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Abstract

The standard molar formation enthalpies of Cs;MCl; (M is Zn(II) and Cu(ll)) are determined from the enthalpies of
dissolution (AsHY) of [2CsCl(s) + MCl,(s)] and Cs;MCly(s) in 0.03 mol 1”! H,S0, solvent, respectively, at 298.2 K, as:

AfHS (CspZnCly, s, 298.2K) = —1340.46 k) mol ™'

AfHS (Cs,CuCly, s, 298.2K) = —1129.04 kI mol .

¢ 1997 Elsevier Science B.V.

Keywords: Cs;CuCly ; Cs,ZnCly; Standard molar formation enthalpy; Thermochemistry

1. Introduction

A series of tetrahedral tetrahalogen metallic salts,
R>MX, (where R is a univalent cation; M(II) is Fe, Co,
Ni, Zn, Cu; X is Cl, Br, I), have been prepared and
characterized [1,2]. The crystal structures and the
magnetic and spectral properties have been previously
reported [3-8], but a few thermochemical data have
been published. We have determined the standard
molar formation enthalpies of Cs,ZnCl, and Cs,CuCl,
by solution calorimetry.

Firstly, the dissolution enthalpies (A;HS) of
[2CsClI(s) + MCl,(s)] and [Cs,MCly(s)] in
0.03mol 17" H,SO, solvent were determined at
298.2 K. Hence, from these values, combined auxi-
liary values, the standard molar formation enthalpies
of Cs,ZnCly(s) and Cs,CuCly(s) have been derived:
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AfHE (CspZnCly, s, 298.2K)= —1340.46 kJmol ';
A¢HS (Cs2CuCly, s, 298.2K)= —1129.04 kI mol .

2. Experimental
2.1. Chemicals

All the chemicals (CsCl, KC1, ZnCl,, CuCl,-2H,0,
H>S0,) used were of analytical grade and obtained
from the Shanghai Reagent Factory.

CsCl with a purity higher than 99.5% was dried
in a vacuum oven at 220°C to constant mass, prior to
use.

KCl1 (obtained from Shanghai reagent factory),
calorimetric primary standard of purity greater than
99.99%, was dried in a vacuum oven for 6 h at 135°C,
prior to use.
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Table 2

Reaction scheme for the standard molar formation enthalpy of Cs,ZnCly(s) at the temperature 298.2 K. The solvent ‘s’ was 0.03 mol 1 ™'

H,S04(aq). AHs = AHy — AH, + 2AH; + AH,

Reaction

AHE (kJ mol ™)

1. {2CsCl(s) + ZnCly(s) }+*s’= {2CsCl + ZnCl,} (sln in ‘s’)
2. Cs,ZnCly(s)+s’= Cs2ZnCly (sln in ‘s’)

3. Cs(s) + 1/2Cl(g) = CsCl(s)

4. Zn(s) 4+ Cly(g) = ZnCly(s)

5. 2Cs(s) + Zn(s) + 2CL(g) = Cs,ZnCly(s)

—30.849+0.017

8.746+0.003
—443.04
—-415.05
—1340.46

Table 3

Reaction scheme for the standard molar formation enthalpy of Cs,CuCl, at the temperature 298.2 K. The solvent ‘s’ was 0.03 mol 17! H,SO,

(aq). AH¢ = AH, — AHp +2AH; + AHy — 2AH;

Reaction

AH2 (kI mol™")

1. {2CsCl(s) + CuCl, - 2H,0(s) } 45" = {2CsCl + CuCly - 2H,0} (shn in *s’)

2. Cs2CuCly(s)+‘s’= Cs,CuCly (sin in °s”)

3. Cs(s) + 1/2CL(g) = CsCl(s)

4. Cu(s) + Cly(g) + 2H2(g) + O2(g) = CuCl; - 2H,0(s)
5. Ha(g) + 1/205(g) = H,0()

6. 2Cs(s) + Zn(s) + 2CL(g) = Cs2ZnCly(s)

16.94710.053
10.2702:0.0037
—443.04
—821.32
~285.84
—1129.04

2.2. Calorimeter

The isoperibol reaction calorimeter used for this
study was constructed in this laboratory and was
adapted for measuring enthalpies of solid-liquid,
liquid-liquid reactions [9]. The volume of the reaction
vessel is 100 cm®. The precision temperature control
and measurement are +0.001 and £0.0001 K, respec-
tively.

The calorimeter was tested by measuring the dis-
solution enthalpy of THAM (NBS 742a, U.S.A.) in
0.1 mol1”" HCI and the KCl (calorimetric primary
standard) in water at 298.2 K. The mean dissolution
enthalpies are —29776 + 16 J mol™' for THAM and
17597 + 17 J mol ™! for KCl, which are in conformity
with the respective published data [10,11].

