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The Study of Natural Epoxy Oils and Epoxidized Vegetable Oils 
by 13C Nuclear Magnetic Resonance Spectroscopy 
Frank D. Gunstone 
Chemistry Department, The University, St. Andrews, Fife, KY16 9ST United Kingdom 

The 13C nuclear magnetic  resonance spectra of Vernonia 
galamensis seed oil and of epoxidized palm super olein, soy- 
bean oil and linseed oil have been recorded and interpreted. 
The chemical shifts of  the major signals are assigned and 
semi-quantitative results are derived. The spectroscopic 
procedure provides a useful method of analyzing oils that 
contain epoxy acids. The epoxide function differs from a 
double bond in its influence on the chemical shifts of  near- 
by carbon atoms.  
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linseed oil, epoxidized oils, epoxidized palm super olein, epoxidized 
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There are two areas of commercial interest in epoxy oils-- 
oils that contain natural epoxy acids and epoxidized oils pr~ 
duced and used on an industrial scale Following the 
discovery of vernolic acid (cis-12,13-epoxyoleic) as the first 
natural epoxy acid (1), other acids of this class were recog- 
nized (2), but  vernolic acid is still the only natural epoxy 
acid of potential value It  occurs at high levels in sources, 
such as the seed oils of Vernonia anthelmintica (72%), V. 
galamensis (73-78%), Stokesia laevis (65-79%), Cephalocro- 
ton cordofanus (62%), Euphorbia lagascae (57-62%), 
Erlangea tomentosa (52%), Crep/s aurea (52-54%) and C 
biennis (68%), and there is a steady flow of papers on the 
potential value of oils containing this acid (3-12). 

Epoxidized oils--especially soybean and linseed, but also 
palm oil--are produced on an industrial scale (= 10 s lb/yr) 
for use as stabilizers and plasticizers in polyvinyl chloride 
The composition of these products follows from that  of the 
starting material, assuming that  it is completely epoxidiz- 
ed and there is no residual unsaturation. Oleic, linoleic and 
linolenlc esters are thus converted to mona, di- and triepox- 
ides. Total oxirane (epoxide) content can be measured, but  
there has been little or no at tempt to analyze the products 
in terms of their various epoxy acids. 

Epoxidation is a stereospecific (cis) addition process, and 
because the starting olefin (such as the unsaturated vege- 
table oils) has cis configuration, the epoxide will be cis as 
well. Nevertheless, questions of stereochemistry have to be 
considered. Oleic esters give two enantiomeric epoxystea~ 
ates, which appear as a single racemic (c/s) form (elaidic ester 
would hLrnish the trans racemate). Linoleate gives two di- 
astereoisomeric racemat~ (all cis) from the four possible 
enantiomers, and linolenate gives four diastereoisomeric 
racemates (all cis) from eight possible enantiomers. The di- 
astereoisomeric racemates are not necessarily formed in 
equal amounts. 

Some information on the ~3C nuclear magnetic reson- 
ance spectra of epoxy esters is given in a paper by Bascetta 
and Gunstone (13), who studied several cis and trans-epoxy- 
octadecanoates and some cis-epoxyoctadecenoates (cis is~ 
mers), including methyl vernolate They concluded that  in 
the saturated esters epoxy carbon atoms gave a signal 
around 58.5 ppm and that  the c/s epoxide group had an in- 
fluence on the chemical shifts of the a (-1.7),/3 (-2.9) and 
y (-0.4) carbon atoms. I t  seems likely that  a CH 2 group a 
to two epoxide groups will have its chemical shift changed 

by around 2 × -1.7 an& therefor~ will not be very different 
from CH2 groups f3 to one epoxide group. For a carbon 
atom between one epoxide function (-1.7) and one double 
bond (-2.5), the change is only -3.2,  and between two dou- 
ble bonds only -4.2, so these influences are not fully addi- 
t ive 

