
are of p a r t i c u l a r significance. Polyols s u c h as g l y c o l s o r
g l y c e r o l are r e a c t e d w i t h n a t u r a l oils c o n t a i n i n g c a r b o x y l
f u n c t i o n s t o o b t a i n the p a r t i a l e s t e r o f the p o l y o l a n d the
oil. Then a d i b a s i c acid s u c h as a d i p i c acid or phthalic a c i d
is a d d e d to c o m p l e t e the polyesterification. A b o u t 900
m i l l i o n lb. o f a l k y d s w e r e c o n s u m e d in the p a i n t i n d u s t r y
in 1974.

A n o t h e r e s t e r , glycerol trinitrate, is u s e d in explosives
a n d as a h e a r t s t i m u l a n t . R o s i n e s t e r s o f g l y c e r o l are u s e d in
e s t e r g u m s as varnish c o m p o n e n t s . F o o d grade glycerol
fat ty e s t e r s may be p r o d u c e d e i t h e r by alcoholysis or by
d i r e c t esterification. P r o d u c t m o n o g l y c e r i d e c o n t e n t s vary
a c c o r d i n g to m a n u f a c t u r i n g p r o c e d u r e a n d e n d use. F o r
e x a m p l e , glycerol monostearate is m a r k e t e d a t several p r i c e
levels d e p e n d i n g on p u r i t y a n d e n d use, the t h r e e main
p r o d u c t s b e i n g f o o d grade (e.g., D r e w m u l s e ) , c o s m e t i c
g r a d e , a n d technical g r a d e . The f o o d g r a d e , o f p r e m i u m
q u a l i t y , is u s e d for shortening a n d margarine, the c o s m e t i c
g rade for c r e a m s a n d lotions.

Many special triglyceride p r o d u c t s are r e q u i r e d o f
d i f f e r e n t f a t t y a c i d h o m o l o g d i s t r i b u t i o n than t h o s e o f
p a r e n t o r h y d r o g e n a t e d fats a n d o i l s . These are p r e p a r e d
by splitting the fats or h y d r o g e n a t e d f a t s , fractionating
the f a t t y a c i d s , u p g r a d i n g the glycerol, a n d reesterifying the
d e s i r e d fractionated a c i d s with glycerol. One e x a m p l e
i s l a u r i c triglyceride from c o c o n u t oil, s u i t a b l e f o r use
as a c o c o b u t t e r s u b s t i t u t e c o n s t i t u e n t in confectionery
c o a t i n g f a t s .

G l y c e r o l e t h e r s , i . e . , polyglycerols, have m a n y o f the
properties o f glycerol a n d offer g r e a t e r flexibility a n d
functionability than glycerol itself. Polyglycerol e s t e r s '
derivatives, (e.g., decaglycerol decaoleate, tetraglycerol
c o c o a t e ) are u s e f u l in emulsifiers, plasticizers a n d especially
in the b a k e r y , f o o d a n d i n d u s t r i a l applications (e.g., the
Caprols, the D r e w p o l s ) .

The m o n o , d i a n d triacetates o f glycerol, c a l l e d a c e t i n s
a r e u s e f u l i n d u s t r i a l chemicals. Triacetin is u s e d as a
c e l l u l o s e plasticizer in cigarette filters, a n d a s p e r f u m e
solvent.

G l y c e r i n e is also u s e d a s o n e o f the f u n d a m e n t a l b u i l d i n g
b l o c k s in polyethers for u r e t h a n e polymers. It is the
initiator, to w h i c h p r o p y l e n e o x i d e a l o n e o r with e t h y l e n e
o x i d e is a d d e d t o p r o d u c e trifunctional p o l y m e r s , w h i c h o n
r e a c t i o n with diisocyanates p r o d u c e flexible u r e t h a n e
f o a m s .

G l y c e r o l i t s e l f is wide ly u s e d as a h u m e c t a n t in the s o a p s
a n d c o s m e t i c s i n d u s t r y a n d is one o f the f e e d s t o c k s for
p r o d u c i n g e m u l s i f i e r s a n d d e t e r g e n t s in the s u r f a c t a n t s
i n d u s t r y . F o r e x a m p l e , s o d i u m g l y c e r o l e t h e r s u l f o n a t e
is a p a t e n t e d c o m p o n e n t o f o n e o f P r o c t e r a n d G a m b l e ' s
d e t e r g e n t s . The s u l f a t e s a n d p h o s p h a t e s o f m o n o g l y c e r i d e s
are u s e f u l s u r f a c t a n t s with g o o d f o a m i n g a n d c l e a n i n g
properties. P u r i f i e d m o n o g l y c e r i d e s like the Myverols serve
as e m u l s i f i e r s in c r e a m s a n d lotions. The f a t t y a c i d m o i e t y
m a y be stearic, l a u r i c , ricinoleic o r o l e i c a c i d . G l y c e r o l
monocaprylate o r c a p r a t e ( N e o b e e o i l s ) are e m o l l i e n t
c o n s t i t u e n t s in oils a n d c r e a m s .
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ABSTRACT

