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DETERMINATION OF THE MONO AND DIETHANOLAMIDES OF PALMITIC A C I D  
AND OF SOYBEAN OIL FATTY ACIDS 

BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

A l b e r t  A. Ben-Bassat, Tamar Wasserman and 
Avraham Basch*. 

I s r a e l  F ibe r  I n s t i t u t e ,  
P.O. Box 8001, Jerusalem, I s r a e l .  

ABSTRACT 

HPLC separat ions and q u a n t i t a t i v e  analyses are descr ibed f o r  
pal  m i  ti c and soya monoethanol ami des and d i  ethanol  ami des synthe- 
s ized from f r e e  f a t t y  acids,  methyl es te rs  and t r i g l y c e r i d e s .  
Both reverse phase and adsorpt ion techniques were employed, us ing 
a d i f f e r e n t i a l  re f ractometer  f o r  detect ion.  S t a r t i n g  m a t e r i a l s  
and crude r e a c t i o n  products a re  analyzed w i t h o u t  t reatment  or 
pre l im ina ry  separat ions.  
r a p i d  and can be used t o  monitor the course o f  condensation 
reac t i ons  as w e l l  as f i n a l  products compositions. In some 
instances separat ion o f  homologous f a t t y  a c i d  alkanolamides was 
achieved, enabl ing comparison o f  the y i e l d s  obtained from i n d i -  
v idual  f a t t y  a c i d  precursors.  

The methods descr ibed are s imple and 

INTRODUCTION 

D i r e c t  determinat ion o f  t he  content  of surface a c t i v e  

compounds i n  i n d u s t r i a l  products i s  very important.  Th is  
s i m p l i c i t y  saves tedious manipulat ions and t ime opera t i on  
needed f o r  i s o l a t i o n  and p u r i f i c a t i o n  o f  t h e  components i n  the  
crude product.  HPLC technique i s  an advance i n  the  e f f o r t s  t o  

improve convent ional  methods. 

* Author t o  whom correspondence should be addressed. 
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2546 BEN BASSAT, WASSERMAN, AND BASCH 

Fa t t y  alkanolamides are a widely  used c lass  o f  nonion ic  

surface a c t i v e  agents. 

amides are popular as foam b u i l d e r s  f o r  a l k y l a r y l  su l fonates and 
condensation products o f  h igher  f a t t y  acids w i t h  diethanolamine 
have become impor tant  i n  surface a c t i v e  systems (1). These 
products are found i n  formulat ions ranging from laundry de te r -  
gents, i n d u s t r i a l  c leaners t o  h i g h - q u a l i t y  shampoos (2 ) .  

diethanolamides obtained from coconut f a t t y  acids and from l a u r i c  

a c i d  have been incorporated i n t o  commercial products which f i n d  
greatest  use i n  the t e x t i l e  and cosmetic f i e l d s  ( 3 ) .  

The f a t t y  a1 kanolamides are products o f  condensation between 

an alkanolamine and a f a t t y  a c i d  o r  i t s  d e r i v a t i v e  (methyl ester ,  

t r i g l y c e r i d e ) .  
described as fo l l ows  : 

P a r t i c u l a r l y  c e r t a i n  f a t t y  d ie thanol -  

The 

The synthesis path o f  a monoethanolamide can be 

a)  R'COOH + NH2CH2CH20H - R'CONHCH2CH20H t H20 

b)  R'COOR" + NH2CH2CH20H - R'CONHCH2CH20H + R"OH 

R '  - long hydrocarbon chain 
R" - methyl o r  e t h y l  group 

Condensation o f  a ca rboxy l i c  a c i d  w i t h  diethanolamine i s  n o t  

a simple process because o f  the presence o f  three func t i ona l  
groups on the diethanolamine ( 4 ) .  
has i nd i ca ted  tha t ,  i n  a d d i t i o n  t o  the  expected alkanolamide, they 
conta in  amine-esters ( 5 , 6 ) .  Sometimes a t  h i g h  temperatures form- 
a t i o n  o f  t e r t i a r y  amines i s  known t o  occur (4,7,8). A second 

process which leads t o  format ion o f  N-ethanolamides i s  amidat ion 
o f  f a t t y  es te rs  ( p r a c t i c a l l y  methyl e s t e r )  i n  the  presence o f  
sodium methoxide (9,lO). 
of using the e s t e r  o r  g l yce r ide  o f  t he  f a t t y  a c i d  (11). This 

synthesis i s  based on the  preparat ion o f  N-subst i tu ted a l i p h a t i c  
amides by heat ing the e t h y l  e s t e r  o f  the corresponding a c i d  w i t h  

the des i red amine (12) .  

