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UNUSUAL SELECTIVITIES OF TITANIUM 
ARSENATE LAYERS IN COMPLEX FORMING 

Rf VALUES 
ACID SYSTEMS: PREDICTION OF Ksp FROM 

S. D. Sharma and S .  Misra 
Chemistry Department 

Hindu College 
Moradabad 244 001, India 

The a n a l y t i c a l  p o t e n t i a l  of Ti(IV) a r s e n a t e  

a s  a n  i o n  exchnngor  has been  e x p l o r e d  b y  t h e  t h i n  l a y e r  

c h r o m a t o g r a p h i c  t e c h n i q u e .  B i n d e r - f r e e  t n i n  l a y e r s  of 

t i t a n i u m  a r s e n a t e  have been  p r e p a r e d ,  and several  

i m p o r t a n t  S i n i r y  and t c r n a r y  s e c a r a t i o n s  of c h e m i c a l l y  

similar e lc rncnts  have been a c h i e v e d  u s i n g  0.1 M c i t r i c  

acid,  '3.1 1.1 T a r t a r i c  m i d  and j.1 Pi Oxalic acid as the 

s o l y e n t s .  On t h e  basis of Rf va lues ,  t he  ICSp of some 

mctal a r s c n a t e s  hlve 'men < x c d i c t e d .  
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3018 SHARMA AND MISRA 

IiJTliODUCT I O N  

I n  a n  i o n  exchanye p r o c e s s ,  the  s e l e c t i v i t y  

depends upon t h e  i o n  e;:ch<mge m n t a r i a l  b e i n g  used i n  

t h e  p r o c e s s  a s  vell as t h e  Iriediurn of exchange. Thin  

l a y e r  chromatography o E f e r s  an i n t c r e s t i n g  method f o r  

thc s c p a r 3 t i o n  of , ?e ta1  i o n s  i n  r n i c r o g r a m e  q u a n t i t i e s .  

The c e p a r a t i o n  p o t c n t i n l  02 t h i s  t e c h n i q u e  i s  g r e a t l y  

enhanced it c o n p l c x a t i o n  is usccl. The u s e  of b i n d e r  

Eree i n o r g a n i c  i o n  exchangers  i n  t h i n  Isy.:r chromltoqraphy 

h a s  r e c e i v e 6  some a t t e n t i m  i n  r e c e n t  y e a r s .  (1-6). 

Ti tan ium a r s e n a t e  i s  lcnovn t o  ~ q ? ? ? z s  some unusual  and 

promicing i o n  e x c h w g ”  p r o o c r t i c s  ( 7 !  I t ‘ s  z n a l y t i c a l  

u t i l i t y  has  h e n  demonstr2ted i n  oa?cr c h r o m t o ; r a p h y  

of i n o r g a n i c  i o n s  (E, 3 1 ,  A s  E x  as 1 2  a r 2  at isre ,  no 

a t t e m p t  h3s been mqde t o  cornbins c o m p l e x i t i o n  and i o n  

exchsnqe with t h i n  l a y a r  chr3mstography. Ir. this ar t ic le  

lire wish t o  show t h a t  t h e  combinzt ion of t h e s e  t h r e e  

p r o c e s s e s  l e a d s  t o  unusual  s e l e c t i v i t i e s  

Ti tan ium a r o c n a t e  shov hi711 s e l e c t i v i t y  a t  

1011 p1.I and AecorJpose a t  ’nigh p:I, hence iaealc acids  w e r e  

chosen t o  p r e v e n t  the h y d r o l y s i s  of  t h e  exchange material. 

The cornplcxincj a c i d s  chosen were o x a l i c ,  t a r t a r i c  and 

c i t r i c .  A s  a r e s u l t  sone v e r y  i m p o r t a n t  and d i i 5 i c u l t  

s e p a r J t i o n s  riere achieved.  An e f f o r t  h a s  been made t o  

p r e d i c t  on t h e  basis o f  RE v a l u e s ,  t h e  Ksp of some 

n e t s 1  a r s e n a t e s .  
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SELECTIVITIES OF TITANIUM ARSENATE LAYERS 

;.lJ.TZX I A L S  AhJ3 iUTi 13DS 

A,??ara tus  

Th i n  1 a 17 2 r ch ror;la t oq r a pily a ?p 1 i c  a t o r o 2 

Toshn iwa l  ( I n d i a !  vas uszd  t o  ? . r epa re  the  l a y e r s  on 

( 2 3  x 3 c m !  glass p l c t e s .  The p l a t e s  ricre d e v e l o p e d  i n  

glass j a r s  ( 2 0 x 6  cm). 

