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SEPARATION STUDIES OF METAL IONS IN 
SODIUM THIOGLYCOLATE MEDIUM BY 

THIN LAYER PARTITION CHROMATOGRAPHY 

L. DESHMUKH AND R B. KHARAT 
Department of Chemisty 

Insthte of Science 
Naspur 440001, India 

ABSTRACT 

A t h i n  l a y e r  p a r t i t i o n  chromatographic method has been 

developed for s e p a r a t i o n  of Fe( 111), Ni( 11) , Zn( 11) , CU( 11) , 
Pb(I1) and Mn(I1) on t h i n  l a y e r s  of s i l i c a  gel-G a s  an 

adsorbent .  

aqueous s o l u t i o n  of sodium t h i o g l y c o l a t e  a s  a mobile phase. 

The dependence of Rf va lues  on t h e  migra t ion  time, pH and 

concen t r a t ion  of mobile phase has been s tud ied .  The optimum 

cond i t ions  for  poss ib l e  %component s e p a r a t i o n  have been 

determined. Metal ions have been sepa ra t ed ,  detectec' ,  e l u t e d  

and  qua& i t a t  i v e l y  determined by atomic abso rp t ion  spec t ro-  

scopy. The p resen t  method was a p p l i e d  t o  t h e  s e p a r a t i o n  and 

de termina t ion  of z i n c  in  f o r e n s i c  samples. 

The Rf values  were determined us ing  0.01-0.2 

JNTROWCX ION 

In a l l  chromatographic procedures,  t h e  optimum cond i t ions  

f o r  s e p a r a t i o n  y i e lded  through mutual harmonisat ion  of s t a t i o n a r y  

1483 
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DESHMUKH AND KHARAT 1484 

phase  and mobi le  phase .  S p e c i a l l y  f o r  t h i n  l a y e r  chromato- 

g r a p h y  (TLC) t h e  t h i n  l a y e r s  can b e  p r e p a r e d  from s i l i c a  g e l  G ( 1 ) ,  

Calcium s u l p h a t e  ( 2 ) ,  Zirconium phosphate  ( 3 1 ,  Alumina, 

i\ 'agnesium s i l i c a t e  (4), Calcium s i l i c a t e  ( 5 )  and C e l l u l o s e  ( 6 ) .  

The use o f  s i l i c a  g e l  G (SGG)  impregnated  w i t h  i n o r g a n i c  s a l t s  

s u c h  a s  Barium n i t r a t e  or Ammonium c h l o r i d e  (71, h i a h  

m o l e c u l a r  weight  amihes , s u b s t i t u t e d  q u a t e r n a r y  ammonium s a l t s  , 
h e t e r o c y c l i c  amines and t e t r a s u b s t i t u t e d  p y r a z o l e  ( 8 . 9 )  has  

become a powerful  method of  a n a l y s i s .  L i t e r a t u r e  r e v e a l s  t h e  

use of v a r i o u s  s o l v e n t  sys tems l i k e  1M H G l ,  1L HN03* 0.5A; 

€-$SO4 , 0.lhZ O x a l i c  a c i d  and  0.lM C i t r i c  a c i d  (1C). S i m i l a r l y  

o r g a n i c  a c i d s  and t h e i r  s a l t s  have a l s o  been  u s e d  a s  mobi le  

p h a s e s  (11,12) f o r  s e p a r a t i o n  of meta l  i o n s .  4Component  

s e p a r a t i o n  of  m e t a l  i o n s  i n  t u b e  w e l l  w a t e r  samples  w i t h i n  

10 min t i m e  h a s  bzen  reported (13) on unimpregnated  SGG and  

s o d i u m  a c e t a t e  as a mobi le  phase .  Sodium s a l t s  of m a l i c  a n d  

m a l o n i c  a c i c  have been  used  i n  t h e  3-component s e p a r a t i o n  of 

m e t a l  i o n s  i n  i n d u s t r i a l  waste  w a t e r  samples  (14). The use of 

t r i c h l o r o  a c e t i c  a c i d  and g l y c o l i c  a c i d  i n  t h e  mobi le  phases  

h a s  a l s o  been reported f o r  TLC s e p a r a t i o n  of c a t i o n s  i n  f l y a s h  

(15)  and  m i n e r a l  samples  ( 1 6 ) .  The p r e s e n t  work is a s i m p l e  

c o n v e n i e n t  and economical  method for s e p a r a t i o n  * d e t e c t  i o n  

and  q u a n t i t a t i v e  deteerminat i o n  of  meta l  i o n s  on unimpregnated 

t h i n  l a y e r s  o f  S G G  a s  a n  a d s o r b e n t .  

