
within 2 hours at 80°, whereas at 50° com-'
plete hydrolysis occurred only after heating
overnight (approximately 16 hours) (Figure
2). Because pantoyl lactone has a melting
point of 92 ° and some decomposition might
have been expected at higher temperature,
hydrolysis at 80° C. for 3 hours was adopted
in the procedure.

Effect of Varied Amounts of Hydroxyl
amine-Sodium Hydroxide Reagent. The effect of various con
centrations of this reagent is shown in Figure 3. It is evident that
maximum color intensity was obtained with 2 m!. of this reagent.

Figure 1

Panthenol

Calcium pantothenate

+ NH,OH NaOH 3 [CH,,-7~~~~ ] + FeCI, acid
--~ I II --~

CH20HH NHOH

Fe [CH,,-b~b~~ ] + 3 HCI

6H20H* JHO,

CH,OH 0

CH:I-6-6H-~-NH-CH2-CH2-CH20H
6H,OH ""-.. CH, OH 0

~ I I II
acid CH,-C-CH-C
~ I I

[

CH" OH 0 ] / CJI2-0

CH,,-6-6H-~-NH-CH2-CH2-COOCa Pantoyl lactone

6H20H 2

A 5-m!. aliquot is pipetted into a suitable colorimeter tube, fol
lowed by 1 m!. of 2% ferric chloride. The solution is mixed and
the test tube gently tapped on the table top just prior to the colori
metric reading in order to eliminate interference due to bubble
formation. Within 45 seconds to 1 minute after the addition of
the ferric chloride reagent, the purple color developed is measured
in the photoelectric colorimeter at 500 m", and compared with a
standard of similar concentration, prepared in the same manner
from U.S.P. reference standard D-calcium pantothenate.

Prior to these measurements, the instrument is set at zero
absorbance with water. Blanks for calcium pantothenate and
panthenol are prepared by treating the same aliquots of the solu
tion used in the determination in the same manner with omission
of the hydrolysis in acid medium at 80° C., thus eliminating any
preformed pantoyl lactone. The readings of these blanks are
subtracted from the readings of the respective hydrolyzed solu
tions.

110 <r.n..., 100·

I 80'

'"z0
;;; Jf--- - 50·;;
0 100 d
a:.......
2!
0z..
> 90..J....

. . . . . . .~. =fl

----- --<>

ML. REAGENT

Figure 3. Effect ofVaried Atnounts of Hydroxylatnine
Sodiutn Hydroxide Reagent

Effect of Temperature upon Formation of Hydroxarnic Acid of
Pantoyl Lactone. In alkaline medium pantoyl lactone is con
verted to pantoic acid, which produces no color under the condi
tions of the test. Increase in temperature will enhance the speed
of this reaction. Because an alkaline medium is necessary for the
formation of the hydroxamic acid of pantoyllactone, some pantoie

I e 3 4 5 6 7 8 9 10 II 12 13 14 15 18

HOURS HYDROLYZED

Figure 2. Effect of Tetnperature
upon Acid Hydrolysis of Panthenol

Calculation of Results. If a solution containing panthenol is
assayed against a standard solution of D-calcium pantothenate,
the following formula may be applied:

AXCXD
B X E = mg. of panthenol per m!. of solution

160

'"z
0 140

'"> 120
0

0: 100..
t;
2! 80
z..
~ 60....

40

where o 10 20. 30 40

A = reading of hydrolyzed panthenol solution minus panthenol
blank

B reading of hydrolyzed D-calcium pantothenate standard
minus calcium pantothenate blank

TEMPERATURE ·c.

Figure 4. Effect of Tetnperature on Fortna
tion of Hydroxatnic Acid of Pantoyl~Lactone
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Therefore filter No. 50 was used on the Klett-Summerson instru
ment.

Stability of Color Developed. Because the color rapidly
reaches its maximum, remaining stable for 1 minute with gradual
fading thereafter (Figure 8), readings were taken at between 45
seconds and 1 minute after addition of the ferric chloride reagent.

0.8

ML. EXCESS 3N Hr.1

Figure 5. Effect of Excess 3 IV Hydrochloric Acid

acid may be formed before complete conversion of the lactone to
its hydroxamic acid. The effect' of temperature upon the forma
tion of the hydroxamic acid of pantoyllactone is shown in Figure
4. Although immersion in an ice bath with a resulting solution
temperature of 8 0 C. yielded maximum color intensity, a decrease
in absorbance of 8% occurred at 20 0 C. Between 20 0 and 35 0 C.
only minor losses in color intensity were observed, while higher
temperatures caused considerable formation of pantoic acid with
consequently low absorbance values. For best reptoducibility,
the reaction was carried out at room temperature, in view of the
fact that a standard of about the same concentration as the
sample is run simultaneously and thus is subjected to exactly the
same conditions.

Effect of Excess Hydrochloric Acid. As the final color must
be developed in acid medium, it was necessary to neutralize the
sodium hydroxide and to obtain a definitely acid pH. A suit
able indicator was found in 2,4-dinitrophenol, inasmuch as at the
end point of the titration l!.t a pH of 2.7 a colorless solution was
obtained. When after titration to a colorless end point an excess
of hydrochloric acid was added, a marked decrease in color inten
sity WitS observed (Figure 5).
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Figure 7. Absorption Curve of Color Developed
Pantoyl lactone.. 180 'Y per m.l.

Calibration Curve. A plot of absorbance against concentration
was found to be linear and passed through the origin. Beer's
law was obeyed over the entire suitable range of concentration.
With the Klett-Summerson instrument this range was held to
the limits of 10 to 40 micrograms of pantoyl lactone per ml. of
final solution.

RESULTS

Using the previously described method, samples of pure pan
thenol, calcium pantothenate, and pharmaceutical preparations
such as tablets and ampoules containing panthenol were assayed.
Panthenol is marketed exclusively in its D-form and for compari
son dextrorotatory calcium pantothenate was used, as only the
D-form is considered biologically fully active. The results were
tabulated alongside those obtained by the microbiological method
of DeRitter and Rubin (2) and an average deviation of 2.7% was
found (Table I).

en
Z
o

J£xperiments were conducted with the view of substituting
buffer solutions for the titration. However, buffers tested, such
as acetate, citrate, and hydrochloric acid-potassium chloride
buffers, partially or completely inhibited the formation of the
typical color. The time of standing after the titration and dilu
tion to volume was found to be not critical in periods up to 1 hour.

Effect of Excess Ferric Chloride. In order to determine the
effect of various quantities of ferric chloride, experiments were
run, using 1 ml. of ferric chloride solution of various concentra
tions. As demoI:\strated in Figure 6, maximum absorbance was
obtained with 1 ml. of 2% ferric chloride. Higher concentration
did not increase the color intensity. In order to eliminate the
error of a high blank, 1 ml. of a 2% ferric chloride solution was
used.

Absorption Curve. An absorption curve of the color developed,
using a solution of pure pantoyllactone, showed a maximum at
500 m!' on a Beckman spectrophotometer, Model DU (Figure 7).

PERCENT FERRIC CHLORIDE (I ML.USEDI

Figure 6. Effect of Excess Ferric Chloride

0.5 1.0 2.0 3.0 4.0 5.0
en
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Figure 8. Stability of Color Developed

In liquid preparations some hydrolysis may occur with forma
tion of pantoic acid or pantoyllactone, depending upon the pH of
the solution. Panthenol and pantothenates will hydrolyze to
pantoic acid in alkaline medium, while acid hydrolysis will pro
ceed to the lactone. Because the color due to any pantoyl lac
tone present will appear in the blank and thus is subtracted from
the reading of the hydrolyzed sample, only preformed pantoic
acid need be determined by microbiological procedure and sub
tracted from the results. Ten different assays on ampoules, run
by this method, showed an average deviation of 2.7% from the
microbiological method with a maximum deviation of 7.4% in one
case (Table II).
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Table I. Comparison of Microbiological and Chemical
Methods

acid,' however, produced considerable interference in this deter
mination.

Because panthenol is'!}, nonionic compound, it waS thought that
it could be separated from ascorbic acid and any other ionic sub
stance by adsorption of these substances on an ion exchange
column. One milliliter of a solution containing 65 mg. of ascorbic
acid and the following vitamins of the B complex family-thia
mine, riboflavin, pyridoxine, niacinamide-was applied to an
Amberlite resin column IRA-40o-0H and eluted with 100 m!. of
water. The eluate was clear and colorless. When the previously
described method was applied-to this solution, 'no color was ob
tained, showing that all interfering substances had been absorbed
on the column.. In other experiments known quantities of pan
toic acid, pantoyllactone, and panthenol were added individually
and combined to the previously described multivitamin solution
and applied to the column. The eluate was assayed colori
metrically. The results are shown in Table IV.

Deviation,
%

-2.0
-7.0
+4.0
-1.0
+2.0
-2.0
-2.0
-1.0

0.0

-4.2
+4.8

Av. 2.7

Mg.jtablet

168 161
146 153

(Pure material and tablets)

Microbiological Chemical
Assay, Assay I

% %
99 97

104 97
99 103

100 99
96 98

100 98
100 98
99 98

100 100

Sample

1 Panthenol
2 Panthenol
3 Panthenol
4 Panthenol
50-Calcium pantothenate
6 D-Calcium pantothenate
7 D-Calcium pantothenate
8 D-Calcium pantothenate
9 n-Calcium pantothenate

10 PanthenoJ tablets
11 Panthenol tablets

PRECISION.OF METHOD

Samples of panthenol tablets and panthenol ampoules were
assayed in duplicate on six different days by the method previously
described. Good reproducibility was obtained with a maximum
deviation of 2.8% from the mean (Table III).

ASSAY OF PANTHENOL IN MULTIVITAMIN PREPARATIONS

Experimental. When the method was applied to other vita
mins, no color was obtained with thiamine hydrochloride, ribo
flavin, niacinamide, biotin, and folic acid either before or after
hydrolysis. Pyridoxine hydrochloride produced a slight brownish
color of the same intensity before and after hydrolysis. Ascorbic

....
"-"-,,

"- ...
'0, ...,

"-,,
"-

"
"-

PANT'HENOL ~,
"-

CA PANTOTHENATE "-
"-,,,,

",'0

.-
0----

---

Pantoyl lactone 3 0
Pantoic acid 4 0
Panthenot 5.7 98
Panthenol 2.9 101.5
Pantoyl lactone

1.5}Pantoic acid 2.0 99
Panthenol 2.9

O~ -L ---' ...L -l
6.7 5.9 pH 5.2 4.7 4.2

z
o
......
0:....
Z
OJ
o
z
o
o
-'..
....
z..

Figure 9. Stability of Panthenol Solutions and Cal
cium Pantothenate Solutions after 6 Weeks at 45 0 C.

100

Table IV. Panthenol in Multivitamin Preparations
% Recovered,
Calculated as

Added, Mg. Panthenol

It is evident that pantoic acid and pantoyl lactone are com
pletely adsorbed on the resin column, while panthenol is quantita
tively eluted. This modification renders the method specific for
panthenol, because all ionic substances, which might produce a
color, are removed from the sample solution. Calcium panto
thenate also is adsorbed on the resin column and thus it is possible
to differentiate between pantothenate and panthenol.

Table III. Reproducibility of Results
Panthenol Tablets Panthenol Ampoules

Deviation Deviation
Mg./tablet from mean, Mg.jml. from mean,

Assay found % found %
1 162 +1.0 225 -0.7
2 161 +0.4 226 -0.3
3 159 -1.0 222 -2.1
4 163 +1.5 233 +2.8
5 161 +0.4 230 +1.5
6 162 + 1. 0 229 +1. 0

Deviation,
%

+2.0
-1.9
+1.0
+3.0

0.0
-3.9

0.0
-3.9
-3.9
-7.4

Av. 2.7

1
2
3
4
5
6
7
8
9

10

Sample

\Vhen assaying for panthenoJ, the microbiological method can
be omitted if an ion exchange resin column is used, as described
under "Assay of Panthenol in Multivitamin Preparations."

Experiments were conducted in order to determine the pH
level at which no pantoic acid would occur. Samples of panthenol
and calcium pantothenate at concentrations of 5 mg. per m!. were
buffered with 0.1 molar acetate buffer at pH levels 4.2, 4.7, 5.2,
5.9, and 6.7 and sealed in ampoules. These ampoules were placed
in an oven at 45 0 C. for a period of 6 weeks and assayed colori
metrically for panthenol and preformed pantoyl lactone and
microbiologically for the presence of pantoic acid. At a pH of
6.7, 10% of the calcium pantothenate and 6.5% of panthenol
had changed into pantoic acid. However, at pH levels 5.9 and
below, no significant quantities of pantoic acid were found in any
of the ampoules. These results indicate that microbiological
assays are not necessary at a pH level below 5.9, for the only
measurable hydrolysis product is pantoyllactone. As is apparent
in Figure 9, panthenol showed a loss of 17.5% in potency after 6
weeks at 45 0 at a pH of 4.2, while 89% of the calcium pantothe
nate had hydrolyzed to pantoyl lactone. These data are in good
agreement with the findings of Rubin (8) obtained by means of
curative bioassay in rats.

Table II. Comparison of Microbiological and Chemical
Methods

(Panthenol ampoules)

Microbiological Chemical
Assay I Assay I

Mg.jMl. Mg.jMl.

101 103
105 103
101 102
99 102

104 104
26 25
25 25
26 25
26 25
27 25
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Gelatin capsules, containing vitamin A, liver concentrate, and B complex
vitamins

5 3.6 3.7 +2.8
6 3.6 3.5 -2.8
7 3.6 3.7 +2.8
8 14.5 13.9 -4.1
9 12.7 13.2 +3.9

10 9.9 9.7 -2.0
11 7.7 7.4 -3.9

Table V. Panthenol Found in Multivitamin Preparations
Microbiological, Chemical,

Sample Mg./Ml. Mg./Ml. % Deviation

Solution, containing vitamin C and B complex vitamins

-3.0
+4.5
+3.0
+4.0

5.9 +1.7
Av. deviation 3.2

5.8

1
2
3
4

12

3.3 3.2
3.3 3.45
3.1 3.2
1. 3 1. 35

Mg./Capsule Mg./Capsule
Gelatin capsules, containing vitamins A, D, E, 0, and B complex vitamins

agitated in a mechanical shaker for 1 hour. By means of a pipet
most of the aqueous layer is transferred to a 50-mI. centrifuge cup
and centrifuged for 5 minutes at about 3000 r.p.m. Ten to 15
mI. of the aqueous layer are carefully removed with a pipet and
filtered through a Whatman No.2 filter paper of 9-cm. diameter.
The filtrate is collected in a test tube and exactly 2 mI. of the fil
trate are pipetted onto each of three charged resin columns,
marked A, B, and C. The determination is continued as de
scribed for ampoule solutions, beginning with "To column B 1.0
mI. of standard solution."

Multivitamin tablets and aqueous preparations, containing no
appreciable quantities of oils, may be assayed by the method as
described for ampoule solutions. However, if considerable quan
tities of oily constituents such as vitamin A are present, their
removal with petroleum ether by the technique outlined for cap
sules is advantageous.

Procedure for Determination of Panthenol in Multivitamin
Preparations. ApPARATUS. The resin column is a glass tube of
14-mm. diameter and an over-all length of 200 mm., having a stop
cock at the lower end. The column is fitted with a plug of fiber
glass above the stopcock and is filled to a height of 40 mm. with
Amberlite IRA-400-0H (obtainable from Rohm & Haas Company,
Resinous Products Division, Philadelphia 5, Pa., or from Fisher
Scientific Company).

CHARGING OF COLUMN. The column is treated with successive
portions of 2 N hydrochloric acid (total about 50 mI.), washed
with about 25 mI. of water, and then charged with about 50 mI. of
10% sodium hydroxide. The excess sodium hydroxide is thor
oughly removed with successive water washings (total about 50
mI.). ~ With about 10 mI. of water still present on top of the
column, a thin glass rod is inserted and the resin is thoroughly
stirred, so as to remove all bubbles. A small plug of fiber glass is
then inserted on the top of the column. The excess water is
drained off until a water layer of about 5-mm. height remains on
top of the column, whereupon the stopcock is closed. This resin
column may be recharged after use by the procedure described.

Instrument and reagents are as described above.
A standard solution of D-panthenol, 1.0 mg. per mI., is assayed

against U.S.P. reference standard D-calcium pantothenate by the
method described previously.

Procedure for Multivitamin Ampoule Solutions. An aliquot
of the ampoule solution (1 to 3 mI.), equivalent to 2 to 3 mg. of
panthenol, is pipetted onto each of three charged resin columns,
marked, A, B, and C. To column B 1.0 mI. of standard solution
containing 1 mg. of panthenol and to column C a standard con
taining 2 mg. of panthenol are added. I t is advantageous to keep
the total volume of solution, added to the column, as small as
possible. The solutions are allowed to proceed through the
columns at a rate of flow of 0.5 mI. per minute, until no liquid re
mains on top of the columns. Each column is then eluted with
.approximately 80 mI. of water, flowing at a rate of 3 mI. per
minute. The eluates are collected in individual 250-mI. Erlen
meyer flasks and are evaporated to a volume of 10 mI. on a steam
bath, using a stream of air to hasten the evaporation. To each
flask 3 mI. of 1 N hydrochloric acid are added, the solution is
hydrolyzed, and the panthenol is determined colorimetrically ac
'Cording to the technique described previously.

Preparation of Blank. Because any pantoyllactone or pantoic
:acid that may be present is adsorbed on the column, a deter
;rnination of either one is not necessary. In those cases where the
'eluate from the resin column is clear and colorless, only one blank
is required.

It is prepared by titrating 2 mI. of hydroxylamine-sodium hy
«lroxide reagent and 5 mI. 1 N sodium hydroxide followed by 3
-drops of 2,4-dinitrophenol indicator with 1 N hydrochloric acid to
:a colorless end point and making up the volume to 50 mI. with
water. A 5-ml. aliquot of this blank is pipetted into a colorim
-del' tube, followed by 1 mI. of 2% ferric chloride. The solution
is mixed and the test tube is gently tapped on the table top just
prior to the insertion of the tube into the colorimeter, which is set
:at 0 absorbance with this blank.

Calculation..

AXD
·{B + C) _ 2A X E = mg. of panthenol per mI. of sample solution

where
A = reading of sample solution
B = reading of sample plus 1 mI. of panthenol standard added
C = reading of sample plus 2 mI. of panthenol standard added
D = mg. of panthenol standard added to B+ C
E = mI. of aliquot of sample solution used
Where the eluate from the resin column is slightly turbid or

colored, the instrument is set at 0 absorbance with water and
galvanometer readings of two blanks are taken.

Blank I (reagent blank) is prepared in the manner described
previously.

Blank n (sample blank) consists of 5 mI. of the sample solution,
the absorbance of which is read before addition of the ferric chlo
ride reagent. In this case, the sum of the readings of blank I and
blank II is subtracted from the reading of A, B, and C.

Procedure for Multivitamin Capsules with an Oil Base. A
number of capsules, equivalent to about 40 mg. of panthenol, are
carefully cut in half with a sharp razor blade and placed in a dry
250-mI. glass-stoppered Erlenmeyer flask. Any capsule mass
remaining on the blade is removed with a small piece of filter
paper which is added to the flask. Fifty milliliters of petroleum
ether and exactly 25.00 mI. of water are added and the flask is

Results. The chemical method, described above, was applied
to a number of different commercial multivitamin preparations
and compared with results obtained by the microbiological
method (Table V).

Good agreement between the two methods of assay was found,
with an average deviation of 3.2%.
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Estima,tion of Streptomycin in Fermentation Broths
HAZEL:\1. DOERY ANn E. C. MASON, Commonwealth Serum Laboratories, AND D. E. WEISS, Commonwealth Scientific

and Industrial Research Organization, Melbourne, Australia

An ion exchange procedure is
presented for the chemical
estimation of streptomycin
in fermentation broths. The
method is suitable f""
plant control purposes.

S· TREPTOMYCIN present in a fermenta
tion broth cannot be assayed directly by

the maltol assay method of Titus and
Fried (li) because of the presence of inter
fering substances, but may be assayed bio
logically, 01' more rapidly by the sodium cot
ton succinate ion exchange method of
;VleIntire and Schenck (."I, 4), 01' by the
method of Boxer, .Jelinek, and Leghorn (1), Ul which the
maltol formed by degradation of the streptomycin is extracted
with an organic solvent before colorimetric assay. [Attention has
been drawn to an alternative maltol assay method which has
been recently published by Eisenman and Brickel' (2). J The
authors have developed an assay method, suitable for plant
control work, using the carboxy lie-type cation exchange resin,
Amberlite IRC-50 (a product of the Rohm & Haas Company,
Philadelphia, Pa.) combined with the maltol assay procedure.

depends on the strength of the alkali used
for hydrolysis, and on the order of purity
of the streptomycin in the original sample.
This relationship was determined using
Food & Drug Administration (F.D.A.)
standard streptomycin containing 400 units
per mg. and 2 iV, 4 iV, and 6 N so-
dium hydroxide solutions for the hy

drolysis. The results are plotted in curves 1, 2, and 3 in Figure
2. Samples of broth at various concentrations were assayed by
the above method using a 4 .tIl sodium hydroxide solution for the
hydrolysis. The eluates obtained were diluted to various eon
eentrations and their tiD values compared with the broth po
teney obtained by biological assay. Application of the method of
least squares to the results from thirty samples examined yielded
the following relationship between tiD and the broth potency,
P:

f:XI'F;RIMENTAL
til) = 0.0147 P + 0.0178

Apparatus and Preparation. The apparatus used is shown in
Figure 1.

which is shown as curve 4, Figure 2. This calibration curve
gave more reprodueible results than the corresponding curve

45403515 20 Z5 30
Potenc!,j Gujml.)

105

8
g

Fig'"'e 2. Variation of Optical Density with Potency of
Streptomycin Sulfate Solutions

o-600r---------------r-rr-r----,

0·300

o
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0·400

o·

obtained for the purer F.D.A. standard streptomycin (curve 2',
Figure 2). If the method is to be applied to a variety of types
of streptomycin broth individual calibration curves must be
eonstructed for each system.

To determine the relative proportion of streptomycins A and
13 in a mixture, Schenck et al. (4) have utilized the fact that
streptomycin B gives more maltol per unit of biological activity
than streptomycin A. Because the above results show cloi'e

Various strengths of sodiuID hydroxide used for IIlaltol reaction with
aqueous solutions of F.D.A. streptoJnycin
1. 2 NNaOH
2. 4NNaOH
3. 6N NaOH
4. Best-fit line for broth eluate samples

2

3

Figure 1. Resin
Adsorption
Column and
Attached Res-

ervoir
1. Liquid head
2. Resin bed
3. Glass wool

pad
4. Reservoir

DISCUSSION

The slope of the linear relationship
between tiD and the potency of the
streptomycin solution under examination

Sufficient of the sodium form of the washed resin, prepared by
equilibrating the hydrogen form of the resin with three of foul'
successive lots of a saturated sodium bicarbonate solution, was
introduced into an adsorption tube 4 mm. in diameter with suf
ficient saturated sodium bicarbonate solution to give a I-em. head
of solution above a 12-mm. resin column. After the resin bed had
heen stirred thoroughly to remove air bubbles, a glass wool pad
was placed above it and the funnel attachment was fitted. The
streptomycin broth was diluted with a 0.2 LV! disodium hydrogen
phosphate solution to a potency of 20 to 50 units per m!., ad
justed to pH 8.5 to 9 with a 0.2 iV sodium hydroxide solution, and
clarified by centrifuging.

Adsorption. Distilled water (0.5 m!.)
followed by the prepared broth (5 m\.) and
wash water (1 m!.) were consecutively
percolated through the resin bed at a flow
rate not exceeding 0.3 m!. pel' minute. The
streptomycin cations were quantitatively
adsorbed by the resin at this pH.

Elution. Immediatelv after the wash
water had drained fronl the funnel, 25 m!.
of a 0.2 iV hydrochloric acid solution were
passed through the column at a flow rate
of 0.5 m!. per minute. The first 20 m!. of
effluent, which contained the eluted strepto
mycin free from interfering substances,
were collected for chemical assay.

Chemical Assay. The streptomycin was
hydrolyzed to forrn maltol by adding 0.2
m!. of a 4 N sodium hydroxide solution to
4-m!. aliquots of the acid eluate. These
were heated in a boiling water bath for ex-
actly 6 minutes, and then immediately
cooled to room temperature in an ice bath.
Evaporation losses were minimized accord-
ing to the procedure of Titus and Fried.
The ultraviolet absorption at 322 m!' of
each aliquot before and after heating was
measured in a I-cm. cell in a Beckman
spectrophotometer. The difference hetween
the two readings, tiD, was converted to
the potency of the original streptomycin
solution by referring; to curve 4 in Fig
ure2.
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agreement between the chemical and biological methods, thc
broths used in the present work did not contain apprecia.ble
amounts of streptomycin B.

When the resin was prepared by equilibrating with phosphate
buffer solution at pH 7 in place of the saturated sodium bicar
bonate solution, the eluates from the streptomycin broth showed
apparent recoveries of 130 to 170%. The recovery of strepto
mycin from the adsorption column was determined from a
comparison of the potency of the original broth, determined bio
logically, with that derived from the maltol reaction of the eluate.
Inasmuch as the ultmviolet absorption of each aliquot was
measured at 322 mIL before and after heating, the high recoveries
obtained indicate the presence of biologically inactive substances
in the broth which hydrolyze to give an l1bsorption at 322 mp,
and, as the results obtained with the sodium bicarbonate equili
brated resin at pH 9 showed recoveries of 100%, these substances
have a lower basic strength than streptomycin A.

The assay method described, employing adsorption at pH 9
and hydrolysis with 4 N sodium hydroxide, yields results which

1039

agree with the biological assay method to within ±5%. The
reproducibility of a single chemical assay is ±3%.
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Identification of Coupling Components in p-Toluene
Azoaryl Amide Dyes of Naphthol AS Series

LOUIS KOCH AND .ROBERT F. MILLIGAN

H. Kohnsta1n1n Research Laboratories, Brooklyn, N. Y.

A simple llIethod has been developed for the identification of aminonaphthol AS
type reduction products, by hydrogenating the pigment in dioxaneacetic acid
with zinc dust, isolating the desired conIpound,. and converting it to the N
benzoyl derivative.

