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USE O F  AQUEOUS MICELLAR MOBILE PHASES 
I N  REVERSE PHASE TLC 

D. W. Armstrong and K. H. Bui 
Department of Chemistry 

Georgetown University 
Washington, DC 20057 

ABSTRACT 

Aqueous mice l la r  so lu t ions  can be used i n  reverse  phase TLC 
providing the  i o n i c  s t r eng th  of t h e  so lu t ion  i s  s u f f i c i e n t l y  high 
t o  prevent t h e  des t ruc t ion  of the  s t a t iona ry  phase. S t a b i l i t y  
curves have been determined f o r  sodium dodecyl s u l f a t e  and ce ty l -  
trimethylammonium chlor ide  containing aqueous mobile phases. 
These "pseudophase" so lu t ions  allow the  unique separa t ion  of 
hydrophobic from hydrophilic compounds. Indeed one can es t imate  
t h e  r e l a t i v e  hydrophobicity of a compound by observing i t s  
chromatographic behavior i n  t h i s  system. 

INTRODUCTION 

Solutions containing normal and reversed mice l les  have been 

shown t o  make i n t e r e s t i n g  and o f t en  e f f e c t i v e  mobile phases i n  

l i q u i d  chromatography (1-5). In  TLC one can use aqueous so lu t ions  

of mice l les  and cyclodextrins a s  mobile phases i n  conjunction wi th  

polyamide and alumina s t a t i o n a r y  phases (1, 2 ,  5-7). It w a s  pre- 

v ious ly  impossible t o  use aqueous "pseudophase so lu t ions"  i n  

reverse  phase TLC because excess water caused the  des t ruc t ion  of 

t h e  s t a t iona ry  phase. Consequently only reversed mice l l a r  solu- 

t i o n s  (o r  o the r  t r a d i t i o n a l ,  l a rge ly  organic mobile phases) could 

be used i n  reverse  phase TLC. 

Recently, severa l  bonded-reverse phase TLC p l a t e s  have been 

introduced which can withstand a high percentage of water i n  t h e  

1043 

Copyright 0 1982 by Marcel Dekker, Inc.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1044 ARMSTRONG AND B U I  

mobile phase. T h i s  al lows, for the  f i r s t  t i m e ,  t he  use  of aque- 

ous mice l la r  so lu t ions  i n  reverse  phase TLC. Previously,  aqueous 

micellar so lu t ion  have been shown t o  make exce l l en t  mobile phases 

i n  reverse  phase HPLC ( 3 ,  5 ) .  

EXPERIMENTAL 

Materials 

Chemically bonded oc tadecyls i lane  reverse phase TLC shee t s  

(KC18F) were obtained from Whatman Chemical Separation Division, 

Inc. Highest ava i l ab le  pu r i ty  ca techol ,  r e so rc ino l ,  0, m and 

p-arninophenol were obtained from Aldrich and used as received. 

Highest ava i l ab le  pu r i ty  sodium chlor ide ,  phenol, methylene b lue ,  

methyl orange, f luorescence,  bromocresol green and pyrogal lo l  

were obtained from Baker and used as received. Elec t rophores i s  

pu r i ty  sodium doecylsu l fa te  (SDS) was obtained from Bio Rad 

and cetyltrimethylammonium chlor ide  (CTAC) w a s  obtained from 

Pfa l t z  and Bauer. Deionized water w a s  used i n  making up a l l  

aqueous so lu t ions .  

Methods 

The s t a b i l i t y  of Whatman KC18F TLC shee t s  i n  aqueous sur- 

factant-containing so lu t ions  was obtained as follows. Two by 

f i v e  centimeter pieces o f  t h e  TLC p l a t e s  w e r e  placed i n t o  sepa- 

r a t e  stock so lu t ions  of 0.4 M, 0.3 M I  0.2 M I  0.175 M I  0.15 M I  

0.125 M I  0.075 M I  0.025 M, 0.01 M and 0.001 M SDS and CTAC. The 

p l a t e s  were allowed t o  soak between 5 and 48 hours (depending on 

the  s t a t iona ry  phase s t a b i l i t y ) .  

phase t o  f a l l  from the  backing was recorded. I f  t he  s t a t iona ry  

phase remained on the  backing f o r  48 hours,  the  p l a t e  w a s  removed 

and scratched with the  t i p  of a s t a i n l e s s  steel  spa tu la .  I f  t h e  

s t a t iona ry  phase w a s  no more e a s i l y  scratched than i n  a new un- 

used p l a t e ,  i t  was deemed s t a b l e .  

e a s i l y  removed upon scra tch ing  it w a s  deemed i n t a c t  bu t  unstable.  

