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HPLC ANALYSIS OF NONIONIC SURFACTANTS -PART V; 
ETHOXYLATED FATpl ACIX 

Abraham Aserin, N i s s i m  Gart i  and Moshe Frenkel 
Casal i  I n s t i t u t e  of Applied Chemistry 

School of Applied Science and Technology 
The Hebrew Universi ty  of Jerusalem 

Jerusalem 91904, ISRAEL 

ABSTRACT 

High performance l i q u i d  chromatography technique was used i n  
order  t o  achieve separat ion and i d e n t i f i c a t i o n  of product composition 
of  nonionic s u r f a c t a n t s  of ethoxylated f a t t y  ac ids .  

Lichrosorb SI-60 ( l o p )  column, under gradient  e lu t ion  of 
mixture of isopropanol, methanol and n-hexane (50°C) and W detec tor  
a t  220 nm, were used f o r  b e s t  separat ion of ethylene oxide (EO) 
adducts of f a t t y  ac ids  cons is t ing  of up t o  20 EO u n i t s .  

No d e r i v a t i z a t i o n  of t h e  compounds was needed. 
base l ine ,  i n  s p i t e  of gradient  e l u t i o n ,  was achieved by adding 
negl ig ib le  amounts of anthracene t o  t h e  e l u e n t s .  

bromine t o  t h e  double bond of t h e  hydrophobic chain were a l s o  
separated without a need f o r  change i n  e lu t ion  conditions o r  
d e r i v a t i z a t  ion.  

An improved 

Brominated ethoxylated f a t t y  acids  r e s u l t i n g  from addi t ion o f  

INTRODUCTION 

Ethoxylation o f  f a t t y  acids  with ethylene oxide o r  polyethylene 

glycols ,  i n  t h e  presence o f  a v a r i e t y  o f  a lka l ine  c a t a l y s t s ,  y i e l d s  

a mixture of polyethylene glycol monoesters, polyethylene glycol  

d i e s t e r s  and f r e e  polyethylene glycols .  A var ie ty  of such adducts 

can be obtained depending on molar r a t i o  of EO t o  f a t t y  acids  used 

i n  t h e  reac t ion  (1-2). 

Attempts t o  analyze t h e  f a t t y  a c i d  adduct by chromatographic 

methods have been car r ied  out  by severa l  authors .  GLC ana lys i s  was 
done a f t e r  chemical decomposition of  t h e  crude product by using t h e  
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1546 ASERIN, GARTI, AND FRENKEL 

mixed a c e t i c  anhydride and p-toluene s u l f o n i c  ac ids .  

t h e  hydrophobic f a t t y  acids  composition was determined, but no 

information could be gathered on t h e  i n t e r n a l  EO adduct d i s t r i b u t i o n  

(3). Aitzetmuller  (4) was t h e  f i r s t  t o  repor t  on t h e  use of  HPLC 

technique t o  analyze a commercial product of ethoxylated f a t t y  acids .  

A most complicated chromatograph having t y p i c a l  pa t te rn  was shown 

but no i d e n t i f i c a t i o n  of  t h e  peaks was given. Similar ly ,  f inger -  

p r i n t s  of  t h e  product mixture were presented by Brcschweiler using 

i ts  3,s-dinitrobenzoyl chlor ide d e r i v a t i v e s  (5) .  More q u a l i t a t i v e  

ana lys i s  were c a r r i e d  out by Nakamura and Matsumoto (6).  
were ace ty la ted  pr ior  t o  chromatography i n  order  t o  decrease t h e  

mater ia ls  adsorption on t h e  column. 

adducts i n  t h e  range of  30 €0 u n i t s  was d i r e c t l y  proport ional  t o  t h e  

reac t ion  time. 

on t h e  reac t ion  time and t h e  d e t e c t o r  response were examined. 

chromatogram was q u i t e  complex and no i d e n t i f i c a t i o n  of t h e  peaks 

was shown. 

In t h i s  way 

The samples 

The molar d i s t r i b u t i o n  of EO 

Several  mobile phases were t e s t e d  and t h e i r  e f f e c t  

The 

The following s tudy demonstrates e l u t i o n  of f a t t y  acid ethylene 

oxide adducts from various commercial sources without a need f o r  

e i t h e r  p r i o r  chemical t reatment  o r  d e r i v a t i z a t i o n .  In addi t ion ,  

peaks i d e n t i f i c a t i o n  was achieved by q u a n t i t a t i v e  separat ion followed 

by t h e i r  i d e n t i f i c a t i o n  using chemical ion iza t ion  mass-spectrometry. 

