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Study on Kmetlcs of Self-diffusion Reaction by Application of
82Br as a Radioactive Tracer Isotope
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The kinetics of i |on lsotopxc self-diffusion reaction was studied
by using radioactive #Br as a tracer isotope as to study the effect
of exchangcable ion concentration in the exchanger phase and that
in solution. The effect of exchangeable ion concentration in the
exchanger phase was studied by varying the amount of labelled ion
exchange resins from 0.250 to 0.750 g, using fixed ionic concen-
tration of 0.01 M bromide ions in solution at a constant temperature
of 27°C. The effect of ionic concentrations in solution was studied
by varying the concentration of bromide ions in solution from
0.0025 to 0.02 M and by keeping the exchangeable ion concentra-
tion on the exchanger phase constant (0.5 g of labelled ion exchange
resins), at 27°C.
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INTRODUCTION

Radioisotope tracers offer several advantages' such as high detection sensitiv-
ity, capability of in situ detection, limited memory effect and physico-chemical
compatibility with the materials under study. New techonologies2 can be devel-
oped by using tracers for balancing of elements, new catalysts and plasma reactor
characterization. In the present investigation the radio isotope **Br has been
successfully applied as a tracer to study the kinetics of ion-isotopic self-diffusion
reaction using ion exchange resins Amberlite IRA-400, a strongly basic anion
exchanger.

The study on ionic diffusion mechanism by previous investigators™™ “ reveals
that film diffusion or particle diffusion mechanism operates under different
conditions of self diffusion reaction, thereby affecting the reaction rate. Extensive
study was carried out by previous investigators on various parameters affecting
the reaction rate like temperature”‘”, particle size'®, degree of cross-link-
ng'* 1718 nature of exchangable species'®™?!, composmon of pore liquid'® %,
nature of functional group®, swelling and mesh width of an exchange?> %%
concentration of external solution?. The present investigation on ion-isotopic
self-diffusion reaction is of great significance as the results may be helpful in
understanding various optimum pararaeters under which the ion exchangers can
be used effectively and efficiently for various industrial and technological
applications.
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EXPERIMENTAL

The ion exchange resin Amberlite IRA-400, a strongly basic anion exchanger,
originally in chloride form. For the present investigation, it was converted into
bromide form (using 10% potassium bromide solution) and labelled with
radioactive 8?Br as a tracer isotope, to study the kinetics of ion-isotopic
self-diffusion reaction.

R—Br* +Br- (aq)&= R—Br+ Br*- (aq) N

Here Br* represents radioactive 82Br tracer isotope.

A. Labelling of ion exchange resins: For converting the ion exchange
resins to radioactive form, the ion exchangers where placed in diluted radioactive
82Br solution of known initial activity in counts per min (as measured on gamma
ray spectrometer) for 2 h under continuous and uniform stirring. From the results
of previous investigation'® it was observed that the duration of 2 h was sufficient
for equilibrium to be attained. After 2 h the activity of the solution was again
measured; the decrease in the activity corresponds to the activity exchanged on
to the resin surface. The resins were then air-dried and preserved for further study.

B. Effect of bromide ion concentration in solution: Known weight of 0.5
g ion exchange resins labelled with 32Br isotope of known initial activity were
placed in stoppered reagent bottles containing potassium bromide solution in the
concentration range of 0.0025 to 0.02 M at a constant temperature of 27°C under
uniform mechanical stirring. The temperature was maintained constant by +0.1°C
using constant temperature insurf water bath. The activity in counts per min
(CPM) of 1.0 mL solution was measured at a fixed interval of every minute, after
30 min activity, was measured for longer interval of every 10 min up to 90 min,
which will give the activity exchanged at infinite time.

C. Effect of ionic concentration in the exchanger phase: In the present
investigation, the experimental set was performed in the similar way as explained
above, but by varying the amount of ion exchange resins (thereby increasing the
bromide ion concentration in the exchanger phase) from 0.250 to 0.750 g at a
constant temperature of 27°C, using fixed bromide ion concentration of 0.01 M.

RESULTS AND DISCUSSION

The kinetics of ion-isotopic self-diffusion reaction (1) as represented graphi-
cally in Fig. 1 was studied. It was observed that during the initial stage of
self-diffusion reaction, due to the rapid self-diffusion process, the activity of the
solution increases sharply and then remains nearly constant due to the slow
diffusion reaction. Comparing the specific reaction rate (min™") for slow and rapid
self-diffusion reaction for any particular concentration of bromide ion solution
and for fixed temperature as well as for same amount of ion exchange resin, it
was observed that rapid self-diffusion reaction contributes mainly to the overall
reaction rate.
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From the calculations of specific reaction rate (min™") of rapid self-diffusion
reaction for different concentrations of bromide ion solution in the range of
0.0025-0.02 M at constant temperature of 27°C, it was observed that the specific
reaction rate increases very slowly (remains nearly constant) even though the
bromide ion concentration was varied to ten times (Table-1). In the second series
of experiments as the amount of resin increases from 0.250 to 750 g, the number
of exchangeable bromide ions on the exchanger phase increases, as a result of
which even though for other parameters like temperature (27°C) and bromide ion
concentration in solution (0.010 M), which are kept constant, there was a
pronounced increase in the specific reaction rate of ion-isotopic self-diffusion
reaction (Table-2).

TABLE-1
EFFECT OF BROMIDE ION CONCENTRATION IN SOLUTION ON THE
KINETICS OF IO;:I-ISOTOPIC SELF-DlFFU§kl_ON REACTION
R—Br +Br (ag)&= R—Br+Br ~(aq)

Amount of ion exchange resin = 0.500 g, Volume of bromide ion solution = 200 cm®
Temperature = 27°C

Concentration of bromide ions in solution (M) 0.0025 0.0050 | 0.0100 | 0.0200

Millimoles of bromide ions in 200 cm> solution | 0.5000 1.0000 | 2.0000 | 4.0000

Specific reaction rate (min") 0.1120 0.1150 0.1170 0.1190

TABLE-2
EFFECT OF AMOUNT OF ION EXCHANGE RESIN ON ION-ISOTOPIC
Sl.:;kLF-DlFFUSlON REACTlO}:l
R—Br  +Br (aq)= R—Br+Br (aq)

Concentration of bromide ion solution = 0.0100 M
Amount of bromide ions in 200 cm® solution = 2.0 millimoles
Temperature = 27°C

Amount of ion exchange resins (g) 0.250 0.500 0.750
Specific reaction rate (min") 0.094 0.117 0.125
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Concentration of.gggrr(mri\gg')ion solution = 0.0100M

Amount of ion exchange resin = 0.500cm
Temperature = 27.0°C.

Fig. 1 Kinetics of ion-isotopic self—diffusio&reaclion
R—Br +Br (ag)= R—Br+Br ~(aq)
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