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DECOMPOSITION OF CALCIUM METAPHOSPHATE FOR
DETERMINATION OF TOTAL P:Og*

By J. A. BraBsoN and O. W. Epwarps (Research Section, Division
of Chemical Engineering, Tennessee Valley Authority,
Wilson Dam, Alabama)

The preparation and properties of vitreous calcium metaphosphate are
described in several publications (1, 2, 3, 7, 9). Calcium metaphosphate
differs markedly from other phosphates used as fertilizers. The individual
glassy particles, unless finely ground, present only a limited surface for
attack by solvents. When dissolved, the phosphate must be hydrated to
the ortho form before it can be estimated by the usual volumetric or
gravimetric procedures for fertilizers.

Several investigators have recognized significant errors that can occur
in the analysis of metaphosphate unless certain precautions are taken.
MacIntire, Hardin, and Oldham (7) recommended in 1937 that solutions
of metaphosphate in water or in dilute acid be boiled with nitric acid to
convert phosphates to the ortho form before precipitation with ammonium
molybdate. Hoffman and Lundell (4) reported in the same year that
digestion for 30 minutes in the hydrochlorie-nitric acid mixture specified
in A.0.A.C. (B) method 2.9 (b) was adequate for decomposition and
hydration of calcium metaphosphate. Hoffman and Lundell preferred
a nitric-hydrofluoric acid decomposition, however, to eliminate gelatinous
silica which slowed the subsequent filtration.

When TVA began experimental work on fused phosphates, the products
from small-scale tests often contained partially fused materials that did
not decompose completely in acid digestions. As these materials could not
be detected readily in advance of the analysis, decomposition with an
alkaline flux became general practice for phosphatic materials that had
been fused or calcined during manufacture. This procedure was retained
for the evaluation of metaphosphate, even after homogeneous products
were being manufactured.

When calcium metaphosphate came into wider use and began to appear
in mixed fertilizers, however, its behavior under the conditions of the
A.0.A.C. methods for decomposition of analytical samples of fertilizers
became an immediate question. This paper describes a study of the appli-
cability of A.O.A.C. and other procedures in the decomposition of calcium
metaphosphate alone and in mixed fertilizers.

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash-
ington, D. C., October 2—4, 1950.
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MATERIALS

Five samples of calcium metaphosphate from the demonstration plant
at Wilson Dam, Alabama, were used. The P;0;/Ca0O mole ratio in the
product tapped from the furnace normally varies from 0.95 to 1.00. The
ratio in the minus 10-mesh product that is shipped at present is somewhat
lower because of the addition of from 3 to 5 per cent of ground limestone
as a conditioner. Chemical compositions of the samples are given in
Table 1.

TasrLe 1.—Composition of calcium metaphosphate

PERCENTAGE COMPOSITION P.0;/Ca0O

SAMPLE MOLE
P02 Ca0O 8i0: Fe:0: AlO: RATIO

AP 63.5 26.6 5.2 1.1 1.5 0.94
B 64.6 25.1 6.3 1.2 1.5 1.02
C 64.8 26.3 5.7 1.1 1.3 0.96
D 63.7 23.4 8.0 1.5 2.2 1.08
E 63.2 27.0 6.0 1.2 1.5 0.92

2 Determined after digestion of sample for 15 minutes according to A.0.A.C. method 2.9 (b).
b Sample had been conditioned with limestone and contained 0.9 per cent CO:.

Six samples of mixed fertilizers containing various amounts of ealeium
metaphosphate were furnished by K. D. Jacob, Associate Referee on
Phosphoric Acid. Jacob, Armiger, Caro, and Hoffman (6) have reported
details concerning these samples. The phosphatie constituents are shown
in Table 2.

TABLE 2.—Partial formulas of mized fertilizers
containing calcium metaphosphate

POUNDS OF PHOSPHATE PER BHORT
SAMPLE TON OF FERTILIZER
NUMBER® GRADE
METAPHOSPHATE SUPERPBOSPHATE
2829 0-16-16 125 1212.5
2830 0-20-10 172.5 1467.5
2831 0-20-10 300 1100
2832 0-20-20 665 0
2833 4-16-8 130 1200
2834 0-20-20 645 0

2 Numbers are those reported by Jacob and co-workers (6).

APPLICATION OF OFFICIAL METHODS TO CALCIUM
METAPHOSPHATE
The A.O0.A.C. (8) specifies four methods for the decomposition of
analytical samples of fertilizers. Two of the procedures, 2.9 (a) and 2.9
(b), are intended for use where the amount of organic matter is small.
In method 2.9 (a), a 2-gram sample is dissolved in 30 ml of nitric acid and
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3 to 5 m! of hydrochloric acid, and the resultant solution is boiled un:il
organic matter is destroyed. In method 2.9 (b), a 2-gram sample is dis-
solved in a mixture of 15 to 30 m! of hydrochloric acid and 3 to 10 ml of
nitric acid. The other two procedures, 2.9 (c) and 2.9 (d), are intended
for use where the amount of organic matter is large.

The conditioned metaphosphate, sample A in Table 1, was crushed
to pass a 20-mesh sieve, and portions were ground further to pass 35- and
80-mesh sieves. Alkalimetric determinations of total P»O; on samples of

TaBLE 3.—Efficiency of A.0.A.C. methods 2.9 (a) and 2.9 (b)
in the decomposition of conditioned calcium metaphosphate®

P:0;, PER CENT
FINENESS, DIGESTION TIME,
MESE MINUTES METHOD 2.9 (a) METHOD 2.9 (b)
—20 5 54.2 61.8
—20 10 59.8 63.5
—20 15 61.6 63.5
—35 5 54.8 61.2
—35 10 61.8 63.5
—35 15 63.0 63.5
—80 5 59.2 61.1
—80 10 62.8 63.5
—80 15 63.1 63.5

& Sample A, Table 1.

the three mesh sizes, each decomposed by fusion with sodium hydroxide
and subsequent fuming with perchloric acid, gave identical results of
63.3 per cent P»0s;.

The three mesh sizes of the conditioned metaphosphate were digested
in the reagents specified in methods 2.9 (a) and 2.9 (b). The digestions
were made for periods of 5, 10, and 15 minutes, as digestion time was
recognized as an important factor in the decomposition of metaphos-
phate. The P:O; content of the resultant solutions was determined alkali-
metrically. The results, Table 3, show that decomposition was more com-
plete with method 2.9 (b) than with method 2.9 (a).

The comparison of the two methods was extended to include two
other samples of metaphosphate, B and C in Table 1, that had been
ground to pass a 20-mesh screen. Sample B contained 66 per cent of minus
20- plus 35-mesh material, whereas sample C was a typical preparation
that contained a high proportion of fines. Portions were digested for 5,
10, and 15 minutes according to methods 2.9 (a) and 2.9 (b). Two aliquots
were taken from each solution. In the first aliquot, the P,O; was precipi-
tated immediately; the second aliquot was fumed gently with perchloric
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a~id to ensure hydration of the phosphate to the ortho form before the
molybdate solution was added. The data in Table 4 show that more P,Os
was dissolved and more phosphate was hydrated to the ortho form with
method 2.9 (b) than with method 2.9 (a), and that 10-minute digestions
were adequate for method 2.9 (b).

TaBLE 4.—Comparison of A.0.A.C. methods 2.9 (a) and 2.9 (b) in
the decomposition of minus 20-mesh calcium metaphosphate

P:0s, PER CENT
SAMPLE Dxi?:SON METHOD 2.9 (a) METHOD 2.9 (b)
MINUTES

IMMEDIATE AFTER IMMEDIATE AFTER
PPTN. HCIO, PPTN. HCIO,
B 5 43.3 50.5 64.0 64.2
10 55.2 57.2 64.8 64.8
15 61.7 62.6 64.7 6t.8
C 5 58.5 61.8 64.6 64.8
10 60.1 62.4 64.8 65.2
15 63.8 64.0 64.8 65.0

Additional tests with samples A and B, ground to pass a 20-mesh
screen, showed that after 60-minute digestions by method 2.9 (a) less
P.0s was dissolved than after 10-minute digestions by method 2.9 (b).
Analysis of the residues from the digestions showed that the low PyO;
values with method 2.9 (a) were attributable to incomplete decomposi-
tion.

Calcium metaphosphate conditioned with ground limestone probably
would be placed in the category of dry mixtures that tend to segregate.
In this event it would be ground to pass a 35-mesh sieve before analysis.
Also, mixed fertilizers containing calcium metaphosphate presumably
would be crushed to pass & 35-mesh screen. Portions of the five samples
in Table 1 therefore were ground to this fineness and were decomposed
according to the four official methods. Each sample was digested for 15
minutes. The results are given in Table 5.

TaABLE 5.—Comparison of four official methods in the decomposition
of minus 35-mesh calcium metaphosphate

PERCENTAGE P:0s
DIGESTION

METHOD SAMPLE A SAMPLE B SAMPLE ¢ SAMPLE D SAMPLE B
2.9 (a) 63.0 64.4 64.8 63.4 63.1
2.9 (b) 63.5 64.6 64.8 63.7 63.2
2.9 (¢} 63.6 64.5 64.6 63.2 63.3
2.9 (d) 64.4 65.4 65.6 64.0 64.1
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Fifteen-minute digestions by methods 2.9 (a) and 2.9 (b) gave pract.-
cally the same results. In other tests of method 2.9 (a), lower results
were obtained in 12-minute digestions; a minimum digestion period of
15 minutes is necessary, therefore, if method 2.9 (2) is used.

Good reproducibility was obtained in replicate determinations with
method 2.9 (¢). This method should be adequate for the decomposition
of mixed fertilizers containing metaphosphate and high percentages of
organic matter.

High results were obtained consistently when method 2.9 (d) was
used, although all precipitations of ammonium molybdiphosphate were
made in the recommended temperature range of 25° to 30°C. (5). That the
high results by method 2.9 (d) were directly attributable to the presence
of sulfuric acid was demonstrated through experiment. A sample of meta-
phosphate was digested according to method 2.9 (b), and several aliquots
were taken for analysis. To these aliquots was added 0.1 to 1 ml of phos-
phate-free sulfuric acid in 0.1-ml increments. Progressively higher re-
sults were obtained with increased additions of sulfurie acid.

APPLICATION OF OTHER METHODS TO
CALCIUM METAPHOSPHATE
A few tests were made in which the minus 35-mesh samples were
digested with nitric acid, with hydrochloric acid, and with nitric and
perchloric acids in sequence. The results are given in Table 6 along with
results by method 2.9 (b).

TaBLe 6.—Comparison of method 2.9 (b) with other digestion methods
in the decomposition of minus 35-mesh calcium metaphosphale

DIGESTION PERCENTAGE P:0s

METHOD BAMPLE A BAMPLE B BAMPLE C SAMPLE D SAMPLE B
HCl—15 min. 63.1 64.3 64.6 63.1 63.1
HNOs—15 min. 60.9 63.7 63.2 62.7 62.6
HNOQO; —10 min.
HCIO— 8 min.} 63.2 64.3 64.5 63.3 63.2
2.9 (b)—15 min. 63.5 64.6 64.8 63.7 63.2

The superiority of hydrochloric acid over nitric acid (Table 6) is con-
sistent with the finding that method 2.9 (b), in which the reagent con-
tains a preponderance of hydrochloric acid, is superior to method 2.9 (a) in
the decomposition of metaphosphate.

Perchloric acid is a good solvent for metaphosphate, and it leaves
the acid-insoluble residue in a readily filterable form. Ordinarily a pre-
liminary digestion with nitric acid is not used on thoroughly oxidized
materials, such as metaphosphate. Nitric acid was used in the present
tests for consistency with other tests on a mixed fertilizer that contained
organic matter. ’
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DECOMPOSITION OF MIXED FERTILIZERS CONTAINING
CALCIUM METAPHOSPHATE
The six mixed fertilizers that contained calcium metaphosphate (Table
2) were treated for 15 minutes according to methods 2.9 (a) and 2.9 (b).
The results in Table 7 represent averages of multiple analyses.

TasLE 7.—Comparison of A.0.A.C. methods 2.9 (a) and 2.9 (b)
in the decomposition of mixed fertilizers

PERCENTAGE P;05
SAMPLE
GRADE
NUMBER METHOD 2.9 (a) METHOD 2.9 (b)
2829 0-16-16 16.8 16.8
2830 0-20-10 21.5 21.5
2831 0-20-10 21.4 21.5
2832 0-20-20 18.6 18.6
2833 4-16-8 16.3 16.3
2834 0-20-20 20.1 20.6

There was little difference in the results obtained by the two methods,
an exception being sample 2834, which contained flax shive as a filler.
Metaphosphate was the only phosphatic constituent of this sample.
The discrepancy could not be attributed to particle gize, because this mixed
fertilizer, as were the others, was finely ground, with approximately 95
per cent passing a 35-mesh screen. The insoluble residue from a digestion
by method 2.9 (a) was found to contain 0.4 per cent P;0s. This sample
was heated to dryness with magnesium nitrate solution and ignited
according to method 2.9 (c), and then was digested with hydrochloric
acid. The result by method 2.9 (b), 20.6 per cent P;Os, was confirmed.

In other tests the samples were digested successively with nitric acid and
perchloric acid. The results agreed closely with those obtained by 2.9
(b).

CONCLUSIONS

This study has shown that minus 20-mesh calcium metaphosphate
can be digested by A.O.A.C. method 2.9 (b) with assurance of solution
and hydration of the phosphate within a reasonable period of time,
whereas the same cannot be said for method 2.9 (a). Finer grinding per-
mits use of method 2.9 (a), provided the period of digestion is of sufficient
length. In general, however, method 2.9 (b) is faster and more depend-
able than method 2.9 (a).

Method 2.9 (¢) is suitable for the decomposition of 35-mesh calcium
metaphosphate and should be adequate for the decomposition of mixed
fertilizers containing metaphosphate and high percentages of organic
matter. .

The large amount of sulfuric acid specified in method 2.9 (d) leads to
high results for PzOs.
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Other procedures suitable for the decomposition of calcium meta-
phosphate are digestions with hydrochloric acid alone or with nitric and
perchloric acids in sequence.
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WATER-INSOLUBLE FATTY ACIDS AND BUTYRIC
ACID IN BUTTER MANUFACTURED BY THE
“CONTINUOUS” PROCESS*

By Frep Hivrig, Division of Food, and 8. W. ArumaNN, Cincinnati
District (Food and Drug Administration, Federal Security Agency,
Washington, D. C.)

During the past few years the Food and Drug Administration has carried
on a rather extensive investigation into chemical methods applicable
to butter designed to indicate the relative fitness of the cream from which
the butter was churned. As a result of this investigation, water-insoluble
fatty acids (WIA) and butyric acid appear to be satisfactory indices
of the condition of the cream (1, 2, 3, 4). All data supporting these ob-
servations have been obtained on butter churned in the conventional
barrel-type churn. A major technical development in the manufacture
of butter during the past few years has been the introduction of the
“continuous’ process, so called to distinguish it from the one employing
the conventional churn. It has been thought desirable to extend the
investigation to butter produced by the ‘‘continuous’’ process in order

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, beld at Wash-
ington, D. C., October 1-3, 1951.
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to determine what effect that process might have on the WIA and butyric
acid content of the butter.

In the continuous process, the cream is heated to about 50°C. in a
centrifugal heater equipped with agitators to break the fat emulsion and
is then separated in a high speed separator to a fat content of 82 to 92
per cent. This fat concentrate is then passed through a vacuum pasteur-
izer. In the plant where the work was done the vacuum pasteurizer used
was called the “Vacreator.” It consists of three chambers. In the first,
the material is flash pasteurized by being quickly heated to about 90°C.;
in the second, it is subjected to a combined vacuum and steam treatment
and the temperature drops to about 75°C.; in the third or high vacuum
chamber, the temperature is further reduced to about 43°C. The complete
“vacreation’’ treatment takes about 5 seconds. The pasteurized material
18 collected in a standardization vat where it is neutralized and adjusted
to 80 per cent fat by the addition of water (and salt, if salted butter is
being made). The material is held at a temperature of about 43°C. under
continuous agitation in order to prevent fat crystallization and to keep
the contents of the vat homogeneous. It is then pumped to the chilling
machine, which consists of two jacketed horizontal tubes equipped with
scraper blades and agitators for working the butter. The material is
cooled in the first tube to about 10°C. and in the second tube to about
4°C. It then passes from the second tube through the “texturator,” where
further chilling and working takes place. This is an artificially chilled
cylinder, approximately 1X4 feet in dimensions with constricted, funnel-
shaped ends. The butter is forced continuously into one end and expands
to fill the interior. It is then extruded through a constricted rectangular
orifice in the form of a ““bar’’ which is cut into blocks. These may go direct~
ly to the printing machine or they may be held in storage for future print-
ing.

In the barrel-type churning process the cream is first neutralized and
then pasteurized, while in the “continuous’ process the cream is separated
to a fat content of between 82 and 92 per cent, the oil is then pasteurized,
collected in a standardization vat and neutralized. Since in the latter
process most of the water phase has been removed, very little water-
soluble acid (lactic, acetic etc.) remains to be neutralized.

Under these conditions, the effect of neutralization on WIA and butyrie
acid was studied in a series of experimental, commercial scale, churnings.
The oil concentrates were sampled after pasteurization but before neu-
tralization and adjustment to 80 per cent fat. They were again sampled
after the neutralization and adjustment. Finally, the finished butters
were sampled. In two cases (Table 1, Samples No. 2 and 8) each can of
cream comprising the churning was graded according to the scheme
employed in previous studies (2, 3). This allowed calculation of the
percentage of each grade of cream in the churning. The cream in the
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other six churnings was commercially classified on a vat basis. In all cases
the normal routine of the creamery was not changed.

Serum acidity (acidity of the water-curd phase of the separated oil),
fat, WIA, and butyric acid were determined in the oil after vacreation
and pasteurization; and WIA and butyric acid were determined in the
oil after neutralization and adjustment to 80 per cent fat, and in the
finished butter. Analytical data, including mold counts on the butters,
are given in Table 1.

With the exception of Sample No. 4 there is little difference in the WIA
content of the oil (both before and after neutralization) and in the butter.
Likewise, butyric acid in the oil before and after neutralization, and in
the butter, was essentially the same.

In another study of the effect of the various steps of the process on
WIA and butyric acid, the vat cream itself, prior to centrifuging (instead
of the pasteurized oil) was made the starting point material. Four sam-
ples were taken to represent the process: (1) the vat cream, (2) the sepa-
rated oil as it leaves the centrifuge (prior to vacreation), (3) the vacreated
and pasteurized oil before neutralization, and (4) the finished butter.
In the case of Samples A, F, G, H, and J (Table 2), individual cans of
cream comprising each churning were classified and the per cent of each
class of cream in the churning was computed. In order to obtain com-
parable information on butter churned in a barrel-type churn in the cases
of Samples A, B, D, F, G, H, and J, about 4 gallons of the vat cream were
neutralized with the same neutralizer used by the creamery, pasteurized
at 65°C. for 30 minutes, cooled and churned in a barrel-type churn of
about 12 gallons capacity. Data obtained in this study are given in
Table 2.

DISCUSSION

Some WIA is removed during the centrifuging step since the quantity
determined in the separated oil before vacreation is in all cases less than
that found in the cream. There is very little difference in the WIA con-
tent of the oil before and after vacreation and in the finished butter.
Neutralization neither decreases nor increases WIA. Comparison of the
butter obtained by the ‘“‘continuous’ process and that churned in the
barrel-type churn from cream from the same vat shows that both pro-
cesses give a product containing approximately the same quantity of WIA.
Approximately one-third of the butyric acid present in the cream is
retained in the oil and apparently none of this acid is lost when the oil
is subjected to vacreation, neutralization, and churning. This is in con-
trast to butter churned in the barrel-type churn, where as the data show,
most of the butyric acid is removed in the churning process.

SUMMARY

The effect of each step of the ‘“‘continuous’ process on WIA and butyric
acid was studied. A comparison was made of the WIA and butyric acid
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content of butter produced by the continuous process with that of
butter churned from the same cream in a barrel-type churn. While some
WIA and butyric acid are removed in the centrifuging step of the con-
tinuous process, vacreation and neutralization have no appreciable effect
on either the WIA or butyric acid remaining in the oil. There is little
difference in the quantity of WIA found in the butter prepared by the
“‘continuous’’ process and that churned in the barrel-type churn.

Grateful appreciation is extended to A. F. Ratay, who made the barrel-
type churnings, and to T. E. Byers, who assisted in the analysis of some
of the samples, both of the Cincinnati District of the Food and Drug
Administration; also to Margaret MacLean, of the Division of Food,
who analyzed some of the samples, and to F. R. Smith, of the Division
of Microbiology, who made the mold counts. Thanks are also due to H. A.
Lepper and W. 1. Patterson for their suggestions and assistance during
the development of this study.
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EFFECT OF EXCESS ALKALI IN THE DETERMINATION
OF WATER-INSOLUBLE FATTY ACIDS IN BUTTER*

By Frep Hivuie (Food and Drug Administration, Federal Security
Agency, Washington 25, D. C.)

In the determination of water-insoluble fatty acids' (WIA), normal
sodium hydroxide solution is added to an ether solution of the butter until
the phenolphthalein indicator shows a decided pink color; then an addi-
tional 0.5 ml of ¥ NaOH is added.t It has been reported? that—*“for
certain samples, the value obtained is influenced by the amount of alkali
used in neutralizing the ether-water solution of the butter.”

When the potential significance of WIA in cream and butter was
first recognized, it was decided that the logical procedure for isolating
these acids from butter was by extraction of their salts into water after
neutralization in ether solution. The question of possible saponification
of neutral fat by the dilute alkali used was investigated at that time and
there was no indication that significant saponification took place. As

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash-
ngton, D. C., October 1-3, 1951,
1 Methods of Analysis, A.0.4.C., 7th Ed. 1950, p. 260.

. T The instructions in the method calling for neutralization to a "“decided pink color” may be subject
to individual interpretation. Experience has shown that this color can be obtained by neutralizing the
material to the first faint pink and then adding 0.1 ml of the alkali in excess, Thus, the conditions of the
method can be met by adding 0.6 ml of the alkali after the appearance of the first faint pink eolor.

2 J. of Dairy 8cai., 34, 478 (1851).
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the question has now been raised by others, we have again investigated
the possibility of saponification at this point in the procedure. This paper
presents data obtained in a study of the influence of the amount of alkali
on the quantity of WIA determined; specifically, whether or not appre-
ciable saponification of the fatty acid glycerides occurs during the neutral-
ization of the material in the centrifuge bottle (to a decided pink color)
or when 0.5 ml of the alkali, in excess of that required to so neutralize
it, is added.

Ten commercial butters were used in the first phase of the investigation.
These had been authenticated by grading each can of cream comprising
each respective churning. The cream came from a rather wide area, and

TasLE 1.—Effect of varying quantities of excess N NaOH in

in the determination of WIA
(Mg WIA/100 g fat)

NEUTRALIZED WrtE N NEUTRALIZED WITH N NEUTRALIZED WITH N
sAMPLE No. NaOE 70 DECIDED PINK NaOH To DECIDED PINK NaOH To DECIDED PINK
COLOR CoLoOR (0.5 M1 ADDED COLOR (2 ML ADDED
IN BXCESS) IN BXCESS)

1 127 144 154
2 93 125 129
3 251 248 261
4 437 418 446
5 308 301 298
6 198 179 200
7 347 353 377
8 200 209 218
9 310 325 326
10 159 140 163
Av. 243 244 257

comprised ‘‘station,” as well as ‘‘direct shipper’’ cream gathered in Ken-
tucky, Illinois, Arkansas, and Missouri. The butters varied widely as
regards the quality of the cream from which they were churned; some of
them contained no decomposed cream and others contained varying
quantities. WIA was determined on each of the 10 butters after the ether-
water mixtures were neutralized only to a decided pink color. In other
determinations, 2 ml of the alkali (rather than only 0.5 ml) was added in
excess of that required for neutralization to a decided pink color. The
results are given in Table 1, which also includes the results obtained on
the same butters with the official method (middle column).