Exthoxylated o l e i c  acid were f u r t h e r  brominated t o  obtain 

dibromostearic der iva t ives  e . g .  9,lO dibromostearoyl-(9)-ethoxylated 
e s t e r .  

a t  t h e  same condi t ions without any need fo r  d e r i v a t i z a t i o n .  

These new s u r f a c t a n t s  were a l s o  e a s i l y  e lu ted  by our technique 

EXPERIMENTAL 

Mate rials 

Ethoxylated f a t t y  acids  with var ious ethylene oxide (EO) u n i t s  

were commercially ava i lab le  products from three  d i f f e r e n t  sources: 

1. Oleic acid e s t e r  with average 4.5, 9 and 13.5 EO u n i t s  (Mapeg-ZOO, 
Mapeg-400 and Mapeg-600) were obtained from Mazer Chemicals, Inc.  

(USA); 2 .  Oleic acid e s t e r  with average 2 and 10 EO u n i t s  (Myo-2 

and Myo-10) were obtained from Nikko Chemicals Co., Ltd. (Japan); 

and 3.  Commercial polyoxyethylene o l e a t e  without given spec i f ica t ions  

concerning t h e  numbers of  EO u n i t s  (G-5507 and G-2143) were purchased 
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HPLC OF NONIONIC SURFACTANTS. V 1547 

from A t l a s  Europol A.p.S. ( I t a l y ) .  

double bond of  t h e  o l e i c  chain was c a r r i e d  out i n  our laboratory (7) .  
The eluents  were isopropanol, methanol and n-hexane HPLC grade from 

Bio-Lab Laboratories, Ltd. ( I s r a e l )  and pure anthracene from Riedel- 

de Hak'n(Germany) . 

The addi t ion of bromine t o  t h e  

Procedure Technique 

The analyses were performed on Spectra  Physics HPLC chromato- 

graph model SP-8000 equipped with a UV SP-770 var iab le  wavelength 

d e t e c t o r  (Schoffel Instrument Corp.) a t  220 nm. "he column was a 

commercially ava i lab le  250 x 4 .6  mm packed with Lichrosorb SI-60 

(10 urn) purchased from All tech Associates, Inc. 

A gradient  e lu t ion  with isopropanol, methanol and n-hexane was 

c a r r i e d  out as described i n  Table 1, a t  a flow r a t e  of 1 ml/min and 

a pressure of  about 200 p s i  a t  50°C. 

The samples were dissolved i n  7:93  volume percent (isopropanol: 

n-hexane) up t o  5% w/w. 

automatic loop i n j e c t o r .  

Ten ul of  so lu t ion  were i n j e c t e d  using an 

Each component of t h e  mixture e lu ted  from t h e  column was 

trapped using a f rac t ion  c o l l e c t o r  and analyzed by chemical ioniza-  

t i o n  mass-spectrometry (CIMS, DuPont model 21-490 B ,  s i n g l e  focusing) 

equipped with a commercial double source C I / E I  i n  an i n e r t  atmosphere 

of  isobutane. 

RESULTS AND DISCUSSION 

Polyoxyethylene o l e y l  e s t e r  with average 4.5 EO u n i t s  (Mapeg- 

200) was in jec ted  t o  t h e  HPLC column a f t e r  addi t ion of t r a c e s  of 

anthracene t o  t h e  e luents  i n  order  t o  achieve b e s t  base l ine  and t o  

obta in  minimum des tor t ion  of t h e  chromatogram caused by t h e  gradient  

e l u t i o n  (8).  Figure 1 demonstrates t y p i c a l  chromatogram recorded 

within 40 minutes. I t  can be seen t h a t  t h e  main peaks are  4 and 5.  

The mass-spectra ana lys i s  confirmed t h a t  peak 4 i s  o ley l  e s t e r  with 

4 EO u n i t s  (M.W. = 458) while peak 5 c o n s i s t s  of  5 EO u n i t s .  Peak 

0 revea ls  exis tence of f r e e  o l e i c  acid unethoxylated (M.W. = 2 8 2 ) .  

Indeed f r e e  acid was determined e i t h e r  by i t s  acid value or  GLC 

techniques. In a s i m i l a r  way i d e n t i f i c a t i o n  o f  t h e  o ther  peaks was 
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1548 A S E R I N ,  GARTI, AND FRENKEL 

TABLE I 
The Method of Gradient Elut ion Used for  t h e  Separation of Ethoxylated 
Fa t ty  Acids. (Continuous gradient)  . 
Time Is opropano 1 Methanol n-Hexane 
(min . ) (Val.%) (vol. %) (Vol. %) 

0.0  7.0 0.0 93.0 
20.0 42 .O 10 .o 48.0 
40.0 65.0 35.0 0.0 
60.0 65.0 35 .O 0.0 
63.0 65 .O 0.0 35.0 
65 .O 7.0 0.0 93.0 

