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African oil palms produce fruit  throughout the 
year, but there is a peak season from July to Octo- 
ber when an average of 68.3% of the fruit  matures. 

Composition of Palm Fruit 
In order to determine the amount of fuel available 

for generating steam from the waste after processing 
of palm oil and palm kernels, six experimental pilot 
plant extractions, each of exactly one ton of fruit, 
were undertaken and weights recorded. Six tons of 
fruit  bunches yielded 8,712 pounds of loose fruit  
which on processing yielded 2,400 pounds of crude 
pericarp oil, 1,854 pounds of pericarp waste, and 
4,068 pounds of nuts containing 834 pounds of ker- 
nels and 3,225 pounds of shells. From the known 
b.t.u, value of the pericarp and shell waste it was 
calculated that five times as many boiler horse power 

are available from the waste fuel as is required for 
the necessary processing steam. 

Summary 
The behavior of African oil palms in Honduras 

was studied with the view of establishing it as an 
economic crop in Central America. The highest yield- 
ing variety for this region was determined to be the 
Java variety. The influence of post-harvest handling 
of fruit  on the formation of free fat ty acids in palm 
oil was investigated. Actual plantation yields were 
obtained by processing plantation-produced fruit. 
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The Infrared Spectra of Saturated Fatty Acids With Even Number 
of Carbon Atoms From Caproic, Co (Hexanoic), to Stearic, C18 
(Octadecanoic), and of Their ,Methyl and Ethyl Esters I 
ROBERT T. O'CONNOR, ELSIE T. FIELD, and W. SIDNEY SINGLETON, 
Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

B E F O R E  many successful applications of infra- 
red spectroscopy to fat ty acid and vegetable oil 
chemistry can be made, extensive spectral data 

on a large number of pure reference compounds 
will be required. Heretofore the scant spectral data 
available on fat ty acids, esters, and triglycerides have 
consisted either of measurements made over a very 
limited range of the infrared spectrum or have been 
obtained with compounds of undescribed purity. 

Markley (12), reviewing the application of infra- 
red spectrophotometry to fat ty acid chemistry, refers 
to work of Barnes et al. (2), of McCuteheon et al. 
(13), and of Gamble and Barnett (7). Barnes and 
his co-workers (2) include, in a library of reference 
curves, infrared spectral data on several fat ty acids 
and vegetable oils, measured however only over the 
region 5 to 13 microns. Some of their compounds 
were, admittedly, not of highest purity. McCutcheon 
et al. (13), investigating cis and trans isomers, meas- 
ured only the region of the C = C  absorption band at 
about 6 microns. This vibration band, arising from 
C~-C stretching vibration, is very weak and is masked 
by the intense C---~O band at 5.8 microns. Gamble 
and Barnett (7) measured a few fatty acid esters and 
drying oils over the region I to 15 microns, but most 
of their curves include only the region 5 to 15 mi- 
crons. These authors made some vibration band cor- 
relations with molecular structure. None of these 
studies reports any quantitative data. 

To this brief list of studies of the infrared spectral 
properties of fat ty acids should be added the work 
on deuterium-substituted fat ty acids in the vapor 
phase by Herman and Hofstadter (8) and the more 

1Presented before the 1950 Fall Meeting of the American Oil Chemists' 
Society, San Francisco, California. 

~One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture. 

recent work of Rao and Daubert (15), of Honn, Bez- 
man, and Daubert (10), and of Lemon and Cross 
(11). These latter papers, in particular, indicate the 
possibilities of utilizing infrared spectral properties 
for analytical purposes. 

After the work to be described in this communica- 
tion was well under way, Shreve, Heether, Knight, 
and Swern presented infrared absorption data on a 
number of long chain saturated and mono-unsatu- 
rated fat ty acids, methyl esters, and alcohols (19). 
Their data constitute the most complete study of the 
infrared spectral properties of fat ty acids and esters 
which has yet been deseribec~. As a result of their ob- 
servations, they have proposed an analytical method, 
based on infrared spectrophotometry, for the quanti- 
tative determination of trans isomers of mono-unsatu- 
rated acids and esters in the presence of the cis isomers 
and of saturated compounds (20). Comparisons of the 
method with the Twitchell lead salt-alcohol method for 
the determination of trans acids and esters have also 
been described (21). 

To achieve a satisfactory degree of accuracy in 
quantitative analysis, measurements of infrared spec- 
tra will, very probably, have to be made on solu- 
tions of the material to be analyzed by the so-called 
differential analysis method (17). This method is 
the procedure universally employed for quantitative 
measurements in the ultraviolet region. With the in- 
frared spectrophotometer adjusted to correspond to 
100% and the beam passing through the solvent cell, 
the slit width and the gain are adjusted until a null 
reading is obtained on the output meter. Then the 
cell containing the absorbing specimen is shifted into 
the beam and the potentiometer is adjusted until a 
null reading is again obtained. The percentage trans- 
mission and/or optical density at the wavelength in 
question is read directly from the scale. 
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Most measurements of pure compounds however 
have been made either on pure liquids or on hydro- 
carbon mulls p repared  from solids. Constants meas- 
ured  from the pure liquids are not str ict ly applicable 
for  quanti tat ive purposes to measurements made on 
solutions of various unknowns as the solvent may 
exercise considerable effect on the in f ra red  spectral 
properties.  Measurements f rom mulls cannot be ap- 
plied to quanti tat ive analyses as it is extremely 
difficult, if  not impossible, to measure the thickness 
of the mull layer  with sufficient accuracy. I t  is very 
desirable that  the inf rared spectra of pure compounds 
be obtained in the solvents which will be employed 
in applying such data to analytical  purposes. 

