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U LTRAVIOLET AND INFRARED 5,IETHODS o f  analysis 
have wide application in the field of fat and oil 
chemistry. The ultraviolet method for po]y- 

unsaturation and the determination of t rans  double 
bonds by infrared arc well-established analytical 
techniques. 

A direct instrumental method for cis unsaturation 
is also attractive. The difference between iodine 
value and infrared t rans  analyses indicates the cis 
unsaturation, but a direct method would be more 
rapid and less costly because only a single measure- 
ment is required. The most favorable spectral region 
for this analysis is in the near infrared. Neither the 
ultraviolet nor visible spectral regions contain bands 
specific for cis unsaturation. In  the infrared spectra 
of fa t ty  acids and esters several bands caused by 
vibrations involving cis double bonds are found. 
None of these bands however is well suited to quant i -  
tative measurement. 

The near infrared region of the spectrum is defined 
here as the wavelength interval from 0.7 to 2.6 ~. In  
this region are found many absorption bands result- 
ing from overtone and combination bands associated 
with hydrogen atoms. For  example, the first over- 
tones of the ~ N H  and - - O H  hydrogen stretching 
vibrations are found near 1.5 and 1.4 t~, respectively, 
while cmnbination bands . resul t ing  from the C - - H  
stretching and deformation vibrations of alkyl groups 
are observed between 2.2 and 2.6 /~. 

The absorption bands in the near infrared are well 
suited to analytical applications because of their 
sharpness and relative freedom from interference. 
Analytical procedures based on near infrared spec- 
troscopy have dealt with the determination of aro- 
matic and a]iphatic alcohols (1, 3) and amines (7), 
terminal unsaturat ion (2), and terminal epoxides (4). 

Holman and Edmondson (6) have published sev- 
eral near infrared spectra of fa t ty  acids and esters. 
Bands at 2.19, 2.14, and 1.18 / ,were  attr ibuted to cis 
unsaturation. Goddu (2! gave the molar absorptivi- 
ties at 2.14 t~ of several compounds containing iso- 
lated cis double bonds and remarked on the similarity 
in the values obtained, t ie concluded that at 2.14 /~ 
little interference from absorption because of t ~ n s  
unsaturation is to be expected and suggested that the 
cis content of mixtures of isomers be determined at 
that wavelength. 

Recently Holman, Ener, and Edmondson (5) re- 
ported the determination of cis unsaturat ion in lipid 
components and hydrogenated oils by near infrared 
spectroscopy. They measured the absorbance of the 
band at 2.15/~ and related this to the iodine value of 
the sample corrected for t rans  content. They reported 
that t rans  unsaturat ion does not interfere at the ana- 
lytical wavelength. 

For  the work to be reported here the absorption 
band at 2.14 ~ was employed. This band is super- 
imposed on a relatively strong C - - H  combination 
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FIG. 1. Ne~tr infrared spectrum of 1% oleic acid in CCI4 be- 
tween 2.6 and 1.4 tL. Cis unsaturation band occurs at 2.14 t~. 

band (Figure 1) so that quantitative measurements 
are difficult on account of the steepness of the back- 
ground. To circumvent this difficulty a solution con- 
taining a suitable saturated compound (usually the 
palmitic acid derivative) was placed in the reference 
beam of the instrument. 

Experimental 

A Cary Model 14 Speetrophotometer was used 
throughout  this investigation. The instrument con- 
ditions were chosen so that absorb ances obtained were 
reproducible to the accuracy inherent in reading the 
chart paper ( •  0.001 unit) .  These conditions were: 
slit control, 25; scan speed, 10 A/see. (10 m~/sca]e 
division) ; scan range 2.20 to 2.10 ~, and PbS detector. 
The slit control resulted in a spectral slit width of 6A 
at 2.1 ~. The instrument was swept with dry  nitrogen 
to remove any interference because of water vapor. 
Ten-centimeter path-length matched quartz or glass 
cells were used. 

