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SEPARATION AND QUANTITATION OF 
A N I O N I C ,  C A T I O N I C  AND N O N I O N I C  SURFACTANTS BY TLC 

D.W. Armstrong and G.Y. S t i ne  
Department o f  Chemistry 

Georgetown U n i v e r s i t y  
Washington, DC 20057 

ABSTRACT 

TLC i s  a p o t e n t i a l l y  powerfu l  t echn ique  f o r  t h e  s e p a r a t i o n  
o f  s u r f a c t a n t s .  Reversed phase t h i n  l a y e r  chromatography (RPTLC) 
can be used t o  separate e n t i r e  c lasses  o f  s u r f a c t a n t s  (i.e., 
a n i o n i c s  from non ion ics  from c a t i o n i c s ) .  Conversely, s i l i c a  gel 
can be used t o  separate i n d i v i d u a l  a n i o n i c  o r  c a t i o n i c  su r fac -  
t a n t s  from o t h e r  s i m i l a r l y  charged s u r f a c t a n t s .  RPTLC can a l s o  
be used t o  separate i n d i v i d u a l  non ion i c  s u r f a c t a n t s .  Using two 
dimensional TLC ( w i t h  a spec ia l  s i l i c a  gel p l a t e  c o n t a i n i n g  a 2.5 
cm s t r i p  o f  reversed phase m a t e r i a l  a long one edge) a complex 
m i x t u r e  o f  s u r f a c t a n t s  was f i r s t  f r a c t i o n a t e d  i n t o  c lasses  and 
then  (us ing  t h e  second dimension) i n t o  i n d i v i d u a l  components. 
Standard scanning dens i tomet ry  was used f o r  q u a n t i t a t i o n .  

INTRODUCTION 

The a n a l y s i s  o f  s u r f a c t a n t s  (e.g., de te rgen ts ,  soaps, e tc . )  

can be a d i f f i c u l t  a n a l y t i c a l  problem. S u r f a c t a n t s  a r e  g e n e r a l l y  

somewhat s o l u b l e  i n  bo th  water  and o rgan ic  so l ven ts .  They con- 

c e n t r a t e  a t  i n t e r f a c e s  and tend  t o  b i n d  t o  any th ing  a v a i l a b l e  

(1,2). There are a v a r i e t y  o f  spec t romet r i c ,  t i t r i m e t r i c ,  atomic 

a b s o r p t i o n  s p e c t r o m e t r i c  and i o n - s e l e c t i v e  e l e c t r o d e  methods f o r  

t h e  a n a l y s i s  o f  s u r f a c t a n t s  (3-11). A l l  o f  these techniques have 
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2 4  ARMSTRONG AND STINE 

t h e  c h a r a c t e r i s t i c  o f  be ing s e l e c t i v e  f o r  c e r t a i n  f u n c t i o n a l  

groups. 

t h e  methylene b l u e  complex spec t ropho tomet r i c  methods a re  se lec-  

t i v e  f o r  s u r f a c t a n t s  w i t h  s u l f a t e  o r  s u l f o n a t e  f u n c t i o n a l  groups. 

Consequently these  techniques g i v e  p o s i t i v e  responses f o r  a 

v a r i e t y  o f  homologous, i somer i c  and even s t r u c t u r a l l y  d i s s i m i l a r  

a n i o n i c  s u r f a c t a n t s .  Another shortcoming o f  these techniques i s  

t h a t  one c l a s s  o f  s u r f a c t a n t s  cannot be e f f e c t i v e l y  analyzed i n  

t h e  presence o f  another. The so -ca l l ed  n e u t r a l i z a t i o n  e f f e c t  o f  

c a t i o n i c  w i t h  a n i o n i c  s u r f a c t a n t s  i s  we l l  documented (12 ) .  As a 

r e s u l t  o f  these l i m i t a t i o n s ,  t h e  a n a l y s t  has i n c r e a s i n g l y  t u r n e d  

t o  physicochemical techniques which p r o v i d e  i n f o r m a t i o n  on t h e  

t o t a l  s u r f a c t a n t  con ten t  i n  a sample (13 )  o r  t o  chromatography 

(14-16). 

v a t i z a t i o n ,  LC o r  TLC methods are o f t e n  p r e f e r r e d .  The use o f  TLC 

t o  separate a m i x t u r e  o f  a n i o n i c  s u r f a c t a n t s  was r e c e n t l y  

demonstrated (17) .  I n  t h i s  work we n o t  o n l y  demonstrate t h e  

separa t i on  o f  i d e n t i c a l l y  charged s u r f a c t a n t s  from each o t h e r  b u t  

a l s o  t h e  TLC separa t i on  o f  t h e  t h r e e  major  c lasses  o f  s u r f a c t a n t s  

( i .e.,  anion c, non ion i c  and c a t i o n i c ) .  

