
 

 

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

Chromatography of Amino Acids on Reversed Phase Thin Layer Plates
Joseph Shermaa; Barry P. Sleckmana; Daniel W. Armstrongb

a Department of Chemistry, Lafayette College, Easton, PA b Department of Chemistry, Georgetown
University, Washington, DC

To cite this Article Sherma, Joseph , Sleckman, Barry P. and Armstrong, Daniel W.(1983) 'Chromatography of Amino
Acids on Reversed Phase Thin Layer Plates', Journal of Liquid Chromatography & Related Technologies, 6: 1, 95 — 108
To link to this Article: DOI: 10.1080/01483918308066873
URL: http://dx.doi.org/10.1080/01483918308066873

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/10.1080/01483918308066873
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY 6 (1) 95-108 (1983) 

CHROMATOGRAPHY OF AMINO ACIDS 
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L a f a y e t t e  C o l l e g e  
Eas ton ,  PA 18042 

and 
Dan ie l  W. Armstrong 

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

ABSTRACT 

The s e p a r a t i o n  of 19 amino a c i d s  w a s  s t u d i e d  on r e v e r s e d  
phase  t h i n  l a y e r s ,  i n c l u d i n g  C1 
impregnated s i l i ca  g e l ,  and a c e f y l a t e d  c e l l u l o s e .  
aqueous-organic  s o l v e n t s ,  aqueous micellar s o l u t i o n s ,  and re- 
v e r s e d  micellar s o l u t i o n s  were t e s t e d  as  mob i l e  phases .  The 
on ly  p r a c t i c a l  system t h a t  p rov ided  a r e v e r s a l  in m i g r a t i o n  
sequence compared t o  s i l i ca  g e l  and c e l l u l o s e  inc luded  a C1 
l a y e r  impregnated w i t h  HDBS, and t h i s  reversal w a s  a p p a r e n t f y  
due t o  an i o n  exchange mechanism. 

chemica l ly  bonded s i l i c a  g e l ,  
Normal 

INTRODUCTION 

I n  a n  earlier pape r  ( l ) ,  s e p a r a t i o n s  of 18 amino a c i d s  were 

compared on s i l i ca  g e l ,  c e l l u l o s e ,  and i o n  exchange t h i n  l a y e r s .  

T h i s  pape r  e x t e n d s  t h e  s t u d y  of amino a c i d  s e p a r a t i o n s  t o  r e v e r s e d  

phase  (RP) TLC, i n c l u d i n g  chemica l ly  bonded C I 8  s i l i c a  g e l ,  i m -  

pregna ted  s i l i ca  g e l ,  and a c e t y l  c e l l u l o s e  l a y e r s ,  and conven- 

t i o n a l  aqueous-organic  and m i c e l l a r  mob i l e  phases .  Comparisons 

among t h e s e  sys t ems  and w i t h  t h e  a d s o r p t i o n ,  normal-phase 

p a r t i t i o n ,  and i o n  exchange sys t ems  s t u d i e d  ear l ier  (1) are r e p o r t e d .  
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EXPERIMENTAL 

S H E W ,  SLECKMAN. AND ARMSTRONG 

Standard s o l u t i o n s  of i n d i v i d u a l  amino a c i d s  and mixtures  

were prepared a t  a c o n c e n t r a t i o n  of 500 n g / p l  of each compound 

i n  water. I n i t i a l  zones w e r e  a p p l i e d  t o  t h e  precoa ted  t h i n  l a y e r  

p l a t e s  (20 x 20 cm) s p e c i f i e d  below us ing  1 p 1  Drummond Microcap 

micropipe ts .  

Plates were developed i n  s t a n d a r d ,  r e c t a n g u l a r  g l a s s  chambers 

t h a t  were l i n e d  wi th  paper  and p r e - e q u i l i b r a t e d  w i t h  mobile  phase 

f o r  a t  least  10 minutes  b e f o r e  i n s e r t i n g  t h e  s p o t t e d  l a y e r .  P l a t e s  

were used as rece ived  from t h e  manufacturer ,  w i t h  no p r e t r e a t m e n t .  

I n  g e n e r a l ,  development w a s  c a r r i e d  o u t  t o  a p o i n t  15 c m  above t h e  

o r i g i n  l i n e .  The chromatograms were oven d r i e d  a t  100°C, sprayed 

w i t h  0.1% ninhydr in  i n  ace tone ,  and hea ted  aga in  f o r  5 minutes  o r  

longer  t o  d e t e c t  t h e  amino a c i d s  as c o l o r e d  s p o t s  on a w h i t e  

background. 

