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TABLE III 

Percent  Discount  or P remium for Green Grade, Refining Loss, and  
Refined Bleached Color of Green Soybean Oils 

Green- Discount  Discount  or Net 
Oil g rade  for  p remium for diseo.unt 

discount  RBC a I~L b 

1954 Beans  

65 ....................... ..................... :.Jl 11 SampleNone ~grade 0.221.80 (premium)(disc~ II Sample0.78grade 

7 ................ I 0.07 (premium) 0.93 9 ................ ZZ::I ~ None~ 6.25 ~ 2.25 (discount)  8.50 

1952 Beans  

5 ........................ ] 1 Sample grade  0.22 (pre~nium) Sample grade I 6 1 Sample grade 9.15 (discount)  Sample g rade  
7 ........................ 1 Sample grade. 6.45 (discount)  Sample g rade  
8 .................. 2 Sample g rade  1.28 (discount)  Sample grade  
9 ................ ]..::::: 2 . Sample grade  12 .00(d iscount )  Sample g rade  

" R B C - - r e f i n e d  bleached color. 
u P~L---refining loss. 

Green-grade discount  applies only if RBC discount  is less than  green- 
grade  discount.  

blending frost- or drought-damaged soybeans with 
sound soybeans before processing has made it ex- 
t remely difficult to procure samples of damaged soy- 
beans or oil f rom damaged soybeans. Extensive green 
damage would raise processing problems in which the 
present  N.S.P.A. grading system would not give the 
real value of the oil. 

The authors are not in a position to state what  
effect variety,  locality, and weather  dur ing the grow- 
ing season may  have had on the refining and bleach- 
ing qualities of the oil in frosted soybeans. There 
were however some indications that  var ie ty  and proc- 
essing were involved. Some samples of soybeans did 
not look unusual ly  bad, but  they prodneed dark oil 
whereas other soybeans which were entirely green 
and badly  shriveled produced bet ter  oil. 

Summary 
Frosted soybeans and oils f rom frost-damaged soy- 

beans were obtained f rom the f a rm and commercial 
sources. All soybeans used were classed as inferior,  
according to the Handbook of Official Gra in  Stand- 
ards of the United States, with respect to both green 
and weather damage. Loca l i t i e s  r e p r e s e n t e d  were 
Oklahoma, Mississippi, Illinois, and Iowa. Spectre- 
photometric m e a s u r e m e n t s  and visual comparisons 
were made to establish the green grades. I f  the neces- 
sary  quantities of oils were available, the samples 
were refined and bleached; otherwise only the chemi- 
cal analyses, green grading, and spectrophotometric 
measurements  were made on the crude oils. Iodine 
values and free f a t t y  acid were determined also. 

I f  a spectrophotometric method for  the green grad- 
ing of soybean oil were to be adopted, present indica- 
tions are that  the boundary  between grades 1 and 2, 
comparable to the present  N.S.P.A. grading system, 
should be at optical density 0.45 at 700 mt~, as meas- 
ured in a 21.8 nlnli I.D. tube in a Coleman Model 6B 
instrument,  and tha t  between grades 2 and 3 should 
be at optical density 0.58. I t  is recommended tha t  
duplicate sys tems,of  green grading be avoided. 
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The Infrared ,Spectra of Mono-, Di-, and Triglycerides I 
ROBERT T. O'CONNOR, ELSIE F. DuPRE, and R. O. FEUGE, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

R A P I D L Y  growing interest  ill various types of 
modified glycerides has been evidenced by  an 
increasing number  of p u b l i c a t i o n s  describing 

their  prepara t ion,  purification, physical and chemical 
properties,  and their possible uses. These modified 
glycerides include products  obtained by  hydrogena- 
tion and fraetionation,  mixed glycerides of long- and 
short-chain f a t t y  acids such as acetostearins, and mix- 
tures of mono-, di-, and triglycerides.  

Whi le  ehemiea l  m e t h o d s  for  analyzing modified 
glyeerides are generally satisfactory, some of them 
are tedious and others are not entirely adequate for 
investigational and control purposes. Physical  meth- 
ods which would provide rapid  and eonvenient means 
of determining quali tat ively and quant i ta t ively  spe- 
cific glyeerides present  in admixtures  as well as t rans-  
isomer content would be extremely useful. 

