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M 
os t  fat  and oil chemists are somewhat aware of 
the ut i l i ty  of ultraviolet  absorption spectro- 
scopy although they may  not be cognizant of 

the wide scope of its present-day applications and are 
entirely unaware of its still vast potentialities. The 

main objective of this dis- 
cussion is to show how ul- 
traviolet  a b s o r p t i o n  spec- 
troscopy is being applied 
to the solution of a var ie ty  
of problems in fa t  and oil 
chemistry. But  before cit- 
ing specific examples of its 
successful use, it is prob- 
ably desirable to define the 
te rm "u l t r av io le t  absorp- 
tion spec t roscopy"  to at- 
t e m p t  to c r ea t e  a c lear  
picture  of the par t icular  
c h a r a c t e r i s t i c s  o f  t h i s  
b r a n c h  of  s p e c t r o s c o p y ,  
e spec i a l l y  in r e l a t i o n  to 
o the r  phases  of spec t ros -  
copy. Such an unders tand-  

R. T. O'Connor ing will, in itself, promote 
an appreciat ion of how ul- 

traviolet  absorption spectroscopy can be used to solve 
specific problems of fa t  and oil chemistry and to 
which types of problems this par t icular  tool is most 
likely to prove advantageous.  

Some Theoretical Considerations 

One can immediately  think of various branches of 
chemical spec t roscopy- -x- ray  spectroscopy, ultraviolet  
spectroscopy, visible spectroscopy, in f ra red  spectros- 
copy, and microwave spectroscopy. These terms are 
all real ly designations of various portions of the elec- 
t romagnet ic  spectrum. In  F igure  1 these various 
branches of spectroscopy have been listed with the 
respective regions of the electromagnetic speetrmn 
with which each is related. Spectral  radia t ion in any  
of these portions of the electromagnetic spectrum can 
be used for analytical  purposes in several ways. The 
radiat ion emitted (emission or spectrochemical an- 
alysis and fluorescence spect roscopy--which  may  be 
considered a special or secondary type of emission) 
has found greatest  ut i l i ty  as atomic spectra  for the 
determinat ion of the individual  chemical elements. A 
s tudy can be made of the absorption of any  of these 
radiat ions by  a specific sample under  investigation 
(absorption spectroscopy).  Or scat tering or diffrac- 
lion of each of these radiat ions can be utilized (Raman 
effect, x-ray diffraction spectroscopy, or visible reflec- 
tion measurement  of color). 

As seen in F igure  1, spectroscopy is thus divided 
into 15 subdivisions. I f  one were to look hard  enough 
and long enough, he could undoubtedly  find applica- 
tions of each of these 15 subdivisions to chemical spec- 
troscopy but  probably not, at the present  time, to 
chemical spectroscopy of fats  and oils. The subdivi- 
sions most f requent ly  used in chemical spectroscopy 
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are indicated by their  commonly used names. From 
this figure one can obtain an exact definition of "u l -  
traviolet  absorption spectroscopy " - - a  s tudy of the 
absorption, by any  specific material ,  of that  port ion 
of the electromagnetic spectrum between about 2 and 
400 m~. 

While this s ta tement  is an exact definition of ul tra-  
violet absorption spectroscopy, it does not, in itself, 
add much to an unders tanding of the characteristics 
of this p~r t ieular  branch of spectroscopy to differen- 
t iate it f rom the other branches or to enable one to 
predict  when iL could be par t icu lar ly  useful to the 
solution of a specific problem in fa t  and oil chemistry. 

When radia t ion is emitted, absorbed, or scattered 
by  any material ,  the molecules o f  the mater ial  gain or 
lose energy. In  spectroscopy we say that  their  energy 
level is changed. An absorption of radiat ion results 
in a gain of energy, an increase in energy level. Emis- 
sion results in a loss of energy, a decrease in energy 
le;eel. Scat ter ing may  involve either, or both. The 
origin of all spectra  is explained by the Bohr theory 
involving the simple, fundamenta l  relationship: 

A E  = h ~  

That  is, change in energy content, /XE, (energy level) 
of any  molecule by the absorption or emission of radi- 
ation is propor t ional  to the f requency of the emitted 
or absorbed radiation,  V. The propor t ional i ty  constant, 
h, is called P lanck ' s  constant. As the frequency, 
can be related to wave number,  v', or to wavelength, 
;t, by the following relations: 

= v '  x e = c/2, 

in which c is the speed of light, the Bohr equation 
can be rewr i t ten :  

A E  = he/2, 

for  those who feel more at home with wavelengths. 
An impor tan t  result  of the quan tum theory is that  

this energy which the molecule can gain or lose is 
quantized. I t  is beyond the scope of this lecture to 
delve into the rigorous mathemat ical  relations of 
quantum theory or of wave mechanics. A fami l iar i ty  
with either is not a requisite for  app ly ing  spectros- 
copy to the solution of chemical problems. Some 
knowledge of the results of such a t rea tment  is how- 
ever desirable. 

The s ta tement  that  changes in energy level are 
quantized merely  means that  the molecule cannot 
absorb or emit radiat ion continuously. Changes in 
energy, as related to these radiat ions by the Bohr 
equation, arc restricted to a series of discrete values, 
bundles of h~'s. Einstein showed that  each discrete 
bundle of energy, h;;, was absorbed or emitted by. a 
single molecule. The various size bundles that  can be 
absorbed, or emitted by a specific molecule are de- 
pendent  upon molecular structure.  Hence studies of 
radiat ion absorbed or emitted must  provide some 
clues to the s t ruc ture  of the molecule. 

