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ANALYSIS OF NONIONIC SURFACTANTS BY 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

N. Garti, V.R. Kaufman and A .  Aserin 
The Casali I n s t i t u t e  of  Applied Chemistry 
School of  Applied Science and Technology 

The Hebrew Univers i ty  of Jerusalem 
91904 Jerusalem, ISRAEL 

General Corisiderations 

ffSurfactantl l ,  a convenient cont rac t ion  of Ifsurface a c t i v e  
agent" which was or ig ina ted  i n  one of t h e  indus t ry ' s  leading 
labora tor ies  and is  now widely accepted, suggests t h a t  t h i s  l a rge  
group of substances has become well known enough t o  r equ i r e  a 
simple ye t  d i s t i n c t i v e  t ag .  
cu le s  or an unformulated compound having sur face  ac t ive  proper t ies ,  
when d isso lv ing  i n  water o r  another solvent,  o r i en t  themselves a t  
t he  in t e r f ace  between t h e  l i qu id  and a so l id ,  l i qu id ,  or gaseous 
phase and modify t h e  proper t ies  of the  in t e r f ace .  The modifica- 
t i ons  may be accompanied by f ro th ing  or foaming and by formation 
of co l lo ids ,  enulsions, suspensions, d i spers ions ,  aerosols ,  o r  
foams. 

f fSurfac tan t l f  connotes organic mole- 

Surfactants a r e  not only important as t he  ac t ive  cons t i t uen t s  
of c leans ing  agents (soaps, detergents,  etc.)  but are a l s o  v i t a l  
i n  t h e  s t a b i l i z a t i o n  of enulsions (e.g. foods, cosmetics, pharma- 
ceu t i ca l s ) ,  as mold release agents i n  p l a s t i c s  indus t ry ,  i n  f a b r i c  
softening, i n  contraceptive pas tes ,  i n  f l o t a t i o n ,  f o r  b ioc ida l  
a c t i v i t y ,  i n  o i l  well d r i l l i n g ,  as well as i n  a host of many o ther  
appl ica t ions .  
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50 GARTI, KAUFMAN, AND ASERIN 

Most su r fac t an t s  have a common molecular s t ruc tu re  cons i s t ing  
of a long nonpolar chain, f requent ly  a hydrocarbon chain, sometimes 
a fluorocarbon or s i l i c o n e  based polymer, and hydrophilic 
end which i s  s u f f i c i e n t l y  ffhydrophilicff  t o  confer some water 
s o l u b i l i t y  on t h e  compound as a whole. 

Sur fac tan ts  are,  i n  most cases, i n d u s t r i a l  products prepared 
v i a  a s e r i e s  of chemical reac t ions ,  with almost no product 
separation and pu r i f i ca t ion .  
products a re  complex mixtures of a v a r i e t y  of  components. 

Thus most of t h e  commercial end 

Today's usage of su r fac t an t s  takes  f u l l  advantage of t he  many 
d i f f e r e n t  proper t ies  of  nonionic, ca t ion ic ,  anionic,  and ampholytic 
compounds and r e s u l t s  i n  commercial products t ha t  are, t o  various 
degrees, complex mixtures. An added complication is t h a t  most of 
t he  su r fac t an t s  contain unreacted chemicals present i n  them. 
Also, t h e  i n i t i a l  hydrophobe may be an impure mater ia l ,  o f ten  a 
mixture of isomers or a na tu ra l  product. In addition, t h e  non- 
ion ic  su r fac t an t s  involving ethylene or Rropylene oxides cons i s t  
of hydrophilic por t ions  of t h e  molecules, with varying lengths.  
A l l  i n  a l l ,  then, ana ly t i ca l  e f f o r t s  a r e  needed t o  evaluate 
sur fac tan ts  s ince  they cons i s t  of mixtures. 

To the  i n d u s t r i a l  chemist the  over -a l l  problem of su r fac t an t  
ana lys i s  i s  t o  evaluate the  performance of the  product and i t s  
physical p roper t ies  such as so lub i l i t y ,  melting or bo i l ing  poin ts ,  
dens i ty ,  r e f r a c t i v e  index, e t c .  

To t h e  ana ly t i ca l  chemist t he  f u l l  ana lys i s  of sur fac tan t  
is  tedious and requi res  the  f u l l  complement of a n a l y t i c a l  t o o l s  
which today's technology provides. 
t he  ana lys t  must act fast and sure ly .  
t h e  na ture  of t h e  sur fac tan ts ,  but he must always be f a i r l y  
c e r t a i n  of i t s  s t ruc tu re ,  not t o  mention i t s  quan t i t a t ive  make-up. 

To s a t i s f y  demands of  research, 
Not only must he c l a s s i f y  
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ANALYSIS OF NONIONIC SURFACTANTS 51 

Many inves t iga to r s  have attempted t o  f ind  s u i t a b l e  too l s  of 

ana lys i s  
of any unknown type of sur fac tan t  and t h e i r  quan t i t a t ive  d e t e r -  
mination. This sometimes can be done on t h e  su r fac t an t  mixture 
wihtout a t tendant  separation, but t h e  bes t  d a t a  are generally 
obtained from t h e  i so l a t ed  component. 

including methods of c l a s s i f i c a t i o n  and separation 

Most quan t i t a t ive  ana lys i s  approaches include: a) gravi-  
metric procedures, b) co lor imet r ic  methods and c )  volumetric 

methods. In addition t o  these  important c l a s ses  of quan t i t a t ive  

ana lys i s  most authors would include wet-reaction methods such as 
those based on saponi f ica t ion  o r  hydrolysis followed by: 
1) Instrumental methods, which include inf ra red ,  mass spectro- 
metry, NMR, u l t r a v i o l e t ,  conductometric t i t r a t i o n  and polaro- 

graphic ana lys i s  and 2 )  Chromatographic methods inc luding  a l l  

modes of chromatography and ion exchange3. 

Surfactants,  being mostly long chain molecules with both a 

hydrophilic and l i poph i l i c  na ture ,  a r e  non v o l a t i l e  mater ia l s  and 
these  are d i f f i c u l t  t o  e l u t e  by gas-liquid-chromatography means. 

Several au thors  describe,  thus, methods based on saponifica- 
t i on  o r  hydrolysis of t h e  sur fac tan t  and a separa te  ana lys i s  t o  
each p a r t  of t he  molecule. 
methods l i e s  i n  t h e  f a c t  t h a t  t h e  i n t e r n a l  s t ruc tu re  composition 

of t he  product cannot be evaluated. 

any given sur fac tan t ,  mainly of those applied i n  the  food industry,  
i s  of s i g n i f i c a n t  i n t e r e s t  s ince  the  hea l th  a u t h o r i t i e s  a r e  
r e s t r i c t i n g  t h e i r  use and requi re  as f u l l  an ana lys i s  as can be 
achieved o f  t h e  product. 
i s  an idea l  t o o l  f o r  accurate evaluation of t h e  product d i s t r i b u -  
t i o n  of su r fac t an t s .  

The main disadvantage of t h e  above 

The i n t e r n a l  s t r u c t u r e  of 

High performance l i qu id  chromatography 

No review articles have been published on t he  use of HPLC 
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52 GARTI, KAUFMAN, AND ASERIN 

as  a method f o r  ana lys i s  of su r f ac t an t s  t o  date. 

Nadeau and Waszeciate' i n  t h e i r  review on separa t iona l  

methods f o r  ana lys i s  of nonionic su r fac t an t s  discussed many 
procedures t o  analyze nonionic sur fac tan ts  including t h e  use of 
gel-permeation chromatography. They predic ted  an increased use 
of  the  technique i n  t h e  fu ture  "because of i ts  r a p i d i t y  and a 
grea t  producib i l i ty  and i t s  a b i l i t y  t o  separa te  c leanly  molecular 
spec ies  based on size...". Cross' i n  h i s  review on ana ly t i ca l  
chemistry of anionic su r fac t an t s  examined t h e  use of TLC, paper 
chromatography, and Gas chromatography, ht does not mention any 
addi t iona l  options t o  evaluate the  product composition. 

A c lose  look a t  t h e  l i t e r a t u r e  published r ecen t ly  revea ls  
t h a t  severa l  i nves t iga to r s  have discovered t h e  po ten t i a l  o f  t h e  
HPLC technique t o  separa te  and t o  analyze su r fac t an t s  and a few 
s tud ie s  already have been published i n  t h i s  area. 

We fe l t  t h a t  a review of t h e  subject could he lp  ana ly t i ca l  
chemists t o  evaluate t h e  po ten t i a l  of t h i s  method and use it as 
an ana ly t i ca l  t o o l .  