I n f r a r ed  absorpt ion appears  to be a most promis- 
ing physieal  tool for  analytical  purposes. However  
before development of any  speeific procedure  c a n  be 
at tempted,  the spectra of several pure  glycerides, rep- 

aPresented  a t  the 45th annua l  meet ing of the American  Oil Chemists'  
Society, San Antonio, Tex., Aor i111-14 ,  1954. 

~One of the laboratories  of the Southern  Utilization Research  Branch ,  
Agr icul tura l  Research  Service, U. S. Depar tment  Of Agricul ture .  

resentative of the various types, must  be obtained 
and characterized. Availabi l i ty of such compounds 
in this labora tory  has afforded an mmsua l  opportu- 
ni ty  to obtain and examine the inf rared  speetra of 
several types of glyeerides. The purpose of this pa- 
per  is to repor t  the in f ra red  spectra of 21 pure  glyc- 
erides, including various mono-, di-, and triglycerides 
of long-chain (C14, C1~, and Cls) f a t ty  acids, both 
sa turated and unsaturated,  and of mixed long- and 
short-chain f a t t y  acids, such as diaeetotriglyeerides. 
With  two or three exceptions, which are included for  
completeness, none of these spectra has heretofore 
been published. The inf rared  spectra  of these com- 
pounds in the rock salt region, 2 to 12 microns, are 
presented. Conclusions which can be obtained from 
their  examination and  which are of possible impor- 
tance to the development of analyt ical  methods are 
discussed. 

Experimental 
I n f r a r ed  absorpt ion spectra were measured with a 

Model IR-2T Beckman Automatic  Recording In f r a -  
red Speetrophotometer.  a The ins t rument  was housed 
in a room mainta ined at approximate ly  23~ and 
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TABLE I 

Source, P r epa ra t i on ,  and Proper t ies  of GIycerides 

Glyeeride P repa ra t ion  and  Pro.perties 

Tr is tear in  
Tr ipalmit in  
Trielein 
Trielaidin 
1,3-Distearin 
1,3-Dipalmitin 
1,3-Diolein 

1-Aceto-3-stearin 
1-Monostearin 
1-Nonopalmit in 

l-Monoolein 
1-1~onomyristin 
Tr iaeet in  

1,2 -Diaceto-3 -stearin 
1,2-Diaceto-3-palmitin 
] ,2-Diaceto-3-olein 
Tr ibu ty r in  

1,2 -Dibutyro-3-stearin 
1,2-Dibtttyro-3-palmitin 
1,2-Dibutyro-3-olein 
1,3-Dipahnito-2-1actin 

(2) 
From pure  palmitie acid esh~rificd with glycerol. Tr ipalmit ln  obtained by repe~ted fra.ctionaI erystallizations f rom solvents~ 
~'rom esterification of oleic acid with glycerol. Contains t races  of t r ipabni t in  and  in f r a r ed  absorlatien evidence of trielMdin (7) .  
(8) 
From tri tyl  glycerol and  stearoyl chloride (23) .  
(9) 
P u r e  methyl ester interesterified with glycerol. Diolein separated by molecular  distillation and  f ract ional  crystallization f rom 

solvents. 
(24) 
(17) 
/Prom methyl palmitate  a n d  glycerol. Mixed palmitlns molecular ly distilled. F i rs t  cuts combined and recrystallized from 

isopropanol.  F i l t ra te  recrystallized f rom hexane. 3/ionopalmitin recovered from first crop. m.p. 70 77~ theory 77~ 
O - H  ff.68%, theory 10.29%. 

(6) 
P repa red  by method similar to homolog monostear in  (17) .  
H e a r t  cut  f rom Eas tman  Commercial P r o d u c t  ~ obtained f rom Distillation Produc t s  Industr ies ,  Rochester  3, N. Y. m.p. 

