
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Pseudophase Liquid Chromatography: Applications to TLC
Daniel W. Armstronga

a Department of Chemistry, Georgetown University, Washington, D.C., USA

To cite this Article Armstrong, Daniel W.(1980) 'Pseudophase Liquid Chromatography: Applications to TLC', Journal of
Liquid Chromatography & Related Technologies, 3: 6, 895 — 900
To link to this Article: DOI: 10.1080/01483918008060200
URL: http://dx.doi.org/10.1080/01483918008060200

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918008060200
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 3(6), 895-900 (1980) 

PSEUDOPHASE L I Q U I D  CHROMATOGRAPHY: 
APPLICATIONS TO TLC 

Daniel  W. Annstrong 
Department of Chemistry 
Georgetown Universi ty  

Washington, D.C. 20057 (USA) 

ABSTRACT 

The technique of pseudophase l i q u i d  chromatography is 
described. In t h i s  t ype  of s epa ra t ion ,  a substance does not  
p a r t i t i o n  t o  t h e  bulk mobile phase but  r a t h e r  t o  d i s c r e e t  ag- 
gregates  o r  o the r  substances ( i . e . ,  micelles o r  cyclodextr lns)  
which are dissolved in t h e  mobile phase. Advantages of t h i s  
technique include high s e l e c t i v i t y ,  low c o s t ,  and low v o l a t i l i -  
t y  and t o x i c i t y  of t h e  mobile phase. Appropriate previous TLC 
separat ions are reviewed and new d a t a  on t h e  sepa ra t ion  of qui- 
nones a r e  presented. 

INTRODUCTION 

The search f o r  more e f f i c i e n t  and e f f e c t i v e  chromatographic 

sepa ra t ions  has produced a number of techniques without which 

much of modern chemical research would b e  d i f f i c u l t .  

chromatography, as i n  g.l .c. ,  a great d e a l  of work has been done 

t o  a l te r ,  improve, and/or discover  new s t a t i o n a r y  phases which 

might produce b e t t e r  separat ions.  Indeed, much of t h i s  work has 

r e su l t ed  i n  improved separat ions.  Research on t h e  mobile phase 

is  less extensive and gene ra l ly  c o n s i s t s  of an i n t u i t i v e ,  t r i a l  
and e r r o r  type mixing of two or more so lven t s  i n  var ious r a t i o s .  

Eventually one obtains  a mobile phase of "appropriate  p o l a r i t y "  

which produces an adequate separat ion.  There are, of course,  

v a r i a t i o n s  on t h i s  theme. One could add so lub le  a c i d s  o r  bases  

t o  the  mobile phase so that appropr i a t e  s o l u t e s  could be chroma- 

In l i q u i d  

89 5 

Copyright 0 1980 by Marcel Dekker, Inc. 

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



896 ARMSTRONG 

tographed in t h e i r  r e spec t ive  protonated o r  unprotonated forms. 

I n  add i t ion ,  one might add b u f f e r s  o r  sa l t s  t o  c o n t r o l  pH and 

i o n i c  s t r e n g t h  of water-based mobile phases. Overall, t h e  s tudy  

and development of  t h e  mobile phase seems t o  have been secondary 

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

cons ider ing  t h e  l imi t ed  number of t h ings  one can do wi th  a so lven t  

(v ide  supra) .  

This is somewhat understandable 

Mobile phases have r e c e n t l y  been developed wherein p a r t i t i o n -  

ing  does not  occur t o  t h e  bulk  so lvent  bu t  r a t h e r  t o  h igh ly  se l ec -  

t i v e  spec ie s  d isso lved  in t h e  so lvent .  Aqueous s o l u t i o n s  of 

micelle forming s u r f a c t a n t s  a r e  good examples of t h i s  type  of 

mobile phase (1-4). A v a r i e t y  of hydrophobic molecules,  which 

are weakly so lub le  o r  i n so lub le  i n  water, p a r t i t i o n  t o  aqueous 

micelles. Aqueous s o l u t i o n s  of cyc lodex t r in s  produce analogous 

r e s u l t s  because of t h e i r  a b i l i t y  t o  bind aromatic molecules in a 

hydrophobic c a v i t y  ( 5 ) .  