For example b o t h  t h e  sodi um dodecyl su l  f a t e  e l e c t r o d e  and 

Because most s u r f a c t a n t s  a re  n o n v o l a t i l e  w i t h o u t  d e r i -  

MATERIALS 

Whatman reversed phase TLC p l a t e s  (KCNF),  s i l i c a  gel p l a t e s  

(K6F) and h y b r i d  Mu l t i -K  p l a t e s  (CS5) were a c t i v a t e d  a t  115°C f o r  

two hours be fo re  use. Cetyltr imethylammonium bromide (CTAB, 

Sigma), c e t y l p y r i d i n i u m  c h l o r i d e  (CPC, Sigma), c e t y l t r i m e t h y l -  
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SEPARATION OF SURFACTANTS BY TLC 25 

ammonium c h l o r i d e  (CTAC, P f a l t z  & Bauer), dodecylamine (DA, 

A l d r i c h ) ,  octadecylamine (OA, Eastman), sodium d o d e c y l s u l f a t e  

(SOS,  B io  Rad) , dodecylbenzenesul fonate (DBS, P f a l t z  & Bauer), 

sodium d i o c t y l s u l f o s u c c i n a t e  (SDOS, A l d r i c h )  and sodium l a u r a t e  

(SL,  P f a l  t z  & Bauer) were r e c r y s t a l  1 i zed t h r e e  t imes  from 

e thano l -wa te r  before use. The non ion ic  s u r f a c t a n t s  T r i t o n  X 100 

(TX 100, Rio Rad), Sur fynol  465 ( S  465, A i r  Products)  and Igepol  

C0-530 (ICO-530, GAF) were used as received.  ICO-530 i s  

nonylphenoxypoly(ethy1 eneoxy)ethanol where t h e  hydrophi  1 i c  

p o l y (  e t h y l  eneoxy)ethanol "head-group'' averages f i v e  u n i t s  i n  

l e n g t h .  TX 100 i s  dodecylphenoxypoly(ethy1eneoxy)ethanol. S 

465 i s  a poly(ethy1eneoxy)ethanol (ave rag ing  t e n  u n i t s )  adduct o f  

2,4,7,9-tetramethyl-5-decyn-4,7-diol. Gold l a b l e  sodium 

t e t r a p h e n y l b o r a t e  ( A l d r i c h )  was used as received.  Methanol , 
e thano l  , methylene c h l o r i d e  and g l a c i a l  a c e t i c  a c i d  (Baker)  were 

a l s o  used as received.  

METHODS 

A l l  sepa ra t i ons  were done i n  a 11 3/4 i n .  long,  4 i n .  wide 

and 10 3/4 i n .  h i g h  sealed chromaf lex deve lop ing  tank. The 

p l a t e s  were no t  pre-equi 1 i h r a t e d  w i t h  so l  vent  vapor before use. 

Separat ion o f  a n i o n i c  s u r f a c t a n t s :  1 p i  o f  0.1 M SDS, SL, DBS 

and SDOS was spo t ted  1 cm from t h e  bot tom o f  a 5 x 20 cm s i l i c a  

ge l  p l a t e .  The mob i l e  phase cons is ted  o f  8: l  (v :v)  methy lene 

ch1oride:methanol. The a d d i t i o n  o f  very  small amounts o f  a c e t i c  

a c i d  t o  t h e  mob i l e  phase tended t o  i nc rease  t h e  R f ' s  b u t  d i d  n o t  
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26 ARMSTRONG AND STINE 

a f f e c t  t h e  r e s o l u t i o n .  Spots were v i s u a l i z e d  by  exposure  t o  12 

vapor .  

S e p a r a t i o n  o f  c a t i o n i c  s u r f a c t a n t s :  1 p i  o f  0.1 M C P C ,  OA,  D A  

and CTAC o r  CTAB was s p o t t e d  1 cm f rom t h e  b o t t o m  o f  a 5 x 20 cm 

s i l i c a  ge l  p l a t e .  The m o b i l e  phase c o n s i s t e d  o f  8:1:0.75 ( v : v : v )  

m e t h y l e n e  ch1or ide :me thano l  : a c e t i c  a c i d .  Spots  were v i s u a l i z e d  

by exposure  t o  12 vapor .  

