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THIN-LAYER CHRObiATOGHAPHIC SEPARATIONS OF A L I Y O  A C I D S  
ON STANNIC TUNGSTATE 

Syed Ashfaq Nabi*,  Wajahat U m a r  Fa rooqu i ,  
Zia Mahmood S i d d i q u i  and R i f a q a t  A l i  Khan Rao 

A n a l y t i c a l  Research L a b o r a t o r i e s  
Department  of Chemistry,  A l i g a r h  Muslim U n i v e r s i t y ,  

Aligarh-202001, INDIA. 

ABSTRACT 

Thin- layer  chromatography of  24 impor tant amino 
a c i d s  i n  aqueous and mixed s o l v e n t  sys tems has been 
performed on s t a n n i c  t u n g s t a t e  ion-exchange material. 
R e s u l t s  of  t h e s e  s t u d i e s  r e v e a l  t h a t  t h e  s t a n n i c  tungs-  
ta t e  t h i n - l a y e r s  o f f e r  promis ing  p o t  en t i a l i  t i e s  f o r  
t h e  s e p a r a t i o n  of amino acids. The v a r i o u s  s o l v e n t  
sys tem which have been s t u d i e d ,  ace tone- formic  ac id -  
water and e t h y l a c e t a t e - f o r m i c  acid a r e  found t o  be most 
u s e f u l .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  DL-3,4 d ihydro -  
xypheny la l an ine  (DHPA*.) h a s  been s e l e c t i v e l y  s e p a r a t e d  
f rom a u i x t u r e  of  a number of m i n o  ac ids  i n  e t h y l a c e -  
t a t e  formic  a c i d  systems. Moreover, s p e c i f i c  s epa ra -  
t i o n s  of  DL-methionine has  been ach ieved  from a syn the -  
t i c  ni ixture  o f  o t h e r  u i n o  a c i d s  chromatographed. 
Aspar t ic  acid and g l u t a m i c  a c i d  which be long  t o  mono- 
aminod ica rboxy l i c  a c i d  type  have been s h a r p l y  s e p a r a t e d  
f rom each o t h e r  i n  n-butanol -  ace t i c  acid and ace tone -  
fo rmic  acid-water systems.  A large number of  o t h e r  
i m p o r t a n t  and d i f f i c u l t  t e r n a r y  and b i n a r y  s e p a r a t i o n s  
have  a l s o  been p r a c  t i c a l l y  achieved .  

INTRODUCTION 

P a p e r s  impregnated  w i t h  i n o r g a n i c  ion-exchange 
m a t e r i a l  have been widely used  f o r  t h e  s e p a r a t i o n  of 
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110 NAB1 ET AL. 

metal i o n s  (1-5). Very l i m i t e d  s t u d i e s  have been rriade 
f o r  t he  s e p a r a t i o n  of o r g a n i c  compounds on such type  of 
ion-exchange papers .  However, t i t a n i u m  a r s e n a t e  and z i r -  
conium phosphate  papers have  been used  f o r  the s e p a r a t i o n  
of few auino  a c i d s  (6-9)  and a l k a l o i d s  (10). T h i n - l a y e r s  
of p u r e  i n o r g a n i c  ion-exchange material such as s t a n n i c  
an t imona te  ( 1 1 )  and s t a n n i c  a r s e n a t e  (12-13) have  been 
found u s e f u l  f o r  t h e  s e p a r a t i o n  of metal i o n s .  The u s e  
of  such l a y e r s  w i t h o u t  any b inde r  makes i t  easier t o  have  
a c l e a r  i n t e r p r e t a t i o n  of t h e  mechanism of t h e  s e p a r a t i o n .  
A su rvey  of l i t e r a t u r e  r e v e a l e d  t h a t  a lmos t  no work h a s  
been r e p o r t e d  f o r  t h e  s e p a r a t i o n  of o r g a n i c  compounds on 
t h i n - l a y e r s  prepared  from i n o r g a n i c  ion-exchange mate- 
r ia ls .  I t  i s  t h e r e f o r e ,  wor thwhi le  t o  e x p l o r e  t h e  impor- 
t a n c e  of the l a y e r s  of  i n o r g a n i c  i o n  exchangers  f o r  the 
s y s t e m a t i c  s e p a r a t i o n  of o rgan ic  compounds. S t a n n i c  tung- 
s t a t e  t h i n - l a y e r s  have been t r i e d  because  t h i s  m a t e r i a l  
h a s  been found t o  be q u i t e  s t a b l e  i n  acids ,  b a s e s  and 