Examination o f  the products 

I n  1958 G.C. Tesoro repor ted a method 
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I n  t h i s  s tudy  we r e p o r t  a s a t i s f a c t o r y  separa t i on  and de te r -  

m ina t i on  o f  ethanolamides by u s i n g  t h e  HPLC technique. 

ments c o n d i t i o n s  such as e l u e n t  compos i t ion  and f l o w  rat!, column 
pack ing  m a t e r i a l  were e m p i r i c a l l y  determined f o r  each t ype  o f  

r e a c t i o n  produc t .  

Measure- 

EXPERIMENTAL 

Mate r i  a1 s 
The chemicals were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

hydro furan  and a c e t o n i t r i l e  (HPLC grade) were ob ta ined  f rom B io -  

Lab L t d .  Labora to r ies ,  Jerusalem, I s r a e l .  N-hexane, 2-propanol 
and a c e t i c  a c i d  ( a n a l y t i c a l  grade) were purchased f rom Frutarom, 
Labora tory  Chemicals Ltd. ,  H a i f a ,  I s r a e l .  Deionized wa te r  was 
t w i c e  d i s t i l l a t e d .  The f i r s t  d i s t i l l a t i o n  was c a r r i e d  o u t  i n  t h e  
presence o f  potassium permanganate and f o l l o w e d  by a s imp le  d i s -  
t i l l a t i o n .  P e r c h l o r i c  a c i d  ( a n a l y t i c a l  grade, Frutarom) was used 

t o  a d j u s t  t h e  pH o f  t h e  water  t o  2.6. Monoethanolamine, p a l m i t i c  
a c i d  (E.  Merck, Darmstadt, W. Germany) and sodium methoxide 
( A l d r i c h  Chemical Co. , Milwaukee, Wis., U . S . A . )  were syn thes i s  

grade. Diethanolamine (B.D.H., Chemical L td . ,  Poole, England) was 

t e c h n i c a l  grade. Methy la ted  soybean o i l  and g l y c e r y l  t r i p a l m i t a t e  
were ob ta ined  from Shemen Co., I s r a e l .  Soybean o i l  p u r i f i e d  was 
purchased commercial ly.  

The re fe rence compounds were purchased as f o l l o w s  : methyl  
p a l m i t a t e  (92-94%) and methyl  s t e a r a t e  (92-94%) from Henkel KGaA, 

D h s e l d o r f ,  W. Germany; methyl o lea te ,  methyl  l i n o l e a t e  and methy l  
l i n o l e n a t e  ( a l l  approx. 99%) f rom Sigma Chemicals Co., S t .  Lou is  
Mo., U.S.A. 

The examined produc ts  were prepared accord ing  t o  methods 

r e p o r t e d  i n  t h e  l i t e r a t u r e  (2,3,4,10,11). 
m a t e r i a l  was g l y c e r y l  t r i p a l m i t a t e ,  methyl  e s t e r s  o r  t r i g l y c e r i d e s  
of  soybean f a t t y  ac ids  - 0.3% W / W  o f  sodium methoxide was used as 
ca t a  1 y s  t . 

Tet ra -  

When t h e  s t a r t i n g  
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HPLC Procedure 
The q u a l i t a t i v e  and q u a n t i t a t i v e  analyses were run  on a 

Var ian 5030 HPLC system. D i f f e r e n t i a l  Refractometer - R401, 
Waters Associates was used t o  d e t e c t  t h e  separated and e lu ted  
compounds. 
i n  order  t o  achieve good separat ion o f  t h e  components i n  
var ious products: 

A )  Reverse-phase type Var ian Micro Pak MCH-10 s t e e l  
column (30cm x 4 m )  packed w i t h  a monomeric c18 (octadecy l )  
bonded onto 1Up s i l i c a  gel .  Th is  column was used when t h e  
s t a r t i n g  ma te r ia l  was p a l m i t i c  a c i d  o r  g l y c e r y l  t r i p a l m i t a t e .  

B) Reverse-phase t ype  RP-18 s t e e l  column (30cm x 4mn) 
prepacked w i t h  10 microns LiChrosorb, Cat. No. 9333 Merck, 
Darmstadt, W. Germany. 
ethanolamides prepared from methylated soybean o i  1. 