Noni on i c Surf ac t an ts 

The term nonionic su r fac t an t s  refers ch ie f ly  t o  polyoxy- 
ethylene and polypropylene der iva t ives ,  but o ther  su r fac t an t s  
are a l s o  included i n  t h i s  category, such as an hydroxyhexitol 
de r iva t ive ,  sugar e s t e r s ,  f a t t y  alkanolamides and f a t t y  amine 
oxides 3 ,  

The nonionic sur fac tan ts  are usua l ly  prepared by: 

1: The addi t ion  of ethylene oxide t o  compounds containing one or 
more ac t ive  hydrogen atom such as alkylphenols, f a t t y  alcohols,  
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ANALYSIS OF NONIONIC SURFACTANTS 53 

f a t t y  acids,  f a t t y  mercaptans, f a t t y  amines, f a t t y  amides and 
polyols.  For example: 

3: The e s t e r i f i c a t i o n  o r  t r a n s e s t e r i f i c a t i o n  of f a t t y  a c i d s  by 
polyols.  For example: 

OH OH OH OH OH 
1 I I  I I  

RCOOH + CH2 -CH-CHz + R-COO-CHz-CH-CH, 

In any of t hese  reac t ions  t h e  product i s  a mixture of a 
va r i e ty  of components. 
a r e  r e l a t e d  t o  t h e  acid value, hydroxyl ,number, e s t e r i f i c a t i o n  
value, e t c . ,  which a re  only ind ica t ive  of t h e  average but not 
t h e  f u l l  product composition. Several attempts have been made t o  
analyze t h e  products by various chromatographic methods including 
paper chromatography6 ’ 7,  t h in  layer  chromatography’-” and 
gas-liquid chromatography6’’5-2 ’. 
made t o  analyze nonionic su r fac t an t s  by the  HPLC method. 

In most cases  t h e  product spec i f i ca t ions  

Only a few attempts have been 

The present review divides t h e  nonionic su r fac t an t s  i n t o  
severa l  groups according t o  t h e  most common c l a s s i f i c a t i o n :  

1. Mono-diglycerides of f a t t y  ac id  e s t e r s  having t h e  following 
general s t ruc ture :  

CHz0 (H, R) 

CHOH 

CH20COR 

I 
I 

R = hydrophobic chain of C ~ O - C P O  
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54 GARTI, KAUFMAN, AND ASERIN 

2. Polyol surfactants  containing the residue of polyhydroxy/ 
compounds a s  t he  hydrophilic moiety e s t e r  combination with 

hydrophobic groups derived from f a t t y  acids .  

3.  Polyoxyethylene alkylphenols having the following general 

s t ructure  : 

4 .  Polyoxyethylene alcohols and polyoxyethylene e s t e r s  of f a t t y  

acids  with the  general s t ructure  of:  

RO - (C HzC HZ 0) xH 

RCOO- (CHICHZO)~H 

5. Alkylamides and Polyoxyethylene alkylamides: 

RCONHCH2CbOH and RCON (CH2CH20H)z 

/(CHzCHzOIxH 

(CHzCH2 OIyH 

RCONH-(CHZCH,O]~H and RCON 
\ 

1. Mono-Diglycerides of Esters of Fatty Acids -- 
In a s e r i e s  of s tud ie s  published almost a t  the same time i n  

1975 by several authors 3 0 ~ 3 1 r 3 2 ,  an e f f o r t  was made t o  use HPLC 
techniques fo r  separation and detection of tri-, d i -  and mono- 
glycerides of f a t t y  acids  and s t e r o l s  i n  order t o  accomplish f u l l  
analysis  of these compounds i n  various food products. 
summarizes, i n  par t ,  the  r e s u l t s  from these studies,  and others,  

Table I 
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56 GARTI, KAUFMAN, AND ASERIN 

t he  methods and conditions f o r  optimum separation obtained by 
them. 

Kiuchi” has used both UV, r e f r ac t ive  index and flame 
ionizat ion detector  i n  order t o  separate  t o t a l  l i p i d s  from soybean 
o i l s  i n  various soybean foods. Figure 1 3 0  demonstrates separa- 
t i o n  of l i p ids ,  t r i g lyce r ides ,  diglycerides,  s t e r o l s ,  f r e e  f a t t y  
acids and monoglycerides of f a t t y  acids  using two 5000 p s i  pumps, 
a solvent flow programmer and a s t a i n l e s s  steel MicroPak SH-10 
column. 

Aitzetmiiller” has demonstrated i n  h i s  s tudies  t h e  useful-  
ness of moving wire detectors  and other  t ransport  flame ionizat ion 
detectors  f o r  t h e  l i qu id  chromatography of f a t s  and monoglycerides 
of f a t t y  acids.  
of solvents,  A i t z e t Z l l e r S 3  
of p a r t i a l  glycerides as short  as 30 minutes. 
of solvents of increasing po la r i ty  was employed. The solvent 
mixture was carbon t e t r ach lo r ide  and isooctane (34 : 36) (Solvent I); 
chloroform,dioxane and hexane (40:11:49) (Solvent 11) and 
chloroform, methanol and isopropylether (34: 36: 30) (Solvent I1 I). 
A remarkable separation of t h e  mono-and diglycer ide of f a t t y  ac id  
e s t e r s  was achieved by t h i s  technique” (f igs .  1-3). A Lichrosorb 
Si-60 column (5 or 10 pm) was used. Tripalmitin was eluted a f t e r  
5 min., followed by 1,3-dipalmitin and lD2-dipalmitin.  The 
monopalmitin was eluted last a f t e r  less than 15 min. (.fig. 2).  

By using t h e  moving wire de tec to r  and a sequence 
was able  t o  keep the analysis  time 

A complex mixture 

Figure 3 ’’ i l l u s t r a t e s  a typ ica l  chromatogram of th ree  
d i f f e ren t  commercially avai lable  p a r t i a l  glyceride food emulsi- 
fiers using the  same technique. 
glycerides of o l e i c  and s t e a r i c  ac ids  were a l so  t e s t e d  (see 
Figure 4) 
rides”.  

Several mixtures of p a r t i a l  

together with some so-called commercial Itmonoglyce- 

In a more recent study by Riisom and Hoffmeyer3‘, a new 
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ANALYSIS OF NONIONIC SURFACTANTS 57 

1 

J 
0 4 8 12 16 

Time (minute) 

Figure 1: Separation of glycerol esters of  f a t t y  ac ids  us ing  
microPak SH-10 column: 1 - t r i g lyce r ides ;  
2 - diglycerides;  3 - s t e r o l s ;  4 - f r e e  f a t t y  
ac ids ;  5 - monoglycerides. 

HPLC method was described f o r  t h e  separation of mono-, d i -  and 

t r ig lyce r ides  of f a t t y  ac ids .  

Lichrosorb Diol was used. 

i s o c r a t i c a l l y  with isooctane-isopropanol (95:s) and t h e  de tec t ion  

was accomplished by W-absorption de tec t tona t  213 nm (see Table I, 
l i n e  5) .  

A 25 cm column packed with 10 pm 

The monoglycerides were e lu t ed  

The a p p l i c a b i l i t y  of t he  method f o r  t he  quan t i t a t ive  

determination of these  compounds using an i n t e r n a l  standard,  i n  

any mixture, has been demonstrated (see Figures 5 and 6, Table 11). 
The method shows exce l len t  reproducib i l i ty  and accuracy with 

standard devia t ions  of l e s s  than 1%. The method i s  appl icable  
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I r 

I I 1 I I 
20 15 10 5 0 min 

Figure 2: Chromatogram of technical  glycerol dipalmitate.  

t o  other types of emulsif iers ;  f o r  instance,  acetylated mono- 
glyceride and propylene glycol esters of f a t t y  acids.  

Recent papers published on the  separation of mono- and d i -  

glycerides of f a t t y  acids  concentrate mainly on finding new 
detection methods (infrared de tec to r  a t  5.72 pm, see r e f .  35) 
new and b e t t e r  columns ( P a r t i s i l  PXS 10/25 PAC)", Lichrosorb 
~ i ~ l 3 4 s  36 , Lichrosorb RP-18 ". Sudraud3' was able  t o  conduct 
a f u l l  analysis of a commercial d i s t i l l e d  monoglyceride on a 
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J 

HPCL area - % 
tri <0.5 

1,3 - d i  3.2 
1.2 - d i  0.6 

mono 94.5 

m 
E' 

I I 1 I 

15 10 5 Omin 

HPCL area % 
tri 20.0 

1.3 - di 3.7 
1.2-di 1.1 

mono 73.7 

HPCL area - % 
tri 8.8 

1.3 - di 34.0 
1.2-di 6.3 
mono 47.4 

- .- 
0 

m d 

1 I I 1- 

15 10 5 Omin 15 10 5 0 min 

Figure 3: Typical chromatograms of three d i f f e r e n t  commercially 
avai lable  p a r t i a l  glyceride food emulsif iers .  

Lichrosorb RP-18 column with a c e t o n i t r i l e  a s  a mobile phase as 

shown i n  Figure 7 .  A reasonable separation of monomyristin 
from monopalmitin, monostearin and monoarchidin was achieved. 

2 .  polyol Surfactants 

The polyol surfactants  are  mater ia ls  containing a residue 

of a polyhydroxy compound as the  hydrophilic portion of the mole- 

cu le  i n  e s t e r  combination with hydrophobic groups derived from 

f a t t y  acids.  Polyol s t a r t i n g  mater ia ls  include s t r a i g h t  -chain 

polyhydroxy compounds with two t o  s i x  hydroxyl groups per chain, 

pentaerythr i tol ,  polyglycerols, carbohydrates and higher polyol 

f a t t y  acid e s t e r s  3 .  
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a 
r 

m 

". A c 

a 
0 

k 
I 1 I b I I I I 

15 10 5 0 min 15 10 5 0 

Figure 4: Typical chromatograms of several  glycerol e s t e r s  of 
s t e a r i c  and o l e i c  acid t e s t  mixtures. 

Most polyol surfactants ,  pa r t i cu la r ly  commercial materials,  
a r e  complicated mixtures, 
t o  a d i s t r ibu t ion  of degree and posit ion of e s t e r i f i ca t ion ,  t o  the 
mixed composition of s t a r t i n g  f a t t y  acids,  t o  -the varying extent of 

e the r  linkages, and t o  the presence of d i f f e ren t  oxyalkylene chain 
lengths3'. 