S e p a r a t i o n  o f  n o n i o n i c  s u r f a c t a n t s :  1 u.e o f  1 0 %  TX 100, ICO-530 

and S 465 were s p o t t e d  on a 5 x 20 cm r e v e r s e d  phase (C18) p l a t e .  

The m o b i l e  phase c o n s i s t e d  o f  8 :2  ( v : v )  e t h a n o l : 2 %  sodium 

t e t r a p h e n y l b o r a t e ( a q ) .  The pu rpose  of sodium t e t r a p h e n y l b o r a t e  

was t o  p r e v e n t  t h e  s p o t s  f rom s t r e a k i n g .  12 vapor  was used f o r  

v i s u a l  i z a t i o n .  

S e p a r a t i o n  of a n i o n i c ,  c a t i o n i c  and n o n i o n i c  s u r f a c t a n t s :  A 

Whatman CS5, M u l t i - K ,  KC18F/K5F 20 x 20 cm p l a t e  was p r e -  

deve loped  i n  e t h a n o l  and t h e n  a c t i v a t e d  a t  115OC f o r  2 hours .  

Each s u r f a c t a n t  m i x t u r e  was s p o t t e d  (0.5 p e )  a t  a p o i n t  on t h e  

r e v e r s e d  phase s t r i p .  The e n t i r e  20 x 20 cm p l a t e  was t h e n  

deve loped  w i t h  759. e t h a n o l  i n  t h e  d i r e c t i o n  o f  t h e  r e v e r s e d  

phase s t r i p .  Development was s topped  when t h e  s o l v e n t  f r o n t  was 

2 cm f rom t h e  t o p  o f  t h e  p l a t e .  Under t h e s e  c o n d i t i o n s ,  a l l  

a n i o n i c  s u r f a c t a n t s  t r a v e l  a t  o r  v e r y  nea r  t h e  s o l v e n t  f r o n t  

( i . e . ,  < 2 cm), a l l  c a t i o n i c  s u r f a c t a n t s  rema in  a t  o r  n e a r  t h e  

o r i g i n  o f  t h e  r e v e r s e d  phase s t r i p  ( ~ 2 . 5  cm), w h i l e  t h e  n o n i o n i c  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF SURFACTANTS BY TLC 27 

s u r f a c t a n t s  s e p a r a t e  between t h e  a n i o n i c s  and c a t i o n i c s .  The 20 

x 20 cm p l a t e  i s  t h e n  c u t  i n t o  t h r e e  s e p a r a t e  s e c t i o n s  i n  a 

d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  f i r s t  development.  

The f i r s t  c u t  shou ld  be 2.5 t o  3 cm below t h e  s o l v e n t  f r o n t .  

T h i s  w i l l  i s o l a t e  t h e  a n i o n i c  s u r f a c t a n t s .  The second c u t  shou ld  

be  3 cm above t h e  o r i g i n .  T h i s  w i l l  i s o l a t e  t h e  c a t i o n i c  s u r f a c -  

t a n t s .  

t a i n i n g  t h e  c a t i o n i c  and a n i o n i c  s u r f a c t a n t s  ( a f t e r  r e a c t i v a t i o n  

o f  t h e  p l a t e s )  w i l l  g i v e  complete s e p a r a t i o n  o f  t h e s e  spec ies .  

The m o b i l e  phases f o r  secondary development a re ,  R : l  (v :v)  

MeC12:MeOH f o r  t h e  a n i o n i c  s u r f a c t a n t s  and 8:1:0.5 (v :v :v)  

MeC12:MeOH:HOAc f o r  t h e  c a t i o n i c  s u r f a c t a n t s .  I f  one deve lops  

t h e  e n t i r e  p l a t e  i n  t h e  second d i r e c t i o n  w i t h o u t  i s o l a t i n g  t h e  

a n i o n i c  and c a t i o n i c  s u r f a c t a n t s  as i n d i c a t e d ,  t h e  n o n i o n i c  s u r -  

f a c t a n t s  t e n d  t o  spread and c o a t  t h e  s i l i c a  ge l  p o r t i o n  o f  t h e  

p l a t e  t h e r e b y  o b s c u r i n g  a l l  o t h e r  components. V i s u a l i z a t i o n  i s  

w i t h  I 2  vapor.  