154-155~ ~t 22-23 ram. Hg.  neh~ = 1.4,295. 
(24) 
By method for  homolog, 1,2-diaceto 3-stear{n (24) .  
(6)  
Eas tman  Grade ~ ohCMned from Distillation Produc t s  Indust r ies ,  Rochester 3, N. u  Fu r the r  purified by distillation and  

and  crystallization. 
By method for  homolog, 1,2-diaceto-3-stearin (24) .  
By method for homolog, 1,2-diaceto-3 stearin (24) .  
(6) 
(9) 

20% relative humidity.  The t empera tu re  of the spec- 
t rophotometer  was mainta ined constant at  25~ _ 
0.1~ by  water  circulated f rom a constant temper-  
a ture  bath. All samples were measured in chloroform 
solution against  d ry  pure  chloroform (22). Concen- 
t ra t ions of the glycerides in the chloroform solutions 
were in all cases very  close to 40 g. per  liter. All 
measurements  were made with the same 0.4 ram. rock 
salt cell. 

All spectroscopic te rms and symbols used through- 
out this pape r  are ir~ conformity  with the suggested 
nomenclature of the Jo in t  Committee on Nomencla- 
ture in Appl ied Spectroscopy (10). 

The p r e p a r a t i o n ,  purification, and physical  and 
chemical propert ies  of several of these compounds 
have been previously described, as indicated by  the 
references in Table I. The source, purification pro- 
cedure, and some per t inent  physical  constants for  
those compounds which have not heretofore been re- 
por ted are included in the same table. 

I n f r a r e d  A b s o r p t i o n  

The inf ra red  spectra of the glycerides are shown in 
Figures  1, 2, 3, and 4. The prominent  bands in these 
spectra are indicated in F igures  5 and 6. A cursory 
examination of these spectra reveals some half-dozen 
very  prominent  absorpt ion bands common to the spec- 
t r a  Of all compounds. These absorpt ion bands arise 
f rom more or less well-known vibrations,  as listed in 
Table I I i  As these bands are common to the spectra 
of all glycerides, they are of no value in the analysis 
of admixtures.  

A more detailed s tudy of the spectra (Figures  1-4) 
or of the charts (Figures  5 and 6) shows that  absorp- 
tion in three regions,  in part icular ,  might  be useful 
to the development of analytical  procedures. These 
regions are : a) the O - H  stretching vibrat ion at  about  
3 microns, b) the C-O stretching vibrat ions above 9 
microns, and c) the C - H  bending about  the t rans  
C~-C groups above I0  microns. 

aMe~tion of names of firms or  t r ade  products  does not  imply that  
they are endorsed or recommended by the U. S. Depar tment  of Agri- 
cul ture  over other firms or similar products  not  mentioned. 

T A B L E  II 

Most Prominent Absorption Bands in the. Infrared Speetr~ of 
A l l  MonO-, Di-, a n d  Triglycerides 

Wavelength [ 
position of . . . .  

maximum I lnl.ensl[y 
(microns)  _ _  

3.30--3.37 /Very s t rong 
5.71--5.77 /Very s t rong 
6 .83-6 .88  [Strong 

t 
7 .23-7 .35  ISt r~  

7 .93-8 .00  Str;~lg 

8 .48-8 .58  IVe..  s t rong 

Nes t  probable ass ignment  

C- -H s t re tching (CHs and  CH2) 
C : O  s t re tching (COOR) 
C- -H bending (doubly degenerate deformation 

of C;tIs and  symmetrical  deformation of 
CHs) 

C-- I t  bending (symmetrical  deformation of 
CH~) 

C- -H in-plane w:agging or rocking  of CH2 
groups 

C--O stretching (C'OOR) 

W A V E  L E N G T H - -  M I C R O N S  
2 5 4 5 6 7 8 9 I0 I | IP. 

80  .25 

4 0  

Z 20  

8 0  
~. so  

40  
,~ 20 

I --  80 

I'- 60 
Z 
I~1 40 
0 20 n., 

I 

60 
40 
2O 

2 ] 4 5 6 7 8 9 I0 II 12 

W A V E  L E N G T H - -  I ~ I C R O N S  

PIG. 1. Infrared absorption spectra of 
A. Tristearin 
B .  T r i p a l m i t i n  
C. T r i o l e i n  
D.  T r l e l a i d e n  



