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The Economics of Analysis

® have just completed a series of articles written by people in
various industrial positions as to the place and importance of
analysis in modern industry. The authors seem to be unanimous
with respect to the need for the large expenditures required to
maintain quality control in present-day manufacturing operations.

We do not have to go back many years to find that manufac-
turing gave little heed to analysis or quality control as we know it
today. The plant manager and his staff, steeped in the tradi-
tion of secrecy, knew by intuition when production was satisfac-
tory. With scientific study of processes over the ycars, we now
take for granted the fact that careful scientific control is neces-
sary and that a control laboratory, backed up by a research group
on methods, is part of every manufacturing operation.

Even with expanded analytical staffs and increased precision
and speed in chemical methods, analytical laboratories can seldom
turn out the work fast enough. Management, therefore, is be-
ginning to question the high cost and efficiency of analytical
operations.

The change from batch to continuous process operations in
industry has created a need for continuous analysis. The old-
fashioned chemical wet methods, while useful and relatively fast,
have been outmoded. In their place we have expensive auto-
matic equipment. Although it cannot do without them, the
high cost of these instruments disturbs management. Also dis-
turbing is the fact that analytical staffs, instead of decreasing with
automation, seem to increase. Changes authorized in a manu-
facturing process are usually made with the idea of lowering
costs. If this goal is not achieved, someone generally has failed
.in his assignment.

Mounting costs of quality control plus the analytical research
necessary to develop and maintain a high standard are beginning
to be studied in more detail to see if the best use of talent and
equipment is being achieved in the light of manufacturing objec-
tives. ) .

We think it pertinent, therefore, to discuss some of the back-
ground against which analysis has developed over the past few
years.

Analysis is actually part of rescarch, and so its contribution
to the profit picture at any one time is difficult to assess. If,

however, over a period of time definite progress and contribution .

to efficiency cannot be shown, this position is hard to justify. As
we have noted, in earlier days the production man used the
chemist, with his analytical methods and quality control tests,
to prove what he already knew—namely, that the product was
satisfactory. With more rigid specifications and speed-up of
process, the,production man was proved in error far too often

and so, reluctantly, he welcomed the help of the chemist. The
chemist soon found his methods too slow to keep up with pro-
duction. This led to expanded analytical research staffs to speed
up procedures. During this period all samples were brought to
a central laboratory for analysis and the results relayed to the
production department for its guidance.

Tt is to the credit of the control laboratory that it met the chal-
lenge of production and did a commendable job during this
period.  However, the pressure of work mounted and demand for
increased speed saw the introduction of such instruments as faster
balances, spectrophotometers, and automatic burets. Pneumatic
tube systems for sending samples and information were introduced
at the same time. The next development was the introduction
of physical methods to meet demands of production. These
methods permitted production operations to follow and adjust
conditions o that a final product meeting rigid specifications was
produced.

We ure presently in the stage where these instruments are being
moved from the laboratory to the production department where
they are locked into the production machinery, They can ac-
tually monitor and automatically change conditions so that a final
acceptable produet is produced continuously. Because such sys-
tems are extremely expensive and lead to increased personnel,
management will be forced to take a sharp look at all aspects of
analysis.

In studying this problem, management should keep in mind
that it is demanding far more information about its produets
than ever before, Newer instruments, even though expensive,
do give more information and permit faster and more precise
control of production. Management should also keep in mind
that the quality of analytical personnel must be higher than ever
before in order to carry out analytical research and maintenance
on these newer instruments.

Those responsible for analysis should remember that they
should question whether the analyses they are requested to do are
necessary. They should be sufficiently qualified about analysis
and processes that they are in a position to suggest the most
economical and expedient means of controlling process and
product. They should use the simplest instrument or method to
achieve their goal, and they should study all methods which
are applicable so that the least expensive one is used. Lastly,
they should be sure that they have not fallen into that easy habit
of hiring more analysts to solve their problems when a critical
survey might show they have the wrong type of personnel, or that
further instrumentation or research on methods might solve their
problems better and more cheaply.
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Paper-strip and paper-sheet chromatographic methods

have been developed to separate the porphyrin aggre-
gate of a California crude oil into several groups. The
first two groups are characterized by spectra of the etio
type, in which peal III (532 my) is stronger than peak 11
(565 my). Peaks 1 (620 mp) and IV (500 mu) are dis-
placed toward longer and shorter wave lengths, respee-
tively, in groups 1 and 2. The other groups have phyllo-
type spectra; peak IL is stronger than peak ITI. The
wave length of the main fluorescence band changes
about 2 my Loward shorter wave lengths proceeding
from group 1 1o 6, in line with the changes in the ab-
sorplion spectra.

uE presence of remnants of plant and animal life in petroleum

was established several years ago (13), and a quantitative
method for the extraction of the porphyrin contents of crude oils
was published recently (6). This method, with modifications in
the colorimetric procedure (3), has been used to determine the
porphyrin contents of various petroleum extracts (2, 4). These
investigations indicated that the porphyrin aggregates were of a
heterogeneous nature, as would be predicted from their biological
A better knowledge of the nature of these porphyrins

origin.
Tuble I.  Specifications
Matcrial Source Specifications
Paper, strips Whatman No. 1, 1-inch roll
Paper, sheets Whatman No. L, 16 X 19 inches .
Paper, sheets Munktellg Chromatographic, 18 X 18 inches
Paper, pulp Whatman Ashless cellulose powder, coarse

Petroleum ether Merck & Co., Inec. Rgaggmc grade, boiling range 30—~

Analytic.al reagent grade

Chloroform M?Jllinckrodt Chem.

0.
Methanol Merck & Co., Inc. Reagent grade
Benzene Merck & Co., Inc. Reagent grade

Eastman Kodak Co.
Eastman Kodak Co.
Bastman Kodak Co.

Technical grade
Practical grade
Technical grade

2,4-Lutidine
2,6-Lutidine
2,4,6-Collidine

would allow*more exact evaluation of their significance in the
origin of and exploration for petroleum.

Paper chromatography has proved to be a rapid, cffective
method for resolving naturally occurring mixtures of porphyrins.
However, this method has been used primarily for the separation
of earboxylated porphyrins and their esters which are of clinical
importance (I, 8-11). Much of the porphyrin aggregate of
crude oils consists of decarboxylated porphyrins (8), for which
established methods are generally inapplicable.

Paper-strip and -sheet chromatographic methods have been
developed to allow the separation of the porphyrin aggregate of a
California crude oil into five groups of porphyrins. This aggre-
gate was derived principally from the nickel-porphyrin complex,
of which this oil is a relatively rich source (2, 3). Larger quan-
tities of the aggregate were chromatographed on paper pulp to
obtain sufficient quantities of these, and two additional groups,

1 Present address Georgia Institute of Technology, Atlanta, Ga.

for spectrophotometric studies. The groups were investigated
further by paper-sheet chromatographic methods to estimate their
purity and to identify them with the groups isolated in the pre-
liminary paper-strip and -sheet methods. Two groups of por-
phyrins which moved more rapidly through the paper columns
had spectra of the etio (3, §) type. The remaining groups, in-
cluding the major constituent, had spectra of the phyllo type.

MATERIALS

The chemicals used in extracting the porphyrin aggregate
from the crude oil have been described (2, 3). The specifications
of the materials used in the separation procedurcs arc listed in
Table I.

The crude oil from which the porphyrin aggregate was isolated
was a heavy, asphaltic oil from the North Belridge field, Kern
County, California (2).

EXPERIMENTAL METHODS

Paper-Strip Method. The ascending method of development
was used because of the simplicity of the apparatus employed and
the better definition of the zones.

The apparatus consisted of a glass tube, 7.5 cm. in inside diame-
ter and 61 cm. in length, mounted vertically with the lower end
immersed in the solvent container. The upper end was sealed
by a waxed cork fitted with a metal support for the paper strip.
A 50-cm. strip of paper, to which the sample had been added, was
suspended above the developer. Twelve to 24 hours were re-
quired for the system to reach equilibrium. Then the paper was
lowered and development proceeded until the solvent fromt
reached the desired height.

Freshly prepared samples of 4 to 10 ul., containing about 0.5 v
of porphyrin aggregate in chloroform solution, were put on the
paper strip at a reference mark near the bottom,

Paper-Sheet Method. A new mcthod of paper-sheet chroma-
tography was developed because saturation of the available
cabinet waus difficult with the solvents employed and several
hours normally are required to attain equilibrium.

The apparatus consisted of a large bell jar, inverted in a frame-
work. A vacuum desiccator lid was used for the cover, and the
ground surfaces were lubricated with high-vacuum silicone grease.
The opening in the standard-taper joint of the desiccator lid was
fitted with a vented cork. Two 6-inch wooden disks were sup-
ported in the bell jar by means of a 3/4-inch dowel rod centered in
the cork.

The samples were placed on a reference line near the bottom
of the paper sheet about an inch apart; the same spotting meth-
ods and coneentrations were used as with the paper strips. The
paper then was tacked to the wooden disks and placed in the jar
containing the solvent, and the system was rapidly evacuated.
The solvent was allowed to boil brieflly, the chamber sealed by
rotating the sleeve on the desiccator lid, and development allowed
to proceed.

A gecond apparatus of similar design also has been used in the
paper-sheet studies. This apparatus allowed the sheet to be
lowered into the solvent after equilibrium was established.
Therefore, it was used for both vacuum saturation studies and
studies in which the atmosphere was saturated by allowing the
closed system to stand for several hours. :
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Paper-Pulp Method. The columns were packed by filling with
dry cellulose powder and frequently tamping the powder tightly
in'place. The one-piece columns consisted of three sections: an
upper section 4.1 by 44 e¢m., a ceuter section 2.5 by 44 cm., and
a lower section 1.1 by 25 cm.

The column was prewet with petroleum ether and, in the early
studies, the sample was introduced in a petrolenm ether solution.
However, as the porphyrin aggregate was not entirely soluble in
this solvent, quantitative studies were complicated by this
method. In the final separation, paper pulp was added to a
chloroform solution of the porphyrin. Then the chloroform was
evaporated, with constant mixing, to.leave the sample on a small
amount of paper. This impregnated paper pulp was tamped
tightly in the top of the prewet column and the column developed
with & 0.1 volume % solution of 2,4-lutidine in petroleum ether.
This mixture also was used in the strip and sheet work, after it
was found to give optimurh resolution of the aggregate.

The porphyrin zones on the various chromatograms were
detectecf by their Auorescence under ultraviolet light. FExcept
for this necessary illumination during location of the zones, the
chromatograms were developed in darkness. The zones on the
strips and sheets were barely detectable after the paper was dried.
Therefore, their location and movements were determined in the
apparatus with a cathetometer, or immediately upon removal
from the apparatus.

R, Values. Rates of movement are expressed relative to the
rate of movement of a pure sample of etioporphyrin II deter-
mined under identical conditions. The reproducibility of this
relative rate was considerably greater than the individual E;
values in the various systems used and between the two labora-
tories involved. The R, values were observed to be relatively
insensitive to small differences in amounts of porphyrin in the
spots, but varied somewhat with. different methods of obtaining
saturation in the cabinet. The relative values were insensitive
to differences in concentration, types of paper, saturation
methods, and operators. The average R, value of the etiopor-
phyrin IT sample, with the: petroleum ether-lutidine solvent and
the cabinet allowed to become saturated by standing overnight,
was 0.56 == 0.04.

Approximate B values and porphyrin contents of the zones were
determined by colorimetric analysis of each of the efluent frac-
tions from the paper-pulp columns. Quantitative measurements
of the porpbyrin contents of the zones were accomplished by
combining the effluent fractions to form the various groups and

applying the colorimetric method of Dunning, Moore, and Myers

(8).
RESULTS AND DISCUSSION

A petroleum ether-2,4-lutidine mixture was found most
effective for the separation of the porphyrin aggregate. Mix-
tures containing 0.05, 0.1, 0.2, and 0.3 volume %, of lutidine were
tested. The mixture containing 0.1 volume % lutidine was opti-
mum. Mixtures in which 2,6-lutidine or 2,4,6-collidine was sub-
stituted for 2,4-lutidine were used without materially altering
the results. Hexane was a satisfactory substitute for petroleum
ether and because of its more constant composition is preferred.

Although not so efficient as petroleum ether-lutidine mixtures,
petroleum ether—chloroform mixtures also were effective as de-
velopers. Several compositions of the mixture were tested and
a 3 volume 9% solution of chloroform was the most effective.
Several zones were obtained, but separation was not as good as
with the petroleum ether-lutidine mixture and the leading zones
were difficult to detect. Another deterrent to using chloroform
is that the porphyrins are less stable in chloroform than in the
other solvents (3). .

Other developers that were tested, together with a brief state-
ment of their effects in resolving the mobile zones, are summarized
in Table II.

The systems listed in Table IT were evaluated for their effec-
tiveness in resolving the mobile porphyrins. However, part of
the porphyrin aggregate is not moved by the petroleum ether—
lutidine mixture. Lutidine, saturated with water and in the
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presence of ammonia vapors, was cffective as a developing solvent
for this part of the porphyrin aggregate. .

With the 0.1 volume % solution of 2,4-lutidine in petroleum
ether, and paper strips, four distinct zones were observed, in
addition to a portion that did not move from the point of applica~
tion. The rates of movement of these zones, relative to the move-
ment of a pure sample of etioporphyrin IT, were 1.0, 0.8, 0.7,
and 0.5. There was an indication of further resolution in the
leading and trailing zones, but the concentrations were too low
to make positive identifications.

Similar results were obtained by the paper-sheet method.
The use of sheets instead of strips allows the simultaneous separa-
tion of several samples. Also, because the experimental condi-
tions are identical for any one sheet, the movement and separation
of different samples may be compared accurately.

Table II. Developers for Paper Chromatograms
Components
Volume
Major Minor ratio Effects

Butano] Agetic acid to 1 Too strong

Butanol Water aturated Too strong

Water Butanol aturated Too weak

2,6-Lutidine Water aturated Too strong

2,4-Lutidine Water aturate Too strong

Water 2,4-Lutidine aturated Too stron

Methanol Water 10tol Good movément, no resolution
Methanol None Too strong

Petroleum ether Methanol 1to1 Good movement, no resolution
Water Methanoland 5,5,and 3 Good movement, no resolution

. 2,4-lutidine

The behavior of the porphyrin aggregate was compared to that
of several pure porphyrin samples in this manner. The esterified
forms of coproporphyrin I and uroporphyrin I, the acidic form of
these porphyrins, and the acidic form of meseprophyrin IX did
not move perceptibly with the petroleum ether-lutidine solvent.
The dimethyl ester of mesoprophyrin IX had an B, value of 0.04.
In the upper region of the chromatograms, the esterified and un-
esterified portions of the porphyrin aggregate moved identically,
having zones with rate values relative to etioporphyrin II of
1.0, 0.8, 0.7, and 0.5. However, near the origin, the esteri-
fied porphyrin aggregate formed a zone not observed with the’
unesterified aggregate. This is attributed to the presence of
porphyrin containing a single earboxylic acid group. The high
rates of movement of the four leading zones indicate that they
contain decarboxylated types of porphyrins. The portion of the
ageregate remaining at the origin is indicated to contain carbox-
ylic acid groups.

The porphyrin aggregate was chromatographed on paper pulp
to obtain samples large enough for further studies. The petro-
lenum ether~lutidine mixture used in strip and sheet work was used
as the developer. In the final column chromatogram, 28 ml.
of solution containing 140 p.p.m. of porphyrin aggregate was
fractionated. A total of 1800 ml. of eluate was collected in 9-ml
portions over a period of 72 hours with an automatic fraction
collector. Every fifth fraction was concentrated to an absorb-
ance of about 0.7 to 620 mu and 8 ul of each was spotted on a paper
sheet for chromatographic study of purity and B value.

Figure 1 illustrates the rate of movement of the several frac-
tions on paper sheets relative to the movement of etioporphyrin
II. These studies show that the fractions form six main groups.
Accordingly, the fractions were recombined to form the indicated
groups. The seventh group remained at the top of the pulp
column. It was extracted with ethyl ether and separated from

‘impurities of similar adsorption characteristics by extraction into

10 weight 9, hydrochloric acid, neutralization to a pH of 5.2,
and extraction by ether. In this manner, a homogeneous portion
was obtained which contained about half of the porphyrin in
group 7. ‘This portion of group 7 will be referred to as group 7a.
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The rates of movement of groups 1, 3, 4, 5, 6, and 7 on the paper-
pulp column, relative to the rate of group 2 which had been ob-
served to move at the same rate as etioporphyrin 11, were 1.1, 0.9,
0.8, 0.65, 0.45, and 0.0, respectively.

The solutions containing the porphyrin groups were diluted to
have an absorbance of 0.7 at 620 mu. Then 8 pl. of each solution
was spotted on a paper sheet and their movement, rclative to
etioporphyrin I, measured for accurate establishment of rates
of movement.

The absorption spectra of the seven groups were determined
with a Beckman DU spectrophotometer. The wave lengths of
maximum absorption and Auorescence (under ultraviolet light)
were determined with a Hartridge Reversion spectroscope, with
which the bands can be determined more precisely, although not
necessarily more accurately, than with the spectrophotometer.

Average values of the properties of the porphyrin groups are
summarized in Table III.

Table III, Properties of Porphyrin Groups Isolated by
Paper-Pulp Chromatography
Movement % of
Fractions (Rel. to Speetral Porphyrin
Group (Incl) Etio II) Type (5) Ageregate
1 1- 12 1.18 Etio 7.9
2 13— 27 0.99 Etio 16.1
3 28~ 40 0.85 Phylle 14.2
4 41— 70 0.74 Phyllo 21.6
5 71~ 97 0.62 Phylla 12.6
8 98-200 0.53 Phyllo 16.0
7 - 0.00 Phyllo 7.6
Total 96.0

¢ Remained at top of column and was extracted later.

RELATIVE "MOVEMENT, (Zons Fp/Etio Ry )

7 NN S GRS SN T TN T Y SNSRI

i Ly
o] 50 100 150 200
FRACTION NUMBER

Figure 1. Rate of movement of porphyrin
fractions on paper sheet relative to move-
ment of etioporphyrin 11

R of etioporphyrin IT 0.56

Direct comparison of the B, values with those obtained in ear-
lier paper-strip work is invalidated by differences in concentra-
tion of the samples as well as impurities. However, relative ob-
servations indicate that groups 2, 3, 4 to 5, and 6 correspond to
the paper-strip zones in order of decreasing rate of movement.

Group 1 moved faster than did a sample of pure etioporphyrine
. Because previous work showed there were present decarbox-
ylated porphyrins which moved at various rates, this is entirely
possible. However, the faster rates may possibly be due to the
presence of solubilizing impurities in the aggregate, which in-~
erease the rates with which its zones move (4).

ANALYTICAL CHEMISTRY

The spectra of the groups are shown in Figures 2 and 3. The
solutions were diluted to one tenth of the concentrations used
for determinations in the visible region for measurements at
wave lengths below 470 mpg.

The absorbance peaks of porphyrins are designated I, II, III,
and IV, proceeding toward shorter wave lengths through the
visible region. The first two groups (Figure 2) have spectra of
the etio type (5); peak III is stronger than peak IT. This type
of spectrum is typical of animal porphyrins and a few plant por-
phyrins. The spectra of the other groups (Figures 2 and 3) are
of the phyllo type, as peak II is stronger than peak IIT in each
spectrum. This type of spectrum is typical of plant porphyrins
in general.

The etio-type spectra (groups 1 and 2) have peak T displaced
about 2 myg toward the red and peak IV about 2 mu toward the
blue, compared to the same peak in the phyllo spectra (groups
3 to 7).

The fluorescence of porphyrins irradiated by ultraviolet light
affords an extremely sensitive means for their detection and, to a
limited extent, for their identification. Porphyrins in neutral
or slightly basic solutions typically have a strong fluorcscence
band at about 620 to 630 mu and secondary bands at longer wave
lengths (12, 14). TFluorescence may be measured at concentra-
tions far below those detectable by absorbance studies (7).

The Hartridge revision spectroscope, calibrated with a mercury
lamp, was used to locate the position of the major fluorescence
band in the groups of porphyrins separated by paper pulp chroma-
tography. The positions of the main fluorescence band and
of the four absorption peaks in the visible region were determined
several times and the results averaged. Although it is difficult
to locate an unsymmetrical peak—e.g., peaks 2 and 3—exactly
with this instrument, the differences among corresponding peaks
of the several groups were reproducible. The locations of these
bands are summarized in Table IV.

These results show a progressive decrease in the wave length of
peak T and the increase in wave length of peak IV from group 1
through group 5, in agreement with the spectrophotometric
measurements. Corresponding shifts of the fluorescence band
corroborate these slight changes. This kind of spectral change
generally indicates a simplification of the side chains atiached to
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Figure 2. Absorption spectra of porphyrin groups
In 15 ml. of chloroform
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the porphyrin ring or ring closure as in derivatives of deoxophyl-
loerythrin (6, 7, 12, 14). .

The spectrum of the etioporphyrin IT sample was not detect-
ably different from that of group 1. The higher I, values of the
more mobile groups are attributed to the presence of more, or
larger, aliphatic side chainsin the porphyrins of these groups. The

ABSORBANCE
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Figure 3. Absorption spectrum of porphyrin group 7

In 40 ml. of chloroform

decarboxylated animal porphyrins—e.g., mesoetioporphyrin—
contain four methyl and four ethyl side chains. The decarboxyl-
ated plant porphyrins contain three ethyl side chains and either
four (pyrroetioporphyrin) or five (phyllostioporphyrin) methyl
side chains or an isocyclic ring (5). Therefore, the high R values
of groups 1 and 2 indicate that the etio-type spectra of these
groups are due to the presence of decarboxylated porphyrins
similar to the etioporphyrin IT sample used as a standard.
Porphyrins of the “animal” type sometimes occur in plant sys-
tems (7). Therefore, the identification of etio-type porphyrins
in the aggregatc is not positive proof that animal matter was in-
volved in the genesis of the ecrude oil. Correlations of data show
that groups 3 through 8 contain decarboxylated porphyrins, pre-
sumably of the phylloetioporphyrin or deoxophyllerythroetio-
porphyrin type. No attempt has been made to distinguish
among the spatial isomers of the various types of porphyrins.

The early paper-sheet chromatographic investigations indi-
cated the presence of a porphyrin species containing one earboxy-
lic acid group. Therefore, group 7a (from the acidic portion of
the aggregate) was investigated by the method of Nicholas and
Rimington (10). The solvent was 2,4-lutidine saturated with
water used in the presence of ammonia vapor., Saturation of the
atmosphere was obtained by allowing the sytems to stand for 16
hours. The results are shown in Figure 4. The R, values of
the standards (coproporphyrin, uroporphyrin, and mesopor-
phyrin) are in good agreement with data reported in the liter-
ature (8, 10). The R, value of group 7a shows that this com-
ponent of group 7 consists of porphyrins containing one car-
boxylic acid group. This eorroborates observations with the
esterified porphyrin aggregate.

Peaks I and IV in the spectrum of this group were located at
longer and shorter wave lengths, respectively, than the corre-
sponding peaks in the middle groups. The paper chromatograms
show that group 7a contains a carboxylic acid group not present
in the earlier groups, supporting the assumption that groups 1 and
2 contain more, or larger, aliphatic side chains or side chains of a
more sliphatic nature than do the middle groups (3 to 6). The
locations of absorption bands, their relative intensities, and the
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R, value of group 7a indicate that the porphyrin involved is a
monocarboxylic porphyrin, probably deoxophylloerythrin, which
was identified in oil shale extracts by Treibs (23).

CONCLUSIONS

Paper-strip and paper-sheet chromatographic methods have
been developed to separate the porphyrin aggregate of a Cali-
fornia erude oil into several groups. Columns packed with paper
pulp were used to prepare large enough samples of seven such
groups for further study.

The absorption spectra of the porphyrin groups have been in-
vestigated. The first two groups are characterized by spectra of
the etio type, in which peak III (532 my) is stronger than peak
11 (565 my). Peak I (620 mu) and peak IV (500 mp) are dis-
placed toward longer and shorter wave lengths, respectively,
in groups 1 and 2. The other groups have phyllo-type spectra;
peak II is stronger than peak ITI.

Table 1V. Wave Lengths (mypu) of Absorption Bands and
Main Fluorescence Band of Porphyrin Groups in

Chloroform
Absorption Fluorescence
Group 1 II 111 v (Main)
1 620.3 566.5 532.8 499.9 620.9
2 619.9 566.4 533.6 500.5 620.5
3 618.9 565.5 583.7 501.2 619.7
4 618.3 565.3 536.8 502.4 619.3
3 618.2 564.9 335.4 502.5 619.2
6 618.1 565.3 535.9 502.6 19.3
7 618.7 565.2 533.5 501.5 620.0

1O MESO ESTER

Ry VALUE

CARBOXYL GROUPS

Figure 4. Relalion of R; values to number of
carboxyl groups in paper-sheet chromatogram

The wave length of the main fluorescence band changes about
2 my toward shorter wave lengths proceeding from group 1 to
6, corroborating the changes in the absorption spectra.

Representative samples of the porphyrin groups have been com-
pared by paper-sheet chromatography. These studies verify
the separations aceomplished and give rates of movement rela-
tive to that of etioporphyrin II of 1.18, 0.99, 0.85, 0.74, 0.62,
0.53, and 0.00 for the seven zones.

Correlations of spectral and chromatographic data indicate
that the etio-type spectra of groups 1 and 2 actually represent
the presence of porphyrins similar to etioporphyrin III, rather
than pyrroporphyrin, a plant porphyrin having a spectrum of
the etio type.
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Paper-sheet chromatography, using a water-saturated lutidine
solvent in the presence of ammonia vapors, and spectral measure-
ments, show that group 7a (a major portion of group 7) consists of
monocarboxylic porphyrins similar to deoxophylloerythrin.
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Selection of Solvent Proportions for Paper Chromatography

Ethyl Acetate-Acetic Acid-tater System

DONALD F. DURSO and WILLIAM A. MUELLER

Cellulose and Specialties Technical Division, Buckeye Cellul

Variation of composition within the system ethyl
acetate~acetic acid~water has been related by statistical
methods to the effect on the rate and the degree of
geparation of monosaccharides. By selection of acetic
acid content and ethyl acetate-water ratio, solvents
may be tailored to suit the mixture to be separated.
The chromatographer is relieved of guesswork by being
able to calculate spot position, distance between spot
centers, and time to accomplish the separation without
danger of losing the most mobile component. Because
one-phase systems far removed from the two-phase
region are used, temperature changes do not affect the
results.

INCE its first adaptation to sugars by Partridge and Westall

(8) paper chromatography has received wide application in

the study of carbohydrate polymers and derivatives.. Despite

the many references to be found in this field, only a limited

number present the results of investigations on the separating

power of solvent systems (2-5). A new worker must usually

choose between a solvent producing a high degree of separation

at a slow rate or one which moves the sugars rapidly while
sacrificing separation.

A systematic method for developing a solvent combining high
rate and high degree of separation was sought in this investiga-
tion. Two previous findings served as the basis for this work.
Jermyn and Isherwood (§) reported that improved separation for
pairs of sugars was obtained by use of three-component, solvents,
which produced Ry values of 0.2 for sugars. This conclusion
indicated an optimum range in the ratio between rate of sugar
movement to rate of solvent front movement. These authors
also noted that rate of development was inversely rclated to
solvent viscosity. If the best separation were to be obtained by a
solvent which must travel five times the desired displaccment
distance of the sugars, then an obvious method for obtaining an
analysis in a reasonable time would involve lowering solvent

Corp., M his, Tenn.

viscosity. Among the possibilities for doing this was increasing
the temperature or varying the nature of the solvent.

More recently, Miiller and Clegg (?) reported that solvent
front movement rate was related to the diffusion coefficient of the
components. This value was defined as the ratio D = y/xd,

where v = surface tension
7 = viscosity
d = specific gravity

This useful relationship indicated that other physical properties
of solvent components could be selected in order to obtain a high
development rate, which led to the exploitation of the conclusions
of Jermyn and Isherwood. Evaluation of 10 common solvents
by their diffusion coefficients indicated that ethyl acetate, acetic
acid, and water should be a promising mixture.

EXPERIMENTAL

From 3 three-component plot of molar compositions, 12
mixtures were so chosen that the results could be expressed as
functions of the composition variables. To this end the factorial,
a statistical design, was employed to determine the number of
runs and to evaluate the significance of results and factors

Table I. Composition of Test Solvent Mixtures
Mols %

Solvent Aecctic Ethyl 4
Mixture acid acetate Water
1 15 57 28
2 35 43 22
3 55 30 15
4 75 16.7 8.3
8 15 45.5 39.5
6 35 35 30
7 55 .24 21
8 75 13.3 11.7
9 15 34 51

10 . 35 26 a9
11 55 18 27
12 75 10 15
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Figure 1. Development rate vs. solvent composition
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Figure 2. Xylose separation vs. solvent composition

studied. Acetic acid content was chosen as one independent
variable. Because the other two factors, ethyl acetate and water
contents, would then be dependent, they would not fill the
requirements of the statistical experiment. The requirement was
choice of factors of such nature that values for either might be
chosen independently of values assigned to the other. Therefore,
the other independent variable selected was the molar ratio of
ethyl acetate to water. The levels used for molar ratio of acetate
o water were 2 to 1, 7 to 6, and 2 to 3. The compositions of the
12 mixtures used in this work are presented in Table I. The
12 solvents cover more than half of the area above the two-phase
region of this system. Any other ordered arrangement of
compositions would have been equally suitable if the major
portion of the area were experimentally investigated.

Whatman No. 1 filter paper was spotted with 2.5-ul. aliquots
of & mixture of equal parts of glucose, galactose, mannose, arabi-
nose, and xylose at a total concentration of 5 v per pl. Solvent
mixtures were made up from reagent grade acetic acid and ethyl
acetate, and distilled water. The paper was cut into strips 7 X
23 inches with machine direction in the 7-inch dimension. This
was done to reduce the length of the spots. For each solvent
duplicate papers were irrigated in standard descending chromato-
graphic equipment consisting of sealed glass jars 12 inches in
diameter, 24 inches high, and containing stainless steel solvent
assemblies. Runs were made at room temperature without
attempt to maintain constant eonditions, since one purpose of
this work was to ensure reproducibility of results but at the
same time to eliminate operator attention from elaborate schemes.
After irrigation the papers were dried overnight in a hood and
sprayed with 109, ammoniacal silver nitrate to develop the
spots. The position of maximum density for each spot was
located with a Photovolt densitometer, Model 501A. The
results were tabulated as glucose movement rate in millimeters
per hour and degree of separation for each of the other sugars as
the ratio of sugar displacement to glucose displacement.
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These results were evaluated by variance analysis to determine
the significant factors. The statistical methods for caleulation
of polynomial coeflicients were then employed to determine the
form of the relationship between effect and variable. For molar
acid content the significance of linear, quadratic, and cubic
functions was tested while only the first two were fitted to the
acetate-water ratio variable. A discussion of statistical methods
is beyond the scope of this report and the reader is referred to any

- of the basic texts in this field.

RESULTS AND DISCUSSION

The equations derived for expressing rate and degree of separa-
tion in terms of the variables are as follows.

Glucose rate, r = 7.2 4 0.114 — 3.38R €]
Galactose R, = 0.94 )
Mannose Bua. = 529 — 0.0Si + 0.000242 3
Arabinose Ry, = 1.50 — 0.0074 + 0.22R (4)
Xylose Rge. = 1.69 — 0.014 — 0.24R (5)
where = glucose movement, millimeters per hour
Reta. = ratio of sugar displacement to that of glucose
R = molar ratio, ethyl acetate to water
A = molar content of acetic acid in per cent

By arbitrary choice of A and R values, these equations lead to
families of curves showing the effect of each independent variable.
Plots for Equations 1 and 5 are shown in Figures 1 and 2, respec-
tively.

w-L2o

2 - PHASES

Hy0 E10A

Figure 3. Glucose rate and mannose Rgl. vs. solvent
composition

B,J.M. Solvent compositions of others (I, 4~6).
D. Volume ratio of 6 to 3 to 2, ethyl acetate—acctic acid-water.

Rate of development as typified by glucose movement is
directly related to the amounts of acetic acid and water, and
inversely related to ethyl acetate content. Choosing ethyl
acetate-water ratio and aeid content values producing the same
rate of movement leads to the curves shown in Figure 3. Here the
relationship of result to each of the components is presented
graphically.

Degree of separation of the sugars is affected in a manner
opposite to rate of movement by the same solvent composition
changes. The typical curves obtained for Equations 4 and 5 by
arbitrary substitution of A and R values are shown in Figure 2.
Selection of values for an equal degree of separation then leads to
the plots shown in Figures 4 and 5.
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Table II. Characteristics of Solvent Mixture
(6 to 3 to 2 parts ethyl acetate—acetic acid—water)

Glucose rate 8 mm./hour

Belu.
Galactose 0.94
Mannose 1.18
Arabinose 1.45
Xylose 1.55

Glucose, arabinose, and xylose values are linearly related to
changes in solvent composition, while the mannose relationship
requires a quadratic equation in acetic acid content only. The
ratio of galactuse to glucose movement is fixed for this solvent
system at 0.94, The mannose values, shown as M values on
Figure 3, decrease as acid content increases but are fixed for any
given acid content regardless of acetate-water ratio.

The points labeled B, J, and M on Figure 3 refer to the solvent
compositions used by Boggs, Jeannes and others and Jermyn
and Isherwood, and McCready, respectively (1, 4-6). The gen-
eral applicability of the findings reported here is attested to
by the fact that the resulls of these other workers, in terms of
rate and degree of separation, can be accurately predicted from
Figures 3, 4, and 5.

CONCLUSIONS

This is a generally applicable method for study of chromatog-
raphy solvent systems. For selection of any particular solvent,
Figures 3, 4, and 5 are superimposed. The point where curves
of selected rate and degree of separation cross is the mixture
desired. For work in this laboratory, the mixture chosen con-
sists of 27.3, 23.3, and 49.4 molar quantities of ethyl acetate,
acetic acid, and water. In volumes the ratios are 6 to 3 to 2
(point D, Figure 3). In a period of 20 to 24 hours, this solvent
produces separations sufficient for quantitative work without
interference from temperature variations as great as 4=10° from
a normal temperature of 25° C.

The rate and degree of separation obtained are summarized in
Table II. This solvent mixture has been used to separate mix-
tures ranging in composition from 99 parts of glucose, 0.5 part
of mannose, and 0.5 part of xylose to those containing essentially
equal parts of the five sugars studicd. Because the papers are
irrigated crosswise to machine direction, the spots are only
slightly elliptical—that is, they are essentially homogeneous

ANALYTICAL CHEMISTRY
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Figure 5. Xylose Rglu. vs. solvent composition

round spots. This, of course, is necessary in order to perinit use
of the densitometer for quantitative work.

Through choice of aliquot size and time of development, the
spots are completely separated. This finding applies to all of
the experimental points with the exception of those mixtures
containing 75%, acetic acid. In these, some tailing up to the
starting point was observed.

An example of the application of Figures 3, 4, and 5 is provided
as follows. A mixture of xylose and arabinose will not separate
if one uses a solvent composition defined by a glucose movement
rate of 8 mm. per hour and a ratio of 1.06 for mannose to glucose
displacement, However, the 6 to 3 to 2 mixture cited above,
while moving the sugars at the same rate, separates xylose and
arabinose in a satisfactory manner. Other aspects of the system
become apparent when one prepares transparencies of these
figures and compares by superimposing them.

Rather than recommend this system or the selected mixture
ag a panacea for all chromatographic problems, the authors wish
to emphasize the method of evaluating solvents. With a small
number of ordered experiments, one can develop desired composi-
tions in less time than trial-and-error work in which variations by
volume ratio may appear large but in molar composition are
actually insignificant. It is hoped that, by stimulating others
to study their favorite mixture and present their results in a
similar fashion, some progress may be made in reducing chroma-
tography to a science.
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Separation of Gases by Bas Adsorption Chromatography

S. A. GREENE, M. L. MOBERG, and E. M. WILSON

Aecrojet-General Corp., Azusa, Calif.

Gas adsorption chromatography was investigated as a
method of separating some low-boiling gases and hydro-
carbons. Adsorbent columns containing activated
chareoal and alumina were continuously heated during
elution. This method is advantageous for analyzing
gas mixtures with wide boiling ranges, as it sharpens
peaks, improves peak symmeiry, and reduces time for
analysis.

HE various techniques of gas chromatography have resulted

in very useful methods for the separation and quantitative
analysis of gaseous mixtures. In particular, Patton and co-
workers (3) have shown good separations of some gases; the
mixtures were separated on thermostated columns packed with
charcoal, alumina, or silica gel, by elution with an inert carrier
gas. They state that continually increasing column temperature
during elution permits a more efficient separation of materials
with widely different affinities for adsorbents, but were unable to
take advantage of this technique because of the experimental
difficulties attending reproduction of heating and carrier gas
flow rate. For gasliquid partition columns, Lichtenfels and
coworkers (1) found that increasing column temperature during
elution is advantageous for analysis of gas mixtures containing
compounds with wide boiling ranges, but the reproduction-of
temperature rise and carrier gas flow rate is too poor for quantita-
tive analysis. This paper describes the separation and quantita-
tive analysis of some low-boiling gases and hydrocarbons by
elution from columns packed with activated charcoal or alumina,
while the column temperature is continually increased,

EXPERIMENTAL WORK

Continuously incresasing the column temperature during
elution results in a decreased flow to the flow-sensitive channels of
a detector thermal conductivity cell. To maintain constant
fow, the pressure upstream of the column should be continually
increased. If reference and sample channel are connected in
series, increased pressure in the reference channel will result in an
annoying base-line drift of the recording potentiometer, used in
conjunction with the thermal conductivity cell (2).

This difficulty was obviated by splitting the carrier gas, and
controlling gas flow to both refcrence and sample channels by
means of pressure regulators (Conoflow Corp., Philadelphia,
‘Pa.). Gas flows were manometrically measured by the pressure
drops (approximately 8 inches of water) across two variable

PRESSURE
REGULATORS

\ SAMPLE VOLUME
COLUMN

Figure 1. Schematic diagram of apparatus

orifices (micrometer needle valves) located downstream of the
thermal conductivity cell. The apparatus is schematically
shown in Figure 1. Once a sample was being analyzed and the
column heated, visual inspection of the manometer (which could
be read to =1 mm. of water) indicated decreasing pressure drop
across the orifice and thus decreasing flow througﬁ the sample
channel. The correct pressure drop (and flow) was continually
restored by suitable adjustments of the pressure regulator.

The columns were fabricated from copper tubing 0.25 inch in
outside diameter, and after being filled with the adsorbent were
wound into a eoil 3 inches in inside diameter. Columns were
immersed in a stirred oil bath (initially at arabient tempera-
tures), and at the beginning of the run immersion heaters were
plugged into a 110-volt source. Resultant heating rates were
extremely reproducible. When a chart speed of 1 inch per
minute was used, the position of peaks for tEe same gases during
different runs did not vary in position on the chart paper by
more than 0.5 inch, A detector (Gow-Mac thermal conduc-
tivity cell) was used with a 0 to 5-, 10-, and 25-mv. recording
potentiometer. The helium carrier gas flow rate was 100 ml.
per minute. Gas samples (approximately 10 ml.) were intro-

10
. w
-~ e S
> = -3 -
= 3 g x
= F3 o w w
w gl = w od & z
@y = z z 3 o
z 3 zl] e I o >
4 & N 2 i z
w -
b 3 = 3 S o
[
«
w
(=]
[-3
o
o
w
[
(4]
(] 1525 45
TIME (MIN)
Figure 2, Separation of gas mixture on a 9-foot charcoal
’ column, heated to 170° C.
104
-
>
z
-
w w
w w z z u
w & =]
2 Z w &5 =\ 3l 3 T z
ssall gl 2\ &\ g\ i\ &
2 2 EN g gl g gV 3
= w "] all o]l < ] o
by
I ]
u z
2 <
z o«
: £
3 o
W [}
° 40''50 7585 105
TIME {MIN)

Separation of hydrocarbon gases on a 20-foot

Figure 3.
alumina column, heated to 150° C.

1369



1370

duced through a metal sample system similar to that of Patton
and coworkers:(3).

RESULTS AND DISCUSSION

Figure 2 shows the separation of a mixture of hydrogen,
carbon monoxide, air, methane, carbon dioxide, ethylene, and
acetylene on a 9-foot column packed with 40- to 60-mesh acti-
vated charcoal. The sensitivity to hydrogen could have been
increased by elution with nitrogen rather than helium, but this
would have resulted in a large loss in carbon monoxide and air
sensitivity. Column temperature at the end of the run was 170° C.
Figure 3 shows the results obtained .with some hydrocarbons
below Cy on a 20-foot column packed with 60- to 80-mesh acti-
vated alumina, and heated to 150° C. The sample size was 10
ml., and all components were completely separated when a sam-
ple size of 0.3 ml. was used.

Figure 4 illustrates the quantitative determination of four
hydroearbons by plotting the planimetered areas of peaks against
the pressures in a constant-volume sample tube which contained
the mixtures, Precision of the determinations was within
429, The adjustment of pressure during heating and elution
does nob seem to interfere with quantitative measurements.

Aside from column length, the most critical factor in the separa-
tion of hydrocarbon mixtures is the rate of column heating. The
results of Figure 2 were obtained using & single 250-watt heater;
two 250-watt heaters resulted in a single peak for isobutylene and
1-butene and a double peak for acetylene, isobutane, and n-
butane. Where increased heating rates can be tolerated, the
symmetry of the peaks will be improved.
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Qualitative Gas Chromatographic Analysis
Using Two Columns of Different Characteristics

J. S. LEWIS, H.. W. PATTON, and W. I. KAYE!

Research Laboratories, Tennessee Eastman Co., Division of Eastman Kodak Co., Kingsport, Tenn.

Information as to the time required for 2a member of a
given homologous series to pass throush a gas chro-
imatographic column is often sufficient for identifica-
tion of the compound. However, if members from other
series are present, the time of emergence from a single
icolumn does not positively identify a compound. This
paper reports the results of experiments using tweo
columns for the systematic identification of volatile
materials. Elution times of known compounds from
two gas-liquid partition eolumns having different char-
acteristies were plotted against each other on logarith-
mic paper. Each compound studied had a definite
location on this plot, which was somewhat comparable
to a two-dimensional paper chromatogram. This
method was found to be simple and effective for the
identification of alkanes, cycloalkanes, esters, alde-
hydes, ketones, and alcohols. It is probable that the
method could be easily extended to include other classes
of compounds.

WIDESPREAD interest has recently developed in the use

of gas chromatography for the separation of gases and
volatile liquids. The gas-liquid partition method in particular
has been shown to be exceptionally versatile and effective for the
resolution of mixtures that are difficult to separate by other
means. This method was first applied to the analysis of volatile
fatty acids by James and Martin (16~17). It has since been
used by a number of workers to separate a variety of compounds
(1-26).

In general, a separated component is identified by the time
required for it to pass through the chromatographic column.
However, this is sometimes insufficient information for charac-
terization, particularly of fractions from very complex mixtures
which may contain a variety of molecular types. Although mem-
bers of a homologous series are generally separated with case,
the characteristic times for members of different series may not
be sufficiently different to avoid confusion.

1 Present address, Beckman Instruments, Ine., Fullerton, Calif.
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In many cases separated fractions can be identified by studying
them by infrared (8, 22), ultraviolet (£2), or mass spectrometry
(2, 8, 22). 'However, it is not possible to take advantage of these
methods if the amount of material isclated is too small or if the
necessary instruments are not available. Hence it was con-
sidered worth while to investigate means of reducing the uncer-
tainty associated with identification by gas chromatographic
methods alone.

An approach to the problem was suggested in the literature.
James and James and Martin reported that primary, secondary,
and tertiary amines could be distinguished by comparing their
times of elution from two columns having different hydrogen-
bonding tendencies (12, 15, 17). A similar scheme involving
two columns with different affinities for different hydrocarbon
types was shown by James (14) and James and Martin (17) to
be an aid in the identification of aliphatic, aromatie, olefinic,
halogenated, and naphthenic hydrocarbons as well as alcohols
and ketones.

The purpose of this work was to investigate further the method
described by James and by James and Martin and to extend it to
include other homologous series. Two columns having different
separatory charfacteristics were used to study alkanes, cyclo-
alkanes, esters, aldehydes, ketones, and alcohols. Application
of the recommended procedure to a mixture usually results in
rapid and positive identification of its components.

EXPERIMENTAL

Apparatus. The gas chromatographic apparatus used was
essentially the same as that previously described by the authors
(238). Since publication of this earlier work, helium was tried as
a carrier gas and found to give results similar to those for hydro-
gen. Because of the explosion hazard with hydrogen and the
possibility of reaction between hydrogen and sample components,
helium was used for all the work reported here. The flow rate of
carrier gas was 40 ml. per minute for all cases.

Preparation of Gas-Liquid Partition Columns. Gas-liquid
partition columns were prepared using a procedure described by
Patton and Lewis (22). In order to minimize the pressure drop
across the column, the kieselguhr (Johns-Manville, Celite 545)
was screened and only that portion retained on a 100-mesh sieve
was used. This material was washed with water to remove the

- dust and dried in an-oven overnight at about 130° C. The high-
boiling liquids used to prepare the columns were tricresyl phos-
phate and Cenco Hyvac ol (a vacuum pump oil distributed by
the Central Scientific Co.).
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The high-boiling liquid was not mixed with Celite directly, as
suggested by James and Martin (16), but was applied from solu-
tion in a volatile solvent. A solution of 2.0 grams of the high-~
boiling liquid in 12 ml. of acetone was poured onto 4.7 grams of
Celite with constant stirring.” Ideally, the Celite should be
completely wet, with no excess solution. The acetone was then
allowed to evaporate, leaving the Celite uniformly impregnated
with high-boiling liquid. .

The materials thus prepared were packed into glass columns,
0.5 cm. in diameter and approximately 115 cm. in length, by
agitation from an electric vibrator. Glass wool plugs were used
to keep the packing in place.

Calibration and Analysis. The columns were operated at room
temperature (25° = 2° C.). Although the results were satis-
factory for the work reported here, the change of elution time
with changes in room temperature was perceptible in some cases.

Volatile alkanes, cycloalkanes, estens, aldehydes, ketones, and
alcohols were used to explore the method. Compounds of each
of these types were put through the tricresyl phosphate and oil
columns, respectively, and their elution times were determined.
The homologs used for calibration are listed in Table L.

Table I. Homologs Used for Calibration

Class Compounds

Alkane Butane, pentane, hexane, heptans

Cycloalkane Cyeclopropane, oyclopentane, cyclohexane
BEster Methyl, ethyl, propyl, and butyl acetates
Aldehyde Acetaldehyde, propionaldehyde, butyraldehyde
Ketone Acetone, 2-butanone, 2-pentanone

Alcohol Methyl, ethyl, propyl, and butyl alcohols

Figure 1 shows these data plotted according to the method sug-
gested by James (14) and James a4nd Martin (1?). The points for
members of a given homologous series lie on a smooth curve which
is almost a straight line in each case. The lines converge toward
the origin, and the experimental poirnts are crowded in this region.
This crowding is eliminated and some additional advantages are
gained by plotting the data on logarithmic paper, as shown in
Figure 2. Again a straight line can be drawn through the points
for each series. THowever, on this plot the lines are parallel and
points for ' consecutive members are approximately equally
spaced, as would be expected from the linear relationship between
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logarithm of elution time (or retention volume) and number of
carbon atoms per molecule. The regular spacing facilitates
interpolation or extrapolation to include compounds of the same
homologous series for which experimental calibration data are
pot available. In many respects the plot shown in Figure 2 is
comparable to a two-dimensional paper chromatogram.
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Figure2. Logarithmic relation of elution times
1. Alkanes
2. Cycloalkanes
3. FEsters
4. Aldehydes
5. Ketones
6. Alcohols

As a check of its usefulness, the method was used to identily
the components of a synthetic mixture of unknown composition.
The elution curve of this material from the tricresyl phosphate
column is shown in Figure 3. Fractions corresponding to each
of the three peaks on this curve were collected in a manner
previously described (22) and put through the oil column.
The three curves shown in Figure 4 resulted. When the elution
times obtained from these curves were compared with those for
reference compounds by means of the calibration curve in Figure
2, the components of the mixture were identified as methanol,
acetone, ethyl acetate, and cyclopentane. Methanol and acetone
could not be distinguished by elution from the tricresyl phosphate
column alone. Likewise, elution of the original mixture from the
oil column alone would not have separated cyclopentane and ethyl
acetste.

Miscellaneous Experiments. Two identical columns were
prepared in order to determine the accuracy of reproducing the
packings. Materials having elution times covering the range of
from. 0.6 to 115 minutes were put through the columns. The
average deviation was found to be £4%,. Therefore, in case a
partigular column is destroyed, another column can be prepared
and used without having to calibrate the system with the new
column.

As'an aid in the identification of volatile organic materials,
it is sometimes desirable to remove a particular class of com-
pounds completely from a mixture. This can be accomplished
by specially prepared columns. For instance, a short column
(about 0.5 ¢m. in diameter by 10 c¢m. in length) packed with
Celite: 545 impregnated with 95% sulfuric acid was used for re-

moving aldehydes, esters, ketones, and alcohols from mixtures

with saturated hydrocarbons. A short column of sodium hy-
droxide on asbestos (Ascarite, A. H. Thomas Co., Philadelphia,
Pa.) may be used for the removal of aldehydes alone.

ANALYTICAL CHEMISTRY

While investigating the effect of various parameters, such as
boiling point and number of carbon atoms, on the elution time,
it was found that a linear relationship existed between the elution
time and the reciprocal of the vapor pressurc for most of the series
studied.

DISCUSSION AND CONCLUSIONS

The logarithmic plot shown in Figure 2 has certain advantages
over the linear curves of James (24) and James and Marfin (15—
1?). First, it has been reported that for a given homologous
series, a straight line is obtained when the logarithm of the
retention volume (or elution time, which is a function of the re-
tention volume) is plotted against the number of carbon atoms
(8, 13-17, 21, 23, 26). Therefore, consecutive members of a
given series should be equally spaced. As shown in Figure 2,
this is approximately true for the oil and tricresyl phosphate
columns, Second, because the curves for the various homologous
series do not converge as they do for a linear plot, the more vola-
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tile members of a series can be identified as easily as the less
volatile.

As the columns were not insulated, changes in room tempera-
ture affected the elution times of a given column. A 5% varia-
tion was perceptible in some cases. When more accuracy of re-
producing the elution time is needed, such as in identifying the
isomers of a homologous series, the columns should be insulated
and the temperature regulated. The elution time of a given
component can be measured to +=1% by incorporating an in-
ternal standard in the samples analyzed (21).

Techniques of gas chromatography alone can be used for the
systematic identification of volatile organic materials. A char-
acteristic graph was obtained by plotting against each other the
elution times of known compounds passed through two different
columns. Each compound studied had a definite location on this
plot, which was somewhat comparable to a two-dimensional
paper chromatogram. Components of a synthetic mixture were
identified by observing their elution times when passed through
two different columns having different separatory characteristics.
The method was used for the identification of alkanes, cyclo-
alkanes, esters, aldehydes, ketones, and alcohols. Higher boiling
members of these series can probably be characterized by using
heated columns. It seems likely that the method can be easily ex-
tended to include other classes of compounds.
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Chromatography of Organic Bases on Multibuffered Paper

MORTON SCHMALL, ERNEST G. WOLLISH, and E. G. E. SHAFER
Analytical Research Laboratory, Hoffmann-La Roche, Inc., Nutley, N. J.

When a filter paper strip is impregnated in individually
marked zones with various buffers in sequence of de-
creasing pH, and a mixture of organic bases is chroma-
tographed on such a paper, using a single solvent in
presence of water vapor, the bases tend to form salts
at zones, depending upon their pK values. Separations
are thus obtained which are otherwise difficult to
achieve. This procedure eliminates the tedious search
for a suitable solvent mixture and permits the immobi-
lization of individual bases at predetermined pH levels.
Complete separation can be made of many compounds,
for which only minor differences in R, values had been
previously reported. A semiquantitative technique is
described for the reflectance measurement of the de-
veloped spots.

ILTER paper impregnated with buffers has been widely
used for the separation of a variety of compounds. Part-
ridge and Swain (9), Blackburn (1), Felix and Krekels (4),
McFarren (6), and many others have improved the separation of
amino acids by the use of buffered paper chromatograms. Iwain-
sky (5) separated the 2,4-dinitrophenyl derivatives of various
amino acids on buffered paper, adding the same buffer solution
in place of water to the solvent mixture.
The separation of strongly basic solanaceous and ergot alka-
loids on buffered papers was described by Carless and Woodhead

(3). Brossi, Hafliger, and Schnider (2) reported the separation
on filter paper uniformly buffered at pH 6.3 or 8.1 of morphinan
and a number of its derivatives, such as (—)-3-hydroxy-N-
methylmorphinan (levorphan, Dromoran), (+)-3-methoxy-N-
methylmorphinan (dextromethorphan, Romilar), and (—)-3-
hydroxy-N-allylmorphinan (levallorphan, Lorfan). On paper
buffered at pH 6.3, these authors were able to effect a good separa-
tion of Dromoran (R, 0.37 to 0.41) and Romilar (R, 0.47 to
0.52), and a better separation between these two compounds and
Lorfan (R, 0.67 to 0.70). On paper buffered at pH 8.1 only fair
separation of these compounds was obtained. The B values at
pH 8.1 were Dromoran, 0.84 to 0.88; Romilar, 0.88 to 0.92; and
Lorfan, 0.94 to 0.96. The spots were identified by spraying the
paper with the platinum chloride-iodide reagent of Munier and
Macheboeuf (8). With paper buffered at pH 6.3, excellent sep-
aration of morphine (R;, 0.13) from the various morphinan de-
rivatives was obtained (R values ranging from 0.37 to 0.70).

While a successful separation can thus often be achieved, the
detection of very small quantities, such as 1 to 2% of one com-
ponent in the presence of another one of closely related structure,
may cause great difficulties due to the long tailing effect of the
major component.

The purpose of this work was to find a paper chromatographic
method which would overcome these difficulties, avoid the search
for a suitable combination of solvents, and result in a better sep-
aration of certain basic organic compounds of related structure
for which only minor differences in R, values have been reported.
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Figure 1. Separation of opium alkaleids
Morphine

Codeine

Narcotine

4. Morphine plus codeine

5. Morphine plus codeine plus narcotine
.1 part narcotine in 100 parts morphine
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The first step of the procedure consists of the preparation of
a multibuffered filter paper strip.  This is accomplished by the
application in marked zones of small quantities of buffers at vari-
ous acidic pH levels in the sequence of their decreasing pH.
When a number of organic bases is placed on such a paper and
chromatographed by descending procedure, using a single organie
solvent as the mobile phase in the presence of water vapor, the
bases are likely to form salts with the buffers at various levels,
depending upon their pK values.  Consequently, a strong organic
base may form a salt at a pH just below 7 and will not travel any
farther on the paper, while a weaker base may proceed to a
zone buffer at a pH of 4 or 5. This was found to be the case
with a large number of substances.

EXPERIMENTAL

Reagents. Chloroform, reagent grade.

Macllvaine buffers (7), double strength.

Platinum chloride-potassium iodide reagent (8). Dissolve
0.2 gram of platinum chloride in about 2 ml. of water, mix with
a solution of 1 gram of potassium iodide in 25 ml. of water, and
dilute to 50 ml. with water.

Paper Preparation. A strip of Whatman No. 1 filter paper,
1.5 inches wide and 22 inches long, is marked in the following
manner. About 10 em. from the end of the paper a horizontal
pencil line is drawn, marking the starting zone. A parallel line
1s then drawn 2 em. below this, designating an unbuffered space.
This line is followed by another one, 2 em. down, marking the
first buffered zone. The next unbuffered zone, 1 em. below, is
again marked with a pencil line. From then on the paper is
divided along the length into 2-cm. wide buffered areas, followed
by 1-cm. wide zones.

The purpose of the unbuffered areas is to prevent intimate
mixing of the adjacent buffers. However, at times a certain
amount of migration of buffer from one zone to the neighboring
one may take place.

A simple procedure for applying the buffers is to tack the ends
of the suspended paper strip to two blocks of wood, appropriately
spaced. Double strength MacIlvaine buffers (7), ranging from
pH 6.4 to pH 4.2, are applied to the paper within the 2-cm.
zones only, by dipping a heavy glass rod into the particular
buffer solutlon and rolling the rod within the marked area.
Thus, the zones start with pH 6.4 and decrease in pH at intervals
of 0.2. The paper is allowed to dry in air.

Chromatography. About 15 v of the organic bases in 10 ul.
of chloroform or other suitable solvent are applied to the starting
line with a micropipet. The paper is allowed to remain over-
night in a chromatographic chamber partially lined with mois-
tened filter paper and containing water in the bottom in addition
to two beakers filled with chloroform. Chloroform or some other
water-immiscible solvent is used as the mobile phase, and the
chromatogram is developed until the solvent front moves past
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the last buffered zone. It usually takes about 3 hours for the
chloroform solvent front to move down the strip.

The papers are dried at room temperature, then sprayed with
the platinum chloride-iodide reagent to make the organic bases
visible. The excess of reagent is removed by washing with
water and the strip is again air-dried.

SEPARATIONS

Certain Opium Alkaloids. A multibuffered paper was pre-
pared, starting with buffer pH 6.4 and decreasing to pH 4.2.

Figure 2. Separation of Dromoran and Romilar

Dromoran
omilar

R
10. Romilar plus Dromoran
1

7
8.
9
1 part Dromoran in 100 parts Romilar

1.

Each of the bases morphine, narcotine, and codeine was indi-
vidually applied in 13-y amounts on three separate multibuffered
strips. Figure 1 shows that morphine (R, 0.1) was immobilized
at pH 6.4; codeine (R, 0.56) moved to a pH of about 4.8, while
narcotine (R;, 0.94) traveled below pH 4.2. To obtain wider
separation between morphine and codeine, strip 4 was prepared
by buffering an upper zone at pH 5.8 and a lower zone at pH
4.2, When a mixture of the two alkaloids was applied to this
strip, morphine (R, 0.03) remained at the top while codeine
(Ry, 0.8) moved to the zone buffered at pH 4.2.

Although an equally good separation can be obtained by ap-
plying pH 5.8 buffer to the upper part of the strip, allowing the
rest of the paper to remain unbuffered, the use of two widely
separated buffered zones has the following advantages: (a) It
permits the concentration of each component within a narrow
band; and (b) it enables the migration of each component to be
stopped at a predetermined area of the paper. This makes it
possible to cut out the desired zone for quantitative determina-
tion.

Strip 5 was prepared by buffering the upper zone at pH 5.8
and a center zone at pH 4.2. Morphine (22, 0.03) was immobi-
lized on the upper zone, codeine (R, 0.57) traveled to the pH
4.2 buffer, while narcotine (R;, 0.94) moved just behind the
solvent front. In order to separate a small quantity of narcotine
(15 +) in the presence of morphine (1.5 mg.), strip 6 was arranged
with an upper area buffered at pH 5.8 and the remainder of the
paper unbuffered. All of the morphine (R, 0.05) was concen-
trated at the top of the paper, while the narcotine (R,, 0.97)
moved almost with the solvent front.

Dromoran and Romilar. Dromoran (£, 0.21), when chro-
matographed on a multibuffered strip, traveled to a pH of about
6.0, while Romilar (R, 0.63 to 0.69) moved to a pH of approxi-
mately 4.6 (Figure 2). A mixture of both compounds behaved
as shown on strip 9. Strip 10 was prepared by applying pH 5.8
buffer to the upper zone and allowing the rest of the paper
to remain unbuffered. On such a chromatogram, Dromoran
(R;, 0.06) stopped at the top while Romilar (R,, 0.8 to 0.9)
traveled well down the paper.
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Strip 11 was prepared in a similar manner. On this strip
Dromoran (15 ) was concentrated at the top, permitting the
Romilar (1.5 mg.) to move to the bottom.

Strychnine and Papaverine. Munier and Macheboeuf (8)
determined the R, values of strychnine and papaverine in two
different solvent systems. One system indicated a fairly good
separation (papaverine R, 0.80; strychnine R, 0.73), while the
other one gave rather close R, values (papaverine R, 0.73; strych-
nine R, 0.69). When strychnine (R;, 0.61 to 0.63) was placed
on a multibuffered paper, it was immobilized at a pH of about
4.8 and papaverine (R, 0.94) traveled past pH 4.2 (Figure 3).
With a mixture of these two on a similar paper (strip 14), strych-
nine and papaverine stopped at the same levels as the individual
components. To separate these two compounds more widely,
strip 15 was prepared with an upper buffered zone at pH 4.2 and
the remainder of the paper unbuffered. Strychnine (Rj, 0.00)
did not move, while papaverine (R, 0.96) traveled almost along
with the solvent front.

Lorfan and Dromoran. When Lorfan was applied to a multi-
buffered strip (Figure 5, strip 19) a spot was observed at a pH
of about 5.2.

Strips 16 and 17 (Figure 4) were prepared by buffering an upper
zone at pH 5.6 and a lower one at pH 4.4. Dromoran (R,
0.24) did not move past pH 5.6 (strip 16), while Lorfan (Ry,
0.85) stopped at pH 4.4 (strip 17).

A wide separation between Dromoran and Lorfan, its allyl
derivative and narcotic antagonist, was easily achieved (strip
18) by chromatography of a mixture of both compounds on paper
having two zones buffered as described for strips 16 and 17.

Codeine and Romilar. Codeine (R;, 0.39), chromatographed
on a paper buffered from pH 5.7 down to pH 4.3, stopped at a
pH of about 4.9. Because Romilar stops at pH 4.6, an attempt
was made to separate these two compounds more widely, although
there was only a difference in pH of 0.3 between their respective
zones. When a paper was prepared with an upper zone at pH
4.8 and a lower one at pH 3.4, and a mixture of Romilar and code-

Figure3. Separation of strychnine and papaverine

12. Strychnine
13. Papaverine
14, 15. Strychnine plus papaverine

ine was applied, the codeine appeared to have moved with tailing
glightly past the first zone, while all of the Romilar was concen-
trated in the area of pH 3.4. The fact that codeine was not
completely stopped at pH 4.8 may have been due to the rapid
initial movement of the chloroform solvent front. This condition
could be eliminated by placing the pH 4.8 buffered area about
6 inches below the initial point of application of the sample and
another buffered zone at pH 3.4 further down the strip. On
such a chromatogram the codeine (R, 0.47) stopped at the first
buffered zone with Romilar (R, 0.7) moving to the second one.

Organic Bases. Five organic bases, morphine, papaverine,
Romilar, Lorfan, and Dromoran, were dissolved in chloroform
and the equivalent of about 15 v of each was placed on the paper
at the starting line.
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Five different bands were observed (Figure 5 strip 19) at pH
levels 6.4, 6.0, 5.2, 4.8, and below 4.4.

When the five compounds were chromatographed individually
in a similar manner, their locations were:

pH Zone Ry
Morphine 6.4 0.05
Dromoran 6.0 0.15
Lorfan 5.2 0.53
Romilar 4.8 0.67
Papaverine Below 4.4 0.95

The same five compounds were separated on another strip
(strip 20), using four different buffers, each one selected for its
affinity to the particular compound. The upper zone, buffered
at pH 6.4, immobilized morphine. The second zone was buf-
fered at pH 5.6, past which Dromoran did not move. The next
zone, buffered at 5.0, stopped Lorfan, while the the fourth zone at
pH 3.8 held Romilar. Papaverine traveled past the pH 3.8
buffer.

In this manner five different compounds can be separated on
one strip of paper at predetermined locations, which may then
be utilized for quantitative determinations if desired.

Limitations. The method is limited to compounds which
possess at least small differences in basic strength. Compounds
having the same pK values could not be separated by this tech-
nique. Thus far isomers have not been separated. The opium
alkaloids, narcotine and papaverine, could likewise not be
separated, and strychnine could not be distinguished from bru-
cine successfully. .

The extension of this technique to the separation of com-
pounds of acidic nature, using buffers in the alkaline range, is
being considered.

SEMIQUANTITATIVE ESTIMATION BY REFLECTANCE
MEASUREMENT

Apparatus. A Beckman Model B spectrophotometer, with
reflectance accessory (Beckman Catalog No. 12400), was used.
A removable spindle fitted with a slit for winding the paper
strip was attached on each side of the reflectance unit by means
of a flexible bracket (Figure 6). A plastic or glass plate, 80 X
35 X 6 mm., was pressed on top of the three coil springs in the
unit. The paper is inserted between this plate and the three
small metal covers of the unit and the ends of the paper are
wound onto the spindles.

Procedure. A paper strip, 1 inch wide, is developed in the
manner previously described and placed in the reflectance unit.

Figure 4. Separation of Lorfan and Dromoran
16. Dromoran
17. Lorfan
18. Lorfan plus Dromoran

Figure 5. Separation of organic bases

19,20. Morphine, Dromoran, Lorfan, Romilar, and papaverine
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The unit is then inserted into the spectrophotometer. At the
desired wave length the absorbance is set at zero with a part of
the paper not containing the spot. The paper is then moved to
the first outline of the spot and absorbance readings are taken
every 2 mm. as the paper is moved through the unit. The ab-
sorbance readings are plotted against distance and the total area
covered by the resulting curve is calculated.

Figure 6.

Reflectance unit with adapter for
paper strips
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Figure 7. Area of zones obtained with different quanti-

ties of Nisentil
v of Nisentil; A4, 10; B, 20; C, 40
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The estimation of Nisentil (alphaprodine or a-1,3-dimethyl-
4-phenyl-4-propionoxypiperidine) in the presence of Dromoran
serves as an example. On a multibuffered paper, Nisentil is
immobilized at pH 5.2. Because Dromoran does not move
below pH 6.0, good separation between these two compounds
can be achieved.

Three separate paper strips were prepared, 1 inch wide, each
having a small upper zone buffered at pH 5.8, with the remainder
of the paper unbuffered. A sample containing 20 v of Dromoran
was placed on each strip and 10, 20, and 40 v, respectively, of
Nisentil were added at the starting line. After the run the strips
were sprayed with platinum chloride—iodide. The excess reagent
was removed by washing and the paper was allowed to dry at
room temperature. The lower part of the paper containing the
Nisentil spot was then placed in the reflectance unit, absorbance
measurements were taken and plotted on graph paper, and the
area was determined (Figure 7). The resulting areas were:

Sample, v Area, Sq. Cm. Curve
10 35 A
20 80 B
40 167 C

The reproducibility is of the order of £159%,.
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Gas Partition Analysis of Light Ends in Gasolines

D. H. LICHTENFELS, S. A. FLECK, F. H. BUROW, and N. D. COGGESHALL

Gulf Research & Development Co., Pittsburgh, Pa.

The technique of gas-liquid partition chromatography
is rapidly establishing itself as a fast and accurate
method for analyzing gases and volatile liquids. A
modification was developed to provide rapid separation
and identification of the light components in gasolines
and similar products. The modified apparatus consists
of two chromatographic columns in series. The first
column acts as a stripping columnu to separate the light
fraction and the second provides a more complete analy-
sis of this fraction. The heavier components retained
in the stripping column are removed or prevented from
interfering with the light components in subsequent
runs by backflushing with gas during the regular
chromatographic separation of the light fraction.

NE of the most important analytical problems in the petro-

leum industry is the determination of the light components
in gasolines and similar samples. A frequently used technique
is a combination of low temperature distillation to obtain a Cs
and lighter fraction plus an additional mass or infrared spectrom-
eter analysis of this fraction. These procedures require con-
siderable operator and instrument time and are subject to errors
and delays in obtaining the desired analytical data. The solu-
tion to this problem was the development and application of a
modified gas-liquid partition chromatographic apparatus.

The modified apparatus consists of two chromatographic
columns in series. The first is a short column used for stripping
the light fraction from the heavier components. The second
column then provides a more complete analysis of the lighter
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fraction. < The use of the stripping column prevents the heavy
components of the gasoline from entering the second column,
from which they would be very slow to emerge. The results
obtained by this technique in less than an hour per sample are
comparable to those from the former method of distillation plus
mass spectrometer analysis, which required 2 to 3 hours per sam-
ple.

The technique of gas-liquid partition chromatography was
first suggested by Martin and Synge in 1941 (3). This suggestion
was neglected until 1951, when James and Martin developed the
technique for the analysis of pases
and volatile iquids (7). This technique
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resolution of the lighter fraction. Column I is equipped with a
self-sealing serum bottle cap through which the sample to be
analyzed is injected.

Air Bath. The chromatographic columns, detector, preheater,
ete., are all enclosed in a constant-temperature air bath. This
bathis equipped with & mercury-type thermoregulator, circulating
fan, and heater for maintaining these components at the desired
operating temperature. ’

Sampling Syringe. The sample to be analyzed is injected into
the chromatographic column by means of a modified microsyringe
(Figure 2), which is made by sealing a No. 27 hypodermic needle
to a short length of fine-bore glass tubing contalning an enlarge-

has been pursued in Europe for the
past few years, but only recently have
gimilar works been published in the
United States (2).

The method involves separation of
components with a narrow column
packed with an inert granular support
which has been coated with a high boil-
ing organic liquid. When a small
amount of a mixture to be analyzed is
injeeted into the end of this column,
each component will partially go into
solution in the high boiling organic
coating and partially exist as a gas
phase in the pore spaces. The column
is then eluted with an inert carrier gas,
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which causes the components to move

forward with individual velocities less

than that of the carrier gas. The ve-

locity with which a component moves

is dependent on its partition coefficient. As the partition co-
efficient varies for different components, a separation into zones
results within the column. The different components are de-
tected with a thermal conduetivity cell as they cmerge from the
column.

For this problem of analyzing gasolines, the technique of gas-
liquid partition chromatography was first applied for the analysis
of the Cs and lighter fraction as obtained by low temperature dis-
tillation of the original sample. The application of this tech-
nique provided a rapid and frequently more complete analysis
of this fraction than could be obtained by other techniques.
However, the man-hours per sample were still excessive, because
of the time required for the low temperature distillation.

An attempt was made to analyze gasoline samples by injecting
them into a single chromatographic column. This provided a
determination of the light components but required cxeessive
time to elute the heavier components from the column before
another sample could be injected. The modified chromato-
graphic apparatus eliminated these difficulties.

APPARATUS

A schematic diagram of the modified apparatus is shown in
Figure 1.

Carrier Gas Accessories. Accessories include a high pressure
tank of helium, coarse and fine pressure regulators, a surge tank,
a rotameter, and a wet-test meter.

Detector. The detector is a double-pass thermal conductivity
cell, connected electrically to form a Wheatstone bridge. The
output of the bridge current is connected directly to a modified
Brown recorder having a 0- to 5-mv. range.

Chromatographic Columns. The chromatographic columns
are constructed from copper tubing !/, inch in outside diameter
and approximately #/;5 inch in inside diameter. The granular
support used in this work consisted of a crushed insulating fire-
brick, Sil-0-Cel C-22 (Johns-Manville Co., Pittsburgh, Pa.), that
was screened to a 40-80 mesh and coated with approximately
30% by weight of a high boiling organic liquid. Column I is the
short stripping column and column III provides 2 more complete

Figure 1.

Schematic diagram of apparatus

Figure 2. Miecro-
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ment as shown, This pipet arrangement is attached to a micro-
syringe equipped with a micrometer screw and metal plunger.
A sample is drawn into this special pipet by turning the mierom-
eter screw until it is filled to the reference mark. The liquid is
injected into the column by pressing the plunger.

PROCEDURE

In operation, a constant flow of carrier gas is passed through
the system in the direction indicated by the arrows in Figure 1.
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Figure 4. Chromatogram of light com-
ponents in gasoline using diethyl ether as
internal standard
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The carrier gas is drawn from a cylinder through the reducing
valves, surge tank, and preheat coil before: passin% through the
reference side of the thermal conductivity cell. The carrier gas
passes through columns I and III in series, then the sample side
of the thermal conductivity cell, and finally the rotameter and
wet-test meter, before it is vented. The flow of carrier gas is
indicated by the rotameter and is accurately measured by the
wet-test meter. After equilibrium has been established with car-
rier gas passing through the system, the electrical bridge of the
thermal conductivity cell is balanced and the recorder pen base
line is established.

Before the sample is charged to the apparatus, the three-way
valve, 2, is turned to shut off the flow of carrier gas momentarily.
This also vents the column to atmospheric pressure to prevent
loss of sample during charging. By means of the modified micro-
syringe, a calibrated volume of the gasoline sample is injected
into column I through the rubber serum bottle cap. Valve 2 is
then opened to allow carrier gas to flow through the system in
the direction indicated by the arrows, until the faster moving
components are eluted from column I. Valves 1 and 4 are turned
to bypass column I and allow carrier gas to flow through columns
II and ITI. The flow continues in this direction until all of the
light fraction that entered column TIT is eluted.

In order to maintain the same carrier gas flow rate through
both paths, it was necessary to install column II, which has the
same pressure drop as column 1. The installation of a surge tank
in the carrier gas line also provided a means of smoothing out the
pressure disturbances resulting from turning the valves. At the
same time the light fraction is eluted from column ITI, valves 2
and 3 are turned to allow carrier gas from another cylinder to
backflush through column I. In this manner, the heavier com-
ponents that are retained in the short column I are eluted, while
the regular chromatographic separation of the light fraction is con-
tinuing in column III.  As soon as the light fraction ig eluted
from column III, the flow of carrier gas is again passed in the
direction indicated by the arrows. The apparatus is then ready
to be charged with another sample.

Because some samples may contain components that are not
eluted from the stripping column by the backflushing procedure,
it may be necessary to change this column occasionally to prevent
variations in retention times. However, more than 100 gasoline
samples having distillation end points of approximately 400° F.
have been analyzed by this technique in the same stripping col-
umn with no apparent change in retention times.

The choice of column lengths, liquid coatings, and operating
conditions will depend on the particular analytical problem.

As an illustration, a unit was operated at a temperature of
45° O. with a carrier gas flow rate of 30 ml. per minute using
di-2-ethylhexyl sebacate (Octoil 8, Consolidated

Vacuum Corp., Rochester, N. Y.) as the liquid

phase in both columns. Column I was approxi-

mately 1 foot long and column III was 7 feet

long. Tt was determined by calibration that

n-pentane and lighter components were eluted

Py
g from column I in 4.5 minutes under these con-
il ditions. Thus, the flow of carrier gas was passed
% in the direction indicated by the arrows in Fig-
. 4 ure 1 for at least 4.5 minutes. Then valves 1
4 and 4 were turned and carrier gas was passed
- through columns II and III for approximately
Zw w 20 more minutes to elute the m-pentane and
g B z lighter components. For this type of sample,
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Figure 6. Chromatogram. of n- s—
hexane and lighter components in ]
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sample contained propane, isobutane, n-butane, I E Eae 2 5
isopentane, and n-pentane. The heavier com- & Egg z 3
ponents are retained in the stripping column. Je % nzg E 4 w 5
The concentration of each eluted component is ¢ “2° a 5 g2
caleulated from the area under the peaks. The - o g E|&
peak areas are usually determined with a planim- 2
cter or by multiplying peak heights by the | | | |
half-band widths. Recently the application of %5 e 55 50 45 40 35 30 28 20 15 10 s Q

a continuous integrator is providing a fast and

accurate method for determining peak areas. In

order to relate these calculations to the total

sample, the practice of adding a known amount of internal
standard is used. The line marked “‘cut’” indicates the time
when the flow of carrier gas was discontinued through the
stripping column.

One of the first applications of this technique was the determi-
nation of isopentane and n-pentane in a typical gasoline sample.
The chromatogram of one of these samples containing a known
amount of diethyl ether as an internal standard is shown in Figure
4. Using the weight and peak area of the internal standard, the
percentages of the other eluted components can be calculated
from their peak areas. For this caleulation, known weights of
sample and ether are first blended. From the weight of ether
added, the number of moles can be calculated. The moles of
ether are then related to the moles of the different hydrocarbons
by use of the peak areas. From the moles of each hydrocarbon,
the weight of each hydrocarbon in the original sample is calcu-
lated, This weight divided by the weight of the original sample
yields the results in weight per cent.

The accuracy of this method was tested using synthetic samples
gimilar in composition to the regular gasoline samples. In order
to prepare these synthetic samples, several regular gasoline sam-
ples were distilled to remove the n-pentane and lighter compo-
nents. Using the residues from these distillations, several blends
containing different amounts of isopentane and n-pentane plus
the internal standard were prepared and analyzed. The results
obtained by this method were comparable to those obtained by
distillation techniques. )

Table T shows the comparative results obtained on three un-
stabilized straight-run gasoline samples analyzed by this tech-
nique compared to the former method of low temperature distil-
lation plus mass spectrometer analysis of the Cs and lighter frac-
tion.

Figure 5 shows the application of this technique for the determi-
nation of the Cy and lighter components in a cracked gasoline
sample. This sample ‘was analyzed in an apparatus containing
tri-m-tolyl phosphate saturated with silver nitrate as the liquid
coating in the second column.

Although this technique was developed mainly for the determi-
nation of Cs and lighter components, the same technique can be
used for hydrocarbons of higher molecular weight. This is il-
lustrated in Figure 6, which shows the determination of the
n-hexane and lighter components in a gasoline sample.

The advantage of speed makes this technique very 1seful for
control purposes. By maintaining a constant temperature, flow

= MINUTES

Table 1. Comparison of Results by Different Methods
{Weight per cent)
Sample 1 Sample 2 Sample 3
Component Aa Be Aa Ba Aa Beo
Propane 0.22 0.21 0.14 0.16 0.05 0.06
Isobutane 0.43 0.35 0.72 0.58 007 0.10
n-Butane 1.09 1.27 1.48 1.74 029 0.40
Isopentane 3,22 2,06 5.37 5.60 4.19 4,04
n-Pontane . 1.93 2.06 4.80 .96 3.50 3.59
Hexane + (by diff.) 94.11 94.05 87.49 86.95 91.90 91.81

a A. Analysis by distillation plus mass spectrometry.
B. Analysis by gas-liquid partition method.

Table II. Results for a Synthetic Sample without Use of
an Internal Standard
(Weight per cent)

% by % Determined
Component Blend Run 1 Run 2 Run 3 Run 4
Isopentane 4.25 4.24 4.06 4.21 4.21
n-Pentane 4.64 4.69 4.77 4.74 4.70
Hexane + 91.11 | 91,076 91.17¢ 91.05¢ 01.09«

a Determined by difference.

rate, and sample size, it is possible to analyze routine samples for
control purposes without the addition of an internal standard
to each sample. For these samples, the amount of each com-
ponent is determined by a comparison of peak areas for the un-
known with the areas obtained on previously analyzed synthetic
samples of known composition. )

Table IT shows the resulis of four separate determinations
on a synthetic sample analyzed over a period of several days.
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Analytical Separation and ldentification of
Sulfur Compounds in a Petroleum Distillate Boiling to 100° C.

H. J. COLEMAN, N. G. ADAMS®, B. H. ECCLESTON, R. L. HOPKINS, LOUIS MIKKELSEN?, H. T. RALL,
DOROTHY RICHARDSONS®, C. J. THOMPSON, and H. M. SMITH

Petroleum Experiment Station, Bureau of Mines, Bartlesville, Okla,

The object of the work reported was to identify and
quantitatively determine the sulfur compounds present
in a crude oil in the boiling range 0° to 100° C. A
naphtha was isothermally distilled from Wasson, Tex.,
erude oil to aveid thermal degradation and by adsorp-
tion and distillation processes and infrared examination
of the final fractions the following compounds were
identified: methanethiol, ethuncthiol, 2-thiapropane,
2-propanecthiol, 2-mcthyl-2-propanethiol, 2-thia-
butane, l-propanethiol, 3-methyl-2-thiabutane, 2-
butanethiol, 2-methyl-1-propanethiol, 3-thiapentane,
2-thiapentanc, l-butanethiol, 3,3-dimethyl-2-thia~
buiane, and 2-methyl-2-butancthiol, Thiophene was
nol found, although repeated tests were made for this
compound, Knowledge of the sulfur compounds and
their concentration in crude oil is of considerable
theoretical interest and should aid in refining processes.

MPORTANT phases of American Petroleum Institute Re-

search Project 48A are the identification and quantitative
estimation of the sulfuric compounds in a selected crude oil.
The prosecution of this research necessitates developing methods
of separating the sulfur compounds and of identifying and
determining them quantitatively. This paper presents methods
developed for and applied to the investigation of an uncracked

1 Present address, Ethyl Corp., Baton Rouge, La.
? Present address, Escambia Bay Chemical Corp., Cambridge, Mass.
3 Present address, St. Joseph’s College, Adrian, Mich.
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Figure 1. Alumina adsorptogram of Wasson distillate

distillate boiling to 100° C., preparcd from Wasson, Tex., crude
oil, and lists the 15 sulfur compounds, boiling below 100° C,,
in the crude oil identified by the methods described.

THE PROBLEM

In essence, the problem was to concentrate, without appreciable
loss, the sulfur compounds (approximately 40 grams) from 9000
grams of distillate, to identify these sulfur compounds, and to
estimate the concentiration in which each is present. Theoreti-
cally 21 compounds of carbon, hydrogen, and sulfur exist whose
boiling point is below 100° C., in addition to hydrogen sulfide
and carbon disulfide. However, thiacyclopropane (6), its methyl
and dimethyl derivatives, and thiacyclobutane (15) are very
unstable and not likely to be present in petroleum. Carbon
disulfide (7, 13) and thiophene (13) have been reported present
in straight-run petroleum distillates. The identification of the
first is generally discounted, while some uncertainty surrounds
that of thiophene. This investigation failed to identify either.
{Since this was written three of the present authors and coworkers
Working in APIRP 48 have identified thiophene and 2-methyl-
thiophene in a Wilmington, Calif., crude oil (17).] It is conceiv-
able that thiophene may be present in Wasson crude oil in a
quantity too small to be detected by the methods of separation
and identification used in this investigation.

In addition, the problem involved consideration of the stability
of the sulfur compounds during the separation processes. Previ-
ous work (2, 8) had indicated considerable difference in the type
of sulfur compounds obtained by distillation at atmospheric and
at reduced pressure. Other studies (4, #) had shown that
elemental sulfur reacts with crude oil to form hydrogen sulfide
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and other sulfur compounds at temperatures near 125° C. be regulated to some extent by changing the flow rates of the oil
Elemental sulfur, known to occur naturally in certain crude oils or gas, or both. Thus it fulfills the need for a method eliminating,
(6, 14), has been found in some low boiling distillates (8, 10), to a large degree, the possible effects of heat on the sulfur com-
but was not detected in the crude oil sample investigated. pounds and the reaction of elemental sulfur with crude oil to

produce sulfur compounds.

