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It  is known that the hydrogenat ion of fats is accompanied  by the i somer iza t ion  both of the g lyce r ides  
and of the fat ty acid rad ica l s  p r e s en t  in them.  

The p r e s e n t  p a p e r  gives the r e su l t s  of a s tudy of the question of the poss ib i l i ty  of de te rmin ing  the po-  
si t ion of the double bonds in the rad ica l s  of the fat ty acids of hydrogenated cot tonseed oil, which is a mix-  
ture  of a l a rge  number  of reduct ion products .  

F r o m  a scheme  of the probable  migra t ions  of the double bonds in the hydrogenat ion of l inoleic  acid 
it can be seen that in this p r o c e s s  five p o s i t i o n - i s o m e r i c  octadecadienoic  acids (A 9'12-, A 10'12-, A 8'12-, A 9'13- 
and Ag, 11-) and six i somer i c  octadecenoic  acids (A 9-, AI°- ,  As-, A12-. All-  and A s - ) ,  differing in the posi t ion 
of the double bonds may  be obtained. The following symbols  a r e  used in the scheme  R =CHs(CH2)3- , RI= 
-(CH2)6COOH. According to the scheme  given, the migra t ion  of a double bond by only one methylene group 
is a s sumed ,  s ince,  as our  expe r imen t s  have shown, a double shift  takes place r a r e l y  and to a ve ry  sma l l  
degree  ( fu r the rmore ,  its r e su l t  may  be the r egene ra t ion  of the initial acid). See scheme  on following page. 

To conf i rm the p r e s e n c e  of all the i s o m e r i c  octadecenoic  and octadecadienoic acids shown in the 
scheme  in the hydrogenat ion products ,  f r o m  the total fa t ty  acids of the hydrogenizate  we isolated the un- 
sa tu ra ted  acids by the m e r c u r y  adduct method [1]. Af ter  the separa t ion  of the unsa tura ted  acids according  
to the i r  degree  of ansa tura t ion  by the TLC method [2], the f rac t ions  of the octadecenoic  and octadecadienoic  
acids obtained were  methyla ted  and were  then oxidized [3], and the degradat ion f r agmen t s  were  identified 
on an impregna ted  l a y e r  of cel lu lose  [2]. 

To identify the oxidation products ,  m a r k e r s  we re  used (Fig. 1A) in the fo rm of the monocarboxyl ic  
ac ids ( i -8 )  - p r o p i o n i c , b u t y r i c ,  va le r ic ,  capro ic ,  enanthic,  capry l i c ,  pe la rgonic ,  and capr ic .  F o r  the oc ta -  
decenoic acids (Fig. 1B) we found the following monocarboxyl ic  acids:  va le r i c ,  capro ic ,  enanthic,  capry l ic ,  
pe largonic ,  and cupr ic ,  cor responding  to spots 3-8. The p r e s e n c e  of these acids unambiguously shows the 
p r e s e n c e  of all the octadecenoic  acids that can be fo rmed  in the p r o c e s s  of the sa tura t ion  of oleic and l in-  
oleic acids and shown in the scheme.  A gas - l i qu id  c h r o m a t o g r a m  of the methyl e s t e r s  of the dicarboxyl ic  
acids conf i rmed  the p r e s e n c e  of double bonds in the octadecenoic  acids in the A s - A  13 posi t ions.  

A c h r o m a t o g r a m  of the products  of the oxidation of the octadecadienoic  acids (Fig. 1C) showed the 
p r e s e n c e  of all the monocarboxyl ic  acids (valer ic ,  capro ic ,  and enanthic,  spots 3-5) the appearance  of which 
should have been expected  in the des t ruc t ive  oxidation of the var ious  octadecadienoic  acids shown in the 
scheme.  The s a m e  octadecadienoic  acids on oxidation should a lso  give methyl  e s t e r s  of dicarboxyl ic  acids:  
suber ic ,  aze la ic ,  and sebac ic  acids .  Spot 2 does ac tual ly  show the p r e sence  of monomethyl  azela te  (its 
Rf  value coincides with the Rf  of butyr ic  acid [2] which cannot be expected in the oxidation products) .  On 
the bas i s  of l i t e r a t u r e  data [2], it was a s s umed  that spot  1, cor responding  to propionic  acid (which a lso  can-  
not be expected in the oxidation products)  owed its appearance  to monomethyl  subera te ,  which was detected 
on a gas - l i qu id  c h r o m a t o g r a m .  Spot 3, at the level  of va le r i c  acid, had the g r e a t e s t  intensi ty of colorat ion,  
which gives grounds for  a s suming  that monomethyl  sebaca te  was p r e sen t  in it. The intense colorat ion of 
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Fig. 1. Chromatogram 
of the separat ion of the 
acids. 

the spot cannot be due to valer ic  acid alone, since the la t te r  is formed in the 
degradation only of octadeca-9 ,13-dienoic  acid which, with a large  proport ion 
of valer ic  acid, would also give a considerable amount of succinic acid. How- 
ever ,  we always found succinic acid in ve ry  small  amount (this amount also 
being ascr ibed  to octadeca-8 ,12-dienoic  acid). In our experiment ,  the g a s -  
liquid chromatography of the methyl e s t e r s  of the dicarboxylic acids showed 
that only 4.2% of succinic acid was present ,  while the amount of sebacic acid 
was 10.8%. 