Layers  were impregnated w i t h  t h e  s u r f a c t a n t s  HDBS and CTAF3 

by a t t a c h i n g  a c l i p  t o  t h e  t o p  of t h e  p l a t e  and d ipping  i n t o  

e t h a n o l i c  s o l u t i o n s  conta ined  i n  a metal Thomas-Mitchell d i p  tank  

(Arthur  H. Thomas Co.). A f t e r  5 minutes  of soaking,  t h e  p l a t e  

was removed and placed i n  a hood u n t i l  d ry .  

RESULTS AND DISCUSSION 

RP Systems with Conventional Mobile Phases  

Table  1 l ists  amino a c i d s  s t u d i e d  and t h e i r  % v a l u e s  i n  1 2  

d i f f e r e n t  chromatographic systems. 

man KC18 chemical ly  bonded reversed  phase p l a t e  developed wi th  

- n-propanol-water (7:3 v/v) .  

optimum f o r  amino a c i d  TLC on KC18 p l a t e s  a f t e r  e v a l u a t i o n  of 45 

d i f f e r e n t  2-, 3-, and 4-component s o l v e n t  mixtures  c o n t a i n i n g  

water, a c e t o n i t r i l e ,  methanol, e t h a n o l ,  n-propanol, formamide, 

THF, DMSO, p y r i d i n e ,  methyl c e l l o s o l v e ,  acet ic  a c i d ,  hydrochlo- 

r i c  a c i d ,  heptane,  hexane, i sopropanol .  r - b u t a n o l ,  a c e t o n e ,  o r  

methylene c h l o r i d e .  Solvent  p r o p o r t i o n s  w e r e  chosen t o  provide  

System A c o n s i s t e d  of a What- 

T h i s  mobile  phase w a s  chosen as 
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TABLE 1 

97 

A 

Cys t ine  NV 

- 

Cy s t e i n e  Nv 

Arginine 0.60 

H i s  t i d i n e  6.3 

S e r i n e  30 

Asparagine 31  

Glu tamine 44 

Threonine 47 

Alanine 50 

A s p a r t i c  a c i d  53 

P r o l i n e  59 

Glutamic a c i d  61  

Val ine  66 

Methionine 69 

I s o l e u c i n e  71 

Tyros i n e  72 

Leucine 72 

Phenyla lan ine  72 

Tryptophan 74 

B 

14 

ND 

13 

12 

26 

ND 

ND 

30 

32 

25 

24 

30 

44 

47 

49 

49 

52 

52 

54 

- 

5 x 100 Data i n  RF’ Systems 

C 

Nv 

18 

3.6 

21 

37 

31  

33 

37 

36 

41  

27 

41  

42 

46 

47 

50 

49 

50 

54 

- 
Sys  terns 

D E F G  
N V N V N V N V  

5.5 12 13 Nv 

17 19 16 67 

5.5 15 11 43 

52 35 36 83 

47 24 21 NV 

50 33 35 83 

49 47 45 a5 

5 1  42 41 85 

44 29 29 85 

42 55 5 1  83 

50  42 40 83 

5 1  75 71 79 

50 75 71 79 

50 63 60 79 

59 71 66 79 

52 7 7  72 79 

49 7 7  7 1  62 

5 1  69 70 47 

ND = No data 
NV = Not v i s u a l i z e d  

The systems are descr ibed  i n  t h e  t e x t .  

H 

Nv 

78 

54 

33 

- 

7a 

78 

78 

78 

78 

78 

78 

78 

78 

78 

77 

78 

7 1  

60 

46 

r 2 E L  
NV NV ND 10 

NV 62  N D N D  

79 21 ND 17 

36 32 25 11 

7 1  80 59 44 
NV 80 ND ND 

7 1  80 59 ND 

64 80 56 47 

64 80 48 47 

79 80 ND 23 

NV 66 N V N D  

79 80 ND 44 

50  62 44 54 

64 52 44 5a 

50  45 40 54 

64 6 1  50 58 

64 40 40 58 

7 1  35 40 54 

7 1  29 40 50 
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98 S H E W ,  SLECKMAN, AND ARMSTRONG 

similar  mobile  phase  s t r e n g t h s  ( p ' )  a s  d e f i n e d  by Snyder  (2) .  