3019 

Xeagen t s  

T i t a n i u m  t e t r a  c h l o r i d e  and sodium a r s e n a t e  

h e p t a  h y d r a t e  ( X e i d e l ,  ; a m a n y )  wre u s e d .  All o t h e r  

c h e i a i c a l  7 ere ~f AnalaR grade. 

T c z t  S o l u t i o n s  and D z t c c t o r s  

T e s t  s o l u t i o n s  arerc - ; m e r a l l y  oczparcd i n  9.1 M 

metal n i t r l t c s ,  c h l o r i d e s  o r  s u l q h a t e s ,  A l i t t l e  amount 

of t h e  c o r r c s p o n c j  ng ac id  is  added  t o  p r e v e n t  h y d r o l y s i s .  

C o n v e n t i o n a l  s p o t  t z z t  r e a g c n t s  were u s e d  f o r  d e t e c t i o n  

p u r p o s e s  

P r e p a r a t i o n  o f  T h i n  L a y x  P l a c e s  

T i t a n i u m  a r s e n a t c  was p r c p a - c d  by n i x i n g  0.1 M 

s o l u t i o n s  of  T i t an iu r , i  c h l o r i d e  and sodium a r s e n a t e  i n  

t h e  volume r a t i o  of 1:1 a t  pH 2 and d i g e s t i n g  t n e  

r c s u l t i n g  n r c c i p i t a t c  a t  room t e m p e r a t u r e  f o r  24 h r ,  

A i t e r  fil t e r i n g  and  d r y i n g  t h e  n r e c i p i t a t e  was cracked 

i n  d e d n e r a l i z e d  water and  t h e n  p l a c e d  i n  11.1 HNo3 t o  

c o n v e r t  it t o  the  H form. The m a t c r i a l  w a s  f i n a l l y  

v a s h c d  w i t h  d e m i n e r a l i z e d  water and dr ied a t  4OoC. Ten  

grams of  t i t a n i u m  a r s e n a t e  g r a n u l e s  t h u s  o b t a i n e d  were 
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3020 SHARMA AND MISRA 

mixed i n  abou t  5 ml of d i s t i l l e d  wa te r  and t h e  s l u r r y  

was msde by g r i n d i n g  tile m i x t u r e  v i g o r o u s l y  i n  a g l a s s  

m o r t a r  f o r  a l o n g  time. T h i s  s t c ?  proved t o  lx v e r y  

i m p o r t a n t  f x  coi, iplete a d h e s i o n ,  The 3 r i n d i n g  o f  t h e  

g r a n u l e s  must be comple t e  and t h e  s l u r r y  shou ld  be i n  

t h e  Zorrn o f  a Eine p a s t e  w i t h o u t  any s o l i d  p a r t i c l e s  

b e i n g  l e f t .  The s l u r r y  was t h e n  s p r e a d  o v e r  t h e  c l e a n  

g l a s s  p l a t e s  w i t h  t h e  h e l p  of an a : ? p l i c a t o r  t o  g i v e  

0.10 mm. t h i c k  l a y e r s .  The p l a t e s  were r e a d y  for use 

a f t e r  d r y i n g  a t  room t e m p e r a t u r e .  

P rocedure  

C a t i o n  s o l u t i o n s  (1-2 d r o p s )  were s g o t t e d  on 

t h e  p l a t e s  which were deve loped  i n  t h e  chosen  s o l v e n t  

system by t h e  a s c e n d i n g  t e c h n i q u e .  Thc a s c e n t  02 t h e  

s o l v e n t  w a s  f i x e d  a t  11 cm. i n  a l l  c a s e s .  AEtcr development 

t h e  plates were d r i e d  and t h e  c a t i a n  s p o t s  were d e t e c t e d  

u s i n g  a p p r o p r i a t e  s p r a y i n g  r e a g e n t .  

