
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 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

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Isotopic Exchange Between Barium Oxalate and Barium Ion in Aqueous
Solution
Gülten Atuna; Binary G. Bilgina; Adel el Moustafaa

a Faculty of Engineering, Department of Chemistry, University of Istanbul, Istanbul, Turkey

To cite this Article Atun, Gülten , Bilgin, Binary G. and Moustafa, Adel el(1990) 'Isotopic Exchange Between Barium
Oxalate and Barium Ion in Aqueous Solution', Spectroscopy Letters, 23: 7, 845 — 855
To link to this Article: DOI: 10.1080/00387019008054463
URL: http://dx.doi.org/10.1080/00387019008054463

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=t713597299
http://dx.doi.org/10.1080/00387019008054463
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 2 3 ( 7 ) ,  8 4 5 - 8 5 5  (1990)  

ISOTOPIC MCHANGE BETWEEN BARIUM OXALATE A N D  BARIUM ION 

IN AQUEOUS SOLUTION 

Ciilten Atun, Binay G.Bilgin and Adel el Eoustafa 
Faculty of Engineering, Department of Chemistry, University of 
Istanbul, Istanbul, Turkey 

AbSTR AC T 

The heterogeneous isotopic exchange reaction of 

precipitated barium oxalate in barium chloride solution has 

been studied using Ba-133 a8 tracer. The effect o f  barium 

chloride concentration on the rate of isotopic exchange reac- 

tion has been studied, It was found that the rate was control- 

l e d  by surface mass reaction and particle diffusion process 

in the solid particle. The result also indicate that the effect 

of recrystallization can be neglected. 

INTRODUCTION 

The heterogeneous exchawe reaction between a solid 

phase and a solution can be described by the following equation: 

A*X(s) + A Y ( 1 )  %e AX(s)  + A ' k ( 1 )  

Ions or atoms A are exchanged on the surface of the AX. 

In solid liquid heterogeneous isotopic exchange reactions, thereie 
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846 A T U N ,  B I L G I N ,  AND MOUSTAFA 

a rapid exchange at the initial of the reaction between the 

surface of the solid and the solution. This initial reaction is 

then followed by the relatively slower process of incorporation 

of surface metarial into the body of the latlice by particle 

diffusion and recristallization . The initial exchange depend8 
on the surface area of the crystal, while subsequent processes 

are controlled by particle size, crystal perfection, solubility 

and temperature. The total exchange may thus be regarded a8 

composed of an exchange reaction at interface of the crystal, 

diffussion into the interior of the crystal and recrystalli- 

zation. The over-all rate will depend not only on the rate of 

exchange of radioactive atoms at the interface but also on the 

rate at which the adsorbed material is incorporated in the inte- 

rior of the crystal by means of self-diffusion and,or recrystal- 

lisation. F o r  example the rate of the exchange reaction of the 

system CaC 0 (a)-Ca 

of a faster interfacial ion exchange process and slower inter- 

2+ (oq) is controlled by the super pozition 2 4  

particle diffusion processL 

mass reaction in the systems Bas0 (s)-Ba (aq),SrSO (s)-Sr (q) 

. It is found that the surface 
2+ 2+ 

4 4 

was rate determining step of the exchange reaction'. 

mass reaction and recrystallization in the system CaCO (s)-Ca (pq)  

Surface 

2+ 
3 

played the most important roles 3 . 
In this study the kinetics and mechanizm of the hete- 

rogeneous isotopic exchange reaction of barium oxalate and barium 

ion in solution were studied. The radioisotope Ba-133 was used 
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ISOTOPIC EXCHANGE DETWEEN BARIUM OXALATE AND BARIUM ION a41 

t o  measure t h e  c o n c e n t r a t i o n  change d u r i n g  t h e  r e a c t i o n .  The 

e f f e c t  o f  barium c h l o r i d e  c o n c e n t r a t i o n  f o r  a d i f f e r e n t  mole r a t i o  

of t h e  exchanging i o n s  on  t h e  s o l i d  s u r f a c e  and i n  t h e  s o l u t i o n  

was s t u d i e d .  

MPER I M ENT AL 

The bar ium o x a l a t e  u s e d  i n  t h i s  work was o b t a i n e d  

from p r e c i p i t a t i o n  o f  equimolar  amounts  o f  0.1 Id s o l u t i o n s  

o f  p u r e  amonium o x a l a t e  and bar ium c h l o r i d e ( M e r c k ) a t  3OoC. 