Exper iments  show that  changes in energy dur ing  
absorption and emission processes involve increases 
or decreases of one of three general orders of mag- 
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nitude. The first of these is ra ther  large, about 100 
kilocalories per mole. A second is considerably less, 
about 1 kiloealorie per  mole, and the th i rd  is still 
considerably less, about 0.01 kilocalorie per  mole. 
F rom these energy values, by use of Bohr ' s  equation, 
the ranges of radiat ions involved can be calculated: 

100 keal. % 35,000 em 1 ~ 0.3 ~ or 300 m~ (ultraviolet)  

i keal. ~ 350 cm -~ ~ 30 ~ ( infrared)  

0.01 keal. ,% 3:5 em -~ ~ 3000/~ or 3 cm (microwave) 

F rom F igure  1 it can readi ly  be seen that  the first 
of these three energy changes is the one with Which 
we arc concerned in ultraviolet  absorption spectros- 
copy; 300 mt~ is in the ultraviolet  port ion of the elec- 
t romagnet ic  spectrum. 
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I f  absorpt ion were to consist of s imply a change in 
the energy level of the molecule to another  higher 
level, then the Bohr equation would be associated 
with a single f requency or wavelength, i .e . ,  the radi- 
ation would be monochromatic and the absorption 
would appear  as a single line. This is the case of 
absorption of atoms. However  the total  energy of a 
molecule is the sum of four  types:  

E ~ ETranslational -~- EEleetronic -~- Evibrational ~-  
E Rotational 

As translat ional  energy has no s ign i f ican t  effect on 
spectra, it will not be considered fur ther .  Electronic 
energy is considerably greater  than  vibrat ional  en- 
ergy, and rotat ional  energy is considerably less than 
vibrat ional  energy. F igure  2 is a schematic method 
of i l lus t ra t ing energy levels and transi t ions of elec- 
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FIG. 2. Energy level t'~ble--Electronic transitions--Diatomic 
molecule. 

t rons f rom one energy level to another,  called an 
" e n e r g y  level d i a g r a m . "  I t  will be seen tha t  transi- 
tions f rom one electronic level to another  involve the 
greatest  energy changes, the order of magni tude  ca.  
100 kcal. we encountered before. Vibrat ional  transi-  
tions involve intermediate  energy changes, ca.  1 kcal., 
and rotat ional  t ransi t ions the least, ca.  0.01 kcal. 
Within  eertain restrictions of Pau l i ' s  exclusion prin-  
ciple and of the selection rules, the molecule will, in 
going f rom one electronic level, say the ground state, 
Eo, to a higher electronic level, say the first excited 
state, El, dur ing  the absorption of rad ian t  energy, 
undergo simultaneously changes in vibrat ional  energy 
and in rotat ional  energy levels. As a result a series 
of several lines occurs which are very  close together in 
the wavelength or f requency scale. When  measured 
with the dispersion of most ins t ruments  used in 
chemical spectroscopy, these lines are not resolved 
f rom one another,  and the absorption is measured 
over a port ion of the electromagnetic spectrum. The 
port ion in which absorption occurs is called an ab- 
sorption band. Molecular absorption therefore  results 
in band spectra,  and ul traviolet  absorption spectra,  
involving the relat ively large energy changes, in the 
order of magni tude  of 100 kcal. per  mole, must  arise 
f rom electronic energy level transitions. Thus ul tra-  
violet absorption spectra are electronic band spec- 
tra.  The intermediate  values of energy changes arise 
f rom transi t ions between vibrat ional  levels within a 
single electronic level and, as seen before, are of a 
magni tude associated with the in f ra red  region. The 
smallest energy changes arise f rom the pure  rotat ional  
transit ions within a single vibrat ional  level, and as 
their  magni tude  indicates, they are associated with 
microwave spectroscopy. 

I n  F igure  2 only two electronic energy levels, Eo 
and El, are shown. The d iagram il lustrates that:  
a) v ibrat ional  levels are more closely spaced than  
electronic levels, b) rotat ional  levels are even more 
closely spaced than  vibrat ional  levels, c) both vibra- 
tional and rotat ional  level spacing differ for  different 
electronic levels, d) vibrat ional  level spacing decreases 
as the vibrat ional  level number,  v, increases and 
e) rotat ional  level spacing increases as the rotat ional  
level number,  J,  increases. I t  can readily be seen that  
the number  of energy level changes involving elec- 
tronic, vibrational,  and rotat ional  levels is ve ry  great. 
While selection rules somewhat decrease the number  
of transi t ions permit ted,  the number  of bands even 
in the spectra of simple molecules is very  numerous 
and the electronic spectra are very  complex. 

Experimental Measurements and Methods 

The uppe r  wavelength limit of the ul traviolet  por- 
tion of the electromagnetic spectrum is where it r u n s  
into the visible region, i .e . ,  the lowest wavelength at  
which the eye can be nsed as a detector. This position 
depends somewhat on the eyes of the individual,  but  
it ~s usual ly  considered about 400 m~. The lower 
limit of ul traviolet  spectra is the x-ray region about 
20A. Below this wavelength absorption arises mainly  
f rom transi t ions of imler-orbital  electrons, i.e., x- ray  
spectra. However  a l imitat ion of ins t rumenta t ion  
places the lower l imit  of pract ical  ul traviolet  absorp- 
tion at about 200 mtc Several factors contr ibute to 
this l imitation: a) quartz, the usual mater ia l  for  
optics in the ul traviolet  region, begins to absorb, 
b) the detectors, i.e., photoelectric cells, become less 
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sensitive, c) the light sources, i.e., the hydrogen dis- 
charge lamp, become weaker, and d) air soon begins 
to absorb radiat ion and a complete vacuum is re- 
quiredl While vacuum spectrophotometers, operating 
with gratings to avoid the absorption of quartz optics 
and with special types of detectors sensitive to short 
wavelength ultraviolet radiation, have been designed 
to permit  measurements par t icular ly  in the  region 
of ethylenic absorption about 170 to 190 m~, com- 
mercially available instruments have usually been 
restricted to the region above 200 mt~. The usable 
ultraviolet absorption region for chemical spectros- 
copy may be considered to be 200 to 400 m~. ( I t  may 
be noted however that  l%usoff, P]att,  Klevens, and 
B u r r  (45) have reported the ultraviolet spectra of 
several f a t t y  acids and related comPounds down to 
170 mt~.) 

