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With a distribution technique described earlier the stability constants of cadmium-chloro com-
plexes were evaluated. The values obtained are practically identical with those obtained by other 
authors with polarographic methods with the exception of the first complex constant which was 
found to be considerably higher (832) than that described in the literature (200). 

In an earlier paper 1 we have studied the distribu-
tion between grains of alumina and nitrate melts 
of cations more or less complexed by the addition 
of chloride ion. From the dependence of the distri-
bution coefficient on chloride concentration various 
complex constants can be evaluated in a similar way 
as has been shown for aqueous solutions in many 
cases. 

Compared with our first paper we introduce a 
change of the treatment of the information gained 
by the experiments inasmuch as the values for the 
complex constants are obtained purely analytically 
by a least square method. 

Theory 

We start from the equation 
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efficient, is the value of K(j in the absence of 
complex forming anions, Xn = [ M A „ ] S / [ M A „ ] i is 
the distribution coefficient for the n-th complex, 
ßn= [ M A „ ] I / [ M ] I [ A ] ? is the complexity product 
for formation of the complex MA„ , and [A]I = CAI 
is the concentration of the free complex forming 
anions in the liquid phase. Introducing the follow-
ing simplifications and substitutions, y = 
X = [A]i and an — ßnXn, eq. (1) is consequently 
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transformed to 
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The deviation u; is defined as 

(y i f ßnXin- Z «nxA. (3) \ n=0 «=0 / 
A certain weight, W{, can be assigned to each meas-
ured point, thus compensating for the different pre-
cisions. According to the wellknown ^Y2-method 
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where Ay^ stands for the standard deviation. 
The sum, U, of the squared and weighted devia-

tions is 

U = Z w t u * . (5) 
i=i 

When U is minimized the following system of equa-
tions is obtained for the a's and /Ts 
I / N N , 
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k2 = l,2,...,K2 (6b) 

where — N and K2 has the same value as the 
highest index of a . The solution to this equation 
system gives the best values for the a's and /?'s. 

Considering the variation of the measured distri-
bution coefficient for a certain anion concentration 
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with the cadmium concentration on the alumina it 
was necessary to recalculate K j to a new constant 
Kcj* corresponding to a low and constant loading on 
the alumina 2' 3. For comparison reference is made 
to similar methods which can be found in the litera-
ture 4 - 7 . 

To carry out the numerical calculations a FOR-
TRAN-program was written and run on the com-
puter IBM-7090. 

Experiments 

As described in our earlier paper1 equilibrium of 
the distribution of the more or less complexed ions 
between /-AI2O3 and an eutectic melt of K —Li —N03 
was obtained in pyrex test tubes at 160 °C. By filtration 
the phases were separated and the radioactivity of the 
melt, containing Cd-115m, was measured from which 
the distribution coefficient could be calculated. 

The chloride concentration was determined by Po-
tentiometrie titration with silver nitrate. The amount 
of alumina powder used in each experiment was de-
termined after washing with water and drying. 

Results 

First of all the distribution isotherm of pure cad-
mium and complexed cadmium between the solid 
and liquid phase had to be checked. The results are 
represented in Fig. 1. 

It is evident from this figure that the slope of the 
curves is not one, but 0.7. This means that K& is a 
function of the cadmium concentration on the alu-
mina which could partly be explained by the format-
ion of dimer molecules8. Nevertheless the slope 
seems to be independent of the chloride concentra-
tion. 

The recalculated values, K<i*, which were used 
for the calculation of the complex constants are as-
sembled in Fig. 2. The experimental errors as dis-
cussed above are contained in Table 1. 

-log Ccd2*(l) 

Fig. 1. Distribution of Cd between K —Li —N0 3 melt and 
alumina at 160 °C as function of Cd concentration at various 

chloride concentrations. 
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Fig. 2. Distribution of Cd between K —Li —N03 melt and 
A1203 as function of chloride concentration. 

Finally according to equations (6 a) and (6 b) 
the constants for stepwise complex formation are 
calculated and the values are given in Table 2, first 
line. The same table contains the respective values 
obtained by C H R I S T I E and O S T E R Y O U N G 9 and I N M A N 8 . 
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Nr. Cci 
(m mole/kg) k ; 

error 
/o Wi 

0 2 6 . 2 
1 2 . 1 5 2 2 . 0 6 . 3 0 . 5 2 1 
2 4 . 4 9 1 7 . 5 8 . 2 0 . 4 8 6 
3 1 3 . 0 1 0 . 5 1 0 . 6 0 . 8 6 0 
4 1 9 . 3 7 . 9 4 1 2 . 6 1.00 
5 2 9 . 7 4 . 4 1 2 1 . 8 1 . 0 8 
6 4 9 . 0 2 . 7 3 3 1 . 8 1 . 3 3 
7 7 3 . 1 2 . 2 9 3 1 . 6 1 . 9 1 
8 1 0 3 1 . 3 6 4 4 . 7 2 . 7 1 
9 1 4 4 1 . 1 9 4 7 . 3 3 . 1 6 

