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The scaling of the inverse compressibility (bulk modulus B) of the main-group solids with their
valence Z and atomic volume V, revealed the validity of a simple two-parameter function
B=bf(Z, V‘)i regardless of the type of bond and lattice structure of the solid, with a unique constant

9

b=3.0x10""? joules per electron.

Key words: Bulk modulus; Role of atomic volume and valence; Main-group solid elements.

1. Introduction

Failure of the applicability of the free electron the-
ory on the calculation of the bulk modulus B (inverse
compressibility f) of the alkali metals has been
demonstrated [1-3]. Although it has become possible
to describe the bulk modulus of elemental solids in-
cluding transition metals by advanced theory with
considerable confidence [4—-13], a rigorous quantum
mechanical treatment of the behavior of the electrons
in a crystal is extremely difficult and, in practice, the
details of the calculations involve various approxima-
tions and refinements, so that conclusions are still
qualitative.

As the major variables in those calculations of B are
mainly based on the valence Z and the atomic size
either in radius r or in atomic volume V,,

B=bf(Z,V,), )

we have analysed in detail the validity and significance
of (1) by scaling B with Z and ¥, of the main-group
(Group I through Group VI) solids that consist of
s-block and p-block elements in the Periodic Table.
The main-block solids have been selected because the
valence of these common elements is definite, unlike
that of transition elements, and the atomic volume of
these solids is periodic and varies uniformly [14].
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2. Scaling of Experimental Data

The unit of B is converted from pressure to energy
density. Literature values of the experimental iso-
thermal bulk modulus B are plotted in Figs. 1 and 2
according to the relations

B=bC, )
and
B=bZC,, 3)

respectively, where C, = Z/V,, is the valence electron
concentration and C, = 1/V, the atome concentration.
Both plots revealed linear correlations with a unique
proportional constant b=3.0 x 10~ *? joules per elec-
tron. The deviations in the present correlations are
smaller than the errors involved in some typical so-
phisticated theoretical calculations [11, 13, 15, 16].

3. Conclusions

The encountered dependence of B on Z testifies that
the valence electrons are responsible for the bulk mod-
ulus. It further demonstrates that it is irrelevant
whether the electrons are s-electrons or p-electrons.
Rather, what matters is the number of valence elec-
trons per atom. The present outcome also supports
the role the atomic size plays in many physicochemi-
cal properties of solids [14].

An interesting observation is that the bulk modulus-
volume relationship of many other solids (molecular
solid hydrogen and deuterium [17], various inorganic
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Fig. 1. Scaling of bulk modulus B vs. valence electron concentration C, = (Z/V,).
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of atomic volume V,™!).
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compounds [18, 19], glass [20] and polymers [21]) is
similar to that of our present examples. This similarity
leads us to think that the voluminous valence electron
clouds surrounding the core ions of solids act as fluid
regardless of the bond type of the substance. This view
of a solid is different from that of harmonic oscillators
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