EXPERIMENTAL PROCEDURES 

The sample of V. galamensis seed oil was supplied some 
years ago by Dr. S. Crook of Castrol International.  Dr. R 
W. R. Smith (also of Castrol International,  Pangbourne~ 
England) provided the epoxidized palm super olein. The 
epoxidized soybean oil (Lankroflex GE) and epoxidized 
linseed oil (Lankroflex 1) were provided by J.T. Connal of 
Harcros Chemical Group (Manchester, England). Spectra 
were obtained with a Bruker AM 300 spectrometer (pulse 
angle 45 °, pulse repetit ion line 1.82 s, resolution 1.22 Hz 
per data  point, =1000 scans), (Bruker Spectrospin, Burl- 
ington, Ontar i~ Canada) with solutions in CDC13. 

RESULTS AND DISCUSSION 

Vernonia oil. Data  for the spectrum of V. galamensis seed 
oil is presented in Table 1. The spectrum has 63 signals, 
but  it is not  too difficult to interpret  in terms of an oil 
rich in vernolic acid {<70%} and also containing linoleic, 
oleic and saturated acids. 

The spectrum shows expected signals for C1-3 and for 
glycerol. Some minor signals for C2, C3 and glycerol car- 
bon atoms are not  assigned. The olefinic section of the 
spectrum shows large signals associated with vernolate 
at 132.40 (V10) and 124.05 ppm (V9), smaller signals for 
oleic and linoleic esters, and three still smaller signals, 
which are not  assigned. There are five epoxide signals: 
three small ones, which are not identified, and the two ma- 
jor signals at  57.05 (V12) and 56.40 (V13), which are 
associated with vernolate. The minor signals suggest  the 
presence of other  epoxy esters at  low levels. Al though 
other natural  epoxy acids are known, none has been 
reported in vernonia oil. 

The o~1-3 signals provide useful information. In addi- 
tion to major signals for V18 (14.01), V17 (22.61) and V16 
(31.77}, there are signals expected from saturated and from 
n-9 and n-6 unsaturated esters, along with some additional 
small and unassigned signals. 

The 13 signals between 28.1 and 25.3 ppm are the most  
difficult to interpret.  They are from carbon atoms tha t  
are a to the double bond (allylic) or a or f3 to the epoxide 
function. The four intense signals must  be associated with 
vernolate: 27.79 (V14), 27.40 (V8), 26.33 (V1D and 26.28 
(V15), but  the V14 and V8 signals may be interchanged, 
as may those assigned to V l l  and V15. The next  two most 
intense signals are associated with oleate and linoleate 
(Table 1), leaving seven smaller signals not  assigned. 

Because the spectrum was not  collected under  condi- 
tions to give quant i ta t ive  results, the intensities can on- 
iy be used for this purpose in an approximate manner. 
With this safeguard in mind, the ¢ol-3 and the olefinic 
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TABLE 1 