Both nonaqueous and aqueous m i x t u r e s  were t e s t e d ,  b u t  w a t e r  was 

found t o  b e  n e c e s s a r y  t o  move many of t h e  compounds from t h e  

o r i g i n  and t o  p r e v e n t  s t r e a k i n g .  O the r  m o b i l e  p h a s e s  t h a t  

p rov ided  good r e s o l u t i o n  w i t h  compact s p o t s  i n c l u d e d  p y r i d i n e -  

water (8:2 v / v ) ,  pyridine-H20-THF o r  DMSO (16:4:1 v / v ) ,  p y r i d i n e -  

w a t e r - a c e t i c  a c i d  (16:4:1 v / v ) ,  n-propanol-water-THF (16:4:1 v / v ) ,  

t-butanol-H 0 (7: 3 v / v ) ,  i sop ropano l -wa te r  (7: 1 v / v ) ,  and 

methylene chloride-isopropanol-water (3:6:1 and 4:5:1 v / v ) .  A l l  

of t h e s e  mobile  p h a s e s  and a l m o s t  eve ry  o t h e r  o n e c o n t a i n i n g  w a t e r  

gave  t h e  same sequence of m i g r a t i o n  as shown f o r  System A i n  

T a b l e  1,  a l t h o u g h  i n d i v i d u a l  RF v a l u e s  d i f f e r e d  somewhat. 

i l l u s t r a t e s  a t y p i c a l  s e p a r a t i o n  c a r r i e d  o u t  on a KC18 l a y e r .  

2 - 

F i g u r e  1 

The sequence  of % v a l u e s  on KC18 s i l i c a  g e l  (System A)  w a s  

i d e n t i c a l  t o  t h a t  found when Whatman K6 s i l i c a  g e l  was developed 

w i t h  t h e  same s o l v e n t ,  n-propanol-water  (7:3 v / v )  (System B ,  T a b l e  1). 

The absence  of o r d e r  r e v e r s a l  on t h e  r e v e r s e d  phase  l a y e r  i n d i c a t e d  

t h a t  pe rhaps  t h e  same s e p a r a t i o n  mechanism was o p e r a t i n g  b o t h  on 

c o n v e n t i o n a l  s i l i c a  g e l  and on c h e m i c a l l y  bonded s i l i c a  g e l  [ a n d ,  

a p p a r e n t l y ,  on f i b r o u s  and m i c r o - c r y s t a l l i n e  c e l l u l o s e ,  which a l s o  

gave t h e  same m i g r a t i o n  sequence  ( l ) ] .  

To d e t e r m i n e  i f  t h e  c h e m i c a l l y  bonded RP l a y e r  w a s  u n i q u e ,  t h e  

amino a c i d s  were developed w i t h  n-propanol-water  (7:3 v / v )  on a n  

Ana l t ech  r e v e r s e d  phase  p l a t e  c o n t a i n i n g  a long-cha in  hydrocarbon 

impregnated s u p p o r t  l a y e r .  A s  s e e n  i n  T a b l e  1 (System C ) ,  t h e  

m i g r a t i o n  sequence was a g a i n  g e n e r a l l y  unchanged, i n d i c a t i n g  a 

similar s e p a r a t i o n  mechanism. 

t o  d e t e c t  a t  t h e  500 ng l e v e l  on b o t h  r e v e r s e d  p h a s e  l a y e r s .  

An RPTLC p l a t e  d e s i g n a t e d  OPTI-UP C12 (3) ,  c o n t a i n i n g  a 

C y s t i n e  and  c y s t e i n e  were d i f f i c u l t  

l a y e r  of s i l i c a  gel c h e m i c a l l y  bonded w i t h  C12 r a t h e r  t h a n  C18 

g roups ,  w a s  developed w i t h  n-propanol-water  (7:3 v / v ) ,  and 

t h e  same g e n e r a l  m i g r a t i o n  sequence  was o b t a i n e d  (System D ,  

T a b l e  1 ) .  

Two bonded r e v e r s e d  p h a s e  a c e t y l  c e l l u l o s e  l a y e r s  (4 )  w e r e  

a l s o  developed w i t h  t h e  same s o l v e n t .  These  were Baker F l e x  10% 
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F 
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0 
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4 
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F i g u r e  1. S e p a r a t i o n  of a 9-component amino a c i d  m i x t u r e  
(500 ng each )  on a Whatman KC18 t h i n  l a y e r  
developed w i t h  2-propanol-water  ( 7 : 3  v / v )  i n  a 
l i n e d ,  p r e - e q u i l i b r a t e d  chamber. F = s o l v e n t  
f r o n t ,  0 = o r i g i n .  

a c e t y l a t e d  c e l l u l o s e  (p l a s t i c -backed)  (System E) and Ana l t ech  