THE INVESTIGATION This method has some disadvantages: It is difficult to con-

The several processes used in this study were isothermal dis- dense the low-boiling compounds completely from the gas stream;
tillation, fractionation, concentration by adsorption on alumina, a product of wide boiling range is obtained; and, although some
and semimicrofractionation of the concentrate. Identification improvement can be effected by use of a reflux condenser, the
and quantitative estimation of the individual compounds were distillate must be fractionated if it is desirable to obtain sharp
based on infrared spectra. A description of each procedure is cuts in a desired boiling range. Fractionation is not & serious
given below and its application in the problem discussed. objection, as most of the heavy, more thermosensitive material

Isothermal Distillation. The isothermal distillation system has been removed.
utilized the principle of flash evaporation of the distillate from a To provide the necessary quantity of distillate, 107.70 kg. of
heated, descending film of crude oil, with the vapor being removed crude oil (33 gallons) was processed, yielding 2.05% gas plus
continuously by a countercurrent stream of inert gas. In prac- loss, 8.45%, distillate, and 89.5% residuum.
tice, the crude oil was pumped into the top of a steam-heated. Thermal Stability of Distillate. It was thought advisable to
column so constructed as to distribute the oil in a film as it determine whether distillates prepared in this way could be dis-
progressed downward. A countercurrent nitrogen stream pro- tilled by a batch process without significant changes in the con-

vided & scrubbing action, while a short dephlegmator, packed tent of sulfur compounds. Accordingly, a portion of distillate
with glass helices, gave some fractionation of the ascending boiling from 35° to 240° C. (85% between 65° and 165° C.) was

vapors. The condensing system consisted of an ice water— subjected to a stability test consisting of refluxing at different
cooled condenser with an appropriate receiver followed by a temperature levels up to about 200° C. and determining the
liquid air-cooled trap. This method of stripping crude oil has amounts of hydrogen sulfide and thiols (mercaptans) evolved.
several advantages: The temperaturc is easily maintained at A complete deseription of this apparatus and procedure has been
100° C., and no excessive heating can occur; the contact time is given (4). A group sulfur analysis (1) of the distillate was made
short, particularly as compared to a batch distillation; the proe- before the test, and of the combined residuum and fractions after
ess is continuous, so that the large quantitics of crude oil re- the test.

quired to obtain adequate quantities of sulfur compounds can The results, given in Table I, indicated negligible thermal
be easily handled; and the quantity of distillate produced can effects, as only a trace of hydrogen sulfide was evolved, and the
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two analyses agree within the limits of analytical error. It was
concluded, therefore, that batch distillation of & Wasson naphtha
could be conducted with freedom from thermal reactions of the
sulfur compounds if a temperature of about 200° C. were not
exceeded. However, a deliberate effort was made to hold tem-
peratures as low as possible. Experimental temperatures
throughout this investigation never exceeded 100° C. in any
operation except in the fractionation of the sulfur concentrate,
where material boiling up to 100° C. was removed overhead.

Fractionation. Because of the high volatility of methanethiol,
ethanethiol, and 2-thiapropane, it was decided that these three
compounds should be determined independently, and, therefore,
that the distillate from the isothermal stripping of the crude oil
should be “topped” to 38° C. to remove them. This was accom-
plished in a high-temperature Heli-grid packed column at atmos-
pheric pressure. From this operation a light fraction (below
38° C.) of 1.54%, a residual topped distillate of 6.85%, and a loss
of 0.069, were obtained, all percentages based on the original
crude oil charge. Following a few preliminary experiments, ap-
proximately 7100 grams of “topped’” Wasson distillate was avail-
able for percolation through alumina.

TableI. Group Sulfur Analyses of Wasson Distillate before
and after Stability Test

% Sulfur Based on Weight of Sulfur
in Original Charge

Before stability After stability
Compound test test
Hydrogen sulfide 0.00 0.03¢
%Emlen(m ot ) R 990
iols (mercaptans; 5. 2.
P a0 }46 97
Disulfides 00 0.34
Sulfides I 48.42 47.07
Sulfides IT 0.67 0.67
Residual sulfur 4.04 3.33
Total sulfur 100.00 98.41
Loss 1.59

¢ Evolved during stability test.

Concentration by Adsorption. Extensive experimentation in
concentrating sulfur compounds by percolation through solid

adsorbents had shown that grade H-41 activated alumina was .

effective in preferentially adsorbing the sulfur compounds. The
technique was to percolate the distillate through the alumina,
using a ratio by weight of about 1 to 1. The distillate was fol-
lowed by an equal volume of isopentane, and when the refractive
index of the eluate reached that of isopentane, ethyl alcohol was
added to displace the sulfur compounds. During these opera-
tions the absorption column was cooled with ice water.

The small amount of material resulting from this separation
precluded the expenditure of any portion to obtain analytical
data for establishing material balances. However, results, de-
rived from the percolation of a similar sample are shown in
Figure 1, and indicate a recovery of 92.3% of the sulfur com-
pounds. The sulfur compounds recovered in this first percolation
step were contaminated with a considerable quantity of benzene
and toluene, and the resultant concentrate required several suc-
cessive percolations through alumina to reduce the quantity of
aromatics to a negligible valuc. Some sulfur compounds were
contained in the alcohol eluate and were removed by combining
the eluate with salt solution and extracting with isopentane.
These isopentane extracts were used as part of the diluting
material in the next rerun through the alumina. In all, four
reruns were made, using adsorption columns having the sizes
and shapes necessary to meet the requirements of the samples.
The final product was a sulfur concentrate weighing 37.6 grams,
equivalent to 0.03489, of the original erude oil. This concen-
trate still contained a trace of aromatic hydrocarbons, but in-the

ANALYTICAL CHEMISTRY

boiling range of 38° to 100° C. benzene would be the only one
present and would not interfere in the identification studies.
'This material accordingly was charged to a semimicro fractiona-
tion column.

Semimicrodistillation of Concentrate. The column used was
a semimicro, Heli-grid packed column 8 mm. in inside diameter
and 300 mm. long. The charge, 37.6 grams, was distilled at a
take-off rate of 0.67 gram per hour. On the distillation curve,
shown in Figure 2, the plateau at about 26° C. is caused by iso-
pentane used in the adsorption separation. The numbers along
the curve indicate fraction numbers. Selected fractions were
subjected to infrared analysis. .

Infrared Analysis. Through the efforts of that section of
APIRP 48A at the Bureau of Mines, Laramie, Wyo., and of
APIRP 488 at Northwestern University, the spectra of all the
sulfur compounds expected to be present in the boiling range to
100° C. have been made available, as well as pure reference
samples. Thus it was possible to identify all the compounds
present. Figure 3 is typical of the data obtained, showing the
spectra of fraction 35 and of 1-propanethiol, 2-methyl-2-propane-
thiol, and 2-thiabutane. The cell lengths, in millimeters, are
noted on each of the curves, The spectrum for fraction 35
shows the presence of all three compounds—for example, bands
characteristic of 1-propanethiol appear at about 7.7, 9.1, and
11.2 microns; of 2-methyl-2-propanethiol at 8.5, 11.5, and 12,2
microns; and of 2-thiabutane at 9.3, 10.4, 12.7, and 13.2 microns.
From these data it is possible also to make quantitative estimates
of the amounts of the components present.
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Quantitative Determination of Methanethiol, Ethanethiol, and
2-Thiapropane. The three very volatile sulfur compounds,
methanethiol, ethanethiol, and 2-thiapropane, have been left
out of the procedure described above and were determined in a
separate and independent analysis. Several procedurcs were
tried for dctermining them independently. The one that gave
the most promise was to distill about 3 liters of crude oil in a
high-temperature Heli-grid packed column, taking fractions at
9° and 28° C. The fractions were collected in special aluminum
LPG “bombs” and analyzed for thiols by amperometric titration
and for sulfides by the ultraviolet absorption of the iodine com-
plex, as described by Hastings (9). The only sulfur compound
in fraction 1 was methanethiol, 0.0024% of the crude oil. The
second fraction containing ethanethiol, 0.0053%, and 2-thia-
propane, 0.00088%. Ethanethiol and 2-thiapropane distill
as azeotropes (with n-pentane) boiling at about 26° to 27° C,,
instead of at. the normal boiling points of the compounds, 35.0°
and 37.3°, respectively.
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A flow chart giving in simplified outline the seversl procedures
used to concentrate and separate the sulfur compounds is shown
in Figure 4.

THE RESULTS

Compounds Identified in Material Boiling below 38° C. As
indicated above, methanethiol, ethanethiol, and 2-thiapropane
were identified and determined in this part of the crude oil. No
hydrogen sulfide was found (this probably varies with sampling
and storage conditions).

Compounds Identified in Distiltate at 38° to 100° C. The re-
sults of the infrared studies of the fractiona from the semimicro-
distillation are shown in Figure 5. In this figure the graph for
each component shows, on the vertical scale, the percentage of a
given sulfur compound in one or more fractions. The horizontal
scales at the bottom show weight per cent distilled and fraction
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numbers, and the horizontal scale at the top shows the cut points
of the fractions in ° C. The figure shows, by shaded areas, the
distribution of a given sulfur compound through several fractions
and the overlapping of several sulfur compounds in the same
fraction. Dotted lines represent reasonable extrapolation based
on the data. The predominant compounds are 2-thiabutane and
2-butanethiol.

Summary of All Sulfur Compounds Found Boiling to 100° C.
Table II lists all the compounds identified in the fraction of
Wasson crude oil boiling below 100° C., and gives an estimate of
their concentration in the crude oil. Several compounds have
not been identified previously as being present in crude oil, so far
as the authors can ascertain. All of the theoretically possible
compounds of carbon, hydrogen, and sulfur except thiacyclo-
propane, 2-methylthiacyclopropane, 2,2-dimethylthiacyclopro-
pane, trans-2,3-dimethylthiacyclopropane, thiacyclobutane, and
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thiophene were found. The three- and four-membered cyclic
sulfides are unstable and were not expected. In this investiga-
tlon no evidence of thiophene absorption bands was present in
the infrared spectra of appropriate boiling range cuts. Negative
re;ults were also obtained with the isatin reagent when applied
to selected fractions from the adsorption column, including those
eluted before the sulfur concentrate. This test can be expected
to fail in the presence of large amounts of thiols.

Table II. Sulfur Compounds Identified in Wasson, Tex.,
Crude Oil and Estimated Weight Per Cent Present
Weight Literature
% in References to
Boiling Wasson, Compounds
Pomt,, Tex., Found in
Name °C. Crude Qil¢  Petroleum
Methanethiol (methyl mercaptan) 3.96 0.00240 (18)
Ethanethiol (ethyl mercaptan) 35.0 0.00530 Sg
2-Thiaprepane (methyl sulfide) 37.31 0.00088 (1r
2-Propanethiol (isopropyl mercaptan) 52.56 0.00199 (3)
2-Methyl-2-propanethiol (fert-butyl
mercaptan) b 64.22 0.00055
2-Thiabutane (methyl ethyl sulfide) 66.63 0.00222 (11, 16)
1-Propanethiol (n-propyl mercaptan)e 67.5 0.00041
3-Methyl-2-thiabutane (methyl
isopropyl sulfide) & 84 81 0.00064
2-Buytancthiol (sec-butyl mercaptan) 85.15 0.00385 (38,12
2-Mpethyl-1-propanethiol (isobutyl
mercaptan) 88.72 0.00003 (33
3-Thiapentane (ethyl sulfide) 92.10 0.00075 (i1
2- Tlfla.pentane {(methyl n-propyl
sulfide 95.52 0.00030 (16)
1-Butanethiol {(n-buty]l mereaptan) s 98.4 Trace
3,3-Dimethyl-2-thiabutane (methyl 99.0 Not
tert-butyl sulfide) » determined
2-Methyl-2-butanethiol (feri-amyl
mercaptan) b 99.0 0.00126

@ Minimum values. o
b Not previously reported in literature.

Identification of Thiophene and
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2-Methylthiophene in Virgin Petroleum

C. J. THOMPSON, H. J. COLEMAN, LOUIS MIKKELSENY, DON YEE, C. C. WARD, and H. T. RALL
Petroleum Experiment Station, Bureau of Mines, Bartlesville, Okla.

Whether thiophene as such exists in virgin petroleum or
ié’i produced by pyrolytic breakdown or rearrangement of
o{ther sulfur compounds has been of interest to petro-
léum chemists for many years. This paper discusses
the concentration and spectroseopic identification of
thiophene and 2-methylthiophene in a Wilminglon,
Cfilif., crude oil. The crude oil was exposed to a maxi-
mum temperature of only 100° C. for less than 30
scconds in the preparation of the distillate from which
the thiophene was concentrated. The knowledge that
thiophene exists in petroleum is of importance not only
to the practical chemist interested in the removal of sul-
fur compounds from petroleum distillates, but also to
.the fundamental chemist and geologist who are con-
cc;rned with the origin of petroleum and of the sulfur

Osmpounds found in it.

HIOPHENE was first discovered by Victor Meyer (16) in
coal-ta.r light oil in 1882. This discovery initiated intensive
esearch in thiophene chemistry, and attempts to associate the
ompound with certain natural products followed.
As a result of this research, its presence in products of pyralytic

origin, such as coal tars, shale oils, and “cracked’’ petroleum, is
firmly established. For example, Saladini (20) and Heusler (10)
state that thiophene is present in lignite tar oils; Challenger,
Haslam, Bramhall, and Walkden (4) isolated it and several
allcyl derivatives from shale oil; Dodonov and Soshestvenska (6)
reported it and two alkyl derivatives present in a Russian shale
oil; and Scheibler and Rettig (2/) found thiophene and three
alkyl derivatives in the bituminous ‘shales of Tyrol. More
recently Kinney, Smith, and Ball (2) have identified thiophene,
15 alkylthiophenes, and 2,3-benzothiophene (thianaphthene) in
a Colorado shale oil. Weissgerber (26) and Weissgerber and
Kruber (27) isolated thianaphthene, biphenylene sulfide (dibenz-
othiophene), and two isomeric methylthianaphthenes from coal
tars, and Weissgerber (25) identified tetramethylthiophcne in
the same material. Boes (8) found thianaphthene in brown coal
tar and dibenzothiophene in coal tar.

The presence of thiophene in products of nonpyrolytic origin
does not appear to be as. soundly established. Charitschkoff
(&) in 1899 described the isolation and identification of thio-
phene in a Grozny crude oil by precipitation of the mercuric
chloride complex from a fraction of the distilled oil.. Upon de-
composing the complex with boiling hydrochloric acid and re-

Present address, Escambia Bay Chemical Corp., Cambridge, Mass.
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covering the product in thiophene-free benzene, he obtained a
positive color reaction with isatin. Charitschkoff estimated the
quantity of thiophene in the Grozny “benzine’” at 1 p.p.m. or
0.0001%. In 1900 Edelesnu and Filiti (?) reported the possible
presence of thiophene derivatives in a Romanian petroleum.
On the other hand, Nametkin and Sosnina (16), using’essentia,lly
the same procedure as that of Charitschkoff on distillate frac-
tions from an Ishembaevsk crude oil, isolated mercaptans but
indicated that the isatin test for thiophene wus ncgative on all
fractions. In 1044 Postovskil, Bednyagina, and Mikhailova,
(18) reported that in fractions from the silica gel filtration of
crude oil the presence of thiophene was not indicated but that if
the experiment were repeated, using heated crude oil, thiophene
was, found in the fractions. Emmott (8) reported the presence
of thiophenes in sulfur dioxide extracts of Iraq and Texas middle
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5 sulfur dioxide extract of Agha Jari crude oil, including 2,3,4-
trimethylthiophene, 2,3-dimethyl-4-ethylthiophene, 2,3,4,5-tetra-
methylthiophene, and 2,3,4-trimethyl-5-ethyithiophene, but did
not mention finding the parent compound. Other investigators
(18, 19, 24) have reported the presence of alkylated and con-
densed ring thiophenes in crude oil,

The most recently reported evidence of thiophene in erude oils
is that of Hastings (9). This identification was made by mass
spectral examination of vacuum distilled and silica gel-filtered
fractions from a West Texas crude oil. His paper did not spe-
cifically mention ‘“thiophene,”” but the boiling range of the frac-
tion analyzed (24.6° to 79.4° C.) leaves little doubt that the
““thiophenes’’ identified must be the parent, thiophene. The
concentration reported by Hastings (0.004%) is very near the
detection limit of the mass spectrometer.

distillates. Birch (I, £) identified several alkylthiophenes in The identification of thiophene in petroleum as reported in
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the litenature has been based, in most instances, on the thio-
phene-isatin color reaction obtained with distillate fractions.
No thorough investigation of this reaction has been reported, but,
interferences are known. Both 2-methyl- and 3-methylthio-
phene give a color reaction with isatin, although the colors de-
veloped with the pure compounds are of a different hue than
that obtained with thiophene. It has been shown that thiols
in sufficient coneentration will cause the isatin test for thiophene
tofail. Unsaturatesinterfere with the test and even cyelic hydro-
carbons in straight-run fractions (74) are thought to give a color
reaction, although in this instance the color development (red)
is tardy in comparison with that of thiophene. Furthermore,
E. C. Craven, in the discussion of the work of Challenger
and associates (4), states that he believes the indophenin re-
action to be ‘‘utterly unreliable for the detection of thiophene
compounds in any sort of oil; one could prepare a mixture
to which thiophene had been added and get no colour at all.”

T T ¥ T T T T
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PERCENT TRANSMITTANGE
<

8
AROMATIC BLEND
[.1% THIOPHENE

oc I 1 L , 1 ; 1
15 14 13 i2 I P 8 7
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Figure 2. Infrared spectra of fraction 1 of Wilmington

sulfur concentrate and of aromatic and aromatic-thio~
phene blends

Karr (11) investigated various chemical tests, including a sul-
furie aicid reaction, on 15 sulfur compounds, among them
t.hiophqne. He did not discuss the isatin test, but as this rea-
gent contains sulfuric acid it may be assumed that any sulfur
compouj.nd reacting positively in Karr’s sulfuric acid test could
confusel or interfere with the isatin reaction.

Some confusion exists in the chemical literature between thio-
phene, CH,S, and ‘‘thiophane,”” CiHS (thiacyclopentane), and
their derivatives. There is no doubt that thiacyclopentane
exists in petroleum (1, 17, 22-24).

EXPERIMENTAL

As it is well known that low-boiling sulfur compounds are
producéd by thermal decomposition of heavy sulfur-containing
molecules present in the high-boiling portion of the crude oil, it
was the aim of this investigation to prepare the distillates used
at a low temperature and with a short contact time.

To accomplish this an all-glass isothermal still (24) was used
to sepa.’Fate the “primary distillate” from the crude oil. In this
process the crude oil is in contact with a glass drum, heated to
100° C., for about 30 scconds, during which the distillate is
flashed from the crude oil and carried from the system by a stream
of inert gas. As the isothermal still is constructed entirely of
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glass, except for Teflon bearings and gaskets, possible catalytic
effects induced by metals are eliminated. The “primary dis-
tillate” recovered in this process was 7% of the crude oil and
contained all material in the crude oil boiling below 111° C.
The loss in the operation was 0.3%, which probably was made
up entirely of uncondensable material. In accordance with
general plans for treating the crude oil, the distillate was divided
by fractionation through a 30-plate Oldershaw column (about
20 theoretical plates) into three fractions of the followin% boiling
ranges: below 38° C.,, 38° to 111° C,, and above 111° C. In
this process still-pot temperatures were maintained below
100° C. by reduction of pressure to 200 mm. during distillation of
the 38° to 111° C. fraction. .

Fifty gallons (165.4 kg.) of Wilmington crude oil was processed
as indicated in Figure 1. The 38° to 111° C. fraction, which is
the concern of the present paper, constituted 2.4%, of the crude
oil. Although Wilmington crude oil eontains 1.539 sulfur,
most of this occurs in the high boiling range, and the 38° to 111° C,
fraction contains only 0.010%. To concentrate the sulfur
compounds in this fraction it was percolated batchwise through
spray-dried, activated, H-41 (Alcoa) alumina. After appropriate
retreatment of selected fractions from this percolation, a final
aromatic-sulfur compound concentrate, which represented 0.008%,
of thg original erude oil and contained 1.6% sulfur, was ob-
tained.

A preliminary examination by mass spectrometry revealed
that the final aromatic-sulfur compound concentrate described
above contained as its major components approximately 29%
benzene and 699 toluene. Also indicated as possible com-
ponents were 2.0% methylthiophenes and 0.4% thiophene. This
was not considered to be proof of the presence of thiophene,
beeause of the possibility of interference in the mass spectrum.
The infrared spectrum of the concentrate gave no further infor-
mation about thiophene, but the presence of the methylthio-
phenes was confirmed. 2-Methylthiophene was found to be
the predominant isomer, with possible traces of 3-methylthio-
phene.

To increase further the concentration of the sulfur in the sam-
ple, 5 ml. was separated in an all-glass concentric-tube column
into 15 fractions. Although the column was normally of high
cfficiency (rated at 150 plates), it had partially lost its vacuum
insulation without the knowledge of the operator. Despite the
column’s impaired efficiency, satisfactory resolution was achieved,
permitting the positive identification of thiophene in the low
hoiling fractions.

Table I shows the partial mass spectrum of {raction 1 from this
fractionation compared to that of thiophene.

The peaks at m/e 45 and 84 were corrected for the contributions
of benzene and toluene and the concentration of thiophene in
fraction 1 was calculated to be 1.1%. In addition, it contained
0.5% toluene and 98.4%, benzenc.

Table 1. Partial Mass Spectra of Fraction 1 and Thio-
phene
Relative Intensity
m/e Fraction 16 Thiophenc
45 58.2 55.3
58 84.2 65.4
84 100.0 100.0

@ Adjusted for contributions of benzene and toluene.

Figure 2 compares the infrared spectrum of fraction 1 with that
of a synthetic blend of the composition indicated above. The
top curve of Figure 2 is the spectrum of a blend of 99.5% ben-
zene and 0.5% toluene. The bottom curve is the spectrum of
this same blend, to which 1.1%, thiophene had been added.
The center curve is the spectrum of fraction 1 of the sulfur-con-
centrate distillation. The bands indicated at A4, B, and C,
which appear when thiophene is added to the toluene-benzene
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blend, are also present in the spectrum of fraction 1. This con-
firms the presence of thiophene in this fraction.

Further confirmation of the presence of thiophene in fraction 1
was obtained with the isatin and alloxan color tests. Both were
positive. For these tests a 1% blend of thiophene in benzene
was prepared and treated in the same manner as fraction 1.

100
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60 -
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Figure 3. Visible absorption spectra of complexes of
Wilmington fraction and thiophene blend

Both the thiophene blend and fraction 1 were diluted 1 to 250
with iso-octane and then further diluted 1 to 5 with the alloxan
and isatin reagent. In the case of the isatin reagent the color
developed was too dark for satisfactory observation and a further
dilution 1 to 1 with 92% sulfuric acid was made. The absorp-
tion spectra in the visible wave length. range were taken with a
rapid scanning spectrophotometer. A comparison of the spectra
of the isatin and alloxan comiplexes of a thiophene blend and of
fraction 1 is shown in Figure 3. The curves shown, with other
data presented above, establish beyond reasonable doubt the
presence of thiophene in fraction 1 and hence in Wilmington
crude oil.

A summary of the mass spectrometer analyses of the fractions
from the distillation of the aromatic-sulfur compound concen-
trate is given in Table IT.

Table II. Mass Spectrometry Analysis of Distillation
Fractions
Fraction Concentration, Mole %
No. Thiophene Methylthiophenes
1 1.1 0.0
1.3 W1
3 1.1 0.3
4 1.0 0.5
5 0.7 Q.7
6 0.5 1.0
7 0.3 1.2
8 0.1 1.8
9 0.1 1.6
10 0.0 1.8
11 1.7
12 1.2
13 1.2
14 0.9
15 0.8
Residue 0.9
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On the basis of the total column charge, the thiophene concen-
tration was calculated to be 0.49 and the methylthiophene con-
centration 1.3%.

CONCLUSIONS

Thiophene hag been found in a 38° to 111° C. boiling range
distillate from Wilmington, Calif., crude oil in a concentration of
no less than 0.000032%. In addition, 2-methylthiophene was
identified in the same distillate and its concentration in the crude
oil estimated at 0.00010%. The presence of 3-methylthiophene
in the crude oil is probable, but this could not be established with

certainty.

ACKNOWLEDGMENT

The aid of Joan' Juneau in the processing of the many distil-
lates used in the above work and of Loyetta Curnutte in obtain-
ing the mass spectral records of pertinent fractions is gratefully
acknowledged. The authors also wish to express their appre-
ciation to Harold M. Smith, former director of API Research
Project 48, for his interest in this investigation and encourage-
ment during its prosecution.

LITERATURE CITED

(1) Birch, 8. F., J. Inst. Petroleum 39, 185-205 (1953).
(2) Birch, 8. F., Cullum, T. V., Dean, R. A, Denyer, R. L., Ind. Eng.
Chem. 47, 240-9 (1955).

(8) Boes, J., Apoth. Ztg. 17, 565, 638 (1902),

(4) Challenger, F., Haslam, John, Bramhall, R. T., Walkden, JI.,
J. Inst. Petrolewm Technol. 12, 106-41 (1926).

Charitschkoff, K. F., J. Russ. Phys. Chem. Soc. 31, No. 6,
665-8 (1899); J. Soc. Chem. Ind. (London) 18, 907 (1899).

(6) Dodonov, J., Soshestvenska, E., Ber. 59, 2202-8 (1926).

(7) Edeleanu, L., Filiti, G. A., Bull. soc. chim. [3]23, 382403 (1900).

(8) Emmott, R., J. Inst. Petroleum 39, 695-715 (1953).

(9) Hastings, S. H., “Determination of Thiophene Sulfur by Mass
Spectrometry,” Tenth Southwest Regional Meeting, ACS,
December 1954, Fort Worth, Tex.

(10) Heusler, F., Ber. 28, 488-98 (1895).

(11) Karr, C., Jr., ANaL. CHEM. 26, 528-36 (1954).

(12) Kinney, I. W., Jr., Smith, J. R., Ball, J. 8., Ibid., 24, 1749-54
(1952).

(13) Lumpkin, H. E., Johnson, B. H., Ibid., 26, 1719-22, (1954).

(14) McKee, H. C., Herndon, L. K., Withrow, J. R., Itid., 20, 301
3 (1948).

(156) Meyer, Victor, Ber. 15, 28934 (1882).

(16) Nametkin, 8. 8., Sosnina, A. 8., Doklady Akad. Nauk S.8.8.R.
63, 775-8 (1948).

(17) Polly, O. L., Byrns, A. C., Bradley, W. E., Ind. Eng. Chem. 34,
755~8 (1942):

(18) Postovskil, I. Ya, Bednyagina, N. P., Mikhailova, M. A,
Doklady Akad. Nauk S.8.8:R. 44, 403-6 (1944).

(19) Richter, F. P,, Williams, A. L., Meisel, S. L., J. Am. Chem. Soc.
78, 2166-7 (1956).

(20) Saladini, I. B., Ann. chim. applicate 18, 337-52 (1928).

(21) Scheibler, H., Rettig, Franz, Ber. 59, 1198-202 (1926).

(22) Teutsch, Irmgard, Petroleum Z. 30, No. 20, 1-6 (1934).

(23) Thierry, B. H., J. Ckem. Soc. 127, 2756-9 (1925).

(24) Thompson, C. J., Coleman, H. J., Rall, H. T., Smith, H. M.,
ANAL. CHEM. 27, 175-85 (1955).

(25) Weissgerber, R., Ber. 61, 2111~19 (1928).

(26) Weissgerber, R., Brennstoff-Chem. 2, 1-3 (1621).

(27) Weissgerber, R., Kruber, O., Beér. 53, 1551-65 (1920).

(5,

A

RECEIVED for review March 28, 1956. Accepted June 11, 1956. Division
of Petroleum Chemistry, 120th Meeting, ACS, Dallas, Tex., April 1956. Part
of work of American Petroleum Institute Research Project 48A on ‘‘Pro-
duction, Isolation and Purification of Sulfur Compounds and Measure-
ment of Their Properties,”” which the Bureau of Mines conducts at Bartles-
ville, Okla., and Laramie, Wyo.



Infrared ldentification of Fumarates and Maleates

W. LEWIS WALTON and RAYMOND B. HUGHES

Alkyd Products Section, General Electric Co., Schenectady, N. Y.

Seven ahsorptions in the region of 7.7 to 15 microns are
shown‘\ to be relalively constant in wave length and
intengity for the fumarates. By contrasl, the maleic
esters have only four peaks at constant wave lengths in
the same region. One of these is at about 8.2 micronss
it proves to be generally useful in the measurement of
maleaites in the presence of fumarates.

QUALITATIVE recognition of maleic and fumaric esters
has been accomplished by many “wet chemical” proce-
dures, all of them less convenient than the spectroscopic method
presented here. A convenient quantitative method, developed
first by Kistiakowsky and Smith (3), depended upon miscibility
of the esters with paraffin oil, the fumarates being miscible at
lower temperature than the corresponding maleates. Tt is ap-
plicable only where the esterifying alcohol is known and the pure
esters have been prepared and their mixtures studied. Spectro-
scopic methods have been applied by Gauthier in the study of
maleoid-fumaroid isomerization of simple esters (2). Here iso-
meric structures were recognized directly on the esters, but only
the methyl and ethyl esters (and inconveniently in the gas phase).
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Figure 1

Tb{at- Gauthicr’s work does not constitute a satisfactory, direct,
epect"roscopic method is further indicated by the reports of more
receqt workers (4, 5), who apparently abandoned direct methods
in favor of converting the ester to the ethyl ester (by way of the
acid), or to a potassium salt, or to an N-benzylamide, followed
by :spectroscopic examination of these derivatives. These
methods suffer from the fact that an organic reaction yield is
introduced before the identification step, as well as the possibility
thza.tl some of the material may be isomerized.

RESULTS

It was found that a series of absorptions at 7.7, 7.9, 8.5, 8.6,
10.2, 12.9, and 15.0 microns is highly constant in wave length in
theffumarate esters. (The combination of all these absorptions

in an unknown constitutes adequate identification of fumarate.)
A less prominent peak is also found at 8.17 microns; this is always
weak by comparison to the strong absorption of maleates at
about 8.2 microns. The possibility of this can be read from the
Colthup (1) chart. What is offered here goes farther, in that
there have been no exceptions to the generalizations that a
strong maleate absorption is always observed in the part of one
maleate range which is not overlapped by a range given for
fumarates in the Colthup (1) chart.

The maleates have a strong absorption in the 11- to 12.5-
micron range, which will be useful in measurement of maleate
structure where the alcohol or polyol is known and working
curves have been plotted. This peak (or group of peaks) is
too variable in position to afford much value in qualitative
identification of maleates. The peaks which are of value from
this standpoint are found at 7.75, 8.00, 8.20, and 8.60 microns,
The one at 8.2 to 8.3 microns is first or second strongest of the
reliable ones. Because of this strength this peak can be used
for measuring the cis structure, even in low concentrations in the
presence of much of the fumarate. By measuring the width of
the 8.17-micron-pesk of such mixtures a rough (about =5%)
measure of maleate fumarate percentage can be made. Thisisa

" cage of measuring the apparent “broadening’” of the 8.17-micron

absorption of the fumarate by superposition of the unresolved
8.2 to 8.3-micron absorption due to the smaller amount of malcate
ester,

This quick and facile measurement is of particular value, as
many commercial polyesters prepared from maleic anhydride
are actually largely isomerized to the fumarate structure. It
has the further practical advantage that in the commercially
important mixtures other materials used do not particularly
interfere with this measurement. Styrene and vinyl toluene are
transparent at this wave length, whereas phthalates (though more
highly absorbing because of their ester linkage) do not interfere
too severely. .

Figure 1 gives a plot of “width of the 8.17-micron peak’ wvs.
composition in known mixtures of polyesters of dipropylene
glycol maleate and fumarate. Figures 2 and 3 give evidence
that such a plot could be developed for mixtures of the esters
in general.

The characteristic absorption of fumarates have intensities
which are constant to within a factor of about 5. Table I shows
the absorbances based on estimated background interpretations
for the three absorptions of longest wave length for some of the
esters. Widths at half density and product of absorbance and
half density widths (relative integrated intensities) are also given.
All values are relative to the arbitrarily chosen standard, the
12.9-micron absorption.

From Table I it is clear that intensities can be used as approxi-
mate confirmation of the identity of the absorptions for gualita-
tive analytical purposes.

EXPERIMENTAL

Figures 2 and 3 show the spectra of the maleate and fumarate
esters, recorded by means of a Perkin-Elmer 21 spectrophotom-
eter. In general, a cell of 0.0268-mm. thickness was used and both
a dilution in carbon disulfide (at stated concentration) and the
pure ester were run. The exceptions were: The dimethyl fumar-
ate curve was run in a cell of about 0.165-mm. thickness with
carbon disulfide in a cell of 0.175-mm. thickness in reference beam
(this introduces a small error of negative absorption at about 11.7
microns). The curves of isobutyl, cyclohexyl, and sec-hutyl
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maleate were run on the same solution, the-less
intense in the usual 0.0268-mm. cell and the more
intense in the cell of about 0.165 mm. The spec-
tra of lauryl maleate, poly(dipropylene glyecol
maleate), lauryl fumarate, tetrahydrofurfuryl

fumarate, and poly(dipropylene glycol fumarate)
were run by the “sandwich” technique (film of
unknown thickness between optical salt blocks).
Some of the compounds studied were obtained
as commercial materials; others were prepared
from maleic anhydride and the appropriate alco-
hol by azcotropically removing the water liber-
ated when 50% excess of alcohol (over theory)
and anhydride were heated with toluenesulfonic
acid and benzene. Isomerization of maleates to
fumarates was found to be essentially quantitative

Table' I. Characteristic Fumarate Absorptions
Half Density Relative Integrated
Absorbances idths, & Intensities
Ester 10.2  12.9 15.0 10.2  12.9 15.0 0.2 12.9 15.0
Methyl 3.10 1.00 0.51 0.10 0.17 0.13 1.83 1.00 0.39
Ethyl 3.56 1.00 D.28 0.10 0.23 0.33 1.55 1.00 0.40
n-Propyl 5.35- 1.00 0.21 0.11 0.32 0.30 1.85 1.00 0.26
\JIsopropyl 8.15 1.00 0.36 0.16 0.23 0.21 5.66 1.00 0.33
n-Butyl 4.67 1.00 0.55 0.09 0.18 0.41 2.33 1.00 0.125
aec-Butyl 7.4 1.00 0.36 0.12 0,30 0.25 2.96 1.00 0.30
Isobutyl 1.57 1,00 0.45 0.14 0.19 0.43 1.16 1.00 1.02
Cyclohexyl 5.7 1.00 0.54 0.13 0.18 0.30 4.12 1,00 0.90
Nonyl 4.7 1.00 0.40 0.08 0.20 0.30- 1.88 1.00 0,80
Lauryl 2.8 1.00 0.45 0.12 0.22 0.30 1.53 1.00 0.81
Table II. Physical Properties of Experimental Materials
Alcohol or M.P., B.P., t
Glycol Group °C. ° Q. "p yield.
Maleates
Methyl ce 1.4390/27
Etehyly e 1.4374/27
Propyl 102-3/3 1.4404/26
Infotprlopyl . 1.4342/27
uty! Lo R
-Bu'yl JN 90/1 1.4301/26
‘i:cobuty{ ‘& 103/2 1.4393/27
lohexyl Cae o
ﬁ%i;l“exs . 180/2 1.4518/27
Lauryl . 1.4434/27 -
Tetrahydroﬁirhlxry -
B-Methoxyethy! L.
Dipropyleneb 1.4815/27
Fumarates
Methyl 103 [
Et,hyly 1.6 .. 1.4380/27
Propyl a1 2087760 1.4380/27
Isopropyl . L.
Bugyl Y —13.8 . 1.4450/27
sec-Butyl . 1.4396/?7
Isobutyl o 1.4408/27
Cyclohexyl 35-36 1.4891/27¢
Nonyl® Ca 1.4540/27
Lauryl 32-33 1.4508/27¢
Tetrahydrofurfuryl AN i
B-Methoxyethyl 1.4541/27
Dipropylene 1.4842/27

@ 3,5,5-Trimethylhexyl.
& From commercial dipropylene glycol.
¢ On supcrcooled melt.

on heating at 200° C. for 1 hour in the presence
of a trace of iodine. Sealed tubes were used.
After the tube was opened, the mixture was heated
to about 180° C. with sparging with nitrogen to remove the iodine
and yield colorless fumarate product in essentially quantitative
In general, purification procedures applied to these prod-
ucts resulted in negligible changes in their infrared spectra.

In Table I are given data on the materials used for the spectra
in Figures 2 and 3. .

The presence of some minor impurities is evident from the
spectra of lauryl maleate (in which traces of maleic anhydride
and lauryl fumarate are evident) and tetrahydrofurfuryl maleate
(in which a trace of tetrahydrofurfuryl fumarate is evident).

In the preparation of poly(dipropylene glycol maleate), toluene
was employed as azeotroping agent and the temperature in the
esterifying mixture was maintained below 125° C. (Thiophene~
containing benzene has been avoided in these experiments be-
cause of the kuown catalytic effect of sulfur compounds on the
isomerization of maleates.)
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Systematic Approaches to Continuous Infrared Analyzer Sensitization

W. J. BAKER
Monsanto Chemical Co., Texas City, Tex.

Several years’ experience with sensilization of negative,
nondispersive-type infrared analyzers for the continu-
ous ‘analysis of ficld sample streams has led to the
formulation of a system ‘by which a satisfactorily
compensated cell filling may be readily determined.
The basis of the system lies in the logarithmic relation-
ship between the concentration of a gas in a compen-
sator b_ell and the analyzer response to that gas in the
sample cell. The problem is complicated by component
inconsistencies of the analyzers and by pressure-broad-
ening effects. Pressure-broadening effects appear to be
a severe limitation to the application of infrared ana-
lyzers to many sample streams.

N RECENT years there has been an increased demand by
industry for instruments that can continuously determine a
specific component of a sample stream at the point of operation.
The infrared analyzers are at present the major analytical instru~
ment for process analysis. This is principally because they are
more versatile than analyzers based on such techniques as thermal
conductivity, density, and pressure. There is, however, the prob-
lem of sensitizing the infrared analyzer in such manner that it is
sensitive only to a specific gas in a background of other similar
infrared-absorbing gases. Several methods of obtaining such a
sensitization have been developed for the negative, nondispersive
(2) and the selective detector types of analyzers (6). A method
which has proved successful for sensitizing the negative, non-
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dispersive-type analyzer and which should be applicable to the
selective dgtector type has been developed.

Figure 1 is a schematic diagram of a nondispersive infrared
analyzer. The energy beam passes through the interference
cell and the sample cell, and is then split, with one part passing
through the filter cell and the other through the compensator
cell. The interference, filter, and compensator cells are perma-
nently filled and sealed. This arrangement provides two paths
of infrared energy through the apalyzer. The objective is to
make one of these paths insensitive to absorption by a certain
compound, while the other path is left sensitive to this absorption,

Table 1.

(Infrared analyzer sensitized specifically for ethylene)

Composition of Sample Stream

Component Concentration Range, %
CHi 28 &£ 4
CaHy 27 & 7
CrHs 5.5+ 2
CaHe 15 &= 3
Cals 17 =6

The effects of change in source output or of other absorbing
compounds in the sample are made equal between the two paths

(4)-

Assume that an analyzer is to be sensitized for methane in the
resence of ammonia. The filter cell will be filled with methane.
his will remove essentially all radiation absorbed by methane

in the sample gas. The energy beam which passes through the
compensator cell is to be left sensitive to methanc absorption in
the sample stream. Varying concentrations of methane in the
sample will cause varying absorption of the energy of the com-
pensator beam and will result in changes of energy balance pro-
portional to the methane concentration in the sample. he
interference cell will be filled with ammonia to remove essentially
all radiation absorbed by ammonia. This will make both energy
beams insensitive to ammonia in the sample stream. If the

s e BOLOMETER
Figurél. Schematicdiagram of ’ ELEMENTS
nondigpersive infrared analyzer

FILTER CELL

ANALYTICAL CHEMISTRY

analyzer remains somewhat sensitive fo ammonia after the inter-
ference cell is filled, a small amount of ammonia in the compen-
sator cell will compensate for this interference.

The cell fillings in cases of one or two interference materials
are often simple enough to be determined by a systematic
trial and error approach. This method is extremely cumbersome
for even moderately complex streams and a simple systematic
approach is therefore necessary.

CELL FILLING DETERMINATION

The first step in systematically determining the cell filling for
a specific application is to determine the concentration ranges
of all infrared-absorbing components that occur in the sample.
The infrared absorption spectra of these compounds should be
studied and compared to the spectrum of the sensitive gas
(for which the analyzer is to be sensitized) to determine the
extent of overlapping absorption and the wave lengths at which
this oceurs.  The most desirable material for the cell windows and
the principal interfering components may be determined in this
manner,

Windows. The common window materials—quartz, lithium
fluoride, and calcium fluoride—effectively absorb all radiation
of wave lengths greater than 5, 7, and 9 microns, respectively.
Figure 2 shows the absorption spectra of hydrogen cyanide and
methane. If an analyzer were to be sensitized for methane in
the presence of hydrogen cyanide, it is immediately obvious from
a study of their absorption spectra that almost all hydrogen cya-
nide interference would be due to its absorption in the 6.5- to
7.5-micron range. This is almost completely ‘covered by a
similar absorption range for methane. Therefore, the use of
quartz windows for the cells would remove almost all hydrogen
cyanide interference by simply cutting out the overlapping range.

The actual cell filling may be determined by setting up the
cell assembly in the laboratory so that the gas in the various
cells may be readily changed. Such an assembly was set up to
determine an optimum cell filling for an analyzer sensitive to

SAMPLE CELL INTERFERENCE CELL (INFRARED SCURCE
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ethylene in methane, ethane, propane, and propylene (see Table
I). The interference, compensator, and filter eells were 1 inch
long, with calcium fluoride windows. The sample cell was 3
inches long, with lithium fluoride windows. The problem was
approached by the system outlined below and g satisfactory cell
filling developed (see Table IT).

Interference Cell. The filter cell is filled with the gas for wluch
the analyzer is to be sensitized. The compensator cell is filled
with nitrogen or some other nonabsorbing gas. The interference
cell is set up to determine the effects of the use of this cell to
remove the interference.

The concentration of & gas in the interference cell is logarith-
mically related to the response of the instrument to the presence
of that gas in the sample cell. Each interfering gas is separately -
studied by plotting a series of concentrations in the interference
cell against the response to an average anticipated concentration
in the sample. The gases most affected by their presence in the
interference cell give curves with the greatest slopes with respect
to the zero axis.

Figure 3 shows the results of such an interference study of
methane, ethane, propane, propylene, and carbon dioxide in
an analyzer sensitized to ethylene. The positive direction of the
signal is taken to be the direction of response to ethylene. The
composition of the gas in the final filling of the interference cell
is chosen to be either the most affected gas alone—in this case
propylene—or a combination of the two or three most affected
gases. In the case shown in Figure 3 the interference cell would
be wasted if it were filled with methane. The other inter-
ferences would have to be removed by using the compensator or
the filter cell. The filling of these cells is a great deal more ex-
acting than the filling of the interference cell.

For the specific - problem mentioned, the interference cell
filling chosen was 40%, (30.4 cm.) propylene and 60% (45.6 cm.)
propane. Propylene and propane were chosen because they are
more affected by use of the interference cell than the other
interfering gases and occur in the sample in relatively large con-
centrations. The larger portion of propane was chosen because
it oceurs in larger and more variable concentrations than pro-
pylene. Such a choice is, of course, rather arbitrary.

Compensator Cell. The compensator and filter cells are used
for positively and negatively responding interfering gases, respee-
tively, The cell filling is determined by the same procedure in
both cases, except that the sensitive gas is used for dilution in the
filter cell and a nonabsorbing gas is used in the compensator cell.

10 5
“ CONCENTRATION [N INT ERFERENCE CELL

The compensator cell filling is determined by setting up an an-
alyzer with the sensitive gas in the filter cell and the interference
cell filled as outlined above. The strongest interfering gases
should be compensated first, since, because of overlapping spectra,
the weaker interferences may be compensated in the process of
eliminating the stronger interferences. The compensator cell is
filled with a series of concentrations of each interfering gas and the
response to an average sample of the interfering gas is noted.

Table II. Cell Filling for Ethylene Analyzer for Stream of
Table I
Cell Filling (Partial Pressures CM. of Mercury)

Filter cell Compensator cell Interference cell
6.1 em. C:Hg 26.6 cm. CsHe 30.4 cm. C;Hs
3.8 em. C3Hs 22.8 em. CHy 45.6 cm. CsHs

66.1 cm. CaHy 26.6 cm. N
Results (Bridge Voltage = 1.5 volts)
Signal, pv.
30% CeoHs + N: 124
20% C:Hs + N: 98
15% CHy + N: 1
8% CaHs + N: _2
25% CaHg + N2 ]
25% CsHs + N2 0
207 CoHy + 20% CrHa
4+ 209, CsHs .
+ 209, C;Hs .
+ N 99

The gas concentration in the compensator cell is logarithmically
related to the response to the sample. The point at which
the curve bisects the zero signal axis indicates the concentration
that should compensate for the interfering gas. If the interfering
zas concentration is known to vary widely, it should be studied
by using more than one concentration of the synthetic test sample.
This will result in & logarithmic curve for each sample concentra-
tion. Normally, these curves will intersect at the zero signal
point.. In some instances no one concentration in the compen-
sator cell will reduce the interference to zero over the entire range.
This is believed to be primarily due to pressure-broadening
effects. These effects are usually smal} and a cell filling may be
chosen to give negligible interference over the range of concen-
trations expected in the sample.

Figure 4 is a plat of the concentration of ethane in the com-
pensator cell against the response to sample of an analyzer
sensitized for ethylene, The ethane was studied at three sample
concentrations; the three curves intersect at zero signal point.



1394

Figure 5 is & plot of the concentration of carbon dioxide sam-
ples of an analyzer sensitized for ethylene. The carbon dioxide
wasg studied at three sample concentrations, the curves for which
do not intersect at the zero signal point. In this case the con-
centration of carbon dioxide chosen for the filter cell must pro-
duce & minimum response to varying concentrations of carbon
dioxide in the sample. Figure 5 was obtained in a problem
different from the ethylene sensitization problem outlined in
Tables I and IT, but is an example of a phenomenon occasionally
engountered, where no single compensating gas concentration
will reduce an interference to zero over all sample concentration
ranges.

If several interfering materials are to be compensated, the
concentration of each material in the compensator or filter cell
is determined successively; each time with the dilution gas are
included the compensation gases previously determined.

Because the compensation of a complex sample with several

ANALYTICAL CHEMISTRY

interfering materials is a usually delicate balance of small con-
centrations of materials in the compensator and filter cells, it is
subject to several problems. It is unusual for a cell filling which
is corrected for one analyzer to be exactly correct for a dif-
ferent analyzer in the same service. This iz due to differences in
infrared energy sources and slight variations in the light absorp-
tion characteristics of the windows employed. This is a rather
minor problem, as a cell filling developed for one analyzer is
nearly correct for another analyzer and can be perfected with
only a little effort by slightly varying one or more components
of the compensator or filter cell filling.

PRESSURE BROADENING

The problem of pressure-broadening effects appears to be
serious in many cases, especially in the low concentration ap-
plications. In view of the lack of control parameters for cor-
recting for pressure-broadening effects, this problem may limit
the application of infrared analyzers.

Lambert’s law of absorption states
that when a parallel beam of the mono-

80| 30% Caﬂs
' 8% C,Hg

5% G Hg
€0

40|

20"

RELATIVE RESPONSE

chromatie radiation of intensity 7o
enters a homogeneous absorbing ma-
terial of thickness [, the radiation
transmitted will have the intensity.
I = Iee™

where k is the absorption coeflicient of
the material. Beer’s law of absorp-
tion states that if the absorbing ma-
terial is a mixture of several com-
ponents, the absorption coefficient is
given by the linear equation

k = ciey 4+ coer + etc,

where ¢, ¢, ete., are the concentra-
tions of the various components and

-20

e, €5, etc., are the extinction coeffi-
cients for these components. How-
cver, the observed absorption in many
cases, particularly with lighter gases
and vapors, deviates from these sim-
ple absorption laws, It may be readily

100 50 10 [
% Cz Hg IN COMPENSATOR CELL

Figure 4.

Ethane compensation in ethylene analyzer

demonstrated that pressurc has an ef-
fect on the absorption by many ma-
terials. In the case of a material ab-
sorbing a single component, if the pres-

20% COp.

5% C
0% ¢ o, % C02

n
(=3

sure is increased by decreasing the vol-
ume so that the quantity of absorbing
material remains constant,the absorp-
tion increases us a nonlinear function
of the pressure (7). Similar results
may be obtained with a material ab-
sorbing several components by vary-
ing the partial pressure of a single
nonabsorbing component. These
deviations from the simple absorption
laws caused by pressure are called
pressure-broadening effects.

CRECATIVE -RSPONSE

~
Q
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The pressure—bl"oadening effects are
probably caused by several factors.
However, they are principally related
to the mean free path of the molecule
and hence appear to result from mole-
cule collisions. The vibrations of the
electrons of a molecule are interrupted
or undergo a change of phase when
molecules collide. The absorption

00 %0 10 5
% COp (N FILTER CELL

Figure 5.

Carbon dioxide compensation in ethylene analyzer

! spectrum is interpreted to be com-
posed of a series of fine lines partially
overlapping. These fine structural
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lines are somewhat shortened and 10
broadened by these changes in elec-
tron vibration. The over-all result
is an increase in absorption as the
pressure is increased (2).

Figure 6 shows the pressure 7L
broadening of methane caused by
varying the partial pressure of nitro-
gen, a nonabsorbing material. The
absorption bands are shorter and
broader at the higher pressure. The
extent of the broadening appears
to vary with the partial pressure sk
and with the type of molecule
of the foreign gas. Oxygen, nitro- 2
gen, carbon monoxide, etc., cause
approximately the same amount
of pressure broadening of the meth-

al-

RELATIVE ENERGY

HIGH PRESSURE

PRESSURE,

LOW

ane spectrum, but ethylene causes !
a different amount of broadening
at the same partial pressure (3).

This' phenomenon affects the
cell filling of an infrared analyzer,
because the interferences result {rom overlapping absorption
spectra. If the absorption bands of one or more compounds
are changed in shape from that for which the instrument has
been set up, the instrument may well not be properly compen~
sated, owing to an increase or decrease in the overlap of the
absorption spectra.

Table IIT compares the data obtained with an analyzer sen-
sitized for ethylene and compensated for ethane, propane, and
propylene. When' & 3-inch sample cell was used, with two extra
windows in the radiation path, the analyzer did not respond to
the 20% concentrations of ethane, propane, and propylene in
nitrogen and gave the expected response to a sample composed
of all three plus 209 ethylene. The 3-inch sample cell was
replaced with two 0.6-inch sample cells arranged in series,
but with the same windows used with the 3-inch cell. One of
these cells filled with a pure gas should give the same results as
209% of that gas in the 3-inch cell. However, each interference
gas gave a response nearly 40% that given by ethylene, the gas
for which the analyzer was sensitized.

Table III. Interference Effects with Series and Single
Sample Cells
Cell Fillings
No. 1 No. 2 Response
Two 0.6-Inch Sample Cells in Series
1009, C2Hq 100% Na 100
100%, C:Hi 1009, C:Hs 140
100% C:Ha 1009, CsHs 140
100% CeHi~ 100% C:Hs 142
Single 3-Inch Sample Cell, with Blends
Sample Blend
20% C:Hy + N2 98
209 C:He + N 0
20% Calle + Nz 0
20% CsHs 4+ N2 0
209, C2Ha + 20% CoHs
4 20%, CsHe
+ 20% CsHs
+ N 99

Figure 7 was obtained with an analyzer sensitized for methane
and insensitive to ammonia in all concentrations. Each curve rep-
resents one partial pressure of methane held constant while the
partial pressure of a foreign gas—in this case ammonia or nitro-
gen—is varied over a range of about 70 cm. of mercury pressure.
The partial pressuré of the foreign gas is plotted against the
relative response. The greatest changes in response are in

2 3 4
WAVE LENGTH, MICRONS

Figure 6. Energy change with methane pressure broadening
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Figure 7. Methane pressure broadening

the lower ranges, with the response apparently leveling out at
about 0.5 atm. Nitrogen causes only about 80% as much change
as ammonia. ’

Figure 8 shows the pressure-broadening effects of nitrogen
on six common gases. These effects appear to diminish with
higher molecular weights for molecules of similar configuration.
The pressure broadening does not appear to be related to degree
of saturation of a hydrocarbon, as evidenced by the similar
curves for acetylene, ethylene, and ethane. The greatest ef-
fects are at low coucentrations.

Because the pressure-broadening effects tend to become
constant as the partial pressure becomes higher, it is probable
that a cell may be filled and operated at a pressure sufficiently
high to make the pressure-broadening effects essentially con-
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stant. This appears to be the best way to reduce the pressure-
broadening compensation problem to a point where it can be
solved.

CONCLUSION

A gystematic approach has been devcloped for determining a
fully compensated infrared analyzer cell filling. As one becomes
skilled in the art, refinements in techniques will improve the
approach. However, at best several days’ work are often re-
quired to achieve a fully compensated cell filling. This same
filling may be used again without refinement in the same analyzer
cell at a later time, unless a window or the source has been
changed.

Pressure broadening is important, particularly in applications
requiring high sensitivity and accuracy. This may well prove
to be a limiting factor in the application of infrared analyzers.

In general, the method outlined gives dependable eell fillings.
It grows more difficult with additional interfering materials and
a stream of a dozen interfering compounds might be very difficult.
to adapt to an analyzer. For the average stream of two to six
inteiferences, however, this approach permits the determining
of a reasonably compensated cell filling in a comparatively short
time.
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and Bolometer Gircuits of an Infrared Analyzer

A. W. WOTRING!, R. F. WALL, and T. L. ZINN
Monsanto Chemical Co., Texas City, Tex.

Field experience with a negative-type process-monitor
infrared analyzer indicated that improved performance
was desirable. The detector is a two-elementbolometer
operated in an electrically balanced bridge. Improved
temperature stability has been achieved by making the
two elements very nearly identical and matching ther-
mal properties at assembly. The factors to consider are
element heating due to bridge current and source
radiation and heat losses due to conduction, convection,
and radiation. Changes in construction and mounting
of the elements have increased sensitivity to sample gas.
As the bridge supply voltage is 60-cycle, the recorder
amplifier is tuned to this frequency and will respond to
60-cycle pickup. The noise due to pickup signals has
been reduced by addition of shielding to the bolometer
bridge circuit. The transmission line between the
analyzer and the recorder is a part of the bridge net-
work and thus in the low level signal circuit. The two
leads of the amplifier input are particularly critical.
Relatively small changes in reactive impedance between
the leads or to ground unbalance the bolometer bridge.
The effect is eliminated by inserting an isolation trans-
former into this circuit adjacent to the bolometer.
The changes have materially improved the accuracy and
usefulness of the more sensitive analyzers.

HE use of infrared analyzers in monitoring process streams

has increased rapidly in the past few years (2), accompanied
by the demand for more accurate and sensitive analyzers. While
the basic principles are the same for the process stream and the
laboratory, the practical requirements are different—in plant
use stability and trouble-free operation are paramount, and versa-
tility is of relatively less value.

One of the first commercial analyzers designed primarily for
plant process use was of the nondispersive, negative-filter type.
The block diagram of the optical system of this analyzer is
shown in Figure 1. Radiation from the infrared source passes
through the interference cell and the sample cell, and then is
split so that parallel beams pass through the filter and the com-
pensator cells to the bolometer elements (). This analyzer, the
Baird-BJI, has been successfully applied to many applications.
For streams in which a typical infrared-adsorbing gas is present in
concentrations greater than 5%, the operation is usually satis-
factory. In the range 1 to 5% success depends on the inter-
fering gases present, and for full scale responsc of 1% or less the
accuracy is seriously impaired. It appeared that the bolometer
was the limiting factor and the signal-to-noise ratio, and hence
the ultimate usable sensitivity, could be greatly improved by
changes in this part of the system.

Present address, Monsanto Chemical Co., Springfield, Mass.
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BOLOMETER

The bolometer of this analyzer consists of a pair of temperature-
sensitive elements connected electrically with two precision
resistors into a bridge circuit. The bolometer elements are made
of nickel wire wound on an insulating form and are placed so that
each element receives radiation from one of the split-beam paths.
A change in gas in the sample cell results in a relative change in
the energy received by the holometer elements and, consequently,
a resistive unbalance of the bridge. This unbalance is a measure
of the change of sensitized gas in the sample cell.

The limitation of this type of bolometer detector is its response
to ambient temperature change. Ideally, if the two elements
are identical in construction and mounting, there will be no such
response to uniform temperature changes. The bolometer ele-
ment is heated above its surrounding by energy received in two
different ways. The radiation from the source delivers about
0.1 cal. per second to each bolometer, with a resultant tempera-
ture rise of about 10° C. The electrical power supplied by the
bridge voltage is 0.002 cal. per second and contributes another few
tenths of a degree temperature rise. With mechanical shutters
the source radiation in the two paths can be closely balanced and
by matching resistances of the two bolometer elements the elec-
trieal power can be made equal. The heat loss parameters are
considerably more complex. The general forms of the equations
of heat transfer for support conduction, air conduction, convec-
tion, and radiation are as follows:

Support Conduction

20 = kAl 0.2 X 1073 cal. /second (L)
AL !
Air Conduction
%? = k—A—ZA—F 0.5 X 107% cal./second )
Convection
%) = hAAT 1073 cal./second 3)
Radiation
AQ . . _
A Azea(Tt — T8 0.2 X 1073 cal./second (4)
= AT

For small temperature differences, all equations can be written
as the product of a geometry factor, a heat coefficient and tem-
perature difference. The geometry factor is the area, A, divided
by the length, {, for conduction, or only the area for convection
and radiation. The coefficients &, %, and g—appropriate for the
respective heat loss processes—are not independent of tempera-
ture, but over a moderate range may be treated as such.

Because all the equations are linear with temperature difference,
AT, two important conclusions may be drawn: The adjustment
for balancing the sum of the three heat loss parameters can be
made with any one of them, and at temperatures other than the
final operating temperature difference. The rate of heat flow
for a typical bolometer with AT = 1° C. is shown and indicates

Source [Meg:l‘;e"“ s‘é’:ﬂ(' F(';I:ﬁr Bolometer
Compensaator
Cell
Figure 1. Schematic diagram of nondispersive

negative-filter infrared analyzer
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that convection losses are small, while the other three processes
are of approximately equal importance.

Another quantity of interest is the thermal time constant,
which in analogy with electricity is the total heat capacity di-
vided by the total rate of heat loss. A typical value for a bolom-
eter element is 10 seconds; any appreciable drift lasting more
than 1 minute after changing power level into bolometer elements
is due to secondary effects such as strain relief.

The original bolometer elements in this analyzer consisted of
separate coils of nickel wire wound on an insulating strip. The
new elements are different, in that the nickel wire is wound on a
cylindrical metal foil form. The best operation was obtained
when gold foil was used, although aluminum was also satis-
factory.

The foil cylinder is supported on a spindle and a layer of insulat-
ing varnish is applied. Before the varnish is completely dry, the
nickel wire is wound in a single layer, with care not to strain the
wire. Another coat of insulating varnish is applied and allowed
to dust dry. As shown in Figure 2, the foil cylinder is pressed flat
onto two support wires. Then the element 1s mounted in a rigid
frame and can be handled readily. The electrical resistances are
matched in pairs by selection and finally by stripping small
lengths of wire from one element, so that in a 1300-ohm element,
the difference is less than 0.5 ohm. The insulating varnish is
very important, as the original enamel insulation on the wire can-
not be relied upon to maintain the high resistance to the support
form and between adjacent turns which is essential. A final
clear varnish layer and a coat of dull black lacquer complete the
element. All paint layers are thin and as uniform as possible.

Cylindrical

Flat

"Mounted

Figure 2. Steps for bolometer element fabrication

The completed elements are mounted with & conieal light-
gathering block and a thermal balance block, as shown in Figure
3. The entire unit is surrounded by a copper band and finally a
copper cover to agsurc uniform temperature conditions at the
element location. To achieve the final thermal balance of the
bolometer, the air conduction term of heat loss is varied. The
thermal balance screws behind the bolometer elements arc
adjusted so that no change in signal results {rom a change in
bridge voltage. As the resistances have been previcusly matched,
this is an adjustment to give equal thermal response to equal
power changes. Onc indication of the uniformity of construction
13 that only very slight differences in thermal balance screw posi-
tions are necessary to achieve this final balance.

The sensitivity of these bolomcters to change in sample gas
concentration is about twice that of the original bolometer sup-
plied with the analyzer. This is due largely to the elimination
of the insulating support strip and consequent use of all the nickel
wire rather than only the half facing the radiation, and to the
polished cones which improve the light-gathering efficiency.
The improvement in thermal stability is more difficult to measure.
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Based on both laboratory tests and field experience, a conserva-
tive estimate of the average improvement over the original bolom-
eter is a factor of 2.

BOLOMETER CIRCUIT

The electrical circuit for the bolometer is a conventional bridge
with 60-cycle alternating current as the bridge supply voltage.
TFigure 4 shows that any unbalance in the bridge is fed to the
recorder amplifier and then to the slide-wire motor. The slide-
wire introduces a resistance change which rebalances the bridge.

Cu Cover—
¢
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g %

\ ‘ /// 4 Lone Block
% . ’,

N \w&«i

Thermaol
Balance
Screws

g

Figure 3. Assembled bolometer
TRANSMSEION
LINE
Y
AN —
8 8

AMPLIFIER 1o V.

LIE somac

REGORDER
SLIDEWIRE

Bridge circuit of bolometer

Figure 4.

This balanced bridge or closed loop operation makes the analyzer
insensitive to changes in gain and aids materially the long-term
stability of the analyzer. However, in this particular system two
features present serious circuit problems. ~One arises from the
operation of the bridge on 60-cycle voltage. Any pickup from
nearby electrical apparatus or circuits appear to the amplifier as
an unbalance of the bolometer bridge. The full scale deflection
of the recorder corresponds to a voltage change of about 0.5 mv.
Thus to keep these effects less than 1% of full scale of the re-
corder, the pickup voltages must be less than 5 uv. To reduce
the pickup in the bolometer_circuit, the terminal strips in the
analyzer case and in the recorder have been reglaced by Amphenol
connectors. In the recorder, the six leads of the bolometer cir-
cuit were shielded in pairs and kept to a minimum length. The
result was a noticeable reduction in signal due to nearby 60-cycle
cireuits.

The other circuit problem arises from the separation of the
bolometer and the recorder with the resulting lengthy transmis-
gion line in the low signal level circuit. Measurements on such a
system show that a change in capacity from cither lead at C,in

ANALYTICAL CHEMISTRY

Figure 5, to ground will unbalance the bolometer bridge. Be-
cause the leads at A and B are very close to ground through the
center tap of the supply transformer, the capacity change at C
adds an impedance in parallel with the bridge element. A 200-uuf.
capacity change in this location gives a bridge unbalance
equivalent to full scale recorder response. A typical eapacity to
ground of a shielded lead in this circuit is 0.1 uf., so that only
0.002%, change in line capacity gives a zero drift of 1% full scale.
In some of the more sensitive analyzers, the change of capacity of
the transmission line with atmospheric temperature change was
large enough to give a very troublesome zero drift.

The importance of line capacity to ground also shows up in the
operation of the so-called “hum signal.”” This is a voltage out of
phase with the bridge supply that is introduced into the ampli-
fier input cireuit. Some out of phase 60-cycle will be present,
owing to pickup, and the amplitude of the hum signal is varied
to obtain a complete null to the amplifier. In the different plant
analyzer installations it was observed that variations in the ampli-
tude of hum signal required were too wide to be explained on the
basis of 60-cycle pickup. The high capacity in the lead line
introduces a phase shift into 60-cycle signal, as seen by the
amplifier, and it is the out of phase component that must be
balanced with the hum signal.

— "

— a

RELATIVE c
VOLTAGE

TIME —

Figure 5. Bridge unbalance voltage
A. Input voltage

B. Amplitude change vnly
C. Amplitude and phase chunge

TRANSMISSION
LINE

ZERO
ADJUST

AMPLIFIER

oV
RECORDER
SUIDEWIRE %HE 60~AL

Figure 6. Bolometer bridge circuit with isolation
transformer

A solution to this capacity difficulty has been incorporated into
several analyzers. Asshown in Figure 6, this consists of adding a
special isolation transformer to the amplifier input circuit,
located adjacent to the bolometer. This removes the most
critical pair of transmission lines from the bridge circuit and puts
them in s circuit which is very insensitive to capacity or resist-
ance changes. In every case to which this transformer has been
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added, the zero drifts with atmospheric temperature were elimi-
nated and the hum signal required was very small. Thec harac-
teristics of a transformer (supplied by the Southwestern In-
dustrial Electronies Co., Houston, Tex.) for this purpose are:
approximate matching of circuit impedances, electrostatic
shielding, and excellent electromagnetic shielding.

CONCLUSION

The bolometers described improve the signal-to-noise ratio by
about a factor of 4. Modifying the bolometer circuit brings the
over-all signal-to-noise ratio improvement to about a factor of 10.
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This is significant and in many cases has materially improved the
usefulness of an analyzer.
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Identification of Some Polynuclear
Aromatic Hydrocarbons in the Atmosphere

VIOLET €. SHORE and MORRIS KATZ

Defence Research Chemical Laboratories, Ottawa, Canada

The separation and identification of individual aromatic
hydrocarbons in a mixture of air contaminants are
described for an investigation that was carried out on
samples of air-borne dust collected in Windsor as part
of the Windsor-Detroit air pollution investigation.
Samples were collected on fiber glass filters or from the
air intake of an air-conditioning system, depending on
the size of sample required. The separation of single
aromatic hydrocarbons from other interfering com-
pounds was effected by extracting the sample with
organic solvents and fractionating the extract by
chromatographic adsorption analysis. The identifica-
tion of the hydrocarbons in the small fractions of eluate
was made by measuring the ultraviolet absorption.
The polynuclear aromatics thus far identified in this
way comprise pyrene, fluoranthene, benz[a]anthracene,
chryséne, and benzo[e]pyrene.

NVIRONMENTAL and health aspects of air pollution in

the greater Windsor-Detroit area have been studied for a
number of years under the terms of an intcrnational reference.
The nature and scope of this problem have been discussed by Katz
(11, 12) and information on the composition of inorganic par-
ticulate pollutants has been presented (16). However, the com-
position of the organic material is largely unknown because of
its complexity.

These organic constituents of atmospheric poliution have been
receiving increasing attention in recent years because of their
importance as possibly harmful agents from a health standpoint.
In the Los Angeles study it has been established that hydro-
carbons represent one of the largest single groups of pollutants dis-
charged into the atmosphere; a number of saturated and un-
saturated hydrocarbons in the Ci to Ci range have been indi-
vidually determined by mass spectrometer analyses (15).

The condensed polycyclic aromatic hydrocarbons in the organic
fraction have attracted widespread interest because it is known
that some of these compounds are potent carcinogens and their
presence as pollutants of city air has been associated by some
workers (13) with the increase in the incidence of lung cancer.
Benzo[a]pyrene was detected in domestic soot by Goulden and
Tipler (7), who utilized a method of separation by chromato-
graphic adsorption and subsequent identification by fluorescence
spectrography as described by Berenblum and Schoental (7).

In a similar study (£8) the presence of this carcinogen in the air
of a number of English towns was demonstrated. The utilization
of ultraviolet spectroscopy permitted the extension of the analysis
of city air to include a number of other polynuclear hydrocarbons
(4, 14), because these substances possess distinctive and suffi-
ciently different absorption spectra to permit identification by
this mecans,
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Ultraviolet absorption spectrum of fraction
containing pyrene

Figure 1.

P. Characteristic pcaks for pyrene

F. Slight peak for fluoranthrene

bsorbance of pyrene-contammg fraction of eluate minus absorb
ance of pure pyrene in cyclohexane

The present investigation was undertaken to identify individual
condensed ring polycyclic aromatic hydrocarbons present in the
Windsor atmosphere.

REAGENTS AND APPARATUS

Aluminum oxide (Merck & Co., Inc.) suitable for chromato-
graphic adsorption was used for most of the chromatograms.
Silica gel (28 to 200 mesh) was also used but appeared to give an
inferior separation of the aromatic fractions. This separation
might have been improved, however, by suitably adjusting the
conditions. The activity of the alumina in the weakly active
columns was grade IV as determined by the method of Brock-
mann ‘and Schodder {2). The adsorbent was activated by
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heating in an oven at 110° C. for 24 hours and cooling in a desic-
cator to produece an alumina of activity II for the separation of
thelaliphatic compounds.

A grade of cyclohexane was used which showed a transmittance
greater than 90%, in the spectral region from 2260 to 4000 A.

At first the collection of fractions from the chromatographic
column was manipulated by hand, but in later experiments the
use of a Shandon automatic fraction collector greatly facilitated
the collection of the large numbers of fractions required for the
analysis.
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Figure 2. Ultraviolet absorption spectrum of fraction
containing benzfalanthracene and chrysene

B. Characteristio peaks for benz[e]anthracene
Ch. Characteristic peaks for e¢hrysene

All the ultraviolet absorption measurements were made on a
Cary automatic recording spectrophotometer with two fused
silica cclls of 1-cm, length.

EXPERIMENTAL

Most samples consisted of the total particulate matter removed
from approximately 2500 cubic meters of air during a 20-hour
period by a high volume sampler adapted to use flat sheets of a
Hiash-fired fiber glass filter medium. Larger samples comprised
material collected over a period of 2 months on fiber glass filters
at the air intake of an air-conditioning unit, which waslocatedin a
high pollution area and had a capacity of 340 cubic meters of air
per hour. . .

Samples of approximately 2 grams were extracted with chloro-
form and the extract was transferred to 20 cc. of cyclohexane.
The loss in weight of the sample on extraction was approximately
5%, but this was partly accounted for by small particles of carbon
which penetrated the Soxhlet thimble. .

The chromatographic column was prepared by filling a tube
(11 X 400 mm.) to a depth of 200 mm. with alumina poured as a
glurry in cyclohexane, The extract was added and, when it had
been adsorbed, the column was developed with cyclohexane. On
the developed column four bands could be distinguished in ultra-
violet light. These consisted of: band 1, a colorless band at the
bottom of the column which showed a very faint blue fluores-
cence; band 2, a colorless band which showed a strong blue-violet
fluorescence; band 3, a yellow band possessing green fluorescence;
and band 4, a dark brown band at the top of the column.

The column was eluted with cyclohexane. Fractions of 4 ce.
were collected and the absorption of each was measured in the
spectral region from 2200 to 4000 A. When the ultraviolet
absorption indicated that very little material was being eluted,
the eluent was changed to a mixture of benzene and cyclohexane
(1 to 1) and -additional 4-cc. fractions were collected, in the
course of which the yellow band was completely eluted. The
separation was slightly improved by rechromatographing on
small columns (8 X 65 mm.) individual fractions of particular
interest. For each extraction 50 to 100 fractions were collected.
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Figure 3. Ultraviolet absorption spectrum of fraction
showing increasing chrysene concentration

To improve the purity of the fractions in later experiments the
extract was first adsorbed on a column: prepared from strongly
active alumina and: washed with cyelohexane until no further
material waséluted. The alumina was then extruded from the
tube and the aromatics were extracted from it with chloroform.
This solution was then rechromatographed on weakly active
alumina

The ultraviolet absorption spectra of the fractions were com-
pared where; possible with standards of pure hydrocarbons in
cyclohexa.néfi"'Wheref pecimens were not available reference was
made to 4 collection of:spectra of aromatic compounds (6).

The analysis is;greatly aided by a knowledge of the order of
adsorption’ on .alumina- of .these polynuclear bhydrocarbons.
This was elucidated by Winterstein (20), who separated pairs of
known compounds on alumina by elution with petroleum ether,
and by Wedgwood and Cooper (19), who determined the follow-
ing order of adsorption of hydrocarbons from cyclohexane solu-
tion onto alumina: naphthalene, acenaphthene, 9,10-dihydro-
anthracene, . fluorene, phenanthrene, anthracene, pyrene, fuor-
anthene, benz[a]anthracene, chrysene, naphthacene and pery-
lene, benzolalpyrene and benzo [ghi]perylene, anthanthrene, and
coronene.

RESULTS

The early fractions from the chromatogram show the ultra-
violet absorption characteristic of substituted benzenes, but are
not sufficiently specific to permit identification. The first frac-
tion to be identified is that containing pyrene (Figure 1). The
five absorption maxima at 231, 241, 273, 319, and 335 mpu are
clearly indicated although superimposed on a curve of interfering
sbsorbance. A trace of fluoranthene is present in this fraction as
indicated by the small band at 288 mu. The absorption peaks
of this and other pyrene fractions all agree to within 5 A. with the
spectrum obtained from a sample of pure pyrene in cyclohexane.
In an analysis of this nature there isinsufficient material to permit
derivative formation or melting point determinations of purified
material, so that, although it is possible that the fractions identi-
fied as pyrene may contain some alkyl pyrenes, this is unlikely
because of the absence of a bathochromic shift associated with
these compounds (5, 6; ). The three strongest bands of fluoran-
thene are at 236, 276, and 288 mu in eyclohexane solution;
these increase in succeeding fractions while the pyrene rapidly
decreases in concentration. No spectra of alkyl derivatives of
fluoranthene were available for comparison but there was no
evidence of a bathochromic shift in the recorded peaks.

The concentration of fluoranthene then decreases and benz [a]-
anthracene appears in the eluate. There is a little chrysene
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present with the benzaJanthracene and these two do not sepa-
rate well (Figure 2). However, the gradually increasing concen-
tration of chrysene and decreasing concentration of benz[a]-
anthracene is apparent from Figure 3, which is the absorption
curve of the immediately succeeding fraction of eluate. It
will be observed that the absorption at 268 mg, the strongest
band of chrysene, is increasing while the absorption at 288 my,
the strongest band of benz[a Janthracene, is decrcasing. Rechro-
matographing these fractions on a small column, however, failed
to separate the two components. Of all the alkyl derivatives of
benz[a]anthracene ounly the I-methyl compound has a batho-
chromatic shift of less than 10 A. for the absorption maximum
at 288 mu (6, 10). In the spectrum of the material from the
chromatogram this peak suffers no interference from the chrysene
and corresponds exactly in wave length to that obtained from a
sample of pure benz[a Janthracene in cyclohexane measured under
the same experimental conditions. Similarly the spectra of alkyl
chrysenes available for comparison all indicate fairly large batho-
chromic shifts, especially for the band at 320 my (6). None of
these was observed in the spectra of the main chrysene fractions,
* all the peaks of which corresponded very closely with those of
pure chrysene. Therefore, it seems reasonable to assume that
the spectra recorded here refer to the parent hydrocarbons.

Suceeeding fractions possessed absorption bands at 237, 277,
289, 317, and 332 my which corfespond to the absorption maxima
of benzo[e]pyrene. There was an indication of the presence of
benzo[a]pyrene, but the separation was not sharp enough to
permit unambiguous identification of this compound.

DISCUSSION

Band 1 on the chromatogram can be eluted with cyclohexane
from alumina of high activity and would be expected to contain
the paraffins, naphthenes, and olefins in the sample, as these
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violet absorption spectra of the early fractions show in many
cases a large absorption maximum around 220 mg and a small
amount of absorption between 250 and 280 mg, indicating that
some conjugated diolefins or benzene derivatives are also present.

Band 2 comprises the polynuclear condensed ring aromatic
hydrocarbons, some of which have been identified.

Band 3 may consist of higher members of the series containing
five and six condensed rings. The absorption throughout the
whole spectral range of the ultraviolet is extremely strong for
fractions from this band, but it is for the most part less distinctive
than that of fractions from Band 2 and no clear-cut identifications
have been made thus far.

Band ¢ will be expected to contain any nitrogen or oxygen
compounds together with any acids, phenols, or bases which have
been extracted from the dust.

By subtracting the absorbance of a solution of pure pyrene
in cyclohexane from the absorbance of the pyrene-containing
fraction of eluate, a difference curve was obtained. This is in-
dicated by a broken line in Figure 1 and represents the interfering
absorbance. This impurity was not removed by alkaline per-
manganate treatment or by rechromatographing the fractions
on small columns of alumina or silica gel. The interfering ab-
sorbance persisted in this form throughout all the fractions of
eluate, but in later fractions the peak appeared to move to
slightly longer wave lengths. In the analysis of petroleum for
benzene and naphthalene derivatives this problem of interfering
compounds which cannot be removed by chemical means has
also been encountered (17).

INFRARED DATA

A sample of dust collected from the air intake of an air con-
ditioning unit was extracted with carbon tetrachloride to give a
specimen sufficiently concentrated for infrared analysis. The

compounds are not strongly adsorbed on alumina, The ultra- spectrum obtained is shown in Figure 4,4. The presence of
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alipbatic and aromatic C-—H bonds is indicated by the strong
absorption’ bands at 3.4 and 3.5 microns. The band at 5.8
microns may be due to aldehyde, ketone, or ester and that at
5.85 microns to carboxylic acid. The presence of this acid was
confirmed by saponifying the extract with aluminum isopropoxide
and obtaining the characterislic soap band at 6.3 microns (Figure,
4,B). The spectrum of the extract (Figure 4,4) is similar to
others which have been obtained for the cities of Philadelphis,
Houston, and Detroit (3), except for the presence in the Windsor
chart of a strong band at 10.3 microns. In the analysis of gaso-
line & band in this region has been assigned to olefine with an
internal double bond (8), but in the present instance no change
was observed after treatment of the extract with iodine mono-
chioride.

CONCLUSION

Two well-known techniques, chromatography and ahsorption
spectroscopy, have been applied to the investigation of the or-
ganic constituents of air pollution in Windsor and have proved
successful in identifying a number of condensed ring polycyclic
aromatic compounds. It should be possible by improved sepa-
ration to put these results on a quantitative basis and by suitable
chemical treatment to extend the range of compounds which
can be determined by this method.
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of the Thorium-Morin Mixed-Color System

MARY H. FLETCHER and ROBERT G. MILKEY
U. S. Geological Survey, Washington 25, D. C.

A spectrophotometric study was made of the thorium-
morin reaction to evaluate the suitability of morin as a
reagent for the determination of trace amounts of
thorium. At pH 2, the equilibrium constant for the
reaction is 1 X 105, and a single complex having a
thorium-morin ratio of 1 to 2 is formed. The complex
shows maximum absorbance at a wave length of 410 my,
and its absorbance obeys Beer’s law. The absorbance
readings are highly reproducible, and the sensitivity is
relatively high, an absorbance difference of 0.001 being
equivalent to 0.007 ¥ of ThO; per sq. cm. The effects of
acid, alcohol, and morin concentration, time, tempera-
ture, and age of the morin reagent as well as the be-
havior of morin with zirconium(IV), iron(IIl), alu-
minum (i), ytterbium(II1), yttrium(I1I), uranium(VI),
prascodymiam(IIl), lead(il), lanthanum(IH), and cal-
cium(Il) ions are discussed. A method is presented for
the determination of thorium in pure solutions. Ap-
propriate separations for Lhe isolation of thorium may
extend the usefulness of the method and permit. the
determination of trace amounts of thorium in complex
materials.

ILE color and fluorescent systems resulting from the rcaction

between thorium and morin were studied to obtain basie
information concerning the system and to evaluate the suitability
of morin as a reagent for the quantitative determination of trace
amounts of thorium. The spectrophotometric study of the color
system and a method for the determination of thorium in pure
solutions are discussed here. This information will be funda-
mental to any specific adaptation of the reaction for the deter-
mination of thorium in rocks or other materials.

Morin, 5,7,2',4’-flavanol, has the structure:

o (l)II
HO—O }‘Q OH
1Y o
OH O

It is obtained as Cs1 0 2ITL,0 with a molecular weight of 338.26,
or a8 OH;,07 with a molecular weight of 302.23, depending upon
the method of preparation.. It reacts with a number of metallic
jons under various conditions of acidity to preduce fluorescent or -
colored complexes or both (I, 3, 4, 12). The reaction between
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Figure 1. Spectrophotometric curves

600 ¥ of pure morin per 50 ml. pH 1.96
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morin and thorium takes place under slightly acid conditions to
give a yellow solution, which exhibits a green fluorescence’ when
exposed to ultraviolet light. Figure 1 shows a spectrophotometric
curve for the yellow solution (curve B) and one for a solution of
pure morin (curve A). The absorption spectra in Figure 1 repre-
sent & system highly favorable for quantitative analysis; the peak
of the curve for morin plus thorium occurs at a point where the
absorbance for the morin is very low, and the peaks of the two
curves are well separated (350 my for morin and 410 mu for morin
plus thorium).

APPARATUS AND REAGENTS

A Beckman DU quartz spectrophotometer was used in this
study. A comparable instrument would be satisfactory. A pH
meter was also used.

Morin. Morin, CisHis0;.2H:0 (molecular weight 338.26), of
high purity was obtained from Dr. Theodor Schuchardt, Miin-
chen, Germany. Solutions of morin of the strength desired were
prepared by dissolving the solid material in 95% ethyl alcohol.
The reagent adopted for use in analysis contained 1 mg. of morin
per milliliter of alcohol.

Standard Thorium Solutions. Stock solutions of thorium
chloride and thorium nitrate were prepared by dissolving the
respective salts (c. p. grade) in 39 hydrochloric or nitric acid.
These solutions, which contained the equivalent of 100 mg. of
ThO; per milliliter, were standardized gravimetrically by pre-
cipitation of the hydroxide with ammonium hydroxide that had
been freshly prepared from tank ammonia gas; after precipita-
tion, the thorium hydroxide was ignited to ThO. and weighed.
Working solutions were prepared from the stock solutions by
dilution with distilled water and, when necessary, by the addition
of more acid. The acidity of all working solutions was adjusted
to give a pH of 1.9 to 2.0; thorium solutions are stable at this
pH (7).

Hydroxylamine Hydrochloride. c. ». grade was a 10%, solution
in distilled water. .

Materials Tested as Possible Interferences. Stock solutions
of the nitrates (c. p. grade) of aluminum, calcium, iron, lan-
thanum, lead, uranium, zirconium, yttrium, ytterbium, and
praseodymium were prepared in nitric acid and diluted as required
to give working solutions of the proper concentration and at a
pH of 2.0. The working solutions were used immediately after
dilution.

EFFECT OF EXPERIMENTAL VARIABLES ON SENSITIVITY
OR STABILITY

Optimum conditions for the reaction betwgen thorium- and
morin were established by evaluating the individual effects of the
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more important experimental variables. In studying ‘these
effects, the reagents were added in the order shown in the standard
procedure.

Acidity. In Figure 2, curve 1 shows the effect of acidity on the
absorbance at 410 my for nitric acid solutions of pure morin, and
curve 2 shows the effect on solutions that contain both thorium
and morin. On the basis of these curves, a pH of 1.9 to 2.0 was
selected for all subsequent work, because in this pH range the
sensitivity is near the maximum (maximum sensitivity occurs
at & pH of 2.4), the reagent shows constant absorbance, and
other ions should interfere less than at lower acidities.

Other experiments showed 0o essential difference in the reaction
when either hydrochloric or nitrie acid was used. Although per-
chlorie acid may be used, sulfuric acid cannot because sulfates
complex thorium to such an extent that no color develops.
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Figure 3. Effect of morin coneentration

13 v of ThO; per 50 ml. plus varying amounts of morin

Alcohol. The absorbance (410 mu} of the pure complex re-
mains egsentially constant when the alcohol congentration of the
solution varies from 2 to 16 ml. of alcohol per 50 ml. of solution.
However, in this range of alcohol content, the absorbance of pure
morin increases steadily with the aleohol content. For greatest
sensitivity only the 2 ml. of aleohol per 50 ml. of solution added
with the morin reagent was used in the standard procedure.

Time of Standing. The yellow color develops almost instantly
in the solutions and essentially constant absorbance readings are
obtained over a period of 7 hours. In the standard procedure,
half an hour was allowed for the reaction to reach equilibrium
before the absorbance was measured.