R e c e n t a d v a n c e s in t h e a n a l y s i s o f i n d u s t r i a l f a t t y
a c i d s a n d t h e i r derivatives a l m o s t a l w a y s involve
c o m p l e x instrumentation. O n e o f t h e most i m p o r t a n t
developments in the analysis o f f a t t y a c i d s a n d t h e i r
derivatives was the a p p l i c a t i o n o f gas c h r o m a t o g r a p h y
( G C ) . The r e s u l t h a s b e e n so effective that t h e t i m e -
c o n s u m i n g fractional distillation a n d d e t a i l e d a n a l y s i s
o f fractions previously e m p l o y e d are r a r e l y used .
Even t h o u g h t h e so-called G L C t e c h n i q u e has n o w
b e e n a p p l i e d f o r over t w e n t y y e a r s , n e w a d v a n c e s
c o n t i n u e to be m a d e in this a r e a . P e r h a p s t h e most
potentially v a l u a b l e n e w d e v e l o p m e n t i s t h e coupl.ing
o f G L C w i t h mass spectrometry ( G L C - M S ) . T w o
n e w e r c h r o m a t o g r a p h i c m e t h o d s w h i c h have g r e a t
potential in the f i e l d o f f a t t y m a t e r i a l a n a l y s i s are
thin l a y e r chromatography ( T L C ) a n d high
performance l iqu id chromatography (HPLC). The
f o r m e r i s a p p l i c a b l e t o d i f f i c u l t separations; e . g . ,
s e p a r a t i o n o f b r o a d l i p i d classes, in m i c r o q u a n t i t i e s .

T h e l a t t e r h a s a l r e a d y b e e n a p p l i e d w i t h some s u c c e s s
to the separation o f i n d i v i d u a l c o m p o n e n t triglyc-
e r i d e s o f fats a n d oils a n d f a t t y a c i d s u s i n g reverse
p h a s e H P L C . I n s t r u m e n t a t i o n t e c h n i q u e s inc lude
s u p p o r t i v e m e t h o d s w h i c h are f r e q u e n t l y u s e d in
c o n j u n c t i o n w i t h o t h e r m e t h o d s . A m o n g t h e s e , the
t e c h n i q u e s o f n u c l e a r m a g n e t i c r e s o n a n c e ( N M R )
a n d i n f r a r e d a b s o r p t i o n ( I R ) are the most prominent .
l 3 C N M R is u s e f u l in d e f i n i n g fine s t r u c t u r e o f f a t t y
a c i d s , particularly w i t h respect to b r a n c h i n g . X - r a y
d i f f r a c t i o n is u s e d to s t u d y p o l y m o r p h i s m in f a t t y
a c i d s .

INTRODUCTION

R e c e n t a d v a n c e s in t h e a n a l y s i s o f f a t t y a c i d s a n d t h e i r
derivatives a l m o s t a l w a y s involve use o f c o m p l e x i n s t r u m e n -
t a t i o n . O n e o f t h e most i m p o r t a n t i n s t r u m e n t a l develop-
m e n t s was the application o f gas chromatography to t h e
a n a l y s i s o f f a t t y a c i d s . Historically, f a t t y a c i d s were t h e
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f i r s t c o m p o u n d s t o be s e p a r a t e d by gas l iqu id c h r o m a t o g -
r a p h y (1). This o c c u r r e d over a q u a r t e r o f a c e n t u r y ago.
H o w e v e r , i m p o r t a n t d e v e l o p m e n t s c o n t i n u e to be m a d e in
this f i e l d , particularly w i t h the r e c e n t a d v e n t o f the p o w e r -
f u l gas chromatography-mass spectrometry ( G C - M S )
c o m b i n a t i o n .

T w o more r e c e n t d e v e l o p m e n t s in t h e f i e l d o f c h r o m a -
tographic a n a l y s i s are high p e r f o r m a n c e l iqu id chromatog-
r a p h y ( H P L C ) a n d thin l a y e r chromatography ('YLC). This
l a t t e r m e t h o d is the o n e exception to the r e c e n t t r e n d s
t o w a r d ever m o r e increasing use o f expensive i n s t r u m e n t a -
t i o n . It i s p o s s i b l e to do q u i t e r e m a r k a b l e T L C separations
u s i n g only very s i m p l e inexpensive e q u i p m e n t that can be
p u t t o g e t h e r for a f e w d o l l a r s .

Many o t h e r instrumentation m e t h o d s are u s e d in the
a n a l y s i s o f f a t t y a c i d s a n d derivatives. T h e s e inc lude infra-
r e d spectrophotometry (IR) N u c l e a r Magnetic R e s o n a n c e
( N M R ) a n d others. In this p a p e r , the v a r i o u s s u b j e c t s a r e
b r i e f l y reviewed. T h e most significant r e c e n t a d v a n c e s in
t h e v a r i o u s i n s t r u m e n t a l t e c h n i q u e s are t r e a t e d at l e n g t h .

