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USE OF AN AQUEOUS MICELLAR MOBILE PHASE FOR 
SEPARATION OF PHENOLS AND POLYNLTCLEAR AROMATIC 

HYDROCARBONS V I A  HPLC 

Daniel W. Armstrong" and Susan J. Henry 
Department of Chemistry 

Georgetown U n i v e r s i t y  
Washington, D.C.  20057 (U.S.A.) 

ABSTRACT 

An aqueous s o l u t i o n  of sodium dodecyl  s u l f a t e  (SDS) m i c e l l e s  
is shown t o  b e  a n o v e l ,  h i g h l y  e f f e c t i v e  m o b i l e  phase  i n  h i g h  
performance l i q u i d  chromatography. Using a reverse phase  column, 
n i n e  phenols  and two p o l y n u c l e a r  aromatic hydrocarbons  were 
e a s i l y  s e p a r a t e d .  The p o s s i b l e  a d v a n t a g e s  and d i s a d v a n t a g e s  of  
aqueous micellar s o l u t i o n s  o v e r  t r a d i t i o n a l  o r g a n i c  and mixed 
s o l v e n t  mobi le  p h a s e s  is d i s c u s s e d .  

INTRODUCTION 

The unusual  p r o p e r t i e s  of  s u r f a c t a n t  a g g r e g a t e s ,  or micel les ,  

have been shown t o  b e  u s e f u l  i n  a wide v a r i e t y  of a n a l y t i c a l  

t e c h n i q u e s  (1-4). The u s e  of  micelles w a s  r e c e n t l y  ex tended  i n t o  

t h e  f i e l d  o f  l i q u i d  chromatography (5-7). 
of  aqueous micellar s o l u t i o n s  as t h e  mobi le  phase  i n  h i g h  per -  

formance l i q u i d  chromatography (HPLC) is r e p o r t e d .  For  some HPLC 

s e p a r a t i o n s  i t  is b e l i e v e d  t h a t  t h e  u s e  of  micellar m o b i l e  phases  

can o f f e r  s i g n i f i c a n t  advantages  over t r a d i t i o n a l  o r g a n i c  s o l v e n t  

o r  mixed s o l v e n t  systems.  P o s s i b l e  a d v a n t a g e s  are: 1. Many hy- 

drophobic ,  a m p h i p h i l i c ,  and even some h y d r o p h i l i c  m o l e c u l e s  inter-  

ac t  d i f f e r e n t i a l l y  w i t h  micelles. 2.  HPLC g r a d e  o r g a n i c  solvents  

In t h i s  p a p e r  t h e  u s e  
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658 ARMSTRONG AND HENRY 

a r e  gene ra l ly  expensive, whereas d i l u t e  aqueous m i c e l l a r  s o l u t i o n s  

can o f t e n  do a s  good a sepa ra t ion  a t  a small f r a c t i o n  of t h e  cos t .  

3. The e l imina t ion  o f  trace amounts of contaminants from organic  

so lven t s  is gene ra l ly  more d i f f i c u l t  than  pu r i fy ing  t h e  water and 

c r y s t a l l i n e  s u r f a c t a n t  which make up t h e  micellar mobile phase. 

4. One can simultaneously chromatograph hydrophobic and hydro- 

phy l i c  s o l u t e s  w i th  aqueous micellar s o l u t i o n s ,  whereas t r a d i -  

t i o n a l l y  one would need an aqueous-organic g rad ien t  t o  accom- 

p l i s h  t h e  same task .  5 .  When us ing  a r e f r a c t i v e  index d e t e c t o r  

wi th  an organic mobile phase, t he  compress ib i l i t y  of t h e  organic  

so lvent  can sometimes r e s u l t  i n  a f l u c t u a t i n g  base l ine .  Aqueous 

so lu t ions  are, of course,  r e l a t i v e l y  incompressible.  6. The ad- 

d i t i o n  of n o n v o l a t i l e  s o l u t e s  t o  mice l l a r  mobile phases t o  c o n t r o l  

i o n i c  s t r eng th ,  pH, b u f f e r  capac i ty  and so on w i l l  not produce 

s o l u b i l i t y  problems ( i . e . ,  p r e c i p i t a t i o n  of s a l t s ) .  

There can a l s o  be  some disadvantages  i n  us ing  mice l l a r  mobile 

phases i n  HPLC. For example, i n  p repa ra t ive  HPLC one must sepa- 

r a t e  t h e  f i n a l  product from t h e  s u r f a c t a n t  by e x t r a c t i o n ,  precip- 

i t a t i o n  o r  some o t h e r  technique. Also some compounds remain 

r e l a t i v e l y  in so lub le  i n  t h e  presence of micelles (decachloro- 

biphenyl f o r  example). I n  t h e s e  in s t ances  ( o t h e r s  w i l l  undoubt- 

ed ly  be discovered) t r a d i t i o n a l  organic  s o l v e n t s  o r  so lven t  mix- 

t u r e s  would be t h e  prefer red  mobile phase. 