I f  the absorption of any material  is measured as a 
function of the wavelength throughout  this region, 
we would find that  the resulting spectrum would be 
one of two general classes, noneharacteristic, with 
smooth absorption generally increasing gradual ly  to- 
ward the shorter wavelengths, or selective absorption 
exhibiting characteristic maxima and minima. Non- 
characteristic absorption, i l lustrated in Figure  3-a 
and c, arises f rom end-absorption of intense bands 
usually due to single C = C ,  ethylenic, or to COOH,  
carboxyl groups with absorption maxima between 
about 175 and 185 m~. While the magnitude of this 
absorption has been suggested as an indication of the 
presence and amount  of these groups, in general this 
type of absorption is of no importance to chemical 
spectroscopic studies. Thus we are concerned with the 
determination of which types of compounds give rise 
to selective absorption, i l lustrated in Figure  3-b and 
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FIG. 3. Ultraviolet absorption spectra: (a) and (c) smooth 
absorption of ]inoleic and linolenic acids, (b) and (d) charac- 
teristic absorption os alkali-isomerized lino]eic and :[inolenic 
acids. 

d. The appearance of an absorption band must de- 
pend ult imately on the electronic energy levels of the 
molecule as it is a transit ion between two such energy 
levels which gives rise to the radiation, according to 
the Bohr equation. With instruments of very  high 
resolution the various lines of the band spectra have 
been analyzed for a few very  simple molecules, and 
from these data the entire energy level diagrams of 
the compound have been computed. However the 
complexity of electronic spectra have prevented much 
progress in this manner  for  polyatomic molecules. 
The molecular orbital method has had considerable 
success as an approximation for  such a treatment.  
The molecular orbital method is beyond the scope of 
this lecture, but  in principle it is based on a treat- 
ment of only the ~r electrons of the unsaturated mole- 
cule. Thus in benzene only the six ~r electrons (or 
unsaturated electrons) are considered. The remainder 
of the benzene molecule is considered as a framework 
over which these electrons are distr ibuted and free 
to move. An excited benzene molecule corresponds to 
a different distribution of the six ~r electrons. 

From this discussion it is apparent  that  selective 
absorption in the near  ultraviolet region may be ex- 
pected only for unsaturated molecules. But  experi- 
ment shows that  not all unsatura ted molecules give 
rise to characteristic bands in this region. The ab- 
sorption arising f rom single unsatura ted groups is 
usually very  weak and often will not appear at all 
except as the end-absorption from bands below the 
200 mt~ limitation previously discussed. This is illus- 
t ra ted by Figure  3-a and c, the spectra of very pure 
linoleic and linolenic acids. These molecules have 
isolated C ~ C  groups and a COOH group and ex- 
hibits intense absorption with maxima about 170 to 
180 mt~ (45). The only absorption observed above 
200 m~ is the end-absorption from these intense bands, 
decreasing rapidly toward the longer wavelengths. 

However conjugation of a single unsaturated link- 
age with a second unsatura ted group gives rise to 
intense absorption bands throughout  the region 200 
to 400 m~. Conjugation of two ethylenic linkages, 
forming a conjugated dienoic system, C~C--C----C,  
gives rise to an absorption band of considerable in- 
tensi ty in the region about 230 m~. The exact posi- 
tion of maximum of this band can be calculated by 
means of Woodward 's  rule. This rule, applied to 
acyclic conjugated dienes, assigns a value of 5 mtL 
to be added to the position of maximum absorption 
for the s imples t  conjugated diene (butadiene, ca. 
217 m~ in isooctane solution) for  each alkyl snbstitu- 
eat linked to the diene chromophore. Extension of 
the conjugated system to a tr ienonie conjugation, 
C ~ C - - C ~ C - - C ~ C ,  results in a shift in the absorp- 
tion to about 268 m~ while a tetraenoie system ab- 
sorbs at about 315 m~, pentaenoic at about 346 mt~, 
and hexaenoic at about 374 m~. Continuation of the 
conjugated system soon brings the absorption into 
the visible region, and colored compounds are ob- 
tained. We come into Hewit t ' s  rule which has been 
known since 1907 and which states that  the longer 
the conjugated unsatura ted system, the deeper the 
color. 

While conjugations of other various combinations 
of single unsaturated linkages have limited useful- 
nes, the specific conjugations of two or more ethylenic 
linkages are responsible for  the great  major i ty  of 
the successful applications of ultraviolet absorption 
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spectroscopy in fat  and oil chemistry. I t  can read- 
ily be seen how an observation of the ultraviolet 
spectrum of an unknown fat  or oil can answer such 
questions as: a) does it contain any unsatura ted 
conjugated material? b) if conjugated substances are 
present, what is the order of conjugation ? c) if there 
is evidence of diene conjugation, what does Wood- 
ward 's  rule say about the nature  of the substituents ? 
The par t icular  characteristics of the r ing triene con- 
jugation of aromatic compounds can soon be recog- 
nized and the question is the material  aromatic or 
aliphatie ?--can readily be answered. Conjugation in 
nonaromatic rings gives rise to characteristic absorp- 
tion bands which can be recognized by extensions of 
Woodward 's  rule. I t  should be readily apparent  that  
a tool which can furnish information to answer these 
types of questions readily, simply, and rapidly  and 
usually without  destroying the sample cannot fail  to 
find useful applications in the field of fat  and oil 
chemistry. 