GAS CH ROMATOGRAPHY

Gas l iqu id chromatography h a s certainly b e e n one o f t h e
i m p o r t a n t a d v a n c e s in t h e a n a l y s i s o f f a t t y a c i d s a n d t h e i r
derivatives. J a m e s a n d Martin s e p a r a t e d volatile f a t t y a c i d s
in t h e i r f i r s t ga s l iqu id chromatography experiments. A
s h o r t t ime l a t e r they m a d e a similar separation o n volatile
a m i n e s up to h e p t y l a m i n e (2). O n e c a n e a s i l y see that the
c o n c e p t s involved are not new. H o w e v e r , t h e r e are p e r h a p s
t h o u s a n d s o f p a p e r s d e s c r i b i n g s u b s e q u e n t gas c h r o m a t o g -
r a p h y o f f a t t y a c i d s a n d t h e i r derivatives.

It was q u i c k l y f o u n d that t h e f a t t y a c i d s were bes t
s e p a r a t e d as t h e i r m e t h y l e s t e r s (3). T h e r e h a s b e e n s o m e
gas chromatographic w o r k o n s e p a r a t i n g u n e s t e r i f i e d a c i d s
(4), but this w o r k will not be d i s c u s s e d in this l e c t u r e . O n e
o f the most d i f f i c u l t a n d i m p o r t a n t p r o b l e m s in t h e e a r l y
gas chromatography r e s e a r c h was t h e s e p a r a t i o n o f t h e
s a t u r a t e d a c i d s from t h e u n s a t u r a t e d o n e s . This p r o b l e m
was eventually resolved by u s i n g very p o l a r c o l u m n s (4).
E x a m p l e s o f t h e s e w e r e the polyester c o l u m n s . P r o b a b l y
t h e bes t k n o w n l iqu id p h a s e c a p a b l e o f separating the
s a t u r a t e d a n d u n s a t u r a t e d e s t e r s a n d still o n e very p o p u l a r
is the d i e t h y l e n e g l y c o l s u c c i n a t e polyester. With this type
o f c o l u m n , not only is c h a i n l e n g t h separation a c h i e v e d ,
but also the a c i d s a r e s e p a r a t e d o n the bas i s of t h e n u m b e r
o f d o u b l e b o n d s present. The o r d e r o f separation in a g i v e n
c h a i n l e n g t h is s a t u r a t e , m o n o e n e , d i e n e , t r i e n e etc., u s i n g
t h e p o l y e s t e r c o l u m n s . Gas c h r o m a t o g r a p h y q u i c k l y
r e p l a c e d fractional distillation f o l l o w e d by d e t a i l e d a n a l y s i s
o f the fractions a s a n analytical too l for fat ty a c i d s . GC
b e c a m e a n e n o r m o u s l y p o w e r f u l analytical too l in m a n y
i n d u s t r i a l applications. P r o b a b l y even more i m p o r t a n t was
its application to the s o l u t i o n o f b i o m e d i c a l p r o b l e m s a s t o
the role o f l i p i d s in the b o d y f u n c t i o n s a n d d i s e a s e . F o r the
first t ime it was p o s s i b l e t o p e r f o r m c o m p l e x f a t t y a c i d
a n a l y s e s o f m i n u t e b i o l o g i c a l samples. T h o u g h all this is not
new, many u s e f u l c h r o m a t o g r a p h i c d e v e l o p m e n t s c o n t i n u e
to be m a d e . A n u m b e r o f t h e most i m p o r t a n t r e c e n t
d e v e l o p m e n t s wi l l be d i s c u s s e d in the f o l l o w i n g section.

CIS A N D TRANS SEPARATIONS

T h e r a p i d separation o f the cis a n d t r a n s i s o m e r s o f f a t t y
a c i d s u s i n g p a c k e d c o l u m n s h a s long b e e n a n i n t r i g u i n g
prob!e,~,. ~t can be dor',e w i t h cap~!ary c o l u m n s , b a t this i s
a time-consuming analysis. The i n t r o d u c t i o n o f the c y a n o -
p r o p y I s i l i c o n e l iqu id p h a s e s was a g r e a t a d v a n c e in t h e
separation of the geometrical i s o m e r s of f a t t y a c i d s ( 5 , 6 )
a n d also o f s o m e o f t h e derivatives (7). T h e s e h i g h l y p o l a r
l iqu id p h a s e s are variously k n o w n a s S i l a r 5C, S i l a r 10C,
S i l a r 9CP, SP 2340 a n d O V - 2 7 5 . S o m e t i m e s the n a m e
A p o l a r i n s t e a d o f S i l a r is u sed . I n general, c o l u m n s 3-6

m e t e r s l o n g p a c k e d w i t h 12-15% l iqu id p h a s e o n C h r o m o -
sorb are u s e d for cis- a n d trans-separations. The trans-
i s o m e r wi l l e m e r g e b e f o r e t h e cis. F o r e x a m p l e , e l a i d i c acid
e m e r g e s b e f o r e o l e i c a c i d . It can e a s i l y be seen that w h e n
the s a m p l e s contain p o l y u n s a t u r a t e d c o m p o u n d s , the
c h r o m a t o g r a m s can get q u i t e c o m p l e x . These cyanosilicone
l iqu ids a r e more heat s t a b l e than polyesters, a n d c o l u m n s
c a n be run a t t e m p e r a t u r e s over 250 C for s h o r t p e r i o d s .
This c a n n o t be d o n e w i t h polyester c o l u m n s s i n c e t h e
l iqu id p h a s e w o u l d q u i c k l y b l e e d off.

