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I N previous reports  (1, 2) we have studied the fac- 
tors affecting the yields of p o l y b r o m i d e s  f rom 
methyl arachidonatc and of hexabromides f rom 

linolenic acid and have shown in both instances tha t  
the relationships are empirical. In terpola t ion curves 
based on our data were proposed for the estimation 
of methyl arachidonatc in methyl ester mixtures and 
of linolenic acid in fatty acid mixtures. Analytical 
findings based on these curves arc highly specific, un- 
like the results found with spectrophotomctric and 
thioeyanometric technics. Both of the latter methods 
can also he used for the estimation of ]inoleie acid 
and have been widely used for that purpose, but, 
here again, the accuracy of the resnlts depends on an 
assumption, namely, that ]inoleic acid (cis-cis 9,12- 
octadecadienoic acid) is the only dienc unsaturation 
present in the mixture. 

Only two specific tests for linoleic acid are known, 
i.e., the formation of two sat]vie acids upon cold 
permanganate oxidation and of an insoluble tetra- 
bromostearic acid upon bromination in cold petroleum 
ethcr. The sat]vie acid reaction is not well adapted 
to a quantitative procedure. The formation of a tct- 
rabromostearic acid is cxcellent from the standpoint 
of specificity, but its value is thrown in question by 
the early observation (3) that the yield of insoluble 
bromides is somewhat less than half of the theoretical 
yield, due to the simultaneous formation of soluble, 
iron-crystalline bromides. 

In 1938 Brown and Franke l  (4) found the tetra-  
bromide number  (i.e., the per cent yield of petroleum 
ether insoluble bromides) of a specimen of a-linolcic 
acid (i.e., a specimen p repared  by dcbrominat ion of 
te t rabromides)  to be 90.6 and proposed the following 
equation for  est imating the linoleic acid content of 
f a t ty  acid mixtures :  

TbN y,, 100 
linoleie, acid, per  cent - -  

90.6 

where TbN is the te t rabromidc number  of the speci- 
men in question and 90.6 is the TbN of a-linoleic acid. 
They stated fu r the r  that  " t h i s  method unavoidably  
will give low results if too small samples are used, or 
if  the specimen contains relat ively small amounts  of 
linoleie acid, conditions which will exaggerate the 
unavoidable er ror  of solubility in the wash l iqu id ."  
Their  suggestion of pa r t ly  correcting this e r ror  by  
using petroleum ether which has been sa tura ted  with 
te t rabromidcs has not been fu r the r  explored in our 
work for several reasons, but  mainly  because of the 
probable heterogeneous na ture  of the precipi tated 
bromides. 

Since 1938 there have been several reports  dealing 
with various aspects of the bromide method for  lino- 
leic acid estimation. Special mention should be made 
of a s tudy of the linoleic acid of seed oils by  Hildi tch 
and Jasperson (5), who brominated  the mixed f a t t y  
acids of several of these oils and, in addition, speci- 
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mens of a- and fl-linoleic acids. They concluded, ill 
pa r t  on the basis of te t rabromidc  yields, that  the 
na tura l  and a-linoleic acids were identical. Kass, 
Lundberg,  and Bur r  (6) determined the linoleic 
acid contents of several oils both thiocyanometrical ly 
and f rom the te t rabromidc  yields and concluded that  
only one fo rm of the acid was present  in corn, cot- 
tonseed, peanut,  poppyseed,  sunflower, and olive oils. 
On the other hand, Frankel ,  Stoneburner ,  and Brown 
(7) noted that  a linoleic acid concentrate of olivc oil 
acids which had been isolated by  low tempera ture  
C~Tstallization gave a lower te t rabromide  number  
than  normal  and concluded that  more than one octa- 
decadienoie acid was present  in this oil. Kass et al. 
(loc. cit.) concluded that,  as an analyt ical  tool, the 
te t rabromide number  is of questionable significance 
in that  the precipi ta t ion of a- te t rabromostear ic  acid 
is markedly  affected by the component  f a t ty  acids of 
the oil. 