Dur ing  p r e c i p i t a t i o n  t h e  m i x t u r e  w a s  c o n t i n u o u s l y  s t i r r e d  

w i t h  a m e c h a n i c a l  stirrer. A f t e r  t h i s  t r e a t m e n t  t h e  prec-  

p i t a t e  and t h e  mother  l i q u i d  was k e p t  a t  30°C f o r  24 h o u r s ,  

t h e n  t h e  l i q u i d  w a s  decanted .  The p r e c i p i t a t e  was washed 

w i t h 8 l c o h o l a n d  e t h e r  and d r i e d  a t  105 C. 
0 

Barium-133 t r a c e r  was h i g h - p u r i t y ,  aqueous s o l u t i o n  

was o b t a i n e d  from t h e  Radiochemica l  Centre-Amersham. The 

r a d i o a c t i v e  s o l u t i o n  i n v o l v e d  5 g bar ium i n  m l  was added 

t o  t h e  i n a c t i v e  bar ium c h l o r i d  s o l u t i o n s  at  d i f f e r e n t  con- 

c e n t r a t i o n s .  The c o n c e n t r a t i o n s  o f  bar ium c h l o r i d e  s o l u t i o n  

f o r  t h e s e  e x p e r i m e n t s  a r e  0 .025,  0 .033 ,  0.050, 0.1 and 0.2 Id. 

I n  each  e x p e r i c e n t  10 m l  r a d i o a c t i v e  bar ium c h l o r i d e  s o l u -  

r 

t i o n  was added  t o  t h e  0.225 gram o f  b a r i u m  o x a l a t e  specimens 

and were s t i r r e d  f o r  1, 5 ,  1 5 ,  30 and  60 minutes  a t  25OC. 

Then t h e  s u s p e n s i o n  was c e n t r i f u g e d ,  d e c a n t e d  and t h e  c o u n t i n g  

r a t e  of t h e  s u p e r n a t a n t  l i q u i d  w a s  de te rmined  and compared w i t h  

t h a t  o f  a s t a n d a r d  s o l u t i o n .  
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The gamma r a y  measurements were c a r r i e d  out by a m u l t i -  

ck:anxel ana lyze r  ( Canberra 8160/e ) with  s c i n t i l l a t i o n  

d e t e c t o r  ( NaI - T1 ). 

RESULTS A N D  DISCUSSION 

For s o l i d  l i q u i d  heterogeneous systems when t h e  

t r a c e r  i s  present i n  s o l u t i o n  t h e  i s o t o p i c  exchange f r a c t i o n  

i s  c a l c u l a t e d  as fo l lows  : 

I. - I 
F = -  

1 
0 

Where F denotes  t h e  exchange f r a c t i o n ,  I and I show 
0 

t h e  i n i t i a l  counting r a t e  o f  t h e  s o l u t i o n  and t h e  coun t ing  r a t e  

a t  the  time t r e spec t ive ly .  

The measured exchange f r a c t i o n s ,  dur ing  t h e  experiments 

a r e  shown i n  Fig.1 . As i t  is  s e e n  t h a t  t h e  exchange f r a c t i o n  

i n c r e a s e s  much f a s t e r  f o r  lower concen t r a t ions  t h e n  h i g h e r  ones. 

The time requi red  t o  ach ieve  equ i l ib r ium is o l s o  s h o r t e r  f o r  

lower concent ra t ion .  The exchange f r a c t i o n  a t  e q u i l i b r i u m  is 

olso higher  i n  the  d i l u t e  s o l u t i o n  t h a n  i n  concen t r a t ed  ones. 

The r a t e  c o n s t a n t s  of t h e  i s o t o p i c  exchange r e a c t i o n s  

4 were ca l cu la t ed  accord ing  t o  t h e  Mc. Kay equa t ion  

k = - **-h(l-F) 1 
a+b t 

each two 

Where a end b a r e  the  g.atoms/l o f  t h e  r e a c t a n s  i n  

phases. 
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I S O T O P I C  EXCHANGE BETWEEN BARIUM UXALATE AND B A R I U M  ION 849 

I 1 a I 

0 10 2 0  30 GO 50 60 
t(minu t e s  1 

Figure 1 . Exchange fractions VS.  r eac t ion  time i n  various Barium chloride 

concentrat ions.  

Values of h(1-F) as a function o f  reaction time at 

each concentrations are plotted in Fig.2 . The resulting curves 
are similar to those o f  independetly decaying activities, in- 

dicating the non homogeneous nature of the exchange reaction, 

In o r d e r  to analyse the curve the final linear portion was 

extrapolated back to t=O, and on subtracting the extrapolated 

line from the original curve, another straight line is obtained 

which represents the initial reaction. The ower-all exchange ia 

thus seen to consist of a fast initial precess followed by a 

relatively slower process which completes the exchange. It is, 
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0 

- 0.1 

L: c 
v 

c - 
-0.2 

20  LO 60 
t ( minutes ) 

Figure 2 . ln (1-F)  versua  r e a c t i o n  t ime i n  v a r i o u s  barium c h l o r i d e  

concent ra t  ions .  

however, poss ib l e  t h a t  t h e r e  may be o t h e r  c o n t r i b u t i n g  r e a c t i o n s  

which a r e  reso lved  by t h i s  a n a l y s i s .  