The complexity of composition is due 

The considerable var ia t ion i n  physical propert ies  of polyol 
surfactants  makea it possible t o  use them in  a var ie ty  of end- 
products, They f ind applications in food, pharmaceutical, cosme- 
t i c ,  and i ndus t r i a l  products, The polyol surfactants  a r e  usually 
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0.01 AU I 
T 

I 
9 

rb 1 6 i i gmin 
Figure 5: HPLC chromatogram of test mixtures of glycerol 

esters: 1 - glycerol tristearate; 2 - artefact 
peak due to loop injection; 3 - glycerol 1,3- 
dipalmitate; 4 - glycerol 1,2-palmitate; 
5 - di-n-propyltartarate (initial standard); 
6 - glycerol 1-monostearate. 
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2A 

5 

:1 
28 2c 2D 

3 

4 

3 

h 

Figure 6: HPLC chromatograms of  nonionic emulsif iers .  2A.  
Mono-diglyceride: 1 - t r iacylglycerols ;  2 - a r t e -  
f a c t  peak; 3 + 4 - diacylglycerol;  5 - i n t e r n a l  
standard; 6 - monoacylglycerols. 2B. D i s t i l l e d  
monoglyceride: 1 - t r iacyglycerols ;  2 - a r t e f a c t  
peak; 3 - diacylglycerol;  4 - i n t e rna l  standard; 
5 - monoacylglycerols. 2C. Acetic acid e s t e r s  of 
d i s t i l l e d  monoglycerides: 1 - t r i acy lg lyce ro l ;  
2 - d iace t i c  acid e s t e r s  of monoacylglycerols; 
3 - monoacetic acid e s t e r s  of monoacylglycerols; 
4 - i n t e r n a l  standard; 5 - monoacylglycerol. 2D.  
Propylene glycol e s t e r s  of f a t t y  acids: 
1 - diacylpropyleneglycols; 
glycols; 3 - i n t e r n a l  standard. 

2 - monoacylpropylene- 
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3 

0.02 A I 

I I I ,  
0 5 10 15 

Time lrnin) 

Figure 7: Separation of saturated d i s t i l l e d  monoglycerides by 
reversed-phase chromatography. Column: 15 x 0.47  
cm I.D. Stationary phase: LiChrosorb RP-18, 10 um. 
Mobile phase: Acetonitri1e;flow-rate 0 . 9  ml/min. 
UV detection at 204 nm. Peaks: 1 - monomyristine; 
2 - monopalmitine; 3 - monostearine; 4 - mono- 
arachidine. 
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- I - u L L L u - l L - L L - - u - L  
0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 

Time (m in )  

Figure 8: Fingerprint  Liquid Chromatograms of a s e r i e s  of food 
emuls i f ie rs .  
commercial emuls i f ie rs  together;  
e s t e r s  of  palmitic and stearic acid; 
ac id  esters of monoglycerides; 
glycol e s t e r s  of  sa tura ted  f a t t y  ac ids ;  
e - monoglyceride ace t a t e s  of f a t t y  ac ids ;  
f - DATA, d i ace ty l  t a r t a r i c  esters o f  mono- 
glyceride; 
f a t t y  acids;  h - monodiglycerides. 

a - test  mixture containing a l l  t he  
b - polyglycerol 

c - c i t r i c  
d - propylene 

g - sorb i tan  e s t e r s  of sa tura ted  

divided i n t o  subgroups according t o  t h e i r  hydrophilic functional 
groups, e .g .  glycol esters, glycerol e s t e r s ,  polyglycerol e s t e r s ,  

hex i to l  e s t e r s ,  anhydrohoxital e s t e r s ,  sugar esters, etc. 

Close examination of  t he  methods described i n  t h e  l i t e r a t u r e  
revea ls  t h a t  most workers used wet techniques, TU: and o the r  
chromatographic methods t o  evaluate t h e  product composition of 
these  mater ia l s .  
separa t ion  of polyol su r fac t an t s  by HPLC. 

Only few s tudies  have been dedicated t o  t h e  

The need f o r  a better de tec t ion  method of  these  compounds, 

which have low UV absorbance, l ed  Aitzetmiiller3I 
wire de tec tor  t o  separa te  some polyol su r fac t an t s  (see Table 111). 
A f i nge rp r in t  chromatogram of a va r i e ty  of food emuls i f ie rs  
including propylene glycol mono- and d i e s t e r s  of f a t t y  ac ids  have 

been achieved by Ait~etrniiller~’, who has used a silica gel 

t o  use a moving 
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column and a gradient e lu t ion .  

conditions t h e  d i e s t e r  of  f a t t y  ac ids  with propylene glycol i s  
e lu t ed  first followed by the  monoester isomer. Glycerol e s t e r s  of 
f a t t y  ac ids  have been described separa te ly  i n  the  previous 
Sec t ion ,  i n  Table I and w i l l  no t  be f u r t h e r  discussed here.  

Figure 8d shows t h a t  under these  

Polyglycerol e s t e r s  provide an e spec ia l ly  d i f f i c u l t  t ask  f o r  

t he  ana ly t i ca l  chemist s ince  they  are usua l ly  a very complex 

mixture of isomers. These emuls i f ie rs  a r e  mixtures of up t o  
hundreds of  ind iv idua l  compounds, d i f f e r i n g  by degree of  e s t e r i f i -  
ca t ion  of t h e  polyol,  by chain length of t he  f a t t y  ac ids ,  by degree 
of unsaturation, by pos i t i ona l  isomerism of t h e  f a t t y  ac ids  
e s t e r i f i e d  with t h e  polyol ’s  hydroxyl groups and so on. 
existence of polyglycerol esters i n  a mixture 

a s  severa l  unresolved peaks ( f ig .  8b) i n  chromatography. 

The 
has been shown 

An ind i r ec t  method f o r  t h e  de tec t ion  of polyglycerol esters 
has been developed by AitzetmGl1er3’. 
e s t e r s ,  t h e  polyglycerols have been in j ec t ed  i n  HPLC columns i n  
order t o  estimate the  var ia t ion  i n  t h e  degree of polymerisration 

of  each polyglycerol.  
i s  no consideration as t o  t h e  ex is tence  of severa l  isomers of f a t t y  

ac ids  on each polyol.  
glycol esters, sorb i tan  e s t e r s  and sugar e s t e r  have been analyzed 
by t h i s  method3’. 
content of  a number of polyglycerol conta in ing  emuls i f ie rs  a r e  
presented i n  Table IV. Since ca l ib ra t ion  standards f o r  t he  

ind iv idua l  oligomers were not ava i lab le ,  t he  r e s u l t s  a r e  expressed 
as area-percent of  t h e  R I  de tec tor  signal. 

After an hydro lys is  of  t h e  

The method i s  not  s a t i s f a c t o r y  s ince  the re  

Most polyol su r fac t an t s  such as propylene 

Typical analyses of the  g lycero l  oligomer 

In a r e c e n t  study 36 an attempt t o  analyze the  polyglycerol 

esters without pretreatment has been made on a wide range of 
polyglycerol-poly-fatty ac id  e s t e r s .  
a Specta Physics model SP-8000 HPLC chromatograph equipped with 

The analyses were performedon 
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SP770 var iab le  wavelength UV-detector a t  220 nm. 

were achieved on 25 cm x 4.6 mm I D  s t e e l  columns prepacked with 
10 pm LiChrosorb Diol. 

The separations 

A gradient e lu t ion  of n-hexane and isopropanol was c a r r i e d  

out.  Figure 9 demonstrates t he  chromatograms obtained a f t e r  

i n j ec t ing  a s e r i e s  of severa l  polyglycerol monooleates. 
important t o  r e a l i z e  t h a t  t h e  mater ia l s  a r e  not pure as t h e  
commercial name might i nd ica t e .  For example, t r i g l y c e r o l  mono- 

o l ea t e  (3.G.1.0), might as well contain a wide range of  severa l  

polyglycerols from one t o  ten .  
number of t h e  o l e i c  ac ids  present i n  such a polymer. 

I t  i s  

Thus t h e  t r i g l y c e r o l  i s  an average 

When t h e  crude product named " t r ig lyce ro l  monooleate" 
(3.G.1.0) was in j ec t ed  t o  the  HPLC column a complex chromatogram, 

containing a la rge  number of peaks, was recorded ( f ig .  9 ) .  The 
th ree  main peaks i n  Figure 9A correspond,according t o  t h e i r  
re ten t ion  time, t o  glycerol monooleate (peak 17),  glycerol d io l ea t e  

(peak 6)  and glycerol t r i o l e a t e  (peak 4 ) .  A t  7 min. (peak 3) 
another t r i o l e a t e  isomer with more apolar  s t r u c t u r e  is  e lu ted .  

The main d io l ea t e  peak is  accompanied by addi t iona l  smaller peaks 
(peaks 7 and 8) .  
d io l ea t e  isomers being more polar than the  main d i o l e a t e  one. 

monooleate pa t t e rn  i s  very complex, containing a s e r i e s  of less 
polar s t ruc tu res  and more polar isomers (the main apolar  isomer 

e l u t e s  after 41 min., peak 14). 