In  the present  work inf rared  spectra have been 
obtained on the seven even-numbered carbon atom 
members of the homologous series of straight-chain, 
saturated, monobasic aliphatic f a t ty  acids f rom ca- 
proic, C6 (hexanoie),  to stearic, C~s (octadecanoic),  
and on their  methyl  and ethyl esters f rom 1 to 12 
microns. All measurements were made in chloroform 
by a null reading method, balancing the nonrecording 
instrument,  a model IR-2 Beckman In f r a r ed  Spectro- 
photometer,  3 with the solvent and then reading the 
value for  the solution in rapid succession at  ever), 
0.05 micron throughout  the spectral range and every 
0.025 at points of sharp inflection. 

The spectrophotometer was housed in a room main- 
tained at about 74°F. and 20% relative humidity.  In 
addition, the temperature  of the ins t rument  was main- 
tained at 25°C.  -4- 0.1 ° by a hydrocarbon circulating 
from a constant temperature  bath. The same pair  of 
0.04 cm. matched cells was used throughout  the work. 
The spectrophotometer was calibrated against vari- 
ous liquids of known inf ra red  propert ies  obtained 
f rom the National Bureau of Standards.  

Quantitat ive data have thus been obtained, which, 
while dependent upon the slits and resolutions of the 
instrument  used, are of high precision and can permit  
critical comparisons of intensities of one sample with 
any other at any wavelength. This method of differen- 
tial analysis also eliminated any effect of background 
noise or interferences such as moisture. 

Chloroform was selected as the solvent as it is quite 
t ransparent  in the region of the in f ra red  spectra in- 
vestigated, the f a t ty  acids arid their  esters are readily 
soluble in it, and it is f requent ly  used in other studies 
of these compounds. Chloroform has the advantage 
over carbon disulfide for in f ra red  measurements as it 
does not have a region of intense absorption between 
1 to 12 microns whereas an intense maximum in the 
spectrum of carbon disulfide masks any absorption 
measurements in the important  region 6-7 microns. 
Carbon disulfide is fur thermore  a dangerously toxic 
solvent (3) and not adaptable to studies where a 
large number  of samples are to be measured. 

The chloroform should be both chemically and op- 
tically pure, i.e., it should have the highest transmis- 
sion to the inf rared radiation obtainable. Chloroform 
has a strong absorption band at 8.2 microns and 
weaker bands at 4.2, 6.6-7.0, 9.3-9.5, and 10.8 microns 
(14). Fo r  purposes of comparison the best chloro- 
form that  has been purified in this labora tory  has 
been measured against the empty cell. When com- 
pared in this manner ,  the transmission of the chloro- 

aMentior} of names  of firms or trade products  does not imply that they 
are  endorsed or  recommended by the D e p a r t m e n t  of A g r i c u l t u r e  over  
other  firms of s imi la r  p roducts  not  ment ioned.  
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Fm. 1. Infrared spectra of fatty acids. 

0~6 Caproie  C-10 Capr ie  C-16 Palmitie  
C-8 Capryl ic  C-12 L a u r i e  C-18 Stearic 

C-14 Myr is t ic  

form may at some wavelengths become greater  than  
the 100%, due to reflectance losses through the air 
layer and at the interfaces of the empty cell used as 
the reference. The values suggested as minimum per- 
centage transmission for  chloroform to be used as a 
solvent for  in f ra red  measurements are 108, 100, 73, 
102, 38, 10, 21, 84, 78, and 30 for  wavelengths of 1.0, 
3.0, 4.0, 6.0, 7.0, 8,.0, 9.5, 10.0, 11.0, and 12.0 microns, 
respectively. 

P r e p a r a t i o n  o f  A c i d s  a n d  E s t e r s  

The fa t ty  acids were obtained from commercial 
products  containing approximately  85.90% of tbe de- 
sired acid. Unsatura ted  impurities were removed by  
Sulfonation and water  washing .  Esterifieatlon of the 
washed materials with the appropr ia te  alcohol gave 
the methyl  and ethyl esters. The esters were fraction- 
ally distilled and repeatedly recrystall ized f rom ace- 
tone. A port ion of each of the f a t ty  acid methyl  
esters was converted to the appropr ia te  acid. All 
products  were dried over phosphorous pentoxide. The 
melting points a n d / o r  refract ive indices of the f a t ty  
acids and their  methyl  and ethyl esters are given in 
Table I. A comparison of these data with available 
published values (12) indicates tha t  the compounds 
obtained closely approached 100% puri ty .  

D i s c u s s i o n  

Spectra  of the 7 acids and their  methyl and ethyl 
esters are shown in Figures  1, 2, and 3 as plots of 
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F r o .  2 .  I n f r a r e d  s p e c t r a  o f  m e t h y l  e s t e r s  o f  f a t t y  a c i d s .  
0-6 Capro ic  0 - i 0  Capr i c  0-16 P a I m i t i e  
C~8 Capry l ic  C-12 L a u r i c  C-18 S tear ic  

C-14 :MEyristic 

the percentage transmission of solutions containing 
approximate ly  20 g./1. against  the wavelength in mi- 
crons. These curves exhibit  a number  of pronounced 
absorp t ion  bands, the exact wavelength positions of 
maxima of which are indicated on each figure. The 
intensities of these bands,  expressed as molecular ex- 
tinction coefficients, ~ are given in Table I I .  F rom a 
s tudy of available in f ra red  l i terature  concerned with 
the generalities of f requency correlations and par-  
t icular ly  f rom data on analogous compounds, most 
of these bands can be correlated with a feature  of 
the molecular s t ructure  of the acid or ester. 

4e (molecu la r  ext inct ion coefficient) ---- o . n . / c l ,  whe re  O.D. is the op- 
t ical  dens i ty ,  c is tile concen t ra t ion  in moles p e r  li ter,  and  1 is the  ceil 
length  in  cen t ims te r s .  