T HE amides resulting from the condensation of 2-hydroxy-3
naphthoic acid with aromatic primary amines constitute a

very important group of coupling components known as the
Naphthol AS intermediates. When treated with a diazonium
salt, they give rise to a class of dyes which finds wide application
in the textile and printing ink industries.

Unknown colOl's falling in this category are usually analyzed by
reductive fission of the azo bond, followed by isolation and identi
fication of the resulting products. This reaction normal1y splits
the monoazo pigment into two fractions, the original amine and
the amino derivative of the aryl amide, or their respective di
amines or possibly triamines, if nitrated.

Procedures for the characterization of the former compounds
are fairly numerous (2-4, 6-9), but except for the work of Bat
tegay, Langjahr, and Rettig (1) on the synthesis of l-amino
naphthol AS from I-nitrosonaphthol AS and fr'om phenylazo
naphthol AS, and by Koch and Mi11igan (.4) on the identification
of unsulfonated dyes made with Naphthol AS, the chemical
journals are practical1y devoid of ana1ytical data regarding the
latter products.

This paper, in an effort to bridge this gap, describes the hydro
genation of these colors with zinc dust, in dioxaneacetic acid,
followed by isolation of the aminoaryl amides, which are subse
quently converted into their N-benzoyl derivatives. Confirma
tion of the aminonaphthol AS group of scission products wi11 be
found in another report (5) which is based on the work of Bat
tegay and co-workers (1). Bya modification of their method, the
I-nitroso compounds of the known commercial Naphthol AS in
termediates were successfully synthesized, and these gave, on
reduction, amines identical with those obtained in this paper.

GENERAL PROCEDURE

Preparation of Dyes. Diazotized p-toluidine was coupled to
twelve Naphthol AS intermediates, obtained from E. I. du Pont
de Nemours & Company, and the resulting pigments were dried
without further purification. .

Preparation of Reduction Products. A finely ground' 2-gram
sample of coloring matter and 10 grams of zinc dust are placed in
a 250-ml. Erlenmeyer flask, and the solids are suspended in a solu
tion of 50 ml. of dioxane plus 10 ml. of glacial acetic acid. Heat
is applied, and the mixture is refluxed gently until the dye par
ticles are decolorized. The hot reaction mixture is filtered to re
move insoluble matter, which is then washed with 25 ml. of
dioxane, and the filtrate is acidified with 50 ml. of hydrochloric
acid to precipitate the aminonaphthol AS hydrochloride.

Maximum yield of the addition product is achieved by cooling
overnight, and the solid is then collected on a Buchner funnel,
washed with a smal1 volume of dioxane, and transferred to a 500
ml. extraction funnel with approximately 50 ml. of ethyl alcohol.
Buffering the suspended hydrochloride with 10 ml. of a 10%
sodium acetate solution liberates the free amine, which may
whol1y or partial1y dissolve in the alcohol. The mixture is diluted
with 250 ml. of ether, and any precipitate that may remain is
solubilized by further buffering with 200 ml. of a 2.5% sodium
acetate solution. Several water washings are applied to the ether
layer, which is then dried with anhydrous sodium sulfat.!;, filtered,
and evaporated to near dryness.

Resolution of the ether residue is effected with 50 m\. of hot
benzene, and incipient crystallization or cloud formation of the
aminoaryl amide is attained by dilution with petroleum ether.
Cooling the solvent mixture overnight precipitates the desired
compound as yellow to greenish crystals, which are collected and
purified by dissolving in benzene and precipitating again in the
afore-mentioned manner.

Occasionally, the aminonaphthol AS product cannot be dis
solved in ether. When this occurs, 100 m\. of benzene and 50 m\.
of xylene are added to the ether layer, after the water wash, and
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mometer immersed in a Thiele
tube filled with dioctyl phthalate.
Customary precautions regard
ing heating rate and thermom
eter immersion depth were carc
fully followed.

Nitrogen
Content

Calcd., Found,
% %

7.33 7.35
6.98 6.79
6.83 6.88
6.79 6.65
6.79 6.56
6.57 6.72
6.48 6.37
6.48 6.44
8.38 8.27
8.52" 8.55"
8.25" 8.28"
5.88 5.84
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9'.'3'8
9.08
8.96
8.93
8.44
8.40
8.51

14.24
9.00
8.51
7.36

9.58
9.15
9.09
9.09
8.70
8.54
8.54

14.33
8.96
8.58
7.52

Nitrogen
Content

Calcd., Found,
% %

Melting Point
of I-Amino
Reduction'

Product
(Uncor.), 0 C.

190-2 b
162-4
166-8
161-3
160-2
151-3
201-3
184-6
183-5 '
160-21
182-4
215-17

Commercial
Name

Naphthol AS
Naphthol ASD
Naphthol ASMX
Naphthol ASOL
Naphthol ASRL
Naphthol ASOP
Naphthol ASBO
Naphthol ASSW
Naphthol ASBS
Naphthol ASE
Naphthol ASTR
Naphthol ASITR

Identification of Naphthol AS Type Coupling Cornponentsa

Melting Point
of Benzoyl

Derivative of
Reduction

Product
(Uncor.), 0 C.

268-70
232-3
241-2
228-30
249-50
211-13
258-9
269-70
310-11d, e
279-81
263-4
245-6

Table I.

Condensation Product of
2-Hydroxy-3-naphthoic

Acid with

1 Aniline
2 o~Toluidine
3 m-Xylidine
4 o-Anisidine
5 p-Anisidine
6 o-Phenetedine
7 I-Naphthylamine
8 2-Naphthylamine
9 m-Nitroaniline

10 p-Chloroaniline
11 5-Chloro-o-toluidine
12 5-Chloro-2,4-dimethox,Y

aniline

a Mixed melting points with known products will differentiate between compounds such as l-aminonaphthol
ASD and I-aminonaphthol ASOL.

b M.p. literature, 188-90 0 C.
C Diamine formed by reduction of ni t·ro group on condensing amine.
d Dibenzoyl derivative.
e Extremely insoluble in solvents such as dioxane, glacial acetic acid, and xylene. Purified by leaching with

boiling acetic acid.
f Showed tendency to darken and eventually decompose during repeated recrystallizat,ion.
o Chlorine content.

the combined solvents and insoluble matter are evaporated until
only xylene remains. The aminoaryl amide, which will now be in
solution, is precipitated with petroleum ether as previously de
scribed.

Preparation of N-Benzoyl Derivatives. The aminonaphthol
AS products are refluxed with 1.5 grams of benzoic anhydride in
30 to 50 m!' of xylene for 2 hours, and cooled overnight. The N
benzoyl derivative separating out is filtered off, washed with alco
hol, and crystallized from glacial acetic acid.

All melting points were taken with a standard 360 0 C. ther-

Photoelectric Determination of Atmospheric
Sulfur Dioxide

Employing Dilute Starch-Iodine Solutions

MORRIS KATZ, Defence Research Chem.ical Laboratories, Ottawa, Canada

T HE early methods for determining the concentration of
sulfur dioxide in air were more suitable for flue gas analysis

than for the low concentrations ordinarily found in urban and
smelter areas.

The first method adapted to the rapid determination of small
amounts of sulfur dioxide in air was that used by Marston and
Wells in the investigation carried out by the Selby Smelter Com
mission (5). Measured volumes of air were drawn into a partly
evacuated 24-liter aspirator bottle. A definite amount of starch
solution containing sufficient iodine to bring the reagent to a
desired blue color was added, and the aspirator bottle was shaken
vigorously·to bring the air sample in contact with the starch
iodine solution. The color of the partly bleached iodine solution
was then restored by the addition of standard iodine reagent so
as to match that of a blank similarly treated. Reasonably close
checks were obtained against known mixtures of sulfur dioxide
in air in the range of 0.80 to 3.00 p.p.m. With lower or higher
concentrations the errors were as high as 20 to 25%. This
method, with certain modifications, was used by Monnett (10)
in his survey of atmospheric conditions at Salt Lake City, in
the investigation by the Swain Commission (12), and later by
McKa.y and Ackermann (8).

The preparation of stable iodine solutions is important in
methods of this type, because a rapid stream of pure air passed
through an aqueous iodine solution will soon weaken the strength
of the solution. If, on the other hand, the vapor pressure of the

iodine in solution is repressed by the addition of potassium
iodide and starch, solutions may be made that are remarkably
stable even after prolonged aspiration with air. Zepf and
.vetter (19) investigated the stability of very dilute iodinesol~
tions and showed that a certain miniinumquantity()f b~th
starch and potassium iodide was necessary to eliminate loss from
a 0.0001 N iodine solution.

A distinct advance over the method of Marston and Wells
was made by Thomas (13-17), who developed not only a portable
apparatus for the rapid measurement of small concentrations
of sulfur dioxide in air but also a continuous automatic method
which has become widely used in recent years. Thomas' and
Cross (15) investigated the stability and efficiency ofiodine ~olu
tions for absorbing sulfur dioxide; When 28 liters of pure air
were aspirated through 100 m!' of .0~00l1 N. iodine solution, con
taining 2 grams of potassium iodide. and 1 gram of starch per
liter, the loss of iodine was about 4%. Only about half of this
material was caught in the second absorber. A 0.0006 IV solu
tion was changed only about 1% by this treatment and more
dilute solutions were very stable. A 0.000075 N solution did
not change when 400 liters of.air weredraw~thl'()ughit.

The iodine method advocated' by Thomas i~~~i~ed the use of
an absorbing solution of 0.0005 N'iodine, contaiiJ.ing 1 gram of
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Dilute solutions of starch-iodine have been found
suitable for the continuous determination of low
concentrations of sulfur dioxide in smelter areas
where hydrogen sulfide is not likely to occur. The
most effective concentration range of solution is from
about 7 X 10- 5 N to 2 X 10-' N. The apparatus for
the continuous recording ofsulfur dioxide consists ofa
Tholllas analyzer, two gas bubblers containing 100 ml.
of solution lllounted in a block with a light source
between them, and two photoelectric cells. The out
put current is passed tfi.fough a standard resistance
'box and the voltage drop across the 0 to 500-ohm
terlllinals is llleasured by a potentiometer with a scale

starch and 2 grams of potassium iodide per liter. After aspira
tion with the required amount of air at the rate of about 10 liters
per minute, the iodine solution was titrated with 0.002 N sodium
thiosulfate solution. In his first paper on this subject, Thomas
described a semiautomatic apparatus for the determination of low
concentrations of sulfur dioxide in air; iodine solutions of the
above type were used. The method is applicable over the range
of concentrations from 0.10 to 60 p.p.m.

Ellis (3) has described two methods for the determination of
sulfur dioxide in air. The first method, which was used for
measuring the titratable acidity of the air, utilized a solution of
Hyperol, the solid compound of hydrogen peroxide with urea, in
water. In the second method, similar to that advocated by
Thomas and Cross, iodine, potassium iodide, and starch solution
were employed as the absorbant. Ellis found that 0.0005 N
iodine solution containing 2 grams of potassium iodide per
liter was remarkably stable. He suggested that the dissipation,
even in the dark, of the approximately 0.0003 N iodine solutions
used by Marston and Wells was due to insufficient potassium
iodide. ~rthermore, he found that 0.002 N thiosulfate solu
tion, when carefully made up, maintained its concentration un
changed for 37 days, whereas that of an arsenite solution dropped
progressively during this period. All solutions were kept dark
when not in use.

A method described by Smith and Friis (11) consisted in ab
sorbing the sulfur dioxide in 50 m!. of 0.1 N sodium hydroxide.
The sodium hydroxide solution was then neutralized with 6 m!.
of 1 N hydrochloric acid, 1 mi. of starch solution was added, and
the mixture was titrated with 0.001 N iodine solution to a blue
end point. A comparison was made with a blank determina
tion, carried out to a similar end point. This method was used
by the Mellon Institute in surveys of the ail' in various industrial
centers (9).

The method used by the author (7) in measuring sulfur dioxide
concentrations with a portable apparatus in the Trail area, and
also in the Windsor-Detroit area, was based on that of Thomas
and Cross with the modification by Griffin and Skinner (.4) in
volving the use of a soda-lime tower in connection with the blank
determinations.

The apparatus consisted of an accurately calibrated flowmeter
connected to two absorbers of 350-m!. capacity. The flow
meter and absorbers with the appropriate stopcock connections,
two 100-ml. automatic pipets for delivering an exact volume of
absorbent, a microburet of 10-ml. capacity, for titrating the
aspirated solutions, a thermometer, and portable barometer
were mounted in a wooden box. Suction was obtained by attach
ing this apparatus to the exhaust manifold of the automobile in
which the equipment was transported; a small surge tank,
equipped ~ith needle valves, was placed between the portable
apparatus and the connection to the exhaust manifold. A small
battery-operated pump may also be used as a source of suction.
The flowmeter consisted of a small length of capillary tubing
connected to a U-tube and calibrated apcording to the method
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range of 0 to 50 mv. The instnlment has a range of
less than 0.01 to 1.00 p.p.m. or more, depending upon
the size of the gas sample and the volume of solution
used in the absorbers. It has been used for several
seasons to determine the sulfur dioxide content of
the air at a location in the Sudbury smelting dis
trict. Comparative tcsts of the iodine and hydrogen
peroxide conductivity methods have been lllade with
a portable apparatus on silllultaneous samples of air
in the path of the sn1elter fUllles. The results in
dicate that a substantial fraction of the smelter
smoke during a fun1igationmay consist of sulfur
trioxide, sulfuric acid, or sulfate.

of Benton (1). The absorbent, a stabilized 5 X 10-5 N starch
iodine solution, was aspirated with air at a rate of about 10 liters
per minute. The time taken for a single determination was
usually about 6 to 8 minutes. The aspirated solutions were
titrated with 0.001 N sodium thiosulfate to a light blue color.
Blank determinations were made on sulfur dioxide-free air, the
solution being titrated to a similar end point.

Thomas and his associates have developed analyzers for the
continuous, automatic determination of low concentrations of
sulfur dioxide in air (13, 14, 16, 17) based on the change in con
ductivity of acid-hydrogen peroxide solutions. The soluti~n

contains 0.003% hydrogen peroxide and 0.0005% sulfuric acid.
The amount of sulfur dioxide absorbed is indicated by the in
creased conductance of the solution as recorded by a Leeds &
Northrup Wheatstone bridge of the Micromax type. The system
is calibrated with .solutions of su'lfuric acid of known normality.

The met,hod is not specific for. sulfur dioxide and may also in
dicate the presence of sulfuric acid or sulfate. The introduction
of a heated platinum wire catalyst in the air-inlet line has ex
tended this method to the determination of other sulfur con
taminants such as hydrogen sulfide, mercaptans (thiols), and
other volatile organic sulfur compounds which may be present
in small amounts of city air.

The present paper describes a continuous, automatic analyzer
for sulfur dioxide which employs photoelectrie cells and a record
ing potentiometer to indicate the increase in light transmittance
of stable, blue, starch-iodine solutions after aspiration with con
taminated air. The method is specific for sulfur dioxide in
smelter areas where hydrogen sulfide is not likely to occur.

The instrument has a range of less than 0.01 to 1.00 p.p.m.
or more, depending upon the volume and concentration of the
solution in the absorbers and the amount of air sample passed
through the solution.

CONTINUOUS PHOTOELECTRIC SULFUR DIOXIDE ANALYZER

The main features of the continuous photoelectric analyzt'r
which was operated for several growing seasons in the Sudbury
nickel smelting district at a point about 60 miles northeast of
Copper Cliff, Ontario, were as follows:

A Thomas analyzer ("13) was employed to measure and dis
charge a definite volume of absorbant solution into two gas
bubblers consisting of borosilicate glass salvarsan tubes of 350
m!. capacity. This instrument operated on a 2-minute time
eycle, the solution in one absorber being aspirated at a measured
flow rate for this interval, after which the air was passed through
the second absorber, by the opening and closing of appropriate
eam-operated poppet valves. The aspiration was continued
alternately for eight successive operations in each absorber. At
the end of this period of about 32 minutes the solution in each
ahsorber was drained successively and fresh solution was delivered
from a stock bottle of about 2O-liter capacity. The light trans
mittance through the blue starch-iodine solution was recorded
during the 2-minute quiescent period following each aspiration
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Figure 2. Calibration Curve Showing Relation between PotentiOlneter Scale of
Light Translllittance and Norlllality of Starch-Iodine Solutions

A. Absorption tube containing dilute starch-iodine solution. B.
Light source ntaintained at constant voltage. C. Wood :mount

ing block. DI/D2. Weston photronic cells
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Diagralll of Continuous ColoriIneter UnitFigure 1.

were present only at infrequent intervals; the highest re
corded concentration was 0.52 p.p.m.

It was necessary to select the starch required for the stock
solution with care. Only a high grade starch which gave the
characteristic blue color with dilute iodine solution was suitable
for this work. Grades that yielded a purple tinge were unsatis
factory. The stock solutions could be stored in a cool, dark room
for upward of a week without appreciable deterioration, provided
the vessels were maintained in a clean, sterile condition.

The method may be employed over a considerable range of
sulfur dioxide concentration in field work. For a location where
high concentrations of the order of several parts per million occur
frequently, the range of the instrument may be extended by
reducing the volume of gas sample or increasing the concentra
tion of reagent. The low concentration range from 25 to less
than 1 part per 100,000,000 can be adequately covered with a
high degree of sensitivity by starcll-iodine solutions having an
initial concentration of 5 X 10-5 N.

In continuous operation the instrument should be recalibrated
about once a month in order to check the response of the photo
electric cells. Any excessive fatigue in the cells can be readily
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cycle by means of a Leeds & Nortllrup,r9cording,pDtentiometer
with a scale range of 0 to 50 mv.

Preliminary experiments indicated that the following dilute
starch-iodine solution remained stable after aspiration with sulfur
dioxide-free air at rates of about 10 liters per minute for periods
of 30 minutes or more.

.One gram of soluble starch was dissolved in about 500 m!. of
boiling distilled water in the usual manner. This was allowed·.to
cool and transferred to a 1000-m!. volumetric flask. To· it i'e·re
added 2 m!. of 0.01 N sulfuric acid, followed by a solution contain
ing 8.0 m!. of 0.01 N iodine and 2 grams of potassium iodide.
The mixture was then made up to volume. If 100 m!. of this
solution are completely decolorized by the sulfur dioxide con
tained in 22.4 liters of air at normal temperature and pressure,
the concentration is equivalent to 4.0 p.p.m. by volume.

The change in concentration of the blue starch-iodine solution
was determined by using two Weston photronic cells (Model 594)
to measure the light transmittance through each absorber from
a constant source, a 20-watt lamp connected to the lID-volt
alternating current line through a constant-voltage transformer.
The arrangement of this unit is shown in Figure 1.

The absorbers, light source, and photoelectric cells were
mounted in a wooden block as shown, the exposed surfaces of
the block along the light path being painted black. The light
source. was fixed midway between the two absorbers and a
photocell was mounted behind each absorber. The output cur
rent from the cells was passed through a standard resistance box
and the voltage drop across the 0 to 500-ohm terminals was
measured by means of the recording potentiometer.
• With the above 8 X 10-' N iodine solution, illumination by

the lamp gave a transmittance value or photocell output equiva
lent to about three scale divisions on the potentiometer chart,
whereas with an almost completely decolorized iodine solution
the chart reading was about 96-i.e., near the end of the scale.

The recorder was calibrated by determining the potentiometer
readings for a series of starch-iodine solutions varying in normal
ity from 8 X 10-' to 2 X 10-5 during the operation of the
analyzer on sulfur dioxide-free air. A typical calibration curve
is shown in Figure 2.

The type of record obtained during the actual operation of
the recording analyzer over a 32-minute cycle was similar to that
of the Thomas conductivity analyzer operating on the same cycle.
However, during the short interval of less than 2 minutes inter
vening between the cell draining and filling operation, the light
beam passed through an empty absorber. This caused the po
tentiometer to record a full-scale deflection to nearly the end of
the chart. This track provided a reliable guide to the regularity
of mechanical operation of the analyzer.
The method was extremely sensitive,
concentrations of less than 0.01 p.p.m.
being readily detected.

The type of record obtained during
the progress of a fumigation in the field
is shown in Figure 3. The concentra
tions may be calculated as average
values over the whole cycle of 32
minutes or reported over 2-minute in
tervals. A smooth curve ·drawn
through the 2-minute steps of the
chart would indieate instantaneous
values or other variations in intensity
during a given fumigation in the
field.

It was found preferable to make up
the stock solutions to a concentration
of 6 X 10-& N with respect to iodine
in order to secure greater sensitivity
in the low sulfur dioxide concentra
tion range. The location of the re
corder station was sufficiently distant
from the source of pollution so that
concentrations in excess of 0.25 p.p.m.
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A simple diagram of the sampling unit is shown in Figure 4.

The essential features are two borosilicate glass absorbers
fitted with carefully matched fritted-glass disks of medium
porosity and a pair of Itccurately calibrated flowmeters of the
capillary orifice type. The unit is of all-glass construction.
Rubber connections' are. employed only to connect the suction
line to the source of suction. The filling, aspiration, and drain
age operations are performed by turning appropriate glass stop
Gocks. The flowmeters are constructed of the required dimen
j;ionsof capillary tubing to operate in the region of turbulent
flow. ' The volume of flow then varies inversely as the square
root of the density of the gas. Calibration of the flowmeter is
effected by connecting, the apparatus to a precision wet-test
meter, passing air in measured volumes through the system at
the observed temperature and pressure, and noting the pressure
differences of the liquid manometer attached to the capillary.

--------------------=-=- ----,." II~
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Figure 3. Record Obtained, by Continuous Photoelectric
Recorder during Sulfur Dioxide FUllligation in the Field
Reading frollD top to bottom, 0.02, 0.14, 0.16, 0.13, 0.24, 0.14, 0.09,

and 0.10 p.p.m. SO,

Figure 4. Salllpling Unit for Sillluitaneous Deterlllina-
tion of Sulfur Dioxide and Sulfuric Acid in Air

A. .Borosilicate glass absorbers
B. Matched pair of calibrated capillary flowlIleters
C. Cups. for delivering rn.easured volullle of reagent
D. Mercury U-tube to indicate vacuuIU. On suction line
E. Three-way stopcock to .connect with suction line· or atmosphere
F. Fritted-glass disks of D1.ediulIl porosity sealed into absorbers

Considerable changes in temperature and pressure are re
quired to effect a major change in the rate of flow of this type of
meter. Thus, at about 20° C. a decrease in pressure of 15 mm.
of mercury, or an increase in temperature of about 6° C., is
required to change the volume of flow by about 1%.

The equipment was mounted on a wooden panel, enclosed in a
box, and transported by automobile or aircraft. The suction
was provided by a connection to the windshield wiper or intake
manifold line of the car, and the suction was regulated by a small
metal surge tank equipped with needle valves. In field tests
the automobile or truck was parked about 35 to 50 feet down
wind and to one side of the test apparatus, so as to avoid con
tamination from exhaust fumeil, and a long line of rubber tubing
connected the suction manifold to the surge tank behind the
sampling unit.

The air sample was divided equally between the two bubblers
of the sampling unit, at the rate of 5.0 liters ,per minute through
each absorber. This could be, done easily by comparison of the
manometer levels of the capillary flowmeters and, by making a
slight adjustment, if necessary, to balance the flow by means of
one of the stopcocks. One absorber contained 25 m!. of 8 X
10 -6 N starch-iodine solution made up as indicated for the

·detected by the potentiometric readings corresponding to solu
tions of known normality. If calibrated at regular intervals,
a pair of' photoelectric cells will serve throughout a whole
growing season on continuous operation.

The instruments are housed in a well insulated shelter of wood
construction approximately 8 feet square by 7.5 feet high (inside
dimensions) in order to avoid excessive temperature changes.
In cool weather the shelter is heated by an electrical heater with
thermostat control.

Observations by this photoelectric recorder on sulfur dioxide
free air indicated substantially constant zero readings during each
cycle of operations. Reproducible results were obtained on
iodine solutions of equivalent normality. The method is much
more sensitive than the usual volumetric methods for the estima
tion of sulfur dioxide in low concentrations.

The method is specific for sulfur dioxide in smelter areas where
hydrogen sulfide is not likely to be present in the atmosphere.
It possesses certain advantages over the conductivity method
employing dilute sulfuric acid solutions containing an excess of
hydrogen peroxide. The latter method determines not only the
sulfur dioxide but also sulfuric acid and sulfate, including that
derived from sulfur trioxide. Because sulfur dioxide is much
more toxic to plant life than equivalent concentrations of sulfuric
acid mist or sulfate, an accurate knowledge of the sulfur dioxide
content of the air by a specific method is sometimes ,necessary.

SIMULTANEOUS DETERMINATION OF SULFUR DIOXIDE,
SULFUR TRIOXIDE, AND SULFATE'

The accurate estimation of sulfur dioxide, sulfur trioxide,
and sulfuric acid or sulfate in the smoke stream of a smelter area
depends upon the simultaneous sampling of these products in a
given atmosphere. Considerable information on the sulfur com
ponents of smelter smoke during gas visitations in the field may
be obtained by'the application of the starch-iodine and con
ductivity methods of analysis in portable sampling equipment.
Such equipment has been used in the Sudbury nickel smelting

.area to determine concentrations at ground level and at various
altitudes during 'flights in aircraft.

F
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of 1.096 p.p.m. of total sulfur contaminants (calculated as sulfur
dioxide) indicated that the sulfur dioxide c'amponent represented
86.6% of the total. In twenty-two medium fumigationsaverag
ing 0.464 p.p.m., the sulfur dioxide content was 82.6%, and in
thirteen fumigations of a mild character, at an average concen
tration of 0.2045 p.p.m., it represented 83.7% of the total.

The differences between the means were subjected to the t
test and were found to be significant to better than the 0.01 %
level of probability.

