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ABSTRACT

The system KC1/CeCl, has been reinvestigated by DTA and X-ray ana-
lysis. For the exis%ing compounds the crystal structures were deter~
mined. Their thermodynamic functions were yielded by solution cal-
orimetry and e.m.f. measurements in a galvanic cell with solid elec-
trolytes.

INTRODUCTION
Our method to get thermodynamic functions for the formation of ter-
nary chlorides in a galvanic cell with solid electrolytes [1] can
be applied for tervalent metals too. In this paper our findings con-
cerning the system KC]/CeC]3 are given

KC1 + CeC]3 = KnCe(Z1n+3

For the formation of the Ce-richest compound the set-up of the cell
is: (C+C]2)/KC](s)/K+-conductdiaprgm /LaC13(+KnCeC1n+3)/(c+c12).
The measured e.m.f. E can be transformed into the free enthalpy of
reaction aGp using the relation AGR=—n-F-E (n=transported charge,
F=Faraday constant). The temperature dependence of the e.m.f. was
found to be linear in the range of measurements; thus AGR=a+b~T
with a=aHg and b=-45p according to the fibbs-Helmholtz relation.
Additionally, aHp(298K) was measured by solution calorimetry.

RESULTS

The _system KCI/CeCl,
In an older investigation [2] two compounds are described: KiCeClg
with a phase transition at 512°C and KoCeClg. A reinvestigation by
means of DTA and crystal-powder-X-rax-photographs yielded two
corrections (fig. 1):

1) The compound K3CeC16 is stable only at high temperature.

2) A new incongruently meiting compound K3Ce5C]ufKCe1.67C]6

K3CeClo: With a high-temnerature Guinier-camera a powder pattern
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was taken at 560°C using A1203 as
System KCl / CeCly . -
troC /K inner standard. It could be indexed
9001 with a cubic cell of the elpasolite
type of structure:a=11.241%0.002 8.

1m0  KyCeClg: The structure determina-
tion of Meyer [3] could be con-
firmed (orthorhombic K,PrCls-type).

800

KCey 7816 This compound has a
hexagonal unit cell which is re-
lated to the LaClz-structure [4]:
one third of the La3*-sites is
lggp  occupied by K*-ions; 2/3K* are
occupying the position 2b: 0,0,0;
0,0,1/2 of the space group 176-P63/m.
(For the analogous compound
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o0l 5360 (23%) I 0 el D355 %) rwo KLaj §7C1g a single crystal inves-
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tigation gave a reliability value

K
Q
8’: R=0.085 with a statistical occupa-
X

R tion model.):
mole-% CeCl, a=7.839%0.002 & «c=4.256%0.001 R

Fig.1 Dexp.” 3.60g-cm™3 D - 3.56¢-cn”3

aHp(298K) by solution calorimetry
The apparatus used was a home-built isoperibolic calorimeter [5].
From the enthalpies of solution, AHL, the reaction enthalnies, AHR,
were calculated by AHR=(AHL(CeC13)+n-AHL(KC1)}-AHL(KnCeC1n+3).
Each aH; was measured at least three times; KCI was dissolved in a
solution of adequate concentration (dissolution ratio ~1:3500 roles).
AHL(CeC13)=—138.910.8kJ~mo1'1; AHL(KU)=+17.9‘£0.1k\]~mo1"1

= . -1 . . -1
AHL(KO'GCeC13_6)-—123.2t0.8kJ mo 1 aHp=-5.0kJ mo
AHL(KZCeC]5):-75.8f1.0k\]-mo1’1 AHR=-27.3kJ'mo‘.‘1

EMF-measurements

With the measured values of two samples a lirear regression analysis

was calculated. The differences between them and the standard devia-

tions were taken for the assessment of the real ranae nf error.

f.o,ec_eg_ : Reaction 0.6KC1+CeC13=K0‘6CeC13'.6 Samnles: 80 and 90 mol-: CeCl3
50 measured points in the rance 630-790K

e.m.f./V=84.7140.1573-T/K  pGp/kd-mol™}=-4.9-0.0091-T/K (#0.4kJ-mo1 "}

aHg=-4.90.1kJ-mo1 "1 £S=9.1£0.20-K"L.mo1-1

3.6
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KoCeClg: Reaction 1.4KC1+K0.6Cec13.6=K2CeC15 Samples: 50 and 60 mol-% CeClq
30 measured points in the range 640-800K

e.m.f./my=178.87+0.0214-T/K  AGp/kd-mol~1=-24.2-0.0029-T/K

(Deviations: 4G=10.3kJ-mol ™15 aMp=t0.1kd-mol1; asp=0.20-k L-mo17}

K3CeCl,: Reaction KC]+K2CeC15=K3CeC16 Two Samples with 30 mol-% CeCly

35 measured points in the range 790-870K
e.m.f./mV=-559,.3+0.7041-T/K AGR/kJ-mo1°1=+53.9-0.0679'T/K
(Deviations: AGR=i0.6kJ-m01'1; AHR=i5kJ‘mol‘l; ASR=ilJ°K'1-m01'1)
AGp=0 at 794K,

Table 1 Energies for the formation from KC1 and LaCly at 298K

Compound AGR AHR -(T-As) AHR calor

Ko‘()CeCI:‘.6 - 7.6 - 4.9 - 2.7 - 5.0

K2CeC15 -32.7 -29.1 - 3.6 -27.3

K3Cec16 + 1.0 +24.8 -23.8 -
DISCUSSION

As table 1 shows the compounds K2CeC15 and KD.SCEC]JJS are formed
with a gain in lattice enthalpy. Their stability can be discussed
mainly considering lattice energies.

The compound K3CeC16 is formed with a great loss of enthalpy. This
is correlating with an expansion of the molar volume from 176 cm3
(3KC1+CeC13) to 214 cm3 (K3Cec16). This enthalpy loss is compensa-
ted by a considerable gain in entropy; above 794K the Gibbs enthalpy
for the formation from the adjacent compounds KC1 and KZCeC15twcomes
negative. It can be assumed that this entropy dain is correlated to
the formation of isolated octahedra in contrast to connected poly-
hedra in KCI1 and KZCeC15.
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