13C Nuclear Magnetic Resonance Spectrum of Vernonia Oil 

Assignment ~b d (pprn) Intensity 

C1 a 173.01 6.55 
/3 172.62 3.86 

C2 34.68 0.74 
34.53 0.30 
34.32 0.21 

/3 34.13 6.53 
a 33.97 11.88 

33.74 0.20 

C3 24.83 15.28 
24.67 0.20 

¢o3 32.25 0.23 
n-9, sat  31.94 2.40 
V16 31.77 20.95 

31.61 1.08 
n-6 31.54 3.22 

¢o2 22.81 0.39 
n-9, sat  22.71 3.18 
V17, n-6 22.61 21.40 

22.38 0.20 
20.70 0.28 

col n-9, sat 14.12 4.03 
n-6 14.08 3.56 
V18 14.01 18.03 

Olefinic V10 132.40 14.12 
132.11 0.25 

L13 130.09 2.31 
L9, O10 129.90 2.20 

129.77 0.20 
09 129.66 0.65 

128.43 0.69 
L10 128.06 2.59 
L12 127.91 2.88 
V9 124.05 15.67 

115.86 0.35 

Glycerol /3 68.95 5.05 
65.25 0.26 
63.01 0.18 

a 62.07 9.90 

Epoxidic carbon V12 57.05 17.66 
56.80 0.24 
56.70 0.21 

V13 56.40 17.86 
56.10 O.20 

Carbons a and/3 
to epoxide and allylic 28.O7 0.25 

V 1 4  c 27.79 21.08 
27.60 0.64 

V8 c 27.40 17.57 
08, 11; L8, 14 27.20 5.89 

26.93 1.08 
26.54 0.49 

V l l  d 26.33 22.69 
V15 d 26.28 20.20 

26.09 0.42 
25.99 0.24 

L l l  25.64 2.59 
25.29 0.59 

aAssignments; C1-3 and ¢ol-3 refer to carbon atoms at the acyl and methyl ends of the 
chain, respectively. O, oleic; L, linoleic, V, vernolic, sat, saturated. 
bAlso methylene envelope 29.72-29.10 (7 signals). 
c'dThese signals could be interchanged. 
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T A B L E  2 

Composition of Vernonia Oil from Its  13C Nuclear Magnetic 
Resonance Spectrum (mol % based on intensities in Table 1) 

Acyl chain co3 co2 col Olefinic a 

Saturated 8.6 12.5 15.7 --  
n-9 } } } 3.6 
Other 4.7 3.4 4.0 
n-6 11.5 84.1 13.9 12.6 
Vernolate 75.2 } 70.4 79.8 

aOlefinic signals give information about unsaturated acyl chains 
only. 

s i gna l s  g ive  t h e  r e su l t s  s u m m a r i z e d  in Table 2 and  in- 
d ica te  the  presence of vernola te  (70-75%), l inoleate (=13%) 
a n d  o lea te  (=4%). 

Epoxidized seed oils. Three  epox id i zed  oils were exam-  
ined  s p e c t r o s c o p i c a l l y - - e p o x i d i z e d  p a l m  supe r  olein (Ep 
PSO),  epox id ized  s o y b e a n  oil (Ep SB) a n d  epox id i zed  
l i n seed  oil (Ep Lin). These  were e x p e c t e d  to  be  r ich  in 
mono-,  di- a n d  t r i epox ides ,  respect ive ly ,  and  t h i s  fac t  ha s  
been  u sed  in i n t e r p r e t i n g  t h e  spec t ra .  The  th ree  s p e c t r a  
c o n t a i n  45, 68 a n d  59 s ignals ,  respect ive ly .  The  resu l t s ,  
a p a r t  f rom s ignals  for t he  glycerol  ca rbon  a t o m s  and  those  
in  t he  m e t h y l e n e  enve lope  (29.1-29.7 ppm),  are  g iven  in 
Tables  3-8.  I t  ha s  a l r e a d y  been  i n d i c a t e d  t h a t  t he  mono-, 
di- a n d  t r i e p o x y s t e a r a t e s  ex i s t  in 1, 2 and  4 d ias te reo i so -  
meric  pai rs  and  tha t ,  where  more  t h a n  one d ias te reo isomer  
ex i s t s ,  t he se  m a y  n o t  be  f o r m e d  in equa l  a m o u n t s .  Also,  
because  the  n u m b e r  of s igna ls  is less  t h a n  expected,  some  
of t h e m  m u s t  overlap.  Desp i t e  the  c o m p l e x i t y  of t he  spec- 
t ra ,  v a l u a b l e  i n f o r m a t i o n  can  be ob ta ined .  