The cis- a n d trans-isomers o f u n s a t u r a t e d a m i n e s a n d
d i a m i n e s can be s e p a r a t e d in a m a n n e r s i m i l a r to the f a t t y
a c i d s (7). H o w e v e r , the a m i n e s m u s t first be converted to
t h e i r trifluoroacetamides. If the free a m i n e i s p l a c e d o n the
c y a n o c o l u m n , theiz basicity d e s t r o y s the c o l u m n ' s a b i l i t y
to do the g e o m e t r i c i s o m e r separation. S o m e type o f
reaction o c c u r s that m u s t b r e a k down the cyanopropyl
g r o u p s .

GLASS CAPILLARY COLUMNS

The highest n u m b e r o f theoretical p l a t e s is o b t a i n e d
with capillary or open t u b u l a r c o l u m n s . Glass capillary
c o l u m n s , t h o u g h i n e r t , are d i f f i c u l t to c o a t . R e c e n t l y
developed t e c h n i q u e s have m a d e it p o s s i b l e to coat open
t u b u l a r c o l u m n s with p o l a r h q u i d p h a s e s u c h a s S i l a r 10C
or O V 275 (8). T h e s e t r e a t m e n t s usua l ly involve etching,
silanizing, or o t h e r w i s e r e n d e r i n g the g la s s s u r f a c e inert.
C o l u m n s 50 m e t e r s long can have 1 5 0 , 0 0 0 theoretical
plates. It is p o s s i b l e t o s e p a r a t e positional a n d geometrical
i s o m e r s a n d b r a n c h e d a c i d s . This high r e s o l u t i o n m a k e s
possible separations a n d g i v e s f a t t y acid information o n
n a t u r a l l i p i d s n e v e r p o s s i b l e b e f o r e (9) e x c e p t w i t h ex-
tremely l a b o r i o u s a n d t i m e - c o n s u m i n g l a b o r a t o r y opera-
tions.

GAS CHROMATOGRAPHY-MASS SPECTROMETRY
(GC-MS)

The i n c r e a s e d r e s o l u t i o n o b t a i n e d w i t h b e t t e r gas chro-
matographic m e t h o d s also c a u s e s a d i l e m m a for the l i p i d
chemist. The a d v a n c e d chromatographer b e g i n s to s e e
s m a l l p e a k s that w e r e not seen b e f o r e . T h e i d e n t i t y of
t h e s e n e w p e a k s b e c o m e s a t r e m e n d o u s l y d i f f i c u l t p r o b l e m
that i s n o t r e a d i l y s o l v e d by o l d approaches, s u c h a s collect-
ing s a m p l e s for characterization. O n e s o l u t i o n was the
c o u p l i n g o f gas c h r o m a t o g r a p h y with mass spectrometry
(GC-MS) ( 1 0 ) . This c o m b i n a t i o n p r o v i d e s a sensitive, con-
venient t o o l for the a n a l y s i s o f f a t t y a c i d s a n d t h e i r deriva-
tives. G o o d mass s p e c t r a can be o b t a i n e d on n a n o g r a m
a m o u n t s o f sample. A s p e a k s e m e r g e from the
chromatograph, c o m p l e t e m a s s spectra can be o b t a i n e d in
less than a s e c o n d . This m e a n s that h u n d r e d s o f mass
spectra c a n be m a d e in a G C - M S analysis o f a c o m p l e x
m i x t u r e . Y o u not only get t h e usua l GC d a t a , but also a
t r e m e n d o u s a m o u n t o f s t r u c t u r a l information. Y o u c a n use
electron i m p a c t (El) for s t r u c t u r a l d e t a i l a n d c h e m i c a l
ionization ( C I ) for m o l e c u l a r w e i g h t d a t a . O b v i o u s l y t e c h -
n i c a l d e t a i l s c a n n o t be c o v e r e d here c o n c e r n i n g interfacing,
c o l u m n s a n d o t h e r G C - M S parameters. Let it s u f f i c e to say
the w h o l e b i t is q u i t e compHicated a n d very expensive.
H o w e v e r , y o u must r e m e m b e r that to g e t the same
information by the o l d conventional classical m e t h o d s
c o u l d p o s s i b l y take y e a r s o f laboratory w o r k for several
people.