Those are in te rpre ted  as addi t iona l  polyglycerol 

The 

By examining the  chromatogram of hexaglycerol monooleate 
(6 .G.l.O) ( f ig .  9B) i n  comparison t o  t r i g l y c e r o l  monooleate, 

( f ig .  9A) it can be seen t h a t  t h e  main th ree  peaks i n  each chroma- 
togram appear a t  t h e  same re t en t ion  times (peaks 4, 6 and 17).  
These findings ind ica t e  again t h a t  t he  column does not  d i f fe ren-  

t i a t e  between the  chain length of  t he  polyol.  
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A 

1 1 1  1 1  1 1  I I I I I I I I I  

0 20 40 60 
Time ( min) 

B 

Figure 9: HPLC chromatograms of some crude commercial poly- 
glycerol monooleates (from Capitol  City Corp.) 
A: Triglycerol monooleate; B: Hexaglycerol 
monooleate; C:  Octaglycerol mmooleate; 
D: Decaglycerol monooleate; Peaks 3-5: t r i g l y -  
c e r o l  tri- and polyoleates;  Peaks 6-11: d i e s t e r  
isomers; Peaks 12-18: monooleate isomers of 
mono and polyglycerols.  
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~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 20 40 60 
Time (min) 

4 

D 

Figure 9: continued 

A l l  peaks i n  octaglycerol monooleate (Figure SC) and 

decaglycerol monooleate ( f ig .  9D) are l e s s  sharp and tend t o  t a i l ,  
due t o  the  large number of possible isomers ex i s t ing  i n  t h e  crude 

product. Figure 10 (A-D) i l l u s t r a t e s  the separation and t h e  

product composition of various t r i g lyce ro l  o l e i c  ac id  e s t e r s  

with increasing amounts of e s t e r i f i e d  o l e i c  ac id  i n  each polyol. 

Figure 1OA shows the following intercomposition: 60.1% mono-, 

36% di- ,  and 7.3% t r i o l e a t e s .  The mono isomers a r e  d i s t r ibu ted  

among less polar  isomers (peaks 12 ,  13, 14; 15; 24.8%) and the 

main polar  isomer (peak 17; 29.8%). When 3.G.2.0 is examined 

it is  c l e a r l y  seen tha t  t h e  same series of peaks e x i s t  exactly 

a t  t he  same retent ion times but the area proportions have been 

changed. 

d io l ea t e  increased and a r e  39.1% of t h e  t o t a l  composition. 

t r i o l e a t e s  make up 8.6%. 

oleate  s t ruc tu res  a r e  dominant (peaks 14,  15). The unsymmetrical 

peaks and the large number of unresolved peaks may a l s o  indicate  

The monooleates make up 52.2% while the amount of 

The 

The in t e rna l  composition i n  the mono- 
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Figure 10: 

B 

HPLC chromatograms of several tr ig lycerol  poly- 
o leates .  A: Triglycerol monooleate (3.G.l.O.); 
B: Triglycerol dioleate (3.G.2.0); C:  Tri- 
glycerol t r io l ea te  (3.G.3.0); D: Triglycerol 
tetraoleate (3.G.4.0); Peaks 3-5: tr ig lycerol  
tri and polyoleates; Peaks 6-11: d ies ters  
isomers; Peaks 12-18: monooleate isomers of 
mono- and polyglycerols. 
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C 

D 

Time (min)  

Figure 10: continued 
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t h e  existence of many isomers of longer and shor t e r  chains which 

e l u t e  a t  t h e  same time. 

Direct e s t e r i f i c a t i o n  of e r y t h r i t o l ,  manitol o r  s o r b i t o l  

with f a t t y  ac ids  leads t o  mixtures of mono-, di - ,  t r i -and  tetra- 

esters. 
are the  sorb i tan  e s t e r s  of f a t t y  ac ids .  
sorb i tan  esters of sa tura ted  f a t t y  ac ids  were shown i n  Figure 8g3? 
No other attempts have been made by o ther  i nves t iga to r s  t o  analyze 
commercially ava i l ab le  sorb i tan  e s t e r s .  

The most common and commercially ava i l ab le  emuls i f ie rs  
Unresolved peaks of t he  

Full  saponi f ica t ion  of these  esters yielded so rb i to l ,  sorb i tan  
and isosorbide allowing t h e i r  de tec t ion  by amine modifier 1 column 

using mixture of a c e t o n i t r i l e  and water ( f ig .  l l ) 3 9 .  

Reaction of carbohydrates, mainly sugar, with f a t t y  acyl  
ch lor ides ,  f a t t y  ac ids  o r  methyl e s t e r s  of f a t t y  ac ids ,  form a 
sucrose-es te r  of  f a t t y  ac ids  which a r e  po ten t i a l ly  an important 
class of emuls i f ie rs  and detergents.  

An a n a l y t i c a l  method based on high pressure  l i qu id  chromato- 

graphy has been developed i n  order  t o  separa te  and i d e n t i f y  these  
sucrose f a t t y  ac id  esters". 
sucrose s t e a r a t e  have been separated and quant i ta ted .  A complex 

mixture of  sucrose ta l lowate  has a l s o  been analyzed. The de ter -  
minations were made using a one meter column packed with Fluoro- 
ether-Sil-x-1, with a solvent cons is t ing  of 91% n-chloropropane, 
and 9% anhydrous methanol. 
then measured f o r  each type of e s t e r .  

The monoesters and d i e s t e r s  of  

The peaks of pos i t i ona l  isomers a r e  

Figure 12 i l l u s t r a t e s  t he  chromatogram of  commercial sucrose 
mono- and d i s t e a r a t e  samples. 
t o  t he  numbered spots  on the  corresponding TLC ana lys i s  made on 
t h e  co l lec ted  f r ac t ions .  The shape of t h e  chromatogram and the  

The numbering of  t he  peaks r e f e r s  
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n 
I I 1 1 I I I I 1 
0 5 10 15 20 25 30 35 40 

min. 

Figure ? 2 :  Separation of commercial sucrose monoesters using 
Fluoroether Sil-x-1 column and mixture of chloro- 
propane and methanol as  eluent.  

f a c t  t h a t  the peaks are hardly resolved emphasizes t h e  complexity 
of such analysis.  
compounds a re  e luted i n  order of increasing polar i ty ,  it was found 
t h a t  peaks 6 and 7 correspond t o  the monoesters. 
appears a s  peaks 4 and 5. 

s i t ua t ion  i s  much more complex when other  commercial materials are 
examined. 

Even though it can be observed t h a t  the 

The d i e s t e r  
Peak 3 corresponds t o  t r i e s t e r s .  The 

Improved conditions and b e t t e r  column select ion allowed 
b e t t e r  separation of sucrose esters of f a t t y  acids.  
carr ied out on Lichrosorb RP-18 ‘ l ,  using UV (220 nm) and R I  

detectors  and a (95: 5) methanol-isopropanol mobile phase (40°C, 

i soc ra t i ca l ly ) .  Figure 13 demonstrates the separation of commer- 
c i a l  sucrose e s t e r s  containing 70% and 30% monoester respectively 

The work was 
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Figure 13: 

L I I  1 1 1  1 1 I J  time (mid 0 10 20 30 40 
time (min) 

A t yp ica l  chromatogram of commercial sucrose 
esters, F160 (70% monoester) (Figure 13.1) and 
F50 (30% monoester) (Figuze 13.2); methanol and 
isopropanol 95:s (v/v) 40 C .  a - UV detector  a t  
220 nm; b - R I  detector .  Peak 1 methylpalmitate; 
Peak 2 methylstearate and sucrose monopalmitate; 
Peak 3 sucrose monostearate; Peaks 4,s sucrose 
d i e s t e r s ;  Peak 6-8 sucrose polyesters.  

(according t o  producer claims). 
are methyl palmitate and stearate which are  the  reactants  i n  the 
t r anses t e r i f i ca t ion  reaction. 
s t ea ra t e  appear together a s  one peak. 
and polyesters (peaks 6-8) e l u t e  last. 

The first materials t o  be eluted 

Sucrose mono-palmitate and mono- 
Sucrose d i e s t e r  (peak 4-5) 

Wen a d i f f e ren t  mobile phase (methanol: HzO 95:s) was used 

(5SoC, i soc ra t i ca l ly )  b e t t e r  separation of sucrose e s t e r s  was 
obtained (see Figure 14).  Sucrose s t ea ra t e  o r  palmitate prepared 
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C 

4 

I l l l l l l l J  
1 1 1 1 1 1 1 1 1 1  

0 10 20 30 40 
10 20 30 40 

time (min) time (min) 

Figure 14: HPLX: chromatogram of crude sucrose es te rs  of 
saturated f a t t y  acid (in DMF) W detector; 
methanol and water (95:s); figure 14.1 - sucrose 
palmitate; 
Figure 14.3 - sucrose monopalmitate and mono- 
s tearate  mixture. 
Figure 14.1: Peak 2 methylpalmitate; Peak 3-5 
sucrose monopalmitate isomers; Figure 14.2: 
Peak 2 methylpalmitate; Peak 3 methylstearate; 
Peaks 4-5 sucrose monopalmitate and 6-7 
sucrose monostearate isomers; Figure 14.3: 
Peak 3 methylpalmitate; 
Peaks 5-7 sucrose monopalmitate and 8-10 sucrose 
monostearate isomers; 
Peak 12 sucrose dis tearate .  

Figure 14.2 - sucrose monostearate; 

Peak 4 methylstearate; 

Peak 11 sucrose dipalmitate; 
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time (mid 

Figure 14: continued 

from pure methyl s t e a r a t e  o r  pure methyl palmitate were e lu t ed  

s ign i f i can t ly  e a r l i e r  and b e t t e r  separa t ions  were obtained (see 

Figure 15). 