RESULTS 

The  ch r2matograph ic  b e h a v i 3 u r  of 5 3  iiietal 

c a t i m s  on T i t an ium a r s e n a t e  l a y e r s  h a s  been s t u d i e d  

u s i n g  e i g h t  s o l v e n t  systems.  The b i n a r y  and t e r n a r y  

s e p a r a t i o n s  a c h i e v e d  experimentally a r e  g i v e n  i n  t a b l e s  1 

and 2. The Rf  valuer ;  r e p o r t e d  are s n l y  f o r  t h o s e  i:ietal 

i o n s  which g i v e  compact z p o t s .  A p l o t  of Rf v e r s u s  Atomic 

numbers h r  0.1 ! I  c i t r i c  a c i d  and 0.1 M n i t r i c  a c i d  

as s o l v z n t  i s  g i v e n  i n  F i g u r e  1. I n  o r d c r  t o  chcck t h e  
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3.1 M oxalic acid Pb2+f0.'J9-9.12) - Nn2+(J.2-1.8l) or ~r~+(>.Q5-1.3) 

p t4+ (a .  00-Q.30 ) -Au3+ (0.62-,l.72 )or Pd2+( 3.05-'9.95 1 

or ~~'~(0.72-0.95) or 1r3+(7.92-LO) 

se4+ ( 7.00-0.30 ) - Au3+ (0.62-3.72 ) 

Tl+ (0.30-0.13) - Cd2+ or Cu2+ or 11g2+(0.72-1.0) 

0.1 K Citric acid Pb2+(0.3Q-3.00) - Th4+ or V O i +  or Cu2+ o r  Ni2+ or 

zn2+ or *In2+ or  Cd2+ or Pd2+ or 

VO? (0.50 - 1.93) 
W 6 + ( 0 .  63-0.73) - Cr3+(0.9Q-1 . 30 )  o r  Th4+(3.90-l.0) 

Y 3 + (  J. 30-3.45) - La3+( !?  .L5-1.03) 

Pb2+(0.00-0.10)- Cr3+ or Mo6+ or Il6+(0.60-0.90) 

pr3+ (0.49-0.63 - Eld 3+ (0.93-1.0) 

0.1 N Tartaric acid ~b~~(Q.30-0.55) - Ta5+(Q.80-0.95) 

0.1 M Oxalic acid + 

0.1 I4 Sodium Oxalate 
Zr4+(0.05-3.15) - !id3+ or Ce3+ or Th4+ or Ru3+ or 

La3+(3.85-1.70). 
(1:l) 

Ni2+f0.20-U.35) - Co2+ o r  ice3+ or Cu2+or t!g2+, 

AI'+ or cr3+ or Zn2+ or Mn2+ o r  

.u3+ sr 8a2+ or sr2+ or  -a3+ 

(0.60 - 1.0) 

1 .o I 4  ilC1 
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TABLE 2 

SHARMA AND MISRA 

- 
Solvent Separations Achieved (S, - RL) 

3.1 M C i t r i c  acid Fe3+ (0.10-0.22 ) -W6+ (3.60-0.70 )+ In2+(  0.66-1.09) o r  

Cr3+( 0.90-1.00) 

0.1 M Ta r t a r i c  ac id  Cr3+  or Th4+(0.90-1.00)-Mo5+(0.45-0.55)- 
2+ Pb (0.00-0.10) 

Z r 4 + (  0.00-0.15 ) -w6+ (0.60-0.73 )-Th 4+ f 0.88-0.95) 0.1 M Oxalic acid 
+ 

0.1 M Sodim 
~ g +  ar Pb2+ or Zr4+(0.00-0.15)-Mo 6+ (0.50-0.60)- 

oxalate  
(1:l) cr3+ (0.75-0.96). 

zr4+ (0.00-0.15 ) - In3+(0. 40-0.60 )-La3+( 0.80-0.95 ) 

or U O T o r  Th 4+ o r  ~ d ~ +  o r  Ru3+or 

Ce3+(0.85-1.0). 

1 M HN03 MO- (0.00-0.25)-b? 6+ (0.58-0.68) -Cr 3+ (0.90-1 .O 

pb 2+ o r  ~.106~(0.00-0.20) -UO (0.48-0.58 )-Th4+ 

Fe3+(0.00-0.20)-Mi 2+ or Co2+(0.50-0.65) - Cr3+ o r  

( 0  -86-0.95 ) 