o t h e r  o rgan ic  s o l v e n t s  and p o s s e s s  e x c e l l e n t  s e p a r a t i o n  
p o t e n t i a l i t i e s  (14).  Amino a c i d s  e s p e c i a l l y ,  have been 
chosen f o r  t he  chrowatographic  s t u d i e s  because of t h e i r  
b iomedica l ,  p h y s i o l o g i c a l  and pha rmaceu t i ca l  impor tance .  

EJ[PERMENTAL 

Reagen t s  and Cheuicals 

S t a n n i c  c h l o r i d e  pen tahydra t e  (Po land  1, sodiuui 
t u n g s t a t e  ( R e i d e l ,  Germany), n -bu tano l ,  d ioxane ,  a c e t i c  
a c i d ,  formic  a c i d  (B.J.H., England) ,  p y r i d i n e ,  a c e t o n e  
(G.  h e r c k  Ourmstadt )  were used .  A l l  o t h e r  c h e a i c a l s  and 
s o l v e n t s  used were of a n a l y t i c a l  g r a d e  from B.D.H., 
England. 
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SEPARATION OF AMINO ACIDS ON STANNIC TIJNGSTATE 111 

Appara tus  

A t h i n - l a y e r  chromatography ( T L C J  Desoga (Germany) 
a p p l i c a t o r  was used t o  p r e p a r e  t h i n - l a y e r s  on 20 x 20 cm 
glass p l a t e s .  Large uouth  (Toshniwal )  chamber were used  
f o r  t h e  development.  

b i c r o - C a p i l l a r y  P i p e t t e s  were used f o r  t h e  s p o t t -  
i n g  purposes .  

D e t  ec t o r  

Ninhydr in  s o l u t i o n  (0.2%) i n  n-butanol  s a t u r a t e d  
w i t h  water was used  f o r  t he  d e t e c t i o n  of au ino  acids  on 
TLC p la tes .  

P r e p a r a t i o n  of Ion-Exchange Material and Thin-Layer P l a t e s  

S t a n n i c  t u n g s t a t e  was p repa red  by mixing 0.05M 
s o l u t i o n s  of s t a n n i c  c h l o r i d e  and sodium t u n g s t a t e  i n  t h e  
volume r a t i o  of 1: l  at pH = 1 and d i g e s t i n g  t h e  r e s u l t i n g  
p r e c i p i t a t e  a t  room t e m p e r a t u r e  f o r  24 hours .  T h e  pre- 
c i p i t a t e  was f i l t e r e d  unde r  s u c t i o n  and comple te ly  d r i e d  
i n  an oven a t  40 2 4 C. The m a t e r i a l  so  o b t a i n e d  was 
c racked  i n  D I W  (demine ra l i zed  w a t e r )  and then  p l aced  i n  
IMHNO f o r  24 h o u r s  t o  c o n v e r t  i t  t o  t h e  H+ form. The  
m a t e r i a l  was washed w i t h  DbiW t o  remove excess  a c i d  and 
f i n a l l y  d r i e d  at 4OoC. 
t u n g s t e t e  granules t h u s  ob ta ined  were mixed i n  about  
5 m l  o f  d i s t i l l e d  water  and s l u r r y  was made by g r i n d i n g  
the  m i x t u r e  v i g o r o u s l y  in a g l a s s  mor t a r  f o r  a long 
time. T h i s  s t e p  p r o v e s  t o  be very  Luch impor t an t  f o r  
t he  comple te  adhes ion .  The Qr ind ing  of t h e  k r a n u l e s  
wust b e  comple te  M U  s l u r r y  should b e  i n  t h e  form of a 
f i n e  paste  wi thout  M Y  s o l i d  pa r t i c l e s  be ing  l e f t .  The 
s l u r r y  was then sp read  ove r  t h e  c l e a n  glass p l a t e s  w i t h  