90 THE JOURNAL OF THE AMERICAN OIL CI-IEMISTS' SOCIETY VOL. 32 

2 3 

8o 
i2o~ 
z 

~ 8o 

~o~ 
n- 

o. 80  

2 0 r  , I 

2 3 4 5 

WAVE 

W A V E  L E N G T H - -  M I C R O N S  

4 5 6 7 8 9 I0  II 12 

6 7 8 9 I0 II 12 

L E N G T H - -  M I C R O N S  

FIG. 2. Infrared absorption spectra of 
A. 1-3 Distearin 
B. 1-3 Dipalmitin 
C. 1-3 Diolein 
D. 1-Aceto-3-stearin 
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Fro. 3. Infrared absorption spectra of 
A. 1-Monostearin 
B. 1-MonopMmitin 
C. 1-]YIonoolein 
D. 1-Monomyristin 

li 12 

7 8 9 I0 II 12 

The 3.0 mic r o n - - O - H  stretching vibration. Two 
bands with maxima at  about  2.7 and 2.8 microns are 
found in this region (Table I I I ) .  The combined in- 
tensities of these bands  are considerably greater  in 
the spectra  of the monoglycerides t h a n  in those of the 

diglycerides, and they are completely absent  in the 
spectra of triglycerides.  The 2.7 micron band  arises 
f rom a stretching v ibra t ion  of a free O-H group. Ac- 
cording to S m i t h  a n d  Cre i t z  (18), the 2.8-micron 
band most p robab ly  arises f rom an O - I t  stretching 
vibrat ion of the single br idged  dimer. The stretching 
vibrat ion of more highly hydrogen bonded O - H  is 
masked by  the strong C - I t  s tretching vibra t ion at  3.3 
microns. 

Observations of the in f ra red  spectra of a triglyc- 
eride at these wave-lengths provide a ready  check as 
to the presence of any  mono- or diglyceride impuri ty .  
Fo r  example, in the p repara t ion  of d i a c e t o s t e a r i n  
f rom monostearin and acetyl  chloride, the spectra of 
the purified tr iglyceride can be used to ver i fy  t h e  
complete absence of the original monostearin.  

I t  would not be possible, f rom measurements  in the 
3 -mic ron  reg ion ,  to determine whether  or not the 
impur i ty  in a t r iglyceride was a mono- or a diglyc- 
eride. Nor  could the presence of monoglyceride in 
diglyceride, or conversely the presence of diglyceride 
in a monoglyceride, be detected. For tunate ly ,  as will 
be shown, it  does seem possible to make these distinc- 
tions in the region of C-O stretching. 

Determinat ion of mono- or diglycerides in triglyc- 
erides by  use of the bands, about  3.0 microns, is lim- 
ited to the analysis of tr iglycerides which do not 
contain hydroxy  groups. Hydroxy-conta in ing  t r ig lyc-  
erides cannot  be analyzed b y  this method. This fact  
is i l lustrated by  the last  en t ry  in Table I I I .  Dipal- 
mitolactin exhibits a spec t rum with bands at  2.75 and 
2.83 microns, resembling very  closely the spectra of 
typical  diglycerides. These bands  arise obviously from 
O - H  stretchings of the hydroxy  group in the lactic 
acid port ion of the molecule. 

The 9.0 m~cron--C-O stretching vibrations. All 
long-chain glycer ides  exhibi t  bands at 8.9 and 9.1 mi- 
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FIG. 4. Infrared absorption spectra of 
A. 1,2-Diaceto-3-stearin 
B. 1,2-Diacet o-3-palmitin 
C. 1,2-Diaceto-3-olein 
D. Triacetin 
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f a t t y  a c i d  g l y c e r i d e s .  
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FIO.  7. P r o m i n e n t  a b s o r p t i o n  b a n d s  ( w a v e l e n g t h  p o s i t i o n  o f  

m a x i m a  a n d  i n t e n s i t i e s )  i n  t h e  i n f r a r e d  s p e c t r a  o f  m i x e d  l o n g -  

a n d  s h o r t - c h a i n  f a t t y  a c i d  g l y c e r i d e s .  