MAT ERJALS 

O r d i n a r y  g l a s s  p l a t e s  (4x10 cm) were used  for  c o a t i n g  SGG. 

An Elico pH meter model L 1 1OT ( E l i c o  Pvt. L t d . )  was u s e d  f o r  

a d j u s t i n g  t h e  pH of t h e  s o l u t i o n s .  The c h r o m a t o p l a t e s  wre 
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METAL IONS IN SODIUM THIOGLYCOLATE MEDIUM 1485 

d e v e l o p e d  i n  18x13 cm g l a s s  j a r s .  Meta l  i o n s  were q u a n t i t a t i v e 1  

d e t e r m i n e d  on Chemico Atomic Absorp t ion/Emiss ion  Spectrophoto- 

meter 200. The t h i n  l a y e r s  were p r e p a r e d  f r o m  SGG ( E .  Merck). 

Sodium t h i o g l y c o l a t e  was procured  from B.D.H. Ltd .  The s t o c k  

s o l u t i o n s  o f  0.05M m e t a l  i o n s  were p r e p a r e d  b y  d i s s o l v i n g  

t h e i r  c h l o r i d e s ,  n i t r a t e s  and s u l p h a t e s  i n  0.M h y d r o c h l o r i c  

a c i d .  D e i o n i s e d  w a t e r  was used  for p r e p a r a t i o n  o f  a l l  t h e  

s o l u t i o n s .  

P r e p a r a t i o n  of  T h i n  Layer  P l a t e s  

A s l u r r y  was p r e p a r e d  b y  mixing SGG and d e i o n i s e d  water  

i n  t h e  r a t i o  1:3 w i t h  c o n s t a n t  s t i r r i n g  for f i v e  minutes .  It 

was i m m i d i a t e l y  a p p l i e d  t o  t h e  g l a s s  p l a t e s  b y  d i p p i n g  

method (17). 

room t e m p e r a t u r e  and  were u s e d  next  day for TLC. 

The p l a t e s  were a l l o w e d  t o  d r y  o v e r  n i g h t  a t  

P r o c e d u r e  

The t es t  s o l u t i o n s  were s p o t t e d  on t h e  c h r o m a t o p l a t e s  

w i t h  t h e  h e l p  of a Lambda p i p e t t e  and d r i e d .  The sodium 

t h i o g l y c o l a t e  Sol&. ion of a p a r t i c u l a r  c o n c e n t r a t i o n  was 

a d j u s t e d  t o  d e s i r e d  pH w i t h  sodium hydroxide  and h y d r o c h l o r i c  

a c i d .  The p l a t e s  were deve loped  for 15 min i n  20 m l  sodium 

t h i o g l y c o l a t e  s o l u t i o n .  Approximate ly  2 m l  of s o l v e n t  was 

r e q u i r e d  per p l a t e .  The p l a t e s  were d r i e d  and d i f f e r e n t  

c a t i o n s  were d e t e c t e d  b y  s p r a y i n g  v a r i o u s  spot tes t  r e a g e n t s  

(13,1!3). 

e a c h  set  of d e t e r m i n a t i o n .  A l l  t h e  e x p e r i m e n t s  were c a r r i e d  

o u t  a t  room t e m p e r a t u r e .  