Two laws which are important  to the use of ab- 
sorption spectra as a tool of quanti tat ive analysis are 
those of Bouguer  and of Beer. Bouguer ' s  law states 
that the proport ion o f  radiat ion absorbed by a trans- 
parent  medium is  independent  of the intensity of the 
incident radiat ion and that  each successive uni t  layer 
of the medium absorbs an equal f ract ion of the radi- 
ation passing through it. Mathematically expressed, 
where P is the t ransmit ted radiant  power, b the 
length of absorbing path, and k a proport ional i ty  
constant: 

- -  d P / d b  ~--- kP 

The mathematical expression can be integrated over 
the thickness of the medium, b: 

Log~o Po /P  ~ kb 

where the logari thm of the ratio Po/P,  the transmit- 
ted radiant  power before to that  a f t e r  passing through 
thickness b, is known as the absorbancy, A. Thus 

k ~ A/b  

Beer 's  law states that  the light absorption is pro- 
portional to the number o f  molecules of absorbing 
substances through which the light passes. Or ex- 
pressed mathematically:  

- -  d P / d c  ~ -  k 'P ; Loglo Po /P  = k ' c  ; k' = A/c  

The two laws can be combined into a single expression: 

a ~ A/bc  

Alpha is a constant characteristic of the absorbing 
medium and is known as the absorptivity. F o r  a pure 
compound a, when measured with an instrument  
which permits  sufficient resolution, is a charac ter -  
istic constant of the compound, a s characteristic as 
is its melting point, boiling point, index of refraction, 
etc. I f  the absorbance of a material, A, is measured 
in a cell b cm. long, the concentration of the absorb- 
ing compound, in grams per liter, can be calculated 
if a, the characteristic constant for  this absorbing 
compound, is known, by means of the expression: 

e ~ A/ab  

Applications to Problems in Fat and Oil Chemistry 

As a first i l lustration of an actual use of ultraviolet 
absorption spectroscopy in fats and oils, the very  sim- 
ple determinat ion of a-eleostearic acid in fresh a-tung 

oil has been selected (37). This par t icular  analysis 
has been selected because its very  simplicity affords 
an excellent oppor tuni ty  to illustrate the method of 
spectrophotometry for quanti tat ive determinations. 
Fresh, or so-called a, tung oil owes its par t icular  
properties as a drying oil to the presence of large 
quantities (ca. 80%) of a-eleostearic acid (9-cis, 
11-trans, 13-trans-octadeeatrienoic acid). This is a 
natura l ly  conjugated trienoic acid and, as expected, 
exhibits intense absorption with a maximum at 271.5 
m~ (Figure  4-A). Estimations of the quali ty of tung  
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oil have been made by a long, tedious, and not en- 
t irely satisfactory determination of eleostearic acid 
by empirical calculations from maleic anhydride ad- 
dition reactions. I f  a few drops of the oil are accu- 
ra te ly  weighed into a small Volumetric flask, dissolved 
in c2clohexane, and brought  to volume with the same 
solvent, a single spectrophotometrie measurement at  
271.5 mt~ will provide the data required to calculate 
the concentration of the eleostearic acid in the tung 
oil sample from the Bouguer-Beer equation: [The 
absorptivity of a-eleostearic acid at its maximum at 
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271.5 !n~ has been established for cyclohexane solu- 
tions as 168.6 (38).] 

C z A/(168.6 X b) 

The complete analysis can be made in a few minutes 
as compared to the day-long maleic anhydride addi- 
tion method. No other component of fresh tung oil 
contributes to the absorption at 271.5 mt~, and no 
corrections for interferences are required. Thus we 
have an excellent i l lustration of a direct, simple 
spectrophotometric determination. 

As tung oil ages, its viscosity may increase, and it 
may, under  some conditions, become solid. The oil 
is then known as B-tung oil. This change is due in 
large measure to an isomerization of a-eleostearic acid 
to the B-isomer. Work of two groups, in par t icular  
(7, 42), using infrared absorption spectroscopy, have 
established the molecular configuration of these two 
acids as 9-cis, l l - trans,  13-trans-oetadecatrienoic and 
9-trans, l l - trans,  13-tra.ns-oetadeeatrienoie acids, re- 
spectively. Their  ultraviolet absorption is similar but  
not identical (Figure  4). Alpha-eleostearic acid exhib- 
its a maximum in eyclohexane solution at 271.5 m~, 
a = 168.6 (38). Beta-eleostearic acid exhibits a maxi- 
mum at 269.0 m~, a = 202.4 [38). In  any tung  oil the 
relative proportions of these two components can be 
determined by use of the technique known as spee- 
trophotometrie mnlticomponent analysis. The total 
absorption of a tung oil sample at 271.5 m~, the 
maximum for the a-eleostearic acid isomer, will be 
due to a-eleostearie acid and to the contribution of 
the B-isomer at this wavelength. For  a pure sample 
of fl-eleostearic acid this contribution at 271.5 m~ is 
a = 178.1 (38). Similarly at 269.0 mt~, the maximum 
position for absorption of fl-eleostearic acid, the total 
absorption of any tung oil will be the absorption due 
to the B-eleostearie acid plus that  contributed by the 
a-eleostearic acid at this wavelength. Pure  a-eleoste- 
arie acid contributes, a = 149.5, at 269.0 m~. Thus: 

Total measured absorptivi ty of any tung oil sam- 
ple at 271.5 m~ = (168.6 * % a-acid -~- 178.1 X 
% B-acid)/100. 

