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It  is known f rom l i t e r a tu re  sources  that the hydrogenat ion p r o c e s s  mus t  be accompanied  by glycer ide  
i somer i za t i on  i .e . ,  by i n t r a -  or  i n t e rmolecu la r  t r anses t e r i f i ca t ion  of the g lycer ides .  However ,  no e x p e r i -  
menta l  facts  conf i rming this a s sumpt ion  have eve r  been  given. In pa r t i cu la r ,  B. N. Tyutyunnikov, in his 
monograph  [1], wr i t e s :  "Because  of the high t e m p e r a t u r e  of the fat  and the influence of the ca ta lys t  on hy-  
drogenation,  the t r anses t e r i f i ca t i on  of the g lycer ides  m a y  take place with a change in thei r  composi t ion  in 
accordance  with the s ta t i s t i ca l  d is t r ibut ion of the fat ty acids p r e sen t  in the fat  and those fo rmed  in the hy-  
drogenat ion p r o c e s s .  This quest ion is complex and li t t le studied and at  the p r e s e n t  t ime there is no r e l i -  
able informat ion  on the intensi ty with which this p r o c e s s  occurs . "  

We have r e so lved  this quest ion exper imenta l ly .  The r e su l t s  of the expe r imen t s  are  given in the p r e s -  
ent  pape r  (Tables 1-3). 

It can be seen  f r o m  a compar i son  of the f igures  of Tables  2 and 3 that the g lycer[des  contained 30.3% 
of solid h igh -molecu l a r -we igh t  acids (P), and they a re  d is t r ibuted in such a way that 37.31% is in the ~,cr, 
posi t ions and only 16.27% in the fl posi t ion;  in a g r e e m e n t  with this,  of the unsa tura ted  acids (O +L) there  
is 83.73% in the fl posi t ion and 62.69% in the o~,(r' posi t ions .  

These values r e l a t e  to a s ample  taken a t  ze ro  t ime containing a smal l  amount  of hydrogenated fat  
added to the oil together  with the catalyst .  These f igures ,  re la t ing  to the native oil and c h a r a c t e r i z i n g  the 
dis t r ibut ion of the sa tu ra t ed  and unsatura ted  acids between a , a '  and P posi t ions,  once more  conf i rm the 
p redominant  concentra t ion  of the unsatura ted  acids in the ~ posit ion. 

If  the cent ra l  pos i t ion  in the t r ig lycer ide  molecule  is occupied by the acids of group P (16.27%), to 
the le f t  of it there m a y  be the acids P,  O, o r  L in a ra t io  of 37.31 : 15.45 : 47.24. The amount of 16.27% (in 
the s a m e  ra t io  is d is t r ibuted in the three  subgroups as follows: P P  =16.27 x 0.3731 =6.07; OP =16.27 x 
0.1545 =2.51; LP =16.27 x 0.4727 =7.69. 

TABLE 1; Fa t ty -ac id  Composit ion of the Initial Oil and the Hydro- 
genate, % 

Acid 

Initial oil 

r--~o. ;~.s4 
trislT- 
eddes glyc- 

erides 

ist sample after 
0 min 
I No. 100,66. 

triglyc- mono- 
erides glyc - 

erides 

2nd sample after 3rd sample after 
10 rain 30 min 
I No. 96,66 I No. 93,61 

triglyc- mono- uiglyc- mono- 
erides glyc=  ]er ides gl~c- 

erldes ertdes 

ClO:O 
CI2:O 
CI4:O 
Ci6:0 
Clfi: l  
Cl~:O 
C18: x 
C18:2 

0,13 ] 0,65 
0,69 0,1~ 
0.81 0,17 

22,77 2,62 
2,26 [ 0.71 
2,19 

18,31 22~4 
53,44 73,13 

0,94 
94,38 

Traces 
4,98 

18,68 
51,02 

Traces 

0:90 
11,67 
0,93 
3,70 

24,22 
58,58 

o~7 
24,35 

Traces 
4,48 

25,48 
.!4,71 

m 

o~5 
31,18 
Traces 

8,38 
24,26 
33,82 

o~s 
~4 91 

T¢~ces 
4,90 

25,65 
43,58 

lY00 
20,31 
Traces 

6,14 
23,91 
32,02 

Insti tute of the Chemis t ry  of Plant  Substances ,  Academy of Sciences of the Uzbek SSR. Trans la ted  
f rom Khimiya Pr i rodnykh  Soedinenii, No. 5, pp. 603-608, Sep t ember -Oc tobe r ,  1972. Original  a r t ic le  sub-  
mi t ted  F e b r u a r y  16, 1972. 