In  1941 Matthews, Brode, and Brown (8) by  re- 
peated recrystall ization of a-linoleic acid isolated a 
product  of tc t rahromide  number  102.9 and, on the 
basis of their  results, proposed that  the a-linoleic 
acid, as they had prepared  it, is a mixture  of isomers 
of which linoleic acid is the pr incipal  eompolwnt. 
Their  final crystal  f ract ion was doubtless the purest  
specimen of linoleic acid prepared  up to that  time. 
The use of the factor  102.9 in lflace of 90.6 in the 
above equation na tu ra l ly  follows but  does not correct 
for  the inherent solubility errors, noted previously. 

lu  the present  work we had hoped to be able to 
repor t  finding the comparat ive ly  simple relationships 
between amounts  of linoleic acid brominated  and tet- 
rabromide yields such as we have found in s tudying 
similar relat ionships with methyl  arachidonate and 
linolenic acid. With  the former,  the polybromide 
yields were relat ively unaffected by  the presence of 
other methyl  esters, and with linolenic acid only a 
comparat ive ly  slight solubilizing effect of other f a t ty  
acids was noted. In  the case of linoleic acid, on the 
other hand, we have found that  the yield of tetra- 
bromides is grea t ly  affected by  the presence of other 
acids so that,  at  first, no simple curve seemed possible 
to describe the empirical  relationships which were 
found. The yield was even affected to a certain ex- 
tent  by  var ia t ion in the b r and  of petroleuln ether 
employed in the determination.  

I t  finally occurred to us that  the many  variables 
affecting the te t rabromide  yield can be accounted for  
in large par t  by  bromina t ing  1.0-g. specimens of lino- 
leic acid and of liuoleic-oleic acid mixtures  and plot- 
t ing the yield of bromides against  the per  cent of 
linoleic acid in the specimen brominated.  The curve 
based on these data  can be used as an interpolation 
method for determining the linoleic acid content of a 
f a t t y  acid mixture,  provided no appreciable  amounts 
of linolenic and other polyethcnoic acids are present 
in the mixture.  D a t a  arc presented in Table I I I  f rom 
which it is possible to draw curves based on 2.0, 1.(). 
aud 0.5 g. samples of f a t t y  acids. 
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Linoleie acid alone (Table I [ )  shows a wide varia-  
tion iu tetrabrolnide number  in that  specimens of the 
pure  acid vary ing  f rom 2.0 g. to 10 rag. gave te t rabro-  
mlde numbers  of 103.7 to zero. 

T A B L E  i 

The  T e t r a b r o m i d e  N u m b e r  of Linole ic  Acid in  
Seve ra l  B r a n d s  of P e t r o l e u m  E t h e r  

Linole ic  ! 

Acid  ~fall ine- I Bromi-  Gene ra l  
na ted  k "odt ,~,e r e k  I Chemica l  

g. 30_60 o 30-60 ] 20.40 ~ 
. . . . .  ] 

2.0 90.3* 90.0* 90 .1"  
1.0 84.7 I 85.7 I 88.2 
0.5 ] 69.6 I 74.6 ] 78.3 

Obse rved  T e t r a b r o m i d e  N u m b e r  

* A v e r a g e  of two de t e rmina t i ons .  
** P robab ly  too high.  

Gene ra l  I Skelly- 
Chemical  I B a k e r  s o l v e  

35"60~ I 3 0 " 6 0 ~  B 
I 

84.3* I 90.3* ...... 
82 .4  ] 84.2 83.2 
8 3 . 1 " *  I 70.3 82.4 

A large series of linoleie acid concentrates f rom 
corn oil, safflower oil, and but te r  fa t  were subjected 
to the proposed procedure of analysis and the results 
eonlpared with linoleic acid contents as calculated 
f rom the iodine number,  in a major i ty  of the analy- 
ses tile agreement  is excellent. When results by the 
tetrabroInidc metho(t are found to be lower than those 
by tile iodine number,  it is interpreted that  the dif- 
ference is due to the presence of isomeric diane acids. 