250 500 750 1000 1250 1500
CONQUCTANCE AT 18°C. l/R X 10' MHOS

Relation between Conductance of Dilute Sulfuric Acid Solutions
Sulfur Dioxide Content of Air· for Field Sampling Unit

40

zo
5
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Figure 5.

photoelectric recorder. The other
absorber contained 25 ml. of dilute
sulfuric acid-hydrogen peroxide
solution (6 X 10-6 N containing
0.5 ml. of 30% hydrogen peroxide
per liter). The solutions, after
aspiration with measured volumes
of air, were drained back into the
corresponding glass-stoppered sam
ple bottles and returned to the
Sudbury laboratory for analysis.
Observations were made of the flow
rate, time of flow with a stopwatch,
temperature, barometric pressure,
and suction pressure. The total
sampling time in each simultaneous
test was 5 minutes.

When high concentrations were
encountered, as indicated by the
approaching decolorization of the
starch-iodine solution, the sam
pling period was shortened. Blank
determinations were made fre
quently by inserting a soda-lime
tower in the inlet lines to the
absorbers.

The conductivity of the dilute sulfuric acid-hydrogen peroxide
solutions was determined by a Wheatstone bridge, Model Re-8,
Industrial Instruments, Inc. A typical calibration curve is shown
in Figure 5. The iodine solutions were titrated with a micro
buret to a faint blue end point with freshly prepared and ac
curately standardized 0.001 N sodium thiosulfate, an aliquot of
20.0 ml. being taken from each bottle for this analysis. In an
alternative method the increase in light transmittance of the
blue solutions was determined in a calibrated colorimeter con
sisting of a Weston photronic cell, .6-volt 30-c.p. lamp, and a
sensitive Jewell microammeter. The change in conductivity of
the peroxide solutions and the decrease in strength of the iodine
solutions in comparison with the blank determinations were
calculated as parts per million of sulfur dioxide.

SULFUR COMPONENTS OF SMELTER SMOKE

The results of a large number of simultaneous observations by
the starch-iodine and conductivity methods during field fumiga
tions in the Sudbury area were grouped according to the character
of the fumigations into heavy, medium, and mild smoke visita
tions. The number of observations in each smoke visitation,
the average concentration by each method, and the difference
representing sulfur. trioxide, sulfuric acid, or sulfate are given
in Tables I, II, and III. In all types of fumigations the con
ductivity values were consistently higher than the corresponding
iodine values. Although the major fraction of the sulfur com
ponents of the smoke consisted of sulfur dioxide, appreciable,
though variable, quantities of sulfuric acid or sulfate were present.

The results of fifteen heavy smoke visitations with an average

Average
Difference

P.p.m.

0.038
0.141
0.104
0.091
0.034
0.081
0.104
0.019
0.041
0.092
0.106
0.175
0.060
0.077
0.020
.0.093
0.128
0.106
0.015
0.183
0.122
0.096

0.081

Average
Difference.

P.p.m.

0.026
0.049
0.046
0.036
0.007
0.020
0.022
0.043
0.041
0.058
0.010
0.011
0.042

0.0332

Smelter Area

Sulfur Dioxide
by Iodine Method,

Av. Concn.,
P.p.m.

0.155
0.153
0.202
0.167
0.095
0.234·
0.077
0.192
0.243
0.146
0.061
0.216
0.210

0.1713

. Sulfur Dioxide
by Iodine Method,

Av. Conen.,
P.p.m.

0.457
0.262
0.411
0.275
0.290
0.503
0.414
0.376
0.262
0.398
0.316
0.528
Q.487
0.303
0.348
0.263
0.452
0.520
0.665
0.308
0.410
0.334

0.383

Mild Smoke FUU1igations in a
Sulfur

Contaminants .
by Conductivity
Method Calcd. as
802, Av. Conen.,

P.p.m.

0.181
0.202
0.248
0.203
0.102
0.254
0.099
0.235
0.284
0.204
0.071
0.227
0.252

Av. 0.2045

Medium Smoke Fumigations in a Smelter Area
Sulfur

Contaminants
by Conductivity
Method Calcd. as
S02, Av. Concn.,

P.p.m.

0.495
0.403
0.515
0.366
0.324
0.584
0.518
0.395
0.303
0.490
0.422
0.703
0.547
0.380
0.368
0.356
0.580
0.626
0.680
0.491
0.532
0.430

Av.0.464

No; of
Observations

No. of
Observations .

21
9

14
7
8
9
5

14
10

7
7
5
9

Total 125

9
9
8

30
8

10
17
23

6
5

10
7
7

16
13
11
16
9

15
5

10
6

Total 250

Table III.

Table II.

Average
Difference.

P.p.m.

0.046
0.278
0.090
0.405
0.031
0.125
0.075
0.070
0.248
0.139
0.034
0.188
0.139
0.235
0.088

0.146

Sulfur Dioxide
by Iodine Method,

Av. Conen.,
P.p.m.

0.902
0.622
0.686
1.195
1.649
1.540
0.706
0.940
1.069
0.716
1.010
0.970
1.013
1.085·
0.705

0.950

5
8
6
8
5

13
23

5
8

12
10

4
11

5
17

No. of
Observations

Total 140

Table I. Heavy Smoke Fumigations in a Smelter Area
(Simultaneous determinations of sulfur contaminants by starch-iodine and

. conductivity Dlethods)

Sulfur
Contaminants

by Conductivity
Method Calcd. as
SO" Av. Concn.,

P.p.m.

0.948
0.900
0.776
1.600
1.680
1.665
0.781
1.010
1.317
0.855
1.044
1.158
1.152
1.320
0.793

Av. 1.096
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Table IV. Heavy Sllloke Fumigations in a Sllleiter Area

Date and Approximate Atmospheric SO, in
Time IJ of Gas Duration of Conditions Sulfur

Sampling, Gas in Open Tem- during Con-
1946 Atmosphere perature Exposure taminants

HOUTS o C. %
June 27

-31.513: 50-14 :22 2 30 Sky clear and bright. 95.2
Visibility about 2
miles. Odor and
taste of SO,. Calm
to light S wind.
Smoke coning

June 29
10:15-10:45 12 28 -29.5 Smoke layer formed at 69.1

upper levels during
night. Fog and calm
in early A.M. Sun
clearing fog at 8: 25.
Light SE wind. Sky
clear and bright at
9: 50 but smoke haze
present

July 10
9:20-10:30 2-3 20 -22.5 Occasional clouds in

sky. Wind light. 88.4
Heavy smoke haze on,
ground

10:35-12:00 3-4
'
/, 22 -25 Strong 802 odor 74.7

July 16
Clear, bright.10:25-10:45 1-2 21 -22.5 Heavy 98.1

ground smoke haze.
802 taste and odor.
Smoke clearin~ with
increasing wind at
10:55

July 17
Smoke formed in early9:20-10:05 4 19.5-21 92.5

A.:U. above ground
level. Sky clear.
Very light SW wind.

July 18
Cloudless sky. Strong 90.39:50-10:20 2-3 26 -27

SE wind. Heavy
ground smoke haze.
SO, tasted

July 20
Sky clear. Hot and 93.112:30-13:42 2 25.5-28

sultry. Light SW
wind to almost calm.
Visibility io. heavy
smoke haze, about
'/,.mile orless. Odor
of SO, distinct

July 30
8:55- 9:35 2 20 -21

9:50-10:20 <2 20 -22

August 1
11 :00-11 :47 4-5 25 -28.5

a An times mentioned in this
light Saving time.

19 -20.5 Smoke in layer above
ground in early A.M.
Sky clear. Light
ground haze about
9 :00 without ap
preciable smoke.
Light SW wind.
Smoke moving in
about 9 :40. Dense
haze at 10:20. clear
ing about 11: 30

92.3

89.4

75.1

79.8

1>5.0

84.7

79.9

Smoke layer formed
during night. At
mosphere in neutral
stability to moderate
inversion. Calm at
7,: 45, no smoke at,
ground levels until
about 9 :30. Sam
pling in definite
smoke haze which ob
scured hills to north.
Sky clear and bright.
Smoke dispersed
rapidly after 11: 00
by light SW wind

Smoke layer formed
during night at up
per atmospheric
levels. Sky clear and
bright. Pronounced
smoke haze. Odor
and taste ·of' SO,
noted for short in
tervals

Lapse conditions

23 -25

31 -32

Smoke layer formed
during night in neu
tral atmosphere.
Definite smoke haze
at time of sam
pling. Wind light

Sampling in s.moke
haze. Occasional
clouds in sky. Fumi
gation shifted to
north by brisk SW
wind '

Sampling a.t new loca·
tion. In heavy haze.
Odor and taste of
SO, noted

19.5-22.5 Clear, bright sky. In
smoke haze, calm to
light breeze

(Continued on next page)

9

12

3-4

Sulfur dioxide, after release to the atmosphere, undergoes a
slow oxidation to sulfur trioxide and sulfuric acid. The reaction
is catalyzed by sunlight and fine dust particles, especially by
minute metallic oxide particles found in smelter smoke. These
sulfur cqmponents, especially sulfuric acid mist, give rise to a
tremendous number of condensation nuclei in the air. Such
nuclei, be'cause of their hygroscopic nature, can transform the
water vapor in the air to minute droplets which vary in size and
play an important role in promoting smog conditions. It is
probable that the persistent haze and lowered visibility notice
able in fumigations are due to the presence of hygroscopic sulfuric
acid nuclei.

The prevailing atmospheric conditions, the approximate dura
tion of the smoke in the open atmosphere prior to sampling, and
the average percentage of sulfur dioxide in the sulfur contami
nants during various smoke visitations are shown iIi Tables IV,
V, and VI. The most important factors governing the extent
of oxidation of sulfur dioxide in the open atmosphere are probably
the duration of exposure and the number of nuclei or metallic
oxide particles. that act catalytically per unit volume of smoke.
Although no sampling was attempted at night, there is evidence
from data in Tables IV to VI that oxidation in the open air may
take place at night as well as in sunlight. High relative humidity
may promote oxidation by ·solution of sulfur dioxide by minute
water droplets which would be deposited on solid particles.
It is safe to assume that smelter smoke contains an abundance
of active catalytic dust particles and consequently the dominant
factor in extent of oxidation may well be the duration of the
smelter gas in the open atmosphere before it is dissipated by wind
and other meteorological conditions. The oxidation products,

Medium Smoke Fumigations in a Smelter Area

Date and Approximate SO, in
Time of Gas Duration of Atmospheric Sulfur

Sampling, Gas in Open Tem- Conditions Con-
1946 Atmosphere perature during Exposure taminants

HOUTS 0 C. %

Table V.

June 27
10 :00-11 :00

June 29
11: 12-11 :45

July 13
10 :.00-11: 10

Day-

83.8

96.5

88.8

·81.2

Sky clear, almost calm.
No smoke at 8:05.
Smoke haze appeared
at location about
9:30

Smoke collected at
upper atmospheric
levels in early A.M.
Sky clear, light SW
wind. Heavy smoke
haze. Odor of SO,.
Fumigation com-
menced before 9: 00

Sky clear, strong NE
wind bringing smoke
to ground level.
Heavy haze

Heavy smoke haze dis
sipated at 10:27

Sky clear, light SE 83.6
wind. At 8: 10,
smoke visible in com·
pact layer· to SW.
No roads available.
Remained at location
until heavy smoke
drifted in

Light overcast sky.
Dense smoke haze
over area. Light N
to NE winds.
Cloudy and cool

and subsequent tables are Eastern

19.5-22.5

21 -22

15 -17

2-3 •

5-6

5-6

2-4

July 27
9:45-10:22

August 5
9 :45-10: 10

August 14
10 :20-11: 10

August 23
10:00-11:55
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therefore, acclllllulate during prolonged periods of temperature
inversions.

Investigations by the U. S. Public Health Service, following
the smog disaster at Donora, Pa., indicate in air analyses that
average values for sulfur dioxide (iodometrically) were lowest,
for total 8ulfur (turbidimetrically) were intermediate, and those
recorded at t.he same t.ime by a Thomas aut.omat.ic unit were
highest., all result.s being expressed as part.s per million of sulfur
dioxide by volume (18, pp. 122-3).

The analytical methods described in t.his paper are import.ant
in assessing the relative toxicity of smoke visitations to vegeta
tion, and t.he effect.s on materials of construction and public
health. Sulfur dioxide is more injurious to vegetation than ~ul

furic acid in equivalent concentrations. The permissible ground
level of sulfur dioxide concent.ration has been set at 0.30 p.p.m.
during t.he growing season and 0.50 p.p.m. during the nongrow-

75.7

82.2

77.8

85.6

81.5

93.1
92.0

71.5

81.6

85.5

85.9

95.1

83.3

Sunny and cloudless.
Mild lapse condi
tions, smoke coning.
Smoke haze increas
ing and decreasing

Cumulus overcast, higb
humidity, some
smoke haze present.
Rain at end of sam
pling period. Wind
light

Bright sunshine. Light
haze in valley. Sky
cloudless

Cloudy, low overcast,
sunlight breaking
through clouds about
11 :30. Slight wind

Sky clear. Smoke con
. ing. Calm to light

breeze

Clear.. Slight Il:round
haze. Samples rep:..
resent latter part
of mild early morn
ing fumigation

Sky Clear. Strong SW
wind. ~usty

Sky overcast. Light
SW wind'

Low overcast;' Light
SE wind. Rain from
8:40 to 10:15.
Smoke stream in
built-up layer above
ground level during
night. Rain at 11 :45

16 Low cloud layer.
Smoke stream ·over
head and disappear
ing into cumulo
stratus layer. Rain
ing at 14:45

17 Clear, light NW wind.
Heavy cumulus
clouds forming after
9:30

16 -24

20 -21. 5 Sky clear. Variable N
to NE winds. Light
smoke haze

2

1-3

5-6

July 2
8:20-10:47

August 22
9:00- 9:30

Mild Sllloke FUllligations in a SIllelter Area
Date and Approximate S02 in

Time of Gas Duration of AtmGspheric Sulfur
Sampling, Gas in Open Tem- Conditions Con-

1946 Atmosphere perature during Exposure taminants
Hours 0 C.· %

Table VI.

LlTERATURE CITED

~1) Benton, A. F., Ind. Eng. Chern., 11, 623~9 (1919).
(2) Dean, R. S., and Swain,·R. E., U. S. Bur. Mines, Bull. 453

(1944).
(3) Ellis, B. A., 17th Annual Report, Dept. Sci. Ind..Research

(Brit.), App., 1, 38-49 (1931).

ing season for a regime est.ablished in the case of a smelter at
Trail, B. C. (2). Scientific invest.igation has shown that sen8itive
plants may undergo treatment with sulfur dioxide for prolonged
periods in the range of 0.10 to 0..20p.p.m. without any adverse
effects on growth and photosynthesis. The rate of photo
synthesis may, however, be lowered by fumigations with con
centrations higher than about 0:40 p.p.m. If, however, the
duration is short and not prolonged to the point of visible leaf
destruction, the effect on assimilation is only temporary (6).

Sulfuric acid mist is more toxic to human health than sulfur
dioxide. The permissible concentrations for man for prolonged
exposure have been set at about 1 p.p.m. for sulfur trioxide, 2
to 10 p.p.m. for sulfuric acid,' and about 10 p.p.m. for sulfur
dioxide.

Under exceptional conditions the sulfuric acid content of the
smoke in the Sudbury area was found to range as high as 25 to
35% of the total sulfur contaminants.

13:12-14:00 4 23 -25

.July 3
9:20-10:50 .5-Q 18 ..5-21

.July 8
10:50-11 :30 4 22.5-24

July 13
8:00- 9:40 1-3 17 -21.5

11: 14-11 :57 2-3 22 -26.5

July 16
9:30-10:00 3-4 18.5-19

August 8
14:00-15:16 3-4 29 -31

August 15
11 :00-11 :48 5-6 21 5-22

August 21
10:35-11:10 10-12 17 -18

14: 10-14:45

14:10-15:00

79 7

94 5

73.7
78.0

83 0

77.6

62.7

97.8

77.0

S02in
Sulfur
Con-

taminants

%

Atmospheric
Conditions

during Exposure

Heavy fog at 8:20.
Very light S to SW
wind. Visibility
about 300 yards at
10 :40, odor of So"
almost calm. Fog
and smoke clearing
at 11: 22 with in
creasing wind speed

Smoke accumulated in
layer overnight,
about 500 to 800
feet above ground.
Strato-cumulus over
cast. Light NW
wind. Dense haze

Low· clouds forming
about 12 :00

Cloudy. Light NW
wind which increased
in velocity at 10·:45.
Odor of S02 at 10 :35

Cloudy, sky overcast. 75.0
Calm. Heavy smoke
haze moved in to
Location. Smoke
present since about
8:30

Sky clear. Hot. Light 89.0
SE wiIld. Smoke
haze on all sides.
Heavy cumulus
clouds forming at
14:40

Sky clear. Density of
smoke haze increas
ing, and decreasing
with wind speed

Sky clear. SSE wind.
Smoke coning to
ground level.. Dense
haze. Ground smoke
present since 9 : 17

Clear, ligbt cumulus
clouds. Strong W
wind. Ground smoke
moving in and out

Sky clear, strong NE
wind. Sampling in
smoke haze

New location. Smoke 95.0
haze moving into
valley. Clear, bright
sky. Ground smoke
lifted with increas-
ing SE wind

('lear, strong SW wind 86.3
Smoke haze moving 81.2
along surface

Clear sky, strong SW 75.0
wind.. Smoke haze
spreading on all
sides

16 -18.5

16 -17.5

15 -163-4

10-12

Mediulll Sllloke FUllligations in a Sllleiter Area
(Cont'd.)

August 12
9:50-10:30

Date and "Approximate
Time of Gas Dura.tion of

Sampling, Gas in Open Tem-
1946 Atmosphere perature

Hours o C.

July 13
13:10-15:55 2-3 25 -28

July 17
10:32-11:00 2-3 21 .5-22.5
11: 15-11 :35 23 -24

July 18
11 :43-12 :25 5 29 -30

July 22
11 :55-12:42 4 25 -27

14:07-14:40 2-3 26 -29

July 24
10: 14-11 :20 3 22.5-24

July 30
10 :46-11 :40 <5 21 -23

August 5
10: 17-11 :08 3-4 22 -24
11: 15-12: 14 24 -26

August 8
10:05-10:50 3-4 25 -26

August 9
9:50-11:17 3-4 19 -22

Table V.

11 : 15-,12: 08

August 22
10:15-10:50
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Carius lodometric Microdetermination of Iodine in
Organic Compounds

LAWRENCE M. WHITE AND GERALDIN'E E. SECOR
Western Regional Research Laboratory, Albany, Calif.

A method is described for the deterItlination of iodine in 5- to IO-mg. saItlples
of organic coItlpounds containing ,not Itlore than 4 Itlg. of iodine. Certain
saItlples in aqueous solution also can be analyzed by the Itlethod. The Itlethod
coItlbines the well known and highly respected Carius digestion with a siItlple
Itlodification of the widely used Winkler iodoItletric titration. Adequate pro
vision is Itlade for eliItlination of nitrite interference. The Itlethod is character
ized by siItlple techniques; specificity, a favorable voluItletric factor, an excellent
end point, and short working tiItle per saItlple.

T HE classical Carius method is seldom used for the deter
mination of iodine in organic compounds because of the

unfavorable gravimetric factor, the interference caused by other
halogens, and the impurity of the silver iodide precipitate (7, 18).
The silver normally present in the Carius digest interferes with
the measurement of the iodine by the excellent iodometric method
proposed by Winkler (20), modified by Burgarszky and Horvath
(2), Leipert (8), and many others, wherein the iodine originally
present in the sample is oxidized and the iodate thus formed is
allowed to react with excess iodide to form free iodine according
to the reaction

IO; + 51- + 6H+. ' 31. + 3H.O

Most analysts, therefore, have adopted the method of either
burning the sample in a stream of oxygen in a quartz tube (11,
p. 172;12, p. 94; 17)01' decomposing it with sodium peroxide in
the all-metal bomb (4) in order to destroy the organic matter and
convert the iodine to a form susceptible to iodoqletric measure
ment. Such methods are often unsatisfactory because of long
working time, incomplete removal of the iodine from ash, re
action of possible constituents of the sample with quartz com
bustion tubes" and inability to decompose samples that are in
aqueous solution. Because the Carius digestion has none of
these disadvantages, a method permitting its use with subsequent
iodometric measurement of the iodine would have an advantage.

Doering (3) proposed a macromethod for the determination of
iodine in organic compounds, in which the sample was heated in a
sealed glass tube with mercuric nitrate instead of silver nitrate,
as in the Carius method. Mercury, like silver, serves to render
the iodine nonvolatile and has the added advantage that it does
not interfere in any way with the oxidation of the iodine and its

measurement by the Winkler iodometric method. Neither the
method of Doering nor the micromodification proposed by Wey
gand and Werner (19) appears to be well known in this country.

CWorine used by Doering in the Winkler method to oxidize
the iodide to iodate also oxidizes nitrites and/or other interfering
materials in the Carius digest which are capable of liberating
iodine from acidified iodide solutions. The use of chlorine as
oxidant in the iodometric method for iodine has two serious
disadvantages: Bromide, if present. may interfere with the
determination of iodine (5, 8, 9, 16), and it is comparatively
difficult to remove excess chlorine quantitatively without loss
of iodate (6, 9). Incomplete removal of the chlorine leads to high
results.

Bromine is far superior to chlorine as the oxidant for this
method, because interference from other halogens is not en
comitered, bromine is more stable than the sodium hypochlorite
solutions usually used (8) and is free from blank (2), and the
excess bromine can be easily 'and quickly removed at room tem
perature without loss of 'iodate. For these reasons "bromine has
almost completely' supplanted chlorine as oxidant for the iodo
metric determination of iodine. Bromine, however, cannot be
substituted for chlorine in the Doering method, because it is
not capable of completely oxidizing the nitrite formed during the
Carius digestion (5, 8, 9).

This paper presents a micromethod for the determination of
iodine in organic compounds which combines the Carius digestion
and the iodometric determination of iodine. Bromine is used
as the oxidant and alkaline sulfite-sulfamic acid reagent is
employed to remove nitrites. The Carius digestion is applicable
to nearly all types of compounds and the 'reagents are few and
nearly free from blank; there is no possibility of loss of iodine
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through volatilization or incomplete extraction from ash, and
samples containing alkali metals do not damage the 'combustion
tubes; the iodometric method used to measure the iodine is one
of the most exact and precise volumetric methods kriown; the
volumetric factor is favorable; the working time for both diges
tion and titration is favorable; and the techniques required are
simple and well known and the reagents are essentially the same
as those commonly used in many laboratories for the Leipert
iodometric method for iodine and the Viebock method for meth
oxyl (11, pp. 172 and 239; 12).

colorless, add a few more drops of formic acid. Wash down the
neck of the flask and draw a current of air over the liquid (l..?)
to sweep all bromine fumes from the flask. Add 0.5 gram of
potassium iodide and 4.5 m!. of the dilute sulfuric acid, .and swirl
the stoppered flask gently to dissolve the iodide. Allow to
stand 5 minutes; then titrate the liberated iodine rapidly' with
0.01 N sodium thiosulfate to a pale yellow color, add 2 drops of
the amylose indicator solution, and continue the titration to a
colorless end point.

A blank determination should be made using all reagents;
however, the blank need not be digested. The blank titration
is usually about 0.02 m!. of 0.01 N sodium thiosulfate.

The calculations are made as follows:

a Average of 12 analyses: maximum, 51.17%; minimum, 50.99%; standard .deviation. 0 O·7o:t
Theory, 51.17% L - . ., /0'

b Not susceptible to analysis by Grote method. Theory, 44.36% L

%1

RESULTS

DISCUSSION OF METHOD

Net m!. of 0.01 N Na,Sz03 X 0.21153 X 100
sample wt. (mg.)

57.54 . 57.62,57.55,57.44 57.36 57.45,57.37,57.27
53.05 53.12,53.02,53.00 52.91 52.92.52.90
44.53 44.60, 44.52, 44.46 44.34 44.45, 44.33, 44.23
76.64 76. 7I, 76.61, 76.61 76.75 76.85.76.76,76.63
50.75 50.77,50.77,50.71 50.83 ~O. 88,50.82,50.80,50.80
58.67 58.76,58.73.58. 7I, 58.47 58.58 08.78,58.55.58.42
63.08 63 . 17, 63 .04, 63.02 63.24 63.29,63.28,63.26,63.11
42.74 42.80,42.74,42.68 42.89 42.91,42.88,42.87

35.70 35.76,35.74,35.70,35.61 35.65 35.72,35.67,35.55

44.29 44.32,44.25 b
57.87 57.88,57.86,57.86 57.99 58.04,57.97,57.96

57.91 57.99,57.91,57.84

All Carius microtubes used in this laboratory are made from
heavy-walled borosilicate glass tubing 0.5 inch in outside diam
eter. As a safety precaution, commercial thin-walled Carius
tubes should not be used for this method. Explosions with the
heavy-walled tubes are exceedingly rare and no such tube has ever
exploded in this laboratory after it was coo!. The tubes may be
re-used as long as they are of sufficient length. Dried samples
may be conveniently placed in the tubes with A.C.S. specification
(15) capped weighing tubes. Materials that react with cold

National Bureau of Standards No. 145 ·2-iodobenzoic acid,
pure potassium iodobenzoate, and a group of commercial organic
chemicals ~f unknoi·n purity containing a variety of elements and
functional groups were analyzed by this method and by the
Grote method as described by Sundberg and Royer (17), modi
fied to give a more dilute acid solution for the liberation of the
iodine.

For the eleven samples analyzed by both methods (Table I)
the difference between the high and low value for the Carius
method averaged 0.14% and for the Grote method, 0.15%. Re
sults by the Carius method averaged higher than did those by the
Grote method for five of the samples. The ayerage values ob
tained by the two methods agreed within 0.1 % for. four of the
samples and in no case was the difference more than 0.2%.
The average difference between results by the two methods was
0.12% (equivalent to 0.03 m!. of 0.01 N sodium thiosulfate for a
5-mg. sample). Because of the high percentage of iodine in the
samples,this discrepancy amounted to an average difference of
only 2.3 parts per thousand.

These data show that the accuracy and precision of the pro
posed method are good.

Table T. Recovery of Iodine fronl Organic Corn.pounds

Carius-Iodometric Method Grote Method
Av. Replicates Av. Replicates
% % % %

N.B.S. 51.09" 51.15 51.18,51.18,51.10

Sample.