(30cm x 4mm) was used i n  t h e  case o f  soybean o i l  (mix ture o f  
t r i g l y c e r i d e s )  as s t a r t i n g  mater ia l .  

The columns we operated a t  ambient temperature. Components 
were e lu ted i s o c r a t i c a l l y  a t  a pressure o f  about 115 ps i .  Op t i -  
mum e luent  compositions were a r r i v e d  a t  exper imental ly,  i n  
considerat ion o f  t h e  column type and na tu re  o f  t h e  substances 
determined. The examined samples were d isso lved i n  e luen t  o r  
THF (2-5% W/V) and 20 ~1 o f  t h e  s o l u t i o n  were i n j e c t e d  v i a  l oop  
i n j e c t o r .  
warmi ng . 

The de tec to r  was connected t o  a Hewlett-Packard 3390 A i n -  
t e g r a t o r  t o  record peak areas, r e t e n t i o n  times and percentage 
compositions. The de tec to r  response was no t  c a l i b r a t e d  f o r  t he  

d i f f e r e n t  ma te r ia l s  measured due t o  t h e  l a c k  o f  pure reference 
mater ia ls .  The r e f r a c t i v e  i nd i ces  o f  t h e  eluents were c lose  
t o  1.37, w h i l e  those o f  f a t t y  ac ids and t h e i r  d e r i v a t i v e s  range 
from 1.44-1.47 (13). Repl icate measurements showed t h a t  t h e  

I n  t h e  present research d i f f e r e n t  columns were used 

This column was used f o r  separat ion o f  

C )  Var ian Micro Pak Si-5 (packed w i t h  5)1 s i l i c a )  column 

I n  c e r t a i n  cases s o l u t i o n  was achieved by g e n t l e  
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values fo r  r e t e n t i o n  t ime and f o r  percentage amount va r ied  i n  
a range o f  * 2%. 

Small peaks, represent ing l e s s  than 2% o f  t h e  products, 
appeared i n  some o f  t he  chromatograms bu t  were ignored f o r  
t he  purpose o f  t h i s  repo r t .  
amine e lu ted  w i t h  t h e  so lvent  f r o n t  and were not  determined. 

i s  complete, f o r  each se r ies  o f  HPLC measurements one o r  two 

samples were analyzed up t o  30 minutes. 

Free ethanolamine and d ie thano l -  

I n  order  t o  assure t h a t  t h e  e l u t i o n  o f  t h e  components 

RESULTS AND DISCUSSION 

HPLC Resul ts 

1. Pa lm i t y l  Monoethanolamide 
The content o f  t h i s  a1 kanolamide was determined i n  products 

obtained through t w o  d i f f e r e n t  ways: 
l a .  Reaction o f  p a l m i t i c  a c i d  w i t h  monoethanolamine {l:l.l 

molar r a t i o )  under t h e  f o l l o w i n g  condi t ions:  3 hOUrS  a t  160OC. 
l b .  Reaction o f  g l y c e r y l  t r i p a l m i t a t e  w i t h  monoethanol- 

amine (1:3.3 molar r a t i o )  under t h e  f o l l o w i n g  cond i t i ons :  2 hours 
a t  1 0 0 ~ ~ .  

HPLC measurements cond i t i ons  f o r  l a  and l b :  f o r  each case 

the r e a c t i o n  product was d isso lved i n  te t rahydrofuran (5% W / V )  
and analyzed on column A. The components were e lu ted  w i t h  
tetrahydrofuran, a c e t o n i t r i l e  and water (47.5:36.5:16 V / V ) .  

The corresponding r e s u l t s  are presented i n  Tables I and 11. 

The r e s u l t s  presented i n  Tables I and I 1  show c l e a r l y  t h a t  

i n  t h e  case o f  g l y c e r y l  t r i p a l m i t a t e  a g rea te r  amount o f  amine- 
e s t e r  was obtained. 

2. Pa lm i t y l  Diethanolamide 

obta ined by two d i f f e r e n t  react ions:  
The content o f  t h i s  alkanolamide was determined i n  products 
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TABLE I 

HPLC Analysis Data f o r  the Product o f  the Reaction Between 
Palmi t ic  Acid and Monoethanolamine (a) 

Component Retention Time Amount 
(min) % 

Palmi t y l  monoethanol amide 2.6 94.2 
Palmi t i c  acid 3 .O 2.4 
Amine-ester (possibly) (b) 6.9 3.4 

(a) The f l o w  r a t e  o f  the eluent was 1.3 ml/min. 
(b) Broad peak. 