:Exper imenta l  
The Effect  of Petroleum Ether  Brand on the Tetra- 

bromide Number  of Linoleic Acid. Petroleum ether 
of 30-60~ boiling range is a complex mixture  of 
hydrocarbons.  Different brands  of this solvent rep- 
resent products  of different origin and composition. 
An immediate I)roblem in s tudying t e t r a b r o m i d e  
yields is to select aud always use an ether of constant 
eompositiou. I t  is even impor tan t  not to use a speci- 
inen of recovered solvent because a variable amount  
of hlw boiling material  will unavoidably  have been 
lost. 

in investigating conlparative tetrabronlide yields in 
different brands  of petroleuIn ether, we have used a 
specimen of linoleie acid p repared  in this laboratory 
by Mrs. Betty M. Orians by low tempera ture  crystal- 
lization of the fa t ty  acids of corn oil. I ts  content of 
octadecadienoic acid calculated f rom the iodine num- 
ber as a b inary  lnixture of linoleic and oleie acids, 
was ,949~. Fi'on~ our one-grain curve mentioned later, 
its l i n o l e i e  a c i d  content was found to be 87.5~.. 
Alnounts of this acid very close to 2.0, 1.0, and 0.5 
g. were bronlinated ill five different brands  of reagent 
grade, petroh'alln ether and in Skellysolve B. 

The te t rabromide  yields were determined by the 
use of tile same method as we have previously de- 
scribed for  lnethyl arachidonate and linolenic acid, 
with the excel)tion, of Course, of subst i tut ing petro- 
leum ether for etlmr. Briefly, the brominat ions were 
niade in tared 50-ca. centr i fuge tubes in 35 cc. of cold 
(0-3 ~ solvent. Af te r  centrifugation,  three thorough 
washiIlgS in 35-ec. port ions of cohl soh, ent were made, 
and tile tube and residual bromides left overnight at 
about 60~ '.. for  solvent to  evaporate,  h i  order to 
compare, results with tile five petroleum ethers, tile 
te t rabromide yields were then corrected to 2.0, 1.0, 
and 0.5 g. respectively and expressed in Table I as 
tile te t rabromidc  nunlbers. 

Two points stand ant in Table i, namely, the fail" 
a g r e e l n e n t  between the valnes obtained with Mal- 

l inckrodt 's,  Baker 's ,  and Merck 's  ethers, all of which 
are 30-60 ~ fractions, and tile tendency of the results 
with both General Chenlieal 's f r a c t i o n s  and with 
Skellysolve B to show less decrease in tetrabrolnide 
nunIber with decrease in weight of saml)le bromi- 
hated. None of the last three solvents has a coinpara- 
ble boiling range 1o the first three. Skellysolve B, 
for example, is a much more closely cut fract iou 157- 
63~ The use of General Cbelnieal 's 35-60 ~ ether 
anti of Skellysolve B should be fur ther  explored. Ill 
the work which follows 5Ial l inekrodt 's  p e t r o l e n m  
ether (30-60 ~ was used cxchlsively. 

The Tetrabromidc Number  of Linoleic Acid in I?e- 
lation to the Amou~t  of Acid  l)rominated. In Table 
11 are shown the te l rabromide nl~lnbers of linoleic 
acid over a wide weight range of samples bromi- 
nated. The specimen of linoleie aeid used in this and 
later experiments  was prepared  ill this laboratory by 
Dr. F. J.  I~aur 19), who repeatedly reerystallized 
a-linoleie acid by a simplified modiiieation of the low 
tempera ture  erystallization procedure d e s e r i b c d by 
3 I a t t h e w s ,  Brode, and Brown (8). The specimen, 
from which presimiably most, if not all, of the iso- 
meric diene acids had been removed, had all iodine 
nnmber  of 180.8 and nlelted sharply  at - -5 .0  ~ Baur  
reported its te t rabromide mlmber  to be 106.0, but, 
npon redetern\ination of this value at the 2.0-g. level, 
we found it to be 103.7. F rom our 1.0-g. curve, noted 
later. Mat thew's  acid of te t rabromide nmnber  102.9 
was found lo be 99.8<)4 pure. It  shouht be fur ther  
noted that  Mat thew's  acid, as analyzed speetrophoto- 
metrically by Brode, Patterson, Brown, and Frankel  
(10), contained 1.21}{, of conjugated U l i s a t u r a t i ( / n ,  
nlainly of the diene type. 

Tlie vah!es in Table I I  were found by our einpirical 
method of determining bronlide yields. 