Determination of sucrose polyes te rs  such as sucrose hexa-, 

hepta- and oc ta s t ea ra t e s  and palmitates were a l so  achieved". 

Fluoroether-Sil-x-1 column was used with a R I  de tec tor .  

phase was n-chloropropane-methanol (91: 9). A t yp ica l  composition 

of sucrose polyes te r  (SPE) as obtained by the  base-catalyzed 

t r a n s e s t e r i f i c a t i o n  of sucrose and f a t t y  acid methyl e s t e r s ,  i s  

summarized i n  Table V. 
resolved, a good indica t ion  of t h e  proportions of each isomer can 

be derived. 

The mobile 

Although the  isomers a r e  not f u l l y  
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I 7 

0 10 20 30 40 

time (min) 

Figure 15: HPLC chromatogram of commercial sucrose e s t e r s  F160 
(Figure 15.1) and F50 (Figure 15.2).  
UV de tec to r  a t  220 nm. Methanol and HzO 95:s (v/v); 
5S°C; Peak 1 methylpalmitate; Peak 2 methyl- 
s t ea ra t e ;  Peaks 3-5 sucrose monopalmitate; 
Peaks 6-8 sucrose monostearate; Peak 9 sucrose 
dipalmitate;  Peak 10 sucrose d i s t ea ra t e ;  Peaks 
11-12 sucrose polyes te rs .  

3. Polyoxyethylene der iva t ives  of f a t t y  ac ids  and alcohols -- 
Ethoxylation of f a t t y  ac ids  with ethylene oxide i n  t h e  

presence of a va r i e ty  of  bas ic  c a t a l y s t s  y i e lds  a mixture of 
polyethylene glycol monoester, polyethylene glycol d i e s t e r s  and 

polyethylene glycols.  
has been shown t o  be c lose  t o  t h e  theo re t i ca l  molar proportions 
of 1 : Z : l  and t h e  equilibrium constant i s  expressed as: 

The composition of t hese  th ree  components 

(monoester)' 
(d ies te r )  (polyethyleneglycol) K =  
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TABLE V 

Typical Composition of Sucrose Polyester (SPE) 

Percent of sucrose in SPE: 
Percent of T F A ~  i n  SPE: 

SPE d i s t r ibu t ion  (by TLC): 

14.7% 

91.5% 

% SEo = 54% 

% SE1 = 41% 

% SEs = 5% 

100% 

Ester  Fat ty  Acid Distr ibut ion (by gas chromatography) : 

C 1 8  10.4% 

C1'tl.) 59.0% 

= 8(2=) 

cl y3=) 1 2  - 3% 

17.6% 

C18 0.5% 

Molecular weights (as oleates)  : 

SE 8 2458 
SE7 2193 

SE 6 1929 
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GARTI, K A L E " ,  AND ASERIN 

Figure 16: Fingerprints of gradient elution chromatogram of 
technical ethoxylated o l e i c  acid. 
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I I l I I I I  
0 8 16 24 
Retention Time (rnin) 

Figure 17: F ingerpr in ts  of commercial l a u r i c  ac id  ethoxylated 
(10 EO u n i t s ) .  Zorbax s i l  column; moving wire 
de tec tor  and acetone-hexane mixture a s  e luent .  

The product composition of these  sur fac tan ts  has been analyzed i n  

t h e  pas t  by wet chemistry, The chromatography methods and mainly 
the  use of HPLC were shown t o  be more accurate and give b e t t e r  
i n s igh t  i n t o  t h e  na ture  of t he  product. 

a. Polyoxyethylene f a t t y  ac ids  - '  Aitzetmiiller3' was t h e  first 

t o  u t i l i z e  HPIX: ana lys i s  on a commercial product of f a t t y  and 
-- 

ethoxylated acid.  Figure 16 demonstrates the  obtained chromatogram. 
There was no iden t i f i ca t ion  of t he  isomers. Only t h e  f inge rp r in t s  
of t he  commercial mater ia l  were shown i n  comparison t o  t h e  ethoxy- 

l a t ed  f a t t y  alcohols.  

Qual i ta t ive  ana lys i s  of polyoxyethylene type of sur fac tan ts  

including f a t t y  ac ids  were car r ied  out by Nakamura" (see TableVI). 
The samples were ace ty la ted  p r i o r  t o  chromatography i n  order t o  
decrease the  adsorption on t h e  column. 
ethylene oxide (EO) adducts i n  the  range of about 30 was 

The molar d i s t r i b u t i o n  of 
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Figure 18: 

-- 
0 20 0 20 

- 
Time ( m i n )  

Fingerprint  chromatogram of ethoxylated commercial 
f a t t y  alcohols,  using s i l i c a  column, moving wire 
detector  and complex mixture of solvents.  
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LAURYL ALCOHOL - 4 E 0  

LAURYL ALCOHOL - 12EO 

LAURYL ALCOHOL - 25E0 

I I ,  * I , , .  * . , , a  d 5 10 
Time, Min. 

Figure 19: Lauric alcohol ethoxylated with 4,12,25 and 50 
ethylene oxideunits as  eluted using Bondapak 
C1e/corasil column and acetoni tr i le  water mixture 
as eluent.  
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es tab l i shed  by t h e  ana lys i s  of HPLC. 

d i r e c t l y  proportional t o  t h e  EO mole number. 

were t e s t e d  (Zorbax-Sil column) including n-hexane, methanol, 

benzene and 2-propanol and t h e i r  e f f e c t  on t h e  r e t en t ion  times 
and t h e  de tec tor  response were examined. 

commercial l a u r i c  acid with 10 EO u n i t s  was analyzed. 

no i d e n t i f i c a t i o n  of t h e  peaks ( see f ig .  

The re ten t ion  time was 
Several  mobile phases 

I'n a typical example, 

There was 

17)4'. 

b. Polyoxyethylene f a t t y  alcohols - More de ta i l ed  work was 
ca r r i ed  out on polyoxyethylene f a t t y  a lcohols .  The f inge rp r in t s  

( f ig .  18) of two commercial ethoxylated f a t t y  alcohols,  o f  a low 

t o  medium degree of ethoxylation were eluted3' .  The aim of t h a t  

work was t o  show the  p o s s i b i l i t y  of using t h e  transport-flame 

ioniza t ion  de tec tor  (moving wire) t o  analyze food emuls i f ie rs  

including ethoxylated f a t t y  alcohols.  

A method employing high pressure l i qu id  chromatography has 

been developed f o r  t h e  quan t i t a t ive  determination of  ethoxylated 

f a t t y  alcohols and alkylphenols. 

of t h e  problems encountered i n  t h e  Ai tze tmi l le r  method. 

polyethylene glycols were separated from t h e  ethoxylated product 

and o ther  mater ia l s  using a 65/35 ace ton i t r i l e /wa te r  mobile phase 

and a Bondapak Cl.g/Corasil-reverse phase column system". 

molecular weight of  the  polyethylene glycols of each sample was 
approximated using TLC technique p r i o r  t o  t h e  HPLC ana lys i s .  

p rec is ion  of  t h i s  method f o r  determination o f  polyethylene g lycols  

i s  4% r e l a t i v e ,  o r  b e t t e r ,  and the  recovery of added polyethylene 

glycols i s  quan t i t a t ive .  Figure 19 represents  t h e  separa t ion  of 

four  l au ry l  alcohols ethoxylated with 4, 1 2 ,  25, and 50 EO units. 
Turner4' managed t o  find t h e  response f ac to r s  f o r  h i s  f a t t y  alcohol 

ethoxylated materials according t o  t h e i r  carbowax molecular weight. 

This technique overcomes some 

The 

The 

The 

An important work was c a r r i e d  out by Nakamura*' t o  analyze 

the  ethoxylated f a t t y  a lcohols .  Pa t te rn  ana lys i s  of EO adducts 
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I 

Retention time (rnin) 

Figure 20: Chromatograms of commercial dodecyl alcohol 15 EO 
adducts and t h e i r  ace t a t e s  (Mobile phase; Acetone) - : Acetylized sample, - - - - - *  . Sample only. 

I I I I I I 
0 8 16 

Retention Time (min) 

Figure 21: Chromatogram of commercial dodecyl alcohol 10 EO 
adducts . 
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13 
12, I 14 

89 

Fi .&re 22: 

1 1 1 1 I I I ~  

0 8 16 24 
Retention Time (min) 

Chromatogram of commercial dodecyl alcohol 15 EO 
adducts mobile phase: 
n-hexane (25/75) t o  acetone a t  5% acetone/min. 

Gradient from acetone/ 

J 
l 1 1 1 1 1 1 I  

16 24 
Retention Time (min) 

0 8 

Figure 23: Comnercial dodecyl alcohol 25 EO adducts, mobile 
phase same a s  i n  Figure 2 2 .  
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oh-+++++ 
EO number 

Figure 24: Relationship between EO number and retent ion time. - : Mixture of nondistributed EO adducts, 
4Q1l (Mobile phase; Gradient from n-hlxane t o  
acetone at 5% acetonelmin). ---: In Fig. 2 2 .  

and polyethyleneglycols were carr ied out under t h e  following 
conditions: Zorbax-Sil column: 2 . 1  mm i . d .  x 25 cm, mobile phase: 

mixture of  acetone and n-hexane (gradient r a t e ,  5% acetone/min), 
temperature 3OoC, pressure 1500 p s i  and moving wire detector  (flame 
ionizat ion) .  

graphy i n  order t o  decrease the  adsorption on column. 
t o  t h e  author t h e  retent ion time was d i r e c t l y  proportional t o  

an EO mole number and therefore  p a r t i a l  i den t i f i ca t ion  of the pro- 
duct composition could be done. 
order t o  determine t h e  alkyl  group composition of t he  peaks 
appearing i n  the  HPLC chromatogram. 