Similarly: 

Total measured absorptivity of any tung oil sam- 
ple at  269.0 mt~ ~ (149.5 X % a-acid -f- 202.4 X 
% B-acid)/100. 

Simultaneous solution of the two equations and spec- 
trophotometric measurement and calculations of the 
two absorptivities at the two wavelengths yield the 
percentage of both a- and B-eleostearic acids in the 
par t icular  sample. 

F rom Figure  4 it can be seen that  the absorptivi ty 
curves cross at 276.5 m~. At this point the total ab- 
sorption is independent  of the ratio of a- and B-iso- 
mers. Such an absorption position is called an "isos- 
bestic po in t . "  I t  can be used as a direct determina- 
tion of total eleostearic acid to check the sum of the 
a- plus B-acids obtained from the simultaneous equa- 
tions. The absorptivi ty at this isosbestic point has 
been established as 122.5 (38). 

Total eleostearie acid ~--- A/(122.5 X b) 

Thus we have an illustration of multicomponent an- 
alysis applied to a drying oil. The general method 
can be extended, with increasing mathematical com- 
plexity, to three, four, five or more components, all 

of which must exhibit selective absorption with well 
resolved maxima. Ultraviolet spectroscopy has per- 
mit ted not only a much more rapid determination of 
eleostearie acid than is possible by chemical methods, 
but  it affords as simple a means for determination of 
the relative amounts of the two isomers, an analysis 
which cannot be made by chemical means, and one of 
considerable importance in cases where solidification 
of a supply of oil is of some concern, as in a tank ear 
shipment. 

Application to the Determination of Nonconjugated 
Polyunsatura ted F a t t y  Acids 

The most profitable application of ultraviolet ab- 
sorption spectroscopy to fa t  and oil chemistry has 
been the quanti tat ive determination of noneonjugated 
polyunsaturated acids in fats, oils, trig]ycerides, es- 
ters, and related substances and various derivatives. 
These analyses are also based on the principle of mul- 
ticomponent analysis. However, as polyunsaturated 
acids, i.e., linoleic, linolenic, and araehidonic acids, 
etc., in most oils and fats are nonconjugated acids, 
their  analysis illustrates another fundamental  tech- 
nique of u l t rav io le t  spectroscopy. This technique 
can perhaps best be introduced by a comparison 
with a similar principle in eolorimetric measure- 
ments, using visible absorption spectroscopy. Many 
colorless compounds (which therefore do not exhibit 
selective absorption in the visible portions of the 
spectra) are determined by means of visual color- 
imetry. The technique involves merely the produc- 
tion of color by some suitable chemical reaction, 
measurement of the color, and calculation of the 
amount  of the sought-for constituent which would 
produce the measured color. Both production and 
measurement of the color are performed as a care- 
ful, specific, analytical technique. Similarly ultra- 
violet absorption can be produced by careful, specific, 
reproducible means to create conjugation. Speetro- 
photometric measurement of this produced conjuga- 
tion and calculations, which includes consideration of 
the amount of conjugation produced by the selected 
procedure, provides a quantitat ive method of analysis. 

Dan and Moore (13) and Moore (29) showed that  
linoleic and linolenic acids are respectively isomer- 
ized to conjugated dienoic and to mixtures of con- 
jugated dienoic and trienoic acids by heating with 
alcoholic potassium hydroxide. Kass, Miller, and 
B u r r  (23) showed that  this isomerization is effected 
much more rapidly  at higher temperatures,  i.e., with 
the use of a solution of alcoholic potassium hydroxide 
and ethylene glycol at 180~ Mitchell, Kraybill,  and 
Zscheile (28) used this isomerization procedure to 
establish a quanti tat ive spectrophotometrie method 
for  the direct determination of the linoleie and lino- 
lenic acid content of a fat. 

The extreme popular i ty  of the method is evidenced 
by tile great number  of publications proposing appli- 
cations, tests, and modifications of original method. 
Now, about 12 years af ter  proposal of the original 
method, it may be said to have undergone a period of 
considerable evolution. The method was first pro- 
posed for the determination of linoleic and linolenic 
acids. I t  was shortly extended to include araehidonic 
acid by Brice and his coworkers (8, 10), using ab- 
sorptivities proposed by Beadle and Kraybil l  (5). 
Later  it was extended to include pentaenoie acids by 
Herb  and Riemensehneider (16), and Hammond and 
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Lundberg (14) have recently suggested the inclusion 
of hexaenoic acids. Brice and his coworkers (8, 10) 
introduced mathematical equations to correct for 
" b a c k g r o u n d "  absorption when applying the method 
to very small quantities of linoleic, linolenic, and 
arachidonic acids in animal fats and tallows. These 
corrections, while of considerable value when measur- 
ing small quantities, 1% or less, of the constituent 
acids, are not only unnecessary expenditures of effort 
and time, but are actually undesirable in the analysis 
of most vegetable and drying oils, where acid con- 
centration is of the order of 20 to 50%. O'Connor, 
Heinzelman, and Dollear (36), using the method to 
determine soybean oil admixed with cottonseed oil by 
measuring the trienoic conjugation arising f rom the 
linolenic acid content of the former oil only, proposed 
complete nitrogen blanketing both during the isom- 
erization and during the preparation of the reagent 
in order to avoid oxidation of the readily oxidizable 
components. Brice et al. (9) used pure cis-linoleic, 
linolenie, and arachidonic acids prepared by Riemen- 
schneider et al. (44) and by Herb et al. (18) to re- 
determine absorptivities for these natural isomers, 
greatly improving the accuracy of the procedure. 