N a C l  was then added ( f i n a l  [NaCl] = 0.1 M) t o  each of t he  s tock  

su r fac t an t  so lu t ions  and the  s t a b i l i t y  t e s t  w a s  repeated. Iden- 

t ical  s t a b i l i t y  tests w e r e  performed i n  su r fac t an t  so lu t ions  con- 

The t i m e  i t  took t h e  s t a t iona ry  

I f  t h e  s t a t iona ry  phase was 
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AQUEOUS MICELLAR MOBILE PHASES 1045 

t a i n i n g  0.2 M ,  0.3 M,  0.4 M, and 0.5 M N a C 1 .  It took approxi- 

mately four  hours t o  completely develop a 20 cm chromatogram 

wi th  a mice l l a r  mobile phase. 

RESULTS AND DISCUSSION 

The r e s u l t s  of t h e  s t a b i l i t y  tests are i l l u s t r a t e d  i n  

Figures 1 and 2 .  It appears t h a t  t h e  c a t i o n i c  su r fac t an t  (CTAC) 

is  somewhat more compatible with t h e  s t a t i o n a r y  phase than is SDS. 

A 0 .4  M CTAC aq mobile phase can b e  used without adding extraneous 

NaC1. 

salt  t o  s t a b i l i z e  t h e  s t a t i o n a r y  phase. Using d a t a  from these  

tests, i n  conjunction with s e v e r a l  t r i a l  sepa ra t ions ,  it was 

found t h a t  e i t h e r  0.4 M CTAC aq o r  0.2 M CTACl + 0 . 2  M NaCl aq 

mobile phases produced t h e  most e f f i c i e n t  s epa ra t ions  on Whatman 

KC18F TLC shee t s .  A s  a genera l  r u l e ,  one must keep t h e  combined 

concentration su r fac t an t  p lus  N a C l  1. 0.4 M. For any decrease 

i n  t h e  concentration of su r fac t an t  i n  t h e  mobile phase t h e r e  must 

be an equivalent increase  i n  t h e  concentration of N a C l  t o  main- 

t a i n  t h e  s t a b i l i t y  of t h e  s t a t i o n a r y  phase. 

SDS mobile phases, however, always need a s m a l l  amount of 

Aqueous mice l l a r  mobile phases produce unique sepa ra t ions  

when used i n  reverse  phase TLC. The most unusual f e a t u r e  of t h i s  

technique i s  t h e  ex is tence  of two "solvent" f r o n t s  ( see  Figure 3). 

The f i r s t  so lvent  f r o n t  c o n s i s t s  mainly of water, sa l t  and per- 

haps some trace of su r fac t an t  monomer. The second f r o n t  (referred 

t o  a s  t h e  su r fac t an t  f r o n t )  conta ins  mice l l e s  as w e l l .  It is 

apparent t h a t  t h e  s t a t i o n a r y  phase s t rong ly  adsorbs t h e  sur fac-  

tant from t h e  mobile phase. A s  a r e s u l t ,  t h e r e  are no mice l l e s  

i n  t h e  i n i t i a l  so lu t ion  moving up t h e  TLC p l a t e .  Once t h e  s t a -  

t i ona ry  phase is sa tu ra t ed  wi th  su r fac t an t  t h e  micellar mobile 

phase begins t o  move up t h e  TLC p l a t e .  