T A B L E  I 

Mel t ing  P o i n t s  a n d  R e f r a c t i v e  Ind i ce s  of the  F a t t y  Acids  a n d  E s t e r s  

F a t t y  Acids  I Methyl  E s t e r s  E thy l  E s t e r s  

M e l t i n g  
Poin t ,  

t q.  a 

Capro ic  ............. i ...... 
Oapryl ic  ............ I ...... 
Cap r i c  .............. I 28.8 
L a u r i c  .............. I 43.2 
:~Iyristic ............ ~ 53.9 
P a l m i t i c  ........... 62.8-63.0 
S tea r ie  .............. { 69.5 

Ref rac -  
t i ve  

I n d e x  
n ~5°c. b 

1 .4083 
1.4191 
1.4261 

Ref rac -  
~[el t ing r i ve  
Pooh. t, I n d e x  

. n ~ ° C .  

...... 1 .3960 

...... 1.4083 
1.4152 

...... 1 .4219 
1.4272 

i~: ;  1.431o 
38.3 1,4345 

Melt ing  
Po in  t, 

°C. 

Re f rac -  
t ive  

I n d e x  
II~ °C- 

1.3977 
1.4077 
1.4154 
1.4216 
1.4263 
1.4302 
1.4340 

a 0 a p i l l a r y  tubes .  
b AbbOt r e f r ac tome te r .  

Band at 3.3 microns. This band arises f rom C - - H  
stretching vibrat ion and its wavelength position is 
quite consistent at 3.3 microns. The var ia t ion in 
wavelength for  the 21 samples measured is only 0.02 
micron f rom 3.30 to 3.32 microns. 

The nonappearance of a band  of observable inten- 
sity below 3.3 microns indicates the absence of any 
free O - - H  stretching vibration.  Free  O - - H  stretch- 
ing would be expected to appear  as a band at  about  
2.8 microns. Absence of any  trace of this band  in 
the spectra of the acids indicates that, even in the 
relatively dilute chloroform solutions measured, the 
hydrogen is  bonded. The bonded O - - H  . . .  O stretch- 
ing vibrat ion is unresolved f rom the C - - H  stretching 
vibrat ion at 3.3 microns and the intensi ty of this 
band for  the acids should be expected to be greater  
than for  the esters. Reference to Table I I  shows tha t  
in all samples measured the band  at  3.3 microns is 
more intense for  the acids than  for  the esters. 

When the ra ther  voluminous data on the inf rared  
spectra of simple alcohols are examined, the postula- 
tion tha t  O - - H  bonding produces a shift  in absorp- 
tion max ima  sufficient to cause the 2.8 micron O - - H  
band to become unresolved f rom the  3.3 micron C - - H  
band  appears  to be somewhat questionable. The free 
O - - H  stretching vibrat ion of these compounds is re- 
ported as a band  at  2.75 to 2.80 microns with hydro- 
gen bonding causing a shift  to 2.90 to 3.00 microns. 
However  He rman  and Hofs tad te r  (8) have shown 
that  monomeric acetic and propionic acids (with free 

CO 

O0 
Z 
< 
n~ 

Z 
W 
tQ 
OE 
ILl 
CL 

6O 

4o A 

V " - -  

B . 4  

6O 
4O 

2O 

6O 

4O 

60 

4 0  
20 ~- v - 

! 

4 0  

2O 

6O 
4 0  C -16  

20  

6O 

4() 

2O 
[ I I I I I I I ' I 1 

2 4 8 I0  12 

WAVE L E N G T H  - M I C R O N S  
FIG. 3. Infrared spectra of ethyl esters of fatty acids. 
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C-14 Myr i s t i c  
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TABLE I I  

I n f r a r e d  Absorp t ion  S p e c t r a l  D a t a  for  Ch lo ro fo rm So lu t ions  of Specif ied S a t u r a t e d  F a t t y  Acids  
a n d  T h e i r  Me thy l  a n d  E t h y l  E s t e r s  

157 

L a u r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a p r o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

3 .30  1 2 6 . 6 0  
3 .30  1 5 8 . 6 3  
3 .32  1 8 5 . 6 0  
3 .30  2 1 4 . 3 3  
3 .30  248".91 
3 .32  2 7 4 . 3 7  
3 .32  3 0 4 . 3 8  

3 .30  7 9 . 6 2  
3 .30  1 1 7 . 1 0  
3 .30  1 4 3 . 4 0  
3 ,32  1 6 7 . 1 9  
3 .32  1 9 3 . 9 1  
3 .30  2 1 6 . 3 6  

, . . . . . . .  3 4 5 

7.05  5 .80  1 4 2 , 8 6  
7 .27  ] 5 .80  1 5 4 . 3 0  
7 .23  ] 5 .80  1 6 3 . 6 0  
7 .22  ' 5 .80  180 .28  
7 .40  5 .78 191.82" 
7 . 3 0  5 .78  2 0 2 . 5 7  
7 ,32  5 .80  2 1 0 . 5 1  

4 . 2 5  5 .75  117 .61  
4 . 7 0  5 .75  525 .01  
4 . 9 8  5 .75  1 3 9 . 6 8  
5 .11  5 .78 1 4 5 . 7 5  
5 ,29  5 .75  155 .13  
5 .33 5 .75  1 5 9 . 5 7  
5 .22  5 .75  1 6 4 . 1 8  

4 , 3 2  5 .78  1 2 4 . 0 1  
4 . 6 8  5 .78  1 3 6 . 0 9  
4 . 9 5  5 ,75  1 4 6 . 1 9  
5 .14  5 .78  

