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In determining the degree of unsaturat ion and the acid composit ion of fats,  the thioeyanogenometr ic  
method is general ly  used.  To determine the acid composit ion of fats by this method it is neces sa ry  to know 
two indices: the iodine number  (I. No.) and the thiocyanogen number  (T. No.). In spite of the multiplicity 
of the var iants  of the determinat ion of iodine numbers proposed at var ious  t imes ,  we cannot be cer ta in  of 
the rel iabil i ty of the indices obtained, as has been observed by severa l  authors [1-4]. The same r emarks  
relate  to the thiocyanogen number .  The calculation of the fatty acid composit ion f rom the I. No. and T. No. 
is always based on the assumpt ion that the fat contains unsaturated acids of the C18 se r i e s .  In actual fact,  
in addition to acids of the C~8 se r ies ,  some vegetable and animal fats contain acids with hydrocarbon rad i -  
cals of different lengths [5]. The figures of Table 1 show how st rongly the theoret ical  iodine numbers  of 
the fatty acids frequently encountered in natural  fats differ  f rom the iodine numbers of oleic, linoleie, and 
linolenic acids.  It can be seen f rom Table 1 that the iodine numbers  of the monoenic acids range f rom 
69 to 112 and those of the dienic acids f rom 150 to 200, depending on their  molecular  weights.  Consequently, 
the use of "averaged" iodine numbers  leads to incor rec t  resul ts .  

Fu r the rmore ,  the degree of halogenation of the unsaturated acids depends on the posit ion of the dou- 
ble bond with respect  to the carboxyl  and on the mutual positions of the double bonds in the polyenic acids,  
i .e. ,  whether  they a re  isolated or  conjugated, and, finally, on the configuration of the molecule at the pos i -  
tion of the double bond (c is - t rans) ,  and therefore  it is c lear  that the I. No. can be considered only as a 
rough indication of the degree  of unsaturat ion of fats and is unsuitable for determining the fat ty-acid c o m -  
posit ion of glycer ides  and also the kinetics and chemis t ry  of fat hydrogenation p r o c e s s e s .  

The lat ter  p rocess  is accompanied by phenomena of c i s - t r ans  i someriza t ion and by the migrat ion of 
double bonds (both in the direct ion of the carboxyl  and in the di rect ion of the methyl group) which is ac -  
companied to a considerable  extent by the formation of conjugated sys tems .  All this does not necessa r i ly  
affect the I° No. 

Attempts to replace the I° No. for charac te r iz ing  the degree of unsaturat ion of fats by  "hydrogen" 
and "hydrogenation" numbers  have led to the conclusion that these indices have the same defects as the I. 
No. [6]. 

Various forms of chromatography for determining the acid composit ion of fats give considerably more  
rel iable resul ts  than the thiocyanogenometr ic  method. Knowing the acid composit ion,  it is easi ly possible 
to calculate the t rue I. No. of t r ig lycer ides  f rom the figures in column 6 of Table 1. 

Table 2 gives the exper imental  and t rue iodine numbers  of severa l  samples  of fats that we have 
studied. 

It can be seen f rom Table 2 that,  while for cottonseed oil the calculated iodine numbers  agree  more  
o r  less with those found experimental ly ,  for  the oil of the ce le ry  cabbage (family Cruciferae) and ligusti-  
cum (family Umbelliferae) the experimental  iodine numbers do not correspond to the composi t ion of these 
oils at all. This applies in even g rea te r  measu re  to the hydrogenizates .  
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TABLE 1. Theore t ica l  Iodine Numbers of Fatty Acids and The i r  
Glycer ides  

Acid 

Myristoleic 
Palm itoleic 
Oleic 
Eicosenoic 
Erucic 
Tetracosenoie 
Hexadecadienoic 
Linoleic 
Eicosadienoic 
Doeosadienoie 
Hexadecatrtenoic 
Linolenic 
Eicosatrienoic 
Octadecatetraenoie 
Arachidonie 
Eicosapentaenoic 
Docosapentaenoic 
Clupanodonic 

Number I. No, of 
Formula of double ofthe 

bonds, fatty 
I m lacid,~I: 