i n so lub le ,  hydrophobic molecules cannot migrate f u r t h e r  than t h e  

su r fac t an t  f r o n t  (Figure 3A and 3B). While sepa ra t ions  i n  t h i s  

region are very good, one i s  l imi t ed  t o  us ing  50% o r  less of t h e  

length  of t h e  chromatogram f o r  t h e  sepa ra t ion  of hydrophobic com- 

pounds. Hydrophilic compounds, however, tend t o  migra te  i n  t h e  

Re la t ive ly  water- 
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Figure 1. S t a b i l i t y  curve which ind ica t e s  t h e  concentration(s) 
of CTAC andlor NaCl i n  an aqueous mice l l a r  mobile 
phase needed t o  maintain the i n t e g r i t y  of t he  
Whatman KCl8F s t a t iona ry  phase. 
of t h e  cross-hatched area  ( 1 1 / 1 1 )  de l inea te s  t h e  
s t a b l e  region. U s e  of mobile phase compositions 
f a l l i n g  i n  t h e  s t i pp led  region (:j::S::::.> cause t h e  
s t a t iona ry  phase t o  come off t h e  support. 
mobile phase compositions f a l l i n g  i n  t h e  cross-hatched 
areas  r e s u l t  i n  a "metastable" s t a t iona ry  phase. 

The left-hand curve 
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F i g u r e  2 .  S t a b i l i t y  curve  which i n d i c a t e s  t h e  c o n c e n t r a t i o n ( s )  
of SDS and/or  N a C l  i n  an aqueous micellar mobile  
phase needed t o  main ta in  t h e  i n t e g r i t y  of  the 
Whatman KC18F s t a t i o n a r y  phase. 
of t h e  cross-hatched area ( / / / f )  d e l i n e a t e s  t h e  
s t a b l e  reg ion .  U s e  of mobile  phase composi t ions 
f a l l i n g  i n  the s t i p p l e d  r e g i o n  c?.';:fG) c a u s e  t h e  
s t a t i o n a r y  phase t o  come o f f  t h e  suppor t .  
mobile  phase composi t ions f a l l i n g  i n  t h e  cross-hatched 
areas r e s u l t  i n  a "metastable"  s t a t i o n a r y  phase.  

The l e f t - h a n d  curve  

Use of 
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Figure 3 .  Reverse phase TLC chromatograms developed wi th  aqueous 
mice l l a r  mobile phases. 
phase consisted of 0 .1  M CTAC + 0.3 M N a C 1 .  o-A = 
0-aminophenol, m-A = m-aminophenol, p-A = p-aminophenol 
and M I X  = a mixture of t h e  t h r e e  compounds. I n  chro- 
matogram B the  mobile phase consisted of 0 . 2  M CTAC + 
0.2 M NaC1. BG = bromocresolgreen, F = f luorosce in ,  
MO = methyl orange, MB = methylene b lue  and MIX = a 
mixture of t h e  four  compounds. 
mobile phase consisted of 0 . 2  M CTAC + 0.2 M N a C 1 .  
o-N = o-nitrophenol, P = phenol, C = ca techol ,  R = 
resorc inol  and H = hydroquinone, and M I X  = a mixture 
of t h e  f i v e  compounds. 

I n  chromatogram A t h e  mobile 

In  chromatogram C t h e  
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AQUEOUS MICELLAR MOBILE PHASES 1049 

reg ion  between t h e  "solvent"  f r o n t  and t h e  "sur fac tan t"  f r o n t  

(F igure  3C). Thus one has  a p o t e n t i a l l y  use fu l  technique f o r  

s epa ra t ing  hydrophi l ic  from hydrophobic compounds. Furthermore, 

hydrophi l ic  compounds ( l i k e  hydrophobic ones) are sepa ra t ed  from 

one another  i n  t h e i r  own s e c t i o n  of t h e  TLC p l a t e .  

is i l l u s t r a t e d  i n  Figure 3C. Catechol, r e s o r c i n o l  and hydro- 

quinone are separa ted  i n  t h e  upper hydroph i l i c  reg ion  of t h e  TLC 

p l a t e  whi le  phenol and o-nitrophenol a r e  separa ted  i n  t h e  lower 

reg ion  conta in ing  t h e  m i c e l l a r  mobile phase., Thus one no t  only 

has  a means of s imultaneously sepa ra t ing  a range of d i f f e r e n t  

p o l a r i t y  compounds, bu t  one can a l s o  estimate t h e  r e l a t i v e  hydro- 

phobic i ty  of a compound by observing i ts  chromatographic behavior  

This  phenomena 

i n  

is 

1. 

2. 

3. 

4 .  

5. 

6 .  

t h i s  system. 
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