Statistical treatment of the data shows that there is a significant
difference in WIA where 2 ml of N NaOH are used in excess of that
necessary to give a decided pink color. However, there is no significant
difference between results obtained with only enough alkali to give a
definite pink color, and 0.5 ml in excess of this amount;the average re-
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sults differ by only one mg. Even though there is a statistically detect-
able difference in the results with 2 ml of N NaOH (4 times that specified
in the method) this difference is so slight that it would have no practical
effect on the analytical interpretation.

" To further test the possibility that fat may be saponified during neu-
tralization, the ether-fat extracts from the determination on Sample 4
(437 mg WIA; excess alkali avoided) were evaporated. The residual fat
was transferred to a centrifuge bottle and 25 ml of H.O, 50 ml of ether,
and one drop of N NaOH were added. On shaking the mixture it was found
alkaline to phenolphthalein. The procedure for extraction of WIA was
then applied to the fat solution. No precipitate was formed when the

TABLE 2.—Analysis of commercial bulters

1, N NaOH ADDED AFTER
SAMPLE WIA MEAN MOLECULAR
NO. NEUTRALIZATION 10 Ma/100 @ FAT WEIGHT
DECIDED PINK

1 0.0 141 250
0.5 149 259

1.0 145 247

2.0 139 253

* 119 257

2 0.0 337 264
0.5 371 265

1.0 372 262

2.0 375 264

* 207 255

* Samples neutralized to faint pink eolor.

aqueous residue in the centrifuge bottle was acidified with sulfuric acid.
The acids which go to make up the WIA value separate at this point and
our experience shows that as little as one mg of WIA will be visible here.
Accordingly, in this experiment, less than one mg was liberated. This
shows that no detectable saponification occurs during neutralization to a
decided pink color.

Again, the ether-fat extracts from the determination of Sample 4
(446 mg WIA; 2 ml of N NaOH) were evaporated. The residual fat was
treated as just described, with the exception that 2 ml of N NaOH were
added in excess. Again no precipitate was formed on acidifying the aqueous
residue with sulfuric acid. This demonstrates that an excess of even 4
times the quantity of alkali specified in the method failed to cause
saponification of neutral fat.

A study was made with a butter churned from sweet cream produced
by -a single herd. (The cream was separated to 35 per cent fat from 40
gallons of sweet milk, pasteurized for 30 minutes at 155°F., cooled, and
churned.) When up to 10 times the quantity of N NaQOH specified in
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the method was used the data show no significant saponification of fat.

Two samples of commercial butter, in which it had been claimed that
increased values for WIA were found with increasing quantities of alkali,
were next analyzed. The results are given in Table 2.

Low results were obtained in both samples when the material in the
centrifuge bottle was neutralized to only a faint pink color. However
when the neutralization was carried to a decided pink color (0.0 ml of
N NaOH in Table 2) increased quantities of WIA were found, and results
approached those obtained with the addition of either 0.5, 1.0, or 2.0
ml of excess N NaOH. The results demonstrate that no saponification
of the glycerides of the fatty acids took place due to the action of excess
alkali.

A series of 20 butters was used to study further the effect of the addition
of excess alkali. In each case one sample was neutralized to a faint pink
color, and another to a decided pink color. 0.2 ml and 0.5 ml (official
method) of the alkali in excess of that required to neutralize to a decided
pink color were added to 2 other samples. The results are given in Table 3.

TasLE 3.—Effect of varying quantities of N NaOH in the
determination of WIA
(mg WIA/100 g fat)

NEUTRALIZED WITH NEUTRALIZED WITH NEUTRALIZED WITH NEUTRALIZED WITH
SAMPLE N NaOH 10 rarne | N NaOH 70 bECIOED N NaOH ro pecioep | N NaOH 1o pecioep
NO. PINK COLOR (0.2 ML PINK COLOR (0.5 ML
FINX GOLOR FINK COLOR ADDED IN EXCESS) ADDED IN EXCEB8*)
1 283 503 539 548
2 510 573 557 592
3 736 786 758 761
4 1090 1069 1085 1090
5 569 547 574 590
6 458 488 495 498
7 471 452 455 466
8 77 793 770 779
9 413 462 482 481
10 404 450 452 452
11 886 874 866 899
12 190 191 190 191
13 469 497 488 505
14 611 627 632 657
15 381 438 435 454
16 971 1001 1023 1024
17 600 634 652 655
18 639 675 660 671
19 502 519 520 527
20 1263 1274 1306 1257
Av. 611 643 647 655

* Official Method: Methods of Analysis, Tth Ed., 15.118, p. 260.
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When the material in the centrifuge bottle was neutralized to only a
faint pink color, lower results were obtained in 17 of the 20 samples.
Neutralization to a decided pink color increased the quantity of WIA
found. The addition of either 0.2 ml or 0.5 ml of the alkali in excess of
that required to neutralize to a decided pink color did not cause a signifi-
cant further increase in WIA and this indicates that some excess alkali
is necessary to assure complete extraction of the fatty acids. Particular
attention is called to Sample No. 1 where the addition of the requisite
amount of alkali in excess of that required to neutralize to a faint pink
color caused an increase in WIA from 283 mg to 548 mg/100 g fat.

In searching for a possible explanation of this difference, the background

TaBLE 4.—WIA in butter churned from cream neutralized with lime

‘WIA SAMPLE NEUTRALIZRD
SAMPLE WIA SAMPLE NEUTRALIZED wrrea N NaOH To prcIoeD
NO. wireg N NaOH 10 raINT PINE PINK COLOR. (0.5 ML
ADDED IN BXCESS
mg/100 g fat mg/100 g fat
1 283 548
239
290
12 190 191
A 204 234
B 244 259
C 197 239
D 260 390

of this sample was investigated. The vat cream had been neutralized with
lime, as was also the case with Sample No. 12. The vat creams from which
the other butters of Table 3 were churned, were neutralized with sodium
hydroxide, sodium bicarbonate, sodium carbonate or some combination
of these. Sample No. 12 gave the same WIA figure regardless of the
amount of NaOH solution used to neutralize the sample.

To study further the effect of lime neutralization upon WIA in the
butter, 4 other butters, prepared on a commercial scale, were analyzed.
The results in Table 4 show that the WIA value of butters prepared from
vat creams neutralized with lime may sometimes be much higher with
the 0.5 ml of excess alkali (Official Method) than when the sample is
neutralized only to a faint pink color.

In Samples 1 and D, neutralization to a faint pink color failed by a
wide margin to return all of the WIA. The loss of WIA on these 2 samples
is much greater than on the other 4 samples listed in the table as well as
on the 18 samples listed in Table 3 in which some form of sodium neutral-
izer was used.
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DISCUSSION

It is recognized that a definite alkalinity is necessary for the extraction
of fatty acids from fat. It is a well known fact that soaps in water solution
have a tendency to hydrolyze. This hydrolysis can be suppressed through
the addition of excess alkali. In the determination of WIA it was found
that an excess of 0.5 ml of N NaOH over and above that required for
neutralization to a decided pink was sufficient to suppress the hydrolysis
of the sodium salts of the fatty acids and thus make for more complete
extraction of the acids from the ether phase into the water phase. This is
demonstrated by the results given in Tables 2 and 3.

SUMMARY

In the determination of water-insoluble fatty acids (WIA) in butters,
the addition of 0.5 m] of N NaOH in excess of that required to neutralize
the sample to a decided pink color of phenolphthalein (the conditions
specified in the method) does not cause any significant increase in WIA.
It has been shown that some excess alkali is necessary in order to assure
complete extraction of the fatty acids.

DETERMINATION OF RESORCINOL IN HAIR DYES*

By S. H. NewBURGER and J. H. Jongs (Division of Cosmetics, Food
and Drug Administration, Federal Security Agency, Washington,
D.C)

Shupe! has described a method}for*the determination of resorcinol in
hair dyes. Essentially, the method consists of a preliminary extraction of
oils and fatty acids with chloroform from an acid aqueous solution of the
sample; the resorcinol is then extracted with ether. The ether is evapo-
rated; the extracted material is dried in a desiccator and weighed as re-
sorcinol. In our experience, this procedure, when applied to hair dyes
now on the market, usually yields an unidentifiable tarry material. The
introduction of sulfated surface active agents into hair dyes has also
complicated the analysis because of the emulsion formed when extractions
with chloroform are made.

We have found that the resorcinol can be extracted by Shupe’s pro-
cedure and identified and determined quantitatively by ultraviolet
spectrophotometry. When sulfated surface active agents are present
a preliminary acid hydrolysis eliminates emulsification difficulties.

* Presented at the Annual Meetmz of the Association of Official Agricultural Chemists, held at Wash-
ington, D. C., October 1-3,
1 §hupe, 1. 8., This J.mmal ‘24, 871 (1041).



788  ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. 84, No. 4

METHOD
APPARATUS

A spectrophotometer capable of isolating a wave band of 5 mu or less in the
region 220-330 mg. (A Cary Recording Spectrophotometer Model 11 and a Beck-
man Model DU were used in this study.)

REAGENTS

Ethyl ether, c.p.

Chloroform, c.p.

Standard resorcinol soln (40 mg per liter in 0.1 N HCl).—Dissolve 100 mg of
resorcinol in 250 ml of 0.1 N HCI. Dilute 10 ml of the soln to 100 ml with 0.1 N HCI.
[The resorcinol used was a white crystalline powder (m.p. 109-110°C.)]

ISOLATION OF RESORCINOL

(a) If a sulfated surface active agent is present.—Transfer 5 ml of sample to a
50 ml round-bottom flask, add 2 ml of HCI and a few carborundum chips, connect
to a water-cooled condenser, and reflux for one-half hour. Cool and transfer to 125
ml separatory funnel with the aid of 25 ml of chloroform and 8 ml of water. Pro-
ceed as directed in (b), beginning with ¢ ... extract with three 25 ml portions of
chloroform.”

(b) If a sulfated surface active agent is absent.—Acidify 5 ml of sample with HC],
dilute to ca 15 ml with water, and extract with three 25 ml portions of chloroform.
Combine the chloroform extracts, wash with 5 ml of water and in turn wash the
water with 5 ml of chloroform. Discard all chloroform extracts and add the 5 ml of
wash water to the remaining aqueous fraction.

Extract the acid aqueous soln with five 25 ml portions of water-washed ethyl
ether. Combine the ether extracts in a 250 ml beaker, add 25 ml of water containing
a few drops of HCI, and heat on steam bath until no odor of ether remains. Cool
the remaining aqueous soln to rcom temp, filter thru a cotton plug into a 100 ml
volumetric flask, dilute to mark with 0.1 N HCI and mix.

BPECTROPHOTOMETRIC DETERMINATION

Dilute 10 ml of the soln containing the extracted resorcinol to 100 ml with
0.1 N HCI. Determine the absorbancy in 1 em cells of the unknown soln and the
standard resorcinol soln at 273 mu, against a blank of 0.1 N HCL

Per cent resorcinol =—Ail° XC ><i ><——————1———— » where C is the concentra-

At 50" Sp. gr. of sple
tion of the standard in mg/liter.

(The recommended dilution will give a suitable absorbancy reading if the 5 ml
sample contains 30-60 mg of resorcinol. If the absorbancy reading is too high or
too low for accurate results, make a dilution of the extract which will give an ab-
sorbancy reading between 0.5 and 1.0.)

Determine the absorbancy of the unknown solution at a sufficient number of
points in the region 220-300 mu to enable the plotting of an absorbancy vs. wave-
length curve.

EXPERIMENTAL
Figure 1 shows the ultraviolet absorption eurve of resorcinol in 0.1
N HCI. The ultraviolet absorption curve of resorcinol in NH,OH(1+99)

is shown in Figure 2. Solutions of resorcinol in 0.1 N HCI were found to
follow Beer’s law to within +0.5 per cent.
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Absorbancy

300 250 200
my

F1a. 1.—Absorption curves of resorcinol (25, 50, and 75 mgs
per liter) in 0.1 N HCl.

789
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Absorboncy

L
380 300 250
my

F1a. 2.—Absorption curve of resorcinol (25 mg per liter) in NH.OH (1 499).

The composition of the control hair dye samples used in this investi-
gation is given in Table 1. Varying amounts of resorcinol were. added
to 5 ml portions of the control samples and the preparations were then
analyzed by the proposed procedures. The results tabulated in Table 2
were obtained with the Cary Recording Spectrophotometer; substantially
the same results were obtained with a Beckman Model DU spectropho-

tometer.
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TasLe 1.—Composition of conirol hair dye samples

FORMULA 1 2 3 4
per cent per cent per cent per cend
959, Alcohol 10 10 10 10
Oleic Acid 10 10 10 10
Ammonia 2 2 2 2
NasSO; 0.2 0.2 0.2 0.2
Triton X-100 — 5 —_— —_
Tween 20 —_ —_ 5 —_
Sodium lauryl sulfate — — — 5
p-Phenylenediamine 2 2 2 2
p-Aminophenol 1 1 1 1
Water 74.8 69.8 69.8 69.8
Total 100 100 100 100
TABLE 2.— Recoveries of resorcinol
FORMULA RESORCINOL ADDED REBORCINOL RECOVERED
mg mg per cent
1 25 24.8 99
50 49 98
150 143 95
2 50 47.5 " 95
3 50 47 94
4 50 47.5 95
50 48 96
Average 96

DISCUSSION

The average recovery of the seven determinations was 969, the greatest
deviations from this value being +39% and —2%. The inclusion of
the surface active agents Triton X-100, Tween 20, and sodium lauryl
sulfate made little difference in the recoveries. Other polyhydric phenols,
and other materials which are extractable by ether from acid aqueous solu-
tion and absorb in the ultraviolet, will interfere with the proposed deter-
mination. ‘

The complete ultraviolet curve of the unknown is plotted to establish
the identity of the extracted material as resorcinol. Any doubt as to the
identity of the extracted material can be resolved by obtaining its ultra-
violet spectrum in dilute NH,OH (see Fig. 2).
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CONCLUSION

Resoreinol in hair dyes can be satisfactorily identified and determined
by ultraviolet spectrophotometry.

The method should be applicable to other preparations containing
resorcinol.

ETHYLENEDIAMINE TETRA-ACETIC ACID AS AN AID IN
THE ANALYSIS OF CERTAIN COAL-TAR COLOR LAKES*

By Naraan ErtersTEIN (Division of Cosmetics, Food and Drug
Administration, Federal Security Agency, Washington 25, D. C.)

Spectrophotometric methods for the determination of pure dye in
samples of coal-tar colors are generally accurate (1) and are usually more
rapid and convenient than chemical methods. However, they are ap-
plicable only when a clear and homogeneous solution of the color in an
appropriate solvent can be made. The calcium, barium, and strontium
salts and lakes of some of the certifiable coal-tar colors are practically in-
soluble in the solvents usually employed in spectrophotometry, and
special techniques must be used to prepare satisfactory solutions.

It is well known that ethylenediamine tetra-acetic acid is a powerful
chelating agent for many metals. As expected, it was found that this com-
pound does, under proper conditions, form soluble complex chelates with
the caleium, barium, or strontium combined with certain acid dyes. Re-
sults of this investigation also show that the common substrata for lakes
of these dyes, with the exception of titanium dioxide and tale, are brought
into aqueous solution by ethylenediamine tetra-acetic acid. When samples
of these lakes are boiled with alcohol and water containing ethylene-
diamine tetra-acetic acid, solutions satisfactory for spectrophotometric
examination are obtained.

PROCEDURE
REAGENTS
109, Ethylenediamine telra-acetic acid soln.—Dissolve 25 g of ethylenediamine

tetra-acetic acid in 165 ml of 109, NaOH solution and dilute to 250 ml with water.
Dilute ethanol (1+1).—Mix equal volumes of 959, ethanol and water.

PREPARATION OF SOLUTIONS

Place an accurately weighed sample of ca 100 mg of the color in a 250 ml beaker
Add 7 ml of 10%, ethylenediamine tetra-acetic acid soln, 8 ml of 10% NaOH soln,
and 15 ml of water. Cover the beaker with a watch glass and bring the mixture
to a gentle boil on a hot plate. Stir until the entire sample is wetted, and boil for
about two minutes longer. Remove the beaker from the hot plate, stir the contents
for 30—60 seconds, add 25 ml of 959, ethanol, and 100-150 ml of (14-1) ethanol, and

* Presented at the Annual Meetmg of the Association of Official Agricultural Chemists, held at Wash-
ington, D. C., October 1-3, 1951.
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mix thoroly. Replace the covered beaker on the hot plate and heat just below the
boiling point until all the color is in solution. Allow the soln to cool to room temp.
and transfer to a 250 ml volumetric flask. Rinse the beaker with several small por-
tions of (141) ethanol, add the rinsings to the flask, and dilute the soln to volume
with (1-+1) ethanol. (If talc or titanium dioxide is present, filter the soln thru a
fine porosity sintered glass filter before it is transferred to the volumetric flask.)

DETERMINATION

Determine the pure dye content of the sample soln as directed in Official Methods
of Analysis, A.0.A.C., Seventh Edition (1950), Sec. 34.29-32.

DISCUSSION

The procedure described above has been applied to a number of coal-
tar color lakes prepared with all of the usual substrata. In all cases, clear
solutions resulted unless tale or titanium dioxide was present. Ethanol
(141) is an ideal solvent because it dissolves the dye liberated by the
chelating agent as well as the metallic chelates and organic substrata
such as rosin, calcium rosinate, and aluminum benzoate.

The absorbancy of solutions of D&C Red No. 31 in (1+1) ethanol con-
taining from one to three grams of ethylenediamine tetra-acetic acid per
liter followed Beer’s law and ethylenediamine tetra-acetic acid present
had no apparent effect on the absorbancy of the solutions.

In order to test the applicability of the procedure, a number of lakes
were analyzed for pure dye content by the method described, and by
titration with standard titanium trichloride solution (2). The results are
shown in Table 1. In most cases, the values obtained by titration with
titanium trichloride were slightly lower than those obtained by the spec-
trophotometric procedure. The author believes that the low results are
probably due to partial decomposition of the dyes by the concentrated
sulfuric acid used as a solvent in the titration procedure.

A few investigations have shown the method to be applicable to alumi-
num and zirconium lakes. Since these lakes are dissolved readily by re-
fluxing for a short time in dilute acid or alkali, a procedure no less con-
venient than the treatment with ethylenediamine tetra-acetic acid, the
procedure was not applied to many of these. However, the ethylene-
diamine tetra-acetic acid would be useful in analysis of aluminum lakes
extended on a substratum containing calcium, barium, or strontium.

This procedure cannot be used for dissolving lakes preparatory to titra-
tion of the color with titanium trichloride. Trivalent titanium forms a
chelate with ethylenediamine tetra-acetic acid, and the complex will not
serve as a reducing agent.

SUMMARY

Ethylenediamine tetra-acetic acid in (141) ethanol has been shown to
be an effective reagent for dissolving calcium, barium, and strontium salts
of certain certifiable dyes and their lakes. The solutions are suitable for
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TABLE 1.—Pure dye determined spectrophotometrically and by titration

PURE DYE
COLOR sAMELE SUBSTRATUM"
NoO. PROFOSED ITTRATION
METHOD

per cent per cent

D&C Red No. 7 A BS+4T 13.7 13.0
B AO 30.0 31.0

D&C Red No. 8 A BS+R 81.5 80.4
B T 23.9 23.4

D&C Red No. 9 A GW 38.5 38.4
B BS 92.8 92.2

C GW 40.8 40.2

D None 96.7 97.0

D&C Red No. 10 A GwW 82.1 79.2
B BS+T 20.7 20.5

C AOQO 93.1 90.7

D&C Red No. 11 A BS+T 11.7 12.2
B BS 82.1 83.2

C R 57.9 58.0

D BS4+CR 48.7 47.2

D&C Red No. 12 A BS 61.2 60.4
B BS+R 61.4 60.1

C BS 89.9 88.6

D&C Red No. 13 A BS 50.6 50.1
B BS+R 43.0 42.3

D&C_Red No. 31 A GwW 44.6 44.9
B AQ 49.4 48.0

D&C Red:No. 34 A TO+CR 38.0 38.0

* AO—Aluminum oxide, BS—Barium sulfate, GW-—Gloss white, CR—Calcium rosinate, R——Rosin,
T—Tale, TO—Titanium dioxide.
spectrophotometric determination of the amount of color present. Typical
results obtained by the proposed procedure are given.

REFERENCES

(1) Jones, J. H., This Journal, 33, 401 (1950).
(2) Official Methods of Analysis, A.0.A.C., 7th Ed. (1950), Sec. 34.21 (f).
(3) Ibid., Sec. 34.29-32.
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PAPER CHROMATOGRAPHY OF FLUORESCEIN AND THE
HALOGENATED FLUORESCEINS*

By CrarLEs GraicHEN (Division of Cosmetics, Food and Drug
Administration, Federal Security Agency, Washington, D. C.)

Paper chromatography is a well-established method for the separation
of mixtures and has been applied to a great many materials. Recent re-
views (1, 2) list several hundred references on this subject.

Paper chromatography seems to be ideally suited for the separation of
colored materials. There are several references to the separation of coal-
tar colors by this technique, but as far as the author knows, the fluorescein
colors have not been studied as a group. This study of the application of
paper chromatography to the fluorescein colors had two objectives: 1. an
aid in the identification of the fluorescein colors present in food, drugs,
and cosmetics, and 2. an aid in the determination of the composition of
samples of the fluorescein colors submitted for certification.

EXPERIMENTAL

In the course of this work, several solvent systems were tested. The
two found to be the most satisfactory are: 1. NH,OH (1+99), saturated
with isoamyl alcohol and 2. & mixture of 200 ml n-butyl alcohol, 88 ml
distilled water, 2 ml concentrated NH,OH, and 40 ml ethyl alcohol.

Solvent 1 is the most satisfactory of the two. With it, the Ry factors for
the various fluorescein colors differed considerably; in general, the Ry
factor decreased with increasing molecular weight. In some cases, the
spots spread a little more than is desirable. With solvent 2 the range of
Ry factors was much less and in general they were found to be in reverse
order from those for solvent 1.

The colors were spotted from dilute ammonia solution. An appropriate
amount of a fluorescein color, if pure, is a small drop of a solution con-
taining % mg of the color per ml. When samples were to be examined for
traces of colored material, one drop of a solution containing 2 to 4 mg
of the color per ml was used.

The chromatograms were developed in the usual manner by spotting on
one corner with a solution of the material to be examined. The dried spot
was developed in one direction with one of the solvents, and the paper
was dried. The chromatogram was then further developed at right angles
to the original with the other solvent. Ascending solvent flow was used.
Results were more satisfactory when solvent 1 was used for the initial
development; the somewhat diffuse spots obtained became smaller and
more clearly delineated upon subsequent development with solvent 2.

