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CHAPTER I

EARLY STUDIES

The use of antimony trichloride as a reagent 
for the detection and estimation of vitamin A and for 
the differentiation of the vitamin and carotene is 
the result of a long series of work that had its be
ginning in 1922. A chemical means of detection and 
more especially, a chemical means of estimation of 
vitamin A was urgently needed to supplant or at least . 
supplement the slow and costly feeding experiments 
which for years served as the only method of estimation.

In 1922 Drummond and Watson (1) demonstrated the 
close relationship between the distribution of vitamin 
A and the development of a violet color when liver oils 
were treated with sulphuric acid, a reaction which came 
to be known as the Drummond test. It was from this 
start that Fearon (2) began his studies which were to

1. Jack Cecil Drummond, and Arthur Frederick 
Watson, "The Sulfuric Acid Reaction for Liver Oils." 
Analyst, XLVLI (1922), 341, through Chemical Abstracts, 
XVI, Ho. 20 (October 20, 1922), 35501

2. William Robert Fearon, "Colour Reactions 
Associated with Vitamin A." Biochemical Journal, XIX, 
Ho. 6 (1925), 888.



2.

result in the development of the phosphorus pentoxide 
reaction and of the test with trichloracetic acid in 
combination with pyrogallol and other phenols. Pearon's 
reaction using trichloracetic acid with pyrogallol and 
resorcinol was shown by Willimott, Moore, and Wokes (3) 
to be non-specific for vitamin A. The characteristic 
red color was found to appear with oils in which the 
vitamin A had been destroyed, as well as with substances 
that were rich in vitamin A. In the same report these 
workers showed the phosphorus pentoxide reaction to be 
less sensitive with cod liver oil than was the arsenic 
trichloride! reaction, applied to cod liver oil by 
Drummond, Rosenheim, and Coward (4) in 1925. A brilliant 
ultramarine blue with arsenic trichloride was first 
recorded by Kahlenberg (5) who in 1922 had reported some 
very characteristic color reactions when cholesterol was

3. Stanley Gordon Willimott, Thomas Moore, and 
Prank Wokes, "Effects of Various Agents on Colour Tests 
for Vitamin ■&." Biochemical Journal, XX, No. 5 (1926), 
1292.

4. Jack Cecil Drummond, Otto Rosenheim, and 
Katherine H. Coward, "The Relation of Sterols to 
Vitamin A." Journal of the Society of Chemical Industrie^ 
XIiIV (1925), 123, through Chemical Alostract's,' XlXl, No. 15, 
(July 10, 1925), 2067.

5. Louis Kahlenberg, "On Some New Color Re
actions of Cholesterol." Journal of Biological Chemistry, 
LII, No. 1 (May, 1922), 22TT.
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treated with this chemical. Drummond, Rosenheim, and 
Coward in their work upon irradiated sterols used the 
arsenic trichloride reagent upon a cod liver oil, thus 
starting the work upon the reactions between vitamin A 
and the chlorides of certain metals. Subsequent studies 
on the arsenic chloride reaction by Rosenheim and Drummond 
(6) proved that a transient blue color was developed 
when the cholesterol-free, non-saponifiable portion from 
cod liver oil was treated with the substance. When this 
fraction from cod liver oil was diluted 1 : 2,000,000, . 
a blue color still appeared when treated with arsenic 
trichloride (7). Drummond and Coward (8) had previously 
shown that the unsaponifiable fraction of cod liver oil 
contained £he vitamin A. At the same time, Rosenheim 
and Drummond (9) reported the development of a permanent 
blue color when the reagent acted upon carotene.

6. Otto Rosenheim, and Jack Cecil Drummond, "A 
Delicate Colour Reaction for the Presence of Vitamin A.” 
Biochemical Journal» XIX, Ho. 5 (1925), 753.

7. Ibid., 754.
8. Jack Cecil Drummond, and Katherine H. Coward, 

"Hutrition and Growth on Diets Devoid of True Rats." 
lancet. CCI, Part II, Ho. 5118 (1921), 698.

9. Otto Rosenheim, and Jack Cecil Drummond, 
op. cit., 755.
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In 1926 Carr and Price (10) reported their 
work upon certain color reactions said to be charac
teristic of, or at least indicative of, the presence 
of vitamin •“•. Their early work was done on the tri
chloracetic acid reaction, but in the course of their 
experiments they learned that the violet color was 
not due to an interaction of the trichloracetic acid 
itself with the substance containing the vitamin. 
Instead, the color was found to be due to the reaction 
of decomposition products of the acid and a substance 
associated with the vitamin. Having found the color 
developed with the impure trichloracetic acid to be 
of a very fleeting nature, they turned to other com
pounds, some of which had already been reported upon 
by other workers. The arsenic chloride was not in
cluded in their studies because it did not lend itself 
to dilution with a fat solvent, and further because of 
its noxious character. The compounds considered in 
their study included antimony trichloride in chloroform 
solution, stannic chloride in chloroform solution, an
hydrous ferric chloride, anhydrous aluminum chloride,

10. Francis Howard Carr, and Ernest Arthur 
Price, "Colour Reactions Attributed to Vitamin A." 
Biochemical Journal. XX, No. 3 (1926), 497.
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silicon tetrachloride, and phosphorus oxychloride.
They report: "The colours produced in all these re
actions consist in the main of blue with varying pro
portions of red." (11).