A factor which caused some difficulties in the spec- 
trophotometric method is the presence of conjugated 
material found in some oils before alkali isomeriza- 
tion. These preformed conjugated acids were origi- 
nally considered to be caused by isomerization of the 
corresponding noneonjugated acid during storage or 
handling of the oil. O'Connor, Heinzelman, Cara- 
vella, and Bauer (35) demonstrated the readily oxi- 
dizable properties of both linoleic and linolenic acids 
to yield conjugation of the next higher order. Swift, 
O'Connor, Brown, and Dollear (49), reporting on the 
oxidation products of cottonseed, showed that smooth 
broad-banded absorption in the region of triene con- 
jugation arises from eonjugated deeadienals. Swain 
and Brice (47) made a very comprehensive study of 
the formation of these preformed conjugated constit- 
uents. As a result of these studies it is now well es- 
tablished that preformed conjugation is more likely a 
measure of the autoxidation of an oil rather than 
evidence for conjugated fat ty acids. 

Several discrepancies were reported in measure- 
ments of partially hydrogenated fats and oils by the 
alkali isomerization-ultraviolet spect rophotometr ic  
method. Work of Riemenschnelder, Nichols, and Herb 
(32, 33, 44) showed that the rate of isomerization and 
the magnitude of the absorptivities obtained vary for 
various cis, cis- and cis, trans- and trans,trans-acids.  
Therefore the aceuraey of the method based on cis- 
acids only will not be satisfactory when samples, such 
as partially hydrogenated materials, which can be 
shown by infrared absorption spectroscopy to con- 
tain mixtures of cis- and trans-aeids, are analyzed. 
The spcctrophotometric method is applicable only to 
naturally occurring products, i.e., products contain- 
ing only cis-acids. Brice et al. (9) showed the excel- 
lent agreement which can be obtained b y  the spectro- 
photometric method when analyzing all cis-eontaining 
products. O'Connor et al. (41) made a detailed com- 
parison with the chemical methods for the analysis 
of a number of cottonseed oils and also showed good 
agreement. Baldwin and Longenecker (4) tested the 
method by the analysis of known mixtures of purified 
methyl esters, and Baldwin and Daubert (3) tested 
the method with the analysis of synthetic glycerides. 

The present American Oil Chemists' Society Ten- 
tative Method Cd 7-48 (1) for the determination 
of polyunsaturated acids is a considerably revised 
modification of the earlier Mitchell, Kraybill, and 
Zscheile method, representing the results of exhaus- 
tive investigations by the Spectroscopy Committee 
for a number of years on scores of proposed changes. 
The most recent report of the committee (43) rec- 
ommends a revised method which will permit the 
determination of linoleic, linolenic, arachidonic, and 
pentaenoie acids and which: a) incorporates the 
"background"  corrections of Briee et al. (8, 10) 
only if small traces of the acids are to be deter- 
mined, b) employs the nitrogen-blanketing protection 
method of O'Connor et al. (36), c) uses the constants 
for natural acids proposed by Brice et al. (9), and 
d) permits several simplifications when the materials 
being analyzed do not contain all of the various poly- 
unsaturated acids. Cottonseed oil, with only diene 
unsaturation, is analyzed for linoleic acid by a single 
measurement in the diene region at 233 m~ (41). The 
Spectroscopy Committee has repeatedly tested and 
confirmed the reliability of the method in collabora- 
tive studies in several laboratories and has concluded 
that within its scope reasonably reproducible results 
can be obtained by experienced operators (43), 

At the present time the two most serious limitations 
in the scope of the method are inability to analyze 
accurately materials which contain trans-acids, and 
difficulties in the analysis of samples which contain 
large quantities of preformed conjugation, i.e., tung 
oil with 80% triene conjugated eleostearic acid. A 
method for the determination of linoleic acid in tung 
oil and similar samples has recently been proposed by 
O'Connor et al. (39) and is now being tested by the 
Spectroscopy Committee. Development of accurate 
methods to determine the proportion of cis- and trans- 
acids by means of infrared absorption spectra may 
provide a method whereby such mixtures can be an- 
alyzed by the alkali isomerization-ultraviolet absorp- 
tion procedure. 

Several interesting applications of the alkali isom- 
erization-ultraviolet absorption spee t rophotometr ic  
method have been reported, as the differentiation of 
lard from hydrogenated vegetable oils by means of 
the tetraenoie absorption appearing in the spectra 
after alkali isomerization of the araehidonic acid in 
the lard, reported by Beadle, Kraybill, and Strieker 
(6). Space will not permit description of more of 
these. However the introduction of a microteehnique 
by Herb and Riemenschneider (17), which has proven 
particularly useful in medical, biochemical, and other 
applications where sample size is a serious problem, 
should not be overlooked. 

Other Examples of the Use of Ultraviolet 
Absorptio~u, Spectroscopy in Fat and 

Oil Chemistry 

Considerable detail has been given to the discussion 
of the alkali isomerization-ultraviolet absorption spee- 
trophotometric method for the quantitative determi- 
nation of fat ty acids. This proportion of space is 
commensurate with the relative amount of attention 
and importance that accrues to this one method of 
analysis. There are however several other applications 
of ultraviolet absorption spectroscopy which, within 
their field, are of considerable importance and value. 