-Morin. Figure 3 shows net absorbance (410 mg) due to the
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complex formed from 15 v of thorium dioxide as a function of the
original morin content of the solutions and indicates essentially
complete reaction when 2500 y or more of morin are present.

In other similar experiments, a precipitate formed in solutions
containing 80 v of thorium dioxide when the morin content was
a3 low as 2000 +v; precipitation also occurred when the thorium
dioxide was reduced to 50 v if the morin content was increased to
2800 v or more. In the standard proeedure 2000 v of morin was
selected as the best compromise, because this amount gives prac-
tically complete reaction and also insures against precipitation
for as much as 60 v of thorium dioxide.

Age of Morin Reagent Solution. Three solutions of morin
reagent that had been standing in the laboratory for varying
periods of time were tested to determine whether the reagent
deteriorates with age. Each of the three reagents was used to
prepare a standard blank containing 2 mg. of morin, and each
was also used to prepare a solution of the complex using 400 v of
morin plus 50 mg. of thorium dioxide. The absorbance values at
410 my for the solutions of blanks and complex as well as the age

ANALYTICAL CHEMISTRY

Temperature. The temperature of the solutions affects the
absorbance readings somewhat. The absorbance of a solution
containing the equivalent of 15 v of thorium dioxide and 2 mg.
of morin per 50 ml. at 12° C. is about 9% greater than the absorb-
ance of the solution at30° C. However, the differences in absorb-
ance corresponding to the differences generally found in room
temperature are small and ean usually be neglected.

On the basis of the results of these tests, the following standard
procedure was adopted for the determination of thorium in pure
solutions.

STANDARD PROCEDURE FOR DETERMINATION OF THORIUM
IN PURE SOLUTIONS

The colored solutions are prepared in 50-ml. glass-stoppered
graduates or volumetric flasks.

1. Add 1.0 ml. of 0.63N hydrochloric or nitric acid.

2. Add the solution containing not more than 60 v of ThQ,
and free from other ions. (The pH of thorium solution should
be previously adjusted to 2.0.)

of the morin reagent are presented in Table I.  Solutions of morin 3. Adjust volume to about 20 ml. with water, and mix.
in ethyl alcohol are essentially stable for at least 4 months under g 1&/&3.2.0 ml. of morin reagent (0.10% in ethyl alcobol).
usual laboratory conditions, and use of morin solutions several 6. Adjust volume to exactly 50 ml, with distilled water.
months old will introduce no gross errors. 7. Stopper and mix thoroughly.
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Table I. Effect of Age of Morin Reagent on Absorbance
Measurements
Absorbance

Age of Morin, Complex, 400
Morin 2.0 mg./50 ml. morin plus 50 mg.
Solution, solution ThO3/50 ml. solution
Months (5-cm. cell) (1-cm. cell)

1 day 0.235 .

3 0.235 e

4 0.242 o

3 weeka e 0.492

3.5 0.481

4.5 0.481

8. After half an hour measure absorbance at 410 my, using a
slit width of 0.04 mm. and water as the reference solution.

SENSITIVITY

A standard curve derived from known amounts of thorium
dioxide in solutions prepared according to the above procedure is
linear from 0 to 60 v of thorium dioxide per 50 ml. The sensi-
tivity of the reaction, as obtained from this eurve using Sandell’s
criterion (8) of an absorbance difference of 0.001 as the limit of
detection, is 0.0070 v of thorium dioxide per sq. cm. This means
that 0.0014 v of thorium dicxide per milliliter can be detected
using a 5-cin. light path.

NATURE OF THE REACTION

Using the standard procedure for the preparation of the colored
solutions, but varying the concentrations of the thorium and of
the morin reagent as indicated, tests were made to determine
whether the reaction is stoichiometric and to ascertain the
number and composition of the complexes that might be formed.
Sixteen solutions were prepared; each contained 600 v of morin
and an amount of thorium nitrate that ranged from 0 to 50.3 mg.
of equivalent thorium dioxide. The absorbances of these solu-
tions were measured for wave lengths between 340 and 420 mg,
and spectrophotometric curves were prepared. The resulting
family of curves is shown in Figure 4.

The occurrence of an isoabsorptive point (2), which is shown at
a wave length of approximately 372 my, in Figure 4, indicates that
only one complex is formed; such a family of curves with an iso-
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Figure 6. Determination of compesition of complex by
slope-ratio method

absorptive point is very strong evidenee that only two light-
absorbing components—in this case morin and complex—are
present and in equilibrium (10, 11).

The changes that occur in the shape of the curves as the com-
position of the solutions varies again indicate that only one com-
plex is formed. Curve 1 (Figure 4) is the curve for pure morin,
and the other eurves, in numerical order, are for solutions con-
taining larger and larger amounts of thorium. As the amount
of thorium was increased, more and more complex was.formed in
the reaction represented by the equation

2 Tht* 4 y M.H == Th,M, + yH+

where M.JI = morin.

Thus, with each additional increment of thorium, there was a
corresponding decrease in the amount of free morin, which was
revealed by the diminishing absorbance of the peak at 350 mu.
Simultaneous with the diminution of this peak was the develop-
ment of another peak at 410 mu. The second peak is character-
istic of the complex, and the value of its absorbance grew larger
as the amount of complex increased. When the thorium content
reached about 7 mg. of equivalent thorium dioxide, further in-
creases up to 15 mg, of thorium dioxide resulted in less than a 2%
increase in the absorbance at 410 mu. A single curve (14, 15, and
16, Figure 4) resulted from 15, 30, and 50 mg. of thorium dioxide,
and this curve represents the spectrum for the pure complex, as
excess thorium dioxide has no absorbauce at these wave lengths.

DETERMINATION OF COMPOSITION OF COMPLEX

Job’s method of continuous variations (6, 9) was used to deter-
mine the composition of the complex. Twenty-eight solutions
were prepared, each containing thorium and morin in different
proportions; but in each solution the combined concentration of
thorium and morin was always 3 X 10~¢ mole per 50 ml. The
absorbances of these solutions were measured at three different
wave lengths; and for each measurement, a value ¥ was cal-
culated that was cquivalent to the difference between the meas-
ured absorbance and the absorbance the solution would have had
if there had been no reaction. These values for ¥, plotted as a
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furiction of the composition of the solutions, are given in Figure 5;
a separate curve was prepared for each of the three wave lengths.
Job (6) and Vosburg and Cooper (9) have shown that the value
of Y at each wave length is at a maximum when the greafest
anount of complex is formed. This occurs when the ratio of the
molar amounts of the two reactants is exactly equal to their com-
bining ratios.

All the curves in Figure 5 reach a peak at the same point on the
abscissa. At this point the moles of morin are essentially twice
a3 great as the moles of thorium. The ratio of thorium to morin
in the complex is therefore 1 to 2, and an abbreviated formula for
the complex may be written as ThM,. A possible structure of
this complex is

where X is a univalent negative ion such as C1” or NO3.

In addition to giving the mole ratio of thorium to morin in the
complex, the curves in Figure 5 also substantiate the earlier con-
clusion that only one complex is formed. The curves for three
different wave lengths all show peaks at the same molar ratio;
moreover, all the curves are smooth and continuous, no secondary
peaks appear, and the curves are concave with respect to the
abscissa. These characteristics all indicate the formation of a
single complex (9).

The conclusion that the mole ratio of the thorium to morin in
the comrplex is 1 to 2 was substantiated according to the slope
ratio method (5) by absorbance measurements at 410 mu on two
series of solutions. The first series contained amounts of morin
that ranged from 0 to 1000 v and an excess of thorium (50 mg.
of thorium dioxide), which ensured complete reaction of the
morin to form complex. The second series contained amounts of
thorium dioxide that ranged from O to 30 ¥ and an excess of
morin (2.0 mg.) that was sufficient to ensure essentially complete
reaction for the small amounts of thorium employed.

In Figure 6 the absorbance and corresponding moles of morin
per liter for the first series of solutions are shown in curve 1,
whereas the absorbance and corresponding moles of thorium per
liter for the second series are shown in curve 2.

The slope of curve 1 is 2.092 X 10* and represents the rate of
change in the absorbance of the complex per mole of morin com-~
plexed. The slope of curve 2 is 4.105 X 10* and represents the
rate of change in the absorbance of the complex per mole of
thorium complexed. But absorbance is proportional to the moles
of complex formed; therefore

Slope 1 _ 2.092 X 104 _

2. 1 A absorbance/mole of morin
Slope 2 ~ 4.105 X 10*  1.96

A absorbance/mole of thorium

and A moles of complex/mole of morin 1
N4 X Toles of complex/mole of thorium ~ 2

thus substantiating the earlier conclusion.
The linear relationships shown in Figure 6 indicate that light
absorption by the complex follows Beer's law:

ANALYTICAL CHEMISTRY

P = P10"e* )

where

transmitted radiant power

incident radiant power

absorptivity or specific absorbance

absorptivity when ¢ is expressed in moles per liter
internal cell length

. coneentration of complex

Thus, the absorbance

h:g’t«

Bouw

€
b
c

A = abe or ebe (2)
and the absorptivity
« = A/be (3)
and
€= /b ' (3a)

when ¢ is expressed in moles per liter.

The absorptivity for the complex was calculated from the data
in eurve 1, Figure 6, and that for pure morin was determined from
the slope of a curve (not included here) in which the absorbance
values for a series of pure morin solutions were plotted as a func-
tion of morin content.

The absorptivity values at 410 my are as follows:

For the Complex For Pure Morin
Etnmy = 4.184 X 104 liter/mole €y.y = 3.767 X 102 liter/mole
X em. X cm,
atpu; = 5.013 X 1072sq. cm./y ayp = 1.120 X 10~8sq. cm./y

DETERMINATION OF COMPONENTS OF ANY SOLUTION
AND CALCULATION OF EQUILIBRIUM CONSTANT

In any solution composed of several components that absorb
Jight, the total absorbance of the solution is equal to the sum
of the individual absorbances. In the morin-thorium system
there are only two components that absorb light: morin, M. H,
and the complex, ThM..

If X = moles of complex per liter
M.H = total moles of morin added per liter
Y = moles of uncombined morin per liter
the absorbance, 4, of any given solution can be expressed as
A = ey Yb + €rnu, Xb (4)

The morin originally added is distributed between the combined
and uncombined states, and each mole of complex contains 2 moles
of combined morin.

Thus, the total morin
MH =Y +2X (5)
and

¥ = MH - 2X (6)
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Substituting in Equation 4

1S

3 = OLE (M.H — 2X) + €pmgy X (€]

and

_ A4 -evn(MH)D
b (€rny, — 2 €x.;)

X (8)

If the original constituents of the solution are known, Equation 8
may be used to calculate the moles gf complex, and moles of
uncombined morin and thorium present per liter in any solution.
These values may then be used to caleulate the apparent equilib-
rium constant for the reaction

Th*¢ + 2 M.H = ThM:++ 4+ 2H*
according to the equation

(ThM,+*) (H*)*

Kewit = Sppeay (M HY

In this study, the concentration of the hydrogen ion, (H), was
constant at (10~%) because a pH of 2.0 was maintained in all
solutions.

Table I1L.

(Weight of various substances in 50 ml. of solution, equivalent to an absorb-
ance difference of 0.010 at 410 my when measurements are made in a 3-cm.

Sensitivity of Reaction

cell)
Micrograms
Egquivalent to
Substance 0.01 Absorbance
ThO: 0.69
Zr0; 0.79
FesOs 1.3
Al:Qs 15.6
Fe:0s (in presence of 28.6
hydroxylamine)
Yb:0: 69.4
Y10s 81.3
89
Pr0s 161
12 500
LasQs 700
Ca0l 37 X 10°

Equilibrium constants were calculated in this manner from the
data from 80 solutions used in this study. These solutions had
widely varying compositions and included thosc used to obtain
the data for Figures 4 and 6. Besides these, there was a set of
solutions containing 50.3 v of thorium dioxide with 0 to 1000 ~
of morin per 50 ml., and also a set with moles of thorium, morin,
~and (thorium + morin) all continuously varying. The constants
calculated from this experimental data ranged from 0.13 X 10¢
to 6 X 105; the low figures were obtained when fairly large
amounts of excess morin were present, and the large figures were
obtained from solutions containing excess thorium. However,
most of the values fell between 0.5 X 108 and 1 X 10° and the
average of all values was 1 X 108.

REACTION OF MORIN WITH OTHER 10NS

Zirconium, aluminum, ferrie, and ferrous iron ions, which were
considered as possible serious interferences because of their
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tendency to form complexes with morin; calcium and lanthanum,
which might be useful as carriers in separations of thorium from
other ions; and also uranium, lead, yttrium, ytterbium, and prase-
odymium were tested under the standard conditions for their
reaction with morin in the absence of thorium. The sensitivity
of the reaction for each of these substances with morin is given in
Table I1.

Zirconium and aluminum are serious interferences and must
be .virtually absent when trace amounts of thorjum are deter-
mined. Interference from ferric iron is serious also, but the effect
is appreciably decreased: if the iron is reduced with hydroxyl-
amine. As much as 400 mg. of hydroxylamine may be added
to the solutions with little or no effect on the reaction between
thorium and meorin; in fact, hydroxylamine is now added to all
solutions as a standard practice. (In the standard procedure 4
ml. of 109 hydroxylamine hydrochloride is added between steps
2 and 3—i.e., before the volume is adjusted to 20 ml. with water.)
The interference from relatively large amounts of caleium and
lanthanumi is negligible and these ions can, therefore, be used as
carriers in separations of thorium from other ions. At present,
separations to isolate thorium from other ions have not been
investigated nor has any attempt been made to apply the method
to complex materials, as such studies are beyond the scope of
this investigation.

CONCLUSIONS

The reaction between thorium and morin is stoichiometric, only
one complex is formed, and morin is a suitable reagent for the
determination of trace amounts of thorium in pure solutions. As
little as about 0.2 v of thorium dioxide in 50 ml. canbe determined.
Ilowever, the reaction can be adapted to the analysis of complex

‘materials only after suitable separations of thorium from other

ions have been made.
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Automatic Derivative Spectrophotometric Titrations

HOWARD V. MALMSTADT and CHARLES B. ROBERTS
Noyes Chemical Laboratory, University of Illinois, Urbana, Ill.

An automatic derivative spectrophotometric titrator is
described which is capable of rapid, precise, and accu-
rate titrations. The method utilizes a derivative tech-
nique by which a relatively simiple electronic circuit
develops a voltage signal proportional to the third
derivative of the photometer output. The derivative
signal is ideally suited to trigger a relay system and
terminate the flow of titrant at the break (end point)
in the curve of absorbance vs. milliequivalents. This
automatic system requires a minimum of pretitration
considerations and instrument adjustments. It isap-
plicable to automatic titration of solutions where there
is a relatively sharp change of ahsorbance at the end
point, even though the absolute absorbance is unknown
and differs considerably from sample to sample. Quan-
titative results foc a few common acid-base and redox
titrations show precision within 0.19%, even at relatively
fast flow rates of titrant (about 5 ml. per minute).

HE detection of the end point in a titration by measuring
_ the changes of absorbed narrow band-pass radiation, often
referred to as spectrophotometric or photometric titration, has
received considerable attention in the past few years because of
certain advantages over other methods. These advantages have
been discussed in recent articles (2, &, 6§, 16). In the general
spectrophotometric titration procedure the titrant is added to
the reactant contained in a suitable titration vessel, the solution
is mixed, and absorbance values are read from a spectrophotome-
ter or filter photometer after the addition of each increment of
titrant. A plot of absorbance vs. milliliters of titrant is then
made. The shape of the titration curve depends on the com-
bination of reactant, reaction produet, titrant, and/or indicator
that undergoes changes of absorbance at the preset wave length
during the titration.

The manual technique is time-consuming, however, and Malm-
stadt and Gohrbandt (9) and Malmstadt and Roberts (10) have
shown that many spectropbotometric titrations can be facili-
tated by automatically plotting the titration curve while continu-
ously adding the titrant, either by electrolytic generation or
from a constant-flow buret, with efficient stirring of the solution
by a motor-driven paddle stirrer. The reactant and titrant must,
of course, react rapidly if this method is to be successful, but a
great many useful titrations meet this requirement. However,
recording equipment and synchronized buret systems are ex-
pensive, and the operator time required per titration is somewhat
more than desirable for routine titrations.

A few investigators (3, 4, 12, 17) have used specially construc-
ted apparatus for automatic photometric titrations in which
there are large changes of absorbance at the end points. These
titrators usually have been tested with titrations using the classi-
cal visual color indicators. With this automatic technique the
flow of titrant is terminated at an absolute absorbance value
_ which is preset to correspond closely to the equivalence point
of the-titration. Such a method is applicable in many cases,
but it has disadvantages in certain titrations. For example,
it, is difficult or impossible to sct a definite absorbance value cor-
responding to the equivalence point if there are substances present
in solution which shsorb light in the same wave length region as
the titration species, but do not take part in the titration reac-

tion and vary in concentration from sample to sample. The
same would be true for solutions in which turbidity varies from
sample to sample, or scattered light varies from beaker to beaker,
or the reaction products absorb in the preset wave length ranges.
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Figure 1. Spectrophotometric titration curves with

The problems inherent in knowing and presetting an absolute
value in automatic potentiometric titrations have been circum-
vented by a derivative technique described by Malmstadt and
Fett (7). An automatic derivative system with the other neces-
sary equipment has now been devised to facilitate the perform-
ance of spectrophotometric titrations; ‘it does not have the in-
herent problems of other systems, in which it is necessary to know
and preset an equivalence point absorbance value. The break
iri the curve of absorbance vs. milliliters must be sharp, but this
is the case for nearly all titrations using visual color indicators
and for many titration systems which have useful absorption
bands in the ultraviolet. The design and construction of the
equipment and the analytical results of a fow applications illus-
trating some characteristics of the system are presented here.

The asutomatic derivative potentiometric titrator electroni-
cally produces a voltage which is proportional to the second
derivative of the ordinary electrode potential curve; the second
derivative voltage is ideally suited for triggering a relay system
which turns the buret off at the inflection point (end point) of the
titration (7). The second derivative system is also directly
applicable for some spectrophotometric titration systems in
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photometric titrations

which the titration curves are similar to the sigmoid potentio-
metric curves. A specific example of this type is described in
another paper (11). However, the shapes of most spectrophoto-
metric titration curves resemble conductometric titration curves,
involving the intersection of two straight lines at the end point
(Figure 1). The theoretical first, second, and third derivatives
of the ordinary spectrophotometric titration curves of the three
examples are also given in Figure 1; it is seen that the third
derivative of the ordinary curve is required to yield an output
signal ideally suited for triggering a relay system which terminates
the flow of titrant at the break in the titration curve. Equipment
for electronically producing an output voltage curve proportional
to the third derivative ol a curve of absorbance vs. milliliters
curve is described below.

INSTRUMENTATION

The basic components for automatic third derivative spectro-
photometric titrations are illustrated in Figure 2. With the
elimination of the first derivative stage, the same equipment is
obviously applicable for those cases where the second derivative
output is suitable for automatic termination of the titration.

The output of the photometer is fed into a simple resistance-
capacitance network to obtain a first derivative signal which is
then fed into the commercially available Sargent-Malmstadt
automatic titrator control unit (74). This control unit has two
sections, One section amplifies and electronically computes the
sccond and third derivatives of the curve of absorbance wvs.
milliliters; the other section contains a relay system which uti-
lizes the derivative output to activate the buret solenoid or cur-
rent relay (in the case of electrolytic generation of titrant) and
terminate the flow of titrant at the break in the titration curve.

Specific Components. In some cases it should be possible to
modify the photometer circuits of various spectrophotometers
for the derivative titration technique, but it is probably best to
construct a special photometer circuit—one that is especially
suited for the derivaiive titration technique. The cireuit should
be stable and sensitive and, preferably, should yield an output
signal proportional to the solution absorbance or the logarithm
of transmitted light. There are several possible circuits for pro-
ducing a log T or absorbance response. The specific instrument
for the spectrophotometric titration work in this laboratory was
devised to be versatile and to make use of components not ticd
up on other spectrochemical problems. Many other designs are
possible to simplify the system for certain routine titrations.

Titration Cell Compartment. The titration cell compartment
is fixed between the monochromator and photometer units. It
should be designed to permit simple and rapid insertion and re-
moval of the titration vessel. Also, because continuous and effi-
cient stirring is a prerequisite of the method, the above design
objectives should be met while providing the required stirring.

DOUBLE
DERIVATIVE
uNT

Basic instrumental components for derivative spectro-
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The titration cell compartment consisted of a
large 10-em. cell unit from the Beckman DU
spectrophotometer, modified as illustrated in Figure
3 to facilitate the titration manipulations. A cell
with quartz windows, described by Malmstadt and
Gobrbandt (9), could be set in the compartment for
titrations requiring ultraviolet radiation. Glass
beakers are suitable for titrations in the visible
range down to about 350 mu. All of the titrations
described hercin were performed in 200-ml. electrolytic
beakers which had about 3/ inch cut off the top so
they would fit in the compartment.

A polystyrene cell holder, A, was fastened securely
in position in the compartment, B, by a plug-in ar-
rangement consisting of two banana plugs and jacks,
C. The bore of the holder was of a slightly larger
diameter than the 200-ml. beakers, D, so that they fit
gasily but snugly into correct position for the light

eam.

A special cover was made from a Lucite block, E,
screwed to a flanged metal lid, £’, which made a
lighttight fit to the top of the cell compartment.
A small 1500-r.p.m. motor, M, was mounted on
the top of the cover. The motor shaft!and paddle
stirrer, ¥, were connected by a metal coupling, G.
The coupling and shaft were protected from cor-
rosive solutions and fumes by spraying with plastic spray
(Krylon).

The stirring efficiency was greatly increased by rupning the
motor at maximum speed and in the presence of a baffle, H, to
prevent a vortex from forming and drawing air bubbles into the
solution. A large cylindrical platinum gauze electrolysis elec-
trode (1!/, inches in diameter, 11/; inches high) was suitable for
this purpose, and it was also convenient as the generator electrode
for titrations utilizing electrolytic generation of titrant. No
troubles from gas bubbles were encountered with this system,
even with the stirrer at maximum speed, and the excellent effi-
ciency of stirring is apparent from the analytical results obtained
for relatively fast flow rates of titrant. Both stirrer and baffle
were adjusted to be directly above but not in the light path.
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Figure 3. Cross-sectional end view of titration cell

compartment and stirring arrangement

A 3/g¢-inch hole, I, was drilled in the cover at a slight angle so
that the buret tip, J, would come close to the stirrer shaft just
above the stirrer paddle. The careful positioning of the buret
tip with relation to the stirrer is essential for efficient stirring
without streaming of titrant. A small section of rubber tubing
on the buret tip provided a convenient lighttight seal for the
hole, I, and also held the buret tip in position. The hole was
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tapped so that a threaded polystyrene tube with a sintered-glass
disk sealed on the end could be screwed into position instead of
the buret tip. This was used as the isolated electrode compart-
ment for electrolytic generation of titrant.

Light Source and Monochromator. The light sources and
monochromator depend on the requirements of a particular
laboratory. A tungsten bulb with selected filters is suitable for
many titrations, but for a versatile instrument it is desirable to
have prism or grating monochromators of good reselution and
both visible and ultraviolet sources.

Any available monochromator can be connected to the one
end of the titration cell compartment if a flat metal plate is
firmly connected at the exit slit of the monochromator and drilled
with holes for the light beamn and the four aligning holes for con-
necting to the titration cell compartment and photometer housing.
For expediency in thislaboratory the Cenco-Sheard grating mono-
chromator was used for all titrations described in the following
sections. The solution and barrier-layer cell compartments were
removed from the Cenco-Sheard spectrophotometer and re-
placed with an end plate of proper size to make a lighttight fit
around the edges at one end of the titration eell compartment.
The light source compartment consisted of the old-type housing
from the Beckman DU, which was firmly fixed at the entrance
glit of the monochromator. An ordinary 6-volt, 6-ampere con-
stant voltage transformer provided sufficiently stable power for
the light source.

Photometer Circuit. Although various photometer circuits

ANALYTICAL CHEMISTRY

are available, a unique circuit was chosen because of its high
sensitivity and stability and an output voltage response which is
closely proportional to absorbance over a wide range of light
values. The basic circuit was originally described by Sweet (15)
and modified by Gilford and coworkers (). These investigators
presented detailed circuits and described their characteristics.
Therefore, only those sections of the circuit necessary to illus-
trate the modifications for the dcrivative titrations are presented
in Figure4. The other circuits are given only as blocks with spe-
cific functions, which facilitates explanation of the basie circuit.
The phototube housing was an old unit from a Beckman DU
spectrophotometer, discarded when a photomultiplier attach-
ment was installed. The old circuits of the housing were removed
and replaced by a 931-A photomultiplier tube, Vs, a 12AX7 twin
triode tube, ¥y, and associated circuit, and a 200-megohm resistor,
Ry. A five-conductor cable was used for the lcads from the low
voltage power supply section, and a shielded cable for the leads
from the high voltage power supply section. All of the other com-
ponents for operation of the photometer circuit were compactly
mounted on one chassis and fit into a cabinet 8 X 12 X 12inches.
The operation of the circuit is readily understood by reference
to Figure 4. If the absorbance of a solution increases, the light
incident on the photomultiplier tube decreases and the photo-
current tends to decrease. However, a small decrease in photo-
current causes a relatively large decrease in voltage across the
200-megohm resistor, ;. A decrease in voltage across R, de-
creases the grid bias of one half of the twin-triode tube, V), and
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Figure 4. Photometer and first derivative circuits

R. 100-kilo-ohm helipot
Ri. 200 megohm, !/; watt
Ri. 800 kilo-ohm, /3 watt
Ry. 100 kilo-ohm, 25 watt
R:. 1 megohm, 1 watt

R;. 100 kilo-ohm, 1 watt
Rs. 10 kilo-ohm, 2 watt

Ri.  20-kilo-ochm helipot

Rs. 1 kilo-ohm, 1/: watt
Re. 5 kilo-ohm, !/3 watt
Ruw. 50 kilo-ohm, !/3 watt
Ru to Ry. 130 kilo-ohm, 1/: watt
Eis. 2 megohm, 1/2 watt
B 500 kilo-ohm, 1/z watt
R, Ra1. 5 kilo-ohm. 1 watt

Rse. 100 ochm

Rs. 10-kilo-ohm potentiometer
Ru. 2 kilo-chm, 1/: watt

Ra. 1 megohm, /2 watt

Ras to Ru. 110 kilo-chun, 1/: watt
C. /:-ptd. oil condenser, 300 volt
Ci.  /3-ufd. oil condenser, 100 volt
¥i. 12AX7 twin-triode

V. 931-A photomultiplier tube

. Vs. 6SN7 twin-triode tube .
81.. Double-pole, single-throw switch
M. 100-pa. zero-center meter
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consequently increases the current through the tube.  An increase
of current through V) increases the voltage drop across the cath-
ode resistor, R». An increase in voltage across K. causes the grid
of the series regulator tube, Vs, in the high voltage power supply
circuit to become more positive; the current through ¥, andp the
series load resistor, R, increases. The voltage across K; is the
voltage applied across all the dynodes of the photomultiplier
tube, and the increased current through R, therefore, provides
an increased voltage across the dynodes and tends to increase
the photomultiplier current. The net result is that the photo-
multiplier current remains essentially constant for changing
incident radiation, but the voltage on the dynodes changes in the
direction opposite to the incident light intensity changes. Sweet
(15) has shown that the voltage on the dynodes is approximately
proportional to the absorbance.

A voltage divider and zero suppression circuit in the measuring
circuit permit small changes of the dynode voltage to be measured
over g wide range of light intensity. The meter, A, in the bal-
anced twin-triode eircuit can be used for regular absorbance
measurements; a filter network is inserted between the voltage
divider and measuring circuit. However, for automatic deriva-
tive titrations the meter and filter circuits could be climinated
and a small fraction of the dynode voltage could be taken across
Ry and fed by shielded cable to the grid of the second half of the
twin triode, Vi, in the photomultiplier housing. Tube V, ampli-
fies and inverts the input voltage signal, which is differentiated
with the simple resistance-capacitance network., This provides
an output signal proportional to the first derivative of the titra-
tion curve, and it is fed directly to the Sargent-Malmstadt auto-
matic control unit (14).

The amplification in tube ¥ is not needed, but the tube pro-
vides the necessary phase inversion in consideration of the sub-
sequent control unit. The Sargent-Malmstadt automatic control
unit requires the input voltage to swing in the positive direction
at the end point.

For titrations in which the absorbance increases at the end
point, such as ferrous iron vs. permanganate, the voltage across
the dynodes increases, and point A, Figure 4, becomes more nega~
tive with respect to ground potential. In such titration cases the
curve of voltage »s. milliliters at the input to tube V, will be as
illustrated in Figure 4. The phase inversion in ¥ with subse-
quent differentiation gives a signal with the required positive
swing at the end point for operating the control unit.

It is possible to overdrive V; with too large an input signal
from the photometer; this can distort the voltage signal fed to
the differentiator. However, this generally does not cause any
difficulty if tube V), is in an operating range in the end point
region.

It would not be necessary to go through ¥, for titrations in
which the absorbance remains constant during the titration
but decreases sharply at the end point. It is convenient in such
cases to attach a resistance-capacitance network to one end of a
shielded lead and connect point B, Figure 4, to the network, with
the other end of the lead going directly to the Sargent-Malm-
stadt control unit. For such titrations the zero suppress con-
trol must be positioned at the start so that meter M is about mid-
scale. This prevents a large bias on the input tube to the Sargent-
Malmstadt automatic titrator, permitting it to operate and de-
tect the end point. If the solution is too opaque to permit a
meter reading by rotating the zero suppress control, the wave
length must be changed to a region of lower absorbance.

The ordinary spectrophotometric titration curve can be re-
corded by utilizing a small {raction of the voltage across the re-
corder terminals 1 and 3. The derivative curve can be simul-
taneously recorded from the recorder output of the control unit.

Tt is not necessary to close the shutter on the photometer while
opening the cover and removing the titration cell because of the
inverse feedback arrangement on the photomultiplier tube.

Automatic Control Unit. The Bargent-Malmstadt control
unit can be used directly by feeding the output of the first deriva-
tive resistance-capacitance circuit into the input lead, which is
normally connected to the electrodes for automatic potentio-
metrie fitrations. One small modification in the control unit is
necessary because the positive voltage swing at the end point of
some spectrophotometric titrations is of relatively short duration.
The usual values in the relay circuit discriminate between long
and short duration pulses, because this prevents difficulties with
short period “noise’’ which is occasionally present on certain
electrodes for potentiometric titrations. The discrimination
time should be reduced, however, for some spectrophotometric
titrations by changing the value of resistor Ry (13) from 1 to about
5 megohms. The delay time on the original relay circuits can be
decreased as discussed in the original publication (?, 8).

The buret solenoid from the Sargent-Malmstadt titrator can be
connected directly into the control unit for starting and stopping
the flow of titrant. Also, other type buret valves, syringe motor
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drives, or current supply relays (for electrolytic generation of
titrant) can be connected directly to the output of the automatic
control unit if they operate on 110 volts alternating current.

EXPERIMENTAL RESULTS

Some of the characteristics of the automatic derivative spectro-
photometric titrator are illustrated by the results of a few common
titration systems. These systems are not investigated to provide
a critical evaluation of the automatic derivative spectrophoto-
metric technique, but rather to demonstrate the feasibility of the
third derivative method. Practical and theoretical limitations
and a thorough evaluation of both the second and third deriva-
tive spectrophotometric end point technique will be presented
in the near future. The precision of the automatic second deriva-
tive spectrophotometric technique is demonstrated by the de-
termination of iron with electrolytically generated titanous ion
(11).

Acetic Acid-Sodium Hydroxide. The third derivative tech-
nique was first tested by titrating aliquots of standard acetic acid
with standard sodium hydroxide using phenolphthalein indicator.
The wave length dial of the Cenco-Sheard monochromator was
set, for g region of high absorptivity for the basic form of phenol-
phthalein, about 555 mpu.

The concentration of any one-color indicator such as phenol-
phthalein is important for visual titrations as well as for spectro-
photometric titrations. The concentration of indicator will not
always be the same for spectrophotometric as for visual titrations,
but in this specific case the concentration used in either method
can be about the same.

The acetic acid and sodium hydroxide solutions were 0.1000V
and the phenolphthalein stock solution was 0.03M. Aliquots of
25.00 ml. of acetic acid were diluted in the titration beaker
with distilled water to about 130 ml. and 4 drops of 0.03M phencl-
phthalein was added. The titration beaker was inserted in the
titrator, and the start button pushed to initiate the stirring and
delivery of sodium hydroxide at a flow rate of abont 5 ml. per
minute. The titration was automatically terminated by the
third derivative technique. In'order to check the reproducibility
of the method, the pIl of the solution was checked at the end
point with a pH meter, and the volume of titrant delivered was
recorded. The results in Table I show that there was no signifi-
cant overshooting of the cnd point, even at this relatively fast
flow. rate.

Table I. Titration of 25-ml. Aliquots of 0.1000N Acetic
- Acid with 0.100¢V Sodium Hydroxide
Automatic Method
oH of
MI. NaOH End Point
Required Solution
25.05 8.6
25.00 8.8
25.04 8.5
25.00 8.6
24.97 8.5
Av. 25.01 8.6
Aagual (Visual) Method
25.0 8.6

Ferrous Iron-Permanganate. The titration of ferrous iron
with potassiurn permanganate was performed at 547 my, the
region of maximum absorbance for permanganate. The shape
of the ordinary spectrophotometric titration curve is similar in
this case, as in the previous case, to A, Figure 1.

The results of four determinations of 25-ml. aliquots of approxi-
mately 0.1N ferrous ammonium sulfate with 0.1000N potassium
permanganate by the automatic derivative technique are given
in Table II. All of the solutions when removed from the titrator
were a faint purple color and required only 0.01 to 0.03 ml. of
0.1N ferrous iron to discharge the color, This indicates that
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there was no significant overshooting of the end point at a
titrant flow rate of about 5 ml. per minute.

Ferrous Iron-Dichromate. This systcm provides an interesting
example because it was performed without added indicator. Tt
is, of course, impossible to observe precisely by visual means the
first excess of dichromate in the presence of the green chromic
color. However, the absorptivity of a dichromate solution is
sufficiently greater than a chromic solution at about 420 mu so
that the curve of absorbance vs. milliliters of dichromate appears
as B, Figure 1. This illustrates a case where the absolute ab-
sorbanee value changes depending on the sample size.

Table II. Titration of 25-ml. Aliquots of Approximately
0.1¥ Ferrous Iron with 0.1000N Permanganate or
Dichromate
Automatic Method
M1 Requi;gd

KMnO4 K:Cr:0y

25.10 25.15

25.15 25.15

25.15 25.17
25.18

Av. 25.15 25.16

Manual (Visual) method
25.17

The results for three automatic titrations of 25-ml. aliquots
of ferrous iron with dichromate are also given in Table IIL.
In addition, one titration by the standard visual color indicator
(diphenylamine sulfonate) method is listed. This titration could
be performed automatically with added indicator, but the con-
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centration to be used would have to be determined in considera-
tion of the sensitivity of the photometer cireuit.

Permanganate~Titanous. The titration of potassium per-
manganate with standard titanous solution gives a spectro-
photometric titration curve in the end point region similar to C,
Figure 1. Several automatic derivative titrations were run with
this system, and in all cases the addition of a fraction of a drop
of 0.1N permanganate to the end point solutions restored the
purple permanganate color. The titrations were run at a wave
length of 660 my.
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Determination of Iron in Titanium Sponge, Alloys, and Ores

Automatic Derivative Spectrophotometric

Titration with Electrolytically Generated Titanous lon

HOWARD V. MALMSTADT and CHARLES B. ROBERTS
Noyes Chemistry Laboratory, University of lllinois, Urbana, 1.

Iron in titanium sponge, alloys, and ores can be deter-
mined rapidly, precisely, and accurately by a new and
completely automatic titration procedure. The sample
is dissolved in either sulfuric or a flucborie-sulfuric acid
mixture, and the iron is oxidized to the ferric state,
with leuco methylene blue added as an indicator. The-
ferric iron is automatically titrated in the derivative
spectrophotometrice titrator with electrolytically gener-
ated titanous ion supplied by the titanium in the
samples. A generator electrode is described which
provides 1009 efficient generation of titanous ion in the
acid solutions, with no electrode care after it is once
prepared. The method is useful over a wide eoncentra-
tion range of iron-—0.01 to 20% or more. The precision
is within 0.19 relative for iron concentrations greater
than 3%, and the average absolute error is about 0.003%.
It is possible to run the complete determination in
about 35 minutes, most of which is consumed in dis-
solving the sample. The method has excellent possi-
bilities for rapid automatic titration of other materials
which contain constituents readily reduced by titanous
ion.

FIYHE Metallurgical Advisory Committee on Titanium has

recently recommended two methods for the determination
of iron in titanium materials (4). One method involves a sulfide
separation and dichromate titration and the other is the well-
known colorimetric method using 1,10-0-phenanthroline. It was
considered worth while, however, to investigate the possibilities
of an accurate and completely automatic titration system which
would be directly applicable to the determination of iron in
titanium sponge, alloys, or ores.

The method developed consists of solution of the sample,
oxidation of iron to the ferric state, and titration of ferric iron
with electrolytically generated titanous ion at constant current
and with automatic derivative spectrophotometric end point
detection. This method provides rapid, precise, and accurate
results over a wide concentration range of iron. Also, the tech-
nician’s time, which is normally spent on titration manipulations
and standard solution preparation, is released for other labora-
tory functions. The method is conservative of standard reagents
because the titrant (titanous ion) is generated from the major
constituent of the samples.

The electrolytic generation of titanous ion at constant current
was first described by Arthur and Donahue (1) for the determina-
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tion of iron in iron ores, They used manual potentiometric
end point .detection and a gold-plated platinum electrode as
their titanous generator electrode, performing the titrations in
relatively dilute acid solutions. Unfortunately, they experienced
difficulty and need for frequent treatment with their gold-
plated electrode, and this detracted from the merits of the method.
Malmstadt and Roberts (2) found 1009 efficient generation of
titanous ion with a platinum electrode in concentrated hydro-
chloric acid solutions (greater than 7M) and with titanium rod
in 1M or greater hydrochloric acid solutions. However, it was
not possible to use either of these electrodes in the sulfuric or
fluoboric-sulfuric acid solutions which are usually used for dis-
solution of the titanium samples.
to treat a platinum gauze electrode so that, once treated, it
provided 1009, efficient generation of titanous ion with no care
over an indefinite period of time.

Potentiometric end point detection with a calomel reference
electrode and platinum indicator electrode did not give good
results, especially at low concentrations of iron. The response
of the indicator electrode was erratic in the strong acid solutions,
and there was apparently some interaction with the generator
electrode. Also, the electrode responded slowly——a disadvantage
for rapid automatic titrations. Therefore, spectrophotometric
end point detection was attempted. -

The ferric iron was at first titrated with electrolytically gener-
ated titanous ion at constant current and automatic recording of
the spectrophotometric titration curve (2). When the wave
length was set at 490 my, there was a decrease in absorbance with
decreasing ferric iron concentration up to the equivalence point,
after which there was a steady increase of absorbance with addi-
tion of excess titanous ion (2). The results by this technique
were good, but it was desirable for routine titrations to eliminate
the recording of the titration curve and to terminate the titration
automatically at the equivalence point.

In order to provide for a completely automatic titration of the
iron, the derivative spectrophotometric titrator {3) was employed.
In this particular case it was advantageous ta use leuco methylene
blue as the indicator and to use the second derivative of the
ordinary spectrophotometric titration curve. This technique
provides accurate results for titanium samples containing from
about 0.01% to high percentages (209 and more) of iron. The
method is also simple, rapid, and trouble-free. After oxida-
tion of the iron to the ferric state, the titration vessel is inserted
into the titrator and the titration manipulations are automatically
performed.

Quantitative results were obtained for pure titanium samples
to which known amounts of iron were added and also for five
Watertown Arsenal titanium alloy samples issued to the iron
panel.

END POINT DETECTION SYSTEM

If a small amount of leuco methylene blue (colorless) is added
to a solution containing ferric iron, it is quantitatively oxidized
to methylene blue (blue) which in turn can be gquantitatively
reduced by titanous ion. The sum of the milliequivalents of
ferric iron remaining plus milliequivalents of methylene blue
(oxidized form) is equal to the milliequivalents of ferric iron
originally in solution.

If this solution is titrated with titanous iom, it remains dark
blue until the region of the cnd point is reached, and then con-~
tinually decreases in absorbance until both the ferric iron and
methylene blue are reduced, after which the curve levels off.
This is shown by the recorded curve of absorbance vs. milliequiva~
lents of titanous ion (Figure 1). The inflection point of the
curve was nearly coincident with the intersection of the two
extrapolated lines which would normally be considered the end
point. Similar titration curves were recorded for a wide range
of concentrations of ferric iron and methylene blue at several

Fortunately, it was possible '
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practical rates of generation of titanous ion. The inflection
points of the recorded curves were always coincident with the
intersection of the extrapolated lines.

T'rom the shape of the titration curves it was considered feasible
to terminate the titration at the inflection point by the second
derivative technique, and thereby benefit by its features as previ-
ously described (3). The output of an absorbance photometer
circuit was sent directly to the input of the commercially avail-
able Sargent-Mulmstadt automatic derivative control unit (8).

Figure 1. Recorded
titration curve of ab-
sorbance w»s. milli-
equivalents of trivalent
titanium

665-mu, 100-ma. electrolysis
current

ABSORBANCE

IXI0"2MEQ.

VOLTAGE

€——MILLIEQUIVALENTS, Ti”3

5 VOLTS

Figure 2. Rccorded »
spectrophotometric
second derivative
curve from output —
of Sargent-Malm-

stadt control unit

3x10"2MEQ|

MILLIEQUIVALENTS Tit2

The electronically computed second derivative curve operates a
relay system and current relay to terminate the generation of
titanous ion at the end point. A fecorded second derivative
curve from the recorder outlet of the Sargent-Malmstadt control
unit is shown in Figure 2. The positive peak is cut off by grid
current from the first relay thyratron tube (7), and dotted lines
are used to show that a large positive pulse would be recorded if
the first relay thyratron were removed. The titrations were
invariably terminated at the same point of the titration curve.

APPARATUS

Automatic Titrator. The automatic derivative spectrophoto-
metric titrator consisted of essentially the same basic components
as described previously (8). As just noted, however, the second
derivative technique was applicable for this specific titration so
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that the resistance-capacitance differentiator belween the
photometer and control unit was not necessary (3). '

The 10-second plug-in delay relay, K3, in the Sargenb—Ma]m-\

stadt standard control unit (7) can be changed to a 2-second relay
for sitration of small quantites of iron at relatively high currents,
when the titration time may be less than 10 seconds. The delay
tube, which prevents termination by the relay system until 10
seconds after the starl of a titration, is useful in some potentio-
metric titrations where initial voltage changes at the start of a
titration would falsely stop titrant fow; but for many speetro-
photometric titrations the delay time can be cut down to 2 sec-
onds, thereby permitting short duration titrations.

(8-

CLOCK
OUTLET

S8TD. ¢ POTENTIOMETER
1oV AC, R g TERMINALS
60 ~o $
1 (&)
-~ (”
110-V. AC: DPDT
RELAY
ELECTROLYSIS
ELECTRODE
TERMINALS
-

RELAY INPUT FROM
SARGENT-MALMSTADT
CONTROL UNIT

Current and clock relays in constant
current source

Figure 3.

‘The dual 110-volt alternating current output from the control
unit, which normally goes to the stirring motor and buret solenoid
unit of the Sargent-Malmstadt titrator, was fed to the stirring
motor mounted on the cover (3) and the current and clock 110-
volt alternating current relay input on the constant current
squrce (Figure 3). Therefore, when the start button on the
control unit is pushed, the stirring motor, the electrolysis current,
and. the timer clock are started. All three are automatically
terminated at the end point by the second derivative signal,
which causes inactivation of the 110-volt alternating current
output from the control unit. However, for short duration titra-
tions with the 2-second delay in the circuit, it is best to start the
stirring motor with the switch at the rear of the automatic
titrator a few seconds before pushing the automatic titration
button. This provides complete mixing of the solution before
sfarting the titration and eliminates interference from an initial
voltage pulse which might occur because of incompletely mixed
absorbing species in the solution at the start of the titration.

| Constant Current Source. The constant current source used
pr this work was similar to one described by Reilley, Cooke, and
Kurman (6).. The double-pole, double-throw switch in the origi-
nal design was replaced by two double-pole, double-threw 110-
volt alternating current relays, as shown in Figure 3. These
relays could also be replaced by one special shorting-type relay,
But the two inexpensive 110-volt alternating current double-
pole, double-throw relays were readily available and worked well.
All of the components in Figure 3 were enclosed in the cabinet
with the power supply components. The potentiometer and
electrode terminals were mounted on the front panel with the
Gther controls. The 110-volt alternating current relay input and
glock output sockets also were mounted on the front panel.
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A modification of the original source (6) by Reilley, Adams, and
Furman (§) provides continuously variable current from 0.6 to
150 ma. This is advantageous for routine titrations, because it
is possible to adjust the current to an exact value so that the
titration time is an even multiple of the concentration or per-
centage of the constituent being sought. In other words, the
timer becomes essentially direct reading in terms of the answer. -

The standard resistancc was a calibrated 3.502-ohm resistor;
the voltage across it was measured with a Leeds & Northrup
K-2 potentiometer. The voltage across this standard resistance
was measured during each titration for very accurate work, but
only once or twice a day for routine work.

Generator Cathode. A platinum gauze electrode could be
conditioned so that it would develop and maintain indefinitely
a higher hydrogen overvoltage than that of clean platinum sur-
face. The conditioned electrodes provided 1009%. efficient
generation of titanous ion for the titration of ferric iron in sulfuric
and fluoborie-sulfuric acid solutions.

The conditioning of the electrode was simple. A 50-ml. aliquot
of 3M sulfuric acid solution containing about 20 mg. of titanium
per ml. was oxidized to the 44 staté with potassium permanga-
nate, and the excess permanganate was reduced by sodium azide.
"The solution was made up to about 150 ml. with 4 sulfuric acid
and boiled for 5 minutes to destroy excess azide. It was cooled
to 75° C. and 1 ml. of methylene blue was added. The platinum
gauze electrode was then placed in the solution and made the
cathode in an electrolysis circuit, and a current of 100 ma. was
maintained for a few hours.

During the conditioning process the surface of the electrode
became coated with a dull gray-colored deposit, probably caused
by methylene blue. Electrolysis of the acid titanium solution for
5 hours without methylene blue did not decrease the visible
evolution of hydrogen from an unconditioned electrode, aud a
titration of a standard iron solution showed only 95% current
efficiency. When methylene blue was added for a 1-hour elec-
trolysis, no visible hydrogen was evolved and the electrode had a
current efficiency of 999, Eleetrolysis was continued for another
hour, after which the electrode was 100%, efficient for the titra-
tion of ferrie iron with generated titanous ion. A current-voltage
curve was made in 2.8 sulfuric acid with a microelectrode taken
from a conditioned gauze electrode. The coating was then
destroyed by anodic oxidation and another current-voltage curve
was made in the same solution. A comparison of the two curves
showed that evolution of hydrogen began 0.2 volt more positive
with the unconditioned electrode than with the conditioned one.

A new platinum gauze electrode visibly evolves hydrogen gas
and initially has a titanous generation efficiency of about 92%,.
At the end of 1 hour the titanous generation efficiency is about
99%, and at the end of 2 hours, 100%,. Electrodes conditioned
in this way maintain their higher hydrogen voltage indefinitely
(one has been used daily for about 1 year) and continuously
provide 1009 efficient generation of titanous ion with no further
care. Three different electrodes have been treated in this way
and all bave developed the higher hydrogen overvoltage. The
increase in hydrogen overvoltage due to adsorption of organic
material on the platinum electrode seems to be responsible for
the increased efficiency of the conditioned electrode. The gray-
colored deposit on the generator cathode can be scraped off with
a knife blade or can be destroyed by using as a eathode in the
electrolysis of chromic or permanganate solutions.

The cylindrieal gauze clectrode also provides a good stirring
baffle to prevent gas bubbles from being whipped into the solu-
tions at the fast stirring rate previously described (3). It was
not necessary to rinse the clectrode between titrations because the
titrations were terminated at the end point,

Isolated Anode. The anode, a piece of platinum wire 0.5 mm.
in diameter wound in a helix about 3/;s inch in diameter, was in-
serted into ‘an isolated -anode compartment containing 0.1V
sulfuric acid. The compartment was made from a piece of poly-
styrene tubing, 3/; inch in outside diameter, /i inch in inside
diameter. A glass tube, 1 cm. in outside diameter and /5 inch
long, with s medium porosity sintered-glass disk on one end, was
fastened with cement to one end of the polystyrene tube. The
eompartment was made in this way so that it could be screwed
into the titration compartment cover (3) and fit inside -the
cylindrical gauze cathode.’

Timer. A Time-It 110-volt "alternating current stop clock
(Precision Scientific Co:," Chicago, ‘Ill.), reading to the nearest
0.1 second, was uscd to time the titrations.

Inert Gas Tube. A hole (3/s inch) was made in the top of the
cell compartment and threaded so that a polystyrene tube of
the same size could be screwed through the cover until it pro-
truded slightly on the inside. Nitrogen gas was passed through
this and into the cell compartment during the titration with
electrolytically generated titanous ion. However, without an
inert gas a relative positive error of only 0.2 to 0.3%, was caused
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by air oxidation with large amounts of iron, while with small

amounts of iron the error was insignificant. For routine work the
inert atmosphere would probably not be nceessary.

REAGENTS

Titanium Sponge. Titanium sponge with low concentrations
of iron and other impurities was obtained from Cramet, Inc.,
Chattanooga, Tenn.

Iron Solutions. Standard iron solutions containing 2.895,
2.940, and 8.370 mg. of iron per ml. were prepared by dissolving
iron wire (99.97% pure, Mallinckrodt) in hydrochloric acid and
diluting to volume.

Sulfuric Acid, reagent grade.

Fluoboric Acid, 459, reagent grade. The quantity of fluo-
boric acid used in dissolving the titanjum samples contained an
amount of iren equivalent to about 0.03% of the titanium sample.
‘A blank correction should be determined for each bottle of acid.

Potassium Permanganate. A saturated solution was prepared
from reagent grade potassium permanganate.

Sodium Azide, reagent grade.

Leuco Methylene Blue. A 0.02M solution of methylene blue
in 2M hydrochloric acid was prepared. To obtain the reduced
form, this solution was passed through a silver reductor, prefer-
ably just before use, to prevent air oxidation.

PROCEDURE

Sample Size. The weight of the titanium sample depends
somewhat on the homogeneity of the sample, and also whether
aliquots of one master sample are to be used for several different
determinations. The sample size is generally 1 gram (4). How-
ever, for relatively nonhomogeneous samples larger amounts
should be used. The larger samples are prepared to contain 20
mg. of sample per ml. of solution, so that a 50-ml. aliquot of these
solutions contains 1 gram of sample. If the titanium ores or al-
loys contain large percentages of ron it is desirable to use smaller
samples or aliquots in order to prevent long titration times at the
currents available from the source.

Dissolution of Sample, Titanium sponge and alloys can be
dissolved by adding about 30 ml. of 53/ sulfuric to ahout 1 gram
of sample, heating, and maintaining at a temperature just under
boiling until all the sample is dissolved (3 to & hours). A more
rapid dissolution is realized by adding 30 ml. of 5M sulfuric acid
and 10 ml. of 45%, flucboric acid to a 1-gram sample and heating
gently until the sample is dissolved (15 to 20 minutes). The
fluoborie acid should, however, be tested for significant quanti-
ties of iron impurity. Sample solution can take place in the 200-
ml. electrolytic beakers which are used for the titration.

Pretitration Treatment. After dissolution of the sample, 2 ml.
of concentrated hydrochloric acid was added and the titanous ion
and jron were oxidized by adding a saturated solution of potas-
sium permanganate until a pink color appeared. Ixcess per-
manganate was destroyed by adding from a spatula about 0.3
gram of sodium azide, and the sample was diluted with an acid
solution (4M in sulfuric acid) to within about 3/, inch from the
top of the beaker, A glass hook and watch glass were placed on
top of the cell and the solution was boiled gently for 5 minutes to
expel oxygen or chlorine that might be present. The solution
was cooled slightly (to about 75° C.) in a water bath, and 1 to 2
ml. of 0.02M %euco methylene blue was added. The outside of
the titration beaker was wiped dry and placed in the titration cell
compartment; the cover, containing the mounted stirrer and
-electrodes, was replaced.

Titration. The wave-length dial was set for 665 mu. The
start button on the Sargent-Malmstadt control unit was pressed,
starting the generation of titanous ion, the timer, and the stirring,
‘All three were automatically terminated at the end point.

Calculation.

4 {amp.) X ¢(sec.) X 55.85 X 100
96,494 X wt. of sample (grams)

% Fe =

For routine titrations it is desirable to select the current and/or
the sample size so that the time in seconds on the timer is some
simple multiple of the percentage concentration of iron.

EXPERIMENTAL RESULTS

Samples with Known Amounts of Iren. The precision and
aceuracy of the method were tested both by adding known
amounts of iron to a titanium solution already containing a
known small quantity of iron and by checking titanium samples
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issued by Watertown Arsenal. The results of the latter samples
were checked against the results obtained by other laboratories
using other methods.

Samples of 40 grars of titanium sponge were dissolved in sul-
furic or fluoboric-sulfuric acid solution and diluted to 2 liters.
A 50-ml. aliquot, therefore, ¢orresponded to 1 gram of sample.
The sponge contained 0.03% iron, which had been determined by
the colorimetric procedure (4). Aliquots from four different
batches of dissolved samples were automatically titrated by the
derivative technigue; the results are presented in Table I.

Currents of either 50 or 70 ma. were used, but at the lower cur-
rent sharper end points and more precise results were obtained
by adding 5 ml. instead of the usual 1 to 2 ml. of 0.02M leuco
methylene blue. The additional quantity of leuco methylene
blue was used only for the sponge samples containing small
amounts of iron. 'The 0.3 mg. (approximate) of iron in the
sponge samples was in about 150 ml. of solution, so that the con-
centration was about 2 p.p.m.

Known amounts of iron were then added to 50-ml. aliquots of
the sponge solutions for which the residual iron had been de-
termined. The solutions were given the usual pretitration treat-
ment. In all determinations 1 to 2 ml. of leuco methylene blue
was used with an electrolysis current of 100 ma. The automatic
titration results for solutions to which various amounts of iron
were added are shown in Table II. ’

Table I. Determination of Iron in Titanium Sponge
Samples®
9% Fe in Solutiond
Aliquot 1 2 3 4
1 0.029 0.034 0.029 0.035
2 0.028 0.033 0.027 0.032
3 .036 0.028
4 0.027
5 0,028
6 0.032
v 0.029
8 0.035
Av. 0.029 0.035 0.031 0.031
Std, dev. 0.003

@ Colorimetric determination (4) gave 0.039%, iron.
_?él, 2, and 4 dissolved in sulfuric acid; 3 dissolved in fluoboric-sulfurie
acid.

Table II. Automatic Titration of Titanium Solutions

Containing Added Iron

Iron, Mg.

Added Found Error
2.94 2.95 +0.01
2,94 .29 —0.05
2,94 2.93 —=0.01
5.88 5.00 +40.02
5.88 5.90 +0.02
14.67 14.66 —0.01
14.67 14.66 —0.01
58,80 58.72 -0.08
58.80 58.78 -0.02
58.80 58.75 —0.05
58.80 58.80 Q.00

167.30 167.24 —0.06

If it is assumed that this quantity of iron was present in 1
gram of titanium sample, the range covered represents about 0.3
to 17% iron.

The precision and accuracy of the method were also tested by
adding successive 10-ml. aliquots of a standard ferric solution to
a titanium sponge solution which had been automatically ti-
trated to the end point of the residual iron. After each end
point, about 10 ml. of solution was withdrawn and another 10-
ml. aliquot of standard ferric solution was added and then auto-
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matieally titrated. The results are shown in Table III. The
precision obtained is comparable to the precision of delivery from
the 10-ml! pipet.

Watertown Arsenal Titanium Samples. Five titanium samples
prepared by Watertown Arsenal and issued to the panel on
methods for iron were obtained and determined by the automatic
derivative titration procedure described. In addition to the
results shown in Table IV, three 1-gram samples of WA-29 were
determined and gave an average of 0.100%, iron.

Table TII. Automatic Titration of Successive Aliquots of
Standard Ferric Iron Added to Same Titanium Solution
Iron, Mg.

Added Found
28.95 28.98
28.95 29.00
28,93 28.83
28.95 28.92
28.95 28.86
28.95 28.93
28.95 29.00
Av. 28.93
Std. dev. 0.05
Coef. of var., % 0.2

Table IV. Determination of Iron in Walertown Arsenal
Samples
{All aliquots are 50 ml.)
Deter- WA 205 WA 2Mnc WA20  WA35 WA 368
No. » Iron in Sampled
1 0.369 4.832 0.111¢ 2.267¢ 1.717
2 Q.375 4.869 0.108¢ 2.263% 1.714
3 0.372 4.856 0.110°¢ 2.269* 1.715
4 0.116¢ 2.273%
5 0.111¢ 2.274%
[ 0.111% 2.265b
7 0.109% 2.290%
Av. 0.372 4.852 0.111 2.271 1.715
Std. dev. 0.003 0.017 0.003 0.009 0.002

¢ Aliquot of 10-gram sample.

b Aliquot of 5-gram sample.

¢ Pretreated for removal of molybdenum.

d Samples dissolved in fluoborie-sulfuriec acid.
¢ Aliquot of 20-gram sample.

The results of the 1,10-0-phenanthroline and the sulfide separa-
tiou-:—dichromate titration procedures as performed by several
other companies were made available after the results shown in
Table IV had been obtained. The averages of the average
results from the other laboratories are as follows:

WA No. of
Sample Av. % Fe Laboratories
Sulfide Separation—Dichromate Titration (4)

20 0.36 3
21 4.87 3
29 0.105 3
36 2.27 4
36 1.714 2
Colorimetric Procedure
20 0.35 4
.21 5.04 4
29 0.092 3
35 2.34 4
36 1.73 &
Interferences. Many ol the clements sometimes present in

A . .
titanium sponge or alloys were checked as possible interferences

in! the determination of iron. Of the elements checked, cobalt,
I;ickel, tungsten, chromium, manganese, magnesium, zirconium,

tin, and aluminum did not interfere, even in quantities as large
a5 5 to 10%. Aluminum lowered the iron results by about 0.3%,
!
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relative when present in large amounts, but this was considered
as negligible interference. Colored ions such as chromic do not
interfere in the derivative technique, even though the absorbance
at the end point varies from sample to sample.

Vanadiun, molybdenum, and copper interfered in.the rapid
automatic iron titration procedure. Of these three, vanadium
and copper are seldom present in titanium alloys, but molyb-
denum is present in some alloys. Fortunately, both molyb-
denum and copper can be separated effcctively by a simple and
relatively rapid sulfide preecipitation.

The titanium solution was oxidized by potassium permanga-
nate, and excess oxidant reduced with sodium azide. Hydrogen
sulfide gas was bubbled vigorously through the solution for 5
minutes to precipitate the molybdenum and copper sulfides.
The solution was boiled ! minute to make the precipitate more
suitable for filtering, cooled slightly, and filtered through a 65
mm. Biichner funvel using vacuum. The filter paper was washed
with three portions of 1M sulfuric acid saturated with hydrogen
sulfide, and the filirate was hoiled an additional 3 minutes to re-
move most of the hydrogen sulfide. The sample was cooled,
then oxidized with potassium permanganate, and titrated by the
regular automatic derivative spectrophotometric iron procedure.

The acid strength at which the molybdenum sulfide was pre-
cipitated was not ideal for quantitative separation of the molyb-
denum. That some molybdenum remained in solution was
indicated by the slightly high results for the iron determinations
after molybdenum separations. Several titanium samples con-
taining 14.80 mg. of iron were repeatedly 0.20 mg. too high. "The
error was reproducible; therefore, a correction factor was ap-
plied for the iron determinations when the molybdenum separa-
tion was required. A titanium alloy (WA 21) containing about
4% molybdenum was treated by the rapid sulfide precipitation
procedure; the iron results were close to the average of those
obtained in other laboratories by different procedures.

Because no alloy containing copper was available, copper
sulfate was added to the solution in an amount corresponding to
1.5% of the sample. The result obtained after copper removal
by sulfide precipitation was 0.16 mg. greater than the theoretical
amount of 14.80 mg. of iron present, indicating a small positive
error in this case also.

No method was found for determining iron with good accuracy
in the presence of significant amounts of vanadium. The few
alloys which at present contain vanadium have such small
amounts that it would not interfere in the iron determination.
If iron must be determined in the presence of vanadium, it would
probably be best to use another procedure (4).
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Flame Photometric Determination of
Lithium, Rubidium, and Cesium in Silicate Rocks

E. L. HORSTMAN!

polis, Minn.

Rock Analysis Laboratory, University of Mi , 1

For the flame photometric determination of the trace
alkali elements, lithium, rubidium, and cesium, in
silicate rocks, the alkali metals and magnesium are
separated from the other rock constituents by sulfuric
acid and hydrofluoric acid decomposition followed by
precipitation of the ammonia group with solid calcium
carbonate, Calcium is removed from the filtrate by
precipitation of the sulfate in 509% ethyl alcohol. The
alcohol is removed from the final filtrate by evaporation
and the salts are dissolved in water. Flame interference
from sodium and potassium is compensated by use of
appropriate standard solutions. The method shows a ~
precision and accuracy within 109% in the range from
10 to 200 p.p.m. of the alkali metal and is sensitive to
5 p.p.m. of lithium, 10 p.p.m. of rubidium, and 5
p.p.m. of cesium.

HE determination of the trace alkalies in silicate rocks has

been restricted to optical spectrographic techniques until
the recent application of radioactivation (4, 6), mass spectrometer
(4), and flame photometric methods. Flame spectrophotometric
techniques for the determination of lithium have been discussed
by Ellestad and IHorstman (2). Williams and Adams (7)
determined rubidium and cesium in glasses in amounts and
associations quite different from natural silicate materials.
The purpose of the present investigation was to develop a rapid
flame photometric procedure for the determination of lithium,
rubidium, and cesium on a single sample with accuracy suitable
for geochemical interpretation. The method described here has
been used for such determinations in a large number of igneous
and sedimentary rocks. Results of this study will be published
elsewhere.

An acid decomposition method is preferred because of rapidity.
The removal of the combined oxide group and caleium from the
solution obtained from the decomposition is essential when de-
termining traces of alkali metals. Difficulty in removing am-
monium sulfate from the final solution eliminates any method
using an ammonium hydroxide precipitation. The ammonium
ion has a serious quenching effect on alkali emission. ,-

The method of Ellestad and ITorstman (2), although satisfac-
tory for lithium, shows serious losses of sodium, potassium, and
rubidium caused by occlusion and adsorption of the alkalies by
the lead sulfate precipitate. To prevent these losses calcium -
carbonate is substituted for the lead carbonate, the more soluble
precipitate preventing much of the contamination. Aging the/
precipitate further reduces loss of the alkali metals. -

Use of calcium carbonate to precipitate the ammonia group
raises the calcium content of the filtrate to the point where it
interferes spectrally with the determination of lithium. Cal-
cium is removed from the solution by precipitation as the sulfate
in 50% ethyl alcohol. The small amount of alkali sulfates lost
through coprecipitation is reduced by aging overnight.- This
precipitation must be carried out at & pH of 7.6 to 7.8 to minimize
coprecipitation of the less soluble alkali sulfates. Magnesium
sulfate accompanies the alkali sulfates in the final solution, but

1 Present address, P. O. Box 510, Pensacola, Fla.

does not interfere with the determination of the alkalies in the
low-temperature flame.

APPARATUS AND REAGENTS

A Beckman Model DU spectrophotometer was used with an
air-natural gas flame attachment described by Ellestad and
Horstman (2). :

Standard Solutions, - Lrrarum Surrate. This was prepared
and standardized aeccording to Ellestad and Horstman (2), ex-
cept that the quantities were halved. The solution Erepared in
this manner contains approximately 700 p.p.m. of lithium.

RusipiuM SULFaTE. Weigh out 1.4425 grams of rubidium
sulfate, dissolve in water, and dilute to 500 ml. Determine the
potassium content of the solution by adding known amounts of
standard potassium sulfate solution to the rubidium sclution.
Determine an emission value for each potassium concentration
and extrapolate the resultant emission-potassium concentration
curve back to zero. Then determine the rubidium content of the
solution by subtracting the weight of potassium found from the
original weight of the salt. This solution contains approximately
1800 p.p.m. of rubidium.

Cesrom SurraTe. Weigh out approximately 1.2 grams of
cesium nitrate in a 50-ml. platinum dish, dissolve in distilled
water, and add a slight excess of sulfuric acid. Evaporate to
dryness and bring the sulfate to constant weight by repeated
heating to dull redness over a low flame. Dissolve the salt in
distilled water and dilute to 500 ml. Determine the weight of the
sulfate by drying and weighing the empty dish. It is extremely
difficult to remove the excess sultfuric acid from the large amount
of salt during the conversion from nitrate to sulfate, and some
losses by decrepitation are likely to occur. For this reason it is
necessary to know the final weight of the converted salt. The
solution prepared as deseribed contains approximately 1900
p.p.m. of cesium.

Calcium Carbonate.

Ethyl Alcohol, 95%.

Analytical reagent, low in alkalies.

PROCEDURE

Weigh out a 0.5-gram sample and transfer to a 50-ml. platinum
dish. Moisten the sample with water and add 0.8 ml. of 18N
sulfuric acid. Add 2 drops of 16V nitric acid and 10 to 15 ml.
of 489, hydrofluoric acid. Evaporate, with occasional stirring,
to fumes of sulfuric acid. Cool the residue and take up in a few
milliliters of water. Add 0.1 ml. of 36N sulfuric acid, and evap-
orate the solution to fumes of sulfuric acid. Add 5 ml. of water
and carry out a third evaporation. Multiple evaporations are
required to remove the last traces of fluoride. Cool the residue
and dissolve in 25 ml. of water. Transfer to a 150-ml. beaker and
dilute to 70 to 80 ml. Add several drops of bromothymol blue
indicator and neutralize the solution by the addition of solid
calcium carbonate. Allow the resulting precipitate to stand over-
night to minimize contamination and consequent loss of the
alkalies.

Heat the solution with the precipitate to boiling and filter
through an 1l-cm. medium-grade filter paper, washing the pre-
cipitate with hot water until the volume of the filtrate and wash-
ings is 150 ml. Evaporate the combined filtrate and washings
to 50 ml. Cool and add 50 ml. of 95%, ethyl alcohol to precipitate
calcium sulfate. Allow the precipitate to stand overnight and
filter on an 11-cm. medium-grade filter paper. Wash the pre-
cipitate with a 1 to 1 solution of ethyl alcohol and water until the
volume of the filtrate and washings is about 150 ml. Evaporate
the filtrate and washings to dryness on a steam bath. Bring the
residue into solution with a few milliliters of water, transfer to a
50-ml. volumetric flask, and dilute to volume.

INTERFERENCES

In the determination of the trace alkalies three important
types of interference are encountered. Continuum or back-
ground interferences are positive and arise from continuous spec-
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Table I. Recovery of Trace Alkali Metals

lithium comparc favorably,
but serious differences were

Lithium, P.P.M. Rubidium, P.P.M. Cesium, P.P.M. found for rubidium. The
Present Added Total Found Present Added Total Found Present Added Total Found flame determinations of ru-
17- 7 24 22 205 18 223 218 o 10 10 10 . .

14 31 30 57 212 o5y a1 21 21 bidium compare favorably u{nth
7 88 87 56 260 267 3l 3l 25 the results obtained by the iso-
154 4 158 158 42 42 43 Sy _
PR Y+ 52 55 e r9pe .dxlutlon and neutron ac
18 172 174 62 62 68 tivation methods. The pre-

o Granite, G-1.

cision of the flame spectro-
photometric determinations
with different methods of sepa-
ration (Table II) and in re-
covery of known amounts

Table II. Comparison of Results by Different
Decomposition and Separation Procedures

Lithium, P.P.M. Rubidium, P.P.M.

Acid J. Lawrence
Present decomposition Acid mit
mcthod (2) decomposition method
23 24 119 146
29 19 137 165
28 31 119 110
143 147, 159 150 147
59 59 204¢ 2052
212 216 185 18

@ Average of six determir}adl‘ms.
b Average of five determinations.

tral emission by the major alkalies and the solvent. Radiation
interference involves the depression or enhancement of the emis-
sion from the measured constituent by another constituent and
results in either a positive or a negative error. Line spectral
interference is caused by the proximity of the spectral lines of two
elements, the radiation from each contributing to the other and

. giving a positive error. The interference of sodium and potas-
sium in the lithium determination has been investigated previ-
ously (2). Approximate determinations of the alkali elements
are made by using calibration curves and correcting for continuum
interference. Continuum and line speciral interferences and
radiation effects for lithium, rubidium, and cesium are compen-
sated by adding appropriate amounts of interfering eélements to
the standard solutions. The sample is compared directly to
these standards.

PRECISION AND ACCURACY

The sensitivity of the instrument at the settings used (full
‘sensitivity; 0.4-mm. slit, 671 mp for lithium; 0.15-mm. slit,
795 mu for rubidium; 0.2-mm. slit, 852 my for cesium) is 0.02
p.p-m. of the metal in solution, corresponding to 0.0002% metal
in the sample. Because of the magnitude of errors in the decom-
position and separation, this sensitivity is of usc only in the de-
termination of lithium.

No standard samples were available for analysis, and the only
check on the method was the recovery of known amounts of
the metal added to a sample on which replicate determinations
had been made. The average value obtained without addition
of the metals sought was used as the true value. Rubidium
values obtained by a J. Lawrence Smith decomposition and a
chloroplatinate separation were also compared to those obtained
by acid decomposition. Lithium values were compared with
those obtained by a slightly different method (2). These results
are given in Tables I and T1.

A granite (G-1) and diabase (W-1) (3) were run as an additional
check. These samples have been analyzed by a number of in-
vestigators using different methods (1, 2, 4, §). As shown in
Table 111 the flame and optical spectrographic determinations of

of rubidium added (Table
I) indicates a serious error
in the determination of ru- -
bidium with the optical spectrograph. No figures are available
for comparison of cesium determinations.

Table III. Determinations of Lithium and Rubidium in
Granite (G-1) and Diabase (W.1) by Different Mcthods

G-1 W-1
Analyst Method Lithium, P.P.M.
Present method Flame spectrophotometer 22 14
Ellestad, Horstman (£2) Flame spectrophotometer 24 14
Mitchell (1) Optical spectrograph 19 ']
Gorfinkle, Ahrens (1) Optical speetrograph 23 9
Nockolds (1) . Optical spectrograph 25 20
Rubidium, P.P.M.
Present method Flame spectrophotometer 2059 19¢
2040 254
Ahrens (1) Optical spectrograph 550 64
Mitchell (1) Optical spectrograph 590 i5
Nockolds (1) Optical spectrograph 250 20
Herzog, Pinson {4§) Stable isotope dilution 215, 218 2;2 91,

Smales (&) Neutron activation 221, 254, 27,29,
243 26

@ Average of six determinations, chloroplatinate separation.

b Average of six determinations, acid decomposition.

¢ Average of five determinations, acid decomposition.

4 Single determination, chloroplatinate separation.

The maximum deviation of a result from the average of two
or more results is about 10% of the amount present in the range
up to 200 p.p.m. of the metal. Above this range the maximum
deviation drops to less than 59 of the amount present. The
method is considered accurate to 5 p.p.m. of lithium and cesium
and 10 p.p.m. of rubidium over the range from 10 to 200 p.p.m.
of the metal.
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Direct Photometric Determination of Aluminum in fron Ores

UNO T. HILL, /niand Steel Co., East Chicago, Ind.

Gravimetric determinations of aluminum in iron ores
are inaccurate, slow, and tedious. A specific spectro-
photometric method is described which is fast, direct,
and accurate. A sodium carbonate fusion of the sample
is dissolved in hydrochloric acid, diluted to volume,
and an aliquot is taken for a blank and sample. Sodium
mercaptoacetate is added Lo the sample to form a color-
less complex with the iron and sodium Versenate is
added to the blank. Ammonium acetate buffer and
stabilized Eriochrome Cyanine R dye are added to both
solutions. The red Eriochrome Cyanine R-aluminum
complex which forms in the sample is measured against
the blank at 535 mu. Beryllinm, background color of
the dye, and other interfering elements are compen-
sated for in the blunk. When measured in a narrow-
band instrument, the complex obeys Beer's law up to
10% aluminum or higher.

RAPID and specific method is needed for the determination

of aluminum in iron ores and other ferrous metallurgical
products. The shortcomings of the usual phosphate gravi-
metric proecedure for aluminum in iron ores have been pointed
out by Saxer and Jones (18). Numerous photometric methods
have been described (9, 10, 15, 16), but tedious and time-con-
suming separations of iron and other interfering elements make
these procedures unattractive for routine use.

Eegriwe (3) used a dye, Eriochrome Cyanine R, synthesized
by Conzetti (2) for the colorimetric determination of aluminum.
This method was ecritically studied by Millner and Kunos (13,
14); their improved procedure has been widely applicd. Iron
and other interfering elements must be removed, as demon-
strated by a recent application of the method to the determina-
tion of aluminum in galvanized coatings and steel by Ikenberry
and Thomas (9). ’

Mayr and Gebauer (12) employed thioglycollic acid to hold
iron in solution when making an ammoniacal separation of alumi-
num, Their gravimetric procedure has been studied by Hutchin-
son and Wollack (8) and Hummel and Sandell (7). The latter
point out that both titanium and phosphate accompany alumi-
num, but do not mention other possible interferences. Chenery
(1) employed thioglycollic acid in an aurintricarboxylic acid
method for aluminum, but limited his study to the interference
of iron, magnesium, and phosphorus. Chenery’s method has
been applied to the determination of aluminum in bronzes and
other nonferrous alloys by Sherman (20), Luke and Braun (11),
and Pellowe and Hardy (16). The earlier work of Richter (18,
17) with thioglycollic acid has been overlooked by Chenery
(Z) and others. Richter, using Eriochrome Cyanine R, was un-
successful in eliminating interfering elements except by a chem-
ical separation. Richter’s procedure has been applied to refrac-
tories by Glemser, Raulf, and Giesen (4).

In the method described, the chemical properties of Eriochrome
Cyanine R have been controlled so that the reagent is made
specific for aluminum by the combined use of sodium mercapto-
acetate, sodium Versenate, 8-quinolinol, or a fluoride. The
method is accurate and simple to apply. A single aluminum de-
termination, including sample preparation, may be carried out
in 20 minutes or less.

EXPERIMENTAL

Apparatus. Beckman DU spectrophotometer.
Reagents. Eriochrome Cyanine R, 0.075%, General Dyestuff

Corp. A 0.0075%, solution at pH 6.0 should have an absorbance
of 1.0 in_a 1-cm. cell at 438 mu. Dissolve 0.75 grams of Erio-
chrome Cyanine R in about 200 ml. of water, add 25 grams each
of sodium.chloride and ammonium nitrate, add 2 ml. of nitrie
acid (specific gravity 1.42), dilute to 1 liter, and mix,

Ammonium acetate buffer solution, pH 6.0, 329, Dissolve
320 grams of ammonium acetate in sufficient water, add 5 ml. of
glacial acetic acid, and dilute to 1 liter.

Sodium mercaptoacetate solution, 0.3%. Eastman Kodak Co.
Dissolve 1.5 grams of sodium mercaptoacctate in water, add 50
ml. of 95% ethyl alcohol, and dilute to 500 ml. The solution
deteriorates on standing and should be renewed every 3 days.

Standard aluminum solution. Dissolve 0.5291 gram of pure
aluminum in 15 ml. of hydrochloric acid, and dilute to 1 liter.
One ml. = 8 y of ALO;.

Sodium Versenate solution, 0.04%, Hach Chemical Co, Dis-
solve 0.4 gram of disodium dihydrogen Versenate [{ethylene-
dinitrilo)tetraacetate] in water, add 50 ml. of 95% ethyl alcohol,
and dilute to 1 liter.

Standard iron blank solution. Dissolve 0.100 gram of pure
iron in hydrochloric acid and fuse 2 grams of sodium carbonate in
a platinum crucible. Take the iron salts down to dryness and
take up in 30 ml. of 1 to 2 hydrochloric acid. Dissolve the fused
carbonate in this solution and boil out the carbon dioxide. Cool
and dilute to 250 ml. -

Sodium fluoride solution, 2.4%,. Dissolve 24 grams of sodium
fluoride in water and dilute to 1 liter.

8-Quinolinol, 1%. Dissolve 1 gram of 8-quinolinol in 100 ml.
of carbon tetrachloride.

Procedure. Transfer 0.2000 gram of iren ore {100-mesh) to a
platinum crucible, add 2 grams of sodium carbonate, and mix and
fuse for 10 or 15 minutes over a Meker burner at full blast. Place
the cooled erucible in a 250-ml. beaker and add 30 ml. of 1 to 2
hydrochloric acid. When the fusion is dissolved, remove the
crucible and rinse into the beaker. Boil to liberate carbon di-
oxide, cool, and dilute to 250 ml.

Place two 1-ml. aliquots (2 ml. for aluminum concentrations
below 0.5%) in two 50-ml. volumetric Aasks, Add to the sample
25 ml. of 0.3% sodium mercaptoacetate solution, mix well, and
to the blank add 25 ml. of 0.04% sodium dihydrogen Versenate
solution. To the sample and blank add 5 ml. of 0.075%, Erio~
chrome Cyanine R solution and mix. To each flask add 5 ml.
of ammonium acetate buffer (pH 6.0), dilute to the mark, and
mix. Measure the absorbance at 535 mp in a 1-cm. cell with a
slit width of 0.025 to 0.04 mm. To estimate vanadium, prepare
a sample as for aluminum, add 2 ml. of 2.4% sodium fluoride,
dilute to the mark, and compare againgt the iron blank. Alterna-
tively destroy the vanadium complex in the sample with a few
drops of 8-quinolinol, using mercaptoacetate solution containing
no alcohol,

From a previously prepared calibration curve obtain the per-
centage of aluminum or aluminum oxide in the sample. Deter-
mine a reagent blank using the iron blank in place of the sample,
and correct if necessary. As the three interfering elements are
usually present in trace amounts, the aluminum camplex in the
sample may be measured against the iron blank directly.

Preparation of Calibration Curve. Transfer 0, 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 8.5, 40, aud 4.5 ml. of standard aluminum solution in
duplicates to 50-ml. volumetric flasks. To each flask add 1 ml.
of standard iron solution. Determine sluminum ss in the pro-
cedure for iron ores.

DISCUSSION

Absorption Spectra and Combining Ratio. The absorption
spectrum of the Eriochrome Cyanine R-aluminuin complex is
shown in Figure 1. Eriochrome Cyanine R dyes differ in the
concentration of the chromophore group, which has an absorp-
tion maximum at 438 mu. The Eriochrome Cyanine RA dye
used in this work had an absorbance index of 12.5 at pH 5.85,
compared to 0.92 for a dye similar to one employed by Richter.
The dye with the low chromophore concentration formed weakly
bonded metal complexes at low pH values. The iron complex,
for instance, was quickly destroyed with a few milliliters of 0.33%,
sodium mercaptoacetate, while it was difficult to destroy the
iron complex formed with a dye having a higher concentration
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of a chromophore, even with a large excess of mercaptoacetate.
When these dyes were added in the ratio of their chromophore
concentration, analytical results were identical.

The chromophore group enters into a stoichiometric combina-
tion with the aluminum ion to form a complex having an absorp-
tion maximum at 535.5 my, as is shown in Figure 1. Figure 2
compares the absorption spectra of the dye and the aluminum
complex at 440 my. The chromophore group is depleted to form
the aluminum complex.

Figure 3 shows calibration curves for the Eriochrome Cyanine
R dye and the aluminum complex at 435 mg, both plotted in
micromoles at pH 6.0.
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Figurel. Absorption spectrum of aluminum-~
Eriochrome Cyanine R complex measured
against iron blank

The dye curve was obtained by pipetting aliquots from a stand-
ard dye solution, adding 5 ml. of ammonium acetate buffer, and
measuring the absorbance against water at 435 mu in a l-cm.
cell at a slit width of 0.025 mm. The aluminum calibration
curve was obtained by pipetting standard aluminum solutions
into a 50-ml. volumetric flask, adding 5 ml. of 0.0756%, Eriochrome
Cyanine R solution and 10 ml. of 0.33% alcoholic mercapto-
acetate solution, diluting to the mark, and mixing. Like amounts
of dye and mercaptoacetate were added to a separate flask to
gerve as a blank. Absorbance of the blank was measured against
the aluminum complex at 435 my, using a slit width of 0.025
mm. and l-cm. cells. Appropriate sensitivity settings and a
ghotomultiplier tube were used. The absorbance difference

etween the aluminum complex and the blank is a measure of the
“amount of dye combined with the aluminum.

Thus, 1.11 pmoles of aluminum, 7 umoles of dye, 10 ml of
'0.339%, alcoholic mercaptoacetate, and b ml. of ammonium acetate
were placed in a 50-ml. volumetric flask, diluted to the mark, and
mixed. Like amounts of reagents were placed in another 50-ml.
‘volumetric flask to serve as a blank., The two solutions were
placed in matched 1-cm. cuvettes, the instrument was balanced
against the aluminum complex, and an absorbance reading of
0.495 was obtained on the cuvette containing the blank solution.

From the aluminum calibration curve it may be seen that this
reading is equal to 1.11 gmoles, the expected value; referring
the same reading to the dye calibration curve it may be seen to
vepresent 3.30 pmoles of Eriochrome Cyanine R. This is in
rather good agreement with the theoretical value of 3.33 umoles
for AI(ER); and substantiates the combining ratio for this com-
plex suggested by Miliner (13). ER is used to designate one mole
of dye.

This 1 to 3 ratio of aluminum to dye is maintained only when
an excess of the dyé is present. It may be seen from Figure 4

ANALYTICAL CHEMISTRY

that when the dye concentration is lowered below 0.005%, equiva-
lent to 4.65 umoles in 50 ml. in equilibrium with 10 4 or 0.37 pmoles
of aluminum, the absorbanece of the aluminum complex is lowered
in straight-line segments. Millner (73) has obtained three such
segments by maintaining a constant dye concentration and vary-
ing the amount of aluminum. These he interpreted as being
Al(ER)*++, AIL(ER)?, and Al(ER); complexes of Eriochrome
Cyanine R. By measuring the amount of dye depletion at
435 myp at the two inflections of the absorption curve of Figure 4
it was determined that only the AI(ER)? and AI(ER); complexes
are formed under the present condition. An absorption spectrum
of AI(ER)? did not show any significant differences when com-
pared to the AI(ER); complex, except that the absorption of
ANER)? is slightly higher per mole of combined ER. This
may be seen in Figure 4. If equal absorbance per mole of com-
bined ER is assumed, the value of the inflection point for AI(ER)?
would be two thirds of that for AI(ER):. It may be seen to be
0.457 rather than the theoretical 0.402.

Four inflection points on an absorbance curve, such as those
shown in Figurc 4, have been obtained with the yellow silico-
molybdate complex when it was stabilized with cane sugar (6),
apparently in harmony with the four valences of silicon.

1.4C.