~ n ~ + ( 0 . 8 5 - 1  .O )  
+ 

K" (0.50-0.60)-Rb+( 0.10-0.33) 4 s  (0.00-0.00 ) . 
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3024 SHARMA AND MISRA 

r e p r o d u c i b i l i t y  of t h e  Rf v a l u e s ,  some i o n s  were chroma- 

tographed i n  0.1 M c i t r ic  a c i d ,  9.1 M o x a l i c  a c i d  and  

0.1 M t a r t a r i c  a c i d .  I t  was found t h a t  t h e  v a r i a t i o n s  

d o e s  n o t  exceed 10% of t h e  a v e r a q e  R f  va lue*  The t h i n  

l a y e r s  0 2  t i t a n i u m  a r s e n a t e  are  q u i t e  s t a b l e  and f i r m ,  

c a p a b l e  o€ w i t h s t a n d i n g  t h e  s o l v e n t  sys tems and chemica l  

o p e r a t i o n s  

DISCUSSION 

The most i n t e r e s t i n g  f e a t u r e  of t h i s  s t u d y  is 

a s i g n i f i c a n t  d i f f e r e n c e  i n  Rf v a l p e s  of c h e m i c a l l y  

s i m i l a r  e lements  l e a d i n g  t o  f a n t a s t i c  s e p a r a t i o n  

p o s s i b i l i t i e s  ( T a b l e  1 and 2 ) .  Thus A g  can be s e p a r a t e d  

from i-Ig2+, Cu2+, Cd2+ and Au3+; Ga3+ from In3+, w6+ from 

+ 

Cr3+;  Y3+ from La3+; Zr4+ from Th4+; M i 2 +  from Co 2+ ; 
+ + 

and I< from C s  . Some o t h e r  i m p o r t a n t  s a F a r a t i o n s  achieved  

are  Fe2+ - Fe3+, pr3+ - h ~ d ~ ' ,  4+ - Ta5+, Ce3+ - C e  , 

These i n t e r e s t i n y  s e p a r a t i m  p o s s i b i l i t i e s  a r i s e  from 

two e f f e c t s  (a) The acic!s chosen Eorn cornplcxzs w i t h  

most 02 t h e  c a t i o n s  ( b )  Ti tan ium a r s e n a t e  l a y e r s  selecti-  

v e l y  a d s a r b  c e r t a i n  c a t i o n s .  

3 On 
71 comparison of  Xf  v a l u e s  i n  L C  11 €IN0 

t i t m i u r n  a r c e n a t e  l ayers  and t i t a n i u m  a r s e n a t e  impregnated 

papers  ( 8 ) prepared  under  similar c o n d i t i o n s  s u g g e s t s  

t h a t  t h e r e  i s  a d e c r e a s e  i n  t h e  Hf  v a l u e  on l a y e r s  f o r  

a lmost  all c a t i o n s  probably  due t o  t h e  h i g h e r  a d s o r p t i o n .  

Greater t o t a l  i o n  exchange c a p a c i t y  of t h e  t h i n  l a y e r  
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SELECTIVITIES OF TITANIUM ARSENATE LAYERS 3025 

p l a t ? s  t h a n  t h a t  n E  t h e  p a p e r s  may be r e s p c J n s i b l e  f o r  

t h i s  d e c r c 2 s c ,  The d e c r e a s e  i s  more ,ironounced i n  c a s e  

O E  Ag , Pb2+, i i i 2 + ,  Co2+, re3+, I?, R b  T h i s  

may 122 duc t o  t h e  ? A c t  t h a t  t i t a n i u m  , ? r s c n a t c  is more 

s e l e c t i v e  f o r  t hcs :  c a t i o n s  and t h u s  t h c r e  i s  a g r c a t c r  

cxchange r e s u l t i n q  i n  much lowcr  Rf v a l u e s .  Tho o n l y  

e s c c p t i o n s  a r e  Au3+ and iib5+, which c x i z t  a s  a n i o n i c  

+ + + 
and C s  

s?ecics and t h u s  show h i g h e r  Rf v a l u e s  on  t h e  c a t i o n  

exchanqe r  t h a n  i r?prcgnated papers. 