Rf v a l u e  measurements were done i n  t r i p l i c a t e  for 
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1486 DESHMUKH AND KHARAT 

E l u t i o n  o f  Meta l  Ions  

The s e p a r a t e d  m e t a l  i o n s  from t h e  chromatograms were 

e l u t e d  and q u a n t i t a t i v e l y  d e t e r m i n e d  by a t o m i c  a b s o r p t i o n  

s p e c t r o s c o p y  (AAS). Tvm c h r o m a t o p l a t e s  =re s p o t t e d  w i t h  

t h e  same sample c o n t a i n i n g  m i x t u r e  o f  d i f f e r e n t  m e t a l  i o n s ,  

w i t h  t h e  h e l p  of a lambda p i p e t t e .  The s e p a r a t e d  m e t a l  i o n s  

on  t h e  deve loped  p l a t e s  were l o c a t e d  by s p r a y i n g  w i t h  

r e s o e c t i v e  c o l o u r  forming  r e a g e n t s .  The p o s i t i o n s  of d i f f e r e n t  

m e t a l  i o n s  were marked on  t h e  unsprayed  p l a t e .  The SGG 

c o n t a i n i n g  t h e  d i f f e r e n t  meta l  i o n s  was s c r a p p e d  w i t h  a b l a d e  

a n d  i n d i v i d u a l  m e t a l s  wre c o l l e c t e d  i n  d i f f e r e n t  b e a k e r s .  

The s c r a p p e d  SGG c o n t a i n i n g  t h e  m e t a l  was d i g e s t e d  w i t h  5 m l  

o f  2 N  H N 0 3  and 10 m l  o f  d e i o n i s e d  w a t e r  fo r  a b o u t  a n  h o u r  on 

a h o t  p l a t e  and Him3 was c o m p l e t e l y  b o i l e d  o f f .  The r e s i d u e  

was t h e n  e x t r a c t e d  w i t h  HC1 and  volume was made up  t o  25 m l .  

Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  e l u t e d  m e t a l  i o n s  washin t h e s e  

s o l u t i o n s b y  MS. 

done 

A p p l i c a t i o n  t o  F o r e n s i c  Samples 

The human v i s c e r a  samples  c o n t a i n i n g  Zn( 11) were o b t a i n e d  

from Regional  F o r e n s i c  L a b o r a t o r y ,  Nagpur ( I n d i a ) .  The samples  

w e r e  s u b j e c t e d  t o  wet d i g e s t i o n  ( 1 9 ) .  2-5 gms o f  t h e  t i s s u e  

was k e p t  o v e r n i g h t  w i t h  20-25 m l  c o n c e n t r a t e d  HN03 , 4 m l  

c o n c e n t r a t e d  %SO4 and 3 m l  HC104 (60-70%), p r e f e r a b l y  a t  

t h e  edge of a steam b a t h .  K i x t u r e  was d i g e s t e d  next  d a y  on 

a hot  p l a t e  u n t i l  d i g e s t i o n  was comple te .  The s o l u t i o n  was 

t h e n  f i l t e r e d  and f i l t r a t e  was b o i l e d  o f f  t o  remove SO3 fumes ,  

n i t r i c  a c i d  and p e r c h l o r i c  a c i d .  The e x t r a c t  was c o o l e d ,  

5 r n l  w a t e r  was added and a g a i n  it was evaporated t o  d r y n e s s  

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



METAL IONS IN SODIUM THIOGLYCOLATE MEDIUM 1487 

V a r i a t i o n  i n  Rf v a l u e s  w i t h  Development Time 

Adsorbent  : SGG, Mobile phase : 0.01M Sodium 

t h i o g l y c o l a t e ,  pH : 2.0. 

Development Time i n  Minutes  
~~ 

M e t a l  Ions 5 10 15 20 

Rf v a l u e s  

Fe ( 111) 0.31 0.28 0.28 0.28 

Ni(  11) 0.78 0.74 0.75 0.75 

CU( 11) 0.38 0.31 0.32 0.32 

zn( 11) 0.24 0.16 0.17 0.17 

Pb( II) 0.25 0.21 0.25 0.24 

Mn ( 11) 0.74 0 . 6 4  0.65 0.65 

on a low f lame.  

HC1. TLC p l a t e s  were s p o t t e d  w i t h  t h e  e x t r a c t  and chromato- 

grams were r u n  u s i n g  sodium t h i o g l y c o l a t e  s o l u t i o n  as a mobile 

p h a s e .  S e p a r a t e d  Zn( 11) m e t a l  was s c r a p p e d  a n d  e l u t e d .  

Q u a n t i t a t i v e  d e t e r m i n a t i o n  of Zn( 11) was done by AAS method. 