In most of the work a 23 X23 e¢m square of No. 1 Whatman filter paper

* Presented at the Annual Mutmg of the Association of Official Agricultural Chemists, held at Wash~
ington, D. C., October 1-8, 1951
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TaABLE 1.—Comparison of purified samples with commercial samples

coron rome e umorms  Rrnice
Fluorescein 94+ % Major 0.85 0.18
Dibromofluorescein 9+9% Major 0.58 0.26
Trace 0.73 0.24
Dibromofluorescein Commercial Major 0.64 0.20
Minor 0.30 0.29
Minor 0.42 0.22
Minor 0.79 0.20
Trace 0.66 0.23
Trace 0.83 0.15
Tetrabromofluorescein 99+4+% Major 0.38 0.45
Trace 0.41 0.34
Tetrabromofluorescein Commercial Major 0.44 0.37
Trace 0.45 0.28
Dichlorofluorescein Commereial Major 0.71 0.25
Minor 0.79 0.22
Minor 0.44 0.32
Tetrachlorofluorescein Commercial Major 0.50 0.39
Trace 0.54 0.27
Diiodofluorescein Commercial Major 0.56 0.34
Minor 0.16 0.42
Minor 0.36 0.36
Minor 0.75 0.37
Trace 0.60 0.41
Trace 0.83 0.28
Tetraiodofluorescein 99+ % Major 0.22 0.52
Tetrachlorotetrabromo- 99+ 9% Major 0.68 0.64
fluorescein
Dibromodiiodofluorescein Commercial Three or more fractions not
separated completely.
Dichlorotetraiodo- Commercial Major 0.50 0.51
fluorescein Minor 0.57 0.44
Trace 0.69 0.45
Trace 0.00 0.92
Trace 0.93 0.12
Dicarboxytribromo- Commercial Major 0.67 0.31
fluorescein Minor 0.85 0.25
Minor 0.79 0.31
Minor 0.67 0.24
Miror 0.40 0.34
Trace 0.85 0.18
Trace 0.79 0.23
Dicarboxypentabromo~ Commercial Three or more fractions not

fluorescein

separated completely. A large
one showing a color gradation
and a trace.

Trace 0.82 0.28
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was used. This allowed a solvent flow of about 17 cm in each direction.
‘With solvent 1 one-dimensional chromatograms were tried with a solvent
flow up to 40 cm; these did not seem to offer any advantages over a two-
dimensional development of about 17 ¢m in each direction.

The Ry factors were calculated from the position of the leadlng edges
of the initial and final spots. The Ry values are only approximate as no
attempt was made to control such variables as temperature, concentration
of the spot, etc. Experiments in this laboratory show that it is preferable
to use parallel runs with a known color rather than to depend upon Ry
factors for identification of unknown colors.

Several commercial samples and some purified samples of the fluorescein

%@

Q

J==1n0)

soivent | - —5

solvent 2 —=>

Fie. 1.—Mixture.

colors were chromatographed by the proposed technique. Table 1 gives
the data obtained. In this table the largest spot is called the magor
fraction. Spots which were estimated as being due to 2 per cent or less of
the colored material in the sample are called traces. Spots of intermediate
strength are called minor fractions. In most of these samples, sufficient
material was used to show traces of colored materials.

Figure 1 is a diagram of the chromatogram obtained from a mixture of
purified samples of (1) Fluorescein, (2) Tetrachlortetrabromofluorescein,
(3) Dibromofluorescein, (4) Tetrabromofluorescein, and (5) Tetraiodo-
fluorescein. Two trace spots were barely noticeable; separate runs showed
that one of these trace spots (between 1 and 3) was due to a trace fraction
in the Dibromofluorescein and the other to a trace fraction in the Tetra-
bromofluorescein.

Figure 2 is a diagram of the chromatogram obtained from a commercial
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sample of Diiodofluorescein. One of the minor spots is identified as Tetra-

iodofluorescein. A trace of Fluorescein is also present.
Figure 3 is a diagram of the chromatogram obtained from a sample of

%DQ

<O

oePID)E)]

solvent | «——i=

ofvent —»

F1g. 2.—Commercial sample D&C Orange No. 11.

solvept 2 ——»

sotvent | =i

Fia. 3.—Commercial sample D&C Orange No. 14.

commercial Dicarboxytribromofluorescein. The chromatogram indicates
the presence of three pairs of colors which have approximately the same
Ry factors in solvent 1 but which have different Ry factors in solvent 2.
The materials in each pair of spots seem to be almost identical in color.

Figure 4 is a diagram of the chromatogram obtained from a commereial
sample of Dibromodiiodofluorescein. The outline is drawn where there
was a noticeable change in color. It was shown by parallel runs with
Dibromofluorescein and Diiodofluorescein that there cannot be noticeable
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amounts of monohalogenated or dihalogenated fluoresceins present in this
sample. However, there are at least nine tetrahalogenated and trihalo-
genated fluoresceins that might be present. The solvent systems do not
seem to be adequate to separate the combination which we may expect to
find in this color.

solvent 2 ~——w

a__ >

solvent { ——»

Fia. 4—Commercial D&C Orange No. 16.

SUMMARY

Two solvent systems are suggested for paper chromatography of the
fluorescein colors. Several colors of the fluorescein group were found to
be satisfactorily separated by the proposed procedure.

REFERENCES

(1) CrLeEGe, Doris L., Anal. Chem., 22, 48 (1950).
(2) StraiN, Harorp H., Ibid., 23, 25 (1951).

DETERMINATION OF DIMETHYLANILINE IN
EXT. D&C BLUE NOS. 1 AND 2*

By Keits S. HeIng, Jr. (Division of Cosmetics, Food and Drug
Administration, Federal Security Agency, Washington 25, D. C.)

Dimethylaniline is an intermediate used in the production of Ext. D&C
Blue No. 1 and No. 2. Separation of the intermediate from these colors is
readily accomplished by steam distillation from a solution made alkaline

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, beld at Wash-
ington D. C., October 1-3, 1051.
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F1a. 1.—Absorption curve of dimethylaniline in dilute NH,OH.

TaBLE 1.—Recovery of dimethylaniline from Ext. D&C Blue No. 2

DIMETEYLANILINE DIMETHYLANILINE RECOVERY
ADDED RECOVERED, NET
mg mg per cent
0.00 <0.01 -
2.22 2.10 95
2.22 2.15 97
1.11 1.01 91
1.11 0.97 87
0.55 0.63 115
0.55 0.60 109
Average Recovery 99
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with sodium carbonate. The intermediate, so separated, can be identif.ed
and determined spectrophotometrically.

METHOD
APPARATUS

A spectrophotometer suitable for use at 245 mgu.

REAGENTS

Standard dimethylaniline solution.—Place 20 mg of dimethylaniline in a 100 ml
volumetric flask and dilute to 100 ml with 95 %, alcohol. Transfer a 10 ml aliquot to a
second 100 ml volumetric flask, add ca 1 ml of conc. ammonia and dilute to 100 ml
with water.

PROCEDURE

In a 500 ml round-bottom flask, place a few boiling chips, 0.50 g of Ext. D&C
Blue No. 1 or No. 2, ca 250 ml of water, and ea 2 g of sodium carbonate. Fit the
flask with two steam traps connected in series and a condenser. Distill at a rate of
about 2 drops per second, collecting the distillate in a 100 ml volumetriec flask
containing 1 ml of conc. NH,OH. Collect nearly 100 ml of distillate and then dilute
to the mark with water. Determine the absorbancy of the standard and unknown
solution at 245 mu:

Aunknown

1
XCBX_—

Per cent dimethylaniline =
standard 5

where C; =the concentration of the standard solution expressed in milligrams per
100 ml.

TaBLE 2.—Recovery of dimethylaniline from Ext. D&C Blue No. 1

DIMETHYLANILINE DIMETHYLANILINE
ADDED RECOVERED, NET BECOVERY
mng mg per cent

0.00 <0.01 —

2.22 2.15 97

1.11 0.95 86

0.55 0.53 96
Average Recovery 93

EXPERIMENTAL

The ultraviolet absorption curve of dimethylaniline in dilute am-
monium hydroxide is shown in Figure 1. Solutions of dimethylaniline in
1:100 ammonia at concentrations ranging from 5.0 to 20.0 mg/l were
found to obey Beer’s law to within +1 per cent.

A standard solution of dimethylaniline (Eastman Kodak, white label)
was prepared and aliquots were added to 0.50 g samples of Ext. D&C
Blue Nos. 1 and 2. These samples were analyzed by the proposed method;
the results are given in Tables 1 and 2.
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DZTERMINATION OF UNCOMBINED p-AMINOACETANILIDE
IN EXT. D&C RED NO. 1*

By K. S. HEINE, JR. and WM. J. SgerpPaRD (Division of Cosmetics,
Food and Drug Administration, Federal Security Agency,
Washington, D. C.)

p-Aminoacetanilide is an intermediate used in the manufacture of
Ext. D&C Red No. 1 (Amidonaphthol Red 6B, C. I. No. 57). In order to
meet the requirements for certification by the Food and Drug Administra-
tion, batches of the dye may not contain more than 0.20 per cent of un-
combined p-aminoacetanilide.

In this paper a convenient and reasonably accurate procedure for the
determination of the intermediate in samples of Ext. D&C Red No. 1 is
described.

METHOD
APPARATUS

A spectrophotometer capable of isolating a 5 mu band when operating at 240 mu.

REAGENTS

Dilute hydrochloric acid (1 +89).

Standard p-aminoacetanilide (10 mg per 1 tn dilute HCI).—Digsolve 100 mg of
purified p-aminoacetanilide in exactly 100 ml of alcohol. Dilute a 10 ml aliquot of
this soln to one liter with the dilute HCIL.

DETERMINATION

Weigh 500 mg of Ext. D&C Red No. 1 into a 400 ml beaker, add 50 ml of diethyl
ether, and mix thoroly. Filter the ether suspension thru a retentive filter paper.
Rinse the beaker with 10 ml of ether and pass thru the same filter. Return the filter
paper and residue to the beaker and re-suspend the dye in 50 ml of ether. Filter the
ether suspension and wash the residue in the beaker and on the filter with two 10
ml portions of ether. Combine the ether solns and extract with five 20 ml portions of
the dilute HCl. Heat the combined acid extracts 4 hour on the steam bath to re-
move dissolved ether. Cool, dilute to exactly 100 ml with the dilute HCI and deter-
mine the absorbancy of the standard and unknown solns at 241 mu:

. A
Per cent p-aminoacetanilide = Luaknowny Cs X—- »where C, =concentration of stand-
Astandard 50

ard p-aminoacetanilide soln in mg per 1.

EXPERIMENTAL

Commercial p-aminoacetanilide (Eastman White Label) was recrystal-
lized from water. The product melted at 162-164°C. (lit. 162° (2)). The
absorption curve for p-aminoacetanilide in 0.1 N hydrochloric acid is
shown in Figure 1. Solutions of p-aminoacetanilide in alcohol, water, or
N HCl have been found to obey Beer’s law to within + 1 per cent.

Aliquot portions of a standard solution of p-aminoacetanilide were
added to 0.5 g portions of a sample of Ext. D&C Red No. 1 and the sol-

* Presented at the Annual M ti f the A i f Official Agricult: it Wagh-
ington, D O o e eeting of the Association of cial Agricultural Chemists, held at Wash.
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Fia. 1.—Absorption curve of p-aminoacetanilide in 0.1 N HCl.

TaBLE 1.—Recoveries of p-aminoacetantlide

P-AMINOACETANILIDE
WRIGHT OF DYE RBRECOVERY
ADDED FOUND

g mg mg per cent
0.0 1.00 1.00 100
0.0 1.00 0.98 98
0.50 0.0 0.01 —_—
0.50 0.50 0.42 84
0.50 0.50 0.43 86
0.50 0.50 0.48 96
0.50 1.00 0.87 87
0.50 1.00 0.90 90
0.50 1.00 0.91 91
0.50 1.00 0.93 93
0.50 2.00 1.78 89
0.50 2.00 1.88 94

Av. recovery =90
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vent allowed to evaporate at room temperature. These samples were
analyzed by the proposed procedure with the results shown in Table 1.

SUMMARY

A method for the extraction and spectrophotometric determination of
0.1 to 0.4 per cent of uncombined p-aminoacetanilide in Ext. D&C Red
No. 1 is described. Application of the procedure to samples of the dye
containing added known amounts of the intermediate gave recovery
values averaging 90 per cent.

REFERENCES

(1) 8.R.A. F.D.C. 8, U. 8. Food and Drug Adm. Washington, D. C.
(2) Handbook of Chemistry, 7th Ed., Edited by N. A. Lange Handbook Publ. Inc.,
1949.

STUDIES ON COAL-TAR COLORS, X
EXT. D&C GREEN NO. 1*

By CaarLES STEIN (Division of Cosmetics, Food and Drug Ad-
ministration, Federal Security Agency, Washington 25, D. C.)

The ferric salt of 6-sodiumsulfo-1-nitroso-2-naphthol (Naphthol Green
B) is certifiable as Ext. D&C Green No. 1 (1). This paper describes the
preparation of a carefully purified sample of Ext. D&C Green No. 1. Us-
ing this purified sample as a standard, the validity of the titanium tri-
chloride titration procedure for the quantitative determination of the
dye was investigated, and the spectrophotometric properties of solutions
of the dye were determined.

EXPERIMENTAL

Schaffer’s acid (2-naphthol-6-sulfonic acid) was prepared and purified
as previously described (2). The Schaffer acid was converted to 6-sodium-
sulfo-1-nitroso-2-naphthol by the method of Feldman (3). Schaffer’s acid
(0.1 mole) was dissolved in about 200 ml of water and just neutralized to
phenolphthalein with 10 per cent sodium hydroxide solution. The volume
was brought to 300 ml and the mixture was heated to 80° to dissolve the
Schaffer salt. The warm solution was poured upon 300 g of ice contained
in a 1500 ml beaker placed in a salt-ice bath. The contents of the beaker
were stirred mechanically and sodium nitrite (14 g) was added. After
about 15 minutes, 30 ml of conc. HC1 was added slowly from a dropping
funnel, the stem of which dipped below the surface of the liquid. The cold
mixture was stirred for about 4 hours, then small portions of 30 per cent

* Presented at the Annual Meetmg of the Association of Official Agricultural Chemists, held at Wash-
ington, D. C., October 1-3, 1951
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sodium hydroxide solution were added until the solution was slightly
alkaline as determined by a pH meter.

The nitroso compound was salted out of the solution by adding 150 g
of sodium chloride, and collected on a sintered glass filter. The precipitate
was transferred to a beaker, 200 ml of water was added, and the beaker
was placed on the steam bath. After about 1 hour, 1 liter of alcohol was
added, the mixture was allowed to cool to room temperature, and the
precipitated nitroso compound was filtered off. This procedure was re-
peated until the filtrate gave no test for chlorides.

Preparation of Ext D&C Green No. 1.—The general procedure outlined
in the Colour Index (4) was followed. The volatile matter present in the
nitroso compound was determined by drying a sample at 135°, and 32.4 g
of the nitroso compound (dry basis) was dissolved in 150 ml of hot water.
A solution of 10 g of FeCl;- 6H20 in 25 ml of water was added to the cooled
solution of the nitroso compound. After four hours, the solution was made
alkaline (pH meter) with 30 per cent sodium hydroxide solution. The
solution was filtered and the filter paper washed with about 100 ml of
hot water. The filtered solution was warmed to 50-55° and evaporated to
a volume of about 150 ml under an air jet. Acetic acid (5 ml) was added,
followed by 1250 ml of alcohol. After cooling to room temperature, the
precipitated dye was collected on a sintered glass filter and washed with a
10:1 alcohol-water mixture.

The dye was digested with 100 ml of water plus 5 ml of acetic acid at
50° for about 1 hour, then precipitated by the addition of 1 liter of
alcohol and filtered. This procedure was repeated several times, omitting
the acetic acid, until samples from successive reprecipitations showed no
increase in optical absorbancy.

ANALYTICAL DATA

All samples were dried in vacuo (2 mm Hg) at 130°, for 3 hours.

Iron.—The sample was digested with 2 ml portions each of sulfuric
acid, nitric acid, and perchloric acid to destroy organic matter. About 100
ml of water was added, and after heating to dissolve the ferric sulfate,
the Fe was precipitated with ammonium hydroxide. The ferric hydroxide
was filtered off, dissolved in dilute hydrochloric acid, and reprecipitated
with ammonium hydroxide. The precipitate was ignited in a platinum
crucible. Found: Fe, 6.32, 6.34 per cent; Cale: for (CieHs;O;NSNa);Fe,
6.35 per cent.

Nitrogen* (Dumas).—Found: N, 4.82 per cent, 4.73 per cent; Cale:
4.78 per cent.

Titration with titanium trichloride.—The A.O.A.C. procedure (5) was
followed, except that sodium tartrate instead of sodium bitartrate was

* Nitrogen by Oakwold Laboratories, Alexandria, Virginia.
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ured as the buffer. Stock solutions were prepared and aliquots were taken
to prepare solutions containing about 0.1 g of dye plus 20 g of sodium
tartrate in 150 ml of water. These solutions were boiled for several seconds
and titrated slowly with 0.1 N titanium trichloride in an atmosphere of
carbonic acid gas to the disappearance of the green color. Three series of
titrations gave the following results in terms of 0.1 N TiCl; required per
gram of dye: 134.5 (average of 2), 132.9 (average of 3), and 132.3 (average
of 4). In each series, the titrations agreed within 0.1 ml of TiCl;. Based
on an equivalent weight equal to one-twelfth of the molecular weight
these results correspond to 98.4, 97.3 and 96.9 per cent of pure dye, re-
spectively.

Absorption

: ' i
700 €00 500 400
my

Fig. 1.—Ext. D&C Green No. 1
Concentration: 41.85 mg/liter
Solvent:
Curve 1—0.04 N NH(CgHst
Curve 2—0.1 N NaOH
Curve 3—0.1 N HCl
Cells—1 cm.

SPECTROPHOTOMETRIC DATA

Spectrophotometric measurements were made with a Cary recording
spectrophotometer. A weighed sample of about 0.4 gram was dissolved in a
liter of water and appropriate dilutions were made from this stock solu-
tion.

Figure 1 shows the effect of pH on the absorption curve of the color.
Solutions 0.1 N with respect to sodium hydroxide and 0.04 N with respect
to ammonium acetate have very nearly identical absorbancies; in 0.1 N
hydrochloric acid the dye fades. In 0.04 N ammonium acetate solution,
the average absorbancy at the wave length of maximum absorbancy was
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0.0217 per milligram per liter. Absorbancies follow Beer’s law. The solu-
tions in ammonium acetate were stable for at least twelve hours.

DISCUSSION

Under the given conditions the reduction of Ext. D&C Green No. 1
with standard titanium trichloride yields consistent results. The equiva-
lent weight would equal one-thirteenth of the molecular weight if the
nitroso groups are reduced to amino groups and water, and the ferric iron
to ferrous iron. Experimentally, the equivalent weight is found to ap-
proximate one-twelfth of the molecular weight. Using the latter value, the
titration gives results which are 2-3 per cent low.

Six separate samples of commercial Ext. D&C Green No. 1 were
analyzed as completely as possible. The average results for the six samples
were as follows: pure dye (by titration), 83.6 per cent; volatile matter
(135°), 11.6 per cent; and sodium chloride, 1.25 per cent, a total of 96.5
per cent. Carbonates, bicarbonates, and sulfates did not exceed 1 per cent.
Organic intermediates were shown to be absent by the method of variable
reference spectrophotometry in the ultraviolet region (6). These analyses
confirm the low results obtained in the titration of the pure dye. Spectro-
photometric analysis of the samples gave 86.5 per cent average pure dye
content.

SUMMARY

A carefully purified sample of Ext. D&C Green No. 1 has been pre-
pared. '

The titanium trichloride titration gives slightly low results, but is a
practicable method for the determination of Ext. D&C Green No. 1.
Spectrophotometric data for aqueous solutions of Ext. D&C Green No. 1
have been presented. Aqueous solutions, buffered with ammonium ace-
tate, obey Beer’s law.

REFERENCES

(1) S.R.A., F.D.C. 3 Coal-Tar Color Regulations.

(2) ExcLe and HurcHIsON, J. Am. Chem. Soc., 52, 211 (1930); SteIN, C., This
Journal, 32, 672 (1949).

(3) FeLpmaN, A., Chem. Abs., 20, 3452 (1926).

(4) Rowg, F. M., Colour Index of the Society of Dyers and Colourists of England
(1924), reprinted 1946.

(5) Methods of Analysis, A.0.A.C., 34.21 (c) 7th Ed. 1950.

(6) Crarx, G. R., JonEs, J. H., Harrow, L. 8., This Journal, 34, 135 (1951).
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REFRACTIVE INDICES OF RAFFINOSE
HYDRATE SOLUTIONS*

By F. W. ZerBAN and James MarTIN (New York Sugar Trade
Laboratory, New York, N. Y.)

The International Scale of refractive indices of sucrose solutions at
20° and 28°C. was adopted by the Association in 1938 (1). The tables of
Jackson and Mathews (2) for the refractive indices of levulose solutions
at 20° and 25°C. were included in Methods of Analysis, 6th edition (1945),
p- 829, and were reprinted in the 7th edition (1950), p. 813. Those of
Zerban and Martin for the refractive indices of dextrose and invert sugar
solutions at 20° (3) were adopted as official by the Association in 1950
(4). The only other important sugar occurring in sucrose bearing plants
used for industrial production, such as sugar beet, is raffinose, and the
present report deals with the refractive indices of solutions of this sugar
at 20°C.

The crude raffinose used in this work was supplied by H. W. Dahlberg,
of the Great Western Sugar Company, to whom the writers express their
thanks. The raffinose was repeatedly recrystallized from water and
alcohol by the method described by the National Bureau of Standards
(5). After three recrystallizations the specific conductance became con-
stant. But according to a chromatographic test, performed by N. Albon,
of the Tate and Lyle Research Laboratory at Ravensbourne, England,
it still contained 0.15 per cent sucrose. It was therefore recrystallized a
fourth time, and in this preparation Mr. Albon found less than 0.02 per
cent of sucrose, 7.e., beyond the precision limit of the method. It was
decided to recrystallize the raffinose once more, to reduce the sucrose to
the nondetectable limit. The product from this fifth recrystallization was
submitted to G. L. Clark, of the University of Illinois, for X-ray diffrac-
tion analysis. No sucrose could be detected by this method. The writers
greatly appreciate the assistance of Mr. Albon and Dr. Clark in this in-
vestigation.

The final product was dried for about a month at room temperature
during the dry winter period. It was spread out on a large sheet of filter
paper and covered with another sheet of the same size, to allow access
of air and assure freedom from dust. Twice a day or oftener the erystal
mass was thoroughly worked over, to expose fresh crystal surfaces. The
moisture determination was made by heating a 4-gram sample in a
vacuum oven at 75° for eighteen hours and then for two- to three-hour
periods to constant weight. The heating was then continued for two- to
three-hour periods at 80°, 85°, and 100°. The constant weight under these
conditions at 100° was 84.86 per cent of the original sample, against

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, h Wash-
ington, D. C., October 1-3, 1951. & on clal Agrioultural Chemists, held at Wad
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the theoretical of 84.84 per cent. It was concluded that the preparation
had the composition of the pentahydrate. It was transferred to a glass
stoppered bottle and used as such for the refractive index measurements.

The solutions of the raffinose hydrate were prepared, and the refractive
indices were measured with a Bausch and Lomb Precision refractometer
as described previously for dextrose and invert sugar (3), but it was not
necessary to delay the measurements 24 hours because raffinose does not
mutarotate.

The experimental results are shown in the second column of Table 1.