2 1 9 . 0 4  

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

6 .98  
6 .98  
6 .95  
6 .90  
6 .90  
6 .92  
6 .90  

6 .90  
6 .88  
6 .88  
6 .90  
6 .88  
6 .88 
6 .88 

6 .85  

3 9 . 0 5  
5 0 . 6 4  
5 9 . 6 0  
6 2 . 1 6  
6 7 . 8 7  
73 .02  
77 .61  

] .85 
2 .03  
2 .07  
1 .90  
1 .85  
1 .80 
1 .74  

7 .35  4 2 . 9 6  
5 0 . 6 4  
5 0 . 2 8  
4 9 . 3 0  
5 3 . 3 3  
5 4 . 0 9  
53 ,73  

C a p r y l a t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a p r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M y r i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 2 . 3 9  
P a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  j 2 7 0 . 4 5  
S t e a r a t e  . . . . . . . . . . . . .  I 2 9 8 , 5 0  

E t h y l  E s t e r  ] 
C a p r o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  tl 1 4 4 . 2 0  
C a p r y l a t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 7 2 . 2 6  
C a p r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 0 0 . 3 1  
L a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 2 2 8 . 3 6  
~ [y r i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 5 6 . 4 1  
P a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 8 4 . 4 7  
S t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 1 2 . 5 2  

3 .30  2 3 2 . 8 3  

3 ,30  9 9 . 5 0  
3 ,30  1 2 5 . 7 5  
3 .30  152.22" 
3 .30  1 7 8 . 1 2  
3 .30  2 0 0 . 0 0  
3 .32  2 2 7 . 5 8  
3 .32  2 4 6 . 8 9  

5 .18  
5 . 3 4  
5 .30  

5 .78  
5 .78  
5 .78  

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

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

6 . 8 5  
6 .85  
6 .85  
6 . 8 5  
6 , 8 5  
6 . 8 5  

4 0 . 3 8  
4 6 . 5 1  
5 2 . 0 7  
5 7 . 0 9  
6 1 , 5 4  
65 .43  
7 1 . 8 8  

1 ,75  
1 .73  
1 .69  
1 .65  
1 ,59  
1 .54  
1 ,54  

7 . 3 5  
7 .35  
7 .35  
7 .35  
7 .35  
7 .35  

7 , 2 5  
7 . 2 5  
7 . 2 5  
7 .28  
7 .28  
7 .28  
7 .28  

4 7 , 5 9  
5 5 . 1 2  
5 4 . 0 7  
5 4 . 8 1  
56 .41  
5 6 , 8 9  
56,2"5 

l e p e r  C-H g roup .  See text. 2e for  so lu t ions  c o n t a i n i n g  exac t ly  0 .05  :M ac id  or  es ter  p e r  l i t e r .  S e e  text .  

T A B L E  I I  ( C o n t i n u e d )  

W a v e l e n g t h  of Absorp t ion  B a n d s  

10 .4  g I 10 .6  
Compound 

e 

F a t t y  Acid  
Capro ic  . . . . . . . . . . . . . . . . . . . . . . .  
Capry l i c  . . . . . . . . . . . . . . . . . . . . . .  
Cupr ic  . . . . . . . . . . . . . . . . . . . . . . . .  
L a u r i c  . . . . . . . . . . . . . . . . . . . . . . . .  
M y r i s t i c  . . . . . . . . . . . . . . . . . . . . . .  
P a l m i t i c  . . . . . . . . . . . . . . . . . . . . .  
S~earic . . . . . . . . . . . . . . . . . . . . . . .  

Methyl  E s t e r  
C a p r o a t e  ... . . . . . . . . . . . . . . . . . .  
C a p r y l a t e  .. . . . . . . . . . . . . . . . . .  
C a p r a t e  . . . . . . . . . . . . . . . . . . . . . .  
L a u r a t e  . . . . . . . . . . . . . . . . . . . . .  
M y r i s t a t e  . . . . . . . . . . . . . . . . . . .  
P a t m i t a t e .  . . . . . . . . . . . . . . . . . .  
S t e a r a t e  . . . . . . . . . . . . . . . . . . . . .  

E t h y l  E s t e r  
C a p r o a t e  . . . . . . . . . . . . . . . . . . . .  
C a p r y l a t e  . . . . . . . . . . . . . . . . . . .  
C a p r a t e  . . . . . . . . . . . . . . . . . . . . . .  
L a u r a t e  . . . . . . . . . . . . . . . . . . . . .  
M y r i s t a t e  . . . . . . . . . . . . . . . . . . .  

P a l m i t a t e  . . . . . . . . . . . . . . . . . . .  
S t e a r a t e  . . . . . . . . . . . . . . . . . . . . .  

7 . 8 / t  

X e 

12 13 

7 . 8 0  70 .85  
7 .80  7 0 . 6 6  
7 .80  7 0 . 6 1  
7 .80  70 .11  
7 .80  i 7 0 . 7 9  
7 .80  7 1 . 8 0  
7 ,75  71 .12  

7 .95  82 .01  
7 .90  82 .23  
7 .95  8 1 . 9 5  
7 .90  8 3 . 5 9  
7 .90  7 9 ~ 9  
7 .90  8 1 . 1 4  
7 .90  I 8 3 . 5 8  

8 . 0 0  1 1 0 . 0 3  
7 ,88  8 9 . 5 8  
7 .95  88 .11  
7 ,90  8 9 . 0 6  
7 ,95  8 9 . 7 4  
7 ,92  8 8 . 1 9  
7 .92  9 0 . 6 3  

X 

14____1 15 J 16 t I - - - 17  

8 4 0  4 6 . 4 6 /  8 . 0  , 4 4 ~ 4  
8 .40  4 3 . 2 6  | 8 .70  4 1 . 8 2  
8 . 4 5  4 3 . 0 5  ~ 8 . 7 0  4 1 . 3 3  
8 ,45  4 4 . 0 7  8 .60  4 0 . 0 6  
8 .45  4 3 . 3 9  8 .70  4 1 . 1 0  
8 ,45  4 3 . 5 9  8 .70  4 1 . 0 2  
8 ,45  4 2 . 6 7  8 .70  4 2 . 6 7  