0 

3 

Ten granmes of s t a n n i c  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



112 NAB1 ET AL. 

the help of an a p p l i c a t o r  t o  g i v e  0.10 mm t h i c k  layers. 
The p l a t e s  were ready f o r  u s e  a f t e r  d ry ing  a t  room 
temperature. 

- Procedure 

Approxiuately 0.04 m l  of t e s t  so lu t ionso f  amino 
acidswere appl ied w i t h  the  he lp  of glass c a p i l l a r y  on 
the p l a t e s .  Af t e r  d r y i n e  the  s p o t s  the p l a t e s  were 
developed i n  va r ious  so lven t  systems and s o l v e n t s  were 
allowed t o  ascend up to  12 cm i n  a11 the c a s e s  from t h e  
po in t  of app l i ca t ion .  

H S T S  AIJD DISCUSSION 

R e s u l t s  of t h e s e  s t u d i e s  r e v e a l  t h a t  s t a n n i c  
tungs ta t e  thin- layer  s o f f e r  promising pot en t i a l i  t i e s  
f o r  the systematic  s e p a r a t i o n  of amino acids.  The 
major advantage of u s ing  s t a n n i c  t u n g s t a t e  l a y e r  i s  tha t  
'ion-exchange' and ' adso rp t ion '  t ake  place simultaneous- 
l y ,  As a r e s u l t  compact and well  def ined s p o t s  a r e  
obtained. I t  is c l e a r  from tab les  (1-7) t h a t  a l a r g e  
number of b i n a r y  and t e r n a r y  sepa ra t ion  of amino a c i d s  
a r e  p o s s i b l e  on t h i n - l a y e r s  of s t a n n i c  tungs t a t e .  The 
v a r i o u s  so lven t  systems which have been s t u d i e d ,  
ace tone-f ornlic acid-water ; h-bu tano l -  a c e t i c  ac id  - water 
and e t h y l  a c e t a t e - f o r d c  a c i d  systems a r e  found t o  be 
most u s e f u l  f o r  the s e p a r a t i o n  of amino acids .  I t  i s  
very i n t e r e s t i n g  and worthwhile t o  note t h a t  DL-3,4 
dihydroxyphenylalanine (DHPA*) h a s  been s e l e c t i v e l y  
separated from the mixture of a number of amino a c i d s  i n  
ethylacetate-formic acid.  An s t r i k i n g  f e a t u r e  emerges 
when pure dioxane; d ioxane -n i t r i c  acid a r e  used as deve- 
lopers .  I n  t h i s  most of the amino a c i d s  remain a t  the 
po in t  of a p p l i c a t i o n  except DL-me thionine which behaves 
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SEPARATION OF AMINO ACIDS ON STANNIC TUNGSTATE 113 

TABLE - I 

R Values  of Amino Acids  on S t a n n i c  Tungstate Layers .  -F 

SOLVENT SYSTEFi 
A (4.30 h r )  A (5.15 h r )  COK30UNa 

DL-Alanin e 0.53 0.87 
2L-2 Amino n - b u t y r i c  a c i d  0.74 0.70 
L-Areinine Monohydrochl or i d  e 0.78 0.38 
DL-Aspar t i c  a c i d  
L-Cyst ine H C 1  