The reagent grade of carbon tetraehloride was used 
without fur ther  purification. The following com- 
pounds were obtained from the Hormel Foundat ion:  
oleie acid (IV---- 89.8), linoleic acid ( IV = 181.0), 
methyl oleate ( IV = 85.6), methyl linoleate ( IV = 
172.5), and methy l  pahnitate ( IV = 0). Tripalmi- 
tin and palmitic acid were obtained from Eastman. 

Triolein and trilinolein were prepared in The Proc- 
ter and Gamble Research Division. The triolein had 
an acid value of 0.07, hydroxyl  value of 4.3, and all 
IV of 82.8. Gas chromatography of the methyl esters 
prepared from triolein showed 2.3% linoleic and 
3.3% linolenic acids. The trilinolein had a hydroxyl  
value of 5.4, zero acid value, and an IV of 168. Gas 
chromatography of the methyl esters derived from 
trilinolein showed 5.5% oleic and 0.4% linolenic acids. 

The methyl linoleate was prepared from acids iso- 
lated from linseed oil and contained less than 1% 
t rans  isomer. Gas chromatography results indicated 
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the composition to be 94% methyl  linolenate and 6% 
methyl linoleate. 

The following' analyt ical  procedures were used in 
obtaining the data on oils. 

Raw and Unhydrogenated Oils (I.tC trans <10%) 

Calibration Curve. A series of five s tandard  solu- 
tions were prepared  by weighing quantities of t rMe in  
and t r ipa lmi t in  of known pur i ty  and dissolving' them 
in 50 ml. of CC14. The total  sample weight in each 
ease was 2.5 g. 

The solution to be analyzed was put  into a 10-era. 
path-length cell, and the spect rum f rom 2.2 to 2.1 
was scanned. The reference cell contained a solution 
of 2.5 g. of t r ipalmit in  or t r imyris t in  in 50 ml. of CC14. 

The baseline was drawn tangent  to the base of the 
2.143 ~ absorption band between 2.16 ~ and 2.13 ~. 
The area under  the band was calculated by measur ing 
the half-band width in centimeters with vernier  cali- 
pers and mul t ip lying this value by the peak absorb- 
anee corrected for the baseline. 

The calibration curve was constructed by plott ing 
the area against  the cis iodine value. The cis iodine 
value was calculated f rom the weights of triolein 
taken by the equation: 

wt. triolein • I.V. of triolein 
eis (I .V.)  = 

2.5 

The calibration curve was extrapolated to permit  
handl ing of samples with an iodine value greater  
than that  of triolein (86.0). 

U n k n o w n s  

Solutions containing 2.5 g. oil/50 ml. of CC14 were 
prepared,  the spectrum was scanned, the area was 
measured, and the cis (I .V.)  was calculated f rom the 
calibration curve. 

Hydrogenated Oils and Shortenings 

Calibration Curve. Samples of hardened cotton- 
seed oil of the following approximate  composition 
were obtained, and 2.5 g. of each were dissolved in 
50 ml. of CC14. Duplicate determinations of iodine 
value and % infrared  trans acids were obtained on 
each of the original samples. 

Sample  No. I od ine  va lue  % I . N .  trans  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5 - 1 0 5  10 ~ 3 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85~ 95 20 ~ 3 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80~  85 30 +~- 3 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5 -  80 40 ~ 3 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70-- 75 50 ~ 3 

The cis (I .V.)  for each oil was calculated by the 
relationship: ds  (I .V.)  of o i l = l . V .  (of s a m p l e ) -  
0.860 (% 1.R. trans).  The constant 0.86 is the factor  
for converting % I.R. trans to iodine value. 

The solutions were scanned f rom 2.20 to 2.10 ~ in 
a 10-era. cell against a t r ipahni t in  or t r imyr is t in  
blank. The peak absorbanee of the band at 2.143 
was measured and corrected for  the absorbanee at 
2.157 r A calibration curve was p repared  by plot- 
t ing the corrected absorbanee at 2.143 t~ against  the 
cis (I .V.) .  

