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The Relative Acidity of Th(IV) and U(IV) towards 
Chloride in Acetone 

H. E. ROHWER* 

University of Port Elizabeth, South Africa 

A measure of Lewis acidity of a metal ion towards 
an anion like chloride, for instance, could be given 
in terms of the chloride ion concentrations at which 
the various metal-chloride complexes dominate. 
Since some analogies and differences between U(IV), 
Th(IV) and Ce(IV) have been studied in our labora- 
tories, it was of interest to see whether such a 
strategy could be used in acetone to confirm the 
notion that their relative Lewis acidity towards chlor- 
ide in acetone follows the order Ce(IV) > U(IV) > 
Th(IV). 

In order to see whether different complexes can 
be distinguished, the uranium system was studied 
specuophotometrically by titrating UC14 with But4- 
NCl. The results could not be satisfactorily explain- 
ed in terms of the species UCL,, UCl, and UClz- 
unless UCl; is considered as well. The corresponding 
stepwise formation constants and distribution of the 
species are given in Fig. 1. 

From this it follows that when UC& is dissolved 
in acetone the [Cl-] is buffered at about lo* 
mol dmm3 which is small compared to the concentra- 
tion of the other species. (kO.5 X lo-’ mol dme3). 
Similarly the species UClz- can be ignored provided 
the [Cl-] is not increased beyond say 10” mol 
dmw3. This justifies the description of the system 
in terms of three species which are in equilibrium as 
depicted below by the autoionization-equilibrium 
and constant. 

*Currently at Albert-Ludwig-Universitit, Freiburg, 
F.R.G. 
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Fig. 1. Distribution diagram for the UC& -Chloride-System 
in acetone. 
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Fig. 2. Distribution diagram for the combined ThCl4 and 
UC14 system in acetone. 

Extent of autoionization: 
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If the same information could be got from the 
corresponding thorium system, it would similarly 
enable one to see where the system lies on the [Cl-] - 
scale. From this one could then give a measure for 
the difference in Lewis acidity between U(IV) and 
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Th(IV) in acetone. Since the thorium system cannot 
be studied spectrophotometrically , other means had 
to be investigated. If it can be assumed that the 
thorium system behaves similarly to the uranium 
system and that it will be slightly displaced towards 
higher chloride ion concentrations, it would mean 
that a pure ThC14 solution would buffer on the [Cl-] 
at a value of say 10” mol dmm3. In such a case it can 
be shown that with the aid of least-squares treatment, 
a series of conductometric measurements on mix- 
tures of UC& and ThC14 with different Th:U ratios 
can yield the corresponding stepwise formation cons- 
tants, K4 and K,, for the thorium system. This facili- 
tates the construction of the combined distribution 
diagram as shown in Fig. 2. It follows that in 
mixtures of UCl,, and ThC14 in acetone, where the 
ThC14 and UC14 are present in comparable amounts, 
the dominant ionic species are ThCl; and UC&. 
Ce(IV) and U(IV) cannot obviously be treated 
in the same way, but since Ce(IV) and Th(IV) can, 
such a study could indirectly lead to the sought 
after comparison of U(IV) and Ce(IV) as Lewis 
acids towards chloride. 

TABLE II. Partial molar free enthalpies and entropies obtain- 
ed from dehydring isotherms. 

H/Pa 550-740 K 

a(S) a&) 
kJ mol-’ J K-’ mol-’ 

0.1-1.3 94.2 121.7 
1.6 106.0 147.3 
2.0 106.2 149 .I 
2.9 22.0 65.5 

The precision of the I values is about t4 kJ md-’ and 
that of the I values is about +3 J K-’ mol-’ both on 
the 0.95 confidence level. 
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Thermodynamic Properties of Protoactinium Hydrides 

At H/Pa < 0.1 the metal is saturated with hydrogen 
(phase I). At 13 < H/Pa < 1.7 and temperatures 
above 550 K a second phase (phase II) with an 
unique fee-structure is observed. Another high 
temperature phase with /3-UH3-related structure 
exists in the range 2.0 < H/Pa < 3.0. At temperatures 
below 500 K and 1.3 < H/Pa d 3.0 an cu-UH3-related 
solid solution (phase IV) is identified. In the regions 
0.1 < H/Pa < 1.3 and 1.7 < H/Pa < 2.0 two phases 
coexist [2] . 
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For all compositions lnp-l/T-relationships are 
linear with a significant change in slope at about 550 
K on hydriding. There are not enough data to 
confirm this difference in slope on dehydriding. 
Partial molar free enthalpies and entropies for select- 
ed compositions were calculated from the lnp-l/T- 
functions and are reported in Tables I and II. From 
these data the original hydrogen partial pressure may 
be obtained using the relationship 

Pressure-composition isotherms of the protoacti- 
niumhydrogen system were measured in the range of 
lo- < p < 100 bar, 0 d H/Pa < 3, 373 < K < 79.5 
for increasing and decreasing H/Pa-ratios. Large 
hysteresis was observed on hydriding and dehydrid- 
ing. 

-RT lnp Hz = aC(H,) = &(H,) - TaS(H2) 

The shape of the isotherms and X-ray structure 
analysis indicate the existence of different phases. 

Integral free energies of formation were calcu- 
lated by integrating the lnpH/Pa-isotherms. Graphs 
of integral free energies of formation versus tempera- 
ture for constant compositions are linear in the 
regions above and below 580 K with a significant 

TABLE I. Partial molar free enthalpies and entropies obtained from hydriding isotherms. 

H/Pa 

0.1-1.3 
2.0 
2.4 
2.9 

373-550 K 550-740 K 

a(Hz) &Hz) L&HZ) a(Hz) 

kJ mol-’ J K-’ mol-’ kJ mol-’ J K-’ mol-’ 

71.4 99.6 67.8 93.8 
83.2 138.9 75.2 128.0 
78.6 134.9 65.9 117.0 
31.7 86.5 31.7 80.9 