The data in Table I[ require no discussion, except 
to point out the anomalous rise in te t rabromide num- 
ber at the 0.05-g. level. Because the, values in Table 
I I  are of liltle analytical use, this finding was not 

T A B L F  I f  

The  T e t r a b r o m i d e  N u m b e r  of Linoleic  Acid as  
Affected by the A m o u n t  of Acid B r o m i n a t e d  

I , inoleie Acid 
g.  

1.9963 

1.0032 
1.0002 

0.4996 
0 .4994 

0.3509 
0.3497 

0.2498 
0 . 2 4 9 8  
0.2498 

0 .0999 
0 .0999 
0 .0999 

0.0500 
0 .0500  
0.0500 

0 .0300 
0 .0300 

0.0200 
0.0200 
0 .0200 

0 .0150 
0 .0150 

0 .0100 
0 .0100 

T e t r a b r o m i d e s  
g. 

2 .0709  

0 .9882 
0 .9857 

0 .4369 
0 .4355 

0 .2640  
0 .2613 

0 .1636  
0 .1657 
0 .1628 

0.065"3 
0.0663 
0 .0672 

0 .0359 
0.0351 
0 .0367 

0 .0169  
0 .0188 

0.009"3 
0 .0096 
0 .0096 

0 .0032 
0 .0036 

T r a c e  
T r a c e  

T e t r ab romido  
N u m b e r  

1 0 3 . 7  

98.5 
98.6 

87.5 
87.2 

75.3 
74.7 

65.4 
66.3 
65.1 

65.3 
66.3 
67.2 

71.8 
70.2 
7"3.4 

56.3 
62.7 

46.5  
48 .0  
48.0 

21.0 
24.0 
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fur ther  investigated. As little as 10 rag. of linoleie 
acid is detectable by the method emph)yed while 15 
mg. of the acid, if no other acids are present,  gives a 
te t rabromide number  of more than 20. These find- 
ings should be compared to those listed in Table i I I  
in which it is shown that  in a 1.0-gram mixture  of 
acids nearly 200 rag. (20%) of linoleic acid must  be 
present to be detectable by  tlle test, 

Tetrabromide Yields From Li,wleic Acid a,wl J~:no- 
leic-Oleic Aicd Mixtures When Two-, One-, and One- 
Half-Gram Specimens Are Brominated. After  several 
series of exploratory experiments,  the bromide yield 

T A B L E  I I I  

Te t rabromido  Yields F r o m  Linole ic  Acid and Linoleie-Oleic 
Acid MLxtures, Wi th  Da ta  Corrected to Two-, Ono-, 

and  One-IIa l f -Oram Spocimens 

Composit ion of Mix ture  
Bromina ted  

l , inoleic Oleic Total  
g. g. g. 

Linoleic  
Acid 

Per  Cent 

Yield 
Tetrabro- 

mido 
g. 

Yield 
Corrected 

g.* 

Two-Gram Samples 

1.9963 0.0 1.9963 100.01 2.0709 2.0750 
1.8793 0.1206 1.9999 94.0 1.8237 1.8237 
1.0016 1.0O00 2.0016 49.9 (I.7498 0.7490 
0.5015 1.5000 2.0015 25.1 0.2129 0.2128 
0.3497 1.6500 1.9997 17.5 (I.0280 0.0280 

One-Gram Sample6 

1.0032 0.0 1.0032 100.0.* 0.9882 0.9850 
1.0002 0.0 1.01)02 1()0.0 * ~ 0.9857 0.9b155 
0.7643 0.2352 I).9995 76.5 0.7100 0.7104 
0.7571 0.244,1 1.0015 75.6 0.7055 0.704,1 
0.6037 0.4145 1.01~2 59.3 0.5408 0.531 l 
o.4993 0.4997 0,9990 50.1 o.2901 0.39135 
0.4934 0.,t990 0.9924 49.7 0.4255 0.4288 
0.4591 0.5356 0.9947 46.2 0.3357 0.3375 
0.4542 0.5456 0.9998 45..1 (1.3571 0.35725 
0.4492 0.5512 1.0004 44.9 0.3808 0.3807 
0.4074 0.5921 0.9995 49.8 0.3407 0.3409 
0.4009 0.6203 1.0212 39.3 0.2992 0.2930 :[: 
0.3537 0.6424 0.9961 35.5 0.2708 0.2719 
0.3147 0.6836 0.9973 31.5 0.2411 0.2415 
0.3056 0.6964 1.0020 30.5 0 .2164 0.2160 
0.2567 0.7690 1.0257 23.9 0.1290 0.1258 
0.2550 0.7456 1.0006 25.5 0.1578 0.1577 
0.2318 0.7790 1.0108 2'2.9 0.(~890 0.0880 
0.2054 0,8612 1.0666 19.3 0.O216 0.02(/4 
0,2011 0.8000 1.0011 20.0 0.Ol 55 0.0155 
9.1993 0.8544 1.0537 18.9 0.0067 0.0965 