U n k n o w n s  

A solution containing 2.5 g. of oil per  50 ml. of 
CC14 was put  into a 10-era. cell, the spect rum scanned, 

and the peak corrected absorbance determined. The 
equivalent cis (I .V.)  was determined f rom the cali- 
brat ion curve for  hydrogenated oils. 

Results  and Di scuss ion  

The molar absorptivities of several f a t ty  acid de- 
rivatives of known purit ies were calculated f rom the 
s!ope of calibration curves. At  least four  different 
concentration levels of each compound were used. 
Each of the curves so obtained was linear and passed 
through the origin. The puri t ies of these compounds 
were established f rom gas chromatographic,  infrared,  
and chemical data. 

The molar absorptivit ies thus  obtained are sum- '  
marized in Table I. The molar absorptivities of the 
polyene derivatives w e r e  found not to be integral  
mult iples of the monoene oleate derivatives. An anal- 
ysis scheme based only on absorbanee measurements  
will yield results lower than the t rue value when 
appIied to mixtures  containing' appreciable quantit ies 
of polyene cis unsaturat ion.  I f  however the molar  
absorptivities are corrected for the differences in band 
widths, the corrected molar  absorptivit ies for the 
polyene derivatives become integral  multiples of the 
oleate values (Table I, column 2). The band-width 
corrections were made by measur ing the band width 
at half  the peak-absorbanee value and mul t ip lying 
this by  the peak absorbanee. This product  is the 
approximate  area under  the absorption band and is 
so designated in Table I. 

T A B L E  I 

Mola r  Absorp t iv i t i e s  of F a t t y  Acid  D e r i v a t i v e s  a t  2 .14  

Compound 

Oleic acid . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ino le ic  acid .. . . . . . . . . . . . . . . . . . . .  
~ e t h y l  oleate .. . . . . . . . . . . . . . . . . . . .  
MeChyl linoleM.e ... . . . . . . . . . . . . .  
~{ethyl l ino lena te  ... . . . . . . . . . . .  
T r io l e in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i l i n o l e i n  .. . . . . . . . . . . . . . . . . . . . . . . .  

Molar _ _ A r e a  b . A r e a  on totaI 
abso rp t i v i t y  a f a t ty  acid  basis  

0 .132  0 . 1 1 9  0 .119  
0 .222  0 .235  0 .235  
0 . 1 4 5  0 .127  ~ 0 .121  
0 . 2 4 6  0 .255  0 .243  
0 .345  0 .369  ] 0 .351  
0 . 4 3 0  0 .388  0 .371  
0 .741  ] 0 .773  / 0 .740  

~ Mola r  absorp t iv i ty ,  = A/bc ,  w h e r e  A is the absorbanee ,  b the  cell 
pa th - l eng th  in era. and  is moles pe r  l i te r .  

b Area - - I  mola r  absorp t iv i ty ,  e, mu l t ip l i ed  by b a n d  w i d t h  in  era. at 
ha l f  absorbance .  

By measuring area ra ther  than only absorbanee, it 
is possible to analyze mixtures  of cis derivatives 
without regard to the relative amounts of cis mono- 
erie and polyene components present. Only a single 
calibration curve is needed for  the analysis of mixed 
f a t t y  acids, methyl  esters, or tr iglyeerides because 
the areas for each of these derivatives may  be related 
by  the appropr ia te  molecular-weight correction. The 
interrelat ion of areas is i l lustrated in Table I, column 
3, where the areas are calculated on a total  f a t t y  acid 
basis. 

The area calculation method was applied to several 
typical  samples of refined cottonseed and soybean 
oils. The areas were compared to a calibration curve 
prepared  f rom mixtures  of triolein and t r ipa lmi t in  
of known puri ty ,  and the equivalent cis contents of 
the oils were calculated on an iodine value basis 
[cis ( I .V. ) ] .  The cis (I .V.)  values obtained by near  
in f ra red  measurements  were compared with the re- 
sults calculated f rom iodine value and inf rared  trans 
determinations.  