T o  s t u d y  t h e  e f f ec t ;  0 5  complcxa t ion ,  Xif v a l u e s  

were a l s o  de t e rmined  i n  U . l  14 i:N03. A p l o t  oi' Rf v e r s u s  

czi t ions €or 0.1 1.1 c i t r i c  ac i t l  and r 3 - 1  ;+I TJitric a c i d  a s  

s o l \ r e n t  ( F i g .  1) ini i i .catcs  t h e  i n c r e a s e  i n  t h e  R f  v z l u e s  

of c e r t a i n  c s t i o n s  such  as Cu 2+ , U 0 2  2+ , 1.::~ '+, Cd2+, > T i 2 + ,  

2+ 2-1- - 3+ + + + 6+ pln , C o  , La , I: , Rb , C s  and  !lo due t o  t h c  

formakion of a n i o n i c  c i t r a t e  complqxes IJowcver f o r  

at3+, >Jb5+ and C e  , t h e  Rf v a l u e s  a r e  much less i n  

c i t r i c  a c i d  media p r o b b l y  Gus t o  t h e i r  hy t .~ rOl \~5 iS .  y 

shov a lower  R f  v a l u e  due t o  much l e c s  s o l u b i l i t y  of 

Y t t r i i i ! n  a r s e n l t e  i n  c i t r i c  aci.2 media. The Yero R f  v a l u e  

t o r  p t 4 +  i n  c i t r i c  acici i s  ;x-a1>a1;ly due t o  t h e  f9rr; :<3tion 

of i n s o l u b l e  c i t r a t c  COifiP19:: S i x i l a r  e x p l a n a t i o n  may 

also ix g i v e n  f a r  t h e  i n c r e a s e  i n  R, v a l u e s  of c e r t a i n  

c a t i o n s  i n  ,3.1 1.1 t a r t a r i c  a c i d  an2  3.1 bl o x a l i c  a c i d  

as t h e  two a c i d s  h r m  a n i o n i c  complexes w i t h  thorn. 

4+ 

3-1- 

L 

Ions  whicn have zero R f  v l l u e s  may d o  so owing 

t o  (i) p r z c i p i t a t i o n ,  (ii) i o n  e::changc, and (iii) s t r o n g  

adso r :> t ion  d u e  t o  h i g h  cha rge .  I n  or:i?r t 3  s i r n u l a t e  
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c o n d i t i o n s  on t h i n  l a y e r s ,  sodium a r s e n a t e  was added t o  

t h e  c a t i o n  s o l u t i o n  fo l lowed by t h e  s o l v e n t .  A number of 

i o n s  p r e c i ? i t a t c  under  t h e s e  c o n d i t i o n s ( T a b 1 c  3 ) .  I n  

t h e s e  c a s e s  t h e  p r e c i p i t a t i o n  mechanism h o l d s  g2od . For 

o t h e r  i o n ,  Sb3+ and B i 3 +  h y d r o l y s e s  and P t 4 +  and Z r  

s t r o n g l y  adsorbed owing to t h e i r  h i g h  charge .  Se4+ probably 

forms i n s o l u b l e  t i t a n i u m  s e l e n i t e  r e s u l t i n g  i n  t h e  Zero 

Rf va lue .  A very  low Rf v a l u e  f o r  T1 i s  probably  d u e  t o  

t h e  format ion  of t h a l l o u s  a r s e n a t e  which i s  less s o l u b l e  

t h a n  t h a l l o u s  n i t r a t e .  Sn2+ has  a very  low Rf v a l u e  

i n  a l l  complexing a c i d  s y s t e m s  due  t o  b e i n g  more e x t e n -  

s i v e l  y hydro1 ysed.  

4+ are 

+ 

It is  kno7.m t h a t  R,- v a l u e ,  amonyst o t h e r  f a c t o r s ,  

depends upon t h e  s o l u b i l i t y  p r o d u c t  of  t h e  meta l  s a l t s .  

On c o r r e l a t i n g  t h e  Rf v a l u e s  of t h e  metal i o n s  w i t h  t h e  

K of t h e i r  a r s e n a t c s ,  t h e  follov7ing l i n e a r  r e l a t i o n s h i p  

i s  obt3 ined;  
SP 

10 

-log Ksp. 
Rf 2 0.50 -I- 3.3067 -- 

Fig. 2 shoiis t h i s  l i n e a r  r e l a t i o n s h i p .  With 

t h e  h e l p  of t h i s  e q u a t i o n  i t  is p o s s i b l e  t o  p r e d i c t  t h e  

Ksp v a l u e s  of d i f z e r e n t  meta l  a r s c n a t e s .  ( T a b l e  4 ) .  The 

v a l u e s  of t h e  v a r i o u s  a r s e n a t e s  which have  been used 

i n  ? l o t t i n g  F ig .  2 are g i v e n  i n  t a b l e  5 ,  E a r l i e r ,  we 

have p r e d i c t e d  t h e  Ksp of meta l  a r s e n a t e s  €rom t h e  R f  

v a l u e s  of  metal i o n s  on s t a n n i c  a r s e n a t e  p a p e r s  (10). 