20% a c e t y l a t e d  c e l l u l o s e  (glass-backed)  (System F) .  Again,  t h e  

same g e n e r a l  s equence  of m i g r a t i o n  was obse rved  f o r  t h e s e  two 

systems.  S p o t t i n g  of samples  w a s  d i f f i c u l t  on t h e  a c e t y l a t e d  

c e l l u l o s e  l a y e r s .  On t h e  10% a c e t y l a t e d  l a y e r ,  water s o l u t i o n s  

remained beaded on t h e  s u r f a c e  of t h e  o r i g i n  f o r  some t i m e  

b e f o r e  f i n a l l y  b e i n g  abso rbed  i n t o  t h e  l a y e r .  Water s o l u t i o n s  

cou ld  n o t  be  s p o t t e d  on t h e  20% a c e t y l a t e d  l a y e r ,  s o  s t a n d a r d s  

were p repa red  i n  96% e t h a n o l  c o n t a i n i n g  0.1 N HC1. 
Development times f o r  a 15 cm run w i t h  2-propanol-water  

(7:3 v / v )  i n  Systems A-F w e r e  as fo l lows :  
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100 SHERMA, SLECKMAN, AM) ARMSTRONG 

(A) KC18 3 . 5  h o u r s  

(B) S i l i c a  g e l  3 . 5  h o u r s  

(C) Hydrocarbon impregnated s i l i c a  g e l  5.0 h o u r s  

(D) C12 7.5 h o u r s  

(E) 10% A c e t y l a t e d  c e l l u l o s e  3 . 5  h o u r s  

(F) 20% A c e t y l a t e d  c e l l u l o s e  4.0 h o u r s  

The n i n h y d r i n  r e a g e n t  produced p u r p l e ,  r e d ,  and t a n  s p o t s  on 

s i l i c a  g e l  and KC18 chemica l ly  bonded s i l i c a  g e l  p l a t e s ,  w h i l e  

a l l  s p o t s  appeared some shade  of  p u r p l e  on c e l l u l o s e  ( 1 ) .  The 

i n t e n s i t y  of c o l o r s  produced by t h e  n i n h y d r i n  r e a g e n t  f o r  500 ng 

of t h e  amino a c i d s  v a r i e d  i n  t h e  o r d e r ,  s i l i c a  g e l  > KC18 > 

c e l l u l o s e .  The g e n e r a l  d i f f u s e n e s s  of developed zones v a r i e d  i n  

t h e  o p p o s i t e  o r d e r ,  c e l l u l o s e  > KC18 > s i l i c a  g e l .  

a c e t y l a t e d  c e l l u l o s e  l a y e r ,  a l l  compounds t h a t  were d e t e c t e d  

appeared a s  f a i n t  t a n  zones.  For d e t e c t i o n  on 20% a c e t y l a t e d  

c e l l u l o s e ,  n i n h y d r i n  was d i s s o l v e d  i n  e t h a n o l  r a t h e r  t h a n  i n  

a c e t o n e  because s p r a y i n g  w i t h  t h e  l a t t e r  s o l v e n t  caused  t h e  

l a y e r  t o  p e e l .  Again,  a l l  d e t e c t e d  s p o t s  appeared as a f a i n t  

t a n  c o l o r .  

On t h e  10% 

Mechanism of S e p a r a t i o n  of RP Laye r s  

The similar o r d e r  of m i g r a t i o n  of amino a c i d s  on s i l i c a  g e l ,  

c e l l u l o s e ,  10% and 20% a c e t y l a t e d  c e l l u l o s e ,  C18 and CI2 chemical-  

l y  bonded s i l i ca  g e l ,  and hydrocarbon-impregnated s i l i ca  g e l  

i n d i c a t e d  t h a t  a s imilar  mechanism might  b e  o p e r a t i v e  i n  a l l  of 

t h e s e  systems.  The p o s s i b i l i t y  of a mechanism based on s o l u b i l i t y  

i n  t h e  a l coho l -wa te r  mobile  phase  w a s  c o n s i d e r e d ,  b u t  a t t e m p t s  

t o  c o r r e l a t e  R v a l u e s  w i t h  amino a c i d  s o l u b i l i t y  i n  a l c o h o l -  

w a t e r  m i x t u r e s  were n o t  s u c c e s s f u l .  For  example,  Nozaki and Tan- 

f o r d  ( 5 )  r e p o r t e d  t h a t  s o l u b i l i t i e s  of t y r o s i n e ,  l e u c i n e ,  phenyl- 

a l a n i n e ,  and t ryp tophan  i n  60% e thano l -wa te r  were 0.02, 0.62, 

1 . 2 3 ,  and 1.40 g/100 g ,  r e s p e c t i v e l y ,  b u t  v a l u e s  f o r  a l l  of 

t h e s e  compounds on t h e  KC18 r e v e r s e d  phase  l a y e r  w e r e  0.72-0.74. 