GAS CHROMATOGRAPHY-COMPUTER
DATA PROCESSING

When y o u c o u p l e a gas chromatograph t o a mass spec-
trometer, an e n o r m o u s a m o u n t o f d a t a sudden ly appears.
In a typical G C - M S a n a l y s i s o f a n a t u r a l f a t t y a c i d m i x t u r e
o f 12 p e a k s , a b o u t 3 6 s p e c t r a are usua l ly o b t a i n e d . It t a k e s
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ca. 3 hr to m a n u a l l y w o r k up t h e d a t a from o n e mass
spectra. M a s s e s are a s s i g n e d , intensities o f p e a k s d e t e r m i n e d
a n d n o r m a l i z e d . It m u s t be d e t e r m i n e d if p e a k s are o v e r -
lapping. It d o e s n o t t a k e m u c h i m a g i n a t i o n to r e a l i z e o n e
w o u l d n e e d 100 h r t o a n a l y z e this o n e chromatogram. What
i f the chromatogram h a s 50 o r 100 p e a k s ? This b r i n g s us to
ou r last ga s chromatographic s u b j e c t , the application o f
d a t a processors o r c o m p u t e r s t o h a n d l e t h e l a rge a m o u n t o f
. G C - M S d a t a . As t h e G C - M S a n a l y s i s is b e i n g m a d e , it
n o r m a l l y is b e i n g s t o r e d on t a p e o r f l o p p y d i s c s . This d a t a
can t h e n be w o r k e d over by a c o m p u t e r p r o g r a m at y o u r
l e i s u r e . The k i n d o f i n f o r m a t i o n that can be o b t a i n e d from
a t y p i c a l G C - M S analysis, u s i n g a c o m p u t e r p r o g r a m is: (a)
mass s p e c t r a o f all p e a k s ; (b) b r e a k d o w n p l u s m o l e c u l a r i o n
in C I m o d e ; (c) scan f o r selective i o n s ; (d) q u a n t i t a t i o n o f
p e a k s ; (e) intensities o f i o n s w i t h i n p e a k s ; (f) d e t e c t i o n o f
t w o o r m o r e c o m p o u n d s in o n e GC p e a k ; (g) c o m p a r i s o n o f
reference l i b r a r y s p e c t r a w i t h u n k n o w n s t o get bes t fit f o r
identification; (h) r e c r e a t i o n o f s t r u c t u r e s a n d empirical
f o r m u l a s .

S o m e l i b r a r i e s that are available f o r scanning m a s s
s p e c t r a data are N I H / E P A w i t h s p e c t r a for 2 3 , 0 0 0 com-
p o u n d s ; the ISC in Michigan w i t h spectra for 2 5 , 5 7 6
c o m p o u n d s ; a n d C o r n e l l University w i t h 4 1 , 4 2 4 spectra.

A s one can see, ga s c h r o m a t o g r a p h y h a s c o m e a l o n g
w a y s i n c e J a m e s a n d M a r t i n f i r s t s e p a r a t e d volatile f a t t y
a c i d s u s i n g a titrimetric d e t e c t o r .

HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY (HPLC)

L o n g c h a i n f a t t y a c i d s a n d t h e i r n i t r o g e n derivatives do
n o t r e a d i l y l e n d themselves t o a n a l y s i s u s i n g c o m m e r c i a l
H P L C instruments. O n e r e a s o n is that the commercially
a v a i l a b l e d e t e c t o r s are n o t very effective w i t h o u t derivatiz-
i n g t h e s e c o m p o u n d s . The refractive i n d e x ( R I ) d e t e c t o r i s
s o m e w h a t insensitive. The long c h a i n f a t t y a c i d s , p a r t i c u -
l a r l y the s a t u r a t e d o n e s , do not s h o w s t r o n g ultraviolet
a b s o r p t i o n for d e t e c t i o n w i t h U V d e t e c t o r s . A t t e m p t s to
o v e r c o m e this p r o b l e m , u s i n g f l a m e d e t e c t o r s a n d o t h e r
a p p r o a c h e s , have not b e e n too s u c c e s s f u l . In any event , t h e
most c o m m o n l y a v a i l a b l e sensitive c o m m e r c i a l d e t e c t o r s
are t h e U V detectors. The fact that gas chromatography h a s
b e e n s u c h an o u t s t a n d i n g s u c c e s s f o r t h e a n a l y s i s o f f a t t y
a c i d s a n d t h e i r derivatives h a s not m a d e HPLC a compell-
i n g area o f r e s e a r c h . H o w e v e r , this a t t i t u d e i s n o w c h a n g i n g .

T h e r e have b e e n several m a i n t h r u s t s o f research for t h e
HPLC o f the f a t t y chemicals. O n e i s the development o f
s t r o n g U V a b s o r b i n g derivatives ( 1 1 ) . T h e s e inc lude
p h e n a c y l , b e n z y l , p - b r o m o p h e n a c y l 2-naphthacyl, p-nitro-
b e n z y l esters o f the f a t t y a c i d s , m e t h o x y a n i l i d e s o f f a t t y
a c i d , a n d 3,5-dinitrobenzoyl derivatives o f t h e a m i n e s .
A n o t h e r area o f i n t e r e s t i s c o l u m n research. C h a i n l e n g t h
a n d i s o m e r s can be s e p a r a t e d o n r e v e r s e p h a s e c o l u m n s
( 1 2 ) . Ge l p e r m e a t i o n c o l u m n s also give interesting separa-
t i o n s b a s e d o n size a n d s t r u c t u r e o f t h e f a t t y c o m p o u n d .
H o w e v e r , p r o b a b l y o n e o f t h e most u s e f u l separations o f
t h e f a t t y a c i d s a n d r e l a t e d derivatives is the a b i l i t y o f HPLC
to separate c o m p o u n d s o n the bas i s o f f u n c t i o n a l g r o u p
i n s t e a d o f c h a i n l e n g t h . This type o f separation can easily
be a c c o m p l i s h e d o n s i l i c a gel c o l u m n s . A n e x a m p l e o f this
t y p e o f analysis is to d e t e r m i n e s m a l l a m o u n t s o f f a t t y
a c i d s o r o t h e r f u n c t i o n a l g r o u p c o m p o u n d s in the p r e s e n c e
o f h i g h m o l e c u l a r w e i g h t materials o f l o w volatility. Essen-
t i a l l y o n e c a n get a HPLC fingerprint o f a c o m p l e x m i x t u r e .
The c o m p o u n d s o f interest can also be isolated by prepara-
tive c h r o m a t o g r a p h y for f u r t h e r characterization. This
t e c h n i q u e can be a p o w e r f u l a n d u s e f u l analytical t o o l .