A t o t a l  of 21 epox ide  s igna l s  w i t h  chemica l  sh i f t s  be- 
tween  58.3 a n d  53.2 p p m  are  a p p a r e n t  be tween  t h e  t h ree  
s p e c t r a  (Table 3). The  E p  P S O  shows  two  la rge  s i gna l s  a t  

57.18 a n d  57.13 ppm,  p r o b a b l y  l i nked  to  C10 and  C9 of 
t he  9 ,10-epoxys tea ra tes ,  and  s ix  sma l l e r  s ignals .  On t h e  
b a s i s  of u n p u b l i s h e d  d a t a  on epox id i zed  m e t h y l  l ino lea te  
(k ind ly  s u p p l i e d  b y  S m i t h  of C a s t r o l  In t e rna t iona l ) ,  t h e  
d i e p o x y s t e a r a t e s  have e i g h t  s igna ls ,  i nc lud ing  two t h a t  
ove r l ap  w i t h  t he  s igna l s  f rom t h e  9 ,10-epoxys tea ra tes .  
F r o m  t h e  i n t ens i t i e s  of t he se  s igna l s  a n d  of t he  m a j o r  
s igna l s  o b s e r v e d  w i th  E p  SB, i t  follows t h a t  t he  two  
s t e reo i somer ic  pa i r s  (des igna t ed  A and  B) have  the  sh i f t s  
shown in Table 4 and  t h a t  the  s te reo i somer ic  pa i r  B is pro- 
d u c e d  in l a rge r  a m o u n t s  t h a n  s t e r eo i somer i c  pa i r  A. E p  
L in  h a s  18 s i g n a l s - - 1 3  large,  2 m e d i u m  a n d  3 smal l .  The  
l a rge r  s i gna l s  m u s t  be  a s s o c i a t e d  w i t h  t r i e p o x y s t e a r a t e s  
(24 poss ib le  signals). These  m u s t  over lap wi th  one ano the r  
a n d  w i t h  s igna l s  f rom the  mono-  and  d i e p o x y s t e a r a t e s ,  
a n d  i t  is  n o t  poss ib l e  to  a s s i g n  t h e m  fur ther .  None  of t h e  
s p e c t r a  show any  olefinic s igna ls ,  i n d i c a t i n g  t h a t  ep- 
o x i d a t i o n  is v i r t u a l l y  comple te .  

The  th ree  s p e c t r a  show 14 s i gna l s  in t h e  reg ion  26.1- 
29.0 ppm,  as  well as  some  sma l l e r  s igna l s  in t he  reg ion  
25.6-28.8  (Table 5). These  r e su l t  f rom c a r b o n  a t o m s  a, f3 
or  y to  one or  more  epox ide  groups ,  and  t h e  a c t u a l  c a r b o n  
a t o m s  invo lved  are se t  o u t  in Table  6. On t h e  b a s i s  of t he  
effect  of an  epox ide  g roup  on n e a r b y  c a r b o n  a t o m s  (as 
p rev ious ly  discussed),  i t  is  l ikely t h a t  in E p  P S O  the  large  
p e a k s  a t  28.99, 27.85 a n d  26.63 are  f rom c a r b o n  a t o m s  
y(C6, C13), a (C8, C l l )  and/3(C7, C12) to  t he  epox ide  func- 
t ion.  S m a l l e r  s igna l s  a t  27.25, 26.96, 26.49, 26.27 a n d  
26.16, all  of which  are la rger  in t he  E p  SB spec t rum,  m u s t  
be  a s s o c i a t e d  w i t h  d i e p o x y s t e a r a t e s  a n d  espec ia l ly  w i t h  
C l l ,  C14 and  C15. Aga in ,  t he  s t e reo i somers  m a y  give dif- 
fe rent  chemica l  shif ts .  I t  is  r e a s o n a b l e  to  conc lude  t h a t  
s igna l  1 refers  to  c a r b o n  a t o m s  y to  an  epox ide  funct ion ,  
s i gna l s  2 -10  r e l a t e  to  c a r b o n  a t o m s  a to  an  epox ide  func- 
t i on  a n d  s igna l s  11-14 r e l a t e  to  c a r b o n  a t o m s / 3  to  an  