P e r p e n d i c u l a r  secondary development o f  t h e  p l a t e s  con- 

Q u a n t i t a t i o n  o f  s u r f a c t a n t s :  Scanning d e n s i t o m e t r y  was done w i t h  

a Shimadzu Model 910 i n s t r u m e n t .  S u r f a c t a n t s  c o u l d  be d e t e c t e d  

d i r e c t l y  i n  t h e  a b s o r b a n c e - r e f l e c t a n c e  mode a t  215 nm. D e t e c t i o n  

l i m i t s  were l o w e r  when t h e  developed p l a t e  was exposed t o  12 

vapor  and scanned a t  405 nm ( i n  t h e  a b s o r b a n c e - t r a n s m i t t a n c e  mode). 

RESULTS AND DISCUSSION 

One's  approach t o  t h e  TLC s e p a r a t i o n  o f  s u r f a c t a n t s  i n  a 

m i x t u r e  i s  l a r g e l y  c o n t r o l l e d  by t h e  cha rge  o f  t h e  s u r f a c t a n t  
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28 AKMSTKONG AND STINE 

head-groups as w e l l  as t h e  d i v e r s i t y  o f  t h e  sample. S i l i c a  ge l  

i s  adequate f o r  t h e  s e p a r a t i o n  o f  a n i o n i c  o r  c a t i o n i c  s u r f a c t a n t s  

f rom o t h e r  i d e n t i c a l l y  charged species.  N o n i o n i c  s u r f a c t a n t s  a r e  

b e s t  separated by r e v e r s e d  phase TLC (RPTLC). Even i n  RPTLC 

n o n i o n i c  s u r f a c t a n t s  t e n d  t o  s t r e a k  u n l e s s  a "1 i p o p h i l i c  s a l t "  

such as sodium t e t r a p h e n y l b o r a t e  i s  added. Tab le  1 summarizes 

TABLE I 

Exper imen ta l  C o n d i t i o n s  and R f  Values o f  I n d i v i d u a l l y  
Separated An ion ic ,  C a t i o n i c  and N o n i o n i c  S u r f a c t a n t s  

Compound S t a t i o n a r y  Mobi 1 e R f 
Phase Phase 

A n i o n i c  S u r f a c t a n t s  
1 .  SDS 
2. DBS 
3. SL 
4. SDOS 

C a t i o n i c  S u r f a c t a n t s  
1. CTAB 
2. CTAC 
3.  CPC 
4. DA 
5. OA 

Noni o n i  c S u r f a c t a n t s  
1. TX 100 
2. S 465 
3. ICO-530 

a C 
0.15 
0.09 
0.70 
0.28 

a d 
0.21 

0.27 
0.42 
0.55 

0.20 

b e 
0.54 
0.70 
0.45 

a S i l i c a  Gel C ~ R  r e v e r s e d  phase 

C 8  : 1 ( v  :v )  MeCl2 :MeOH 

e8:2 ( v : v )  EtOH:2% sodium t e t r a p h e n y l b o r a t e ( a q )  

d8 : 1 :0 .75 ( v  :v :v) MeCl2 :MeOH:HOAc 
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SEPARATION OF SURFACTANTS BY TLC 

Second Development for Top and Bottom Sections 

29 

- 
m c 

P 
3 

C 
3 
C 

- 
c 

- 
c 

0) 

- 
0 

d 
c 

3 CTAC 

KC18F K6F Silica Gel 

F i g u r e  1: Schematic o f  a two dimensional TLC s e p a r a t i o n  o f  

e leven  s u r f a c t a n t s  on a composit reversed phase- 

s i l i c a  gel p l a t e .  The f i r s t  development (on t h e  

reversed phase s t r i p )  separated t h e  s u r f a c t a n t s  

acco rd ing  t o  c lass .  Secondary development of t h e  t o p  

and bottom s e c t i o n s  o f  t h e  p l a t e  r e s u l t s  i n  complete 

s e p a r a t i o n  o f  i n d i v i d u a l  s u r f a c t a n t s .  SDS = sodium 

dodecyl su l  f a t e ,  DBS = dodecyl benzenesul f ona te ,  NL = 

sodium l a u r a t e ,  S 465 = Sur fynol  465, TX 100 = T r i t o n  

XlOO, ICO-530 = Igepol  CO-530, CTAC = c e t y l t r i m e t h y -  

lammonium c h l o r i d e ,  CPC = c e t y l p y r i d i n i u m  c h l o r i d e ,  

DA = dodecylamine, OA = octadecylamine. 
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30 AKMSTRONG AND STINE 

t h e  s e p a r a t i o n  c o n d i t i o n s  f o r  each c l a s s  o f  s u r f a c t a n t s .  The 

R f l s  o f  t h e  c a t i o n i c  s u r f a c t a n t s  can be a l t e r e d  (i.e., i n c r e a s e d )  

c o n s i d e r a b l y  w i t h  a s l i g h t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of ace- 

t i c  a c i d  i n  t h e  m o b i l e  phase. 

i d e n t i c a l  h y d r o p h y l i c  head groups (i.e., DA and OA o r  Tx 100 and 

ICO-530) i s  dependent on t h e  s i z e  o f  t h e  hyd rophob ic  " t a i l " .  