THIN L A Y E R CHROMATOGRAPHY (TLC)

Thin l a y e r chromatography is an i m p o r t a n t a n d con-
v e n i e n t t e c h n i q u e for the a n a l y s i s o f fat ty a c i d s a n d f a t t y

derivatives. It is a marvelously s i m p l e yet p o w e r f u l a n d
inexpensive too l f o r the f a t t y c o m p o u n d s . Essentially T L C
e m p l o y s a g la s s p l a t e c o a t e d w i t h a n a b s o r b e n t l a y e r
(u sua l l y s i l i c a g e l ) . A s m a l l s a m p l e o f from 10-100 m i c r o -
g r a m s is s p o t t e d near t h e b o t t o m part o f t h e p l a t e . The
p l a t e i s t h e n p l a c e d in a c l o s e d v e s s e l o r developing t a n k .
The d e v e l o p i n g tank c a n be a s i m p l e j a r o f some t y p e . A
d e v e l o p i n g solvent i s p l a c e d in t h e j a r , a n d t h e solvent r i s e s
up the p l a t e by capillary action. A s t h e solvent rises, the
c o m p o n e n t s in t h e s a m p l e wi l l a l so usua l ly m o v e . The
d i s t a n c e the c o m p o n e n t s r i s e d e p e n d s o n s o l u b i l i t y ,
polarity, f u n c t i o n a l g r o u p s , a n d o t h e r factors. The p l a t e i s
r e m o v e d w h e n the solvent r e a c h e s the top . It c a n then be
s p r a y e d w i t h visualizing r e a g e n t s or c h a r r e d w i t h s u l f u r i c
a c i d a n d h e a t . It is usua l ly q u i t e easy t o find solvent
s y s t e m s that can give y o u t h e separations y o u r e q u i r e .

I n ou r l a b o r a t o r y , we o f t e n use m i c r o s c o p e s l ides d i p p e d
in a c h l o r o f o r m s l u r r y o f silica gel. The d e v e l o p i n g c h a m b e r
is a n 8 oz. s c r e w cap jar. The d e v e l o p i n g t ime w i t h most
solvent s y s t e m s is ca. 5-10 m i n . T h e p l a t e i s r e m o v e d a n d
s p r a y e d w i t h 50% s u l f u r i c a c i d . It i s t h e n p l a c e d o n a h o t
p l a t e a t l o w h e a t . The s e p a r a t e d c o m p o u n d s will then char
a n d s h o w up a s b l a c k s p o t s . The s y s t e m w o r k s e x t r e m e l y
we l l w i t h f a t t y c o m p o u n d s b e c a u s e of t h e i r l o w volatility
a n d ease o f charring. C o m p o u n d s o f l o w volatility o f t e n
wi l l evaporate w i t h t h e d e v e l o p i n g solvent. T L C is a b e a u t i -
f u l s y s t e m f o r d e t e r m i n i n g t h e p u r i t y o f c o m p o u n d s . It c a n
give i n f o r m a t i o n in five m i n u t e s that c a n n o t be o b t a i n e d
w i t h we t a n a l y s i s o r m a n y expensive i n s t r u m e n t s . Several
t y p i c a l u s e f u l solvent s y s t e m s are: f a t t y e s t e r s a n d f a t t y
a c i d s - p e t r o l e u m e t h e r / e t h y l ether/acetic a c i d , 9 0 : 1 0 : 1 ,
b e n z e n e / m e t h a n o l 8 0 : 2 0 ; f a t t y a m i n e s a n d d i a m i n e s -
chloroform/methanol/ammonia 9 5 : 5 : 1 , b e n z e n e / m e t h a n o l /
a m m o n i a 7 0 : 3 0 : 1 .

The l e a s t satisfactory part o f T L C h a s b e e n the d i f f i c u l t y
o f q u a n t i t a t i n g t h e spots. T h e uses o f d e n s i t o m e t r y a n d
reflectance have b e e n r e p o r t e d . T h e p r o b l e m is r e p r o d u c i -
b i l i t y , s i n c e spot intensities a r e n o t a l w a y s proportional to
c a r b o n content . E x t r a c t i o n o f t h e s p o t s f o r w e i g h i n g o r f o r
use w i t h o t h e r analytical t e c h n i q u e s i s not very convenient.
T L C is a s i m p l e , yet p o w e r f u l analytical t e c h n i q u e that
only c o s t s a b o u t a d o l l a r o r so to g e t involved w i t h . S u c h a
s i t u a t i o n h a s not g o n e u n n o t i c e d by t h e i n s t r u m e n t m a k e r s .
H o w c a n t h e y m a k e a $ 1 0 , 0 0 0 i n s t r u m e n t to do t h i s ? The
c h r o m a t o g r a m i t s e l f i s d i f f i c u l t to i m p r o v e on . H o w e v e r ,
any i n s t r u m e n t a l e m p h a s i s w o u l d be bes t m a d e in the area
o f q u a n t i t a t i o n . A n i n s t r u m e n t a l t e c h n i q u e h a s b e e n
d e v e l o p e d that a p p e a r s most interesting in that it can be
a p p l i e d to t h e T L C a n a l y s i s o f f a t t y a c i d s a n d o t h e r f a t t y
c o m p o u n d s ( 1 3 ) .