Only a few. of these can be mentioned most briefly 
here. 

Vitamin A exhibits a spectrum with a characteris- 
tic maximum at 325 m~ (Figure 5). This absorption 
can be used in a direct ultraviolet spectrophotometric 
quantitative determination of the vitamin. Details of 
the specific procedure are given in the Association of 
Vitamin Chemists' "Methods of Vitamin Assay" (2). 
Luckmann, Melnick, and coworkers in a series of four 
papers (24, 25, 27) reported exhaustive studies of 
this method for the determination of vitamin A in 
fortified fats, particularly margarine~ and in various 
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FIG. 5. Ultraviolet absorption of vitamin A. 

vitamin A concentrates. They concluded that " . . .  
the spectrophotometric method is the most reliable 
procedure for assaying margarine for vitamin A fol- 
lowing fortification with quality vitamin A concen- 
trates. I t  is far  more precise than the biological assay 
and equally as specific for vitamin A . . . "  If  the 
unfortified material is available, the determination 
can best be made by measuring both the fortified and 
nonfortified sample at 325 mt~. Vitamin A in U.S.P. 
units can then be obtained from the relation: 

U.S.P. units of vitamin A per gram z 
(W-~) X 5,700 • 1/0.3 

where a' and a are absorptivities at 325 m~ for the 
fortified and nonfortified samples, ~respectively, 5,700 
is a factor for conversion from spectrophotometric 
to gravimetric units, and 0.3 is a factor to convert 
grams to U.S.P. units. I f  the nonfortified sample is 
not available a correction for absorption at 325 mt~, 
not due to vitamin A, can be made by a mathematical 
method (30). Murray, O'Connor, Suarez C., and 
Bickford recently applied the technique to show that 
vitamin A was reasonably stable in sesame oil (31). 

Of the various nonconjugated groups which ex- 
hibit low magnitude selective absorption in the ultra- 

violet region of the spectrum, the carbonyl grouping, 
C ~ O ,  has been the most useful in application to fats 
and oils. The C- -O group of aldehydes or ketones, 
but not of acids or esters, gives rise to low broad 
characteristic bands between about 265 and 285 m~. 
When this C ~ O  group is conjugated to the ethyl- 
enie C ~ C  linkage, conjugated absorption in the di- 
ene, triene, tetraene, etc., regions is produced, which 
is of considerably higher magnitude than that of the 
nonconjugated group. In a series of six papers en- 
titled "Speetrophotometrie Studies of the Oxidation 
of Fats ,"  Holman, Lundberg, Lauer, and Burr  (19, 
20, 21) report results of an exhaustive study of the 
changes in ultraviolet absorption during the oxida- 
tion of fa t ty  acids, esters, and various fats. They tab- 
ulated correlations between the observed changes in 
the selective absorption and the oxidation reactions 
and concluded that increase in absorption during 
oxidation is not due to peroxide formation but prob- 
ably arises, in part at least, from conjugated unsatu- 
rated systems containing earbonyl groups or from 
conjugated polyenes formed by enolization of these 
systems. 

As mentioned earlier, Swain and Briee (47) made 
several studies of the changes in ultraviolet absorp- 
tion during the heating of unoxidized fat ty acids and 
fats in neutral ethylene glycol and concluded that 
increase in conjugated absorption was due to oxida- 
tion effects, not to isomerization of nonconjugated to 
conjugated systems. Swift et al. (48, 49) showed 
that the oxidation products of methyl oleate and of 
cottonseed oil included a,fl-unsaturated aldehydes and 
dienals which absorb selectively in the region of diene 
and triene conjugated absorption. They attributed 
the absorption to conjugation of the carbonyl and 
ethylenic ]inkages. 

Japanese workers have reported several studies of 
the oxidation of fat ty acids by means of ultraviolet 
absorption spectrophotometry. Toyama (50) has re- 
cently summarized this work, describing the course 
of oxidation of several pure acids when oxidized with 
different reagents. The utility of ultraviolet absorp- 
tion spectra of the acids before and after alkali 
isomerization, and of their oxidation and scission 
products in interpreting the results obtained, is re- 
peatedly emphasized. 

The use of ultraviolet absorption spectra to follow 
the course of oxidation reactions has been employed 
in drying oil studies. The mechanism of heat-body- 
ing, rate of heat polymerization, and changes in 
spectral properties during the course of air- or of 
oxygen-blowing of oils and during hydrogenation of 
oils have been reported. A review of these applica- 
tions by Kass will be found in Mattiello's "Protec- 
tive and Decorative Coatings" (22). "Spectroscopic 
Changes in Fats During Rancidification" is the title 
of a paper by Lundberg, Holman, and Burr  (26). 
They considered their studies preliminary in nature 
but as clearly emphasizing that there is promise of 
much knowledge to be gained concerning the course 
and mechanism of the autoxidation of fats, at least 
in the early stages, through spectroscopic studies. 
Hendriekson, Cox, and Konen later reported on 
"Some Applications of Ultraviolet Spectrophotom- 
etry in Drying Oil Research" (15). The drying or 
autoxidation of an oil film was shown to proceed as 
a three-stage reaction: a) a short, initial stage, char- 
acterized by an accumulation of conjugated diene and 
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tr iene s t ructures  with some evidence of increase in 
~-keto groupings capable of enolizing to give absorp- 
t ion maxima characterist ic of tr iene and tetraene con- 
jugated  systems, b) a slow decrease in the measurable 
conjugated diene and triene structures,  and c) a th i rd  
and  final deterioration stage. The principle tha t  the 
quant i ty  of light absorbed by an oil film in the region 
320 to 400 m~ is indicative of the durabi l i ty  of the 
film upon exposure to accelerated weathering' condi- 
tions was verified. Ultraviolet  speetrophotometry,  it 
was concluded, is a Valuable tool for investigating 
some of the chemical changes which occur as a vege- 
table oil film dries and ages. 