G e n e r a l l y  t h e  l a r g e r  t h e  hyd rophob ic  p o r t i o n  o f  t h e  s u r f a c t a n t ,  

t h e  g r e a t e r  t h e  Rf .  

The s e p a r a t i o n  o f  s u r f a c t a n t s  w i t h  

The a n a l y s i s  o f  s o l u t i o n s  c o n t a i n i n g  s u r f a c t a n t s  o f  d i f -  

f e r e n t  charge can be a d i f f i c u l t  p rocess  because o f  p r e c i p i t a t i o n  

and " n e u t r a l i z a t i o n "  e f f e c t s  ( 1 2 ) .  RPTLC, however, can be used 

t o  s e p a r a t e  s u r f a c t a n t s  by c l a s s  (see F i g u r e  1). A 75% e t h a n o l  

m o b i l e  phase tends  t o  c a r r y  a n i o n i c  s u r f a c t a n t s  w i t h  t h e  s o l v e n t  

f r o n t  and l e a v e  c a t i o n i c  s u r f a c t a n t s  nea r  t h e  o r i g i n .  Perpen- 

d i c u l a r  secondary development o f  p l a t e  s e c t i o n s  near  t h e  s o l v e n t  

f r o n t  and o r i g i n  w i l l  t h e n  s e p a r a t e  t h e  a n i o n i c  and c a t i o n i c  s u r -  

f a c t a n t s  i n t o  i n d i v i d u a l  compounds. The secondary development 

c a r r i e s  t h e  s u r f a c t a n t s  f rom t h e  r e v e r s e d  phase s t r i p  i n t o  t h e  

s i l i c a  ge l  p o r t i o n  o f  t h e  p l a t e  where f r a c t i o n a t i o n  occu rs  

( F i g u r e  1) 

s e c t i o n  o f  

i n d i  s t i n g u  

Quant  

Secondary development o f  t h e  whole TLC p l a t e  o r  t h e  

p l a t e  c o n t a i n i n g  t h e  n o n i o n i c  s u r f a c t a n t s  produced 

s h a b l e  smears ove r  much o f  t h e  p l a t e .  

t a t i o n  o f  s u r f a c t a n t s  by scann ing  d e n s i t o m e t r y  i s  a 

r e l a t i v e l y  s t r a i g h t  f o r w a r d  process.  It i s  p o s s i b l e  t o  d i r e c t l y  

scan u n t r e a t e d  s p o t s  a t  wavelengths f rom 200 t o  215 nm. 

s i t i v i t y  and s e l e c t i v i t y  can be enhanced by u s i n g  a v a r i e t y  o f  

Sen- 
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F i g u r e  2: 

128 

64 

I I I 1 
0 

4 8 12 

CTAC Amount, f i g  

C a l i b r a t i o n  p l o t  o f  peak a rea  ve rsus  amount o f  t h e  

s t a n d a r d  s u r f a c t a n t  (CTAC) chromatographed. The 

i n s e r t  shows t h e  a c t u a l  peaks o b t a i n e d  f r o m  scann ing  

d e n s i t o m e t e r y  ( a t  405 nm). 

v i s u a l i z a t i o n  o r  c h a r r i n g  t e c h n i q u e s  (17, 18). F i g u r e  2 shows a 

scan o f  f o u r  CTAC s tandards  ( A  = 405 nm a f t e r  v i s u a l i z a t i o n  w i t h  

I2 vapor )  and t h e  c o r r e s p o n d i n g  c a l  b r a t i o n  cu rve .  

I t  i s  apparen t  f rom t h e  l i t e r a t u r e  t h a t  e x h a u s t i v e  chroma- 

t o g r a p h i c  s e p a r a t i o n s  a r e  p r e s e n t l y  t h e  most e f f e c t i v e  means o f  

a n a l y z i n g  complex s u r f a c t a n t  m i x t u r e s .  TLC i s  shown t o  be a 

h i g h l y  e f f i c i e n t  and i n e x p e n s i v e  t e c h n i q u e  f o r  t h e  a n a l y s i s  o f  a 

v a r i e t y  o f  s u r f a c t a n t  and s u r f a c t a n t  m i x t u r e s .  
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