From these values the following quartic equation was computed by the
method of averages:

np?®=1.33299-0.001218905 p--0.0000063843 54 p*— 0.00000006844738 p?
-+ 0.0000000009595215 p* (1)

The deviations from this formula are within 0.00003 up to a concentra~
tion of 17 per cent raffinose hydrate by weight, which is about 3 points
higher than the saturation concentration of 14.14 per cent at 20°C. ac-
cording to Hungerford and Nees (6). At higher concentration the devia-
tions are somewhat greater. Solutions above 40 per cent would crystallize
when placed in the refractometer prism.

The sum of the squares of the residuals for the forty experiments is
406 X101 showing a variance of 10.41X 107, and a standard error of
estimate of 0.000032, the same as for the experiments on the refractive
indices of lactose hydrate solutions (7) and slightly higher than that for
dextrose solutions, 0.000029.

The only previous data on the refractive indices of raffinose solutions
are those reported fifty years ago by Stolle (8), for 17.5°C. The results
of the present work, at 20°C. and those of Stolle are shown in Table 2.
The writers are indebted to S. M. Cantor for photostats of Stolle’s table.

The temperature coefficients for 1°C. between 17.5 and 20°C. vary
irregularly between —44 and +120X10-%, while they should be about
+84X10-% for water, and should gradually rise with the sugar concentra-
tion. The best available data for the temperature coefficient of the re-
fractive indices of sucrose (1) and of levulose (2) are as follows:

Temperature coefficients X10% for 1°C.

Per cent sugar 0 10 20 30
Sucrose (20 to 28°C.) 100 115 128 138
Levulose (20 to 25°C.) 96 117 189 169

The temperature coefficients for dextrose between 17.5 and 20°C.,
based on the results of the writers (3) and those of Stolle (8) show similar
irregularities as for raffinose, as shown in Table 3:

It is plain that the values obtained by Stolle must be in error. The
refractive index of water (0.0000 per cent sugar) is reported to be 1.33310,
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TaBLE 1.—Refractive indices of raffinose hydrate solutions; observed data
and values calculated from Equation 1

RA

n;:z:f::,! np® ol DEVIATION FROM SQUARE OF

WEIGHTS IN AIR, OBSERYVED CALCD. BY FORMULA BESIDUALS

PER CENT EQUATION 1 TIMES 1010
0.989 1.33418 1.33420 —0.00002 4
2.011 1.33547 1.33547 0.00000 0
2.914 1.33656 1.33659 —0.00003 9
3.848 1.83776 1.33777 —0.00001 1
4.749 1.33891 1.33892 -—0.00001 1
6.110 1.34069 1.34066 -+0.00003 9
6.538 1.34123 1.34121 -+0.00002 4
8.063 1.34323 1.34320 -+0.00003 9
9.096 1.34456 1.34456 0.00000 0
10.063 1.34584 1.34584 0.00000 0
11.063 1.34718 1.34718 0.00000 0
12.022 1.34846 1.34847 —0.00001 1
12.951 1.34972 1.34973 —0.00001 1
13.894 1.35100 1.35101 —0.00001 1
15.042 1.35262 1.35259 +-0.00003 9
16.092 1.35404 1.35404 0.00000 0
16.553 1.35469 1.35468 -+0.00001 1
17.053 1.35534 1.35537 —0.00003 9
18.117 1.35690 1.35686 +0.00004 16
19.135 1.35827 1.35830 —0.00003 9
20.176 1.35984 1.35978 -+0.00006 36
21.233 1.36139 1.36129 -0.00010 100
22,298 1.36281 1.36282 —0.00001 1
23.064 1.36391 1.36393 -0.00002 4
24.165 1.36550 1.36553 -—0.00003 9
25.109 1.36691 1.36692 —0.00001 1
26.337 1.36872 1.36873 -0.00001 1
27.198 1.36997 1.37001 —0.00004 16
28.181 1.37146 1.37148 ~0.00002 4
29.018 1.37270 1.37274 —0.00004 16
30.165 1.37445 1.37448 —0.00003 9
31.019 1.37580 1.37579 +0.00001 1
32.015 1.37732 1.37732 0.00000 0
33.005 1.37887 1.37885 +0.00002 4
34.058 1.38046 1.38050 —0.00004 16
35.174 1.38224 1.38225 -—0.00001 1
35.346 1.38257 1.38252 +0.00005 25
36.311 1.38411 1.38406 -+0.00005 25
37.863 1.38648 1.38655 —0.00007 49
40.072 1.39018 1.39016 +0.00002 4
406
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TasLe 2.—Comparison between Zerban and Martin's data at 20°C. and Stolle’s data
at 17.6°C. for the refractive indices of raffinose hydrate solutions

RAFFINOSB
HYDRATE, m» aphs TOMP. COEYXF.
WEIGHTS {ZERBAN AND (sToLLE) reR °C.,
IN AIR, MARTIN) ; roms 10°
PER CENT
4] 1.33299 1.33310 + 44
1 1.33422 1.33448 +104
2 1.33546 1.33556 + 40
3 1.33671 1.33683 + 48
4 1.33797 1.33810 + 52
5 1.33924 1.33941 + 68
6 1.34052 1.34073 4 84
7 1.34181 1.34204 + 92
8 1.34311 1.34335 + 96
9 1.34443 1.34464 + 84
10 1.34576 1.34594 + 72
11 1.34709 1.34723 -+ 56
12 1.34844 1.34857 + 52
13 1.34979 1.34992 4+ 52
14 1.35116 1.35128 4+ 48
15 1.35253 1.85263 + 40
16 1.35391 1.35407 + 64
17 1.35530 1.35552 + 88
18 1.35670 1.35697 +-108
19 1.35811 1.35841 +120
20 1.35953 1.35982 +116
21 1.36096 1.36122 +104
22 1.36239 1.36262 + 92
23 1.36384 1.36403 + 76
24 1.36529 1.36546 + 68
25 1.36676 1.36691 -+ 60
26 1.36824 1.36836 -+ 48
27 1.36972 1.36981 + 36
28 1.37121 1.37125 + 16
29 1.37272 1.37269 — 12
30 1.37424 1.37413 — 44
31 1.37577
32 1.37730
33 1.37884
34 1.38040
35 1.38197
36 1.38356
37 1.38516 -
38 1.38677
39 1.38840
40 1.39004
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whereas according to the best available information (9) it is 1.33320,
considerably higher. Stolle’s errors must have partly arisen from the fact
that he determined the refractive indices of solutions containing weighed
quantities of dextrose, raffinose, and other sugars in 100 ml of solution,
calculated the refractive indices of selutions in per cent by weight on the
basis of the densities of the solutions used, and reduced the results to
weights in vacuo. It must be concluded that Stolle’s reported results for
17.5° are affected by considerable errors.

TasLe 3.—Comparison of resulls for dextrose

DEXTROSE,

PER CENT np'7 (mx.:l:: AND nh::.?gt"
nri:m A;“' (sroLtz) MARTIN) Toums 108
0.0000 1.33310 1.33299 44
0.9950 1.33473 1.33442 124
1.9898 1.33605 1.33585 80
3.9492 1.33890 1.33870 80
7.7849 1.34456 1.34440 64
11.5214 1.35026 1.35009 68
15.1145 1.35581 1.35570 44
18.6212 1.36164 1.36131 132
22.9045 1.36863 1.86836 108
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THE DETERMINATION OF MICRO QUANTITIES OF ISO-
PROPYL N-PHENYLCARBAMATE (IPC) IN HEAD LETTUCE

By Witriam E. BissingerR and Roserr H. FREDENBURG (Columbia-
Southern Chemical Corporation, Barberton, Ohio)

The berbicidal activity of isopropyl N-phenylcarbamate (IPC) was
first reported by Templeman and Sexton (1), who described the selective
action of this compound against cereals and grasses. Additional evidence
has been presented (2, 3, 4, 5) to substantiate such activity. More re-



1951) BISSINGER AND FREDENBURG: IPC IN HEAD LETTUCE 813

cently, isopropyl N-phenylcarbamate has shown great promise for the
control of ryegrass, mustard, and sour dock in alfalfa and similar forage
crops. Chickweed in strawberries has been satisfactorily controlled (6)
with this carbamate. It has also been found that this material will con-
trol annual blue grass, an abundant grassy weed encountered in such
winter vegetable crops as lettuce and cauliflower.

The most effective time to apply IPC is when the weeds and roots are
still in the embryonic stage. When thus applied early in the growing
season, our studies (7) have shown that the carbamate will persist in the
soil for only 2-3 weeks. Although this would automatically limit the
amount of absorption of IPC by the food-stuff, it is still desirable to have
a method for the determination of micro quantities of the chemical so
that residue analyses can be made.

Examination of the structure of isopropyl N-phenylcarbamate sug-
gested that if it could be hydrolyzed quantitatively to form aniline,
isopropyl alcohol, and carbon dioxide, there should be a good possibility of
measuring the carbamate in terms of the aniline by coupling the latter
with another reagent to form a dye. The success of this process would
depend upon the quantitative formation of aniline in the hydrolysis, a
complete recovery of the aniline, and a sensitive method for indicating
the presence of as little as 1 p.p.m. or less of aniline.

Preliminary attempts to hydrolyze the carbamate in various basic
media met with failure due to incomplete hydrolysis. Concurrently with
this work, L. Gard (8) demonstrated that a mixture of 85 per cent phos-
phoric acid, concentrated sulfuric acid and water would hydrolyze IPC
quantitatively. In the present work it was found that a mixture of 91
per cent by volume of 85 per cent phosphoric acid and 9 per cent by
volume of concentrated hydrochloric acid served the same purpose when
aniline was to be determined. To maintain the carbamate in solution, 5
ml of glacial acetic acid was added to the hydrolyzing medium.

Several methods for determining aniline were investigated but were
found unsuccessful because the color developed by the control on the
reagents was of the same order of intensity as when aniline was present,
and thus the sensitivity was poor. With the hypochlorite-phenol method
(9), we were able to detect the presence of aniline in concentrations as
low as 0.5 p.p.m. It was also demonstrated that aniline could be steam-
distilled from an alkaline solution and quantitatively determined by this
method, provided alcohols, amines, or ketones were not present. Appar-
ently these latter types of compounds react with the hypochlorite reagent
and the products interfere with the desired color formation, since the
addition of large excesses of hypochlorite is not beneficial.

The feasibility of the above method was illustrated by hydrolyzing
small quantities of IPC in acid solution, after which the aniline was
removed by steam distillation from alkaline solution and determined by
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tre hypochlorite-phenol method. In four determinations the following
results were obtained:

Mg of IPC Hydrolyzed Aniline Recovered,

as mg of IPC
0.10 0.09
0.52 0.50
1.04 1.00
5.00 4.82

After a procedure for measuring the aniline content of hydrolyzed
IPC had been established, it was still necessary to develop a method for
this hydrolysis and aniline measurement in the presence of vegetable
material. When a weighed amount of isopropyl N-phenylcarbamate was
added to one-fourth head of dried and untreated lettuce, and the mixture
hydrolyzed in the usual way, then made alkaline and steam distilled, the
distillate gave no test for aniline. Even when aniline was added to the
hydrolyzed lettuce mixture, and the mixture made alkaline and steam
distilled, no aniline could be found in the distillate. However, when
aniline was added directly to the distillate, it could be measured quantita-
tively. This indicated that the aniline may have combined chemically
with some product of the hydrolyzed lettuce. An extraction process to
remove the IPC from the lettuce prior to hydrolysis was therefore em-
ployed. The previous development (10) of the Waring Blendor for similar
extractions made this practicable. An ether solution containing 1.0 mg
of the carbamate was added to 300 g of untreated lettuce. This corre-
sponded to an IPC content on the lettuce of 0.33 p.p.m. After the ether
was evaporated, the lettuce was extracted with methylene dichloride as
outlined below and the extract was analyzed for aniline. A 96 per cent
recovery of the carbamate, as aniline, was obtained. This procedure was
then adopted as the standard method for the analysis of treated lettuce.

METHOD
APPARATUS

(1) Waring Blendor.

(2) Filtration Equipment: a. Five-inch basket centrifuge fitted with a glass cloth
retaining screen. b. Centrifuge equipped with 250 ml centrifuge bottles.

(3) Round bottom flask, 100 ml, fitted with a reflux condenser.

(4) Unpacked distillation column, 1.5 X10 cm, connected by a glass seal to a
water-cooled condenser. (Column functions as a still-head.)

(5) Volumetric flasks, 50 ml.

(6) Test tubes, 20 X150 mm.

REAGENTS

(1) Methylene dichloride, technical grade.

(2) Diethyl ether, A.R. grade.

(8) Phosphoric acid-hydrochloric acid reagent.—To 91 ml of 859% phosphoric
acid, add 9 ml of cone. HCL (The use of C.P. acids is preferred.)

(4) Acetic acid, glacial.
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(5) Sodium hydroxide soln.—Dissolve 25 g of C.P. sodium hydroxide pellets in
75 ml of distilled water.

(6) Calcium hypochlorite soln.—Dissolve 5.0 g of calcium hypochlorite in 95 ml
of distilled water at 60°C and filter while hot. (This soln should not be stored for
more than 10 days.)

(7) Phenol soln.—Dissolve 5 g of phenol in a mixture of 5 m! of 28 %, ammonium
hydroxide and 95 ml of distilled water. (This soln develops a blue color on standing
and must be prepared daily.)

(8) Hydrochloric acid soln.—Dilute 12 ml of conc. HCI to 100 ml with distilled
water.

PROCEDURE

Divide a head of lettuce into 300 g portions weighed to 0.1 g. (To obtain a uni-
form sample of the lettuce it should be cut into segments, or in half, so that each
portion samples uniformly the interior as well as the exterior of the head.) Place
the lettuce in a Waring Blendor and blend for two min. Add 200 ml of methylene
. dichloride and blend for ten min. more keeping the temp. below 35°C by the addi-
tion of chopped ice. Centrifuge the slurry with a basket centrifuge to remove the
lettuce particles. Separate the methylene dichloride layer from the water phase with
a centrifuge equipped with sedimentation tubes. Withdraw the water layer and dis-
card. Rinse the equipment with about 100 ml of methylene dichloride and combine
all extracts. Filter the combined extracts to remove last traces of solids, and evapo-
rate the solvent by blowing a small stream of dry air over the surface of the soln.
Transfer the residue quantitatively with ether to a small flask and remove the
ether with a stream of air. Hydrolyze the residue with a mixture of 10 ml of the
phosphoric acid-hydrochloric acid reagent and 5 ml of glacial acetic acid for one
hour under reflux. Cool, dilute to about 50 ml with distilled water, and make alkaline
with 60 ml of the 259, sodium hydroxide soln. Steam-~distil the mixture thru the
still head and collect the first 25-35 ml of distillate in a 50-ml volumetric flask.
Dilute to volume at 20°C, mix, and transfer a2 10 ml aliquot to a 20 X150 mm test-
tube. Add two drops of the freshly prepared 5% calcium hypochlorite soln and 2
ml of the hydrochloric acid and allow to stand for five min. Heat to boiling and add
5 ml of the freshly prepared phenol reagent; finally, dilute to 20 ml with distilled
water. Allow the blue color to develop for 15 min and compare the intensity of the
color with that obtained with known solns of the same volume, containing 0.01,
0.10, and 1.0 mg of aniline by looking down thru the top of the test-tubes. (A
colorimeter may be used but is not essential since the changes in color intensity
due to 0.01 mg variations of aniline are very easily distinguished by simple visual
examination in samples containing 0.01 to 0.1 mg of aniline. Standard colors pre-
pared from Toluidine Blue are recommended by the authors (9) of this method, but
the use of standard aniline solns to develop the various color standards seemed more
direct and was employed here.)

After determining in which range the aniline content of the unknown falls, pre-
pare a second series of standards varying in concentration by 0.01 mg of aniline
and compare these with the color developed by another aliquot of the sample soln.
Apply a correction for the size of the aliquot, and convert this aniline content into
the amount of IPC present in the lettuce by means of the following formula:

mg of anilineX1.93:X1000
grams of sample
RESULTS

Arrangements were made with a commercial grower to treat lettuce
with IPC at the recommended dosage for chickweed and ryegrass con-

p.p.m. of IPC
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trol. The IPC was combined with a DDT dusting powder to give a 21
per cent IPC dust. This dust was applied two weeks after the lettuce had
been planted and when it was one-half inch out of the ground. The rate
of application was 7 lbs. per acre. This treatment gave very effective
control—90-95 per cent of the chickweed and 60-70 per cent of the rye
grass. At maturity, forty-four days after treatment, approximately 15
Ibs. of the harvested lettuce, both treated and untreated, was selected
and stored in ice until analyzed.

(In another field, two applications of the IPC dust were made, corre-
sponding to a treatment of 14 lbs. per acre. Since no additional benefits
from the higher application was noted, the lettuce from these plots was
not analyzed.)

The lettuce treated at the rate of 7 lbs. per acre was analyzed as already
outlined. A 10-ml aliquot of the final steam distillate showed no color
when tested by the hypochlorite-phenol method. The remaining 40 ml
was then tested but again no color developed. Since the limit of sensi-
tivity of this method of measuring aniline is about 0.5 p.p.m., or 0.02
mg of aniline in 40 ml of water, it can be said that the measurement in-
dicated less than 0.025 mg in the entire 50 ml of solution. From this it can
readily be calculated that the IPC content of the lettuce was less than
0.16 p.p.m. Actually, there was no evidence that any IPC was present.

Although we have not investigated other crops, the general principles
of this method are probably applicable, but each erop would have to be
tested for the presence of interfering substances just as was done with
lettuce.

The common insecticides and fungicides would not be expected to in-
terfere with this determination because aniline or its derivatives are not
hydrolysis products of either class of compound. Actually, control plots
of untreated crops should always be analyzed simultaneously, and these
results would establish the presence of interfering substances, whatever
their source.
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USE OF ION-EXCHANGE RESINS FOR THE REMOVAL OF NON-
SUGAR REDUCING SUBSTANCES IN THE ANALYSIS OF
FRESH LEAFY PLANT MATERIALS FOR SUGARS

KenneETH T. WiLriaMs and ARTHUR BEVENUE (Western Regional
Research Laboratory,! Albany, Calif.)

In previous papers it was shown that in the analysis of the edible por-
tion of certain vegetables, ion-exchange resins were more effective than
neutral lead acetate in removing non-sugar reducing substances (19, 20).
In fact, no reducing materials, measurable by the copper method, re-
mained after fermentation when ion-exchange resin clarification was
used. This is a continuation of the study of the clarification procedure as
applied to sugar analysis of the fresh leafy portions of a wide variety of
plant materials. The ion-exchange (19), the conventional lead-phosphate,
and the filter-aid (4, 20) procedures were compared. The nonfermentable
(bakers’ yeast) reducing substances were determined on all samples.
Tentative identification of the sugars present in each plant material was
made by paper chromatography.

PROCEDURE

(1) Eztraction of Sugars.—An 80 per cent alcoholic extract of each
sample was prepared and diluted to a definite volume (20).

(2) Clarification.—Aliquots of the extracts were evaporated on a steam
bath to remove the alcohol. The concentrates were cooled, filtered thru a
mat of Celite Analytical Filter-Aid? and diluted to a definite volume with
distilled water (4, 20). These solutions will be referred to as the Celite-
clarified solutions. Aliquots of these Celite-clarified solutions were used
for further clarification by either the lead-phosphate (20) or batch-resin
(19) procedure as previously described.

(3) Fermentation.—Washed bakers’ yeast was used as previously
described (19).

(4) Hydrolysis.—Invertase was used as previously described (20).
Other aliquots of the solutions were made 1 N with hydrochloric acid,
allowed to stand overnight at room temperature (1), and then neutralized
with 6 N sodium hydroxide. There was no significant difference in the
total reducing substances produced by the two methods of hydrolysis.

(58) Sugar Measurement—Reducing sugars were determined by the
A.0.A.C. Somogyi micro copper method (2). All of the values shown in
the table are the average of closely agreeing replicates, with a maximum
variation of +2 per cent in all except the low values where +0.01 per cent
absolute errors were tolerated.

(6) Paper Chromatography.—The paper chromatographic technique

1 Bureau of Agricultural and Industrial Chemistry, Agricultural R ch Admini tion, U. 8,
Department of Agriculture.

2 Mention of commercial products does not imply that they are endorsed or recommended by the
Department of Agriculture over others not mentioned.
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was essentially that used by Partridge (13, 14). All of the chromatograms
were made on Whatman No. 1 filter paper. The solvent mixtures used for
irrigating the chromatograms were n-butanol-ethanol-water (10:1:2) and
ethyl acetate-pyridine-water (8:2:1) (7, 14). The ethyl acetate-pyridine-
water chromatograms were thoroughly rinsed with anhydrous ethyl ether
prior to drying and application of the spray reagent.

The initial spots were placed on the paper by means of platinum loops
which delivered from 1 to 5 microliters of solution according to the size of
loop used. All chromatograms were irrigated at room temperature
(25°C.) and the time varied from 6 hours to 72 hours dependent upon the
solvents used and the sugars under investigation.

The positions of the sugars were determined by spraying the dried
papers with one of the following reagents: An acidic solution of resorcinol
(14), aniline acid phthalate (15), aniline trichloracetic acid (17), an
alkaline solution of 3,5-dinitrosalicyclic acid (6, 11) or a n-butanol solu-
tion of trichloracetic acid and orcino? (8). The orcinol spray gives a yellow
color with certain sugars, but gives a blue color with ketoheptoses, which
is reported to be specific for this latter group of sugars (8). The specificity
of the orcinol spray reagent has been investigated in this laboratory and
a report will appear elsewhere.

Stachyose, raffinose, sucrose, glucose, fructose, galactose, arabinose,
and xylose on the chromatograms were tentatively identified by authentic
samples of known sugars as controls. The presence of stachyose and
raffinose was confirmed by a previously described technique (18).

DISCUSSION OF RESULTS

The data show that the ion-exchange method of clarification is equal to
or more effective than the neutral lead acetate method for all of the
samples investigated. The sugar values obtained by all three methods of
clarification are given in Table 1.

Although the color of the clarified solutions may not contribute to the
reducing value of the solution in the determination of sugars it does affect
the visibility of the end point in titration methods. This is especially true
when ferricyanide methods are used. The ion-exchange resin treatment
gave water-clear solutions in all of the tests made for this report but the
neutral lead acetate clarification procedure did not remove all of the color
from several of the solutions.