T A B L E  3 

Epoxide Carbon Atoms--Chemical  Shifts  and Intensi ty  a 

Signal Ep PSO Ep MeLin b Ep SB Ep Lin 

number 6 (ppm) Intensity 6 (ppm) 6 (ppm) Intensity 6 (ppm) Intensity 

1 . . . . .  58.29 0.76 
2 -- -- --  58.13 0.74 58.13 6.35 
3 -- -- -- 57.83 0.47 57.83 4.49 
4 57.18 6.45 57.24 57.19 7.85 57.18 6.47 
5 57.13 6.11 57.20 57.13 7.11 57.13 6.14 
6 56.99 1.30 57.03 56.99 10.53 56.98 5.05 
7 56.93 1.15 56.98 56.93 11.15 56.92 10.48 
8 56.71 0.69 56.74 56.71 6.31 56.71 2.95 
9 56.63 0.59 56.68 56.64 6.38 56.63 6.46 

10 --  -- -- 56.51 1.27 -- --  
11 . . . . .  56.41 0.76 
12 . . . . .  56.27 0.85 
13 54.33 1.72 54.37 54.33 15.31 54.32 6.59 
14 . . . . .  54.24 9.16 
15 54.17 1.16 54.22 54.17 14.53 54.17 24.40 
16 . . . . .  54.09 12.55 
17 . . . . .  54.05 9.92 
18 --  -- -- 53.97 1.33 53.97 6.60 
19 -- -- -- 53.78 0.58 53.77 3.47 
20 -- -- --  53.31 0.34 --  --  
21 --  --  --  53.23 0.39 --  --  

aEP PSO, epoxidized palm super olein; Ep MeLin, epoxidized methyl linoleate; Ep SB, epoxidized soybean 
oil; Ep Lin, epoxidized linseed oil. 
bChemical shift data supplied by Dr. P.W.R. Smith (Castrol, Pangbourne, England), also a signal at 56.55 
ppm. 
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TABLE 4 

Chemical Shifts (ppm) and Intensities of Epoxide Carbons 
in Diepoxystearate 

Epoxidized oil 

Diastereoisomer A Diastereoisomer B 

6 (ppm) Intensity 6 (ppm) Intensity 

Palm super olein 

Soybean 

57.18 __a 56.99 1.30 
57.13 a 56.93 1.15 
56.71 0.69 54.33 1.72 
56.63 0.59 54.17 1.16 

57.19 a 56.99 10.53 
57.13 a 56.93 11.15 
56.71 6.31 54.33 15.31 
56.64 6.38 54.17 14.53 

aOverlap with signal from 9,10-epoxystearate. 

epox ide  func t ion  or  l y i n g  be tween  two  epoxide  groups .  I t  
is n o t  y e t  pos s ib l e  to  t a k e  the  a s s i g n m e n t s  b e y o n d  t h i s  
t e n t a t i v e  s tage .  

Chemica l  sh i f t s  a n d  i n t ens i t i e s  a s s o c i a t e d  w i t h  C1-3  
a n d  ¢ol-3 are  l i s t ed  in Table 7. I n  t h e  s igna l s  for C1 a n d  
C2, i t  is  poss ib le  to  d i s t i n g u i s h  a- f rom ~-chains and  e p o x y  
f rom n o n e p o x y  cha in s  (14). A l l  t he  e p o x y  es t e r s  have  a 
9 ,10-epoxide  (a t  leas t )  and  are n o t  d i s t i n g u i s h a b l e  f rom 
each  other .  I n  all  t h r ee  of t he  epox id i zed  oils, t he re  are  
th ree  s igna l s  for c a r b o n  a t o m s  1 a n d  2: two  for t he  a- 
cha ins  ( sa tu ra t ed  and  epoxy  esters) and  one for t he />cha in  