T A B L E  I I I  

Th~ a.O~Micron B a n d  Ar i s i ng  f rom Free  O - H  
S t r e t ch ing  Vibra t ion  

a 
Glyceride 2.72-2.75/~ 2.80--2.83/~ 

Tr i s t ea r in  ......................................... 
T r ipa lmi t in  ....................................... 
Tr iole in  ............................................. 
T r i e l a id in  ......................................... 
1 ,3 -n i s t ea r in  .................................... 
1,3 - n t p a l m i t i n  .................................. 
1,3 -Diolein ........................................ 
1-Aceto-3-stearin ................................ 
1 -Monoste~rin .................................. 
i -Monopahn i t in  ................................. 
1 -Monoolein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1-Monomyris t in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Triaee t in  ........................................... 
1,2-Diaceto-3-stearin ......................... 
1,2 -Diaceto-3 -0almit in  ...................... 
1,2-Diaceto-3-olein ............................ 
T~ibutyr in  ......................................... 
1,2-Dibu~yro-3-stearin ...................... 
1,2-Dibutyro-3 -palmit in  .................... 
1,2-Diaeeto-a-olein ............................ 
1,3 -Dip almi$ito-2 -laetin .................... 

0.060 
0.069 
0.060 
0.064 
0.018 
0.018 

0.020- 

0.078 

0.052 
0.061 
0.052 

0.18 
0.19 
0.14 
0.22 

0.067 

crons, as shown in Table IV. The weaker band at 8.9 
microns is not observed in the spectra of the mixed 
short- and long-chain glycerides (Tab le  IV) .  

The region above 8 microns in the rock salt infra- 
red absorption spectra has been refer red  to as the 
"fingerprint" region. Unlike the "group f r e q u e n c y "  
region below 8 microns (where most absorption bands 
can be assigned with some degree of cer ta inty  to vi- 
brations of relatively simple groups which give rise 
to them),  the " f i n g e r p r i n t "  region exhibits bands 
that  are more likely to arise ~rom vibrations of larger  
groups and are often characteristic o~ the vibrat ing 
molecule as a whole. Hence less s tudy has been made, 
in this region, a t tempting to correlate observed max- 
ima with vibrat ing groups. 

Bands about  the region 8.9 to 9.1 microns have been 
assigned to the C-O stretching vibration of the C-O-C 
ether group (3, 4) and probably arise in these com- 
pounds f rom stretching vibrations in the C-O-C por- 
tion of the COOt~ ester group. This group would give 
rise to two C-O stretching vibrations, 1r - ,  

/ /  
0 

(1) differing in f reqnency f rom (2) by  reason of the 
unsaturated nature of the carbon atom (20, 21). 

K u h r t  et al. (13, 14) have recently proposed the 
use o~ inf rared  spectra to detect the presence of mono- 
glycerides in natural  products  by direct "fingerprint" 
comparisons of their  spectra. These authors  assign the 
bands, at 8.9 and 9.1 microns as a doublet arising 

T A B L E  IV 
Absorpt ion  B a n d s  in  the Region  o~ C--O S t re t ch ing  

and  C-OI-I B e n d i n g - - 9 ~  

Glyceride 

Tr i s t ea r in  ........................ 
T r i p a l m l t i n  ...................... 
Triolein . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tr ie l a id in  ..................... ~.. 
1 , 3 - D i s ~ a r l n  ................... 
1 ,3-Dipa lmi t in  ................. 
1 ,3 -Dio ldn  . . . . . . . . . . . . . . . . . . . . . . .  

1 -Aeeto-3 -stearin ............. 
1-Monostearin .................. 
1 - ~ o n o p a l m i t i n  ............... 
1 -Mono~)lein. .................... 
1 -)/Ionornyrl stin ............... 
1-3-Dipalmito-2-1aetin . . . . . .  

Triaee t in  ........................... 
1,9-Diacetost~a.rin ........... 
1 ,2-Diacetop~lmit in  ......... 
1,2-Diac~tayolein ............... 
T r i b u t y r i n  ....................... 
1 ,2-Dib~tyros tear in  ......... 
1 ,2 -Dibutyropa lmi t in  ....... 
1,2 -Dibi~tyroi)lein ............. 

8 . 9 / *  

9.298 
0.407 
0.327 
0.251 
9.345 
3.381 
9.232 
0.313 
0,376 
0.405 
0.319 
0.460 
0.341 

]~nte,nsity a.t max ima  

9.1/* 

9.30( 
0.31~ 
9 . 2 4 4  

C).24d 
) . 2 2 ~ .  