This instrument, c a l l e d t h e Iatroscan ( I a t r o n L a b o r a -
tories, I n c . , T o k y o , J a p a n ) , i s u s e d in c o n j u n c t i o n w i t h a
T L C r o d c a l l e d the C h r o m a r o d . This is a q u a r t z r o d that i s
c o a t e d w i t h a s i n t e r e d silica g e l o r a l u m i n a coating. A 0.1 to
10 p g s a m p l e is s p o t t e d o n t h e r o d , a n d a c h r o m a t o g r a m is
d e v e l o p e d in the usua l m a n n e r . The r o d is then p a s s e d
t h r o u g h t h e f l a m e i o n i z a t i o n d e t e c t o r ( F I D ) o f t h e
analyzer. T h e o r g a n i c c o m p o n e n t s p y r o l y z e , a n d a s i g n a l i s
g e n e r a t e d in m u c h t h e same m a n n e r a s w i t h a n F I D de-
t e c t o r in gas chromatography. Q u i t e a c c e p t a b l e c h r o m a -
t o g r a m s are o b t a i n e d . The q u a n t i t a t i v e r e s u l t s o b t a i n e d are
not as g o o d a s t h o s e o b t a i n e d w i t h a gas chromatograph.
H o w e v e r , they a p p e a r to be a s g o o d a s r e s u l t s o b t a i n e d w i t h
m u c h HPLC w o r k b e i n g p e r f o r m e d . With m o r e develop-
m e n t , this i n s t r u m e n t u n d o u b t e d l y wi l l be a u s e f u l t o o l t o
c o m p l e m e n t both GC a n d HPLC in f a t t y acid a n d f a t t y
derivative analysis.

INFRARED SPECTROSCOPY (IR)

I n f r a r e d spectroscopy is o n e o f t h e m o s t u s e f u l t o o l s for
t h e i d e n t i f i c a t i o n a n d characterization o f o r g a n i c com-
p o u n d s . L i k e most analytical instrumentation, the greatest
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a d v a n c e s in i n f r a r e d spectroscopy have b e e n in t h e refine-
ment o f the i n s t r u m e n t . T h e I R i n s t r u m e n t s have b e e n
c o m b i n e d w i t h microprocessors for ease o f o p e r a t i o n . The
use o f c o m p u t e r s t o s e a r c h f i l e s , t o i n t e r p r e t s p e c t r a , a n d t o
g e n e r a t e s t r u c t u r e s f r o m I R d a t a i s certainly a g r e a t a d v a n c e
in i n s t r u m e n t a l a n a l y s i s . The c o m p u t e r c a n also be u s e d to
e n h a n c e s p e c t r a o b t a i n e d from very s m a l l s a m p l e s .

O f c o u r s e all o f t h e s e i n s t r u m e n t a l a d v a n c e s can be
a p p l i e d t o all o r g a n i c c h e m i c a l s a n d not jus t f a t t y a c i d s a n d
t h e i r derivatives. O n e o f t h e most c o m m o n uses o f I R
s p e c t r o s c o p y in the analysis o f fats a n d f a t t y a c i d s is t h e
d e t e r m i n a t i o n o f trans-unsaturation ( A O C S tentative
m e t h o d Cd 14-61). R e c e n t l y , an i n t e r e s t i n g p r o c e d u r e for
trans-unsaturation u s i n g I R A t t e n u a t e d T o t a l R e f l e c t a n c e
( A T R ) S p e c t r o p h o t o m e t r y was d e s c r i b e d ( 1 4 ) . T h e s a m p l e s
do not have t o be w e i g h e d o r d i l u t e d . A s p e c i a l A T R cell i s
u s e d t o m a k e r e a d i n g s a t 10.3 u m . The s y s t e m cart be u s e d
t o m o n i t o r a c o n t i n u o u s f l o w s y s t e m . The p r e s e n c e o f
catalyst d o e s not a f f e c t the r e a d i n g s . R e s u l t s o b t a i n e d u s i n g
this I R p r o b e c o m p a r e d we l l w i t h t h e A O C S m e t h o d . This
d e v e l o p m e n t is very interesting in that the p r o t o t y p e A T R
p r o b e d e s c r i b e d in this p u b l i c a t i o n w o r k e d we l l in t h e
i n i t i a l experimental w o r k . H o w e v e r , the l a t e r c o m m e r c i a l
exploitation o f t h e i d e a f a i l e d b e c a u s e the p r o b e s c o u l d not
be p r o d u c e d t o give r e p r o d u c i b l e r e s u l t s . Nevertheless, t h e
i d e a is certainly a n interesting o n e a n d c o u l d be a n im-
p o r t a n t a d v a n c e in I R spectrophotometry.