Then t h e  r e s i d u e  was e x t r a c t e d  w i t h  0.05 M 

RESULTS AND DISCUSSION 

Var ious  exper iments  were c a r r i e d  out a t  d i f f e r e n t  

d e v e l o m e n t  t h e ,  pH and t h i o g l y c o l a t e  c o n c e n t r a t i o n  f o r  

d e t e r m i n i n g  olltimum c o n d i t i o n s  f o r  s e p a r a t i o n  o f  m e t a l  i o n s .  
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TAELE I: 

S e p a r q t i o n  o f  "eta1 I o n s  i n  S y n t h e t i c  L ' ixtures  

Adsorbent  : . 5 . C i ,  dol-:il" Phase : ('.Cl I S o d i u m  
t h i o o l y c o l a t e ,  Development t i m e  : 10 m i n . ,  o!i : ?.C 

Composi t ion of M i x t u r e s  Metal  Tons  D e t e c t e d  w i t h  Hf v a l u e s  

Fq( II)-Ni( I A ) - Z n (  1 1 )  ~ e ( c . 2 ~ 1 ,  ~ i ( c . 7 4 ) ,  Z n ( 0 . 1 6 )  

F e (  111)-Mn( Ii)-Zn( 1 1 )  Fe(0.28), ? L n ( C . 6 4 ) ,  L n ( C . 1 7 )  

hi( I I ) - ~ u (  I I ) - L n (  ;I ) Ni( 0.74) ,  Cu( C .3"), i n (  0 . 1 6 )  

N i ( i T )-Cu ( I )- ,'b ( I I ) Ph ( C . 3 0  ) 

!tin( 11 ) -Cu(  I I ) - Z n (  11) h '1n(0 .64) ,  C ~ ( 0 . 2 9 ) ~  Z n ( 0 . 1 7 )  

, i$n(  Ii)-Cu( I I ) - P b (  II) h ( 0 . 6 5 ) ,  cu(0.30), ~b(0.21) 

N i ( 0.7 3 > Cu ( C .29 ) 

The r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  1-3 and a r e  g r a p h i c a l l y  

shown i n  F i g .  1 and 2. 

The v a r i a t i o n s  i n  t h e  Rf v a l u e s  of  m e t a l  i o n s  w i t h  

d e v e l o p n e n t  time a r e  shown i n  T a b l e  1. The Rf v a l u e s  were 

measured  a t  pH 2.0 and 0.C1 M t h i o g l y c o l a t e  c o n c e n t r a t i o n .  

It i s  r e v e a l e d  from t h e  T a b l e  1 t h a t  when t h e  m i g r a t i o n  time 

was k e p t  a t  5 min. ,  o n l y  b i n a r y  s e p a r a t i o n s  of Fe( 111)-Ni( I I ) ,  

Fe ( 111)-Mn( 1 1 )  , Ni(  I I ) -Zn(  1 1 )  

a n d  Mn(I1) -Pb(I1)  were p o s s i b l e  b u t  when t he  t i m e  was i n c r e a s e d  

t o  10 min. The d i f f e r e n c e  between t h e  Rf v a l u e s  of d i f f e r e n t  

c a t  i o n s  i n c r e a s e d  and many t e r n a r y  s e p a r a t i o n s  were W s s i b l e .  

Ni( I I ) - m (  111, Mn( II)-Zn(  11) 
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METAL IONS IN SODIUM THIOGLYCOLATE MEDIUM 1489 

TABLE I11 

Q u a n t i t a t i v e  A n a l y s i s  of S e p a r a t e d  Metal  I o n s  i n  t h e  

-- 

S y n t h e t i c  Mixtures  and F o r e n s i c  Samples by AAS 

Metal  Ions  Metal  I o n s  h te ta l  Ions  
Compos it i o n  a n a l y s e d  p r e s e n t  i n  d e t e c t e d  

t h e  m i x t u r e  b y  AAS 
(k.9"ml 1 ( / ugh1  

Ni( 11)-Cu( I I ) - % (  11)  Ni( I1 
Cu( I1 
W (  I1 

M-I(II)-CU(II)-P~(  11) Mn( 11 
Cu( I1 
Pb( I1 

2 )  F o r e n s i c  samples  

1 zn( 11) 

2 z n (  11) 

3 zn( 11) 

0.53 
0.27 

2.45 
0.27 

0.23 
0.27 

0.23 
0.27 

0.53 
0.23 
0.33 

2.45 
0.23 
0.27 

2.45 
0.23 
0.33 

0.48 
0.22 

2.33 
0.22 

0.20 
0.23 

0.20 
0.23 

0 -47 
0.18 
ND 

2.34 
0.19 
0.23 

2.33 
0.18 
ND 

1.99 

2 .oo 
1.97 

ND = Not R e t e c t e d  
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Zn(I1) 

L 
2 4  

2 4  

t 

-2L 2 4 '  

Figure 1. Variation in Rf with pH at 0.01M Sodivm thioglycolate 
concentration. 