I n  a d d i t i o n ,  h i s t i d i n e  h a s  a h i g h e r  s o l u b i l i t y  t h a n  a s p a r a g i n e  
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CHROMATOGRAPHY OF AMINO ACIDS 101 

(0.5 compared t o  0.2 g/100 g ) ,  b u t  t h e  F$ v a l u e  of  h i s t i d i n e  w a s  

0.063 and of a s p a r a g i n e  0.31. 

Fur ther  s t u d i e s  were done t o  check t h e  p o s s i b i l i t y  of separa-  

t i o n s  due t o  a p r e c i p i t a t i o n  mechanism, which sometimes occurs  

when b i n a r y  o r  h i g h e r  order  mobile phases  are used and concurren t -  

l y  f r a c t i o n a t e d  d u r i n g  development. S i n g l e  amino a c i d s  were spot-  

t e d  a c r o s s  d i f f e r e n t  t h i n  l a y e r  p l a t e s  a t  a n  a n g l e  t o  t h e  bottom 

edge. I f  t h e  d i s t a n c e  of migra t ion  of t h e  amino a c i d s  w a s  t o t a l l y  

dependent on p r e c i p i t a t i o n  from t h e  mobile  phase, t h e  f i n a l  

p o s i t i o n  of a l l  s p o t s ,  r e g a r d l e s s  of t h e  l o c a t i o n  of s p o t t i n g ,  

would be  a h o r i z o n t a l  l i n e  p a r a l l e l  t o  t h e  s o l v e n t  f r o n t  (0' a n g l e ) ( 6 ,  

7)  . I f  no f r a c t i o n a t i o n  of t h e  mobile  phase occurs  and a c lass ic  

a d s o r p t i o n  o r  p a r t i t i o n  mechanism w a s  o p e r a t i v e  then a l l  s p o t s  

would move an e x a c t  d i s t a n c e  d i c t a t e d  by t h e i r  %. 
expec t  t h e  developed s p o t s  t o  l i e  along a s l a n t e d  l i n e  w i t h  a theo- 

re t ica l  a n g l e  t h a t  could be  p r e d i c t e d  from t h e  a n g l e  of  t h e  o r i g i n  

l i n e  and t h e  F$ v a l u e  of t h e  s p o t t e d  compound. 

t h e s e  experiments  are shown i n  Table  2. 

Hence, one would 

The r e s u l t s  of 

The developed s p o t s  d id  n o t  l i e  on a l i n e  p a r a l l e l  t o  t h e  

s o l v e n t  f r o n t  (OO), b u t  were u s u a l l y  somewhere between t h i s  and 

t h e  t h e o r e t i c a l  l i n e .  The r e s u l t s  on s i l i c a  g e l  were s imilar  t o  

t h o s e  on t h e  reversed  phase media, i n d i c a t i n g  a similar mechanism 

t h a t  w a s  p o s s i b l y  some combination of a d s o r p t i o n ,  p a r t i t i o n ,  

and/or  s o l u b i l i t y .  However, an a d s o r p t i o n  mechanism i s  unexpected 

on t h e  chemica l ly  bonded C18 l a y e r s  because of t h e  10%-12% carbon 

loading  and t h e  f u l l y  covered (capped) s i l a n i z e d  s i l i ca  g e l  

p a r t i c l e s  (8). The migra t ion  sequences i n  Table  1 and t h e  r e s u l t s  

i n  Table  2 i n d i c a t e  t h a t  t h e  mechanism, whatever i t  is ,  i s  similar 

on s i l i c a  g e l  and chemical ly  bonded and impregnated RP l a y e r s ,  and 

t h a t  i t  is  n o t  convent iona l  r e v e r s e d  phase p a r t i t i o n  and s o l u b i l i t y -  

based. 

Indeed, one should r e a l i z e  t h a t  t h e  d e f i n i t i o n s  of "reversed" 

phase" and "normal phase" are based on i d e a l  o r  n e a r l y  i d e a l  sys- 

t e m s .  For  example, reversal i s  e a s i l y  obta ined  when s e p a r a t i n g  a 
nonpolar ,  hydrophobic subs tance  such as an thracene  from a r e l a t i v e l y  
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CHROMATOGRAPHY OF AMINO ACIDS 103 

p o l a r ,  h y d r o p h i l i c  subs tance  such as sodium p i c r a t e  (9). 