._C' 

6 

Figure 1: HPLC chromatogram of  polyoxyethylene o ley l  e s t e r  with 
4.5 (av.) EO u n i t s  (Mapeg-ZOO). ?he peak number 
corresponds t o  t h e  number o f  EO u n i t s  on t h e  f a t t y  
ac id  chain. The dashed l i n e  shows t h e  base l ine .  
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I l l l l l l l 1 l l l  
0 8 16 2 4  3 2  40 

Time ( m i n )  
Figure 2 :  HPLC chromatogram of  9,lO dibromostearoyl-polyoxyethylene 

e s t e r  with 4 . 5  (av.) EO units. 

5 
4 1  

Figure 3:  HPLC chromatogram of o l e i c  ac id  (9)  ethoxylated (Mapeg- 
400). 
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1552 ASERIN, GARTI, AND FRENKEL 

obtained by chemical ion iza t ion  mass-spectrometry. 

t o p  of each peak i n  t h e  chromatogram stands f o r  t h e  number o f  EO 
u n i t s  i n  t h e  adduct, as  confirmed by mass-spectra ana lys i s .  The 

dashed l i n e  i n  Figure 1 shows t h e  base l ine  a f t e r  addi t ion of 

anthracene t o  t h e  e luents  t o  equglize i t s  absorbance a t  220 nm ( 8 ) .  

Figure 2 shows t h e  chromatogram of  Mapeg-200 a f t e r  bromination 

The numbers O n  

i n  order t o  obtain 9,lO-dibromostearoyl-polyoxyethylene e s t e r  with 

an average 4.5 EO u n i t s .  

By doubling t h e  number of  EO u n i t s  from 4.5 t o  9 (molecular 

weight of ethoxylated chain 400; Mapeg-400) a more complicated 
chromatogram is obtained. 

c o n s i s t  of 4 t o  9 EO u n i t s .  
appearance of a l l  der iva t ives  from peak 0 t o  17 with exce l len t  

separat ion reso lu t ion .  

Figure 3 i l l u s t r a t e s  t h a t  most isomers 

Nevertheless, one can see t h e  

I t  was impossible t o  i d e n t i f y  exis tence of  d i e s t e r s  probably 

due t o  t h e i r  very high molecular weight. Therefore, Table 2 

presents  ca lcu la t ions  of products d i s t r i b u t i o n  based on peak area.  

?he d i e s t e r  isomers, although most probably exis t  i n  t h e  product, 

were not taken under considerat ion.  Table 2 shows t h a t  t h e  com- 

mercial products a r e  named according t o  t h e  main isomers t h a t  have 

t h e  highest  accuracy ifi t h e  compound. 

subs t rac t ing  any base l ine  s h i f t s .  

The areas  were measured 

Evidently from Figure 4 it can be seen t h a t  t h e  bromination 

does not d r a s t i c a l l y  change t h e  chromatogram f i n g e r p r i n t s  i n  s p i t e  

t h e  f a c t  t h a t  t h e  peaks a r e  l e s s  pronounced due t o  t h e  bromine 

addi t ion t o  t h e  chromophoric group. 

Increasing t h e  number of EO u n i t s  t o  13.5 caused t h e  chromato- 

gram t o  be q u i t e  d i f f i c u l t  t o  i n t e r p r e t  (see Figure 5 f o r  Mapeg-600 

and Figure 6 f o r  t h e  brominated Mapeg-600). 
obtained. 

with t h e  manufacturer claim. 

Twenty one peaks were 
The most common isomers were 12-16 with good agreement 

In order  t o  evaluate  t h e  commercial mater ia l s  and t o  f i n d  

poss ib le  d i f fe rences  i n  t h e i r  product d i s t r i b u t i o n ,  two o ther  

ethoxylated o ley l  e s t e r s  with average 2 and 10 EO u n i t s  were 

in jec ted  under s i m i l a r  condi t ions .  
two EO u n i t s  (Myo-2; see Figure 7) w i l l  contain l e s s  EO u n i t s  then 

t h e  one with 4.5 EO (see Figure 1) therefore  t h e  main adducts w i l l  

As expected t h e  product with 
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Figure 4: A t y p i c a l  HPLC chromatogram of 9,lO dibromostearoyl- 
polyoxyethylene e s t e r  with 9 (av.) EO u n i t s .  

8 

1 1  1 1  1 1 1 ' 1 1  I I 1 1  I 

0 8 16 24 32 40 48 56 
Time ( m i n )  

Figure 5: HPLC chromatogram of polyoxyethylene o l e y l  e s t e r  with 
13.5  (av.) EO u n i t s  (Mapeg-600). 