One-Ualf-C~: am Sample s  

0.4996 0.0 0.4996 100.01 I 0 .4369 0.4373 
0.4994 0.0 0.4994 10O.0§ ' 0 .4355 0.4360 
0.2466 0.2542 0.5008 49.2 0.1344 0.1342 
0.1438 0.3563 0.5001 28.8 0.0334 0.0334 
0.0998 0.4008 0.5006 19.9 Trace  Trace 

�9 These yields are co:rected to exactly 2.0-, 1.0-, and  0.5-g. saml:les 
brominated.  

~" I-Iowever, Mat thew's  acid, p repa red  by a s imi la r  bu t  longer  pro- 
cedure, con ta ined  1.2 per  eont of conjugated u n s a t u r a t i o n  (10 ) .  

;t These va lues  are seriously "off the curve ."  

was found to be great ly affected both by  tile amount  
of linoleic acid present  in a mixture  and by the 
amount  of other acids present.  Thus, there seemed 
at first to be almost an infinite number  of variables. 
I t  finally occurred to us that  most of these variables 
can be taken into account by the use of a curve in 
which is plotted the bromide yields f rom 1.0-g. speci- 
mens of linoleic acid and of a range of linoleic-oleic 
acid mixtures  against  the per  cents of linoleic acid 
in these specimens. The linoleic acid content  of a 
given mixture  call then be ascertained by  interpola- 
tion f rom this curve provided a 1.0-g. sample of 
unknown is brominated  and the weight of te t rabro-  
mides found. Actually,  in practice, it is only neces- 
sary to brominate  an approximate ly  1.0-g. sample, 
and to correct the yiehl of bronfides to the a m o u n t  
which will be obtained f rom 1.0 g. By plot t ing tile 
tetrabronfide yield, instead of the te t rabromide  num- 

ber, it is equally possible to prepare  curves f rom 
data based on 2.0- and 0.5-g. samples, and to read by 
interpolation the per  cent linoleic acid in a mixture  
if its tetrabronfide yield has been determined. 

In Table I I I  data  are recorded f rom which three 
such curves can be drawn. The linoleic acid em- 
ployed in securing these data  was again Baur ' s  prep- 
aration. The oleic acid was p repared  f rom olive oil, 
tile (',,~ f ract ion f rom this was repeatedly crystallized 
to remove the last traces of linoleic acid and most of 
the stearie acid. I ts  iodine number ,  88.2, is indicative 
of a content of about  2% of stearic acid. 

Curves were drawn f rom the data in Table III and 
f rom them simplified data for the construction of 
curves for analyt ical  use were read for  five even per- 
centage levels, as shown in Table IV. 

T A B L E  I V  

Simplif ied Da ta  for  D r a w i n g  In t e rpo l a t i on  Curvos for  the 
Es t ima t ion  of Linoleic  Acid in F a t t y  Acid Mixtures  

F rom the Te t rab romide  Yields 

Te t rabromide  Yield 
Linoleie Acid 

Per  Cent 2.0 g. 1.0 g. 

100 ............................................... 2 .075 0.985 
75 ............................................... t .420 0.702 
50 ................................................ 0 .748 0.437 
25 ................................................ 0 .213 0.152 
20 ................................................ i 0 .035 0.028 

o.5~. 