2-Iodobenzoic acid,
No. 145

o-Iodophenol
p-Chloroiodobenzene
p-Bromoiodobenzene
p-Diiodobenzene
p-Nitroiodobenzene
p-Iodoaniline
,B-Iodopropionic acid
Hexamethylenetetramine

ethiodide
7-Iodo-8-hydroxyquinoline

5-suIfonic acid
Potassium iodobenzoate
3,5-Diiodo-L-tyrosine (air

dry sample)
3,5-Diiodo-L-tyrosine

(lyophilized in Carius tube)

PROCEDURE

Weigh a 5- to 10-mg. sample containing not more than 4 mg. of
iodine into a Carius tube and add 0.3 m!. of nitric acid-mercuric
nitrate reagent. Seal the tube as usual and digest 3 hours at
300 0 C. Allow to cool to room temperature in the furnace' and'
then heat the tip of the tube with a soft
flame to drive out the condensed acid.
Cool the lower half of the tube in ice
water. Apply a sharp, small flame to'
the capillary until it opens as a result .of
slight internal pressure. Make a file
seratch near the constriction and open
the tube with a hot glass rod as usua!.

Wash the contents of the tube into a
125-m!. iodine flask containing 3 m!. of
alkaline sulfite-sulfamic acid reagent and
5 m!. of aqueous sodium acetate solu
tion. Use approximately 20 m!. of water
to wash out the tube and the tip. Add
5 m!. of glacial acetic acid-sodium
acetate solution and mix well. Add
bromine (approximately 0.12 mI.) until
the solution is clear and a strong
yellow-brown color remains after
thorough shaking. Allow to stand at
least 2 minutes to permit complete
oxidation, then add formic acid (ap
proximately 0.25 m!.) down the side of
the flask. Shake the stoppered flask
cautiously until no more pressure de
velops. If the solution is not perfectly

APPARATUS AND REAGENTS

Carius tubes are made from borosilicate glass tubing 0.5 inch
in outside diameter, 3/,.-inch wall, and approximately 7 inches
long. This tubing is also sold as Pyrex Brand high pressure
gage glass, and is usually available from boiler supply or mill
supply companies.

Carius Furnace. Any suitable tube furnace capable of heating
the sealed eombustion tubes to 300 0 C.

Nitric Acid-Mercuric Nitrate Reagent. Dissolve 20 grams of
reagent grade mercuric nitrate [Hg(NO,,};.xHzO 1in 100 m!. of nitric
acid, conforming to AMERICAN CHEMICAL SOCIETY specifications,
specific gravity 1.42. (The solution should assay approximately
13 grams of mercury per 100 m!.)

Alkaline Sulfite-Sulfamic Acid Reagent. Dissolve 10 grams of
sodium sulfit.e, A.C.S., and 5 grams of pure aminosulfonic acid
(sulfamic acid) in 300 m!. of 15% w./v. cool sodium hydroxide.
The reagent is stable at least one month.

Sodium acetate (trihydrate), A.C.S., 20% aqueous solution.
Solution of sodium acetate (trihydrate), A.C.S., in glacial

acetic acid, 10%.
Bromine, A.C.S., free from iodine (traces of iodine may be

removed from the bromine by shaking it cautiously in a separa
tory funnel with several small portions of water).

Formic acid, A.C.S., 90%.
Potassium iodide, A.C.S., granulated, free from iodate.
Sulfuric Acid, Dilute. Add 1 volume of concentrated A.C.S.

sulfuric acid to 9 volumes of distilled water.
Sodium thiosulfate, 0.01 N; is standardized against potassium

biiodate under the conditions of the method, using all. the rea
gents.

Starch Indicator. Dissolve approximately 5 grams of 20%
amylose (G. Frederick Smith Chemical Company) in 100 m!. of
boiling water and allow to cool to room temperature. Filter
through glass wool and add a few drops of mercury as preserva
tive. The end point is sharper with the amylose indicator than
with the usual soluble-starch indicator, but the latter may be
used. .

Potassium biiodate, 0.0008 M (0.3249 gram of the pure dry salt
per liter), for standardizing the thiosulfate.
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nitric acid should be kept from contact with the acid until the
tube is sealed; either the sample or the acid may be.introduced·
into the tube in a small, ·thin-walled vial. In some cases aqueous
solutions of organic compounds or biological preparations may be
aliquoted into the tube, shell-frozen in a dry ice-acetone bath,
and vacuum-dried from the frozen state (lyophilized).

A.n digestions made in this study were carried out at 300 0 C.
for 3 hours. Three hundred degrees isthe maximum temperature
usually recommended for the Carius digestion and the 3 hours'
duration of heating is considerably greater than the I-hour period
recommended by Niederl et al. (10; 11, p. 156). Other workers
have recommended longer times, and for certain unusual samples
extended digestions may be necessary. No study was made to
determine whether the digestions could be carried out satis
factorily at lower temperature or for a shorter time, or whether
fuming nitric acid could be used.

The appli.cation of this method to the determination of traces
of iodine in organic materials was not attempted, for sample
weights beyond the scope of the method would probably be re
quired. The method described here has been used, however, for
12- to 15-mg. samples of iodinated proteins containing as little
as 0.5% iodine.

The alkaline sulfite-sulfamic acid reagent is used to neutralize
the nitric acid and to eliminate the nitrites formed during the
digestion. Nitrite must be removed, because it will liberate
free iodine from an acid iodide solution. The chlorine used as
oxidant by Doering (3) completely oxidizes the nitrites, but the.
bromine used in- this method will not completely perform the
oxidation (5, 9). Other workers have destroyed traces of nitrites
formed during dry combustion of nitrogenous substances with
such reagents as ammonium chloride, bisulfite, urea, and sodium
azide (5). The authors have found that the combination of
sulfite and sulfamic acid used as described herein is entirely
effective in removing the relatively large amount of nitrites
formed during the digestion. The other reagents, particularly
sodium azide, could probably be used for this purpose; however,
Baumgarten and Marggraff (1) report that sulfamic acid is more
effective than sodium azide.

Bromination and removal of the excess bromine should be
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carried out at room temperature, because elevated temperatures
tend to displace the equilibrium

12 + 5Br2 + 6H20. '210; + 12H+ + lOBr-

toward the left (6, -13). For the same reason, the iodide and acid
should be added to form the iodine soon after. the excess bromine
is discharged.

Aside from weighing, the working time per sample is about
30 to 35 minutes.
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Carius lodometric Microdetermination of Bromine in
Organic Compounds

LAWRENCE M. WHITE AND MARY D. KILP-\TRICK

Western Regional Research Laboratory, Albany, Calif.

THE classical Carius method offers the simplest and most
direct means for the determination of bromine in organic

compounds. However, the gravimetric factor is rather un
favorable, chlorine and iodine interfere, and, because the bromine
is measured gravimetrically, the procedure is time-consuming.
Although argentometric, acidimetric, and iodometric methods
have been used for the volumetric estimation of bromine following
certain wet and dry combustions of the sample, no simple volu
metric method employing the favored Carius digestion has been
proposed for the determination of this halogen. The ibdometr~c

measurement of bromine, :-vhich is based on the reactions

Br- + 3HOCI _ Br03- + 3H+ + 3CI-

and BrOa:" + 61- + 6H+ _ Br- + 3H20 + 312

is preferred over other volumetric methods (4) because of freedom
from interference ·by chloride and nitrogen, the sharpness of the
end point, and the favorable volumetric factor.

The work reported herein was undertaken to develop it simple
method that WQuld combine the excellent Carius digestion and
the preferred iodometric estimation of the bromine.

EXPERIMENTAL

Silver is commonly used to fix in the nonvolatile state the
halogen formed during the Carius digestion. Mercury has been
used for this same purpose by Doering (2), Weygand and Werner
(6), and White and Secor (7) in methods for the Carius-iodometric
determination of iodine. Silver and 'mercury interfere with
the quantitative oxidation of bromide to bromate and/or with the
subsequent removal of the excess oxidan·t, No simple way could
be found to. eliminate this interference. No other chemical
means was found which would render nonvolatile the halogen
in the digest and would not interfere with the subsequent opera-
tions. .

The vapor pressures of bromine and of hydrobromic acid are
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The excellent Carius digestion has heen combined with the iodometric measure
ment of bromine to produce a simple method for the determination of this
halogen in organic compounds.. The method is novel in that low temperature
instead of chemical combination is used to reJ,lder the bromine in the digest
nonvolatile. Chloride and nitrogen do not interfere, but iodine is quantitatively
deterIDined. The method is characterized by simple technique, a very favorable
volum.etric factor, a good end point, and short working time per sample.

B-

Figure 1.
Sealed

CariusTube

Table I. Bromine Content of Organic 'Compounds

p-Bromoiodobenzene 28.12 G 28.25
27.99

5,7-Dibromo-8-hydroxyquinoline 52.80 52.76
53.10

2,6-Dibromoquinonechloroimide 53.38 53.39'
53.41

3.5-Dibromopyridine 67.50 67.47
67.22

p-Bromoacetanilide 37.25 37.33
37.27

p-Bromophenol 46.01 46.19
46.00

o-Bromobenzoic acid 39.53 b 39.75

a Calculated from determinations on portions of same material by present
method and Carius-iodometric method for iodine (7).

b Average of 24 determinations; highest. 39.74%; lowest. 39.35%;
standard deviation. 0.097%.

41. 74

39.56

Bromine, %

39.58
39.77

41.53
41.50

Cariuswlodometric TheoreticalCompound

p-Nitrobromobenzene

p~Chlorobromobenzene

Sodium chloride, A.C.S.
Sodium hydroxide, A.C.S., 5% w./v. in water.
Sodium dihydrogen phosphate, reagent grade, 20% w./w. in

water.
Clorox, commercial bleaching solution, 5.25% sodium hypo

chlorite.
Sodium formate; reagent, 50% w./w. in water? filtered if

necessary.
Sulfuric acid, 9 N.
Ammonium molybdate, reagent, 5% w./v. in water.
Potassium iodide, A.C.S., granulated, free from iodate.
Sodium thiosulfate, 0.015 N, prepared daily by careful dilution

of 0.1 N standardized reagent with boiled, cooled, redistilled
water or by standardization of approximately 0.015 N sodium
thiosulfate against 0.0025 M potassium bromide, 0.0025 M
potassium bromate, or 0.00125 M potassium biiodate. The
salts used as primary standards should be especially purified and
dried.

Starch Indicator. Dissolve 5 grams of 20% amylose (G.
Frederick Smith Chemical Company) in 100 m!. of boiling water
and allow to cool to room temperature. Filter through glass
wool and add a few drops of mercury as preservative.

PROCEDURE

Weigh a 5- to 8-mg. sample containing not more than 4 mg.
of bromine into a Carius tube and add about 10 mg. of sodium
chloride and 0.30 m!. of nitric acid. Using a gas-oxygen torch,
seal the tube with a long, slim tip as shown in Figure 1. Digest
3 hours at 300 0 C. (7), allow to cool to room temperature in the
furnace, and then heat the tip of the tube with a soft flame to
drive out the condensed acid. Thoroughly cool the lower inch
or two of the tube in the dry ice-alcohol bath to freeze the bromine
in the bottom, and finally immerse the entire tube in the bath for
a few minutes. Remove the tube from the bath, quickly wrap it
in a towel, and make a file scratch at A, Figure 1. Hold the tube
in an inclined position with the scratch resting on a sharp edge
and break off the tip by' striking it with the file. Immediately
add 4.2 m!. of 5% sodium hydroxide with the ~yringe and thor
oughly mix the contents of the tube by shaking or by resealing'
the tip of the tube and inverting. Make a mark around the tube
at B with a Griffin-type glass tubing cutter or with a file and crack
it with a hot glass rod as usua!. Break portion A-B of the tube

The quantitative retention of bromine and iodine in a Carius
digest prepared from only nitric acid, sodium chloride, and
sample suggests the possibility of using this excellent method of
digestion in conjunction with potentiometric or amperometric
methods for measuring these halogens.

APPARATUS AND REAGENTS

Carius tubes and Carius furnace are the same as those used for
determination of iodine (7).

Dry ice-alcohol bath.
Hypodermic syringe, Luer, 5-m!., with needle.
Dropper, calibrated to deliver 0.30 ± 0.02 m!.
Nitric acid, A.C.S., specific gravity 1.42.

about 0.05 and 500 mm. of mercury, respec
tively, at _75 0 C. (5)-a temperature
which is easily obtained in a dry ice-alcohol
bath.. Therefore, no measurable" loss of
bromine should occur if the Carius digestion
is carried out under conditions which pre-
clude the formation of hydrobromic acid and
if the digestion tube is opened at the tem
perature of dry ice-alcohol and the digest is
immediately made alkaline. When o-bromo-
benzoic acid was digested with nitric acid,
very slight traces of bromine-containing
material (presumably hydrobromic acid)
could be detected in gases escaping when
the tube was opened at -75 0 C. However,
no bromine could be detected in these gases
when a few milligrams of sodium chloride
were added to the mixture prior to digestion.

The' pressure within the Carius tubes at
room temperature is not sufficient to cause any hazard in
handling the heavy-walled tubes used and, at -75 0 C., the
pressure is so very slight that they may be opened as described
below without fear of explosion.

The .phosphate buffer and Clorox, a commercial bleaching
agent, used by Alicino, Crickenberger, and Reynolds (1) were
found to be the simplest reagents for the quantitative oxidation
of bromide to bromate. Prior to the appearance of their paper
the authors had used sodium hypochlorite with borate buffer (4)
and also calcium hypochlorite with calcium carbonate buffer
(3).

A careful study was made of methods for standardizing the
sodium thiosulfate for use in this determination.

Five-, 10-, and 15-in!. aliquots of 0.0025 M potassium bromide,
0.0025 M potassium bromate, and 0.00125 M potassium biiodate
were added in duplicate to digested and to undigested blanks.
The oxidation, removal of excess oxidizing agent, liberation of
iodine, and titration were then. carried out according to the
procedure used for digested samples. For this purpose thio
sulfate was prepared daily by careful dilution of standardized
0.1 N reagent with boiled, cooled redistilled water. The apparent
normality of the sodium thiosulfate was the same (within experi
mental error) for the three standards, for the three levels of iodine
titrated, and for aliquots added to either the digested or the un
digested blanks. The normality as determined by the 36 titra
tions was 0.01492 ± 0.000025, which compares favorably with
0.01491 N, the value calculated.
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into a 125-m!. iodine flask containing 5 m!. of Clorox solution..
Transfer the contents of the tube to the flask with 25 to 30 m!. of
distilled water and add 5 m!. of the phosphate buffer solution.
Heat the solution just to boiling on a hot plate adjusted to bring
it to an incipient boil in 8 to 10 minutes. Remove the flask from
the hot plate, immediately add 3 m!. of the sodium formate
solution, and swirl gently. Allow to stand 3 to 4 minutes, then
cool to room temperature in running cold water. Add 5 m!.
of 9 N sulfuric acid, 0.5 gram of potassium iodide, and 2 drops of
the ammonium molybdate and titrate rapidly with 0.015 N
sodium thiosulfate. Add 2 drops of amylose (or other starch
indicator) just before reaching the colorless end point. ..

A blank determination should be made with all reagents;
however, the blank need not be digested. The blank value varied
from 0.04 to 0.2 m!. of 0.015 N thiosulfate, depending on the
bottle of Clorox used.

The calculations are made as follows:

net m!. of 0.015 N thiosulfate X 79.916 X 0.015 X, 100
-6-

% Br = ------------.---;-.,--,-.,------;:-------
sample weight (mg.)

In a large group of samples the working time, aside from
weighing, is about 25 minutes per determination.

The data in Table I show satisfactory precision and accuracy
for a group of organic bromine compounds containing cWorine,
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iodine, and nitrogen. Unreported data indicate that iodine is
quantitatively determined by the method. Therefore, it is an
interfering element. The iodine may, however, be determined in
a separate portion of the sample by the Carius-iodometric method
for iodine (7) and the bromine content of the sample may then be
calculated from the results of the analyses by the two methods.

The method has not been applied to biological materials.
The lyophilization technique described previously (7) should be
applicable to many such samples.
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Direct Microdetermination of Oxy·gen in
Organic Compounds

Comparison between Unterzaucher and ter Meulen Methods

A. O. MAYLOTT AND J. B. LEWIS

Esso Laboratories-Research Division, Standard Oil Development Company, Linden, N. J.

A comparison of the ter Meulen, Liebig, and Unter
zaucher methods for determining oxygen in organic
compounds is' presented. The ter Meulen nu;thod
proved unsatisfactory for nitrogen compounds be
cause the alkali hydroxide used to absorb water selec
tively and exclude ammonia was found inefficient
for complete retention of the water fornied. Oxygen
obtained by Liebig's method has ascribed to the
oxygen value the SUIll of all the errors of carbon and
hydrogen evaluation. Moreover, the Illethod yields
inaccurate results on saIllples leaving a Illineral ash

T HE development of an accurate method for the determina
tion of oxygen has become of increasing importance in con

nection with petroleum research, particularly for the ·detection
and determination of small amounts of oxygenated compounds in
petroleum fractions. A direct method should solve this problem
and would have obvious advantages over the usual procedure of
reporting the amount of oxygen in a compound as the difference
between 100% and the percentage sum of all other determina
tions.

As Elving and Ligett (.4-) have pointed out, the determination
by difference places the sum of all errors on oxygen and eliminates
the possibility of checking the analysis by totaling the deter
mined constituents. This error attains greater relative significance
when applied to compounds containing low amounts of oxygen.
Aluise et al. (2) have indeed shown that more precise and ac-

ifCOIllponents ofthe residueundergo change in weigh t
during ashing. The Unterzaucher method, al
though generally satisfactory, gives incorrect results
on organic prod~cts containing inorganic carbon
ates or oxides. Pyrolysis of sulfurcoIllpoundspro
duces hydrogen sulfide, carbon disulfide, and car
bonyl sulfide. An Ascarite scrubber will not retain
carbon disulfide nor carbonyl sulfide. These sul
fides. should he withheld by a liquid nitrogen'
trap; otherwise, both conipounds will release iodine
from iodine pentoxide, causing erroneous results.

curate results are obtained by the direct determination (Unter
zaucher's method). This fact has been confirmed in these
laboratories. A direct determination would, in addition to
its accuracy, effect considerable saving in time.

The very complete review of the literature by Elving and
Ligett (4), who have critically examined the available methods
for the direct determination of oxygen, shows that the most.
important of the techniques suggested have been those based on
complete oxidation of the compound with a measurement of the
oxygen consumed, catalytic hydrogenation to form water, and
thermal decomposition over carbon to form carbon monoxide.
Of these techniques the Unterzaucher modification of the Schutze
method (thermal decomposition over carbon) and the catalytic
hydrogenation method of ter Meulen have been investigated
by the authors. The Unterzaucher and Liebig methods have
also been compared.
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UNTERZAUCHER METHOD

I. PREHEATER
2. ASGARITE AND DEHYDRITE
3. QUARTZ TUBE
4. LIQUID NITROGEN TRAP
5. DEWAR FLASK
6. ASGARITE PROTEGTlON TUBE
7 1.05 TUBE
8 IODINE ABSORPTION TUBE

3.

liquid nitrogen trap after each run was then determined
quantitatively by means of a mass spectrometer. By this method
the trapped gases from an analysis of 2-thiobarbituric .acid were
found to consist of hydrogen sulfide 91 %, carbon disulfid!l 4.5%,
and carbonyl sulfide 4.5% by volume. Values obtained in the
same manner from ditolyl sulfone were: hydrogen sulfide 93.1 %,
carbon disulfide 2.0%, and carbonyl sulfide 4.9% by volume.
These values, however, vary considerably with the compound
used, .as shown in the case of toluene-sulfonic acid where the
reiative concentration of the trapped gases was found to be:
hydrogen sulfide 80.0%, carbon disulfide 11.1%, and carbonyl
sulfide 8.9% by volume.

A considerable 'quantity of iodine was liberated when each of
these gases was passed separately through the iodine pentoxide
tube. In two determinations with carbon disulfide,using
samples of 4.2 and 5.26 mg., respectively, the iodine released was
found to be equivalent to 117 and 118 weight % of oxygen. A
.similar quantitative relationship was not, however, established'
for either hydrogen sulfide or carbonyl sulfide.

An anomalous condition exists in the case of carbonyl sulfide.
On the one hand, it liberates iodine from iodine pentoxide (if not
trapped out), thus giving high oxygen results and, on the other
hand, oxygen is,lost whenever the compound is formed during
an oxygen determination.

Larger weights (150 to 200 mg.) of sample than were ever
taken for a standard Unterzaucher oxygen determination were
necessary in obtaining the quantitative carbonyl sulfide data
given above, and it is possible that pyrolysis of such inordinate
amounts of material may have yielded quantities of the oxysulfur
·compound not strictly comparable to the amount obtained in a
regular run. No attempt, therefore, has been made to calculate
the correction for oxygen trapped as carbonyl sulfide in the regular
oxygen determinations. For example, in the pyrolysis of 2~

thiobarbituric acid, the amount of oxygen trapped as carbonyl
sulfide as found by the mass spectrometer corresponds to 0.48%
of oxygen on the original sample, an error which would be ob
viously out of line with the discrepancy of 0.14% when the
average results shown in Table I are compared with theory.
Although this discrepancy. was not further investigated, it may
be assumed that it was due to the loss of oxygen caused by the
formation of carbonyl sulfide.' Consequently, for a very accurate
determination of oxygen, the amount of carbonyl sulfide con
densed in the nitrogen trap should be determined and a positive

FIGURE I
APPARATUS FOR THE DETERMINATION OF OXYGEN

BY THE UNTERZAUGHER METHOD

5.
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0.054 6.70 0.00
0.063 7.24

3.10
Av.O.059 5.68

0.136 0.118 0.00
0.138 0.108

Av.O.137 0.113

15.04 15.74 1'5.00
14.96 16.38

Av.15.00 16.06

22.11 23.55 22.19
22.00 25.18

23.85
A,·. 22.05 24.19

Liquid Ascarite % Oxygen
nitrogen trap scrubber Theoretical

Oxygen Determination by Unterzaucher Method
Oxygen Found, %

Table I.

p- Dichlorobenzene

Sample

s-Benzylthiuronium chloride

1.Y,n-Butyl benzenesulfonamide

2-Thiobarbituric acid

In this method the sample is vaporized in a stream of nitrogen
and passed over pelleted carbon heated to 1120 0 C. in a quartz
reaction tube. At this temperature· the oxygen is combined with
the carbon quantitatively to form carbon monoxide according
to the familiar water gas equations. The carbon monoxide is
swept by nitrogen over pure iodine pentoxide heated to 125 0 C.
and is thus converted to the dioxide. Simultaneously, the
iodine pentoxide is reduced to elemental iodine which, after
oxidation to iodate and subsequent reduction to free iodine, is
determined by titration with a standard solution of 0.02 N
sodium thiosulfate.

The procedure and the apparatus used are essentially those of
Aluise et al. (2); a sketch of the apparatus is shown in Figure 1.

One significant change in the apparatus is the insertion of a
liquid nitrogen trap to remove neutral gases originating from
sulfur compounds in the sample. Such nonacidic gases are not
retained by Ascarite or the usual alkali scrubbers. Walton et al.
(8) made use of a similar trap containing liquid air for the reten
tion of ethylene and acidic compounds.

The results of analysis of pure compounds both with the
liquid nitrogen trap and with an Ascarite scrubber are presented
in Table I; while the number of compounds studied is not ex
tensive, it is strongly indicated that the liquid nitrogen trap is
preferable to the Ascarite
scrubber when the sample
contains sulfur. As an illus
tration of this, it was found
upon carrying out a qualitative
analysis of the material re
tained in the trap, following a
regular oxygen determination
on several submitted samples
containing oxygen and sulfur,
that the retained substance
was largely hydrogen sulfide
with smaller amounts of car-
bon disulfide and carbonyl
sulfide. As a result of this
disclosure, several organic sul
fur compounds containing
oxygen were pyrolyzed under
exactly the same conditions
followed when running an
Unterzaucher oxygen deter
mination, except that larger
amounts of sample were
taken. The composition of
the material retained in the
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correction made accordingly. This determination would,
however, require a very accurate micromethod, because the
amount collected from the weight of sample usually taken (5 to
10 mg.) would be extremely small.

A small amount of oxygen was found in those samples, the
theoretical oxygen content of which is zero. It has not been
determined whether this represents an absolute oxygen value
because of impurities in the sample or merely' the inaccuracies
of the determination.

'Comparative results for oxygen content by the Unterzaucher
and Liebig methods are given in Table II, where it is shown that
there is a considerable degree of variation in the results by differ
ence on all samples except synthetic 1. These deviations, in
fact, caused much discussion in the authors' laboratories, espe
cially regarding the question of the presence of oxygenated com
pounds in the crude oil fraction. For this reason, positive con
firmation was obtained by carrying out oxygen-type analysis on
this sample. An infrared spectroscopic examination revealed a
strong carbonyl band, thus also confirming the presence of oxygen.
Data are at hand from several laboratories, reporting results of
analysis for oxygen by the Liebig method on two synthetic
samples and showing an amount ranging from 4.55 to 5.47%
on one sample and from 0.50 to 1.59% on the other. Such wide
variations, obviously, point to the need of an improved method
for determining oxygen accurately.

Data are presented for the gilsonite sample having an ash
content of 0.41 % to warn analysts of the possibility of obtaining
unreliable results by either the Liebig or Unterzaucher methods
when determining organically combined oxygen in samples con
taining constituents that will leave a mineral ash. If the com
ponents of this residue had undergone any change in weight
during the process of ashing-e.g., oxidation or decomposition
an error for organic oxygen values would be introduced when
obtained by the Liebig method.

The authors' experience using the Unterzaucher method on
samples from a coal gasification plant showed that the presence
of inorganic oxygen compounds could cause high results for or
ganic oxygen if these compounds are reduced or thermally de
composed. For example, it has been found in these laboratories
that carbonates are decomposed and the oxides of iron and lead

a Ash = 0.41%.