We detected malonic and succinic acids in a thin l ayer  of cellulose [4]. 
Oxalic acid, which is formed in the oxidation of conjugated dienic acids,  was 
not found because of its oxidation to CO 2 and H20. However, the presence  of 
the conjugated octa-9 ,11-  and -10,12-dienoic acids in the hydrogenizate was 
confirmed by ultraviolet  absorption in the 234 nm region and the presence  of 
the spots corresponding to enanthic and sebacic  acids. 

The presence  of oc tadeca-9 ,13-  and -8,12-dienoic acids is shown unam- 
biguously by the spots corresponding to valer ic  acid and to monomethyl 
s uberate. 

Hence. on the basis  of the qualitative resul ts  of the ch roma tog ram it can 
be stated that all the octadecadienoic acids shown in the scheme are  actually 

presen t  in the hydrogenation products .  Since on the ch roma tog ram of the octadecadienoic acids the inten- 
sity of the colorat ion of the spot corresponding to monomethyl suberate is low and the amounts of conjugated 
dienoic acids (1.39%) and of valer ic  acid in the hydrogenizate are  also low (as stated above), with a total 
proport ion of octadecadienoic acids in the hydrogenizate of 20.64~ the bulk of them consis t  of native linoleic 
acid. 

Thus, in the oxidation of various initial octadecenoic and octadecadienoic acids the monocarboxylic  
acids valer ic ,  caproic ,  and enanthic and the dicarboxylic acids suberic ,  azelaic ,  and sebacic are always ob- 
tained, and as a resu l t  of this it is impossible f rom a combination of the oxidation indices of the mixture of 
fatty acids of the hydrogenizates (or of the liquid f ract ion of the acids) unambiguously to establ ish the p r e s -  
ence of individual acids (and, all the more .  their  amounts) and one can only speak of the direction of mig ra -  
tion of the double bonds. 

In a study of the influence of the tempera ture  of hydrogenation (120, 140, 160, 180, and 200°C) of cot-  
tonseed oil on the migrat ion of the double bonds, we always found all the acids given in the scheme in the 
hydrogenation products.  Thus, in the study of the influence of any factor  whatever  on the hydrogenation 
p rocess  and the i someriza t ion accompanying it, to es tabl ish  the presence  of individual fatty acids in the hy-  
drogenizates  it is sufficient to pe r fo rm all the operat ions descr ibed above with one of the hydrogenation 
products .  

In those cases  where the aim of the investigation is only to establ ish the p re fe r r ed  direct ion of mi-  
grat ion of the double bonds during the hydrogenation p rocess ,  it is possible to l imit  oneself  to a quantita- 
tive determinat ion of the amount of dicarboxylic acids in the products  of destruct ive oxidation. 

E X P E R I M E N T A L  

The hydrogenation of the cottonseed oil was pe r fo rmed  on a s ta t ionary a l u m i n u m - n i c k e l - c o p p e r -  
chromium alloy catalyst  at 120°C with a time of contact  of the oil and the catalyst  of 69.4 rain (the iodine 
number  of the hydrogenated oil was 67.22% of I2, mp 36°C, content of conjugated dienoic acids 1.38%). 

The methyl e s t e r s  of the fatty acids were separa ted  according to their  degree of unsaturation on si l ica 
gel impregnated with dodecane in the ace tone -ace ton i t r i l e  (1 : 1) sys tem [2]. The methyl es te r s  of the fatty 
acids were oxidized with potass ium permanganate  in dry  acetone [3]. After  the acidification and decolora-  
tion of the potass ium permanganate ,  the combined monocarboxylic  acids and monomethyl es te r s  of d ica r -  
boxylic acids that had been formed were  extracted with diethyl ether.  Then the ext rac t  was par t ia l ly  evap- 
orated,  and a smal l  amount of it was deposited on a thin l aye r  of cellulose impregnated with dimethylfor-  
mamide (40 :20 :  1) sys tem.  The acids were detected by spraying the plates with Duncan's indicator [5] af- 
ter  they had been saturated with ammonia.  
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To detect the low-molecular-weight  dicarboxylic acids formed by the oxidation of the central  sections 
of the octadecadienoic acids located between the two double bonds, a small  amount of the aqueous solution 
remaining after  the diethyl ether  extraction of the oxidized mixture was deposited on a thin layer  of cellu- 
lose.  The aqueous solution was previously treated with ammonia to a s t rongly alkaline react ion [4]. The 
chromatograms  were run in the e t h a n o l - a m m o n i a - w a t e r  (20 : 3 : 2) sys tem,  af ter  which the plates were  
dried and sprayed with the indicator Bromphenol Blue. The malonic and succinic acids were detected in 
the fo rm of blue spots on a yellow background. The marke r s  used for  identifying the spots were deposited 
in the fo rm of the ammonium salts.  

S U M M A R Y  

To determine the s t ruc tures  of the products of the isomerizat ion accompanying the hydrogenation of 
fats it is n e c e s s a r y  to determine the amounts of monocarboxylic and dicarboxylic acids in the products  of 
destructive oxidation. 

To determine the predominant direction of the migrat ion of the double bonds, however, it is sufficient 
to determine the composit ion of the dicarboxylic acids alone. 
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