TABLE I1 

HPLC Analysis Data f o r  the Product of  the Reaction Between 
Glyceryl T r i  palmitate and Monoethanolamine (a) 

Retention Time Amount 
(mi  n) % 

Palmi t y l  monoethanol amide 
Palmi t ic  acid 
h i  ne-es t er  
G1 ycery l  mono (d i  )pal m i  t a t e  

2.6 81.4 
3 .O 2.5 
6.4 16.0 
7.0 traces 

(a) The flow r a t e  o f  the  eluent was programmed: 1.3 ml/min for  
two minutes then increased a t  a r a t e  o f  0.1 ml/min f o r  28 
minutes. 
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2a. 
molar r a t i o )  under the  cond i t i ons :  3 hours a t  160OC. 

2b. Reaction o f  g l y c e r y l  t r i p a l m i  t a t e  w i t h  diethanolamine 
(1:3.3 molar r a t i o )  under the condi t ions:  3 hours a t  145OC. 

The products were examined under the f o l l o w i n g  cond i t i ons :  
the crude product was d isso lved i n  te t rahydrofuran (5% W/V) and 
separated on column A .  
hydrofuran, a c e t o n i t r i l e  and water (47.5:36.5:16 V/V). 
r e s u l t s  are presented i n  Tables I11 and I V  (see a1 so F igure 1) .  

- 3. 
f o r  separat ion and determinat ion o f  monoethanolamides o r  d i e t h -  

anolamides prepared from methylated soybean o i l  ( a  m ix tu re  o f  

t h e  methyl esters  of  soybean f a t t y  ac ids ) .  The p r i n c i p a l  soy- 
bean f a t t y  acids are:  l i n o l e i c ,  o l e i c ,  p a l m i t i c ,  l i n o l e n i c  and 
s t e a r i c .  

ethanolamides content i n  the  crude r e a c t i o n  product.  

mation and comparison o f  the r e s u l t s  t h e  s t a r t i n g  m a t e r i a l  
(methylated soybean o i l )  was analyzed by HPLC (Table V). 

products o f  t he  f o l l o w i n g  react ions were examined : 

amine under the  condi t ions:  one hour a t  95OC. 

amine under the  cond i t i ons :  three hours a t  13OoC. 
The HPLC condi t ions were: the examined product was 

w i thou t  f u r t h e r  treatment d isso lved i n  the  e luent  and separated 
on column B. The components were e l u t e d  w i t h  te t rahydrofuran,  

a c e t o n i t r i l e  and water (43:43:14 V / V ) .  The r e s u l t s  are 

presented i n  Tables V, V I  (see Figure 2) and V I I .  

ponding ethanolamides, the examined products con ta in  a l so  amounts 
o f  the s t a r t i n g  ma te r ia l  and o f  amine-esters. 
cluded t h a t  t he  monoethanolamides were obta ined i n  a h ighe r  

y i e l d  than the corresponding diethanolamides. 

Reaction o f  p a l m i t i c  a c i d  w i t h  diethanolamine (1:l.l 

The components were e l u t e d  w i t h  t e t r a -  

The 

I n  the present work HPLC measurements were a l so  c a r r i e d  o u t  

The chromatograms obtained enabled t o  c a l c u l a t e  the  

For i n f o r -  

The 

3a. Reaction o f  methylated soybean o i l  w i t h  monoethanol- 

Reaction o f  methylated soybean o i l  w i t h  d ie thano l -  3b. 

The r e s u l t s  obtained show t h a t  i n  a d d i t i o n  t o  the corres- 

I t  may be con- 
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TABLE I 1 1  

HPLC Analysis Data f o r  the Product o f  the Reaction Between 
P a l m i t i c  Acid and Diethanolamine (a)  

Cornponen t Retent ion Time h u n t  
( m i  n) % 

Pa lm i t y l  diethanolamide 5.2 60.4 
Pa lm i t i c  a c i d  6.4 1.6 
hi ne-ester 11.6 32 .O 
Undefined (b) 13.6 2 .o 

(a) The flow r a t e  o f  the e luen t  was 0.6 ml/min increased t o  

1.0 ml/min dur ing 15 minutes. 
(b) Broad peak. 