Direct Oxygen Determinations
Calculated by Difference

Oxygen. %

are at least partially reduced under the conditions of analysis.
imposed by this direct method. Thus, there could be an error
in the Unterzaucher results on the gilsonite sample, because the
composition of its inorganic constituents was not known.

The following points pertaining to reagents, apparatus, and
operations are described because they have not been brought out
or sufficiently emphasized in various publications on the Unter
zaucher determination for oxygen.

Reagents and Apparatus. The carbon used is the Wyex com
pact black (J. M. Huber, Inc.) recommended by Aluise et al. (2).
However, as the ash content on the authors' lot is higher than
Aluise reported, the carbon is digested with 1 to 2 hydrochloric
acid and washed with water. After drying, it is screened and
packed as described in previous literature.

The iodine pentoxide tube is conditioned according to Aluise et
al. (2), except that a longer period of conditioning may be neces
sary. An acceptable lot of iodine pentoxide should not yield
any iodine upon passage of dry nitrogen through the compound.
Several brands of this material were tested in these laboratories
and the product from Eimer and Amend proved satisfactory.

The nitrogen currently used as the inert gas is the Seaford
Grade nitrogen made by the Air Reduction Company. It is very
low in oxygen and, in addition, contains 1% hydrogen. This hy
drogen catalyzed by copper in the preheater is sufficient to com
bine with the last traces of oxygen, thus keeping the copper in the
reduced state. The cylinder of hydrogen used by other workers
to reduce the copper may thus be eliminated from the apparatus..

The furnace now in use is the Type MCF-l Micro-Tube fur
nace, Cata:Iog Item 5674, from Arthur H. Thomas Company, Phila
delphia. The furnace is controlled by a proportional input con
troller with manual adjustment. The temperature is indicated
by a platinum, platinum-13% rhodium thermocouple and py
rometer. The operation of the furnace is satisfactory, except
that an auxiliary heater such as Aluise's (1) ring burner is needed
to increase the length of the heated zone. A furnace 10 cm.
longer (the present one is 21 cm. long) would be more satisfac
tory.

The sample heater described by Aluise (1) or that distributed
by Arthur H. Thomas Company, Catalog Item 5679-T, is recom
mended. Its construction, designed especially to heat the tube
evenly over its entire periphery, allows better control of the py
rolysis and prolongs the life of the tube.

A device for automatic propulsion of the sample heater is
higWy desirable. Either of the designs published (2, 7) is satis
factory as long as the speed is about 0.3 inch (0.8 cm.) a min
ute.

Operation Notes. Oxygen or water vapor in the air used to
burn off the deposited carbon, or oxygen from accidental leakage,
will adsorb on the quartz tube. This adsorbate may be removed
by heating the vaporization zone' and sweeping for the usual
period; this should be done daily before the commencement of
operation.'

As a tube ages and devitrification progresses, the blank will be
gin to increase rapidly from reduction of the silica in contact with
the carbon; at that stage the tube should be replaced. The
useful life of a quartz tube may be from 3 to 5 months. The
temperature of the tube is kept near 500 0 C. while the apparatus
is not in use, as it is reported that the rate of devitrification is in
creased when the tube is cooled below 300 0 C.

Sometimes channeling will occur in the iodine pentoxide oxida
tion tube, resulting in a slight loss of carbon monoxide. If this
condition is suspected, a quick check may be made by using a
silica gel carbon monoxide indicating tube (Mine Safety Appli
ances Company, Catalog No. DS-47134). The indicating tube
is connected to the alkali absorption tube while a sample is being
analyzed. Under proper operating conditions there should be no
change (or very slight change) in the bright yellow indicating
gel. A loss of carbon monoxide equivalent to 0.001 mg. of oxy
gen is readily detected. Tapping the iodine pentoxide tube while
it is held vertically will usually remove the channels. If this does
not remedy the fault, the iodine pentoxide should be replaced.

When the carbon is sintered at 500 0 to 600 0 C. prior to packing
in the quartz, tube, glass wool should not be used to retain the
carbon; otherwise the carbon becomes contaminated with small
pieces of glass and an enlarged and varying blank will result from
reduction of the glass particles.

It is sometimes convenient, especially with solids of low melt
ing point, to leave the boat near~the open end of the tube during
the back-sweeping period. The sWlieping times have been

.shortened over those previously reported (3), so that for an av
erage sample the elapsed time is about 35 minutes exclusive of
weighing and titrating. A breakdown of the running time gives
approximately 5 minutes' back-sweeping, 12 to 15 minutes' sam-

1.
by

type

Laboratory
Oxygen
oxygen
analysis
0.38%

Laboratory 1

Remarks

I..aboratory 1

Laboratory 2

vs. Oxygen

1.02
1.04
1.04
1.13
1.06

5.03
5.09
5.09
5.50
5.77
5.29
0.04
0.15
0.05
0.02

0.04

0.35
0.30
0.36
0.26
0.32

5.88
6.19
5.97
6.01

6.40
6.44

Av. 5.07

0.48
0 ..53
0.49

1.06
1.07
1.09
1.12

Av. 1.08

5.04
5.08
5.09

Av.0.50

Av.6.42

By By differ-
Unterzaucher ence from

method combustion
Theoretical,

%
1.02

5.07

Table II.

Sample

Synthetic 1

Crude oil
fraction 1

Synthetic 2

Crude oil
fraction 1

Gilsonitea
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pie vaporizing, and 15 minutes' sweeping. Large or volatile
samples require a longer vaporizing time but rarely as long as 20
minutes. A small, coated magne~ inside the tube, and propelled
by an external magnet, is used to push the boat into position for
vaporizing the sample. The small magnet is returned to the end
of the reaction tube before the sample is vaporized.

Elaborate steps need not be taken to ensure that all connec
tions 'are glass to glass. The very low blank value of 0.08 m!. of
0.02 N sodium thiosulfate sometimes obtained is evidence that no
appreciable diffusion takes place through the various rubber con
nections.

TER MEULEN METHOD

This method involves the catalytic hydrogenation of the
pyrolyzed sample, followed by absorption and weighing of the
water formed. In carrying out the determination it was found
that the thoria-promoted catalyst used by Russell and Fulton
(5) was the most satisfactory. A nickel-chromite catalyst was
tried, but it gave incomplete hydrogenation and poor recovery of
water.

It appeared to Russell and Marks (6) in a study of the analysis
of organic compounds containing nitrogen that in the absence of
oxides of carbon in the effluent gases the tel' Meulen procedure
could be simplified if an efficient water absorbant could be found
which would not absorb ammonia. To this end reagent grade
sodium hydroxide pellets were shown to have met their require
ments. The autllOrs of this paper tried several desiccants and
combinations for selective absorption of water including De
hydrite, Drierite, native gypsum calcined at 250 0 C., plaster of
Paris made into a paste and calcined at 250 0 C., mixtures of
plaster of Paris with 1 and 5% of sodium hydroxide, pellets of
potassium hydroxide, and sodium hydroxide flakes. The hy
droxides of potassium and sodium were t~e only compounds
found to be selective in that they did not absorb ammonia gas,
but they also proved to be inefficient for the complete absorption
of water.

The tel' Meulen method suffers other handicaps which further
limit its usefulness. One great disadvantage was found to be the
sho.rt life of the catalyst, which limits the number of determina
tions that can be made with a fresh charge to about 12, and this
number decreases with successive regenerations. Sulfur as
reported by Dinerstein and Klipp (3) and by Elving and Ligett
en was found to poison and hasten the deactivation of catalyst.
Another disadvantage was the large and varying blank, probably
due to the slow rate of reduction of the cores of the catalyst
particles. Depositing the activated nickel on the surface of an
inert support reduces the high blank but also shortens the life of
the catalyst packing because of the small amount of material
used.

Table III shows the oxygen content of samples as determined
by the two procedures in question; the data presented make the
distinct advantage of the Unterzaucher method readily apparent.

SUMMARY

The indirect determination of Ol'ygen (determination by
difference) is susceptible to large' errors and uncertainties due to
the fact that all the errors in the elemental analysis are additive.
Moreover, analysis of synthetic samples for carbon and hydrogen
by several laboratories, all using the Liebig method,·has shown
results of great variance on the same' sample and of considerable
divergence from theory. In the tel' Meulen method it is necessary
to use an absorbant that will absorb water and exclude ammonia,
unless provision is made similar to that originated by ter Meulen
for a combination absorbing tube for both compounds followed
by a quantitative determination of the ammonia. The hy
droxides of potassium an,d sodium in pellet form do not absorb
ammonia, but neither are they efficient reagents' for completely.
retaining water. The ter Meulen method, while' proving satis
factory for some compounds, has the disadvantages inherent

ANALYTICAL CHEMISTRY

Tahle III. Comparison of Unterzaucher and tel' Meulen
Methods

Oxygen, %
Sample U nterzaucher ter Meulen Theory

Benzoic acid 26.07 26.43 26.20
26.09 26.32
26.09 25.99
26.19 25.83

Av.26.11 26.14

Nitrobenzaldehyde 31.33 37.51 31.76
31.65
31.80

Av.31.59

Di-o-tolylguanidine 0.08 10.76 '0.00
0.06

in a catalytic process-namely, varying catalytic activities and an
acute sensitivity of the catalysts toward poisons.

The presence of inorganic oxygen compounds such as carbon
ates and the oxides of iron and lead will cause an error in the
values for oxygen by the Unterzaucher method when oxygen is
determined in organic compounds. It has been shown that
sulfur-containing compounds yield hydro'!;en sulfide, carbon
disulfide, and carbonyl sulfide when the Unterzauche'r method
is employed, and the latter two·gases·(carbon disulfide and car
bonyl sulfide) are not retained by an Ascarite or potassium
hydroxide scrubber. Carbon disulfide and carbonyl sulfide, if
present in considerable amount, are detrimental because they
have been found to liberate iodine from' iodine.pentoxide, thereby
causing high results for oxygen. On the contrary, it is apparent
that carbonyl sulfide formed during the determination has re
moved some of the oxygen sought, thus causing low oxygen
results. For this ~eason the carbon disulfide and carbonyl
sulfide should be retained in a liquid nitrogen trap' and for a
very accurate determination of oxygen the amount of carbonyl
sulfide condensed should be determined and a correction applied
accordingly.

The Unterzaucher method has proved more reliable than the
tel' Meulen method, both for uniformity of operation and for
accuracy. It is also superior to the Liebig method.
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Specific Spot Jest for, Gold 'Employing Pararosaniline
Hydrochloride

PHILIP W. WEST AND JACK K. CARLTON
Louisiana State University, Baton Rouge, La.

REAGENTS

Pararosaniline hydrochloride, 0.05'% aqueous solution. Ethyl
acetate, C.P.

Tetrasodium pyrophosphate. Saturated solution adjusted to
pH 7.0 with hydrochloric acid (prepared fresh each day).

Hydrochloric acid, C.P. (concentrated).

ASA RESULT of the studies of West and Amis (11 )of the reaction
.t\.. of pararosaniline hydrochloride with palladous ion, it was
found that gold reacted with the reagent in such a manner as to
suggest definite possibilities for use as a spot test for gold. Fur
ther investigation revealed that the reaction, the nature of which
has been established by West (9), had a sensitivity comparable
with other tests for gold described in the literature (2-4, 7, 8)~

In addition, the selectivity of the reaction was found to be far
superior to most reactions involving gold, and on this basis
showed special promise for spot test work.

thiocyanate, ethylen~diaminetetraaceticacid, pyridine, aniline,
malonate, tartrate, and citrate. In those cases where complexa
tion .of interferences was successful, gold was also masked so
strongly as to prevent its reaction with pararosaniline, except
that pyrophosphate was effective in sequestering palladium with
out adversely affecting the reactions of gold. Inasmuch as the
complexation of the other interfering ions could not be effected
through the use of pyrophosphate, other means were sought by
which these interferences could be eliminated and specificity
attained.

Lenher (51.reported.that gold can be extracted from aqueous
solutions by many organic compounds, the esters and particularly
ethyl acetate being most efficient for this separation. Later
Lenher and Kao (6) showed that maximum separation was ob
tained when the aqueous solutions contained hydrochloric acid in
concentrations of 10% by volume. Because these extraction
techniques seemed promising, an investigation was undertaken to
determine the feasibility of adapting them to spot test proce
dures. By using a dropper pipet for extraction and phase separa
tion, an elegant method was developed which serves to isolate
gold from all potential interfering ions. [Although a medicine
dropper can be used, a modified pipet (1) provides more thorough
mixing and sharper separation of phases.] Such a procedure not
only serves to' prevent interferences but affords a simple, rapid
method of concentrating gold from relatively dilute test solutions.
In practice, the extraction involves the addition of a few drops of
extractant to one or more drops of the test solution. Thorough
mixing of the aqueouslayer and ethyl acetate is then accomplished
by drawing them into and expelling them from the dropper pipet
several times, finally drawing both layers into the dropper and
allowing a short time for phase separation. Mter the aqueous
layer is disposed of, the ethyl acetate layer is added to a spot plate
depression or. a microbeaker where the solvent is evaporated.
The auric chloride is then put into solution by means of a drop of
saturated sodium pyrophosphate which serves to complex any

CN-
Fe(CN) ---
Fe(CN) --
CNS-
Acetate
Oxalate
Malonate
Adipate
Succinate
Phthalate
Tartrate
'Citrate
Lactate
Gluconate
Glycol
Diethylene glyeol
Inositol
Sorbitol
Mannitol
Sucrose
Dextrose
Aniline
Pyridine

F- Fe++
Cl- Fe+++
CIO,- Co++
CIO.- Co+++
Mn++ Ni++
MnO.- Ru+++
Br- Rh+++'
BrO,- Pd++
1- Os+++
10,- Ir++++
ReO.- Pt++++

S-
S,O,-
SO,-
So.-
Cr+++
Cr,O,-
CrO.-
SeO,-
SeO.-
MoO.-
TeO,-
TeO.-
wo.-
U02++
Uo.--

NH.+
N02 -

NO,
H 2P02 

HPO,-
P.OI,-----

P'OIS-----
PO,
HPO.~

P,O,---
Y+++
YO,
HAsO,-
HAsO.-
Sb+++
Sb+++++
Bi+++

Scope of Interference StudiesTable 1.
CO,-
SiO,-
Ti++++
GeO,-
Sn++
Sn++++
Pb++
Zr++++
Th++++

BO,
B.O,-
Al+++
Sc+++
Ga+++
y+++
In+++
La+++
Ce+++
Tl+

Be++
Mg++
Ca++

. Zn++·
Sr++
Cd++
Ba++
Hg+
Hg++

Na+
Li+
K+
Cu++
Rb+
Ag+
Cs+

EXPERrMENTAL

Of the media commonly employed in spot test analysis, filter
paper holds an advantage over the spot plate for use in this test
because the reaction sensitivity was found to be greater using cer
tain papers than when test tubes or spot plates were employed.
The effect of using different grades of filter paper on sensitivity
was found to vary to a remarkable degree, the greatest sensitivity
being afforded by Schleicher and Schull No. 595 filter paper. Dif
fusion of 0.05% pararosaniline hydrochloride (Schultz No. 511
from the National Aniline and Chemicai Company) through this
paper leaves a concentration of the reagent in the form of a ring
about 7 mm~ in diameter with only slight diffusion of the reagent
beyond this point. Diffusion of the reagent in other papers was
sometimes faster, but distribution of the reagent in those cases did
not leave the ring of concentrated reagent in which the violet
black precipitate of gold fuchsin is most easily discernible when
gold is to be detected in small amounts.

The order of spotting of
reagent and test solution was
found to be important, be-
cause gold, when spotted on
paper, was apparently ad
sorbed so strongly that it
reacted only slowly with re
agent which was subsequently
added to the spot. When
the order of spotting was re
versed, the reaction took place
quickly with maximum sensi
tivity.

Interference studies were
made according to the general
procedure described by West
(10), and paIJadium, rhodium,
platinum, and mercurous mer
cury were found to react with
the fuchsin in a manner
analogous to gold. Attempts
to elirninate these interferences
were made using such com
plexers as ammonia, cyanide,
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traces of palladium that might have been carried over because of
incomplete separation.

RECOMMENDED TEST PROCEDURE

Place 1 drop to 1 m!. of test solution in a spot plate depression
or microbeaker and add one tenth as much concentrated hydro
chloric acid. Then add 10 to 15 drops of C.P. ethyl acetate and
with a dropper pipet draw and expel the mixture six to eight times,
finally drawing the contents into the pipet. Allow a few seconds
for separation ·of the two layers and discard the aqueous layer.
Wipe the tip of the pipet with filter paper and expel a small drop
of the ethyl acetate solution while the tip is pressed against the
paper, then transfer the remaining contents of the pipet to a
second depression or microbeaker. Invariably a small drop of the
aqueous layer adheres to the tip of the pipet and is released with
the last drop of the ethyl acetate in the pipet. For this reason it
is recommended that the final drop of ethyl acetate be retained in
the pipet. By means of a piece of glass drawn into a fine tip,
blow into the ethyl acetate until it has evaporated and add one
drop of saturated tetrasodium pyrophosphate. Put one drop of
0.05% pararosaniline hydrochloride solution on Schleicher and
Schull No. 595 filter paper and as soon as the reagent is absorbed
place the'test drop in its center.

If the test drop is spotted into the reagent drop carefully it will
form a convex surface with the ring of conGentrated reagent as its
boundary and diffusion of the test drop takes place through this
ring. When gold is present in small amounts it is precipitated in
the ring as a violet-black precipitate, and when present in large
amounts the test color is a deep brown. The limit of identifica
tion employing this procedure is 5 micrograms of gold at a limit
ing concentration of 1 part in 100,000 (based on 0.5-m!. volume of
test solution).

REMARKS

Interference studies were made using 1% solutions of the ions
to be tested, in the presence of 0.01 % gold, thus providing a ratio
of interfering ion to gold of 100 to 1. The ions investigated in the
interference studies are listed in Table I in their more common
forms. In many instances the ions concerned are present as
complexes, but where structures of such complexes may be in
doubt, only the valence of the central atom is indicated.

The conditioned reaction showed no positive interferences and
the only negative (masking) interferences were those given by
cyanides and sulfides. The use of pyrophosphate ion to complex
palladium provides a method of sequestering that ion so effectively

. that it is not precipitated by dimethylglyoxime and reacts with
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iodide only slowly to give the characteristic brown complex.
Failure to eliminate the interferences of rhodium, platinum, and
mercurous mercury made the use of pyrophosphate impractical
for general work. In those ~ases in which palladium constitutes
the only serious interference, pyrophosphate is an invaluable
sequestrant and permits the simplification of the test by eliminat
ing the necessity of using the extraction procedure.

Solutions of pararosaniline hydrochloride should be prepared
fresh about once a month, for if allowed to stand for longer periods
of time they may prove ineffective in detecting amounts of gold
near the limit of identification. Freshly prepared solutions of
chloroauric acid gave a much better response to the reagent than
those which had been standing in the laboratory for some time.

To increase the sensitivity of the test numerous filter paperS'
were tried, including Schleicher and Schull Nos. 497, 589, 590"
595, 597-Y, and 604; Whatman Nos. 1,2,4,5,30,40,41,42,44,
50, and 120; Reeve-Angel Nos. 201 and 202; E&D (Chicago
Apparatus Co.) Nos. 615 and 618. The paper found to be most
satisfactory for this test was S. & S. No. 595, for it not only
possessed excellent absorption characteristics but also was found
to be of very uniform quality.
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Determination of ,Caffeine
A Rapid Semimicromethod

R. S. BOWER, A. D. ANDERSON, A~D .R. W. TITUS

The Nestle Company, Inc., Marysville, Ohio

BOTH the official A.O.A.C. Power-Chesnut (2) and the
Bailey-Andrew (1) methods for the determination of caf

feine in coffee and tea are time-consuming. Modifications (3)
have been made in the Power-Chesnut method for commercial
soluble coffees and coffee products, but the method is still lengthy.
A recently reported spectrophotometric method (6) is more rapid
and appears to give reliable results within a limited range of caf
feine concentrations but is not applicable to all types of coffee.
This method presents difficulties in selecting the correct clarifica
tion procedure for unknown samples when used by a routine
analyst.

Taylor and Taylor (7) have recently published a method in

which they employ lead acetate for clarification of an infusion
followed by chloroform extraction in the presence of ammonium
hydroxide. This method is less time-consuming than the official
methods, but the ammonium hydroxide used in the method is
somewhat hazardous as a nitrogen contaminant.

Hadom and Jungkunz (4) report a new method whereby they
'extract the caffeine from an aqueous coffee extract using chloro
form in the presence of ammonium hydroxide. The caffeine
solution is filtered through an ammoniacal column of activated
alumina. The method is open to the same objection as that of
Taylor and Taylor,' in that ammonium hydroxide is used and it
offers little saving in time over the official methods.
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A selllilllicrolllethod for the deterlllination of caffeine in coffee and tea has been
developed requiring only 15 to 25% of the tillle necessary for official A. O. A. C.
Illethods, with no sacrifice in precision.

Table II. Optilllulll Period for Heating Soluble Coffee
with Magnesiulll Oxide

A procedure was developed for the determination of caffeine in
coffee and tea, incorporating the Hengar technique (5) for Kjel
dahl nitrogen, which offers a considerable saving in time.

Table J. Ueterlllination of Caffeine by Hengar Kjeldahl
Technique

Authentic Caffeine Determined by
Caffeine, Mg. Hengar Semimicromethod. Mg.

EXPERIMENTAL

The accuracy of the Hengar seniimicroprocedure for caffeine
has been investigated. Caffeine nitrogen was quantitatively de
termined in authentic samples of caffeine in amounts up to 55
mg. In· each case the caffeine determined agreed closely with
the amount of sample taken. .The results in Table I indicate that
the Hengar technique is applicable to the quantitative determina
tion of caffeine nitrogen.

tract the caffeine. The recovery of the caffeine was over 98% in
the first 75 m!. of filtrate and was quantitative in the first 125 m!.
of filtrate in all cases investigated. This contrasted with the
250 m!. of filtrate collected in the slow gravity filtration of the
Power-Chesnut method, which frequently allowed from 5 to 6%
of the caffeine to remain in the magnesium oxide-coffee mixture.

Hot water has been used by this laboratory to extract the caf
feine from the column, although cold water also gave satisfactory
results.

The filtrate could be extracted directly with chloroform, but it
was found that samples acidified with 5 m!. of sulfuric acid (10%
by volume) presented less trouble with emulsions. A quantita
tive extraction of the caffeine required seven 15-.r.n!. portions of
chloroform. However, when the acidified aqueous extract was
concentrated by boiling to about 50 m!., only five 15-m!. portions
of chloroform were necessary. Because the capacity of the
Hengar digestion flask is 100 m!., it was found convenient to.
limit the total chloroform extract to about 80 mI., place this
directly in the Hengar flask, and then distill the chloroform using
a water bath.

In the case of coffee it was found that the chloroform extract·
does not require an alkaline wash,. but the chloroform extract
from tea contains a small amount of theobromine in addition to
the caffeine which is removed by washing with 2 m!. of 1% potas
sium hydroxide solution. Data are given in Table III to sub
stantiate this.

The accuracy of the semimicromethod has been established by
the analysis of synthetic ,samples of soluble decaffeinated coffee
to which have been added different amounts of pure caffeine.
The results are given in Table IV.

Caffeine
Found, %

3.28
3.28
3.23
3.25
3.26

26.5
35.3
45.6
56.3

Freedom from Emulsion

Emulsion
Some emulsion
Little or no emulsion
No emulsion
No emulsion

26.8
35.4
45.7
55.8·

2
5

10
15
30

Heating Period,
Min.

ANALYTICAL METHOD

Reagents. Magnesium oxide; heavy MgO, U.S.P. Filter aid.
Sulfuric acid (10% by volume). Chloroform, U.S.P.

Procedure. Place 0.3 to 1.0 gram of the finely ground sample
in a 3D-m!. beaker with an amount of magnesium oxide equal to
about 3 times the weight of sample and about 15 m!. of hot water.
Heat in a water bath for a minimum of 10 minutes with stirring,
adding hot water to maintain volume in the beaker. Transfer
the sample to a tightly packed column (24 X 75 mm.) containing
about 5 grams of a mixture of magnesium 0xide and filter aid

Table IV. Recovery of Caffeine frolll a Synthetic Salllple
Caffeine Caffeine

Calculated, Mg. Found, Mg.

17.40 17.40
37.90 37.40
22.20 22.10
20.95 20.96
20.95 20.75
20.95 20.80
20.95 20.80
20.95 20.80
20.95 20.80
20.95 20.75
20.95 20.80

A vacuum filtration technique for the aqueous extraction of
the caffeine eliminated the time-consuming Soxhlet extraction of
the Power-Chesnut method. The Bailey-Andrew method used
an aliquot of the aqueous' filtrate which requires uniform distri
bution of caffeine between the water and the magnesium oxide
ground coffee mixture. It was found that the caffeine was
quantitatively extracted from a mixture of magnesium oxide and
finely ground coffee by washing with hot water on a filter bed.

Clarification of the aqueous coffee extract prevents the forma
tion of stable emulsions in the chloroform extraction. This was
accomplished by heating an aqueous mixture of heavy magnesium
oxide and the sample in a boiling water bath. Three grams of
heavy magnesium oxide per gram of sample were necessary for
satisfactory clarification after heating for a minimum of 10
minutes. There was no advantage in evaporating the samples to
a dry mass as in the Power-Chesnut procedure or in boiling for 2
hours as in the Bailey-Andrew method. The results of experi
ments given in Table II, in which aliquot portions of a coffee solu
tion containing 3.28% caffeine were heated with magnesium oxide,
show that a heating period of 10 minutes in a boiling water bath
resulted in a clarified solution which did not form an emulsion
during the chloroform extraction. This technique gave reliable
results.

Magnesium oxide clarifies an aqueous coffee extract by ad
sorption as well as by chemical reaction. Therefore it was found
advantageous to pass the clarified extract through a bed of fresh
magnesium oxide. In carrying out this process the samples,
after heating with inagnesium oxide for 10 minutes, were filtered
under reduced pressure (300 to 400 mm. of mercury) through a
short column of a mixture of heavy magnesium oxide and filter
aid (equal parts by weight) tightly packed in a cylindrical tube
(28 X 75 mm.). The column was washed with hot water t6 ex-

Table III.