T h e ,  s t i l l  more i n c r e a s e  i n  time d i d  n o t  much a f f e c t  t h e  

s e p a r a t i o n  c o n d i t i o n s  and hence t h e  deve lopnent  time was f i x e d  

t o  10 m i n  fo r  f u r t h e r  Rf measurements .  

F i g .  1 d e p i c t s  t h e  dependence of Rf v a l u e s  of c a t i o n s  

on t h e  pH of t h e  t h i o g l y c o l a t e  solution. The Rf v a l u e s  i n  

t h e  pH r a n g e  of 1.0-5.C were s t u d i e d .  It is r e v e a l e d  from 

F i g .  1 t h a t  a t  pH 1.0 a l l  t h e  s i x  c a t i o n s  i.9. F e ( I I I ) ,  N i ( I I ) ,  

Cu( II), W (  11), Zn( 11) and Mn( 11) showed Rf between 0.6-0.8, 

a n d  t h e  d i f f e r e n c e s  i n  t h e  Rf v a l u e s  s t a r t e d  a p p e a r i n g  from 
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.42 t Fe (IJI Ni(II) 

Concentration - 
Figure 2 .  Variat ion in R with Sodium t h i o g l y c o l a t e  concentration f at pH 2 .  

pH 1.5. 

i o n s  h a s  been  found t o  be  a t  pH 2.0, Mn(11) s t a r t e d  t a i l i n s .  

The %(XI) p r e c i p i t a t e d  a t  pH 3.0, d i d  n o t  remain a s  a compact 

s p o t  and s t a r t e d  m i g r a t i n g  t o  t h e  b a s e  l i n e .  men t h e  pH was 

i n c r e a s e d  from 3.0 t o  5.0, r e s t  o f  t h e  c a t i o n s  such a s  F e ( I I I ) ,  

Ni( 11), CU( 11) and Z n ( 1 I )  s t a r t e d  t a i l i n g ,  hence t h e  Rf rneasu- 

r e n e n t s  were n o t  c o n t i n u e d  beyond pH 5.0. Thus,  it can be  

concluded  from t h e  above o b s e r v a t i o n s  t h a t  pH 2.0 is t .he  proper 

pH for t h e  s e p a r a t i o n  of meta l  i o n s  i n  sodium t h i o g l y c o l a t e  

The maximum d i f f e r e n c e  i n  t h e  Rf v a l u e s  of m e t a l  
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medium and hence t h i s  aH was f i x e d  a s  t h e  optimum pH f o r  rest 

o f  t!ie Rf measurements .  

F i q .  2 shows t h e  e f f e c t  of change i n  t h i o q l y c o l a t e  concen- 

t r a t i o n  on t h e  ?.f v a l u e s  o f  v a r i o u s  m e t a l  i o n s  a t  Dfi 2.0. It 

is r e v e a l e d  from F i e .  2 t h a t  a s  t h e  t h i o q l y c o l a t e  c o n c e n t r a t i o n  

i n  t h e  mobi le  phase i n c r e a s e s  from 0.01 t o  0.1 K t h e r e  is an 

i n c r e a s e  i n  t h e  3f v a l u e s  of  Fe(  I I I ) ,  C u ( I I ) ,  Zn(  11) and %( 1 1 )  

i o n s .  

s t e a d y .  

a f t e r  0.11. 