8 .48  1 1 0 . 6 5  
8 .50  1 0 7 . 6 0  
8 .48  108 .02  
8 .48  1 0 7 . 1 7  
8 .48  1 0 6 . 6 5  
8 .48  1 1 0 . 8 8  
8 . 4 8  1 1 0 . 4 4  

8 .42  1 1 9 . 6 9  
8 .42  1 1 8 . 8 6  
8 .40  1 2 0 . 1 6  
8 .40  121 .03  
8 .40  1 2 3 . 0 8  
8 .40  122 .32  
8 . 4 0  1 2 5 . 0 1  

8 .9  ~¢ 9 .6  ~¢ 

_ X ~ - e  X - - - - e  

8 .98  [ 4 1 . 8 1  ] 9 .55  16 ,26  
8 .98  4 3 . 2 6  / 9 .58  17 ,31  
8 .98  i 4 3 , 0 5  / 9 .55  2 0 . 6 7  
8 .95  4 2 . 0 7  i 9 .55  1 9 . 4 3  
8 .92  4 3 . 3 9  9 .55  2 0 , 3 2  
8 .95  4 3 . 5 9  9 .55  1 8 . 4 6  
8 .90  4 2 . 6 7  9 .55  2 0 , 7 7  

8 .98  57 .28  9 .85  2 6 . 0 4  
8 .98  5 6 . 9 7  9 .85  2 6 . 9 6  
8 . 9 5  5 5 . 8 7  9 .88  2 7 , 9 4  
8 . 9 2  5 3 . 5 9  9 .85  2 7 . 8 6  
8 .92  5 3 . 3 3  9 , 8 5  2 6 , 6 6  
8 .90  5 1 . 3 9  9 .85  2 5 , 9 6  
8 .90  53 .73  9 .80  2 6 . 8 7  

9 .05  7 2 . 1 0  9 .62  6 2 , 0 0  
8 ,95  7 2 . 3 5  9 .62  6 2 , 0 1  
8 .92  72.()9 9 .65  6 2 . 0 8  
8 .92 7 3 . 0 8  9 .65  61 .66  
8 .90  7 1 . 7 9  9 .65  6 1 , 5 4  
8 ,92  7 1 . 1 2  9 .65  6 2 . 5 8  
8 ,88  7 1 . 8 8  9 .65  6 2 . 5 0  

22 

10.3 
10.3  
10.3  
10.3  
10.3  
10.3  
10.3 

10.3 
10.3 
10.3  
10 .3  
10 .3  
10 .3  
10 .3  

10.3  
10.3  
10.3 
10.3 
10.3 
10.3 
10.3  

1 2 3 { 2 4  25 

26 .71  0 .23 I 1 0 . 6 0  
2"3.07 0 .16 / 10 .60  
2 4 , 1 1  0 ,14  / 1 0 . 5 8  
2 6 . 0 4  0 .13  1 0 . 5 0  
2 7 . 4 0  0 .12  1 0 . 5 5  
28 .21  0 .11 10 .62  
2 8 . 4 5  0 .10  10 .55  

10 .4  0 .08  
7.9 0 .05  

13.0  0 .07  
8 .6  0 , 0 4  
9.7 0 , 0 4  
8,1 0 .03  
9 .0  0 .03  

8.7 0 .06  
6.9 0 .04  
8.0 0 .04  
6.9 0 .03  
5.1 0 .02  
5.7 0 . 0 2  
9 .4  0 . 0 3  

26 

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

O - - H  groups)  have bands  at  2.75 microns while the 
dimers (bonded 0 - - H  . . .  0 group)  exhibit  bands  at 
3.2 microns. Similar ly  these same authors studied 
the deuter ium subst i tuted acids and  showed tha t  the 
free O - - D  stretching vibrat ion of the monomer  gave 
rise t o  a band  a t  3.75 microns;  the bonded O - - D . . .  
0 v ibra t ion of the dimer resul t ing in a band  at  4.35 
microns. This work  adequately demonstra ted  tha t  
hydrogen bonding of these earboxylic acids causes 
a shif t  in absorpt ion maxima of about  0.4 to 0.6 
microns, sufficient to cause the hydrogen bonded 
O - - H . . .  0 band  to be unresolved f rom the C - - H  
st re tching band at  3.3 microns. Davies (5),  s tudying  
the in f r a red  absorpt ion of organic hydroxyl  com- 
pounds in the 3-micron region, included data on 
laurie acid which somewhat suppor ts  the conclusion 
that  bonded O - - H . . .  0 and C - - H  stretching vibra-  
tions are unresolved at about  3.3 microns. F o r  the 
homologous series the intensities of the bands  are 
quite constant.  The par t ia l  molecular  extinction co- 
efficients (obtained by  mul t ip ly ing  the molecular 

weight of the C - - I t  groups involved in the 3.3 mi- 
cron s tretching vibra t ion by  the extinction coefficient 
at 3.3 microns and then dividing by  the nu mb er  of 
C - - I I  g roups  in the molecule) are seen (Table I I ,  
column 3) to be reasonably constant,  with average 
values of  7.26 f o r  the acids a n d  4.98 and  4.99 f o r  
the m e t h y l  and ethyl  esters, respectively. Careful  
examinat ion of these values, pa r t i cu la r ly  for  the 
esters, reveals tha t  there is a slight but  consistent 
increase in the value of the extinction coefficient per  
C - - I t  group with molecular  weight. As all of these 
measurements  were made f rom solutions containing 
close to 20 g. of ester per  liter, the molar  concentra- 
tion of the longer chain compounds is considerably 
less than  for  the shorter  chain esters. Increase in 
intensi ty  of the band  with decrease in molar  concen- 
t ra t ion  nlight indicate some type of association in- 
volving perhaps  only one of the more active of the 
14 to 40 C - - H  groups in these esters. ( F u r t h e r  evi- 
dence of association involving an active C - - H  group 
will be discussed later .)  
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FIO. 4. B e e r ' s  law re la t ionsh ips  of  specified in f ra red .  
Absorption bands of stearic acid (A and B) and of ethyl 
caproa~o (C and D). 