CuH2eO~ 
C16HsoO2 
ClsHa~O2 
C=oHas% 
C2~H4202 
C~H4602 
C16H2sO= 
C18H3202 
C=oH36% 
C2~H4oO= 
C*6H=6% 
ClsHa00~ 
C20Ha402 
C18H~s% 
C20Ha202 
C2oHao% 
C2~Ha40~ 
C22Ha~O2 

112,1 
99,8 
89,9 
81,8 
75,0 
69,2 

201,2 
181,1 
164, 5 
150,8 
304,2 
~73,7 
.~48,4 
367,3 
~33,5 
I19,6 
384, I 
t63,8 

Io n o ,  

m 

112,1 
99,8 
89,9 
81,8 
75,0 
69,2 

100,6 
90,5 
82,2 
75.4 

101.4 
91,2 
82,8 
91,8 
83,4 
83,9 
76,8 
77,3 

I. No. of 
glycer- 
ides, o/( 

I2 

106,2 
95,0 
86,0 
78,5 
72,3 
66,9 

191,8 
173,2 
158,1 
145,3 
289,5 
261,6 
238,5 
351,2 
320,2 
402,8 
369,9 
446,4 

I. No. of f..a. 

I. No. of glyc- 
erides 

1,056 
1,051 
1,045 
1,042 
1,038 
1,034 
1',049 
1,045 
1,041 
1,038 
1,051 
1,046 
1,041 
1,046 
1,042 
1 , 0 4 2  
1,038 
1,039 

TABLE 2. Experimental  and True Iodine Numbers  of Fats of Dif-  
ferent Compos it ions 

Acid 

Tridecanoic 
yristic 
mtadecanoic 

F a lmitie 
Stearic 
F almitoleic 
(,leic 

etroselinic 
inoleie 

l inolenic 
Elcosenoic 
Eicosadienoic 
Erucic 

Calculate iodine number. 
% Is 

Experimental iodine num- 
ber, % I s 

Experimental error, % re1. 
Unsaturation number 

Cotton- 
seed oil 

0 , 3 4  

157 
22,08 5,66 
2,60 2.32 

237,10 1,57 17,08 

5222 IG3 
22,10 

- -  9.13 
--  3,64 
- -  19,60 

Celery [ Lemav's 
eo~bbage [ 1Dusfi- 
[TJ le~m 

030 0.58 
4;0 2178 
1,01 2,44 
1.29 1,85 

33,52 1 9 , 0 8  
22,88 
30,40 54.19 

5 , 4 0  

I ~ e n a t e s  

o;;1 15o 
21,94 23,~6 
4,21 13,27 
2,14 1,96 

23,43 46,89 

47,27 12,92 

110.31 

108.60 

--1,55 
127,54 

130,89 I 116,50 

I15,59 I 107,60 

--11,691 --7,12 
155,38 I 134,69 

112,02 

104,37 

--6,83 
129,31 

104,05 64,56 

88,20 59,90 

--15,28 -7,22 
120,11 74,69 

Consequently,  w e  cons ider  it des i rab le  in invest igat ions on the k inet ics  of the hydrogenation p r o c e s s  
to use  in place of the I. No .  a different index - the "unsaturation number" (U. No.) ,  showing the total  num- 
ber  of double bonds in 100 m o l e c u l e s  of fatty acids and calculated f rom the formula 

1 .ZN '+2 .EN"+3.EN"+. . . ,  

w h e r e  EN' i s  t he  n u m b e r  of  m o l e c u l e s  of monoen ic  a c i d s  in 100 m o l e c u l e s  of t o t a l  a c i d s  p r e s e n t  in t he  
m i x t u r e ;  

ZN"  i s  t he  n u m b e r  of  d i en i c  m o l e c u l e s ;  

ZN'"  i s  the  n u m b e r  of  t r i e n i c  m o l e c u l e s ,  and so  on; and 1, 2, 3 . . . .  a r e  the  n u m b e r s  of double  bonds  
in  the  a c i d  m o l e c u l e s .  