Sample

Soluble coffee

Tea leaves

Treatlllent of Chloroforlll Extract with
Potassiulll Hydroxide .

Caffeine Found in Sample, %
Washed with KOH No KOH treatment

1.84 1.83
1.82 1,83
1. 83 1. 84

2.86 2.92
2.79 2.92
2.81 2.91
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Table VI. COInparison of Results by Bailey-Andrew and
SeIniInicroInethods

Table V. COInparison of Results by Power-Chesnut. and
SeIniInicroInethods

(equal parts by weight). Wash the caffeine from the column
with hot water under reduced pressure (300 to 400 mm. of I!ler
cury) and collect about 150 m!. of filtrate. Do not allow the
column to become dry during the extraction process. Add 5 m!.
of sulfuric acid (10% by volume) to the filtrate and reduce the
volume to about 50 m!. by boiling. Cool, extract with five 15
m!. portions of chloroform, and collect the chloroform extract in
a Hengar digestion flask. In the case of tea only; collect the
chloroform extract in a separatory funnel and wash with 2 m!. of
1% potassium hydroxide. Transfer the chloroform to the

Caffeine. Power
Chesnut Method. %

Sample --Range Av.

Green Santos coffee 0.99-1.07 1.03
Roasted Santos coffee 1. 08-1.13 1.11
Soluhle coffee product 1.65-1.66 1.66
Solubledecalfcinatedcoffee 0.03-0.05 0.04
Tea leaves 2.71-2.79' 2.76
Soluble tea product 2.13-2.21 2.17

(1 Represents 8 determinations each sample.

Caffeine. BaUey
Andrew Method. %

Sample Range' Av.

Soluble coffee 3.22-3.27 3.25
Soluble roffee product 1. 74-1.80 1. 77
Roasted roffee 1.13-1.15 1.14
Decaffeinated coffee 0.03-0.04 0.035

a Represents 3 determinations each sample.

Caffeine, Semi
micromethod.a %

-Range Av.

1.01-1.07 1.05
1.11-1.15 1.13
1.65~1.72 1.68
0.03-0.05 0.04
2.79-2.86 2.82
2.14-2.20 2.17

Caffeine. Semi
micromethod4 , %
-Range Av.

3.31-3.35 3·.34
1.81-1.82 1.82
1.23-1.24 1.23
0.04-0.04 0.04

Hengar digestion flask and wash the alkali with two 5-ml. por
tions of chloroform. Distill off the chloroform by heating in a
water bath. Determine nitrogen by the Hengar technique for the
Kjeldahl procedure.

The caffeine in coffee brew or coffee extract may be determined
by using a suitable aliquot.

Time required is 2 hours for samples in duplicate.

COMPARISON OF METHODS

A variety of samples have been analyzed by the semimicro
method for comparison with the Power-Chesnut and Bailey-An
drew methods. The results in Tables V and VI show good
agreement between the methods. The precision of the semi
micromethod was as good as or better than any other method
used in this laboratory.
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Accurate Control and Vaporizing System for
Small Liquid Flows

HARTWELL F. CALCOTE, Experirrtent Incorporated, Richmond 2, Va.

A systeIn has been developed for accurately Inetering very small liquid flows of
the order of 0.005 Inl. per second, ·and a chaInber constructed for vaporizing the
liquid and Inixing it with air. Any liquid Inay be used without individually
calibrating the apparatus.

where V = volumetric flow rate, C· = dischltrge coefficient, A =

mits operation for longer periods of time. This is possible be
cause the feed tube can be made longer without complicating the
mechanical system as. would be necessary with a pulley arrange
ment-it is only necessary to increase the pressure on the up
stream side of the orifice.

LIQUID FEED SYSTEM

The liquid feed system is shown in Figure 1. An increase in
pressure in the air chamber causes the mercury in the liquid feed
tube to rise, forcing the liquid into the mixing chamber. Because
the flow through a sonic orifice flowmeter is independent of the
downstream pressure (1) and linearly dependent on the upstream
pressure, the increase in pressure in the air chamber, and thus the
liquid feed rate, is determined by the setting of the upstream pres
sure. The rate of flow through a sonic orifice is gIven by Equa
tion 1:

T HE control and measurement of small liquid flows are an
ever-occurring problem in many investigations---e.g., cata

lytic studies and the determination of burning velocities. In
addition, it is freqU:ently necessary to transform the liquid into the
vapor state without interrupting the steady flow. An apparatus
has been constructed which fulfills these needs with the added
advantage that the rate of liquid feed is independent of the ma
terial used. It is thus only necessary to calibrate the system
once. Even lower flows than those used in this work, 0.005 to
0.05 ml. per second, are readily possible with the arrangement.

Hogg, Verheus, and Zuiderweg (2) suggested a system in which
the liquid was forced out of a feed tube by a mercury column, the
mercury being raised by a synchronous motor and pulley arrange
ment. Although this gives very constant flows if proper precau
tions are taken to prevent slippage in the pulley system, the flow
rate can be varied only by changing the gear ratio connecting the
motor to the pulley or by changing the size of the pulley wheel.
The application of sonic orifice flowmeters (1) to the problem per
mits the mercury column to be raised at a linear rate which is
continuously variable by changing the pressure on the sonic
orifice. The sonic orifice system is also superior to the synchro
nous motor and pulley arrangement in that it conveniently per-

v = CAP~~ (1)
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Figure 1. Liquid Flow Control System
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V. = -rrPI [PHg - Pliq. + PH'] -I X V (2)
hq. 4gVa d2 D2

where g = acceleration of gravity, d = diameter of liquid feed
tube, D = diameter of mercury reservoir, PH, = density of mer
cury, Pliq. = density of liquid, PI = pressure at which V is meas
ured (atmospheric), and Va = volume of air chamber and asso
ciated leads. In differentiating the equation for pressure, it is
assumed that the mixing chamber pressure does not change with
time.

Because differentiation with respect to time of the equation for
flow through a constriction gives zero, the pressure drop due to
the flowing liquid has no effect on. the rate of flow. The calibrar
tion is, therefore, independent of-liquid viscosity. Any pressure
drop through a small constriction will, of course, have to be bal
anced by the total pressure on the left of the mercury reservoir
(Figure 1). Although usual laboratory temperature variations,
or the rate of such changes, are insufficient to cause errors, it may
be necessary for extremely accurate measurements to insulate the
air chamber thermally; Variations in liquid density will, in gen
eral, make only a small change in flow rate (Equation 2), because
the density of mercury is roughly fifteen times the density of most
organic liquids and these densities vary over a relatively narrow
range. When the 'density of the material is sufficiently different
from the calibrating liquid, a correction can be easily made by
applying Equation 2. To determine the weight of liquid or the
number of moles delivered per unit time, it is only necessary to
know the liquid density.

In the particular experimental setup that has been used, the
sonic orifice jewel (synthetic ruby bearing jewel) diameters varied
from 0.06 to 0.12 mm., the volume of the air chamber was roughly
35 liters, the diameter of the mercury reservoir was 2.8 em., and
the liquid feed tube was 60 em. long and had a diameter of 1.270
em. ·(Ace Trubore round Pyrex .tube). Liquid flow rates in the
range of 0.005 to 0.05 m!. per second have been used. This range
can be easily extended with orifices of different sizes. The
method is capable of producing even lower flow rates by increasing
the air chamber volume, Va, or by decreasing the diameter of the
fuel feed tube, d, or the mercury reservoir, D.

In practice the system is calibrated by determining the change
in mercury height in the feed tube as a function of time for various
pressures upstream from the sonic orifice. This gives a straight
line (Figure 2), the slope of which, in combination with the feed
tube diameter, yields the volumetric rate of feed. A plot of the
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orifice cross-sectional area, P = upstream pressure, P = gas den
sity, and K = a function of 'Y ('Y = C"IC.)..

An expression for the volumetric rate of liquid flow can be
readil'y derived by equating the pressure in the mercury reservoir
at any given instant of time to the pressure in the liquid feed tube
-that is, the pressure in the air chamber plus the hydrostatic
pressure of the mercury in the mercury reservoir is balanced by
the sum of the hydrostatic pressure of the mercury in the liquid
feed tube, the hydrostatic pressure of the liquid, the pressure drop
due to the flowing liquid, and the static pressure in the mixing
chamber. Substituting in the expressions for pressure, and differ
entiating with respect to time, one obtains the formula:
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Figure 4. Vaporization and Mixing Chamber

The work described' in this paper was done in connection with
Contract NOrd 9756 for the Naval Bureau of Ordnance, U. S.
Navy, as part of Project Bumblebee.

volumetric rate of liquid feed against the orifice pressure also gives
a straight line, as it should (Figure 3). When only a small quan
tity of sample is available, or it is desired to operate for a short
length of time, the by-pass valve is opened and the mercury height
in the feed tube raised until the liquid enters the mixing chamber.
At the end of a run, the valve to the atmosphere is opened, releas
ing the pressure in the system so that liquid from the "feed sup
ply" reservoir may be fed into the "liquid feed tube," preparatory
for the next run.

VAPORIZATION AND MIXING

If it is necessary to vaporize the liquid steadily and mix it with
a gas, this can be accomplished with the mixing chamber shown
in Figure 4.

The glass nozzle extends just a fraction above the 3/61-inch
hole, so that no aspirator action is obtained which would
give oscillations if present. The rapid passage of air over the
liquid droplets, formed at the tip of the nozzle, gives a very fine
spray. The chamber and associated tubing are all stainless steel
except for the glass tube 'from the liquid control'system; thus
any liquid can be used which does not attack glass or stainless
steel. Because the tube enters the chamber at a position where
only air is present in the writer's setup, the glass-metal seal is
made with de Khotinsky cement. In a later' setup hypodermic
stainless steel tubing was substituted for the' glass nozzle. By
means of the control valve on the gas inlet side, a pressure of
approximately 10 to 15 pounds per square inch gage is main
tained across the small annular air opening around the nozzle;
some of the air is by-passed into the top of the chamber by the
control valve. The heat of vaporization is furnished by heating
the mixing chamber and the by-pass inlet gas line with an electric
furnace.

CONTROL
VALVE,

0-1 P.SI.
"'j

STAINLESS STEEL
CHAMBER

Diameter s 3"
lenQth • 6"

- 3/64" HOLE

~PYREX CAPILLARY
TUBING DRAWN DOWN
TO FINE NOZ ZLE,

VAPORIZED LIQUID
a GAS MIXTURE

FROM LIQUID
CONTROL SYSTEM

Of the several types of mixing and vaporization methods tried
at these very small flow rates, this is the only one which has per
formed satisfactorily under routine operation without oscillations.
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Precipitation of Oxalates from Homogeneous Solution
Separation and Volumetric Estimation of Zinc

EARLE R. CALEY, LOUIS GORDON', AND GEORGE A. SIMMONS, JR.

The Ohio State University, Columbus, Ohio

IN an earlier paper (2) it was shown that magnesium could be
precipitated in an easily filtrable form from 85% acetic acid

solution by the slow decomposition of ethyl oxalate, thus avoiding
the experimental difficulties formerly encountered in the separa
tion of magnesium oxalate for the indirect determination of mag
nesium with permanganate. This paper summarizes the results
of experiments on the precipitation of zinc by this same technique,
With slight modification, the procedure for the precipitation of
magnesium is also suitable for zinc. If used without modifica
tion, the zinc oxalate is precipitated in very large crystals that are
not only inconvenient to filter but apparently impure. Such
crystals are formed when the precipitation from homogeneous solu
timi occurs at too slow a rate. By using more ethyl oxalate

1 Present address, Department of Chemistry, Syracuse University, Syra
cuse. N. Y.

initially the rate is increased, crystals of desirable physical prop
erties and purity are obtained, and the time of precipitation is
shortened.

PROCEDURE

Concentrate the neutral zinc solution in a 250-ml. beaker to a
volume of 10 to 12 inl. or dissolve the residue of dried salts con
taining the zinc in 11 m!. of water. Add 85 ml. of glacial acetic
acid in which 1 gram of ammonium acetate has been dissolved.
Then add 4 ml. of ethyl oxalate, stir well, and heat rapidly to
approximately 100° C. Cover the beaker with a watch'glass and
place on a hot plate so regulated that the solution is maintaine,d at
approximately this same temperature. Allow 1.5 hours for pre
cipitation. If there is any doubt as to maintenance of the
recommended temperature during this period, add, 5 minutes be
fore filtration, 5 m!. of 85% acetic acid that has been saturated
with ammonium oxalate at room temperature. Filter and wash



VOL U M E 22, N O. ·8, AUG U S T 1 950 1061

70 75 80 85

0.0019 0.0019 0.0019 0.0019

0.0015 0.0015 0.0016 0.0018
0.0016 0.0015 0.0017 0.0018
0.0017 0.0016 0.0017 0.0018
0.0017 0.0017 0.0017 0.0018
0.0018 0.0018 0.0018 0.0020
0.0018 0.0019 0.0021 0.0020
0"0017 0.0017 0.0018 0.0019

-0.0002 -0.0002 -0.0001 0.0000

caused by insufficient insolubility of the precipitate in 70% acetic
acid. The fact that satisfactory results are obtained with larger
quantities of zinc by both methods may be due to retention of
extra oxalate by the precipitate, so that possibly the results in
70% solution are satisfactory only because of a compensating
effect. The need for having the concentration of acetic acid as
high as 85% in order to obtain satisfactory results in the precipi
tation and determination of small quantities of zinc is further
shown by Table III. . In these determinations the zinc was
initially present as chloride.

Tltble II indicates that when. zinc is initially present as sulfate
in precipitations made in 70% acetic acid, theresults tend to be
higher than when present as chloride, especially with a small
amount of zinc. This same effect was found for precipitations
made in 85% acid, except that the effect was greater (Table IV).

These high results are apparently caused by the retention of.
extra oxalate by the precipitate. On the other hand, low results
may be obtained when an attempt is made to determine much
larger amounts of zinc-i.e., 100 mg. or more-in the form of sul
fate, because the amoUlit of zinc sulfate present considerably
exceeds the solubility of this salt in the total volume of solution.
In gen~ral, therefore, sulfate interferes with the determination of
zinc when precipitated as oxalate i,n 85% acetic acid solution. In
70% acetic acid, according to Elving and Lamkin and the experi
ments of' the present investigation, satisfactory results may be
obtained when sulfate is present, but only for a limited range in
the amount of zinc.

Because of this interference from sulfate,' and because sulfate is
often present in solutions in which zinc is to be determined, the
possibility of removing or destroying the sulfate before applying
this procedure for zinc was tested. Removal with barium ion or
lead ion is unsuitable, because any excess of these precipitating
ions interferes in the precipitation of zinc oxalate. Though re
moval of the excess is possible if lead is used, this is objectionable
as involving still another step. Actual destruction of the sulfate
appears to be better than its removal by precipitation. By treat
ing zinc sulfate residues with a sufficient excess of pure concen
trated hydriodic acid and evaporating to dryness, sulfate is com
pletely destroyed and the zinc is quantitatively converted to the
iodide. The easily available commercial. acid containing hypo
phosphorous acid as a preservative unfortunately cannot be used
for this purpose, because the residue after evaporation then con
tains zinc salts of acids of phosphorus that are insoluble in water

Table III. Effect of Concentration of Acetic Acid on
Results Obtained with a Small Quantity of Zinc

Acetic acid concen
tration, %

Zn taken, gram

Zn found, gram

Av. Zn found, gram
Av. difference error I

gram

Table IV. High Uesults in 85% Acetic Acid Solution
Caused by Sulfate

Anion
Present ZnTaken Zn Found Difference. Error

Gram Gram Gram

Chloride 0.0019 0.0018 -0.0001
0.0020 +0.0001

Sulfate 0.0019 0.0024 +0.0005
0.0029 +0.0010

Chloride 0.0100 0.0100 0.0000
0.0102 +0.0002

Sulfate 0.0100 0.0104 +0.0004
0.0105 +0.0005

Zn Taken Zn Found Difference. Error

Gram Gram Gram

0.0010 0.0009 -0.0001
0.0010 0.0000
0.0010 0.0000

0.0049 0.0049 0.0000
0.0049 0.0000
0.0051 +0.0002

0.0100 0.0100 0.0000
0.0102 +0.0002
0.0102 +0.0002

0.0500 0.0499 -0.0001
0.0501 +0.0001
0.0503 +0.0003

Table II. Precipitation in 70% Acetic Acid Solution
Anion

Present Zn Taken Zn Found Difference, Error

Gram Gram Gram

Chloride 0.0010 0.0002 -0.0008
0.0003 -0.0007
0.0003 -0.0007

Sulfate 0.0010 0.0006 -0.0004
0.0007 -0.0003
0.0007 -0.0003

Chloride 0.0049 0.0050 +0.0001
0.0050 +0.0001

Sulfate 0.0100 0.0101 +0.0001
0.0102 +0.0002

Chloride 0.0250 0.0248 -0.0002
0.0251 +0.0001

Sulfate 0.0250 0.0250 0.0000
0.0251 +0.0001

Table I. Determinations of Zinc by Recommended
Procedure

the precipitate, dissolve it, and titrate the solution as in the pro
cedure for magnesium.

This procedure is suitable for about. 0.5 to 50 mg. of zinc.
Larger amounts require a longer time for precipitation and the
results may not be satisfactory.

Care should be taken not to use acetic acid that has been in
contact with paraffin on closures of bottles, as the paraffin may
separate when the acid is added to the aqueous zinc solution.
The use of partly hydrolyzed ethyl oxalate must be avoided (2):

TEST DETERMINATIONS

For these determinations, and for certain other experiments
described below, standard zinc solutions were prepared by dis
solving accurately weighed amounts of highly pure zinc in a slight
excess of hydrochloric acid, and diluting to volume in calibrated
flasks. Suitable aliquot portions were taken and evaporated to
dryness to remove free acid, and the zinc content was determined
by the 'above procedure. As shown in Table I, satisfactory re
sults were obtained.

VARIOUS EXPERIMENTS

Because Elving and Lamkin (1) state that "zinc can be com
pletely precipitated as ·oxalate in 70% acetic acid medium," the
question arose as to whether the use of a medium as concentrated
as 85% was really necessary. A series of test determinations was
run in which the zinc was precipitated homogeneously as oxalate
from 70% aeetic acid solution, by the method given above, ex
cept for the concentration of acetic acid (Table II). As Elving
and Lamkin ran their test determinations with sulfate solutions,
the test determinations were made on sulfate as well as chloride
solutions.

With the smallest quantity of zinc all the results are low, and
when the zinc is in the fonn of sulfate they check closely with
the corresponding results given by Elving and Lamkin (1, Table
II). This is important, as showing that the low results on small
quantities of zinc cannot be ascribed to the difference in the two
methods of precipitation. It is likely that these low results are
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and in acetic acid solutions. For the experiments the pure acid
was made by the interaction of iodine and hydrogen sulfide. It
was found that 8 m!. of the constant boiling acid for each 100 mg.
of zinc sulfate were sufficient for the complete destruction of the
sulfate on a single evaporation. The results of detelTIlinations on
zinc iodide residues obtained by such treatment were, however,
not so good as those on chloride solutions; they generally were a
little high, in part at least because of slight retention of iodide in
the precipitate of zinc oxalate. Because of the general unavaila
bility of pure hydriodic acid commercially, this means of destroy
ing sulfate is of no great practical value in this procedure for zinc.
It is, however, of interest as a widely applicable general method
for destroying sulfate, and it may prove useful in other procedures
involving nonaqueous solvents, where the presence of sulfates is
undesirable because of their general low solubility in such solvents.

Elving and Lamkin (1) found that 10 mg. of ferric iron in 10
m!. of 70% acetic acid gave no precipitate with oxalate, and that
by their procedure 'satisfactory results were obtained for the zinc
content of alloys that contained low percentages of iron. They
give no information on the behavior of larger quantities of iron,
nor do they appear to have made systematic experiments on the
determination of zinc in the presence of various amounts of iron.
"Vhen the present procedure is used, as much as 10 mg. of either
ferrous or ferric iron as chloride may be present alone without giv
ing any precipitate, but when zinc is also present, as is' shown by
Table.Y, even 5 mg. will cause high results for zinc by reason of
coprecipitation of the iron as oxalate. The occurrence of co
precipitation was deduced not only from these quantitative re
sults but from the visible discoloration of the precipitates of zinc
oxalate obtained in the experiments. The results in Table V
also show that the error from coprecipitation increases with in
crease in quantity of either zinc or iron and that ferrous iron in
terferes more than ferric. This interference from iron may ob
viously cause large errors in the determination of zinc by this pro
cedure, and therefore all except minute amounts of iron must
be removed beforehand.

ANALYTICAL CHEMISTRY

Table V. Interference from Iron in 85% Acetic Acid
Solution

Oxidation Apparent
Difference.State of Fe Zn Amount

Added Fe ·Pre.."'ent Taken of Zn Found Error

Gram Gram Gram Gram

II 0.0101 0.0000 0.0000 0.0000
0.0101 0.0019 0.0027 +0.0008
0.0101 0.0500 0.05.29 +0.0029

II 0.0052 0.0100 0.0106 +0.0006
0.0100 0.0100 0.0114 +0.0014
0.0528 0.0100 0.0397 +0.0297

III 0.0098 0.0000 0.0002 +0.0002
0.0098 0.0019 0.0022 +0.0003
0.0098 0.0500 0.0515 +0.0015

III 0.0051 0.0100 0.0107 +0.0007
0.0098 0.0100 0.0111 +0.0011
0.0500 0.0100 0.0114 +0.0014

LIMITATION OF API'LICATION

Thepractical application of this procedure is limited because of
interference from various ions, some of th~m commonly associated
with zinc. Sulfate interferes to some extent and iron interferes
seriously. Cadmium, copper, lead, calcium, and magnesium,
and any other metals that precipitate as oxalates in 85% acetic
acid solution, must be absent. In practice this procedure appears
to be most useful for the accurate volumetric determination of
zi~c in certain mixtures or preparations in which zinc is the only
metal present, and in solutions that contain no interfering ions or
from which interfering ions may be readily removed.
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Photometric Determination of Available Phosphorus Pentoxide in Fertilizers
ERNEST A. EPPS, JR.

Louisiana Agricultural Experiment Station, Baton Rouge, La.

ACCORDING to the method of the Association of Official Agri-
cultural Chemists (1), the available phosphorus pentoxide

in acidulated samples, dicalcium phosphate, precipitated bone
phosphate, and precipitated bone is obtained by subtracting the
citrate-insoluble phosphorus pentoxide from the total phosphorus
pentoxide. Thus, two analyses are necessary to obtain a single
result. Obviously, a more direct methoq would provide a saving
in time and a reduction of the possibility of error. The method
proposed in 1938 by MacIntire, Shaw, and Hardin (6) was based
on a steam digestion but, though promising, has apparently not
found general acceptance.

In the official method (1) for determining citrate-insoluble
phosphorus pentoxide the sample is washed with water and then
digested with neutral ammonium citrate, and phosphorus pentox
ide is determined in the residue. Analysis of the combined water
washings and filtrate from the citrate digestion would give the
available phosphorus pentoxide directly, but this cannot be done
by the volumetric molybdate method because citrate interferes
with precipitation of the phosphorus as the phosphomolybdate.
Recentely Barton (2) has shown that the photometric phospho
vanadomolybdate method is suitable for analysis of phosphate

rock.. Kitson and Mellon (4) in a thorough l?tudy have shown
that the ions likely to be present in the analysis of fertilizer would
not cause interference. Others (5, 7, 8) have demonstrated the
application of the method for analysis of phosphorus in a variety
of mat~rials. This study was undertaken to determine whether
the same method could be adapted to analysis of combined water
washings and citrate filtrate.

REAGENTS

Prepare vanadomolybda1A? according to the directio,ns of Bart~n
for the mixed reagent. Dissolve 40 grams of "aCId molybdiC
85%" in 400ml. of water, dissolve 1.0 gram of ammonium vana
date in 300 m!. of water, and add 200 ml. of c.oncentrated nitric
acid. Allow the two solutions to cool and mix. by pouring the
molybdate solution into the vanadate solution. Diluteto 1 liter.
. Prepare neutral a~onium .citrate accordit;tg to directi.ops,pf

the Association of Officl!d .AgrIcultural. Chenusts., (1 ).Dlssolve
370 grams of crystallized citric acid, in .U~Oo,.mJ. of w:at.er~d
nearly neutralize .by adding ~5 ml. of aII)~?lllu.m; hy.droxlqe (2.~
to 29% NH3). Carefully a:dJust to pH 7 and dilute If necessary
to'a specific gravityof'L09 to 20 0 C.

Prepare standard phosphorus pentoxide. solution by dissolving
0.4792 gram of potassium diliydrogen.phosphate in 1 liter of
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Table III. Reproducibility of Analysis by Photometric
Method

% Available P,O,

Table II gives a comparison of the colorimetric method with
routine analyses of official fertilizer samples submitted by the
Louisiana Department of Agriculture.

The water-soluble phosphoric. acid in a fertilizer plus that dis
solved by neutral ammonium citrate under conditions specified by
the official method gives a measure of the amount of phosphoric
acid available to plants. In the official method this value is
obtained by subtracting the amount of citrate-insoluble phos
phoric acid from the total phosphoric acid.' In the photometric
method the amount of soluble phosphoric acid is determined
directly on the combined filtrates which are obtained in the offi
cial method for citrate-insoluble phosphoric acid. The only
deviation from the official procedure is the use of less water for
washing the sample before citrate digestion. This is done to
keep the volume within convenient limits, and according to the
work of Jacob and Tremearne (3) should cause little error in
analyzing the types of samples commonly submitted to fertilizer
chemists. The photometric method should give results compa
rable with the official method.

Tables I and II show that good agreement is obtained between
the two methods. From Table III it may be seen that the photo
metric method gives results that are reproducible within the
limits expected in ordinary fertilizer analysis.

water. This solution contains 0.25 mg. of phosphorus pentoxide
perm!.

Nitric acid, C.P., concentrated.