).2"70 
).24E 
).30 c 
).304 
).304 
3.312 
a.ga{ 
0.53~ 
3.347 
).38~ 
0.33{ 
0.95~ 
3.564 
}.58~ 
3.525 

t 
9.4/Z 9.5/* ~ 9.6/./, 

0.133 
0.156 

. . . . . . . . . . . . . . . . .  0.142 
6 : ~  6:ai~ o.a5o 
0,308 0.42* ........ 
0.258 0.304 ........ 
0.354 0.472 ........ 

0.351 ........ 
0.406 d : ~  ........ 
o.aas ........ 

. . . . . . . . . . . . . . .  , ........ 
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from C-O stretchings of secondary alcohols. As the 
bands are observed in all spectra, even those of tri- 
glyeerides, this correlation cannot be entirely correct. 

Weniger  in 1910 (25), early in the history of the 
application of in f ra red  absorption to s tructural  prob- 
lems, noted that  the position of this C-O band in the 
spectra of alcohols depended upon the pr imary,  sec- 
ondary,  or te r t ia ry  character  of the hydroxyla ted  car- 
bon atone From this observation the inference has 
been drawn that  pr imary,  secondary, and te r t ia ry  
alcohols can be distinguished by the appearance of 
characteristic absorption bands at  9.6, 9.1, and 8.6 
microns, respectively. More recent studies have shown 
that this inference is not valid. Zeiss and Tsutsui 
(26) have demonstrated that  substitution on the car- 
bon atom, alpha to the hydroxylated carbon, will pro- 
duce a considerable shift  of band maxima to lower 
frequencies and cause considerable o v e r l a p p i n g  of  
bands characteristic of pr imary,  secondary, and terti- 
a ry  alcohols. Thus we should expect to find bands 
characteristic of the C-O stretching of the C - O - H  
group in the spectra of glycerides at longer wave- 
lengths. Table IV  shows that  bands are observed at 
9.5 and 9.6 microns in the spectra of all glycerides 
which contain the C - O - t I  group. 

The band with maximum at 9.6 microns is observed 
only in the spectra of dig]ycerides (with the single 
exception of dipalmitolaetin, the spectra of which re- 
sembles that  of a diglyeeride).  I t  would appear  logi- 
cal therefore to assign this band to the C-O stretching 
of an alpha substi tuted secondary alcohol, a correla- 
tion not incompatible with the conclusions of Zeiss 
and Tsutsui (26). The band arising from C-O stretch- 
ing of alpha substi tuted pr imary  alcohols (at  9.6 mi- 
crons in the spectra of straight-chain unsubsti tuted 
compounds )  would be shifted above the 9-micron  
region considered here. I t  is significant perhaps to 
observe that the spectra of all monoglyeerides which 
contain a p r imary  alcohol exhibit bands with maxima 
between 10.1 and 10.2 microns, not observed in the 
spectra of di- and triglycerides. In the spectra of the 
monog lyce r ides  the shift in f requency of the C-O 
stretching band of the secondary alcohol might be 
expected to be somewhat different from that  exhib- 
ited by  the diglycerides. In the spectra of all mono- 
glycerides a band is exhibited with maxima at 9.5 
m~erons, and an inflection is noted at 9.4 microns. 
The band at 9.5 microns could be correlated with a 
C-O s t r e t c h i n g  of an alpha substi tuted secondary 
alcohol in a monoglyceride as distinguished from the 
similar stretching in a diglyeeride at 9.6 microns. 

Whether  these suggested correlations are entirely 
correct, a significant fact from the standpoint of use 
of the spectra for  analytical purposes evolves. Mono- 
glyccrides can be detected by  observation of a band 
with maximum at 9.5 microns and determined by  con- 
sideration of the intensity of this band. Diglycerides 
can be detected and determined by  use of the 9.6-mi- 
cron band. T r ig lyce r i de s  can then be obtained by  
difference. Absence of any bands between 9.1 and 
10.0 microns can be construed as evidence for a pure  
triglyceride. 