Nakamura's f indings f o r  t h ree  commercial ethoxylated f a t t y  alcohols 
su r fac t an t s ,  
achieved with acetylated and nonacetylated surfactants .  Figures 
21-23 show the complexity of t he  chromatogram of dodecylalcohols 

of 10, 15, and 25 EO adducts. The r e l a t ionsh ip  between EO number 
and the  retent ion times i d  demonstrated i n  Figure 24 indicat ing 
t h a t  there  i s  a s t r a igh t  correlat ion between these two parameters. 

The samples were acetylated p r i o r  t o  the chromato- 
According 

The author used a GLC technique i n  

Figures 20-24 demonstrate t he  

Figure 20 shows the difference between the separations 
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I 

0 10 20 30 
I t %  . , l . , , * l , , , , l , , , , l ~ , , . l , , , ,  

Time (min) 

Figure 25: Chromatograms of e s t e r i f i c a t i o n  products of 
polyoxyethylene monododecyl e the r s  with 3,s-  
dinitrobenzoyl chlor ide samples. 
condensates was 2, t he  peaks were iden t i f i ed  as 
materials of 0 and 1-10 ethylene oxide u n i t s  from 
r igh t  t o  lef t ;  pre-peaks on the  l e f t  were due t o  
excess 3,s-dinitrobenzoyl chlor ide,  (B) fi of the 
condensates was 7, the  peaks were iden t i f i ed  as  
mater ia ls  of  0 and 1-16 ethylene oxide un i t s  from 
r i g h t  t o  l e f t ;  pre-peaks on the l e f t  were due t o  
excess 3,5-dinitrobenzoyl chlor ide,  (C) Standard 
sample prepared by mixing homogeneous e s t e r s  hav- 
ing polyoxyethylene length 0,2,4 and 6 .  

(A) 5 of t h e  
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92 GARTI, KAUFMAN, AND ASERIN 

The above methods a r e  not  convenient f o r  rout ine  work because 
of  t he  lengthy chromatographic s teps  and the  complexity of t h e  
procedures. Nozawa 46 

der iva t i za t ion  with 3,5-dinitrobenzoyl ch lor ide  f o r  b e t t e r  and 
e a s i e r  separation and de tec t ion  of t h e  polyoxyethylenated f a t t y  

alcohols.  
methods under based catalyzed conditions.  The arithemetic average 

value of t h e  ethylene oxide u n i t s  were measured by determining the  
number of moles of  t h e  hydroxyl group pe r  gram by an ace ty la t ion  
method. The columns were 250 x 4.0 min I D  s t a i n l e s s  s t e l l  tubes, 
packed with Lichrosorb RP-2, 5 l.~ size. An ace toni t r i1e :water  

(6:4) mixture was used as t h e  mobile phase at a flow rate of 0.8 ml/ 
min. Figure 25 demonstrates a typ ica l  chromatogram of polyoxy- 
ethylene monododecyl e the r s  der iva t ized  with 3,5-dinitrobenzoyl 

ch lor ide  samples. 
i den t i f i ed .  

suggests t h e  use of a UV detec tor  a f t e r  

Monododecyl e thers  ethoxylated were prepared by standard 

A s  indicated i n  t h e  f igure  most peaks a r e  

- 4.  Alkyl phenols ethoxylated 

The polyoxyethylene alkylphenols have held an important 

pos i t ion  i n  t h e  f i e l d  of nonionic su r fac t an t s  s ince  the  mid 

1940's. 
used i n  household products such as l iqu id  dishwashing formulations 
and hard-surface cleaners s ince  1950. 

Millions of pounds p e r  year of these  mater ia l s  have been 

The alkylphenols are generally oxyethylated i n  an autoclave 
at high temperatures and ethylene oxide pressures of  20 t o  60 
p s i  with 0.1 t o  0.5% NaOH as c a t a l y s t .  
lene oxide adds e a s i l y  even a t  atmospheric pressure.  The second 

and addi t iona l  moles of  EO w i l l  be added more d i f f i c u l t l y .  
f ina l  product i s  usually a mixture of  severa l  polyoxyethyleneated 
compounds' f 

The f i r s t  mole of ethy- 

The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
V

II
 

H
PU

: 
A

na
ly

si
s 

of
 A

lk
yl

ph
en

ol
 E

th
o

w
la

te
d

 
H

 
v1
 

0
 

Co
lu

m
n 

D
et

ec
to

r 
E

lu
en

t 
F

ig
u

re
 

A
ut

ho
r 

(r
ef

) 
-¶ 3 Ei 

N
on

yl
ph

en
ol

 
et

h
o

x
y

la
te

d
 

Zo
r b

ax
- S

 IL
 

M
ov

in
g 

w
ir

e 
A

ce
to

ne
: 

26
-2

7 
N

ak
am

ur
a 

0
 

he
xa

ne
 

(1
97

5)
 

(4
4)

 
z 2 

C1
8 

C
o

ra
si

l 
w

at
er

 
(1

97
6)

 
(4

5)
 

1
 b 

28
-2

9 
N

ag
am

i 
E 

(1
97

7)
 

(4
8)

 
2 0
 

O
ct

yl
ph

en
ol

 e
th

o
x

y
la

te
d

 
B

on
da

pa
k 

R
I 

A
ce

to
n

it
ri

le
: 

- 
T

ur
ne

r 

A
ce

to
ne

 
w

 
N

on
yl

ph
en

ol
 

et
h

o
x

y
la

te
d

 
M

er
ck

os
or

b 
S

I 
60

 
(

5
~

)
 

30
 

M
ae

de
n 

TH
F 
: h

ex
an

e 
(g

ra
d

ie
n

t)
 

(1
97

8)
 

(4
9)

 
w

 
N

on
yl

ph
en

ol
 

et
h

o
x

y
la

te
d

 
B

on
da

pa
k 

NH
2 

(1
0P

) 

M
et

ha
no

l:
 w

at
er

 
O

ts
uk

i 
(g

ra
d

ie
n

t)
 

- 
(1

97
9)

 
(5

0)
 

uv
 

O
ct

yl
ph

en
ol

 e
th

o
x

y
la

te
d

 
B

on
da

pa
k 

C1
8 

C
o

ra
si

l 

Is
oo

ct
an

e 
: 

- 
B

rk
ch

w
ei

le
r 

i -
Pr

O
H

 
(1

97
7)

 
(4

3)
 

(g
ra

d
ie

n
t)

 

w
 

A
lk

yl
ph

en
ol

 e
th

o
x

y
la

te
d

 
p

-P
o

ra
si

l 
(l

ol
l1

 

N
on

yl
ph

en
ol

 e
th

ox
yl

at
ed

 
v

ar
io

u
s 

m
od

if
ie

d 
uv

 
C

C
14

: i
so

o
ct

an
e 

- 
H

ub
er

 
si

li
c

a
 

(m
ix

tu
re

) 
(1

97
2)

 
(5

4)
 

Fr
ee

m
an

 
(1

97
5)

 
(5

5)
 

w
 

A
cO

H
: H

20
: E

tO
A

c 
- 

p
-t

er
t-

cc
ty

lp
h

en
o

l 
et

h
o

x
y

la
te

d
 

P
o

ra
si

l 
A 

\o
 

w
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



94 

Figure 26: 

GARTI, KAUFMAN, AND ASERIN 

Retention Time (min) 

Chromatogram of commercial nonylphenol 5 EO 
adducts, mobile phase as i n  Figure 2 2 .  

EO number 

F i g u r e  27: Comparison of EO d i s t r ibu t ion .  Conditions - 
HLC: Mobile phase, gradient from acetone/n- 
hexane (10/90) t o  acetone a t  5% acetone/min. 
GC conditions - Column: 2% SE-52 on AW-DMCS 
chromosorb G (60/80) 3 
column. Temp: 16p300  C (prop. rate, 4 C h i n )  
Detector: FID, 330 C; 

i . d .  x 100 cm,oglass 

Carrier gas: He, 60 ml/min. 
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ANALYSIS OF NONIONIC SURFACTANTS 95 

Several attempts have been made s ince  1975 t o  separa te  and 

analyze these  materials using HPLC (Table VII). Nakamura" 
ace ty la ted  h i s  samples p r i o r  t o  t h e i r  ana lys i s  i n  order  t o  
decrease adsorption t o  column. 

moving wire de tec to r .  
5 EO u n i t s  was in jec ted  using a gradient of acetone:n-hexane 
(25: 75 or 10: 90) while increas ing  t h e  acetone concentration a t  
5% per minute. 
such separation. 

GLC methods and has cor re la ted  t h e  peak a rea  of  various EO 

nonylphenol adducts as e lu ted  by GLC and HPLC, versus the  number 
of EO d i s t r i b u t i o n  i n  order t o  demonstrate t he  v a l i d i t y  of t h e  
separation (see Figure 27). The re t en t ion  times were d i r e c t l y  

proportional t o  the  EO mole number. 