In Figure  4 are shown the results of some studies 
of the Beer law relationships for  the various bands 
for  a selected acid (stearic) and a selected ester 
(ethyl  caproate) over the concentration range 5-40 
g./li ter.  F rom examination of F igure  4A and C it 
will be seen that  the C - - H  stretching vibrat ion does 
not follow the Beer law for  either acids or esters. 
The complication due to unresolved O - - H . . .  O bands 
could be advanced to explain the failure of the acids 
to follow the Beer law. Fai lure  of the esters to obey 
this relationship may be construed as additional evi- 
dence for association involving a C - - H  bond. 

Band at 5.8 microns. This band is at t r ibutable to 
C~-O stretching vibration. The wavelength position 
of the band in chloroform solution varies slightly, 
but  consistently, the acids exhibiting maxima between 
5.78 and 5.80 microns and the esters at shorter wave- 
lengths, between 5.75 and 5.78 microns. 

As each of the samples measured contains one 
C ~ O  group, the molecular extinction coefficients for  
a homologous series might be expected to be con- 
stant. As shown in Table II,  column 5, the molec- 
ular  extinction coefficients increase regular ly with 
increase in molecular weight. Beer 's  law does not 
apply  to solutions of these compounds (Figure  4A 
and C). The concentrations of the solutions meas- 
ured  were all close to 20 g. per liter. This would 
mean. that  the molar concentration is considerably 
less for  the longer chain molecules. Increase in 
molecule extinction coefficient with decrease in mo- 
lar concentration might indicate association of some 
sort. Considered with the fai lure of the C - - H  stretch- 
ing vibration band to follow Beer 's  law an association 
involving an active C - - H  and the C~-O groups might 
be postulated. 

To test the hypothesis that  the failure to obey 
Beer 's  law is due to association, chloroform solutions 
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of the saturated acids and esters, exactly 0.05 molar, 
were prepared and their  inf rared  absorption meas- 
ured from 5.6 to 5.8 microns. The results of these 
measurements, shown in column 6 of Table II ,  tend 
to support  the hypothesis. The molecular extinction 
coefficients obtained from measurements of solutions 
of equal molar concentrations are constant with aver- 
age values of 214.04, 182.27, and 186.96, and varia- 
tions f rom these averages of ± 1.53%, _+ 0.73%, and 
_+ 0.89% for  the acids and their  methyl and ethyl 
esters respectively. These slight variations are at- 
t r ibutable  to small differences in the puri t ies  and to 
experimental  errors while measuring the extinction 
coefficients of the various samples. 

The molecular extinction coefficients of the infra- 
red band at 5.8 microns could, if established very  
accurately with highly pure  compounds, for  a single 
value of molari ty of a chloroform solution be used 
as criteria of pur i ty  for  subsequent preparat ions of 
these materials. Fai lure  of these compounds to obey 
Beer 's  law however means that  any attempts to use 
the measured intensity at 5.8 microns to calculate 
the concentrations of C~-O bonds in unknown mix- 
tures would be likely to be unsatisfactory. 

Band at 6.9 microns. This band is a t t r ibu ted  to 
C - - H  bending vibration. The wavelength position 
of maxima is found at 6.85 microns in the spectra 
of all ethyl esters. Methyl esters exhibit bands at 
slightly longer wavelengths, 6.88 to 6.90 microns, 
and the acids at still longer wavelengths, 6.90 to 
7.00 microns. 

Par t ia l  molecular extinction coefficients, when di- 
vided by  the number  of C - - H  groups in each 
compound, reveal "ex t inc t ion  coefficients per C - - H  
g r o u p "  which are approximately constant for  the 
three homologous series (Table II ,  column 9). The 
intensities of these bands at 6.9 microns are some- 
what less than the C - - H  stretching vibrat ion band, 
and the accuracy is consequently somewhat less. The 
slight effect of any association involving a C - - H  
bond is not apparent,  and the deviation from the 
Beer law is very  slight, F igure  4A and C. 

Band at 7.3 microns. This band arises f rom sym- 
metrical deformation vibrat ion of the methyl group. 
In the chloroform solutions measured the band is not 
observed in the spectra of the acids, bu t  it is quite 
pronounced in the spectra of all methyl and ethyl 
esters. Evident ly  only the --CH3 group adjacent to 
the C z O  group of the ester is active at this wave- 
length or any contribution of the methyl group at the 
end of the long chain acids and esters is negligible. 

The wavelength of the maxima of the band is be- 
tween 7.25 and 7.28 microns for all ethyl esters and 
7.35 microns for all methyl  esters. As each of the 
compounds measured contains only one - - C H  a group 
in the ester portion of the molecule, the extinction 
coefficient for  homologous series might again be ex- 
pected to be constant. However as with the C ~ O  
stretching vibration at 5.8 microns, Table II ,  column 
11, reveals a steady increase in the molecular extinc- 
tion coefficients for  solutions all containing about 20 
g. per liter. Thus fu r the r  evidence of association of 
the methyl  and ethyl esters is obtained, and addi- 
tional evidence is indicated that  this association in- 
volves the --CH~ group of the ester. The band does 
not follow the Beer law (Figure  4C). 