EXPERIMENTAL 

A Varian Hodel 5020 l i q u i d  chromatograph equipped w i t h  a 

W 254 rimmax d e t e c t o r  was used f o r  a l l  runs .  

r eve r se  phase column (Varian Micro-Pak MCH-10, LOU, oc tadecy l s i -  

l ane)  w a s  30 cm long and had an 1.d. of 4 mm. E lec t rophores i s  

p u r i t y  sodium dodecyl s u l f a t e  w a s  ob ta ined  from Bio Rad Labora- 

t o r i e s .  The SDS w a s  r e c r y s t a l l i z e d  s e v e r a l  times from HPLC 

grade methanol u n t i l  a l l  W absorbing Impur i t i e s  were removed. 

The mobile phase cons i s t ed  of 0.1 M o r  0.2 M SDS (aq) s o l u t i o n s .  

Double d i s t i l l e d  water was used t o  make a l l  s t o c k  s o l u t i o n s .  

The s t a i n l e s s  s t e e l  
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AQUEOUS MICELLAR MOBILE PHASE 659 

The tempera ture  of all r u n s  was  21OC. 

hydroquinone, r e s o r c i n o l ,  c a t e c h o l ,  phenol ,  p -n i t rophenol ,  o- 

c r e s o l ,  o- isopropylphenol ,  o -n i t rophenol ,  naphtha lene  and a n t h r a -  

cene)  were prepared  f o r  i n j e c t i o n  by d i s s o l v i n g  t h e  d e s i r e d  amount 

of material i n  e i t h e r  0.1 M o r  0.2 M SDS 
rate of  t h e  mobile  phase w a s  v a r i e d  between 2.0 and 3.0 ml/min. 

The samples ( p i c r i c  a c i d ,  

s o l u t i o n .  The f low 
( a s )  

RESULTS AND DISCUSSION 

A wide v a r i e t y  of  phenols ,  many o f  which are p o s i t i o n a l  iso- 
mers of one a n o t h e r ,  can be q u i c k l y  and i n e x p e n s i v e l y  s e p a r a t e d  

by HPLC on a r e v e r s e  phase column u s i n g  aqueous s o l u t i o n s  of  

m i c e l l a r  SDS as t h e  mobile  phase.  I n  a d d i t i o n ,  v e r y  hydropho- 

b i c  s o l u t e s  such as naphtha lene  and a n t h r a c e n e  can be s e p a r a t e d  

from each o t h e r  and t h e  phenols  under  i d e n t i c a l  c o n d i t i o n s  

( s e e  F i g u r e  1). I n c r e a s i n g  t h e  c o n c e n t r a t i o n  of SDS i n  t h e  

mobi le  phase tended t o  d e c r e a s e  t h e  r e t e n t i o n  times o f  a l l  sub- 

s t a n c e s  t e s t e d .  T h i s  behavior  is t o  be expec ted  s i n c e  i n c r e a s i n g  

t h e  s u r f a c t a n t  c o n c e n t r a t i o n  i n c r e a s e s  t h e  number of  micelles i n  

t h e  mobi le  phase ( p a r t i t i o n i n g  of t h e  s o l u t e s  is p r i m a r i l y  and 

i n  many cases t o t a l l y  t o  t h e  micellar pseudophase and n o t  t o  t h e  

w a t e r ) .  Varying t h e  c o n c e n t r a t i o n  of SDS a l s o  a f f e c t e d  t h e  r e l a -  

r i v e  s e p a r a t i o n  o f  s e v e r a l  peaks ( F i g u r e  I). For example, when 

t h e  mobi le  phase is 0 . 1  M SDS, phenol  and p-n i t rophenol  a r e  com- 

p l e t e l y  r e s o l v e d ,  whereas o- i sopropylphenol  and o-n i t rophenol  

form one unreso lved  peak. With 0.2 M SDS as t h e  mobi le  phase 

one  c a n  p a r t i a l l y  r e s o l v e  o- i sopropylphenol  and o-n i t rophneol .  

Phenol and p-n i t rophenol ,  however, t e n d  t o  o v e r l a p  somewhat when 

0.2 M SDS is used.  

The more hydrophobic  s o l u t e s ,  naphtha lene  and a n t h r a c e n e ,  

had  c o n s i d e r a b l y  l o n g e r  r e t e n t i o n  t imes  and t h u s  a re  e a s i l y  

s e p a r a t e d  from t h e  phenols .  Both f low and  c o n c e n t r a t i o n  g r a d i e n t s  

can be used t o  o p t i m i z e  s e p a r a t i o n .  A t  no time d u r i n g  t h i s  s t u d y  

(Flowmx - 3 ml/min, [SDSImx * 0.2 M) d i d  t h e  column p r e s s u r e  

become i n o r d i n a t e l y  h i g h  o r  p r o h i b i t i v e .  A f t e r  f o u r  months of 
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FIGURE 1. L4 shows t h e  e l u t i o n  p r o f i l e  and r e t e n t i o n  times 
when 0.1 M SDS was used as t h e  mobi le  phase.  1B shows t h e  
e l u t i o n  pat tern and r e t e n t i o n  times when 0.2 M SDS w a s  used 
as t h e  mobile  phase.  A flow g r a d i e n t  w a s  used i n  b o t h  c a s e s  
and i s  i n d i c a t e d  by t h e  d o t t e d  l i n e .  The c h a r t  speed was 
0.25 cm/min. 
s e c t i o n .  The peaks are as  follows: 1. p i c r i c  a c i d  2 .  
hydroquinone 3. r e s o r c i n o l  4 . c a t e c h o l  5. phenol  6.  
p -n i t rophenol  7 .  o - c r e s o l  8. o- l sopropylphenol  9 .  o- 
n i t r o p h e n o l  10. n a p h t h a l e n e  11. a n t h r a c e n e  