The r a t e  c o n s t a n t s  f o r  i n i t i a l  f a s t  r e a c t i o n  a re  de te r -  

mined at each c o n c e n t r a t i o n  from t h e  exchange ha l f - t imes  o f  t h e  

l i n e s  us ing  t h e  fo l lowing  equa t ion  : 
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- 2  

- 3  

I; 
- 7  - -  
c - 
- 4  

- 5  

0,010 M 

o 0 020 M 
+ 0 , 0 2 5 M  

0 0 0 3 3 M  

x 0.050M 
A O l O O M  

0 0.200 M 

5 10 15 
t ( m i n u t e s )  

Figure 3 . In -2 
( 1-Fo ) 

i n  va r ious  barium c h l o r i d e  concen t r a t ions .  

v e r s u s  r e a c t i o n  t ime 

0 Where F' and F a r e  exchange f r a c t i o n s  and apparent 

exchange f r a c t i o n  a t  t h e  ex t ropo la t ed  s t r a i g h t  l i n e  r e s p e c t i -  

v e l y  (Fig.3) . 
The r a t e  c o n s t a n t s  and exchange ha l f - t imes  €or  both 

r e a c t i o n s  a r e  shown i n  t a b l e  1. 
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Table 1: Effec t  of concen t r a t ion  on  r a t e  cons t an t  

Concent ra t ion  

o f  B a C 1 2 ( M )  

0.010 

0.020 

0.025 

0.033 

0.050 

0.100 

0.200 

Exchange Half-Time Rate Constant 

-1 -1 atom gram eec 

t sec. t ,l$ s c c  4 
1/2 1/2 

60 

60 

60 

60 

60 

72 

90 

28.86 

34.62 

40.38 

41.58 

51.60 

51.96 

51.96 

1.04 

1.92 

2.31 

2.06 

3.84 

4.81 

5.13 

7 k. 10 

2.18 

3.33 

3.44 

4.13 

4.44 

6.00 

8.00 

I n  a l l  c a s e s ,  t h e  f irst  s t e p  of t h e  exchange r e a c t i o n  

i s  more rap id  than  t h e  second ones. Prom t h e  above d i scus ion ,  

i t  can be concluded t h a t  the  exchanga r e a c t i o n  begins  with mass 

r eac t ion .  Then t h e  p a r t i c l e  d i f f u s i o n  tekes  p l ace  i n  the  se- 

cond s t e p  of the  r e a c t i o n  . 3 

If  t h e  r a t e  of t h e  p a r t i c l e  d i f f u s i o n  very s l o w  and 

e f f e c t  of t h e  r e c r y s t a l l i s a t i o n  p rocess  is  n e g l i b l e ,  then t h e  

r a t i o  of t h e  t o t a l  amount of m a t e r i a l  i n  t h e  s o l u t i o n  t o  those  

on t h e  s u r f a c e  at equi l ibr ium.  Thus we can o b t a i n  t h e  
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~ ~- 

0.010 0.221 10 0.022 

0.020 0.160 5 0.032 

0.025 0.123 4 0.030 

0.033 0.112 3 0.037 

0.050 0.094 2 0.047 

0.100 0.083 1 0.083 

0.200 0.061 0.5 0.122 
* 

853 

Table 11: Exchange ratio of barium oxalates at 

different barium chloride concentrations. 

I Concentration 
- 

of BaCl (H ) 

following relation : 

If the effect of the recrystallisation process is not 

neglible the following relation is valid : 

a and b represent the moles of exchanging ions on the 

s o l i d  surface and in the solution. W denotes the weight of 

barium oxalate, C ia the concentration o f  barium chloride 

solution and V is the volume of the aolution. As it ie seen 

L 
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from t a b l e  I1 t h e  exper imenta l  v a l u e s  o f  (a/b)A/(a/b)B a r e  

l e s s  than  uni ty .  

Phys ica l ly ,  t h e  va lue  o f  (a /b)A/(a /b)B r e p r e s e n t  t h e  

exchangable r a t i o  o f  t h e  exchange r e a c t i o n .  The small va lue  

o f  t h i s  r a t i o  imp l i e s  t h a t  t h e  p a r t i c l e  d i f f u s i o n  proces  i s  

very  slow, and i s  not impor tan t  compared wi th  t h e  mass exchange 

r e a c t i o n  at  the  i n t e r f a c e ’  

a measure of t he  ex ten t  of r e c r y s t a l l i z a t i o n  on t h e  s o l i d  

. On t h e  o t h e r  hand, t h i s  r a t i o  i s  

su r face  dur ing  an experiment. I f  t h e  e f f e c t  o f  t h e  r e c r y s t a l -  

l i z a t i o n  on the  exchange r e e c t i o n  i s  not impor t an t ,  t hen  t h i s  

r a t i o  should be much less than  un i ty .  As can  be s e e n  from t a b l e  11 

t h e  r a t i o  i n c r e a s e s  as the  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  i n c r e a s e s .  

However, t h e  v a l u e  o f  (a/b)A/(a/b)B shou ld  be  u n i t  at i n f i n i t e  

time. Although t h e  above r e s u l t  o l e o  i n d i c a t e s  t h a t  t h e  ex ten t  

of r e c r y s t a l l i e a t i o n  is not l a r g e ,  bu t  t h e  r e c r y a t a l l i z a t i o n  is 

s t i l l  P predominant proces  i n  t h e  mass exchange r eac t ion .  
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