The Carr-Price reagent is a saturated solution 
of antimony trichloride in chloroform, 30 grams being 
used in enough chloroform to make 100 cc. The reaction 
consists in the development of a blue color when 
substances containing vitamin A are treated with this 

reagent. The blue developed in this reaction with vitamin 
A soon begins to fade, a fact which has caused many 
efforts to be made to stabilize the color. Carr and 
Price report that a trace of moisture, or the usual 
quantities oi alcohol present in the chloroform do not 
interfere with the reaction. Norris and Church (12) 
report similarly.

The Carr-Price reaction has been adapted to 
the quantitative estimation of vitamin A through analy
sis, by means of a tintometer, of the color produced 
for the proportion of blue and yellow components. In

11. Ibid., 499.
12. Earl R. Norris, and Anna E. Church, "A 

Study of the Antimony Trichloride Color Reaction for 
Vitamin a ." Journal of Biological Chemistry, 1XXXV, 
No. 2 (January, 1930), 482.
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the ease of the color with the vitamin, Norris and 
Church (13) report:

Vitamin A, or the substance producing the 
"blue" color with antimony trichloride reagent, 
produces a greenish-blue which fades to a 
colorless solution; the ratio of blue to 
yellow is approximately 1.0 to 0.4 lovibond 
unit.

In an effort to eliminate the error due to 
the fading of the color in the quantitative measure
ment of vitamin A by means of the Carr-Price reagent, 
Norris and Church (14) suggested that the reaction take 
place at a temperature of about 2° C. attained through 
the use of a mixture of ice and water. They were also 
able to show that the concentration of the antimony 
trichloride reagent should be at full satutration for 
the temperature used, and that the reading of the color 
should be accomplished within 30 seconds after beginning 
the addition of the antimony trichloride to obtain con
sistent results. Erode and Magill (15) used anhydrous

13. Earl R. Norris, and Anna E. Church, op. 
cit., 489.

14. Ibid., 482.
15. Wallace R. Erode, and Mary A. Magill, "A 

Critical Study of the Antimony Trichloride Color Test 
for Vitamin A." Journal of Biological Chemistry, XCII, 
No. 1 (1931), 87.
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chloroform and redistilled antimony trichloride in the 
preparation of the reagent. In the reaction mixture 
they included a trace of acetic anhydride to react 
with any hydrochloric acid or water present. They also 
allowed the reaction to take place at a temperature near 
0° C. These workers, however, were more interested in 
the absorption spectra than they were in the actual 
color produced, although they did record fading of the 
blue color to red within eight minutes at room temper
ature (16). Brode and Magi 11 (17) report absorption 
bands at 472 mu and at 532 mu in the faded or red so
lution obtained by treatment of vitamin A with antimony 
trichloride reagent. The use of the acetic anhydride 
is recommended as a dehydrating agent which, it appears, 
tends to render the colored solution more brilliant.

More recently, Levine and Richman (18) have 
suggested that the use of acetic anhydride in a reaction 
mixture involving antimony trichloride as a "chromogenic

16. Wallace R. Erode, and Mary A. Magi11, op. 
cit., 94.

17. Ibid., 95.
18. Victor S. Levine, and Eudice Richman, "The 

Antimony Trichloride Reaction with Compounds Containing 
Eive-membered Monoheterocyclic Rings." Journal of 
Biological Chemistry, Cl, No. 2 (1933), 373.
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stimulator". These workers report a more clear and a 
more distinct color when the acetic anhydride is in
cluded in the reaction mixture. Their work also indi
cates that the presence of an hydroxyl group in a com
pound reacting with antimony trichloride slows up the 
reaction and lessens the intensity of the color produced. 
Morton (19) in 1932 suggested the inclusion of 7-methyl- 
indole in the antimony trichloride test for vitamin A. 
However, the use of this substance was indicated only 
when spectroscopic examination of the "blue liquid was 
intended. This substance inhibits the formation of one 
of the absorption bands given by the blue solution, and 
thus makes it possible to increase the accuracy of this 
type of determination.

Rosenthal and Erdelyi (20) have made the most 
recent modification of the well known antimony tri
chloride reaction. They describe a test in which antimony

19. Richard Alan Morton, "The Use of 7-Methyl- 
indole in the Antimony Trichloride Colour Test for 
Vitamin A." Biochemical Journal, XXVI, No. 4 (1932), 
1197.

20. Eugene Rosenthal and John Erdelyi, "A New 
Colour Test for the determination of Vitamin A." Bio
chemical Journal, XXVIII, No. 1 (1934), 41, and "Eine 
neue Reaktion zum Nachweis und zur kolorimetrischen 
Bestimmung des Vitamins A." Biochemische Zeitschrift, 
CC1XVII (1933), 119.



9

trichloride in the presence of pyrocatechin serves not 
only to detect vitamin A but also to distinguish it 
from carotene. They also suggest that this reaction 
may be adapted to a colorimetric method of estimation 
through comparison with an aqueous solution of potassium 
permanganate.

In their test, a blue color is formed at room 
temperature in a chloroform mixture made up to a total 
volume of five cc., containing a solution of an oil 
rich in vitamin A, two cc. of the antimony trichloride • 
reagent and one cc. of a recently prepared 0.5% solution 
of pyrocatebhin in chloroform. Immediately after mixing, 
the mixture is transferred to a water bath and maintained 
at a temperature of 60° C. for one to two minutes. During 
the treatment with heat, the original blue color changes 
to a violet-red, a color which may be conveniently matched 
with a 0.01% solution of potassium permanganate. These 
investigators report the secondary violet-red color to 
be more stable than the original blue of the Oarr-Priee 
reaction. 1'his secondary violet-red color also appears 
when other polyphenols or their derivatives are used in 
the reaction mixture. In a later report Rosenthal and 
Erdelyi mentioned hydroquinone, veratrole, and guaiaeol
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as being usable in the test (21).
In a further report (22), a 5% solution of 

guaiacol in chloroform is recommended as being superior 
to the pyrocatechin originally suggested. The guaiacol 
solution was found to be more stable than the pyro
catechin and was found to give colored solutions which 
remained clear for longer periods of time than did the 
mixture with the pyrocatechin.