PROCEDURE

Place a I-gram sample on a 9-cm. filter paper and wash ten
times with IO-m!. portions of distilled water. Save the washings
and add 25 m!. of concentrated nitric acid to prevent reversion
and to reduce cloudiness when the citrate filtrate.is added. Trans
fer the filter and residue, within I hour, to a 25D-m!. flask contain
ing 100 m!. of the ammonium citrate solution previously
heated to 65 0 C. in a water bath. Close the flask tightly and
shake vigorously until the paper is reduced to a pulp, relieving the
pressure by momentarily removing the stopper. Loosely stop
per the flask to prevent evaporation and return it to the bath.
Maintain contents of flask at exactly 65 0 C., keeping the level of
water in the bath above that of the solution in the flask. Shake
the .flask every 5 minutes. Digest for exactly I hour. At the
end of the digestion period filter with suction into the water wash
ings and wash with water at 65 0 C. until a volume of nearly 500
m!. is reached. Let cool, adjust the volume to exactly 500 ml.,
and transfer a 5-m!. aliquot to a IOD-ml. volumetric flask. Add
25 ml. of water and 25 mi. of the vanadomolybdate reagent, make
up to the mark, mix thoroughly, and let stand 10 minutes for
development of color.

Determine the optical density at 400 mIL using a Beckman
Model DU spectrophotometer with a I-cm. cell. A Fisher e1ec
trophotometer or other similar instrument may be used for meas
urement of transmittance. Because of the color of the reagent,
it is necessary to place a reagent blank in the reference cell.
Barton has shown that the color is temperature-sensi,tive, so
standard solutions must be run with each determination. Select
aliquots of the standard phosphorus solution corresponding to the
range of concentration of phosphorus expected, add 25 ml. of
nitric acid and 100 ml. of ammonium citrate solution, dilute to
500 mI., develop color as directed, and measure' the optical density
as directed above. Prepare a standard curve by plotting the
values so obtained.

Sample

6-10-4
10-20-10
4-12-4
3-12-12
Superphosphate

I II III

10.3 10.3 10.1
18.0 18.1 18.2
10.7 10.8 10.8
11.1 11.2 11.3
19.2 19.1 19.1

DATA AND DISCUSSION

The method was applied to analysis of a number of fertilizers
in a routine manner; no special precautions were taken to ensure
greater accuracy than would be expected from a chemist who
must make several thousand such determinations per year. In
Table I analyses by the colorimetric method and by the A.a.A.C.
method in this laboratory are compared with the average 'results
of analysis on several Magruder check samples. These samples
are prepared and sent out by the Royster Guano Company each
month and are analyzed by eighty or more state and commercial
chemists using the A.a.A.C. methods.

Analysis of Magruder Check Samples
% Available P,O.

Table I.

June 1948
July 1948

August 1948
September 1948
October 1948
November 1948

Sample

3-9-6
Super-

phosphate
3-12·6
6-8-6
0-8-30
5-10-5

Average
ana.lysis

9.2

20.4
12.5
8.2
8.6

10.8

A.O.A.C.
method,

this
lab.

9.5

21.1
12.3
8.2
8.9

11. 1

Colori
metric

method

9.2

20.5
12.5
7.8
8.6

10.8

The official method, though susceptible of a high degree of
accuracy, is subject to error due to time and temperature of diges
tion, method of precipitation, washing of precipitate, etc. Ex
amination of the monthly reports of analysis of the Magruder
check s~mples customarily shows a maximum variation: of "=0.5%
from the average value. It is believed that the photometric
method is well within this range of accuracy for routine deter
mination of available phosphoric acid in commercial fertilizers.

.The chief advantage of this method is the elimination of a
large number of laboratory operations, such as weighing, solution
of samples, precipitation, filtration, washing of precipitates, and
titration, many of which are time-consuming. There is also a
considerable saving in cost of reagents.

SUMMARY AND CONCLUSIONS

A study of the application of the photometric vanadomolyb
date method for determination of available phosphoric acid in
fertilizers has shown the method to be sufficiently accurate for
routine purposes. Analysis can be completed in approximately
half the time required for the official A.a.A.C. method. The
method should prove particularly useful to fertilizer plant chem
ists.

Table II. Analysis of Commercial Fertilizers·
%.Available P,O.

Colori-
Lab. A.O.A.C. metric
No. Sample Method method

6 Ammonium phosphate sulfate 21.3 20.5
8 5-10-5 9.8 9.8

25 6-10-4 9.7 9.5
33 Superphosphate 21.0 20.4
97 8-8-8 7.9 8.1

334 Ammonium phosphate sulfate 20.3 19.9
335 Ammonium phosphate sulfate' 20.4 19.9
338 5-10-5 9.7 9.8
339 5-10-5 10.0 9.8
341 5-10-5 9.6 9.3
374 Superphosphate 18.6 18.5
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Medium-Sized Laboratory Apparatus for Distribution Analysis ,of Mixtures
H. L. LOCHTE AND H. W. H. MEYER

University of Texas, Aust;in, Tex.

IN 1932 Jantzen (5), working at the University of Hamburg
on coal tar bases, gave a brief description of a multiple U

tube 'extraction apparatus which was employed at times in pre
liminary work. For difficult separations he seems to have ob
tained better results with spinning rod extraction columns which
were developed alongside (6), and reported results obtained
with these.

Between 1938 and 1942 a number of spinning rod columns were
used at the University of Texas in the separation of petroleum
acids. Especially when used with reflux they were found very
valuable for acids with less than ten carbon atoms, but the
higher acids showed such a strong tendency to emulsify that very
dilute solutions had to be employed. This, together with the
fact that very reliable proportioning pumps have to be used,
made it appear best to try to avoid the use of these columns
when a research project dealing with petroleum acids with
twelve or more carbon atoms was started.

In view of the marked success achieved by Craig and. co
workers (1, 3, 4) with their distribution apparatus, the multiple
U-tube scheme of Jantzen was reconsidered and a 20-tube ap
paratus was constructed and tested. The principle involved
is entirely similar to that of the Craig apparatus.

CONTINUE D FO R
20 TUBES S
AND TO ~

BEARINGS S
.(

~

Figure 1. ArrangeDlent of Tubes in Rotating
MeDlber

position 1, light phase moving (Figure 2), and the benzene is
permitted to enter from the reservoir. As benzene enters, the
tubes are slowly rotated counterclockwise through position 2,
finally to position 3. The flow of benzene is stopped just as the
tube is half-filled, as shown in position 3. The benzene layer
previously in this ,tube has, of course, been forced into tube 1
(if, according to Craig's convention, we designate the first tube
as tube 0), and a similar transfer has occurred in all subsequent
tubes that were in operation. If the heavy phase had been the
moving one, the corresponding positions of the tubes would
have been those shown for heavy phase moving.

-t -=-i:'PCM~_~ -
l-==20.s-cti -q-'~~

I -=-2 3~

LIGHT PHASE MOVING

HEAVY PHASE MOVING

Figure 2. Positions of Tubes during Transfer of
Phases'

The sequence of operations is continued until the first benzene
layer is in tube 20 or, in case the mixture moves slowly, the
operations can be continued until the first component has just
arrived in tube 20 or passed through tube 20. As in the case
of the Craig machine, operations maybe varied in a number of
ways.

Although the Craig apparatus permits the sequence of opera
tions to be completed more rapidly, the U-tube apparatus is leak
proof, can be constructed at slight cost, and, in organic chemis-

181614121086

Distribution of Benzoic Acid

2 4

Figure 3.
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OPERATION.

In this apparatus it is possible to move either the light or the
heavy phase a,nd leave the other infixed tubes, or to disconnect
the tenth tube, add the mixture to it, and move both heavy and
light phases after each rotation period.

If we assume that a mixture of similar compounds is dissolved
in water (heavy phase) and that this layer is to come in contact
with benzene as the light and moving phase, the procedure is as
follows:

The apparatus is completely filled with water (previously
saturated with benzene). ·It is then set so that the tubes are in

A four-tube portion of the distributing section is shown in
Figure 1. The borosilicate glass U-tubes have a capacity of
125 m!. and this volume should be the same for all U-tubes used.
Tips 4 mm. in outside diameter and 1.5 em. long are sealed onto
each tube, and Tygon tubing containing a short section of I-mm.
capillary tubing is used to connect the U-tubes as shown. Liquids
are introduced and removed from the 'apparatus through similar
tubing with pinchclamps or glass plugs on tubes 1 and 20.
Slight air pressure or an elevated reservoir is required to force the
liquids from tube to tube.
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try, has the great advantage that it can process much larger
quantities of material than the Craig apparatus.

Although the principle involved is identical with that used in
Craig's machine, data on the distribution of benzoic acid were ob
tained and results compared with the calculated values (Figure 3).
Craig's system of equal volumes of methanol and water as heavy
phase and equal volumes of Skellysolve C and benzene as the
light phase was used (2). The distribution constant for the
system used by the authors was found to be 0.55 instead of his
value, presumably because of difference in composition of the
hydrocarbon mixture. The agreement between calculated and
determined values is satisfactory, showing that errors due to
slight difference in vo1)lmes of 'the U-tubes and to inaccurate
cutting at position 3 are not serious. The results show strik-

ingly, however, the effect of presence of a small amount of low
molecular weight acid in tubes 0 to2 and of failure to permit
emulsions to settle completely before proceeding to the next
stage (tubes 12 to 18).
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Molecular Still
MICHAEL PRIZNAR, W. A. WILT, AND F. C. NACHOD

Sterling-Winthrop Research Institute, Rensselaer, N, Y.
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Figure 2

provides for partial degassing. This pump is made from a hol
lowed iron core containing one glass baJJ check valve, with another
check valve about 3 inches above in the system. The iron core
piston is supported on a Nichrome wire coil spring, and is nor
maJly outside the field of the surrounding coil. The coil is a llo
volt alternating current, No. 40C1l560 (Phillips Control Cor
poration) unit, which sucks the piston downward upon being
actuated. Making and breaking of contact to this coil is pro
vided by a microswitch, which in turn is actuated by the ex-center
wheel of a geared-down motor. This motor is furthermore con
troJled by a Varitran autotransformer, and thus pumping speeds
to correspond to a I-second cycle (about 1 m!. per second) can be
realized.

A second chamber, E, immediately above F avoids spattering
of the liquid material in the system. From F, the distilland flows
through stopcock St, which serves to regulate the flow rate, intoFigure 1. Front View of Molecular Still

SOME improvements in the vertical-type molecular still have
been made during the past few years (1--6). The present

note describes a cyclic still, essentiaJly foJlowing the design of
Quackenbush and Steenbock (6), using a magneticaJly driven
metallic rotor.

Because some difficulties had been encountered with the glass
rotor suggested by Quackenbush and Steenbock (6), it seemed
advisable to elaborate on their basic design. A photograph of the
molecular still, ready for operation but without the protective
Lucite shield, is shown in Figure 1.

The liquid to be distilled can be introduced into the still through
stopcock St and aJlowed to drain into storage chamber H. The
magnetic pump, P, lifts the liquid upward into chamber F, which
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distillation chamber D, which contains the stainless steel rotor,
comprising clutch magnet, shaft, ball bearings, and stirrer, the
oonstruction of which is shown in detail in Figure 2.

. T.h~ rotor consists of a brass .housing supported on top of the
di.l!ltllling chamber on ball beanngs, and a stainless steel stirrer
attached to it. The precision-built stirrer is aligned perpendicu
larly to the distilling chamber with a level and is centered by
pro~r cla.mping of the anchor ring, B, to the dis~, A, of the metal
housmg. An Almco magnet, connected to a high-torque direct
current motor (G. K. Heller Company), is centered and supported
very close to the surface of A. The cylindrical stirrer has
twelve equal sections cut out for reducing weight and allowing
distillation to take place. The precision glass tubing (Glo-Tech
precision-bore borosilicate glass tubing, obtained from Fischer &
Porter Co., Hatboro, Pa., and flanged on a glass-working lathe),
which serves as the wall of the distillation chamber, D, is heated
from the outside by a Glas-Col mantle, the temperature of which
is controlled by another Varitran and is measured by a Brown
potentiometer. The clearance between the stirrer and the inner
wall of the precision-bore tube is 0.005 inch.

The condenser, G, is equipped with both inlet and outlet stain
less steel tubing for liquid cooling.

The system is evacuated by a Cenco Hypervac backing pump,
R, and a two-stage oil diffusion pump, S, manufactured by Dis
tillation Products, Inc. Vacuum control is maintained by the
Pirani gage, Q, and the McLeod gage, M.

The amount to be distilled is governed by the dimensions of
f1torage chamber H and charges from 100 ml. to 1 liter can be
recycled conveniently.

ANALYTICAL CHEMISTRY

The unit has been lliled successfully in the distillation of certain
natural products which proved refractory to conventional dis
tillation techniques. The results of this work will be reported
elsewhere.
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Determination of Arsenic in Insecticides----_ ... ,

Application of Ion Exchange

JUNE T. ODENCRANTZ AND WILLIAM RIEMAN III
Rutgers University, New Brunswick, N. J.

METHODS are proposed for the determination of total,
trivalent, and quinquevalent arsenic in insecticides. The

distinctive feature of these methods is the separation of all inter
fering cations from the arsenic, by passage through a column of
hydrogen-ion exchanger. The arsenic in the eluate is then deter
mined by conventional iodometric procedures.

The official procedure of the Association of Official Agricultural
Chemists for the determination of total arsenic in insecticides (1)
involves reduction of arsenic to the trivalent state, separation of
arsenious chloride, and iodometric titration of a neutralized and
buffered aliquot of the distillate. The lengthy distillation of this
procedure can be eliminated by using ion exchange to isolate the
arsenic. There are other applications of ion exchange to analyti
cal chemistry (2, 3).

The proposed method for total arsenic involves oxidation of
the arsenic to the quinquevalent state, separation of arsenic from
interfering cations in 5 minutes by use of an ion-exchange column,
and titration of the quinquevalent arsenic with thiosulfate. This
procedure requires less time and space than the distillation proce
dure, especially when several samples are analyzed simul
taneously.

REAGENTS

Hydrochloric acid, 2.0 N, 2.4 N, 6.0 N, and 12.0 N.
Nitric acid, 15.0 N.
Potassium bromate, 2.0 N.
Sodium bicarbonate, reagent grade.
Potassium iodide, reagent grade.
Standard thiosulfate solution, 0.05 N, standardized against po-

tassium dichromate.
Sodium hydroxide, 10 N.
Phenolphthalein indicator, 1%.
Standard iodine solution, 0.05 N, standardized against arsenic

trioxide.

APPARATUS

The apparatus consisted of several borosilicate glass Allihn
filter tubes, 10 em. in height. and 2.7 cm. in diameter, which may

be purchased from the Ace Glass Company, Catalog No. 8571
porosity B. The rate of flow through each tube was regulated by
a Hoffman clamp attached to a piece of rubber tubing fitted to the
lower end of the filter tube. A two-hole stopper with a 125-ml.
separatory funnel was fitted into the top of each filter tube. A
bed volume of 12 ml. of 60- to 100-mesh Ion-X assured the
quantitative removal of all cations by the recommended proce
dure. This sulfonic acid resin may be purchased from Micro
che~cal Specialties Company, 1834 University Ave., Berkeley 3,
Calif. .

It is necessary to regenerate the resin bed before each run.
The columns are first backwashed for a few minutes by a reverse
flow of water. Then 350 ml. of 2 N hydrochloric acid and 200 ml.
of water are passed through each column at the rate of 20 mI. per
minute.

PROCEDURES

. Determination of Total Arsenic. Weigh 200 mg. of sample
into a 15o-ml. beaker, add 7 ml. of 15 N nitric acid, and bring to a
boil on a hot plate. Add 3 ml. of 2 N potassium bromate and·
evaporate to dryness. Backwash and regenerate the resin during
this evaporation. Dissolve the residue in 2 ml. of 6 N hydro
chloric acid without heating, and add 8 ml. of water. Filter this
into the separatory funnel and wash the filter with three succes-

Table I. Results of Analyses.

Chief A.O.A.C. Method Proposed Method
Sample . Metallic Total As, Total As, As (III), As (V),

No. Constituents % % % %
Lead 20.96 20.82 0.00 21.07

=0.02 =0.04 =0.03

2 Calcium 10.67 10.62 0.00 10.84
=0.01 =0.03 =0.02

3 Calcium 13.43 13.47 0.00 13.63
Copper "'0.03 =0.01 =0.04

4 Copper 42.71 42.90 42.26 0.57
=0.03 =0.07 =0.01 =0.04

5 Calcium 11.14 11.17 0.00 11.23
Copper =0.10 =0.04 =0.02

6 Magnesium 14.47 14.45 0.00 14.81
Lead =0.07 =0.07 =0.05
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sive 1Q-mI. portions of water. If the residue dissolves completely
in the 2 ml. of 6 N hydrochloric acid, omit the filtration and dilute
the solution to 40 ml. in the separatory funnel. Let the solution
flow through the column of resin at a rate of 20 ml. per minute,
and collect the eluate in a 25Q-ml. Erlenmeyer flask. Wash the
separatory funnel and column with one 2Q-ml. portion and one 4Q
ml. portion of water.

Add 50 ml. of concentrated hydrochloric acid to the eluate to
bring the concentration of this acid up to 4 M. Add 1 gram of
sodium bicarbonate, 0.2 gram at a time, swirling all the while.
Add 1 gram of potassium iodide, stopper the flask, and swirl until
all the iodide is dissolved. After 5 minutes, titrate, without
starch indicator, with 0.05 N sodium thiosulfate to the disappear
ance of the iodine.

Recognition of the end point may be facilitated by performing
·the titration on a porcelain stand. In the presence of starch, the
reaction between iodine and thiosulfate is retarded; so that an
appreciable quantity of thiosulfate reacts with the acid. The size
of the sample should be decreased to about 0.1 gram with insecti
cides containing over 30% of arsenic because the end point be
comes indistinct if more than 30 ml. of thiosulfate are used in the
titration.

Procedure for Quinquevalent Arsenic. Weigh 200 mg. of
sample into a 15Q-ml. beaker and add 10 ml. of 2.4 N hydrochloric
acid. Place in a water bath between 60° and 80° for 15 minutes.
Filter the sample and proceed as previously described.

Procedure for Trivalent Arsenic. Weigh 200 mg. of sample
into a 15Q-ml. beaker and add 10 ml. of 2.4 N hydrochloric acid.
Place in a water bath between 60° and 80° for 15 minutes. Filter
the sample and wash through the column as previously described.
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Neutralize the acid present in the eluate with 10 N sodium hy
droxide and adjust to the acid side of phenolphthalein with dilute
hydrochloric acid. Add 4 or 5 grams of sodium bicarbonate.
Titrate the solution with 0.05 N iodine using stareh as an indica
tor.

RESULTS

The results of the analyses together with the mean deviations,
presented in Table I, indicate that the accuracy and precision of
the recommended methods are satisfactory. Each entry in the
table is the mean of at least three determinations.
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33, 34, 35. Symmetrical Diphenylurea, Unsymmetrical
Diphenylurea, and Potassium Chlorate

Contributed by WALTER C. McCRONE, Armour Research Foundation of IUinois Institute of Technology, Chicago, lU.

CRYSTAL MORPHOLOGY (see Figure 1)
Crystal System. Orthorhombic.
Form and Habit. Tablets from hot et.hyl alcohol are flattened

parallel to b with prism {110}, and macrodome {lOll, show
ing also 1100}, {O1O}, {001}, and brachydome {OIl}.

Axial Ratio. a:b:c = 0.8957:1:0.7712; 0.8611:1:1.1165 UI).
Interfacial Angles (Polar). 110 A 110 = 96°; 011 A Oil =

105°.

IN RECENT months, inquiries have been received requesting
crystallographic data 011 the following compounds: penta

erythritol, ether dipentaerythritol, pentaerythritol tetraformate, 0

nitrophenol, diphenyl, apocupreine hydrobromide, and vanadium
fluorides. Any information on the crystallography of these com
pounds, no matter how fragmentary, should be sent to the Na
tional Hegistry of Crystallographic Data, in care of the author,
who will transmit the information to interested parties.

During the course of this program, a number of incomplete de
seriptions have accumulated. Although in some cases these
compounds merit completion, most of them are less common or
less important and would not be completed. The data are, how
ever, accurate so far as they go and furnish adequate information
for analytical purposes. Three of these partial descriptions are,
therefore, being published this month. The orientations of the
crystallographic axes are based on morphology and might change
if x-ray diffraction data were available. Each has, however, been
reoriented to agree with the conventions used in this series.

33. SYMMETRICAL DIPHENYLUREA (CARBANILIDE)

H
I

CJI6-N

'"C=O
/

CJI6-N

J
Stnlctural Formula for Symmetrical)'iphenylurea

a

a
I

~
Ol

-h -b
'Y

~
Figure 1. Orthographic Projec
tion of Typical Crystal of Synt

Itletrical Dipheny1urea
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OPTICAL PROPERTIES
Refractive Indexes (5893 A.; 25° C. ). a = 1.581;;:::13 = 1.624;

l' = 1.818 (calcd.).
Optic Axial Angle (5893 A.; 25° C.). 2V = 50°; 2E = 56°30'

(3).
Dispersion. Strong, r > !!.
Optic Axial Plane. 001.
Sign of Double Refraction. Posit.ive.
Optical Orientation. Bx. = a.
Density. 1.239 (3).
Formula' Weight. 212.24.
Molecular Refraction. -.yal3y = 1.671. R (calcd.) 64.8.

R (obsd.) = 64.4.

melt solidifies spontaneously to give the same crystal form and
orientation as is obtained on sublimation. The crystal-front is
angular with all angles 90°. The crystals show parallel extinc
tion with a slow component parallel to the direction of growth.
All the crystals show a Bxo interference figure. When the prep
aration is overheated, a solid decomposition product is formed
which crystallizes from the melt as high birefringent rods and
needles having a positive sign of elongation.

35. POTASSIUM CHLORATE, KClOa

Excellent crystals of potassium chlorate are obtained from
aqueous solutions on a microscope slide.

34. UNSYMMETRICAL DIPIIENYLURE.-\

CoHo 0

).-~-XH2
/

C.H.

Structural Formula for UnsymInetrical Diphenylurea

Unsymmetrical diphenylurea yields good crystals from subli
mation and from alcohol solutions.

Figure 3. Orthographic
Projection of Typical
Crystal of Potassium

Chlorate

//~30'
,

,
,,

c

c
I

Figure 2. Orthographic Projec
tion of Typical Crystal of Un

syrn.metrical Diphenylurea

CRYSTAL MORPHOLOGY (see Figure 2)
Crystal System. Orthorhombic.
Form and Habit. Tablets from hot ethyl alcohol showing

the prism {110 J, brachydome {OIl}, {01O}, and {0131. The
011 faces are often replaced by a 001 face at the ends of the crys
tal. Generally the ideal habit is altered by the development of
a 010 face upon which the crystals lie.

Axial Rntio. a:b:c = 0.8183: 1:0.8093; 0.9891: 1: 1.2221
(2).

Interfacial Angles (Polar). 110 A 110 = 79°; 011 A 011 =
78°.

Density. 1.276 (2).
OPTICAL PltOPERTIES

Refractive Indexes (5893 A.; 25° C.). a = 1.645; fJ =
1.651; l' = 1.703.

Optic Axial Angle (5893 A.; 25° C.). 2V = 38°; 2E = 43°32'
(2).

Dispersion. Strong,!! > r.
Optic Axial Plane. 001.
Sign of Double Refraction. Positive.
Optical Orientation. Bx. = a.
Density. 1.276 (2).
Formula Weight. 212.24.
Molecular Refraction. ..y;;;h = 1.666. R(obsd.) = 63.3

R (calcd.) = 64.0.
FUSION DATA. Unsymmetrical diphenylurea sublimes on

heating to give first-order gray plates and tablets, which are usu
ally shaded more heavily on two ends. The crystals show 90°
profile nngles and a Bxo interference figure. On further heating,
melting oecurs (186° C.) with very little decomposition. The

CRYSTAL MORPHOLOGY (see Figure 3)
Crystal System. Monoclinic.
Form and Habit. Plates with' clinodome, {0111; and pina-

coid, (100 J.
Axial Ratio. a:b:c = 1.268:1:0.832(4).
Interfacial Angles (Polar). 011 A 011 = 76°10'.
Beta Angle. 109°38' (.1-).
Twinning Plane. Parallel to 100.

X-RAY DIFFRACTION (4)
Space Group. C2~ (P2dM).
Cell Dimensions. a = 7.085 A.; b = 5.585 A.; c = 4.647 A.
Formula Weights per Cell. 2.
Formula Weight. 122.55.
Density. 2.32 (1); 2.33 (x-ray).

OPTICAL PROPERTIES
Refractive Indexes (5893 A.; 25° C.). a = 1.415 ± 0.005

(caled.); fJ = 1.517 ± 0.002; oy = 1..523 ± 0.002; {j' = 1.473
(shown by plates lying on 001).

Refractive Index (Average). -.ya{joy = 1.484 (obsd.); 1.478
(calcd. from Gladstone's formula).

Optic Axial Angles (5893 A.; 25° C.). 2V = 28°; 2E = 43°.
Dispersion. Weak horizontal, v> r.
Optic Axial Plane. ..1010.
Sign of Double Refraction. Negative.
Extinction. a A {j = 39° in acute {j.
Optical Orientation. l' = b; a = BXa and 58.5° from a in the

obtuse angle fJ.

It is a pleasure to acknowledge the assista,nce of John Rrc, Jr.,
in preparing this material for publication.
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(3) Ibid., p. 177.
(4) Zachariasen, W. R., Z. Krist., 71, 501 (1929).

CONTRIBUTIONS of crystallographic data for this section should be sent to
Walter C. McCrone, Analytical Section, Armour Research Foundation of
Illinois Institute of Technology, Chicago 16, Ill. '
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Introduction to Semimicro Qualitative Chemical Analysis.
Louis J. Curtman. Revised ed. xvi + 391 pages. Macmillan
Co., 60 Fifth Ave., New York 11, N. Y., 1950. Price, $3.50.

The first edition of this text appcared in 1942 and has been
successfully used in many colleges. It is conventional in its
approach, one third of the book being devoted to general theoreti
cal discussions, one fifth to the general behavior of cations and
anions, and most of the remainder to experiments and to the
systematic examination of unknowns.