In  the spectra of the mixed short- and long-chain 
glycerides (Table IV) both tr iacetin and t r ibu ty r in  
exhibit weak broad bands in the region of 9.5 microns 
which would interfere with the determination of mon- 
oglyceride content in admixtnres containing triaeetin 
or t r ibu tyr in  and monoglycerides. This band is not 

T A B L E  V 

A b s o r I a t . i o n  B a n d s  i n  t h e  R e g i o n  o f  C - - I t  B o n d i n g  
A b o u t  ~ T r a n s  C = C  G r o u p ,  1 0 t r  

G l y c e r i d e  

T r i s t e ~ r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i p  a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i o l a i d i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 3  - D i s t o a r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] , 3 - D i p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 3 - D i o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - A c o t o - 3 - s t e a r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - M o n o s t o ~ r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - M o n o p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - ~ o n o , o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - M o n o m y r i s t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 3 - D i p . a l m i t o - 2 - 1 a c t i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i a c o t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 - D i a c e t o s t o a r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 - D i a c e t o p M m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 ' - D i a c o t o o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i b u t y r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 - D i b u t y r o s t e a r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 - D i b ~ t y r o p M m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 - D i b u t y r o o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n t e n s i t y  a S  m a x i m a  

1 0 . 3 / z  

0 . ! 1 9  
0 . 3 5 8  

1 0 . 4 ~  

. . . . . . . .  0 . 3 6 8  

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

. . . . . . . .  0 . 1 9 6  

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

. . . . . . . .  0 . 2 5 4  

. . . . . . . .  0 . 1 5 4  

. . . . . . . .  0 . 1 6 2  

. . . . . . . .  0 . 1 5 2  

observed in the spectra of most of the diaceto- and 
dibutyro-compounds. Its appearance in the spectra of 
the palmitins would appear  to be an indication of 
monoglyceride impurity.  This fact  is in need of fur- 
ther  verification. The inflection at  9.4 microns, ob- 
served in the spectra of most of these compounds, 
would not interfere with the determination of mono- 
glyceride content at 9.5 microns, and there are no 
bands observed in these spectra which would inter- 
fere with the determination of diglyeeride content at 
9.6 microns. 

Interference from the spectra of tr iacetin or tri- 
bu tyr in  could be eliminated by  su i t ab le  co r r ec t ion  
factors. An impor tant  principle in applying infrared 
spectra to q u a n t i t a t i v e  me thods  can be illustrated 
here. I f  the problem is to determine the percentage 
of mono- or distearin in a sample of tristearin, ab- 
sorptivities obtained f rom pure samples of the mono- 
and  d i s t ea r in s  should be employed with correction 
f ac to r s  f o r  b a c k g r o u n d ,  if required, based on the 
spectra of pure tristearin.  This procedure might be 
somewhat broadened to include determinations for  
any mono- and di- long-chain glycerides in the pres- 
ence of any long-chain t r i g l y c e r i d e  by  the use of 
average values. However, if the problem involves the 
determination of monostearin in 1 ,2-aceto-3-s tear in  
prepared from it, absorptivities obtained from pure  
monostearin and " b a c k g r o u n d "  correction factors 
based on the spectra of the diaceto-compound and 
probably on triacetin, if its presence is. suspected, 
should be employed. A n o th e r  a p p l i c a t i o n  of this 
principle will be mentioned in connection with the 
discussion of the use of the C - H  bending vibrations 
in the 10-micron region to determine the total trans- 
isomers. 

As observed in the 3.0-micron region, the specLra 
of the triglyeeride, d ip a lm i to l ac t i n ,  resembles that  
of a diglyceride with a band at  9.6 microns. This 
band most probably arises f rom a C-O s~retching 
of the secondary alcohol in the lactic acid portion of 
this molecule. I t s  spectrum again demonstrates that  
the analytical p r o c e d u r e  sugges ted  here cannot be 
employed for the analysis of m a t e r i a l s  c o n t a i n i n g  
hydroxyglycerides.  