(epoxy es t e r s  only). T h e  d i f ference  in  c h e m i c a l  sh i f t  be- 
tween  s a t u r a t e d  a n d  9 ,10-epoxy es te rs  is  g r e a t e r  t h a n  be- 
tween  s a t u r a t e d  and  9,10-olefinic esters .  The  d i s t r i b u t i o n  
of s a t u r a t e d  and  e p o x y  cha in s  is n o t  s u r p r i s i n g  because  
i t  re f lec ts  t h e  d i s t r i b u t i o n  of s a t u r a t e d  a n d  u n s a t u r a t e d  
cha ins  in t h e  o r ig ina l  oil, a n d  i t  is  k n o w n  t h a t  vege t ab l e  
oils  gene ra l l y  have  l i t t l e  or  no s a t u r a t e d  e s t e r  in t h e  13- 
pos i t ion  (15). The  re la t ive  a m o u n t s  of s a t u r a t e d  and  epox- 
ide  cha in  in t he  a -pos i t i on  i nd i ca t e  t he  h ighe r  level of 
s a t u r a t e d  ac ids  in t he  E p  P S O  t h a n  in the  epoxid ized  soy- 
b e a n  and  l i n seed  oils. 

The  o~1-3 s igna l s  p rov ide  the  b e s t  i n f o r m a t i o n  a b o u t  
t h e  p r o p e r t i e s  of mono-,  di- a n d  t r i e p o x i d e s  b e c a u s e  i t  is  
poss ib l e  to  d i s t i n g u i s h  b e t w e e n  9,10-, 12,13 and  15,16- 
epoxides .  I t  is a s s u m e d  t h a t  t he se  s igna l s  are  i nd ica t ive  
of mono-, di- and  t r i epox ides ,  respect ively.  The  col s igna ls  
for t he  t h r e e  epox ide  s y s t e m s  are a t  14.12 (over lapp ing  
wi th  n o n e p o x y  esters),  14.00 and  a t  10.61 a n d  10.50 ppm,  
respect ive ly .  These  conc lus ions  are  c o n s i s t e n t  w i th  d a t a  
for the  9,10- and  15 ,16-epoxys teara tes  r e p o r t e d  by  Basce t -  
t a  and  G u n s t o n e  (13), w i t h  t h e  r e su l t s  for ve rnon ia  oil 
r e p o r t e d  in th i s  p a p e r  a n d  w i t h  t he  r e l a t ive  a m o u n t s  of 
these  epox ides  e x p e c t e d  in t h e  th ree  oils. The  two s igna l s  
for t he  15,16-epoxides  m u s t  be a s s o c i a t e d  wi th  t he  
s t e r eo i somer i c  fo rms  of t h e  t r i epoxide .  T h e  co2 s ignals ,  
i den t i f i ed  in  a s im i l a r  way, are  a t  22.68 ( s a t u r a t e d  a n d  
9,10-epoxides),  22.58 (12,13-epoxides) a n d  21.25 and  
21.16 p p m  (15,16-epoxides).  The  ¢o3 s igna l s  are  iden t i f i ed  
for n o n e p o x y  es te r s  (31.93), 9 ,10-epoxides  (31.86) and  

TABLE 5 

Carbon Atoms a, f3 or y to an Epoxide System a 

Signal Ep PSO 
number d (ppm) Intensity 

Ep SB Ep Lin 

6 (ppm) Intensity 6 (ppm) Intensity 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

Other 
signals 

28.99 b 5.91 

27.85 c 9.76 

27.25 d 1.17 

26.964 0.68 

26.63 e 11.34 
26.49 d 1.11 
26.274 0.72 
26.16 d t.09 

28.79 0.30 

28.99 16.94 28.97 18.70 

27.90 19.27 27.90 15.14 
27.85 22.07 27.84 19.17 
27.41 1.42 27.38 6.73 

-- --  27.31 4.91 
27.24 12.03 27.25 8.26 

-- -- 27.18 5.03 
-- -- 27.05 4.52 

26.95 7.40 26.94 6.82 
-- -- 26.87 3.12 

26.62 15.46 26.60 14.03 
26.47 9.94 26.47 10.58 
26.26 7.39 26.25 3.29 
26.15 12.26 26.14 4.84 