0.211' t h i o g l y c o l a t e  c o n c e n t r a t  i o n .  

b u t  a t  0.0% it showed a s t e a d y  ?Lf o f  0.47. 

from F i c .  2 t h a t  much L e t t e r  s e p a r a t i o n s  a r e  p o s s i b l e  a t  0.011.; 

c o n c e n t r a t  i o n  of  sodium t h i o g l y c o l a t e  i n  t h e  mobile  phase ,  

h e n c e  h i g h e r  c o n c e n t r a t i o n s  were a v o i d e d .  Thus,  t h e  r e s t  o f  

t h e  Rf measurements  were made a t  0.01 hi t h i o i l y c o l a t e  

c o n c e n t r a t  i o n .  

B u t  a f t e r  0 .U,  t h e  Rf of a l l  t h e s e  f o u r  c a t i o n s  became 

The X i (  11) beh3v-d d i f f e r e n t l y  and t r a v e l l e d  down 

c o n c e n t r a t i o n  and  showed t h e  Kf v a l u e  of 0.4 a t  

ldn( 11) behaved s i m i l a r l y  

It can  b e  o b s e r v e d  

The d i f f e r e n t  3-comaonent s e a a r a t  i o n s  a c h i e v e d  a r e  ment ioned 

i n  T a b l e  2 ,  a s  Ce( III)-hi( 11)-Zn( 111, Fe(  111)-h'n( 11)-Zn( 11), 

K i (  11)-Cu( 11)-Zn( 11), iin( 11) -Cu(I1) -Zn(  1 1 )  and i'n( 11)-Cu( 1 J ) -  

Pi- ( 1 1 ) .  P r e s e n t  method q i v e s  f a s t e r  s e p a r a t i o n  t h a n  t h e  

methoos s u o o e s t e o  by  e a r l i e r  workers  (20) a s  it r e q u i r e s  o n l y  

10 min f o r  t h e  s e p a r a t i o n  of  a 3-cornoonent m i x t u r e .  It ws 

p o s s i b l e  t o  s e a s r a t e  some of  t h e  i n t e r e s t i n g  Combinat ions such  

a s  C u (  11)-Zn( 11), Cu( I I ) - p b (  II), hn(  11)-Zn( 11) and iJn( 11)-Pb( 11) 

oy p r e s e n t  method. 

The q u a n t i t a t i v e  d e t e r m i n a t i o n s  of  t h p  s e p a r a t e d  m e t a l  

i o n s  ( C u ( I I ) ,  Z n ( I l ) ,  rc i (11) ,  L n ( 1 1 )  and 1 3 b ( I I ) )  i n  s y n t h e t i c  
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m i x t u r e s  and t h a t  of  Zn( 11) p r e s e n t  i n  human v i s c e r a  a r e  

d e p i c t e d  i n  Table  3. It is r e v e a l e d  from t h e  Table  3 t h a t  

t h e  r e s u l t s  show a s a t i s f a c t o r y  t r e n d ,  hence t h e  method was 

a p n l i e d  t o  t h e  f o r e n s i c  samples  f o r  d e t e r m i n a t i o n  of Z n ( I 1 ) .  

T h e  amount o f  z i n c  d e t e r n i n n d  i n  v i s c e r a  sam?les  by ,445 can 

b e  presumed t o  be w i t h i n  e x p e r i m e n t a l  e r r o r ,  s i n c e  t h e  r e su l t s  

o b t a i n e d  i n  s y n t h e t i c  mixtues  a r e  s a t i s f a c t o r y .  Zxperimental  

c o n d i t i o n s  for  s y n t h e t i c  m i x t u r e s  and f o r e n s i c  s a m D 1 e s  were 

i d e n t i c a l .  

The p r e s e n t  method is economical  a s  c o m c ~ ~ e r c i a l l y  a v a i l a b l e  

S G G  was used f o r  p r e p a r a t i o n  of t h i n  l a y e r  p l a t e s .  A 3-component 

s e p a r a t i o n  r e q u i r e s  o n l y  10 min a s  deve lopnent  t ime ,  which is 

v e r y  l i t t l e  f o r  a t e r n a r y  s e p a r a t i o n .  The r e s u l t  show e x c e l l e n t  

r e p r o d u c i b i l i t y  and v a r i a t i o n  does n o t  exceed  5% o f  averaqe  

Rf v i l u e s  fo r  a l l  meta l  i o n s  d e t e c t e d .  

d e t e r m i n a t i o n  of F e ( I I 1 )  was n o t  done a s  it p r e s e n t  i n  SGG. 

The q u a n t i t a t i v e  
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