0.436 
0.286 
0 . t 3 9  
0.018 
Trace 

The limit o f  sensitivity of the procedure for  the 
detectiou of linoleic acid in f a t ty  acid mixtures  is 
shown to be between 15 and 20%. This explains the 
previous faihlre to find linoleie acid in bu t t e r  fa t  
(11, 12) which usually contains about  5% of total 
oetadecadienoie acids and p robab ly  also the fai lure 
to identify the acid in m a n y  other fats  and oils 
which contain it in relat ively small amounts. For  
example, linoleic acid is present  in beef fa t  but  is 
not detectable by  the brominat ion  test until  a eou- 
eentrate has been p repared  by  crystall ization (13). 

In the course of an extended crystallization s tudy 
of the fa t ty  acids of corn oil, Mrs. B. 3I. Orians, in 
this laboratory,  isolated a series of linoleie acid con- 
eentrates with iodine numbers  ranging f rom 180.7 to 
111.4. In  Table V we have compared the linoleic 
acid contents of these mixtures  as evaluated f rom 
the curves mentioned above with the values as cal- 
culated f rom the iodine numbers,  assuming only oleic 
and linoleie acids to be present  in each mixture.  This 
assumption is reasonably valid because by the crys- 
tallization procedures which were used it is easy to 
remove all except the last traces of sa tura ted  acids. 
Three linoleic acid concentrates f rom safflower oil and 
bn t te r  fa t  have also been assayed in Table V. 

Of the 14 corn oil linoleic acid concentrates in 
Table V, Specimens 2 and 9-14, inclusive, show excel- 
lent agreement  by  the two methods of estimation. 
Specimens 1, 3, 5, and 8 gave apprec iably  lower lino- 
leie acid contents by  tile te t rabromide  method than 
f rom the iodine number  calculation. This finding 
we believe to be due to the presence of appreciable 
amounts  of isomeric oetadecadienoie acids in these 
mixtures.  This is also the case with the two concen- 
t ra tes  f rom bu t t e r  fat. This is the first authentic 
finding of linoleic acid in bu t te r fa t ,  about  three- 
fourths of Specimen 16 and two-thirds of Specimen 
17 consisting apparen t ly  of ordinary linoleie acid. 
This finding will be repor ted elsewhere in nmre detail 
(14). 
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TABLE V 

The  Linoleic  Acid Contents ef  a Series  of Concentrates  of This  
Acid as Evahla ted  From the Iodine Numbers  and 

From the Te trabromido  Yields 

Spec.  
No. Source  

1 Corn oil 

2 Corn oil 

3 Corn oil 

4 Corn oil 

5 Corn oil 
6 Corn oil 
7 Corn oil 
8 Corn oil 
9 Corn oil 

10 Corn oil 
11 Corn oil 
12 Corn oil 
13 Corn oil 
14 Corn oil 
15 Safflower 
16 But ter  fat  
17 Butt, er fat  

Spec. ] 
Iodine  B: 'omi-  
_No. hated 

g. 

179 .6  2-~-~- 
1 . 0 0 0 4  
0.4986 

179 .4"  1 .9972 
0.9991 
0 .4987 

159.4 2 .0014 
0 .9995  
0 .4999  

114.5 2.0051 
1.0008 
0 .5025 

180.7 1 .9997 
176.9 2 .0039  
176.3 2 .0032 
173.5 1.9941 
172.0 2.0031 
170.8 1 .9956 
167.9 1.0036 
142.7 0 .9987 
147.0 2 .0087 
111.7 6 .9996  
148.4 0 .9969 
153.2 2 .0026 
165.0 1.0008 

Tetrabro-  
mides 
(C~r,'.). 

1.8511 
0.8743 
0.3805 

1.9886 
0 .9564 
0.4327 

1.1858 
0.5420 
0.2137 

0.5363 
0.2641 
0 .1216 

1.8726 
1�9 
1.9425 
1.5216 
1.7127 
1.8109 
0 .7854 
0 .5004 
1.0300 
0.1653 
0.6551 
0 .8294 
0.5206 

Linole ic  Acid 
P e r  Cent 

~'rom 

Iod ine  T . B .  
No. Yield 

98 93.7 
98 89.5 
98 91.5 

98 97.2 
98 96.8 
98 99.4 

76 70.6 
76 61.0 
76 63.5 

27 38.5 
27 33.7 
27 44.6 

100 94.2 
95 95.4 
94 97.0 
91 83.5 
90 89.7 
89 92.5 
85 83.6 
58 57�9 
62 62.7 
24 25.8 
62 72.4 
69 54.2 
82 58.0 

* Spec imen  1 crystall ized four times. 