28.68 0.62 28.76 0.93 
2 8 . 5 4  0 . 3 5  - -  - -  

2 8 . 1 1  0 . 5 9  - -  - -  

2 7 . 5 2  0 . 5 8  - -  - -  

2 7 . 0 6  0 . 8 6  - -  - -  

2 6 . 8 0  0 . 5 7  - -  - -  

2 6 . 0 1  0 . 6 8  - -  - -  

2 5 . 8 9  0 . 5 5  - -  - -  

2 5 . 6 7  0 , 4 3  - -  - -  

2 5 . 5 9  0 , 4 1  - -  - -  

aAbbreviations as in Table 3. 
bCarbon atoms ), (C 6 and C13) to epoxide in monoepoxystearates. 
cCarbon atoms a (C s and Cll) to epoxide in monoepoxystearates. 
4Signals associated with Cll, C14 and C15 in diepoxystearates. 
eCarbon atoms/3 (C 7 and C12) to epoxide in monoepoxystearates. 
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T A B L E  6 

Carbon Atoms a, fl and y to Epoxide Groups in Mono-, di- 
and Triepoxystearate 

aa /3 y 

Mono- 8,11 -- 7,12 6,13 
Di- 8,14 11 7,15 6,(16) a 
Tri- 8,(17) a 11,14 7(18) a 6 

°These refer to oJ1, oo2 and o~3 signals with different chemical shifts 
(see Table 7}. 

1 2 , 1 3 - e p o x i d e s  (31.68). T h e  o~3 s i g n a l  for  15 ,16 -epox ides  
is a l so  e p o x i d i c  a n d  h a s  a l r e a d y  b e e n  c o n s i d e r e d  (Table 
3). T h e  e p o x i d i z e d  s o y b e a n  oil  c o n t a i n s  s o m e  a d d i t i o n a l  
m i n o r  s igna l s ,  w h i c h  h a v e  n o t  b e e n  a s s i g n e d .  

R e c o g n i z i n g  t h a t  t h e  q u a n t i t a t i v e  r e s u l t s  wi l l  n o t  be  ac- 
c u r a t e  b e c a u s e  a l l o w a n c e  h a s  n o t  b e e n  m a d e  fo r  d i f fer-  
e n c e s  in  r e l a x a t i o n  t i m e s ,  w h i c h  a re  k n o w n  to  i n c r e a s e  a t  
t h e  co e n d  of  t h e  acy l  cha in ,  i t  is  s t i l l  i n t e r e s t i n g  t o  u s e  
t h e  (o l -3  s i g n a l s  t o  c a l c u l a t e  t h e  c o m p o s i t i o n  of  t h e s e  oi ls  
(Table 8). I t  m u s t  be  r e m e m b e r e d  t h a t  t h e  r e s u l t s  a r e  
mol%,  t h a t  s a t u r a t e d  a n d  9 ,10 -epox ides  a re  n o t  we l l  
s e p a r a t e d ,  e x c e p t  for  t h e  co3 s igna l ,  a n d  t h a t  15,16-t r i -  
e p o x i d e s  do  n o t  g i v e  u s e f u l  co3 s igna l s .  T h e s e  l a s t  s i g n a l s  
will ,  t h e r e f o r ~  g i v e  h i g h  v a l u e s  for  t h e  r e m a i n i n g  ca te -  
go r i e s  of  acids .  T a k i n g  al l  t h e s e  f a c t s  i n t o  a c c o u n t ,  t h e  ap- 
p r o x i m a t e  a n a l y s i s  (mol%) of  t h e  t h r e e  e p o x i d i z e d  oi ls  is: 
PSO,  s a t u r a t e d  48, m o n o e p o x i d e  41, d i - e p o x i d e  11, t r i -  
e p o x i d e  nil;  SB, s a t u r a t e d  16, m o n o e p o x i d e  21, d i e p o x i d e  
57, t r i e p o x i d e  3; Lin,  s a t u r a t e d  9, m o n o e p o x i d e  18, d iepox-  
ide  24, t r i e p o x i d e  49. 