0.8 6 0.85 
0.54 9.73 

L-Cys t i n e  0.48 - 
DL-3,4 Uihydroxyphenyla lan ine  - 0.20 
L-C1utanA.c a c i d  
Glyc ine  
L-His t id ine  H C 1  
L-Hydroxyprol ine 
L -L eu c i n  e 
DL-I s o l  euc i n  e 
DL-Nor Leucine  
L-I tysine iflono HC1 
DL -1.1 e t h i  on i n  e 

0.51 0.56 
0.55 0.69 
3.55 0.67 
0.87 0.85 

0.63 0.84 
0.85 0.62 
0.48 0.85 
0.7 1 0.52 

0.52 0.40 

L-Urni th ine  H C 1  0.39 0.23 
DL-Phenylalanine - - 
L-Pro l ine  
D L-Serine 
DL-Threonine 
DL-Trypt ophan 
L-'l'yro s i n e  
DL-Valine 

0.32 0.45 
0.82 0.52 
0.88 0.84 
0.50 - 
0.53 0.25 
0.63 0.62 

A = n-bu tano l  s a t u r a t e d  w i t h  water :  a ce t i c  a c i d  ( 3 : l )  

B = ace tone :  fo rmic  a c i d :  water (2:2:1). 
s y s t e m ;  
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114 N A B 1  ET AL. 

TABLE - I1 
3 v a l u e s  of An:ino Acids  on S t a n n i c  'l 'unwstate L a y e r s .  

SOLVENT SYSTEM COMPOUND 
C (5.50 h r )  D (5.00 h r )  

DL- A l M i n e  
DL-2 Amino n - b u t y r i c  a c i d  
L-drg in in  e 1.; on oh y d r o c h l  o r  i d  e 
3L-Aspar t ic  a c i d  
L-Cys t i n e  H C 1  
L-Cystine 
DL-3,4 D i  h yd r oxy p h e n y  1 a1 an i n  e 
L-Clutamic a c i d  
C l y c i n e  
L-His t id ine  H C 1  
L-Hyd roxypr  o l i n e  
L-L eu c i n  e 
DL- I s o l  euc in  e 

DL-N o r  Leucine 
L-Lysine Mono H C 1  
DL-Methionine 
L-Orni th ine  HC1 
DL-Ph eny l a l a n i n  e 
L-Pro1 i n e  
DL - S er i n  e 

UL-T h r  e onine 
DL-Tryptophan 
L 4 y r o s i n e  
DL- Val in  e 

0.86 
0.72 
0.48 

0.55 

9.7 5 
0.39 
0.85 
0.52 

0.68 
0.86 

0.53 

0.92 

0.57 

- 

- 

- 

- 
0.62 

9.95 
0.48 
- 

0.80 

6.45 
0.79 

- 
0.66 
0.50 
d.85 
0.72 
0.76 

0.33 
0.98 
0.52 
0.60 

0.44 
0.77 
0.45 
0.56 
0.85 
0.24 

0.53 
0.77 

0.59 
0.85 
0.60 

0.45 

a.72 

- 

C = n ou tano l :  a c e t i c  a c i d :  water (5:4:1); 
D = e t h y l a c e t a t e :  formic  a c i d  (6:4). 
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SEPARATION OF AMINO ACIDS ON STANNIC TUNGSTATE 115 

TABLE - I11 - 
R Values o f  Amino Acids  on S t a n n i c  Tunastate Layers. -F- 

-- 
SOLVENT SYSTEM 

COMPOUND 't; (6.45 h r )  F (6.30 h r )  - 
il L- A 1  an i n e  
DL- 2 Azino n -bu ty r i c  a c i d  
L- Argin in  e Mono h yd r o c  h l  or i d e  
DIG-Aspartic a c i d  
L-Cystine H C 1  
L-Cy s t i n e  
DL-3,4 D i h  ydr  oxy ph e n y l a l a n i n  e 
L-Glu tamic ac id  
Glyc ine  
L-His t id ine  H C 1  
L-Hydroxyproline 
L -L e u c i n  e 
L)L-Is01 euc ine  
DL-Nor Leucine  
L-Lys ine  hone H C 1  
UL-fii e t h i  on i n e  
L-Omith ine  H C 1  
DL-Phenylalanine 
L-Frol in  e 
DL-Serin e 
DL-Threonine 
DL-Tryp toph an 
L- ' ryr  is i n  e 
DL -Vnline 