The data in Table 1 also show that after fermentation appreciable
amounts of reducing substances remained in the extracts of the leaves of
the fig, peach, and squash (zucchini) even after ion-exchange resin clarifi-
cation. It had been anticipated that plant materials would be found which
would contain non-fermentable reducing substances since bakers’ yeast
will not ferment all sugars. Some of these non-fermentable reducing
sugars, such as the pentoses, the heptoses, galactose, and others, are
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TaBLE 1.—Percentages of reducing substances® originally present, after hydrolysis, after
fermentation, and the tentative identification of the sugars by paper chromatography

PLANT MATERIAG

METHOD OF CLARIFICATION

BUGARS IN ADDITION TO SUCROSE,
GLUCOSE AND FRUCTOBR

Alfalfa
Originally present
After hydrolysis
After fermentation
Fermentables

Red beet tops
Originally present
After hydrolysis
After fermentation
Fermentables

Carrot to{)s
Originally present
After hydrolysis
After fermentation
Fermentables

Endive
Originally present
After hydrolysis
After fermentation
Fermentables

Fig leaves
%)riginally present
After hydrolysis
After fermentation
Fermentables

Grass (unidentified)
Originally present
After hygrolysis
After fermentation
Fermentable

Mustard greens
Originally present
After hydrolysis
After fermentation
Fermentables

Peach leaves
Originally present
After hydrolysis
After fermentation
Fermentables

Swies chard
Originally present
After hydrolysis
After fermentation
Fermentables

Squash (Zucchini) leaves
Originally present
After hydrolysis
After fermentation
Fermentables

10N~
CELITE LEAD~ EXCHANGB
PHOSPHATE RESING
0.30 0.27 0.22
0.89 0.84 0.78
0.10 0.07 0.03
0.79 0.77 0.75
0.57 0.59 0.54
0.96 0.95 0.93
0.07 0.03 0.00
0.89 0.92 0.93
0.89 0.74 0.75
1.47 1.24 1.29
0.11 0.02 0.01
1.36 1.22 1.28
1.35 1.31 1.29
1.47 1.44 1.40
0.02 0.02 0.02
1.45 1.42 1.38
1.62 1.55 1.47
3.06 2.93 2.95
0.29 0.24 0.19
2.77 2.69 2.76
0.27 0.18 0.14
1.11 1.03 0.95
0.16 0.08 0.00
0.95 0.95 0.95
1.59 1.56 1.40
1.76 1.69 1.60
0.07 0.08 0.00
1.69 1.61 1.60
1.07 0.88 0.73
2.46 2.39 2.15
0.50 0.25 0.18
1.96 2.14 1.97
2.07 1.91 2.04
2.62 2.41 2.53
0.09 0.04 0.01
2.53 2.37 2.52
0.32 0.30 0.29
0.47 0.43 0.45
0.12 0.11 0.10
0.35 0.32 0.35

None

None

None

None

Galactose, 3 ketoheptoses,?
and traces of arabinose
and xylose.

Two or more fermentable
polysaccharides having ke-
teose structure and fructo-
furanoside linkages.

Traces of raffinose,
binose and xylose.

ara-

A ketoheptose and traces
of arabinose and xylose.

Raffinose

Raffinose and stachyose

1 Calculated as glucose.
2 Three distinot blue-green
I:leep T®

rted to ocour in nature, T

spote were obtained with the orcinol spray. Only two ketoheptoses have
sgecigglty of the reagent and further identification of the materials
v &

ving test are under in’
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known to be present in some plant materials. It seemed desirable to
determine whether there were any non-fermentable reducing sugars
present in the plant extracts studied. Therefore, paper chromatograms
of the plant extracts, before and after fermentation with bakers’ yeast,
were prepared and the sugars present tentatively identified. The data
are also given in Table 1.

The non-fermentable reducing substances in the fig leaf extracts were
equivalent to 0.19 per cent of glucose. The pentoses, present in traces, did
not contribute an appreciable reducing sugar value. However, it is quite
possible that galactose and the ketoheptoses account for it. So far as the
authors have been able to ascertain from the literature, this is the first
report of the occurrence of ketoheptoses in tree leaves. An investigation
of a wide variety of tree leaves is in progress to determine whether keto-
heptoses are commonly present. The occurrence of sedoheptulose in
succulent plants has been well established (10, 12, 16) and recently it has
been identified in other plants (3). Mannoheptulose has been reported
in the avocado (9).

The non-fermentable reducing substances in peach tree leaves, equiva~
lent to 0.18 per cent glucose, is due, at least in part, to the ketoheptose
present. The pentoses are not present in sufficient amount to be a factor.

It is of interest to note that free pentoses were not detected in seven
of the plant materials studied and they were present in the other three in
traces only, 7.e., in the order of 0.005 per cent as estimated by visual
comparison with known amounts of arabinose and xylose on the chromato-
grams.

Melibiose (residue from raffinose) and manninotriose (residue from
stachyose) were identified by paper chromatography, in the fermented
squash leaf extract. These reducing sugars were responsible in part, at
least, for the 0.1 per cent of reducing material remaining after fermenta~
tion.

The fermentable polysaccharides in the grass extract were not identi-
fied but may be similar to the levan-like substance isolated from rough-
stocked meadow grass, Poa trivialis (5).

The data in this and previous reports (19, 20) have demonstrated the
applicability of selected ion-exchange resins for the removal of non-sugar
reducing substances. In all of the tests they have been equal or superior
to the neutral lead acetate method of clarification. They have also been
effective in the removal of color which may interfere in determining the
end point in certain titration methods. The resins are convenient to use
and save working time.

SUMMARY

1. Selected ion-exchange resins were found to be equal or superior to
neutral lead acetate for the removal of non-sugar reducing substances and
color in the analysis of plant materials for sugars.
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2. Non-fermentable reducing substances were found in certain leaf
extracts after clarification by ion-exchange resins. These reducing sib-

stances were composed, at least in part, of non-fermentable reducing
sugars.

3. The sugars present in the plant materials studied were tentatively
identified by paper chromatography.

4. This is the first identification (tentative) of ketoheptoses in tree
leaves.
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DETERMINATION OF CAROTENE IN ALFALFA MEAL

By C. T. PumpeLry,! H. L. MitcHELL, and Ravrr E. SiLKER
(Kansas Agricultural Experiment Station, Manhattan, Kans.)

In comparing the A.0.A.C. method for determining carotene in alfalfa
meal with the Silker, Schrenk, and King procedure used in this laboratory
(1), it was noted that the A.O.A.C. method consistently gave lower re-
sults. Since this work was started, Thompson and Bickoff (2) reported a
similar discrepancy between the A.O.A.C. method and a modification used

1 Contribution 457, Department of Chemistry, Kansas Agricultural Experiment Station. From a thesis
submitted as partial fulfiliment of the requirements for the degree of Master of Bcience in Chemistry,
July 1950, Kansas State College.
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by them. The data presented herein confirm and extend the work of
Thoumpson and Bickoff.
EXPERIMENTAL

Methods. The A.0.A.C. method consists of refluxing a 2—4 g sample of
meal for 1 hour with 30 ml of 30 per cent acetone in Skellysolve B, filter-
ing, diluting the filtrate to 100 ml with Skellysolve B, pouring the extract
on a column of magnesium oxide-supercel mixture, and washing the
column with 50 ml of 9 per cent acetone in Skellysolve B. In the Silker,
Schrenk, and King method, the sample is soaked overnight with 60 ml of
30 per cent acetone in Skellysolve B, the sample is filtered, the residue is
washed with Skellysolve B, and the extract is concentrated to 40 ml. The
extract is poured on a magnesium oxide-supercel column and the carotene
is eluted with 4 per cent acetone in Skellysolve B. Elution is continued

TasLE 1.—Comparison of the A.0.A.C. and Silker, Schrenk, and King
methods for the determination of carotene in alfalfa meal

A.0.AC.
BAMPLE BILEER, SCHRENK,

50 ML ELUANT 100 ML ELUANT AND EING
mg/100 g mg/100 g mg/100 ¢

1 5.9 6.3 6.9
2 15.1 16.7 16.7
3 9.1 16.7 17.1
4 10.1 17.7 18.3
5 19.8 21.2 21.9
6 20.2 21.8 22.1
7 24.7 27.4 29.0
8 26.3 27.8 29.1

until the eluate is colorless. Hence, the volume of eluting agent may
vary from one sample to another.

Comparison of methods. In using the A.O0.A.C. method, it was observed
that with some samples carotene was still being eluted after 50 ml of 9
per cent acetone had passed through the column. A number of samples
were analyzed by the Silker, Schrenk, and King method, the A.0.A.C.
method, and the latter procedure modified to employ 100 ml of eluting
agent instead of 50 ml. The data, presented in Table 1, show that when
the volume of eluting agent is limited to 50 ml, the values obtained are
low compared to those obtained by the Silker, Schrenk, and King method.
‘When 100 ml of eluting agent was used, the values are in much better
agreement, although with most of the high carotene meals results by the
A.O.A.C. method are still appreciably lower. Spectral examination of the
eluant solutions with a Beckman spectrophotometer indicated that the
pigment removed by the second 50 ml portion was carotene. Hence, part
of the discrepancy between the two methods was due to incomplete
elution of carotene,
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TasLe 2.—Comparison of the Silker, Schrenk, and King Method with a combination
of the Silker, Schrenk, and King and A.0.A.C. methods

SAMPLE sn.x:::.n :;i?n COMBINATION
mg/160 ¢ mg/100 g
1 6.9 6.2
2 10.8 9.7
3 22.1 21.8
4 22.6 22.2
5 25.1 24.7

In view of these data, all other comparisons in this study which involved
the A.O0.A.C. method were made by modifying it to employ 100 ml of
eluting agent.

To investigate further the differences between these methods, alfalfa
meal was extracted by refluxing one gram with 30 ml of 30 per cent
acetone in Skellysolve B for 1 hour as in the A.0.A.C. method. The sample
was filtered and the analysis completed according to the Silker, Schrenk,
and King method. This procedure, listed as ‘“Combination” in Table 2,
gave values which were lower than those obtained by the Silker, Schrenk,
and King method. These results indicate that part of the discrepancy be-
tween the A.O.A.C. and Silker, Schrenk, and King methods occurs in the
extraction of the sample. Either extraction was incomplete, or slight
carotene destruction occurred during refluxing. Since both methods re-
quire heat during the analysis, the difference probably is not due to
differences in destruction or isomerization.

The extraction phase of the A.O.A.C. method was investigated further
by soaking the sample in 30 ml of 30 per cent acetone in Skellysolve B
overnight, instead of refluxing it for 1 hour. The analysis was completed
according to the A.O.A.C. method, except that 100 ml of eluting agent
was used instead of 50 ml. This modification thus is similar to the alterna-
tive A.O.A.C. method (3), and differs only in the volume of eluting agent
used. The data (Table 3) show good agreement between the Silker,

TaBLE 3.—Comparison of the modified A.0.A.C. and the Silker, Schrenk, and King
methods with the modified alternative A.0.A.C. method

MODIFIED SILKER, SCERENK, uﬁ::::xnvm
SAMPLE A0AC. AND KING A.0.AC.
mg/100 g mg/100 g mg/100 g
1 13.8 14.3 14.4
2 16.1 16.6 16.5
3 16.6 16.9 16.8
4 31.2 32.4 32.8
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Schrenk, and King method and the modified alternative method, and
further illustrate the inadequacy of the one hour extraction.

Ezxtraction by percolation. The A.0.A.C. method states that the Gold-
fisch extractor is suitable for extracting carotene if a thimble is not used.
Apparently, the intent is to assure a hot extraction rather than a rela-
tively cold extraction by the condensing solvent. Samples were analyzed
by the modified A.O.A.C. method both with and without thimbles. Thus,
in one case the carotene was extracted by reflux and in the other by
percolation of the distillate through the meal contained in the thimble.
Table 4 indicates that percolation was as efficient as refluxing in removing
carotene. In addition, percolation has certain advantages. It eliminates
the necessity of filtering before diluting the extract to 100 ml. Also, under
reflux the loose alfalfa particles often cause bumping and this may result
in some of the meal being trapped in the condenser. This could lead to
incomplete extraction. ’

TaBLE 4.—Comparison of carolene extraction by percolation and by refluz
in conjunciion with the modified A.0.A.C. method -

BAMPLE PERCOLATION REFLUX
mg/100 g mg/100 g

1 3.2 3.5

2 24.6 24.3

3 24.7 24.6

4 25.5 25.7

5 31.0 30.7

6 31.6 32.3

7 32.0 32.1

Ezxtraction by soaking. A disadvantage of the Silker, Schrenk, and King
procedure is that samples must be soaked overnight in the extracting
solvent. The analysis of many samples must be completed the same day
they are received. It was of interest to determine the minimum time of
soaking that would still yield complete extraction of carotene.

Samples of meal were soaked in 60 ml of 30 per cent acetone in Skelly-
solve B at temperatures of 4°, 25°, 37°, and 45°C. and at room temperature
(30-32°C.). Samples from each series were analyzed after 2, 6, 12, 18, 24,
36, and 48 hours. The results, presented in Table 5, show that maximum
carotene extraction at room temperature occurred in 18 hours. At 37°C.
and 45°C. the maximum occurred in about 12 hours. At temperatures be-
low 25°C. extraction was not complete after 48 hours of soaking. No
destruction of carotene occurred upon prolonged extraction, even at the
higher temperatures. It is apparent that the soaking time cannot be
shortened sufficiently to permit completion of an analysis on the same
day the sample is received at the laboratory.

Effect of sample size. Alfalfa meal which has been in storage for several
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TaABLE 5.—Effect of temperature and time of soaking on carotene defermination
by the Silker, Schrenk, and King method

R HOURE OF EXTRACTION
°c. 2 6 12 18 24 36 48
(Re;m!taaa mg/100 g)
4 10.7 11.7 12.1 12.3 12.0 12.8 13.2
25 12.0 13.5 13.5 13.8 13.9 14.0 14.1
Room 11.9 13.5 13.6 14.2 14.1 13.9 14.3
37 12.9 13.4 14.2 14.2 14.3 14.4 14.6
45 13.4 14.1 14.5 14.5 14.6 14.5 14.7

months may contain only a small amount of carotene. With such meal it is
necessary to use from 2 to 4 g for analysis in order to obtain the desired
accuracy. To determine the effect of sample size, a meal with a low
carotene content was analyzed by the modified A.O.A.C. method and the
Silker, Schrenk, and King procedure, using 2, 3, and 4 g samples. From
Table 6 it will be seen that sample size had no effect on the results ob-
tained. No difficulties were encountered with the method of Silker et al.,
but serious bumping occurred when 3 and 4 g samples were analyzed by
the modified A.O.A.C. method.

Pelleted meal. Frequently it is necessary to determine the carotene
content of dehydrated alfalfa pellets. It was observed that samples pre-
pared by grinding alfalfa pellets were much more dense than meals which
had not been pelleted. It seemed possible that such samples would be
more difficult to extract and that fineness of grinding might be important.
To determine this, pellets were ground to pass 10, 20, 40, and 60 mesh
screens and carotene was determined by the modified A.O.A.C. and the
Silker, Schrenk, and King methods. The data (Table 7) show that fine-
ness of grinding had little effect on the results obtained by the Silker,
Schrenk, and King procedure. With the modified A.O.A.C. method,
however, the best extraction was obtained when the sample was ground
to 60 mesh. In this laboratory it previously had been found that 20 mesh
grinding was adequate for unpelleted meals when the soaking technique
was employed. By this procedure the more dense particles from pellets
apparently are as easily extracted as unpelleted meals. However, Zscheile
and Whitmore (4) reported that meals should be ground to 40 mesh

TaeLE 6.—Effect of sample size on carotene determinaiion by the modified
A.0.A.C. and the Silker, Schrenk, and King methods

WEIGHT OF MODIFIED SILKER, BCHRENE,
BAMPLE A.0.AC. AND KING
[ mg/100 g mg/100 g
2 2.8 3.0
3 2.8 3.0
4 2.7 3.0
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when reflux extraction was employed. Thus, in some cases particle size
may be partially responsible for the incomplete extraction encountered
with the A.O.A.C. method.

TaBrLe 7.—Effect of fineness of grinding on the determination of carotene in alfalfa
pellets by the modified A.0.A.C. and by the Silker, Schrenk, and King methods

MODIFIED SILKER, SCHRENE,

GRIND A.0.AC, AND KING
mesh my/100 g mg/100 g

10 20.6 22.6

20 20.4 22.6

40 20.8 22.6

60 21.3 22 .4

DISCUSSION

Incomplete extraction and elution of carotene limit the use of the
A.O0.A.C. method, especially with meals of high carotene content. The
Silker, Schrenk, and King method also will be of limited use for control
purposes when an analysis must be completed on the same day the sample
is received. The modification of Thompson and Bickoff may eliminate
the shortcomings of the A.0.A.C. method. However, it also employs
overnight soaking to remove carotene from the sample and thus may be
objectionable to control chemists. Another disadvantage of this modifica~
tion is that it also employs 9 per cent acetone for elution. Non-carotene
pigments undergo appreciable movement with this concentration of
acetone, and column dimensions and volume of eluting agent must be
controlled closely to avoid elution of non-carotene pigments while achiev-
ing quantitative removal of carotene. Failure to observe these require-
ments may result in poor agreement between laboratories. Further work
is needed to evaluate such factors and to devise a procedure which will
permit the analyst to adapt the conditions of analysis to the circum-
stances of time and type of sample.

SUMMARY

Lower values for carotene in alfalfa meal were obtained by the A.O.A.C.
method of analysis than were obtained by the Silker, Schrenk, and King
procedure. The lower results were due mainly to incomplete elution of the
carotene from the adsorbent. The error was corrected by increasing the
volume of eluting agent from 50 ml to 100 ml.

Percolation extraction was as efficient as reflux extraction, and was
more useful because it eliminated bumping. When 3—4 g samples were
used, bumping was especially pronounced with reflux extraction.

Temperature and time are important factors in the soaking method of
carotene extraction. Maximum extraction at room temperature was ob-
tained in 18 hours. At 37° and 45°C., extraction was complete in 12 hours.
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At temperatures below 25°C. extraction was not complete after 48 hours
of soaking.

Grinding to 20 mesh is satisfactory for preparing alfalfa pellets for
analysis by the Silker, Schrenk, and King method. Grinding to 60 mesh
gave the highest results with the modified A.O.A.C. method.
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ANEW QUALITATIVE TEST FOR MONOFLUOROACETIC ACID*

By L. L. Ramsey and W. I. ParTERrsoN (Food & Drug Administration,
Federal Security Agency, Washington 25, D. C.)

Positive analytical results for monofluoroacetic acid by the quantita-
tive method of Ramsey and Clifford (1) are not conclusive evidence that
this acid is actually present. Although specific for fluorine-containing
organic acids this method also measures, in addition to monofluoroacetic
acid, such acids as difluoroacetic and trifluoroacetic. Therefore in con-
junction with the quantitative method a corfirmatory test is essential.
Monofluoroacetic acid can be detected by the qualitative indigo test for
monochloroacetic acid (2), but for a positive test at least 3 mg of the
fluoroacetic acid is usually required. Because of the extreme toxicity of
monofluoroacetic acid, the detection of this poison at very low levels is of
utmost importance. Thus, for the detection of small amounts of 1080
(sodium salt of the acid, used as a rodenticide) in foods which may have
been accidentally contaminated, and for certain biological studies, the
need for a specific qualitative test more sensitive than the indigo test is
quite evident.

The test described here is based upon the formation of thioindigo (3),
a water-insoluble red dye. The well-known reactions are indicated by the
equation below:

)
s ¢
NaOH KaFe(CN)s AN /
FCR:COOH+ Ocoon 100°C O< T NeoH =
c/ . ﬁ/ ¢

D (1

* Presented at the Annual Meeting of the Association of Offieial Agricultural Chemists, held at Wash-
ington, D.C., October 1-3, 1
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Since thioindigo (II) is an analog of indigo, a comparison of the two
tests is of interest. In the indigo test the formation of indoxyl, the pre-
cursor of indigo, starting with anthranilic acid and monofluoroacetic acid,
requires rather drastic treatment—an alkali fusion at 310°-320°C. In the
thioindigo test the analogous formation of thioindoxyl (I) occurs readily
when thiosalicyclic acid and monofluoroacetic acid are heated with alkali
at 100°C. Although colorless indoxyl is readily converted to the blue
indigo by oxidation with air, the reaction with thioindoxyl is slow and is
achieved more quickly with potassium ferricyanide. The sensitivity of the
thioindigo test is considerably greater than that of the indigo test; as
little as 20 micrograms of pure monofluoroacetic acid, under optiaum
conditions, will give a positive thioindigo test. The test is also more
rapid since the water bath step and the fusion step are not required.

Development of simple but specific tests for trace substances in biologi-
cal materials is difficult, especially as they may be associated with closely
related chemical compounds of widely different physiological activity.
Thus, the task of separating such closely related compounds as mono-
fluoroacetic and difluoroacetic acids in milligram quantities is tedious by
whatever approach the chemist might use (4). However, both the indigo
and thioindigo tests are quite specific; only alpha-halogen acetic acids
will give a positive test. Negative results were obtained by the thicindigo
test with difluoroacetic and trifluoroacetic acids and with alpha- and beta-
chloropropionic acids. Thus, for the thioindigo test the separation of
monofluoroacetic acid from other fluorine-containing acids is not re-
quired. However, excessive amounts of extraneous organic acids de-
crease the sensitivity of the test.

The thioindigo test described here is suitable for foods and biological
materials containing 1080 at a level as low ag 1 p.p.m. if an ether extract
containing 0.5 mg or more of the compound can be obtained.

METHOD

In general, follow the directions of Ramsey and Clifford (1) for sample prepara-
tion and ether extraction. If convenient, extract a sample of sufficient size to obtain
2-10 mg of 1080. With very low levels of 1080, e.g., 1-5 p.p.m., extract a sample of
sufficient size to obtain at least 0.5 mg of 1080. Separate the ether extract from any
aqueous sludge which may have been carried over in the extraction, add ca 5 g
anhydrous sodium sulfate and 1 g decolorizing carbon per 100 ml ether, and shake
vigorously. (Nuchar C 190N appears to adsorb less 1080 than some other carbons.)
Allow to stand ca 15 min. at room temperature with occasional shaking, and decant
thru a fluted filter into a separatory funnel. Add ca 25 ml water and sufficient
NaOH soln (ca N) to make the aqueous layer alkaline after vigorous shaking (out-
side test paper). Draw off the aqueous layer into a 125 ml Erlenmeyer flask and
aerate to remove the dissolved ether. Using a pH test paper and ca N solns of H,SO,
and NaOH, adjust to pH 5-7. Add 1 g carbon and place on the steam bath for 15
min. Cool under the tap and filter thru a fluted filter into a test tube ca 25 mm X150
mm in size. Add 1 ml of thiosalicylic acid soln (300 mg thiosalicylic acid'4+2 ml N

1 Eastman's technical grade was used.
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NaOH+18 ml H:0), 2 drops NaOH 141, and mix. Concentrate the soln to a small
volume by placing on a steam bath under a gentle current of air. Completely Jdry
the residue in a drying oven at 130°C. or, if time is not a factor, in a 100°C, oven.
(When convenient, overnight drying is quite satisfactory, with or without prior
concentration of the soln.) Dissolve the thoroly dry residue in 2-3 ml water, add
1 ml of potassium ferricyanide soln (20 mg/ml), and mix. The appearance of a red
color is a positive test for 1080. A red precipitate forms at once when 1 mg or more
of 1080 is present, or upon standing when only a fraction of a mg is present.

Employ chromatographic instead of carbon purification in the following in-
stances:

1. With pineapple juice when less than 2 mg of 1080 can be extracted.

2. With grape juice even when 2 mg or more of 1080 can be conveniently ex-
tracted, and

3. With any food or material when 1080 is strongly suspected and a negative
test is obtained using the carbon purification technie.

For chromatographic purification, follow the procedure of Ramsey (4) for separat-
ing the 1080 from other acids. Discard the forerun which may contain acetic acid
and other extraneous materials. Collect a percolate fraction large enough to contain
all of the 1080 as determined by a preliminary run. Extract the fluoroacetic acid
from the chromatographic percolate with 25 ml water and sufficient alkali to cause
the aqueous layer to retain its alkalinity after vigorous shaking (outside test paper).
Draw off the organic layer and discard. Draw off the aqueous layer into a 125 ml
Erlenmeyer flask and aerate to remove the chloroform. Pour the soln into a test
tube and continue as in the procedure with carbon purification, beginning with
“Add 1 ml of thiosalicylic acid soln . ., .”

