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ABSTRACT

Heterogeneous exchange reaction of tri barium phosphate in
barium chloride solution has been studied using '¥’Ba as a tracer.
The results show that the exchange fraction increases as barium
chloride concentration increases for different mole ratio of the
exchange ion on the solid surface and in the solution. The pheno-
menon was studied with respect to the previous treatment of the
precipitate leading to different crystal sizes and the effect of
reaction time.

OZET

Tri baryum fosfat ile baryum kloriir ¢6zeltisi arasindaki he-
terojen izotop degistirme reaksiyonu izleyici olarak !33Ba kulla-
nilarak incelendi. Katinin yiizeyi ile g8zelti arasinda degigti-
rilen iyonlarin farkli mol oranlari igin, izotop degigtirme frak-
siyonunun, baryum klorir konsantrasyonu ile arttigi goriildi. Co-
keltinin hazirlanigi sirasinda kristal biiyiikliigiinii etkileyen ig-
lemin ve reaksiyon siiresinin, degigtirme fraksiyonuna etkisi in-
celendi.

INTRODUCTION

Heterogeneous 1sotopic exchange reactions have been
investigated in various systems /1-7/. For many hete-
rogeneous isotopic exchange reactions it has been found
that there is an initial relatively rapid exchange
between the surface of the solid and the solution. This
initial reaction is then followed by the relatively
5low process of incorporation of surface material into
the body of the lattice by self-diffusion and recryst-
allization. The extent of the initial rapid exchange
depends on various factors.
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In this work the isotopic exchange reaction between
tri barium phosphate and barium ions in solution was
studied. The radicisotope '3?Ba used to measure the
concentration change during the reaction. In previous
studies /8-12/ the isotopic exchange reaction of the
system Ca, (PO, ), (s)/Ca?*(aq) have been investigated.

As there are no detalled 1nvest1gatlons concerning the
effect of solution concentration, in our study we have
investigated especially the effect of solution concent-
ration for a fixed mole ratio of the radicactive bari-
um ions to the inactive barium ions 1in the solution.

On the other hand it has been found that the rate of
isotopic exchange in the system CaCO,(s) / ca?*(aq)
/13/ increases as CaCl, concentration decreases; but
the exchange % in the system Ca, (PO )2 (s) / Ca?*(aq)
/11-12/ increases as CaCl, concentratlon increases.

This difference is due to the method of calculation.

If the specific activities are used in the calculation,
the exchange rate increases as the solution concentra-
tion increases, on the other hand if only counting
rates are used in the calculation, the exchange rate
increases as the solution concentration decreases. In
this study specific activities were used in calculati-
ons. In addition to the effect of the solution concent-
ration studies, experiments were performed to determine
the effect of the particle size of the product and the
effect of the reaction time.

EXPERIMENTAL

Tri barium phosphate used in this work was obtained
from precipitation of equimolar amounts of 0.1 M solu-
tions of pure tri sodium phosphate and barium chloride
(Merck) at 60°C. During precipitation the mixture was
continuously stirred with a mechanical stirrer. After
this treatment the precipitate and the mother liquid
was kept at 60°C for 24 hours,then the liquid was
decanted. The precipitate was washed with alcohol and
ether and dried at 110°C.

The !'?3Ba tracer was a high-purity, aqueous soluti-
on obtained from the Radiochemical Centre-Amersham.
The standardized radioactive solution was added to the
inactive barium chloride solutions at different concen-
trations. In each experiment 10 ml BaCl, solution of
known concentration was added to the equal amount of
Ba,(PO,), samples at 22°C and were stirred for one
hour. Then the suspension was centrifuged, decanted
and the counting rate of the suparnatant liquid was
determined and compared with that of a standard solu-
tion.
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The gamma ray measurements were carried out by a
multichannel analyzer (Canberra 8100/e) with scintil-
lation detector (NaI-Tl). The exchange fraction % was
calculated as follows;

As 8

P = 7T

x 100

Where P denotes the exchange fraction, As S and As T
shows the specific activity of the solid and the
standard solution respectively.

RESULTS AND DISCUSSION
Effect of BaCl, Concentration

a) BaCl, solutions at different concentrgtions
were prepared at a fixed mole ratio of Ba?*/Ba?*. The
barium content of Ba,(P0,), samples were equivalent
to the amounts of barium in 10 ml 0.1 M BaCl, soluti-
on. Results which are given in Table-1 shows that the
exchange fraction % increases as BaCl, concentration
increases.

