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To evaluate the potential of the method of perturbed angular -
y-correlation measurements using one HPGe detector only (1-
PAC) for the measurement of quantitative parameters of the
chemical reactions in solutions, the hydrolysis equilibria of
In(I1I) have been investigated.

The underlying physical phenomena of the PAC methods are
(i) an angular correlation between two cascade y-quanta in the
decay of the probe-nucleus and (ii) the perturbation of this
correlation caused by interaction of the nucleus with its
environment (hyper fine interaction). The time-integrated
angular correlation of cascade y-rays is given by:
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where A; are the angular correlation coefficients, P;(cos0) are
the Legendre polynomials, Q; corresponds to a geometry
coefficient that includes influence of finite sizes of both the
detector and the sample and Gj(0) are the time-integrated
angular correlation perturbation factors. The relative
probability to detect the cascade y-rays Yo, Ym (Ryniym) at an
angle 0, at the individual A;;, Gj(0) and Q; values is equal to
W(0,00):
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The possibility to use only one detector (1-PAC method) was
described in detail elsewhere [1]. The characteristic parameter
is the relative probability Ry,.,m at an angle of 0°.
Non-carrier-added '''In (Ty, = 2.81 d), was purchased from
Mallinckrodt in 0.1 M HCI stock solution. The specific
activity of the solution was 370 MBq/ml. The hydrochloric
acid was removed by evaporation and the residue was then
dissolved in 0.01 M HCIO,.

The inert background perchlorate solutions with an overall
ionic strength p = 1 of the electrolyte media Na"/H'/OH

/ClO; were prepared using p.a. chemicals (Merck) and

analytical grade water.

1-PAC measurements were performed using polyethylene
vials of 2 ml volume. The activity of the samples was 40-50
kBq. Carrier amounts of 10 M indium (IIT) perchlorate were
added. The volume of each sample was 0.5 ml. After the
measurements, the pH of the samples was determined by
means of a pre-calibrated glass electrode using standard buffer
solutions. The dependence of R,;.,, on the pH of the media at
room temperature is illustrated in Figure 1.

The hydrolysis of In*" can be expressed as (Eq.1):

In(OH)* ™" + H,0 <X In(OH)™* + H*

K, (@2 1) - the stepwise stoichiometric constants.

The change of the R,;,,,-value with increasing pH reflects the
transition of the radionuclide form in the order of:
In** & InOH*" < In(OH)," < In(OH)s(c) < [In(OH),]". The

measured value of Evl 4 reflects the weighted sum of
individual Riyuyz values over all species of indium in the

studied system. Using the stepwise stochiometric hydrolysis
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Figure 1. Ryl+y2 -value versus pH in NaClO4 (p = 1),
room temperature.

constants, the ﬁyl +y» Vvalue may be expressed as a function of

the pH concentration as follows (Eq.2):
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where C I is the overall concentration of indium and K, the

solubility constant of In(OH);(c)-product. The R  -values

yl+y2
for the individual species may be derived from the
experimental data by a simple interpolation.
The K,-values obtained from the fit of the experimental data
R = f(pH) with Eq.(2) (solid line in Figure 1) are given in

yl+y2
Table 1. In order to reduce the number of variables in Eq.(2)
the value of K; was fixed as logK; =-5.02 [2].

It could be shown that the proposed scheme of the physico-
chemical treatment of experimental 1-PAC data is suitable for
the quantitative investigation of indium equilibrea. However,
the values of K,, K and K, are affected by relatively high
errors. Moreover, K, significantly lower compared to [2],
while K, and K, are higher.

The 1-PAC method will allow quantitative treatment of
chemical equilibria, supposed the number of experimental data
points adequate to the number of variables to be calculated.

Table 1. Stepwise complex formation constants (logK,) for the
hydrolysis of indium. logps is the overall complex formation constant.
Background electrolyte: NaClO,, p = 1, room temperature.

logK, logK, logK, logK Ref.
fixed -3.5(7) 7.7(5) -12.9(9)  This work
-4.00 -3.82 5.07 -9.67 21
-5.02 -4.33 6.60 -10.0 21"

«- At infinite dilution (i = 0), at 25°C
« - by evaluating (p =1)
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