Bands at 7.7-8.0 and at 8.5 microns. These bands 
arise f rom C--O vibrations. In the chloroform solu- 
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t ions all series of compounds exhibi t  two bands, one 
considerably weaker than  the other  in the spectra  of 
the acids, bu t  both  of about  the same intensi ty in the 
spectra  of the esters:  

Acids  .......................................... 7.75-7.80 microns  ( s t r o n g )  
Methy l  es ters  ............................. 7.90-7.95 microns  ( s t r o n g )  
E t h y l  es ters  ............................... 7.88-8.00 microns  ( s t r o n g )  

Acids  .......................................... 8.40-8.45 microns  (weak)  
Methy l  es ters  ............................. 8.48-8.50 microns  ( s t rong )  
E t h y l  es ters  ............................... 8.40-8.42 microns  ( s t r o n g )  

These bands arise f rom stretching vibrat ions of the 

O O 
/ /  / /  

C - - O  in the C of the acid or the C of the esters. 
\ \ 

OH OR 
The exact f requency of the C - - O  stretching vibra t ion 
changes somewhat with molecular  environment.  

Unlike the C~---O stretching vibra t ion the intensi ty 
of the C - - O  band  is quite constant  at  both  7.7-8.0 
microns and at  8.5 microns, as shown by  the molecular 
extinction coefficients given in Table I I ,  columns 13 
and  15. F igure  4, B and D, gives evidence that  Beer ' s  
law is appl icable to these bands. Evident ly  associa- 
tion o f  these molecules, which appears  to affect the 
C - - O  and the ~ C H  3 group, does not s imilar ly affect 
the C - - O  group.  

Band at 8.7 and 8.9 microns. The spectra  of the 
acids exhibit  bands of about  equal intensi ty  at  8.7 
and 8.9 microns. Only the band  at  8.9 microns is seen 
in the spectra  of the esters. I t  is of some importance 
p robab ly  tha t  this band  is considerably more intense 
m the spectra of the ethyl esters than  in that  of the 
methyl  esters. This observation indicates that  the 8.9 
band arises, in pa r t  at least, f rom a vibrat ion involv- 
ing the ester group and the v ibra t ion is more intense 
in the ethyl  than  in the methyl  radical. 

The bands  at  8.7 microns in the spectra of the acids 
are p robab ly  a t t r ibu tab le  to a C - - O  st re tching of the 

O 
/ /  
C group, t Io f s tad te r  (9) assigns a C - - O  stretch- \ 

O - - I I  
ing vibra t ion to a band  at  about  8.7 microns. 

Randal l  et al. (14) assign an unsymmetr ica l  stretch- 
ing vibra t ion of the C - - C - - O  group to a band  about  
9.0 microns, and this may  be the weaker component  
of an unresolved band observed a t  8.9 microns. The 
s t ronger  component  of this unresolved band  must  

O // 
then arise f rom some vibrat ion of the C or 

\ 
O - - C H  3 

O / /  
C groups. All of these bands follow the \ 

O - - C H ~ - - C H  8 
Beer law, as shown in F igure  4, C and D. 

Band  at 9.6 microns. In  the spectra  of all ethyl 
esters a distinct band  is seen with max ima  between 
9.62 and 9.65 microns. This band  is not observed in 
the spectra of either the acids or the methyl  esters. 
The only absorpt ion observed in the spectra  of the 
acids in this region is a weak band  at 9.55-9.58 mi- 

crons. Similar ly  in the spectra  of the methyl  esters, 
only a weak inflection is observed at  9.80-9.88 microns. 
I f  e i ther  of these absorpt ions occurs in the spectra  of 
the ethyl  esters, i t  is p robab ly  covered b y  the s t rong 
9.6 band.  

Thus the band  at 9.6 microns appears  to offer an 
oppor tun i ty  to dist inguish an ethyl  ester f rom a 
methyl  ester by  observation of i n f r a red  spectra.  The 
band  arises obviously f rom a v ibra t ion  involving the 
ethyl  ester group. I t s  intensi ty  follows Beer ' s  law 
(F igure  4, D) .  

Band at 10.3 microns. A band,  observed in the 
in f ra red  spectra  of monounsa tu ra ted  f a t t y  acids a t  
10.3 microns (in chloroform solution),  has become 
one of the most useful  in the appl ica t ion of in f ra red  
spectra  to f a t t y  acid chemistry.  Rasmussen et al. (16) 
were p robab ly  the first to suggest tha t  the band  is 
characterist ic of the t rans  fo rm of the C~-~-C group. 
Sheppard  and Suther land  (18) have assigned this 
band  to a deformat ion v ibra t ion  of a hydrogen  atom 
direct ly  at tached to a carbon atom in an ethylenic 
type of double bond. The more symmetr ica l  cis iso- 
mer  reveals no band  at  10.3 microns. Anderson and 
Seyfr ied (1) first suggested tha t  this band  might  be 
used for  quant i ta t ive  measurement  of the t rans  C~---C 
isomer in the presence of the cis C~-C g ro u p ;  and 
Shreve, Heether ,  Swern, and Kn igh t  (20) presented 
a quant i ta t ive  method for  the determinat ion of the 
t rans  isomer in the presence of the cis isomer and of 
sa tura ted  compounds, based on in f ra red  absorpt ion 
at  10.3 microns. 

No band  is observed in the spectra  of the sa tura ted  
f a t t y  ac id s  and esters at  10.3 microns. The specific 
extinction coefficients (~)~ are given in column 24 of 
Table I I  to show that  they are sufficiently constant 
to pe rmi t  an average value to be used as a correc- 
tion for  the absorpt ion of sa tu ra ted  compounds when 
measur ing the intensi ty  of the t rans  C ~ C  band,  as 
proposed b y  Shreve et al. (20). The data  of Table 
I I ,  column 24, also show tha t  the esters have consid- 
erably  less absorpt ion at  10.3 microns than  the cor- 
responding acids. Determinat ion  of t rans  C ~ C  com- 
ponents  might  be made somewhat more accurately  in 
a mix ture  of esters than  in the f a t t y  acids. Absorp-  
tion at  10.3 microns in the spectra  of both sa tura ted  
f a t t y  acids and esters follows Beer ' s  law (F igure  4, 
B and D) .  