1.20 £ \\
.00 4 \

080 /
W 0601~ \
LZ) ,I B \\/
g 0.40 £

4
0 0.20 -
]

2 000} —
< \ /

-0.20

-0.40

O 400 450 500 550
WAVE LENGTH Mu
Figure 2. Absorption spectrh
of Eriochrome Cyanine R and

aluminum eomplex

Showing depletion of dye by aluminum
R at 435 mp

-~ HEriochrome Cyanine R at pH 5.85
in iron blank against water

—— Aluminum complex against blank

1.4.
1.2 /
1 /|
30.B<—<7~-~.7 -
z / //
< 0.6 { A+
m ;
S / /
2 0.4 ol :
L] =
<o |
"] ;
o |
O 02 04 06 08 10 12 14 16 18
MICROMOLES or ALUMINUM AND ERIOCHROME CYANINE R
IN 5C ML. OF SOLUTION.
Figure 3. Molar relationship of aluminum and

combined Eriochrome Cyanine R at pH 6.0

@ Aluminum present, negative absorption at 435 mp
X Eriochrome Cyanine R X 10 at 435 mu and pH 6.0



VOLUME 28 NO. 9, SEPTEMBER 1856

0.60]

IABSORBANC
\

0.2

/

() 00602 0004 0008
PERCENT ERIOCHROME CYANINE-RA

0008 0.0l

Effect of Eriochrome Cyanine R concentration

Figure 4.
on absorbance of aluminum complex

A
1\
F
‘ |
\
\

- f
2. NS
e Hm 7
§°" { \ »y //
¥ e { Y
11\
0. J \w"‘-* -

30 400 500 600 | 1400 1600 1800 2000
WAVE LENGTH Mu
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@® Reduced Eriochrome Cyanine RA
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Chemical Properties of Eriochrome Cyanine R. The essential
chromophore group is readily destroyed by numerous reducing
compounds. Figure 5 shows the effect of sodium bisulfite on the
chromophore group. The essential portion of the dye has been
almost completely destroyed by the sulfite. Only trace amounts
of sodium hydrosulfite are required for the same effect, while
other reducing compounds such as sodium mercaptoacetate,
hydroxylamine hydrochloride, or hydrogen sulfide have a lesser
effect, depending upon the pH level of the solution. The redue-
tion is more rapid at the lower pH values. Some dyes, such as
those reported by Richter (16), undoubtedly contain reducing
compounds as impurities, requiring long aging periods for
stabilization of the chromophore group, The reduction of the
chromophore group is a reversible reaction. Thus, when an
sluminum complex was destroyed by the addition of sodium
hydrosulfite, it was completely restored by the addition of a
drop or two of hydrogen peroxide. It is obvious that the prepa-
ration of an Eriochrome Cyanine dye having little or no back-
ground color is not possible, as has been anticipated by some
investigators (9, 21).

The chromophore group is most stable in an oxidizing medium
and, as the stability of the aluminum complex was found to be
directly dependent upon maintaining a constant concentration
of the chromophore, numerous methods were investigated for
obtaining a stabilized solution.
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By the reduction of the dielectric constant of the solution with
ethyl alcohol, some improvement in stability of the dye was ob-
tained. The most satisfactory method, however, was the addi-
tion of sodium chloride, ammonium nitrate, and nifrie acid to the
dye solution. At the concentration suggested in the procedure,
1o oxidation of iron or destruction of mercaptoacetate took place
in amounts sufficient to disturb the formation of a reproducible
aluminum complex.

Interfering Elements, Chemical Equilibrium, and Dye Con-
centration. The formation and the absorbance of many metal-
Eriochrome Cyanine R complexes were found to be related to
the ratio of the concentration of the chromophore group to the
metal at a given pH value. Thus, at a 12.5 absorbance index of
the dye, zirconium formed a complex which was stable in the pres-
ence of excess sodium Versenate; at one half of this concentra-
tion of the chromophore, no complex was formed even in the ab-
sence of Versenate. Under the above conditions the absorbance
of the vanadium complex proved to be direetly proportional to
the dye concentration.

Even zinc was found to form an Eriochrome Cyanine complex,
if the ratio of the metal to the dye was high enough. This
formation of Eriochrome Cyanine R-metal complexes at high
equilibrium constants limited the determination of small amounts
of aluminum inlarge amounts of iron at a high dye concentration.
In such cases it became expedient to reduce the amount of dye
to obtain a satisfactory aluminum complex without resorting to a
chemical separation.
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@ Aluminum complex
X Eriochrome Cyanine R

The dye concentration chosen for the final procedure was such
that only beryllium, aluminum, vanadium, and zirconium formed
complexes. Only the beryllium and zirconinum complexes formed
in the presence of sodium Versenate, while only the vanadium
complex formed in the presence of a fluoride. By varying the
dye concentration it has been possible to differentiate between
beryllium and zirconium. The vanadium complex is unique,
in that it has twice the absorbance in the presence of aluminum
or iron as in solution free of these elcments. Addition of a
fluoride has the same effect on the vanadium complex as the
removal of both aluminum and iron.

The following oxides, representing 10%, of the sample weight,
were added as impurities to a standard ore and carried through
the procedure as given, except that a 0.1%, Chromoxane Cyanine
R reagent was used with no added stabilizer or alcohol.

WO:, ThO:, NiO, CoO, UOs, Zr0, TiO, B:0s, BeO, TeOs, G0y, CoO:,
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Ca0, MgD, As:05, 8b:05, CuQ, Ta0;, InO, Liz0, Mo:0s, BaO, CraUs,
GeO, 8n0:, CdO, BiOs, V205, SeOy, P;0s, 8i0; (24%), Mn:05 (28%),
NbO, Pb0, ZnO.

They iproduced no deviations greater than £0.03%. Niobium
caused a negative error of 0.10% by coprecipitation, but the
aluminum was recovered by filtering, igniting, and re-fusing the
residue. Vanadium produced a colored complex, which was
quantitatively destroyed by the addition of 8-quinolinol dis-
solved in chloroform. Beryllium and zirconium produced
colored complexes which, for analytical purposes, could be de-
stroyed with a fluoride. Addition of Versenate destroyed all
known complexes except those of beryllium and zirconium.
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Figure 7. Absorption spectra of aluminum
complex and Eriochrome Cyanine R at plI 4.0
and 6.0

@® Aluminum complex
X Eriochrome Cyanine RA

These complexes were then used as a compensating blank, as
well as o means of determining beryllium and zirconium. A fluo-
ride blank was used for estimating vanadium. Alternatively the
vanadium complex was destroyed by a carbon tetrachloride
solution of 8-quinolinol without disturbing the aluminum com-
plex. Phosphate in high concentrations (5% or more) precipi-
tated aluminum when the diluted sample solution was allowed
to age. If, however, the sample was processed immediately on
dilution, the aluminum complex was strong enough to resist
the effect of phosphorus when permitted to form before the
aluminum phosphate precipitated. Addition of 1 ml of 1%
lead perchlorate dissolved in 5% perchloric acid permitted the
determination of aluminum up to 50% phosphorus pentoxide
concentration. Chromium in high concentrations inhibited the
color formation. Addition of ferrous sulfate and 8-quinoclinol
aided aluminum complex formation in the presence of large
amounts of chromium. Because beryllium, zirconium, and
vanadium are present in trace quanlities in iron ores, the complex
may be measured against an iron blank, thus making it possible
to avoid the employment of compensating blanks.

Effect of pH. The selection of an optimum pH level for a re-

producible and stable aluminum complex has been the subj_ect of -
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previous investigations (9, 13, 16, 17). The maximuin absorb-
ance of the aluminum complex using ammonium acetate as a
buffer is at a pH of 6.4. Figure 6 shows the absorbance of the
aluminum complex with varying pH for a 5-mu band width.
The curve was obtained with a stabilized dye, a pure aluminum
solution, and buffer. The sharp maximum obtained at pH 6.4
was not observed when the effect of pH was studied using an iron
ore, sodium mercaptoacetate, and an unstabilized dye solution.

Figure 7 compares the absorption spectra of an Eriochrome
Cyanine R dye at pH 6.0 and 4.0. The maxima of both the
chromophore and the aluminum complex have shifted toward
the longer wave length and the absorbance of the chromophore
has increased, while that of the aluminum complex has decreased
at the lower pH value.

The effect of pH is not limited to the changes in the properties
of the dye alone, but it is also related indirectly through the ac-
celerated reduction of the chromophore group by reducing com-
pounds at the lower pH values. Thus, mercaptoacetate will
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reduce the chromophore group at low pH values, while at the
higher values it has very little effect upon the dye. Tor this
reason, it is best to add the mercaptoacetate after the addition
of a buffer or, in acid solution, to limit the reaction time and
dilute the solution. The adverse effect of mercaptoacetate
upon the chromophore group is least when dissolved in 109,
ethyl aleohol.

Metals forming strongly bonded hydrates, such as thorium,
formed complexes only at low pH values and high dye concentra-
tions, Such complexes once formed were stable at the higher
pH levels, but were eventually destroyed above pH 7.0. This is
contrary to the theory of hydrate absorption on the surface of the
dye, which has been advanced in explaining lake formations,

Probable Chelate Structure. The structural formula of Erio-
chrome Cyanine R is given by Schultz (19) as:

2 2
@
o= o=
HO -0
HaC Cc= CHa
SOsNa

Figure 8 compares the absorption spectrum of the aluminum-—
aurintricarboxylic acid complex with that of the aluminum-
Eriochrome Cyanine R complex. In order to accentuate the
maximum of the surintricarboxylic acid complex, alcohol was
added; otherwise the maximum tended to decrease and shift to
the left. The ultraviolet spectrum of the aurintricarboxylic
complex was about 25 times morc sensitive at 330 my than the
conventional spectra usually measured between 520 and 450 mu.
On the basis of molecular structure of the dye and the similarity
of the absorption spectra, the following structural formula of the
aluminum complex is proposed.

(\
I
9 0T A
o=C i
HO A
HsC: c= CHz
S0sH

Conformity to Bouguer-Beer Laws. Linear relationship of
absorbance and concentration was found to hold up to 80 v of
aluminum in 50 ml., the highest measurable in a 2-mm. light path
obtained by using 8-mm. inserts in a 10-mm. cell and a sufficient
excess of Erichrome Cyanine R. Aluminum - concentrations
beyond the calibration curve may be brought into range by
diluting the sample with a solution of the dye and buffer at the
concentration contained in the sample. Conformity to the Bou-
guer-Beer law was obtained only with a narrow-band instrument.
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Table'l. Analysis of Standard and Miscellaneous Ores
AlOr AlOy
NBS Present, Tound, Deviation,
Samples Name % Yo %
26 Crescent 1.02 1.02 0.00
278B Sibley 0.59 0.60 40.01
29 Magnetite 1.91 1.93 +0.02
20A Magnetite Q.46 0.45 -0.01
No. 1 Sinter 2.49 2.52 +0.03
2 Hematite 2.37 2.40 +0.03
3 High manganese 1.54 1.54 0.00
4 High phosphorus 2,25 2,22 —-0.03
5 Hewmatite 2.5¢4 2.52 ~0.02
6 Magnetite 3.33 3.34 +0.01
7 Synthetic 4.72 4.72 0.00
8 Hematite 2.14 2.14 0.00
9 Hematite 1.48 1.48 0.00
10 Hematite 0.68 0.70 +0.02
Table II. Repeat Analyses
AlOs, Deviation Standard
Sample % from Mean Deviation
NBS 29a 0.48 0.00
0.46 0.00
0.48 +0.02
0.45 —0.01
0,44 —=0.02
0.47 +0.01
0.46 0.00
0.45 -0.01
Q.46 0.00
Mean 0.46 +0.008 0.014¢
NES 29 1.92 +0.02
1.91 +4-0.01
1.88 —0.02
1.90 0.00
1.93 -+0.03
1.92 +0.02
1.88 —0.02
1.89 —0.01
Mean 1.90 +0.016 0.0205
Hematite ore 2.38 +0.03
2.34 —-0.01
2.35 0.00
2.33 ~0.02
2.37 +0.02
2.36 +0.01
2.35 0.00
2.32 ~0.03
Mean 2.35 =£0.015 0.0208

Figure 9 shows the calibration curve obtained by adding known
amounts of aluminum to standard iron solutions.

RESULTS

Agreement between established gravimetric results and those
obtained by the direct photometric method is excellent, as has
been demonstrated by analysis of available ores, including those
from South America and Canada.

Determination of aluminum oxide in standard ores is shown in
Table I. Table II shows the results of repeat analysis on three
standard ores carried out over a period of 2 weeks. Trace an-
alysis of ores for the past 7 years indicates that the method should
be applicable to types of iron ores commercially available.

OTHER AFPLICATIONS

The method has been applied, with modifications, for the past
3 years to steels, ferroalloys, galvanized coatings on stesl, spelter,
spelter dross, and other metallurgical products (6). In each
instance it has been accurate and specific for aluminum.
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X-Ray Diffraction Powder Patterns of the Calcium Phosphates

A. O. McINTOSH and W. L. JABLONSKI

Central Research Laboratory, Canadian Industries, Ltd., McMasterville, Que., Canada

The x-ray diffraction powder patterns of 15 calcium
phosphates are reported. The monocalcium and di-
calcium orthophosphates uscd as starting materials
were of commerciul origin. The tricalcium orthophos-
phate was obtlained by precipitation from solution.

YHE calcium phosphates are important commercially as fer-
tilizers and mineral supplements. The common naturally oc-
curring form is phosphate rock, but numerous other calcium
phosphates are known. The literature on these is voluminous
(1, 2, 5, 9, 10) and sometimes contradictory. X-ray diffraction
has proved a convenient method for identifying the crystalline
calcium phosphates. Because the different polymorphs of the
same compound can vary greatly in degree of availability
to animals and plants, the distinction may be of considerable
¢conomic importance (71, 14).

Crystal structure studies have been reported on only a small
number of the calcium phosphates, probably because of the diffi-
culty of obtaining single crystals. Apatite (3), a-tricaleium
orthophosphate (13), g-tricaleium orthophosphate (7, 12), and
dicalcium orthophosphate dihydrate (4) have been investigated
by single-crystal methods. In most cases, however, only the
powder diffraction data are available.

The x-ray method requires a file of reference standards, and x-
ray data on 15 calcium phosphates have been prepared (Tables
I and II). The American Society for Testing Materials Index
of X-Ray Diffraction Data lists 24 calcium phosphate patterns,
but as there are two or more sets of data for several of the phos-
phates, only 11 different compounds are represented. Data on
these compounds are included here. Of the additional four, two
(B-calcium metaphosphate and y-caleium pyrophosphate) appear
to have no published x-ray powder data.

X-RAY APPARATUS AND TECHNIQUE

A photographic technique was employed, the cameras being
14.32 cm. in diameter. The finely ground sample was mounted
‘either in collodion capillaries or in wedge form. When the mate-
rial was formed by heating, the x-ray pattern was obtained after
quenching to room temperature. - Copper radiation (A = 1.5418
A.) filtered through nickel foil was employed throughout. The
intensities were estimated visually by comparison with a stand-
ard intensity scale, which was prepared by exposing film to the
x-ray beam for accurately timed periods. A slit collimating sys-
tem, approximately 0.5 X 1.0 mm. in aperture, was used.

PREPARATION OF MATERIALS

The starting materials for the preparation of the mono- and
dicalcium phosphates were obtained from commercial sources.

The tricaleium phosphates were obtained from tricalcium ortho-
phosphate, which was prepared from ammonium phosphate and
calcium chloride. The calcium oxide-phosphorus pentoxide
ratios of some samples of these starting materials were as follows:

CaQ/P:Os
Measured Theoretical

Monocal¢ium orthophosphate monohy-

drate (Mallinckrodt) 0.84 1.0
lcium orthophosphate monohy-

drate (Monsanto) 1.10 1.0
Dicalcium orthophosphate (Allied Chem-

ical) 2.15 2.0

Tricalcium orthophosphate hydrate 3.06 3.0

These ratios illustrate the variations from theoretical composi-
tion that occur even in reagent grade calcium phosphates.
Except in the instance described below, no evidence was found
that the structures of the ignition products were changed by the
presence of impurities,

MONOCALCIUM PHOSPHATES

Monocalcium orthophosphate hydrate, when heated at 130° C.
changes to the anhydrous form. When heated in air at 250° C.,
the anhydrons monocaleium phosphate becomes nonerystal-
line. Further heating to 500° C. forms g-calcium metaphosphate.

Some samples of monocalcium orthophosphate when heated at
400° C. form é-calcium metaphosphate. It is believed that the
formation of this compound is due to the presence of dicalcium
phosphate as impurity. When a portion of the sample of mono-
caleium orthophosphate that formed s-calcium metaphosphate was
heated at 300° C., the x-ray pattern of dicaleium orthophosphate
was obtained. At this temperature, the monocalcium phosphate
is nonerystalline. When some of the same sample of monocal-
cium orthophosphate was reerystallized, the pattern of 3-calcium
metaphosphate could not be obtained. When s-calcium meta-
phosphate is heated to 700° C., g-calcium metaphosphate is ob-
tained.

If monocalcium orthophosphate is heated at 270° to 280° C.
in the presence of steam, caleium acid pyrophosphate is formed.
If this is heated in steam at 325° C., a compound described by
Hill and coworkers (10) as tetracalcium dihydrogen hexaphos-
phate forms. When the acid pyrophosphate is heated in air at
340° to 360° C., y-caleium metaphosphate results. Heating
this in air at 450° to 500° C. gives g-calcium metaphosphate.
The a-calcium metaphosphate is reported (11) to form at above
963° C., but this compound, which melts at 984° C., was not
obtained.

DICALCIUM PHOSPHATES

Dicalcium phosphate dihydrate was obtained as a commercial
sample (Monsanto) and also by crystallization from a 25% acetic
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acid solution of dicaleium phosphate (Allied Chemical). The
dihydrate occurs naturally as the mineral brushite. When
dicalcium phosphate dihydrate is heated at 180° C., the anhy-
drous form is obtained. Heating at 320° to 340° C. gives -
calcium pyrophosphate. At 700° C. the 8 form is obtained.
Heating this at 1200° C. gives a-calcium pyrophosphate.

A hydrated caleium pyrophosphate can be prepared from cal-
cium chloride and sodium pyrophosphate. This is nonerystalline
and is described by Hill and coworkers (11) as the tetrahydrate.
When heated at 600° C., it forms g-calcium pyrophosphate.
The reaction between excess sodium pyrophosphate and calcium
chloride gives a crystalline product, but when heated at 600° C.
this does not form anhydrous caleium pyrophosphate. The
chemical aualysis indicates that this compound is a calcium
‘sodium pyrophosphate.

TRICALCIUM PFHOSPHATES

The starting material for the tricalcium phosphates was tri-
calcium orthophosphate hydrate. This was prepared by precipi-
tation from s solution of diammonium hydrogen phosphate and
calcium chloride, the pH being controlled with aqueous ammonia
so that at the end of the reaction the preparation was at pH 9.
The analysis of the solid shows a calcium oxide-phosphorus
_pentoxide ratio of approximately 3.0, corresponding to that of tri-
calcium orthophosphate. The existence of tricalcium ortho-
phosphate hydrate as a distinct compound has been guestioned
(8). It has been suggested that it is hydroxyapatite with ad-
sorbed or occluded calcium phosphate of one of the acid forms.

Tetracalcium dihydrogen hexaphosphate

(——i‘
300--330° C. (steam)
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Tricalcium orthophosphate hydrate has the apatite structure
which 1s possessed also by fluorapatite, chlorapatite, and hydroxy-
apatite. The isomorphism of these compounds makes it difficult
to distinguish them by x-ray methods. However, there are
minor differences in the unit cell parameters, so that a precise
technique is ecapable of discriminating between the isomorphs
(6, 16).

Table 1.~ Three Strongest and Innermost Lines of the
. Calcium Phosphates

(Intensities given in parentheses)

Tnner-
Compound 1st 2nd 3rd most

Manocaleium orthe-

phosphate monohydrate 3.90 (100) 11.75 ¢ 81) 3.71 (81) 11.75 (81)
Monocalcium ortho-

phosphate 3.63 (100)  3.50 ( 64) 3.06 (51) 7.23 (11)
Calcium acid pyro-

phosphate 3.35 (100)  3.19 ( 58) 3.74 (47) 5.42 ( 4)
Tetracalcium dihydrogen

hexaphosphate 3.14 (100) 3.58 ( 58) 2.79(24) 11.8 ( 3)
$-Caleium metaphospbate 3.54 (100) 2.83 ( 30) 3.15 (17) 5.54 ( 2)
y-Caleium metaphosphate 3.49 (100) 2.76 ( 65) 4.76 (46) 577 ( B)
B-Calcium metaphosphate 3.74 (100) 3.52 (100) 4.58 (89) 7.05 (19)
Dicalcium orthophosphate

dihydrate 4.23 (100)  3.04 ( 91) 7.62(75)  7.62 (75)
Dicaleium orthophosphate 3.38 (100) 2.09 ( 88) 1.74 (57) 6.83 (24)
v-Calcium pyrophosphate 2.94 EIOO) 3.11 ( 63} 3.35 (42) 4.85(7)
B-Calcium pyrophosphate 3.04 (100 3.23 { 82) 2.76 (57) 602 (9
a-Caleium pyrophospbate 2.00 (100) 3.33 ( 80) 2.%1 (63) 11.5 ( 3
Tricalcium orthephosphate

hydrate 2.80 (100) 3.44 ( 57) 1.94 (43) 8.1¢ ( 9)
B-Tricaleium ortho-

phosphate 2.88 (100)  2.61 ( 71) 3.21(53) 8.13 (11)
a-Tricalcium ortho-

phosphate 2.90 (100) 3.89 ( 43) 3.67(43) .- 728 ( 7)

Monocalcium orthophosphate monohydrate
130° C.
— calcium metaphosphate

(amorphous)
250° C

270-280° C. (steam)

Monoealeium orthophoesphate

Calcium acid pyrophosphate /
450-500° C.

340-360° C.
y-Calcium metaphosphate
450-500° C.
B-Calcium metaphosphate
970° C.

a-Caleium metaphosphate

Monocalcium Phosphates and Derivatives

Dicalcium orthophosphate dihydrate

.150-180° C.

Dijcalcium orthophosphate

320-340° C.

y-Calcium pyrophosphate

Calcium pyrophosphate tetrahydrate
(amorphous) 600°

a-Caleium pyrophosphate

Dicalcium Phosphates and Derivatives

C—> g-Calcium pyrophosphate

1140° C.

Tricaleium orthophosphate hydrate
680° C.

700-750° C.

g-Tricalcium orthophosphate
1150° C.

a-Tricalcium orthophosphate
Tricalcium Phosphates
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Table [1. X-Ray Powder Diffraction Data

d, A. I/n d, A. I/ d, A. I/h d, A. I/ d, A. i/h 4, A I/h
Monocalcium
Orthophosphate Calcium Acid é-Calcinm B-Calcium Dicalcium B8-Calcium
Monohydrate Pyrophosphate Metaphosphate Metaphosphate Orthophosphate Pyrophosphate
11.75 81 5.42 4 5.54 2 3.01 42 6.83 24 6.02 9
5.70 g 4.78 9 4.72 2 2.90 23 4.99 14 4.72 13
4.93 50 4.44 27 4.30 2 2.85 65 4.32 4 4.47 11
4.45 1.07 9 3.93 2 2.76 7 4.08 4 4.19
4.34 9 3.74 47 3.54 100 2.66 9 3.76 5 3.71 9
4.17 12 3.35 100 3.33 2 2.62 7 3.52 5 3.33 48
3.90 100 3.19 58 3.15 17 2.54 42 3.38 100 3.23 62
3.71 81 2.05 4 3.05 4 2.49 11 3.32 4 3.08 52
3.60 7 2.85 4 2.92 4 2.40 11 3.16 12 3.04 100
3.88 42 2.81 1 2.83 30 2.32 11 2.99 88 3.0; 21
3.20 35 2.78 4 2. 69 4 2.25 7 2.78 33 2.91 33
3.01 17 2.70 20 2.60 2 2.21 13 2.74 33 2.80 33
2.96 30 2.61 4 2.50 6 2.13 17 2.51 18 2.76 57
2.86 8 2.52 6 2.21 2 2.03 17 2.37 3 2.68 13
2.80 8 242 3 2.22 2 1.97 42 2.33 2.54 17
2.74 8 2.34 8 2.15 2 1.92 13 2.27 22 2.39 11
269 31 2.31 8 2.08 4 1.84 9 2,22 14 2.35 17
2.58 17 2.25 8 2.01 8 1.78 13 2.18 9 2.28 11
2.48 13 223 10 1.87 6 1.72 2.14 5 2.25
242 13 2.18 24 1,81 2 1.69 7 2.08 3 2.22 9
2.16 13 2.14 3 1.77 6 1.68 7 2.04 5 2.16 9
209 13 2.07 9 1.69 2 1.65 23 2.01 9 2.12 13
2.03 13 2.04 -4 1.66 2 1.62 7 1.93 25 2.08 11
2.00 35 1.94 16 1.64 2 1.60 23 1.87 41 2.00 29
1.96 13 1.93 13 1.61 2 1.57 7 1.81 12 1.95 21
1.95 17 1.88 14 1.58 4 1.56 10 1.77 7 1.88 7
1.86 9 1.84 24 1.57 3 1.52 13 1.74 57 1.85 11
1.84 9 1.77 33 1.30 2 1.48 35 1.70 7 1.83 17
1.80 35 1.72 5 1.47 3 1.39 17 1.69 7 1.77 33
1.77 13 1.68 10 1.30 2 1.37 1.66 7 1.73 9
1.75 13 1.65 13 1.27 1 1.30 8 1.65 12 1.72 7
1.73 13 1.60 16 1.15 1 1.28 11 1.62 12 1.69 19
1.71 17 1.59 13 1.58 7 1.64 13
1.67 13 1.53 4 1.55 7 1.63 17
1.60 17 1.50 22 1.52 9 1.59 9
. 1.58 5 1.44 4 1.51 5 1.58 11
1.55 9 1.40 10 1.49 7 1.57 17
1.53 5 1.35 <] ~y-Calcium 1.46 4 1.54 11
1.48 7 1.34 7 Metaphosphate 1.42 7 1.53 21
1.40 4 1.51 11
1.37 18 1.50 11
- 1.35 5 1.48 9
3.77 8 1.32 5 1.46 7
3.5 3 1.30 7 1.44 6
5.18 7 1.28 8 1.42 13
1.76 46 . 1.27 5 1.37 [
1.29 7 Dicalcium 1.25 5 1.33 9
Monocalcium 4.18 46 Orthophosphate 1.24 5 1.31 29
CQOrthophosphate 4 QZ 7 ihydrate 1.22 12
3.61 35 119 8
g.ig 100 ‘
3. 35
7.23 11 3.12 Zgg 7«35
7.05 1L Tetracalcium 3.02 42 it
6.43 11 Dihydrogen 2.87 35 § . gg 100 a-Calcium
4.34 14 Hexaphosphate 2.76 65 -’ Pyrophosphate
4.04 14 2.66 7 3.04 91 v-Calcium
3.87 9 2. 61 11 2.92 47 Pyrophosphate
3.75 9 2.58 7 2.85 5
3.63 100 11.8 3 518 35 2.61 60 11.5 3
3.350 64 5.98 2 329 3 2.42 24 714 6
3.19 26 4.95 3 2 22 3 2.26 33 ES 7 6.32 6
3.06 51 4.74 8 2.13 11 2.17 16 4.1 5 4.90 17
2,97 21 4.29 3 2709 9 2.14 13 3. 42 4.27 17
2.92 16 4.10 3 507 11 2.09 8 3. 13 3.81 11
2,86 21 3.58 58 1.08 9 1.99 11 3. 65 3.67 6
2.81 9 3.41 10 1,04 11 1.97 3. 35 3.56 15
2.72 9 3.29 16 1.86 7 1.88 13 2, 100 3.33
2.63 3.14 100 1'83 11 1.85 6 2. 7 3.23 51
2.58 33 2.96 3 1,75 9 1.81 24 2 17 3.00 15
2.54 8 2.85 8 1778 7 1.80 6 2 9 3.00 6
2.33 16 2.79 24 170 13 1.77 3 2. 7 2.95 6
2,30 6 2.69 20 1,83 13 1.71 8 2. 7 2.88 7
2.27 6 2.62 13 1,62 i1 1.66 3 2. 33 2.79 27
2.2¢4 9 2 .52 3 160 17 1.63 3 2, 27 2.67 15
2.15 6 2.43 4 187 7 1.60 3 2, 7 2.60 27
2.12 51 2.40 4 1751 7 1.57 3 2. 23 2.35
2.07 4 2.26 8 1750 9 1.55 8 2. 7 2.47 17
1.94 16 216 14 1743 9 1.53 3 1. 8 2.44 32
1.91 2.05 6 1741 7 1.52 3 1. 5 2.36 9
1.87 11 2.03 4 1.45 7 1. 11 2.34 g
1.85 6 2.0t 6 1.43 5 1. 35 2.26 4
1.82 14 1.97 4 1.41 2 1. 27 2.16 6
1.78 14 1.95 6 1.39 3 1. 9 2.11 63
1.76 8 1_98 g l.gg g 1. 13 2.06 27
1.7 26 1.9 A-Calcinm 1. 1.6 2.00 100
1.68 14 1.84 6 1.34 4 1. 13 1.92
1.61 9 1.81 3 Metaphosphate 1.30 3 1. 13 1.90 17
1.60 9 1.78 3 1.28 3 1. 11 1.86
1.59 9 1.76 6 1.26 3 1. 5 1.84 17
1.57 8 1.72 3 7.05 19 1.22 4 1. 5 1.80 9
1.53 8 1.70 13 4.58 69 1.20 3 1. 5 1.79 32
1.51 8 1.67 6 4.23 65 1.19 2 1. 7 1.7 4
1.49 8 165 5 3.84 17 1.15 4 1. 5 1.72 9
1.48 6 1.64 5 3.74 100 1.14 3 1.5 5 1.68 11
1.44 11 1.62 13 3.52 100 1.13 3 1. 4 1.64 27
1.41 14 1.61 10 3.38 1l 1.10 3 1. 4 1.63 13
1.38 11 1.59 1 3.30 42 1.08 3 1. 5 1.62 11
1.35 14 1.58 11 3.13 65 1.06 2 1. 5 1.59 9
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Table II. X-Ray Powder Diffraction Data (Continued)

d, A. I/n d, A. I/h d, A, I/h
a-Calcium Tricalcium B-Tricalcium
Pyrophosphate Orthophosphate Orthophosphate
Hydrate
1.58 11 1.56 16
1.55 9 1.81 11 1.51 7
1.53 17 1.54 10 1.47 7
1.50 15 1.51 10 1.43 7
1.48 4 1.47 10 1.43 7
1.45 7 1.45 21 1.41 7
1.43 6 1.43 11 1.22 11
1.42 4 1.15 7
1.41 7 1.13 8

S
1. B-Tricalcium
1.35 17 Orthophosphate
8.13 11 a-Tricalcium
Tricalcium 6.51 14 Orthophosphate
Orthophosphate 5.25 21 -
vdrate 4.06 11 7.28 7
3.47 33 6.36 5
8.19 g 3.21 53 35.83 5
5.28 7 2.88 100 4.00 9
4.08 10 2.81 26 3.89 43
3.87 2.97 26 3.67 43
3.44 57 2.71 26 2.90 100
3.16 10 2.61 71 2.85 17
3. i1 2.56 7 2.62 43
2.80 100 2.43 11 2.59 13
2.72 33 2.27 16 2.16 9
2.64 21 2.21 14 2.04 6
2.52 2.17 11 1.95
2.30 6 2.08 7 1.94 21
2.25 13 2.05 7 1.90 13
2.16 10 2.00 8 1.82 9
2.06 9 1.94 35 1.80 9
1.99 9 1.90 14 1.76 7
1.94 43 1.88 11 1.73 8
1.89 9 1.84 14 1.71 8
1.84 33 1.81 1.67 9
1.81 11 1.78 11 1.54 6
1.78 11 1.73 35 1.50 7
1.76 13 1.71 8 1.47 6
1.72 21 1.69 8 1.31 6
1.64 11 1.61 8 1.29 6

All the compounds with the apatite structure do not possess the
same degrec of stability. Tricalcium phosphate hydrate changes
to g-tricaleium orthophosphate when it is heated above 680° C.
The other members of the group are unchanged by this treatment
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thus providing a means of distinguishing tricalcium orthophos-
phate hydrate from the apatites. g-Tricalcium orthophosphate
occurs naturally as the mineral whitlockite (7). When g-tri-
calcium orthophosphate is heated at 1200° C., it changes to
a-tricalcium orthophosphate (13).

DISCUSSION

The x-ray powder patterns of these 15 calcium phosphates have
been reported for their value in identification of phosphatic
materials. Many of the compounds have not been character-
ized with exactness, but the authors feel that this is overweighed
by the advantage of beiug able to recognize substances as calcium
phosphates formed under known conditions.
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Index of Refraction as Supplement to X-Ray Analysis of Solid Solutions

Ternary Solid Solutions

LYMAN J. WOOD and HANS H. PAPROTH

Department of Chemistry, St. Louis University, St. Louis 4, Mo.

Constant unit cell cdge contour lines can be drawn
across the ternary diagram of the reciprocal system
RbCl + KBr = RbBr + KCl. Constant refractive
index contour lines can also be drawn across the same
diagram; the intersection of these lines with one of the
constant unit cell lines represents a unique determina-
tion of the composition of the ternary solid solution if
the solution is homogeneous.

EASUREMENTS of index of refraction can be used as a

supplement to x-ray analysis in certain binary solid solu~
tion studies (9). It is shown here how ternary solid solutions of
the reciprocal system RbCl 4+ KBr = RbBr + KCl, which can-
not be analyzed by either index of refraction or x-ray measure-
ments alone, can be resolved by a combination of the two.

Thomas and Wood (5) have shown that, when any given mix-
ture of this reciprocal system is melted and frozen, the resulting
crystals are composed of a single solid selution of the four kinds
of ions. The composition of any starting mixture can be repre-
sented by a point in a reciprocal diagram as‘shown in Figure 1,
and the composition of the resulting solid solution can be readily
expressed as Rb* to K+ and Br~ to Cl~ ratios. For a given set
of conditions—e.g., constant temperature—values of properties
such as unit cell edge or refractive index can be projected onto
the diagram.-

The dotted lines in Figure 1 show the relation between compo-
sition and unit cell edge and the solid lines show the relation
between composition and index of refraction. "The positions of
the dotted lines were calculated on the assumption that the unit
cell edges are additive; x-ray analysis has shown that this assump-
tion is closely approximated by experiment (7). These lines are
parallel to the rubidium chloride-potassium bromide diagonal
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because the unit cell edges of these two salts are very nearly equal
to each other. The positions of the solid lines were caleulated
on the assumption that the refractive indices are additive;
index of refraction measurements made by the Becke line immer-
sion method have shown that this assumption is also closely ap-
proximated by experiment (8).

The calculations for Figure 1 are based on the two ternary
systems rubidium chloride-potassium bromide-rubidium bromide
and rubidium chloride-potassium bromide—potassium chloride,
which have the rubidium chloride-potassium bromide diagonal
as a common base. The agreement with both observed unit
cell edges and refractive indices is excellent. Similar calculations

MOLE PER CENT KBr—3
RbBr KB7r

s,

KBr——

——— RbCI

RbGi . KCl
+—— MOLE PER GENT RbCI

Composition diagram with unit cell edges in
kX units

Figure 1.

Refractive index constant along solid lines; unit cell edge constant along
dotted lines .

RELATIVE INTENSITY
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have been made for the two ternary systems having the rubidium
bromide—potassium chloride diagonal as a common base. These
caloulations give almost the same locations for the dotted lines
of constant unit cell edge because the average unit cell edge of
rubidium bromide and potassium chloride differs little from the
unit cell edge of rubidium chloride or potassium bromide. The
locations of the solid lines of constant index of refraction, how-
ever, are in important disagreement with observed values.

Tf starting mixtures of this reciprocsl system are made up and
heated until final equilibrium is obtained, the observed unit cell
edges and the observed refractive indices are always in almost
perfect agreement with the calculated positions of the lines in
Figure 1. Tt is clear that refractive indices calculated in this
manner can be used as a supplement to the x-ray analysis of the
solid solutions of this reciprocal system as described below.

APPARATUS, MATERIALS, AND METHODS

The annealing oven, refraction oils, and apparatus for refrac-
tive index measurements were the same as used previously (9).
For x-ray measurements a tube with a copper target was used in
a General Electric XRD-3D recording unit. To facilitate com-
parison with earlier work, unit cell edges are recorded in kX units
(1kX unit = 1.00202 A.). The precision is about =0.0008 kX
unit. The potassium' salts used were Mallinckrodt analytical
reagent grade, the potassium bromide containing 0.2 to 0.4%
chloride. The rubidium salts were furnished by McKay Chemi-
cal Co., Inc., Brooklyn, N. Y., and were labeled as containing less
than 0.1% potassium. Spectroscopic analysis indicated 0.02%
or less potassium in each case.

In view of the nature of the mixtures examincd in this work,
high precision values for unit cell edges for the pure salts were
not required. Direct comparison with aluminum as an internal
standard gave unit cell edges as follows:

Unit Cell Edge Value, kX Units

Compound Found Reported
Potassium chloride 6.279 6.2804 (3)
Rubidium bromide 6.881 6.8797 (1)
Rubidium chloride 6.578 6.5677 (2)
Potassium bromide 6.577 6.5783 (6)

6.5867 (4

If the unit cell edge value for potassium bromide is extrapolated
to 0% potassium by means of Vegard’s law, the unit cell edge
becomes 6.5784, in good agreement with Wasastjerna’s value (6).
An unheated, 50 mole % mixture of rubidium chloride and potas-
sium bromide gave only one x-ray pattern. The
pattern was well defined and the « doublet was
resolved for the 400 and 420 peaks. It would be

b-——— 2837

xR —oc

expected that a difference between the unit
cell edges of rubidium chloride and potassium
bromide of the magnitude reported by Swanson
and coworkers would be detected by this com-
parison. Therubidium chloride used by Swanson
contained an estimated 0.1 to 19, potassium,
which would account, at least in part, for his
lower value for the unit cell edge. Such small
difference as exists between the unit cell edges of
rubidium chloride and potassium bromide has
been neglected in the preparation of the composi-
tion diagram of Figure 1. The unit cell edges
shown in this diagram are calculated averages
of the values obtained by direct comparison
with aluminum as an internal standard.

EXPERIMENTAL

In the present work 50 mole % mixtures of
rubidium bromide and = potassium chloride
powders were heated at below fusion tempera-
tures for predetermined lengths of time, cooled
quickly to room temperature, and examined for

‘Figure 2.

ders for 12 minutes at 600° C.

Average particle size, 0.1 mm.; dotted curve indicates positions of peaks for pure rubidium

bromide and pure potassium chloride

Portion of x-ray diffraction curve obtained on heating equi-
molecular mixture of rubidium bromide and potassium chloride pow-

evidence of ion migration. Figure 2 shows a
part of the x-ray interference pattern for such a
mixture of fine rubidium bromide and potassium
chloride powders (150 to 160 mesh) which had
been heated at 600° C. for 12 minutes (point X,
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Table I. Maximum Index of Refraction of Equimolar
Mixtures of RbBr and KCI after Heating at 600° C.

(Average particle size, 0.1 mm.)

Heating
Time, Maximum
Sample Hours Index

RbBr . 1.5529
X-AS5 6.2 1.5460
X-B1 1 1.5415
X-Al 3 1.5330
X-A8 6 1.5316
XCl 1.4800

Figure 3; also mixture X-A5, Table I). The value of 20 observed
for peak A was 26.10°, which corresponds to the 200 peak of a
rubidium bromide-rich solid solution having a unit cell edge of
6.822 kX units. This unit cell edge is considerably smaller than
the unit cell edge of pure rubidium bromide, which is close to
6.881 kX units. The dotted peak at 25.84° is the 200 peak
for pure rubidium bromide. Thus, as far as the x-ray results can
show, it appears that no pure rubidium bromide remains in the
mixture after this brief heating period of 12 minutes at 600° C.

Because the x-ray diffraction method requires a considerable
number of powder particles for the formation of a diffraction
peak, the question may well be raised as to whether or not there
may be a few remaining particles of pure, or nearly pure, rubid-
ium bromide which the x-rays have been unable to detect because
of the small number present. A definite answer can be given
to this question by the use of the Becke line method for the ob-
servation of refractive index, which is capable of detecting even a
single particle of rubidium bromide. Table I shows that the
maximum value for the refractive index observed for any par-
ticle in this mixture was 1.546, [ar below the refractive index
value of 1.5529 for pure rubidium bromide. This maximum
refractive index value of 1.546 then eliminates the possible
existence of pure rubidium bromide particles.

It has already been pointed out that the middle value of 26.10°
for peak A corresponds to a unit cell edge of 6.822 kX units
(6.822 line, Figure 3). A binary solid sclution containing rubid-
ium bromide and rubidium chloride in the ratio of 81 to 19
(approximately) could produce peak A, as could a binary solid
solution of rubidium bromide and potassium bromide in the same
ratio. Any ternary solid sclution having a composition any-
where on the 6.822 line could also praduce peak A. It is clear
that the x-ray results alone cannot fix a definite location for
peak A. Because the maximum refractive index observed for
any particle was 1.546, peak 4 must lie some place on line 6.822
below its intersection with the constant refractive index line
1.546. This is so because all of the solutions above this inter-
section have a refractive index greater than 1.546 and, therefore,
cannot be present.

By the use of a special microseope slide with Neubauer rulings,
the relative number of particles having a refractive index of
about 1.543 was determined by direct count. Several fields of
40 to 50 particles were examined; about 209 of the total number
had a refractive index in the range from 1.540 to 1.546. In
order to account for the well-formed, intense peak at A, it is
necessary to conclude that all or nearly all of these particles
contribute to the formation of peak A. The particles contribut-
ing to this peak must have a composition somewhere along the
6.822 line of Figure 3, below the intersection of this line with
the 1.546 constant index line.

Many of the partieles in the refractive index range from 1.540
to 1.546 had indices between 1.541 and 1.542, which correspond
closely to the refractive index of a binary solid solution of 80.7%
rubidium bromide and 19.3% rubidium chloride. But peak A
cannot be due entirely to this binary solid solution because many
particles were observed with refractive indices between 1.542
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Figure 3. Correlation of refractive indices and x-ray
diffraction measurements based on composition diagram

Equimolecular mixture of rubidinm bromide and potagsium chloride,
particle size, 0.1 mm.; heated for 12 minutes at 600° C.

and 1.544 (but not greater than 1.546). Any particle in the
index range from 1.540 to 1.546 could have a composition on
the 6.5775 line and contribute to the production of peak B, but
such particles would produce odd number index peaks. Because
such peaks were not observed it scems safe to conclude that all
or nearly all of the particles in this index range contribute to the
production of peak A and that thefr compositions extend from
that of the binary (marked 80.7) along the 6.822 line to its
intersection with the constant index linc of 1.546, and that the
average of these compositions lies approximately midway be-
tween these two points.

The peak at B corresponds very nearly to the unit cell edge of
pure rubidium chloride or pure potassium bromide as well as
any mechanical mixture or solid solution of these two salts.
This diffraction peak cannot be caused by either of the pure salts
or any mechanical mixture of them because no odd number index
peaks were observed. The absence of odd number index peaks
also climinates solid solutions near the ends of the rubidium
chloride-potassium bromide diagonal and places peak B near
the middle of this line (approximately the middle third). How-
ever, x-ray measurements alone are insufficient to fix the position
of peak B morc definitely. Unlike the unit cell edge which re-
mains constant along the diagonal, the refractive index increases
in the direction of potassium bromide. It can, therefore, be
used to supplement the results of the x-ray measturements in
locating peak B.

By the use of the special microscope slide, the relative number
of particles having a refractive index in the range from 1.528 to
1.532 was found to be about 30%, of the total number of particles.
Because of this large number having an index near 1.580, it seems
necessary to conclude that peak B is produced largely by solid
solution crystals having a composition close to the intersection
of the 1.530 index line with the rubidium chloride-potassium
bromide diagonal as shown in Figure 3. A small but appreciable
number of particles was found in the refractive index range of
from 1.536 to 1.540. Few if any of these particles have coraposi-
tions that lie in the area between lines 6.5775 and 6.714, as is
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indicated by the fact that the intensity of peak B (Figure 2)
falls off rather sharply in the direction of peak A and that the
intensity reaches a minimum in line 6.714.

Tt is clear then that, in the top half of the composition diagram,
Figurc 1, there are relatively few particles that do not have
compositions such that they contribute to the production of peak
A or peak B. Particles not having such compositions must be
too few in number to produce an x-ray peak. The few particles
found in the refractive index range from 1.536 to 1.540 could
actually all have compositions on the rubidium chloride-potassium
bromide diagonal, in which case they would all contribute to
the production of peak B. These particles could not contribute
o the production of peak A because their refractive indices are
too low.

The peak at € of Figure 2 rcpresents pure or almost purc
potassium chloride. This result is not surprising because the
melting point of pure potassium chloride is at 770° C., which is
170° above the resction temperature. Below an index of
1.530 (Figure 1) the refractive index observations were gen-
erally ambiguous. It is possible that in this region there was an
initial small penetration of some of the potassium chloride
crystals by rubidium ions and bromide ions, resulting in a thin
coating of ternary solid solutions over a residual core of pure
potassium chloride. Such crystals would give x-ray lines for
pure potassium chloride, but it would be expected that the re-
fractive index observations would be confused.

A rough estimate of the extent of the reaction of the starting
mixture after 12 minutes at 600° C. can be made if it be assumed
that particles not contributing to peaks A, B, or C can be neg-
lected. Starting with 100 moles of rubidium bromide and 100
moles of potassium chloride, if reaction occurs to the extent of
509, the equivalent of 50 moles each of potassium bromide and
rubidium chloride will be produced, with 50 moles of each re-
maining. Because all of the rubidium bromide will be in the
solution represented by peak A, which is about 80% rubidium
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bromide, there will be about 62.5 moles of this solution. Be-
cause the potassium bromide to rubidium chloride ratio is about
1 to 4, there will be about 2.5 moles of potassium bromide and
about 10 moles of rubidium chloride in this solution. This csti-
mate leaves the solution at peak B composed of the 47.5 moles
of residual potassium bromide and the 40 moles of residual
rubidium chloride for a total of 87.5 moles of this solution.
Actually the solution corresponding to peak B is somewhat
richer in potassium bromide than indicated by this cstimate.
Calculation shows that an interaction to the extent of 43% would
give 57 moles of pure potassium chloride and about 71.5 moles
each of the two solid solutions. This ealculation gives a potas-
sium bromide to rubidium chloride ratio of about 56 to 44 which
appears to.be nearly the correct ratio. The extent of the reaction
in 12 minutes at 600° C. appears to be somewhat less than 50%.
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X-Ray Powder Diffraction Patterns of Benzoic Acids

HARRY A. ROSE and ANN J. VAN CAMP

Lilly Research Laboratories, Eli Lilly & Co., Indianapolis 6, Ind.

X.ray powder diffraction data are given for the identifi-
cation of 25 substituted benzoic acids. An interesting
example is given of the ability of the x-ray pattern to
differentiate between two compounds which have the
same empirical formula and melting point.

-RAY powder diffraction patterns have been made of 25
substituted benzoic acids using CrK« radiation for those
containing only light elements and CuKa radiation for several
compounds containing bromine.
This complication is of interest in the pharmaceutical industry
because of the presence of substituted benzoic acid esters in plant
extracts and physioclogically active compounds.

PROCEDURE

The samples were finely ground and packed into thin-walled
plastic capillaries about 0.5 mm. in diameter. The x-ray equip-
ment used was the standard North American Philips unit with
eameras 114.6 mm. in diameter. Vanadium-filtered chromium
Ka (A = 2.2896 A.) radiation was used for the compounds con-
taining only carbon, hydrogen, oxygen, and nitrogen; nickel-

filtered copper Ka (A = 1.5405 A.) radiation was used for the
bromine-containing compounds.

The intensities were estimated by comparison with a calibrated
film strip.

Melting points were determined with a Kofler micro hot stage.

DISCUSSION

Table T lists the benzoic acid patterns in order of interplanar
spacings as in the A.8.T.M. card file (1), with the melting point
of the sumple used as well as that given in the literature. A code
number is given to relate the data of Table I to that of Table II.

The data for 2-hydroxy-3,6-dimethylbenzoic acid (No. 17)
and p-ethoxybenzoic acid (No. 18) are intcresting in that these
two compounds have the same empirical formula, CsHiOs,
and the same melting point (197-9° C.). By these two commonly
used identification criteria the two compounds are identical, yet
the x-ray powder diffraction patterns are different. A similar
condition exists for 2,3-dihydroxybenzoic acid (No. 5) (melting
point, 204-5° C.) and 2,5-dihydroxybenzoic acid (No. 7) (melting
point 203-5° C.), both having the empirical formula, C;HeOy,
but again having different x-ray patterns. The second case is
not as striking, of course, because of the presence of the same
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Table I. Melting Points and Three Most Intense Diffraction Lines of Benzoic Acids®

Pat- Melting Point, Pat- Melting Point,
°C. °C.
tern Three Strongest Lines  Found  Literature fern Three Strongest Lines  Found  Literature
No. Compound No. Compound = Zouna
24  p-Isopropyl 12.94 5.19 4.14  112-3 115-7 (8) b  2-Mercapto 3.81 3.15 7.74 164-5 (&)
25  3,4,5-Trimethoxy  7.75 3.47  3.38 . 168 (2) 6  2,4-Dihydroxy 3.76 3.57  3.36 2189 (3}
17 2 Hydroxy-3,6- 712 3.45  3.37 197-9 195 @) 81 2,8-Dimethoxy 3.66 5.18  6.34 138701 1867 (8)
dimethyl 18  p-Ethoxy 3,66 4.47 3,23 1979 1056 (3)
23 3,5-Dimethoxy 7.10 2.68 3.21 1818 1856 (3) v o-Hydroxy 352 820  3.20 1379 (5)
14 4-Hydroxy-3- 6.90 9.43  3.20 211-2 210 6] 20 2,5-Dimethoxy 3.42 3.30 3.6¢ 713 76 ()
methoxy 2 m-Bromo 341 592 487 135-8 155 ﬁz)
5 2,3 Dihydroxy 6.54 827  3.20 2045 204 (3) 10 2,3-Dimcthoxy 3.37 -4.14  4.64 119-24 120-2 ()
8  2/6-Dihydroxy 6.46 3.50 3.3l . 150-170 (3) 2  4'Amino-2-hydroxy 3.35 5.27  3.45 230 4
16 2 Amino-3-methyl 6.45 3.71  3.36 177-8 172 &) 15  2-Hydroxy-5- 3.33 936 5.71 146-8 145-6 (3)
1 o-Brome 5.90 3.68 3.29 149-50 147-50 (2) methoxy
b 2-Acetoxy® 5.66 . 3.92  3.30 oL 135 & 22 34-Dimcbhoxy 3.32 7.38 566 1856 181-2 (%)
3 g—MBtﬁméy 5. gg g . gg g . og e 1 gbi gg 13 2-Hy<él}rl011(y-4- 3.30 7.35 6.65 1823 1 s)
7  2,5-Dihydroxy 5. . .5 203-5 methy!]
4  p-Hydroxy 5.06 3.64 3.33  215-6 213-4  (§) 12 5-Amino-2-hydroxy 3.28 3.67 3.14 283 (8)
3 p-Bromo 468 3.28  3.71 2857 251-3 (%) 9 34-Dihydroxy 321 604 337 204-5 199 (3)
10 3,5-Dihydroxy 413 316  3.96 23841 237-40 (3) 11 34,5-Trihydroxy  3.20 5.48  3.51 220 (2)
@ Arranged in order of first lines; pattern numbers from Table II. ¢ Aspirin.
& Pattern from (1) included for completencss. d Pattern from (4) included for completeness.
Table II. Powder Diffraction Data=
d, A. i/ d, A. I/ d, A. I/n d, A, I/ d, A. I/ d, A I/n
1. o-Bromobenzoic 2. m-Bromobenzoic B 23 7. 2,5- 9. 3,4- 11. 3,4,5-
Acid Acid C:HsBrO: Dihydroxybenzoic Dihydroxybenzoic Dihydroxybenzoic Trihydroxybenzoic
C7H:Br0: Acid Ack Aci o
2.08 0.10 (o-PyTocatechuic (Centisic Acid) (Protocatechuic (Gallic Acid)
0.20 1,953 0.05 ci CrHs0s Acid) CrH0.
1.2 920 1855 0,08 CrHsOq CHO04
5.90 1.00 1.824 0.10 8.97 0.60 5 96 0.27 N 7.08 0.10
428 0.40 7.39 0.12 5.08 1.00 1z ool 5.48 0.80
3.86 0.50 é‘g‘i 016 163 053 i-o0 bea 4.64 0.20
. i . 1.00 72 1 ;
3.68 1.00 8. p-Bromobenzoic 5.43 0,40 3.98 0.03 572 o.1% .46 0.20
354 040 G0 373 007 3. 0.20
3.39 0.10 4.82 0.08 3.63 1.00 4.40 0.04 3 0.80
3.29 1.00 4.55 0.08 3156 0.67 118 0.04 3. 1.00
3.17 0.10 1;,3(5) 8'32 i‘ﬂ 8'13 317 087 3 6o 008 3. 0.20
: : : T 3051 0.0%
3.10 0.10 5.60 0.04 3.74 0.08 2.906 0.53 -9 B s 3. 0.10
297 0.20 5118 032 2817 0.07 3.7 0.32 z.8 9.10
2.84 0.50 4.68 1.00 3.66 0.20 2.674 0.07 3.9 1.00 2. ¢.10
2.77 0.10 3.37 0.18 20498 0.07 3 002 2.8 0.10
2.67 0.30 3.71 0.60% 331 016 2309 0.27 H 0,04 2. 0.10
3.28 1.00 3.20 0.60 2.8 0.04
2B 8% i gm o Su SR g w3 RE
‘_:%g 8;8 2.91 0.04 %ggg gog g:m; 88; 3 73 0.02
2.5 : . (13 2711 . p . i
2728 020 282 032 2532 0.1z 2058 0,07 Zam 008 by
5 2.63 0.08 2,413 0.12 2 0.02 (5-Aminosalicylic
gig 3'8§ g.iz 8'%‘ 2.323 012 1.082 0.07 : T Acid)
201 0o 236 0.20 218 02 CrHiNO,
1. : 2.118 1
1.866 010 2.2 10, 3,5- ; ,

86 2.26 9-08 Dibydrobenzoie Asid 1168 9.4
1.816 0.05 2.07 0.04 (e-Resgraylic Acid) 6.18 0.10
G A i Bogu
1784 0.10 : ' Dihydrgxybensolo 11.04 0.20 o :

1.872 0.12 » i : 6.33 0.20 3.98 0.05
1.802 0,04 (6-Resgroylis Acid) 6.08 010 367 0.50
im o EUN A I
: - - 5.78 0.40 8. 2,6- -2 : -1
2. m-Bromobenzoic 1.652 0.04b . " : 2
Acid Cr1TsBrOs 5.37 9.60 Dihydroxybenzoic 4.13 1.00 8.28 1.00
1.595  0.04 .98 9-50 Acid 396 0.6¢
g . 8.76 1.00b (v-Resoreylie Acid) 578 0»20 3.14 0.50
12.70 0.50 3.57 1.00 CiHO. 7 2.924 0.05
6.39 0’10 354 0.60 2.817 0.05
5.02 080 4 p-Hydroxybenzoi 3.36 0.80 3.42 0.20 27447 0.20
4.87 0.80 p-Hydroxybenzole 3.13 0.40 11.28 0.20 3.33 o.10 2.339 0.10
4.41 0.30 o 2.979 0:10 6.46 1.00 : L
CiHeOa 27880 0.20 6.15 0,40 3.16 1.00 2,229 0.05
4.17 0.10 2570 0.20 5.43 060 2o P 2.125 0.05
3.81 0.40b 5.06 1.00 4.95 0.10 5943 0908 2.073 g.10
5 S B R I
3.41 1.00% .01 . 2.3 . 9 .20 9 wpn
3019 050 3.64 0.80 2200 . 0.20 3175 0.20 2365 0.05
344 0.10 2,120 0.10 2750 0 30 2.200 0.10
3.07 0.10 3.40 0.10 .
2.08 0.10 3.33 0.60 331 2.80 o ey drony-dy
2.82 0.05% 3.05 0.10 = (2,4-Cresotic Acid)
2.65 0.05 2.992 0.60 7. 2,5 3.16 0.80 qoa s 345 = 1.0
252 0.105 2.689 0.10 Dihydroxybenzoic 3.08 0.20 Trihydroxybenzoic (i
27502 0.05 Aci 2.909 0.10 Acid
242 0.05 (Gentisic Acid) 2793 0.10 (Gallie Acid) 11.3 0.40
s ge oz e i e o
&L . N . -9d .
2018 0.05 2239 0.05 9.18 0.53 2.586 0.10 10.95 0.20 6.65 0.60
211 0.05 2,081 0.10 5.62 0.33 2,150 0.10 7.46 0.40 4.99 0.40

@ Patterns numbered in order
& Broad line.

of increasing empirical formula.
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Table II. Powder Diffraction Data” (Continued)

d, A /n d, A /1 d, A I/n d, A I/n d, A. /N d, A. n
13.  2-Hydroxy-4- 15, 2-Hydroxy- 18.  p-Ethoxybenzoic 20, 2,5- 21. 2,6- 23. 3,5-
methylbenzoic Aeid 3-methoxybenzoic Acid Dimethoxybenzoic Dimethoxybenzoic Dimethoxybenzoie
(2,4-Cresotic Acid) Acid CsHwOs ci Aeid ci

CsHsO | CsHsO4 C3HiuO4 CoHinOs CeHwO«
10.86 0.40

3.75 0.60 3.15 0.10 9143 0.40 5 .

3051 020 2877 010 750 0.05 R 9-10 z.a84 - 0.08 2.8 019

340 020 2758 0.20 6.76 0.30 208 020 : : : :

330 1.00 , 0 5.43 0.20 173 005

3 . .481 10 :
2.330 0.20 4.47 0.50 4.12 0.0
2.19 0.20 2,261 0.10 3.03 0.20 3.80 0.10 22, 34-
ggg) égg gg§ 8?8 Dnmethogig(rlbenzow 24.b p_I»SOIXQﬁyL
" . . o - £NZOIC ACI
3.14 0.03 3.42 100 (Veratrie Acid) (Cumic Acid)
14.l 4—§ydr0xyA3-d 16. 2-Amino-3 gggg 8, (1)9 3 : CuaHu0:
methoxybenzoic Acis ; ek . .05
(Vanillic Aeid) me‘(hzﬂ"&‘?;ﬁ‘jn’_“c‘d 2262 0.10 i 5:10 10.69 0.25 12.94 1.00
CsHiOx toluio Ao 2.183 0.05 3.02 010 7.88 0.38 967 0.02
N Os 1.990 0.05 2.915 0.05 .58 020 7.30 0.04

9 43 0 63 2,640 0.05 ERH 988 6.51 0.04

874 0.50 -0 -2 5.19 0.60

878 9.50 11.45 0. 2,311 0.05 5.24 0,060

5.68 0.06 8.3 1% 2220 0.05 32 0.9 4.56 0.04

: 5.70 0 2’119 0.05 -7 -06 414 032

538 0.25 e 9 : 2 4753 006

‘92 .0¢ 19. 23- 2008 0.05 104 b-o8 3.92 0.20

5.15 0.25 3.71 0.63 Dimethoxybenzoic 3 05 0 0e 3.81 0.04

4.05 0.25 . . ci . . . .

3.36 0.63

3.90 0.13 g CaHinO1 3.7 13 5

371 0.25 2.80 0.68 3.7 943 3.05 0.02

8.58 0.06 21628 0.06 7.63 0.30 3.62 9.03 55w 0

3.45 0.13 2.559 0.06 6.85 0.40 3.52 .08 2386 0.02

3.29 0.630 2 467 .06 2%; 920 - : 2.428 0.02

3.12 0.06 Rt o 13 B 3.32 1.00

yoz 0.08 287 000 bilo 010 57 o 2288 0.04

. ; . - 9226 :

2,897 0.13 5558 0 06 1.86 0.20 2.745 0.06 21150 0.02

.08 0.06 PR 2 §50 oo 2109 0.02

1550 13 : : . 2l 26

27498 0.08 3.5 480 Dimethoxybenzoic 2.401  0.06

2.358 0.13 : : o 2.273 0.03

2.197 0.06 17, Ztydroxy- 3.37 1.00 ColluOs

6-dimethyl- 5" . -
L8 0.0 benzgic Acid 200 065 6.90 0.20 Trineshogybenzoic
2.046 0.06 CoHuwOs 277 003 ggé 8%% . * ﬁiyo
: ; . : 23. 35 Si0H 1205
11.73 0.30 5,48 0.53 Dimethoxybenzoic
'g.ig (1).8(_1 ;gg«} 8'}8 5.18 0.67 Acid ) 8

5. 2-Hydroxy- i 05 2.395 .10 CsHioO4 .86 0.12

: : 586 020 2197 0.05 .98 0.07 7.75 1.00
s-methoxybenzoic 38 070 Lo .03 447 0.03 5.87 0.12

ChHa0. . . : 4.26 0.27 7.77 0.30 5.66 0.08
.53 0.10 3.76 0.20 7.10 1.00 - 5.00 0.04
4,25 0.03 3.66 1.00 5.56 0.10

9.36 0.80 4.10 0.03 103 0.10 4.79 0.04

6.61 0.40 3.76 0,40 3.56 0.20 £.38 0,10 1.46 0.04

5.71 0.60 345 050 3146 020 3.65 0.12

S A - B T

i : 3053 0.03 Dimethoxybenanio 3.19 0.13 3.68 1.00 : ‘

4.00 0.60 3.05 003 CaH10s 356 0:30 3.38 0.16

393 0.40 2900 0.10 2.995 0.07 3.21 0.80 3,93 012

3.77 0.20 2403 0.03 2826 0.07 2982 0.04

368 0.20 9.95 0.20 27694 0013 2.963 0.05 2704 0.04

3.48 0.40 2.304 9.3 793 9:30 2.530 0.03 2.939 0.05 2,528 0.04

5 ‘05 (12 . . : 795 0.3
3.33 1.00 2120 0.05 630 020 2392 0.03 . 20619 0.10 2.247 0.04
3.27 0.60 2084 0.03 6.04 0.40 2352 0.03 2.334 0.05 2.207 0.04

a Patterns numbered in order of increasing empirieal formula.

- b Broad line.

functional groups in the two compounds; however, in the first
case, except for the carboxyl group, the functional groups differ.

These two cases point out the usefulness of the x-ray method
in the study of organic conipounds, in that it makes available a
rapid and positive method of identification. This is true be-
cause the x-ray pattern depends on the kind and position of the
atoms of the compound and on the bonding between the molecules
of the compound. The melting point depends only on the
strength of the bonding between the molecules while the empirical
formula, and hence the chemical analysis, depends only on the
kind of atom present. It is not surprising, therefore, that a
condition such as mentioned above exists, although the authors
have not seen it detailed in a publication.
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Determination of Platinum in Reforming Catalyst by X-Ray Fluorescence

E. L. GUNN
Humble Oil & Refining Co., Baytown, Tex.

An x-ray fluorescence method has been developed and
applied to the routine determination of platinum in
petroleum reforming catalyst. The specimen is pre-
pared for analysis by briquetting the sample with 5%
of an organic binder. At the 0.6% level the precision
of measurement is expressed as a standard deviation of
0.006% platinum. Excellent agreement with chemical
methods is shown. Instrumental drift with time is
minor but detectable; a method of correcting for it is
described. Optimum tube conditions are selected for
maximum peak-to-background ratio. The influence
of carbon, iron, and water contamination in a catalyst
is minor or negligible. Heat treatment does not affect
the value obtained on a catalyst. Helium offers no
marked advantage over air as an atmosphere in the
optical path of the instrument.

HE initiation of plant reforming operations in the petroleum

industry by means of platinum catalyst has made necessary
the consideration of several methods of analysis for routine in-
spection of this catalyst. One of the inspections required is the
determination of platinum content in the fresh catalyst. The
platinum content of a commercially available fresh reforming
catalyst is 0.50 to 0.60%. After depletion through plant use,
the spent catalyst may be forwarded to a processor for reworking
and recovery of platinum. Because platinum is an expensive
commodity, an accurate evaluation of platinum content in both
the fresh and spent inventory is very important. An inspection
error of only 0.02%, on a 100,000-pound quantity has monetary
value equivalent to approximately $34,000 (platinum current
market value of $120 per troy ounce is assumed). Thus the in-
centive is strong for employing the best analytical techniques
available in the inspections. Several techniques are under in-
vestigation or have been developed (5). X-ray fluorescence has
been demonstrated to be precise and accurate for the deter-
mination of trace metals in cracking catalyst (3). This article
discusses the development and application of an x-ray fluores-
cence technique for the analysis of platinum reformer catalyst.

EXPERIMENTAL WORK

Calibration Standards.. The x-ray fluorescence technique of
analysis is dependent upon the use of reference standards of
accurately known composition for calibration. The standards
used for calibration should be very similar in composition to the
unknown sample. The value of a result obtained in an analysis
obviously is no better than the accuracy to whmh the components
of the calibrating standards are known.

For the present purpose two types of standards have been em-
polyed in calibration: commercial catalysts, the platinum con-
tent of which is known, and synthetic samples containing known
amounts of added platinum. Methods of analysis which have
been employed on commercial catalysts or other platinum-bear-
ing substances include the fire assay, gravimetric, and photo-
metric methods. The difficulty of the technique or the state of
the art of each chemical method is such at present that further
development is necessary to adapt the method to asrapid routine
use as is attainable with x-ray fluorescence. To select a ‘‘best”
set of standards, judicious consideration must be given to the
consistency as well as the quality of values obtained by several

methods, including x-ray fluorescence. The fact that the sample
is not expended in x-ray analysis enables the laboratory to
accumulate a reliable set of reference standards.

Scope. The method is applicable to the determination of
platinum in platinum-alumina catalyst in the range of 0.05 to 1%.

Sample Preparation. A portion of ground platinum catalyst
is ignited in a muffle furnace for 3 hours at 1000° F., then cooled
in a desiccator to room temperature. A 3.8-gram portion is ad-
mixed thoroughly with 0.2 gram of Sterotex, a hydrogenated
corn oil produet (Capital City Products Co., Columbus, Ohio),
preparatory to briquetting. A 5% Sterotex addition helps pre-
vent shattering of the pellet upon ejection from the briquetting
press.

Apparatus. The pellets are fabricated in an Applied Research
Laboratories Model 3502 briquetting press, using a l-inch die
and a pressure of approximately 40,000 pounds per square inch.
Thhels(e conditions yield pellets 1 inch in diameter and 1/¢ inch
thic.

A North American Phillips (Norelco) x-ray fluorescence Geiger
counter spectrometer is used for the analysis of the platinum re-
forming catalyst pellets. A lithium fluoride crystal (d = 2.0138
A.) is used in the goniometer diffracting the fluorescence spec-
trum. A leaf collimator with 0.02-inch spacings is used before
the Geiger tube.

Conditions of Measurement. The catalyst pellet is positioned
in the x-ray beam by means of a modification of the sample
holder supplied with the instrument, as shown in Figure 1. X-
irradiation is generated by a Machlett tungsten target source
tube operated at 40 kv. and 20 ma. The Pt Lg, line intensity is
measured at a fixed position of 32.2° 29, counting 102,400 Geiger
impulses. Although the Pt Le line is more intense than Pt Lg,
the spectral coincidence of several tungsten Lg lines (2) at the
Pt Loy position is rather troublesome, precluding the use of Pt
Lei. Background is read at 29.0° 26, counting 12,800 impulses,
and subtracted from the platinum line to give net counts per
second contributed by the platinum. The variance of counting
statistics, introduced both in line and in background measure-
ment, should be considered in selecting the number of counts to
be taken. The exact positions or angles selected for measure-
ment of maximum line intensity and for background are deter-
mined by manual operations of the specific instrument used for the
analysis. Each face of two pellets or one face of four pellets is

Modified sample holder

Figure 1.
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Table 1. Analysis of Platinum Reforming Catalyst
Platinum, %
Sample Spectro- X-ray
No. photometric fluorescence Difference
1 0.592 .0.583 —0.009
2 0.587 0.590 +0.003
3 0.585 0.582 —0.003
4 0.581 0.583 +0.002
5 0.575 0.575 0.000
6 0.571 0.582 +0.011
7 0.586 0.575 —0.011
8 0.583 0.573 —0.009
9 0.587 0.581 —0.006
10 0.583 0.584 +0.001
11 0.586 0.574 —0.012
12 0.589 0.586 —0.003
Av. 0.006
Table II. Influence of Specimen Preparation on X-Ray

Fluorescence Measurement of Platinum in a Sample of
Reforming Catalyst®

Standard

Specimen Cell Measure- Devisation,
Preparation Fillings ments % Pt
Powder 12 12 0.0092
A, 11 0.0202
1 9 0.0170
Briquet 1 7 0.0125
1 12 0.0053
1 6 0.0082
1 6 0.0018
1 6 0.0018
1 6 0.0038
1 6 0.0020

@ Platinum content 0.632%.

measured and an average net value of counts per second is used
for the interpretation for one determination.

RESULTS

Calibration. A straight-line regression curve was established
to relate concentration of platinum with the intensity in counts
per second of the fluorescent x-radiation. In this laboratory a
working curve has been expressed by the equation

9, platinum = 0.0016+4 (counts per second — 60)

The curve passes through the ordinate rather than the origin for
zero platinum. Several aluminas were tested to verify this prop-
erty of the curve and the measurements were found to be in
good agreement for different aluminas. A slight but charae-
teristic “bump”’ above background in the spectrum at the posi-
tion of the platinum peak causes the curve to pass through the
ordinate. The occurrence of the WLy peak at 32° 2¢ accounts
for this observation (2).

The time requirement for measurement on an unknown nor-
mally is about 15 minutes per sample. The use of one or more
reference samples with the unknowns gives greatest accuracy.

Precision. The estimated precision of fluorescence measure-
ment may be obtained by replicate values on a given sample.
The data of Table 111, for example, are replicates on one sample.
The standard deviation of four replicates is 3.2 counts per second;
this is equivalent to 0.005% platinum.

Comparison of Methods. Table I compares spectrophoto-
metric and x-ray fluorescence methods of analysis on typical
commercial catalyst samples. The former method measures the
intensity of the complex of chloroplatinic ion with stannous
chloride in hydrochloric acid medium (7, 5); in this laboratory a
wave length of either 490 or 403 myu has been used. The max-
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imum difference between methods is 0.0129, and the average
difference is 0.006% platinum.

DISCUSSION

In connection with the development of the x-ray fluorescence
technique for the analysis of platinum reforming catalyst, an in-
vestigation was carried out on several variables which were be-
lieved to influence the accuracy of the method.

Powder vs. Pellet Specimen. Bulk density, surface, homogene-
ity, particle size, and area irradiated are physical factors that are
known to influence the intensity of emitted x-ray fluorescence
(4). The preparation of the sample specimen in a reproducible
manner to minimize the effects of these factors is of utmost im-
portance in an analysis. A comparison was made of preparing
the specimen as a powder, which was hand-packed into a rec-
tangular cell, and as a briquetted wafer. The smaller irradiated
area for the pellet than for the hand-packed powder results in a
slight decrease in peak-to-background ratio for the pellet as com-
pared with the powder. The precision of a series of measure-
ments is shown in Table II, in which the standard deviation is ex-
pressed as per cent platinum,

Table III.

Variation of Measurement between Specimen
Preparations
(0.632% Pt)
Intensity Measurement, Counts per Second
Specimen 1 2 3 4 5 6

A 450.3 448 .2 449 .4 450.5 446.6 461.4

B 448.6 438.8 466.4 440.0 440.8 443.1

[ 443 .4 442.7 440.8 443.7 447.3 450.0

D 444 .1 449 .4 450.0 441.5 442.0 443.2

Av. 446.76
Analysis of Variance
Sum of Degrees of
Source square freedom Variance
Within 810.7 20 40.54
Fo.95(3,20) = 3.10
Between means 157.2 3 52.4
Total 967.9 23 F=1.29

. Conclusion. The difference between means on different specimen prepara-
tions is not statistically significant.

Table IV. Variation of Measurement on a Specimen with
Time

{0.6329% P1)

Date of .
Me}ls.,‘,’e_ Intensity Measurement, Counts per Second
ment, 1 2 3 4 5 6 7 8 Av.

4-13-1955 449.9 453.7 458.7 454.2 452.1 452.2 445.9 447.9 451.8
5-4-1955  450.6 450.3 452.1 449.3 453.3 451.3 T 451.2
5-19-1955 444.1 449.4 445.0 441.5 442.0 443.2 ... 444.2

Analysis of Variance

Sum of Degrees of
Source squares freedom Variance
Within 227.6 2 113.8
Fo.9(2,17) = 3.59
Means 161.6 17 9.51
F = 11.96
Total 389.2 19

_Conclusion. The difference between means for a specimen measured at
different times is highly significant.

With powder filling, the measurements tended to drift with time
of residence in the instrument, although the data that illustrate
this are not included in this paper. This effect was attributed to
heating of the sample, which changed the level of the radiated sur-
face. Actually the data of Table IT indicate that replicates ob-
tained on different fillings are more precise than replicates on the
same filling, where the specimen remains in the instrument during
measurements.
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Table V. Influence of Tube Voltage and Amperage on
Peak-to-Background Ratio for Six Samples®
Tube power setting 15 ma., 45 kv. 20 ma., 40 kv. 25 ma., 35 kv.
Av. intensity, ¢.p.5. b
Background 219.9 219.5 226.6
eak 217.8 278.7 258 .8
Line/background 1.263 1.270 1.142

8 Platinum concentrations. 0.0, 0.10, 0.25, 0.50, 0.60, and 0.632% Pt.
b Each value obtained by averaging measurements on six samples.

Table VI. Influence on Contaminants on Measurement of

Platinum
C.P.S.e
Sample N Av. 8d. t Conclusiond

Reff-mncec (0.632% Pt) 6 446.2 4.8
Reference + 10% graphxce 6 435.3 3.4 4.54 Statistically dificrent
Reference + 1 8 420.4 3.7 10.45 Statistically different

Reference (0. 632% Pt) 6 443.0 1.7
Reference + 10% H:0 6 439.7 3.0 2.39 Statistically different

e 1 ¢.p.s. ~ 0.00165%, Pt b, calibratinn.
b At confidence level of 95%, ¢t = 2.23 for 10 degrees of freedom repre
sented by compared sets of value: s
¢ Basis of analysis, 1000° F. preignition.

The precision for each of several pelleted specimens is better
than for powder. The measurements did not drift with time of
cell residence as they did with the powder specimen. The pre-
cision of a briquet. measurement is indicated to be within about
0.006% platinum on this typical sample.

Repeatability between Specimens. Uniformity of the speci-
men is imperative for obtaining precise measurements. In a test
of varistion between specimen preparations (Table III), repli-
cales were obtained on four specimens and an analysis of variance
was made of the measurements. No difference in specimen prep-
aration is detectable. This is significant, in that it demonstrates
that the pelleted specimen can be prepared in a reproducible
manter.

Repeatability with Time. The stability of the instrument
with time was tested by threc scts of measurements of the same
specimen, taken over an interval of more than a month (Table
IV). An analysis of variance showed that the difference in time
of measurement reflects a significant difference in the results ob-
tained. The maximum difference between averages for the first
and last date of measurement is equivalent to 0.012%, platinum.
This indicates how a possible drilt-in calibration may be detected
at a given time of analysis.

Optimum Excitation Source. In sclecting the conditions of
operation of the x-ray tube the criteria were that the intensity
measurements be within the linear response region of the Geiger
counter and that a maximum peak-lo-background ratio be at-
tained. A series of synthetic samples containing 0 to 0.6%
platinum was selected for measurement. The tube voltage and
current were changed simultaneously, but in opposite direction,
s0 as to give approximately the same count on a given sample
(Table V). A pair of measurements for both the net peak and
background was taken for each sample at the tube voltage and
current selected. An examination of the individual peak-to-
background ratios showed that a setting of 20 ma. and 40 kv.
was more favorable than the other settings. Therecfore only the
average of all measurements for peak and background at each
tube condition is presented in Table V, inasmuch as the conclu-
sion remains the same. This method makes possible a reason-
able approximation of the optimum voltage-current setling,
which gives maximum peak-to-background ratio.

Contaminant Effects. Contaminant substances which alter
the composition of platinum reforming catalyst may interfere in
the fluorescent measurement of platinum in two ways: by
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spectral coincidence—e. g., Pt Lg, with SeK,, or GeKg—and
by matrix effects in which the platinum intensity is either en-
hanced or reduced by the presence of the extraneous element (6).
All probable contaminants and their concentration in a used
catalyst cannot be predicted with certainty. A test of the effects
of a few likely contaminants can be made, however, by delib-
erately adding them to a fresh, clean reference catalyst. This
has been done with carbon, iron, and water. The amount of
contamination added in edch case was presumed to be somewhat
in excess of that normally found in a uscd catalyst. Sets of
fluorescence measurements were made on the fresh and the con-
taminated portions. ’

In determining the differences between sets of measurements
it has been necessary to resort to statistical interpretation, the
¢ test, to define the reality of such differences with a given level
of confidence. A 95% confidence level was arbitrarily selected
for this purpose. The results of the statlsmcal interpretation are
summarized in Table VI.

The presence of 109, high-purity spectroscopic graphite pro-
duces a statistical difference when introduced by powder grinding
into a reference sample—i.e., a slight reduction in count is ab-
served. The difference produced by the curbon dilution is
equivalent to 0.0189% less platinum in an analysis. These
measurements suggest that if about 1% of carbon were present
as coke, the effect would not be detectable in a fluorescence an-
alysis. : :

Ferric oxide contamination introduced by powder grinding in
the amount of 1% produces a statistical difference. This
amount of iron produces a reduction of 0.025% in the result for
platinum. Where the amount of iron in a sample may be ag
much as severul tenths per cent, an empirical correction factor,
developed from the analysis of synthetic samples, should bhe ap-
plied.

Table VII. Influence on Heat Treatment on
Measurements of Platinum
(0.632%)
Heat __CPS. —
Treatment N Av. S.d. t Conclusion®™
1000° F. 6 446.2 4.8
1800° F., 1 hr. 6 441.6 4.0 1.82 Not statistically different

a At confidence level of 95%, £ = 2.23 for 10 degrees of freedom repre-
sented by compared sets of values.

Table VIIL.

Influence of Atmosphere upon Measurement
of Platinum in Reforming Catalyst
(0.632% Pt)
Intensity, C.P.5.

Atmosphere N Be. Net line S.d. Line/Bg.
Air 6 213.8 462.2 4.14 2.162
Helium [} 228.5 300.8 3.68 2.192

Ten per cent of water in a sample barely produces a statistical
difference in a set of measurements where the reference sample is
preignited at 1000° F. The difference is just significant in the
sets of measurements compared in Table VI and is equivalent to
0.0055%, platinum, which is approximately the standard devia-
tion of measurement observed on other samples. As with car-
bon, the considerable dilution with 109, water has a rather
minor effect on the results. This indicates that the dilution
effect, of the elements of low atomic number—i.e., carbon and
wate
more of the platinum radiation to be emitted from the sample.
It is highly unlikely that, following ignition at 1000° F., the
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sample would hydrate sufficiently during preparation and an-
alysis to produce a measurable effect on the analysis value.

Effect of Ignition. The density of alumina normally is increased
by strong ignition. To test the possible influence of ignition, a
portion of sample previously ignited at 1000° F. was reignited
at 1800° F. for 1 hour, then measured (Table VII). No difference
due to degree of severity of ignition is shown. It is probable that
this result is due in part to the briquetting operation in preparing
the sample. The pellets are reduced to nearly the same bulk
density, regardless of the effect of prior heat treatment. Thus
no adverse effect of degree of heat experience in plant use be-
tween catalysts should be reflected in the platinum analysis by
x-ray fluorescence.

Effect of Atmosphere. For elements of low atomic number,
which emit long wave-length x-rays, the use of a vacuum or a
gas of low atomic number, such as hydrogen or helium, is a great
aid in fluoreséence measurements. Although the Pt Lg wave
length is relatively short- i.e., 1.12 A.—it was considered that
the use of helium might be an improvement over air in the
quality of measurements obtained. Table VIII presents results
for air and helium. No marked difference either in line-to-
background ratio or in precision is achieved through the use of

Stable Carbon Isotope Analysis

R. E. FERGUSON and H. P. BROIDA
National Bureau of Standards, Washington 25, D. C.

The use of C; radiation from an acetylene flame for the
measurement of relative concentrations of the carbon
isotopes, C!2 and C!3, has been investigated. Carbon-
13-enriched samples of acetylene were burned in pre-
mixed flames with air, and relative intensities of the
Swan bands due to the isotopic C; radicals were meas-
ured photoelectrically. A representative calibration
curve of the intensity ratio C12Ci3/C12C2 ps, CB3
abundance in the fuel is presented and discussed.

UCCESSFUL applications of optical spectroscopy to routine
determination of hydrogen isotope concentrations (1, 2)
have encouraged the study of its applicability to the analysis
of other stuble isotope mixtures. The work reported here
concerns the use of Cs radiation from a flame for the measure-
ment of relative concentrations of the carbon isotopes, C'* and
C12, It is not intended to describe a finished procedure suitable
for routine application, but rather to indicate the potential use-
fulness of the method and to point out the precision which cun be
expected with the use of simple apparatus.

The C; Swan bands are well-known components of the visible
radiation from the inner cone of hydrocarbon flames. At present
the origin of the transient C, molecule is not known (5). These
bands have been used previously (6) in studies of the natural
abundance of carbon-13 in terrestrial carbon and in stellar
atmospheres. The work deseribed here differs from earlier
studies in that a very small flame was the light source, photo-
electric rather than photographic techniques were used, and a
representative calibration curve covering a relative abundance
range of interest in tracer work was obtained and is given for
illustration.

In the procedure developed, several samples of acetylene
with carbon-13 content in the range from 3.6 to 23 atom % of
the total carbon were burned with air on a small burner, and the

ANALYTICAL CHEMISTRY

helium; the rather minor improvement does not appear to justify
its use in the routine procedure.
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by Optical Spectroscopy

emission spectra of the flames (inner cone) were recorded with a
photoelectric recording spectrometer. The relative intensities
of the 1,0 band heads of the 31 —3II (Swan) system due to the
isotopic Cs radicals C2C?, C2C"¥, and C**C" in the region from
4735 to 4755 A. were measured; the data were used to make a
plot of the C12C13/CiC* band head intensity ratio against
carbon-13 relative abundance in the fuel. The discussion  which
follows deals mainly with this curve and the possibilities which it
indicates for determination of carbon-13 abundance in carbon-
containing samples.

The 1,0 band was selected because of its relatively high in-
tensity in a flame, the low intensity of background radiation at
the head of the band, the favorable separation of the band heads
of the isotopic C; radicals (about 7 A.), and because in this band
the C2C' head is clear of overlapping lines of the C12C*? spec-
trum.

An acetylene flame was chosen because of the relatively high
intensity of C, emission from the inner cone with this fuel. Air
rather than oxygen was used because with oxygen it is difficult to
avoid flashback and at low flow rates the flame is inconveniently
sensitive to adjustments. An acetylene-air flame gives little
trouble in this respect.