The theoretical principles are simply but adequately explained,
problems are given with answers (as they should be), and the
laboratory procedures are the result of careful experiments that
have stood the test of practical use. The author has used organic
reagents very sparingly, and this is commendable.

A possible criticism may be voiced by those who are alresdy
using the former edition of this text-namely, that the changes
and additions in the new edition are so few in number that one
might wonder if a new edition is really justified. The first 188
pages are virtually without changes and the remainder of the
book contains only 14 pages more than in the case of the previous
edition. Of these, six are additions to the appendix. Four pages
have been inserted to cover the familiar ferric cWoride method for
the removal of phosphate, which the author offers to those who do
not wish to use his less conventional zirconyl chloride method.
The remaining four additional pages represent auxiliary tests for
sulfite and fluoride and a few other additions to procedures and
footnotes, mostly in the anion analysis.

Briefly, therefore, this edition is a comparatively minor re-
vision of an excellent elementary text. S. G. SIMPSON
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Analytical Absorption Spectroscopy. Absorptimetry and Color
imetry. M. G. Mellon, editor. vii + 618 pages. John Wiley &
Sons, Inc., 440 Fourth Ave., New York 16, N. Y., 1950. Price,
$9.

In the preface the editor states that the authors' aim was to
present the material "from the viewpoint of what seeIllS of most
practical concern in a modern chemical testing and analytical
laboratory." The editor and his eight contributors (L. J. Brady,
W. B. Fortune, K. S. Gibson, E. R. Holiday, D. B. Judd, M. L.
Moss, R. H. Muller, and E. 1. Stearns) accomplish their object
in nine well written chapters. Starting with an examination of
the chemical requirements for the preparation of s8.mples and of
the physical principles involved in analytical absorptimetry, the
book proceeds to give discussions of theory and applications and
descriptions of a great variety of instruments suitable or required
for work in the visible, ultraviolet, and infrared regions.

Analytical chemists will find this volume a valuable addition to
their library of reference books. They will appreciate the ex
tensive literature references, particularly of Chapter 1, which
refer to the analysis of many inorganic and organic constituents.
Chapter 7, "Applications of Ultraviolet and VlSualSpectrophoto
metric Data," is also noteworthy because of the stress placed on
illustrating by means of examples the many types of analytical
probleIllS that occur in a testing laboratory.

Chapter 9, "Measurement and Specification of Color," covers a
vast amount of ground and apparently presupposes some knowl
edge of the field of color analysis. Beginners will have some
difficulty with the chapter, but the citatioIis to the relevant litera
ture will permit those who seek more background concerning this
type of testing to obtain readily the necessary information.
There is some overlapping in the various chapters, but this does
not detract from the value of the book. The small amount of
repetition can even be considered beneficial, because it highlights
factors of importance to accurate analysis. JACOB CaOLAK

First International Congress of Microchemistry, Graz, Austria
PHILIP W. WEST, Louisiana State University, Baton Rouge, La.

OVER 600 chemists met in Graz, Austria, for the First Inter
national Microchemical Congress. The meeting, which

was held July 2 to 6, 1950, attracted microchemists from twenty
one countries for a program consisting of 121 lectures on pure and
applied microchemistry. Those attending the congress found a
wide variety of subjects covered in the program, including a
number of excellent reviews which served to give an orientation
on current progress. There were also exhibits of books and ap
paratus which attracted much attention. Although the appara
tus shown was from European manufacturers only, there was 1\

good variety displayed, and a number of demonstrations werc
made showing new techniques and new operational features of in
struments.

The influence of Pregl and Emich on the scientific activity of
Austria was obvious upon noting the large number of microchem
ists registered from Austria. Certainly, visitors were impressed
by the tours through the laboratories of these pioneers in the field
of microchemistry, and it was encouraging to see the continuing
activity of the Austrian school of microchemists. One of the
highlights of the Congress was the unveiling of a. bust of Friedrich
Emich at the opening ceremony by his daughter, Mrs. Kindler,
now of Berlin. The bust was contributed by microchemists from
various parts of the world and will now take its place in Graz along
with that of Pregl, which had been unveiled earlier. The cere
mony marked the 20th anniversary of the death of Pregl and the
10th anniversary of Emich's death.

In addition to the formal program of papers, there were a num
her of separate activities, such as the meetings of the Committee
on New Reagents and Reactions of the International Congress of
Pure and Applied Chemistry. The committee considered plans
to bring out an English edition of the "Fourth Report on Rea.
gelits for Qualitative Analysis," as well as to extend its activities
to include certain phases of colorimetry. A general assembly of
the Congress was also held and plans were discussed for a. pro
posed future microchemical congress to be held in 1954. Paris,
Delft, Brussels, or Milan were considered as possible sites for the
next meeting.

On the lighter side, the congress will be remembered for the
pleasant surroundings and careful planning that made the visit in
Graz such an enjoyable one. Buffets were placed near the lec
ture halls and many profitable sessions were held, with men from
different laboratories comparing notes.

Papers presented at the congress are to be published as a regu
lar number of Mikrochemie vereinigt mit Mikrochimica Acta which
is scheduled to appear in September. Separate copies of this
number will be obtainable at a cost of approximately $4.00; the
address is Springer-Verlag, Vienna, Austria.

Application of Organic Complex Formers for the Separation
and Determination of Metals with the Aid of Immiscible Sol
vents. E. ABBAHAMCZIK, Ludwigshafen on Rhein, Germany.

Standardization of Microchemical Apparatus with Special
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Consideration of the Work Carried out in the U.S.A. H. K.
ALBER, Philadelphia, I'll..

.A Photometer for Three-Color Analysis. A. G. DE AJ,~iEIDA,

Lisbon, Portugal.
Sensitivity Limits of Optical Methods of Measurement in

Microelectrophoresis and ;\ficrodifful'>ion. H. J. AKTWEILER,
Bonn, Germany.

Bust of Friedrich Emich Unveiled at ;\'[eeting

LIST OF PAPERS PRESE:\,TUI

Iodine in :'IIincral Waters. Its Determination and COnl'en
Iration. H. B.~J,U;ZO AND G. :\Io~wL, Vienna, Austria.

Oxidimetric Titrations in Alkaline Rolutions with Copper-3
periodat~. Determination of Call'ium wit,h :'\aphthyl Hydroxa
mate. G. BECK, Bern, Switzerland.

The &)andium-Spcei fie Groups of Pyrophosphoric' Acid.
G. BECK, Bern, Switzerland.

Determination of Carbon and }Iydrogen in Fluorine
Containing Organie Compounds. R. BELcHf;n A:\D R. GOU"lr
])EN, Birmingham, England.

Appreciation of the Developnwnt of .\Ii('l'oIllethods. A. A.
BENEDETTI-PICHLER, Kew York, ~. Y.

A l'raetical and Theoretical Vie\\' of :\Iic'l'O Hardncss Test
ing. E. B. BERGSMAN, Vasteras, Sweden.

Microchemieal Investigations on the TopimL! Dist.ribution of
Traee Elemcnts in thc Emin. H. BERTHA, Graz, Austria.

Method of .\1icrodeterminat,ion of Alkali :'I1etals Applicable to
Media of Biological Origin. G. BERTRA1\D AND D. BERTRAN]),
Paris, France.

Microvolumetric Determination of Higher Titanium Contents,
Especially in the Presence of Xiobium. F. BI>SCHOFF, Graz,
Austria.

New Microtechnique for the Analysis of Liquids by Displace
ment Adsorption. G. BLomi, Tomteboda, Sweden.

Fossil Coloring Mat.ters and Hydrocarbons in Limestone.
N. BLUMER, Basel, Switzerland.

Molecular Weight Determination under the :\licroscope.
~I. BRANDSTATTER, Inn~bruc'k, Austria.

Methods of Preliminary CODl'entration in thc Speetrochemical
Determination of Trace Elements. F. BL"RRIEIrMARTI, Ma
drid, Spain.

Applications of Microchemistry t.o Exploratory Industrial
Research. N. D. CHERONI", Chicago, Ill.

Investigations in Sedimetric Analysis. N. CllmlsE, Berlin,
G€rmany.

Determination of Aminosalicylic Acid in urine by Bromination.
D. COPPINI AKD E. Cm;TA, Modena, Italy.

Separation and Quantitative Determination of Small Amounts
of Gases by Chromatography. E. CRE~fER, Innsbruck, Austria.

ANALYTICAL CHEMISTRY

Behavior of Acridine Dyes as Fluoro Colors. F. DAKGL,
Vienna, Aust.ria.

Mieromethod for the Quantitative Analysis of Archeological
Bronzes by Speetrographic Methods. lVI. VAN DOORSELAER,
Ghent, Bclgium.

Thermal Curves of Precipitates Described in the Book of Hecht
and Donau. C. DUVAL, Paris, France.

Quantitative Microanalysis of "Goldoleosolen." L. EBERT
.OID A. DIRSCHERL, Vienna, Austria.

Development, Present State, Ilnd Outlook of Spot Test Anal~'
sis. F. FElCH., Rio de .Janeiro, Brazil, AND P. H. WEST, Baton
Rouge, La.

;\·Iierodeterminat.ion of Critiea) :'Ilixing Temperature;;. R.
FISCHER, Graz, Austria.

Living Cells as Micro Reagent". B. FLASCHENTRAGto;R,
Alexandria, Egypt.

:'Ificro-Reductor Burct. H. FLASCHKA, Graz, Austria.
Scmimicrodetermination of Glycolic Acid Liberated in the

('ourse' of Oxidations \\;th Periodic Aeid. P. FLEURY, J. COUR
TOIS, .~~D R. PERLER, Paris, Franee.

A :\Ipthod of Determining Tyrothrycin with the Aid of Hemoly
si". " ... FRIEDRICH, Kundl, Austria.

Microdetermination of Halogens, Sulfur, and Selenium by
Rpcdrographic Methods. A. GATTERER, Vatican.

Method of Control of the Purity of Certain Organic Com
pounds. M. H. GAULT, M. DORGANS, AND A. M. AZIERES,
Paris, France.

A Complex Borotartrate and Us Application to the Research
and Microchemical Determination of the Borate Ion. J. A.
GAUTIER AND P. PIGNARD, Paris, France.

Photometric Determination of Small Amounts of Uranium
with Potassium Thiocyanate. M. GERHOLD, KlagenfUl·t,
Austria.

Observation of Living Chloroplasts with the Fluorescence
:'IIicros(~ope. J. GICKELHORN, Vienna, Austria.

A Calorimetric Micromethod for the Quantitative Determina
tion of Fusel Alcohols. S. GIERER AND O. HOFFMANN-OSTEN
HOF, Vienna, Austria.

Graphic Representation of the Sensitivity of Reactions. The
Sensitivity Diagram. J. GILLIS, Ghent, Belgium.

Foundation of Applied :\Iicrochemist.ry. G. GORGACII, Graz,
.\ustria.

Quantitative Micro-Determination of Amino Acids in Pro
tein. G. GORBACH, Graz, Austria.

JVlicrochemical Concentmtion Procedures in Emission Spectral
Analysis. G. GORBACII AND F. 1'0111" Graz, Austria.

o-Phenanthroline as a Reagent for the Quantitative Deter
mination of Vanadium. A. GOTTLIEB, Graz, Austria.

Search for Traces of Rare Elements with the Help of Lumi
nescence Analysis. H. HABERLANDT, Vienna, Austria.

Colorimetric Determination of Small Amounts of Nitrate
and Nitrite in Protein-Containing Substances. H. HANNI,
Liebefield, Switzerland.

~Iicromethods for the Determination of Germanium. F.
1-h;CHT, Vienna, Austria.

The Quantitative Microanalysis of Minerals and Its Signifi
cance to Mineralogy and Geology. F. HECHT, Vienna, Austria.

Determination of Small PeJ'e'entages in Iron 'Works Labora
tories. Tn. H~;czKo, Linz, Austria.

New Micro :'I1elting Point Apparatus. H. HILBCK, Cologne,
Germany.

Developments in Microehemical Bahnce Design. G. F.
HommAN, London, England.

Colorimetric Determination of Traces of Copper by Cuproine.
J. HOSTE, Ghent, Belgium.

A New Micromethod for :\10lecular Weight Determination .01'
Difficultly Volatile Substances. H. HOYER, Leverkusen, Ger
many.

Fluorochrome Coloring in Living Protoplasts. K. HOFLER,
Vienna, Austria.

Rapid Micro Combustion Methods for the Determination of
Elements in Organic Compounds. G. INGRAM, Maidenhead,
England.

The Mercurv Thiele Tube for the Determination of Fusion
Points and for ·Cryoscopy. E. KAHAN'E, Paris, France.

(Subject not known.) E. KAHANE, Paris, France.
A Contribution in the Realm of Quantitative Organic Micro

analysis. W. KIRSTEN, Uppsala, Sweden.
Fluorescence Microscope Investigation of Woody Cell Walls.

J. KISSER, Vienna, Austria.
Hydrates under the Hot-Stage ~licroscope. A. KOFLER, Inns

bruck, Austria.
Microscopic Methods in Microchemistry. L. KOFLER, Inns

bruck, Austria.
Selective Oxygen Determination in Small Amounts of Gases.

K. KORDESCII ANDA. ::'VL'\RKO, Vienna, Austria.
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Microchemical Training for Young People Destined for a
Career in Chemistry. J. A. KucK, New York, N. Y.

Realizations in Teaching and Rescarch in the Realm of Micro
chemistry at the University of Brussels. New Chromatographic
Techniques for Inorganic Separations. The Chromatographic
Separation on Paper of Cations with Organic Solvents. A.
LACOURT, Brussels, Belgium.

D~te~ination of Lactic Acid. K. LANG, Mainz, Germany.
. MICrOlodometry through Time Measurement. R. LANG,
Waiblingen, Germany.

Oxidimetric Microtitration for Nitrate. W. LEITHFJ, Lin7.,
Austria.

Rapid Microdetermination of Halogens in Organic Com
pounds. R. LEVY, Paris, France.

Lithium Aluminum Hydride as a Reagent for Microanalytical
Determination of Functional Groups. H. LIEB AND 'V. SCHONI
G8R, Graz, Austria.

Cobalt Detection. A. D. LLACER AND J. A. SOZZI, Buenos
Aires, Argentina.

J\;ficrochemistry in Praet.ical Pharmacy. F. LODY-TENGf3R,
Bnrgdorf, Switzerland. "

Limits of Absorption Speetral Analysis. A. LUSZCZAK, Vienna,
Austria.

The Separation of Metal-Organic Complexes. A. K. AI.
i\·f.uIDI AND C. L. WILSON, Belfast, Ireland.

Applicati0J:! of Kofler's Micromethod in Plant Microchemistry.
D. MARKOVIC, Zagreb, Jugoslavia.

Proposed Improvements for the Rapid Selectiye Determination
of Organic (or Mineral) Halogens hy Chemical Methods. F.
l\f ARTIN, Vitry, France.

Rapid l\Iicrodetermination of Sulfuric Ash in Organic Matter
(Determination of Alkali Metals). F. MARTIN, Vitry, France.

Kjeldahl Microdetennination of Cyclic Nitrogen. M. lVL"R
7..HlRO, Rome, Italy.

Contrihution on the Determination of Trace Elements in
Minerals. ST. MIHOLIC, Zagreb,Jugoslavia.

Application of o-Dianisidine as Redox Indicator in Micro
analysis. G. MILAZZO AND L. PAOLONI, Rome, Italy.

The Spectrographie Determination of Trace Elemel1t~ in
Rocks, Minerals, and Soils. R. L. MrfCHEr,I" Aberdeen, Scot
!:lnd.

Microhardness and Type of Binding. R. MITSCHE AND E. M.
ONrrsCH, Leoben, Austria.

Determination of Knyurenic and Xanthurenic Acids. 1,.
]\'TUSAJO AND D. COPPINI, Modena, Italy.

Twenty-five years of Teaching Quantitative Organic Micro
analysis at New York University. .J. B. NIEDERI" New York,
N.Y.

Topological Microanalysis by the Use of X-Rays. M. PAle,
Zagreb, Jugoslavia. .

Micro Melting Point Determinatiol1 in Forensic Chemistry.
W. PAULUR, Bonn, Germany.

A Colorimetric Method for the Determination of Oxalic Acid.
R. S. PEREIRA, Sao Paulo, Bra7.i1.

Spectrographic Determination of Traces of Nickel and Cobalt
by Extraction with Ferrous Sulfate. R. PIERUCCINI, Florence, .
Italv.

Colorimetric Determination of Small Amounts of Manganese
with Arnold's Reagent. "T. PRODINGER, Vienna, Austria.

The Microdetermination of Amido and <>-Amino Nitrogen by
the Method of Concentrated Hydroehlorie and Nitric Acids.
1\1. R~]NARD Al\TJJ P. DERCHAMPS, Liege, Belgium.

Analysis of Sugar Mixtures by Colorimet.rie Method. II.
Ri"am;BERG, Detmold, Germany.

Mierodetermination of Iodine Number. W. R,U7.ICZKA,
Vienna, Austria.

Ion Adsorption on Paper and Glass Surfaees. T. SCHONFELD
AND E. BRODA, Vienna, Austria.

Mierocolorimetrie Proeedure for the Determination of Small
Amollnts of Gold in Ores. H. SCHREINER, Graz, Austria.

New Tikimetric' Methods in Gas Analysis. Iodometric Deter
mination of Oxygen in Gas Mixtures. Iodometrie Determina
tion of Nitrous Oxide. E. SCHULEK, Budapest, Hungary.

Narcosis and Stimulation of Protoplasm. W. SEIFRITZ, Phila
delphia, Pa.

Catalyzed Iodine-Azide Reaetion in Mieroanalysis. I and II.
P. S~;NIf;FJ, Sao Paulo, Brazil.

Filament Chromatography. G. SKALOS, Athens, Greeee.
Micromethods for the Determination of Physical Constants.

M. SOBOTKA, Graz, Austria.
New Chromatographic Separation of Mixtures of Iron, Alumi

num, and Titanium on the Microgram Scale. GH. SOMMEREYNS,
Brussels, Belgium.

Microchemical Methods ~plied to Industrial Materials.
C. E. SPOONER, Manchester, England.

Semimicrodetenrunation of Some Constituents of Milk by
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Chromatographic Separation. J. STERNBERG, J. COLAS, AND
T. KAHN, Paris, France.

Colorimetric Determination of Picric Acid in Picrates of Or
ganic Bases. R. STOHR AND F. SCHEIBL, Innsbruek, Austria.

Interesting Examples of Applied Microanalysis. R. STRfi;
BINGER, Vienna, Austria.

Microchemistry in Gas Liquor Research. K. STUNDL, Gra7.,
Austria.

Microchemistry in the Service of Iron Works and Steel Mill
Chemists. C. SWOBODA, Kapfenberg, Austria.

Elementary Analytical Determination of Oxygen, a Carbon
Hydrogen Determimition Developed from It, and a New Method
of Carrying Out the Dumas Nitrogen Determination for Diffi
cultly Combustible Substances. J. UNTERZAUCHER, Lever
kusen, Germany.

Recent Progress in the Sensitivity of Optical Methods for the
Identification and Determination of Organic Substances. Appli
cations to Biochemical l\'£icroanalysis. M. VACHER, Paris,
France.

Experience in the MiCl:odetermination of Mercury:and Lead in
Biological Material. R. VES'l'ERBFJRG, Tomteboda, Sweden.

Absorption of Cobalt by Pasture Grass, Studied by Means of
the Radioactive Tracer Method. J. DFJ WAEL, Utrecht, Nether
lands.

Survey of One J:rocedure of Organic Elementary Analysis. n.
vvAGNER, Vienna, Austria.

Determination of Vitamins by Microchemical Methods. H.
WALDMANN, Basel, Switzerland. .

The Role of .Microcliemistry in the New·Realms of Analytical
Chemistry. P. E. WENGER, Geneva, Switzerland. .

Microdocimastic Dete'rmination of the Oligodynamies of Silver.
R. WERNER, Dusseldorf; Germany.

~roup for Advancement of Spectrographic
Methods

The Group for the Advancement of Spectrographic Methods,
1 Place St. Thomas d' Aquin, Paris 7, France, has planned a
meeting in Strasbourg on October 12 to 14, 1950, to discuss the
improvements made during the past 10 years in the spectro
graphic lIIJalysis of industrial products. Investigators from all
countries are invited to attend and to submit papers in duplicate
with a 20-line abstract before Scptembet' 15:' .The general themes
of the meeting are: drifts, direct analysis, standards, luminous
sources, and analysis of metalloids and occluded gases.

Society for Applied Spectroscopy
The Society for Applied Spectroscopy has planned a meeting on

September 12, which will begiu with an informal dinner at 6 P.M.
at Tosca's, 118 Fulton St., New York, N. Y. At 8 P.M. a busi
ness meeting wi.ll be held at the Socony~VacuumTraining Center,
63 Park Row, New York. There will be no formal speaker, but
plans for the coming season will be ontlined by the new officers
and committees.

Electron Microscope Society of America. Hotel Statler, De
troit, Mich., September 14 to 16. Eighth annual meeting

Instrument Conference and Exhibit. Instrument Society of
America, Buffalo, N. Y., September 18 to 22

Optical Society of America. Cleveland, Ohio, October 26 to
28

Fourth Symposium on Analytical Chemistry. Louisiana State
University, Baton Rouge, La., January 29 to February 1,
1951
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Framingham, Mass.) wiII very readily dissolve many precipi
tates encountered in gravimetric work.

It is generally thought that the substance dissolves precipitates
[Schwarzenbach and Ackermann, Helv. Chern. Acta, 31, 1029
(1948)] by a complex formation (II), as shown for barium sulfate.

NaOOCCH2'-. /CH.COONa
'-N-CH.CH.-N (I)

NaOOCCH./ "'-CH.COONa

A hot 0.1 molar solution of the dry salt was found to be effec
tive in dissolving the precipitates listed below. (A reliable
private source has indicated that this material 'Yill dissolve prac
tically any insoluble metallic compound, except sulfides and ferri
cyanides.)

o
~

NaOOCCH.-N-CR.-C

~' "'-" 0
c. '':.\,.I
I TBa + Na,SO.

CR. // I

I
// 0

// /
I\aOOCCH.-N-CH. C

~
(II) 0

(I)+BaSO._

Aluminum oxide
Barium sulfate
Calcium oxalate
Calcium phosphate
Cupric hydlioxide
Lead carbonate
Lead iodate
Lead oxalate
Magnesium ammonium phosphate
Magnesium carbonate
Magnesium sulfate

Even thoroughly dried precipitates can be easily removed from
the pores of sintered·glass filtration crucibles when a hot 0.1 molar
solution of the tetrasodium salt of ethylenediamine tetraacetic
acid is drawn through the funnel by means of suction, or when the
clogged crucible is placed in a vessel filled with a hot 0.1 molar
solution. In most cases the sintered-glass plate is completely
freed of precipitate in a matter of seconds.

A definite advantage of this method over using hot acids is that
the tetrasodium salt is almost completely nontoxic, does not cause
burns if brought into contact with the skin, is inexpensive, and
can be used as a water-softening agent for general laboratory
cleaning.

Sintered-glass crucibles which have been used to· filter perman
ganate solutions soon accumulate a film of difficultly removable
manganese dioxide. This can be removed by pouring cold dilute
solutions of sodium bisulfite and sulfuric acid alternately through
the crucible while gentle suction is applied. This method works
better on a fresh precipitate than on one that has been allowed to
dry.

Cleaning Sintered-Glass Filtration Crucibles. W. M. Budde and
S. J. Potempa, Loyola University, Chicago, Ill.

I N MAXY cases the collection of inorganic precipitates on sin
tered-glass crucibles is more convenient than using filter

paper or asbestos mats. However, sintered-glass crucibles tend to
become clogged after a certain amount of use, and in many cases
the precipitate is difficult to remove-for example, barium sul
fate.

The present work has shown that the tetrasodium salt of
ethylenediamine tetraacetic acid (I) (available under the trade
name Versene at low cost from the Bersworth Chemical Company,

The pipet consists of a capillary tip 6 cm. long,
7 mm. in outside diameter, and 1.8 mm. in inside
diameter; a bulb blown just above the capillary
tip, 4 cm. long, 1.15 cm. in outside diameter, and
about 2- to 3-mI. capacity; an upper stem 5 cm.
long, 7 mm. in outside diameter, and 5 mm. in
inside diameter; and a rubber bulb of 10-ml.
capacity. The over-all length of the pipet is
approximately 15 cm. None of these dimensions
is critical. When low boiling liquids such as ether,
chloroform, carbon tetrachloride, and carbon di
sulfide are used as extractants, a capillary of about
0.7- or O.8-mm. bore is recommended.

Mixing is accomplished by drawing the liquids
into the pipet and then expelling them, repeat
ing the procedure several.times, quickly. By us
ing a rubber bulb of considerably greater capac
ity than that of the pipet, a large quantity of air
is drawn into the pipet after the liquids have been
drawn up, and the bubbling of this air through the
two liquid layers provides a very efficient mixing
of the two layers.

Extraction Pipet for Spot Test Analysis. Jack K. Carlton,
Louisiana State University, Baton Rouge, La.

I N ORDER to apply extraction techniques to spot test analysis
. and preserve the essence of the spot test method, a small

and simple device was needed, in which the component liquids
could be thoroughly mixed and allowed to sepa-
rate as rapidly as possible. A dropper pipet, with
a few modifications, satisfied these requirements.

Care should be exercised in using the pipet to avoid the loss of
the liquids being mixed. When the liquids are drawn into the pipet
the pressure of the fingers on the rubber bulb should be released
slowly, so that when the air begins to bubble through, the liquids
will not spatter into the rubber bulb or on the sides of the upper
stem, to which droplets might adhere and consequently be lost.
On expulsion, pressure should be applied to the rubber bulb
slowly to avoid spattering when the air begins to bubble through
the liquids which have been passed into a small beaker.

The use of extraction techniques in spot test analysis offers a
means of separating an ion from its interferences which might
prove valuable in a manner similar to the use of masking agents.
West and Carlton [(ANAL. CHEM., 22, 1055 (1950)] use such an
extraction in separating gold from the platinum metals. For
such work the extraction pipet described should find useful
application.

The author wishes to express his appreciation for financial
assistance given him under a contract with the Office of Naval
Research.
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