F u r t h e r  d e t a i l s  are g iven  i n  t h e  LYPERIHENTAL 

u s e  w i t h  t h e  micellar SDS mobi le  phase,  t h e  r e v e r s e d  phase  column 

showed no d e l i t e r i o u s  e f f e c t s .  When us ing  t h i s  t e c h n i q u e ,  it is 

a d v i s e d  t h a t  t h e  column be  c leaned  regularly by f i r s t  rinsing w i t h  
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AQUEOUS MICELLAR MOBILE PHASE 661 

d i s t i l l e d  water t o  remove t h e  s u r f a c t a n t  and  t h e n  w i t h  methanol  

t o  remove t h e  w a t e r  and any contaminants  on t h e  column that were 

n o t  e a s i l y  e l u t e d  by t h e  micellar mobile  phase.  

column c o n t a i n i n g  methanol  o r  some o t h e r  o r g a n i c  s o l v e n t  f o r  u s e  

w i t h  a micellar mobi le  phase,  s imply r e p l a c e  t h e  o r g a n i c  mobi le  

phase w i t h  pure  water, fo l lowed by t h e  s u r f a c t a n t  s o l u t i o n .  

- n o t  pump a n  aqueous s u r f a c t a n t  s o l u t i o n  d i r e c t l y  i n t o  a column 

c o n t a i n i n g  a n  o r g a n i c  s o l v e n t  as p r e c i p i t a t i o n  of t h e  s u r f a c t a n t  

might occur .  

d i r e c t l y  i n t o  a column c o n t a i n i n g  a n  aqueous micellar s o l u t i o n .  

To p r e p a r e  a 

For t h e  same r e a s o n ,  do n o t  pump a n  o r g a n i c  s o l v e n t  

Although i n  i t s  i n f a n c y ,  micellar chromatography must be 

c o n s i d e r e d  a promising new f i e l d  of s tudy .  

us ing  a wider  v a r i e t y  of s u r f a c t a n t s  and s t a t i o n a r y  phases  are  

bound t o  y i e l d  i n t e r e s t i n g  r e s u l t s  on t h e  u s e s  and l i m i t a t i o n s  of 

t h i s  technique .  

F u r t h e r  r e s e a r c h  

ACKNOWLEDGEMENT 

T h i s  work w a s  suppor ted  by a g r a n t  from t h e  Research 

Corpora t ion  and w e  g r a t e f u l l y  acknowledge t h e i r  a s s i s t a n c e .  

REFERENCES 

H i n z e ,  W.L., C o l l o i d  and I n t e r f a c e  S c i e n c e ,  Kerker ,  H . ,  ed . ,  
Academic P r e s s ,  New York, 1976, p. 425. 

S p u r l i n ,  S . ,  Hinze,  W.L., and Armstrong, D.W.. Use o f  an  
Aqueous Micellar Medium t o  Improve t h e  Spec t rophotometr ic  
Determina t ion  of Cyanide Ion  w i t h  5 ,5 ' -Di th iobis (2-Ni t ro-  
benzoic  Acid) ,  Ana1.Lett. 10, 1 2 ,  997(1977) .  

Chang, S., S p u r l i n ,  S . ,  and Hinze,  W.L., P r a c t i c a l  Applica- 
t i o n s  of M i c e l l e  Systems in A n a l y t i c a l  Chemistry,  Sci.  
Cienc ia .  6 ,  1, 54(1978). 

Hinze,  W.L., S o l u t i o n  Chemistry of S u r f a c t a n t s ,  M i t t a l ,  K . L . ,  
e d . ,  Plenum P r e s s ,  Sew York, 1979, V o l .  I, p. 79. 

Armstrong, D.W., and F e n d l e r ,  J . H . ,  D i f f e r e n t i a l  P a r t i t i o n i n g  
o f  tRNAs Between Micellar and Aqueous Phases:  A Convenient 
Gel F i l t r a t i o n  Method f o r  S e p a r a t i o n  of tRNAs,  Biochim. 
Biophys.Acta, 418, 75(1977). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



662 ARMSTRONG AND HENRY 

(6) Armstrong, D.W., and Terril l ,  R . Q . ,  Thin Layer Separation 
of Pesticides, Dacachlorobiphenyl and Nucleosides with 
Micellar S o l u t i o n s ,  Anal.Chem., 51, 13,  2160(1979). 

(7) Armstrong, D.W., and McNeely, M . ,  Use of Micelles i n  the 
TLC Separation of Polynuclear Aromatic Compounds and Amino 
Acids, Anal.Lett. ,  12, Al2,  1285(1979). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