© 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 g'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

573 



TABLE 2. Amounts of Acids 
by Groups 

P I o [ L 
Triglycerides 

c.,0 0,941 c,0,01 0 i c,8,016, 02 
CI8:0 4,98 Cls:llTrac~ 

C1s:1~18,681 

Total 130,301 }18.68] 151,02 
Monoglycerides 

°,931 .158.6  
CIS:o I 3'701 
Tot.ill6,271 t25,151 1 ,6s 

TABLE 3. Amounts of Acids in the 
~ ,~ '  and the /? Posit ions 

Composition F~rf'a P I O } L 

Triglycerides ] a 30,301 18,68 51,02 
Triglycerides x 3 3~ 90,90 36,041153,06 
Monoglycerides 16,27 25,15 58,58 

Difference [3a--b 74,63 30.89 [94,48 

a,a' -Diglycerides I ~ - ~  37,31 15,45147,24 

TABLE 4. Group Compo- 
sit ion of the G1ycerides 

Amts. of glycerides 
taking isomerism 
into accoum, °]o 

Glvcerides Itime from beginning 
of hydrogenatlon, 
rain 

0 10 ] 30 

2,?6 2,37 ' G1SSS i 2,56 
G1SSU 7.60115.18 { 16,12 
GISUS 11,661 3,28 3,25 
GlSUU 39,18 ]21,03 20,46 
GIUSU 6,40 24 :~7 I 25 39 
G1UUU 32,90 33,77'!3~2:22 

In each of these subgroups to the r ight of the central  P 
there may again be ei ther  P or  O or  L, and again in a rat io of 
37.31 : 15.45 : 47.24. 

By distributing the precentage content of each of the sub- 
groups in this rat io,  we obtain the total g lycer ides ,  consisting 
of 18 types:  

Glycerides % Glycerides % Glycerides % 
PPP 2.26 OPL 2.38 OOO 0,60 
PPO 1.88 LPL 3.63 OOL 3,68 
PP L 5.72 POO 2.90 OLO 1.40 
POP 3.50 POL 8.86 O LL 8.54 
PLP 8.16 PLO 6.76 LOL 5,61 
OPO O. 39 PLL 20.66 LLL 13.07 

The C10 : 0 and C12 : 0 acids are a rb i t r a r i ly  included in the 
unsaturated acids and, if the resul ts  of the position i s o m e r i s m  
of the fa t ty-acid radicals  are  considered,  six types of g lycer ides  
are  found, while if these resul ts  are  not taken into account four 
types are  found. 

The glyceride compositions of the hydrogenates taken 10 
and 30 rain af ter  the beginning of hydrogenation were calculated 
s imilar ly .  

The iodine numbers of the three samples mentioned above 
were,  respect ively ,  100.66, 99.66, and 93.61. These iodine num- 
bers  show that during the f i rs t  10, and even 30, rain the addition 
of hydrogen takes place very  slowly, whUe, as can be seen f rom 
Table 4, the migra t ion of the fat ty-acid radicals  takes place ex- 
t r emely  intensively. Under these conditions the content of t r i -  
sa turated and also of t r iunsaturated glycer ides  remains  a lmost  
unchanged during a half-hour  (within the l imits of e r r o r  of the 
experiment);  the amounts of d isa turated-monounsaturated and 
monosatura ted-diunsatura ted glycer ides  also remain  constant; 
within the l imits  of each of these two la t ter  groups the rat io of 
the position i somers  changes. Thus, in the G1S2U group the 
amount of G1SSU r i ses  f rom 7.60% to 16.12% and G1SUS falls 
f rom 11.66 to 3.25%, while in the G1SU2 group the amount of 

G1SUU falls f rom 39.18% to 20.46% and G1USU r i ses  f rom 6.40 
to 25.39%. 

These resul ts  enable us to determine whether the t rans -  
es ter i f ica t ion p rocess  has the nature of an in termolecular  or  an 

in t ramolecular  reaction.  With any in termolecular  exchange of radicals  the amounts of G1S3, G1S2U , GISU2, and 
G1U 3 must  vary ,  and only with in t ramolecular  exchange will these four components be constant. Single-acid 
glycer ides  remain  the same with any int ramolecular  t r ans fe r  of acyl groups while two-acid glycer ides  under-  
go t ransformat ions ;  however,  their  sum remains  unchanged. This shows that the glyceride i somer iza t ion  
of fats accompanying the hydrogenation process  takes place as an in t ramolecular  reaction. 