Table I I  shouts the results obtained f rom this com- 
parison. The calculated values agreed well with the 
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near infrared cis method. The average absolute dif- 
ference between the calculated cis ([ .V.)  and the 
infrared method was _+ 0.8 I.V. units for refined 
soybean oils and • 1.5 I.V. units for refined cotton- 
seed oils. 

T A B L E  I I  

Analys is  of Refined an:l IMeaehed Soybean and Cottonseed Oils 

Soybean Oils 

Sample 
No. 

1 . . . . . . . . . . . . . . . . . . . . . . . .  
2 a . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . .  
6....... . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . .  

Total  
I . V .  

1 3 3 . 1  
1 2 5 . 8  
1 3 3 . 7  
1 3 1 . 8  
1 3 3 . 5  
1 3 1 . 8  
1 3 3 . 1  

% I . t r  / Calc 
t ra,n8 ci~'" 

0 ,8  I 1 3 2 . 3  
9 . 0  / 1 1 6 . 8  
1 .4  1 3 2 . 3  
1 .4  1 3 0 . 4  
1 .5  I 1 3 2 . 0  
1 .5  ] 1 3 0 . 3  
1 .1  1 3 2 . 0  

el8 
I .V.  

1 1 7 . 4  
1 3 2 . 4  
1 3 1 . 9  
1 3 1 . 2  
1 3 0 . 4  
1 3 1 . 1  

Diff .  
( a b s o l . )  

+ 1 . 8  
+ 0 . 6  
+ 0 . 1  
+ 1 . 5  
- -  0 .8  
+ 0 . i  
- - 0 . 9  

0 .8  

Cottonseed Oils 

8 . . . . . . . . . . . . . . . . . . . . . . . . .  
9 a . . . . . . . . . . . . . . . . . . . . . .  

10  . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 4 . 5  
1 0 8 . 2  
1 1 2 . 5  
1 1 2 . 1  
1 1 3 . 2  

1 ,5  
9 . 4  
1 . 7  
1 .5  
1 .5  

1 1 3 . 0  
9 8 . 8  

1 1 0 . 8  
1 1 0 . 6  
1 1 1 . 7  

1 1 3 . 3  Av.  + 0 .3  9 6 . 7  - -  2 .1  
1 1 2 . 5  + 1 .7  
1 1 2 . 2  + 1 .6  
1 1 3 . 9  + 2 .1  

2 1 , 5  

" Slightly h y d r o g e n a t e d  o i l  

The direct-area-measurement procedure, when ap- 
plied to series of hydrogenated soybean and cotton- 
seed oils, led to some error. It was found that the 
presence of more than 10% trans isomers in the hy- 
drogenated oils had a marked effect on the siope 
of the baseline. Figure 2 illustrates the differences 
in slope observed, Results calculated from the cali- 
bration curve obtained from triolein-tripalmitin mix- 
tures were low in approximately direct proportion to 
the amount of trans isomer present. 

A new baseline was chosen so that this interference 
was minimized. The absorbanee at 2.157 ~ was used 
in place of the tangent baseline previously used. 
Even so, neither absorptivity nor area measurements 
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F I G .  2 .  N e a r  i n f r a r e d  s p e c t r a  o f  o i l s  b e t w e e n  2 .2  a n d  2 . 1  

i l l u s t r a t i n g  d i f f e r e n c e  i n  b a s e l i n e  c a u s e d  b y  t r a ~ s  i s o m e r s .  A 

r e f i n e d  a n d  B h y d r o g e n a t e d  s o y b e a n  o i l s .  

were independent of the nmnber of nmltiple double 
bonds present. 

Rather than use triolein or trilinolein as standards, 
a series of cottonseed oils hydrogenated to different 
trans contents was employed. The calibration curve 
was prepared by plotting the absorbance difference 
between 2.143 ~ and 2.157 ~ against the cis ([ .V.) ,  
calculated from iodine value and infrared trans acid 
data. Figure 3 illustrates the calibration curve 
obtained. 

