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In the significant liquid structure theory, as 
developed by Eyring and his co-workers,1) the 
motion of solid-like molecules has been described 
by an Einstein oscillator. In this form the theory 
does not lead to an equation of state for rigid 
spheres. This defect can, however, be remedied 
if we replace the Einstein oscillator by the Lennard-

Jones and Devonshire2) cell model and then 
apply the usual restrictions on the intermolecular 

potential between two rigid-sphere molecules:

φ(γ)=0, γ>σ

φ(γ)=㏄, γ<σ

(where σ is rigid sphere diameter).

We may obtain the following partition functior 

following Henderson3):

(1)

where V0=Nσ3/√2 is the closed packed volume;

Vis the volume at a given temperature, T, on the

absolute scale; k, the Boltzmann constant; h,

Planck's constant;m, the mass of a single molecule,

and N, Avogadro's number.

Henderson has employed this partition function

for calculating the compressibility factor3)and

the excess entropy3)for a system of rigid spheres;

his results were found to compare favourably

with the predictions of the cell model and the

machine calculations of Alder and Wainwright.4)

It is our purpose to apply the significant structure

theory for a system of rigid spheres as developed

by Henderson to calculating the standard heats

of vaporization for non-ionic liquids. Asimilar

apProach using the scaled particle5) theory has

been made by Yosim and Owens,6) who have shown 

that the scaled particle theory for a system of 

rigid spheres gives •¢H•‹ƒÒ values which are in remark-

ably good agreement with the experimental 

results. 

We assume that the standard heat of vaporiza-

tion should be equal to the isothermal work of 

compressing a mole of rigid spheres from the 

volume it occupies at one atmosphere, Vg, to the 

molar volume, V1 of the liquid. Therefore, we 

may write:

(2)

We have applied Eq. (2) to many non-ionic 
liquids. The molecular rigid sphere diameters 
were taken from Hirzchfelder, Curtiss and Bird. 

By way of comparison, we have also calculated 
the standard heats of vaporization for these com-
pounds using two other theories for rigid spheres, 
namely, the cell3) and tunnel8) theories. The 
relevant equations we have used are: 
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Cell theory:

These results, along with those calculated by 

Yosim and Owens,6) are included in Table 1. 

We observed that the significant structure theory 

predicts •¢H•‹ƒÒ values for rare gases as closely as 

the scaled particle theory. In fact, one might 

discern a distinctly better agreement with the 

significant structure theory, even if it is very small. 

With regard to diatomic molecules, namely, 

fluorine, oxygen and bromine, the significant 

structure theory and scaled particle theory should 

be regarded as of equal value, though, of course, 

in these cases too, we find a distinctly better per-

formance by the former theory. 

The significant structure theory fails completely

for chlorine and iodine. With the molecular 

diameters and densities of these liquids, given in 

Table 1, the 11 V0/V1 term becomes greater than 

8 in Eq. (2). This is also the case when we try to 

calculate •¢H•‹ƒÒ values for more complex molecules, 

e.g., carbon tetrachloride, chloroform, cyclo-

hexane and sulphur dioxide. Such a situation 

does not arise with either the cell or scaled particle 

theory. 

With the tunnel theory, the agreement is remark-

able for alcohols, though for all other molecules 

the performance of this theory is the poorest. It is 

not clear why the tunnel theory apparently appears 

to be more suitable to an associated liquid like 

alcohol. In comparison, the low •¢H•‹ƒÒ values 

calculated from the significant structure and 

scaled particle theories are not unexpected, since 

the molecular diameter listed by Hirschfelder et

TABLE 1. HEATS OF VAPORIZATION*

* Boiling points, molecular diameter, density of liquid and observed heats of vaporization are 

* aken from Yosim and Owens reference 6 and references cited therein. 

•õ ST=Significat structure theory, CT=Cell theory, TT=Tunnel theory, 

SPT=Scaled particle theory.
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al.7) were calculated on the assumption that the 
intermolecular forces could be described solely 
by the Lennard Jones potential. 

For hydrocarbons, excepting ethylene, the 

predictions by the significant structure and scaled 
particle theories compare favourably with each 
other and with the experimental values. 

With halogenated hydrocarbons, while the 
significant structure theory fails miserably, none 
of the other theories produces good results either.

Again for carbon monoxide, nitric oxide, carbon 

disulphide, hydrogen chloride, iodide, and nitrous 

oxide, the agreement is good for these two theories. 

Along with the scaled particle theory, it is our 

view that the significant structure theory may be 

used as a starting point for calculating other 

thermodyanamic properties of liquids, but only 

with caution, though in many cases, it gives ex-

ceedingly good results.