Unfor tuna te ly ,  i n  real  l i f e  many s e p a r a t i o n s  cannot b e  e a s i l y  pre- 

d i c t e d  s o l e l y  on t h e  b a s i s  of p o l a r i t y .  The amino a c i d s  are clas- 

s ic  examples of amphiphi l ic  compounds having hydrophobic and hydro- 

p h i l i c  p a r t s ,  t h e  a b i l i t y  t o  hydrogen-bond, t o  act  as a c i d s  o r  

bases ,  etc. Fur ther  complicat ing t h e  p i c t u r e  i s  t h e  f a c t  t h a t  t h e  

s t r u c t u r e  o r  n a t u r e  of t h e  s t a t i o n a r y  phase ( p a r t i c u l a r l y  t h e  

reversed  phase) is n o t  f u l l y  understood. Thus, a reversed  

s t a t i o n a r y  phase may appear hydrophobic and e s s e n t i a l l y  d e a c t i -  

va ted  t o  a nonpolar  s o l u t e  such as an thracene ,  b u t  may n o t  t o  

an amino a c i d .  The r e s u l t s  of t h i s  work i n d i c a t e  t h a t  t h e  

reversed  phase s e p a r a t i o n  of amino a c i d s  (and probably a h o s t  

of o t h e r  compounds) i s  a complicated process  t h a t  can n o t  be 

explained by t r a d i t i o n a l  i d e a l i z e d  n o t i o n s  of "reversed" o r  

"normal" phase TLC. 

RP Systems w i t h  M i c e l l a r  Mobile Phases 

Pseudophase chromatography, i n  which micellar o r  cyclo- 

d e x t r i n  s o l u t i o n s  are used as mobile phases  i n  TLC o r  HPLC, has  

been descr ibed  by Armstrong and coworkers (9-15). Amino a c i d s  

w e r e  s t u d i e d  on polyamide t h i n  l a y e r s  us ing  a reversed  micellar 

mobile phase conta in ing  sodium d i o c t y l s u l f o s u c c i n a t e ,  and 

v a l u e s  f o r  20 compounds were r e p o r t e d  (11). I n  g e n e r a l ,  t h e  

more p o l a r  amino a c i d s  had t h e  h i g h e s t  % values ,  w h i l e  t h e  less 

p o l a r  ones had lower v a l u e s .  Since t h i s  behavior  i s  charac- 

t e r i s t i c  of reversed  phase TLC, i t  was decided t o  e v a l u a t e  

pseudophase TLC on C18 l a y e r s  (15) f o r  amino a c i d  s e p a r a t i o n s .  

% 

% 

Development on a KC p l a t e  w i t h  a mobile  phase c o n t a i n i n g  18 
0.015 M SDS (sodium d o d e c y l s u l f a t e )  micelle-forming s u r f a c t a n t  

produced t h e  v a l u e s  shown i n  Table 1 (System G ) .  Sodium 

c h l o r i d e  (0.5 M) w a s  a l s o  included i n  t h e  mobile phase t o  

r e t a i n  t h e  b inding  of t h e  l a y e r  i n  t h e  t o t a l l y  aqueous s o l u t i o n .  

L i t t l e  r e s o l u t i o n  of t h e  compounds w a s  ob ta ined ,  and s e v e r e  

s t r e a k i n g  occurred f o r  t h e  zones wi th  % v a l u e s  g r e a t e r  than 
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104 S H E W ,  SLECKMAN, AND ARMSTRONG 

0.78, which accounted f o r  t h e  m a j o r i t y  of compounds. Many com- 

pounds were n o t  d e t e c t e d  below a level of 2 pg, which w a s  t h e  

amount of each a c i d  s p o t t e d  t o  o b t a i n  t h e  d a t a  i n  Table  1. The 

p l a t e  requi red  20 minutes of h e a t i n g  r a t h e r  than 5 minutes  t o  

produce s p o t s  of reasonable  i n t e n s i t y  w i t h  n inhydr in ,  and 

t h e  spot  c o l o r s  were orange and green  i n  some cases i n  addi-  

t i o n  t o  t h e  u s u a l  t a n  and p u r p l e  produced w i t h  convent iona l  

mobile phases  on t h e  C18 l a y e r .  

were noted f o r  some compounds compared t o  non-micelle develop- 

ments on KCI8 l a y e r s ,  b u t  r e s u l t s  were d i f f i c u l t  t o  assess 

because of t h e  t r a i l i n g  mentioned above. For example, a l a n i n e  

had a lower % than  phenyla lan ine  when developed w i t h  propanol- 

water, b u t  a r e l a t i v e l y  h i g h e r  % w i t h  t h e  SDS mobile  phase. 

A 12 c m  development w i t h  SDS r e q u i r e d  2 hours .  V i r t u a l l y  

i d e n t i c a l  r e s u l t s  as t h o s e  j u s t  d e s c r i b e d  f o r  SDS were obta ined  

when development w a s  c a r r i e d  o u t  w i t h  a mobile  phase c o n s i s t i n g  

of s a t u r a t e d  aqueous CTAB-H20 (1:19 v /v)  a l s o  c o n t a i n i n g  0.5 M 

N a C l  (System H, Table  1). CTAB (cetyltrimethylammonium bromide) 

is also a commonly used micelle-forming s u r f a c t a n t .  