This method of calculation was applied with equal 
success to samples having trans contents greater than 
10%. Among the samples examined were cottonseed 
and soybean oils hydrogenated, under margarine con- 
ditions, cottonseed oils hydrogenated under shorten- 
ing conditions, and several finished shortenings. The 
results are tabulated in Table III. The average rela- 
tive difference (-----1.6%) between calculated and 
determined values for the cis (I.V.) is a little larger 
than that obtained with refined oils and undoubtedly 
reflects the statistical dexdations inherent in the iodine 
value and trans determinations. 

It would also be possible to use mixtures of triolein 
and trielaidin to prepare the calibration curve. Prepa- 

T A B L E  I I I  

Analys is  of H y d r o g e n a t e d  Oils and Shortenings  
Soybean Oils (Margar ine  Condit ions)  

Sample  No. Tota! ~"o I . R .  Ca lc .  I . t r  Diff. Diff. 
I . V .  t r a n , ~  c @  c l s  ( abs. ) ( r el, ) 

as I . V .  ( I . V )  ( I . V . )  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 7 . 2  
1 0 2 . 7  

9 8 . 8  
8 9 . 3  
8 3 . 3  
7 8 . 3  
7 1 . 4  

2 8 . 4  
3 3 . 3  
3 6 . 5  
4 2 . 3  
4 4 . 4  
4 5 , 2  
4 5 . 2  

7 8 . 8  
6 9 . 4  
6 2 . 3  
4 7 . 0  
3 8 . 9  
3 3 . 1  
2 6 . 2  

7 9 . 1  
6 9 . 4  
6 3 . 0  
4 8 . 3  
3 7 . 8  
32 .6"  
2 6 . 5  

+ 0 .3  
0 

+ 0 . 7  
+ 1.3 
- - 1 . 1  
- -  0 .5  
+ 0.3 

Av.  • 0 . 6  

+ 0 . 4  
0 

+ 1.o 
+ 2 . 9  
- -  2 .8  
- -  1 .9  
+ 1 , o  

-4-1. 6 

1 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 8 . 2  
9 9 . 5  
9 4 , 3  
8 8 . 9  
8 3 . 5  
7 8 . 4  
7 3 . 7  

Cottonseed Oils (Margar ine  Condit ions 

8 . 6  
1 9 . 0  
2 5 . 4  
2 9 . 8  
3 4 . 8  
3 7 . 6  
3 9 . 0  

9 9 . 6  
8 0 . 5  
6 8 . 9  
5 9 . 1  
4 8 . 7  
4 0 . 8  
3 4 . 7  

1 0 0 . 7  
8 1 . 6  
6 8 . 9  
5 8 . 7  
4 8 . 2  
4 2 . 0  
3 4 . 9  

- + 1 . 1  
+ 1.1 

0 
- -  0 . 4  

- -  0 .5  
+ 1 .2  
+ 0 , 2  

Av.  • 0 .6  

+ 1 .2  
+ L 3  

O 
- -  2 . 8  
- -  1 .8  
+ 3 .1  
+ 0 . 4  

• 1 . 6  

Shortenings  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 4 , 1  1 7 . 6  5 6 . 5  5 6 . 0  - -  0 . 5  + 2 .1  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 6 . 2  2 8 . 6  4 7 . 6  4 8 . 2  + 0 . 6  + 0 . 9  
3 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 2 . 9  8 .1  5 4 . 8  5 4 . 5  - -  0 .3  - -  0 .5  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 8 . 0  2 6 . 5  5 1 . 5  5 1 . 1  - -  0 . 4  + 0 ,9  
5 a,  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 3 . 6  4 . 9  9 8 . 7  9 8 . 6  - -  0 .1  - -  0 .3  
6 b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 0 . 7  1 2 . 4  7 8 . 3  7 9 . 8  + 0 .5  + 1 .9  

a A r : ' a  eMculation used because  t r a n s  content be low 1 0 % ,  
b H y d r o g e n a t e d  CSO,  shortening" conditions.  
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F r o .  3. C a l i b r a t i o n  c u r v e  p r e p a r e d  f r o m  h y d r o g e n a t e d  c o t t o n -  
s eed  oils .  

ration of a curve from hydrogenated oils is the more 
attractive because they more closely approximate 
the compositions of the unknowns to be analyzed. 