21. Eugene Rosenthal, and John Erdelyi, "Weitere 
Untersuchungen über die neue Farbenreaktion des Vitamins 
A." biochemische Zeitschrift, CCLXXI (1934), 414.

22. Eugene Rosenthal and Margaret Weltner, 
"Spectroscopic Investigation of the Hew Vitamin A 
Colour Test." Biochemical Journal, ZZIZ, Ho. 5 
(May 1935), 103Y:



CHAPTER II

THE PROBLEM

The purpose oi the present paper is to report 
a study of this new reaction described by Rosenthal 
and Erdelyi. An attempt will be made (a) to determine 
what effect, if any, ‘the presence of the polyphenol has 
in the reaction mixture wherein a color is developed 
when vitamin A or carotene is treated with antimony 
trichloride; and fb) to determine, if possible, whether 
this reaction is due to vitamin A or to certain unsatu
rated fatty1 acids, fatty acid esters, or other substances 
found in oils.

Norris and Church (23) in 1930, were of the 
opinion that the blue color produced by the vitamin 
faded to a colorless solution, and that the subsequent 
red color was caused by some other substance present 
in oleic acid solution or in oils containing unsaturated 
fatty acid components.

23. Earl R. Norris, and Anna E. Church, op. 
cit., 482.



CHAPTER III

EXPERIMENTAL WORK 

Reagents and Solutions»

1. Chloroform, U.S.P., which contains about 
1% of ethyl alcohol.

E. Chloroform, U.S.P., washed with water, dried 
over anhydrous calcium chloride, decanted and distilled.

3. A recent sample of reagent grade antimony • 
trichloride.

4. The Carr-Price reagent for this work was 
prepared by adding 30 grams of antimony trichloride to 
100 cc. of chloroform. The antimony trichloride was
v/ashed with chloroform and drained of excess solvent 
just before use. This reagent was prepared using both 
the U.S.P. grade and the anhydrous alcohol-free chloro
form.

5. The 0.5°/o pyrocatechin solution in chloroform 
was prepared each morning for the day's work using re
sublimed pyrocatechin supplied by Merck.

6. The cod liver oil used in this work was a 
sample from Mead, Johnson and Company assayed and adjusted 

to contain at least 1800 U.S.P. units of vitamin A per
gram.
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7. The oleic acid, linseed oil, cottonseed oil, 
and olive oil were all of U.S.P. quality.

8. The halibut liver oil was a commercial sample 
supplied by Parke, Davis and Company, assayed and 
standardized to contain at least 50,000 U.S.P. units of 
vitamin A per gram. According to the label, it contained 
no hydro quinone.

9. The "Vitamin A Concentrate - B.D.H." was pre
pared in England by the British Drug Houses limited, of 
London, and guaranteed to have a Carr-Price blue value .
of not less than 50,000. The control number of the sample 
used was 556995. This concentrate was stored in sealed 
ampules in the refrigerator previous to use.

10. The carotene was obtained from the S.M.A. 
Corporation of Cleveland, Ohio, and consisted largely 
of beta-carotene with small amounts of alp ha-carotene.
This material was stored in small evacuated vials in the 
refrigerator previous to use.

11. The alpha-carotene and the beta-carotene 
were likewise obtained from the S.M.A. Corporation, and 
stored in the refrigerator previous to use.

12. The guaiacol was of U.S.P. quality, a 5% by 
volume solution in chloroform being used.

13. Two samples of cholesterol prepared by Merck
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were used.
14. The potassium permanganate was a recent 

sample of reagent grade.

Procedure

To observe the colors produced under the con
ditions of the test with an unsaturated fatty acid and 
with oils composed of varying amounts of esters of these 
unsaturated fatty acids, a series of solutions of such 
substances was used.

A chloroform solution of cod liver oil was 
prepared of 1 such a concentration that one cc. of the 
solution contained at least 100 U.S.P. units of vitamin 
A. For the particular oil used, 1.4 grams was dissolved 
in enough of the anhydrous and alcohol-free chloroform 
to make 25 cc. In order to have the other solutions 
contain about the same amount of fatty material, 1.4 grams 
of each substance, oleic acid, olive oil, cottonseed oil, 
and linseed oil was weighed and each was likewise dissolved 
in enough of the alcohol-free anhydrous chloroform to make 
25 cc.

To one cc. of each solution was added one cc. of 
the 0.5% pyrocatechin solution, one cc. of the anhydrous 
alcohol-free chloroform, and two cc. of the antimony tri
chloride reagent. The color which appeared on mixing the
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solutions was noted and the reaction mixture was then 
transferred to a water hath at 60° c., warmed for two 
minutes and the secondary color noted. This procedure 
was also followed in a series in which no pyrocatechin 
was used. The results were recorded in Table I. When 
U.S.P. chloroform was used as the solvent and diluent 
in a similar series, the colors developed were the same.

As the results which can be expected from an 
experiment such as this are only roughly quantitative, 
no attempt was made to adjust the concentration of the 
oil and fatty acid solutions to exact molecular equiva
lency.