Apparent sequence reversals 

The reversed  micellar s u r f a c t a n t  sodium d i o c t y l s u l f o s u c -  

c i n a t e ,  which w a s  used by Amstrong t o  develop amino a c i d s  on 

polyamide ( l l ) ,  w a s  t e s t e d  as  a mobile  phase [1 .3  M DOSS i n  

cyclohexane-water ( 5 0 : 4  v / v ) ]  on C18 l a y e r s .  

b l e  1 (System I)  show t h a t ,  w i t h  a few except ions ,  % v a l u e s  

were a l l  i n  t h e  range between 0.64 and 0.71. The mobile  phase 

was very  v i s c o u s ,  and a 7 cm development r e q u i r e d  26 hours .  

Attempts t o  lower t h e  v i s c o s i t y  of t h e  mobile  phase by d i l u t i o n  

r e s u l t e d  i n  s t r e a k e d  zones. The p l a t e  r e q u i r e d  20 minutes  of 

h e a t i n g  b e f o r e  500 ng zones were reasonably  i n t e n s e ;  a s t a n d a r d  

a r r a y  of purp le  and t a n  s p o t s  was produced, except  f o r  a few 

compounds t h a t  were orange. Zones were g e n e r a l l y  round and 

compact r a t h e r  than  s t r e a k e d  as wi th  t h e  m i c e l l e  mobile  phases .  

The r e s o l u t i o n  obta ined  w a s  n o t  a s  good as t h a t  r e p o r t e d  (11) 

us ing  t h i s  mobile  phase w i t h  a polyamide l a y e r .  

The d a t a  i n  Ta- D
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CHROMATOGRAPHY OF AMINO ACIDS 105 

RP Systems wi th  Micellar Impregnation 

L e p r i  e t  a l .  (16) have repor ted  t h e  TLC of amino a c i d s  on 

Merck C2,  C8, and C18 p l a t e s  impregnated w i t h  dodecylbenzene- 

s u l f o n i c  a c i d  (HDBS) and developed wi th  1 M acet ic  a c i d  + 0.2 M 

H C 1  i n  methanol-water (1:l v / v ) .  Our r e s u l t s  w i t h  t h i s  system 

us ing  Whatman C l a y e r s  are shown i n  Table  1 (System J ) .  

P l a t e s  were impregnated by d ipping  i n t o  a 4% s o l u t i o n  of HDBS 

i n  96% e thanol ;  development f o r  15 c m  r e q u i r e d  2.5 hours .  

Again, many compounds were n o t  de tec ted  a t  l e v e l s  below 2 pg, 

and p l a t e s  requi red  20 minutes of h e a t i n g  t o  produce reason- 

a b l y  i n t e n s e  s p o t s  even f o r  t h i s  amount. Although t h e  a c i d s  

w i t h  h igher  % v a l u e s  w e r e  badly s t r e a k e d ,  t h i s  system gave 

t h e  most evidence of a r e v e r s a l  of % v a l u e s  compared t o  those  

on C18 s i l i ca  g e l ,  c e l l u l o s e ,  and s i l i ca  g e l  wi th  convent iona l  

aqueous-organic s o l v e n t s .  

than  those  repor ted  by L e p r i  e t  a l .  (16).  t h e  g e n e r a l  sequence 

of migra t ion  f o r  t h e  common a c i d s  s t u d i e d  w a s  similar. How- 

ever ,  s p o t s  were n o t  n e a r l y  as  t i g h t  as i l l u s t r a t e d  i n  t h e  

f i g u r e s  of L e p r i  e t  a l .  (16). Development w a s  a l s o  c a r r i e d  o u t  

w i t h  HDBS incorpora ted  i n t o  t h e  mobile phase i n s t e a d  of being 

impregnated i n t o  t h e  p l a t e .  I n  t h i s  case, t h e  mobile phase 

appeared t o  "demix", and a l l  of t h e  s p o t s  appeared i n  a narrow 

band a t  o r  very n e a r  t h e  s o l v e n t  f r o n t  w i t h  v i r t u a l l y  no 

r e s o l u t i o n .  

