
Thermochimica Acta, 106 (1986) 51-55 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

51 

THERMODYNAMIC FUNCTIONS OF GASEOUS LITHIUM, 
SODIUM, POTASSIUM, RUBIDIUM AND CAESIUM SULFATES 

L. BENCIVENNI and L. VITALINI SACCONI 

Dipartimento di Chimica, Universitir di Roma, 0018.5 Roma (Italy) 

M. PELINO 

Dipartimento di Chlmica, Ingegneria Chim. e Materiali, Universith di L’Aquila, 

67100 L’Aquila (Itab) 

(Received 18 February 1986) 

ABSTRACT 

The free energy functions and entropy of alkali metal sulfates were calculated and are 
reported in this paper. The IR and Raman spectra of Li,SO, were explored in the range 
30-1200 cm-’ while the far IR (below 600 cm-‘) was investigated for all the other 
molecules. A theoretical model was employed to estimate the molecular parameters needed in 
the calculation of the thermodynamic functions. 

INTRODUCTION 

In the course of recent years, the results of spectroscopic [l-3] and 
electron diffraction studies [4] have been used almost exclusively for eluci- 
dating the molecular geometries of stable inorganic molecules in the vapour 
phase. In particular, the studies on gaseous sulfates have proved that 
molecules of the type M,SO, have bidentate binding. 

Work already published on the alkali metal sulfates does not provide 
complete data to calculate accurate free energy functions and entropies for 
these molecules. Electron diffraction data are complete for K,SO, and 
Cs,SO, only; spectroscopic studies have been limited, up to now, to the 
investigation of the vibrational frequencies of the SOi- group. Nothing is 
known about the low frequencies of the vibrational modes of the metal with 
respect to the rest of the molecule. These data are particularly important 
because the low vibrational frequencies represent an important contribution 
to the thermodynamic function values. Therefore we extended the IR and 
Raman investigation of Me,SO, type molecules (Me = Na, K, Rb, Cs) to 
the low frequency range of the IR spectrum. In addition, we employed the 
results of the electrostatic model to correctly assign the far IR spectra of the 
molecules and to estimate unobserved frequencies as well as bond distances 
and angles not available in the literature. 
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RESULTS AND DISCUSSION 

The procedure adopted in this study concerning the calculation of the 
thermodynamic functions of a molecule in the vapour phase [5] was de- 
scribed in detail in a previous work [6]. These calculations provide reliable 
entropy and free energy function values when the vibrational frequencies are 
determined and structural information defined. Parameters not experimen- 
tally available can be obtained from theoretical models. 

As concerns the gaseous sulfates, spectroscopic data were available, from 
recent IR and Raman studies, for Na,SO, [2], K,SO, [2] and Cs,SO, [3,7]. 

The vibrational spectra were, however, incomplete because a systematic 
far IR investigation has never been carried out. 

We explored the IR spectrum in the range below 600 cm-’ for all the 
alkali sulfates while IR and Raman spectra of Rb,SO, were studied over the 
whole frequency range from 1200 to 30 cm- ‘. 

The experimental bands observed in the course of this study were as- 
signed on the basis of augmentations, such as metal dependence of the 
interionic modes resulting in measurable frequency shifts, and doubling of 
the degenerate vibrations due to the matrix-effect [2,7]. The results of the 
electrostatic model calculations, performed for all the molecules of this 
study, confirmed the preliminary assignments. In the high frequency region, 
regarding the vibrations of the SO,‘- group, the assignment was performed 
in previous works [2,3,7]. A summary of the observed and calculated 
frequencies is given in Table 1. 

Due to the extensive decomposition of the Li,SO, molecule, no IR and 
Raman spectra could be obtained. This fact is indicated in the spectra by the 
presence of SO, [8] and lithium peroxide bands [9]. The vibrational frequen- 
cies and the geometry of this molecule were obtained with the aid of the 
electrostatic model. 

The model describes the potential function in terms of interaction be- 
tween the SOi- group and the metal cations Me+. The calculations were 
performed assuming a D 2d symmetry configuration. The potential function 
used in the model is in the form 

W-J (t-k + rp)“-l (3N-6) 

u= 1 --y- + c PkpW2 
“J ‘J k*p cp 

+ c i&Q:, 
n=l 

TABLE 2 

Calculated bond distances and angles of gaseous alkali metal sulfates ’ 

Molecular parameters LizSO Na,SO, K,SO, Rb,SO, Cs,SO, 

R(M-0) (A) 1.88 2.14 2.45 (2.45) 2.55 2.72 (2.80) 

R(S-0) (A) 1.47 1.47 1.47 (1.47) 1.47 1.47 (1.471) 
d (O-S-O) (“) 108 108 108 (108) 108 108 (108) 

a Experimental values are given in parentheses (see text for references). 
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where the first two terms are the electrostatic interaction energy of the Me+ 
ion with the SOi- rigid group [lo]. The third term is the potential energy of 
the S-O vibrations [ll]. The minimization of the potential energy was 
performed assuming the D *,, symmetry model, that is the stable equilibrium 
configuration of the gaseous molecules. 

The bond distances and angles of the alkali sulfates obtained from the 
theoretical model are given in Table 2. For potassium and caesium sulfates, 
the calculated geometrical parameters are compared with the experimental 
ones [1,4] derived from electron diffraction techniques. 

Subsequently, the force constants were obtained as second derivatives of 
the potential function with respect to the atomic Cartesian coordinates [12]. 
The force constants and the kinetic matrices [13] were employed to calculate 
the (3N - 6) vibrational frequencies through the usual methods [13]. 

The data reported in Tables 1 and 2 were used to calculate the thermody- 
namic functions listed in Table 3. 

As is evident from Table 1, the electrostatic model calculations provide 
frequencies and geometrical parameters which compare very well with the 
experimental values. This fact supports the vibrational assignments of the 
observed frequencies and assures that the uncertainty on the thermodynamic 
functions due to estimated values can be considered negligible. A further 
consideration arising from the data reported in Table 2 is that the geometry 
of the SOi- group is not affected when it undergoes coordination with 
different metals. 
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