7 

0 8 16 24 32 40 48 56 

Time ( m i n )  
Figure 6 : HPLC chromatogram of 9,lO dibromostearoyl-polyoxyethylene 

e s t e r  with 13 .5  (av.) EO u n i t s .  
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I I l I I I I I l l  

0 8 16 24 32 
Time (min)  

Figure 7: HPLC chromatogram of o l e i c  acid (2) ethoxylated (Myo-2) .  

1 1 1 1 1 1 1 1 1 1 1 1 1 ,  

0 8 16 24 32 40 48 
Time (rnin) 

Figure 8:  HPLC chromatogram of o l e i c  acid (10) ethoxylated (Myo-10). 
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5 

I 1  1 ' 1  1 ' I I ' ' l  
0 8 16 32 40 48 

Time ( m i d  
Figure 9:  HPLC chromatogram of commercial polyoxyethylene o l e a t e  

(G-5507). 

- 0  Mapeg 2 0 0  (4.5 EO) 
- o Mapeg 4 0 0  ( 9 EO 

Mapeg 600 (13.5EO) 
- - -AMYO 2 ( 2 E O l  

' * * . . o  G-2143 

Number of EO units 

Figure 10:  I l l u s t r a t i o n  of t h e  r e l a t i v e  a rea  d i s t r i b u t i o n  of t h e  peaks 
versus the  number of  e thylene oxide u n i t s .  
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Figure 11: HPLC chromatogram of commercial polyoxyethylene o lea te  
(G-2143). 

appear under peak 2 and 3 .  

(Myo-10) w i l l  show q u i t e  i d e n t i c a l  chromatogram t o  the  one with 

9 EO u n i t s  (Mapeg-400); (See Figure 8 and Figure 3 ) .  

Simi lar ly ,  products containing 10 EO 

When commercial s u r f a c t a n t  i d e n t i f i e d  only by i t s  HLB (Hydro- 

p h i l i c  Lipophilic Balance) 

spec i f ica t ion  on a product ' s  i n t e r n a l  d i s t r i b u t i o n  one can use the  

HPLC method t o  have a f u l l  p i c t u r e  of i t s  content .  

two other commercial products from Atlas Europol (G-5507 HLB=10.4 
and G-2143 HLB-12.2) were t e s t e d .  A c l e a r  chromatogram w a s  obtained 

(Figure 9) reveal ing t h a t  t h e  f irst  emuls i f ie r  i s  probably a mixture 
o f  two completely separa te  products .  In  order  t o  d is t inguish  between 

t h e  mixture o f  t h e  two s u r f a c t a n t s  and t o  obtain more accurate  product 

d i s t r i b u t i o n  of  t h e  mixture a p l o t  o f  r e l a t i v e  area of  t h e  peaks versus 

number of E O  u n i t s  of  a l l  separated s u r f a c t a n t s ,  including t h e  G-5507, 

was demonstrated. I t  can be seen,  f o r  example, t h a t  Myo-2 has  a maxima 

a t  2 EO u n i t s  with accordance t o  t h e  manufacturer's claim. 

a l l  o ther  sur fac tan ts  have only one maxima reveal ing consistency of  

only one isomeric  product. 

u n i t s .  

with average 10 EO uni t s  with a t y p i c a l  i n t e r n a l  d i s t r i b u t i o n  (see Figures 
10 and 11). While t h e  second one (G-2143) i s  probably a s i n g l e  product 

value,  without any o ther  d e t a i l s  o r  

For example, 

S imi la r ly ,  

The G-5507 shows two peaks of  4 and 1 0  EO 

The o ther  unknown s u r f a c t a n t  G-2143 is  probably a s i n g l e  product 
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with average 10 E O  un i t s  and t y p i c a l  i n t e r n a l  d i s t r i b u t i o n  o f  t h e  EO 

adducts (Figure 10) .  

CONCLUSION 

The HPLC technique developed i n  t h i s  laboratory allows ana lys i s ,  

both q u a l i t a t i v e  and q u a n t i t a t i v e  o f  any commercial e thoxylated f a t t y  

acid adducts o r  ethoxylated f a t t y  a lcohols .  

crude product t o  the  column, without the  need f o r  any pretreatment such 

as hydrolys is ,  ace ty la t ion  of  der iva t iza t ion ,  i s  s u f f i c i e n t  t o  obta in  

exce l len t  separat ion.  I n  addi t ion ,  f u l l  i d e n t i f i c a t i o n  o f  the  adduct 

peaks was obtained using mass-spectrometry technique. 

A simple i n j e c t i o n  o f  t h e  
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