The oils were selected as typical examples of 
fixtures of glyceryl esters of fatty acids of varying 
degrees of unsaturation. The approximate iodine ab
sorption values of the oils are: cottonseed oil, 110; 
olive oil, 85; linseed oil, 185; and cod liver oil, 160. 
Such material was selected as there is some evidence (24) 
to indicate that the degree of unsaturation of the con
stituent fatty acids of the oils has an effect upon the 
color developed upon treatment with antimony trichloride.

In Table II there is recorded the result of a

489
24. Earl R. Norris, and Anna E. Church, 0£_. cit t
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TABLE I. COLORS PRODUCED THROUGH THE REACTION 
OF UNSATURATED FATTY ACIDS AND GLYCERYL ESTERS 
OF FATTY ACIDS; OR RELATED SUBSTANCES WITH 

ANTIMONY TRICHLORIDE.

<D
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O  43 -ti •H t i  Cti ti O •H

t i r o ® ©  t i O © !>s t i
.  O  t i  43 • H  6 0 Sh 4 3 t i  O

O  -H t i  cd 0  aS O cd O  1—1
O  43 CO O 0  t> U3 t i 0 ati

0) t i  *H •h  m O 0 ■H O
t i ©  H  © 'd (D t i  O r—1 t i 43 -H
t i t i  o  „ti ti t i  O  • t i t i  t i

EH o  ro 4 3  -H O  <D O O FN C  43

1.
cc. 
2

cc.
1

cc
2

2. 3 0 2
5. Oleic acid 1 1 2
4. Oleic acid 2 0 2
5. Linseed oil 1 1 2
6. Linseed oil 2 0 2
7. Olive oil 1 1 2
8. Olive oil 2 0 2
9. Cottonseed oil 1 1 2

10. Cottonseed oil 2 0 2

11. Cod liver oil 1 1 2

12. Cod liver oil 2 0 2

Co
lo
r 
be
fo
re
 

he
at
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g.

Co
lo
r 

af
te
r 

he
at
in
g.

colorless colorless-
colorless colorless
brownish- brownish-

red red
brownish- brownish-

red red
milky-gray milky-gray
milky-gray milky-gray
cloudy with clear -
yellow tint faint amber
cloudy with clear -
yellow tint amber tint
amber with a 
suggestion 
of pink

amber

amber with a 
suggestion 
of pink

amber

blue pink with 
a tint of 
violet

blue red with a 
tint of 
violet



similar experiment, using a solution of halibut liver 
oil in chloroform diluted to represent at least 100 
U.S.P. units of vitamin A per cc. To make this solution, 
0.05 gram of the halibut liver oil was dissolved in 
enough of the alcohol-free chloroform to make 25 cc.
A similar solution of oleic acid was prepared using 
0.05 gram of the fatty acid.

To learn the smallest quantity of the oleic 
acid which will cause a red color to be developed upon 
treatment with antimony trichloride, varying quantities, 
of oleic acid were treated with the reagent in the same 
manner as previously described. A solution of oleic 
acid was prepared in the alcohol-free chloroform so that 
one cc. contained 0.02 gram of the fatty acid. The data 
are recorded in Table III.

Using a solution of cod liver oil and a solution 
of cottonseed oil to which a quantity of the vitamin A 
concentrate had been added, it was possible to compare 
the colors developed under similar conditions by these 
two sources of the vitamin, a record of which is found 
in Table IV. Two grams of the cod liver oil was diluted 
with enough of the alcohol-free chloroform to make 100 cc. 
Two grams of cottonseed oil with an added 0.0016 gram of 
the vitamin A concentrate was diluted with alcohol-free
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TABLE II. COMPARISON OF THE COLORS PRODUCED 
BY OLEIC ACID AND BY VITAMIN A WITH ANTIMONY 
TRICHLORIDE IN THE PRESENCE OF AND IN THE 

ABSENCE OF PYROCATECHIN.

Tu
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Co
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Co
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r 
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r 
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cc. cc. cc.
1. 2 1 2 colorless colorless •
2. 3 0 2 colorless colorless
3. Halibut1liver 1 1 2 blue permanga-

oil nate pink*
4. Halibut liver 2 0 2 blue permanga-oil nate pink
5. Oleic acid 1 1 2 cloudy cloudy

colorless no color6. Oleic acid 2 0 2 cloudy faint
colorless pink

* A permanganate pink is a pink that is tinted with 
violet. The color resembles that of a very dilute 
solution of potassium permanganate - 0.001 N or 
weaker.
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TABLE III. RESULTS OF AN EFFORT TO DETERMINE 
THE SMALLEST QUANTITY OF OLEIC ACID THAT WILL 

PRODUCE A PERCEPTIBLE RED COLOR WITH 
ANTIMONY TRICHLORIDE.

O £
•H •
<U £ d

H  O P  <H 0)
O  *H o  • •H 0) SM p

P o  -d P 'd O (U
<P  2 o  e  p H o •H <h p
O  r—1 5  o o <0 <0 • Sh  •

O • in  d <P -p G  o ,0  60 d  60
(U CO O  60 O d O  H C
6 o  o P o a  r i Pi U  *H

<D -d CM -H o o •H O O  P O  P
& r—1 *H 0) O  <0 1—1 P -P  -H i—l d H  d
3 o  o £  • i—1 p > q  sm O  <D O  <D

Eh $ >  d o  o  o o PM p O  & o  ^

c c . c c . cc
1 . 2 1 2
2. 3 0 2
3. 1 . 0 c c . 1 1 2
4. 1 . 0 c c . 2 0 2
5. 0.5 c c . 1.5 1 2
6. 0.5 c c . 2.5 0 2
7. 0.3 cc . 1.7 1 2
8. 0.3 c c . 2.7 0 2

colorless colorless
colorless colorless
pink pink with 

brown tint
pink pink with 

brown tint
faint pink faint pink
faint pink faint pink
colorless colorless
colorless colorless

The color of the liquid in tubes five 
and six is barely perceptible. Upon 
warming it becomes somewhat intensified.
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TABLE IV. COMPARISON OF THE COLOR DEVELOPED 
BY A NATURAL SOURCE OF VITAMIN A WITH THAT 
DEVELOPED BY AN OIL DILUTION OF THE CONCENTRATE 
WHEN SUBJECTED TO THE CONDITIONS OF THE TEST.