Changes in absorption spectra dur ing refining, 
bleaching, and deodorization of oils have been stud- 
ied. The significant changes in spectral  propert ies  for  
several types of the more common vegetable and dry- 
ing oils have recently been described and in terpre ted  
by  O 'Connor  and eoworkers (34, 40). 

In  Figures  6 and 7 the ul traviolet  absorption spec- 
t ra  of (A) sesamin, (B) sesamolin, (C) sesamol, and 
(D) a crude sesame oil are shown. Sesamiu is a con- 
st i tuent of sesame oil which has received considerable 
interest  as a synergist  for  the pyrethr ins .  Sesamolin 
and sesamol are ant ioxidants  to which sesame oil owes 
its remarkable  stability. Budowski, O'Connor ,  and 
Field (11, 12) used ultraviolet  absorption spectros- 
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be mentioned. Most of the techniques and much of 
the mass of useful  data  which have been accumulated 
represent  contributions f rom scores of research work- 
ers. In  this lecture only a few have been cited as 
examples of what  ul traviolet  absorpt ion spectroscopy 
can do - -wha t  it is doing for the fa t  and oil chemist. 

As one hears more about newer techniques in 
spectroscopy, in f ra red  absorption, microwave spec- 
troscopy, nuclear magnetic resonance spectroscopy, 
etc., he is likely to think of ul traviolet  absorption 
as an older technique which has probably  made its 
contr ibut ion and is now to be relegated to "classical  
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FIG. 7. U l t r a v i o l e t  a b s o r p t i o n  of  ( C )  se samol ,  ( D )  c r u d e  
s e s a m e  oil. 

methods . "  Nothing could be fu r the r  f rom the actual  
p ic ture  today. As newer techniques open up a greater  
unders tanding  of the chemistry of fats  and oils, of 
their  constitution, of the mechanisms of their  chemi- 
cal reactions, ul t raviolet  absorption spectroscopy will 
be called upon to make on ever-increasing contribu- 
tion. Newer techniques to obtain pure  components, 
such as improved chromatography,  countercurrent  
distr ibution separations, etc., wilt also make greater  
and greater  demands upon the use of ul traviolet  ab- 
sorption spectra. As long as f a t t y  acid chemistry 
deals with consti tuents which either contain conju- 
gated unsaturat ion,  or unsa tura ted  linkages which 
can be conjugated, either accidentally or by design, 
ul traviolet  absorpt ion spectroscopy will remain  its 
most valuable tool. 

copy in connection with the well-known Villavecchia 
color reaction to determine these three constituents 
simultaneously in sesame oils. Suarez C., O'Connor,  
Field, and Bickford modified the method and extended 
it to various sesamin concentrates (46). 

Conclusions 

In  a single lecture on a subject as big as ul traviolet  
absorption spectroscopy as appl ied to fats  and oils, 
the contributions of many,  m a n y  workers cannot even 
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Infrared Absorption Spectra 
ROBERT T. O'CONNOR, Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

RECENT REVIEW of the applications of infrared 
absorption spectrophotometry to problems in fat 
and oil chemistry (50) revealed that during 

the four-year period from 1950 through 1954 more 
than 100 papers dealing with this subject had ap- 
peared in the technical literature. The report showed 
that application of infrared absorption techniques is 
widespread, reaching just about all phases of the fat 
and oil industry. 

The purpose of this paper is to discuss the char- 
acteristics of infrared absorption, to show how this 
branch of spectroscopy can be of considerable use in 
fat and oil chemistry, and to illustrate with specific 
examples some of its successful applications. 

Figure 1, listing the various branches of spectros- 
copy in 15 subdivisions based on radiations in various 
portions of the electromagnetic spectrum and the use 
to which these radiations are put, provides a defini- 
tion of "infrared absorption spectroscopy "- -a  study 
of the absorption by any specific material, of radia- 
t ion in that portion of the electromagnetic spectrum 
between about 1 and 100 t~. A consideration of the en- 
ergy relations of radiations in this wavelength range 
of the electromagnetic spectrum with the aid of the 
fundamental equation of Bohr, 

A E ~ h c/X 

(E ~--- energy, h ~ -  Planck's constant, c ~--- speed of 
light, and ;~-----wavelength), shows that they are re- 
lated to energy level changes of about 1 kcal. (1 kcal. 
is equivalent to 30 ~.) Thus infrared absorption spec- 

1 One of the laboratories of the Southern Utilization Research Branch, 
Agricultural 1%esearch Service, U. S. Depar tment  of Agriculture. 

troseopy is il~termediatc in the three orders of mag- 
nitude of energy level changes, ca .  100 kcal., 1 kcal., 
and 0.01 keal. Energy level changes of this interme- 
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diate value are changes in vibrational levels (Figure 
2). Hence infrared absorption spectroscopy is vibra- 
tional spectra. Figure 2 illustrates that vibrational 
changes do not occur without accompanying changes 
in rotational levels. Hence absorption or emission of 
molecules in the infrared will, like electronic spectra, 
appear as bands consisting of many lines so close 
together in wavelength that, with the commercial 
spectrophotometers used in chemical spectroscopy, 
they will not be resolved. Infrared absorption spec- 
tra is thus vibrational (or strictly vibrational-rota- 
tional) band spectra involving intermediate values 


