
SHORT COMMUNICATIONS 

CALCULATION OF PARTIAL MOLAR VOLUME CHANGES AT 
HIGH PRESSURES* 

Buchanan and Hamsnn (1953) and Hamann and Btrauss (1955, 1956) 
have suggested that the increase in ionization of weak electrolytes with increasing 
pressure is caused by a lowering of the solvation-free energy of their ions. This 
change can be theoretically estimated (Hamann and Strauss 1955) from the 
Born equation for solvation energy (Born 1920), which expresses the free energy 
of solvation AG as a function of two quantities which vary with pressure ; the 
dielectric constant of the solvent D,, and the radius of the ions r,. For a mole 
of singly charged ions a t  the pressure p, AS is given by 

where IY is Avogadro's number and E is the electronic charge. 

I n  the'present paper the calculations are extended to the changes in volume 
which accompany the development of ionic charges in solutions a t  high pressures. 
The theoretical partial molar volume change for the solvation of a, mole of ions 
can be calculated by differentiating the Born equation with respect to pressure : 

In applying this formula a t  high pressures, D, and (aD,/ap), have been 
obtained from an empirical equation which Owen and Brinkley (1943) found 
satisfactory for a number of polar liquids to 12000 kg/cm2. The values of r, 
and (ar,/ap), have been estimated from the compressions of some alkali halide 
crystals (determined experimentally by Bridgman (1931)) assuming that the 
positive and negative ions are equally compressible. 

Table 1 gives the calculated values of the partial molar volume of solvation 
of a typical ion pair Cs++F- in a number of liquids. The results for other 
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TABLE 1 
THEORETICAL MOLAR VOLUME CHANGES BOR THE SOLVATION O F  THE ION PAIR IN VARIOUS 

MEDIA AT 30 OC 

1 
1 Pressure (kg/cm2) 

Medium 
(emS mole-l) 1 1 1 100 260 

Water . . . . . . 1 -19.7 
Methanol . . . .  i -42.1 

alkali halides are substantially the same. The theoretical volumes of solvation 
in water and methanol listed in Table 1 are compared with the experimental 

Ethanol . . . . . . 
Acetone . . . . . . 
Bromobenzene . . . . 
----- 

Water . . . . . . 
Methanol . . . . 
Ethanol . . . . ., 
Acetone . . . . . . 
Bromobenzene . . . . 

Fig. 1.-Comparison of theoretical and experimental 
partial molar volume changes in water and methanol to 
pressures of 12,000 kg/cm2. 

A NH, in H,O. Piperidine in CH,OH. 

-53.8 
-74.8 

-118.2 

partial molar volume changes for the ionization of ammonia in water (Hamann 
and Strauss 1955) and of piperidine in methanol (Hamann and Strauss 1956) ; 
see Figure 1. The good agreement of the trends of the calculated and experi- 
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mental changes shows that the behaviour of the partial molar volume changes 
in the two solvents can be explained by the effect of pressure on the radii of 
the ions and the dielectric constants of the media. 
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INFRA-RED ABSORPTION SPECTRA OF METAL HYPOXITRITES* 

By R.  J. W. LE FEVRE,? W. T. OH,? I. H. REECE,~  and 
R. L. ~ 7 ~ ~ ~ ~ ~ f  

I n  pursuance of the objective towards which the papers of Le FBvre, 
O'Dwyer, and Werner (1953), Le Fkvre, Sousa, and Werner (1956), and Le FBvre 
and Werner (1957) have been directed, we commenced, 2 years ago, an  infra-red 
spectrographic study of salts of hyponitrous acid. Some six of these had been 
surveyed between 4000 and 650 em-I when a report appeared from Kuhn and 
Lippincott (1956) on three of the salts under examination by us. Since, in 
main essentials, their results and ours are in agreement, the purpose of this 
communication is to record our observations for the hyponitrites of lead, 
magnesium, barium, and cobalt for which data have not previously been 
published. 

Experimental 
The Preparation of Hyponitrite8.-Available methods may be classified 

into two major groups : (i) those which use compounds whose molecules each 
contain one atom of nitrogen, and (ii) those which start from substances having 
two or more atoms of nitrogen in their molecules. 'Under (i) fall all the pro- 
cedures involving the reduction of nitrates, nitrites, or nitric oxide, and the 
direct or indirect oxidation of hydroxylamine ; under (ii) come reactions between 
nitrous acid and hydroxylamine (or its derivatives). References may be found 
in Xellor's " Comprehensive Treatise ", Vol. 8, p. 413. 

At the beginning of our work several of the type (i) processes were tried ; 
difficulty was experienced in obtaining specimens free from carbonate, nitrite, 
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