He used Zorbax-SIL column and a 
A commercial nonylphenol ethoxylated with 

Figure 26 presents  a typical chromatogram of 

Nakamura compared h i s  method with e x i s t i n g  

lbrner4'  managed t o  analyze severa l  octylphenol EO adducts 

(10 EO, 25 EO, 35 EO and 60 EO) us ing  60:40 V / v  a c e t o n i t r i l e /  
water a s  mobile phase, a r e f r a c t i v e  index de tec to r  and BondaPak 
Cle/Corasil reverse  phase column. The average molecular weight 
of t h e  i sooc ty l  de r iva t ives  was determined as described e a r l i e r  
i n  t h i s  review us ing  TLC techniques. 

When Merckosorb (10 nun x 500 mm) 5 p SI 60 was used a s  
s t a t iona ry  phase" and acetone as the  e luent ,  good separa t ion  of 
the  nonylphenol ethoxylated de r iva t ives  has been obtained 
(Figure 28). Figure 29 and Table VIII show the separa t ion  and the  

re ten t ion  times measured f o r  nonylphenols . 
u n i t s  (n) it can be seen t h a t  t he  non-polar de r iva t ives  a r e  
eluted a t  r e l a t i v e l y  higher r e t en t ion  times and the  peaks are 
broader. Nagami4' has a l s o  p lo t t ed  the  HLB (tlydrophile-Lypo- 
ph i l e  Balance) values of t h e  su r fac t an t s  versus t h e i r  r e t en t ion  
times and showed a d i r e c t  co r re l a t ion  between t h e  two parameters. 
The i d e n t i f i c a t i o n  of t h e  l i poph i l i c  groups by in f r a red  spec t ro-  
scopy and t h e  chromatographic determination of HLB permitted the  

With increas ing  EO 
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R =  2 

GARTI, KAUFMAN, AND ASERIN 

L 

0 

Figure 28: 

Figure 29: 

20 40 
Retention time (rnin) 

Chromatograms of polyoxyethylene monononylphenyl- 
ethers.  

10 ( 
6 
T 1 I 1 I 

0 20 40 

Retention time (min) 

Relationship between HLB and retention time. 
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TABLE VIII 

Chromatography of POE Type Surfactants Retention time - n HLB fmin .I  
~ 

Nonylphenyl e the r  2 

2.6 

5 

10 

11.8 

15 

20 

6.8 

7.8 

10.7 

13.9 

14.5 

15.5 

16.4 

19.0 

20 .o 

21.5 

26.5 

29.0 

30.5 

35.5 

Oleyl e the r  5 .3  10.0 21.0 

10 12 .4  26 .O 

11.7  13.6 28.0 

20 15.3 33.0 

Octylphenyl e the r  7.8 13.1 26.0 

3.9 10.5 20.5 -- Lauryl e the r  -- 

Cetyl e the r  5.5 10.5 22 .o 
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70 

B inA 
% 

1 60. 
50- 

40 

30 - 

20 - 

10- 

GARTI, KAUFMAN, AND ASERIN 

3 

I 

I I I 1 I 1 I 

10 20 30 40 50 60 
O J  

0 
min 

Figure 30: HPLC chromatogram of an ethoxylated octylphenol on 
a VBondapak NH2 column. Peaks: 2 - oligomer with 
2 EO uni t s ;  3 - 3 EO un i t s ;  e t c .  Conditions: 
solvent gradient from 2% t o  50% of  solvent B i n  
A i n  60 min; solvent A is  20% 'll-IF i n  n-hexane; 
Solvent B is 10% water i n  isopropanol; sample 
s i ze ,  200 Vg i n  20 pl. of solvent A; flow-rate, 1 
ml/min; UV detec t ion  a t  280 nm, 0.5 a .u . f . s .  
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ANALYSIS OF NONIONIC SURFACTANTS 99 

qua l i t a t ive  analysis  of these compounds. Table 8 compares the 

retent ion times and the H L B ' s  t o  the number of EO u n i t s  of the 
nonylphenyl adducts t o  other a lky l  phenols and alkyl f a t t y  
alcohol adducts (e thers) ,  

Gradient e lut ion high performance l iquid chromatography on 
chemically modified s i l i c a  was found t o  be an excellent method 
fo r  both qua l i t a t ive  and quant i ta t ive analysis  of alkylphenol 
ethoxylated. The column used by Van der  Maeden4', Figure 30, 

TableVI1,was a 30 cm x 3.9 mm I . D .  semipolar u-BondaPak-NH2 

column, with a W detector  a t  280 nm, and a solvent gradient 
from 2% t o  50% of solvent B (water-isopropanol 10:90) i n  solvent 

A (THF-n-hexane 20:30) i n  60 min. flow-rate of 1 mlbinwas used. 

A f u l l  assignment of the various isomers i s  given. 

Polyoxyethylene alkylphenyl e ther  nonionic surfactants  i n  

water were adsorbed on an octadecyltrichlorosilane bonded 
glass bead i n  a packed column and eluted by gradient e lut ion from 
water t o  100% methanol. 
nonyphenyl and dodecylphenyl e thers .  
96% a t  1 mg/L level and 71% a t  the 50 mg/L level .  
t i on  mass spectrometry 

i n  the  fract ion collected,  and t o  determine the  degree of 
polymerization of polyethylene oxide". 

The elut ion order i s  octylphenyl, 
The recovery was more than 

Field desorp- 

was used t o  confirm these compounds 

The above methods have been widely used in  the l i t e r a t u r e  t o  

detect  small quan t i t i e s  of surfactants  i n  f i n a l  products. 

5. Fat ty  alkanolamides 

The condensation of f a t t y  acids  o r  e s t e r s  with alkanolamine 

yields  nonionic surfactants  of wide u t i l i t y  and economic impor- 
tance. Diethanolamine condensates, especial ly  of l au r i c  acid are 
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3 

101 

4 

5 

Figure 31: Chromatogram of fatty acid monoethanolamides. 
Column: Hitachi Gel 3011, 500 x 4 mm I.D. Mobile 
phase: water-methanol (3: 97), Flow rate: 1.1 ml/ 
min. Pressure: 40 kg/cm2. Column temperature: 
30'. Detector: UV (215 nm), 0.5 a.u.f.s. 
Peaks: 1 - capric acid monoethanolamide; 
2 - lauric acid monoethanolamide; 3 - myristic 
acid monoethanolamide; 4 - palmitic acid mono- 
ethanolamide; 5 - stearic acid monoethanolamide. 
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102 GARTI, KAUFMAN, AND ASERIN 

t h e  main products ava i lab le  i n  the  de te rgents  market. 

The reac t ion  between a carboxylic acid (or e s t e r )  and a mono- 
or diethanolamine i s  complicated by t h e  competing r e a c t i v i t y  of 
t h e  severa l  functional groups present .  Consequently, t he  compo- 
s i t i o n  of t he  products can vary considerably depending on t h e  
mole r a t i o s  and reac t ion  conditions employed. 
from t h e  reaction of equimolar quan t i t i e s  of dietanolamine and a 
f a t t y  ac id  a r e  water insoluble (high i n  ester-amide) it was noted 

t h a t  the  use o f  2 moles of diethanolamine led t o  water so luble  
mater ia l s  with su r fac t an t  proper t ies .  
important t o  f ind  su i t ab le  easy methods for  evaluation of t he  

commercial product d i s t r i b u t i o n .  
were ca r r i ed  out concerning t h e  f a t t y  alkanolamides. 

Whereas der iva t ives  

Therefore it is  very  

Unfortunately only few s tud ie s  

Brcschweiler (1977) used p-Porasil  column and UV de tec tor  

t o  analyze t h e  f a t t y  amides" 

claimed, no chromatograms were given i n  t h i s  a r t i c l e .  

(see Table I X ) .  While e lu t ion  was 

Homologous series of f a t t y  acid mono- and diethanolamides 
a lky l  groups were separated by high-performance with C l o - C 1 8  

l i qu id  chromatography, employing a porous micro-spherical poly- 
(styrene-divinylbenzene) gel as the  s t a t iona ry  phase", 
recommended conditions f o r  t h e  ana lys i s  were as follows: 
500 nun, 4 m I . D . ;  mobile phase, water-methanol (3:97); and 
column temperature 50 C.  

for each homologous s e r i e s  was d i r e c t l y  proportional t o  t h e i r  
a lky l  chain lengths.  
was a l so  proportional t o  the  capac i ty  fac tor  of each component. 

The 
column, 

0 The logarithm of t h e  capac i ty  f ac to r s  

The rec iproca l  of  t h e  column temperature 

The chromatograms of  f a t t y  acid monoethanolamides a re  
presented i n  Figure 31 and Figure 32. 
separation i s  achieved, according t o  t h e  hydrophobic chain 
length of  the  su r fac t an t s .  

I t  can be seen t h a t  easy 

Capric ac id  monoethanolamide is 
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1 
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3 

Figure 32: 

L 

103 

4 

5 

t 

0 10 ZOmin 

Chromatogram of f a t t y  acid diethanolamides. 
Conditions as i n  Fig.  31. Peaks: 1 - capric  acid 
diethanolamide; 2 - l au r i c  acid diethanolamide; 

acid diethanolamide; 5 - s t e a r i c  acid diethano- 
lamide. 

Z - mvris t ic  acid d i e t h a n n l n m i r l e r  A - n a l m i t i c  
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Fatty acid 
monolsopropanolamides 

I 14 

- Retention T i m e  (min)  

Figure 33: HPLC chromatogram of f a t t y  acid monoisopropanola- 
mides. 
groups; i . e . ,  12 = lauroyl) Conditions: 
Eluent: 
Column temp. 50 C, Detector W (210 nm). 