0.0 

0.0 
0.0 

0.0 
0.0 
0.10 
0.0 
O.C 
0.0 

0.0 
0.23 
0.C 
6.6 
0.Q 

0.0 

0.40 
0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.18 - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.22 
0.c 
0.13 
0.C 

0.0 

0.0 

0.35 
0.0 

0.15 
0.0 

0.0 
0.0 
0.0 
0.46 

0.c 
0.0 

- 

- 

3 E = Dioxane; F = Dioxane + 0.1M HNO 
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'TABLE -- - I V  

uiino Acids  on S t a n n i c  ' I 'ungstate  Layers %-- Of A 

COhPOUKD 
SOLVdNT SYS'IIEM 

C (5.15 lir) H (5.45 h r )  

DL-Alanine 
DL-2 Aaino n - b u t y r i c  a c i d  
L-Arginine !bionohydrochloride 
DL-Aspar t i c  a c i d  
L-Cyst ine H C 1  
L-cyst he 
DL-7,4 3 i hydroxypheny la l an ine  
L - G l u t u i c  a c i d  
Glyc ine  
L - H i s t i d i n e  H C 1  
L-Hyd r ox y p r  o l i n e  
L-L euc i n  e 
DL- Is01 euc i n e  
DL-Nor Leucine  
L-Lysine I-lono H C 1  
DL-Pie t h i on i n  e 
L-Orni th ine  H C 1  
DL-?h eny la1 a n i n e  
L-Pr o l i n  e 
DL-Serine 
DL- 1 h r eon i n  e 
DL-rryp t o p h a  
L-Tyr o s i n e  
DL-Valine 

0.61 
0.87 
0.60 

d. 50 
0.72 

0.96 
0.63 
0.86 
0.74 
0.91 
0.45 
0.68 
0.77 
3.33 
U.82 
0.47 
0.86 
0.74 
0.38 
0.78 
0.55 

0.89 

- 

- 

0.62 
0.85 
0.53 
0.67 
0.87 
0.67 
0.95 
0.67 
0.84 
0.20 

0.59 

- 

0.86 
0.42 
0.76 
6.78 
0.35 
0.61 
0.78 
0.86 
0.56 
0.7 1 

0.91 
- 

~ ~ ~~~~~~ - 

C = Ace t i c  a c i d  + fo rmic  a c i d  + wcter (4:3:2) 
H = k;thylalcohol  + e t k y l a c e t a t e  + n - b u t m o l  (3:4:2) 
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SEPARATION OF AMINO ACIDS ON STANNIC TUNGSTATE 1 1 7  

TABLE - V 

BF-yalues of Amino Acids  on S t a n n i c  Tungs ta t e  Layers 

C ONPOUND 
SOLVENT SYSTM 

I (5.45 h r )  J (5.00 h r )  

DL-Alanine 
DL-2 Amino n -bu ty r i c  a c i d  
L-Arginine Mono H C 1  
DL-Aspar t i c  a c i d  
L-Cys t i n e  H C 1  
L-Cys t i n e  
DL-3,4 D ihydroxypheny la lv l ine  
L-Slutamic a c i d  
G 1 y c i n  e 
L - H i s t i d i n e  H C 1  
L-Hydroxyproline 
L-L euc i n  e 
DL-Isoleucine 
DL-Nor Leucine  
L-Lysine Plono H C 1  
UL-Pie t h i o n i n e  
L - O m i  t h i n  e H C 1  
DL-Ph en y 1 a1 an i n e  
L-Pr o l i n  e 
DL -S e r i n  e 
3L-Thr eon ine  
DL-Tryp tophan 
L-Tyr o s ine  
DL-Valin e 