The tilo l i n e a r  r e l a t i o n s h i p s ,  o b t a i n e d  f o r  impregnated 
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TABLE 3 

PRECIPITATION O F  C A T I O N S  I N  THE SOLVENT SYSTEM@ 

Solvent  Cation + Sodium a r s e n a t e  + Solven t  

Cation which p r e c i p i t a t e  Cat ions  which do not  
s( p r e c i p i t a t e  

0.1 M Oxal ic  a c i d  Ag+, Pb2+8 Bi3+,  Hg2 2+ , 
2+ 4+ Sn , Sn 

Ag+,Pb2+, B i  3+ , Hg2 2+ , 0.1 M C i t r i c  a c id  
2+ 4+ Sn , Sn 

0.1 1.I T a r t a r i c  ac id  Ag+, Pb2+, B i 3 + ,  Hg;+, 

Sn , Sn 2+ 4+ 

0.1 M oxal ic  a c i d  + 
0.1 I1 Sodium Oxalate 

Ag', Pb2+, B i 3 + ,  Hg?, 

Sn 24- , Sn 4+ 
(1:1) 

2+ 0.1 M C i t r i c  ac id  + 
0.1 I1 Sodium c i t r a t e  

Asf, Pb2+8 B i 3 + ,  H g 2  , 
Sn 4+ , Sn 2+ 

(1:l) 

2+ 0.1 M T a r t a r i c  ac id  + Ag', Pb2+, B i 3 + ,  Hg2 , 

3+ 4+ 4+ 
Sb , P t  , Se 

4+ 4+ sb3+, P t  , Se 

34- 4+ 4+ 
Sh , Pt , Se . 

Sb3+, p t4+,  se4+, 

zr4+ 

4+ 4+ 
Sb3+, Pt , Se 

4+ an2+, Sn 0.1 r.1 Sodium 
t a r t a r a t e  

1 M HN03 Ag', Pb2+, Hg?, Sn2+ 

Sn 

Sb3+, Se4+ 

4+ 

Sb3+, Se 4+ , Zr 4+ . 1 M HC1 Ag+, Ph2+, H g r  
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TABLE * 4 

PREDICTED VALUES OF Ksp F O X  DIF'FE2GITI' I*IET.\L ARSENATES 

KsP Metal  arsenate 

2+ 
XI 

Nd '+ 
Ce 3+ 

vo 2+ 

Th4+ 

Pd2+  

3+ 
RU 

3+ 
L a  

2+ Be 
34- Ga 

K+ 
2+ Fe 

Nb5+ 

4+ ce 
3+ P r  

3+ Ir 

Y j+ 

5.5 

7.4 10-l~ 

7.3 x 

1.8 x 10 

2 .0  x 

7.3 :: 

1.7 x 

-17 

6.0 

3.2 

4.7 

1.8 

7.4 10-l~ 

1.2 

1.1 

1.3 10-l~ 

8.0 10-l~ 

2.7 x 1C'16 
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TABLE 5 

EXPERIMENTAL VALUZS OF KSD FOR SOME METAL ARSENATTPS 

Metal a r s e n a t c s  

Pb2+ 
2+ cu 

Cd2+ 
2+ 

3+ 

2+ 

2+ 

2+ 

2+ 

2+ 

3+ 

2; 

14n 

C r  

Zn 

c o  

Sr 

Ca 

M i  

A 1  

1.: g 

4.1 13‘~~ 

2.2 

(1.9) 

7.6 x 

(7.8) x 

1.3 x 

7.6 x lom2’ 
8.1 :: 1 0 ’ ~ ~  

6.8 x lO-” 

(3.1) x 

1.6 x 

2.1 :: 10-23 

papers and t h i n  l a y e r  n l a t e s  d i f f e r  i n  t h e  sense t h a t  i n  

t h e  l a t e r  ca se  the  i o n i c  charge  and the  bare i o n  r a d i i  

has l i t t l e  e f f e c t  on t h e  Rf va lue  and only  the Ksp of 

metal a r s e n a t e  is t h e  dec id ing  r‘actor. 
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2. !i. ?uresiii,  V . E .  Varshncy intf '*?. "-,tfma, Scmr. Sci., 
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