For monochloroacetic acid follow the directions above with this exception: use
only the carbon purification technic,

RESULTS AND DISCUSSION

The results of applying the thicindigo test to biological tissue and a
variety of foods are tabulated in Table 1. The fruit juices were included as
test materials because with these maximum interference from extraneous
coloring matter could be expected. Certain materials, presumably acidie,
which may be present in the alkaline extract of the 1080 from the ether
extract of the sample, usually decrease the sensitivity of the test. With
small quantities of 1080 this interference is sometimes quite marked. For
example, when 350 ml of pineapple juice containing 6 p.p.m. of added
1080 was extracted to isolate about 2 mg of 1080, a positive test was ob-
tained using a single carbon treatment; but when a 350 ml sample con-
taining 1.5 p.p.m. of added 1080 was extracted to isolate about 0.5 mg of
1080, a negative test was obtained even with two carbon treatments.
‘When chromatographically purified, the latter sample gave a positive
test.

With a given amount of monofluoroacetic acid, a procedure which gives
a positive test on one food may be negative on another food. For example,
a positive test was obtained when an ether extract of H.SO.acidified
grapefruit juice containing 2 mg of 1080 was treated with decolorizing
carbon. On the other hand, negative tests were obtained when the same
purification procedure was applied to grape juice and raspberry juice. In
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TagLE 1.—Thioindigo test for 1080 employing three purification procedures: (1) carbon
trealment of the ether extract only, (2) double carbon treatment as described
in the method, and (3) partition chromatography as described
in the method. Positive test, +; negative test, O

RESULTS
1080* 1080
FRODUCE ADDED EXTRACTED ;i::;z :::::: TCOBGRRT;;;
TREATMENT TREATMENT
i.p.m. mg
Flour 20 1.0 + ¢
10 0.5 +
Hamburger 10 0.5 +
Rat Carcass t 0.8 +
Apple Juice 6 2.0 +
1.5 0.5 +
Beer 6 2.0 -+
1.5 0.5 +
Blackberry Juice 6 2.0 +
1.5 0.5 +
Grape Juice 6 2.0 0 0
1.5 0.5 +
Grapefruit Juice 6 2.0 +
1.5 0.5 +
Lemon Juice 6 2.0 +
1.5 0.5 “+
Orange Juice 6 2.0 +
1.5 0.5 0 +
Pineapple Juice 6 2.0 +
1.5 0.5 0 -+
Raspberry Juice 6 2.0 0 +
1.5 0.5 +

* Commercial 1080 was used in this work.

T See Table 2 in J. Pharm. Ezptl. Therapeutics, 99, 433 (1950). Rats were fed 3.3 mg 1080 /kg, and died

within 24 hrs. Apalyzed 12/12/49 and found 1.8
0.8 mg and tested qualitatively 6/28/51. Carcasses were preserved

p.p.m. of 1080, Extracted sufficient tissue to obtain
during the interim by freesing.

ca

order to obtain a positive test with the grape juice a chromatographic
purification was required, but with the raspberry juice two carbon treat-
ments sufficed, one on the ether extract and one on the aqueous alkaline
extract of the ether. The interfering material in grape juice which is
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removed by chromatography but not by carbon treatment has not been
identified. It is not a pigment since all except a trace of pigment can be
removed by the double carbon treatment.

Obviously when a positive qualitative test for 1080 is obtained, an
adequate positive test for fluorine must also be obtained in order to be
sure that monochloroacetic acid is not responsible for the test.

Spectrophotometric absorption curves* for the colored product obtained
from commercial 1080 and from a sample of flour to which 1080 had been
added indicated that the dye formed in both cases was thioindigo.

The thioindigo test described here is equally suitable for monochloro-
acetic acid, except that only the carbon purification technic is applicable.
Very little purification of monochloroacetic acid is achieved by the
chromatographic method. Amounts of monochloroacetic acid in the range
0.5 to 2.0 mg extracted from flour, hamburger, orange juice, pineapple
juice, and raspberry juice all gave a positive test.

SUMMARY

A new, sensitive, and highly specific qualitative test for 1080 in foods
and biological tissue is described. The test is based on the formation of
thioindigo, using thiosalicyclic acid as the reagent to obtain thicindoxyl,
which is then oxidized to thiocindigo with potassium ferricyanide. The
test is also applicable to monochloroacetic acid in foods and biological
tissue.
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THE IDENTIFICATION OF AZO DYES BY SPECTROPHOTO-
METRIC IDENTIFICATION OF THEIR
REDUCTION PRODUCTSY}

I. COMPOUNDS WHICH GIVE SIMPLE AMINES OR
DIAMINES ON REDUCTION

By J. H. Jones and L. S. Harrow (Division of Cosmetics, Food and
Drug Administration, Federal Security Agency, Washington 25, D. C.)

The identification of azo compounds by identification of their reduction
products is an established technique. XKoch (1, 2, 3, 4) and others (5, 6)
have published procedures for the reduction of several types of azo dyes
and for the identification of the reduction products. Koch identifies the

* Courtesy of Lee Harrow, Division of Cosmetics, Food & Drug Administration, Washington, D.C.
1 Presented at the Annual Meeting of the Association of Official Agricultural Cherists, beld at Wash-
ngton, D.C., October 1-3, 1951,
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reduction products by the preparation of suitable derivatives and must,
therefore, use relatively large samples of dye. In this laboratory, it is
frequently necessary to identify a dye when only a few milligrams of
material are available. We have therefore developed procedures for the
spectrophotometric identification of the reduction products obtained from
small samples of dyes. Spectrophotometric identification of aromatic
compounds is at least as conclusive as is identification by the classical
procedure of preparation and identification of suitable derivatives.

In our hands, the identification of azo colors by identification of their
reduction products is used to supplement, rather than replace, identifica-
tion based on the spectra of the colors themselves. Most colors can be
identified from the absorption spectra of their solutions; however, the
spectra of some closely related compounds are so similar that positive
identification of an unknown in this manner is difficult. There are also
cases in which the curve of an unknown color does not correspond with
any of the curves available for comparison. In such situations, identifica~
tion of the reduction products is of considerable value in establishing the
identity of unknown materials.

When an azo color is reduced, there is obtained the amine originally
diazotized and used in the coupling reaction (or a reduction product of
this amine) as well as an amino derivative of the compound to which the
diazo component was coupled. This paper deals with the identification
of those reduction products that are simple amines or diamines (Z.e.,
amines that contain no other reactive or solubilizing groups). These
amines can be extracted from aqueous solution with ethyl ether; some of
them readily distill with steam.

(The identification of other types of reduction products, such as amino-
naphthols, amino-sulfonic acids, and other water-soluble compounds,
will be discussed in another report.)

Since, in this procedure, the amines are identified spectrophotometri-
cally, it is necessary to have available for comparison the absorption
spectra of authentic samples of the amines. Authentic samples of many
of these are available in most laboratories. Unusual amines, such as some
of the diamines, can be readily prepared.

In many cases, an organic compound can be identified by the general
shape of the absorption curves and the location of the absorption peaks.
Absorbancy ratios are often useful in distinguishing between compounds
that have similar curves. For example, although the curves of the two
toluidines in acid solution are quite similar, the ratio of the absorbanecy at
260 my to the absorbancy at 270 mu is different for the two pure com-
pounds. Other absorbancy ratios, such as the ratio for the two peaks in
alkaline solution, or the ratio of the major peak in alkali to the peak in
acid solution, will be of aid.
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PROCEDURE
APPARATUS
A spectrophotometer capable of isolating & 5 mu wave length band in the region

220-400 mp.
REAGENTS

Sodium hydrosulfite.~—c.p.
Titanium trichloride.—ca. 0.1 N

REDUCTION

(a) Water soluble colors. Place 510 mg of color in a small beaker and dissolve
in & minimum amount of water. Heat the soln on a steam bath and add 1 mg por-

oniline @ ~ ——————
o-toluidine  -----e-eoeeee- ]
p—toluidine ——-——-
m~-xylldine —t———t—
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Fia. 1.—Absorption curves of several aromatic amines (200 mg per liter

in 0.1 N HCI).
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tions of Na;S:0. until all the color has disappeared, or until there is no further
nociceable change of the color on heating for an additional 15 min.

(b) Oil-soluble colors. Dissolve 5-10 mg of the color in a small amount of hot
alcohol, add 2 m! of 109, (w/v) NaOH soln and reduce with TiCl; soln under a
stream of CO:. Add 2 mg of Na;S5:0, to stabilize the reduction products.

aniline
o~-toluidine
p~toluidine
m=-xylidine

Absorbancy

my

F1a. 2.—Absorption curves of several aromatic amines (10 mg per liter
in 0.1 N NaOH).

DISTILLATION OF VOLATILE AMINES

When reduction is complete, transfer the soln to a 300-ml round-bottom flask,
add ca 200 ml of H,O, connect to a suitable distilling apparatus, and distill into a
container in which 1 m! of conc. HCl and 10 ml of water have been placed. After
ca 150 ml has been collected, transfer the distillate to a separatory funnel, make
alkaline (litmus) with NaOH soln, and extract with two 40-ml portions of ether.
Wash the combined ether extracts once with 20 m! of water and then extract with three
20-ml portions of ca 0.2 N HCl. Warm the combined acid extracts on a steam bath
for 15-30 min to expel the last traces of ether. Determine the ultraviolet absorption
spectra of the recovered amine in this dilute HCl soln and in ca 0.1 N NaOH (add
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a roughly calculated excess of NaOH soln), and compare with the spectra obtained
from known samples of amines that might be present. (Volumes are not critical as
absorption curves are considered mainly in their qualitative aspect. An acidity of
0.1 N was found ample to develop fully the acid phase of all amines examined and a
corresponding alkalinity is sufficient for the measurement of the alkaline phase.)

EXTRACTION OF NON-VOLATILE AMINES

Cool the reduced soln (or the residue from the steam distillation), make defi-

Absorbancy

380 300 250

mp

F1a. 3.—Absorption curves of benzidine (10 mg per liter). Curve A.—in
0.1 ¥ HCL Curve B.—in 0.1 N NaOH.

nitely alkaline with NaOH soln and continue as directed above, beginning, ‘‘ex-
tract with two 40-ml portions of ether ... .”
DISCUSSION

The procedure may be used to identify the colors used in a variety of
products. As with most methods for the identification of coal-tar colors,
application of the reduction procedure must be preceded by a reasonably



836  ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. 84, No. 4

good separation of the unknown color from other materials in the samples
to be analyzed. Since it would obviously be impossible to describe all
applications of the proposed procedure, a few typical examples are dis-
cussed.

A problem that frequently arises is that of determining whether an
unknown color was prepared from aniline or from one of its homologues.
In many cases, the substitution of toluidine or xylidine for aniline in an

Absorbancy

20 .73 o
my

F16. 4.—Absorption curves of o-tolidine (10 mg per liter). Curve A.—in
0.1 N HCL. Curve B.—in 0.1 N NaOH.

azo color will have little effect on the spectra of the color. If, however, the
compound is reduced and the volatile amine isolated by steam distilla-
tion, differentiation between the homologues is relatively easy.

The ultraviolet absorption curves of aniline, o-toluidine, p-toluidine,
and m-xylidine are shown in Figures 1 and 2. As would be expected, the
absorbancy curves for these four amines are quite similar in general
appearance. The curves in acid solution, however, show readily per-
ceptible differences. The curves in alkaline solution ecan be used to con-
firm the identification made from the curves in acid solution.

As indicated by the curves in Figure 1, in 0.1 N hydrochloric acid
solution, a concentration of about 100 mg per liter of these amines is
needed to obtain a good curve. If only a small amount of the unknown
material is available, the amount of acid used in the extraction of the
ether layer may be reduced to two 10 ml portions; a recovery of as little
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as 2 mg of the amines will be adequate for identification. In alkaline solu-
tion, a concentration of 10 mg of the amine per liter will give a satisfac-

tory curve.
The xylidine curve shown in Figures 1 and 2 is that of m-xylidine

Absorbancy

4 i
350 300 250

my

Fi1ag. 5.—Absorption curves of dianisidine (10 mg per liter). Curve A.—in
0.1 N HCL Curve B.—in 0.1 N NaOH.

(2,4-dimethylaniline). Commercial xylidine is usually a mixture consisting
chiefly of 2,4- and 2,5-dimethylaniline. The curve of this mixture is
readily distinguished from the curves of aniline or those of the toluidines.

A large number of azo colors are prepared by coupling benzidine,
tolidine, or dianisidine with naphthols, naphthylamines, or their deriva-
tives. These amines do not steam distill readily but are recovered by
extraction with ether from basic aqueous solution. The absorption curves
of these amines are shown in Figures 3, 4, and 5. Obviously, they can be
readily differentiated. Since a concentration of 10 mg per liter is ade-



838  ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. 34, No. 4

Absorbancy

§..-
&

350
my

Fia. 6.—Absorption curves of p-phenylenediamine. Curve A.—50 mg per liter
in 0.1 N HCL Curve B—10 mg per liter in 0.1 N NaOH.

quate for spectrophotometric identification of these diamines, less than
1 mg of the amine is sufficient for identification.

Colors such as bis-azo compounds derived from amino-azo-benzene,
amino-azo-toluene, etc., give both a monamine and a diamine on reduc-
tion. The monamine can be recovered by steam distillation and the di-
amine subsequently recovered by extraction with ether from the non-

~Absorbancy

50 300 250
my

Fia. 7.—Absorption curves of 2,5-diaminotoluene. Curve A.—200 mg per liter
in 0.1 N HCl. Curve B.—10 mg per liter in 0.1 N NaOH.
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Absorbancy

y!
250

380 300
my
F1a. 8.—Absorption curves for 2,4-diaminotoluene. Curve A.—10 mg per liter
in 0.1 N HCI. Curve B.—10 mg per liter in 0.1 N NaOH.

Absorbancy

do L
T

1 : '
350 300 25%0

my

Fia. 9.—Absorption curves for 2-chloro-1,4-phenylenediamine. Curve A.—100
mg per liter in 0.1 N HCl. Curve B.—10 mg per liter in 0.1 ¥ NaOH.
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volatile fraction. Azo colors prepared from nitro-amines give the corre-
sponding diamines on reduction. Many of these diamines can be recovered
by extraction with ether. The curves of several diamines isolated by the

Absorbancy

00 380 300 250
my

F1a. 10.—Absorption curves for 1,2-diaminonaphthalene. Curve A.—10 mg
per liter in 0.1 N HCL Curve B.—10 mg per liter in 0.1 N NaOH.

proposed procedure are shown in Figures 6, 7, 8, 9, and 10. In most cases,
1 mg of the diamine is sufficient for identification.

APPLICATIONS

Table 1 lists 2 number of azo colors from which one or more reduction
products have been isolated and identified by the proposed procedure.
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TaBLE 1.—S8eparation and identification of amines from azo compounds

JONES AND HARROW : IDENTIFICATION OF AZO DYES

COLOR

AMINE SEPARATBD

METHOD OF SRFARATION

841

FD&C Yellow No. 8

FD&C Yellow No. 4

Aniline

1,2-diamino-naphtha-
lene

o-Toluidine

1,2-diamino-naphtha-
lene

Steam distillation from alka-

line solution

Et:0 extraction from alkaline

solution
Steam distillation
Et;0 extraction

FD&C Red No. 1 Pseudocumidine Steam distillation
D&C Red No. 5 Xylidine Steam distillation
D&C Red No. 17 Aniline Steam distillation
p-Phenylenediamine Et,0 extraction
Dé&C Red No. 18 m-Xylidine Steam distillation
1,4-dimethyl-3,6-di- Et:0 extraction
aminobenzene
D&C Red No. 31 Aniline Steam distillation
FD&C Red No. 32 Xylidine Steam distillation
D&C Red No. 33 Aniline Steam distillation

D&C Red No. 35
D&C Red No. 36

(Congo Red)

3,4-diaminotoluene
2-Chloro-p-phenylene-
diamine

Et,0 extraction
Et:0 extraction

D&C Red No. 38 3,4-diaminotoluene Et.O extraction
FD&C Orange No. 2 o-Toluidine Steam distillation
D&C Orange No. 3 Aniline Steam distillation
D&C Brown No. 1 Xylidine Steam distillation
. D&C Black No. 1 Aniline Steam distillation
p-Phenylenediamine Et:O extraction
Ext. D&C Yellow No.3 | Aniline Steam distillation
Ext. D&C Yellow No.5 | 8,4~diaminotoluene Et20 extraction
Ext. D&C Red No. 9 Naphthylamine Et;0 extraction
Ext. D&C Red No. 11 Aniline Steam distillation
Ext. D&C Red No. 13 Aniline Steam distillation
p-Phenylenediamine Et:0 extraction
1-Phenylazo-2-naphthol | Aniline Steam distillation
C.I 24
1-(4-Methylphenylazo)- | p-Toluidine Steam distillation
2-naphthol
C.I. 518 o-Anisidine Et,0 extraction
C.I. 520 o-Anisidine Et:0 extraction
C.1. 477 Tolidine Et.O extraction
(Trypan Blue)
C.1. 370 Benzidine Et:0 extraction

Some problems satisfactorily solved through application of the pro-
cedure described have been:

1. An oil-soluble dye was found to have an absorption spectrum which
could be that of D&C Red No. 17, D&C Red No. 18, or C.I. 258. The
volatile amine obtained on reduction of the dye was identified spectro-
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photometrically as o-toluidine. The dye in question was therefore C.I.
258."

2. Two colors, each of which was labeled with the same name, were
found to have different absorption spectra. From one of the samples, a
volatile amine was separated and identified as aniline by the proposed
procedure. No volatile amine was obtained from the other sample. Further
analysis of the second color proved that anthranilic acid instead of aniline
had been used in its preparation.

3. A blue color, isolated in small amounts from a biological stain, could
not be identified with available standard samples. The spectrophoto-
metric curve indicated that the color might be related to Trypan Blue,
C.I. 477. Identification of the reduction products showed that the color
was prepared from dianisidine. With this much information, authentic
samples of dyes containing dianisidine were obtained. The absorption
spectrum of the unknown compound was found to be identical with that
of C.I. 518.

SUMMARY

Procedures have been deseribed for the separation and spectrophoto-
metric identification of simple amines and diamines obtained by reduction
of azo compounds. The procedures are applicable to samples containing
only a few milligrams of azo color.

Examples of the practical application of the procedures are given.
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A COMPARISON OF VARIOUS ANALYTICAL METHODS ON
TOBACCO CONTAINING NON-NICOTINE ALKALOIDS*

By R. N. JEFFREY!

INTRODUCTION

Markwood and Barthel (1) first reported that Maryland Medium
Broadleaf and the Cash variety of flue-cured tobacco contained consider-
able amounts of nornicotine, and additional information has been ob-
tained since of the frequent occurrence of this alkaloid. However, the
published evidence seems to indicate that nicotine has been the predomi-
nant alkaloid in most commercial tobacco in this country up to the pres-
ent time. Recently, the interest in using wild species of Nicotiana as
sources of disease resistance in breeding has been increasing. Smith and
Smith (2) have stated “In crosses between Nicotiana tabacum, which
contains mostly nicotine, and species whose alkaloidal complex was
made up largely or entirely of nornicotine, the hybrids contained mainly
nornicotine together with small amounts of nicotine.”

The results presented here indicate that the conventional methods of
nicotine analysis give seriously conflicting results when applied to samples
in which the alkaloid is not predominantly nicotine. It is not possible to
determine by any one of the extensively-used quantitative methods, taken
alone, whether the alkaloid present in a given sample is nicotine or not.
It is shown that, with certain samples, some methods of ‘‘nicotine’
analysis give results two and one-half times as high as with other methods.
It seems necessary to call attention at this time to the necessity for
caution in accepting results of usual methods as indicating either the true
nicotine or total alkaloid content, particularly when applied to material
of mixed heritage. However, a completely satisfactory method has not
been devised up to the present time.

METHODS

The tobacco samples used in this study were derived chiefly from the
F, generation of crosses between type 31-V low-nicotine burley (3) and
flue-cured (bright or Virginia) tobacco. Samples of both parent lines and
of low-nicotine cigar tobacco from seed obtained from Germany and
similar to the low-nicotine ancestor of the low-nicotine burley were also
included. The tobacco was grown at Beltsville, Md., in 1949 and was not
topped or suckered until just before harvest. After air curing, it was
stripped, dried, ground and stored in screw topped glass jars and analyzed
in the spring of 1950. Much of it was re-analyzed in the spring of 1951

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash~
ington, D. C., October 1-3, 195].

1 Senior Physiologist, Division of Tobacco, Medicinal and Special Crops, Bureau of Plant Industry,
Soils, and Agricultural Engineering, United States Department of Agriculture.
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after continued storage in an air-dry condition in the dark at room tem-
peratures.

The samples were analyzed in several ways as follows:

1. By steam distillation in the Griffith-Jeffrey apparatus (4) with 1
ml of 309, sodium hydroxide and 1 g of sodium chloride into 2 ml of 1+4
hydrochloride acid. “Nicotine’” was determined by the ultra-violet method
of Willits and co-authors (5).

2. By steam distillation as above, followed by making up to 250 ml, and
precipitation of the alkaloids from one 100 ml aliquot of distillate with
1 ml of 129 silicotungstic acid. This material was then heated on the
steam bath to dissolve most of the precipitate, cooled slowly to room
temperature, and then placed in the refrigerator at 7°C. overnight to
obtain the maximum yield of filterable precipitate according to Avens
and Pearce (6). The precipitates were filtered cold through Selas cruci-
bles, heated 1 hour at 650°C., cooled and weighed.

3. Another 100 ml aliquot of the distillate obtained under 2 was evapo-
rated nearly to dryness and then treated with acetic acid and sodium
nitrite according to the method of Bowen and Barthel (7) and steam
distilled using magnesium oxide (8).

4. By steam distillation using excess magnesium oxide followed by
determination in the spectrophotometer.

5. By the method of Garner (9) as later modified (10). This involves
extraction into petroleum ether from the strongly basie tobacco sample
and from the organic solvent into a standard acid water solution. Excess
acid is determined by a back-titration.

The results were calculated in the manner given in the papers concerned
except that the results of steam distillation from sodium hydroxide and
sodium chloride were calculated both on the assumption that all the silico-
tungstic acid precipitate was nicotine, as in the Official Method (11)
and by the sum of the nicotine and nornicotine results according to Bowen
and Barthel (7).