TABLE-1. Exchange fraction % of Ba,(PO,), in
various BaCl, concentrations at 20°C
(0.2006 g samgle per 10 ml BaCl,

Solutions; Ba?*/Ba?*=2.7 x 105)-

[)

Concentration ng Exchange Fraction %
of BaCl,(M) x 10? L, I IT
10 10 1.09 1.00
20 5 1.16 1.09
25 4 1.80 1.40
33 3 1.98 2.03
50 2 2.81 2.83
100 1 b.74 4L.70

Changing ions in the solution and on the solid surface
are represented by np and ng respectively.

b) The Ba?*/Ba?* ratio was changed by adding equal
amounts of radiocactive BaCl, solutions to the inactive
BaCl, solutions at various concentrations. As it is
seen in Table-2 the increase in the exchange fraction
is,more than the ones given in Table-1. By preparing
Ba Cl, solutions having the same radioactivity, the
experimental errors can be kept at low limits.
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TABLE-2. Exchange fraction % of Ba,;(PO,), in various
BaCl, concentrations at 20°C (0.2006 g
sample per 10 ml BaCl, solution).

Concentration ng Exchange 24X 24 -6
of BaCl,(M) x 10° ﬁz Fraction % Ba®"/Ba""x 10
I II
10 10 2.12 1.76 0.10
20 5 3.05 3.02 0.21
25 4  3.01 2.45 0.27
33 3 L.68 4,46 0.36
50 2 6.37 5.03 0.54
100 1 7.08 7.09 1.09

On the other hand, with regpect to exchange equilibrium,
keeping the ratio of Ba?*/Ba%* constant is more suitab-
le.

Effect of Ba,(P0,), Preparation

Ba,(P0,), was prepared by stirring the mother
liquid for two hours after the precipitation process.
The rest of the procedure was described previously.
Different treatment of the precipitates which could
change the crystal size by recrystallization should
have influence on the exchange fraction. This can be
expected since the particle size, in the case of stir-
red precipitate must be very small in comparison with
that of a fresh precipitate. As it is seen in Table-3,
the exchange fraction shows a higher increase in com-
parison with that of the fresh precipitate (Table-1).

TABLE-3. Effect of condition of preparation of
Ba,(P0O,), on exchange fraction % at 20°
(0.2006 g sample per 10 ml BaCl, soluti-
on; Ba?*/Ba?*=12.7 x 10%). i

=]

Concentration

: S Exchange Fraction %
of BaCl,(M) x 10 nL I II

10 10 1.24 1.40

20 5 2.26 2.70

25 4 2.61 2.73

33 3 3.43 3.64

50 2 b.12 4.33

100 1 6.18 7.54
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The exchange fraction depends on the specific suriace
of the solid particles /3/. As the total exchange in
the surface area of the :maller solid particles is
larger, above conclusion is strengthened by these re-
sults.

Effect of Reaction Time

The experiment were carried out for 0.05 M BaCl,
solutions and equal amounts of Ba,(PO,), samples. As
stown in Table-4 there is a rapid exchange at the beg-
inning of the reaction. This initial reaction is then
followed by the slow process. 60 % of total exchange
is attained in first five minutes. The rapid exchange
at the beginning of the reaction occurs on the surface
of the solid particles. Following this reaction there
1s a slow process due to self-diffusion and recrystali-
zation in which the adsorbed material is incorporated
in to the solid.

TABLE-4. Effect of reaction time on exchange
fraction (0.2006 g sample peyp 10 ml
0.05 M BaCl, solution; Ba2?*/Ba?2* =

2.7 x 10%).
Times (MitD) Exchange Fraction %

I II

1 0.86 1.05

3 1.26 1.39

5 1.38 1.46

15 l1.9¢C 1.565

30 2.02 1.92

60 2.53 2.22

REFERENCES

/1/ Langer, A., J. Chem. Phys. 10 (1942) 321.

/2/ Langer, A., J. Chem. Phys. 11 (1943) 11.

/3/ Kolthoff, I., O'Brien, J. Am. Chem. Soc. 61 (1939)
3409,

/4/ lonescu, S., Leguescu, I. and Gainar, I. Proc.
U. N. Intern. Conf. IAEA, Genewva (1958) 123.

5/ Lieser, r.M., Cutlich, P. anc¢ Fosenbaum, I. Exchan-
ge Keacticn, proceeding series IAEA, Vienna (1965)
375.

/t/  Qureshi, I.M., Chabbir, M., J. Inorg. Nucl. Chem.
28 (1966) 2603.



I/

/8/

/9/

/10/
/11/
/12/
/137

Isotopic Exchange Reaction Between Barium Ion
And Tri Barium Phosphate

Huang, T.C., Li, K.Y., and Moo, S.C. J. Inorg.
Nucl. Chem. 34 (1972) u47.

Govaerts, J., Inst. Interuniv. Sci. Nuc., Rept.

Ann. 66 (195u4).

Fabry, C., Bull. Soc. Chim. Biol, 40 (1958) 987.

Fabry, ibid.. 40 (1958) 993.

Fabry, ibid., 40 (1958) 1203.

Fabry, ibid., 40 (1958) 1215.

Huang, T.C., Tsai, F.N., J. Inorg. Nucl. Chem.
32 (1970) 17.

77