CD *H <D 
,£  -d  £  £ £ CD
P  £  CD Cd -H •H CD £ £

•H g 43 o CD
< £  Eh  to -tf • £ o •H C£ P
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42 H  H  P  H  CO (D i—1 £ P  -H H  cd i—I cd
3 O  O  Cd O  CD 43 43 £  £ O  CD O  CD

t >  to o  co <d  p o P4 <  + = O  s i o  43

cc. cc. cc.
1. ---------  2 1 2 colorless colorless
2. ---------  3 0 2 colorless colorless
5. 0.5 cc1. of the 

cod liver oil 1.5 
solution

1 2 blue
permanga
nate pink*

4. 0.5 cc. of the permanga-
cod liver oil 2.5 0 2 blue nate pink
solution

5. 0.5 cc. of 
the cotton
seed oil and 
vitamin A 
concentrate 
solution

6. 0.5 cc. of
. the cotton

seed oil and 
vitamin A 
concentrate 
solution

1.5 1 2 blue

2.5 0 2 blue

permanga
nate pink

permanga
nate pink

* A permanganate pink is a pink that is tinted with 
violet. The color resembles that of a very dilute 
solution of potassium permanganate - 0.001 N or
weedier
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chloroform to make 100 cc.
In order to study the colors developed with 

antimony trichloride near the limit of sensitivity, a 
series of solutions in chloroform were prepared so that 
one cc. of the solution contained 20 mg. of the substance. 
Oleic acid, cod liver oil, cottonseed oil, and cottonseed 
oil to which a small quantity of the vitamin A concen
trate had been added, were used. One half cc. of each 
solution was measured from a serological pipette and 
was treated with antimony trichloride in the presence 
of and in the absence of the polyphenol. The work is 
recorded in' Table V. Bach cc. of the solution of cotton
seed oil with the vitamin contained 0.03 mg. of the vitamin 
À concentrate.

To determine the relative stability of the colors 
developed with vitamin A and antimony trichloride, re
action mixtures with and without a polyphenol were com
pared on a Klett colorimeter using a 0.001 IT solution 
of potassium permanganate as the standard. The two 
mixtures were compared at intervals as nearly simultane
ously as possible, and were compared with the same so
lution of potassium permanganate. Reaction mixtures 
for this purpose v/ere prepared using the vitamin A concen
trate as the source of the ehromogenie substance. Each
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TABLE V. COMPARISON OF THE COLORS DEVELOPED 
BY SOLUTIONS OF OLEIC ACID, OLEIN, AND VITAMIN 
A NEAR THE LIMIT OF SENSITIVITY OF THE TEST 
USING ANTIMONY TRICHLORIDE WITH AND WITHOUT

PYROCATECHIN.
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2

cc.
1

cc.
2 colorless colorless

2. 1 3 0 2 colorless colorless
3. Oleic acid 1.5 1 2 pink tint pink tint
4. Oleic acid 2.5 0 2 pink tint pink
5. Cottonseed oil 1.5 1 2 colorless colorless
6. Cottonseed oil 2.5 0 2 colorless faint yellow
7. Cod liver oil 1.5 1 2 blue faint pink
8. Cod liver oil 2.5 0 2 blue pink
9. Cottonseed oil 

with the 1.5 1 2 blue permanga-

10.
vitamin A 
concentra.te 
Cottonseed oil 
with the 2.5 0 2 blue

nate pink* 

permanga-
vitamin A 
concentrate

na.te pink

* A permanganate pink is a pink that is tinted with
violet. The color resembles that of a very dilute 
solution of potassium permanganate - O.OOl N or 
weaker.
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mixture contained enough of a chloroform solution to 
represent 0.16 mg. of this concentrate. The solution 
of the concentrate was measured from a 5 cc. Ostwald- 
folin pipette. Each mixture contained the same quantity 
of the antimony trichloride reagent measured from a 
burette; one contained the chloroform solution of the 
polyphenol and the other an equal volume of chloroform. 
Both solutions were made up to a volume of 25 cc. After 
heating the mixtures in the water bath for two minutes 
at 60° C. the tubes were transferred to a water bath at 
20° G., cooled for two minutes, then a small portion of 
the reactioh mixture was transferred to the colorimeter 
cup and compared to the standard solution set at 20 mm. 
Comparisons were made at intervals of five minutes us
ing fresh portions of the cool reaction mixture obtained 
from a stoppered vessel. The data are recorded in Table 
VI and the curves shown in Figure I were plotted from 
these data. The value used as the ordinate was the 
reading in millimeters of the colored solution containing 
the vitamin A. The time reading in minutes was used as 
the abscissa.

The difference in the readings recorded in Table 
VI for tubes two, four, and six can be accounted for by 
the fact that some oxidation of the vitamin occurred
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TABLE VI. COMPARISON, USING A KLETT COLOR
IMETER, OF THE RATE OF FADING OF THE COLORS 
PRODUCED BY TREATMENT OF VITAMIN A WITH 
ANTIMONY TRICHLORIDE IN THE PRESENCE OF AND 

IN THE ABSENCE OF A POLYPHENOL.