1 0 2 . 8 2 1 8 . 1 1 2 . 6 0 . 1 9 2 
1 1 5 . 1 9 1 5 . 2 1 2 . 2 0 . 2 9 1 

1 2 7 . 4 7 1 1 . 8 1 3 . 8 0 . 3 7 7 
1 3 1 1 . 2 9 . 6 8 1 8 . 1 0 . 3 0 9 

1 4 1 5 . 0 1 1 . 7 1 7 . 9 0 . 2 2 8 

1 5 1 9 . 3 6 . 7 5 1 9 . 0 0 . 6 1 0 
1 6 2 4 . 8 4 . 8 9 2 6 . 3 0 . 6 0 6 
1 7 3 0 . 9 6 . 4 6 2 1 . 7 0 . 5 0 5 

1 8 4 6 . 4 1 . 7 6 6 6 . 4 0 . 7 3 0 
1 9 6 4 . 2 2 . 0 8 5 2 . 8 0 . 8 3 0 

2 0 1 1 0 2 . 0 1 5 4 . 3 0 . 8 4 0 
2 1 3 . 0 0 2 5 . 1 5 . 2 0 . 5 8 8 
2 2 5 . 7 0 1 9 . 5 5 . 1 1 . 0 1 

2 3 6 . 4 0 1 8 . 5 5 . 3 1 . 0 4 

2 4 1 1 . 4 1 1 . 1 7 . 5 1 . 4 4 

2 5 1 6 . 8 7 . 6 7 1 0 . 0 1 . 7 0 

2 6 1 9 . 2 6 . 6 1 9 . 8 2 . 3 8 

2 7 2 2 . 8 6 . 3 7 9 . 4 2 . 7 9 

2 8 3 0 . 4 2 . 7 5 1 5 . 9 5 . 2 4 

2 9 3 9 . 7 1 . 5 9 2 4 . 6 6 . 5 4 

3 0 4 8 . 8 2 . 0 8 2 3 . 1 4 . 3 1 

3 1 5 7 . 0 1 . 4 7 2 7 . 4 6 . 1 4 

3 2 6 4 . 8 1 . 9 1 2 4 . 9 1 . 6 1 

3 3 6 9 . 3 1 . 2 9 2 4 . 7 1 . 6 4 

3 4 8 4 . 3 2 . 6 6 2 1 . 9 2 . 9 4 

3 5 1 1 6 1 . 4 8 2 9 . 3 5 . 2 8 

3 6 2 . 2 7 1 6 . 3 9 5 . 3 1 . 3 2 5 

3 7 5 . 1 2 1 3 . 8 7 5 . 4 1 . 7 8 3 

3 8 6 . 4 8 1 4 . 7 7 6 . 4 1 . 1 1 9 

3 9 1 1 . 2 1 3 . 0 3 7 . 1 1 . 1 6 8 

4 0 1 5 . 2 5 . 8 7 9 . 6 3 . 1 5 0 

4 1 1 7 . 6 8 . 7 7 8 . 8 1 . 6 7 9 

4 2 2 2 . 9 5 . 6 0 1 2 . 1 2 . 1 7 8 

4 3 3 0 . 5 2 . 7 6 1 8 . 4 3 . 8 7 7 

4 4 3 6 . 2 1 . 4 8 3 1 . 1 4 . 6 6 0 

4 5 5 2 . 3 2 . 4 0 3 2 3 . 1 3 . 2 4 6 

4 6 5 8 . 3 1 . 9 5 2 4 . 8 4 . 2 7 5 

4 7 6 5 . 4 2 . 3 7 2 3 . 5 3 . 2 2 4 

Two things can be seen clearly: 
As observed in a number of cases the substitu-

tion of sodium by lithium in nitrate melts does not 
lower the complex formation constants of metal 
halogen complexes. On the contrary, these constants 
are increased. 

Secondly, cadmium shows a very high constant 
of the formation of the first chloro complex which is 
already evident from Fig. 2. The value stated by us 

n = 1 n = 2 n = 3 n — 4 

Our values 8 3 2 2 . 3 0 0 1 2 0 . 0 0 0 6 0 0 . 0 0 0 
Values according 
t o C R I S T I E a n d 
O S T E R Y O U N G 9 2 0 0 3 . 0 0 0 1 2 0 . 0 0 0 6 0 0 . 0 0 0 

(Li-K-N03 Eut.) 
Values according 
t o I N M A N 8 4 0 2 0 0 1 1 . 8 0 0 — 

(Na-KN03 Eut.) 

Table 1. Experimental Error of Determination. 

Table 2. CdCl« Complex Formation Constants (ß n ) . 

is even higher than that found by C H R I S T I E and 
O S T E R O U N G , but our method should give better re-
sults in the low chloride concentration range than 
the polarographic method used by those authors. 

The mathematical method used in this paper 
seems to us of a more universal use than that in 
our previous paper 1. We intend to investigate simi-
lar systems, especially those of uranium and fission 
products in nitrate melts or other molten salts. 
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