(Numbers o f  each peak are lypophilic 

Methangl - water (85-15), pH = 2 . 2 ,  

Sodium N-acylated 
' 2  sarcosinates 
1 14 

0 5 10 15 - Retention T i m e  ( m i n  1 

Figure 34: HPLC chromatogram of  sodium n-acylated sarcosi-  
nates at same conditions as  i n  figure 33. 
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106 GARTI, KAUFMAN, AND ASERIN 

eluted f i r s t ,  followed by l a u r i c  acid monoethanolamide and 
myristic,  palmatic and s t e a r i c  monoethanolamides. 

Table X represents t he  capacity factors  of several  f a t t y  

acid alkanolamides as calculated by Nakae51 
conditions (various solvent mixtures and increasing column 
temperatures). The higher the hydrophobicity of the surfac- 

t a n t ,  the  larger  i s  the capaci ty  f ac to r  of the compound indica- 

t i n g  slower elut ion from the gel  permeation column. 

a t  several  e lut ion 

Separation of homologous s e r i e s  of standard and sodium-N- 

acylated sarcosinated and f a t t y  acid monoisopropanol-amides with 

C 1 2 ,  C1b and c16 a lky l  groups were studied by N a k a m ~ r a ~ ~  
using high speed l iquid chromatography employing octadecyls i l ica  
(TSK-Gel; LS-410, 5 1-1 column). The recommended conditions fo r  
the separation were as  follows: column s i ze ,  4 mm I.D. x 25 cm, 
eluent water-methanol (15:35) adjusted t o  pH=2.2 with phosphoric 
acid,  and a UV detector ,  (f igs.  33-34). By using the  same 
eluent conditions nonionic surfactants  such as f a t t y  acid mono- 

anddiethanolamides 
corresponding homologous s e r i e s .  
and hydrogenated tallow f a t t y  acid der ivat ives  is shown i n  
Figures 35-36. 

could be e a s i l y  separated t o  t h e i r  
Typical separation of coconut 

The capacity factor  f i t )  values of homologous s e r i e s  of 

sodium N-acylated sarcosinates were d r a s t i c a l l y  affected with 
the  eluent pH; the  k '  values increased by lowering the eluent 
pH. However, f a t t y  acid and monoisopropanolamides were not 

affected by the eluent pH. The logarithms of k' were d i r e c t l y  
proportional t o  the a lky l  chain length of the standard surfac-  
t an t s ,  (f igs.  37,38). 

Recently NakamuraS3 has shown t h a t  the use of octadecyl- 
s i l i c a  column allows the  separation of a var ie ty  of nonionic, 
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ANALYSIS OF NONIONIC SURFACTANTS 107 

Coconut f a t t y  acid 
derivatives 

I I I 1 I I 
0 10 20 
-Retention Time (min 1 

Figure 35: HPU: chromatogram of coconut f a t t y  acid mono- 
ethanolamide at same conditions as i n  f igu re  33. 

Hydrogenated tallow fatty 
acid derivatives 

16 

1 I I I I I 
0 10 20 - Retent ion Time (rnin) 

Figure 36: HPLC chromatogram of hydrogenated tallow f a t t y  
acid monoethanolamide a t  same conditions as i n  
f igure 33. 
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Figure 37: 

GARTI , KAUFMAN, AND ASERIN 

(41 

I I , I I 

0 3.0 4.0 5.0 6.0 7 .O - Eluent DH 

Effect of eluent pH on capacity factor (k'). 
Eluent: Methanol-water (85 -15) . 
(1) lauroyl-; (2) mirystoyl-; (3) palmitoyl- 
monoisopropanolamides; (4) sodium N-lauroyl-; 
sodium N-mirystoyl; (6) sodium N-palmitoyl 
sarcosinate. 
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- - * 
Y 

i . 0  
0 - 
1 0.5- 
0.0 

109 

- 

- 

A )  Fatty acid 
monolsopropanolamldes 

I .5 c 

I 
c: 

(A) 
12 

Coconut fatty acids 
derivative 

14 

1 

B) Sodlum N-acylated 
rarcorinater 

Palmltoyl- &%:- 

2 

0 5 10 15 

Figure 39: HPLC chromatogram of commercial f a t t y  ac id  
monoethanolamide; from coconut f a t t y  ac ids .  
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10 

Figure 40: 

/-- 
.I' 

,-'0 -_---- 
//-- 

c C:18 

L 

0.1 0.2 0.3 0.4 
Concentration of NaCl (M) 

Effect of concentration of NaCL on separation of 
homologs, 
( 0 -  alkylbenzyldimethylammonium chlorides,  

o - f a t t y  acid 
monoisopropanolamides. C-12 means alkyl  chain 
length i n  l ipophi l ic  group i s  12).  

0- sodium alkylsulfates  and 

ca t ion ic  and anionic surfactants  when small amounts of NaCl  
were present i n  t h e  eluent mixture of MeOH-water. 
r e s u l t s  of several  commercial surfactants  were excellent and i n  
good accordance with those obtained by gas chromatography. 
Excellent separation of f a t t y  acid monoethanol amides (Figure 39) 
was shown. 

The analyt ical  

Nakamura has demonstrated both the  e f f e c t  of the concentra- 
t ion of the concentration of N a C 1 ,  and the effect of water 
content i n  the mobile phase on separation o f  homologs (Figures 
40, 41). 
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Figure 41: 

6 4/ 10 15 20 

H20 content (%) 

Effect of water content i n  mobile phase on 
separation of homologs. (NaC1 concentration 0.4 
M/L, and symbols are t h e  same as i n  f i g .  40 . ) .  

Summary 
High-performance l i qu id  chromatography is  gaining an increas-  

i ng  r o l e  i n  t h e  in t e rac t ion  between s c i e n t i s t s  and technologists,  
i n  producing un i t s .  

t h i s  technique both from q u a l i t y  con t ro l  and product d i s t r ibu t ion  
purposes. 

Many of t h e  food emuls i f ie rs  are evaluated by 

The major drawback of t he  method i n  emuls i f ie r  ana lys i s  i s  i n  
the  de tec t ion  of the  separated components, s ince  most emuls i f ie rs  

a r e  based on f a t t y  ac ids  o r  o ther  f a t t y  components which normally 
do not contain chromophores. 
solvent energy from a column was coated on a moving wire and then 

A universa l  de t ec to r ,  i n  which 
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112 GARTI, KAUFMAN, AND ASERIN 

dr ied  o f f  before pressing through a flame ioniza t ion  de tec tor  fo r  
quant i f ica t ion  of any substances remaining was marketed f o r  severa l  
years. 
longer ava i lab le ,  possibly because of low s e n s i t i v i t y .  
de t ec to r s  a r e  t h e  most common devices f o r  monitoring so lu t e s  
absorbing i n  the  220-230 nm range. 
only i so l a t ed  double bonds and carbonyl groups, some var iab le  
wavelength de tec tors  have been developed and a r e  commercially 
ava i l ab le .  
t o  der iva t ives  t h a t  contain aromatic groups which can be monitored 
by W de tec to r s .  
such compounds. 
with an e l u t i n g  solvent of constant composition, thus l imi t ing  t h e  
range of appl ica t ions .  

This did not appear t o  be a comnercial success and is  no 
Today UV 

For su r fac t an t s  containing 

Some ana lys ts  managed t o  convert s p e c i f i c  emuls i f ie rs  

Refractive index de tec to r s  were a l s o  used f o r  
These de tec tors  a r e  sens i t i ve  but can only be used 

The columns used are of two types: adsorption and reversed 

phase. The former isusuallytased on a si l ica gel matrix. The 
l a t t e r  i s  frequently made up of octadecyl grafted t o  si l ica ge l .  

The e luents  used fo r  t h e  separation of nonionic emuls i f ie rs  
a r e  mostly combinations of water with severa l  se lec ted  polar  

organic solvents such as ethanol,  a c e t o n i t r i l e ,  methanol e t c .  In 
some cases nonpolar solvents were a l s o  used. 

The lack of pure standard compounds and t h e  complexity of each 
emulsifier a r e  t h e  cause f o r  t he  lack of r e l i a b l e  and quan t i t a t ive  
s tud ie s  of the  nonionic e rmls i f i e r s .  
wavelength de tec tors ,  the  use  of high pu r i ty  solvents and the  
a v a i l a b i l i t y  of a la rge  va r i e ty  of types of columns w i l l  most 
probably help t h e  ana lys t s  t o  obtain b e t t e r  separa t ions  of  these 
emuls i f ie rs  i n  t h e  near fu ture .  

The development of var iab le  

Many inves t iga to r s  have t r i e d  t o  analyze the  product compo- 
s i t i o n  of a given emulsifier i n  two stages:  S p l i t t i n g  the  
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ANALYSIS OF NONIONIC SURFACTANTS 113 

hydrophilic por t ion  of t h e  su r fac t an t  from i t s  hydrophobic p a r t  and 
i n j e c t i n g  each i n t o  GLC o r  HPLC instruments,  

does not intend t o  review s tud ie s  ca r r i ed  out i n  the  ana lys i s  of 

the  hydrophilic o r  hydrophobic moieties of t h e  molecule even i f  i t  

was accomplished us ing  HPLC techniques. 

tage of the  HPLC technique i n  such cases .  

The present r epor t  

We do  not see the  advan- 

The review a r t i c l e  presented here i s  only a small pa r t  of t he  
s tud ie s  ca r r i ed  out on o ther  su r fac t an t s ,  namely anionic,  ca t ion ic  

and amphoteric. 

r epor t .  

These compounds a re  a subjec t  f o r  a separa te  
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