Conclusion 
An analytical method has been developed capable 

of giving reproducible and accurate determinations of , 

the cis unsaturation present in refined oils, hydrogen- 
ated oils, and finished shortenings. Molar absorptivity 
measurements indicate that similar methods are appli- 
cable to the analyses of mixed esters or fa t ty  acids. 

The method depends upon the measurement of a 
band in the near infrared at 2.143/, that is caused by 
cis unsaturation. The following pertinent conclusions 
are drawn from data obtained in this investigation. 

a) The areas under the absorption bands for cis 
polyenes are integral multiples of the areas under 
the bands of cis monoenes. 

b) The cis content of oils containing less than 10% 
trans triglycerides can be determined accurately by 
measuring the area under the absorption band. 

e) Aceurate results ean be obtained for samples 
containing quantities of trans fat ty acids in excess 
of 10'% if a point baseline is used and the peak ab- 
sorbance measured. 
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Hydrogen Peroxide Variables 
Epoxidation Efficiency I 

m Increasing 

MILTON SACK and H. C. WOHLERS, Solvay Process Division, 
Allied Chemical Corporation, Syracuse, New York 

p RIOR STUDIES in this laboratory (1) have shown 
that the conventional technique for in situ epoxi- 
dation of olefins, using hydrogen peroxide, acetic 

acid, and sulfuric acid catalyst, can be modified 
advantageously. The modifications--use of partially 
preformed peracetic acid prepared by premixing the 
hydrogen peroxide, and the acetic and sulfuric acids, 
and control of agitation--result in reduced epoxide 
cleavage and give a product of higher epoxide content. 

Previously reported work with the partially pre- 
formed peraeetic acid epoxidation method involved 
use of 50% hydrogen peroxide and was based on 
employment of a 15 mole % excess of hydrogen per- 
oxide over the reacting olefin. 

The present paper extends study of  the partially 
preformed peraeetic acid cpoxidation method to in- 
elude variation of both the quantity and concen- 
tration of hydrogen peroxide used in the reaction. 
Quantity variatio.ns include use of hydrogen perox- 
ide/olefin mole ratios equivalent to less than a 15 
mole % excess of hydrogen peroxide, and the con- 
centration variation includes use of 70% hydrogen 
peroxide. Soybean oil is used as a model olefin. 

Presented  at the 32nd annua l  meeting,  American Oil Chemists' Soci- 
ety, Chicago, Ill., October 20-22 ,  1958. 

Part I. Hydrogen Peroxide/Olefin Mole Ratio 

The object of varying the hydrogen peroxide/olefin 
mole ratio was twofold: a) to determine the minimum 
amount of hydrogen peroxide required to produce 
epoxidized soybean oil of high oxirane oxygen content 
and low iodine number for stabilizer-plasticizer use, 
and b) to determine how hydrogen peroxide could be 
best utilized to prepare cpoxidized soybean oil for 
new polymer uses in which low iodine numbers may 
not be required. 

Experimental 
A series of soybean oil epoxidations with 50% hy- 

drogen peroxide was carried out by using the par- 
tially preformed peracetie acid method (1). Each 
epoxidation was made with 400 g. of soybean oil 
(Iodine No. 133.2), using mole ratios of hydrogen 
peroxide to olefin in the range of 0.25 to 1.15. All 
the epoxidations were run at 57~ using an acetic 
acid to hydrogen peroxide mole ratio of 0.5, a sul- 
furic acid concentration of 1.8% by weight of acetic 
acid and 50% hydrogen peroxide, and the previously 
reported optimum stirring rate of 140 r.p.m. Time 
for addition of the preformed peracetic acid solution 
was two hours except in the 0.25 and 0.50 hydrogen  