TABLE I V  

HPLC Analysis Data f o r  t he  Product o f  t he  Reaction Between 
Glyceryl  T r i pa lm i  t a t e  and Diethanolamine (a )  

~ 

Component Retent ion Time Amount 
(min) % 

Palmi t y l  diethanolamide 
P a l m i t i c  a c i d  
Ami ne-es t e r s  
Glyceryl  mono( d i )pa lmi  t a t e  

2.4 63.1 
2.9 2.3 
5.7 25.0 

6.8 2.4 

(a)  The f l ow  r a t e  o f  t he  e luen t  was programmed: 1.4 ml/min f o r  

two minutes increased t o  3.0 ml/min dur ing a d d i t i o n a l  18 
minutes and constant f l ow  of 3.0 ml/min f o r  f u r t h e r  10 

minutes. 
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7 z - 
I - - 
0 TIME ( min) . 

F I G U R E  1: Reversed-phase HPLC chromatogram o f  the product o f  
the reaction between glyceryl tripalmi tate and diethanolamine 
(see Table I V ) .  
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TABLE V 

HPLC Analysis of Methylated Soybean O i l  (a)  

Component Retent ion Time Amount 
(min) % 

Methyl l i n o l e n a t e  
Methyl l i n o l e a t e  
Methyl pa lmi ta te ) 

Methyl s tearate 

Methyl o lea te  1 

6.5 
7.4 

9 .o 

11.7 

8.5 
56.5 

31 .O 

3 .O 

(a) The f l ow  r a t e  o f  t he  e luen t  was: 0.6 ml/min increased to 
1.0 ml/min i n  the f i r s t  15 minutes and 1 ml/min f o r  f u r t h e r  
5 minutes. 

TABLE V I  

HPLC Analysis Data f o r  t he  Product o f  t he  Reaction Between 
Methylated Soybean O i l  and Monoethanolamine (a)  

Component Retent ion Time h u n t  
(min) % 

L i  nolenyl  mnoethanolamide 4.2 8 .O 

5.1 28.4 

5.9 6.4 

Palmi t y l  monoethanolamide 
Oley l  monoethanolamide 
Steary l  monoethanol amide 
Methyl es te rs  o f  soybean f a t t y  acids 7.2-8.9 1.4 

L ino ley l  monoethanolamide 4.5 55.7 

1 

(a) The f l o w  r a t e  o f  t he  e l u e n t  was 0.7 ml/min. 
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PALMITIC AND SOYBEAN OIL FATTY ACIDS 2555 

FIGURE 2: 
the react ion between methylated soybean o i  1 and monoethanolamine 
(see Table V I ) .  

Reversed-phase HPLC chromatogram o f  the product o f  
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TABLE V I I  

HPLC Analysis Data f o r  t he  Product o f  t h e  Reaction Between 
Methylated Soybean O i l  and Diethanolamine (a) 

Component Retent ion Time Amount 
(min) % 

L i  nolenyl  diethanolamide 4.4 5 .O 
L i  no ley l  diethanolamide 4.8 45.4 

5.3 21 .o Palmi t y l  diethanolamide 
Oley l  diethanolamide 
Steary l  diethanolami de 6.2 5 .O 
Methyl es te rs  o f  soybean ac ids 7 .o-10 .o 16 .O 
Ami ne-esters 13.2- 16.6 4 .O 

1 

(a) The f l o w  r a t e  o f  t h e  e luen t  was programmed: 0.6-1.0 ml/min 
f o r  15 minutes fo l l owed  by a constant  r a t e  o f  1 ml/min f o r  
a d d i t i o n a l  5 minutes. 

The mono- and-diethanolamides e lu te ,  as expected, i n  the 
same r e l a t i v e  order  as the corresponding methyl es te rs  b u t  a t  
lower r e t e n t i o n  volumes, due t o  t h e i r  g rea te r  p o l a r i t i e s .  
Conf i rmat ion of t he  i d e n t i t i e s  o f  the ethanolamide peaks can 
be found i n  t h e i r  r e l a t i v e  abundances compared w i t h  the s t a r t i n g  
methyl es te rs .  These are equal ( 2  2%) f o r  t h e  methyl esters ,  
mono- and di-ethanolamides, imply ing i n c i d e n t a l l y  s i m i l a r  
r e a c t i v i t i e s  f o r  the var ious f a t t y  methyl es te rs  w i t h  ethanol-  
ami nes . 