Band, at 10.6 microns. A band  at  10.50 to 10.60 
microns is observed in the spect ra  of all the sa tura ted  
acids and  is completely absent  in the spectra  of the 
esters. Davis  and  Suther land  assigned to a band  at 
10.6 microns a v ibra t ion  of the O H  group in and out 
of the p lane  of the  carbonyl  group (6 ) .  CoIthup (4) 
assigns a band  a t  about  10.6 microns to an out of 
plane O H - - O  vibra t ion Of the dimer acid only. The 
band  follows Beer ' s  law (F igure  4B) and affords 
another  oppor tun i ty  to differentiate between an acid 
and an ester by  infrared.  

The use of in f ra red  spectra  to distinguish among 
sa tura ted  f a t t y  acids, methyl  esters, and ethyl esters 
is summar ized  as follows: 

a)  The appearance  of the symmetr ica l  deformat ion 
vibra t ion band  of the methyl  group in the chloroform 
solutions at  7.3 microns is evidence for  the presence 
o f  an ester. Acids exhibit  only a weak inflection in 
chloroform solution a t  this wavelength.  

5a (spe~cifle extinction coefficient) ~--- O.D./cl, where, O.D. is the op- 
tical density, c is the concentration in grams per liter, and 1 is the, cell 
length in centimeters. 
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b) A band at 8.6 to 8.7 microns is observed in the 
spectra of the acids bu t  not in that  of the esters. 

c) A band,  at 9.6 microns is exhibited by all ethyl 
esters but  not by  nlethyl esters, nor by  saturated 
acids, thus affording an oppor tuni ty  to distinguish 
between methyl and ethyl esters. 

d) A band at 10.5-10.6 microns is seen in the spec- 
t ra  of the acids, bu t  not in the spectra of the esters. 

Summary 
In f ra red  spectra from 1 to 12 microns have been 

obtained for 7 of the homologous series of monobasic, 
straight-chain, saturated fa t ty  acids of even carbon 
atom content f rom Ce to C~s and of their  methyl and 
ethyl esters. 

In f ra red  data are presented as plots of the per- 
centage transmission against the wavelength in mi- 
crons on a linear wavelength scale for  each compound, 
and the exact wavelength positions of maxima of the 
11 most prominent bands are tabulated. 

Correlations of each of these bands with molecular 
s t ructure  are given. 

Methods for distinguishing the acids f rom the esters 
and of differentiating an ethyl ester f rom a methyl 
ester by  observation of infrared spectra arc described. 

An explanation, supported by  earlier work with 
deuterium-substi tuted compounds, is given to account 
for  the nonappearance, in the spectra of the fa t ty  
acids of any absorption at tr ibutable to either the free 
0 - - H  group or the bonded O - - H . . .  0 group. 

Evidence has been accumulated which indicates an 
association of some sort. of the esters and that  this 
association probably involves the earbonyl and the 
methyl groups. 

Data are presented to show which of the bands 
in the infrared spectra do and which do not follow 
Beer 's  law. 

The tabulation of the absorption bands with their 
intensities and a correlation of each with molecu- 
lar s t ructure  should be helpful to fu ture  studies of 
the applications of inf rared spectra to f a t ty  acid 
chemistry. 
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Oxygen-Absorption Apparatus for Measuring Induction 
Periods of Fats I 
I. R. HUNTER, Western Regional Research Laboratory, 2 Albany, California 

W ORK in this laboratory on the separation of an 
antioxidant  material f rom defat ted rice bran 
has prompted the development of an appara- 

tus for  the automatic determination of the induction 
period of fats by  the oxygen-absorption method. The 
usefulness of this method for  indicating susceptibility 
of fats to oxidative rancidi ty has been established by  
previous investigators. I t  has been applied success- 
ful ly to studies on the stabilization of fats by antioxi- 
dants (1, 2, 3). The method consists in maintaining a 
sample of the fat  in an oxygen-filled glass chamber at 
a constant temperature  until  a predetermined amount 
of the gas is absorbed. 

The present apparatus  is distinguished by the use 
of a modified glass syringe, which responds to con- 
tract ion in oxygen volume and opens an electrical 
circuit  af ter  the calculated amount  of absorption. The 

1Presen ted  at  the American Oil Chemists'  Society meeting, San  
Francisco,  Calif., Sept. 26-28, 1950. Report  of a s tudy made  u n d e r  
the Research a n d  Market ing  Act of 1946. 

B u r e a u  of Agr icu l tura l  and  Indus t r i a l  Chemistxy, Agricul tura l  Re- 
search Administrat ion,  U. S. D~par tment  of Agricul ture .  

entire apparatus  is sufficiently compact that  several 
can be operated in a single constant-temperature bath. 

As il lustrated in Figure  1, the uni t  consists pri- 
marily of the reaction flask (A) and the syringe (B) 
modified by  replacing the tip with an inner stand- 
ard-taper 19~s ground-glass joint  (C). The flask is 
made f rom a 250-ml. Er lenmeyer  by  attaching an 
outer ground-glass joint  with a lip (D) for holding 
a mercury  seal ( J ) ;  side arms (E)  carrying 2-ram. 
stopcocks are attached to the flask about I cm. below 
the neck. The plunger of the syringe has an opening 
(F)  so that  plunger  weights can be equalized by  the 
addition of mercury  or shot (H) .  The flask is made 
gas-tight by  lubricating the stopcocks with a silicone 
stopcock grease and the hypodernlic with a silicone 
oil having a viscosity of 150 centistokes. As an added 
precaution against leakage, a mercury  seal is placed 
in the lip of the flask. 

The electrical system comprises a lever-operated 
microswitch (G) and an ordinary electric clock modi- 
fied so that  the time of stopping during a 96-hour 