TABLE 7 

Epoxidized Oils C1-3 and ¢ol-3 Signals--Chemical  Shift  (ppm) and Intensity  a 

Ep PSO Ep SB Ep Lin 

Assignment d (ppm) Intensity d (ppm) Intensity d (ppm) Intensity 

C1 
a sat 173.23 3.11 173.24 2.70 173.24 1.83 
a ep 173.16 1.72 173.16 6.94 173.15 7.79 
fl ep 172.75 1.89 172.75 4.82 172.75 4.87 

C2 
ep 34.16 3.92 34.14 8.80 34.13 8.55 

a sat 34.05 6.34 34.05 6.97 34.03 4.96 
a ep 34.00 3.63 33.98 13.27 33.97 14.77 

C3 
- -  25.03 0.33 . . . .  

--  24.88 7.92 . . . .  
--  24.84 6.18 24.80 17.31 24.78 18.07 
- -  - -  - -  2 4 . 5 5  0 . 4 8  - -  - -  

w l  1 4 . 2 4  0 . 5 0  

sat; 9,10ep 14.12 9.64 14.12 9.00 14.11 7.51 
12,13-ep 13.99 1.87 14.00 15.10 13.99 5.98 
15,16-ep --  -- 10.61 0.63 10.61 5.79 
15,16-ep -- --  { 10.50 0.59 10.49 7.93 

w2 
sat 22.70 8.47 . . . .  
9,10-ep 22.68 8.76 22.68 8.51 22.67 7.53 
12,13-ep 22.58 2.21 22.58 17.80 22.57 6.75 
15,15-ep -- -- 21.25 0.62 21.24 7.13 
1 5 , 1 6 - e p  - -  - -  { 2 1 . 1 6  0 . 5 8  2 1 . 1 6  6 . 5 3  

w3 

s a t  3 1 . 9 4  7 . 6 8  3 1 . 9 3  6 . 3 6  3 1 . 9 2  3 . 6 7  

9 , 1 0 - e p  3 1 . 8 8  6 . 6 5  3 1 . 8 6  8 . 0 7  3 1 . 8 5  6 . 8 7  

- -  - -  - -  3 1 . 7 8  1 . 3 6  - -  - -  

1 2 , 1 3 - e p  3 1 . 6 9  1 . 8 3  3 1 . 6 8  1 6 . 0 0  3 1 . 6 7  6 . 2 6  

- -  - -  - -  3 1 . 4 9  0 . 5 9  - -  - -  

- -  - -  - -  3 1 . 3 8  0 . 4 9  - -  - -  

aAbbreviations as in Tables 1 and 3; ep, epoxy. 

T A B L E  8 

The Composition (tool%) of Three Epoxidized Oils Based on Their ¢ol, co2 and w3 Signals a 

Ep PSO Ep SB Ep Lin 

col ¢o2 oo3 col ~2 co3 wl o~2 ¢o3 

Sat 84 44 48 37 31 19 28 27 22 
9,10-ep } ~ 45 41 } -- -- 25 } -- -- 41 

12,13-ep 16 11 11 58 65 49 22 24 37 

15,16-ep -- --  --  5 4 --  50 49 -- 

Other . . . . .  7 -- - -  - -  

aAbbreviations as in Tables 1 and 3; ep, epoxy. 
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To o b t a i n  more  a c c u r a t e  resu l t s ,  i t  would  be  n e c e s s a r y  
to  m e a s u r e  T~ and  t h e n  to  i n c o r p o r a t e  an  a p p r o p r i a t e  
r e l a x a t i o n  t i m e  in to  t h e  p ro toco l  for  co l l ec t ing  t h e  spec- 
t r u m .  This  p r e s e n t s  no i n s u p e r a b l e  p rob lem,  a n d  a good  
spec t ro scop i c  m e t h o d  of a n a l y z i n g  e p o x y  oils  cou ld  be  
der ived .  
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