0.70 
0.84 
0.4 1 
9.78 
0.61 
0.84 

0.95 

0.86 
0.61 

0.86 
0.24 
0.56 
0.85 
6.32 
0.85 

0.47 
0.60 
0.59 

0.85 

0.77 

- 

- 

0.45 
0.77 

0.62 
0.85 
0.69 
0.4 1 
0.80 
0.85 

0.92 
0.29 
0.67 
0.65 
0.86 

0.49 
0.76 
0.58 
0.84 
- 

0.34 
0.69 
0.20 

0.53 
0.72 

0.45 
0.76 
0.86 

I = L s h y l a c e t a t e  + P y r i d i n e  + Water (2:1:2); 
J = a c e t o n e  + e t h a n o l  + water (6:1:3). 
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i n  a p e c u l i a r  way. As a r e s u l t  of t h i s  s p e c i f i c  separa- 
t i o n  of DL-methionine h a s  been s e l e c t i v e l y  achieved 
from a s y n t h e t i c  mixture of a number of a d n o  acids .  
Aspar  t i c  a c i d ,  glutaruic acid both belonging t o  monoamino- 
d i ca rboxy l i c  ac id  type have been sha rp ly  sepa ra t ed  from 
each o t h e r  i n  n-butanol: a c e t i c  acid ( 3 : l )  and acetone: 
formic ac id :  water (2 :2 :1 )  systems. Furthermore,  c e r t a i n  
s e p a r a t i o n s  of  important and d i f f i c u l t  pa i r s  of raono- 
aininomonocarboxylic a c i d  types  such as g lyc ine - l euc ine ;  
leucine-DL-serine; a l an ine - se r ine ;  a l an ine - l euc ine  ; DL- 
s e r i n e  - DL-isoleucine; l euc ine - th reon ine ;  DL-serine-DL- 
v a l i n e ;  l euc ine - i so l euc ine ;  DL-Norleucine and a l s o  v a l i n e  
from DL-threonine have been convenient ly  achieved u t i l i z -  
i n g  s t a n n i c  t u n g s t a t e  layers .  D i s t i n c t  s e p a r a t i o n s  of 
h e t e r o c y c l i c  aklino a c i d s  from one another  have been 
obtained. Thus sepa ra t ion  of tryptophan from h e s t i d i n e  
and hydroxyproline have been r e a l i z e d  i n  many systems 
i.e. n-butanol- a c e t i c  acid-water ;  a c e t i c  acid-formic 
acid-water;  n-butanol s a t u r a t e d  w i t h  wa te r - ace t i c  ac id  
and a1 so  n - bu t an01 - e thy l a1  c oh o l  -e thy1 ac e t at e s o l v e n t  
systems. I t  i s  i n t e r e s t i n g  t o  observe i n  the c a s e  of 
h e t e r o c y c l i c  amino ac ids .  
t h e  i n c r e a s e  i n  niolecular weight of t h e  amino ac ids .  I n  
e t h y l a c e t a t e - e t h y l a l c o h o l - n - b u t m o l  and e t h y l a c e t a t e -  
pyridine-water systems. 
fol lowing sequence - 

The RF va lue  i n c r e a s e s  with 

Rp va lue  dec reases  i n  t h e  

Tryptophan H i s t i d i n e  Hydroxyproline 

while  t h e  o rde r  of HF va lues  are  reversed i n  acetone- 
e thylalcohol-water  s y s t e m  i. e. w i t h  the i n c r e a s e  i n  
molecular weight of aruino a c i d s  RF value decreases .  
T h u s  chromatography of arrdno a c i d s  on t h i n - l a y e r s  of 
s t a n n i c  t u n g s t a t e  o f f e r s  a l a r g e  number of i u p o r t a n t  
and d i f f i c u l t  s e p a r a t i o n s  of amino ac ids .  
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