Th is  i s  p r o v i d e d  tha t  the  f a t t y - a c i d  c o m p o s i t i o n  is  d e t e r m i n e d  by  one of the  m e t h o d s  not g iv ing  r i s e  
to  u n c e r t a i n t y .  The  v a l u e s  of the  U. No.  c a l c u l a t e d  by  th i s  m e t h o d  a r e  g iven  in the  l a s t  l ine  of T a b l e  2. 
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T A B L E  3 

I No. of 
Acid [double 

bonds 

A~ 0 M~ a 
A~ 0 M 2 b 
As 0 M s c 
A4 1 M, d 
A 5 1 M5 e 
A. 1 M6 f 
A 7 2 My g 
As 2 Ms h 
A. 3 M9 i 

Mol. I wt. IRel. no.o~ Molar 
::i'd°S1% Imole- l Icules~n / °/~N 

aiM, 
hiM2 
c/Ms 
d/M4 
elMs 
.tIMB 
g[M~ 
h/Ms 
i/M9 

TABLE 4 

Index 

k*.alM1 Content of acids,% 
k.blM~ Myristic 
k.clMs Palm itic 
k.d/M, Palmitoleic 
k.elMs Stearic 
k.f] M~ Oleic 
k.g [ M~ Linoleic 
le.hl Ms k.l[M9 Experimental I. no. 

Ca'lculated I. No. 
U. No. 

* R e c a l c u l a t i o n  f a c t o r  k = 1 0 0 / E n .  

Iodine 
No. 

1,12 
22, t3 

1,50 
1,33 

17,41 
56,51 

110,80 
114,27 
131,93 

Samples Ofta~ednrogenizates 

5 I 10 1 , 9 . 3  

0,87 0,85 0,92 
22,47 23,23 22,51 

1,33 1,25 1,90 
1,48 2,39 3,06 

25,89 5 1 , 2 0  59,95 
47,96 21,08 11,66 

88,00 8 1 , 4 9  69,49 
105,33 8 1 . 7 3  73,54 
123,14 94 ,61  85,17 

*Ra te  c o n s t a n t  of  the  r e a c t i o n .  

! Mean val- 
ue of K *° 
10 3 

w 

3,20 
2,39 
2,64 

It  fo l lows  f r o m  what  h a s  b e e n  s a i d  tha t  t he  U.  No.  i s  c a l c u l a t e d  f r o m  the  c o m p o s i t i o n  o f  the  f a t ty  
a c i d  m i x t u r e  e x p r e s s e d  in  m o l a r  p e r c e n t a g e s ,  in  c o n t r a s t  to  the  I .  No.  which  is c a l c u l a t e d  f r o m  the  c o m -  
p o s i t i o n  o f  t h e  m i x t u r e  e x p r e s s e d  in  p e r c e n t a g e s  by  we igh t .  The  iod ine  n u m b e r  of  e a c h  a c i d  d e p e n d s  on the  
n u m b e r  of  doub le  bonds  in  i ts  m o l e c u l e  and on i t s  m o l e c u l a r  weight ;  the  U. No.  d e p e n d s  on ly  on the  n u m b e r  
of  double  b o n d s .  

I f  a me thod  the  r e s u l t s  of  which  a r e  e x p r e s s e d  in m o l a r  p e r c e n t a g e s  ( for  e x a m p l e ,  t he  d e n s i t o m e t r i c  
o r  r a d i o a c t i v a t i o n  me thod  fo r  the  q u a n t i t a t i v e  e v a l u a t i o n  of  p a p e r  c h r o m a t o g r a m s )  i s  u s e d  to  d e t e r m i n e  the  
c o m p o s i t i o n  of  a m i x t u r e  of  f a t ty  a c i d s ,  t he  f i g u r e s  ob ta ined  in t h i s  way  f o r m  the  b a s i s  of the  c a l c u l a t i o n  
b y  the  f o r m u l a  g iven  a b o v e .  I f  t he  me thod  g ives  the  r e s u l t s  of the  d e t e r m i n a t i o n  of  the  c o m p o s i t i o n  in p e r -  
c e n t a g e s  by  we igh t  ( fo r  e x a m p l e ,  d e t e r m i n a t i o n  by  g a s - l i q u i d  c h r o m a t o g r a p h y ) ,  t h e s e  r e s u l t s  a r e  r e c a l c u -  
l a t ed  to  m o l a r  p e r c e n t a g e s  (Tab le  3).  Th i s  t a b l e  g i v e s  t h e  c o m p o s i t i o n  of  a m i x t u r e  of t h r e e  s a t u r a t e d ,  
t h r e e  m o n o e n i c ,  two d i e n i c ,  and  one t r i e n i c  a c i d s .  