Specimens 4 and 7 show higher results by the tet- 
rabromide method. This can be explained either by 
assuming the presence of saturated acids in the mix- 
ture or by postulating the presence of another lino- 
leic acid of higher tetrabromide yield than we have 
found for the allegedly pure specimen of Baur (and 
of Matthews) .  Specimen 15 from safflower oil would 
give the results found if it were composed of approxi- 
mately 72.4 per cent of linoleic acid, 19.4 per cent of 
oleic at:id, arid 8.2 per cent of saturated acids. 

Specimens 1-4 in Table V were assayed at all three 
bro,nination levels. Results agree well for Specimens 
1 and 2, but rather poorly for 3 and 4. 

Discussion of Results 
The validity of the interpolation curves proposed 

ill Table IV is based on the assumption first that tile 
linolcic acid specimen employed i,1 securing the data 
is entirely the cis-cis 9,12-octadecadienoic acid which 
we unders tand  to be linoleic acid. The cis-trans and 
trans-cis modifications are known to yield petroleum 
ether-sohlble, non-crystall ine oils. Isomeric octadeca- 
dienoic acids have been previously shown to be pres- 
ent ill varyiug amounts  iu ~-linoleic acid (15'). The 
data in Table V are indicative of the presence of 
isomeric diene acids in several of the linoleic acid 
concentrates from corn oil and in the two prepara- 
tions from butter fat. Tile validity of the curves 
also depends on the assumption that solubilities of 
the tetrabromides in petroleum ether when oleic acid 
is in the bromination mixture are the same as solu- 
bilities in the presence of other fat ty  acids, as for 
example, hexadecenoic acid and the saturated acids. 
This objection eannot be answered, because the solu- 
bilizing effeets of dibromo-stearic acid, of liquid tetra- 
broinostearic acids, and of saturated acids seem likely 

to be different, in  spite of these objections we feel 
that the interpolation curves described above consti- 
tute a technic of fair accuracy and, so far as the 
results go, of high specificity in the examination of 
fatty  acid mixtures.  Results by this method will be 
made of more value when used along with iodomet- 
ric, thiocyanometric,  and spectrophotonletrie methods. 
The method is of little quantitative value when the 
mixture of acids nnder examinat iou contains apprc- 
eiablc anlounts of linolenic and other highly unsatu- 
rated acids. 

One of the most serious l imitations of the method 
as a precise quantitative technic is the effect of com- 
position of the petroleum ether on the tetrabromide 
yieht. I[owever,  as seen in Table l, the results in 
three 30-60 ~ ethers were in fair  agreement. To over- 
come this objection to the method we are undertak- 
ing to re-evahlate the main points on our curves by 
determining the tetrabromide yields in one of the 
pure normal hydrocarbons which have recently be- 
come available for experimental use, as for example, 
n-pentane or n-hexanc. 

Summary  
1. When linoleic acid is bronlinated in cold petro- 

leum ether, the yield of insoluble tetrabromides is 
empirical;  it is affected by the conlposition of the 
petroleum ether and by the amounts  of linoleic acid 
and of other fat ty  acids which may be in a given 
mixture. 

2. Tile tetrabromide number of pure linoleic acid 
ranges from 103.7 when a 2-gram sami)le is bromi- 
nated to practically zero with 10 mg. of the acid. 

3. Data are presented describing the tetrabromide 
yields of linoleic acid alone and in various mixtures 
with oleic acid, when brominated at the 2.0-, 1.0-, and 
0.5-g. levels of sample. From these data curves can be 
drawu by which it is possible to ascertain by inter- 
polation the per cent of linoleie acid in a mixture. 

4. Seventeen concentrates of linoleic acid from. corn 
oil, safflower oil, and butter fat  have been assayed 
from the curves, and the results compared with values 
calculated from the iodine number.  

5. Several linoleic acid concentrates from corn oil 
were shown to contain appreciable amounts of iso- 
nlerie dienoic acids. 

6. Examiuat ion of two linoleic acid concentrates 
from butter fat  shows for the first time the indubita- 
ble presenee of linoleic acid in this fat. 
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