The 10.0 micro~t--C-H bending vibration about the 
trans C ~ C  group. An absorption band with maxi- 
mum at 10.3 microns, which has been shown to arise 
f rom a C-H  bending about a t rans C ~ C  (15), has 
been used to determine quanti tat ively trans-isomers 
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in monounsaturated fa t ty  acids, esters, and glycerides 
(11, 16, 19). I f  the assumption is made that  the in- 
tensity of the C- I t  bending about the t rans  C = C  
group is additive in nonconjugated polyunsaturated 
compounds (1, 12), the method can be extended to 
the determination of total trans-isomers, expressed as 
elaidic acid, in these compounds (5). 

In  Table V this C - H  bending about the C ~ C  trans 
group is observed as a sharp band at 10.3 microns in 
the spectrum of trielaidin, the only pure trans-com- 
pound included in this study. A weak band can be 
observed in the spectrum of triolein, showing that 
this cis-compound contains a trace of trans-impurity.  

Although the q u a n t i t a t i v e  me thod  of Shreve, 
Heether,  Knight,  and Swern (16), extended by the 
assumption that  the C-H  bending is additive in non- 
conjugated compounds, is reasonably satisfactory for 
the analysis of normal long-chain glycerides, its use 
to determine total trans-isomer content of the mixed 
short- and long-chain glyeerides results in anoma- 
lously high values. Table V shows the reasons for 
the high results. These compounds exhibit a band 
with maxima at 10.4 microns. The " s h o u l d e r "  of 
this band interferes with measurements at about 10.3 
microns. I t  can be shown that  the intensity of this 
band increases as the chain length of the fa t ty  acids 
in the glycerides, decrease. 

Again, application of the principle that  quantita- 
tive procedures based on infrared absorption meas- 
urements must consider the total composition of the 
sample being analyzed should result  in a satisfactory 
determination. I f  the problem is the determination 
of trielaidin in the presence of triolein and triste- 
arin, absorptivities based on very  pure trielaidin and 
correction factors for  " b a c k g r o u n d "  based on the 
absorptions of triolein and tr is tearin at the maxima 
found for t r i e l a i d i n  are r e q u i r e d ,  as used in the 
method of Shreve et al. (16). I f  however the content 
of 1,2-diacetoelaidin in the presence of 1, 2- diaeeto- 
olein and triacetin is required, coefficients based on the 
spectrum of very  pure 1,2-diacetoelaidin and "back-  
g r o u n d "  c o r r e c t i on  f ac to r s  based on the observed 
spectra of very  pure 1,2-diaeetoolein and triaeetin are 
required for a satisfactory analysis. 

This principle requires that  extension of methods 
for quantitat ive analysis based on infrared absorp- 
tion measurements must be accompanied by  careful 
measurement and evaluation, under  the exact condi- 
tions by which subsequent analyses will be made, of 
coefficients of the very  highly purified eonlpounds. 
Thus extension of the present method for the quanti- 
tative determination of trans-isomers in monounsatu- 
rated compounds to polyunsaturated materials must 
await a careful quantitat ive evaluation of the infrared 
spectra of the polyunsaturated compounds. Similarly, 
extension of a method to determine trans-isomers in 
long-chain glycerides to mixed short- and long-chain 
glyeerides must ajxait similar evaluation of very  highly 
purified mixed glyeerides. Until  compounds to permit  
these quantitat ive evaluations are made available, in- 
f rared  methods, at best, can only be semi-quantitative. 

Summary 
The inf rared  spectra from 2 to 12 microns of chlo- 

roform solutions of several glycerides have been meas- 
ured and studied with a view to possible analytical  
applications. These spectra are presented, and conclu- 
sions which can be obtained from their  examination 
are reported in this paper. 

The principal  bands, common to the spectra of all 
glycerides, have been tabulated with correlations of 
the vibrat ing groups which give rise to them. The 
analytical significance of the infrared spectra is con- 
sidered in detail for  three specific regions: a) the 
O - H  sIretching vibration region, about 3.0 microns; 
b) the C - 0  stretching vibration region, about 9.0 
nfierons; and c) the 10.0-micron region of C-I I  bend- 
ing, about the C ~ C  group. 

Analyses of these regions of the spectra indicate 
that  inf rared absorption can be used to detect and to 
determine mono-, di-, and triglyeerides in admixtures 
and that  the method for  the determination of trans- 
isomers can, with modifications, be extended to in- 
clude analysis of triglycerides. 
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