In addition, we have calculated the amounts of sa turated and unsaturated radicals  in the glycer ides  in 
the ~ ,~ '  and the P positions. In the f i rs t  10 min the rat io of the number of S acyls  in the ~ ,~ '  positions to 
the number of the same acyls in the f~ position changed f rom 4.59 to 1.13 (decreased by a factor  of 4); the 
same ratio for the U acyls rose  f rom 1.5 to 2.63 (by a factor  of 1.75). In the next 20 min, these rat ios de- 
c reased  by a factor  of only 1.04 for the S acyls and increased by a factor  of 1.03 for the U aeyls;  i.e., the 
posit ion was a lmost  stabil ized; the migrat ion process  had approximated to a state of dynamic equilibrium. 

If the i someriza t ion of the glycer ides  led to a redis t r ibut ion of the acyl groups according to the laws 
of probability,  the process  would give r i se  to a rat io of the S radicals  in the ~,(~' and the p positions of 2 
and to the same rat io of U radicals .  Nevertheless ,  as can be calculated f rom the figures in Table i, under 
the conditions of our experiment  this rat io tends to 1 for the S radicals  and to 2.75 for the U radicals .  The 
reason  for this departure f rom the probabili ty law of distr ibution still remains  unclear. 
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Fig. 1. Scheme of g lycer ide  i somer iza t ion .  

Fig. 2. 

0 T- C ~ 

Index group of the p r o c e s s  of  g lycer ide  
i somer lza t ion .  

We obtained s i m i l a r  r e su l t s  in the expe r imen t s  
p e r f o r m e d  with the s ame  d i spe r se  N i -  Cu ca ta lys t  
at 80 and 100~C, with A 1 - N [ -  Cu and A 1 - N i -  C u -  Cr 
al loy ca ta lys ts  a t  120 ~ C and also with a pal ladium 
ca ta lys t  on a support .  In all c a ses ,  the s a m e  in t r a -  
mo lecu l a r  g lycer ide  i somer i za t i on  was found. How- 
e v e r ,  any fact  increas ing  the intensi ty of the hydro-  
genat ion p roce s s  (the t e m p e r a t u r e  and the act ivi ty  
and amount  of catalyst)  makes  it difficult to follow 
the course  of i somer iza t ion ;  neve r the l e s s ,  the gen-  
e r a l  tendency of the accompanying p r o c e s s e s  that 
was found at  120~C is also obse rved  at 15ffC and at 
18ff C during the f i r s t  5-10 rain of the reac t ion .  

We shall  explain the m e c h a n i s m  of g lycer ide  
i somer i za t ion ,  l ike the p r o c e s s e s  of geome t r i ca l  and 
posi t ion i somer i za t ion  [5], on the bas i s  of A. A. 
Balandin 's  mul t ip le t  theory  [6]. It can be seen  
f rom the scheme (Fig.  i) why the t r a n s e s t e r i f i c a -  
ti0n reac t ion  takes  place  as an i n t r amolecu la r  r e -  
action. However,  i n t e rmolecu la r  t r a n s e s t e r i f i c a -  
tion, as  well,  is  not excluded although it appea r s  
cons iderably  l e s s  p robab le  because  of the conditions 
of s t e r i c  hindrance.  

To calculate  the ene rgy  re la t ionships  we s t a r t ed  f r o m  the sequence of p r o c e s s e s  taking place within 
the l imi t s  of the index group (Fig. 2): the cleavage of the C I - o  I and C I I - o  II  cr bonds and the c rea t ion  of 
new C I - o  II and C I I - o  I bonds. F rom this it is quite natural  that  the sum of the energ ies  o f thebonds  c leaved 
is equal to the sum of the ene rg ie s  of the newly fo rmed  bonds; the same  appl ies  to the sum of the energ ies  
of the adsorp t ion  bonds. 

The calculat ions were  based  on the following indices:  

Qc-O = 85.5; QC-Ni = 14.0; QO-Ni = 48,5 kcal [7]. 

Hence,  the ene rgy  of fo rma t ion  of the complex a s s u m e s  the f o r m  

E '  = - -  2 Q c _ o  + (2Qc_Nt  + 2Qo_Ni  ) = - -  46 kca l .  

The ene rgy  of the decomposi t ion  of the complex E"  =46 kcal ,  and the heat  ef fec t  of the r eac t i onU =O. 

The sum of the energ ies  of the reac t ing  bonds 

S = 4Qc_ o = 4.85,5= 342 kcal; 

and the adsorp t ion  potential  of the ca ta lys t  

q = 2Qc_Ni + 2Qo_Ni = 125 kcal. 

