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Recently Penner (1948) has applied the well-known theory of rate processes to
the kinetics of fusion and evaporation. Various models have been suggested from
time to time for the liquid state to render it amenable to statistical treatment. One
of these models due to Fiirth (1941) has been very extensively used due to its great
simplicity. The object of the present note is to apply Fiirth’s theory to the kinetics
of fusion. By combining the result obtained here with Penner’s expression a relation
between Lindemann frequency and surface tension is obtained.

The rate j at which any chemical or physical process takes place is governed
hy the equation
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where F* and F denote the partition function of the activated complex and the
unactivated state respectively while e, represents the emergy which must be
supplied to the system before the reaction will ocour. Taking Einstien’s model
of oscillators for the solid and substituting for #* and F Penner obtains from (1)
the rate of fusion
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where ¢ is the latent heat of fusion and v the Lindemann frequency.

According to Fiarth’s theory the difference between the solid and the liquid
state consists merely in the presence of a large number of holes in the latter. It
is therefore in accord with the existing theory if we assume that the rate of fusion is
simply the rate at which the holes are created. Fiirth takes the time for the crea-
tion or the destruction of a hole to be equal as the two processes are exactly reversible,
Further he shows that the time ¢ in which a hole of radius r is annihilated is given by
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where m is the mass of the molecule and A the so-called work function. Replacing
r by the average volume 7 of the hole the rate of fusion
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When the liquid is under its own saturation vapour pressure the average volume
of a hole
5=.68(k7T)§, R ()
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where ¢ is the surface tension. Substituting for # in (4) we have after some simplifica-
tion
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If after Furth we identify 4 with the latent heat of fusion ¢; then comparing (2)

and (6) we have
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Tt is interesting to note that Sibaiya and Rama Rao (1939) in an attempt to
explain surface tension from the molecular stand point have obtained a similar
relation. They have shown .
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where C = (y/./2na), « being the amplitude of vibration and y the mean dis-
tance between the molecular centres. A comparison between (7) and (8) suggests
that C must be a constant. This conclusion is also supported by the calculations
of Sibaiya and Rama Rao who have evaluated C for forty-five substances (including
elements and compounds) by taking the experimental value of ¢ and v from Linde-

mann’s relation.
T,
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Here 7', is the melting point, M the molecular weight and v the molecular volume.
The mean value of C obtained by them is 2-34 which is not far from the value given
by equation (7).

My thanks are due to Prof. D, 8. Kothari and Dr. F. C. Auluck for their help
and guidance during the course of the work,

SuMMARY.

Kinetics of fusion is treated here on the basis of Fiirth’s hole model. Penner has recently
obtained expressions for the rate of fusion and evaporation on the well-known theory of rate
processes. Comparing the result obtained here with Penner’s expression a relation between
Lindemann frequency and surface tension is obtained, A similar result has been given by
Sibaiya and Rama Rao in an attempt to explain the phenomenon of surface tension from
molecular standpoint.
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