EXPERIMENTAL

Acetylene-carbon-13 was prepared by the carbide method (8)
from enriched barium carbonate (Eastman Kodak Co.). It was
purified by three vacuum distillations from a trap at dry ice
temperature into a trap at liquid nitrogen temperature. Ordinary
tank acetylene, freed of acetone by vacuum distillation, was used
to dilute samples of the acetylene—carbon-13 for the preparation
of mixtures for analysis. The mixtures were prepared volu-
metrically on the vacuum line by first measuring acetylene—
carbon-13 and ordinary acetylene separately and then condens-
ing them together into a storage bulb. Volume measurements
were made at the same pressure to avoid the necessity of com-
pressibility corrections.

The starting sample (66.6 atom 9 carbon-13) and one diluted
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Figure 1. Burner assembly

sample (22.9 atom %, carbon-13) were analyzed mass spectro-
metrically. The relative abundance of carbon-13 in the samples
is given here as usual in atom per cent of the total carbon. The
other mixture compositions, 11.9, 6.3, and 3.6 atom % carbon-13,
were calculated from the results of these analyses and the volu-
metric dilution measurements. The mass spectrometric analyses
showed & maximum of 1%, impurity, most of which was ethylene.

The isotopic acetylene mixtures prepared by dilution of
carbon-13-enriched acetylene with ordinary acetylene do not
have the carbon isotopes distributed randomly among the acety-
lene molecules, For example, in the mixture containing 22.9
atom %, carbon-13, the isotopic acetylenes HC'*C'?H, HC*C*’H,
and HC1CH are present in the concentration ratio of 69 to 16 to
15, respectively. If the atetylene sample had been prepared from
homogeneous barium carbonate containing 22.9 atom % carbon-
13, the respective concentrations would be approximately 60 to
35 to 5. The slight effect of the isotope distribution in the
acetylene upon that in the C; in the flame is discussed below.

The acetylene mixtures were burned on a small welding torch
with an orifice diameter of 0.5 mm., using the delivery apparatus
shown in Figure 1. The acetylene and air were premixed in the
torch in proportions (somewhat less than the stoichiometric
amount of air) which gave the greatést intensity of the C, bands.
Control valves were set using tank acetylene and were left in the
same position for all mixtures burned. The sample was delivered
from 2 rubber gas-expansion bag filled on the vacuum line; con-
stant delivery was achieved by surrounding the bag with nitrogen
at 5 pounds per square inch gage from a pressure-regulated tank.
The three-way stopcock shown in Figure 1 was used for flushing
or evacuating the upper part of the assembly between determina-
tions. A stable and reproducible flame of sufficient intensity was
obtained with an acetylene flow of 6 cc. per minute. The samples
ranged from 50 to 100 Te. (normal temperature and pressure).
Ten separate spectra could be obtained with a 100-cc. sample in
a burning time of about 16 minutes.

The inner cone of the flame was focused on the slit of a mono-
chromator with photomultiplier detection and pen recorder (4).
(This instrument was constructed by the Research Department
of Leeds & Northrup Co. and loaned to the National Burcau of
Standards on a field trial arrangement.) Recorded intensities are
directly proportional to the emitted light intensities. A slit
height of 2 mm. and a slit width of about 0.02 mm. were used;
this permitted the clear resolution of lines 0.6 A. apart. For the

purpose of analysis considerably lower resolution would be ade-

quate.
RESULTS

Figure 2 shows recordings of the 1,0 band heads of the isotopic
C, radicals obtained with three acetylene samples of different
carbon-13 content. The scanning rate was 12 A. per minute.
The first recording, 4, madc with acetylene containing 22.9
atom %, carbon-13 is shown to illustrate the reproducibility of
the relative band head intensities. Just to the left of the dotted
vertical line the direction of scanning of the spectrum was re-
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versed and the tracing was repeated as a mirror image. Curve
B is a recording of the same spectral réegion with a flame of acety-
lene containing 6.3 atom ¢ carbon-13. In this case the C13C13
band head intensity is too low to stand out above the noise level,
although the C12C13 head can still be measured accurately.
Curve C was made with a flame of ordinary tank acetylene;
the C'2C'? band head is due to the natural abundance of earbon-
13, which is about 1.1 atom %.

Figure 2 shows that the band heads are well separated and
that the intensities can be measured easily. Only the C12C'?
and C2C!¢ band head intensities are needed for the determina-
tion of the relative abundance of carbon-13. A calibration curve
using these two band heads is shown in Figure 3, where the ob-
served intensity ratio, C12C18/C12C12 is plotted »s. C'3 abundance,
expressed in atom per cent, in the acetylene burned.

This plot is not expected to be linear. If the carbon in the
radiating C; is assumed to be a representative sample of that in
the fuel, with random distribution of the isotopes among the
C, pairs, a simple algebraic analysis will show that the curve is
essentially a graph of 2(C13)/[1—(C!3)] ws. (C'3), where (C'?)
is the atom fraction of carbon-13 in the carbon.

Each ratio plotted is the arithmetic mean of the results of
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three separate scans with the same sample and the same flame.
In all cases, the standard deviation of the mean of the three
measyrements was less than 2.59% of the mean value. The cor-
responding error in the carbon-13 abundanee, expressed in the
same way, did not exceed 2.5% of the measured abundance.
In the poorest measurement of the series (that for the sample
containing 3.6 atom %, carbon-13) the standard deviation of a
single observation based on a group of three amounted to 4.39;
of the mean value.

With samples containing less than 15 atom 9, carbon-13, the
C12C1? and C*2C*3 intensities were very nearly proportional to the
expected isotopic C; eoncentrations caleculated by assuming a
random distribution of the isotopes in G,; thus, it is estimated
that the measured intensity ratio alone could be used direetly
to determine the carbon-13 abundance to the nearest 19 in this
range. For greater accuracy the use of a calibration curve is
desirable; this eliminates possible difficulties caused by small
isotope effects on reaction rates and differences in spectral char-
acteristics of the isotopic C. radicals, and takes care of in-

" strumental peculiaritics as well.

The nonequilibriuin composition of the isotopic acetylene
mixtures burned was referred to carlier. Another study (6)
has shown that the emission from the isotopic C; radicals in the
flame depends 'to a slight cxtent upon the isotopic composition
of the scctylene. For example, if the acctylene has a deficiency
(compared with the statistical equilibrium concentration) of
HC12C13H, the C12CH intensity will be slightly lower than that
caleulated from the carbon-13 abundance alone. . The effect is
as if about one tenth of the C: comes directly from the carbon-
carbon pairs of the acetylene introduced into the flame. It
is necessary to take this effect into account for accurate measure-
ments in the range above 15 atom % carbon-13 on samples pre-
pared by dilution with ordinary acetylene. This can be done
by using a calibration curve obtained with acetylene samples
simiilar in composition to those to be analyzed. On the other
hand, in undiluted acetylene prepared from diluted carbon
dioxide or barium carbonate, the isotopic species are present in
nearly equilibrium concentrations and the effect is absent.

DISCUSSION

These results show that optical spectroscopy can be used for
rapid and reasonably accurate determinations of C'3/C1? ratios.
The two major disadvantages of the method suggested here are
that acetylene must be prepared from the carbon-containing
sample and that the sample of acetylene is destroyed by the
analysis. These disadvantages can be lessened by modifying the
procedure.

ANALYTICAL CHEMISTRY

In actual application of the method, the carbon in the com-
pound to be analyzed ean be oxidized to_carbon dioxide. The
carbon dioxide can then be converted to acetylene by the method
of Monat and Robbins (7) with 989 vield. This is a simple
procedure and can be used for the preparation of acetylene from
most carbon-containing substances. In view of the high yield,
isotope fractionation is probably necgligible, although this has
not been investigated experimentally.

To reduce the size of sample required for burning, the acety-
lene—carbon-13 can be diluted with ordinary acetylene, remember-
ing that the natural abundance of carbon-13 is 1.1 atom %.
The extent of dilution possible depends upon the optical in-
strumentation used and upon the accuracy desired. In addi-
tion, the dead space in the burner assembly can be reduced and
the rate of burning might also be decreased. It should be pos-
sible, with care, to reduce the total sample to less than 10 ce. of
acetylene.

The results reported here do not give basis for a reliable
estimate of the ultimate accuracy of the method, which will be
determined largely by the precision of the results. However, in
the determination of hydrogen isotope ratios using the same
instrument, a precision of 0.1% in the ratio of two intensities
was obtained (7). This may be taken at present, with the in-
strument used, as a possible limit to the precision which ean be
achieved in such measurements under the very best conditions—
i.e., with intense, well-resolved atomic line spectra and a very
stable source. .

The technique suggested does not compare favorably with
the mass spectrometric method in regard to the time requirved
for sample preparation (preparation of acetylene instead of
carbon dioxide), size of sample used (10 cc. vs. 0.1 cc.), and in
the extent of development of the procedure. However, it may
be found useful, especially in laboratories which do not have
access to a mass spectrometer but which are equipped with an
optical spectrometer of moderate resolving power.
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Spectrophotometric Determination of Microgram
Quantities of Bisodium Dihydrogen Ethylenediamine Tetraacetate

OSCAR MENIS, H. P. HOUSE, and I. B. RUBIN

Analytical Chemistry Division, Oak Ridge National Laboratory, Qak Ridge, Tenn.

A rapid spectrophotometric method for the determina-
tion of microgram quantities of disodium ethylene-
diamine tetraacetate (EDTA) is based on the absorb-
ance of the complex formed by the reaction of EDTA
with an excess of cupriec ion. The copper-EDTA com-
plex is developed in a sodium dihydrogen phosphate
buffer of pH 11. Absorbance is measured against a
copper sulfate=buffer reference solution at a wave
length of 250 myu. The effects of several variables were
studied and optimum operating conditions estab-
lished. Nickel, cobalt, and chromate interfere; cations
that form weaker complexes with EDTA than copper do
not intexfere. The relative standard deviation for
samples containing 125 to 500 v of EDTA was 8%; for
500 to 1500 v, 2%.

ISODIUM dihydrogen ethylenediamine tetraacetate
(EDTA) has, in recent years, found wide application in
analytical and other branches of chemistry. The quantitative
determination of this compound is, accordingly, of considerable
interest to the analytical chemist. A limited number of methods
for the determination of EDTA have been reported (3-5). Of
these, a spectrophotometric method outlined briefly in a bulletin
issued by the Bersworth Chemical Co. (2), which makes use of
the color of a complex formed when EDTA reacts with cupric
ions, was selected for the determination of microgram quantities
of EDTA, As little or no detail is given, a number of variable
factors affecting the procedure were studied. These included
wave lengths best suited for measurement of absorbance, buffer
concentration, reference solutions, and excess of chromogenic
reagent. Studies were also made of interferences and of the
stability of the complex with temperature. A satisfactory ana-
lytical procedure has been developed which incorporates a num-
ber of important modifications of the Bersworth procedure.

EXPERIMENTAL

Absorption Spectrum. EDTA reacts with cupric ifon in a
buffered solution of pH 11, to produce a colored complex. As

Table . Absorbance Index for EDTA as a Function of
Buffer Molarity
Conditions. Buffer solution, Na:HPO.

4
EDTA, 20, 30. 40, and 60 + per ml.
Final volume, 50 ml.

pH, 11
Reference solution, 4 ml. of 0.25% CuS0Oa diluted to 25 ml. with

buffer solution

Reference Absorbance Standard
Buffer, Solution, Index,s Deviation,
M Absorbance Av., as o
0.6 1.70 6.54 43
0.4 0.563 8.09 16
0.2 0.143 8.03 7
0.1 0.085 8.40 2
0.05 0.135 9.69 17
a Absorbance index = as = [:—g
where 4; = ahsorbance
¢ = concentration, g./1000 grams of solution
b = length of light path, cm.

shown in Figure 1, the absorbance of this complex, when meas-
ured against a blank consisting of a solution of the reagents in a
buffer solution, exhibits & maximum in the ultraviolet region of
the spectrum between wave lengths 230 and 260 myu.  Over this
band, the absorbance is practically constant. Accordingly, a
point near the center of this region, 250 my, was chosen for use
in the determination of EDTA. At this wave length, the ab-
sorbance was found to be much greater than at the wave length
recommended by Bersworth—280 and 340mg (2). Furthermore,
small shifts in the wave length have little effect on the absorb-
ance in the spectral region near 250 my, whereas at 280 or 340
my the absorbance changes rapidly with small changes in wave
length.

Effect of Buffer Concentration. The complex is formed in a
disodium hydrogen phosphate buffer solution adjusted to pH 11
with sodium hydroxide. The data presented in Table 1 indicate
that minimum absorbance of the reagent blank and maximum
precision are attained at.0.1M disodium hydrogen phosphate.

Calibration Graph. It was established that the absorbance of
the EDTA-copper complex, when measured against a copper
sulfate-buffer reference solution, conformed to Beer's law. When
water, buffer, or EDTA solutions were used as reference solu-
tions, the absorbance-concentration graphs were nonlinear and

0.500

0.400

0.300

0.200

ABSORBANCE, Ag=-LOGT

0.100

0.000 11 1 1 ) h
220 260 300 340 400

WAVE LENGTH, mp

Figure 1. Absorption spectra of copper—ethylene-
diamine tetraacetate in ultraviolet region

Absorbing Solution Reference Solution

A, 1.49 X 1074 M Cu-EDTA H.0
B. 1.49 X 1071 M Cu-EDTA CuS0~Na:HPOy
C. CuS0s — Na:HPO: H:0

1433



1440

ANALYTICAL CHEMISTRY

Table II. Effect of Excess Reagent on Absorbance of

Complex and Reference Solutions

Conditions. EDTA, 50 ¥ per ml.
CuS804 solution, 0.25 w./v. %

Excess CuSQ,, Absorbance

0.25% Soln., Cu-EDTA Reference
ML complexs solutionb

0.15 0.422 0.090

0.5 0.420 0.095

1.0 0.423 0.087

2.0 0.431 0.091

3.0 0.425 0.093

5. 0.420 0.083

Relative standard deviation, 1%,

@ Reforence solution, 0.25% CuSO0: in 0.1 buffer solution.
& Reference solution, water,

a constant absorbance index could not be caleulated. The data
are presented in Figure 2. Accordingly, the copper sulfate-
buffer solution was selected for use as the reference solution in
subsequent studies and in the procedure that was finally adopted.

Effect of Excess Copper Sulfate Reagent. In the Bersworth
procedure (2), only a very slight excess of copper sulfate is added
over that required to complex all of the EDTA. Copper sulfate
is added until a slight turbidity is observed by its Tyndall effect.
An excess of 2 drops of 0.25%, copper sulfate is then added. This
method of regulating the excess copper sulfate is unsatisfactory,
because the amount required to produce a detectable turbidity
is dependent on the method of observation—i.e., whether ob-
served by means of a narrow beam of light or by diffuse light—
and, more important, a number of interfering cations will form
precipitates that obscure the end point of the copper addition,
since they are displaced from their EDTA complexes by copper.

BUFFER SOLUTION , O-1 M No, HPO4 pH, |1

REFERENCE SOLUTIONS:
8—COPPER SULFATE- BUFFER SOLUTION
4-EDTA- BUFFER SOLUTION
©=BUFFER SOLUTION
®—WATER

1 \\
H
L SN
w N
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2
4 .
@
-
o
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.0 0.020 0.040 0.060 0.080
EDTA, ¢/1000 mi,
Figure 2. Absorbance index as a function of reference

solution

Therefore, tests were made to determine whether excess re-
agent was detrimental. Excess copper sulfate, up to 5 ml of a
0.25%, solution, produced no significant effect on the absorb-
. ance of either the copper-EDTA complex or the reference solution
(Table IT). In fact, in the presence of a number of cations such

as iron, calcium, or magnesium, an excess of copper sulfate was -

required to displace these cations from their complexes with
EDTA,; otherwise, the test results were low. In order to ensure
a sufficient excess of copper for this purpose, 4 ml. of a 0.25%

Table ITI.

Conditions. EDTA, 50 v per ml.
Reference solution, water

Interference of Various Ions

Weight EDTA
Ton Ratio, Found, Error,
Added Ion/EDTA ¥ %
Co++ 0.032 40.5 -1
0.13 49 -2
0.16 47 - 6
0.32 45 —-10
Ni++ 0.024 47 - 6
0.12 33.5 ~33
Cr+++ 0.32 48.5 3
0.64 48.5 3
Ca*+ 0.16 48.5 -3
Mg++ 0.18 48.5 -3
Fet+ 0.20 51 + 2
Fet++ 0.20 52 + 4
0.40 52.5 + 5
Crts 0.14 83.5 +67

copper sulfate solution was added in the analysis of all samples.
The excess copper precipitates as copper hydroxide at the pH
at which the color is developed and is removed by filtration or
centrifugation, together with hydroxides of any other metals
that have precipitated after displacement from their complexes
with EDTA.

Effect of Temperature. Tests were made to determine whether
heating affected the absorbance of reference solutions and of
copper-EDTA solutions after removal of excess copper as the
hydroxide. The solutions were heated to 80° to 90° C. and cooled
to room temperature, and the absorbance was measured. No
difference was observed in the absorbance of heated and un-
heated solutions. However, the reproducibility was lowered for
the reference solutions that had been heated.

Stability. Solutions of the copper-EDTA complex stored in
polyethylene containers were stable over a 14-day period. Prior
heating tended to increase the stability slightly. This was also
true with the reference solution. However, the reference solution
was more stable when stored in glass rather than polyethylene.

Interferences. A limited number of tests were made of inter~
ferences. Nickel and cobalt are more strongly complexed than
copper by EDTA at pH 11 (7, 6). Consequently, these two
metals interfere in the determination of EDTA. Nickel inter-
fered in all concentrations. Cobalt did not interfere at concen-
trations below one tenth of that of the EDTA. The chromate
ion interfered because of its strong absorbance in the spectral
region used for measuring the absorbance of the copper-EDTA
complex. Tons which are displaccd from their complexes by
copper do not interfere, because they are precipitated as the hy-
droxides and removed with the excess copper. The extent of
interference by various ions is shown in Table III,

PROCEDURE

The following procedure is simple and can be carried out rapidly
without the use of special apparatus other than an ultraviolet
spectrophotometer.

Transfer a test portion of sample containing from 125 to 1500 v
of EDTA in a volume of 5 ml. or less to a 25-ml. volumetric flask.
Add 4 ml of 0.25% copper sulfate reagent solution, and then
add 0.1M disodium hydrogen phosphate buffer solution to the
25-ml. mark. Iilter the solution through a dry filter paper. Pre-
pare a reference solution by diluting 4 ml, of the copper sulfate
reagent solution to 25 ml. with the buffer solution and filtering
the diluted solution. Use the reference solution to set, the spec-
trophotometer to zero at 250 mg, and then measure the absorb-
ance of the sample solution. For samples containing 500 y of
EDTA or less, use 5-cm. silica cells; for larger amounts of EDTA,
use 1-cm. cells, Measure the absorbance of a series of standard



VOLUME 28 NO, 9, SEPTEMBER 1956

EDTA solutions, processed in the same manner as the sample, and
compute the average absorbance index. Use the absorbance in-
dex to caleulate the concentration of EDTA in the sample from
its absorbance.
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Spectrophotometric Titration of Fluorides in Radioactive Samples

J. E. LEE, JR., J. H. EDGERTON, and M. T. KELLEY
Analytical chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Apparatus is described which is suitable for the pyro-
hydrolytic determination of fluoride in radioactive
liquids or solids. Fluoride in the radioactive distillate
from the pyrohydrolysis is determined by a remotely
controlled titration in an apparatus of special design.
The apparatus was evaluated by determining the fluo-
ride content of solid uranium tetrafluoride, a mixture of
solid fluoride salts, and a solution of fluoride salts.
The relative standard deviation of the data for 2.5 to
15 mg. of fluoride was 3% for uranium tetrafluoride
samples.

HE procedure described by Warf, Cline, and Tevebaugh (5)

for the pyrohydrolytic determination of fluoride has been
adapted to the analysis of semimicro quantities of highly radio-
active liquids and solids. Modified apparatus was developed
for the pyrohydrolysis of the sample and for spectrophotometric
titration of fluoride by remote control. The fluoride contents
of solid uranium tetrafluoride, of a mixture of fluoride salts, and
of a radioactive liquid that contained fluorides were determined

SILIEA SUPERHEATER TUBE ~—. '———‘
CEMENTED PLATINUM-TO- : C :
—_—e ey

SILICA COUPLING

satisfactorily by use of the apparatus. The radiation level of
samples was sometimes as high as 100 roentgens at contact, and
radioactive fission products were present in the distillates.

PYROHYDROLYSIS APPARATUS

The unique feature of the pyrohydrolysis apparatus employed
(Figure 1) is that it can be used for the analysis of either liquid
or solid radioactive samples. It consists of a steam generator
and superheater, a pyrohydrolysis unit, and a collector for the
fluoride distillate.

The steam generator is constructed of standard borosilicate
glassware. The superheater is a silica tube which passes through
a furnace made from standard 8-inch-length heating elements.
The furnace can be heated to a temperature of 1100° C. Control
of the steam supply is critical because of the small volume of the
pyrohydrolysis unit. Control is maintained by leaving the steam
generator open to the atmosphere through a condenser. Steam
passes through the system as & result of the reduced pressure
that is maintained in the distillate receiver.

The pyrohydrolysis unit is constructed of platinum [or nickel
(8)]; it incorporates a standard 20-ml. tubulated Gooch crucible.

AIR INTAKE.

PLATINUM TUBING

CONDENSER

L

DISASSEMBLY JOINT

POLYETHYLENE

MOVABLE FURNACE

Figure 1.
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0246 8i0em

d 8-in. CONDENSER:

STEAM GENERATOR
(500~ ml.FLASK)

HEATING MANTLE

Apparatus for pyrohydrolysis
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TITRANT RESERVOIR

- T
\ . BURET

50mm, SPECTROPHOTO- ¢
METRIC FLOW CELL~ />

BECKMAN MOD:L 8 ~.
SPEGTROPRATOMETER .

Figure 2.

Usc of this crucible was suggested to the authors by Vogel (4).
The inlet tube of the crucible head is cemented to the silica tube
of the syperheater by means ol Sauereisen paste No. 1. A side
arm of platinum extends from the exit tube of the tubulated
crucible to form the inner tube of the distillate condenser. The
pyrohydrolysis crucible is heated by a movable furnace 1 inch
1n inside diameter, which is constructed from standard 6-inch
heating ¢lements, supplied as replacement units that are mounted
in an appropriate refractory. The elements are mounted in a
stainless steel beaker and are insulated with asbestos fiber. The
flange of the crucible is supported by the top of the furnace; the
entire lower section of the crucible extends into the hottest zone
of the furnace. The tapered platinum-to-platinum seal of the
crucible lid is held closed by the mild pressure of the supporting
flange and is satisfactory without the use of a cemented seal, if
care is taken to keep the contacting platinum surfaces clean and
freec of deformations. A thin sleeve of silica tubing is inserted
between the furnace and the crucible in order to provide added
protection to the platinum crucible,

The distillate is collected in a polyethylene container that is set
inside a Fisher Filtrator, which is under moderate, regulated suc-
tion. The slightly reduced pressure (of the order of 1 to 2 inches
of water) eliminates leakage at the crucible closure and surges
that result from boiling phenomena. A condenser jacket is fitted
to the platinum side arm to form the distillate condenser. The
jacket 1s attached at the bottom to the platinum tube by means
of a rubber stopper. The cutlet port of the jacket is of larger
dia.me;,er than the inlet tube, in order to allow discharge of the
cooling water from the condenser before the water reaches the

Table I. Fluoride in Solid Irradiated Uranium
Telrafluoride
Test
Determina- Portion, Fluoride®,
tion Mg. Wt. %
1 29.7 24.9
2 25.5 25.0
3 20.6 23.2
4 15.2 24,1
35 13.4 22.6-
6 10.9 24.8
7 10.0 24.7
8 26.5 23.7
9 27.0 24,3
10 43.2 23.9
11 58.0 23.8
Av. 24.1

@ Theoretieal fluoride content, 24,20 wt. %. An experimental value of
24.18 wt. % was obtained on the sample before it was irradiated. A macro-
appajatus, similar to that described by Warf, Cline, and Tevebaugh (&),
and visual end point detection were used. The relative standard deviation
was 1.07% for 15 consecutive analyses of test portions that weighed 35 to 60
mg.

I
© 246 810cm

/ms‘nLLzu WATER SUPPLY

TITRATION GELL

FLOW
REGULATORS

TO DRAIN

CIRCULATION PUMP

|

Apparatus for spectrophotometric titration

top of the jacket; it is therefore not necessary to support the
jacket against the hot upper end of the platinum tube.

SPECTROPHOTOMETRIC TITRATION APPARATUS

Fluoride in the radioactive distillate from the pyrohydrolysis
apparatus-is determined by a remotely controlled titration ap-
paratus of special design (Figure 2).

The titration procedure is similar to that described by Nichols
and Kindt (2). The titrant is thorium nitrate solution, the buffer
is monochloreacetic acid—sodium hydroxide solution, and the
indicator is alizarin red 8. With the exception of the light-trap
cover for the absorption-cell chamber of the Beckman spectro-
photometer, the apparatus is constructed from stock items. The
titration cell is made from an extraction cell or from the end of a
large burct. The test solution is circulated from the titration cell
through the absorption cell by means of an Eastern Model A-1
Monel centrifugal pump, available from Burrell Corp., Pitts-
burgh, Pa. In this way the radiation hazard to the operator is
decreased, and the apparatus therefore has an advantage over the
assembly described %y Goddu and Hume (7). The radioactive
solutions can be discarded with & maximum of safety through the
drain provided in the line.

The radioactive, fluoride-containing distillate collected from
the pyrohydrolysis in a solution of excess sodium hydroxide is
titrated by transferring the distillate to the titration cell and
neutralizing it to the phenolphthalein end point with hydro-
chloric acid.,. The centrifugal pump is used to stir the solution.
The buffer solution and indicator are then added, followed by
enough water to make a total volume of approximately 200 ml,
The titrant is added in increments, and the solution is circulated
for 10 to 20 seconds, and then allowed to rest for 30 to 40 scconds
before the per cent transmittancy of the solution at 525 my is
read and recorded. The point of maximum change in the per
cent transmittancy is taken as the empiricdl equivalence point

2).
¢ Air is trapped in the solution if the pump is not properly primed.
After the titration is completed, the solution is drained from the

Table II. Fluoride in Radioactive Mixture of Solid
Fluoride Salts
Test
Determina« Portion, Fluoride,
ion Mg. Wt. %%
1 40.8 41.4
2 40.4 40.8
3 42.7 40.3
Av. 40.8

o 4 value of 41.6 wt. % was obtained on the sample before it was irradiated.
A macroapparatus, similar to that described by Warf, Cline, and Tevebaugh
(6), and visual end point detection were used.
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system, and the system is flushed clean by pumping distilled
water through it.

EXPERIMENTAL EVALUATION OF APPARATUS

The apparatus was evaluated by determining the fluoride
content of uranium tetrafluoride; no accelerator was used in the
pyrohydrolysis. The results of 11 consecutive determinations on
test portions that ranged in size from 10 to 58 mg. arc given in
Table I. The relative standard deviation of these test results
is 3%,.

A solid sample that was principally a mixture of uranium fluo-
rides and alkali-metal fluorides, and had been shown by macro-
analysis to contain 41.6 weight % fluoride, was also analyzed by
use of the apparatus. Aluminum oxide was used as the accel-
erator for the pyrohydrolysis reaction; the test portions of the
sample were bedded in 0.5 gram of alumina and hydrolyzed for
60 minutes. The results of the three determinations of fluoride
are given in Table II. The average of these results agrees satis-
factorily with the value obtained by use of the macroapparatus,

The apparatus was also evaluated by the analysis of a radio-
active solution of fluoride salts that was prepared to contain 23
p.p.m. of fluoride.

The solution was 1M in nitric acid and also contained thorium,
7.5M; aluminum, 3.00; vanadium, 1.5M; iron, 0.01M, nickel
0.018{; and chromium, 0.01)4. The test portion of the sample
was absorbed in the bed of aluminum oxide accelerator in the
pyrohydrolysis crucible. A pellet of sodium hydroxide was also
included in the crucible charge. This provided a sufficiently
soluble residue from the high-temperature pyrohydrolysis reac-
tion to permit subsequent cleaning of the crucible with a mini-
mum of handling. The charged crucible was next positioned in
the cold apparatus. After the superheater was heated to 1100° C,
and the suction turned on, the temperature of the crucible furnace
was elevated slowly. The volatile constituents of the test portion
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Table ITI. Fluoride in Radioactive Solution of Fluoride
Salts
{3-ml. test portions)
Determination Fluoride, P.P.M.2

1 23
2 21
3 20
4 20
3 25
6 25

Av. 22

& Solution prepared to contain 23 p.p.m. of fluoride.

were thereby removed before the maximum supply of super-
heated steam came in contact with the test portion.

The results of the analysis of the sample are given in Table
III. The agreement between the amount of fluoride added and
that recovered is satisfactory, especially for the small fluoride
congentration concerned.
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Rapid Photometric Determination of Magnesium in Electronic Nickel

C. L. LUKE
Bell Telephone Laboratories, Inc., Murray Hill, N, J,

The photometric oxine method for, the determination
of magnesium in nickel has been modified to permit
rapid determinations. ‘Interference is eliminated by
removing certain interfering metals with an ammonium
hydroxide separation and by masking eothers with
cyanide.

HE photometrie oxine method for the determination of mag-

nesium in nickel (f) gives reliable results, but is time-con-
suming because of the number of separations involved. Because
most of the nickel samples submitted for analysis contain less
than 0.01% calcium, and because interference due to this metal is
not serious, it seemed probable that the previously published
method could be greatly simplified if no attempt was made to re-
move the calcium. This has proved to be true. By removing
manganese with the hydroxide precipitate, rather than with car-
bamate,, and by masking with cyanide the interference due to
nickel, cobalt, and the like, it has been possible to reduce the time
of analysis to about 15 minutes.

REAGENTS

Nickel Metal. The nickel metal used in the preparation of the
calibration curve should not contain more than {.001%, mag-

nesium or 0.005% calcium, zine, cadmium, or gallium. (Nivac
supplied by Vacuum Metals Corp., Syracuse, N. Y., has proved
to be satisfactory.)

Ferric Nitrate Solution. Dissolve 2 grams of pure iron in 25
ml. of nitric acid (1 to 1), heat to expel oxides of nitrogen, cool,
dilute to 200 ml. with water, and mix.

Ammonjum Persulfate Solution. Dissolve 1 gram of ammo-
nium persulfate in 100 ml. of water. Prepare fresh each day as
needed.

Sodium Cyanide Solution. Transfer 20 grams of sodiwm cya-
nide to a 500-ml. polyethylene bottle., Add 200 ml. of water and
swirl to dissolve. Keep stoppered when not in use.

PROCEDURE

Preparation of Calibration Curve. Dissolve five 0.100-gram
portions of pure nickel by warming gently in 2-ml. portions of
nitric acid (1 to 1) in covered 125-ml. conical flasks. = Avaid un-
necessary loss of acid by evaporation. When solution is com-
plete, blow the brown fumes from the flasks and then cool. Trans-
fer 0, 2.0,.4.0, 6.0, and 8.0 ml. of standard magnesium solution
(10 v of magnesium per ml.) to the flagks and dilute each sample
to 35 ml. with water. Add 1 ml. of ferric nitrate selution plus 1
ml. of ammonium persulfate solution (to oxidize manganese).
Add ammonium hydroxide (specific gravity, 0.90) dropwise with
swirling until the 1ron just precipitates, then add 1 ml. in excess
from a graduate. (The ammonium hydroxide used here and sub-
sequently must not be allowed to lose its strength before use by
standing in an open container.)

Heat the solution to 65° C. and filter through a rapid paper into
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Table 1. Specificity of Method
Maguesium
ound,
No. Other Metal Added ¥
1 Ca 56
2 Ca 54
3 Zn 50
4¢ Zn 45
5 Cd 46
[ Cd 44
7 Ga 46
8 Ga 44
9 P, Re, Mn 40
10 Be, In, Ag 39
11 o, Cu, Zr, Au 40
12a Co, Cr, Al 40
13 W,Ba, V 38
14 Pb, 8r, Mo 38
15 Tl, Hg, Sn, La, Bi 43
16 Ru, Ir, Pd, Os, Rh, Pt 40
17 K,Cs,Rb,Li, B, 8¢, ¥, U 41
18 Pr, Ce, Nd, Sm, Th 41
19 Te, Se, Sb, As 40
20 Ta, Nb, 8i, Ge 39

% 1 ml. of ferrie nitratc solution added.

a 125-ml. Squibb-type separatory funnel. When filtration is
complete, force the solution from the filtering funnel stem by
pressure from the hand, but do not wash the precipitate. Stopper
the separatory funnel and cool under running water. Wash the
separatory funnel, including the bore of the stem, with distilled
water. Add 10 ml. of ammonium hydroxide, swirl, add 5 ml. of
sodium cyanide solution, swirl, add 5.0 ml. of butyl Ccllosolve
solution (1 to 1) from a graduated pipet, and swirl. Add 20.0 ml.
of oxine solution from a pipet and proceed to the extraction and
photometric determination of the magnesium (7). The calibra-
tion curve should be linear.

Analysis of Nickel Sample. Depending on the magnesium
content, transfer 0.010 to 0.100 gram of the sample to a 125-ml.
conical flask. If less than 0.100 gram of sample has been taken,
add sufficient pure nickel to make a total of 0.100 gram of metal

resent in the flask. Dissolve the sample in 2 ml. of nitric acid

1 to 1) and proceed as for the calibration curve. Dissolve 0.100
gram of pure nickel and carry it through the complete analysis as
a reagent blank.

RESULTS

Experiments in the hydroxide separation have shown that loss
of magnesium by coprecipitation or adsorption occurs if nickel
and ammonium salis are not present and if the excess of ammo-
nium hydroxide added is not limited. Apparently, the presence
of nickel tends to climinate the absorptive action of the ferric hy-
droxide on the magnesium.

Synthetic sample solutions were prepared by mixing aliquot
portions of standard solutions of nickel and magnesium. The
sample solutions contained various amounts of nickel dissolved in
2 ml. of nitric acid (1 to 1) plus 40 v of magnesium. The sample
solutions were analyzed for magnesium by the method deseribed;
the following resulis were obtained.

Nickel Present. Magnesium Found,
Mg, £%
None 26
25 36
100 40

Synthetic sample solutions were prepared from aliquots of
standard sohitions of nickel, magnesium, and other metals.
Each sample was made up to contain 0.1 gram of pure nickel dis-
solved in 2 ml. of nitric acid {1 to 1), plus 40 v of magnesium, plus
100 v of one or more of 53 other metals. The metals added were
in their highest normal valence states. The sample solutions
were analyzed for magnesium by the proposed method, except
that 0.1 ml. rather than 1 ml. of the ferric nitrate solution was
added and the solution was neutralized to the methyl red end

Table II. Analysis of Composite Samples
Magnesium, v
No. Added Found
1 10.0 11
2 40.0 42
32 40.0 56
4 80.0 84

@ 0.1 ml. rather than 1 ml. of ferric nitrate solution added.

point before addition of the 1 ml. excess of ammonium hydroxide.
The results obtained are shown in Table L.

Synthetic sample solutions were prepared from aliquots of
standard solutions to contain the maximum amount of metal im-
purities normally encountered in the analysis of clectronic nickel
samples. In addition to 0.1 gram of nickel dissolved in 2 ml. of
nitric acid (1 to 1) and a measured amount of magnesium, each
sample contained: cobalt, 7 mg.; silicon and manganese, 0.2 mg.
of each; titanium, aluminum, and copper, 0.1 mg. of each; zine,
chromium, and calcium, 0.01 mg. of each. The sample solutions
were analyzed for magnesium by the proposed method. The
results obtained are shown in Table II.

Table III. Determination of Magnesium in Nickel and,
Nickel Oxide
Magnesium
‘ound,
Sample Analyzed %

220 0.038
0.039

220 (Melt H~1400) 0.040
0.040

225 066
066
999 0005

Cathaloy A-30
Cathaloy A-31
NBS standard sample 671, nickel oxide®
NBS standard sample 672, nickel oxide?

SPOEOCO0005000s
@
¥
~3

e (.029%, Mg (NBS provisional certificate).
» 0.0209, Mg (NBS provisional certificate).

Several samples of electronic nickel plus two NBS standard
samples of nickel oxide were analyzed in duplicate for magnesium
by the proposed method. For the nickel oxide 0.127-gram samples
were used. In order to obtain complete solution of the oxide
sample, it was nccessary to add a few drops of hydrochloric acid
toward the cnd of the solution process. The results obtained are
shown in Table TIT.

DISCUSSION

By removing precipitatable metals by coprecipitation with for-
ri¢ hydroxide followed by masking of the nickel and various other
metals with cyanide, the interference of small amounts of most

~ metals can be eliminated in the photometric oxine-chloroform

extraction method for magnesium.

An appreciable excess of iron must be present in order to co-
precipitate interfering metals completely. When the ainount of
the latter present in the sample to be analyzed is small, as it is in
the experiments shown in Table I, only about 1 mg. of iron is re-
quired to remove the interference completely. When larger
amounts of interfering metals are present it is necessary to in-
crease the amount of iron added. Oddly enough, gallium is not
completely precipitated even in the presence of a large excess of
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iron. This does not present any problem, however, because
nickel does not usually contain gallinm.

The interference due to nickel, cobalt, copper, silver, gold, and
the platinum metals can be readily eliminated by masking with
cyanide. On the other hand, the interference due to zinc and
cadmium cannot be entirely suppressed by the limited amount of
cyanide that can be tolerated in the oxine extraction separation
(Tuble I). Fortunately the amount of zinc and cadmium present
in nickel is usually less than 0.01%,.
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The results obtained by the new rapid method in the analysis
of nickel samples (Table III) compare favorably with those pre-
viously obtained (1).
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Photometric Titration of Small Amounts
of Barium with (Ethylenedinitrilo)tetraacetic Acid

ALLEN 1. COHEN and LOUIS GORDON

Department of Chemistry, Syracuse University, Syracuse 70, N. Y.

A method for the photometric Litralion of small quanti-
ties of barium with (ethylenedinitrilo)tetraacetic acid
uses as indicutor Phthalein Purpur, a phenolphthalein
derivative having iminodiacelate functional groups.
.This forms a complex with barium whieh shows an
absorbance maximum at 570 my. From 0.05 to 12 mg.
of barium can be determined by titration with 0.01 or
0.002M (ethylenecdinitrilo)tetraacetic acid.

OWLEY, Stoenner, and Gordon (4) have proposed a photo-
metric titration for the determination of from 0.1 to 5
mg. of barium. This is a modification of the method of Manns,
Reschovsky, and Certa (3) for macro quantities of barium,
which was determined by titration with 0.1¥ EDTA solution
[(ethylenedinitrilo)tetraacetic acid] using the magnesium—
Eriochrome Black T complex as an indicator for the detection
of the end point.

Anderegg, Flaschka, Sallman, and Schwarzenbach (1) have
recently proposed a compound which forms a complex with all
the alkaline earths and which would appear to have some advan-
tages as a direct indicator over the magnesium—Eriochrome Black
T complex in the titration of barium.

H, H,
HOOCCH, CHGOOH
H-NCH, CHEIN-H
~00CCH, “CHC00
<o
¢-0

The compound forms a purple-red complex with barium ions.
The color of the indicator itsclf is a light pink in alkaline solution
—i.e., the color of phenolphthalein. The indicator has been
called “phtalein complexone’” () and ‘“‘metallphtalein” (5),
and is commercially available as Phthalein Purpur.

Anderegg and associates have suggested the use of this indicator
in a visual titration in 509 ethyl alcohol, so that the pink color
of the free indicator will be suppressed. They used 0.1N¥ EDTA
in these titrations and claimed an accuracy within 0.2 to 0.3%.
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Figure 1. Absorption spectra of complex

of barium with Phthalein Purpur during
titration with EDTA

a. Start of titration { no EDTA added)

b. A portion of barium removed from complex by
titration with EDTA

c. After end point

d. TUntitrated blank {no added barium)

The present investigation was undertaken to study the appli-
cability of Phthalein Purpur in photometric titrations of smaller
quantities of barium, using more dilute solutions of EDTA.

MATERIALS AND EQUIPMENT

All reagents were of reagent grade quality, with the exception
of triethanolamine, which was technical grade.

EDTA Solutions. Four grams of disodium dihydrogen (ethyl-
enedinitrilo)tetraacetate and 0.6 gram of sodium hydroxide were
dissolved in water and diluted to 1liter. This solution was stand-’
ardized against known amounts of barium and found te be
0.013404. Approximately 120 ml. of this solution was then
diluted to 1 liter. This solution was found to be 0.001610M as
determined by subsequent standardization.

Buffer Solution. A solution was prepared by addmg 10 grams
of ammonium chloride to [ liter of concentrated ammonium
hydroxide and storing in a polyethylene bottle. A solution of
pH 11 was prepared by diluting 10 ml. of this buffer to 60 ml.
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Barium Solution. A solution' was prepared from barium
nitrate which had been twice recrystallized from water. The
solution contained 124.0 mg. of barium per 50 ml., as was deter-
mined by evaporating an aliquot to which sulfuric acid has been
added and weighing the ignited residue (900° C.).

Phthalein Purpur. This reagent was obtained from B. Sieg-
fried, Zofingen, Switzerland. Sixty milligrams were added to 60
ml. of triethanolamine and the mixture was allowed to stand for
several days until complete solution was effected. This solution
appeared to be very stable; even after 4 months there were no
signs of decomposition. A solution made by dissolving the re-
agent in dilute ammoninm hydroxide showed signs of deteriora-
tion within 1 week.

Apparatus. The titration cell used was similar to that devised
by Goddu and Hume (2), but was modified in that the cell could
be capped with a § 55/50 cover provided with a precision Tru-
bore shaft to which the helical stirrer was attached. The stirrer
could thus be run at high speeds without hitting the sides of the
titration cell. The cell fitted into an Evelyn colorimeter. An
opening in the § cover permitted the insertion of a 10-ml. buret,
the tip of which could be immersed in the solution so that
small amounts of titrant could be easily added. Absorbances
were read 1 to 2 minutes after the addition of an inerement of
titrant. Absorbance readings could be made without turning off
the stirrer, The light path through the titration cell was 2.2 cm.

A 565 Evelyn filter was used with the colorimeter. The spectra
of this filter vs. air as measured with a Beckman Model B spectro-
photometer showed a transmittancy band from 547 to 575 mpu
with a maximum at 557.

Absorption spectra were measured with a Beckman Model B
S{xectropllotouleter and pH measurements were made with a
Beckman Model H pH meter.

PROCEDURE

Take a sample for analysis which contains from 0.05 to 12 mg.
of barium in 1 to 50 ml. of a neutral solution (acid solutions should
be neutralized with sodium hydroxide and not ammonia), which
should be earbonate-free.  Add 10 ml. of pH buffer and dilute the
solution to approximately 60 ml. Adjust the colorimeter so that

Table I. Visunal Titration® of Barium (f) with 0.01M EDTA

Barium Mg, Barium Found
Taken, Barium/MI. {Difference) b,
Mg. DTA Me.
9.92 1.872 +0.02
1.851 +0.13
1.852 +0.04
Av. 1.838
1.96 1.893 —0.05
1.890 —0.04
Av. 1.892
2.48 1.879 =0.00
1.960 —0.12
1.905 ~0.04
1.908 -0.04
Av. 1.913

a One drop of triethanolamine solution of indicator, 13.8 mg./ml., used.

b Barium found was calculated using standardization data obtained in
visual titration of 12.40 mg. of barium; titer value, mg. of barium per ml. of
solution, was 1.875, average of three titrations.

Table II. Standardization of 0.01M EDTA Solution by

Photometric Titration

Barium My

&
Taken, Barium/MlL.
Mg. EDTA®
12.40 1.838

1.858

Av. 1.848

9.92 1.848
1.850C

1.841

Av. 1.846

4.96 1.828
1.839

1.835

Av. 1.834

% Molarity of EDTA solution found to be 0.01340, using over-all average
of eight titrations,
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the absorbance of the solution is zero. Finally, add 10 drops of
the Phthalein Purpur solution and stir the solution thoroughly
before titrating. Titrate with 0.01M EDTA solution if more than
2.0 mg. of barium is present and with 0.002M EDTA if less is
present. Near the end point take 0.050-ml. and 0.100-ml. incre-
ments for 0.011 and 0.002M EDTA solutions, respectively.
Allow the solution to mix for 1 to 2 minutes beforc measuring the
absorbance. Obtain the end point from a graph of miililiters
vs. absorbance. Determine the blank correction (see Results and
Discussion) by a similar titration in the absence of barium.

Standardize the EDTA solutions by titration against known
quantities of barium.

RESULTS AND DISCUSSION

Results obtained with Anderegg’s method (1) with 0.01W
KDTA—i.e., titration in 50% ethyl alcohol with visual detection
of the end point—are shown in Table I. The ratio, milligrams
of barium per milliliter of titrant, varies to some extent with the
amount of sample being titrated and thus introduces a slight
error, unless the weight of barium used to standardize the EDTA
solution is close to that in the unknown. When the more dilute,
0.001610M EDTA solution was employed as titrant, the end
point could not visually be detected.

All photometric titrations were performed in the absence of
aleohol.  Figure 1 shows the spectral characteristics of the solu-
tions at, various stages of the titration. The maximum of the
absorption peak of the barium complex is at 570 mu. As is
shown in Table II, the variation in the titer values with amount
of barium taken is not as large as with the visual titration.
The data of Table II were used to determine the molarity of the
EDTA solution. This solution was then used in the titration of
2 to 12 mg. of barium, with the results shown in Table ITT. A
more dilute solution of EDTA was then prepared, standardized
by titration against known amounts of barium, and used in the
titration of 0.05 to 2.00 mg. of barium. These results are alsa
shown in Table III. Volume corrections for absorbance were not
made in any of the photometric. titrations. Figures 2 and 3
show that relatively sharper end points can be obtained by the
present method than by the method of Rowley, Stoenner, and
Gordon (4).

Tt was found that the blank correction was due to the presence
of foreign materials in the 10 ml of buffer solution used in each
titration. A precise value of the blank correction was obtained
by utilizing a tenfold quantity of the buffer solution in the blank
titration. First, 90 ml. of the buffer was evaporated to less than
50 ml., 10 ml. of the buffer was added, and the resulting solution
was titrated. The blank for a 10-ml. quantity of buffer amounted
to 0.022 ml. for the 0.01340)/ EDTA solution and 0.183 ml. for
the more dilute titrant. I the buffer was subjected to a batch
treatment with Dowex 50 resin, in the ammonium ion form, to
remove traces of alkaline earths, the values of the blank were
reduced to 0.008 and 0.063 ml., respectively.

ABSORBANCE

0.0 1.0 20 30
MILLILITERS

Titration of barium with
0.01340M EDTA

Figure 2.
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Figure 3. Titration of barium with 0.001610M EDTA

Preliminary work in the application of the colored complex to
a spectrophotometric determination of barium indicated that
color fading caused serious errors. The fading was apparently
due to the conversion of the phenolphthalein part of the indicator
molecule to a colorless form in alkaline solution. However, fad-
ing was no problem in the titration itself, which could be carried
out in & reasonable length of time. The titration can be easily
completed within 30 minutes.

The photometrie method is recommended for the determination
of 0.05 to 12 mg. of barium. Larger quantities can be determincd
readily by the visual method (1).
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Table III. Photometric Titration of Barium
Molarity Barium Barium Found
of Taken (Difference),
EDTA Mg. Mg.
0.01340 2.48 +0.03 +0.08, +0.03
8.20 -0.0
9.92 +0 OZ +0.01, 4+0.01
12.40 +0.01, £0 00 —0.04
0.001610 0.050 +0.007, +£0.000, —0.008 .
0.099 +0.002, +0 1001, 4-0. 003
0. 149 ~0.001, —0.00%, —0.0!
0.248 +0.002, 4-0. 002 +0.002
0.496 +0.000, +0 003, 4-0.034
0.99 —0.01 0.01, +0.00
1.24 =£0.00 :I:O 00, =0.01
1.98 -0.01, —0.01, -0.01
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Effect of Iron on Determination of Tin in Brass and Bronze

Application of Radioisotope Techniques

€. N. LA ROSA, ISADORE GELD, ARTHUR TICKER, S. F. DI LAURO, and J. L. KALINSKY
Material Laboratory, New York Naval Shipyard, Brooklyn, N. Y.

Radioisotope tracer technigues have been utilized for
quantitative evaluation of the effect of iron on the nitric
acid precipitation of tin in brass and bronze. Two
digestion temperatures were studied, with iron-59 and
£in-113 used as tracers. The degree of accuracy of the
gravimetric procedure, the amount of iron coprecipi-
tated, and the effect of the presence of iron on the solu-
ibility of the metastannic acid precipitate were deter-
-mined. Coprecipitation of iron is shown to follow
“Freundlich’s adsorption equation.

"MN in brass and bronze can be determined (7, 17) by digesting

with mitrie acid, filtering, igniting the resultant metastannic
,amd, .amd weighing as stannic oxide. Two significant sources of
«ervor are inherent in this method: Iron, copper, and zinc copre-
«ipitate, and iron increases the solubility of the metastannic
adid 7). Detajled quantitative studics of these interferences
ihave not heen zeported. The purpose of the present study is to
provide more extensive data by utilizing the improved sensitivity
.of radicisotope tracer techniques.

Farlier investigators recognized the existence of thése errors
in the determination of tin.
culty in the quantitative recovery of tinin alloys containing iron
in excess of 0.5%, Lundell and Hoffman (?) state, “The pre-
cipitation of tin as metastannic acid

38n + 4HNO, + 1.0 = 38n0..2H.0 + 4NO

Tn 1922 Meyer (8) experienced diffi- -

is not complete if the alloy contains much iron, say above 0.25%."
They further maintain that the metastannic acid that separates
from solution is always contaminated by compounds of irenm,
copper, and zinc. If the alloy contains antimony, phosphorus,
silicon, or arsenie, these are also found in the precipitate, often
quantitatively (2). Willard and Furman (18) statc that the
volumetric determination of tin is capable of greater accuracy
than the gravimetric determination because the coprecipitation
error is eliminated. The present paper applies radioisotope
tracer technigues to investigate the gravimetric procedure, to
evaluate quantitatively the effect of iron on the precipitation
of tin as metastannic acid in brass and bronze, and to elucidate
its mechanism.

Various investigators differ regarding the digestion temperature
of the metastannic acid precipitate. Hillebrand and Lundell
(4) recommend digestion at boiling temperatures to help mini-
mize the effects of the colloidal character and solubility of the
precipitate. Kolthoff and Sandell (6) state that the digestion
should be carried out at 90° to 100° C. to ensure a raore quanti-
tative separation of tin.” Norwitz, Boyd, and Bachtiger (9)
suggest that the acid digestion of the alloy be maintained at a
boil for low-lin samples and at 95° C. for high-tin samples.
Goldberg (3) advocates a nitric acid digestion at a boiling tem-
perature for manganese bronzes.

Tt was desirable to resolve this problem of digestion tempera-
ture with respect. to the two sources of error by investigating two
digestion temperatures with samples of varied iron contents.
This approach is in line with the research of Kolthoff and Moltzan
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Table I. NBS Standards and Composites
Sample Wt., Gram Tin, %
Bronze 52e 1.0 7.85 +£0.01
Bronze 52¢ plus brass 37d 0.5 each 4.410 £ 0.007
1.0 0.970 + 0.004

Brass 37d
i
Composition of Standard Alloys, %
Sample Cu Zn Sn Pb Ni Fe

Br(‘mze 52¢ 82,25 2.12 7.85 0.011 0.76 0.004
Brass 37d 70.78 26,65 0.97 0.94 0.58 0.076
Table II. Data for Below-Boiling Digestion

Sne, L. Sn,
Uncorr., Coprecipitants, % Caorr., Recovery,
Fe, % ) Febd Cue Zne % Corr.
Sn = 7.85 % 0.01%

.10 7.81 0.068 0.06 0.006 7.68 97 .8
0.30 7.92 0.163 0.05 0.004 7.70 981
.55 7.93 0.229 0.04 0.006 7.65 97.5
1.05 7.96 0.346 0.03 .001 7.58 96.6
2.05 7.90 0.442 0.03 0.001 7.43 94.6
4.05 7.33 0.506 0.01 0.004 6.81 86.8

Sn = 4.41 & 0.01%
0.10 4.52 0.057 0.03 0.012 4.42 100.2
‘0.30 4.62 0.144 0.02 0.005 4.45 100.9
Q.55 4.65 0.192 0.02 0.009 4.43 100.4
1.05 4.60 0.1498 0.03 0.014 4.36 98.9
2.05 4.46 0.288 . 0.02 Q.010 4.14 93.9
4.05 3.82 0.323 0.01 0.003 3.48 78.9

Sn = 0.970 & 0.004%
0.09 1.036 0.018 0.008 0.006 1.014 104.5
0.39 1.039 0.048 0.010 0.007 0.976 100.6
0.59 1.038 0.055 0.006 0.006 0.571 100.0
1.09 0.987 0.055 0.010 0.006 0.816 94.4
2.09 0.830 0.075 0.010 0.005 0.740 76.3
4.09 0.462 0.100 0.009 0.0086 0.347 35.8

@ Gravimetric assay.
b Radiometric assay,
¢ Polarographic assay.

(5), who have demonstrated that adsorption is not a simple
process, but often the result of several variables, among which are
temperature and concentration of the ions involved.

APPARATUS

The radioactive counting equipment consisted of a shielded
scintillation counter (Model DS-3, Nuclear Instrument & Chem-
ical Corp., Chicago, Ill.) with a Harshaw well-type, sodiumiodide,
thallium-activated crystal. The crystal was coupled to a DuMont
6202 (K1186) phototube. This is a ten-stage multiplier photo-
'tube of the end-window type with a spectral response predomi-
nantly in the visibleregion. Dow Corning DC 200 silicone fluid
was used for optical contact between crystal and phototube.
The pulses were fed through a preamplifier to a Model 182 Ampli-
count scaler (Nuclear Instrument & Chemiecal Corp.) operating
at 1900 volts at & 100-mv. threshold. The samples were contained
in 16 X 150 mm. glass test tubes and inserted in the circular well
of the sodium iodide crystal.

REAGENTS AND RADIOISOTOPE STANDARDS

Standard inert ferric nitrate solution containing 5 mg. of iron
per ml. was prepared by dissolving 1 gram of pure iron wire
(99.859, iron) in 20 ml. of 70% vitric acid and 5 ml. of distilled
water. The solution was boiled gently for 20 minutes, cocled,
and diluted to exactly 200 ml. with 709 nitrie acid.

Standard radioactive ferric nitrate solution was prepared by dis-
solving 1 gram of pure iron wire in 20 ml. of 1 to 1 nitric acid,
boiling gently for 10 minutes, and cooling. To the resultant
solution was added 0.2 ml. of radioactive ferric chloride solution
containing an initial activity of 1 me. per ml., with a specific
activity 3.39 me. per mg. of iron. The solution was made slightly
alkaline with ammonium hydroxide, boiled gently, filtered while
hot through a No. 40 Whatman filter paper, and washed with hot
ammonium hydroxide (1%). The precipitate was dissolved with
a minimum of 1 to 1 nitric acid. The solution was evaporated to
approximately 10 ml., cooléd, and adjusted to exactly 200 ml, with
70}‘)70 nitric acid. The resultant solution contained 5 mg. of iron
and 1 pe., initially, of radiocactivity per ml.

ANALYTICAL CHEMISTRY

Standard radioactive tin chloride solution was prepared in a
100-1nl. guantity to contain 0.2 ml. of the high specific activity
Atomic Energy Commission processed isotope, Sn-113P, as tin
chloride in 68 hydroehloric acid. The resultant solution con-
tained 0.39 mg. of tin and 2 uc. of initial radioactivity per ml.

In order to obviate the necessary corrections in radiation meas-
urements caused by the decay of the radioisotopes, aliquots of
standard. solutions were measured concurrently with the analyt-
ical samples.

PROCEDURE

To each of seven 1-gram samples in a set (NBS standards and
composites, Table 1), contained in 300-ml. beakers, was added
0.10 ml. of standard radioactive ferric nitrate solution. Inere-
ments of inert ferric nitrate standard solution were added corre-
sponding to a range from 0.05 to 4.05% iron in the sample. The
acid content of the ferric nitratc solution was supplemented
with 70% nitric acid so that each beaker contained a total of 12
ml. of the acid. . Approximately 25 ml. of hot distilled water was
added and the solutions weére boiled gently for 10 minutes to effect
complete solution and to expel nitric oxide fumes.” This was fol~
lowed by the addition of approximately 60 ml. of hot distilled
water to each beaker, with subsequent digestion for 30 minutes
a4 80° £ 5° C. Thisisreferred to as the below-boiling procedure.
A similar series of seven samples was treated as described above,
except that the solutions were diluted to approximately 150 ml.
and boiled gently for 30 minutes at 102° C. ‘This is referred to as
the boiling procedurc. The solutions were filtered while hot
through a No. 40 Whatman filter paper containing a small quan-
tity of paper pulp. The precipitates were washed thoroughly
with hot 19 nitric acid and transferred to tared poreelain cruc-
ibles. The filter papers were carefully charred and the precipi-
tates were ignited at 810° C. for 1 hour under oxidizing conditions.
The resulting oxides were cooled and weighed.

The following procedures were used to determine the amount
of oxide impuritics of iron, copper, and zinc coprecipitated with
the metastannic acid.

Iron. The ignited residues were quantitatively transferred
Table IIl. Data for Boiling Digestion
(102° C.)
Sne, - Sn
Uncorr., Coprecipitants, % Corr’., Recovery,
Fe, % T Feb Cu® Zne A Corr.
Sn = 7.85 + 0.01%
Q.10 7.81 0.082 0.044 004 7.68 97.8
0.30 8.02 0.201 0.040 0.004 7.77 99.0
0.55 8.10 0.284 0.016 0.001 .7.80 99,4
1.05 8.17 0.401 0.028 0.001 7.74 98.6
2.05 8.25 0.476 0.024 0.006 7.74 98.6
4.05 7.74 0.580 0.012 0.004 7.14 91.0
Sn = 4.410 + 0.007%
0.10 4.51 0.071 0.026 0.012 4.40 99.8
0.30 4.59 0.154 0.018 0:009 4. 41 100.0
0.55 4.56 0,196 0.018 0.007 4.34 98.4
1.05 4.51 0.255 0.020 0.012 4.22 95.7
2.05 4.256 0.307 0018 0.006 3.92 94.9
4.05 3.69 0.379 0:015 0.008 3.29 74.6
8n = 0.970 £+ 0.004%
0.09 1,013 0.018 0.008 0.006 0.981 101.1
0.39 1.042 0.044 0.006 0.009 0.983 101.3
0.59 1.001 0.048 0.006 0.006 0.941 97.0
1°09. 0.973 0.059 0.010 0.007 0.897 92.2
2.09 0.822 0.069 0.005 0.006 0,742 76.5
4.09 0.581 0.085 0.008 0.007 0.471 48.5

¢ (ravimetric assay.
b Radiometrie assay.
¢ Polarographic assay.

Table IV. Data for Boiling Digestion Using Tin-113 as
Tracer wilh Brass 37d
) Sn .

Fe, Sn, C.P.M. Recovery, Solubility

% Ppt. Filtrate Total A Loss, %
0.09 27,550 310 27,860 95.9 1.1
0.39 25,890 360 27,250 95.7 1.3
0.59 26,480 980 27,460 93.0 3.6
1.09 24,410 3,200 37,610 85.8 11.5
2.32 21,830 5,880 27,710 76.4 21.1
4.09 14,770 12,440 27,210 52.7 45.7
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to 16 X 150 mm. glass test tubes which were placed in a scintilla-
tion well counter for measurement of the gamma radiation.
Radiation emitted by radioactive iron-59 consists of two beta
rays of moderate energy and two gamma rays of high energy
(1.3 and 1.1 m.e.v.) decaying with a half life of 46.3 days. In
order to obviate the need for self-absorption and Geiger dead
time corrections associated with moderate beta counting, the
iron content of the samples was determined solely by the gamma
emission with the beta rays effectively screened out. The per
cent radioactive iron present was determined by comparing the
radiation count of the oxide residue to the count obtained with
0.10 ml. of standard radioactive ferric nitrate. This eliminated
corrections for decay.

Copper and Zinc. In another series of experiments the meta-
stannic acid precipitates obtained were not ignited but were
redissolved by fuming with 96% sulfuric acid, adding 70% nitric
acid as necessary to destroy the filter paper. Tin was volatilized
by repeated fumings with hydrobromic acid (48.5%), and the
copper and zine were determined by polarographic methods.

Corrections for the coprecipitated impurities in the ignited
-residue were made by applying the following formula:

%o Sn (corr.) = [A - (B—~—X CDX L F)]0.7877 X 100
where

A = 800, residue in grams

B = activity of residue (¢.p.m.)

C = iron (iron content of standard bronze + added iron)

D = activity of iron-59 standard (c.p.m.)

E = CuO in residue

r = Zn0 in residue

1.42 = Fe,03/Fe ratio

0.7877 = Sn/8n0, ratio

In an analogous procedure employing. boiling digestion, ali-
quots of a standard solution of radicactive tin chloride, equiva-
lent to 0.08 mg. of radioactive tin, were added to each I-gram
sample of brass 37d. Radioactive tin containing 0.4 pc. gave &
total activity of 27,000 counts per minute +3%. The iron con-
centrations in this procedure were the same as above but were
not radioactive.
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Figure 1. Effect of iron on precipitation of metastannic
acid
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Tigure 2. Relationship between tin present and
tin found in filtratc for different iron contents

Below-boiling digestion

DISCUSSION

The quantitative data obtained confirmed earlier reports that
the precipitation of tin as metastannic acid is subject to the iron-
induced, partially compensating errors of coprecipitation and
solubility. The detailed data are presented in Tables II and
IIX, and Figure 1.

For purposes of routine gravimetric analysis with no correc-
tions applied for adsorbed elements, the ‘data reveal that the
below-boiling digestion is superior to the boiling digestion for
samples containing 7.85% tin and equivalent for those containing
4.41 and 0.97% tin.

Further confirmatory evidence of the solubility effect due to
iron are the results obtained with the use of tin-113 as tracer.
Data arc presented in Table IV showing the amounts of meta-
stannic acid contained in the filtrate when NBS standard brass 37d
was used at boiling digestion.

The relationship between the tin present and tin found in the
filtrate for different iron contents at below-boiling temperatures
is illustrated in Figure 2. It is evident that the amount of tin
dissolved increases or remains constant with the tin content of
the sample for all iron and tin ranges investigated.

Figure 3 is an enlargement of the lower part of Figure 1, show-
ing a sharp increase in adsorption up to 1% iron and a gradual
increase from 1 to 49, iron.

The below-boiling digestion curves of Figure 1 are linear in
the range from 0.5 to 2.0% iron. The deviation from 100%
recovery is due to the solubility of the metastannic acid precipi-
tate. It is, therefore, possible to derive a solubility correction
cquation of the form

y=az +b (1)
where y is per cent tin (corrected for adsorbates),  is per cent

iron in the alloy, and @ and b are constants. Equations for the
tin ranges studied, derived empirically, are listed as follows:

0979 8n: y = —0.15z + 1.07 (2)
4.419% Sn: y = —0.15z + 447 (3)
7.85% Sn: y = —0.152 4+ 7.75 (4)
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If K is assumed to represent the NBS value of tin in the bronze,
-then the tin correction may be expressed as:
8n (corr.) = K — (ax + b) (3)

At each tin level the following cquations are derived by sub-
stituting the respective constants for a and b of Equations 2 to
4 in Equation 5:

0.999 8n (corr.) = 0.15z — 0.10 (6)
4.419% Sn (corr.) = 0.15z — 0.06 (7)
7.86% 8n (corr.) = 0.15z + 1.00 (8)

Equations 6 and 7 show similar values for a and b within ex-
perimental error and are averaged to produce a general equation
useful in the analysis of tin with iron contenis up to 4.4%, as
follows:

Sn (corr.) = 0.15z — 0.08 (9)

K’ =y + 0.15 — 0.08 (10)

Henee

where K is the calculated per-cent tin in the sample.
In Table V NBS values for tin are compared with values ob-
tained when applying Equation 10 to the experimental results.

Table V. Comparison of Calculated Tin with NBS Values

Tin, %
Tin, Iron Corrected
_NBS Present for adsorbates Caled.®
Value, % (z) () (K')
4.41 0.10 4,42 4.36
0.30 4.45 4.42
0.55 4.43 4.43
1.05 4.36 4.44
2.05 4.14 4.38
0.970 0.09 1.014 0.94
0.39 0.976 0.96
0.59 0.971 0.98
1.09 0.916 1.01
2,09 0.740 0.98
e K' = y -+ 0.15z — 0.08,
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Figure 3. Relationship between iron content and
amount of iron coprecipitated with metastannic acid

ANALYTICAL CHEMISTRY

The average deviation is (.025%, which is satisfactory for routine
analysis.

Weiser (12) states that hydrous stannic oxide does not precipi-
tate in the usual way from a nitric acid solution of tin containing
iron. Hydrous stannic oxide is peptized by ferric nitrate or a
mixture of ferric nitrate and nitric acid and coagulation does not
take place at below-boiling or boiling temperatures. The colloid
stabilizing action of the strongly adsorbed ferric ion contributes to
the solubility of the metastannic acid precipitate. The present
investigation has shown quantitatively that there is a definite
solubility of the hydrous stannic oxide due to the presence of
iron above 0.5%, both at boiling and below-boiling temperatures.
Zsigmondy (14) has suggested that stannic oxide reacts with
hydrogen ions to give positively charged stannic ions. In the
analytical procedure for tin, stannic oxide peptized in the nitric
acid medium may give the positively charged stannic ion, (8nQC..
H,0) 8n*%.  Ferric oxide sols have been obtained by Powis (10),
and in the nitric acid medium ferric oxide behaves similarly.
The structure of the colloidal unit may be written as (Fe,O;.
H;0)Fe***. The similarity of these two structures makes more
likely the entrainment of the ferric ion into the structure of the
colloidal positively charged stannic ion, and contributes to the
solubility of metastannic acid.

The present work shows that the adsorption of interfering
ions is greater at boiling temperatures for the 8% tin and prac-
tically equivalent or slightly greater at the 4 and 1% tin levels.
This phenomenon apparently does not conform to theoretical
considerations, as indicated by the Gibbs equation:

o= 2

RT de
in which a is moles absorbed per sq. cm. of interface, dc is change
in concentration of solute, and 4 is change in interfacial tension.
This equation indicates that the increase in temperature should
result in decreased adsorption, due in part to the fact that the
solubility of most impurities is increased by rise of temperature.
Actually an increase in digestion temperature may permit an
exchange and penetration of the interfering fons into the sub-
microscopic capillary structure of the colloidal metastannic acid,
with development of an effective interface resulting in a greater
degree of physical and chemical adsorption. The exchange of
ions may be possible because of the similarity of the colloidal
stannic oxide ion (Sn0O.. H.0) Sntt and [errie oxide ion (Fe.0s.
H.0) Fo+++
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The data presented point to the possibility that the coprecipi-
tation of iron by metastannic acid is governed by the Freundlich

equation, 72 = KcV" (1), where z is milligrams of adsorbate

(iron), 7 is milligrams of stannic oxide, and ¢ is concentration of
iron (mg. per ml) remaining unadsorbed at equilibrium. The
constants K and 1/n are particular to the system. A plot of

™ against ¢ on logarithmic paper resulted in a straight line, with a

slope equal to1/n as illustrated in Figure 4 forall tin levels studied.
This indicated that the mechanism of coprecipitation of iron can
be interpreted as a true Freundlich adsorption process.

Radioisotope techniques, utilizing iron-59 and tin-113 as
tracer elements, provide a rapid, sensitive, and quantitative
method for evaluating the interference of iron in the gravimetric
determination of tin in brass and bronze alloys. The quantita-
tive data obtained by this means confirm earlier reports of the
dual phenomenon of solubility and coprecipitation exerted by
iron on metastannic acid.
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Some Theoretical and Experimental
Considerations of pH Gradient Elution Analysis

K. A. PIEZ

National Institute of Dental Research, National Institutes of Health, Bethesda 14, Md.

In order to aid in the selection of optimum conditions
for buffered pH gradient elution of chromatographic
columns, some general equations relating pH change
to effluent volume were derived. The equations are
applicable to pH changes produced by the addition of
one buffer to another or by the addition of acid (or base)
to a buffer under a variety of different experimental
conditions. With the proper choice of condilions
nearly any gradient can be obtained. Superimposed
concentration gradients were also considered.

MAINTENANCE of a sorption gradient on a chromato-
graphic column by means of a continuous change in the
composition of the eluting solution is referred to as gradient
elution. Sorption gradients were apparently first considered
by Tiselius as reported by Synge (17) and later by Strain (16).
A theoretical trestment of concentration gradient elution was
first developed by Alm, Williams, and Tiselius (2). The method
was first used by Donaldson, Tulane, and Marshall (8), Alm (7),
and Busch, Hurlbert, and Potter (5). A thorough theoretical
discussion of sorption gradients and concentration gradient elu-
tion with particular reference to the effect on chromatographic
behavior is the subject of a recent paper by Drake (9).

The experimental arrangement for gradient elution consists
of a mixing chamber containing a solution of low eluting power
and a reservoir of a solution of high eluting power. Solution is
delivered continuously from the reservoir to the mixing chamber
as the mixture passes to the column. The types of apparatus
which have the greatest utility have been discussed by Bock
and Ling (3). It is simplest and usually. sufficient to employ
either a constant volume or an equal level arrangement. In

the former case the mixing chamber is a closed system, with the
result that the flow rates into and out of the mixing chamber
are equal. In the latter case the mixing chamber and reservoir
are set at the same level and connected with a siphon or similar
arrangement (14). During the progress of elution, the levels
fall together. For vessels of identical size the rate of flow into
the mixing chamber will be one half the low out. For straight-
sided but different sized vessels the ratio of the flow rates (fi/f2)
is simply related to the cross sections (4) by the expression A,/
(A; + A,) where subscript 1 refers to the reservoir and subscript
2 to the mixing chamber. More complicated arrangements are
possible (3, 9) but these are sufficiently versatile for the great
majority of applications.

The concentration gradients obtained from these simple
devices arc a function of the composition of the solutions, the
volumes, and the relation between the flow rates. Equations
relating these variables to concentration changes in the eluent
were first derived for constant volume mixers (2, §, 8) and later
extended to systems with variable flow rates (11, 12). Equations
have also appeared describing multiple mixers (9) and arrange-
ments where the ratio of the flow rates is continuously variable (8).

These equations are not directly applicable to chromatography
cmploying buffered solutions where the sorption gradient is
maintained by a continnous change in pH with, if desired, a
constant eluent concentration. Because pH-gradient elution
has been shown to have considerable utility (4, 7, 10, 18, 15, 18),
it is of interest to discuss some of the general considerations.

THEORY

Considermg the volume relationships of an experimental ar-
rangement consisting of a reservoir and mixing chamber where
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the flow rates into and out of the mixing chamber can be varied
at will, it is apparent that

o Y
dy’ = vdV (1)

where
» = total volume in the mixing chamber
v’ = volume of original solution remaining in the mixing
chamber
¥V = effluent volume

If the flow rates into and out of the mixing chamber are not
equal (but have a constant ratio), v is not & constant but is re-
lated to the flow rates by the expression

v=vu+f———1j_zng @

where
f1 = rate of flow into the mixing chamber
f2 = rate of flow out of the mixing chamber
v, = original volume of solution in the mixing chamber

It

Letting (i — f2)/f> = a, substituting Equation 2 into Equation
1, and integrating »” between the limits v, to v’ and V between 0
and V, there obtains

v'=v,,<1+a:—i)A71 3)

This equation is equivalent to the one derived by Lakshmanan
and Lieberman (72), except that it expresscs a volume change
rather than a concentration change.
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Figure 1. Effect of different ratios of flow rates

on pH gradient obtained by adding one buffer to
another of equal molarity

Plot of Equation 7

From this point several different ways by which a pH change
might be produced will be considered: (I) the addition of one
. buffer to another; (II) the addition of the salt of a weak acid
. {or a weak acid) to a buffer; and (III) the addition of strong
base (or strong acid) to a buffer.
Case I. The mixing chamber contains a buffer prepared from
a weak monobasic acid and its conjugate base. The reservoir
contains the same acid and salt but in different proportions. The
pH may be either higher or lower. Within the buffering range
and for buffers that are not extremely dilute, it is reasonable to
assume that the changes in concentration of acid and salt are
proportional to the corresponding volurme changes and are addi-
tive. That is, the concentrations of acid (HA) and conjugate
base (A ~) in the effluent can be expressed as

v —

o
—— Ha, 4

HA ="f5 HA, +

LoV ®)
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where subseript o refers to original conecntrations in the mixing
chamber and subscript 7 to the concentrations in the reservoir.
Substituting these equations into the equation for the dissociation
constant of a weak acid and replacing » and v’ with Equations

2 and 3, there abtains
a+1
1 +[(1 +aUK) ¢~ 1:| Ra-

14 [(1 +a2—:)aj1 - 1]Rm

where Ra- = A, /A, and Raa = HA,/HA,. It is apparent
that the form of the gradient will depend only on the flow rates
and the buffer concentrations; it is independent of the acid.

pH — pH, = log (6)
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Figure 2. Effect of different ratios of buffer

strengths on pH gradient obtained by adding

one buffer to another wilh a ratio of How rates
of 1l to4

Plot of Equation 8

Experimentally, the salt and acid concentrations are limited.
To remain within the buffering range the ratio’ of salt to acid
must lie between about 0.1 and 10. For an increasing gradient
A /HA, = 10 and A_/HA, = 1/10, if the widest possible pH
change is to be obtained. If it is assumed that the buffers are of
equal molarity, Equation 6 becomes

at1
1+[(1+a£) @ —1}10
1+[(1+a3)at1—1}i
Vo 10

A plot of this equation for various values of the ratio of flow
rates into and out of the mixing chamber (fi/f2) appears in Figure
1. At equal flow rates the gradient is convex upwards approach-
ing the pH of the buffer in the reservoir asymptotically. As the
ratio of flow rates decreases the first part of the gradient becomes
nearly linear and the latter part coneave upwards.

If the ratio of flow rates is held constant at 1 to 4, a reasonable
experimental value, and if the ratios of the salt to acid concen-
tration are 10 and 0.1 as before, Equation 6 becomes

1
1+[(1—§Z 3—1]10&,
4v,

1

3V\ 73 Rar

1+ [(1 ~ - 1:| 10
where Ry = (A; + HA,)/(A, + HA,). The effect of different
strengths of buffer, as expressed by the ratio of total molarities
(Ru), is apparent from a plot of this equation (Figure 2) for
several values of Ry, Increasing the strength of the buffer in

pH — pH, = log (")

pH — pH, = log 8)
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the reservoir (Rar > 1) has the same effect as increasing the ratio
of the flow rates—that is, the pH gradient is more convex.
Conversely, decreasing R produces a greater concavity.

If the salt to acid ratios other than 10 and 0.1 are employed,
the gradients obtained will differ somewhat from those derived
above, but they will have a similar form.

If the buffer in the reservoir has a lower pH than that in the
mixing chamber, a decreasing gradient is obtained. Equations
7 and 8 still apply, cxcept that the direction of pH change is
reversed.

Case II, A. The mixing chamber contains a buffér as before.
The reservoir contains a weak base in the form of the salt of the
weak acid. This provides an increasing gradient. The situation
is identical to Case I except that HA, = 0. It follows that the
denominator within the log term of Equation 6 becomes unity.
That is,

a+1
pH-pHo=Iog{l+[(l+a:—i) ¢ —1}3;&'} ()]

To examine the effect of different values of the ratio of the salt
concentration of the reservoir to the salt concentration in the
buffer (Ra-), let the flow rates be equal. Then a = 0 and
Equation 9 becomes

pH — pH, = log [1 + (e“7 - 1> RA_:I a0

A plot of this equation for various values of Ra- appears in
Figure 3. The gradient is linear if 225 - = 1 with a slope equal
"to log e. The gradient is convex if Ra- > 1 and concave if
Ra- < 1. However, in both cases it becomes essentially linear
in a short time.
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Figure 3. Effect of different ratios of salt con-

centrations on pH gradient obtained by addition
of a salt of a weak acid to a buffer at equal flow
rates

Plot of Equation 10

If Ra- = 1, to study the effect of variations in flow rate,
Equation 9 becomes

' pH — pHo =

L log (1 +a J—l) (11)

A plot of this equation for various values of the ratio of the flow
rates (f1/f2) appears in Figure 4. A convex gradient is produced
if fy > f» and a concave gradient when fi < f.

Case I, B. The mixing chamber contains a buffer as before.
The regervoir contains a solution of the weak acid which provides
a decreasing gradient. Because A, = 0, the second term in
Equation 5 becomes 0 and the numerator within the log term of
Liquation 6 becomes 1. The situation is identical to Case I, A
(Equation 9) except that the pH change is negative and the ratio
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of acid concentrations, rather than salt concentrations, becomes
a controlling factor. The same considerations apply as in Case
II, 4.

Case IIT, A. The mixing chamber contains a buffer prepared
from a8 weak monobasic acid and its salt. The reservoir contains
a solution of a strong base. This results in an increasing gradient.
In place of Equations 4 and 5 there obtains

v — v

,
A- = %A; + OH- (12)

,
HA = ”; HA, (13)
where OH~ is the concentration of strong base in the reservoir.
Substituting these cquations into the equation for the dissocia-
tion constant of 2 weak acid and replacing » and »’ with Equations

2 and 3, there obtains
a+1 B
- [(1 ta K)T _ } OH-
AO

OH~
T |:<] + ] HA,
If the starting pH is at the lowest value (A;/HA, = 0.1) and
fi = f», Equation 14 reduces to
> OH-

V.
1+ (e”" AT
pH — pH, = log —— fv——— (15)

(;D_ )OH*
A AT ¥

A plot of this equation for several values of the ratio of the
concentration of base in the reservoir to the concentration of
salt in the mixing chamber (OH™/Ao) appears in. Figure 5. In
all cases the pH gradient is concave and the coneavity increases
with efffuent volume. This is usually a desirable feature. The
gradient effect decreases as the base to salt ratio increases.

If, again, A, /HA, = 0.1 and OH~ = A, Equation 15 becomes

a+1
(1+a—)

pH — pH, = log (14)

pH — pH, = log ——M—~"——— (16)

The effect. of different flow rates is apparent from a plot of this
equation (Figure 6) for several values of the ratio of the flow
rates (fi/f2). As the ratio decreases the gradient becomes more
concave.
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Figure 4. Effect of different ratios of flow rates

on pH gradient obtained by addition of a salt of

a weak acid to a buffer at equal salt concentra-
tions

Plot of Equation 11
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buffer salt on pH gradient obtained by addition
of strong base to a buffer at equal flow rates

Plot of Equation 15

Case III, B. The mixing chamber contains a buffer as before.
The reservoir contains a solution of a strong acid to provide a
decreasing pH gradient. In a manner similar to Case III, 4, an
expression similar to Equation !4 is obtained. The pH change is
negative and the concentration of acid in the reservoir, rather
than base, becomes a controlling factor. The same considera-
tions apply as in Case I1I, 4.

DISCUBSION

Inasmuch as a buffer composed of a monobasic acid and its
salt has a buffering range of only 2 plII units, it is often advan-
tageous to use a polybasic acid and salt or a mixed buffer system.
The equations derived above do not describe such situations
quantitatively, but the same general considerations apply.
For example, with a citrate buffer in the mixing chamber and
sodium citrate in the -reservoir the gradients predicted in Case
II, A, are realized except that the rate of change of pH is approxi-
mately doubled. In any case, it is usually necessary to work out,
the final details by trial and error because it is seldom possible
to predict accurately the behavior of the compounds to be
chromatographed.

Lakshmanan and Lieberman (11, 12) have shown that a con-
centration gradient that is concave upwards is most desirable to
minimize tailing. On the basis of the limited material now in
the literature, particularly with regard to ion exchange chro-
matography, it seems likely that this is also true with buffered
pII gradients. At the same time, it is often desirable to maintuin
a constant cation concentration in the eluent, when using a
cation exchange resin, to minimize volume changes of the resin.
This can be done in Cases IT (Figure 4) or IIT (Figure 6) while
the pH gradient is controlled by the flow rates. At other times,
a superimposed concentration gradient is desirable to speed up
the chromatographic process or to supplement a pH gradient.
This can be attained most easily in Case IIT (Figure 5) while
still maintaining a concave pH gradient. These same consider-
ations apply to the anion concentration with anion exchange
resins.

A constant volume mixer can eonveniently produce a concave
pH gradient only in Case IIT (Figure 5). If concentration dif-
ferences exist the concentration gradient will be convex. An
equal level arrangement employving identical vessels (fi/f: =
1/,) provides a concave pH gradient in either Case II (Figure 4)
or Case III (Figures 5 and 6), and if & concentration gradient
exists it is linear. It seems likely that this arrangement should
be of vonsiderable general use.

A convex pH gradicut, particularly when used with a concen-
tration gradient, may be useful for the separation of one group

- work against the pH gradient.
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Figure 6. Effect of different ratios of flow rates

on pH gradient obtained by addition of strong
base to a buffer at equal concentrations of buffer
salt and strong base

Plot of Equation 16

of compounds from another, or in cases where the stability of the
compounds does not allow large pH changes. Case I (Figure 1)
and Case II (Figures 3 and 4) provide gradients of the type.

In ion exchange chromatography, it is probably never desirable
to have a negative concentration gradient, because this would
This situation would exist in
Case II, for example, if & concave pH gradient was produced at
equal flow rates by employing a low concentration of salt in the
reservoir (Figure 3). Neutral salt could be added to the
reservoir but a decrcase in buffer strength would oceur. This
decrease in strength magnifies the retarding effect of the ion ex-
change resin on the pH gradient, a result of the buffering capacity
of the resin.

Partly for the same reason, it is not always possible to realize
very steep gradients. It is made more difficult by the fact that
at values of fi/f> of less than 1, which give the most rapidly
changing gradients, the volume of the mixing chamber becomes
very small. Technical difficulties, primarily the holdup volume
of the column, prevent all of the volume from being used.

Although sorption gradients cannot increase the resolution of
compounds that have a linear sorption isotherm (2), the technique
is of more general value in that it speeds up the chromatographic
process in an automatic manner (73) and sharpens the peaks.
This allows smaller amounts to be chromatographed without
loss of precision.
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Rapid Determination of Chlorine Gontent of Rubber
Hydrochloride by Means of Density Gradients in Centrifugal Field

GERRIT SCHUUR! and ARIE KLOOTWIHJK?
Rubber-Stichting, Delft, Holland

i+'he density of small particles can be determined by
suspending them in a liquid of graduated density and
centrifuging. Experimental improvements have been
found which make the method suitable for accurate
density measurements of rubber hydrochloride from
latex. . The density of amorphous rubber hydrochloride
has been determined in the range from 24 to 33%
chlorine. The density measurements provide a means
of measuring the chlorine content of rubber hydro-
chloride in less than 10 minutes, thus enabling one to
follow the hydrochlorination of latex closely. Differ-
ences as small as 0.1% in chlorine content can be deter-
mined. The method is applicable to other polymers as
well.

