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Abstract 

Mass spectrometric studies above solid CdClg+CdBrz mixtures in the tem- 
perature range 720-770 K have revealed the existence of "mixed halide" gaseous 
species of formula CdClBr. The heat of formation of CdClBr(g) from CdClz(g) and 
CdBrz(g) has been found to be 0 . 4 i  1 kcal/mol. It is reasoned that the driving force 
for "mixed halide" formation is associated with a decrease in molecular symmetry. 

Greiner and Jellineckl have measured vapour pressures of the molten 
CdC12+CdBm system by using a transpiration vapour pressure technique. They have 
ascribed apparently high CdC12 partial pressures to the formation of the vapour 
complex CdCl2,CdBrz. However, in the comparable chromium(11) and lead(11) 
systems,2J CrClBr and PbClBr vapour complexes are present and it seemed possible 
that an analogous cadmium complex is formed. A mass spectrometric investigation 
has been carried out to determine the vapour-phase species present in this system. 

An E.A.I. Quad 300 mass spectrometer was used. The sample was contained in a platinum 
crucible within a silver Knudsen cell as described previously.4~5 The advantages of using a 
quadrupole mass spectrometer for investigations of this sort have been discussed by Hastie." 
Temperatures were measured with a Pt /Pt+13% Rh thermocouple in the base of the cell. 
Throughout the temperature range employed, no liquid phase would be formed.? Solid high- 
purity CdClz and CdBrz were prepared by direct halogenation of molten cadmium metal, as 
outlined by BIoom et a1.8 
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The mass spectra obtained did indeed indicate CdClBr(g) formation by the 
reaction 

CdC12(g)+CdBrz(g) -t 2CdClBr(g) (1) 

Ions were observed in the following order of decreasing intensity: 

(about 140 : 60 : 40 : 6 : 4 : 1 at  750 K). From analogy with the PbC12+PbBrz 
system,3 the following ion-precursor relationships are assumed to apply: 
CdBrz+)CdBrz, CdClBr+)CdClBr, CdClz+)CdC12; CdBr+, CdCI+, Cd+ could presumably 
be derived from more than one precursor. At the temperatures employed, no peaks 
corresponding to any other complex vapour species or to dimers were observed. 
Checks to ensure that the various ions were not due to second-order effects, such as 
ion-molecule collisions, have been discussed by Bloom and Hastie,g who also reviewed 
similar investigations by others. Conditions in this study definitely preclude the 
possibility of ion-molecule interactions. 

Heats of sublimation, AHBub, of gaseous species may be determined from the 
slopes of linear plots of In I+T against 1/T, where I+ is the ion current and T is the 
absolute temperature.4~10 Moreover, the heat of formation, AHf, of CdClBr(g) from 
CdClz(g) and CdBr&) may then be determined from the following equation: 

Alternatively, the same result for AHf(CdCIBr(g)) may be determined from the slopes 
of linear plots of In Kr against 1/T where 

and 
AHf(CdC1Br) = - (slope/2R) 

The necessary plots are given in Figure 1. In calculating ion currents, the most 
intense peak in an ion cluster was measured. These were due to the following isotopic 
combinations : 

Ion Major contributing species 

Heats of sublimation, obtained by least-squares analysis are: CdBrz 32 .012.0 ;  
CdClz 41.2&4.0; CdClBr 37.013.5 kcal/mol. The values for CdBr2 and CdCl2 
agree to within 3 kcal/mol with those given by Kubaschewski et a l . 1  for the pure 
compounds. The least-squares calculated value for AHf(CdCIBr(g)) was found from 
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(3) to be 0 . 4 3 1  kcal/mol. (If the calculations of AHf are calculated from (2) the 
uncertainty of measurement mould be f 7  kcallmol.) 

Fig. 1.-Ion intensities 
as a function of temperature 
for CdClz + CdBrz. 
@ CdBrz+; 

CdCIBri; 
0 CdC12"; 
A Kr. 

The measured AHf of CdClBr(g), 0.4 kcal/mol, may be compared with published 
values2J for AHf of CrClBr(g) and PbClBr(g), i.e. 0+3 and 1 f 3 kcal/mol respectively. 
In these mixtures, as AHf is either zero or very slightly positive, it appears that one 
bromine atom and one chlorine atom may exchange positions with little loss in total 
bond strength. I t  is likely then that a wide range of MClBr(g) species will be formed. 
The driving force for "mixed halide" formation cannot be enthalpic in origin. Rather 
the formation of MClBr(g) species is most likely to result from a positive entropy of 
formation arising from a reduction in molecular symmetry. Hastie6 has recently 
proposed a similar argument to explain the formation of cationic complexes 
MIR!tIIX3(g). 
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