One of  the  a d v a n t a g e s  of the  U o No. i s  i t s  g e n e r a l i t y  f o r  a c i d s  and g l y c e r i d e s o  Al though  one m o l e c u l e  
o f  a m o n o a c i d  g l y c e r i d e  is  e q u i v a l e n t  in  r e s p e c t  to the  n u m b e r  of  f a t ty  a c i d  r a d i c a l s  p r e s e n t  in  it  to  t h r e e  
m o l e c u l e s  of  f a t ty  a c i d s ,  t he  n u m b e r  of  doub le  b o n d s  in  such  a g l y c e r i d e  m o l e c u l e  i s  t h r e e  t i m e s  l a r g e r  
t h a n  in  a m o l e c u l e  of f a t ty  a c i d .  

Thus ,  the  U.  No. of  any  u n s a t u r a t e d  fa t ty  a c i d  c o i n c i d e s  wi th  t he  U.  No.  of the  c o r r e s p o n d i n g  m o n o -  
a c i d  t r i g l y c e r i d e .  C o n s e q u e n t l y ,  on p a s s i n g  f r o m  fa t ty  a c i d s  to  g l y c e r i d e s  o r  c o n v e r s e l y  no r e c a l c u l a t i o n  
of  the  U. No.  i s  n e c e s s a r y  a s  i t  i s  in t he  c a s e  of  iod ine  n u m b e r s .  By u s i n g  the i n f o r m a t i o n  f r o m  th i s  t a b l e .  
we can  d e t e r m i n e  the  U. No.  f r o m  the  f o r m u l a  

[ e f  t ] I00 

T a b l e  4 g i v e s  t he  r e s u l t s  of  one o f  t he  s e r i e s  of e x p e r i m e n t s  which  we  have  d e s c r i b e d  p r e v i o u s l y  [9] 
on the  h y d r o g e n a t i o n  of c o t t o n s e e d  o i l .  It  can  be  s e e n  f r o m  the  t a b l e  tha t  the  r a t e  c o n s t a n t  of  the  r e a c t i o n  
c a l c u l a t e d  f r o m  the  U.  Nos .  is  e x t r e m e l y  c l o s e  to  tha t  ob t a ined  f r o m  the  c a l c u l a t e d  I .  Nos .  

In  p r o p o s i n g  to i n t r o d u c e  the  new index U. No. into the  p r a c t i c e  of  i n v e s t i g a t i o n s  on fa ts  we a r e  g iv ing  
not ye t  a n o t h e r  v a r i a n t  of  t he  I .  No. ,  but  a c o m p l e t e l y  new m a g n i t u d e .  

B e t w e e n  c o r r e c t l y  d e t e r m i n e d  iod ine  and h y d r o g e n  n u m b e r s  a s t r i c t  p r o p o r t i o n a l i t y  m u s t  e x i s t ,  and 
i f  t he  h y d r o g e n  n u m b e r s  a r e  r e c a l c u l a t e d  to  iod ine ,  the  two i n d i c e s  should  c o i n c i d e .  T h e r e  can  be  no a g r e e -  
m e n t  o r  p r o p o r t i o n a l i t y  b e t w e e n  U. Nos .  and iod ine  Nos .  s i n c e  a l l  the  m o n o e n i c  a c i d s  e n t e r  the  c a l c u l a t i o n  
f o r m u l a  fo r  the  U. No. wi th  t he  s a m e  f a c t o r  1, a l l  t he  d i en i c  a c i d s  wi th  the  f a c t o r  2, and so  on,  r e g a r d l e s s  
of  the  m o l e c u l a r  we igh t  of  the  a c i d ,  whi le  t he  v a l u e s  of  t he  iod ine  n u m b e r s  d i f f e r  a c c o r d i n g  to  t he  m o l e c u l a r  
w e i g h t s .  

S U M M A R Y  

In o r d e r  to  d e t e r m i n e  the  d e g r e e  of u n s a t u r a t i o n  of  fats  and to s tudy  the  k i n e t i c s  of  t h e i r  h y d r o g e n a -  
t i o n ,  i t  i s  p r o p o s e d  to  u s e  i n s t e a d  of  the  iod ine  n u m b e r  an  index  which  i s  c a l l e d  the  u n s a t u r a t i o n  n u m b e r  
and shows  t h e  t o t a l  n u m b e r  of  double  bonds  in  100 m o l e c u l e s  of  f a t ty  a c i d s .  
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