2.3. Preparations

Cs,ZnCly(s) was prepared by evaporating a mixture
of solutions of CsCl and ZnCl, (mole ratio is 2: 1)
according to the method of Behler [12].

Cs,CuCly(s) was prepared by evaporating an
aqueous solution of cesium chloride and copper chlor-
ide (mole ratio is 2 : 1) at ambient temperature and
was subsequently purified by means of repeated

recrystallization according to Helmholz and Kruh
[13].

The structures of the Cs,ZnCly(s) and Cs,CuCly(s)
were characterized by state methods [12,13].

3. Results and discussion

All were dissolved in 100 ml of 0.03 mol 1™ H,SO,
solution.

Sample of mass 0.45 g of CsCl(s) and ZnCl,(s) in a
mole ratio 2 : 1 were dissolved in 100 ml 0.03 mol 1™
H,S0O, solution at 298.2 K. The results are shown in
Table 1.

The dissolution enthalpies of Cs,ZnCly(s),
[2CsCI(s) + CuCl, - 2H,0(s)] and Cs,CuCly(s) in
0.03 mol 1! H,S0O, were measured under the same
conditions. The results are also tabulated in Table 1.

3.1 CsZZnCL;

The reaction scheme to derive the standard
molar formation enthalpy of Cs,ZnCly(s) is given
in Table 2. The molar dissolution enthalpy of
CsCl(s) and ZnCl,(s) mixture at mole ratio of
n(CsCl)/n(ZnCl,) =2 : 1 was measured in
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0.03 mol 1™ H,S04(aq). In the same solvent, we have
measured the molar dissolution enthalpy of
Cs,ZnCly(s). The standard molar formation enthalpies
of CsCI(s) and ZnCl,(s) were taken from Ref. [14].
After combining all the reactions, we obtained: AfHﬁj
(Cs,ZnCly, s, 298.2 K)= —1340.46 kJ mol ™.

3.2. Cs,CuCl,

The standard molar formation enthalpy of
Cs,CuCly(s) has been derived from the reaction
scheme as given in Table 3. The molar dissolution
enthalpies of CsCl(s) and CuCl,-2H,O(s) mixture at
mole ratio of n(CsCl)/n(CuCl, - 2H,0) = 2 : | was
measured in 0.03 mol 17" H,S04(aq). In the same
solvent, we have measured the molar dissolution
enthalpy of Cs;CuCly(s). The dilution effect of
0.03 mol 1! H,S0, diluted in 2 mol H,O is ignored.
These values were combined with auxiliary quantities
of AfHS = —443.04kJ mol™" for CsCl(s) [14],
—821.32kImol™" for CuCl,-2H,O(s) [14] and
—285.84 kJ mol ™! for H>O [14] to derive the standard
molar formation enthalpy: A¢HS [Cs,CuCly, s,
298.2 K]= —1129.04 kJ mol '

References

[1] N.S. Gill and R.S. Nyholm, J. Chem. Soc. 3997 (1959).
[2] F.A. Cotton, J. Am. Chem. Soc., 83 (1961) 4161.
(3] Puget Rene, Jnnin Michel, Perret Rene, Ferroelectrics, 107
(1990) 229.
[4] N. Trendafilova, G. St. Nikolov, R. Kellner, G. Bauer, Vib.
Spectrosc., 6 (1994) 351.
[5] V. Gomathy, U.S. Ghosh, C. Basu, Pramana, 45 (1995)
33,
6] K.L. Bray, H.G. Drickamer, J. Phys. Chem., 94 (1990)
2154.
[7] R.K. Subramanian, K. Venu, V.S.S. Sastry, J. Phys. Condens.
Matter, 6 (1994) 137.
A. Pfitzner, J.K. Crockcroft, I. Solinas, H.D. Lutz, A. Anorg.
Allg. Chem., 619 (1993) 993.
C. X Wang, Z.H. Song, W.G. Xiong, S.S. Qu, Acta Physico-
Chimica Sinica, 7 (1991) 586.
[10] P. Pychly, V. Pekarek, J. Chem. Thermodynamics, 9 (1977)
39,
[11} R.L. Mnotgomery et al., J]. Chem. Thermodynamics, 9 (1977)
915.
[12} V.B. Behler, Z. Krist., 109 (1957) 68.
[13} L. Helmholz, R.F. Kruh, J. Am. Chem. Soc., 74 (1977)
1176.
[14} R.C. Weast, CRC Handbook of Chemistry and Physics, 70th
edn., CRC Press, Inc. Florida, 1990.

[8

—

9