The condition e x p r e s s e d  by the equat ion 

s u 

is not obse rved  here :  

I125 342 I - - ~ - I  > o. 

The e n e r g y  threshold  E '  =46 kcal.  However ,  in view of the fact  that the red i s t r ibu t ion  of the bonds in 
the complex takes place not only a f t e r  the i r  c leavage but a lso  as a r e su l t  of the i r  weakening,  the t rue ac t iva -  
tion ene rgy  [8] can be wr i t t en  as 

E = A - -  ~E = 1 1 , 5 - - 0 . 2 5 . 4 6  =0 

Thus, the r eac t ion  p roves  to b e  comple te ly  just i f ied f r o m  the ene rgy  aspect .  
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E X P E R I M E N T A L  

Cottonseed oil was hydrogenated at 120 ° C in the p re sence  of a d i spe r se  n i c k e l - c o p p e r  ca ta lys t  (1:1) 
p r e p a r e d  by prec ip i ta t ion  f r o m  a solution of an equ imolecu la r  mixture  of the sulfa tes  of these meta ls  with 
sodium carbonate  and subsequent  reduct ion of the carbonates  in oil a t  20ffC. The amount of ca ta lys t  used 
was 0.2% of combined meta l s  on the weight of the oil undergoing hydrogenation.  Since a smal l  amount of 
hydrogenated oil with an iodine number  close toze ro ,  fo rmed  in the p roces s  of reducing the ca rbona t e s ,was  
introduced into the hydrogenat ion f lask together  with the me ta l s ,  this mix ture ,  s i m i l a r  in composi t ion to the 
oil, but with a somewhat  higher  amount  of sa tu ra ted  fat ty acids ,  was r ega rded  as the initial ma te r i a l .  Thus, 
the f i r s t  sample  of oil was taken at the beginning of hydrogenation,  and then samples  of the hydrogenates  
were  taken 10 and 30 min  a f t e r  the beginning of hydrogenation.  All t h r e e . s a m p l e s ,  a f te r  t r anses t e r i f i ca t ion  
and convers ion  into the methyl  e s t e r s ,  were  analyzed by gas- l iquid  ch romatography  to de te rmine  their  fa t ty-  
acid composit ion.  

We subjected a pa r t  of each  of the three  s amples  taken to enzymat ic  hydro lys i s ,  using for this pu r -  
pose the l ipase  of the pancrea t i c  gland of l a rge-horned  cattle [2, 3]. Since in this case  hydrolys is  tookplace  
with the spli t t ing out f rom the g lycer ides  of the acyls  in the ~ ,~ ,pos i t i ons ,  the main  hydrolys is  products  
consis ted of the P -monog lyce r ides .  Their  t r anse s t e r i f i c a t i on  once again gave fat ty acid methyl  e s t e r s .  

To s impl i fy  the calculat ions,  the acids p r e sen t  in the g lycer ides  were  divided into three groups (see 
Table 2). 

Pa lmi t i c  Acids (P). These include the solid acids" (under the l iving conditions of the plant during the 
per iod of the o i l - fo rming  p rocess ) :  m y r i s t i c ,  pa lmi t ic ,  and s tea r ic .  The name ' p a l m i t i c  ~ is used a r b i t r a r -  
i ly f rom the name of the main  component  of this mix ture  of acids.  

Oleic Acids (O). These acids include, in addition to oleic acid i tself  and pa lmi to le ic  acid,  the low- 
molecu la r -we igh t  sa tu ra ted  acids p re sen t  in cot tonseed oil in e x t r e m e l y  smal l  amounts .  Under the growth 
conditions of the cotton plant  (dry subt ropica l  zone) these acids a re  liquid and behave s i m i l a r l y  to oleic 
acid. 

Linoleic  Acid (L). This includes only l inoleic  acid i tself  (L). 

Then, by Co leman ' s  method [4] the pe rcen tages  of the acids P, O, and L in the ~,(~' posi t ions  in the 
g lycer ides  of the s amples  that we took were  de te rmined  (see Table  3). 

S U M M A R Y  

It has been  es tab l i shed  that the catalyt ic  hydrogenat ion of a fat  is accompanied  by its g lycer ide  i s o m -  
er iza t ion  ( t ranses ter i f ica t ion) ,  which is pa r t i cu l a r ly  pronounced in the initial s tage of the p roces s .  T r a n s -  
e s t e r i f i ca t ion  takes place as an i n t r amolecu la r  react ion.  
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