NUCLEAR MAGNETIC RESONANCE (NMR)
N u c l e a r m a g n e t i c r e s o n a n c e spectroscopy i s a n o t h e r

p o w e r f u l t o o l t h a t c a n be u t i l i z e d for t h e e l u c i d a t i o n o f the
s t r u c t u r e o f l o n g c h a i n chemicals. It can be u s e d to c o m p l e -
m e n t gas c h r o m a t o g r a p h y a n d i n f r a r e d spectrophotometry
to d e v e l o p a w e a l t h o f information o n a n i n d i v i d u a l o r
m i x t u r e o f c o m p o u n d s . Average c h a i n l e n g t h , p r i m a r y ,
s e c o n d a r y , tertiary a m i n e u s i n g derivatization t e c h n i q u e s
can be d e t e r m i n e d .

Q u a t e r n a r y a m m o n i u m c o m p o u n d s (15) c a n be de-
t e r m i n e d in t h e p r e s e n c e o f a m i n e s . E t h o x y l a t e d a n d
p r o p o x y l a t e d c h a i n s can be a n a l y z e d . Even i o d i n e v a l u e a n d
m o l e c u l a r w e i g h t s c a n be e s t i m a t e d o n f a t t y c o m p o u n d s
( 1 6 ) . Different t y p e s o f e s t e r s s u c h a s m e t h y l , e t h y l , b u t y l
a n d i s o p r o p y l s t e a r a t e s c a n be d i s t i n g u i s h e d from e a c h
o t h e r in t h e s a m e s a m p l e .

F o u r i e r t r a n s f o r m N M R h a s h e l p e d i n c r e a s e t h e s e n s i -
tivity o f the t e c h n i q u e . 13 C N M R w i t h F o u r i e r t r a n s f o r m
has t r e m e n d o u s l y a d v a n c e d t h e f i e l d o f N M R spectroscopy.
F o r e x a m p l e , it h a s b e e n u s e d t o d e t e r m i n e the d i s t r i b u t i o n
o f f a t t y a c i d s in a triglyceride ( 1 7 ) . T h e t e c h n i q u e s o f l 3C
N M R s p e c t r o m e t r y can give a fingerprint type o f identifi-
c a t i o n that c a n be u s e d in a w a y s i m i l a r to i n f r a r e d spectro-
s c o p y .

ENVI RONMENTAL ANALYSIS

The f i n a l t o p i c o f this d i s c u s s i o n i s the environmental
a n a l y s i s t h a t m a y be e n c o u n t e r e d in d e a l i n g w i t h f a t t y
chemicals. T h e r e i s a t r e m e n d o u s a m o u n t o f r e g u l a t o r y

interest in nitrosamines b e c a u s e t h e y are p o w e r f u l carcino-
g e n s . Amine-fatty a c i d s o a p s are o f t e n u s e d a s emulsifiers in
c o s m e t i c a n d o t h e r formulations. N i t r o s a m i n e s have b e e n
r e p o r t e d in t h e s e p r o d u c t s . T h e r e i s also interest in w h e t h e r
n i t r o s a m i n e s o c c u r in f a t t y nitrogen c o m p o u n d s s i n c e t h e s e
are o f t e n u s e d as e m u l s i f i e r s in p e s t i c i d e formulations.

T h e most r e c e n t d e v e l o p m e n t for d e t e r m i n i n g nitros-
a m i n e s in o r g a n i c c o m p o u n d s is t h e T h e r m a l E n e r g y
A n a l y z e r ( T E A ) ( 1 8 ) . This d e v i c e e m p l o y s a t e c h n i q u e in
w h i c h t h e N-NO b o n d i s catalytically c l e a v e d . The r e l e a s e d
n i t r o s y l ( N O ) r a d i c a l i s r e a c t e d w i t h o z o n e to give a n
electronically e x c i t e d n i t r o g e n d i o x i d e . The e x c i t e d N O2
d e c a y s b a c k to its g r o u n d s t a t e w i t h the emission o f l i g h t
e n e r g y . T h e l i g h t e m i t t e d is d e t e c t e d w i t h a photomultiplier
s y s t e m . The intensity o f t h e e n e r g y e m i t t e d i s proportional
to t h e N-nitrosyl r a d i c a l concentration, a n d this is d i r e c t l y
r e l a t e d to the N-nitroso c o m p o u n d that is present in the
o r i g i n a l s a m p l e . T E A is usua l ly interfaced w i t h a gas c h r o -
matograph. In this w a y , s p e c i f i c nitrosamines can be
d e t e c t e d a t extremely l o w l e v e l s ( p p b ) .

A n o t h e r c o m m o n environmental a n a l y s i s c o n n e c t e d
with f a t t y a c i d s i s t h e d e t e r m i n a t i o n o f chlorinated di-
b e n z o d i o x i n s o r " c h i c k e d e m a f a c t o r " ( 1 9 ) . This a n a l y s i s i s
d o n e by g o i n g t h r o u g h a cleanup p r o c e d u r e f o l l o w e d by
e l e c t r o n c a p t u r e gas chromatography. I n this w a y , as l i t t l e
a s 0.1 p p b o f t h e very p o i s o n o u s d i o x i n s c a n be d e t e c t e d .
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