Solution number
Time in 1 2 5 4 5 6
minutes P P G

Readings in millimeters

2 16.4 15.0 17.1 16.6 18.0 19.6
7 17.0 15.4 17.6 17.1 26.0 21.8
12 18.4 15.8 18.3 18.1 27.3 21.7
17 19.0 16.0 19.1 18.4 27.0 22.2
22 - - - - - 23.0
27 - - - - - -
60 - 16.5 - 18.6 - -

Solutions number 1 and 3 each contain vitamin A, pyrocatechin, and antimony trichloride in a 
chloroform medium. P - pyrocatechin.

Solution number 5 contains vitamin A, guaiacol, 
and antimony trichloride in a chloroform medium.
G - guaiacol.

Solutions number 2, 4, and 6 each contain 
vitamin A, and antimony trichloride in chloroform 
medium.

All solutions were warmed at 60° C. for two minutes 
before being cooled to 20u C. and compared a 0.001 N 
reference solution of potassium permanganate set at 
20 mm. on the colorimeter sca.le.
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FIGURE I. GRAPHIC RECORD OP THE RATE OP 
FADING OP THE COLORS PRODUCED BY TREATMENT 
OP VITAMIN A WITH ANTIMONY TRICHLORIDE IN
THE PRESENCE OP AND IN THE ABSENCE OP A

POLYPHENOL.



between the preparation of the successive sets of re
action mixtures. Further, a new and different solution 
of the vitamin concentrate was used in the preparation 
of the set of solutions numbered five and six.

A solution of halibut liver oil was prepared 
in U.S.P. chloroform so that 1 cc. was equivalent to 
100 U.S.P. units of vitamin A. This solution was used 
in an effort to determine in a semi-quantitative manner 
the relative sensitivity of the reaction with vitamin A 
of antimony trichloride in the presence of and the absence 
of a polyphenol. Typical data are recorded in Table VII.

Solutions of carotene using both the anhydrous 
and the U.S.P. grade of chloroform were prepared and 
treated with antimony trichloride in the presence of 
and in the absence of pyrocatechin, the coldrs being 
observed upon mixing and after heating. A reaction 
mixture containing 0.1 mg. of carotene in a total volume 
of five cc. gave a greenish-blue tint changing immedi
ately to blue and remaining unaltered on the application 
of heat, larger quantities of carotene gave deeper 
shades of blue. Both solutions of carotene behaved simi
larly, there being no apparent difference in the intensity 
of color developed. It was noted that the full blue color 
was developed more rapidly in the absence of the pyro-

26.
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TABLE VII. COLORS PRODUCED WITH VITAMIN A AND 
ANTIMONY TRICHLORIDE IN THE PRESENCE OF AND IN 
THE ABSENCE OF PYROCATECHIN IN AN EFFORT TO 
DETERMINE THE SENSITIVITY OF THE TEST.
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•n" •H d

iH  O d d p •H
•H O  O  CQ •H O d P
O  P  P to i— 1 0) d

CD o to to (D
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ffl O  !h S  < ! p •H CD
t> CD Gj d d d

•H r—1 • ti £3 o P O CD
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d  >  * S o d k î  d CD <d
p  O t I cq d <H d  o to d
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to P  CFto *H d a  p d d
•H d  <D > o •h  d O o
i—1 r—! O H lO P  H i—1 1—1
d  o  ai O  <P to • d  o o o

to CQ .H  H  O o o <* to o o

0.00 cc. i 2 co. 1 cc. 2 cc. colorless colorless
0.00 3 0 2 colorless colorless
0.03 1.97 1 2 faint

tint
blue colorless

0.03 2.97 0 2 faint
tint

blue faint pink 
tint

0.1 1.9 1 2 blue pink
0.1 2.9 0 2 blue rose
1.0 1.0 1 2 blue red
1.0 2.0 0 2 blue violet-

red
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catechin.
A chloroform solution containing 0.025 mgs. of 

alpha-carotene per cc. was subjected to the action of 
the Garr-Price reagent in the presence of and in the 
absence of the polyphenol. In every case studied, a 
blue color developed within one minute, and this color 
seemed to be intensified slightly by heating. When 
quantities of alpha-carotene between 0.05 mg. and 0.5 
mg. were used in the reaction, the color developed had 
a faint lavender tint. The smallest quantity of alpha- 
carotene which gives a definitely recognizable blue 
color, or blue tint with lavender, was found to be
0.05 mg.

Beta-carotene behaves as does the alpha?carotene 
used in the preceding experiment. This substance gives 
the typical ultramarine blue color which persists for 
hours at room temperature. With the smaller quantities 
of beta-carotene, the lavender tint likewise appeared.

Cholesterol in chloroform solution had been ob
served to react in a peculiar manner with the antimony 
trichloride reagent. To further study this reaction, 
solutions of antimony trichloride, guaiacol, and chole
sterol were prepared using the U.S.P. grade of chloro
form as the solvent. The antimony trichloride reagent



29.

was prepared as before, the guaiacol was a 5% by volume 
solution, and the cholesterol was of such a concentration 
that one cc. represented 0.01 gram of the sterol.

One reaction mixture consisted of five cc. of 
the cholesterol solution, one cc. of the guaiacol so
lution, four cc. of chloroform, and five cc. of the 
antimony trichloride reagent. Its co nip anion mixture 
was the same except that instead of one cc. of the 
guaiacol solution, an extra cc. of chloroform was added. 
The total volume in each mixture was 15 cc.