18 

Although % v a l u e s  were d i f f e r e n t  

When t h e  mobile phase w a s  changed t o  c o n t a i n  1 M a c e t i c  

a c i d  + 0.2 M HC1 i n  methanol-water (7:3 v/v)  (Table 1, System K ) ,  

% v a l u e s  on t h e  HDBS impregnated l a y e r  were g e n e r a l l y  lower, and 

s t r e a k i n g  w a s  much less of a problem. A development of 7 c m  

requi red  55 minutes. 

by L e p r i  e t  a l .  (16) ,  bu t  t h e  s p o t s  were s t i l l  n o t  as compact as 

those  p i c t u r e d  by t h e s e  workers. The migra t ion  sequence w a s  

aga in  reversed  compared t o  C18 s i l i c a  g e l ,  c e l l u l o s e ,  and s i l i c a  g e l .  

5 v a l u e s  were i n  t h e  same order  as  repor ted  

The migra t ion  sequence on t h e  HDBS-impregnated l a y e r  

c l o s e l y  p a r a l l e l e d  t h a t  which w a s  found earlier (1) f o r  Fixion 
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106 SHERMA, SLECKMAN, AND ARMSTRONG 

A 

B 

C 

= octadecylsilane group 
* =  endcapped silanol 

-OH= free hydroxyl group 

Figure 2 .  Schematic diagrams of (A) the surface of a C18 
reversed phase particle, (B) a reversed phase 
particle impregnated withan anionic surfactant, 
and (C) a reversed phase particle impregnated 
with a cationic surfactant. Stationary phase B 
can behave as a cation exchanger and phase C as 
an anion exchanger. Surfactant counterions and 
solvent molecules residing in the bonded layers 
are not shown. 
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CHROMATOGRAPHY OF AMINO ACIDS 107 

s t r o n g  a c i d  c a t i o n  exchange l a y e r s .  This  sugges ts  t h a t  t h e  

mechanism involved on t h e s e  l a y e r s  may b e  c a t i o n  exchange 

w i t h  t h e  impregnated s u l f o n i c  a c i d .  This  w a s  confirmed by 

chromatographing t h e  amino a c i d s  on a KC18 l a y e r  impregnated 

w i t h  CTAB from a 10% s o l u t i o n  of t h i s  compound i n  96% e thanol .  

Development was w i t h  methanol-water (9 : l  v / v )  + 1 M acet ic  

a c i d  + 0.2 M H C 1  (System L, Table  1). The r e s u l t s  w i t h  CTAB 

were very  d i f f e r e n t  from t h o s e  w i t h  HDBS,with t h e  migra t ion  

o r d e r  f o r  t h e  amino a c i d s  being g e n e r a l l y ,  b u t  n o t  uniformly,  

reversed .  

exchange mechanism on t h e  CTAB-impregnated l a y e r .  

i l l u s t r a t e s  t h e  formation of cation-exchange and anion-exchange 

l a y e r s  by impregnation of KC18 w i t h  HDBS and CTAB, r e s p e c t i v e l y .  

The impregnated s u r f a c t a n t  probably caused an  an ion  

F i g u r e  2 

Conclusions 

The only reversed  phase system t h a t  w a s  found t o  provide  

a r e v e r s a l  of migra t ion  sequence compared t o  s i l ica  g e l ,  cel- 

l u l o s e ,  and C18 s i l i ca  g e l  a s  w e l l  as r e l a t i v e l y  compact s p o t s  

and reasonable  development t i m e  included a C18 l a y e r  impregnated 

w i t h  dodecylbenzenesulfonic  ac id .  The charge  of t h e  impregnated 

s u r f a c t a n t  head groups undoubtedly p l a y s  an  important  r o l e  i n  

t h i s  system, and t h e  r e v e r s a l  of migra t ion  i s  very  l i k e l y  due 

t o  an i o n  exchange mechanism. This  system would, t h e r e f o r e ,  b e  

u s e f u l  i n  he lp ing  confirm t h e  presence of an  unknown amino a c i d  

i n  a sample. 

vantages  compared t o  a d s o r p t i o n ,  normal phase p a r t i t i o n ,  o r  

F ix ion  ion-exchange TLC (1) f o r  ana lyses  of mixtures  of amino 

a c i d s .  

g e n e r a l l y  t h e  same as on c e l l u l o s e  and s i l i c a  g e l ,  and an  

a d s o r p t i o n  and/or  p a r t i t i o n  mechanism may b e  o p e r a t i v e  on t h e s e  

RP l a y e r s .  These r e s u l t s  i n d i c a t e  t h a t  it i s  sometimes 

impossible  t o  p r e d i c t  the r e l a t i v e  s e p a r a t i o n  behavior  of many 

compounds (e.q., amino a c i d s  on t h e  b a s i s  of chemica l  no t ions  of 

"normal" or "reversed" phase chromatoqarphy. 

However, TLC on reversed  phase l a y e r s  h a s  no ad- 

The migra t ion  sequences on reversed  phase l a y e r s  are 
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