The p a r t i t i o n i n g  of many molecules t o  the  cyc lodex t r in  and 

micellar pseudophase can be h ighly  selective, much more so than 

p a r t i t i o n i n g  t o  simple so lvent  o r  mixed so lven t  systems. A 

simple mice l le  o f f e r s  a v a r i e t y  of environments, from i ts  organic 

core ,  t o  t h e  more v iscous  po la r  reg ion  toward t h e  edge of t h e  hy- 

drophobic core ,  t o  t h e  h igh ly  po la r  and charged ( i n  t h e  case  of 

mice l l e s  formed from i o n i c  s u r f a c t a n t s )  S t e rn  l aye r .  This a b i l i t y  

t o  i n t e r a c t  wi th  molecules both e l e c t r o s t a t i c a l l y  and hydropho- 

b i c a l l y  cannot be dupl ica ted  by any pure o r  mixed so lven t  system 

(6). Solu t ions  of cyc lodext r ins  have another  advantage. The 

diameter of t h e i r  hydrophobic c a v i t y  phys i ca l ly  l i m i t s  t h e  s i z e  

of t he  molecule t h a t  can be bound. Thus by choosing d i f f e r e n t  

cyc lodext r ins  one can chromatograph molecules of d i f f e r e n t  s i z e .  

Solu t ions  of cyc lodext r ins ,  t he re fo re ,  can a c t  as mobile molecular 

s i eves  i n  TLC and o t h e r  forms of l i q u i d  chromatography. 

It seems t h a t  supe r io r  s epa ra t ions  might even tua l ly  be 

achieved using a h ighly  s e l e c t i v e  mobile phase in conjunct ion  

with a compatible, h ighly  s e l e c t i v e  s t a t i o n a r y  phase. I n  t h i s  
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work, t h e  uses  of m i c e l l a r  and cyclodextr in  mobile phases i n  TLC 

are summarized. 

EXPERPLENTAL 

Exact experimental methods have been published previously 

(2 ,3 ,5 ) .  
use fu l  i n  pseudophase t h i n  l a y e r  chromatography (PTLC) I 

s t a t i o n a r y  phases could a l s o  be used i n  many cases. 
s i l ica  g e l  s t a t i o n a r y  phases can b e  used with reversed micellar 

so lu t ions  ( 2 , 3 ) .  I n  general ,  no p u r i f i c a t i o n  of s u r f a c t a n t s  o r  

cyclodextr ins  is  necessary when using s o l u t i o n s  of t h e s e  compounds 

in PTLC. I n  cases where t h e  mobile phase must be spectroscopical-  

l y  pure ( i .e. ,  HPLC) one can pu r i fy  t h e  s u r f a c t a n t  o r  cyclodextr in  

by r e c r y s t a l l i z a t i o n  from appropr i a t e  high p u r i t y  HPLC grade 

solvents  (4). 

Polyamide s t a t i o n a r y  phases were found t o  be t h e  most 

Alumina 

S i l an ized  

RESULTS AND DISCUSSION 

A v a r i e t y  of compounds have been separated v i a  PTLC. 

of Rf values  of s e v e r a l  s e l ec t ed  compounds is given i n  Table 1. 
In general ,  it appears t h a t  cetyltrimethylammonium bromide (CTAB) 

so lu t ions  give separat ions comparable t o  those of sodium dodecyl 

s u l f a t e  (SDS) s o l u t i o n s  but a t  a somewhat lower concentrat ion.  

This may be due, in p a r t ,  t o  t h e  f a c t  t h a t  CTAB’s c r i t i c a l  mice l l e  

concentrat ion is almost an o rde r  of magnitude less than t h a t  of 

SDS (7 ) .  A t  i d e n t i c a l  molar su r fac t an t  concentrat ions,  s o l u t i o n s  

of SDS and CTAB contain d i f f e r e n t  numbers of micelles. I n  addi- 

t i o n ,  t h e  micelles are of d i f f e r e n t  s i ze .  CTAB micelles have a 

pos i t i ve  f r a c t i o n  of charge on t h e i r  su r f ace  while  SDS micelles 

have a negat ive f r a c t i o n  of charge. This d i f f e r e n c e  i n  s u r f a c e  

charge might a f f e c t  some sepa ra t ions  (where e l e c t r o s t a t i c  inter- 
ac t ions  are important) while not a f f e c t i n g  o t h e r s  (where t h e  

interactions are s t r i c t l y  hydrophobic). I n  t h e  case of p,p-DDD 

the re  appears t o  be a much g r e a t e r  p a r t i t i o n i n g  t o  t h e  CTAB m i -  
celle relative t o  t h e  SDS micelle. 