The color was noted just after adding the anti
mony trichloride, and again in two minutes just before 
transferring to the water bath. Each mixture was warmed 
at 60° G. for two minutes, immediately transferred to 
another bath at 20° 0. where it was kept during the 
observations. Record of the color was made at five 
minute intervals while in the cool bath. The color 
changes are recorded in Table VIII.
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TABLE VIII. COLORS DEVELOPED BY CHLOROFORM 
SOLUTIONS OF CHOLESTEROL UPON TREATMENT WITH 
ANTIMONY TRICHLORIDE IN THE PRESENCE OF AND 
IN THE ABSENCE OF GUAIACOL.

Time Reaction mixture 
with guaiacol.

Reaction mixture 
without guaiacol.

Upon addition 
of antimony 
trichloride

pink pink

Two minutes 
after addition 
of antimony 
trichloride

blue blue

Four minutes 
after addition 
of antimony 
trichloride
(warmed for 
two minutes)

violet-pink greenish-
blue

Nine minutes 
after addition 
of antimony 
trichloride

violet-pink greenish-
blue

Fourteen 
minutes after 
addition of 
antimony tri
chloride

violet-pink greenish-
blue

Two hours after 
addition of 
antimony tri
chloride

violet-red violet
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CHAPTER IY 

DISCUSSION

1. Oleic acid, and to a less extent cotton
seed oil, and olive oil gave a reddish color upon treat
ment with chloroform solutions of antimony trichloride, 
Doth in the presence of and in the absence of the poly
phenol. This red color is somewhat intensified upon 
heating. It thus appears that unsaturated fatty acids, 
esters of these acids, or substances associated with 
such materials are chromogenic substances. The red 
color which is produced under the conditions of the test 
with such materials is a brownish-red in relatively high 
concentrations, but near the limit of sensitivity, the 
color is a pink. The pink color which appears with small 
amounts of oleic acid, resembles the color which appears 
with small amounts of vitamin A. Cod liver oil in com
paratively high dilution, upon treatment with antimony 
trichloride reagent gives a primary blue color which 
changes to a pale red or pink upon warming at 60° C. 
for two minutes, '•‘■'his pale red or pink color may be 
due to the unsaturated character of its constituent 
fatty acids, or may be due in part to the presence of 
the vitamin. Oleic acid present to the extent of 10 mg.
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in five cc. of a reaction mixture, produces a deeper 
red color than does an equal weight of a superior grade 
of cod liver oil diluted to the same volume.

2. vitamin A with antimony trichloride gives
a primary ultramarine blue which changes to a secondary 
violet-red or violet-pink color upon heating at 60° C. 
for two minutes. This sequence of colors appears in 
reaction mixtures containing polyphenols or derivatives 
such as pyrocatechin or guaiacol. These characteristic 
colors also appear in reaction mixtures in which the 
polyphenol has been omitted. The colors are the same 
whether anhydrous, alcohol-free chloroform or the U.S.P. 
grade is used as the solvent and diluent.

3. The secondary color produced in the presence 
of a polyphenol is apparently no more stable than is a 
similar color produced in the absence of such a phenol, 
i'he curves in Figure I that have been drawn from the data 
appearing in Table Yl are sufficiently alike for each 
set to show that any stabilizing effect is relatively 
negligible. The colors which are produced in each case 
appear to match the solution of potassium permanganate 
perfectly, although the solution containing the poly
phenol changes in color (becomes a brownish-red) to a 
greater degree as time passes than does the solution
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containing no polyphenol. In one experiment, it was 
possible to match the color produced in the absence of 
the pyrocatechin with the potassium permanganate solution 
after as much as an hour had elapsed.

4. When pyrocatechin or guaiacol is used in con
junction with antimony trichloride as a test for vitamin 
A, the intensity of the color produced is always slightly 
less than is the intensity of the color produced with 
the same quantity of vitamin A but with the phenol omitted. 
This action as an inhibiting agent is in agreement with 
the findings of Levine and Richman (25) who reported that 
the presence of an hydroxy group in a compound reacting 
with antimony trichloride acted to inhibit the color pro
duction. Rosenthal and Erdelyi (26) have also recorded 
results which indicate that phenols exert an inhibiting 
effect on the color production. They reported a scarcely 
discernible blue color when antimony trichloride reacted 
with a solution containing 0.001 mg. of vitamin A per cc. , 
but upon the addition of guaiacol and the application of 
heat the color disappeared.

25. Victor E. Levine, and Eudice Richman, op. 
cit., 373.

26. Eugene Rosenthal, and John Erdelyi, op.cit., 
Biochemische Zeitschrift. CCIXXI (1934), 414.
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5. The fact that the same violet-red color is 
produced whether a polyphenol is included in the reaction 
mixture or not, and the fact that the polyphenol does not 
seem to exert any definite stabilizing effect upon the 
color that is produced, casts some doubt upon the belief 
that a polyphenol is an essential component of the re
action mixture. An interesting bit of data was gleaned 
from the literature regarding this particular aspect of 
the problem. In 1931, Erode and Magi11 (27) examined 
spectroscopically the red or faded solution obtained by 
allowing a reaction mixture involving antimony trichloride 
and vitamiri A in chloroform solution to stand for a time 
at room temperature. These workers reported the presence 
of absorption bands at 472 mu and at 532 mu. Rosenthal 
and Weltner (28) examined by means of the spectrophotome
ter, the violet-red colored solution they obtained by 
warming at 60° C. for two minutes a mixture of vitamin A, 
antimony trichloride, and guaiacol all in chloroform so
lution. When the absorption spectrum of this secondary 
violet-red color was examined within 10 minutes, bands