ARTIAL mixing of liquids of different density produces a

density gradient that is fairly linear and stable. The use of
such liquid density gradients for determining the density of sus-
pended particles has been demonstrated by Linderstrgm Lang
(6, 7). It is, of course, important that the liquid employed
should not dissolve, dissolve in, or otherwise attack the suspended
particles. The method is rapid and accurate, and has been ap-
plied previously in studies of high polymers. Boyer, Spencer,
and Wiley (1) used density gradients for the measurements of
the rate of crystallization of poly(vinylidene chloride), and
Tessler, Woodberry, and Mark (12) for the analysis of fiber
mixtures. Gordon (3) measured the degree of cyclization of
cyclized rubber and Gordon and Macnab (4) studied the thermal
expansion of polystyrene by means of density gradients.

However, it is impossible to measure the density of very small
particles by this method under the influence of gravity alone,
because they do not reach their equilibrium positions in reason-
able times.

Brakke (2) demonstrated that this difficulty can be solved by
placing the density gradient in a centrifugal field. He used this
method for the purification of viruses. In this same way Kahler
and Lloyd (5) determined the density of the particles of poly-
styrene latex and Low and Richards (8) determined the density
of small crystals.

This principle has now been applied to derivatives of natural
rubber prepared from latex (9). For the sake of brevity the
method is discussed only in relation to rubber hydrochloride,
but trivial variations of the method—e.g., the density ranges of
the gradients—also make it applicable to chlorinated rubber
and cyeclized rubber.

The density of rubber hydrochloride from latex depends only
on its chlorine content, if crystallization is avoided by keeping
the emulsion at or below room temperature. When the emulsion
is exposed to higher temperature, a rapid crystallization occurs
(10, 11) and the density depends both on chlorine content and
degree of crystallization.

The preparation of an emulsion of completely saturated rubber
hydrochloride takes approximately 50 hours at room temperature
and atmospheric pressure. If a product of a certain chlorine
content is needed, normal analytical methods are of only limited
value, because sample preparation and chlorine determinations
take at least several hours and the reaction has then proceeded

1 Present address, Koninklijke/Shell-Laboratorium, Amsterdam, Holland.

further. However, a rapid method for determining chlorine
content is provided by the measurement of the density, if the
relation between density and chlorine content is known.

EXPERIMENTAL

Gradient Tubes. The density gradient tubes should be as
long as possible in order to obtain maximum accuracy. The
centrifuge used in this laboratory (Major Model, Measuring and
Scientific Equipment, Ltd., London, England) allowed a maxi-
mum length of 190 mm. An inside diameter of 10 mm. is best.
If the diameter is considerably larger than this, the gradients
are easily destroyed by turbulence caused by handling or centri-
fuging, whereas a much smaller diameter may give rise to wall
effects.

Preparation of Gradients. The density gradients are made
from sodium chloride solutions containing a few drops of hydro-
chloric acid. Low and Richards (8) found that the gradients
cannot easily be calibrated with oil drops of known density,
because small particles tend to adhere to these drops. This
difficulty has also been encountered by the present authors, but
it was solved by the addition of 19, Iimulphor O (a condensation
product of oleyl alcohol and ethylene oxide, General Dyestuff
Corp., New York) to the sodium chloride solutions. This

B

Figure 1.

Gradient tubes

A, B. Gradients with several dyes before and
after partial mixing, respectively

C. One sample and oil drops for calibration

D. One sample and several layers of rubber
hydrochloride for calibration
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Table I. Densities of Aroclor-Dibutyl Sebacate Mixtures

Aroclor 1221, Dibutyl Sebacate,
Ml MI. Density, 20/20
1 30.1 1.1379
100 36.4 1.1285
100 50.2 1.1121
100 60 1.1026
100 79.8 1.0873
100 93 1.0660
100 113 1.0566
Table II. Chlorine Content and Density of Amorphous

Rubber Hydrochloride
Chlorine Content Density, 20/20

Sample Av. Av.
1 24.4,24 .4 24 .4 1.057,1.059 1.058
2 24.0,24.4 24.2 1.060, 1.060 1.060
3 24.9,24.3 24.6 1.066,1.064 1.065
4 25.3,25.7 25.5 1 ,1.070 1.070
5 26.9,26.7 26.8 1.079,1.079 1.079
6 27.7,28.1 27.9 1.090, 1.092 1.091
7 29.0,29.6 29.3 1.096, 1.091 1.093
8 28.7,29.1 28.9 1.101,1.099 1.100
9 30.4,30.1 30.2 1.107,1.107 1.107
10 30.6,30.8 30.7 1.118,1.114 1.116
11 31.2,31.2 31.2 1.118,1.118 1.118
12 31.7,31.3 31.5 1.120,1.123 1.122
13 32.0,32.2 32.1 1.126,1.128 1.127
14 33.0,32.6 32.8 1.128,1.131 1.129

nonionic detergent prevents the adherence of small particles to
each other or to the oil drops. To facilitate a reproducible and
linear partial mixing of the solutions, small amounts of dyestuffs
are added.

Figure 1, A and B, shows gradient tubes filled with 4.5 ml. of
three different solutions both before and after partial mixing.
The solutions are: 229, sodium chloride containing 1%, Emul-
phor O and small quantities of hydrochloric acid and bromo-
thymol blue (density, 20/20, 1.17); 169, sodium chloride with
1% Emulphor O and a trace of hydrochloric acid (density, 20/20,
1.12); and 10% sodium chloride with 19, Emulphor O and small
quantities of hydrochloric acid and methyl red (density, 20/20,
1.07). The partial mixing is done in the usual way by passing a
copper spiral slowly up and down until the colors pass into each
other gradually.

Calibration of Gradients. Mixtures of nonvolatile oils are
preferred in order to avoid alterations of the densities by differ-
ences in the rate of evaporation of the constituents. In these
experiments mixtures of Aroclor 1221 (a chlorinated plasticizer
of Monsanto Chemical Co., St. Louis, Mo.) and dibutyl sebacate
were used. The densities of these mixtures are shown in Table
I. Because the oil drops tend to adhere to the surface of the
gradients, very small drops are added to the gradient just below
the surface by means of a small pipet with a fine tip.

Preparation of Rubber Hydrochloride. The rubber hydrochlo-
ride is made from normal centrifuged latex by the method of van
Veersen (13). The latex is stabilized by 1.75 grams of Emulphor
O per 100 grams of rubber. It is then poured with stirring and
cooling into half its volume of concentrated hydrochloric acid,
and hydrogen chloride gas is passed through below 20° C. The
reaction is completed in about 50 hours at atmospheric pressure.
The rate of reaction can be increased considerably by a small
increase in pressure.

Preparation of Curve. At certain time intervals samples are
taken from the reaction vessel. A few drops of each sample are
used for the determination of the density. The rest is precipi-
tated in alcohol, filtered, washed, and dried at 50° C. T%e
chlorine content 1s then determined by the method of Carius.

Determination of Density. The maximum speed of the Major
centrifuge is only 3000 r.p.m. This is too slow to allow the par-
ticles of rubber hydrochloride to reach their equilibrium position
rapidly. The particles are therefore first flocculated by adding
a few drops of the sample to 1 ml. of ethyl alcohol. One or 2
drops of this flocculated dispersion are put into a gradient, which
is then centrifuged for 2 minutes at 3000 r.p.m.

A sharp layer with a thickness of 0.5 to 1 mm. is obtained (Fig-
ure 1, C). The oil drops to calibrate the gradient are then
added and the centrifuging is repeated. It is also possible to
calibrate the gradient first and centrifuge the rubber hydro-
chloride particles afterward.

RESULTS AND DISCUSSION

The relation between chlorine content and density of amor-
phous rubber hydrochloride was established in the range from
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24 to 33% chlorine. When the values were plotted a linear re-
lationship was obtained, as shown in Figure 2, in which the points
are the mean values of two chlorine determinations by the
Carius method and two density measurements (Table II).
The errors of the chlorine determinations are evidently sub-
stantially larger than those of the density measurements. This
is partly due to the inaccuracy of the Carius method and partly
to the fact that the washing and drying of products containing
about 25 to 309 chlorine are rather difficult because of some
tendency for decomposition. Products with a chlorine content
of less than 249, are so unstable that changes of the chlorine
content during coagulation, washing, and drying are likely to
oceur.

If the density of a rubber hydrochloride is determined, the
corresponding chlorine content can now easily be found from the
graph. The determination of the density takes less than 10
minutes, which enables one to follow the hydrochlorination proc-
ess very closely. An additional advantage is that only minute
quantities are needed.

It is possible to calibrate the gradients with rubber hydro-
chloride dispersions of known density. The various dispersions
may be added and centrifuged simultaneously. Emulphor O
prevents the flocculates from adhering to each other, and each
sample gives a sharp layer as shown in Figure 1, D. It isimma-
terial whether the sample of unknown density or the samples
used for calibration are centrifuged first. Particles with a
greater density move right through existing layers with a lesser
density.

Precision. The determination of the chlorine content by this
method is, of course, not an independent one. Its precision de-
pends on the accuracy of the plot shown in Figure 2; if all the
chlorine determinations by the Carius method are too high or
too low the density method will be in error, also. = Relatively,
however, the density measurements give more accurate results.

To demonstrate this fact a hydrochlorination was carried out
under circumstances whereby the chlorine content increased
from 28 to 309, in 3 hours. Samples taken at intervals of 10
minutes should differ by about 0.11% in chlorine content.
This difference is too small to be detected by normal analytical
procedures, but the samples clearly separated in individual

layers. The differences in density corresponded with a difference
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Figure 2. Chlorine content of amorphous rubber

hydrochloride as function of its density
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1 chlorine content of about 0.1%. This means that the rela-
tive accuracy of this method is better than 0.1%, a substantial
improvement over the Carius method. It may be possible to
improve the sensitivity of the method still further by decreasing
the steepness of the gradients, but this was unnecessary for the
authors’ purposes and, therefore, was not investigated.

This method has been applied for several years in this labora-
tory. Modified according to the exigencies of the case, it may
be equally valuable for the investigation of other polymers.
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A rapid method for the quantitative estimation of sili-
con and aluminum uses the deuterium-Lrilium reac-
tion as an intense source of 14-m.c.v. neutrons. These
neutrons are sufficiently energetic to produce the n,p;
n,a3 and n, 2n reactions in usable yields at the neutron
fluxes available from relatively low voltage positive ion
accelerators. The n,p reaction on silicon, producing the
2. 4-minute aluminum-28 radioisotope, is used for sili-
con determination by comparison with yields from
known samples. Similarly, aluminum determination
uses the 15-hour sodium-24 activity produced by the
n,a reaction. The method is accurate to within 5%
for sumples containing 0.4 gram or more of silicon
dioxide and 0.5 gram or more of aluminum oxide.
Phosphorus, praseodymium, and chromium interfere
with the delermination of silicon, while magnesium
and iron interfere with the determination of aluminum.

HE general concept of activation analysis has been well
established by a large number of papers (2-6), and sum-
marized by Boyd (). Previous studies have been primarily
concerned with activation by thermal neutrons. With an
increasing number of particle accelerators capable of producing
high energy neutrons, the field of analysis by fast neutron ac-
tivation deserves study. With relatively low voltage acceler-
ators (100 to 250 kv.) good yields of 14-m.e.v. neutrons are
readily obtainable, by using the deuterium-tritium reaction.
These neutrons have sufficient energy to produce n, 2n; n, o;
and n, p reactions, although the cross sections are usually smaller
than for thermal neutron (n, v) reactions.
In general, ‘Wwhen an element to be detected is bombarded, the
resulting intial intensity of activation, 7,, is given by:
w

T, = 2 Nofem (L — e2) (1)

where e is the counter efficiency for the radiation from the element
concerned, W is the weight of the element, 4 is its atomic weight,
N is Avogadro’s number, f is the effective flux, o is the elemental

cross section for the particular reaction involved, A is the decay
constant of the produced radioactivity, m is the isotopic fraction

. of the element, and ¢ is the bombardment time.

For practical purposes, 4, N, o, A, and m may be combined
as a single constant, F, characteristic of each element, and inde-
pendent of the bombardment time.

Equation 1 then becomes

-— g At
Io=WfeF “—)\@ @)
where the quantity 7, called the “figure of merit,” is
Nhom
F=—— 3)

Because for short bombardment times, the quantity (1 — e=%)
may be approximated by M, Equation 2 becomes

{, =WfeFt (4)

The figure of merit, 7, for a particular element is a measure of
the relative sensitivity of the method for bombardment times,

which are short compared to the half life of the activity. Table
Table 1. Computed Figurc of Merit Valucs
(14-m.e.v. neutron bombardment)
Half Life, Gamma Energy, Isotope
Element Min. F M.E.V. Produeed

o] 7 sec. 1.056 X 1072 6,13, 7.1 N-16

Pr 3.4 1.80 X 1073 1 Pr-140
Si 2. 1.31 X 1073 1.8 Al-28
P 2.4 8.5 X 10— 1.8 Al-28
Cu 10.1 2.20 X 104 0.8 Cu-62
Cr 3.7 1.41 X 1074 1 V-52

Al 9.6 8.56 X 1073 0.84,1.01 Mp-27
Mg 1 7.5¢ X 1073 0 Na-25
Zr 4. 4.24 X 1073 1.5 2r-89
v ] 3.82 X 10-% 0.32 Ti-51
Si 6.7 1.02 X 1075 1.2 Al-29
Fe 2.6hr. 4.58 X 10 0.8 1.8 2.1,2.7 Mn-56
Mg 14.7 hr. 3.02 X 108 1,38, 2.7 Na-24
Si 9.6 2.09 X 1075 0.84, 1.01 Mg-27
Al 14.7 hr. 1.41 X 10-¢ 1.38,2.76 Na-24
Cl 33 9.5 X 1077 1.16,2.1 Cl-34
K 38 6.15 X 107 1.6, 2.1 Cl-38
K 110 5.25 X 1077 1.3 A-al




' 1458

I is a list of figure of merit values for several elements computed
from cross-section values reported by Paul and Clarke (&) and
data from the National Bureau of Standards (7). If, in a single
series of analyses, the neutron flux and bombardment time are
held constant, the induced radioactivity is directly proportional to
the weight of the element present. )

If the flux of the neutron source is not known or is not con-
stant, a flux monitor or standard must be used. The flux monitor
consists of a known amount of the element for which the analysis
is desired. The weight of material in the unknown can then be
determined by comparison with standard samples bombarded
and counted under the same conditions.

APPARATUS

A Van de Graafl accelerator, manufactured by the High Volt-
age Engineering Corp., Cambridge, Mass., was used as the
source of accelerated deuterons. Deuterons of 200~ to 300-kv.
energy were allowed to strike a target of zirconium-tritium
3/, inch in diameter (1 mg. per sq. cm.), manufactured by the
Oak Ridge National Laboratory.

The samples for analysis were mounted in plastic v1als /16 inch
in diameter, which were supported directly in front of the target.
After bombardment, the samples were placed in a well-type
sodium lodide (thallium) scintillation crystal counter. Pulses
from the RCA 6342 photomultiplier tube were amplified and fed
into an integral-type discriminator, and thence to a scaler and
register,

REAGENTS

National Bureau of Standards samples 97 (flint clay), 98
{plastic clay), and 99 (soda feldspar) were used as standards
without further dilution or drying.

Table II. Analysis of Silica Samples

Si0s, Specific Aetivity, Counts/Min./G. SiO:z

Sample Grams Av.
NBS 97 1.40 67,400 67,400 66,800 67,200
Sand 3.82 67,700 65,000 66,350
Quartz 2.72 68,250 (av. of 14 detns.) 68,200
S1 metal 5.75 68,800 68,800
1.20 65,400 65,400
0.90 67,400 68,600 68,800
0.60 8,800 68,300 68,550
0.394 87,500 67,500

Av. 67,600 % 1160 or =1.7%

Si metal 0.100 , 6Ot 84,600
0.050 100,000 100,000
Shale 1.18 73,400 73,400 73,400

Silicon metal (Mallinckrodt Chemical Co.) analyzed at >99%
silicon was used 1n preparation of some of the samples. Weighed
amounts of the metal were mixed with an amount of neutron
irert material (CaQ) to give a constant final volume of sample.
Although the neutron activation of ealcium is low, its presence
mterfered with the analysis of samples of very low silicon con-

Alummum oxide (Baker’s c.p.) was used in the preparation of
alununu.m reference samples. In the case of the aluminum sam-
ples, potassium dichromate was used as the diluting agent to
iaintain a constant volume of sample.
Two samples, sand and quartz, were analyzed in these labora-
tories for silicon and aluminum content by ordinary wet chemical
methods.

RESULTS

Siticon. Silicon, bombarded with 14-m.e.v. neutrons, yields
the 2.4-minute half-life aluminum-28 activity (?) with a gamma-
depay energy of 1.98 m.ev. Silicon concentrations were de-
teymined with the discriminator set to accept, only those pulses
due to gamma rays of energy greater than 1 m.e.v., in order to
bias out the effect of the magnesium activity produced from the
alumlnum in the sample. - Bombardment times of approximately
30:seconds at a target current of about 30 ua. were used. As the
neutron source was almost a point source, it was necessary to
mgintain a constant volume of sample in the plastic vial in order
to ‘hold the bombardment geometry constant. A monitor sample
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containing a known amount of silicon and bombarded at the*
same time as the unknown sample was used to correct: the
samples for variations in neutron flux.

Both the weighed sample (~ 3 grams) and monitor were bom-
barded in fixed geometries for approximately 30, s seconds. After
at least a 1-minute delay (to allow for 7.3-second nitrogen-16
decay), the sample was counted for a period"of 2.5. minutes.
Thirty seconds after the end of the sample count, the monitor
was counted for 2 minutes. The sample count was then normal-
ized to a given monitor count.

As the volumes of all the samples were maintained nearly
constant, a correction for self-absorption was neglected. The
total neutron attenuation through the thickness of samples used
was determined by thin copper foil activation to be of the order
of 10 to 12%, so that variations in self-absorption between sam-
ples was considered negligible for the purposes of this method.
Similarly, the self-absorption correction for attenuation of the
gamma radiation in the sample was also neglected.

Table II shows the results of the analyses of 11 samples, the
silicon content of which ranged from 0.05 to 5.75 grams (reported
as 8i0;). The observed standard deviation of the values for the
first cight samples is 1.7%, with & maximum deviation from av-
erage of 3.7%. The last three samples of low silica content
show a higher value for counts per gram. In the first two samples
this is probably due to the cffect of activity induced in the matrix
material. One gram of calcium oxide yields an effect approxi-
mately equal to 0.01 gram of silicon dioxide. The shale sample.
is known qualitatively to contain phosphorus, which interferes
with the analysis for silicon. From the list of computed figure of
merit values the principal interfering elements, at the bias level
used, are praseodymium, phosphorus, and ehromium. The de-
gree of interference is approximately equal to the ratio between
their respective fizure of merit values, with the exception of
praseodymium. The bias level selected is such that the response
to praseodymium is greatly decreased—i.e., 1 gram of praseo-
dymium oxide yields the same count as 2.6 grams of silica.

Table III. Analysis of Alumina Samples
AlOs, Specifie Activity, Counts/Min./G. ALO;
Sample Grams Av.

NBS 97 1.268 45,400 46,000 - 46,400 45,900
NBS 99 0.570 44,500 42,700 42,400 43,200
NBS 98 0.766 48,200 49,400 48,000 48,500
AlO; 2.000 44,100 44,100 45,280 4,500
1.000 46,000 44,000 44,450 43,600 44,450
0.500 47,500 45,900 45,300 47,500 46,500

Av. 45,500 £ 1700 or 3.8%
A);04 0.230 50,300 50,500 49,000 49,200 49,800
0.125 50,800 34,200 52,250 52,400

The results of 14 repeat runs on the same sample (quarts,
2.72 grams) yielded 185,500 & 2200 counts, or an observed~
standard deviation of 1.2% with a maximum deviation from
average of 2.29,.

Aluminum. Bombardment of aluminum by 14-m.e.v. neutrons
yields two activities (7). Magnesium-27; produced by then — p
reactiorn on aluminum-27, has a half life of 9.6 minutes and
gamma-decay energies of 0.84 and 1.01 m.e.v. Sodium-24, pro-
duced by the n — a reaction, has'a half life of 14.7 hours and
gamma-decay energies of 1.38 and 2.75 m.e.v. Aluminum was
determined by using the 14.7-hour sodium-24 activity and count-~
ing on the integral bias plateau of the crystal counter at a fixed
diseriminator setting.  In order to enhance the effect of the 14.7-
hour activity, the samples were bombarded: for 1.5 hours at a
neutron flux of the order of 5 X 107 n. 8q. em. /second. A rotating
sample holder, with 10 samples mounted around the periphery,
was used to enable a number of samples to be bombarded simul-
taneously and to distribute the flux equally among all the samples.
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As in the silicon determinations, a constant volume of sample
was used in order to maintain a constant bombardment geometry.
In each case, a flux monitor sample (1.00 gram of aluminum
oxide) was included among the samples during bombardment.
At least a 2-hour delay after the end of bombardment was re-
quired to allow for the decay of extraneous activities, such as that
due to aluminum-28 (2.4 minutes) and to magnesium-27 (9.6
minutes). Under these conditions, the principal interfering
clements are magnesium and iron. The observed relative
spécific activities produced by these elements are 1.37 for mag-
nesium (as Mg0), 1.00 for aluminum (as ALO;), and 0.575 for
iron (as Fe.0,). Although this paper is concerned with aluminum
analysis, the method should be equally valid for any one of the
three elements in the absence of the other two.

All samples were counted for 10 minutes and corrected for
decay to the time of the start of the first sample count. The
resulting value, when compared with the monitor count, was pro-
portional to the aluminum cofitent.

The results of 27 analyses of eight samples containing aluminum
ranging from 0.125 to 2.00 grams (as aluminum oxide) are shown
in Table III. The observed standard deviation of the values for
the first six samples is 3.8%, with a maximum deviation from
average of 7.6%. *These errors are somewhat larger than would
be anticipated and could conceivably be atiributed to unequal
neutron flux variations on the sample and the monitor, or to some
unrecognized source of error. The last two samples of low
alumina content show appreciably higher values for counts per
gram presumably due to scattering or self-absorption effects.
Tor these low concentrations, it may be possible to establish a
calibration curve for the specific activity.

The results of 10 analyses of a single concentration of alumi-
num oxide (1.00 gram) yielded 45,500 = 790 counts or an ob-
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served standard deviation of 1.8% with a maximum deviation
from average of 2.8%.

CONCLUSIONS

A rapid method for the guantitative estimation of silicon and
aluminum has been established. Although its accuracy is less
than conventional wet chemical means, the considerable saving
in time and effort justifies its use. At present the method is
aceurate to within 5% for samples containing 0.40 gram or more
of silicon dioxide and 050 gram or more of aluminum oxide,
with the fiux of fast neutrons readily available from a low energy
positive jon accelerator. With a suitable calibration curve the
range of concentrations for useful application of the method may
be extended.
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Rapid Analytical Electrophoresis Employing Prismatic Cell

GERSON KEGELES

Department of Chemistry, Clark University, Worcester 10, Mass.

An optical arrangement for moving-boundary electro~
phoresis is described, which uses a cell of prismatic
cross section and directly plots the refractive index
gradient vs. the refractive index increment. Experi-
mental results and diagrams for serum analyses, as well
as the analysis of optical sensitivity and systematic
errors, indicate that this arrangement is at least equal

in accuracy to schlieren optical methods. The arrange-

ment permits rapid analytical electrophoresis work of
high accuracy, because resolved components are recog-
nized as separate peaks just as with schlieren optical
arrangements, while relative concentratious are read
directly as lengths with a reticle eyepiece.

RISMATIC arrangements have been employed for the
study of inhomogeneous liquid columns occurring in sedi-
mentation equilibrium (§) and electrophoresis (8, 18)." These
srrangements have the advantage of depicting the distribution of
refractive index (or concentration) directly. Without some ar-
rangement for also recording refractive index gradient (6, 18),
however, a prismatic system does not offer satisfactory visual
resolution of partially separated moving boundaries, the refrac-
tive index gradient function being superior in this respect (13).
The present arrangement takes advantage of a very simple pro-

jection optical system using a point source of light and a prismatic
cell to plot directly the refractive index against the gradient of
refractive index (6). In the diagrams obtained, visual resolution
of partially separated boundaries is as satisfactory as that obtained
with schlieren refractive index gradient recording techniques (10,
11, 16). However, diagrams from this prismatic arrangement
also contain the relative refractive index increments in the form of
distances between successive gradient dips in the diagram. Con-
sequently, concentration measurement proceeds very rapidly, and
can be made with a precision intermediate between that of schli-
eren and interferometric (1, 3, 8, 9, 12, 14) methods. No cell posi-
tion coordinates are defined in these diagrams, and mobilities are
obtained, when required, with auxiliary optical devices.

OPTICAL ARRANGEMENT

The schematic arrangement of the opties is shown in Figure 1.
Light from the point source, P, is received by the astronomical
telescope achromatic objective, L, placed at its focal length, F,
away from the source. Parallel light is projected into the electro-
phoresis cell, C, whose rear window is externally silvered to return
the light through lens L. Source P is slightly off the axis of lens
L, so that the returning light beam impinges on mirror M and
comes to focus, in the presence of uniform liquid throughout the
eell, C, and its surrounding water bath, as a sharp image of the
point source on the screen, S .

Figure 2 shows a schematic arrangement of the top view of one
column of the cell, which aids in following the lateral light deflec-
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Figure 1. Schematic arrangement of optical system
Point source of light
Focal length of objective
Electrophoresis cell
ens
Mirror
Screen
Refractlive index of protein column in cell
Refractive index of buffer in cell

hrhnED
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tem of moving boundaries, the lateral deflections at S will.re-
produce a continuous record of this variation in refractive index.

At the same time, vertical deflections of light are .produced
within inhomogeneous regions of refractive index in the‘cell, and
the resulting deflections Z at § are proportional tosthe:gradient
of refractive index according to the principles of ‘schlieren optics,
Z = 2F(dn/dz)a. Herc @ is the mean path of a ray passing-once;
through the electrophoresis prism. The same ray which suffers
a vertical deflection Z also suffers a simultancous laterdl-deflec-
tion y, so that the distorted image on S of the source P constitutes
a iph)t of refractive index gradient, Z = (2Fa)(dn/dz), against
refractive index increment, ¥y = (2F tan a)(n ~ no):

This is illustrated in Figure 3, in which a hypothetical electro-
phoretic separation is being made of human plasma.- The formed
boundaries are descending into unaltered protein solution. In
this figure, ray b represents light which has passed through buffer
in both chambers oFthe cell, and has returned undeflected to form
an image of source P at point b on the sereen. Ray ¢ represents
light which has passed through homogeneous protein solution of
the original concentration below all the moving boundaries, and
through buffer solution in the reference chamber of the cell. Ray
¢ consequently suffers no vertical deflection, but is deflected
horizontally at § by the distance bc which is proportional to the
total protein concentration of the original solution.

n Bufter y~J Lens
gefekence : 5
urfer
0 & .
¢ Pomt
&P, \IOL . < Source
s )
y Retlecting| ~A— A Mirror
0-*?/ a Surface~ .
T
‘.‘f Figure 2. Prismatic light deflections A
w |7
3t
Figure 3. Production of electrophoresis \: l ﬂ‘[ % N\
patterns from human plasma . v A a" é«f Se reen
A. Albumin ¢, Fibrinogen dz.
a1 a1-Globulin A y-Globulin
az.  a2-Globulin €. False boundary n-n
8. B-Globulin o

tions resulting from the prismatic cross section of the electrolysis
chamber.. The cell contains a reference chamber which is filled

with buffer solvent of refractive index 7, and sealed during the

preparation of an experiment. The refractive index = of the
protein column varies from that of original unseparated protein
at the bottom of the column to that of the buffer, no, at the top
of the columm. TFigure 2 may be taken as representative of a
horizontal section through the cell at some level part way up the
column. The ray of light entering the cell from the right, normal
to its;right-hand window, is deflected at the prism interface (the
glass being omitted for simplicity of the diagram). - The deflec-
tion follows Snell’s law '

n sin @ = ng sin (@ + B) {1)
4t the first passage, and
ng sin (o — B) = nsin (a — §) (2)

at the second passage. When the returning beam enters air, the
deflection angle becomes 6, where

sin f = nsin § (3)

When the angles of deflection, 8, §, and 8 are sufficiently small,
ithese equations may be simplified to

6 (2 tan a)(n — ng) 4)

According to Equation 4, when light passes through cell C at a
height where the refractive index difference between the electro-
phoresis eolumn and reference buffer is n — no, the light will be
deflected at sereen S, Figure 1, a lateral distance from the undevi-
ated point source image equal to y = 2F(n — ng) tan a. If the
refractive index n varies vertically in the column (perpendicular

' to the page in the diagram) because of the separation of a sys-

Ray o represents light which passes through the albumin
boundary in the electrophoresis chamber and through buffer in
the reference chamber. This ray, consequently, is deflected
vertically according to the gradient of refractive index dn/dx
and horizontally according to the refractive index inerement n —
ng, in the level where it penetrates the cell. -As a result it comes
to position a on the screen, deflected both vertically and horizon-
tally from reference point b. Continuing this reasoning, it is
apparent that the resultant diagram constitutes a continuous
plot of refractive index gradient vs. refractive index increment.
The horizontal distances between successive cusps in this diagram
(sueccessive minima of dn/dz) represent protein component con-
centrations, which may then be read directly as lengths from the
diagram.

In moving-boundary electrophoresis experiments it is a neces-
sary consequence of the requirement for stability against convec-~
tion that the density, concentration, and hence, in general, the
refractive .index, increase continuously as the boundaries are
scanned from top to bottom of the cell. Consequently, the peaks
in the present diagrams must appear in the same relative order
as they appear in convéntional schlieren (dn/dz vs. z) diagrams.
The diagrams may be converted to Toepler schlieren diagrams
(20, 21) by removing the screen and interposing 4 horizontal
blade and a telescope focused on the cell. This procedure has no
advantage for analytical work. but permifs the measurement of
mobilities.

In this regard, if it is desired to remove samples from a region
in the eell corresponding to a given part of the diagram, this'is
performed with a syringe in a perfectly straightforward manner,
with the aid of the simple projection optics. - The needle of-the
syringe used for sampling has the effect of obscuring the pattern,
so that the location of the tip of the needle corresponds to the
first visible part of the pattern closest to the undeflected reference
point. In this optical arrangement, it is also practical and-con-
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“venient, during formation and positioning of boundaries, to
focus the unaided eye on the cell after removal of the screen.

EXPERIMENTAL

Electrophoresis experiments on a number of pooled human sera
at several dilutions were performed in sodium diethylbarbiturate
buffer (pH, 8.6, ionic strength, 0.1) after overnight dialysis in the
cold. A number of experimental cells were tried, the optimum
being one with a prism angle tangent of 1.33, and a mean @ of
approximately 13 mm. The cross-sectional arrangement of this
particular cell is shown true to scale in Figure 4. The focal length
of the lens was 146 cm. The cell cross section was 0.35 sq. cm.,
and optimal serum patterns were obtained from this cell filled
with either one volume of serum plus two volumes of buffer or
one volume of serum plus one volume of buffer. For an experi-
ment in which one volume of serum was diluted with one volume
of buffer for dialysis, only 2 ml. of serum was required. This
represents the maximum requirement for this cell. The same
cell still gave patterns which could be analyzed quantitatively
gt a concentration of one volume of serum plus four volumes of

uffer.

In measurement of photographs, a Bausch & Lomb reticle
eyepiece graduated for 20 mm. in 0.1 mm. was found adequate.
In a given pattern it was usually possible to reproduce readings
for a given component to the nearest 0.1 mm. A precision of 0.1
mm. corresponds, with these optical constants, to a refractive
index increment of 0.000026, so that the sensitivity is about that
of schlieren optical methods (8, 14). In practice, the need for
integration of schlieren diagrams makes the comparison consider-
ably more favorable to the present arrangement.

In the course of these serum analyses, results were compared
for one serum sample which had been examined both with the
Rayleigh interferometric method and with three separate ex-
periments employing the present method. It was found uni-
formly true in all serum experiments using the prismatic arrange-
ment that excellent resolution between v-globulin and the 6-
boundary occurred in the rising boundary patterns, whereas very
poor resolution was exhibited between the v-globulin and e-
boundary in the descending patterns. Resolution between al-

e )

—

Icm.

Figure 4. Scale drawing of cross
section of electrophoresis prism

1 volume serum + 1 volume barbital buffer, pH 1 volume serum + 2 volumes barbital buffer,
8.6; 1 hour 18 minutes at 6.8 volts per cm.

cell Figure 5.

bumin and a-globulin was also much better in rising than in de-
scending patterns. Moreover, the g-globulin anomaly, after ex-
tensive electrolysis, showed up in the descending patterns as an
apparent change of shape and refractive increment in the g-globu-
lin region, clearly caused by local convections as density stability
decreased with separation of the protein species. For analytical
purposes in this particular protein system, therefore, only the
rising patterns are suitable for precise work. Table I summarizes
the results obtained from rising boundary patterns for this com-
parison.

Figure 5 shows direct photographic copies of the rising bound-
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ary patterns for one serum sample, using the cell with tan « =
1.33. (The instrument used for these experiments was arranged
to rotate the image so that it was received at the screen exactly as
shown here.) Figure 5, a, respesents electrolysis for 1 hour 18
* minutes at approximately 6.8 volts per cm. in a solution contain-
ing one volume of serum diluted with one volume of buffer. Fig-
ure 5, b, represents electrolysis for 2 hours 15 minutes at approxi-
mately 6.5 volts per cm. in a solution containing one volume of
serum diluted with two volumes of buffer. In this serum, the ar-
globulin component represented only 5% of the total protein,
and was present during the experiment of Figure 5, b, at an abso-
lute concentration of 0.17%. The optical sensitivity itself per-
mits its determination to within 0.0149%, absolute concentration.

ERRORS OF MEASUREMENT

Some systematic errors may be anticipated in the use of this
prismatic optical system for electrophoresis. Several authors (2,
7, 15) have computed the nonlinearity correction for relationships
similar to Equation 4, the most detailed computations being
those of Svensson. If Equations 1, 2, and 3 are reconsidered for
normal entrance of light, without making any approximations,
the sine of the angular prismatic deflection in air is given by

sin 6 = {n(1 + cos §) — 2n cos B}tan « (5)

If one takes as the error in Equation 4 the quantity € = sin 6 —
6, then by approximating 8 =& (1/n9) (n — m,) tan « and 8 « (2/
n) (n — no) tan « and expanding cos 8 and cos § in Taylor series
and inserting in Equation 5, one obtains

€xa — (1/no)(n — m)? tand « (6)

as a first approximation to the error term. This error is such that
it reduces the measured concentration below what would be ex-
pected from Equation 4 for high values of n — n, and tan a.
With a single passage of light through a cell such as used here,

pH 8.5; 2 hours 15 minutes at 6.5 volts per
cm.

Electrophoresis patterns obtained with human serum

Table I. Relative Per Cent Concentration of Proteins
Prism
tan a = tan ¢ = tan a =
Protein Rayleigh® 3a 1.33a 1.33%
Albumin 50.9 51.5 50.0 st
ai-globulin 6.5 6.6 7.2 .
Albumin + eai-globulin 57.4 58.1 57.2 54.3
az-globulin 9.9 9.6 11.9 11.3
B-globulin 20.3 20.7 18.3 21.7
v-globulin 12.4 11.6 12.4 12.7

@ 1 volume serum + 2 volumes buffer.
b1 volume serum - 4 volumes buffer.
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giving the same angular deflection by doubling the prism angle
tangent (tan &’ = 2 tan «), the error becomes

€' & (1/2n0)(n — no)? tan® &’ 1%0)

which acts to increase the measured concentration above what
would be expected from the relationship analogous to Equation 4
for this case, in agreement with previously published computa-
tions. For the same solution (n — no constant), the ratio of er-
rors for identical angular deflection becomes, in absolute magni-
tude

|e’/e] = tan® o’/2tan® « = 4 (8)

Hence, the nonlinearity is reduced absolutely, and also percent-
agewise, by a factor of four by virtue of the autocollimating ar-
~ rangement which passes light through the cell twice. According to
Svensson (15), the present arrangement, which is equivalent to
Figure 4, d, of Svensson, gives essentially the same results even
though the light does not enter the cell normal to its first window.
This leads to a great advantage in critical requirements for cell
construction and alignment over a system in which the light
passes the present type of cell only once.

For practical purposes, it is of considerable interest to calculate
the highest protein concentration which may be measured to
within 1%, without taking into account nonlinearity corrections
given by Equation 6. Assuming a cell with a tangent of 1.33,
and taking the specific refractive index increment of a protein as
0.00185 and the solvent refractive index as 4/3, it is required that
€/ = (1/2n9) (n — mo) tan® & < 0.01, or translated in terms of
concentration, the requirement becomes (2/3) (0.00185 ¢) < 0.01,
or¢ < 8.1%. This represents somewhat more than twice the high-
est protein concentration at which this cell has been used; excel-
lent, patterns for analyses of human sera are still obtained at about
one third of this critical concentration. It might then be stated
that errors of this type would not be expected to exceed about
0.5% under the worst conditions, with this choice of optical con-
stants.

It might also be asked how high a protein concentration can be
examined with the same optics, without making a nonlinearity
error greater than the stated reproducibility of 0.1-mm. deflection
at the screen. In this case e = (4/3)2 (0.00185)%?2, and € < 0.01/
146, which leads to ¢ < 3.4%. As this protein concentration is
again near the upper limit used with this cell to obtain optimal
patterns, it may be safely concluded that, with the optical con-
stants chosen, a linear dependence of deflection on refractive in-
dex increment holds true.

Other systematic errors may be produced by the presence of re-
fractive index gradients. These involve the fact, already recog-
nized by Wiener (22), and recently more correctly recomputed
(17) and experimentally evaluated (4), that light bent by a gradi-
ent of refractive index does not behave as if all the bending takes
place in the middle of the path through the gradient. Ordinarily
this may result in the assignment of a refractive index gradient
value to a particular height in the cell to which it does not quite
belong. In the present optical arrangement a given refractive
index gradient may be assigned, in the diagram obtained, to a re-
fractive index increment value to which it does not quite belong,
because of such effects stemming from the curvature of the light
path. This would tend to give a lateral shift to regions of the dia-

_ gram containing high refractive index gradients. The calcula-
tion of such effects becomes extremely complicated, however, be-
cause of the interaction between the two types of deflection, and
no satisfactory calculations have yet been made. A similar
effect is produced because the lateral deflection occurs at the
prism window rather than inside the protein solution. To do
justice to the present optical arrangement, however, it must be
pointed out that in practice the regions of interest for analytical
determinations are just those where the refractive index gradients
and the errors just discussed reach successive minima, and these
errors must disappear entirely when the refractive index gradient

ANALYTICAL CHEMISTRY

becomes zero. In comparison with schlieren optical methods,
where an error at high values of dn/dz results in an error in area
and concentration, the present method is at least superior in
principle, in so far as light-bending errors are concerned. In the’
regions of maximum protein concentration the lateral deflections
may also cause the effective mean cell thickness for vertical deflec-
tions to differ appreciably from the cell thickness at low protein
concentrations. While this effect has a tendency to distort the
upper parts of the peaks, again the effect on measurements taken
at successive minima of dn/dz in the diagram is not significant.
To reduce the spread of the refractive index gradient deflections
at high values of dn/dz, it has been found satisfactory to mask
the cell aperture down to 2 mm.; the diagrams shown in Figure
5 were obtained with such masking. For very sharp initial
boundaries, the intensity in the diagrams has been found to be
inconveniently low. However, there is no need to observe these
early diagrams for analytical work, as all manipulations can be
performed by focusing the eye on the cell. As diffusion and
separation proceed, the diagrams continually increase in bright-
ness, becoming adequate for visual inspection on the screen, for
visual measurement with an eyepiece, and for photography by
the time sufficient physical separation has been accomplished in
the electrophoresis cell.

From the standpoint of accuracy in analytical work, the present
method is in no way inferior to schlieren optical arrangements.

DISCUSSION

Certain practical advantages have been found for this arrange-
ment in analytical work. During physical separation of com-
ponents by the electric current, the peaks in the diagram neither
spread nor move laterally. Improvement of physical separation
in the cell merely improves optical resolution in the diagram.
As a result it is practicable to read component concentrations with
an eyepiece in place of the screen during electrolysis. It is not
necessary to stop the current for readings, and the diagrams serve
to indicate when the physical separation is optimal. A further
result is that photography is necessary only for the keeping
of permanent records. Visual analysis while electrophoresis is
still going on has been found satisfactory. Consequently, es-
sentially no time is required to obtain the final analyses beyond
that required for electrolysis, and the numerical calculations can
be performed within minutes while electrolysis proceeds. This
reduces the time for each experiment by a considerable factor
without loss of accuracy.

In the case of routine analyses of samples such as sera, Svensson
and Olhagen (19) have described how moving boundary work can
be performed without dialysis. They dilute the serum with one
buffer, and layer above it a second buffer solution containing
buffer- and serum-ion components at proper concentration to
produce only very small jon gradients across the protein boundary.
When advantage is taken of this method and of the present opti-
cal arrangement, a complete quantitative analysis for the major
protein components can be made available within about 3 hours
after receipt of the serum sample. This point may be of con-
siderable interest in clinical work wherever a serum protein analy-
sis is useful as an aid in medical examinations.
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Golorimetric Determination of Phenolic Resins

M. H. SWANN and D. J." WEIL

Paint and Chemical Laboratory, Aberdeen Proving Ground, Md.

A modification of the nitrous acid test for free phenols
is presented for phenol-aldehyde resins in varnishes and
other coatings. An intense yellow color is developed
with phenoli¢ resins; the color is specific and can be
used for quantitative measurement if the nature of the
raw materials is known. The phenolie content of resins
of unknown origin can be estimated.

ESINS obtained by phenol-aldehyde condensation are
widely used., usually modified by dispersion in other resins
or reacted with fatty acids. They impart desirable properties
such as chemical and water resistance, exterior durability, and
rapid drying to coating materials. These resins appear in such
a large variety of chemical compositions that significant chemical
analysis has been considered improbable. At the present time,
tests for these resins are practically limited to qualitative identi-
fication and measurement of free phenol. No guantitative meas-
urement of phenolic resins has been proposed, and no completely
satisfactory qualitative test is available.

The most widely used qualitative test, the indophenol test of
Gibbs (2), is very sensitive but indicates free phenols only.
Most phenolie resins contain some free phenol and give a positive
test with Gibbs reagent, although a few are completely free of
uncombined phenol. The recent extensive use of free phenols
such as p-terf-amylphenol as antiskinning agents in enamels
has caused considerable difficulty in distinguishing qualitatively
between agents of this type and phenolic resin modifications, To
prevent such interference, the test is conducted on the dried
vehicle film. Because the resulting film is insoluble, it is pyro-
lytically decomposed and the fumes are dissolved in water.
The qualitative test with Gibbs reagent is then applied to this
water solution.

Although this test appears to eliminate interference from the
volatile antiskinning agents, it gives positive results with resins
of nonphenolic origin or with resins not intended for the scope
of the test. For example, polystyrene, epoxy resins, and coatings
plasticized with tricresyl phosphate show positive results by this
technique. As a result, this qualitative test is significant only
when negative. -

A variety of free phenols, cresols, xylenols, and aldehydes is
used in making phenolic-type plastics, adhesives, and resins.
Each phenolic raw material may appear in a variety of substi-
tuted forms, including many isomeric forms. There are so
many potential different resins of this type that significant chem-

ical analysis may well be considered impossible; however, oil-
soluble phenol condensate resins for use in paints and varnishes
are obtained from alkyl or aryl derivatives of phenol, the former
possessing three or more carbon atoms. p-feri~Amylphenol,
p-tert-butylphenol, and p-phenylphenol are widely used; resing
made from the latter excel in desirable properties and have the
distinction of responding to specific qualitative tests. Therefore,
they can be distinguished from other phenolic resins and analyzed
by the procedure described with a high degree of aceuracy in
any coating solution in which they are used.

The procedure is based on the nitrous acid test (3) for phenols.
This test, usually conducted in aqueous medium for free phenols,
produces an intense yellow color when applied to phenolic
resins dissolved in a water-insoluble solvent such as butyl acetate
or 1-hexanol. Tt is highly reproducible and specific as no other
resin interferes. Epoxy resins, which use bisphenols as starting
materials, do not develop color in this test.

PROCEDURE

Quantitative Determination. A small sample of resin, var-
nish, or enamel vehicle is carefully weighed; dissolved in n-butyl
acetate and diluted to definite volumeé. For some heat-hardening
resins which are not soluble 1-hexanol is substituted throughout
the test, but butyl acctate is preferred for its cleaner and faster
separations. From the nonvolatile composition of the sample,
an aliquot (not exceeding 40 ml.) estimated to contain not more
than 6 mg. of phenolic resin is transferred to a 250-ml. Erlenmeyer
flask. Butyl acetate is then added to bring the total volume to 40
ml. Ten milliliters of 10 to 1 sulfurie acid (about 3.6N) is added,
followed by 2 ml. of a freshly prepared 109, aqueous solution of
sodium nitrite. All of these volumes may be approximate. The
flask is covered with a vented stopper and placed in a water bath
at 70° C. for 1 hour. Gentle agitation is applied several times
during this period. The sample-s then cooled to room tempera-
ture and transferred to a separatory funnel with water. The
lower aqueous layer is removed and the solvent layer washed
twice with water using gentle agitation. The solvent layer is
then filtered through paper dampened with solvent into a 50-ml.
volumetric flask and diluted to volume. Colorimetrie comparison
is made at 425 mg. In most colorimeters, water may be used in
the blank cell. Graphs of known samples are prepared in like
manner, developing color individually on each known fraction. -
The phenolic resin content of the sample aliquot can be computed
as desired.

Qualitative Identification of p-Phenylphenol-Formaldehyde
Resins. Because this colorimetric method can be used with high
accuracy on resins of known phenolic origin, and because p-
phenyl-phenolformaldehyde resins can be readily distinguished
from other types, the specific qualitative tests are given in detail.

Ferric CELoRIDE. To 1 ml of the resin solution in a test
tube is added 10 ml. of methyl isobutyl ketone, followed by 10
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drops of ferric chloride reagent (29, solution in pyridine). Alco-
holic potassium hydroxide is then added dropwise and the sample
examined after each drop. If no green color forms by the addi-
tion of 10 drops of alkali, this resin is absent.

CoNCENTRATED SULFURIC Acw. Dried films of p-phenyl-
phenol-formaldehyde resins develop an intense green color when
dissolved in cold concentrated sulfuric acid, but this may be ob-
seured by dark colors formed if large quantitics of other resinous
materials are present.
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CONCENTRATION, mg. /50 ml.

Color developed by phenol-
formaldehyde resins

Figure 1.

a, e. Heat-hardening
b, ¢, d, f, g. Non-heat-hardening
k. wp-Phenylphenol-formaldehyde

MirLon’s REagenT (1). The reagent is prepared by dissolving
a small amount of mercury in an equal weight of concentrated
nitric acid and diluting with an equal volume of watcr. When
heated to boiling in the presence of p-phenylphenol-formaldehyde
resin, or preferably the fumes from its pyrolysis, a purple color
is formed. Other phenolic resins may form red colors that should
not be confused.

RESULTS

To test the analylical possibilities of the procedure, color was
developed and mcasured with a large variety of phenolic resins,
mostly of unknown origin. Among this group were heat-harden-
ing and non-beat-hardening resins, as well as heat-reactive and
non-heat-reactive types. A variety of substituted phenols,
many of which arc used as raw materials for resin manufacture,
wag similarly tested. The color developed with resins is shown in
Figure 1, and with phenols in Figure 2. The curves were ob-
tained by plotting known weights (1 to 6 mg.) of each against the
per cent transmittance at 425 my.

Because the origin of a fow of the resins was known, comparison
of the color produced by resins and their corresponding phenol was
of particular interest. This comparison revealed that the color
developed was similar but not identical, and each showed an in-
dividual spectrum in the visible wave-length region. At approxi-
mately 422.5 mu each resin and its corresponding phenol absorbed
identically. At longer wave lengths the color produced by resins
absorbs more strongly, while at shorter wave lengths the phenols
show stronger absorption. This is illustrated in the graph of
Figure 3.

Most colorimeters do not provide for the use of the exact
wave length of 422.5 mu; some are graduated at 5-mp intervals
s0 that 420 or 425 my could be used. The 425-mu wave length
is available on practically all types of colorimetric instruments.
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The resins and phenols absorb closely at 425 myu; therefore, this
wave length was used throughout the investigation. Absorbances
were measured on the Bausch & Lomb Spectronic 20 colorimeter
with 0.5-inch cells. The choice of & wave length at which the
resins and their corresponding phenols have similar absorbances
is important to prevent error due to varying amounts of free
phenols in the resins.

The usefulness of the method would appear at first to be limited
to the analysis of resins of known origin or to resins that can
be identified qualitatively—i.e., p-phenylphenol-formaldehyde.
For high accuracy this is probably the case. But consideration
of the relatively few phenols which produce oil-soluble resins for
coatings and the relative similarity of color developed with the
resins shown in Figure 1 indicates that the method appears to
have possibilities for estimating resin content based on average
color development of a variety of resins. One phenolic modificd
alkyd, stated by the manufacturer to contain 3.5 to 4.0% phenol
modification, analyzed 3.9% by this method based on the average
described.

Phenolic antiskinning agents produce color by this method,
but these materials are used in paints in small quantities (0.2
to 0.6% on the nonvolatile basis) and their interference is not
serious in quantitative estimations.

or
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Figure 2. Color developed by some sub-
stituted phenols

m-Cresol f. p-Cresol

a-Cresol g. tert-Butyleresol
p-iert-Amylphenol  A.- 2,4-Diamylpheno
p-tert-Butylphenol 1. p-Phenyiphenol
Bisphenol & -
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Considerable interest and discussion have been centered around
the chemistry of the reaction between oxidizing oils, such as tung
or linseed, and p-phenylphenol-formaldehyde resins (3, 4).
When oil-reactive phenolic resins arc heated with drying oils
which contain some conjugated unsaturation, there is elimination
of water and an abnormual viscosity increase. It is generally
believed that a form of diene synthesis takes place. It is also
believed that the reaction is greatest with tung oil and less with
linseed. When known varnishes of both types were prepared
on & laboratory scale and analyzed for p-phenylphenol-formalde-
hyde, low results were obtained with both types of varnishes,
but the residual phenolic resin content was much lower in the
linseed varnish than in the tung oil varnish. The usual tech-
niques, which involve higher reaction temperature for the linseed
varnish, were used for the preparations. To demonstrate that
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Table I. Analysis of Varnishes Made from Drying Oils
and p-Phenylphenol~Formaldehyde Resins
Sample . Resin, %
. 0il Present Found
1 Tung ) 33.3 29.2
2  Tung 33.4 29.0
3 Linseed 32_8 22.5
4 Linseed (same conditions as for tung oil) 36.5 36.5
5 Paraffin oil (nonreactive) 33.3 34.0
6 Glyptal 2585 (phenol-modified alkyd) 3.5104.0 3.9
(resin ¢,
Figure 1)

heat degradation of the phenolic resin was not the reason for this
difference, an inert oil such as paraflin oil was substituted for the
drying oil and the resulting product analyzed for phenolic resin
content, in which case 100% recovery was obtained. Some ana-~
Jytical results are shown in Table I.

Saponification has been known to cause reversal of some Diels-
Alder type additions and products of diene synthesis, but saponi-
fication of the linseed varnish (sample 3, Table I), followed by
solvent extraction and analysis for p-phenylphenol-formaldehyde
resin, gave results identical to those shown.

The color developed with phenols by the action of nitrous acid
is believed to be due to the formation of p-nitrosophenol, which
condenses to form other complex colored compounds (4).

DISCUSSION

To analyze pigmented coatings for phenolic resin content, a
clear pigment-free vehicle is necessary. Black and olive-drab
coatings are not usually clean enough after ordinary centrifuging
to permit satisfactory analysis. For these materials it is neces-
sary to dilute about 509 with toluene and add 5 to 10 grams of
dry powdered calcium hydroxide to each 100 ml. of paint before
centrifuging. While this technique may affect some analytical
results, such as acid number determinations it has not shown any
undesirable effect on the phenolic resin analysis.

Prior to the development of the colorimetric method the only
indication of the extent of phenolic modification of alkyd resins,
for example, was from the determination of unsaponifiable con-
tent. This test is obviously affected by a number of other
resinous modifications, and varies with different types of phenolic
resins. Some of these saponify readily under ordinary saponifica-
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Figure 3. Spectra of substituted phenols and their
formaldehyde condensates
p-Phenylphenol-formaldehyde resin

p-Phenylpheno

p-tert-Butylphenol-formaldehyde resin
p-tert-Butylphenol

e o

tion conditions while others are completely unsaponifiable even
under drastic conditions,

To analyze materials of unknown phenolic resins origin such as
phenol modified alkyds, it is recommended that the estimation
be made by comparing the color developed by the unknown to
a representative resin such as ¢ of Figure 1. In choosing this
resin it should be noted that curve A for p-phenylphenol-formalde-
hyde resin is not considered because this resin produces more color
than any of the others and can be identified as such when present.
The phenol-modified alkyd shown in Table I was the only resin
solution of this type available with known composition.
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Radioassay of Tagged Sulfate Impurity in Gellulose Ritrate

SAMUEL HELF, T. C. CASTORINA, C. G. WHITE, and R. J. GRAYBUSH

Chemical Research Laboratory, Picatinny Arsenal, Dover, N. J.

Two methods of sample preparation and counting are
discussed for the application of radiotracer techniques,
using radiosulfur, to the quantitative assay of sulfate
impurity in samples of cellulose nitrate. One method
entails the preparation of uniform films and the deter-
mination of the counting rate with a windowless flow
counter. The other method involves solution of a
fixed weight of cellulose nitrate in a liquid phosphor
medium and measurement of beta activity with a
coincidence liquid scintillation counter.

N THE course of a study on the purification and stabilization
of cellulose nitrate, it was necessary to analyze a large number
of samples for total sulfate content. The sulfate, considered an

undesirable impurity, is imparted to the nitrated polymer from
the sulfuric acid used in the mixed nitrating acid to esterify the
cellulose; it is believed to exist as both strongly occluded free

-acid and chemically combined sulfate ester.

The usual methods for total sulfate determination in cellulose
nitrate and other cellulose esters have been surveyed by Hoff-
pauir and Guthrie (7). Essentially all of these techniques in-
volve the wet combustion or decomposition of samples in a strong
oxidizing or hydrolytic medium and subsequent gravimetric
determination of sulfate as the barium salt. Hoffpauir and
Guthrie concluded that “when the sulfate content of cellulose
nitrate and other esters is very low, these methods require the
use of large samples to provide sufficient amounts of the barium
sulfate precipitate for convenient manipulation and the de-
composition becomes lengthy and tedious.”’
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In the same paper these authors reported a method whereby
the residue from a nitric-perchloric acid wet oxidation is treated
with barium chromate, precipitating barium sulfate and leaving
an equivalent amount of frec chromic acid in solution. The
chromic acid is then determined iodometrically and the results
are calculated ag sulfate.

However, even with this improved volumetric modification,
samples of lower sulfate content require proportionately larger
sample weights and greater volumes of oxidizing acid; the method
is thus still tedious and time-consuming. In addition, Hoffpauir
and Guthrie reported that, when the sulfate content is of the order
of a few hundredths of 19, their method is not reliable.  Fxperi-
ence in this laboratory has confirmed this, in that reproducible
results could not be obtained by the same method with cellulose
nitrate samples of less than 0.05% sulfate content.

Because this particular research application required deter-
mination of sulfate content of the order of 0.005% in cellulose
nitrate samples, a method other than one involving wet oxidation
had to be devised. Recent adaptations of radiotracer techniques
to problems in analytical chemistry suggested an application of
radioactive sulfur for this assay. Sulfuric acid tagged with
sulfur-35 is conveniently available in high specific activity from
the Oak Ridge National Laboratory. If a quantity of this tagged
acid is added to the sulfuric acid in the mixcd nitrating acid, any
sulfate in the cellulose nitrate product will contain the same rela-
tive proportion of radioactive sulfur. The sulfate content of the
product, initially or after any subsequent treatment, can then be
determined by measuring the intensity of the beta emission
(F = 0.167 m.ev.). To eliminate the necessity for absolute
beta counting and to avoid corrections for radioactive decay of
sulfyr-35 (half-life, 87.1 days) the activity of an unknown sample
can be compared to a reference standard of known specific
activity derived from the same tagged sulfuric acid used in the
nitrdtion.

Two methods are described here for the quantitative deter-
mingtion of sulfate in cellulose nitrate with sulfur-35 as a tracer.
One involves the measurement of sulfur-85 activity in an infinitely
t-hicl.‘: filin of fixed area using a windowless gas flow proportional
counter; the other consists of dissolving a fixed sample weight of
cell@lose nitrate in a liquid phosphor solution and determining
the activity with a liquid scintillation counter.

INSTRUMENTATION

A windowless gas flow counter (Model SC-16, Tracerlab,
Inc., Boston, Mass.) was used for the radioassay of the cellulose
nitrate films. The signals from the counter were fed into a pulse
amplifier (Model SC-15, Tracerlab, Ine.) and registered on &
conventional decade scaler. Helium—2-methylpropane (96 to
4 by volume) was used as the proportional counting gas.

The radioactive solutions were counted with a Tri-Carb
liquid scintillation spectrometer (Model 314, Packard Instrument
Co., La Grange, IlL.). This model is one of the several com-
mercial instruments recently developed for the radicassay of low-
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Figure 1. Simplified diagram of liquid
scintillation spectrometer

SCALER

energy beta cmitters in solution., Figure 1 shows a simplified
block diagram of the electronic circuitry characteristic of this
type of equipment. Light produced by the combination of
radioactive material and organic liquid phosphor is viewed by
two photomultiplier tubes arranged in coincidence in a lighttight,
low-temperature environment. The coincidence arrangement
allows a registered pulse only when both tubes view a light-
producing event simultaneously. Low temperature reduces
thermionic events ocourring in the photomultiplier tubes. The
concerted action of the coineidence arrangement and low tempefa-
ture reduces registered pulses other than those due to radio-
active decay; as a result, background readings are kept low.
The discriminator and gating sections of the circuitry are de-
signed to sort pulses according to their heights; these sorted
pulses are fed to scalers which yield integrated counts that can be
correlated with amounts of radioactive material.

EXPERIMENTAL

Film Method. PrEParATION OF CELLULOSE NITRATE CON-
TAINING SULFUR-35. The cotton linters used for the preparation
were supplied by the Hercules Powder Co., Wilmington, Del., and
were of military nitration grade. The mixed acid iised for the
preparations was composed of sulfuric acid, nitric acid, and
water, 669, 21.6%, and 12.4%, respcctively. In ‘a typical
nitration, 20 grams of cotton linters, dried in an oven at 100° C.
for 2 hours, were added rapidly to 800 grams of the mixed acid
containing 20 me. of sulfur-35 as H;S3%0,. The temperature of
the mixed acid at the start of the nitration was 34° C. Nitra-
tion was continued for 24 minutes with occasional mixing.
The cellulose nitrate was then filtered from the spent acid for 3
minutes prior to drowning in 3 liters of ice water. After 20
minutes of standing with occasional stirring the nitrocellulose
was filtercd. The washing and filtering were repeated with 3
liters of distilled water and the product was finally washed three
times on a Biichner funnel. In this manner the erude material
was washed essentially free of surface acids.

DETERMINATION OF INFINITE Frivm THIcKNESS, Varying weights
of dry cellulose nitrate of the same specific activity were dissolved
in a fixed volume of redistilled acetone and cast as smooth, flat
films on a glass plate in the manner described below. This
yiclded films of different thickness measured as milligrams per
square centimeter, Circular disks of identical area were pre-
pared from these films and counted in the windowless gas flow
counter. Figure 2 shows that the infinite thickness of cellulose
nitrate films containing sulfur-35 is approximately 15 mg. per
sq. cm. This value is in agreement with that found by Libby
(2) for barium sulfate layers tugged with sulfur-35.

PreraraTioN oF Finms or UNENOWN ACTIVITY. A 750-mg.
sample containing an unknown amount of radicactive sulfate
impurity was dissolved in 23 ml. of redistilled acetone. The
resulting viscous solution was then poured into a fixed collimated
area made by placing a glass cylinder (5.5 em. in inside diameter
and 11 em. high) on a leveled, polished glass plate. The vis-
cosity of the solution was such as to prevent any loss through the
surface of comtact .between the glass plate and the cylinder.
The height of the tube reduced the rate of solvent evaporation;
smooth, flat films resulted.- The solvent was allowed to evaporate
into the atmosphere; approximately 18 hours was required to
obtain dry films. From-the dried films so prepared, two eircular
disks, each having an area of 4.92 sq. cm., were cut from a pre-
pared dic and mounted concentrically, with a polyisobutylene
adhesive and use of pressure, on a copper disk of the same area.
Each film weighed approximately 100 mg., which is well above
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the -critical infinite thickness value. The samples were then
ready for radioassay with the windowless flow counter. The
beta activities were determined at 1750 volts with a discriminator
setting of 1 mv. Each film was counted long enough to yield a
probable error of 19, or less. The background counting rate of a
“cold”” film was 30 counts per minute.

Liquid Method. PREPARATION oOF UNENOWN SOLUTIONS.
For each unknown radioactive sample, 454.5 mg. of the sample
was transferred to a 100-ml. volumetric flask and dissolved in
redistilled tetrahydrofuran. The solution was diluted to the
mark at 20° C. with the solvent. This resulted in a concentra-
tion of 100 mg. of nitrocellulose per 22 ml. of solution. Duplicate
samples from this solution were then prepared for counting as
follows. A 22-ml. portion was measured into a borosilicate
weighing bottle (70-ml. capacity) and to it were added 6 ml. of
absolute alcohol and 36 ml. of liquid phosphor .consisting of a
toluene solution containing 4 grams of 2,5-diphenyloxazole per
liter. One milliliter of distilled water was also added to each
unknown sample preparation, because the reference standards for
these determinations (described later) contained 1 ml. of aqueous
radioactive sulfuric acid.

SavMpPLE COUNTING PrOCEDURE. Samples containing the
radioactive material in phosphor solution were placed In the
sample holder between the photomultiplier tubes of the liquid
scintillation counter. The sample hotfle was optically coupled
to the phototube windows by a special low viscosity fluid (Dow-
Corning 200; viscosity = 1 ¢s.). The lead shield surrounding
the phototubes and sample system was housed in a deep-freeze
unit maintained at 20° F. The samples were exposed to the
dark-adapted phototubes by manipulating the special shutter
arrangement on the instrument. ~All samples were counted
with 1050 volts applied to the photomultiplier tubes and the
discriminators set Il))etween 10 and 100 volts. The background
of a blank scintillator solution was 460 c.p.m. at these settings.
Each sample was counted for a time sufficient to yield a probable
error of less than 1 % in the total number of counts.

RADIOACTIVE REFERENCE STANDARDS

Because it was not possible to prepare a synthetic cellulose
nitrate film containing a known amount of radioactive sulfate,
the activities of unknown samples within a series (where the
ratio of sulfur-35 to sulfur-32 is constant) were compared with the
activity of a reference film whose sulfate content had been de-
termined by a wet oxidation method. A correlation was thus
obtained between sulfate content and radioactivity; the sulfate
content of any subsequent sample derived from the same nitra-
tion was readily calculated by a comparison of beta activities.

The reference sample was taken from a cellulose nitrate prepa-
ration directly after nitration, when the total sulfate content is of
the order of 1%. This relatively high concentration of sulfate
can be determined accurately by a wet oxidation method. In
addition, two films of this reference sample were prepared for
windowless flow gas counting in the same manner as the unknown.
For example, using the same procedure as described by Hoffpauir
and Guthrie, four 125- to 150-mg. samples of the same cellulose
nitrate yielded the following values for per cent sulfate: 0.907,
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0.881, 0.877, 0.888; average 0.888. Duplicate films of this same
material gave activities of 7595 and 7578 c.p.m.

The preparation of reference standards for the liquid phosphor
samples presented less of a problem. Here it was possible to pre-
pare solutions of known sulfate content using aqueous radioactive
sulfuric acid.

This was sccomplished by removing a small aliquot.of the
concentrated radioactive sulfuric acid before it was mixed with
nitric acid. This aliquot was diluted to approximately 0.2\
with distilled water and the normality accurately determined by
titration with standardized 0.01N sodium hydroxide. From
this solution, a stock reference solution was prepared containing
1 mg. of radioactive sulfate per ml. For the reference counting
sample, 1 ml. of the stock solution was added to a system con-
taining 100 mg. of “cold’” cellulose ritrate dissolved in 22 ml. of
tetrahydrofuran, 6 ml. of ‘absolute alcohol, and 36 ml. of a toluene
solution containing 4 grams of 2,5-diphenyloxazole per liter.
This sample served as the reference liquid phosphor standard for
the determination of sulfate content of unknown solutions
containing cellulose nitrate derived from the same sulfuric acid
used in the mixed nitrating acid.

To test the reliability of the preparation of these solution refer-
ence standards, as well as the precision of the liquid phosphor
counting technique in general, a series of 10 samples containing
known added amounts of radioactive sulfuric acid was prepared
and their counting rates were determined with the liquid scintil-
lation counter. The results obtained are listed in Table I.
From the counting rate obtained with each sample the specific
activity was caleulated as counts per minute/per cent sulfate;
the average value of all 10 samples was then used to caleulate the
sulfate eontent for each.

Table I. Liquid Scintillation Radioassays of Cellulose
Nitrate Samples of Known Sulfate Content
Sulfate Specific Sulfate
Sample Added, Net Counts Activity Found,
No. Yo per Minute X 10-%a A
"1 1.000 103836 1.038 1.007
2 0.800 83656 1.046 0.811
3 0.600 61376 1.023 0.595
4 0.400 40816 1.020 G.396
5 0.200 21116 1.056 0.205
6 0.100 10346 1.035 ¢.100
7 0.080 8316 1.040 0.081
8 0.060 6236 1.039 0.060
a 0.040 4053 1.013 0.039
10 0.020 2000 1.000 ¢.019
Av. 1.031

8 Counts per minute/% sulfate.

Table II. Sulfate Determinations in Cellulose Nitrate
by Liquid Scintillation and Windowless Flow Counter
Methods
Net Counts per Minute Sulfate, %
Sample Liquid Windowless Liquid ‘Windowleas

No. seintillation flow seintillationd flows
1 72,120 7595 0.877 0.808
72,280 7578 0.879 0.896

2 43,259 4457 0.522 0.527 -
43,209 4474 0.522 0.529
3 35,154 3527 0,427 0.417
34,624 3543 0.423 0.419
4 28,684 2859 0.349 0.338
28,064 2893 0.352 0.342
5 27,190 2850 0.331 0.337
26,910 2852 0.327 4.337
5] 4,682 499, 0.057 0.059
4,846 496 0.059 0.059
7 3,285 355 0.040 0.042
3,204 338 0.039 0.040

8 345 31 0.0042 0.0037

. 353 30 0. (_1043 0.0036

9 255 29 0.0031 0.0034

263 30. *0.0032 0.0035

4 Based on refercnee solution of specific activity 82,240 o.p.m./ % suliate.
& Based on reference film of specific activity 8458 c.p.m./% sulfate.
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Table 1I1. Radiotracer and Wet Oxidation Assays of

Sulfate Content in Cellulose Nitrate
Sulfate, %

Sample Liquid Windowless Wet
No. seintillation flow oxidation

1 0.308 0.323 0.316

0.308 0.321 0.320

2 0.173 0.190 0.184

0.174 0.186 0.182

3 0.154 0.150 0.149

0.154 0.150 0.145

4 0.084 0.095 0.084

0.086 0.095 0.090

5 0.080 0.078 0.074

0.082 0.079 0.07¢

RESULTS WITH UNKNOWN SAMPLES

In the course of the study on the purification of cellulose nitrate,
a batch of freshly nitrated cellulose (derived from the same sul-
fur-35—-tagged sulfuric acid) was ftreated by various chemical
methods to reduce the sulfate content to trace quantities.
Samples were taken at various stages of the treatment and
cqunted by both the liquid seintillation and windowless gas flow
counter methods. The results for duplicate samples are listed in
Table II showing agreement between the found sulfate content
obtained by each method. The data for the last two samples
demonstrate that, for the specific activity of the sulfuric acid
used in these experiments, the film counting method is not sensi-
tive enough below 0.004%, sulfate content. A comparison of the
counting rates obtained also shows that the liquid scintillation
technique is ten times more sensitive than the film preparation
method. The sensitivity of each method can, of course, be in~
creased by using a nitrating acid having a higher specific activity
for sulfur-35.

ANALYTICAL CHEMISTRY

Table IIT lists duplicate analyses for five unknown samples ob-
tained by each radiotracer method as well as by the Hoffpauir and
Guthrie wet oxidation procedure. In this series each sample is
derived from a different nitrating acid.

CONCLUSIONS

The results reported here show that radiotracer methods can
be conveniently applied as a research analytical tool for the de-
termination of sulfate impurity in samples of cellulose nitrate.
Accuracies obtained are comparable to those obtained with a
conventional wet oxidation procedure in the range where this
latter method is applicable—i.e., above 0.05% sulfate content.
Below this value the sensitivity of the radiotracer methods is
practically limitless, depending only on the specific activity of the
radiosulfur used.

Of the two techniques discussed, the liquid scintillation count-
ing method is preferred over the film preparation method be-
cause of (1) the greater scnsitivity obtained for a particular
specific activity of radiosulfur in nitrocellulose, (2) the greater
ease and speed of sample preparation, and (3) the greater con-
venience involved in the preparation of a reference standard.
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Determination of Phenolic Groups in Lignin Preparations
Titration with Potassium Methoxide Using Dimethylformamide as a Solvent

JOHN P. BUTLER and THOMAS P. CZEPIEL
The Institute of Paper Chemistry, Appleton, Wis.

Recent interest in lignin chemistry has led to refine-
ment of the analytical methods available for charac-
terization of the functional groups in this complex
entity. The phenolic hydroxyl content of lignin prep-
arations is of importance in this regard, and in the
present paper a rapid and precise method is given for
this determination. The method is based on titration
with potassium methoxide in benzene-methanol using
dimethylformamide as a solvent. Using an antimony-
calomel electrode system it is possible to differentinte
between phenols (or enols) and more strongly acidic
groups. A number of model compounds were studied
in the.preseat work, and results were obtained for six
lignin preparations.

SOLATED lignins are known to contain free hydroxyl groups,
some of which show weakly acidic reactions characteristic of
phenols'and enols. Brauns (/) has discussed the determination
of hydroxyl groups in lignin preparations via acetylation, meth-

ylation, and esterification with p-toluenesulfonic acid. Bro-
mination and coupling reactions have also been used for this
determination (7).

Goldschmid (6) determined the phenolic content of various
lignin preparations by spectrophotometric measurement of the
absorbance of neutral and basic lignin solutions; the batho-
chromic shift of the 280-myu absorption peak was.attributed to
the ionization of phenolic hydroxyl groups. The results obtained
by this method do not include phenolic groups conjugated with
carboxyl groups, or side-chain enolic groups conjugated with the
aromatic nucleus. Eugenol and conidendrin were used as
standards of reference.

In a recent paper Sarkanen and Schuerch (8) described the
conductometric titration of isolated lignins in an aqueous mixture
containing methanol and acctone, using lithium hydroxide as the
titrant. Their results are at least minimum values for the
amount of weakly acidic functional groups in isolated lignins.

Fritz and Xeen (5) developed a method for determining sub-
stituted phenocls by titration in dimethylformamide (DMF).
These authors found that phenols with electrophilic groups in the
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Titration of substituted phenols with

Figure 1.
potassium methoxide

ortho and para positions could be titrated in dimcthylformamide
using potassium methoxide in benzene-methanol as the titrant.
Azo violet was recommended as a visual indicator, although the
titration could be followed potentiometrically.

According to Fritz (4), such electron-withdrawing %roups

Il
as —CHO, —CHY—CE([)=CH2, —CH=CH—CH, —C—R,
0

|

—g—OR, —CH=CH—C—R, and others in the ortho or para
positions increase the acid strength of phenols to such an extent as
to enable titration in dimethylformamide. Ortho or para halo-
genation enhances the acidity of phenols, but carboxyl groups do
not cxhibit an activating effect. In the case of halogen-sub-
stituted phenols the increased acidity is due to inductive effects
rather than resonance stabilization of the phenolate ion, which is
the major consideration in the case of aldehyde, keto, and ester
groups. Substitution in the meta position has a greatly de-
creased effect on the acidity of phenols, as would be predicted
from a study of the possible resonance configurations.

Certain enols and imides which have adjacent or conjugated
electron-withdrawing groups can also be titrated with potassium
methoxide in dimethylformamide. Carboxyl groups react with
potassium methoxide under the conditions of the titration, and
it is often possible to determine carboxyl and phenolic groups by a
single titration, owing to the difference in pKa values. Some
dihydric phenols can be titrated as dibasic acids, whereas a
single break in the potentiometric titration curve is observed with
other dibasic compounds. Simple phenols are not titrated with
potassium methoxide in dimethylformamide.

Titration in dimethylformamide seemed to lend. itself to the
détermination of the acidic groups in lignin preparations and wood
extractives. Dimethylformamide is an excellent solvent for
many organic compounds, and samples of isolated “native
lignins’’ (or Braun’s lignin) and commercial products are readily
soluble. And, as discussed above, the nature of the solvent is
quch as to enable differentiation bhetween substitited phenolic
compounds and less acidic hydroxyl-containing materials.

EXPERIMENTAL

Reagents and Materials. Potassium methoxide solution,
0.05M. Mix 20 ml. of absolute methanol and 50 ml. of dry
benzene in a 1-liter lirlenmeyer flask, and cautiously add 2 grams
of freshly cut potassium metal in small increments. When the
reaction subsides, add 55 ml. of methanol and dilute the solution
to 1 liter with benzene. Store the solution in a glass-stoppered
bottle.and standardize against pure benzoic acid prior fo use.

Dimethylformamide, Du Pont technical grade. i

Azo violet indicator solution. Prepare a saturated solution of
4-(p-nitrophenylazo)resorcinol in benzene. . .

Model compounds. These were obtained in purified form,
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either from commercial sources or in the form of research samples
prepared at The Institute of Paper Chemistry by I. A. Pearl and
his associates.

Lignin preparations. Samples of various ‘‘native lignin’’
preparations were procured from F. E. Brauns. Indulin was
obtained from the West Virginia Pulp and Paper Co. and Meadol
from the Mead Corp., Chillicothe, Ohjo.

Apparatus. A Beckman Model G pH meter was used as a
potentiometer in this work. An antimony-saturated calomel
electrode system was used. The calomel was a Beckman No.
1170 and the antimony electrode was prepared by drawing
molten antimony up into a length of 5-mm. gluss tubing and
chipping away the glass when the melt had cooled. Contact
with the antimony was effected by means of a silver wire.

Because of solvent attack on stopcock lubricants, an Ultramax
buret (The Emil Greiner Co.) was used for all titrations. A
needle valve buret would serve as well.

Titrations were performed in a 40 X 120 mm. tall-form weigh-
ing bottle fitted with a three-hole rubber stopper.

Stirring was provided by a magnetic stirrer and a glass-sealed
stirring bar. The stirrer was grounded to minimize spurious
potential readings.

Procedure. Pipet 15 ml. of dimethylformamide into a clean,
dry weighing bottle, add several drops of indicator solution, and
position the stopper, electrodes, and buret. Start the magnetic
stirrer and neutralize the acidic impurities in the dimethyl-
formamide by adding potassium methoxide solution until the
indicator changes from red to blue.

Accurately weigh a sample, previously dried at 60° C. in
vacuo, of such size as to contain 1 to 3 meq. of replaceable
hydrogen, and transfer the sample to the titration vessel. Titrate
the sample with 0.05Mf potassium methoxide solution and follow
the titration potentiometrically.

An alternative procedure is to add 15 ml. of dimethylform-
amide to a titration vessel containing the weighed sample,
titrate, and then correct the volume of titrant for the acidity of
the solvent as measured in a blank deterrmination.

The calome) electrode should bleed potassium chbloride through
the fiber capillary when functioning properly. Plugging of the
capillary leads to insensitive electrode behavior. Grinding of
the electrode tip with fine emery paper will alleviate this diffi-
culty.
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Figure 2. Titration of phenols, enols, and acids

with potassinm methoxide

Exposure to carbon dioxide should be avoided during the
titration.

A gelatinous precipitate was observed during the titration
of certain of the lignin preparations, but this did not seem to
affect the sensitivity of the titration or the precision.

DISCUSSION OF RESULTS

Model Compounds. The titration curves for a number of
model compounds with structures similar to skeletal portions of
lignin are shown in Figures 1 to 5. In Figure 1 are shown the
titration curves of vanillyl aloohol, vanillin, and syringaldehyde.
The curves for vanillin and syringaldehyde are very similar,
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Figure 4. Titration of chalcone derivatives with
potassium methoxide

and apparently the introduction of a sccond methoxyl group has

. little effect on the acidity of the phenol.

5,5-Dimethyl-1,3-cyclohexanedione behaves as a surprisingly
strong acid, as shown in Figure 2, and this behavior can be
explained on the basis of enolization. 5-Allylvanillic acid shows
the typieal titration curve for a dibasic acid and the phenolic and
carboxylic groups can be readily differentiated. In the case of
S-chlorovanillic acid, however, only one break in the titration
curve was observed. Here the inductive effect of the chlorine
atom ortho to the hydroxyl group is such as to increase the
acidity of the phenol to the point where it is indistinguishable
{rom the acid entity.

The titration curves for four bisvanillyl derivatives are shown
in Figure 3. As would be expected, hydrovanilloin is the most
weakly acidic of the series, and both phenolic hydroxyl groups
are titrated simultaneously. Vanilloin exhibits the same type
of titration curve. Deoxyvanilloin behaves as a dibasic acid,
and two sharp breaks are scen in the titration curve. Here the
first break is probably attributable to removal of a proton from
the enol and the second inflection to formation of a phenolate

anion; the second phenolic group does not give an inflection in’

the curve. The curve for vanillyl shows a sharp break after the
addition of two equivalents of base; the acidity of both phenols
is enhanced by carbonyl substitucnts in the para position.

In Figure 4 are shown the titration curves for two chalcone
derivatives. The 2,4-dihydroxy-3-methoxy compound bechaves
as a dibasic acid, with pKs, considerably smaller than pKa,
The second equivalence point is less sharply defined than the

“first.

ANALYTICAL CHEMISTRY

4,4'-Dihydroxy-3,3’-dimethoxychalcone shows only one
break in the curve, and this at two equivalents.

Vanillalacetone, ethyl vanillate, eugenol, and isoeugenol gave
fairly straightforward titration curves, as are shown in Figure 5.
Vanillalacetone is the vinylog of 3-methoxy4-hydroxyaceto-
phenone, which contains an activating acetyl group. Ithyl
vanillate behaves as a fairly strong acid, at least in-comparison
to the other compounds tested. The comparison between the
acid strengths of eugenol and isoeugenol is interesting. Both
are weakly acidie, but the propenyl group in isoeugenol appears
to activate the phenolic group to a greater extent than does the
allyl group. Actually, resonance stabilization of the phenolate
anion facilitates loss of a proton in the case of isoeugenol.

A list of the structures of the various model compounds studied
is given in Figure 6.

Lignin Preparations. The determination of the acidic content
of lignin preparations by titration with potassium methoxide in
dimethylformamide gave results which compared well with those
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Figure 5. Titration of substituted phenols with

potassium methoxide

obtained by other methods. Titration in dimethylformamide
does not, necessarily differentiate among carboxyl, enol, imido,
or substituted phenol groups. However, in the case of native
lignins, carboxyl groups are entirely absent (2) and the occurrence
of imido groups is unlikely. Therefore, under the conditions
of the determination one would expeet to titrate only enols and
substituted phenols.

Representative titration curves for several lignin preparations
are shown in Figures 7 and 8. A summary of the results obtained
is given in Table 1.

Shown in Figure 7 are the titration curves for four native
lignins. Isolated spruce and aspen lignins were found to contain
about 2.4 meq. of replaceable hydrogen atoms, presumably phe-
nolic or enolic, per gram, while hemlock native lignin contained
approximately 3.7 meg. per gram of such groups. The value
obtained for Eucalyptus regnans was somewhat lower than the
others.

Methylated, acetylated, and toluenesulfonated spruce native
lignins were titrated and found to exhibit no acidic characteristics
in dimethylformamide. This behavior was anticipated, as the
reactive hydroxyl groups are no longer available for neutraliza-
tion. A titration curve typical of these materials is given in
Figure 7; this curve parallels the blank almost exactly.

Titrations of spruce native lignin were equally successful
using dimethylsulfoxide instead of dimethylformamide as the
solvent; the resultant curves were not significantly different
from those obtained in dimethylformamide.

Two commercial lignin preparations were titrated in the course
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COMPOUND STRUGTURE
VANILLYL ALCOHOL HO CH,0H
CHy0
VANILLIN HO‘QCHO
CHO
CH,40
SYRINGALDEHYDE HO cHO
CHyO
HO OH
HYDROVANILLOIN HO—@—?-(‘:—Q—OH
CH,0 HoH ocH
a o
VANILLOI# HO c—?Qon
CH,0 A OCH,
%2
DESOXYVANILLOIN HO—@-C—‘C OH
L
CHYO H OCH,
99
u
VANILLIL HO—QC—C—QOH
CHy0 0CH,
CH ;0
4~ALLYL~2,6-DIMETHOXYPHENOL HO‘QCHZ—CH'CHZ
CHLO
CH, = CH=CH,
S—ALLYLVANILUIC ACID HOOC oH
ocH,

Figure 6.

r
Sort
i
<t
=
=
[}
-
[odeX:) of
o
w
(L/J’ EUCALYPTUS REGNANS
® NATIVE LIGNIN
3 2 BLACK SPRUCGE NATIVE LIGNIN
0.5 3. ASPEN NATIVE LIGNIN
4. HEMLOCK NATIVE LIGNIN
1 ..

2 3
MILLIEQUIVALENTS / GRAM

Titration of isolated “native lignins® with

Figure 7.
potassium methoxide

1471
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Table I. Determination of Acidic Hydroxyl Groups
in Lignin Preparations
Average
Deviation,
C
No. of [E(’a — =)
OH, Meq. per Deter- ni
Sample To Gram minations X 100]
Native lignins®
© Bucalpytus regnana 2.80 1.65
Aspen
First break 1.88 1.11
Total 4.17 2.45 5 1.5
Black spruce 3.97 2.34 10 1.9
Hemlock 6.31 3.71 4 1.3
Commercial lignins
Meadol b 5.94 3.49 6 1.8
Indulin® 7.91 .65 5 0.5

4 Preparcd by F. E. Brauns.

& Hardwood soda lignin prepared commercially by the Mead Corp.

¢ Kraft lignin prepared commercially from pine wood by West Virginia
Pulp and Paper Co.

of the present work. Meadol, an alkali hardwood lignin re-
sovered from the spent liquor of the soda process, yielded an
excellent titration curve, ns shown in Figure 8, and 3.49 meg. of
replaceable hydrogen atoms were found per gram of material.
The titration curve for Indulin, a mixture of thio and alkali pine
lignins, prepared by the Kraft process, is also seen in Figure 8;
in this case there wcre 4.65 meq. of acidic groups per gram of
material.