A list 

This may be due in p a r t . t o  
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TABLE 1 
A Comparison of the Rf Valuea of Several Selected Compounds that 
were Separated via PTLC usinn Different Mobile Phases.a 

Comuound Mobile Phase Compositioni Value Reference 
Rf 

naphthalene 0.4 M SDSf 1.00 3 
pY-== 0.4 M SDSf 0.37 3 
pyreneearboxaldehyde 0.4 M SDSf 0.50 3 
benzo(a) pyrene 0.4 M SDSf 0.14 3 
decachlorobipheapl 0.4 M SDSf 0.00 2 
decachlorobiphmyl 0.1 M CTABg 0.00 2 
P,P'-DDE~ 0.4 M SDSf 0.26 2 
p , p1 -DDE~ 0.1 M CTABB 0.20 2 
p, p'-DDDC 0.4 M SDSf 0.06 2 
p , p -DDD~ 0.1 M CTABg 0.18 2 
o-bromobenzoic acid 0.1 M a-cyclodextrin 0.16 5 
m-bromobenzoic acid 0.1 M a-cyclodextrin 0.41 5 
p-bromobenzoic acid 0.1 M a-c clodextrin 0.67 5 

0.66 9 
0.65 9 

1,4-naphthaquinone 0.1 M a-c clodextrin 0.14 9 
0.29 9 
0.28 9 

0.1 M a-c clodextrin 0.11 9 

9 
0.1 M a-c clodextrin 0.41 9 

0.80 9 
0.00 9 

A l l  mobile phases were aqueous solutions and all stationary 
phases were Brinkmann Polyamide-6 W 2 5 4  thin layer sheets. 

1.4-naphthaquinone 0.4 M SDS E 

anthraquinone 0.4 M SDS K 
1,4-naphthaquinone 0.3 M CTABg 

anthraquinone 0.3 M CTA5g 
anthraquinone 

vitain K5d 0.2 M CTABg 0.67 
vitain Kgd 
Vitamin Kle 0.4 M SDS 
vitamin Kle 0.1 M a-cyclodextrin 
a 

b2, 2-bis (p-chlorophenyl) -I, 1-dichloroethylene. 
'2,2-bis( p-chlorophenyl) -1.1-dichloroethene. 
d4-amino-2-met hyl- 1-napht hol 
e2-methyl-3-phytyl-l,4-naphthaquinone. 
fsodfum dodecyl sulfate (from Sigma Chemical Go.). 
8cetyltrimethylaumonfum bromide (from Sigma Chemical Co.). 
hsodim dodacyl sulfate (from BioRad Laboratories). 
%urfactants purchased from different chemical companies can vary 

vitamin ~ g d  0.4 M SDS 0.69 9 K 

K 

widely in purity. 
differences in the Rf values of many substances. 

This variation in purity can cause significant 

electrostatic interactions (2). 
aromatic hydrocarbons (Using dcellar mobile phases) tend to de- 
crease with the incrcaeing molecular weight of the solute (Table 

1). 

The Rf values of polynuclear- 

The addition of a polar functional group (as in pyrenecarbox- 
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aldehyde) tends t o  increase the  Rf values  of t h e  polynuclear aro- 

mat i c  compounds. 

Both vitamin 5 and K appear t o  p a r t i t i o n  w e l l  t o  SDS m i -  

celles but t h e i r  Rf values  a r e  c l o s e  enough t o  make separat ion 

d i f f i c u l t .  With an a-cyclodextrin mobile phase, separat ion is  
s implif ied s ince  vitamin K1 is t o t a l l y  excluded from t h e  cyclo- 

dex t r in  cav i ty  (causing it t o  remain a t  t he  o r i g i n )  while vitamin 

K5 is not. 
s imi l a r  R f 
mobile phase. Both CTAB and SDS mobile phases, however, effec-  

t i v e l y  sepa ra t e  the  quinones. a-cyclodextrin mobile phases a r e  

p a r t i c u l a r l y  e f f e c t i v e  at separat ing or tho,  meta and para subs t i -  

tuted benzene de r iva t ives  (see 0 ,  m and p-benzoic ac id ,  Table 1 ) .  

5 

Conversely 1,4-naphthaquinone and anthraquinone have 

values when chromatographed with an a-cyclodextrin 

One's choice of mobile phase depends l a r g e l y  on the  type of 

compounds being separated.  

e f f e c t i v e  when used i n  the  separat ion of aromatic compaunds. M i -  

cellar so lu t ions  tend t o  have a more general  a p p l i c a b i l i t y .  

s p i t e  t he  encouraging r e s u l t s  obtained thus f a r ,  much more research 

must be  done before  t h e  f u l l  p o t e n t i a l  and l i m i t a t i o n s  of pseudo- 

phase chromatography a r e  real ized.  

Cyclodextrin so lu t ions  seem t o  be most 

De- 
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