EXPERIMENTAL RESULTS

The results obtained in 1950 are shown in Table 1. These samples have
been segregated according to the results of the Bowen and Barthel analy-
ses into three classes:

a. Those samples in which 85-1009 of the total alkaloid appears to
be nicotine and in which the total alkaloid content is over 0.209,. These
are referred to as normal type samples, and appear to be similar in alka-
loid composition to the majority of the samples of commercial tobacco
currently used.

b. Those samples in which the values obtained for nornicotine by this
method are equal to, or higher than, those obtained for nicotine and in
which the total alkaloid content is over 0.209,. These are referred to as
mixed alkaloid type samples.
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TABLE 1.—Alkalotds in tobacco by different methods of analysis.
Results expressed as percentage of air-dry weight

ISTILLA' N WITH ~BARTHEL
b Nn.OHTNaCl Bows JmrHOD ”mm“ RATIO OF
SILICOTUNGSTIC molm.B !‘“;[)TOTAL
mnm;r ACID NICOTINE m% TOTAL m‘“m:: TN AExaLowm
Normal Type Tobacco
1.26 1.24 1.21 0.03 1.24 1.23 1.25 0.98*
1.22 1.20 1.14 0.06 1.20 1.19 1.26 0.95*
1.31 1.27 1.20 0.07 1.27 1.27 1.32 0.95*
1.08 1.04 0.94 0.06 1.00 1.02 1.06 0.94
0.66 0.65 0.60 0.04 0.64 0.62 . 0.72 0.94
1.56 1.47 1.36 0.10 1.46 1.46 1.57 0.93*
1.60 1.59 1.47 -0.11 1.58 1.52 1.58 0.93*
1.73 1.79 1.61 0.17 1.78 1.63 1.68 0.91*
1.92 1.90 1.69 0.19 1.88 1.80 1.89 0.90*
1.81 1.77 1.56 0.19 1.75 1.72 1.82 0.89*
1.70 1.68 1.47 0.19 1.66 1.58 1.60 0.89*
1.82 1.80 1.54 0.23 1.77 1.77 1.86 0.87*
1.56 1.60 1.38 0.20 1.58 1.52 1.60 0.87*
1.56 1.59 1.35 0.23 1.58 1.46 1.62 0.85*
Mized Alkaloid Type
1.48 1.36 0.64 0.65 1.29 0.99 0.99 0.50
2.34 2.32 1.02 1.18 2.20 1.66 1.74 0.46
2.12 2.00 0.78 1.11 1.89 1.26 1.35 0.41
0.91 0.91 0.33 0.54 0.87 0.86 0.86 0.38
0.42 0.37 0.11 0.23 0.34 0.28 0.26 0.32
1.91 1.86 0.55 1.20 1.75 1.20 1.20 0.31*
1.28 0.97 0.23 0.68 0.91 0.53 0.63 0.25*
0.48 0.40 0.09 0.28 0.37 0.36 0.90 0.24
0.94 0.84 0.18 0.61 0.79 0.48 0.50 0.23*
2.07 1.64 0.35 1.19 1.53 1.10 0.97 0.23*
0.97 0.70 0.14 0.52 0.66 0.54 0.50 0.21*
1.19 0.91 0.17 0.68 0.85 0.54 0.64 0.20*
0.33 0.30 0.05 0.22 0.27 0.17 0.15 0.19
0.69 0.33 0.06 0.26 0.32 0.34 0.28 0.19
1.37 1.13 0.20 0.85 1.05 0.58 0.55 0.19*
0.34 0.40 0.05 0.32 0.37 0.21 0.24 0.14
1.32 0.86 0.10 0.70 0.80 0.50 0.42 0.13*
1.60 1.21 0.13 0.98 1.11 0.76 0.66 0.12*
0.64 0.73 0.05 0.62 0.67 0.34 0.42 0.07*
2.01 1.59 0.07 1.39 1.46 0.91 0.76 0.05*
1.95 1.51 0.06 1.33 .39 0.96 0.72 0.04*
Low Alkaloid Type
0.09 0.09 0.05 0.03 0.08 0.10 0.10 0.63
0.12 0.11 0.06 0.05 0.11 0.09 0.06 0.55
0.19 0.15 0.07 0.07 0.14 0.15 0.13 0.50
0.10 0.11 0.05 0.05 0.10 0.09 0.12 0.50
0.14 0.12 0.05 0.06 0.11 0.10 0.12 0.45
0.12 0.12 0.03 0.08 0.11 0.09 0.10 0.27
0.29 0.20 0.03 0.15 0.18 0.18 0.18 0.17

§
!
g
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¢. Those samples in which the total alkaloid content is less than 0.209,
are referred to as low alkaloid samples. Since the results obtained for
nicotine and nornicotine are so low as undoubtedly to approach the limit
of accuracy of the method, any attempt to segregate these samples on
the basis of the proportion of their alkaloids would lead to classifications
of doubtful reliability. With the exception of this last group, no samples
were found which had an intermediate proportion (60-859%,) of the alka-
loid present as nicotine. This absence of samples of intermediate propor-
tion was observed also by Valleau (3). This point is being investigated
further on account of its genetic implications.

A study of Table 1 will show that fairly satisfactory agreement was
obtained between the five methods on the samples of the first or normal
type. Because of the small quantities present, we cannot be certain of
any significant differences in the last or low alkaloid type samples. On
the other hand, it is seen that values obtained by the different methods
on the mixed alkaloid type samples do not approach satisfactory agree-
ment. This extends the observations of Bowen (12), who found that widely
different results were obtained by distillation from weak NaOH, and from
strong NaOH+NaCl, particularly on samples which contained a consider-
able proportion of non-nicotine alkaloids. The relations between results
obtained by the different methods on the mixed alkaloid samples are dis-
cussed below. '

1. Ultraviolet vs. silicotungstic acid methods.—Of the 21 mixed alkaloid
samples, the results obtained by the ultraviolet method are higher in 18
cases than the results obtained by silicotungstic acid precipitation,
slightly lower in 2 cases, and equal in one case. In the case of 33 other
mixed alkaloid samples not separately reported here (the two methods
were applied to aliquots of the same steam distillate) the ultraviolet re-
sults were 0.01 to 0.279, higher in 31 cases (average 0.129, higher),
0.02%, lower in one case, and equal in one case. This shows conclusively
that higher results are generally obtained by the ultraviolet method
with this type of sample. Willits and co-workers (5) pointed out that an
error exists in their method when nornicotine is present, but a similar
error, equal to about 10 per cent of the amount of the nornicotine, also
results from the use of the nicotine silicotungstate factor, as is done in
the Official Method. This difference is shown in Table 1 (¢f. the second and
fifth columns). However, the difference between the first two columns is,
on the average, about two to three times as large as the difference be-
tween the second and fifth eolumns.

The following investigations were undertaken4n an attempt to find the
cause of this difference:

a. Ezxtinction coefficients.—The specific extinction coefficients of nico-
tine and nornicotine given by Willets et al. have been essentially confirmed
in this laboratory, so this factor does not appear to be a significant cause of
the difference.
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b. Solubility of nornicotine silicotungstate.—The solubility of nornico-
tine silicotungstate was tested by precipitating 2.04 mg of nornicotine
with the same amount of gilicotungstic acid and hydrochloric acid as in
the analytical procedure, but in total volumes of 10, 100, and 1000 ml.
The precipitates were heated and then cooled in the refrigerator overnight,
and the solubility was calculated from the difference in weights of the
precipitates as obtained from the different volumes. The solubility of
the nornicotine silicotungstate was found to be about 115 mg per liter at
7°C., compared to a similarly determined value of about 11 mg per liter
for nicotine silicotungstate. Avens and Pearce (6) reported values which
would correspond to 12 mg of nicotine silicotungstate per liter at 0°C.
and 19.5 mg at 25°C. Spies (13) reports about 7.0 mg at 25°C., and the
corresponding acid concentration. This value was obtained by determin-
ing the equilibrium solubility, whereas, the preceding ones were deter-
mined by filtering the precipitate and washing as in regular analytical
work. No previous values on nornicotine silicotungstate have been found
in the literature. Thus, it would appear that nornicotine silicotungstate
was about ten times as soluble as nicotine silicotungstate at low tempera-
tures. The solubility at elevated temperatures was estimated by observing
the temperatures at which the Tyndall cone disappeared on heating. Val-
ues of approximately 193 and 386 mg per liter were found at 51° and 75°C.,
respectively, for nornicotine silicotungstate, as compared to 170 mg per
liter at 75°C. for nicotine silicotungstate. These results indicate that any
silicotungstate precipitation method would give low values on mixed
alkaloid samples and explain at least in part the lower values obtained by
this method when compared to those by ultraviolet absorption. The error
in the Official Method due to the use of too high a factor for nornicotine
is in the opposite direction, so these errors tend to compensate each other,
but cannot be expected to do so satisfactorily in all cases.

The Official Method states that aliquots containing as little as 0.01
g of nicotine may be precipitated from samples containing very small
quantities of nicotine. Valleau (3) and others have shown that in tobacco
samples containing very small quantities of total alkaloids there is an
increased probability that much of it will be nornicotine, or at least not
nicotine. The Official Method does not set any limit on the volume in
which the 0.01 g of alkaloid should be contained. The present results
indicate that if it were all nornicotine 0.011 g per liter would remain in
solution. Thus, no precipitate would be obtained if the volume was
over 900 ml and only 899, of the 0.01 g would be precipitated, even with
the special precautions with respect to lower temperature and acidity
described below, if the volume was 100 ml.

Other things being equal, the errors introduced due to solubility are
likely to be greater in a semimicro method, such as was used in the
present investigation, than in a macro method like the Official Method.
The following precautions were taken to limit this effect:
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The precipitate was heated on a steam bath and then slowly cooled.
Thas gives larger crystals which are more readily filterable.

The samples stood overnight in the refrigerator as recommended by
Avens and Pearce (6), instead of at room temperature, as a means of
decreasing the solubility effect. .

Less acid was used, viz., 2 ml of 144 HCI1 in 250 m! (an acid concentra-
tion of about 0.02 N) instead of the 3 ml of 14+4 HCI per 100 ml (a con-
centration of about 0.072 N) prescribed in the Official Method. Spies
(13) found that the equilibrium solubility of nicotine silicotungstate at
25°C. was about 11 mg per liter when the acid concentration was 0 07 N,
as compared to 7 mg at 0.02 N acid.

Since it seemed possible that the high solubility of nornicotine silico-
tungstate had been previously overlooked because of co-precipitation
with nicotine, various mixtures of nornicotine and nicotine (between 1
to 9 and 9 to 1) were precipitated as before. The results indicate that the
solubility of the mixed silicotungstic acid precipitate starts to increase
almost immediately in progressing from pure nicotine silicotungstate
toward pure nornicotine silicotungstate. However, the solubility of the
mixed silicotungstates is not quite as great as would be predicted on the
basis of an assumption of no interaction.

2. Distillation with NaOH and NaCl vs. MgO.—The results (Table 1)
obtained by the MgO distillation method, shown in column 6 are distinct-
ly lower on the mixed alkaloid samples than are the results of total alka-
loid determinations, whether they be those presented in columns 1, 2, or
5. On the other hand, the results by MgO distillation are very much higher
than the results for nicotine by the Bowen-Barthel procedure. Thus,
the statement which is often quoted, especially from the older German
literature, to the effect that nicotine is distilled with MgO but other alka-
loids are not, is far from true under these conditions. Since the still used
in this work was designed to give the maximum rate of distillation of all
volatile substances, it cannot operate as an efficient fractionating column.
Tests with pure nornicotine and MgO showed a recovery in the distillate
of about 35 per cent. When MgO is used with the distillation equipment
ordinarily used in the Official Method, some of the nornicotine from pure
solution also distills over, though less than the present apparatus. Thus,
the results obtained on mixed alkaloid samples with the usual apparatus
plus MgO would be lower than those reported here, but still higher than
the nicotine values obtained by the Bowen-Barthel procedure, and lower
than the total alkaloid content.

3. Distillation vs. solvent extraction.—The results obtained by the Garner
method shown in column 7 are very similar to those obtained by MgO
distillation, and on these particular samples correspond to the nicotine
values plus about one-half of the nornicotine values as derived by the
Bowen-Barthel procedure. This seems also true of the MgO distillation
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results. But it would be surprising if two methods based on entirely
different chemical prineciples, both in the separation and the ana.ysis
steps, should give such similar results on samples differing considerably
in composition if they are measuring the concentration of one compound
plus a portion of another compound. An alternative explanation will be
presented below.

Effect of storage of samples. Partly as a check upon the technique of new
analysts some of the samples discussed above were later re-analyzed.
It was soon found that the reproducibility of results was about the same,
but that agreement with former results was not uniformly good. Hence,
a group of 12 normal samples and 12 mixed alkaloid samples were re-

TaBLE 2.—Average analytical results oblained on tobacco samples after storage
(as percentages on air-dry basis)

NOEBMAL TYPE TOBACCO! MIXED ALKALOID TYPE TOBACCO?

METHOD
1950 1951 CHANGE 1950 1951 CHANGE

NaOH-NaCl Distillation:
Ultraviolet absorption 1.59

P

.56 —0.03 1.44 0.90 —0.54

Precipitation 1.58 1.57 -0.01 1.16 0.72 —0.44
Bowen-Barthel:
Nicotine 1.41 1.39 —0.02 0.19 0.17 —0.02
Nornicotine 0.15 0.17 +0.02 0.90 0.51 —-0.39
Total 1.56 1.56 0.00 1.08 0.67 —0.41
MgO Distillation 1.51 1.51 0.00 0.70 0.67 —-0.03
Garner 1.59 1.59 0.00 0.66 0.71 -+0.05
1,2 12 Tobacoo sam; of normal type and 12 samples which tained principally non-nicotine alka-
loids were analysed in the spring of 1950, stored in ai condition in closed containers and re-analyzed

in the spring of 1951.

analyzed by all methods. These samples were arbitrarily selected on the
basis of the amount of sample on hand, sufficient alkaloid content so that
significant changes could be observed and, in the case of the mixed alka-
loid samples, low nicotine to total alkaloid ratios. (The samples which
were re-analyzed in 1951 are starred in Table 1.)

The average results on these samples by each method in each year are
summarized in Table 2. It is seen that results (by different analysts) on
the normal type samples do not differ significantly from those obtained
a year earlier. In the case of the mixed alkaloid samples, the results ob-
tained for nicotine by the Bowen-Barthel procedure, those by the MgO
distillation, and those by the Garner method did not change markedly.
However, the total alkaloid results fell very sharply, whether determined
by ultraviolet absorption or silicotungstic acid precipitation. Most of
this change occurred in the fraction designated as nornicotine by the
Bowen-Barthel procedure. Since results by the total alkaloid methods
fell, when those by the MgO distillation and Garner methods did not,
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it is obvious that the equations which had been devised to express the
relationship between nicotine and nornicotine, as determined by the
Bowen-Barthel procedure and by these other two methods, were no longer
satisfactory. The absolute reduction in the ultraviolet absorption values
of the mixed alkaloid samples is greater than the reduction in the silico-
tungstic acid precipitation values, but the ratio of the former to the latter
is about the same in both years, and averages about 1.25. Most of the indi-
vidual samples have ratios of 1.2 to 1.3. Those which differ are generally
high or low in both years.

These results make it appear probable that the mixed alkaloid samples
contained, at least at the first analysis, a third substance in addition to
nicotine and nornicotine. This substance appears to be distilled, in con-
siderable part at least, in the presence of strong NaOH and NaCl but not
in the presence of MgO. It absorbs ultraviolet light in a manner similar
to the known nicotine alkaloids. It does not partition into organic solvents
in the free form and into water in the salt form as does nicotine. It would
appear to be much less stable than nicotine or nornicotine, as with these
samples it disappeared to the extent of nearly a third of the total alka-
loid content in the course of one year’s air-dry storage at room tempera-
ture. Bowen and Barthel state (of their method)—¢“this method is based
on the assumption that anabasine or other steam-volatile secondary-
amine alkaloids aside from nornicotine are absent; such alkaloids have
been found only in traces in Nicotiana tabacum.” Thus, they make no
claim that their method will give satisfactory results for nornicotine in
the presence of such a substance as is indicated here. So far, we have not
isolated and identified any substance meeting the above requirements,
but work is being continued along this line. Evidence has been found that
such a substance is not restricted to this particular genetic type of tobac-
co, but is contained in other types which show considerable amounts of
nornicotine by the Bowen-Barthel procedure. The discovery of the rela-
tively high solubility of nornicotine silicotungstate does not assist in
explaining this loss in alkaloid content in storage, even though it could
explain a large part of the difference between the ultraviolet and precipi-
tation results in a given year.

SUMMARY

Samples. of tobacco, some of which contained considerable quantities
of non-nicotine alkaloids, were analyzed for alkaloids by 5 different meth-
ods. Satisfactory agreement was obtained between all methods on those
samples which did not yield high values for nornicotine by the Bowen-
Barthel procedure. On samples which did yield high values for nornico-~
tine, the values ocbtained by use of published “nicotine’”” methods were in
some cases as much as two and one-half times as high by one method as

by another.
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On such mixed alkaloid samples, distillation with strong alkali and salt
gave much higher values than weak alkali distillation ; this confirmed ~re-
vious findings. On these samples the use of an ultraviolet spectrophoto-
metric method of determination gave higher results than silicotungstic
acid precipitation. This difference was found to be due at least in part
to the much higher solubility of nornicotine silicotungstate as compared
to that of nicotine silicotungstate.

Evidence is presented for the presence in these mixed alkaloid samples
of an additional substance besides nicotine and nornicotine which reacts
to some but not all of the alkaloid methods used. This unknown substance
disappears from air-dry samples on storage and results in a change in
alkaloid values obtained with methods similar to the present official
methods, but not with weak alkali distillation methods or solvent extrac-
tion methods.

Though certain commercial varieties of tobaceco now contain a consider-
able proportion of non-nicotine alkaloids, most of them do not. However,
attention is drawn to the possible increase of mixed alkaloid varieties due
to the use of ‘“‘nornicotine type” wild species of Nicotiana in disease
resistance breeding.
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Ion-Exchange Resins. By RoBerT KUNIN and RoBerT J. MYERS. 212 pages. 1950.
John Wiley & Sons, Inc., 440 Fourth Ave., New York 16, N. Y. $4.75.

The authors have culled and condensed the voluminous literature on this rela-
tively new but increasingly important subject into a brief, well organized treatise.
The brevity of the book iz somewhat compensated for, however, by its compre-
hensive bibliography of 615 references. The book is readable and is well illustrated
with tables, charts, graphs, and photographs—there is a total of 30 tables and
104 figures. The titles of the 12 chapters are: 1. Introduction and historical review,
2. The theory and mechanism of ion exchange, 3. Cation exchange resin charac-
teristics, 4. Anion exchange resin characteristics, 5. The synthesis of ion exchange
resins, 6. Applications, general considerations, 7. Water softening by ion exchange,
8. Deionization of water and other electrolyte solutions, 9. Ion exchange in analyti-
cal chemistry. 10. Miscellaneous applications, 11. Methods of studying ion ex-
change resing, and 12. The design of ion exchange units.

As is indicated by the chapter headings, a considerable portion of the book
(4 chapters totalling 67 pages) is devoted to such industrial uses of ion exchange
resins as water softening, deionization of aqueous solutions, sugar refining, and
desalting of sea water. To the analytical chemist, the chapter on ion exchange in
analytical chemistry, consisting of only 16 pages, will probably be disappointingly
sketchy.

Although its emphasis is on the commercial applications of ion exchange, the
book will be of considerable value to the chemist desiring a general knowledge of
the subject. For most details on procedures employing ion exchange resins, however,
he will need to consult the original references.

L. L. RaMsEY

The California Wine Industry. A Study of the Formative Years. 1830-1895. By
VincenT P. Carosso. University of California Press, Berkeley and Los Angeles.
241 pages.

Those interested in the history of wine making, particularly as it developed in
California from its very earliest days, will enjoy this fascinating and absorbing
little volume. It consists of a 2 page preface, a 5 page prologue, 8 chapters of 153
pages, 9 pages of epilogue, 24 pages of notes, 16 pages of bibliography, and a 14
page index.

This small book rather settles the controversy as to who were first to grow
grapes, to make and sell wine in California, and to what extent.

For grape growers, wine makers and merchants, the reviewer believes that it is a
valuable text in that it outlines the pitfalls and perils of wine growing. While his-
toric in scope, it serves as a sort of preview of what could or may occur again in
California, unless proper steps are taken to avoid overplanting, overproduction,
floods, plant epidemics, depressions, improper tariffs (prohibition and wars).

In the prologue is discussed the romance of the early days leading up to the
year 1830. After this follow the great names: Vinges, Wolfskill, Wilson, Kellar,
Rowland, White, Vallejo, Hilgarde, Husman and Frohling. Special chapters deal
with Kohler, the pioneer wine merchant, and Haraszthy, the father of the-modern
California wine industry. All in all, it is a very thorough volume, correctly and
entertainingly written.

PETER VALAER
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Winkler, 541
Epps, Ernest A., see Bonner, Francis L.
Etheredge, M. P., report on feeding
stuffs, 548
Ethylenediamine tetra-acetic acid as an
aid in the spectrophotometric de-
termination of Eure dye in certain
coal-tar color lakes, paper by Ettel-
stein, 792
Ettelstein, Nathan, paper, ethylene-
diamine tetra-acetic acid as aid in
the spectrophotometric determina-
tion of pure dye in certain coal-tar
color lakes, 792
Excess alkali, effect of, in the determina-
tion of water-insoluble fatty acids
in butter, paper by Hillig, 782
Exchangeable hydrogen as determined
by various procedures, in relation to
the soil’s capacity for calcite de-
composition, paper, by Shaw and
Maclntire, 471
Executive committee, 1
Extraneous materials in foods and drugs,
report of Committee D, 54
changes in methods, 93
report by Harris, 348
in beverage materials,
Hodges, 348
in drugs, spices, and miscellaneous
gigducts, report by Eisenberg,

report by

report by

in dairy products, report by Scott, 350

nut products; baked products, cereals,
and confectionery; fruit products,
vegetables; sediment tests (milk
and cream), no report.

Feeding stuffs, report of Committee A,
4

0
report by Etherage, 548
iodine in mixed mineral feeds, report
by Perkins, 549
fat in fish meal, report by Stansby,
549

microscopic  analysis,
Shrader, 554

crude fiber, report by Hunter, 557

crude fat or ether extracts, report by
Hoffman, 558

sulfa dl;;lgs in feeds, report by Merwin,
55

report by

mineral constituents of mineral mixed
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feeds, report by St. John, 563
tankage (hide, hoof, horn, and hair
content), report by Perkins, 564
lactose in mixed feeds; adulteration of
condensed milk products; fluo-
rine; protein evaluation in fish
and animal products; sampling
and analysis of condensed butter-
milk, no report.
Ferris, L. W., report on citric acid in
fruit and fruit products, 445
Fertilizers, report of Committee A, 41
changes in methods, 58
report by Quackenbush, 620
fertil(iizzt(e)rs, sampling, report by Allen,

phosphoric acid, report by Jacob, Arm-
iger, Caro, and Hoffman, 624

free water in fertilizers, report by Hill,
Caro, and Kumagai, 641

nitroGggg in fertilizers, report by Davis,

potash, report by Ford, 660
sulfur in mixed fertilizers, report by
Hart and Halbrook, 666
magnesium and manganese; acid- and
base-forming quality; copper and
zince; boron; inert materials, no
report, 666
Fish and other marine products, report
of Committee C, 49
report by Allison, 261
total solids and ether extract, no re-

ort,
Fisher, H. J., report of committee on
revision of methods of analysis, 38
Fitelson, J., report on oils, fats, and
waxes, 234
book reviews, 229, 770
Flavg;ing extracts, changes in methods,

Flavors and non-alcoholic beverages, re-
port of Committee D, 55
report by Wilson, 329
vanilla extracts and imitations, report
by Ensminger, 330
beta-ionone; lemon oils and extracts;
organic solvents in flavors; emul-
sion flavors; maple flavor con-
centrates and imitations; diace-
tyl, no report.
Ford, O. W., report on potash in fertil-
izers, 660
Frary, G. G., report on ash and acidity
of milk and evaporated milk, 239

Fredenburg, Robert H., see Bissinger,
William E.
Freeman, Kenneth A., report on coal-tar
colors, 390

Friedlander, S., see Stitt, Fred
Fruits and fruit products, report of Com-
mittee D, 55
changes in methods, 74
report by Osborn, 444
citric acid in fruits and fruit products,
report by Ferris, 445
fruit and sugar in frozen fruit, no re-
port, 448
Fudge, J. F., report of committee on
resolutions, 107
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Gailey, W. R., see Way, R. M.
. Gelatines, dessert preparations, and
mixes, report of Committee C, 49
no Referee report, 523
Gnagy, M. J., report on gums in soft
curd cheese, 361
Graham, H., see Holtzman, H.
Graham, J. J. T., report on economic
poisons, 667
Graichen, Charles, report on intermedi-
ates derived from phthalic acid, 407
paper on paper chromatography of
fluorescein and the halogenated
fluoresceins, 795
Grains and stock feeds, changes in meth-
ods, 75
Grapes and Wine, A Check List on, re-
view by Sale, 763
Gregory, Richard L., Morris, Clayton
J., 'and Ellis, Gordon H., paper,
some modifications in the ortho-
nitrocresol method for the deter-
mination of cobalt, 710
Gumsoin foods, report of Committee C,
5

report by Hart, 360
in soé'té furd cheese, report by Gnagy,

algin and gums in cacoa products, re-
port by Mendelsohn, 361
gums in soft curd cheese, report by
Gnagy, 361
gums in frozen desserts; in catsup and
related products; in starchy salad
dressings, no report.
Gutterman, B. M., Lovejoy, R. D., and
Beacham, L. M., report on quality
factors in processed vegetables, 231
Guyglf(;x, James F., report on methanol,

Haenni, Edward O., report on estrone
and estradiol, 581

Halbrook, N. J., see Hart, Gordon

Hall, S. A., book review, 493

Hall, Wallace L., report on vitamin C in
evaporated milk, 380

Halvorson, H. A., report of Committee

t]
Hardin, L. J., see MaclIntire, W. H.
Harris, Kenton L., report on extraneous
materials in foods and drugs, 348
Harris, Thomas H., report on chlordane
and toxaphene, 672
Harrow, Lee S., paper, determination of
uncombined alpha- and beta-naphthol
in coal-tar colors, 127
paper, determination of g-naphthyla-~
flnilllglin FD&C Yellow Nos. 3 &
]

paper, determination of m-diethyla-
minophenol in D&C Red No 19
and D&C Red No. 37, 133

report on arsenic and antimony in
coal-tar colors, 396

report on boiling range of amines de-
rived from coal-tar colors, 405

see also Jones, J. H

Ha.rté F. Leslie, report on gums in foods,

Hart, Gordon, and Halbrook, N. J., re-
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port on sulfur in mixed fertilizers,
666

Hatmaker, C. G., report on waters, m.a-
eral and salt, 448

Heagy, A. B, report on herbicides, 674

Heine, Keith S., Faper, determination of
dimethylaniline in Ext. D&C Blue
Nos. 1 and 2, 799

Heine, K. 8., and Sheppard, Wm. J.,
gaper, determination of wuncom-

ined p-aminoacetanilide in Ext.
D&C Red No. 1, 802

Heinen, Eunice J., and Benne, Erwin J.,
report on zinc in plants, 692

Henry, A. M., report on nuts and nut
products, 357

Heuermann, Richard F., see Cannon,
James H.