ANALYTICAL CHEMISTRY

The speed and simplicity of this method for determining the
acidic content of complex materials seem to offer a number of
advantages over other available methods. The remarkable
solvent properties of dimethylformamide make the method well
suited to the analysis of isolated lignins, their degradation
products, and wood extractives. Dimethylsulfoxide can be used
as a solvent for materials that are difficultly soluble in dimethyl-
formamide.
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Absolute Alpha Counting of Astatine-211

J. K. BASSON!

Medical Department, Brookhaven National Laboratory, Upton, L. 1., N. Y.

A method has been developed for the ubsolute stand-
ardization of the a-emitter astatine-211. The isotope
is dissolved in the liquid scintillator of a scintillating
counter, thereby avoiding the usual difficulties due to
absorption and scattering of the alpha particles. When
a solution of 50 grams per liter of diphenyloxazole in
p-dioxane was used, more than 1 ml. of water could be
added before the efficiency of the counter was impaired.

HE absolute standardization of an e-emitting isotope is com-
plicated by the short range of the e-particles emitted. The
absorption that takes place in the source mounting, as well as
the self-absorption in the source itself, is extremely difficult to
determine, and can be done only by extrapolation technique
(4), which is a rather complicated and lengthy procedure when
compared to the ease with which 4 8 counting is done. Cham-
bers with a standard low geometry have indeterminable errors
due to scattering, and this technigue has been discarded, in the
case of B-emitters, in favor of the 4= counter with 100% efficiency.
As reported by Basson and Steyn (2) these difficulties of ab-
sorption and scattering can be surmounted by dissolving the
«-emitter in a liquid phosphor. This technique was further
developed for the absolute counting of astatine-211.
All the isotopes of astatine (clement 85), the heaviest of the
halogen group, are radioactive. However, only astatine-211,

1 On leave from National Physical Laboratory, Pretoria, Union of South
Africa.

which has a half life of 7.3 hours and emits a-particles, possesses
nuclear properties that make it desirable for use either as a
tracer or for studies of radiation effects. This isotope has been
proved to be a valuable tool in thyroid physiology (5, 12) and
in studies of radiation damage, () and an increased interest is
being shown by biological and medical researchers.

The disintegration scheme of astatine-211 is shown in Figure 1,
reproduced from Mihelich, Schardt, and Segré (9). It is clear
that in every disintegration, one, and only one, a-particle—of
at least 5.9-m.e.v. energy—is emitted. The only radiations of
importance are the a-particles of 5.89 m.e.v. (40.9%) and 7.43
m.ev. (59.1%) (10), with 80-k.e.v. x-rays accompanying the
latter. The half life of 7.3 hours (9) was confirmed in these ex-
periments. .

Astatine-211' is produced by the reaction Bi®® (o, 2n) At
with a threshold energy of 20 m.e.v. (8). The energy of the
bombarding a-particles in the cyclotron should be kept below
29 m.c.v., as that is the threshold for the reaction Bi®? (&, 3n)
At?, producing the undesirable astatine-210, which decays
by orbital electron capture to the radiotoxic polinium-210.
The astatine can be easily separated from the bismuth target
by simple volatilization techniques, if the sepuration dees not
need to be efficient (11).

APPARATUS

The simple equipment shown diagrammatically in Figure 2
was used. A oylindrical glass cell about 2.5 em. in diameter and
2.5 cm. long, with a flat bottom, contained the liquid scintillator.
Good optical coupling to the RCA 6342 photomultiplier (with a
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flat cathode) was obtained with a thin layer of mineral oil. An
aluminum-coated, semispherical glass reflector gave increased
light collection efficiency. The whole system was enclosed in a
light-tight metal tube with an easily removable top, and shielded
with 1 inch of lead.

The photomultiplier tube was connected to a conventional
scaling unit equipped with a nonoverloading amplifier with 5-
microsecond resolving time. The gain of the amplifier could be
switched to give three different input sensitivities of 0.3, 10, or
300 mv.

RESULTS

The first experiments were done with the commonly used liquid
scintillator system of terphenyl dissolved in toluene. A two-
thirds saturated solution was used for counting the astatine,
which dissolves well in most organic solvents. With 6 ml. of
this solution in the cell, the results plotted in Figure 3 were ob-
tained. The astatine activity was arranged to give a suitably
high counting rate for good statistical accuracy.

REFLECTOR GLASS

CELL

LIQUID
SCINTILLATOR

MINERAL

HER PHOTOMULTIPLER
RCA 6342
Figure 2. Diagrammatic sketch of

apparatus

Coupling of liquid scintillator in glass cell
to ph hode, with refl

The plateau of counting rate vs. photomultiplier voltage, for
constant amplifier input sensitivity of 10 mv., extended from
1150 to 1550 volts with a slope too small to measure. Above
1550 volts a rise in the counting rate took place due to the 80-
k.e.v. x-radiation, and at 1600 volts the background of the photo-
multiplier tube became high and rather erratic. At 1550 volts
the background (with scintillator) was about 250 counts per
minute, decreasing to about 40 counts per minute at 1500 volts
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and less -than 20 counts per minute below 1450 volts. No
fluorescence effects were observed after the photomultiplier or
scintillator had been exposed to light. This plateau could be
repeated at a lower photomultiplier voltage with the 0.3-mv.
input sensitivity. This was, however, considered to be unneces-
sarily prone to external noise.

5000 T T T T T T T
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=)
z
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&
z
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PHOTOMULTIPLIER VOLTAGE

Figure3. Counting rate of astatine-211 sample dissolved

in liquid scintillator (terphenyl in toluene) for different
voltages across photomultiplier tube

Effect of using no mirror, or no mirror and oil coupling, on plateau
shown as well as background counting rate with no activity in liquid
scintillator

The hump in the rise of the curve is due to counting of the 7.43-
m.e.v. alphas before the 5.89-m.e.v. That this extremely good
resolution is really obtained was substantiated by photographing
a gray wedge spectrum (3) of the pulses (Figure 4). The two
alpha groups as well as the 80-k.e.v. x-radiation are clearly re-
solved, and no pulses are apparent between the x-ray peak and
the first alpha peak.

Figure 3 also demonstrates the effect on the plateau of the
removal of the semispherical reflector and the coupling oil.

As astatine is usually worked with in aqueous solution, the
author now tried to find a liquid scintillator which would give a
good plateau even with an appreciable amount of water added.
The only solvent miscible with water, that has been reported
suitable for scintillation counting, is p-dioxane. The effect of
varying the concentration of terphenyl dissolved in dioxane on the
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plateau length obtained with astatine-211 was determined and it
was observed that the plateau length is still increasing when the
dioxane becomes saturated with terphenyl. When water is
added to a terphenyl solution in dioxane, the resulting dioxane-
water mixture cannot dissolve as much terphenyl as before and
some of the terphenyl is precipitated—e.g., with a two-thirds
saturated solution, 2 drops of water added to 6 ml. of solution in
the cell is enough to cause some precipitation with resultant
deterioration of the plateau.

Gray wedge spectrum

Figure 4.

of astatine-211 dissolved in

liquid scintillator (terphenyl in
toluene)

Showing resolution of two alpha peaks,
and absence of pulses between 80-
k.e.v. x-ray and 5 .9-m.e.v. alpha peak

The compound, 2,5-diphenyloxazole, reported by Hayes,
Hiebert, and Schuch (6) to be an efficient scintillator, is highly
soluble in p-dioxane. The astatine plateau length was de-
termined for different concentrations of this substance, and no
decrease in plateau length was found until a concentration of less
than 3% of saturation was reached, corresponding to about 15
grams per liter. This offers the possibility of adding a consider-
able amount of water to the liquid scintillator. Using a solution
of 50 grams per liter, the effect of adding water on the plateau
length was determined; up to 25%, water could be added before
the counter became unsuitable for accurate determinations.
Changing the concentration of 2,5-diphenyloxazole from 20 to
200 grams per liter had very little effect on this result.

The addition of diphenylhexatriene as ‘“‘spectrum shifter’”
(?), or using a mixture of solvents, such as phenylcyclohexane,
did not result in any improvement.

The last experiment was repeated using a large cell, which
covered the whole of the photomultiplier cathode and contained

ANALYTICAL CHEMISTRY

50 ml. of 20 grams per liter solution. Although a reasonable
plateau was obtained without any water, the length decreased
rapidly with the addition of water and it was not found profitable
to use a large cell for counting a greater volume of aqueous
solution.

Determination of the specific activity of an astatine solution
gave the same result regardless of the scintillation solution used
if a reasonable plateau had been found to exist.

DISCUSSION

The decay of astatine-211 results in the emission of one a-
particle per disintegration with an energy of 5.89 or 7.43 m.e.v.
(Figure 1). The gray wedge spectrum (Figure 4) of the pulses
obtained from the scintillation system used shows two clearly
defined peaks—corresponding to the two a-particles—well
separated from the peak corresponding to the 80-k.e.v. x-rays,
and with no signs of any pulses of intermediary size being pro-
duced. It is therefore most likely that every a-particle emitted
gives rise to a pulse within these two peaks. The counting rate
obtained from the resulting plateau should, therefore, corre-
spond to one count per disintegration—i.e., 1009, efficiency.

The standardization was found to be consistent with that of a
conventional counting chamber with 2r geometry, This has
also been confirmed by chemical analysis in the case of natural
uranium as a-emitter (2). The marked improvement in results
is due to the smaller weight of the active material dissolved, which
causes less quenching, as well as the improvements in photomulti-
plier tube and electronic circuitry.
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Determination of Microgram Quantities of
Free lodine Using o-Tolidine Reagent

JOHN K. JOHANNESSON

Wellington City Council Laboratory, Wellington, New Zealand

o0-Tolidine in acid solution does not react with free
iodine in the presence of iodide, but the addition of
mercuric chloride to form a complex with the iodide
jon carries the reaction shown by the equation I +
H:0 — H3O01 + 1~ well over to the right-hand side.
The hydrated iodinium ion reacts rapidly and com-
pletely with o-tolidine. This reaction permits the
rapid and quantitative development of a yellow color
in the presence of free iodine, which may be determined
spectrophotometrically at a wave length of 425 my.
The procedure is subject to interference from other
oxidizing agents, with the exception of iodate, which
does nol react with o-tolidine under these conditions.
The method is very sensitive; with 4-cm. absorption
cells 0.1 p.p.m. of iodine may be determined with a
sensitivity within =5%.

RACE quantities of free iodine in aqueous solution have, for
‘A a long time, been determined by measuring the blue color
formed by the triiodide ion with starch. The method was im-
proved by Lambert (6), who used a purified starch, which he
termed a “linear starch reagent.”” Palin (9) used p,p-dimethyl-
aminoaniline, which gives a blue color with iodine, but used the
method to provide standards for chlorine estimations rather than
to determine iodine, as iodine solutions of the order of 1075 M
are readily prepared and are much more stable than chlorine
solutions of the same strength. Kramer, Moore, and Ballinger
() found that tetramethylbenzidine gave good color development
with a seansitivity of 0.05 p.p.m. in the range 0.05 to 0.2 p.p.nL.,
and that fluorescein was unsatisfactory. Other workers have
used the color of elementary iodine in organic solvents or as the
trilodide ion in the presence of excess iodide. Sendroy and his
coworkers (10-12) developed methods for the determination of
the triiodide ion, both visually and using a filter photometer.
More recently, Custer and Natelson (3) measured this ion by
using its strong absorption in the near ultraviolet at 352 myg,
obtaining a high sensitivity. Xramer, Moore, and Ballinger
(5) applied the amperometric titration method of Marks and
Glass (8) for free chlorine to the determination of iodine, obtain-
ing excellent results with an accuracy within =£0.01 in the range
0.2 to 2.0 p.p.m., when phenylarsene oxide was the titrating
reagent. .

Lange and Ward (?) used an alcoholic solution of o-tolidine
as a neutral reagent, comparing the blue color formed with
that from standards. They found a lower limit of 0.01 mg. in
15 ml. (0.66 p.p.m.).

As the customary reagent for free chlorine is an acid solution
of o-tolidine (7), which gives a very intense yellow color in the
presence of the former substance and is readily available, it was
thought that it might be applied to the determination of free
iodine.

An acid solution of o-tolidine reacts instantly with free
chlorine or bromine, but a solution of iodine in potassium iodide
did not react. A dilute solution of elementary iodine in distilled
water, containing no added iodide, gave a slow development of
color, addition of iodide reducing both the rate of color formation
and the maximum intensity attained before fading commenced.

It was shown by Derbyshire and Waters (4) that iodination is
due to the iodinium ion, which Bell and CGellis (2) have shown to
exist in the hydrated form according 1o the equation

L + H:0 — H{OT + I- @)

The above experiments suggest that the iodinium ion is the active
entity in the reaction with o-tolidine, a quinone-iodoimine possibly
being formed as a transition compound.

Consideration of the above facts suggested that the addition
of a substance to remove iodide ions would facilitate Reaction 1
and hencc the succeeding reactions. A mercuric salt seemed the
best choice, as silver salts would form inseluble halides with a
resultant turbidity. Mercuric chloride was found satisfactory,
effecting a rapid and quantitative development of color. The
amount of iodide present must not be such that the solubility
product of mercuric iodide is exceeded.

PROCEDURE

To 25 ml. of test solution containing up to 3.0 p.p.m. of iodine
and not more than 50 p.p.m. of iodide, add 1 drop of saturated
mercurie chloride solution, immediately followed by 0.5 ml. of
acid o-tolidine solution prepared according to directions of the
American Public Health Association (7). Measure-the absorb-
ance at 425 my within 10 minutes. Standards may be prepared
by diluting 0.1 iodine to 0.001N; 1.0 ml. of the latter diluted to
100 ml. will give a solution containing 1.27 p.p.m. Water of
zero iodine demand should be used. The laboratory distilled
water supply had an iodine demand of approximately 0.2 p.p.m.
and before standard solutions could be prepared this demand had
10 be removed by adding 2 or 3 p.p.m. of iodine to a quantity
of water and vigorously boiling off about a quarter of the volume.

TableI. Absorbance of Standard Jodine Solutions
1074 N X
Todine Soln.
Added, Todine, Absorbance, Mean Deviation
M1./50 MI. P.P.M. 4-Cm. Cell Absorbance from Mean
5.0 1.27 1.028 —0.008
1.039 +0.003
1.040 1.036 +0.004
2.0 0.508 0.404 +0.005
0.398 - —0.001
0.394 0.399 —0.005
1.0 0.254 0.181 +0.004
0.176 —0.001
0.175 0.177 -0.002
0.50 0.127 0.074 0.0
0.074 0.0
0.074 0.074 0.0
0.25 0.064 0.024 0.0
0.024 0.0
0.024 0.024 0.0
0.10 0.025 0.008 0.0
0.007 -0.001
0.008 0.008 0.0’
Nil (blank) Nil 0.002

The 0.1N iodine should be standardized by a suitable con-
ventional method.

Table I shows the absorbance values obtained over the range
0 to 1.27 p.p.m. of iodine, three independent estimations being
made at each concentration. At values below 0.1 p.p.m. the
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relationship between concentration and absorbance is not linear,
but above this value the relationship is linear. At all concentra-
tions the results are highly reproducible.

INTERFERENCES

Oxidizing agents such as free and combined chiorine, bromine,
ferric ion, or nitrites will react with the o-tolidine reagent.
Todate and bromate, however, do not rcact, as, in the presence of
excess mercuric ion, the iodide-halate reaction cannot proceed.

The interferences due to some of the above substances may he
dealt with as follows:

Chlorine or Bromine. To 25 ml. of test solution add 1.0 ml-
of 1 to 4 hydrochloric acid, followed by 1.0 ml. of 1% freshly
prepared aqueous phenol, and continue as dirceted in the pro-
cedure.

Chloramine. Follow the directions for chlorine or bromine,
but add 0.5 ml. of 0.10%, potassium bromide as well as the acid
and phenol.

Ferric Iron in Trace Quantities.
fluoride to 25 ml. of test solution.

Nitrite. To 25 ml. of test solution add 1.0 ml. of 1 to 4 hydro-
chloric acid, then approximately 20 to 25 mg. of sulfamic acid,
mix, and continue as in the procedure.

Add 20 to 25 mg. of sodium

This latter use of sulfamic acid destroys nitrite rapidly at trace
level and has no effect on monochloramine. It appears to be the
answer to the problem of nitrite interference in the determination
of combined chlorine.

CONCLUSIONS

In the presence of mercuric chloride, iodine reacts rapidly and
quantitatively with an acid solution of o-tolidine, providing a
very sensitive method for determining free iodine.

ANALYTICAL CHEMISTRY

The blue color of iodine with starch is due to an I;~-starch
complex and is bleached by mercuric salts, removing iodide from
the system. Some semiquantitative experiments indicate the
possibility of titrating iodide with mercuric salts, using, as an
indicator, starch with a trace of elementary iodine.

A Photovolt filter photometer and later a Unicam S.P. 500
spectrophotometer were used in this work.
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Concentration of Microgram Amounts of Rare Earths in Thorium
Precipitation and lon Exchange Procedures

LOUIS GORDON, F. H. FIRSCHING?!, and K. J. SHAVER?
Department of Chemistry, Syracuse University, Syracuse 10, N. Y.

Two methods have been studied for the concentration of
trace rare earths (<than 100 p.p.m.) present in relatively
pure thorium. Lanthanum-14¢ and yttrium-9%0 were
used to study the efficiency of separation. A precipita-
tion procedure was devised in which more than 98%
of the lanthanum present in 1.5 grams of thorium
oxide is coprecipitated with less than 1% of the latter;
however, this procedure was not effective for concen-
trating yttrium. An ion exchange procedure was also
developed which was capable of concentrating both
vitrium and lanthanum, and should be applicable to
the concentration of rare earths up through terbium.

) ANY methods have been proposed for the separation of
E thorium and the rare earths (4-7) but, in general, they
are not applicable where the rare earths are present in microgram
amounts.

Studies are described here of methods for concentrating small
quantities of rare earths by procedures in which nitrilotriacetic
acid and (ethylenedinitrilo)tetraacetic acid are employed to

1 Present address, Technical Center, Diamond Alkali Co., Painesville,
Ghio.

? Present address, Inorganic Chemicals Division, Monsanto Chemical
Co., Boston, Mass.

complex preferentially the major fraction of the thorium, The
stability of the rare earth complexes (13) of these chelating agents
increases with atomic number; thorium is more strongly com-
plexed (1) than any of the rare earths. As the pH of a solution
containing thorium, rare earths, and complexing agent is lowered,
preferential dissociation of the complexes occurs, This dissocia-
tion is dependent on the magnitude of the stability constants,
with the weaker complexes dissociating at a higher pH. As the
pH is lowered, the lanthanum complex dissociates, then the
cerium complex, then the other rare earths in order of increasing
atomic number, with the very stable thorium complex being the
last to dissociate. Thus, control of pH provides a means of
keeping thorium in solution as a complex while the rare earths
are present as uncomplexed. ions,

When oxalate ions are added to a solution of thorium, a rare
earth, and the complexing agent, it should be possible to utilize
the preferential dissociation of the rarc earth complex to achicve
a separation from thorium. If the rare earth is present only in
microgram - amounts, it will not be possible to precipitate the
rare earths directly; a carrier must then be employed. A small
part of the thorium itself can be used as carrier. This results in a
concentration of the rare earth rather than a complete separation.

REAGENTS AND APPARATUS

Thorium metal was used which contained
The relative abundance of

Thorium Solution.
less than 100 p.p.m. of rare earths.
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these in descending order was: cerium, lanthanum, neodymium,
praseodymium, yttrium, samarium, gadolinium, and dysprosium.
The metal was dissolved with warm nitri¢ and hydrofluoric acids,
after which perchloric acid was added and the temperature
elevated to remove fluoride. Suitable dilutions were then
made with 109 nitric acid; the resulting solutions were gravi-
metrically standardized by precipitation of the oxalate from
homogeneous solution, using essentially the method desecribed by
Gordon and coworkers (3).

Table 1. Precipitation Method for Concentration of Rare
Earths Using Nitrilotriacetic Acid
Rare Earth
ThOz ___ RareFarth ThO: Coprecipi-
Present, Substance Precipitated, tated,

Mg. present Me. % %o
100 CeO: 0.10 2to 4 93
100 CeDe 0.50 2to 4 98
500 CeD2 0.41 1to2 96
1000 CeOz 0.28 <1 90
1000 Y202 2.0 <1 25

Ytirium Solution. Yttrium oxalate (Lindsay Chemical Co.,
West Chicago, Ill.), consisting of 70 to 75% yttrium, 10 to 15%
yttrium earths, and 10 to 15% terbium carths, was dissolved
in warm nitric acid. Suitable dilutions were then made with
109, nitric acid, and the resulting solutions were gravimetrically
standardized in the same manner as that used for thorium.

Disodium, Dihydrogen Ethylenedinitrilo Tetraacetate (EDTA).
Analytical reagent grade material was obtained from the Bers-
worth Chemical Co., Framingham, Mass.

Nitrilotriacetic Acid and Hydroxy(ethylenedinitrilo)triacetic
Acid. These were obtained from Alrose Chemical Co., Provi-
dence, R. 1.

Dowex 50. A cation exchange resin (Dow Chemical Co.,
Midland, Mich.), spherically shaped, 20 to 50 mesh, with 8%,
divinylbenzene cross linking,.

Yttrium-90 and Lanthanum-140. These radioisotopes were
obtained from Oak Ridge National Laboratory as mixtures,
respectively, of strontium-90—yttrium-90 and barium-140-
lanthanum-140. The yttrium-90 and lanthanum-140 were
separated from the parent isotopes by the methods of Salutsky
and Kirby (8, 9). This technique of “milking” the radioactive
rare earths from the radioactive alkaline earths results in a supply
of carrier-free rare earths of better than 939 radioactive purity.

All other reagents used were of ¢.p. or reagent grade quality.

Radioactivity Measurements. A Tracerlab TGC-1 tube,
2.5 mg. of mica per square cm., was used in conjunction with a
Tracerlab utility scaler. Samples containing sactivity were
evaporated in glass specimen vials of uniform dimensions and
counted in the usual manner in the experiments in which the
precipitation procedure was employed. Liquid counting was
utilized in the lon exchange procedure.

pH Measurement. A Beckman Model H-2 pH meter was
used.

PRELIMINARY STUDIES

Nitrilotriacetic Acid Precipitation Method. Ammonium oxa-

late was used as the precipitant and nitrilotriacetic acid as the -

complexing agent. If the pH was adjusted to approximately 4,
thorium (added as nitrate) remained in solution in the presence of
severalfold excesses of ammonium oxalate and nitrilotriacetic acid.
A fraction of a milligram of cerium was then added. The
solution was heated to boiling and acidified by the dropwise
addition of hydrochloric acid until a slight turbidity appeared,
which occurred at a pH -of about 2.5. The small amount of
precipitate formed at the boiling point was easily filtered; if
acidification was terminated at the first appearance of turbidity
the extent of precipitation of thorium was slight. A semi-
quantifative spectrophotometric  determination (10) of the
cerium remaining in solution indicated that most of it had been
carried with the small fraction of thorium precipitated. When
yttrium was added rather than cerium, the extent of precipitation
of yttrium was much less. The yttrium was determined by a
fiame photometric procedure (10); data are given in Table L.
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Other Complexing Agents. Some exploratory work with
hydroxy (ethylenedinitrilo)triacetic acid indicated that it was
not as efficient as nitrilotriacetic acid for this separation.

The use of the stronger complexing agent, EDTA, in the same
manner as nitrilotriacetic acid was not possible because excess
EDTA precipitated on acidification, simultaneously with the
dissociation of the thorium complex. However, a modified
procedure was finally devised, using EDTA but avoiding the use
of the severalfold excess of the reagent. This modification per-
mitted precipitation of the small thorium fraction at a higher
pH where EDTA is soluble. In addition, a more efficient separa-
tion of thorium and a rare earth could be obtained than with
nitrilotriacetic acid. A similar procedure using EDTA was also
devised for the removal of uncomplexed rare earths by ion ex-
change. )

Attempts to use the EDTA procedure with carriers other than
thorium oxalate were not successful; neither thorium iodate nor
thorium fluoride would carry yttrium. Further attempts to
utilize calcium, barijum, or strontium fluoride as carriers for
yttrium also failed.

RADIOCHEMICAL ANALYSIS

Neither the spectrophotometric method for cerium nor the
flame photometric method for yttrium was satisfactory for small
quantities of these rare earths. Thus, it became necessary to
utilize a radiochemical procedure to determine the cfficiency of
the separation. Lanthanum-140 and yttrium-90 were selected as
tracers to ascertain the efficiency of each concentration operation
because they were the most suitable isotopes available to repre-
sent the two rare earth subgroupings. They had an easily
measurable radiation, a reasonable half-life, and could be ob-
tained in radiochemical purity.

Identical aliquots of a thorium solution containing the rare
earth tracer were taken before and after each separation experi-
ment. These aliquots were then counted in close sequence to
avoid errors due to the short half-lives of the tracers. A com-
parison of the counts in the two samples provided a measure of
the efficiency of the separation.

EDTA PRECIPITATION METHOD

Procedure. Mix 101 ml. of 0.00375M thorium solution (as
perchlorate or nitrate) and 100 ml. of 0.00375M EDTA solution.
If nitric acid is not present in the thorium solution, add 1.5 ml.
of concentrated nitric acid. Adjust the pH of the mixture to
between 5.0 and 5.5 with ammonium hydroxide.

Add 25 ml. of saturated ammonium oxalate solution which has
been previously adjusted to pH 3.3 to 3.5 with hydrochloric acid.
Then adjust the final pH to 3.2 to 3.3 with small portions of the
ammonium oxalate solution., If the pH should fall below 3.2,
which surprisingly enough it may do, add ammonium hydroxide
again to attain the proper pH range. The pH must be adjusted
in the manner described. If hydrochloric acid is added after pH
3.3 to 3.5 is reached, the precipitate of thorium oxalate may form
prematurely and in an excessive amount. The lowering of the
pH below this value without danger of precipitate formation
can easily be accomplished by addition of the ammonium oxalate
solution. .

Add 1 drop of 1 to 50 nitric acid, stir, and let stand overnight
or longer to permit a small amount of thorium oxalate to appear
as a turbidity. Filter through a double Whatmsn No. 42 paper
and refilter through another double thickness. The slight
amount of precipitate or turbidity contains the major portion of
the rare earths.

Results and Discussion. Thorium rcacts stoichiometrically
with EDTA at low pH values (2). This reaction provides the
basis for controlling the relative quantities of thorium in solution -
as a complex or as the ion. Thus, it is possible to mix thorium

- and EDTA in such amounts that only about 1%, of the thorium

precipitates on the addition of oxalate. Thorium oxalate pre-

cipitated in this manuver serves as a carrier for the rare earths.
Table II shows the results obtained with the precipitation

procedure described. The data show that more than 989, of the
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lanthanum can be concentrated with the thorium precipitate.
The weights of thorium oxide precipitated in six of the experi-
ments ranged between 2.6 and 12.5 mg. Thus, the average, 6.1
mg., indicates that less than 1%, of the original 1.5 grams of
thorium oxide present, is used to carry lanthanum.

Table II. Precipitation Method for Concentration of
Rare Earths Using EDTA
Stable La:0: Added, La Removal,
pH Mg.4 %
3.5 0.5 99
3.5 0.5 99
3.8 0.5 99
3.3 0.3 99
3.2 0.3 100
3.2 0.1 98
3.2 0.1 99
3.2 0.05 100
3.2 0.05 98
3.3 0.01 a8
3.2 0.01 99
3.2 0.001 99
3.2 0.001 99
.. Q 0 100
0.000 100
0.000 100
Stable Y20s Added, Y Removal,

pH Me.b %
3.2 6.0 15
3.2 0.0 1
3.2 0.1 1]
3. 0.1 1]

¢ Lanthanum-~140 added as tracer.
& Yttrium-90 added as tracer.

A pH of about 3.2 to 3.3 seems to be optimum for the separa-
tion. Above pH 3.3 the slight amount of thorium oxalate
begins to dissolve. Above pH 3.7 the turbidity does not persist
in the solution, whereas below pH 3.1 additional thorium pre-
cipitates,

The precipitation procedurc was not cffective in concentrating
yttrium.

ION EXCHANGE METHOD

Procedure. Use a thorium sample containing the equivalent
of L.5 grams of thorium oxide as nitratc or perchlorate. Add
slightly less than an equivalent amount of EDTA. Adjust the
pH 0 2.0 to 2.3 and the volume to 70 to 80 ml.

Add 5 drops of 0.19, Naphtharson [o-(2-hydroxy-3,6-disulfo-1-
naphthylazo)benzenearsonic acid] (Smith-New York Co., Inc.,
Freeport, Long Island, N. Y.). Titrate the sample with
0.2-t0 0.3M E]%TA (2) until the reddish-orange color clln)anges to
yellowish orange. For comparison purposes, prepare a blank of
equal volume containing 6 drops of Naphtharson and some
thorium.

Next add to the titrated sample a quantity of formic acid equal
t0 10% of ils final volume. Adjust the pH to 2.1 with ammonium
hydroxide.

Prepare a Dowex 50 ion exchange column with 30 c¢m. of resin
in g column 22 mm. in inside diameter. Pass a 109, ammonium
formate buifer, pH 2.1, through the column until the pH of the
effluent buffer is also 2.1.

Now pass the previously treated thorium solution (2 to 3 ml.
per minute) through the column. After this, wash the column
with approximately 50 ml. of the formate buffer. Nex$§, wash
with distilled water until about 350 to 400 ml. have passed
through.

The major portion of the rare earths remains on the column
alpng with a small fraction of the thorium.

‘Results and Discussion. The principle employed in the ion
exchange method is similar to that used in the precipitation
process. The preferential dissociation of the EDTA complexes
with pH makes possible the retention on a cation exchange
column of the traces of rare earths along with a small portion of
the thorium which is uncomplexed.

A study of the effect of pH is shown in Figure 1. Solutions
containing the EDTA complexes of thorium and yttrium (1 to 1
molar ratio of metal ion to EDTA) werc adjusted to various pH

ANALYTICAL CHEMISTRY

values and passed through a Dowex 50 ion exchange column.
Aliquots of 25 ml. were used to obtain each point on the curves
shown in Figure 1; 25 ml. of the thorium-EDTA complex solu-
tivn contained 1.369 grams of thorium oxide, and 25 ml. of the
vttrium-EDTA complex contained 0.4417 gram of yttrium
oxide, Below about pH 2.2 thorium begins to collect on the
resin, whereas above this value it essentially passes through.
However, the retention of yttrium is quite sensitive to pH in this
range. It was not necessary to study lanthanum in a similar way
because the difference between lanthanum and thorium could be
qualitatively predicted once the thorium-yttrium relationship
was established.

Figure 1 was used as a guide in arriving at the procedure de-
scribed for the ion exchange separation of the trace rare earths,

Table III shows the results obtained with this procedure.
At pH 2.1 more than 989} of the trace yttrium present in the
thorium is collected on the resin. However, pH is critical,
as shown by the erratic results obtained at slightly higher pH
values. The stability constant of the lanthanum-EDTA complex
is such that lanthanum is even more efficiently collected by the
resin than is the case with yttrium. Table IIT shows that
lanthanum is effectively collected at pH values up to 2.5.
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Figurel. Effect of pH on elution of thorium.
and yttrium complexes

Some additional concentration of the rare earth traces can be
realized by eluting the column with 2 liters of 1 to 1 hydrochlorice
acid. This operation removes from the column about 989 of the
yttrium, 809, of the lanthanum, and 309, of the thorium. It is
then possible to repeat the entire ion exchange procedure and
attain further concentration. This was demonstrated in some
experiments in which 14.3 and 1.43 mg. of thorium oxide was used
in the starting mixtures instead of 1.5 grams, along with yttrinm-
90 and lanthanum-140. More than 99.5%, of the tracers were
retained by the column with about 20 to 309, of the thorium
taken, indieating that the method as described is more efficient for
the concentration of rare earths when the initial amount of
thorium is relatively large—i.e., of the order of 1.5 grams. Whila
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the use of a shorter column would undoubtedly result in less
retention of thorium it would at the same time allow a greater
rare earth loss.

The ion exchange method described is best applicable for
concentrating microgram quantities of rare earths present in a
relatively large amount of thorium. The initial weight ratio of
thorium to rare earths in the present case is of the order of 10,000
to 1. This is reduced in a single step to about 100 to 1. Some
further concentration can be achieved by repeated application
of the method, although the efficiency is not so good when the
quantity of thorium becomes smaller. Further concentration
or separation could also be achieved by using some other method
which is capable of handling the reduced quantity of the thorium—

Table II1. JTon Exchange Method for Concentration of
Rare Earths®
Thorium
Rare Earth Passing
Remasining through
in Solution, * Column,
pH %o Yo b
Yttrium-90°
2.1 0.11 92.8
2.1 1.38 96.4
2.1 1.02 96.6
2.2 15 L
2.3 0.14 93 .6
2.3 1.43 98.0
2.3 22 A
2.3 36 .
2.4 51 . L.
2.5 45 98.6
Lanthanum-140¢
2.3 0.71 98.1
2,3 0.20 99.1
2.5 0.47 98.2
4 Stable rare earths were not added as was done in precipitation pro-
cedure.

» Thorium analyzed gravimetrically by oxalate precipitation.
¢ Rare earth added as tracer.
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rare earth mixture obtained after a single pass through the jon
exchange column. One such possibility is the modification of the
Stine and Gordon iodate method (12) proposed by Shaver (11),
whose work indicates that only 0.1 to 0.5% of trace rare earths is
coprecipitated with the thorium precipitate.

The stability constant (13) of the EDTA complex of yttrium
i3 17.56 and that of terbium is 17.38. The stability constants of
the-rare earths heavier than terbium are greater than that of
yttrium. Because of this, the concentration of the heavier rare
earths—i.e., heavier than terbium—would not be as efficient as
is the case with yttrium. However, the stability constant for
lutecium is 19.65, whereas that of thorium (1) is 22, Thus, some
concentration of these rare earths can be expected.
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Quantitative Determination of Amino Acids by Fluorescence

of Derivatives on Paper

V. G, SHORE and ARTHUR B. PARDEE
University of California, Berkeley, Calif.

A method is presented for the semiquantitative estima-
tion of amino acids, which depends on treating paper
chromatograms with a xylose spray, heating, and meas-
uring the fluorescence of the spots. Various tests and
applications of the method are presented, and its ad-
vantages and disadvantages are discussed.

ITH the development of paper chromatography for
separation of micro quantities of amino acids, a number of
methods for the quantitative estimation of the separated amino
acids have been developed (3). Considerable variations in
rapidity, convenience, and precision occur amoug the methods,
with rapidity usually being achieved at the expense of precision.
The method presented here evolved from the work of Wadman,
Thomas, and Pardee (18), who determined reducing oligosac-
charides by measuring directly on the filter paper the fluorescence
intensity of derivatives formed when the sugars were made to
react with a fluorescent amine. The measurements of the
fluorescence were made with a Beckman Model DU spectropho-

tometer. The only modification required was that a filter which
transmitted only the fluorescent light be placed in front of the
photocell.  Such a filter (Corning No. 3389) was supplied in the
fluorescence aceessory set for the Beckman spectrophotometer.
The amine-sugar reaction was used for the determination of
amino acids. The fluorescence in this case is developed on paper
by the iuteraction of xylose and amino acids in the presence of
sodium bisulfite. This type of reaction has long been known as
the browning or Maillard reaction. Under suitable conditions
the reaction does not produce the familiar brown products, but
rather intermediates that are highly fluorescent substances (11).

EXPERIMENTAL

Separation of Amino Acids. For the separation of amino
acids in a mixture prior to development of fluorescence, the
chromatographic procedures of Levy and Chung (9) and of Red-
field (13) were tried.

In the method of Levy and Chung, the first dimension was
run with n-butyl alcohol-acctic acid-water as the solvent, and
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Figure 1. Fluorescence intensities of xylose

derivatives of various amino acids as function of
quantity of amino acid

Mixtures of four amino acids each were run at several concen-
trations by method of Levy and Chung (9).

Q Aspartic acjd A Serine
@ Arginine A Tyrosine

the second with phenol-m-cresol. Before the second dimension
was run, the papers were sprayed with a buffer solution of pH
0.3 as in the Levy and Chung procedure. However, because the
borate buffer they and Mc¢Farren (10) used reacts at this pH with
sugars (and interferes with development of fluorescence) pyrophos-
phate buffer was substituted. Carbonate buffer was unsatisfac-
tory for the production of fluorescence.

Whatman No. 52 was found to be the filter paper of chaice
for the chromatographic separation when the above solvents
were used. The spots of amino acids were compact, the fluo-
rescence developed well on it, and the background was very low
provided purified solvents were used. Purification by distilla-
tion of the phenol and cresol seemed essential to the develop-
ment of maximum fluorescence.

- As an alternative separation procedure, the chromatographic
method of Redfield was used. This is & two-dimensional separa-
tion using very small squares (about 14 cm. square) of Schleicher

" and Schuell No. 507 filter paper. Smaller amounts of amino
acids (about onc fifth as much) are used in this proeess, but the
fluorescence developed on these chromatograms is not so intense
as that obtained by using the previously described separation
procedure.

In both methods of separation the fluorescence could be
developed satisfactorily after the chromatogram was run in the
first dimension only.

Development of Fluorescent Amino Acid Derivatives. Vari-
ous solutions for spraying the amino acid chromatograms were
tried to test the effect on production of fluorescence of sugar, pH,
buffer, and agents which prevent browning.

Xylose and glucose were used at concentrations from 2 to 8%.
Glucose reacted with amino acids to give fluorescence, but the
intensity was less than one half as much as with xylose. Also,
longer heating periods at higher temperatures (4 hours at 110° C.)
were required for development of fluorescence. Furfural was
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also tested, because it has been reported that amino acids catalyze
the formation of hydroxymethylfurfural and furfural (15), which
may be intermediates in the formation of amino acid-sugar com-
pounds. It gave no fluorescent derivatives.

The pH of the spray was varied between 5 and 10. Unbuffered
solutions and solutions which were 0.02-, 0.05-, and 0.1M in
phosphate or bicarhonate were tried. As others have found (6),
the interaction of sugar and amino groups is dependent upon pH,
as are the production of fluorescence and browning. Above pH
8, browning was considerably increased; below pH 6 the fluo-
rescence was much weaker. Phosphate (or pyrophosphate) buffer
is suitable for the control of pH, because it is a good buffer
in this region and increases the production of flucrescence as well.

To prevent the formation of nonfluorescent brown pigments,
sodium bisulfite and ascorbic acid were tried. It has been
reported that bisulfite may prevent color development but not
the loss of amino acids (7), depending on pH and moisture, and
that a combination of ascorbic acid and bisulfite may be better
than bisulfite alone to prevent browning (8). Bisulfite prevented
browning and promoted the accumulation of the fluorescent
intermediates. Addition of ascorbic acid to the spray caused
browning, even of the background.

The most satisfactory spray contained 4% xylose and 1.5%
sodium bisulfite in 0.05M phosphate buffer at pH 6.5 to 7. The
papers were sprayed, dried, and then heated in an oven at 80° to
90° C. for 1.5 to 2 hours. The intensity of fluorescence developed
is dependent upon the heating. Thus, it is desirable to have an
oven in which the temperature is fairly uniform throughout and
constant with time.

Measurement of Fluorescence Intensities of Amino Acid-
Sugar Derivatives, The fluorescent spots produced by spraying
and heating of the amino acid spots are easily located by observ-
ing the paper under an ultraviolet lamp. The spots are out-
lined and cut out later for reading in the Beckman spectro-
photometer as follows.

The spots were fastened with rubber bands in front of a hole
in a wooden block which was placed in the-cell holder compart-
ment. The paper was placed as near the phototube as possible,
so that the latter could receive the maximum fluorescent light.
A filter (Corning No. 3389) to absorb the exciting light (365
mu) and to transmit light above 400 mp was placed between the
paper and the phototube. With the slit at 2.0 mm. and the
sensitivity near the maximum, the fluorescence was read on the
per cent transmittance scale. Because variations in the sen-
sitivity occur, the per cent transmittance without any paper in
the cell was checked occasionally. The selector switch was
usually set at 1.0, but for readings of less than 10%, it may be
set at 0.1.

The variation of fluorescence intensity with amount of amino
acid is shown in Figure 1 and Table I. For other amino acids,
except proline which fluoresced feebly, the results were similar.
Results obtained with amino acids separated by the Redfield
method were less satisfactory owing to the lower fluorescence, but
were otherwise similar.

APPLICATIONS

The method was applied to the determination of some of the
amino acids in insulin and g-lactoglobulin (Table II). The
proteins were hydrolyzed in constant boiling hydrochloric acid
at 150° C. for 5 hours. The amino acids were separated by the
method of Levy and Chung (9), and were compared with known
amounts of amino acids.

The method proved to be satisfactory for the comparison of the
protein moieties of various lipoproteins of human plasma (16).
Determination of the amino acid compositions of these proteina
by the dinitrophenylation technique confirmed the results ob-
tained with the fluorescence method.

The amount of azatryptophan incorporated into bacterial
proteins was also estimated by this method (12).
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DISCUSSION

The determination of fluorescence intensity has the advantage
of being simple and fairly rapid by comparison with other
methods for the determination of the concentration of amino
acids directly on the chromatograms. In the total color density
methods {2, 5, 14), the average color densities of a number of
ninhydrin-sprayed strips of chromatographically separated amino
acids are plotted on graph paper and the areas representative of
each amino acid arc determined. The absorption method
requires the use of a base line (dependent on the colorless arca)
and certain assumptions with respect to the position of the divid-
ing line between overlapping bands. These difficulties are
avoided by the measurement of the fluorescence, which is pro-
portional to the amount of material present. The maximum
color density method of Block (1) also avoids this problem and,
like the fluorescence method, is applicable to two-dimensional
paper chromatography. The maximum color density and the
total color density methods require more expensive reagents and
a piece of apparatus, the densitometer, which is not as commonly
found in the laboratory as the Beckman spectrophotometer.

Good accuracy (5 to 10% error) may often be obtained,
although crrors considerably larger than the mean are occasion-
ally encountered (Table II). Tor qualitative location of spots,
the method is similar in sensitivity to the ninhydrin method.

When the amino acids in the mixture to be analyzed can be
separated in one dimension, the quantitative analysis can be
carried out easily and rapidly. However, when two dimensions
are required, the determination may become tedious because of
the number of chromatograms necessary for mixtures containing
a large number of amino acids in widely varying amounts.
While rather time consuming for an absolute, complete protein
analysis, the fluorescence method seems to be a rapid means of
comparing relative amounts of amino acids in a series of samples.
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Table I. Fluorescence Intensities of Xylose Derivatives
of Various Amino Acids as Function of Quantity of Amino -
Acid
Amino Acid, pmole
0.025 0.05 0.075 0.10 0.125 0.15 0.20
Amino Acid Fluorescence Intensity

Alanine 3 17 24 34 40 48 68
Glutamic acid 10 16 26 41 13 52 72
Leucine 12 17 20 25 30 42
Valine 8 10 14 16 22
Glycine 9 18 24 33 38 46
Lysine 17 30 42 53 58 65

Table II. Amino Acid Composition of Insulin and #-
Lactoglobulin by Mcasurement of Fluorescence Intensities

Moles per 106 Grams of Protein

Amino Acid Found Reported values Diff., %
Insulin
Brand (4)
Glutamic acid 137 150 9
Aspartic acid 35 50 10
Glyeine 90 60 50
Serine 60 55 9
Leucine + isoleucine 120 125 4
Phenylalanine 60 50 20
Valine 75 67 12
@-Lactoglobulin
Stein, Moore (17)
Alanine 83 80 B
Lysine &8 77 12
Aspartic acid 84 86 2
Leucine - isvleucine 170 163 4
Glutamie acid 140 130 8
Valine 60 40 22

(9) Levy, A. L., Chung, D., AnaL. Cueu. 25, 386 (1953).

(10) McFarren, E. F., Tbid., 23, 168 (1951).

(11) Olcott, H. 8., Dutten, H. J., Ind. Eng. Chem. 37, 1119 (1945).

(12) Pardee, A. B., Shore, V. G., unpublished data.

(13) Redfield, R. R., Biochim. et Biophys. Acta 10, 344 (1953).

(14) Redfield, R. R., Barron, E. 8. G., Arch. Biochem. and Biophys.
35, 443 (1952).

(13) Rice, R. G., Kertesz, Z. J., Stotz, E. H., J. Am. Chem. Soc. 69,
1798 (1947).

(16) Shore, B., Shore, V. G., Plasma 2, 621 (1954).

(17) Stein, W. H., Moore, 8., J. Biol. Chem. 178, 79 (1949).

(18) Wadman, W. H., Thomas, G. J., Pardee, A. B, Anar. CHEM.
26,1182 (1954).

Receivenp for review February 13, 1956. Accepted May 5, 1856. Aided

by grants from the University of Californin Cancer Resenrch Funds, Lederle

Laboratories, and The Rockefeller Foundation.

Determination of Acetylenic Compounds via Hydration

SIDNEY SIGGIA

Central Research Laboratory, General Aniline & Film Corp., Easton, Pa.

The hydration reaction of the triple bond, when a
mercuric ion catalyst is used in an acidic medium,
converts the acctylenic compound to a ketone, which is
then determined using hydroxylamine hydrochloride.
This approach makes possible the determination of
acetylenic compounds, for which earlier methods are
unsatisfactory. The precision and accuracy are, in
general, within 2%, depending on the type of com-
pound determined.

AN'Y methods have been developed for determining mono-~
M substituted acetylenes of the type HC=CR (I-3, 5,
8, 10, 12-14). All these methods involve replacing the acetylenic
hydrogen atom by a metallic ion and titrating either the acid

formed or the excess of metallic cation used. These methods
cannot be used for determining disubstituted acetylenic com-
pounds (RC==CR). Also, in the casc of monosubstituted acetyl-
enes, thesc methods sometimes cannot be applied because of
interfering substances, which react with the metallic ions used
in the analysis.

Wagner, Goldstein, and Peters (16) describe a method for
determining mono- and dialkyl acetylenes of four or five carbon
atoms by reaction with methanol, using mercuric oxide and boron
trifluoride as catalyst. The acetylenic compound is thus con-
verted to the ketal. The ketal is distilled into hydroxylamine
hydrochloride reagent, which hydrolyzes the ketals to the ketones
and then forms the oxime of the ketone. The reactions used
in this method are as follows:
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HgO
RC=CR’ + 2MeOH ‘B—F) RC(OMe).CH:R’
3

0
i
RC(OMe).CH:R’ + H,0 —~ RCCH:R' + 2MeOH

0

|
RéCHzR’ + NH,OH.HCl —>
NOH

)
RCCH:R’ + H:0 + HCl

The hydrochloric acid formed in the last reattion is titrated,
and the amount of acetylenic compound present in the sample
is calculated from this value. The results obtained by this
method are about 929, of the theoretical values.

The above procedure could not be used for the acetylenic
compounds under investigation because of the high boiling points
of the acetals formed, which made distillation impossible, the
instability of the acetals, which resulted in decomposition at the

ANALYTICAL CHEMISTRY

distillation temperatures, or the low aceuracy inherent in the
method.

Koulkes (8) used the reaction between the acetylenic triple
bond and mercuric acetate to determine several disubstituted
acetylenic compounds. The mercuric acetate presumably adds
onto the triple bond, and the excess of the acetate is determined
by addition of sodium chloride and titration of the acetic acid
liberated. This approach is fast, but impurities which react
with mercuric acetate interfere: ethylenic compounds, some of
which also add mercuric acetate, and inorganic and some organic
halides, which complex with the mereyric ion. Some organic
compounds such as carboxylates and sulfonates, form precipi-
tates, and others are readily oxidized by the mercuric ion.

In the procedure described, the hydration reaction is used, with
a mercuric catalyst in a strongly acidic medium, and the ketone

[l
RCCH.R’

HgSO4
RC=CR' 4+ H,0

20Uy

formed is a measure of the acetylenic material. This approach
is subject to less interference than the mercuric acetate addition
method, as the hydration will still proceed if a portion of the
catalyst is consumed by other
components. The accuracy of

this system 1is, in general, 100

Table I. Dectermination of Acetylenic Compounds =+ 2%; and a variety of acety-
. : lenic compounds are deter-
Reflux Time, Min. Mole Mole % insble (Table T)
Compound Hydration Oximation TUsed Found Recovery 9 Purity Method mlna_ c able o .
Butynediol® 15 15 0.01308 0.01339 95.8 98.9 % ( A . Acidic or alkaline impurities
30 30 0.01398 0.01391 99.5 o, . in the sample do not interfere,
§8 33 8:8},?33 8j86§§§ 958 as the system is neutralized
30 15 001404 0.01415 100.8 i imati o i
30 i 0 01204 0 01359 IR prior to oximation. Ethylenic
30 435 0.00702 0.00700 99.7 unsaturated compounds do not
b f,?, 9-i2md 5 Tt 149.2 interfere, as they do not form
120 60 0.01308 0.01388 99.3 carbonyl compounds under the
2-Propyne-1-ol 30 { lsl_ﬁg;nazmp} 0.0155 0.01473 95.0 99 0:%1 A conditions of the reaction.
30 ) 0155 0.01387 89,4 The only }yterferences which
fgé'dl\‘" " ean be envisioned are from car-
30 18 hr. at y 0.01551 0.01526 98.4 bonyl compounds or carbonyl-
30 mm;}lﬂtemp' 0.01551 0.01517 97.8 forming compounds such as
30 60 0.01551 0.01512 97.5 acetals or vinyl ethers. How-
1-Butyne-3-olb 80 60 0.01321 0.01125 85.2 84.1%1 B ever, these can be determined
50 60 0. 00881 0.00732 831 . o by running the oximation
3-Butyne-1-0lb 30 30 0.01477 0.01317 89.2 93.8+%1 B 1
60 60 0.01507 0.01376 913 - o analysis alone on a sample
60 60 0.01507 0.01411 93.8 without first running the hy-
8 4 8 8%%8; 88}1222 g},;g dration; this should yield just
60 60 0.01507 0.01402 93.0 the carbonyl compound. The
Ethynyleyclohexanol® 30 30 0.01381 0.01280 92.7 .. . hydration analysis should then
i o 000810 000763 078 ‘ » vield the total of ecarbonyl
Phenylacetylene 60 g 0.0001985  0.0001915  96.5 97.2+1 B compound and acetylenic com-
60 i 0.0005958  0.0005744 96.4 .. ) R pound; the acetylenic compo-
1-Hexynee . 75 60 0 01223 0 01088 90 8.1+1 C nent can then be determined
90 60 .- 0.0:083 83.6 - - by subtraction. Some alde-
3-Hexyne¢ 759 60 0.01384 0.01235 89.2 91.5%x1 C hydes are not stable (oxidize)
75 60 . 0.01263 91.3 . . : i
with mercuric ion and samples
3-Octynec 907 60 0.00936 0.00875 93.5 93,0%&1 D ini
190 ks 9 0 ooaes Eedks ° D containing large amounts of
o aldehydes or acetals should be
- -1-o0l¢ g .
3-Octyne-1-ol Rk e 0.00806 0.00678 H1 sTsEt c examined thoroughly to make

A, Acetylation method (for alechols) (17).
B. Acectylenic hydrogen mcthod (75).

C. Bromination method (9).

D. Hydrogenation method (4).

8 Recrystallized from ethyl acetate,

b Laboratory samples distilled onec through helix-packed column.
¢ Analyzed as purchased from Farchan Research Laboratory

@ Could not be determined by method A, B, C, or

© Analyzed as purchased from Eastman Kodak.

J Dinitrophenylhydrazine method used becsuse acetophenone could not be measured by oximation method.
¢ 20 ml. extra methanol used in hydration step becausc of insolubility of compounds.

sure that the corrections ap-
plied are valid.

A potentiometric titration is
used to measure the hydro-
chloric acid liberated in the
oximation step. ' The end
points are not sharp, but, in
general, the precision is within
+ 2% and sometimes within
+ 1%.
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Acetylenic compounds with substitutents on the carbons ad-
jacent to the acetylenic linkage (RiCHC=CCHR.) do not hydrate

Rli R4
rapidly, owing to the hindrance caused by substituents. An
(l)H (\)H
analysis of CoH,C—C=C—CC;H; was attempted by this
CH; CH;

method, but conversions of only about 5097 were obtained under
the conditions described; 70% conversions were obtained when
the hydration time was doubled. Unfortunately, not enough
compounds could be obtained with substituents adjacent to the
acetylenic linkage to compare the rates of hydration with the
type of substituent.

Attempts were made to analyze acetylenic bromine compounds
of the type RC=CCH,Br. However, the bromine atoms on these
compounds are so labile that they are removed by the mereuric
catalyst to form the mercuric bromine complex, and the catalytic
action of the mercurie ion is much decreased; this type-of com-
pound cannot be determined by this method. The chloride com-
pounds of the same structure will probably behave in the same
manner, but this has not been tested.

In the case of phenylacetylene, the ketone formed on hydra-
tion is acetophenone. This ketone is one of the very few that
cannot be determined by oximation in an aqucous or partially
aqueous medium, because of the equilibrium which is present
in the oximation system. Water is a product of the oximation
reaction, and an aqueous system keeps the reaction from going
to completion. In the case of phenylacetylene, after hydration
any excess mercuric ion is removed by bubbling hydrogen sulfide
through the solution and filtering off the mercuric sulfide. Then
the acetophenone in the solution is determined by the 2,4-di-
nitrophenylhydrazine method of Iddles and Jackson (7). This
same technique should be applicable to other acetylenic com-
pounds which yield ketones that are not readily determined by
oximation. This technique is applicable to samples containing
small amounts of acetylenic compounds, as the 2,4-dinitrophenyl-
hydrazine method requires only 4 X 1074 mole of ketone for
optimum operating conditions. This precipitation approach is
less applicable to the hydroxyacetylenic compounds because of
the solubilizing effect of the hydroxyl groups.

Before the 2,4-dinitrophenylhydrazine approach was tried on
the acetylenic compounds, blanks were run, in which all the
steps were included. This was to make sure that no extraneous
precipitate formed on addition of the hydrazine, which would
affect the results. Known samples of acetophenone were run
through the entire procedure to establish the conditions for
complete recovery of the ketone. Then the acetylenic compounds
were used.

REAGENTS AND PROCEDURE

Reagents. Hydroxylamine hydrochloride (0.5N) in 1 to 1
methanol-water.

The catalyst is made from 0.5 gram of mercuric sulfate, 2 ml. of
sulfuric acid, and 63.4 ml. of water.

Alcoholic sodium hydroxide (1.0¥). Sodium hydroxide is dis-
solved in as little water as possible. The sodium carbonate is
filtered off, and the solution is diluted with methanol to the de-
gired volume. This solution need not be standardized.

Aqueous sodium hydroxide, 0.5V (standard), is used.

Apparatus. Glass and calomel electrodes, with a Model H-2
Beckman pH meter.

Procedure. A sample containing 0.05 to 0.20 mole of acetylenic
compound is dissolved in methanol and diluted to 100 ml. in a
volumetric flask; 10-ml. aliquots are used for the determinations.

Ten milliliters of sample solution are added to 20 ml. of catalyst
in & 200-mal. three-necked flask connected to a reflux condenser.
Glass stoppers are inserted in the two unused necks of the flask.
The mixture is refluxed for 1 hour and then cooled in ice with the
condenser still attached. After cooling, the condenser is washed
with 10 ml. of 1 to 1 methanol-water and allowed to drain. The
flask is disconnected from the condenser and glass-calomel
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electrodes are inserted into the flask through the two side necks.
The acid is just neutralized (pH 7) with 1.ON alcoholic sodium
hydroxide. X

Fifty milliliters of hydroxylamine hydrochloride are added, the
mixture is again refluxed for 1 hour and cooled in ice, and the
condenser is washed with 1 to 1 methanol-water. The mixture
is transferred to a 400-ml. beaker, using 50 ml. of 1 to 1 methanol-
water to wash the flask. As much of the solid residue as possible
is left in the flask during transfer. . .

The liberated hydrochloric acid is titrated potentiometrically
with standard 0.5N sodium hydroxide, using the glass and calomel
electrodes, The end point 1s determined- from a plot of milli-
liters of reagent vs. pH.

If carbonyl compounds are preseat in the sample, they should
be determined using the hydroxylamine hydrochloride analysis
(see discussion above).

2,4-DINITROPHENY LHYDRAZONE METHOD

Reagents. Catalyst as described above,

A saturated solution of 2,4-dinitrophenylhydrazine at 0° C. in
2N hydrochloric acid.

Procedure. A sample is dissolved in methanol and diluted to
100 ml., so that a 10-ml. aliquot contains approximately 4 X 10—+
mole. Ten milliliters of sample are added to 20 ml. of mercuric
sulfate-sulfuric acid catalyst and refluxed for 1 hour in a three- -
necked flask with glass stoppers in the two unused necks. After
the hydration reaction period, the flask is cooled in ice with the
condenser attached, and the condenser is washed with 10 ml. of
1 to 1 methanol-water. At this point there is a white precipitate
in the flask, which does not appear to affect the results.

With the condenser still in position, hydrogen sulfide is passed
into the solution to precipitate mercury as the sulfide. When this
reaction is complete (5 to 10 minutes), the sulfide is filtered off
through a No. 30 Whatman filter paper and the flask and paper
are washed with a 1 to 1 solution of methanol-water.

To the filtrate are added 50 ml. of 2,4-dinitrophenylhydrazine
solution, and the mixture is allowed to stand 0.5 to 1 hour. The
resulting solution is warmed on a hot plate with constant stirring
to coagulate the precipitate. When the supernatant liquid is
clear, the precipitate is filtcred off through a (gooch erucible with
an asbestos mat, washed with water, dried at 100° C., and
weighed. If the resultant hydrazone exhibits a sigrificant solu-
bility with the alcohol present (this must be predetermined), the
solution is boiled for a few minutes to remove as much alcohol
as possible before filtration. Acetylenie compounds containing
hydroxy! groups cannot usually be determined by this method,
becatse of the solubilizing effects of these groups.
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Determination of Partition Coefficients of
Carotenoids as a Tool in Pigment Analysis

F. J. PETRACEK and L. ZECHMEISTER

Gates and Crellin Laboratories, California Institute of Technology, Pasadena, Calif.

The partition of a carotenoid between two immiscible
solvents such as hexane and 959% methanol is a charac-
teristic that is determined by the presence or absence
A photometric method
for the estimation of partition coefficients is described
to facilitate the identification of carotenocid pigments.
Its combination with some other methods is briefly
discussed.

of certain functional groups.

FOR convenience and rapidity of manipulation, espeeially in
the examination of very minute quantities, there is no
method of separation equal to that of partition between solvents
which separate after agitation.”” This statement was made 92
years ago by Stokes (§), who succeeded in “disentangling’’ the
green leaf pigments. Subse-

quently, several authors,

\..../

B-Carotene, CiHso

The procedure described below may also be used for testing
the homogeneity of samples. If, after equilibration and deter-
mination of the partition coefficient, one phase is removed and
shaken with the pure solvent that was initially uscd as the other
phase, an unchanged partition coefficicnt is an indication, al-
though not a final proof, of purity.

This operation is being used in this laboratory in conjunction

especially Willstitter and Stoll

(6) and Kuhn and Brock- Table 1.

Partition Coefficients of Some Carotenoid Pigments

The numbering system used
in the table is based on
the following abbreviated
formula.

mann (2), described the dif- (Determined in a two-phase system, hexane-methanol)
-ferentiation of some naturally Wave
i i .Length
; ocourring carotenoids by par- . Uefte:  Hesane-
! titioning between petroleum gype of Funciional . R?zal:i-\{ Mﬁgﬁgd
AR . r roups ings,%:b )
ether and slightly dilute olyene Compound ! = “
methanol or ethanol. Some 1. Hexane-95% Methano o oo
a ¢ . i Hyd by -Carot None 444 100:
datat can also be found in ydrocarbon A T one None 51 H 100.0
pertinent monographs (I, ‘7). ~Carotene None 460 H 100:0
. ycopene None 472 H 100:0
Thus, it was obscrved, after Prolycopene (poly-cis) §Dne ﬁg II{I 1188:3
squili i < Phytofluene one E :
equlhbrnt‘mn by Sh&lung, that retro-Dehydrocarotene None 474 H 99:1
polyene hydrocarbons such as retro-Bisdehydrocarotene None 490 H 100:0
carotenes were found in the Alcoho 4-Hydroxy-a-carotene One —OH 444 H 84:16
s < 4-Hydroxy-g-carotene (isocryptoxanthin) One —OH 451 H 86:14
upper phase (“epiphasic’” be- g gygmxy B-carotenc ((‘?,3y'{’t’°x““"hln)‘h ) 8119 —-8?{: 226 g g%ég
i i vdroxy-y-carotene gazaniaxanthin, ne — :
3?’}‘:131.)’ n C(t)nt'r?;t t;() 3~IEIdydrox3{—%',‘4’-Id)e ydro-a-carotene ne —OH 460 H 78:22
1 roxycarotenoids, the esoxylutein
Y ) .. 4-Hydroxy-3’,4’-dehydro-g-carotene 460 H 80:20
xanthophylls, that are “hypo- g,‘;[ygrﬁ,xg_;; 4-dehydro-ﬁ-ca1mteue) ﬁg ﬁ %g ég
o N g ‘-Dihydroxy-a-caratene (lutein H
phasic. ? In the presence of 3,3’ glﬁygroxy -B-carotene ézeaxanthm) 22% ll\\d/[ %é?g
si — in- 44 -Dihydroxy-g-carotene i :
: blnil,et g}i g'roup an IE Vitamin A: (CxHzs0) 325 H 36:64
ermediate behavior was ob- Ether 4-Ethoxy-a-carotene One —OC:2H; 444 H 99:1
served. 4-Methoxy-3’,4’-dehydro-g-carotene One —OCH; 460 H 99:1
1 Ester Zeaxanthin dipalmitate (physaliene) Two —QO0CC1sHa 451 H 100:0
It is pr.opo'sed that. S_UCh 4,4'-Dihydroxy-g-carotene diacetate Two —OQCCH; 451 H 86:14
rather qualitative descriptions 4-Hydroxy-3’,4’-dehydro-f-carotene acetate One —OOCCH; 460 H 96:4
be replaced by precise photo- Ketone 4-Keto-a-carotens igg %{I ggfg
metric determinations of par- 4:I(,ggg.:g;?f'{(éeehn;dro-ﬂ-carotene iog % g(z) Ego
tition coefficients of chroma- é;%;%&?g;’i‘cm’tene e riy 302
togra,phicaﬂy homogeneous Keto alcohol) 4-§eto—4:-hyhdroxy—ﬂ-camtene Que =0 poac igg y gg(lig
3 - and deriv. 4-Keto-4’/-ethoxy-g-carotene me C==0, one —QC»Hs H
Samples,has SU(:h . dat; r'cpl ¢ 4-Keto-4'-¢thoxy-3',4’-dehydro-g-carotene On(el?l—? one —QC:Hs 468 H 44:56
resent characteristic physica. allylic:
. Capsanthin ne C=0, two —OH 475 M 4:96
constants and are-highly de- Capsanthin diacetate Two —OOCCH:, one C=0 470 H 65:35
Capsorubin Twa C=0, two —OH 450 M 1:99
pendent on the structure.
° . e Carboxylic acid Crocetin (CaoHu0Q4) Two —COOH 450 M 4:96
Table 1 contains partition co- and ester Methylbixin (CasHs204) Two —COOCH:; 450 M 26:74
efficients of some naturally 2. Hexane-85% Methanol
occurring  carotenoids and in Aleohol Lutein ¥WO ,gg ‘Zéﬁ g g:gg
i i Z thin wo — H
vitro conversion products (4). Neozoaxantisin & (cie) Two —OH 141 H 10:60

2 As arule these wave lengths represent those at maximum extinction taken in the Beckman spectrophotometer.
Any other maximum ean be used—e.g., because of limitation of apparatus available.

b Extinction measured:

H, in hexane'

M, in methanol.
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with chromatographic analysis. The latter method would reveal
the presence of even small amounts of cis contaminants, whose in-
fluence on the partition cocflicient is mostly negligible. A third
current method of carotenoid identification is spectroscopy in the
ultraviolet and visible regions. While the extinction curve alone
will not differentiate between p-carotene and its hydroxyl deriva-
tives, for example, identification of the pigment will be aided by
the determination of the partition cocflicient as suggested in the
present paper. In favorable instances a further powerful tool can
be used—infrared spectroscopy—by means of which not only
funetional groups but also some typical stereochemical features of
the molecule may be detected (3).

PROCEDURE

The sample is dissoived in about 15 ml. of either hexane
(previously shaken with 959, methanol) or 95% methanol (previ-
ously shaken with hexane). Usually, the more effective solvent
is chosen for the dissolution. The coneentration should be low
enough to allow direct reading at Amax. of the absorbance, A,, in a
Beckman spectrophotometer. After this has been accomplished,
5.0 ml. of the pigment solution is pipetted into a stoppered 10-ml.
graduate cylinder, followed by an-equal volume of the other
solvent. The two phases are equilibrated by slowly inverting the
cylinder twenty times, The absorbance, 4., is then taken again
in the phase used for the dissolution of the sample. The per cent
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epiphasic character (when hexane was the solvent) or hypo-
phasic (when the substance was dissalved in methanol) is given
by A;/A, X 100. (The extinction values are usually measured
in the hexane solution.)

The experiment described requires 15 minutes, and the ac-
curacy limit is *1%. The most favorable conditions for the
analysis prevail when a two-phase system is chosen that causes
the presence of 40 to 60% of the total pigment in either phase.
Thus, in the analysis of xanthophylls, hydroxyketones, or poly-
ketones, the photometric estimations may be carried out with
advantage in the system hexane-85% methanol (Table T).
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Determination of Phosphorus by Precipitation

as Oxine Molybdophosphate

J. A. BRABSON and O. W. EDWARDS

Division of Chemical Development, Tennessee Valley Authority, Wilson Dam, Ala.

A study of the gravimetric determination of phosphorus
‘as the oxine salt of molybdophosphoric acid removed
several uncertainties about the method. The composi~
tion of the compound that is weighed corresponds to the
formula 3CH;ON.H;(PM0::0:s). The method was
checked against a variety of standard samples of alloys
and rocks; it was found to be faster than the magne-
sium pyrophosphate method and of comparable accu-
racy. The high molecular weight of the molybdophos-
phate is an advantage in the analysis of low-phosphorus
materials.

GRAVIMETRIC method for the determination of phos-

phorus as the oxine salt of molybdophosphoric acid was de-
scribed by Scharrer (9). He applied the method to plant ash,
soils, and fertilizers (0.001 to 609, phosphoric oxide).

The high molecular weight and low phosphorus content of the
precipitated oxine salt suggest a particular suitability of the
method for the determination of small guantities of phosphorus—
a major reason, perhaps, for appearance of the method in various
reference books on analytical methods. The prospective user of
the method is faced, however, with uncertainties about the compo-
sition of the precipitate and about the conditions under which the
precipitate should be handled up to the time it is weighed.

Scharrer found an average of 3.063% phosphoric oxide (P;Os)
in the dried oxine molybdophosphate precipitate (105° C.) by the
Lorenz method (8). Berg (2) concluded that the dried precipi-
tate is a dihydrate, 3C:H;ON.H[P(Mo:0-)s].2H:0, with a theo-
retical phosphoric oxide content of 3.056%. The same composi-
tion of precipitate was reported as recently as 1953, when Duval
(5) presented a pyrolysis curve from which he concluded that the

dihydrate is the stable compound over the temperature interval
from 176° to 225° C. Brabson and coworkers (3), on the other
hand, presented evidence that the compound that remains when
the precipitate is dried at 140° C. is anhydrous oxine molybdo-
phosphate, 3CH;ON.Hy(PMo;204), which contains 3.13939,
phosphoric oxide.

In the analysis of reagent grade phosphate salts, Shik (10) did
not confirm Scharrer’s results. He found that extended drying at
105° C. was necessary to bring the precipitate to constant
weight. This finding was confirmed in tests (3) which showed
also that the precipitate could be dried at 140° C. without change
in the x-ray pattern. Experience with the silicon analog of the
phosphorus compound (3) indicates that Scharrer’s directions for
washing the precipitate are inadequate.

An interest in the oxine molybdophosphate method arose in
connection with the analysis of products from a study of the syn--
thesis of phosphorus nitrides (6). Some of the products were
merely stains on the glass synthesis apparatus, and the determina-
tion of their phosphorus content was complicated by the large
amount of sulfuric acid that was required for their dissolution.

Several improvements in the method and strong ewidence re-
garding the composition of the precipitate resulted from the study
deseribed here.

REAGENTS

Oxine-Hydrochloric Acid Solution, 5. Triturate 75 grams of
8-quinolinol with 75 ml. of concentrated hydrochloric acid-
Dilute to 1500 ml.

Ammonium Molybdate Solution, 109. Dissolve 400 grams of
ammonium molybdate, (NH,)sMo07;02.4H,0 (large crystals), in
4000 ml. of water. Filter through a retentive paper.

Precipitating Solution. To 1680 ml. of concentrated hydro-
chloric acid add 1680 ml. of the ammonium molybdate solution
and 640 ml. of the oxine-hydrochloric acid solution. Filter
through & sintered-glass funnel of fine porosity.
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Saturated Wash Solution. The precipitate for saturation of
the wash solution is prepared in small batches to ensure its correct
composition and to facilitate washing. Add reagent grade phos-
phoric acid equivalent to about 10 mg. of phosphoric oxide to
each of nine 400-ml. beakers and dilute to 1060 ml. Heat the
solutions to 70° C. in a water bath and to each add 30 ml. of the
precipitating solution from a buret while stirring. Continue the
heating with occasional stirring for 15 minutes. Cool for 1 hour
at 20° C. Filter through sintered-glass crucibles of fine porosity
and wash 10 times with a hydrochloric acid solution made by dilut-
ing 850 ml. of the acid to 10 liters. Transfer the bulk of the precipi-
tates to a 2-liter flask. Add 1500 ml. of the dilute hydrochloric
acid to the flask and digest with occasional shaking at 70° C. in the
water bath for 1 hour. Pour the supernatant liquid into a stock
bottle (about 9 liters). Similarly digest the solid with successive
charges of dilute acid until about 90% of it has dissolved, then
transfer it to the stock bottle along with the last charge of acid.
Filter a portion of the wash solution through a fine sintered-glass
funnel immediately before use.

PROCEDURE

The optimum amount of phosphoric oxide for precipitation is
5 to 10 mg., and 0.1 mg. is the practical lower hmit. Samples
may be decomposed by various means, provided (1) the phos-
phorus is converted to orthophosphate; (2) silicon, germanium,
arsenic, and nitrates either are absent or are removed; (3) the
concentration of sulfate is under 35 mg. per ml. (otherwise a
double precipitation is required); and (4) excess acid is ncutralized
with sodium hydroxide, not ammonium hydroxide.

Separation of Phosphorus. Transfer an aliquot containing no
more than 15 mg. of phosphoric oxide to a 400-ml. beaker. Dilute
to about 50 ml., add 2 drops of methyl red indicator, and adjust
the pH to the intermediate shade of the indicator with sodium
hydroxide solution and 1 to 9 hydrochloric acid. Adjust the
volume to 100 ml. and heat the solution to 70° C. in a water bath.
Add 30 ml. of precipitating solution from a buret while stirring.
Hold the solution at 70° C. for 15 minutes and stir it occasionally.
Then cool it for 1 hour at 20° C.

Under gentle suction, filter all the liquid through a weighed
sintercd-glass crucible of fine porosity. Wash the solid onto the
filter with a jet of the saturated wash solution and the aid of a
policeman. Wash the precipitate 10 times with the wash solution
and finally once with a jet of water. About 856 ml. of wash
solution is required for a determination. Dry the precipitate at
140° C. for 1 hour, cool to room temperature in an evacuated
desiccator over anhydrous magnesium perchlorate, and weigh.
Repeat the drying, cooling, and weighing to constant weight.
Since the precipitate is somewhat hygroscopic, cool no more than
three crucibles in one desiceator. Make the weighings quickly.
Subtract the blank correction described below to obtain the net
weight of precipitate.

Blank Determination. Prepare a standard phosphate solution
by digesting 1 gram of NBS phosphate rock 56b with perchloric
acid. Dilute to 1 liter and transfer 25-ml. aliquots to each of six
400-ml. beakers. Precipitate the phosphorus. ~Filter and dry the
precipitates to constant weight. If the weights of the precipi-
tates exceed the theoretical value by more than a few tenths of a
milligram, apply the difference as a blank correction. Establish
a new blank for each lot of reagents.

Calculations.

Net weight of precipitate X 0.013701 _
weight of sample X 100 = % P

Net weight of precipitate X 0.031393

weight of sample X 100 = % P:0s

EXPERIMENTAL WORK

In Scharrer’s method (9) a neutral or weakly acidic solution
containing about 10 mg. of phosphoric oxide is heated to 70° C.
and an oxine-ammonium molybdate solution is added. An or-
ange-yellow precipitate scparates immediately. Affer at least 12
hours it is filtered on a Gooch crucible, washed with an ammo-
nium nitrate solution, and dried to ¢onstant weight (4 hours or
more) at 105° C.

A study of silica determination with oxine (8) suggested several
changes in the older procedures. Parallel changes were made in
Scharrer’s method. Thus, the precipitated complex was allowed
to settle for 1 hour instead of 12 hours and was washed with a
saturatedysolution of the complex in dilute hydrochloric acid in-
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stead of a solution of ammonium nitrate.
was dried at 140° C. for 1 hour.

Gravimetric Factor. Determinations of the phosphoric oxide
content of the oxine molybdophosphate by analysis of the com-
pound and by weighing precipitates from known amounts of
phosphoric oxide yielded respective averages of 3.1378 and
3.13319%, phosphoric oxide. Because these results agreed, within
the limits of experimental error, with the formula of oxine mo-
lybdophosphate, 3C,H;ON.Hy(PMo120x), the theoretical factor
0.031393 was used.

" Interfering Substances. Arsenic (9), germanium (1), and
silicon (8) interfere with precipitations of oxine molybdophos-
phate, because these elements precipitate analogous heteropoly
compounds. Nitrate interferes by decomposing oxine to a dark
mass.

Ammonium salts in large amount interfere (2), presumably by
precipitation of ammonium molybdophosphate. Sodium hydrox-
ide, therefore, was used instead of ammonium hydroxide for neu-
tralization of excess acid.

Also, the precipitate

Table I. Accuracy of Oxine Molybdophosphate Method in
Analysis of Rocks and Alloys

Oxine Method NBS
Standard No. Av. Max, Min. value
Sample Detns. P:05, %
Rocks
Argillaceous limestone, la 9 0.148 0.1530 0.146 0.15
Phosphate rock, 56a 10 32.84 32.93 32.78 32.902
Phosphate rock, 120 15 35 18 35.32 35.06 35.20@
Alloys
Phosphorus %
Ferromanganese, 68a 9 0.290 0.291 0.288 0.294b
Ferrophosphorus, 90 5 26.12¢ 26.16 26.04 26.2

o Most probable values assigned by National Bureau of Standards.
o obgéb'erage of 7 gravimetrie results obtained after removal of arsenic,
.h_c Acid-inscluble residues were found to contain an additional 0.02% phos-
phorus.

Many phosphatic materials are easily decomposed by means of
perchloric acid without loss of phosphorus. The effect of per-
chloric acid was studied by analysing aliquots of a standard solu-
tion of diammonium phosphate to which had been added various
amounts of the 727 reagent acid. Perchloric acid had no effect
on the method in quantities as great as 20 ml. in the 100-ml. vol-
ume to which the precipitant was added.

The effect of sulfates was tested in the 100-ml. volume to which
the precipitant was added by analyzing aliquots containing equal
quantities of phosphorus and amounts of concentrated sulfuric
acid ranging from 1 through 20 ml. The precipitates from solu-
tions containing more than 2 ml. of sulfuricacid were contaminated
by an extraneous compound. ILven in the absence of phosphate,
an orange-yellow compound was precipitated. From its composi-
tion and its x-ray diffraction pattern the precipitate was identified
as molybdenum hydroxyquinolate, MoQx(CoHsON);.

Interference by sulfate was obviated by a double precipitation
of the oxine molybdophosphate. The mixture first precipitated
was collected on filter paper and wet-ashed with nitric and per~
chloric acids (4). The precipitated molybdic oxide was dissolved
in excess sodium hydroxide solution. The second precipitation
was done in'the same manner as single precipitations in:the.ab-
sence of sulfate. The results showed that interference by sulfuric
acid in the range from 1 to 20 ml. of the concentrated reagent per
100 ml. of solution had been eliminated.

Application to Standard Samples. The accuracy of the method
was checked against NBS samples of rocks and alloys that varied
widely in phosphorus content. Phosphate rocks were decom-
posed by digestion with perchloric acid. Argillaceous limestone
was digested with perchloric acid after strong ignition.. Ferro-
manganesc was dissolved in boiling nitrie acid, which then was re-
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Table II. Analysis of Phosphorus Nitride by Single- and

Double-Precipitation Methods

Phosphorus Phosphorus Found, Mg.
Taken, Single Double
Mg. pptn. pptn.
0.25 Q.29 0.30
Q.50 0.51 0.50
1.33 1.34 1.33
2.86 2.99 2.86
4.19 4.19 4.15
5.58 5.57 5.50

moved in several evaporations with hydrochloric acid, and the
sample finally was boiled with hydrochloric acid and ammonium
bromide to remove arsenic. Ferrophosphorus was fumed with
perchloric acid. The results obtained with the rocks and alloys
are shown in Table I.

Application to Phosphorus Nitride. The oxine method was
applied to a sample of phosphorus nitride (P;Ns) that assayed
55.0% phosphorus by the magnesium pyrophosphate method.
Portions of the nitride weighing about 0.35 gram were digested to
complete solution in 15-ml. charges of concentrated sulfuric acid,
and the solutions were fumed an additional 15 minutes. The ali-
quots contained approximately 5 mg. of phosphorus. Their sul-
furic acid content was not enough to interfere in a single precipi-
tation. Six determinations yielded an average of 55.22%, phos-
phorus with a range of variation of 0.47%. When one result was
rejected statistically, the average was 55.15% phosphorus with
a maximum variation of 0.18%. The oxine method thus gave re-
sults comparable to those obtained by the magnesia method in
the analysis of macro samples.

1487

Micro samples of the phosphorus nitride were weighed into
tared microbeakers and transferred to 250-ml. beakers for de-
composition. Phosphorus was determined by single- and double-
precipitation methods on aliquots representing 509, of each sam-
ple. The results are shown in Table II.

The last two entries in the double-precipitation column of Ta-
ble II indicate minor losses of phosphorus, presumably through
volatilization (7). The losses were offset by the effect of the sul-
fate in the single precipitations. Although the sample must be
decomposed completely, the total time of fuming with sulfuric acid
should not exceed 2 hours.
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Precipitation of Lead Chromate from Homogeneous Solution

WILLIAM A. HOFFMAN! and WARREN W. BRANDT
Department of Chemistry, Purdue University, West Lafayette, Ind.

Homogeneous generation of chromate, by bromate,
from chromium(III) is used to precipitate lead chro-
mate. The procedure is relatively free from interfer-
ences and can be used for the quantitative recovery of
lead or chromium. The crystals recovered are large
and easily handled, and exhibit maximum purity. The
volume of the precipitate is half that obtained by stand-
ard procedures. Purity is the same as of lead chromate
recovered by the careful use of standard procedures, but
lead chromate can be more easily precipitated and
handled by this procedure.

RECOMMENDED method for the separation and deter-
mination of lead employs the precipitation of lead chromate
(1, 8). Chromium may be determined by oxidation to chromate
(8) with subsequent precipitation, but in the latter case chromate
is usually titrated. The present paper describes a modification
of these procedures, in which chromium(III) is slowly oxidized
to chromate by bromate. This procedure results in the recovery
of large, readily filtered, and easily washed crystals of lead chro-
mate, which exhibit maximum purity.

MATERIALS

Baker and Adamson test lead was washed in nitric acid to free
it of surface impurities, and was then dissolved in nitric acid.

1 Present address, Wesleyan University, Middletown, Conn.

Lead nitrate was recovered by recrystallization. The lead nitrate
so obtained was dissolved and recrystallized twice from 0.1%,
nitric acid. The resultant material was dried at 120° C. and
weighed, as needed, as a primary standard, Pb(NO;),. Lead
content was checked by recommended procedures (1, 3) as the
sulfate, chromate, and electrolytically deposited dioxide.

Table I. Analysis of Precipitate from Hydrolysis of Urea

Calculated
PbCrOs, Found, % Average,
% 1 Z %
Pb 64.11 65.26 65.52 65.4
CrO4 35.89 27.83 27.98 27.9
Ratio (Pb-CrOs) 1.000 1.313

Mallinckrodt analytical reagent grade potassium dichromate,
with an experimentally determined oxidative purity factor of
1.000, was weighed as a primary standard. Reduction, to prepare
individual stock chromium samples, was effected by a Jones
reductor.

Other reagent grade chemicals were used as needed.

EXPERIMENTAL

The mechanism proposed for the generation of chromate (6, 7),
which employs the hydrolysis of urea, led to erratic and incom-
plete recoveries of lead. Furthermore, the material recovered
was not a simple lead chromate (Table I).

The chromium content was too low to correspond to either
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simple lead chromate or a lead polychromate. Carbonate was
shown to be absent from the precipitate. The analysis corre-
sponded to a multiple salt of the form: zPbO.yPbCr0;.2K.CrOs.
However, in view of the quantitative limitations of incomplete
recovery and with no apparent enhancement of the precipitate
form, further investigations of this problem seemed of limited
utility. The difficulties presented by this precipitation approach
have not been fully resolved.

The oxidative generation of chromate from chromium(III)
by bromate proceeded slowly at 90° to 95° C. and yielded a quan-
titative recovery of lead in the form of large, easily washed and
filtered crystals of high purity (Figure 1).

Form of lead precipitate

Figure 1.

Upper. Heterogeneous
Lower. Homogeneous

The sequence of reactions for the generation can be represented
as

2Cr+++ + BrO;~ + 5H,0 — CrO,~~ 4 Br~ + 10H*
5Br~ + BrO;~ + 6H* — Br. + 3H0

Bromine boils from the solution, but bromide is the initial reduc-
tion product, as was demonstrated by adding silver in the absence
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of lead. An insoluble white residue that is sparingly soluble in
ammonia is recovered after generation is complete. Conse-
quently, silver ion should be absent.

INTERFERENCES

Complexants of chromium(III) inhibit the formation of chro-
mate. Of these, only acetate and ammonia are commonly en-
countered. Acetate hinders appreciably only if present in con-
centrations approaching saturation in terms of sodium acetate.
As chromate is formed in acidic solution, the concentration of free
ammonia is low. The presence of ammonium salts, however, was
also observed to inhibit generation of chromate.

Inhibition by ammonium salts was probably due to competitive
oxidation of the ammonium ion by bromate. The reaction in-
volved is represented by the expression:

2NH,* + BrO;~ — N; + Br~ 4+ 2H* + 3H:0

Ammonium salts heated in aqueous solution with bromate slowly
evolved a colorless gaseous product. The gas was collected over
water; its inert character strongly suggested nitrogen. Bromide
was the initial reduction product, causing a turbidity to develop
in the presence of silver nitrate that in time became a heavy
precipitate. In the absence of silver nitrate the reaction of
bromide with bromate was not appreciable, but acidification with
dilute sulfuric acid produced an unmistakable evolution of bro-
mine.