27. Wallace R. Brode, and Mary A. Magill, op. 
cit., 95.

28. Eugene Rosenthal, and Margaret Weltner, op. 
cit., 1037.
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were noted at 475 mu and at 545 mu. Twenty minutes later 
these hands had resolved into hands at 470 mu, 485 mu,
535 mu, and 552 mu.

xhus, both groups of workers report hands in the 
same relative positions. As the bands that are shown by 
the absorption spectrum of the blue solution obtained by 
treatment of vitamin A with antimony trichloride are known 
to appear at 572 mu and at 605 mu (29), it is quite evi
dent that some change has taken place in the chromogen.
As the change seems to have been about the same in the- 
substances examined by the two groups of workers, it is 
possible that the red solution studied by Brode and Magill 
may have been the same as the violet-red solution studied 
by Rosenthal and Weltner. In the course of the present 
work, it has been observed that in solutions of vitamin 
A concentrate where some oxidation has taken place, the 
violet-red color obtained by subjecting the solution to 
the conditions of the reaction, is more red and less 
violet than is the color obtained with a fresh solution 
of vitamin A concentrate. This fact may account for the

29. Isidor Morris Heilbron, Albert Edward Sillam, 
and Richard Alan Morton, nSpecificity in Tests for Vitamin 
A. A Hew Conception of the Chromogenic Constituents of 
Eresh and Aged liver Oil." Biochemical Journal, XXV,
Ho. 4 £1931), 1352.
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difference in the terms used hy the two sets of workers 
to describe the colored liquids.

6. The efforts to determine the sensitivity to 
the presence of vitamin A of the ^arr-Price reaction when 
modified by warming, indicate that about 50 U.S.P. units
of vitamin A must be present in order to obtain a definite
ly recognizable violet-pink secondary color. When a poly
phenol is included in a reaction mixture, the test is 
slightly less sensitive as judged by the intensity of the 
color that is produced. With quantities of less than 50 
units of vitamin A, a red color appears, but it is very 
difficult to recognize it as being definitely indicative 
of vitamin A. The red color may be due to some other 
substance found associated with vitamin A.

7. Carotene, alpha-carotene, and beta-carotene 
have been found to give rise to a blue color upon treatment 
with antimony trichloride, the color persisting unchanged 
upon warming at 60° C. for two minutes. This color appears 
when a polyphenol is included in the reaction mixture as 
well as when the polyphenol is omitted. The use of an
hydrous, alcohol-free or the U.S.P. grade of chloroform
is optional as no apparent effect upon the color produced 
has been observed. The report by Rosenthal and Szilard 
that the blue color given by carotene with antimony tri-
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chloride disappears on warming with guaiaeol (30), 
has not been confirmed in the present work. In fact, 
the blue color has been observed to persist for more 
than two hours during numerous experiments.

8. Cholesterol, or an associated substance, 
because of its peculiar reaction with antimony tri
chloride, will undoubtedly interfere with the Rosenthal- 
Erdelyi modification of the Oarr-Price reaction for 
vitamin A and carotene. When a cholesterol solution 
in chloroform is treated with antimony trichloride in 
the presence of guaiaeol, a pink color appears that 
changes to iblue within one minute. Upon heating this 
mixture for two minutes at 60° 0. the blue changes to 
a violet-pink that gradually grows darker. When a simi
lar quantity of the cholesterol solution is treated with 
antimony trichloride alone, a pink color appears that 
changes to blue within one minute. However, upon 
heating this mixture at 60° C. for two minutes, a 
greenish-blue color is produced 7/hich persists for at 
least 15 minutes. After standing for one hour at room 
temperature, all the solutions, with and without the

30. Eugene Rosenthal, and Catherine Szilard, 
nA Hew Method of Determining the Vitamin A Content of 
Blood." Biochemical Journal, XXIZ, Ho. 5 (May,1935), 1039.



guaiaeol develop an intense violet color. At this time 
the reaction mixtures in which the guaiaeol has been 
used are more red and less violet than are the mixtures 
in which the guaiaeol has been omitted. The addition 
of 0.1 cc. of acetic anhydride to the reaction mixtures 
results in solutions of the same color, but more brilliant 
than those just described.



CHAPTER 7

SUMMARY

1. When vitamin A is treated with antimony 
trichloride using chloroform as the solvent, the 
primary blue color which develops changes to a secon
dary violet-red or violet-pink upon warming to 60° C. 
for two minutes. The same sequence of the same colors 
appears whether pyrocatechin or guaiacol is included 
in the reaction mixture or not.

2. 7/hen vitamin A or carotene is treated with 
antimony tr'ichloride, the presence of pyrocatechin or 
guaiacol inhibits to a slight degree the production of 
the characteristic colors.

3. Oleic acid, certain low melting fats, or 
associated substances produce a red color tinted with 
brown upon treatment with the antimony trichloride re
agent. Warming to 60° C. tends to intensify the color 

slightly.
4. When the antimony trichloride reagent is 

used with guaiacol for the detection or estimation of 
vitamin A through the production of a secondary violet 
red or violet-pink color, cholesterol is apparently an 
interfering substance.
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5. A persistent blue color is produced when 
alpha or beta carotene, or a mixture of the two, is 
treated with antimony trichloride in the presence of 
or in the absence of pyrocatechin or guaiacol.

6. The same colors are produced and the same 
color changes take place when anhydrous alcohol-free 
chloroform and when the U.S.P. grade is used as the 
solvent and diluent in the reactions described in this 
paper.

I
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