Hill, W. H., Caro, J. H., and Kumagai,
R., report on free water in fertil-
izers, 641

Hillig, Fred, Ahlmann, S. W., and Jor-
dan, R. C,, paper, effect of neutral-
ization of cream in the manufacture
of butter on water-insoluble fatty
acids and butyric acid, 720

Hillig, Fred, and Ahlmann, S. W., paper,
water-insoluble fatty acids and
butyric acid in butter manufac-
tured by the “‘continuous” proc-
ess, 777

Hillig, Fred, paper, effect of excess
alkali in the determination of water-
insoluble fatty acids in butter, 782

Hodges, F. A., report on extraneous mat-
ter in beverage materials, 348

Hoffmann, H. J., report on detection of
added water by serum tests, 248

Hoffman, Harold H., report on crude fat
or ether extract, 558

Hoffman, W. M., see Jacob, K. D.

Hoffpauir, Carroll L., report on starch
in plants, 698

Holtzman,H.,and Graham, H., report on
unsulfonated phenolicintermediates
in coal-tar colors, 393

Horwitz, William, report on dairy prod-
ucts, 236

Hunter, William L., report on crude
fiber, 557

Hyatt, Rupert, report on carbromal in
mixtures, 570

Hynds, Claude E., report on horsemeat
in ground meat, 355

Industrial Oil and Fat Products, review
by Fitelson, 770
Insecticide products, chromatographic
separation and determination of
some organic thiocyanates in, note
by Samuel, 764
Infrared analysis of solids insoluble in
nonpolar solvents, technique for,
paper by Dolinsky, 748
Ion-exchange resins, use of, for the re-
moval of non-sugar reducing sub-
stances in analysis of fresh leafy
lant materials, for sugars, pape by
illiams and Bevenue, 817
Ion-Exchange Resins, booi{ review by
Ramsey, 852
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Isacoff, Harry, report on glycols and
related products, 586

I -opropyl n-phenylcarbamate (IPC) in

~  head lettuce, determination of
micro quantities of, paper by Bis-
singer and Fredenburg, 812

Jablonsky, C. F., report on coloring mat-
ters In foods, 232
Jacob, K. D., Armiger, W. H., Caro,
J. H., and Hoffman, W. M., report
on phosphoric acid, 624
Jeffrey, R. N., paper, comparison of
various analytical methods on to-
bacco containing non-nicotine alka~
loids, 843
Jones, Charles N., report on preserva-
tives and bacteriostatic agents in
ampul solutions, 585
Jones, J. H., and Harrow, L. 8., paper,
identification of azo dyes by spec-
trophotometric identification of
their reduction products: I. Com-~
pounds which give simple amines or
diamines on reduction, 831
Jones, J. H., Clark, G. R., and Harrow,
. 8., paper, a variable reference
technique for analysis by absorp-
tion spectrophotometry: I. Theory
and discussion, 135; II. Practical
ap‘?lications, 149
Jones, John H., see Dolinsky
see also Newburger, S. H.
Jones, L. S., see Maclntire, W. H.
Jordan, R. C., see Hillig, Fred
Jorgensen, Paul S., report on vegetable
drugs and their derivatives, 564

Kah%g,ﬁ Sidney, report on antioxidants,

Klein, A. H., report on mercury, 529

Kline, O. L., see Loy, H. W.

Kramer, Henry, report on deodorants
and antiperspirants, 299

Kumagai, R., see Hill, W. L.

Kunze, Frieds, and Laug, E., report on
methoxychlor, 537

La (él?(i)r, J. B., report on rodenticides,

Laug, E. P., book review, 227

see also Kunze, Frieda
Leaf Analysis, review by Benne, 767
Lepp;é', H. A, report of Editorial Board,

report of Secretary-treasurer, 101
Levine, Joseph, book review, 227
Lovejoy, R. %., see Gutterman, B. M.
Loy, H. W., and Kline, O. L., note on

the microbiological assay for vita-
min B, 225

MaclIntire, W. H., report of representa-
tives on the Board of Governors of

the Crop Protection Institute, 101
reporlto é)f committee on nominations,

report é)n soils and liming materials,
58
see also Shaw, W. M

Maclntire, W. H., Hardin, L. J., and
Jones, L. 8., report on fluorine, 597
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MeDonald, Emma J., report to the in-
ternational commission for uniform
methods of sugar analysis, on deter-
mination of reducing sugars and the
influence of overheating on the de-
termination of invert sugar, 200

paper, refractive indices of maltose
solutions, 212
report on reducing sugars, 437

MeNall, F. J., report on eggs and egg
products, 345

McRoberts, Lewis H., report on acetic
and propionic acids in bread, 284

Maltose solutions, refractive indices of,
paper by Zerban and Martin, 207

paper by M¢Donald, 212

Martin, James, see Zerban, F. W.

Mason, D. D., see Mehlich, A.

Mathers, Alex P.! report on chromato-
graphic studies of wines and dis-
tilled spirits, 307

Mathis, W. T., report on spectrographic
methods, 604

Meat and meat products, report of Com-
mittee C, 50

report by Mehurin, 355

horsemeat in ground meat, report by
Hynds, 355

soybean flour in meat products; de-
fatted milk solids; creatin; starch
in meat ﬁroducts, no report.

Mehlich, A., Reitemeier, R. F., and
Mason, D. D., report on exchange-
able potassium in soils, 589

Mehurin, R. M., report on meat and
meat products, 355

Melting and Solidification of Fats, re-
view by Fitelson, 229

Members and visitors present, 1950
meeting, 1

Mendelsohn, Flora Y., report on algin
and fums in cacao products, 361

Merrill, J. F., see Perkins, Alfred T.

Merwin, Richard T., report on sulfa
drugs in feeds, 5569

Methods of Analysis, revision of, report
by Fisher, 38 .

Methanol in distilled spirits, spectro-
photometric quantitative deter-
mination of, paper by Beyer, 745

Metals, other elements, and residues in
foods, report of Committee C, 49

report by Wichmann, 524

mercury, report by Klein, 529

parathion, report by Clifford, 533

sodium fluoroacetate (1080), report
by Ramsey, 536

methoxychlor, report by Xunze and
Laug, 537

copper; zine; DDT as spray residue;
and insecticides in canned foods,
no report, 539

Meyers, E. W., report on maltose in
cacao products, 440

Michael, G. A., report on vinegar, 262

Microbiological methods, report of Com-
mittee C, 50

no Referee report, 606

Microbiological assay for vitamin Bis,
note by Loy and Kline, 225

Microchemical methods, report of Com-
mittee C, 50
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changes in methods, 94
standardization of, report by Willits
and Ogg, 607
Micrococcus pyogenes var. aureus 209,
opulation studies of, paper by
atlin and Salle, 731
Miller, E. J., report on plants, 691
Mills, Paul A., report on galacturonic
acid in strawberry juice, 515
Milstead, Kenneth L., report of Com-
mittee D, 52
Mitchell, Lloyd C., report on lactic acid
in dairy products (chromatographic
method), 252
Mitechell, H. L., see Pumpelly, C. T.
Monofluoroacetic acid, a new qualitative
test for, paper by Ramsey and Pat-
terson, 827
Morris, Clayton J., see Gregory, Richard

Munség, V. E,, report on cereal foods,
26

report on starch in cereals, 270
report on nitrites in flour, 273
report on carotene in noodles, 275
report on baking powders, 296
book reviews, 494, 768

Necrology, report of committee on, by
Sale, 103

Neutralization of cream, effect of, on
water-insoluble fatty acids and bu-
tyric acid in the manufacture of
butter, paper by Hillig, Ahlmann,
and Jordan, 720

Newburger, S. ﬁ., pap
test for “Tweens,” in cosmetics, 109

Newburger, S. H., and Jones, J. H,,
paﬁer, determination of resorcinol
in hair dyes, 787

Nissen, B. H., report on color in beer
and wort, 328 .

Nitrogen in calcium ammonium nitrate,
determination of, by formaldehyde
gié;gation, note by Bonner and Epps,

er, a qualitative

Nitroglycerin tablets, rapid assay for,
gager by Cannon and Heuermann,
1

Nominations, report of committee on,
by MaclIntire, 106
Non-sugar reducing substances in the
analysis of fresh, leafy plant mate-
rials, use of ion-exchange resins for
removal of, for sugars, paper by Wil-
liams and Bevenue, 817
Nuts and nut products, report of Com-
mittee C, 50
changes in methods, 76
report by Henry, 3567

Oskley, Margarethe, report on preserva-
tives and artificial sweeteners, 341
Obituary, Ward Benjamin White, No. 2,

v
Offutt, Marie L., report on coal-tar
colors in oils, 235
Ogg, C. L., see Willits, C. O. .
Oils, fats, and waxes, report of Commit-
tee C, 50
changes in methods, 76
report by Fitelson, 234
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coal-;gg colors in oil, report by Offutt,

antioxidants, report by Kahan, 236
spectrophotometric methods; peanut
o mk nohreport.
rganophosphorus Compound i
oy B 503 pounds, review
Ortho-nitrocresol method for determina~
3;)11 of cobaﬁt, t(s::)me modifications in
e, paper regory, Morri
. Eufk710 Y gory, Morris, and
sborn, R. A., report on fruit d frui
prt’)ducts,’444 s and fruit

Packinghouse feeding stuff products,
urea and ammoniacal nitrogen in,
%per by Perkins, Merrill, and

ogers, 450

Paper chromatography of fluorescein
and the halogenated fluoresceins,
paper by Graichen, 795

Patterson, I, report on decomposi-
tion and filth in foods (chemical in-
dices), 497

book reviews, 228, 496
see also Ramsey, L. L.

Perkins, Alfred T., Merrill, J. F., and
Rogers, 8. N., paper, urea and am-
moniacal nitrogen in packinghouse
feeding stuff products, 450

Perkins, A. T., report on iodine in min-
eral mixed feeds, 549

report on tankage (hide, hoof, horn,
and hair content), 564
Plants, report of Committee A, 43
report by Miller, 691
zine in plants, report by Heinen and
Benne, 692
sta.rcgglsn plants, report by Hoffpauir,

sugars in plants, report by Williams
and Bevenue, 700
cobalt and co?per in plants, report by
. .. Beeson, 702
iodine and boron; carotene; sodium;
cellulose and lignum; pectin, no
report, 702
Pocket Encyclopedia of Atomic Energy,
review by Laug, 227
Prater, A. N, report on seeds and stems
in ground chili, 266 |
Preservatives and artificial sweeteners,
report of Committee C, 55
changes in methods, 78
report by Oakley, 341
quaternary ammonium compounds,
report by Wilson, 343
monochloroacetic acid,
ilson, 344
formic acid; formaldehyde; thiourea;
and artificial sweeteners, no re-

report by

port.
President’s address, ‘“The A.Q.A.C. and
g7ood Standards,” by W. A. Queen,

Principles of Ionic Organic Reactions,
review by Patterson, 228
Processed vegetable _?roducts, report of
Committee C, 4
changes in methods, 78
report on quality factors in, by Gut-
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;grlman, Lovejoy, and Beacham,

moisture in dried vegetables; catalase

“ in frozen vegetables; peroxidase
in frozen vegetables, no report.

Pumpelly, C. T., Mitchell, H. L., and

Silker, Ralph E., paper, determina-

tion of carotene in alfalfa meal, 821

Qua%kse';zbush, F. W., report on carotene,

report on fertilizers, 620
Queen, W. A., president’s address, 27

Radio;.ctivity, report of Committee B,
4

no Referee report, 603

Raffinose hydrate solutions, refractive
indices of, paper by Zerban and
Martin, 808

Ramsey, L. L., report on sodium fiuoro-
acetate (1080), 536

book review, 852

Ramsey, L. L., and Patterson, W. I,
paper, a new qualitative test for
monofluoroacetic acid, 827

Reducing sugars, determination of, and
influence of overheating on the de-
termination of invert sugar, report
to the international commission for
uniform methods for sugar analysis,
by McDonald, 200

Refractive indices of solutions of sucrose,
dextrose, levulose, raffinose, invert
sugar, and mixtures, report to the
international commission for uni-
form methods of sugar analysis, by
Snyder, 195

Reindollar, W. F., report of committee
on recommendations of Referees, 40

Reitemeier, R. F., see Mehlich, A.

Resolutions, report of committee on, by
Fudge, 107

Resorcinol in hair dyes, determination
gf8,7paper by Newburger and Jones,

Robertson, A. H., report of committee to
confer with American Public Health
Association on standard methods
for examination of dairy products,

9
book review, 769
Rogers, S. N., sce Perkins, Alfred T.
Rooney, Herbert A., report on organic
thiocyanates, 677

St. John, J. L. report on mineral con-
stituents of mixed feeds, 563
Sale, J. W. report of committee on
Necrology, 103
report on alcoholic beverages, 305
book reviews, 767, 768
Salle, A. J., see¢ Catlin, B. Wesley
Samuel, Boyd L., note, chromatographic
separation and determination of
some organic thiocyanates in insec-
ticide products, 764
Schurman, 1., report on migscellaneous
drugs, 581
Scott, Dorothy B., report on extraneous
materials in dairy products, 350
Secretary-Treasurer, report by Lepper,

101
Shaw, W. M., report on liming materials
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ggg exchangeable hydrogen in soils,

Shaw, W. M., and Maclntire, W. H.,
paper, exchangeable hydrogen as
determined by various procedures
in relation to the soil’s capacity for
calcite decomposition, 471

Sheppard, Wm. J., see Heine, K. 8., Jr.

Shrader, J. A., report on microscopic
analysis, 554

Silker, Ralph E., see Pumpelly, C. T.

Sinto51(15,7F. C., report on synthetic drugs,

Smith, Gordon, report on propylthiou-
racil, 576
Smu'i 9F5ungi, The, review by Stevenson,
Snyder, Carl F., report on sugars and
sugar products, 437
report to the international commission
for uniform methods of sugar
analysis, on refractive indices of
solutions of sucrose, dextrose,
levulose, raffinose, invert sugar,
and mixtures, 195
Soil Fertility and Sewage, review by
Anderson, 493
Soils and limini materials, report of
Committee A, 43
changes in methods, §8
report by MacIntire, 586
hydrogen-ion concentration of soils,
report by Davis, 588
exchangeable potassium in soils, re-
ort by Mehlich, Reitemeier, and
ason, 589
liming materials and exchangeable
hﬁdrogen in soils, report by
Shaw, 595
fluorine in soils, report by Maclntire,
Hardin, and Jones, 597
boron; zine and copper; exchangeable
calcium and magnesium; and
phosphorus, no report, 603
Soybeans and Soybean Products, review
by Munsey, 494
Soybeans and éoybean Products, Vol.
II, review by Munsey, 768
Spectrographic methods, report of Com-
mittee B, 45
report by Mathis, 604
Spectrophotometric assay of complex
antihistaminic preparations, paper
by Banes, 703
Spices and other condiments, report of
Committee C, 51
changes in methods, 78
report by Deal, 261
vinegar, report by Michael, 262
seeds and stems in ground chili, report
by Prater, 266
fat and total nitrogen in mayonnaise
and salad dressings, report by
Breit, 267
volatile oil in spices; sugar, ash, and
pungent principles in mustards,
no relpox_'t.
Standard solutions, report of Committee

'3
no Referee report, 603
Stansby, M. E., report on fat in fish
meal, 549
Stein, Charles, report on heavy metala
in coal-tar colors-—cada.mium, 417
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report on hea.vg metals—lead and
bismuth, 42!
report on heavy metals—copper, 427
report on hygroscopic properties of
certified dyes, 432
paper, studies on coal-tar colors, X:
xt. D&C green No. 1, 804
Stevenson, John A., book review, 495
Stitt, Fred, Bickoff, E. M., Bailey,
G. F.,, Thompson, C. R., Fried-
lander, 8., paper, spectrophoto-
metric determination of beta-caro-
tene in alfalfa, 460
Stone, Carl B., report on fat in milk
chocolate and cocoa mixes, 442
Stuart, L. S., report on disinfectants, 690
Sugars and sugar products, report of
Committee D, 56
changes in methods, 78
report by Snyder, 437
reduiiél'jg sugars, report by McDonald,

drying methods; densimetric and re-
Sga.;tometric methods, no report,
honey; corn sirup and corn sugar;
color and turibidity in sugar
products; micro sugar methods;
starch conversion methods, no

report.
Sweeney, J. P. report on chemical meth-

ods for nicotinic acid, 380

Technology and Chemistry of Alkaloids,
review by Levine, 227

Thompson, C. R., and Bickoff, E. M.,
paper, a proposed modification of
the A.Q.A.C. method for carotene
in alfalfa, 219

see also, Stitt, Fred

Tilden, Doris H., report on uric acid in
fruit products, 498

Tobacco containing non-nicotine alka-
loids, comparison of various analyti-
cal methods on, paper by Jeffrey,

843
Toll%sghester D., report on vitamins,

Turner, Arthur, Jr., report on rutin in
tablets, 565

‘“Tweens’’ in cosmetics, a qualitative
test for, paper by Newburger, 109

Uncombined p-aminoacetanilide, deter-
mination of, in Ext. D&C Red No.
ébzpaper by Heine and Sheppard,

Urea and ammoniacal nitrogen in pack-
inghouse feeding stuff products,
paper by Perkins, Merrill, and
Rogers, 450

Valaer, Peter, book reviews, 767, 852.

Van Dame, Halver C., report on succinic
acid in tomato products, 522

Vanillin and ethyl vanillin in vanilla ex-
tracts, micro method for determina~
;izoéz of, paper by Way and Gailey,

Vitamins, report of Committee A, 44
changes in methods, 97
report by Tolle, 368
vitamin A in mixed feeds, report by
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Cooley, 370
vitamin C in evaporated milk, report
by Hall, 380

chemical method for nicotinic act:,
report by Sweeney, 380

carotene, report by Quackenbush, 387

vitamin Biz, note on the microbiologi-
ggl5assay for, by Loy and Kline,

vitamin A; vitamin D in poultry;
pantothenic acid; folic acid; vita-
min By, no report.

Water-insoluble fatty acids and butyric
acid in butter manufactured by the
“continuous’’ process, paper by Hil-
lig and Ahlmann, 777.

Waters, mineral and salt, report of Com-
mittee D, 57

changes in methods, 78
report by Hatmaker, 448

Way, R. M., and Gailey, W. R., paper,
micro method for determination of
vanillin and ethyl vanillin in vanilla
extracts, 726

Weber, Albert L., report on preparation
of butter samples, 243

Weiss, Louis C., paper, chromatographie
properties of oil-soluble coal-tar
colors, 453

Welsh, Llewellyn H., report on buta-
caine sulfate, 577

White, W. B., report of Editorial com-
mittee of the Journal, 37

obituary, No. 2, vii

Wichmann, H. j., report on metals,
other elements, and residues in
foods, 524

Williams, Kenneth T., and Bevenue,
'17&01-3hur, report on sugars in plants,

paper, use of ion-exchange resins for
the removal of non-sugar reduc-
ing substances in the analysis of
fresh leafy plant materials, for
sugars, 817
Willits, C. O., and Ogg, C. L., report on
standardization of micro-chemical
methods, 607
Wilson, John B., report on flavors and
non-alcoholic beverages, 329
report on guaternary ammonium com-
pounds, 343
report on monochloroacetic acid, 344
Wines of the World, review by Sale, 767
Winkler, W. O., report on cacao prod-
ucts, 439
report on decomposition of fruits and
fruit products, 506
report on hydrocyanic glucosides, 541

Zerban, F. W., report to the interna-
tional commission for uniform
methods of sugar analysis, on
values of the Clerget Divisor and
methods of multiple polarization,

180
Zerban, F. W., and Martin, James,
paper, refractive indices of maltose
solutions, 207
paper, refractive indices of raffinose
g;ilrate solutions, 808 -



This checklist shows why you can use . . .

INSECT CONTROL BY GCHEMICALS

By A. W. A. BROwN, University of Western Ontario

Insect Control by Chemicals . . .

J classifies the insecticides in present-day use and gives their chemical and physical
properties.

¥/ covers the full range of organic compounds in the light of insecticide testing, and
gives special treatment to the most active groups.
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 discusses the mode of action of insecticides from the physiological and toxicologi- ;

cal standpoints, and traces the mode of entry to the site of action in the insect. :
'
1
i
i
1
1
1
1
1
'
1
'
1
'
!
1
H
]
1
'
'
1
]
1
1
I
1
]
1
i
'
1
1

¥ is the first book to trace the relation between the chemical’s molecular structure
and its toxicity. The author feels it is possible to incorporate certain groupings
that may increase the chances that a molecule will be toxic. In many cases a
small unit change in substitution, saturation, or arrangement has been found to
exert an identical effect on toxicity in widely differing compounds.

discusses the hazards to avoid in the formulation, mixing, and use of toxic com-
pounds and evaluates their effect on plants, domestic animals, and man.

o states the amount of the insecticide that will prove dangerous or lethal, lists the
symptoms caused by accidental poisoning, and mentions antidotes and precau-
tionary measures.

+/ covers such topics as the effects of insecticides on wild animals . . . the most

modern application equipment . . . and the best insecticides to use on particular
insects.

Send now for an approval copy
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