If solutions of the sample are acidic after dissolution, they
should be neutralized with sodium hydroxide to avoid the un-
necessary use of large quantities of bromate and the attendant
increase in the time necessary to complete precipitation.

The anions of the common mineral acids do not interfere.

Cations forming insoluble chromates, such as silver(I), barium-
(1), mercury(I,II), and bismuth(III), do not interfere in the
recovery of lead chromate because the acidity is sufficiently high
during the generation of chromate to prevent their precipitation.
Bromide from the generation can be expected to form insoluble
salts with silver(I) and mercury(I). Mercury(I) does not inter-
fere, presumably because of oxidation to mercury(II), the bromide
of which is more soluble. Silver (in small quantities) may be
removed from the precipitate by repeated washings with am-
monia, but is preferably separated by standard methods prior
to precipitation (4).

PRECIPITATE FORM

Analysis of the precipitate made by the following procedure
showed it to be lead chromate (Table II).

Procedure. Dissolve the precipitate in concentrated nitric
acid, add sulfuric acid, and evaporate the solution to fumes of
sulfur trioxide. Upon cooling, filter off the lead sulfate, dry, and
weigh it. Determine chromate content by adding excess stand-
ard ferrous sulfate solution to the filtrate and back-titrating with
dichromate.

Table II. Analysis of Precipitate
Calculated
'bCrOs, _ Found, % Average,
% 1 2 %
Pb 64.11 64.22 64.14 64.18
CrO« 35.89 35.80 35.84 35.82
Ratio +1.000 1.005 1.001 1.003

The purity of the precipitate was ascertained spectrograph-
ically. When barium and copper were added, impurities on the
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* orAer of 1071 gram were found. No differentiation could be
méde in this respect between the precipitates obtained homogene-
ously and those obtained by standard procedures (1, 3).

Aging had no effect on the amount of precipitate recovered or
upon its composition.

The precipitate was dried at 120° C. in all cases.
to 450° C. it showed a negligible loss of weight (2).

When heated

Table III. Recovery of Lead from Stock Solution
Additions
Taken, Found, Difference, (10 Mmoles
G. G. Mg. Each)
0.9036 0.9034 —0.2 None
0.9037 +0.1
0.9038 +0.2
0.9442 0.9440 =0.2 None
0.9444 +0.2
0.9442 0.0
0.9437 —0.5 Al, Fe, Ni
0.9442 0.0
0.9443 +0:1
0.9218 0.9225 +0.7 Cu, Zn, Ba
0.9220 +0.2
0.9222 +0.4
0.7880 0.7885 +0.5 Cd, Bi, Hg
0.7882 0.2
0.7883 +0.3
0.7880 0.7882 +0.2 Age
0.7888 +0.8
0.7887 +0.7
0.8332 0.8335 +0.3 Agb
0.8330 -0.2
0.8325 -0.7

@ Ag removed by washing with ammonia.
b Ag removed prior to precipitation as chloride.

The volume of the precipitate, compared to that obtained by
standard procedures (1, 3), was halved. The volume did not de-
crease to the extent sometimes observed with use of the homo-
geneous technique, notably in comparison to the hydrous oxides
(6). The decrease is of the order obtained with crystalline pre-
cipitates such as barium chromate, barium sulfate, and rare
earth oxalates, however.

RECOMMENDED PROCEDURE

Lead. Select a sample containing 0.1 to 0.2 gram of lead.
After dissolution, neutralize the solution by adding sodium
hydroxide until a precipitate just begins to form. Add 10 ml. of
acetate buffer solution (6 in acetic acid, 0.6M in sodium ace-
tate), 10 ml. of chromic nitrate solution (24 grams per liter),
and 10 ml. of potassium bromate solution (20 grams per liter).
Heat to 90° to 95° C. After generation and precipitation are com-
plete (about 0.5 to 0.75 hour) as evidenced by a clear supernatant
liquid, cool, wash with 0.1% nitric acid, and collect the crystals
in a weighed Gooch crucible. Very little washing is required.
Dry at 120° C. and weigh.

Chromium. Select a sample containing approximately 0.05
gram of chromium. After dissolution neutralize the solution by
the addition of sodium hydroxide until a precipitate just begins
to form. Add 10 ml. of acetate buffer solution, 10 ml. of lead
nitrate solution (35 grams per liter), and 10 ml. of potassium
bromate solution (20 grams per liter). Heat to 90° to 95° C.,
and proceed as with lead.

RESULTS

Determination of Lead. The results obtained with the recom-
mended procedure are given in Table III.

Recovery of lead in multicomponent samples is reported in
Table IV. Tin was separated as metastannic acid in the case
of the brasses and bronze.
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The Thorn Smith samples contained only copper, tin, and zinc
in addition to lead. The National Bureau of Standards samples
contained the same components, in addition to small amounts of
iron and nickel. The bronze sample contained traces of sulfur
and phosphorus.

Only the lead content of the ore was known.

Determination of Chromium. The recovery of chromium by
the recommended procedure is shown in Table V. No additions
were made to the samples.

Table VI reports recovery of chromium from steel samples
containing iron, carbon, manganese, phosphorus, sulfur, silicon,
chromium, and vanadium; less than 19, of all components, ex-
cept iron, was present.

Table IV. Recovery of Lead in Multicomponent Samples
Pb Pb
Reported, Found,
Sample % %
Thorn Smith
Brass 4.01 3.95, 3.99
Brass N 4.75 4.75, 4.77
Brass 3.76 3.70, 3.7l
National Bureau of Standards
Cast bronze (52) 1.52 1.54, 1.53
Sheet brass (37B) 0.90 0.91, 0.91
Diack and Smith
Lead ore 83.88 83.70, 83.82
Table V. Recovery of Chromium from Stock Solution
(0.1023 gram taken)
Found, Difference, Found, Difference,
G. Mg. G. Mg.
0.1020 —-0.3 0.1025 +0.2
0.1023 0.0 0.1018 —-0.5
0.1021 —-0.2 0.1022 —0.1
0.1020 —0.3 0.1024 +0.1
0.1022 —=0.1
Table VI. Recovery of Chromium in Multicomponent
Samples
Cr Cr
Reported, Found,
Sample % o
Thorn Smith steel 0.96 0.91, 0.96
0.64 0.65, 0.75
0.54 0.57, 58

The analysis of the low-chromium steel samples indicates that
the procedure would be successful for the determination of chro-
mium in chromite ores. Other procedures are probably better
suited for determining chromium in steel.
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Determination of Dissolved Oxygen in Hydrocarbons

ANDERSON B. MCKEOWN and R. R. HIBBARD

Lewis Flight Propulsion Laboratory, National Advisory Committee for Aeronautics, Cleveland, Ohio

A method is described for the determination of dis-
solved oxygen in hydrocarbons by a modified Winkler
procedure.
equipment.
results, but peroxides interfere:

The procedure is easily run using simple
Mercaptans do not appreciably affect the
a correction factor is
proposed to compensate for the effects of peroxides.
The repeatability of the method is good and the accu-
racy appears comparable to that obtained by more
laborious techniques.

I concentration of dissolved oxygen in petroleum fractions

is of interest in connection with their storage and thermal
stability, swectening processes, and probably other applications.
Most procedures for the determination of dissolved oxygen in
organic solvents involve the removal of dissolved gases from the
solvent and the subsequent determination of oxygen in these
gases (1, 2, 4, 8, 11). These procedures generally require special
or elaborate apparatus and most of them are time-consuming.
The polarograph has been used by Hall (7) to determine dissolved
oxygen in fuels; this method is fairly rapid and does not require
the separation of dissolved gases.

A simpler method than those mentioned is the modified Wink-
ler procedure proposed by Schulze, Lyon, and Morris (15). In
this method the fuel is shaken with an alkaline suspension of
manganous hydroxide, the hydrocarbon and aqueous phases are
separated, and the aqueous ph is acidified in the presence of
iodide. The resultant iodine is titrated with thiosulfate. This
method, which has been proposed for the determination of dis-
solved oxygen in sweetened gasolines, presents considerable diffi-
culty in the separation of hydrocarbon from caustic-manganese
oxide suspensions, particularly when applied to fairly viscous
fuels, such as kerosine and jet fuels.

The method proposed herein is a further modification of the
Winkler method, which eliminates the problems of phase separa-
tion that are encountered in the Schulze procedure and is not
significantly influenced by the mercaptan concentrations found
in most fuels. Fuels are shaken with an alkaline suspension of
manganous and ferrous hydroxides and the system is acidified
prior to separating the fuel and aqueous phases. The net effect
is to form ferric ion in proportion to the amount of oxygen dis-
solved in the sample. The amount of ferric ion is determined
iodometrically. Both the classical Winkler method and the
Schulze procedure use the iodide ion rather than the ferrous ion
as a reducing agent. A reducing agent is required when the sys-
tem is acidified; otherwise the manganic ion would go through a
disproportionation reaction to yield the manganous ion and
manganese dioxide. The dioxide is not soluble in acids of the
strength used in this work and would not be as easily determined
as either iodine or the ferric ion. The ferrous-ferric system is used
in the proposed method, because it permits acidification in the
presence of the fuel. If iodide were used, the resulting iodine
would both dissolve in and possibly react with the fuel. For this
reason the fuel and aqueous phases must be separated prior to
acidification in the Schulze procedure (15).

Organic peroxides interfere in the proposed procedure and pre-
sumably a similar interference would be found in the Schulze
method (15). However, an empirical correction is proposed to
minimize errors due to peroxides. The method has been tested
on a variety of fuels, solvents, and pure hydrocarbons and is
believed to be generally applicable to liquids that are immiscible

Apparatus used in determination of dissolved
oxygen

Figure 1.

with water. It should also be applicable to partially or fully
miscible liquids, provided these do not react with iodine and
there is no interference with the starch indicator; however, the
method has not been tested on such compounds. The method
uses simple apparatus and common reagents. It requires 1.5 to
2 hours per determination, but several analyses can be run
simultaneously.

APPARATUS

The fuels were shaken with the reagents in 500-ml. sealing
ampoules similar in shape to the bottles in which bromine is sold.
These were cylindrical glass bottles about 8 em. in outside diam-
eter and 12 ecm. long, with a tubulature 1.0 c¢m. in outside di-
ameter. Shortlengths of Tygon tubing3/;sinch in inside diameter
were fitted over the tubulature to leave a 5-cm. free length of
tubing. The ampoules were closed by using pinchclamps on this
free length. The ampoules were shaken with a rocking motion
by a Burrell Model C12 shaking machine which had been fitted
with cups to hold the ampoules. The ampoules and modified
shaking machine are shown in Figure 1. It is probable that other
containers and shaking methods would be equally effective.

REAGENTS

Manganous-ferrous solution, containing approximately 0.2V
manganous sulfate, 0.2N ferrous ammonium sulfate, and 0.2V
hydrochloric acid.

Sodium hydroxide, approximately 2.5N.

Hydrochloric acid, approximately 5.0V,

Potassium jodide crystals.

Sodium thiosulfate, approximately 0.1V, standardized.

Starch indicator.

PROCEDURE

Place 50 ml. of the manganous-ferrous solution in an ampoule
and connect via the Tygon tubing to one leg of a three-way stop-
cock. Connect the other two legs to vacuum and to a source of
oxygen-free gas. A vacuum of ca. 5 mm. absolute is adequate
and any convenient inert gas may be used; propane was used in
this work. Draw a vacuum on the ampoule until the solution
boils for a few seconds under the reduced pressure and then admit
the inert gas to near atmospheric pressure. Repeat the evacua-
tion and repressurization three times to flush out atmospheric
oxygen. Finally evacuate for 1 to 2 minutes and close off the
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+ aripoule with a pinchclamp. Disconnect from the stopcock and,
using a small funnel, add 20 ml. of sodium hydroxide without
breaking the vacuum. Squeeze out any air bubbles trapped in
the tubing before opening the pincheclamp. Leave the last few
drops of caustic above the pinchclamp as a precaution against
air’s leaking into the ampoule. Add 250 to 300 ml. of fuel in the
SaMe Inanner,

Place the ampoule in a shaking machine and shake for 30 min-
utes. Then add 25 ml. of 5V hydrochloric acid and shake manu-
ally for a few seconds to neutralize the caustic. Open the pinch-
clamp and drain the contents of the ampoule into & separatory
funnel. Wash the ampoule with 20 ml. of water and add this
water to the separatory funnel. Drain the aqueous phase from
the separatory funnel into an Frlenmeyer flask, add 5 grams of
potassium iodide crystals, allow the solution to stand for 10
minutes, and titrate with 0.1V sodium thiosulfate, using starch
solution indicator. Record the volume of thiosulfate requircd
and then set the flask aside for approximately 30 minutes. If,
at this time, color has returned to the starch indicator, titrate
again with thiosulfate and add this volume to the first reading,

As the ferrous-manganous—hydrochloric acid solution is slowly
oxidized by air, run a blank upon this solution each time it 1s
used, repeating the above procedure in all its steps except the
addition of the fuel sample,

Mecasure the volume of sample left in the separatory funnel,
and calculate the amount of dissolved oxygen by the following
equation:

Dissolved oxygen, ml. (STP) per liter =

net ml, of NasS:0; (sample — blank) X normality X 5603
ml. of sample

RESULTS AND DISCUSSION

The repeatability of this procedure is shown in Table I by the
results from quadruplicate tests run on seven fuels. . One result
(for kerosine) was omitted from the average, because the Dean
and Dixon rejection coefficient (3) showed that there was a
greater than 909, probability of experimental error. A standard
deviation, ¢, of 0.67 ml, per liter was found for the method.

Table I. Repeatability of Dissolved Oxygen
Determinations with Air-Saturated Fuels

Dissolved Oxygen, M1.(STP)/Liter

Fuel Av.
Benzene 30.8,33.4,34.0,33.0 32.8
Toluene 40.9, 41.0, 41.0, 40.8 40.9
n-Heptane 62.0, 62.4, 61.4, 61,2 61.8
Cyclohexane 46.6, 46.7, 46.4, 46.5 46.6
Kerosine 38.8, 39.0, 39.3, (37.1)° 39.0
Mineral oil, light 28.7, 28.3, 28.1, 27.9 28.3
Clear gasoling 41.4, 42.3, 42.7, 42.7 42.3

¢ Value in parentheses omitied from average. Standard deviation, o, =

Zx?
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No experiments were run which directly show the sensitivity of
the method. However, data were obtained on two jet fuels which
contained relatively small amounts of dissolved oxygen. These
were preparved by saturating the fuels with a gas containing 2.0
volume %, of oxygen; this gas was made by taking a tank of air
at 1.0 atm. and pressurizing it to 10.5 atm. with cylinder nitrogen.
Dissolved oxygen determinations were made on these fuels and
also on the same fuels when saturated with air. The experimental
values are shown below. Also shown are the solubilities calcu-
lated for the 2% oxygen-saturated solutions using the data on
air-saburated fucls and Henry’s law.

Dissolved Oxygen, ML (STP)/Liter

Found, Air 2% Os Saturated
Sample Saturated Found Caled, Difference
A 46.8 4.3 4.5 0.2
B 501 11 48 01

These data show that accuracy is preserved down to relatively
low concentrations of dissolved oxygen. The differences are well
below the standard deviation for air-saturated fuels.

Table II lists the dissolved oxygen concentration found for
various air-saturated hydrocarbons. Because saturation was
accomplished by bubbling large excesses of air. through the sol-
vent, the dissolved oxygen should be 0.21 that obtained with pure
oxygen. Therefore Ostwald coefficients—i.e., the volume of gas
at the pressure and temperature of the experiment dissolved in
ane volume of solvent—ifor pure oxygen were calculated and are
also listed in Table II. The calculation of these coefficients re-
quires the vapor pressures of the hydrocarbons at the temperature
of the air-saturation experiment and these were taken from the
data of Rossini (74) for the pure hydrocarbons and estimated (72)
from the Reid vapor pressure for the commercial fuels.

As an example, benzene, when air-saturated at 26° C. and 748
mm. total pressure, had a dissolved oxygen content of 32.8 ml. per
liter (Table 1X) or 0.0328 ml, per ml. of solvent. For pure oxygen
the solubility would be 0.0328 X 1?019
ml. As the vapor pressure of benzene is 100 mm. at 26° C. (14):
the partial pressure of air was 748 — 100 = 648 mm. Converting
the 0.156 ml. of oxygen from standard temperature and pressure
to the conditions of air saturation (26° C. and 648 mm.) gives
0.200 as the Ostwald coefficient for benzene, The vapor pressures
of dodecane, hexadecane, and fuels with zero Reid vapor pressure
are s0 low that they need not bie considered.

= (1.156 ml. of oxygen per

An attempt was made to estimate the aceuracy of the proposed
method by comparing data for air-saturated hydrocarbons with
literature values for the solubility of oxygen in the same solvents.

— = = 0.67.

n—7-1 Comparison was made on the basis of Ostwald
coefficients (Table IIT). The repeatabilities of
both this method and the several methods pro-

Table II. Disselved Oxygen Content of Air-Saturated po§ed' in the hte?atu're va?e good, well below 0.01
Petroleum Fractions and Pure Hydrocarbons unit in Ostwald coefficients. For reasons un-
Reid  Satura- Satura- Dissolved known, the differences among the literature
Grav- Polmg  Yapor  ton - on R, Oghwad Ostwald eoefficients for benzene and tolucne are
Substance °APIL °F. sure® SC." Mm. Hg  Liter cients considerably greater than the repeatabilities of
%ei\zene . .. é‘é ;41; ‘ig.s gggg the several methads. Perfect agreement is shown
olu . .. 5 40. . :
p-Xylone : - 5% 750 09 0 206 between the literature values for n-hexane and
ﬁiﬁié‘éﬁﬁe - - gi ;gg g?-g 8213 iso-octane (6, §); however, both references are
Iso-octane o . 25 745 64.7 0.368 by the same authors. Only single literature
n-Dodecane .. . - 25 748 38.3 0.202
n-Hexadecane o B 58 750 36.3 0.192 values could be found for n-heptane and cyclo-
§:;§:{"e 33-% ggg:ggg 8 z e 22,9 9.200 hexane. Because of spread in some of the litera-
Light mineral oil  30.4 ‘0 28 748 28.3 0.151 ture Ostwald coefficients, the accuracy of the
Motor gasoline 60.0 L 9.0 26 743 30.4 0.305 .
Furnace oil No. 2 35.6 356622 0 54 742 332 0.176 mecthod cannot be stated, but the comparisons of
}ggﬂggﬁ“feﬂm iy 1198 6 z o 18 9.8 Takle IIT suggest that the accuracy of the method
P-4 52.9 160422 2.2 24 753 12.8 0.248 is probably within £=10% of the actual amount.
JP-5 422 360-502 0 23 745 39.3 0.206

@ Measured on another sample after air saturation to eliminate effect of loss of light cnds.

As peroxides readily oxidize the ferrous ion and
are often determined by means of this reaction
(18), the results of the dissolved oxygen con-
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centrations are certain to be high in the presence of these
compounds. . If peroxides in fuels reacted completely with the
ferrous-manganous reagent, one peroxide number—i.e., 1 meq.
per liter—wfould be equal to 3.6 ml. of oxygen per liter of
fuel. Ithas been shown (18), however, that many peroxides have
efficiencies well below 1009, in the conversion of ferrous to ferric
ion; therefare a study was made of the effect of peroxides on this
dissolved oxygen determination. The fuels used for this study
were peroxidized by the action of pure oxygen in the presence of
sunlight or by the addition of measured quantities of organic
peroxides to the fuels.

The results are shown in Table IV, along with data taken from
Wagner, Smith, and Peters (18). These data show that oxidation
of both ferrous and ferrous-manganous systems by peroxides
was far less than theoretical; the average oxidation efficiency of
the peroxides was 219, for the ferrous-manganous system and
409, for the ferrous system. A correction, therefore, of 0.3 of
theoretical is proposed for this method. This correction is about.
midway between the above mentioned average oxidation effi-
ciencies. The correction factor amounts to 5.6 X 0.3 = 1.7 ml.
of oxygen per liter of fuel per peroxide number of the fuel; it
should be subtracted from the determined dissolved oxygen con-
tent. This correction, even though it is empirical and based on
limited data, should rarely be in error by more than 2.0 ml. of
oxygen per liter of fuel per peroxide number for commercial fuels.
The errors might be slightly larger for pure compounds.

The method of Schulze, Lyon, and Morris (15) is recommended
only for sweetened gasolines, presumably because the mer-
captans in unsweetened gasolines are extracted by the alkaline
manganous-manganie oxide suspension and subsequently oxidized
by iodine. This gives low results for dissolved oxygen. A similar
effect of mercaptans on the results of the proposed procedure
would be expected only if the mercaptans remained in the aque-
ous phase after acidification, as the iodide ion is not added until
after acidifieation and phase separation. Two fuels, iso-octane

Table III. Experimental and Literature Ostwald
Coeflicients

Hydro- Temp., This Literatured __

carbon °C. Work (8 8) 9 10y an 13
Benzene 26 0.200 . 0.228 0.224 0.174 0.209
Toluene 26 0.224 0.212 0.232 0.179
n-Hexane 23 0.372 0.359 0.359 SN AN
n-Heptang 24 0.344 S 0.353 s
Iso-octane, 25 0.368 0.368 0.368 0.373
Cyclohexane 25 0.282 . 0.222% e

@ T jterapure values interpolated to experimental saturation temperatures.
4 Value questioned by authors (6).
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and kerosine, each containing approximately 0.01 weight %
mercaptan sulfur as added n-butyl mercaptan, were studied in
order to evaluate the effect of mercaptans on the results of this
method (Table V).

Table V. Effect of Mercaptans on Dissolved Oxygen
ctermination
Dissolved Oxygen, ML./Liter
Sample Av.
Iso-octane 64.8, 65.4, 64.4, 64.2 64.7
Iso-octane -+ 0.01 mercaptan 8 63.2, 63.6, 63.5 63.4
Kerosine 38.8, 39.0, 39.3 39.0
Kerosine + 0.01 mercaptan § 35.8,35.7,37.8 36.4

The dats indicate that mercaptan sulfur concentrations of the
order of 0.01 weight %, which are ahnormally high for ordinary
fuels, have but a minor effect on the dissolved oxygen results.
There was no significant change in the mercaplan concentration
of these fuels during the dissolved oxygen determination. Tt is
believed that no significant inaceuracies due to mereaptans will
result when the method is applied to normal petroleum products;
for these products the mercaptan concentration is usually well
below 0.005%.

Considerable difficulty was experienced during the develop-
ment of this method, in obtaining permanent end points in the
jodometric determination of the ferric ion. Swift (16) has shown
that permanent end points can be obtained for this titration if at
least 3 grams of potassium iodide and acid strengths of 0.25 to
12 meq. of hydrochloric acid in 30 ml. of solution are used for the
iodide reaction. His conditions may not be applicable to the
reactions in this procedure, as his solutions did not contain
manganese. It was found in the development of this procedure
that end points are nearly permanent if the acid strength used for
the iodide reaction is about 0.5 to 1.0 meq. of hydrochloric acid
per milliliter of solution. The amounts of reagents specified in
this procedure give final acid concentrations within these limits,
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Golorimetric Determination of Ritromethane in the

Presence of Other Nitroparaffins

LAWRENCE R. JONES and JOHN A. RIDDICK

Commercial Solvents Corp., Terre Haute, Ind.

In a specific method for determining nitromethane in
the presence of other nitroparaffins sodium 1,2-naph-
thoquinone-4-sulfonate reacts with nitromethane in
an alkaline solution to yield a violet complex. This
complex, when extracted with isoamyl alcohol (3-
methyl-1-butanol) can be quantitatively measured at
585 mu. The complex follows Beer’s law in the range of
5 to 30 y of nitromethane. The method has an accuracy
within £29% and a precision within £1%. A specific
method for separating nitromethane from other nitro-
paraffins depends upon an azeotropic distillation with
methanol. This separation step effectively extends the
lower limits of the colorimetric procedure so that as
little as 1 part of nitromethane in 10,000 parts of other
nitroparaffin may be quantitatively determined.

HE quantitative determination of any one member of the

nitroparaffin serics in the presence of the others is difficult
beesuse of closely related chemical properties. Tlowever, nitro-
methane, the simplest member, exhibits a few unique and char-
acteristic color reactions.

Desvergenes (3) measured the yellow color formed with alka-
lies, Bose (1) used the Griess-Tlosvay reactants to determine the
nitrous acid split off by alkaline degradation, and Meyer and
Locher (8) formed nitrolic acids with nitrous acid. These tests
apply to nitromethane as well as all other primary nitroparaffins.
Manrzoff (6) described a specific test for nitromethane using
vanillin and ammonia as reagents, but Machle, Scott, and Treon
(6) found that the test did not follow Beer’s law and had a Jimited
use. Meyer and Ambuhl (7) coupled diazonium salts with the
alkali salts of the nitroparaffins to obtain highly colored phenyl-
hydrazones of nitroaldehydes. Turba, Haul, and Uhlen (10)
developed the diazonium reaction into a quantitative method
for all primary nitroparaffins. This reaction was more specific
for nitromethane when a buffer was used, but the other primary
nitroparaffins interfered appreciably when present in high con-
centrations.

Recently, Turba, Haul, and Uhlen (10) presented a qualitative
test for the trace detection of nitromethane. They found that
nitromethane condenses with sodium 1,2-naphthoguinone-4-
sulfonate in an alkaline solution to give a violet colored complex.
In the present work this complex was found to be suitable for
quantitative measurement at 585 mu when extracted from the
reaction mixture with isoamyl alcohol. The color develops

rapidly, is stable for 1 bour in the solvent, and follows Beer’s
law in the range of 5 to 30 ¥ of nitromethane. The reaction is
specific for nitromethane.

BASIC PROCEDURE

Apparatus. Spectrophotometer, Beckman Model DU with
1-cm. Corex cells.

Centrifuge, any laboratory type.

Flowmeter, Fisher Laboratory Model 11-163 or equivalent.

Aeration apparatus (4).

Distillation column, Penn State-type column 16 mm. in inside
diameter and 150 em. long, packed with 3/:¢-inch single-turn glass
helices. Wound with 182 turns of No. 22 Nichrome wire.

Reagents. Nitromethane standard, 99.99% mole, by freezing
curve (9).

Methanol, anhydrous.

Phosphatc Buffer, K;HPO,, 20 & 0.5%, aqueous solution of
dibasic potassium- phosphate adjusted to pH 9.50 with a saturated
solution of tripotassium phosphate.

Isoamyl alcohol, purified by fractional distillation and satu-
rated with phoﬁpha.tﬁ' buffer, p. 0.

Sodium 1 2-naphthoqumone--'l—sulfonate BEastman Kodak No.
1372, 0. 10% aqueous solution. This solution is not stable, and
is prepa.red fresh daily.

Preparation of Calibration Curve. Prepare a solution of nitro-
methane standard in water to contain 1.00 mg. per ml. Transfer
0.0-, 0.50-, 1.00-, 2.00-, and 3.00-ml. portions to separate 100-ml.
volumetrié Aasks and dilute each to volume with water. Transfer
1.00 ml. of each dilution into a test tube. Add 10.0 ml. of the
buffer and 1.0 ml. of the color réagent and mix. Allow the solu-
tion to stand at room temperature for 15 minutes. Add 5.0 ml.
of the isoamyl alcohol and mix. Separate the phases by centrifug-
ing. Transfer a portion of the upper isoamyl layer to a 1-cm.
Corex cell and read the absorbance at 585 mu, using the solution
containing 0.0 ml. of standard as the blank.

Plot concentration against absorbance on linear graph paper.
The above standards equal 0, 5, 10, 20, and 30 v of nitromethane,
respectively.

Determination. - The determination is the same as the calibra~
tion, except that the sample is prepared so that a 1.00-ml. aliquot
contains no more than 30 v of nitromethane. A blank is prepared '
from 1.00 ml. of water treated with the same reagents as the
sample.

Interference. Several additional aliphatic nitroparaffing were
tested to determine the specificity of the color reaction: nitro-
ethane, l-nitropropane, 2-nitropropane, 1l-nitrobutane, 2-nitro-
butane, 1-nitro-2-methylpropane, 2-nitro-2-methylpropane, and
2,2-dinitropropane. Only nitromethane gave a positive reaction.

Applications. Although other nitrocompounds do not yield a
colored complex, excessive amounts of primary nitroparaflin
(nitroethane, l-nitropropane, l-nitrobutane, and l-nitro-2-

Table I. Effect of Nitroparaffins on Determination of Nitromethane
Composition of Mixtures, Wt. % Nitre thane

Nitro- 1-Nitro- 1-Nitro- 2-Nitro- 2-Nitro~ Nitro-~ Found, Difference,
ethane propane butane propane butana methane Wt. ‘7/ Wt. 9
19.50 13.40 14.55 22.35 20.15 10.056 10.00 =0.05
21.30 20.65 16.10 19.00 18.80 6.35 6.32 —0.03
11.65 9.82 15.20 21.08 18.63 23.65 23.67 +0.02
24.90 25.02 23.95 26.10 26.08 —0.02
98.90 .- 1.10 34 —0.76
99.05 0.95 0.41 —0.54
- 98.60 1.40 0.69 —0.71

98,94 1.06 1.05 ~0.0

99.30 0.70 0.70 00
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Table I1. Determination of Nitromethane in Air
Caled., ¥ Found, v
1000 995
500 500
100 99
50 51
Table III. Stability of Colored Complex in Isoamyl Alecohol

Tire, Absorbance of Nitromethane
Min. 10 v 20 30 y
0 0.340 0.680 1.020
15 0.340 0.680 1.020
30 0.340 0.679 1.020
60 0.339 0.680 1.020
73 0.335 0.676 1.115

Table IV. Effect of pH on Color Development

Absorbance,
rH 20 y NM
8.50 0.350
9,00 0.615
9.50 0.680

10.00 0.870
10.50 0.640

methylpropane) inhibit the color formation between nitro-
methane and sodium 1,2-naphthoquinone-4-sulfonate (Table I).
When the nitromethane content is below 5% weight, it must be
separated before analysis,

Determination of Nitromethane. In Procmss Sampres. In
the preparation of derivatives from nitromethane where relatively
pure (959 or better) nitromethane is the starting material, no
interference is encountered due to the presence of other primary
nitroparafins.

Weigh the sample into a volumetric flask containing water,
neutralize, and dilute to volume with water. From this solution,
prepare a diluted sample such that a 1.00-ml. aliquot will con-
tain 30 v or less of nitromethane, and analyze.

In AIR SaMmpLES. Pass the air containing nitromethane vapor
through the aeration train with each tube containing 20 ml. of
phosphate buffer. Use a flow rate of 0.2 liter per minute. At the
end of the sampling period, combine the buffer solutions from
the three tubes into a volumetric flask, dilute to volume with
water, and analyze a 1.0-ml. aliquot containing 30 v or less of
nitromethane.

Nitromethane determinations in known concentrations of air
samples are presented in Table IT.

Effect of Variables. The influence of several variables on the
color formation and quantitative applications of the reaction was
investigated: absorption curve, Beer's law, stability and inten-
sity” of color, time and temperature of reaction, concentration of
reagents, pH of reaction, and azeotropic distillation.

AnsorpTION SrEcTrRUM. The absorbance curve of the violet
complex of nitromethane and sodium 1,2-naphthoquinone-4-
sulfonate shows maximum absorbances at 387 and 585 mp.

ANALYTICAL CHEMISTRY

The maximum at 585 mg was the stronger and was chosen for use.

TRaNsMITTANCY AND Concenrrarion. Calibration curves
were determined for nitromethane by plotting absorbance
against concentration. A straight-line calibration curve, orig-
inating at zero concentration and absorbance, is obtained for
the range of 5 to 30 « of nitromethane.

Tive axp TeMpERATURE OF RmacTion. The colored complex
was prepared and spectrophotometer readings were made inter-
mittently to determine the time required for complete color
development. A time of 15 minutes at room temperature was
chosen as optimum.

Covor Staprurry.  The absorbance of the colored complex was
determined at various time intervals (Table III). The color
was stable for only 6 minutes in the buffer solution after the
15-minute development period. Ilowever, it was stable for 1
hour after extraction into isoamyl alcohol.

pH or Reaction. The color development was determined in
several phosphate buffer solutions of varying pH. The buffers
were prepared from a stock 20% dipotassium phosphate solution
and adjusted to the desired pH with either 869, phosphoric acid
or a saturated aqueous solution of tripotassium phosphate.
Ten milliliters of buffer solution were used and the colors ex-
tracted with isoamyl aleohol. The optimum buffer solution,
as indicated in Table IV, had a pH of 9.50

STABILITY AND CONCENTRATION OF REAGENT. The stability
and concentration of the sodium 1,2-naphthoquinone-4-sulfonate
are critical. Aqueous solutions of the reagent are not stable
and must be prepared {resh daily to obtain reproducible results.

The eolor development between nitromethane and the reagent
was determined at different levels of reagent concentration (Table
V). Excess reagent inhibits the color development. A 1.0-ml
aliquot of a 0.10% aqueous solution of sodium 1,2-naphthoqui-
none-4-sulfonate was chosen as optimum.

AZEOTROPIC DISTILLATION
The determination of small amounts of nitromethane in mix-

tures of other primary nitroparaffins is subject to interference
(Table I).

Table V. Effect of Reagent Concentration
Concentration, Absorbance,
G./100 Ml. 20 y NM
0.05 0.680
0.10 0.680
0.20 0.672
0.50 0.515
1.00 0.385

Table VI. Azeotropic Separation of Nitromethane

Added to Found,
Distillation 50-M1. Distillate,
Flask, Mg. Me.

1.0 1.00; 1.01
3.0 3.00; 3.00
10.0 10.00;10.03
100.0 99.00;99.80

Table VII. Determination of Nitromethane Using Azeotropic Separation

Composition of Mixtures, Weight % Nitro-

B 1-Nitro- methane Differ-
Nitro- 1-Nitro- 1-Nitro- 2-Nitro- 2-Nitro- 2-methyl- Nitro- Found, ence,
ethane propane butane propane butane propane methane Wt. % Wt. %
33.67 20.00 6.46 20.06 10.02 10.08 0.010 0.010 0.000
41.42 12.63 10.18 17.02 7.80 10.92 0.030 0.030 0.000
37.81 26.60 32.89 - .69 ¢.010 0.010 0.000
99.50 .. 0.500 Q0.490 —0.010
96.40 1.00 2.12 0.480 0.480 0.000
93.00 1.60 4.40 1.000 0.990 —0.010




VOLUME 28 NO. 9, SEPTEMBER 1956

Desseigne and Belliot (2) found that nitromethane formed an
azeotrope with methanol containing 12.5 weight %, nitromethane
and boiling at 64.55° C. This provides a convenient method
for separating nitromethane, as the higher nitroparaffins do not
{form azcotropes with methanol.

The separation of nitromethane from other nitroparaffins, by
ageotropic distillation with methanol, was studied. Tests were
made to establish the type and length of column needed, the
most suitable rate of distillate removal, and the volume of dis-
tillate necessary to remove nitromethane quantitatively in the
range of 1 to 100 mg. Removing 50 ml. of distillate with the
described column at a 30 to 1 reflux ratio gave good results. Typ-
ical data on the recovery of nitromethanc in 50 ml. of distillate
are presented in Table VI.

Columns with shorter packed sections or increased take-off
rates were not satisfactory.

Determination of Nitromethane Using Azeotropic Distillation.
Weigh 1 to 2 grams of the sample into a 500-ml. round-bottomed
distiliation flask, add 200 ml. of dry methanol, and attach to the
fractionating column. Operate the column at total reflux for 1
hour. Remove 50 ml. of distillate at a reflux ratio of 30 to 1,
transfer the distillate to a 100-ml. volumetric flask, and dilute to
volume with water. Analyze a 1.00-ml. aliquot for nitromethane.
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Repcat the analysis, using a larger dilution of the distillate if the
nitromethane content is high.

Results of the determination of nitromethane in mixtures using
azeotropic separation and the deseribed color test are given in
Table VII.
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Determination of Chromium and Vanadium
in Silica-Alumina Cracking Cafalyst

T. A. HIETT and PAUL KOBETZ!
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A rapid and accurale wet chemical method for the de-
termination of small amounts of chromium and vana-
dium in silica-alumina cracking catalyst and similar
materials involves amperometric titration with ferrous
iron to determine chromium plus vanadinm. Vanadium
is titrated directly ufter reoxidation with potassium
permanganale, followed by selective reduction of
chromium with sodinm azide. Chromium is calculated
by difference. The precision varies from within
£0.0603% for less than 0.005 weight % to 1% of the
mean for greater than 0.10 weight %.

HROMIUM and vanadium are two contaminant metals
that are known to produce adverse effects on the perform-
ance of silica-alumina catalysts in fluid cracking operations.
Many methods are reported in the literature for estimation of
these metals. Chromium has been determined colorimetrically
in many materials with s-diphenylearbazide (); however, large
amounts of vanadium interfere. Vanadium is frequently deter-
mined colorimetrically with phosphotungstate (2). Here again,
interfering ions, such as chromium and iron, must be removed.
Willard and Young (?) have reported a volumetric method
for determination of chromium and vanadium in steel. They
used ferrous iron and potassium permanganate with o-phenan-
throline as indicator. Ducret (4) employed ferrous iron as a ti-
trant, with diphenylamine as indicator, to determine total
chromium plus vanadium after permanganate oxidation. He then
selectively oxidized vanadium with permanganate, destroyed
the oxidant with sodium azide, and titrated the vanadium di-
rectly. Parks and Agazzi (6) employed Ducret’s technique,
but substituted amperometric titration for the visual indicator

1 Present address, Kaiser Aluminum and Chemical Corp., Baton Rouge,
La.

titration. They digested the sample briefly with sulfuric and
perchloric acids before addition of permanganate. Johnson,
Weaver, and Lykken (5) used electrodeposition to remove chro-
mium and similar ions from solutions to prevent their interference
with the determination of other ions. The methods that ap-
peared most promising for the authors’ purpose [5-7] were
evaluated.

In the method presented here, a modification of the Parks and
Agazzi procedure (6), samples are digested with hydrofluoric
and sulfuric acids to remove silica and with perchloric acid to
oxidize chromium and vanadium. Total chromium plus
vanadium content is determined by amperometric titration with
ferrous solution. Then, after rcoxidation, chromium is selec-
tively reduced with sodium azide, and the vanadium is titrated
directly. Chromium is calculated by difference.

EQUIIMENT

The cquipment eonsists of a Sargent Model XXI polarograph
equipped with a saturated calomel reference electrode, salt
bridge, constant-speed stirring motor, and rotating platinum
indicator electrode.

REAGENTS

A 0.1N stock solution of ferrous ammonium sulfate in 1 to 9
sulfurie acid is made 0.01¥ and 0.001A by dilution.

Potassiuln permanganate is approximately 0.1V,

Sodium azide, 10 weight 7 aqueous, is prepared fresh daily.

RECOMMENDED PROCEDURE

Weigh 1 to 2 grams of silica-alumina catalyst into a 100-ml.
platinum dish. Heat slowly to 650° C. in a furnace and ignite
about 30 minutes at this temperature. (This ignition step may -
be omitted if carbonaceous matter is known to be absent.) Wet
the catalyst thoroughly with water and add 5 ml. of ¢.p. concen-
trated sulfuric acidd. Add 15 ml. of 509, hydrofluoric acid in
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Table I.

Amperometric with Electrodeposition (5)

Recovery of Known Amounts of Chromium and Vanadium

Willard and Young with 0.0l¥ Fe and

Chromium, mg.
A

dded 0.500 0.040 0.020 0.020
Found 0.510 0.040 ©0.023 0.019
Vanadium, mg.
Added 0.500 0.200 0.200 0.200
Found 0.460 0.200 0.200 0.214

Amperometric with Selective Oxidation (6)

0.005N KMnO4 (7)
0.012 0.020 0.020 0.020 0.000 0.060
0.008 0.025 0.02¢4 0.034 0.010 0.020
0.200 0.200 0.200 0.200 0.240 0,300
0.201 0.200 0.208 0.198 0.245 0.254

Amperometric with Selective Reduction

Chromium, mg.
Added

0.040 0.020 0.000
Found - e -
Vanadinm, mg.
Added 0.200 0.200 0.200
Found 0.206 0.200 0.200

@ Calculated from NBS values for NBS sample 98,

0.040 0.026 0.020 0. 14¢°

0.032 0.019 0.125
0.200 0.500 0.400 O0.14 + 0.01%
0.206 0.505 0.402 0.151

small increments (caution) and evaporate to sulfur trioxide
fumes. Repeat the hydrofluoric acid addition and evaporation.
Wash down the walls of the dish with about 15 ml. of water and
evaporate to sulfur trioxide fumes.

Add 13 ml. of 729, perchloric acid and transfer the solution to
a 150-ml. beaker containing a few boiling stones. Cover, heat
to fumes, and allow to simmer 10 minutes after development of a
full yellow or orange color. Cool rapidly by dipping and swirling
in ice water for 6 to 8 seconds. Add 15 ml. of water, wash down
the cover and sides, and boil the solution for 3 minutes. Cool,
and titrate amperometrically with ferrous iron solution.

Make the solution up to approximately 75 ml., beil, and add
potassium permanganate dropwise until a pink color remains 1
minute. Add sodium azide solution dropwise to the boiling
solution to destroy excess oxidant and 1 ml. in excess (add a
correspondingly larger excess when more than 0.05 meq. of total
titrant is expected). After 30 sceconds, remove the solution from
the heat and cool in ice water. Titrate the vanadium as above
and obtain chromium by subtracting the milliequivalents of
vanadium (second titration) from the total number of milli-
equivalents (first titration).

APPLICATION TO KNOWN MIXTURES

Solutions of known chromium and vavadium contents were
analyzed by the method presented and by three other methods
for eomparison (Table I).

Amperometric titration with electrodeposition ermitb good
recovery of chromium and vanadium; however, this procedure
requires cxtra equipment (electrodeposition unit) and about
1 hpur more time per analysis than the proposed method.

The method of Willard and Young showed the poorest accu-
rady. End point determination was difficult with the visual
indicator in the presence of large amounts of buffering salts,
especially for the lower concentrations.

The method of Parks and Agazzi, which utilizes selective
oxidation of vanadium, gives good recovery of vanadium. How-
ever, oxidation and reduction in the cold are slow.

While working with the Parks and Agazzi method, it was
found possible to oxidize the boiling solution with permanganate
and, then, selectively reduce the chromium with sodium azide.
This method of selective reduction of chromium is new. The
data show no difference in accuracy between the selective oxi-
dation and reduction methods; however, the latter requires about
10 minutes less time per analysis. One National Bureau of
Standards sample (No. 98) similar in composition to the fluid
cracking catalyst was analyzed by the new procedure (Table I).

ANALYSIS OF CATALYST SAMPLES

Two silica-alumina cracking catalysts were analyzed by the four
procedures (Table IT).

The Willard and Young method is untenable for the catalyst
samples studied because of difficulties with buffering in the
presence of large amounts of alumina, and indicator difficulties
with the low concentrations involved.

Electrodeposition removes the chromium satisfactorily; how-
ever, it requires too much time.

Values obtained by the selective oxidation and reduction
methods are of the same magnitude; however, those by the selec-
tive reduction method show better repeatability.

The deviation, at 95% confidence level (3), for duplicate deter-
minations has been calculated for the new procedure using ap-
proximately 100 analyses for ‘various concentration ranges.
The deviation was =+ 0.0003 for les: than 0.005 weight %, =+

Table II.

Determination of Chromium and Vanadium in Catalysts

Amperometric Titration

Selective reduction

Seleetive oxidation

Willard and Young

of ¢hromium of vanadium Electrodeposition Procedure
Catalyst 1
Cr, wt. % 0.0041 0.0058 0.0052 0.0058
0.0051 0.004¢ 0.0052 0.0043
0.0043 0.0036
R 0.0046 0.0038
V,wt. % 0.041 0.044 0.043 0.043
0.041 0.041 0.043 0.050
0.041 0.040
0.041 0.042
Catalyst 2
Cr, wt. % 0.001 0.0012 0.0011 0.0011
- 0.0012 0.0011 0.0007
0.0009 0.0011
0.0010 0.0015
V,wt. % 0.0030 0.0029 0.0030 0.0029
0.0029 0.0029
0.0028 0.0026
0.0028 0.0020
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0.0005 for 0.005 to 0.01 weight %, %+ 0.001 for 0.01 to 0.10
weight %, and % 1% of the mean for greater than 0.10 weight %.

CONCLUSION

Amperometric titration with ferrous iron combined with either
selective reduction of chromium or oxidation of vanadium affords
a satisfactory method for determination of chromium and
vanadium in silica-alumina cracking catalyst. Selective reduc-
tion gives better repeatability and can be handled in about 10
minutes less per analysis than selective oxidation. It ig there-
fore recommended.
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Gradient Elution Chromatography of Phosphates

JOSEPH A. GRANDE" and JOHN BEUKENKAMP

Research and Development Department, Colgate-Palmolive Co., Jersey City, N. J.

This investigation was undertaken to improve the ion
exchange chromatographic method for phosphate
mixtures by employing a gradient, rather than a dis-
continuouns, elution technique. Resolution of five
phosphates from mixtures is demonstrated. Several
advantages, including a shorter procedure, are ob-
tained.

KNOWLEDGE of the distribution of phosphate polymers is

of considerable interest to the producer$ of synthetic de-
tergent compositions from the point of view of phosphate sta-
bility, purity of raw materials, analysis of final products, and the
kinetics . of hydrolytic degradations. The present method,
which is employed routinely in the authors’ laboratory, is based
upon previously published data and techniques (2-4). The pub-
lished techniques call for a discontinuous (stepwise) increase in
the eluent concentration by siphoning from a series of reservoirs.

TO OTHER
tDENTICAL

SYSTEMS 1 ~STgPCocK |

RESERVOIR— .
— MIXING BOTTLE
STOPGOCK 2 —
£ waonemc
STIRRER
— COLUMN
i
o
¥—sT0PCOCK 3
Y1~ siPHON PIPET
Figure 1. Diagram of apparatus

The present method employs the modification, commonly called
gradient elution, in which the eluent concentration is increased

1 Present address, International Business Machines Corp., Poughkeepsie,
N. Y.

continuously, Several advantages are realized with the gra-
dient-elution technique: Only one standard potassium chloride
solution, instead of a series, is needed; a higher flow rate (and
consequent 35 to 409, reduction in elution time) is permissible;
and the frequently observed “tailing’’ of triphosphate is elimi-
nated.

APPARATUS

The apparatus is shown in Figure 1. A reservoir (16-liter
carboy) is equipped with rubber tubing to feed solution to as
many systems as is convenient, Solution feeds into an air-tight
mixing bottle of 1-liter capacity, which in turn rests on a mag-
netic stirrer. Solution from the mixing bottle can then flow
(or is siphoned) into the ion exchange column. Inlet tubing with
stopcocks at the top of the mixing bottle and at the top of the
column permits slight pressure to be applied. Stopcocks are
fitted between the reservoir and the mixing bottle, between the
miging bottle and the column, and at the bottom of the column,

The resin employed is AG-1X8 anion exchange resin, 100-200
mesh (capacity = 3.2 meq. per dry gram), purchased from BIO-
RAD Laboratories, 800 Delaware St., Berkeley, Calif. The
prewashed resin fills the glass colurnn (equipped with a medium-
porosity fritted-glass disk) of 3.80-sq. cm. cross-sectional area to
a height of 19.0 cm. A siphon pipet (6) is used to deliver equal
volumes (approximately 11 ml) of eluate from the column.
The siphon pipet employed was purchased from the Ace Glass
Co., Vineland, N. J., as a Rieman pipet.

REAGENTS

The eluent solution for the reservoir was 1.003f potassium
chloride containing 100 ml. of stoek solution of acetate buffer
for each 16 liters of total eluent. A pinch of phenyl mercuric
acetate was added to prevent mold growth.

The stock solution of acetate buffer was 0.80M potassium
acetate containing enough glacial acetic acid to give pH 5.0.

To prepare pitric acid for hydrolyzing polymers, concentrated
nitric acid was mixed with an equal volume of water.

PROCEDURE

Before the elution is started, the resin in the column must be
in the chloride form and the interstices of the column bed filled
with water. Polymeric phosphates remaining from previous
experiments should be removed by allowing the resin to remain
in contact with 1M hydrochloric acid overnight, followed by
passage of 0.5 to 0.6 liter of acid, to ensure that the resin is in the
chloride form. The acid is washed out of the column before use
with about 0.2 liter of water.

The phosphate solution to be studied is diluted so that an
aliquot of convenient volume (5 to 20 ml.) will contain 2.5 to
4.5 mg. of phosphorus.  Such an aliquot is then pipetted onto the
top of the column. The column is drained through stopcock 3,
so that the level of liquid coincides with the level of the resin bed.
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One liter of water is infroduced into the mixing bottle and the
stirrer turned on. Sufficient pressure is applicd in the mixing
bottle so that eluent does not flow when stopcock 1 is opened.
Then, sufficient. pressure is applied at the top of the column to
prevent liquid from entering the column when stopcock 2 is
opened. The elution is then started by opening stopcock 3.
With the aid of stopcock 3, the flow rate is adjusted to 5.7 to
6.1 ml. per minute. (The volume of solution in the mixing
bottlg thus remains constant at 1 liter,)

Fractions of approximately 22 ml. (two siphon pipetfuls)
are collected in 100-ml. volumetric flasks. The number of {rac-
tions collected will depend on the number of phosphate species in
the sample, on the capacity of the siphon pipet, and to a lesser
degree, on the particular apparatus and batch of resin employed.

To each fraction is added 10.0 ml. of the nitrie acid solution
and each flask is allowed to stand in boiling water for 30 to 40
minutes, for the purpose of hydrolyzing the polymeric phosphates
to orthophosphate. The flasks are then cooled to room temper-
ature and orthophosphate is determined colorimetrically as the
yellow phosphovanadomolybdate complex (7). A blank for the
colorimetric measurements is prepared by treating 10 ml. of 1.0}
potassnun chloride in the above manner.

Thlose quantities of _phosphorus found in the various fractions
which represent one given phosphate species are added together
to yield the total weight of phosphorus derived from that species.
Another aliquot of the original sample, which is equivalent to
about one twentieth of the total quantity taken on the column,
is hydrolyzed as above and analyzed (in duplicate) for the total
phosphorus taken. This permits the -caleulation of the percen-
tage of the total phosphorus found in each phosphate and the
pelrceumgc of the total phosphorus which was recovered from the
column.

DISCUSSION

Shown in Figure 2 is a typical elution of a mixture of five phos-
phates—the monomer, dimer, trimer, eyeclie trimer, and cyelic
tetramer. The number of siphon pipetfuls collected and the time
are also shown. 'The separation of the last three phosphates
from each other is not quite complete, but a longer column
should improve this.
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PHOSPHATE CONGENTRATION, ARBITRARY UNITS

VOLUME OF ELUATE, LITERS

Figure 2. Elution of phosphates, with water initially in
mixing bottle

Figure 3 shows an elution of a different mixture of the same
phosphates, in which case the mixing bottle contained initially
0.10M potassium chloride buffered at pH 5.0 and the column in-
terstices were filled with this same solution before the clution was
started. All other conditions were the same as previously de-
seribed.  Although the separation in Figure 3 is superior and the
elution required a smaller volume, one of the advantages—the
use of only one standard eluent solution—has been lost.

1t is the practice in the authors’ laboratory to employ the con-
ditions which gave Figure 2 for mixtures known to contain only
the first threc phosphates, and to use the conditions that gave
Figure 3 when higher phosphates are present.
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The dashed curves in Figure 2 and 3 were caleulated from the
following equation:

lg(ﬂfl—Mz—M) ri v

M = T 2303V T T 2303V

where M, is the molarity of the eluent in the reservoir, M, is the
molarity of eluent initially in the mixing bottle, and M is the
molarity of the eluent entering the column at time {(minutes) and
rate r(ml. per minute); V is the volume of solution (ml.) in the
mixing bottle, and v is the total volume of eluate (ml.) that has
cntered the column up to time &

NUMBER <3 SIF'HON PIPETS@ 150" mt

PHOSPHATE GONGCENTRATION,
ARBITRARY UNITS

MOLARITY OF KCI ENTERING COLUMN

VALUE OF ELUATE, LITERS

Figure 3. Elution of phosphates, with 0.10M
polassium chloride initially in mixing bottle

Table I. Analysis of a Known Phosphate Mixture
(% Total Phosphorus)
. Found
Phosphate Tuken 1 2 3 Mean
Ortho 20.4 20.6 20.5 21.1 20.7
Pyro 19.8 19.5 19.1 19.6 19.4
T'ri 20.2 20.1 19.1 18.9 19.3
Tetrameta 20.0 20.3 20.8 21.0 20.7
Trimeta 19.6 19.5 20.5 19.4 19.8

Because allowance was made for the volume of rubber tubing
between the mixing bottle and the column—i.e., 22 ml-—thesc
dashed curves do not start at the origin.

One experimental determination of the concentration of eluate
was made and is shown in Figure 2.

The discontinuous-elution method has been shown (2) to be
subject to 2 mean error of 0.2%,, which was belicved to be due
largely to the limited accuracy of the eolorimetric method, and
not to the chromatographic technique.

The results obtained with three continuous elutions of a syn-
thetic mixture are given in Table I. The individual components
of the mixture, each at least 95, pure, had previously been ana-
lyzed with this same technique.

In each case, the samples taken for elution contamed a total
of 4.8 mg. of phosphorus in 10 ml. The mean absolute .error is

0.5%.
LITERATURE CITED
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Paper Disk Electrophoresis

New Device for Separation of Serum Proteins

N. C. GANGULI

Department of Applied Chemistry, University College of Science & Technology, Calcutta, India

A simple paper disk electrophoretic apparatus has been
developed and used successfully for the separation of the
proteins present in blood serum. The method was
standardized by studying the inherent variables, such
as design of apparatus, concentration of dye, washing
solution, tailing effect, wick size, and current applied.
It has several advantages—namely, simplicity and
rapidity of performance, the large number of samples
that can be analyzed, and the uniformity of conditions
that can be attained during analysis of different
samples.

ITH the development of electrophoresis on filter paper,

almost every worker has constructed apparatus differing
only in some operational details from previous models. All
can be classed under three types: (1) Durrum (2), with free-
hanging paper from a vertical apex; (2) Wieland (7), with free-
hanging horizontal paper; and (3) Cremer and Tiselius (1), with
horizontal paper between glass plates.
(1) and Kunkel and Tiselius (5) have been responsible for de-
velopments concerning the theoretical basis of paper electro-
phoresis.

The present paper describes a new, simple, and convenient
apparatus for paper electrophoresis on circular filter paper, and
includes a study of factors affecting the migration of serum pro-
teins during electrophoresis.

APPARATUS

The apparatus (Figure 1) consists of a Petri dish, 4, 20.0 cm.
in diameter, in which are placed two Petri dishes, B, both 16 cm.
in diameter, one inverted over the other. The top Petri dish has
a hole, C, at the center, 1 cm. in diameter. Between these two
dishes is another Petri dish, D, 9 c¢m. in diameter. Petri dishes
4 and D contain 100 and 40 ml. of buffer, respectively. The
circular filter paper, E, shown in Figure 2, is kept between the
two Petri dishes, B, as in circular paper chromatography, so that
the V-shaped wedges are in the buffer in dish A. A filter paper
wick, F, 3 X 2 cm., is folded round to a diameter of approxi-
mately 0.8 em. and introduced through the center of the paper.
The paper is then covered with the top dish. A buffer-agar

£
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Figure 1.
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Petri dish, 20.0 cm. in diameter
Petri dishes, 16 cm. in diameter
1-cm. hole in top dish B
Petri dish, 9 cm. in diameter
Circular filter paper
Filter paper wick

I. Buffer-agar bridges

J. Electrode vessels
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Cremer and Tiselius |

Apparatus for paper disk electrophoresis

bridge, G, is introduced through the top hole of dish B 'and finally
through the paper wick, so that it reaches the buffer in D. The
other end of the bridge is connected to electrode vessel H (a
beaker), filled with buffer and containing a platinum electrode.
Another buffer-agar bridge, I, is placed between the buffer in
the large dish and the other electrode vessel, J.

Because the serum proteins are negatively charged urder
alkaline conditions, they are spotted near the center of the paper,
which is made the cathode so that the proteins will move toward
the circumference of the paper (anode). The electrodes can be
reversed according to the charge of the sample to be analyzed,
in order to ensure movement from the center of the paper toward
the circumference.

MATERIALS

Filter Paper. A circle 16.0 cm. in diameter was drawn on
Whatman No. 1 filter paper, which was 21.0 ¢m. in diameter
(Figure 2). The circumference was then divided equally into 16
parts, and 16 equal V-shaped wedges were cut out. One paper
was set aside as a master sheet to mark the others.

Buffer-Agar Bridge. This was prepared to give a 39, agar
concentration in buffer. The agar was allowed to dissolve in the
buffer for 3 to 4 hours at room temperature, and then heated in
a water bath at 100° C. When the agar was dissolved, it was
poured into glass tubes, 5 mm. in diameter, the ends of which
were bent at right angles with a taper at one end. Care was taken
to exclude air bubbles. The taper was included because it was
observed during experimental operations that the gradual flow
of current seems to force the buffer-agar mixture out the end of
the tube; the taper minimizes this tendency. The bridges were
allowed to set and were kept in a solution of the same buffer
when not in use.

Electrodes. The electrodes consisted of a platinum wire fused
into one end of a glass tube containing mercury for electrical
contact. A piece of platinum foil, 1.5 X 1 em., was attached to
the platinum wire in order to expose a larger area for electrolysis.
The electrodes rest on the rim of the beakers as shown in Figure 1.

Buffer. Barbital buffer, pH 8.6, was prepared according to
Hardwicke (3). It had anionic strength of 7/2 = 0.05, and was
0.02M in diethyl barbituric acid and 0.1M in sodium diethyl
barbiturate.

Staining Solution. A solution of 100 mg. of bromophenol blue
in 100 ml. of ethyl alcohol saturated with mercuric chloride (33
grams per 100 ml.) was used.

Washing Solution. A solution of acetic acid, 0.5% in water,
was used for washing the excess dye from the paper after staining.

PROCEDURE

A current of 8 ma. and a potential of 220
volts direct current were used for all the experi-
ments.

Sample Preparation. A trace of bromophenol
blue was added to the serum samples to com-
bine with the albumin present and act as a
marker for the length of the run. Spots of
0.01 ml. of this protein solution, total concen-
tration not more than 1 gram per 100 ml., were
applied to the paper with a micropipet.

Determination. A circle, 4 cm. in diameter,
was drawn with pencil at the center of the
filter paper. Twelve small circles, 5 mm. in
diameter and equidistant from each other, were
drawn on the circumference of this 4-cm. circle.
Another circle, 12 ¢cm. in diameter, was drawn on
the paper to mark the distance through which
the samples were to move. The paper was then
soaked in barbital buffer and laid on another
filter paper to remove the excess buffer. Then
the paper was allowed to rest on the rim of
the lower 16-cm. Petri dish, B, placed inside
dish A containing buffer. All the V-shaped
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Figure 2. Filter paper disk with V-shaped wedges

wedges were then dipped one by one into the buffer in 4 so
that they adhered to the side wall of B and all the tips of the
wedges dipped into the buffer.

he sample solutions were immediately spotted on the wet
paper on the 5-mm. circles. The paper wick was introduced at
the center and the whole pipe was covered with the top cover of
B to prevent.evaporation of buffer during the passage of current.
The buffer-agar bridges were positioned as described previously.

Current was then applied and noted from time to time on the
milliammeter. With the passage of current, all the protein
samples began to move, forming an arc (as in circular paper
chromatography) which was revealed by the blue-stained albumin
fraction.

The operation was continued for 4 hours, by which time the
marked spots had reached the outer pencil-marked boundary.
After separation the whole paper was carefully taken out and
placed on a glass plate to prevent further spreading of the sepa-
rated pattern during subsequent heating. The paper was then
heated for 15 minutes at 100° C. in an air oven. After that the
paper was dipped in bromophenol blue staining solution for 30
minutes. The paper was given five 10-minute washes with
acetic acid solution until the background was colorless, then
dried again in the oven at 100° C.

RESULTS AND DISCUSSION

The results of a typical experiment on 12 samples of normal
human sera are shown in Figure 3. Because the quantity of
bromophenol blue bound to denatured proteins on filter paper is
dependent on the time of heat denaturation of the protein, strain-
ing time, and amount of rinsing, these conditions were kept con-
stant.

Two types of apparatus were tried. The type described here
is one of them; in another type the individual V-shaped wedges
were dipped in separate buffer containers and all the buffer re-
ceivers were connected to a common buffer tank. Separation of
the protein fraction in both cases was radial and uniform. The
present device was more simple and convenient, and was used
throughout the experiments.

Only bromophenol blue dye was used because this dye is
readily available and gives good staining of proteins on paper
(3). Dye concentrations of 0.1, 1.0, and 2.09, were tried; the
0.19% solution gave better results for the 30-minute staining
period used. Similar findings have also been reported by Hard-
wicke (3).

A 0.5% solution of acetic acid gave better removal of excess
dye from the paper than did tap water. This solution has also
been recommended by others (3-5) because it does not remove
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Figure 3.

Separated pattern of 12 samples of normal
human serum

4-hour run at 8 ma.
Al Albumin

a1, a2, B, y. Globulin fractions

appreciable amounts of dye from the protein samples. Five
10-minute washes were sufficient to remove excess unreacted dye.

The procedure adopted by Hardwicke (3) was followed in order
to observe the tailing effect in the method reported here. No
tailing effect was observed when egg albumin marked with bro-
mophenol blue was run on a paper; the blue arc was cut out and
eluted from the paper with buffer and again run on another paper.

Although wick size is important in circular paper chromatog-
raphy (6), its role in this method was found to be negligible.

To ascertain the effect of time and potential gradient on mo-
bility, experiments were carried out with a pure solution of egg
albumin in barbital buffer. The albumin samples were colored
with a trace of bromophenol blue. Table I shows that there is a
gradual decrease in voltage across the paper with simultaneous
increase of current. The mobility unit resulting from these
experiments was about 0.006 and relatively constant.

Table I. Rate of Mobility with Time
Time, Voltage Distance Mobility
Minutes Current, across Moved, Mobility Unit
Q) Ma. Paper (V) Mm. (Mm./V) (Mm./V/t)
0 8.0 70.0 A 3 Sl
20 8.2 68.0 11.0 0::16. 0.008
40 8.5 61.0 16.0 0.26 0.006
60 8.8 51.0 18.0 0.35 0.005
80 9.0 46.0 23.0 0.50 0.006
100 9.2 40.0 25.0 0.62 0.006
120 9.4 37.0 28.0 0.74 0.006
140 9.6 36.0 31.0 0.84 0.006
160 9.7 32.0 32.0 0.98 0.006
180 9.8 28.0 34.0 1.20 0.006
200 10.0 30.0 36.0 1.20 0.006
220 10.2 28.0 38.0 1.33 0.006
240 10.3 28.0 40.0 1.40 0.005

When the current was varied between 3.0 and 15.0 ma., it was
found that a current of 8 to 10 ma. gave the most distinctly
separated pattern of serum protein fractions. At this amperage,
water condensed on the top Petri dish, which was replaced by a
dry dish when necessary. The momentary break of current
flow for this replacement did not affect the separated pattern.

From one to 12 samples can be analyzed with this apparatus.
When one sample is to be analyzed, it can be spotted on the
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whole circumference of a circle 2 ¢m. in diameter which is placed
at the center of the paper. This gives continuous ring bands of
the separated proteins.
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CRYSTALLOGRAPHIC DATA

|
135. Tripotassium Diuranyl Heptatluoride Dihydrate, K.(UO,).F,.2H.0

D. 1. WALKER?!, DON T. CROMER, and EUGENE STARITZKY
The University of California, Los Alamos Scientific Laboratory, Los Alamos, N. M.

TRIPOTASSIUM diuranyl heptafiuoride dihydrate was prepared
by adding a solution of potassium hydrogen fluoride to an
aqueous solution of uranyl nitrate in sufficient volume to prevent
immediate precipitation and allowing the solution to evaporate
at room temperature. Uranium by chemical analysis was
57.3%, calculated 57.61%,.

CrysTat, MORPHOLOGY

System and Class. Monoclinic, prismatic.

Axial Elements. a:b:c = 0.7955:1:0.337; B8 = 94° 40"
Baker (1) gives “approximate elements” a:b:¢c = 0.918:1:0.978;
B = 114° or, after transformation by matrix (101/020/101) to
conform to the orientation of the unit cell, ¢:6:¢ = 0.800:1:0.510;

= 93°, .

Habit. . Rectangular plates, flattened (101}, elongated {010]
with {100}, {010}, {001}, and {121}. )

Polar Angles. (100) A (101) = 52° 487; (001) A (101) = 32°
32’; (010) A (121) = 49° 27",

1 Present address, Department of Chemistry, University of Colorado,
Boulder, Ceolo.

oT
12]
’,
%] 101 00i
Figure 1. Orthographic pro-

jections on (101) and (010) of
crystal of tripotassium diuranyl
heptafluoride dihydrate

Partial Powder X-Ray Diffraction Pattern of

K3(UOy):F;.2H,;0
d, A., ;A W

hkl Caled. Obsd.= | I/nt
100 9.26 9.19 ‘ 30
110 7.24 7.21 | 15
001 6.23 6.22 | 80
020 5.80 5.79 40
011 5.49 . ..
o1 5.87 5.86 10
101 4.99 4,97 100
120 4.92 .. ..
111 4.87 4.84 15
200 4.63 4.61 35
111 4.58 . ..
210 4.30 .
021 4.25 4.22 35
121 3.94 ..
201 3.86 3.85 60
121 3.78 3.77 65
211 3.67 .. ..
220 3.62 3.60 25
201 3.58 3.568 75
130 3.57 .. ..
211 3.42 3.41 40
031 3.29 3.28 35
221 3,22 3.21 55
131 3.14 3.13 45

o Philips 114.6-mm.-diameter powder camera, Straumanis mounting;
MCuKe) = 1.5418 A. )

b Relative peak intensities above background from densitometer measure-
ments.

X-Ray DirrracTION DATA

Diffraction Symbol. 12/m1P-2;-, Observed development of
crystal forms and failure to observe a piezoelectric effect makes
it probable that the space group is P2:/m (C,).

Cell Dimensions. @y = 9.20 A.; b = 11.60 A.; ¢ = 6.256 A ;
B = 04.5% ao:by:co = 0.801:1:0.539. Cell volume 671 A?

Formula Weights per Cell. 2.

Formula Weight. 826.46.

Density. 4.09 grams per cc. (x-ray);
ported by Baker (1).

OPTICAL PROPERTIES

Refractive Indices (6893 A.). nx = 1.448; ny = 1.459; nz =
1.502; geometric mean 1.4695. Molecular refraction 56.1 ce.
(based on measured density).

Optie Orientation. Y = b; Z A ¢ = 34°.

Optic Axial Angle (5803 A.). 2Vz = 52.5°.

Color. X and Y yellow; Z nearly colorless.

Fluorescence. Strong, excited by mercury vapor lamp.

TasrMaL DaTa. Decomposition is evidenced by the crystals
becoming cloudy at 148° C.

4.108 (measured) re-

LITERATURE CITED
(1) Baker, H., J. Chem. Soc. 35, 760-9 (1879).
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Convenient Alkoxyl Apparatus

H. G. Arlt, Jr., and Kyosti Sarkanen, State University of New York, College
of Forestry, Deportment of Chemistry, Syracuse 10, N. Y.

rfak modified Viebock and Schwappach alkoxyl determination

(Clarke, E. P., “S8emimicro Quantitative Organic Analyses,”
p. 68, Academic Press, New York, 1943) uses either an adjustable
microburner or an oil bath for heating the alkoxyl flask. These
heating methods have the disadvantages of poor temperature
control and large space requirement, especially when several de-
terminalions are run simultaneously.

To circumvent these difficulties the vapor bath and alkoxyl
flasks shown in Figure 1 were constructed. The heater flusk
was made [rom a standard 1-liter three-necked flask by adding
two side necks (not illustrated in Ifigure 1) to allow four samples
to be run simultaneously. The constant boiling liquid used was
mixed xylenes (b. p. 138° C.). Alkoxyl flasks constructed
as shown were inserted in the side necks, and a reflux con-
denser was inscrted in the center neck of the heating flask.
The absorbers were of the type described by Gran [Svensk.
Papperstidn. 57, 702 (1954)], and were altached by means of
springs or rubber bands.

The advantage of a common carbon dioxide supply soon be-

CO{IDENSER

METHOXYL
FLASK

24/40%

HEATER
FLASK 25"

GLASS - COL
HEATER

Figure 1. Modified alkoxyl flasks and vapor
bath heater

CARBON
~—— DIOXIDE
TANK

TO REACTION T0
~=~ REACTION
FLASKS

[~—CLAMP

=

Fe

NNNNANNNT

L
|

NS

Figure 2. Carbon dioxide supply

came apparent and it was constructed as shown in Figure 2.
Constant positive pressure was maintained by allowing the
carbon dioxide to bubble slowly through the mercury trap.
The glass wool plug prevented splashing of the mercury. The
gas supply to each alkoxyl flask was adjusted by screw-type pinch-
clamps,

This easily constructed apparatus is more compact than the
usual alkoxyl apparatus. The vapor bath and carbon dioxide
supply obviate continual checking. Attendance of the operator
during the heating period is unnecessary.

The error of a series of seven total alkoxyl determinations on
pure 4-ethoxy-3-methoxybenzoic acid ranged from 0 to 1.26%.
The average of this series was 0.1% less than the calculated
total alkoxyl.
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Field Kit for Estimating Moisture in Acrylic Molding
Powder by a Small Sealed Vessel Technique

C. F. Roth and John Mitchell, Jr., Polychemicals Department,
E. 1. du Pont de Nemours & Co., Inc., Wilmington, Del.

THE small sealed vessel (SSV) technique is finding an increasing
number of applications in the authors’ laboratory. Some
of these were discussed by Smith, Mitchell, and Billmeyer (7),
who described procedurcs for acids, bases, and esters and men-
tioned applications of similar equipment by other workers
(1-4). The authors have used small sealed vessels extensively
for sampling process streams to simplify otherwise complex
problems of obtaining truly representative samples and pre-
serving them for analysis.
The advantages of using small sealed vessels are numerous.

The basic tools required arc simple and inexpensive. They
consist primarily of pharmaceutical-type serum bottles with
pressure seal stoppers and hypodermic syringes and needles.

Small sealed vessels offer a system protected from contamina-
tion by, or reaction with, constituents of the atrosphere, such
as carbon dioxide, moisture, and oxygen.

Changes in sample composition due to loss of volatile compo-
nents are avoided.

Changes in a sample because of its reactivity can be overcome
by sampling into a small sealed vessel containing a chemical
reagent (or solvent). The chemical reagent is chosen so that it
will r]eact instantaneously with the active component of the.
sample.

Only small amounts of samples and reagents are required.
The technique is readily scaled down to the semimicro or micro
level.

The present, paper describes a compact field kit for estimating
moisture in acrylic molding powder. Its development was
prompted by the frequent need for a rapid and simple means of
cheeking the .noisture content of the polymer at locations where
adequate laboratory facilities are not available. In addition,
it was required that the method have an accuracy within +=10%
relative in the range 0 to 0.5% moisture. Small sealed vessels
seemed ideally suited for this purpose. The method described
was adapted from the standard laboratory procedure, based on
titration of a chloroform solution of the polymer with standard-
ized Karl Fischer reagent. )

MOISTURE TEST KIT

The compact kit contains everything required for making
eight moisture determinations. It is designed so that persons
not specially trained in analytical techniques can obtain accurate
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‘results. The sample to be analyzed is measured volumetrically
rather than gravimetrically, in order to obviate the need for an
analytical balance. The Karl Fischer reagent employed is
prepared from a stabilized reagent marketed by the Fisher
Scientific Co. This reagent is characterized by good shelf-life
and a constant water equivalence factor, so that it may be used
with confidence months after it has been standardized.

Components of Kit. Narrow-mouthed serum bottles, 20-ml.
(A. H. Thomas Co., Philadelphia, Pa., Catalog No. 2319A), filled
with standardized Karl Fischer reagent, and sealed with red-
rubber pressure-seal stoppers (Catalog No. 2319B). The stop-
pers are coated with beeswax to protect them from oxidative
attack.

Narrow-mouthed screw-cap bottles (1-ounce) containing 15
ml. of chloroform pretitrated to the end point. Red-rubber
stoppers are not used here because they are attacked by chloro-
form. The bottles are sealed by means of phenol-formaldehyde
screw caps fitted with polyethylene liners, which are unaffected
by chloroform. By drilling a !/s-inch hole through the screw
cap but not through the liner, a tight seal is maintained and
insertion of a syringe needle is still possible. The caps are sealed
with beeswax to protect against atmospheric moisture and to
prevent the plastic caps from loosening.

Narrow-mouthed screw-capped bottles (1-ounce) containing
colorimetric standards. These permanent standards are pre-
pared from solutions of iodine in methanol and are included in
order to simplify recognition of the end point of the titration.
One bottle contains a solution whose color is to be matched.
The other two standards represent the colors of slightly under-
titrated and overtitrated solutions, respectively.

A vial containing six hypodermic needles (Yale Luer-Lok
20-gage, 1 inch long) in protective plastic sheaths.

Two 5-ml. hypodermic syringes (Yale Luer-Lok B-D 5 YL),
a stainless steel scoopula (Fisher Scientific Co., Catalog No.
14-357), and a dissecting needle. The scoopula and dissecting
needle are cut down to fit into the boxes containing the syringes.

Test tubes, calibrated to contain 2 grams of polymer. Two
rimmed test tubes (A. H. Thomas Co., Catalog No. 9488, 12 X
75 mm.) are marked for measuring cube-cut molding powder
such as Du Pont Lucite 140 acrylic resin. Two rimless test
tubes (A. H. Thomas Co., Catalog No. 9450, 10 X 75 mm.) are
marked for measuring granular polymer such as Du Pont Lucite
40 acrylic resin.

Table I. Moisture in Acrylic Molding Powders
Water Found, Wt. %
Sample ‘Laboratory Moisture

No. Form metho kit
1 Cubes® 0.08 0.08
0.08 0.09

0.08 0.09

2 Cubes® 0.35 0.34
0.34 0.34

3 Granulesb 0.45 0.48
0.47 0.49

0.49

4 Granules? 0.48 0.49
0.48 0.50

0.50

@ Du Pont Lucite 140 acrylic resin.
b» Du Pont Lucite 40 acrylic resin.

The box itself is constructed from a solid piece of mahogany
wood, into which holes are drilled to various depths, so that the
different components are held tightly in place when the lid is
closii]ed. Over-all dimensions of the kit are 7 X 91/, X 4!/;
inches.

PROCEDURE

A calibrated test tube is filled to the mark with the sample by
adding successive small portions of polymer to the tube by means
of the scoopula and gently tapping the bottom of the tube on a
wooden surface after each addition. The particles settle uni-
formly of their own weight. Any agglomerations of particles
must be broken up into individual particles in order to avoid
large voids in packing. The cap is unscrewed from a bottle
containing solvent, the sample is quickly poured in, and the cap
is screwed back on tightly.” The mixture is shaken periodieally
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until the sample is dissolved. This requires from 5 to 30 minutes,
depending upon the physical form of the polymer.

After a clean, dry, hypodermic syringe has been rinsed with a
small portion of reagent, exactly 5 ml. of Karl Fischer reagent
are drawn from the storage vial into the syringe.

The dissecting needle is used to punch two holes through the
polyethylene liner in the cap on the bottle containing the dis-
solved sample. The syringe needle is inserted through one hole,
while the other serves as a vent. Then reagent is added until
the color of the solution matches the colorimetric standard.
The amount of reagent added is read to the nearest 0.1 ml. on
the calibrated barrel of the syringe. The test is designed to
cover the range 0.0 to 0.5% water. With a 2-gram sample and
Karl Fischer reagent having a water equivalence factor of 2 mg. of
water per ml, each 0.1 ml. of reagent represents 0.019% water.
The factor for direct conversion of titer in milliliters to per cent
water is typed on the label of each vial along with the date of
preparation of the reagent. By suitable adjustment of the
strength of the reagent, the range of moisture content may be
extended as desired.

ANALYTICAL RESULTS

In order to demonstrate the degree of accuracy obtainable by
use of the moisture kit, results were compared with those ob-
tained by the standard laboratory method. In the laboratory
method 10 grams of polymer are dissolved in 100 ml. of pre-
titrated chloroform contained in a 300-ml. glass-stoppered
Erlenmeyer flask. The resulting solution is titrated with freshly
standardized Karl Fischer reagent equivalent to about 3.5 mg.
of water per ml. The excellent agreement obtained between the
two methods is shown in Table I. Moisture was determined in
Du Pont Lucite 140 acrylic resin, a cube-cut molding powder,
and Du Pont Lucite 40, a granular formulation. In view of the
simplicity of the moisture kit method, the method is remarkably
accurate, more than meeting the initial requirement of an accu-
racy within £109, relative.

Table II. Precision of Measuring 2 Grams of Sample
No. of Average Standard

Sample Analyst Measurements Weight, G. Deviation, G.
Cubes 1 30 2.000 0.067
2 30 2.008 0.032
60 Av. 2.004 0.054
Granules 1 30 2.014 0.015
2 30 2.010 0.013
60 Av. 2.012 0.014
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The accuracy with which 2 grams of polymer can be measured
volumetrically in these small test tubes is shown in Table II.
Sixty tubes were calibrated, 30 with cube-cut Lucite 140 and 30
with granular Lucite 40. Each calibrated tube was checked by
two analysts, who weighed the amount of sample required to fill
the tube to the mark. The average weight was very close to 2
grams in each case. The larger standard deviation obtained for
cube-cut molding powder is not surprising, as cubes (/s to
1/5 inch on edge) would not be expected to pack as uniformly and
reproducibly as fine granules. Accurate measurement of
samples requires tubes with a favorable ratio of inside diameter to
length, with consideration for the particle size range and distribu-
tion.

STABILIZED KARL FISCHER REAGENT

The key to accurate results using the moisture kit described
lies in the use of stable Karl Fischer reagent. This reagent is a
powerful desiccant. Contact with moisture from any source
results in instantaneous reaction and an attendant decrease in
strength. In small sealed vessels the reagent is adequately
protected. However, the usual Fischer reagent, which is a
mixture of methanol, pyridine, sulfur dioxide, and iodine, under-
goes an unavoidable deterioration even when protected from
contact with water (5): daily standardization is necessary to
obtain accurate results. Consequently, it cannot be used for an
application such as the moisture kit, where daily standardization
is not practical.

In the fall of 1953 the Fisher Scientific Co. marketed a stabil-
ized Fischer reagent (Catalog No. SO-K-3). Shelf-life tests
showed that this reagent had good stability. However, as sold
it is much too concentrated for use in the moisture kit, having an
equivalence factor of more than 6 mg. of water per ml. of reagent
and a density of about 1.28. It was necessary, therefore, to
reduce its strength without impairing its stability. Three
methods were investigated: (1) dilution with methanol, (2)
addition of water, and (3) dilution with methyl Cellosolve.
Peters and Jungnickel (6) have demonstrated that relatively
stable Karl Fischer reagent can be prepared by use of methyl
Cellosolve in place of methanol.

Dilution with methanol was unsuccessful. In 145 days the
strength of 80-K-3 Karl Fischer reagent, which was diluted with
approximately 2 parts by volume of methanol, decreased almost
linearly from 2.11 to 1.20 mg. of water per ml. This was not
surprising, because it is known (5) that ordinary Fischer reagent
prepared with methanol is unstable. Reducing the strength of
SO-K-3 Fischer reagent by adding water resulted in a reagent of
fairly good stability. In 138 days water-weakened SO-K-3
decreased in strength from 2.28 to 2.09 mg. of water per ml.
Methyl Cellosolve—diluted SO-K-3, however, had excellent
stability. Over a period of 110 days SO-K-3 reagent diluted
with 2 volumes of methyl Cellosolve maintained its water equiv-
alence factor unchanged at 2.16 mg. of water per ml.

The shelf-life tests of the three modifications of SO-K-3 dis-
cussed were all run in the same manner. A number of dried 20-
ml. serum bottles were filled with the formulation to be tested
and stoppered with pressure-seal rubber stoppers. The vials
were stored at room temperature with no special protection
against light. The stoppers were not coated with beeswax.
One bottle of each formulation was standardized at approxi-
mately weekly intervals. This was a severe test of the reagent.
It demonstrated not only that the methyl Cellosolve-diluted
reagent was stable but also that the small serum bottles capped
with pressure-seal rubber stoppers adequately protect the reagent
from atmospheric moisture. This method of testing shelf-life
was chosen because the conditions simulated storage of the
reagent in the moisture kit. Although a tight seal was main-
tained by the stoppers during the course of the tests, the outer
surface of the stoppers deteriorated badly, owing to oxidative
degradation of the stretched rubber. In order to prolong their
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life, the stoppers of all serum bottles containing reagent were
subsequently coated with beeswax, which effectively prevented
such degradation.

The moisture kit principle should be applicable to the deter-
mination of water in other resins. In many cases the primary
practical problem to be overcome is that of finding solvents
which will dissolve the polymers quickly to form solutions of not
inconveniently high viscosity.
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Cover Glass for Erlenmeyer Flasks

Frank R. Short and Gordon Good,
Chemical Research Department, Monsanto Chemical Co., Dayton, Ohio

ANEED arose in this laboratory for a cover glass that would
permit rapid evaporation of liquids, particularly organic sol-
vents, from Erlenmeyer flasks. Neither a small plain watch
glass nor a chemical funnel permits very rapid evaporation. No
suitable watch glass was found in any supply catalog, so the cover
glass shown in the photograph was designed and made for the
purpose. It will
fit 125-, 200-,
and 300-ml. conical
flasks. Inaddition
to the advantage of
rapid evaporation,
the flasks may be
swirled, or tipped
to about 45° with-
out loss of the
cover.

Seal or blow a round (test tube) bottom at one end of a 15-cm.
(6-inch) length of glass tubing 25 mm. in outside diameter. To
the center of the bottom seal about 15 cm. of 4- or 5-mm. glass
rod to serve as a handle for further working. When the glass has
cooled, saw off the tube about 10 to 12 mm. above the point where
the bottom curvature begins.

Secure the glass rod in the chuck of a glass lathe and heat the
open end of the tube until it is soft and glowing. With a carbon
rod (7 to 8 mm. in diameter) flare the end back to the point of
curvature until it is at right angle to the axis of the tube and
about 4 cm. in diameter. It may be necessary to reheat and rotate
against a carbon paddle to flatten the flare evenly.

Cool and remove from the lathe. In a small flame heat a por-
tion of the flare at a time and make the three indentations in the
top surface with a tungsten rod (2 mm.) or a carpenter’s pencil.
If a pencil is used, whittle the wood from about 15 mm. of the
lead, which is then shaved to a wedge shape. Finally, heat and
remove the glass rod from the bottom of the cover.

The cover glass may be made entirely by hand working, but
if the flaring is done by hand the cover may not fit the three
sizes mentioned above. It may be necessary to start with a
different size of tubing for each size of flask, depending on the
skill of the glass blower. For hand working, a glass tube is
chosen with an outside diameter within 1 mm. of the inside
diameter of the neck of the flask. If desired, covers for 500-ml.
flasks may be made from tubing 35 mm. in outside diameter and
for liter flasks from 38-mm. tubing. The latter also serve as
cover glasses for 50-ml. beakers. Covers for flasks with 24/40
standard-taper outer joints can be made from 20-mm. tubing.
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