- 4. Addi t ional  a p p l i c a t i o n  o f  HPLC i n  the  present work was 
the determinat ion o f  mono o r  diethanolamides der ived f r o m  p u r i -  
f i e d  soybean o i l .  This o i l  i s  a mix ture o f  t h e  t r i g l y c e r i d e s  
of t he  corresponding f a t t y  ac ids  (above mentioned). 
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TABLE V I I I  

HPLC Ana lys is  Data f o r  t h e  Produc t  of t h e  React ion Between 
Soybean O i l  and Monoethanolamine ( a )  

Component (group) Re ten t i on  Time 
(min) 

Amount 
% 

T r  i g l  y c e r i  des 3.4 0.4 

D ig l yce r ides  3.8-4.3 2.4 

Ami ne-es ters  4.8 4.1 

Mo nog 1 yce ri de s 6.9 1.7 

Monoethanolamides (b )  8.4 91.1 

(a )  The e l u e n t  compos i t ion  was: n-hexane, isopropanol  and 
a c e t i c  a c i d  (80:20:1 V/V). 

(b )  Over lapp ing  r e s u l t e d  i n  a broad peak. 

TABLE I X  

HPLC Ana lys is  Data f o r  t h e  Product o f  t h e  React ion  Between 
Soybean O i l  and Diethanolamine (a )  

Component (group) Re ten t i on  Time Amount 
(min)  I 

Tr ig1  y c e r i  des 3.4 0.4 

D i  g 1 yce r i  des 3.7-3.8 2.9 

F a t t y  a c i d s  4.3 2.9 

Ami ne-esters 5.2 22.2 

Monogl y c e r i  des 6 .1  4.3 

Unde t e  mi ned 7.4 1.8 

Die thano l  ami des (b ) 10.8 65.4 

(a )  

(b )  

The e l u e n t  composi t ion was: n-hexane, i sopropano l  and 
a c e t i c  a c i d  (75:25:1 V/V). 
Over lapping r e s u l t e d  i n  a broad peak. 
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I 
0 TIME (min). 

FIGURE 3: HPLC chromatogram of the product o f  the reaction 
between soybean o i l  and diethanolamine (see Table I X ) .  
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PALMITIC AND SOYBEAN OIL FATTY ACIDS 2559 

The products were analyzed w i thou t  f u r t h e r  t reatment .  
The chromatograms obtained showed t h a t  i n  a d d i t i o n  t o  the 
corresponding ethanolamides p a r t i a l l y  hydrolyzed g l yce r ides  and 
amine-esters were detected. 
condi t ions broad (over lapping) peaks were obta ined f o r  each 
group of components and i n t e g r a t i o n  o f  t h e  t o t a l  area was 

performed. 

Under the present repo r ted  HPLC 

The products o f  the f o l l o w i n g  react ions were analyzed: 
4a. 

4b. 

Reaction o f  soybean o i l  w i t h  monoethanolamine a t  

Reaction of  soybean o i l  w i t h  diethanolamine a t  
108OC f o r  a pe r iod  o f  two hours. 

145OC f o r  a pe r iod  o f  three hours.  

HPLC Determinations 

and separated on column C. The f l o w  r a t e  was 0.8 ml/min. 
ethanolamides were e l u t e d  l a s t  w i thou t  separat ion and t h e i r  
t o t a l  amount was recorded. The r e s u l t s  are presented i n  Tables 
VIII and I X  (see a l s o  Figure 3 ) .  

t a ined  96.8% t r i g l y c e r i d e s  (e lu ted  as one peak) and 3.2% 
d ig l yce r ides .  

I n  each case the  crude product  was d i sso l ved  i n  the e l u e n t  
The 

Comnercial soybean o i  1 analyzed under these cond i t i ons  con- 

SUMMARY 

HPLC condi t ions are descr ibed f o r  t h e  ana lys i s  o f  f a t t y  
a c i d  mono-and-diethanolamides and associated i m p u r i t i e s  and by- 
products encountered i n  t y p i c a l  syntheses. Separations and 
quant i  t a t i o n  were achieved f o r  the homologous f a t t y  a c i d  methyl 
es te rs  as w e l l  as the corresponding ethanolamides. 
methods a f f o r d  simple and r a p i d  analyses f o r  these complex 
mixtures and can be used t o  f o l l o w  the course o f  synthes is  and 
t o  character ize commercial products.  

These 
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