DETERMINATION OF THE HEATS OF PHASE TRANSITION OF ELEMENTS
AND COMPOUNDS AT A PRESSURE OF 760 MM Hg. 1I.

I. P. Zhuk UDC 536.42

Theoretically derived expressions relating the temperature and heat of phase tran-~
sition in elements and compounds are presented, The principles of their behavior
and relationship to other properties are discussed.

The absolute temperature of a system is one of the fundamental qualities used in phys~
ics. It is a measure of fundamental system properties and characterizes the state of a body
independent of its mass and chemical composition. For this reason it is termed a parameter
of state, and methods and means for its measurement have been developed in great detail.

Many physical properties — the volume of a body, transition from one aggregate state to
another, electrical resistivity, thermal radiation spectrum, physical constants (speed of
sound, specific heat, etc.) depend on temperature, Establishment of correlations between
temperature and properties, as well as the physical mechanisms responsible therefore for a
wide (perhaps larger) class of materials and properties is desirable from both a practical
and theoretical viewpoint.

Of special theoretical interest as well as usefulness (considering the difficulty, ex~
pense, and insufficiently developed nature of techniques for their measurement) are such
quantities as heats of fusion and vaporization, which characterize changes that occur at con-
stant temperature,

Many approximate expressions of various complexities relating the heats of fusion and
evaporation to the temperatures of such transitions are known [1, 2]. A relationship widely
used in physics and chemistry which gives moderately satisfactory results can be formulated
as follows: the entropy of liquid evaporation at the liquid's normal boiling point (the
Truton constant) comprises about 20-22 cal/mole-deg (83,736 J/mole-deg), or mathematically

L, Ty, =21 (1)

Materials which are intensely dimerized in the liquid state have an unusually high
value for the Truton constant; for example, for nitrogen oxide the value is 27.1 cal/mole-
deg. It was indicated in [4] that the most useful generalization from these data is that
the Truton constant increases with increase in the complexity of the intermolecular forces.
However, the relationship between the intermolecular forces which determine the physical
properties and microscopic characteristics has not been studied sufficiently. For this rea-
son establishment of a correlation between the Truton constant and other properties of the
elements is of practical and theoretical interest.

We have performed calculations with the most general assumptions possible and obtained
expressions relating the heat of phase transition to the temperature of the transition under
normal conditions in the following form:

a

L = QQTeV_ (3)

ev

In essence Eq. (3) represents the known Truton law, and commencing from the calculation
method used it requires introduction of a correction, which at present we lack necessary in-
formation to calculate, so that we must leave the expression in its present approximate form.
Tables 1 and 2 present values of heats of fusion and evaporation calculated with Eqs. (2),
(3) and experimental values taken from [1]. From top to bottom, each cell of the tables con-
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TABLE 3., Elements Arranged by Groups
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Fig. 1. Distribution of elements
over groups

tains the name of the element, the experimental value, the calculated value, and the corre-
sponding value of n. Since for hydrogen, fluorine, nitrogen, and chlorine information on

the phase transition temperature [l] was available only for a molecular composition, the cal-
culation was performed for such a composition.

Comparison of calculated and experimental values of the heat of fusion (Table 1) shows
that the values are described satisfactorily by Eq. (2) with the number n correlating to the
element's group number in the periodic table. The greatest uniqueness is shown by elements
forming a square in the periodic table with corners at Ba, Bi, Br, and N. Careful study of
the relationships among these elements and their nature permits a clearer description of the
nature of the relationships involving the other elements.

If we depict the equation for heat of fusion, Eq. (2), in graphical form in the coordi-
nates fusion temperature—heat of fusion, then as a function of n we obtain a family of
curves which pass through the origin. For the elements of the periodic table we have a fam-
ily of six curves (Fig. 1).

All the elements of the periodic table can be divided into six groups (Fig. 1), al-
though quite nonuniformly (as regards the number of elements per group). In the group corre-
sponding to n=1 we have only halogens; in the group n=2 are Bi, Ga, Ge, Si; group n=3 con-
sists of the inert gases, as well as N; group n=6 has the alkali elements and H,; groups
n=4, 5 contain all remaining elements of the periodic table, these being the largest in num-
ber of elements.

- In the presence of experimental values of temperature and heat of fusion, Eq. (2) may
be used to determine the value of n, i.e., to determine the group into which the compound
falls:

aT'f

n= I (4)
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All inorganic and organic compounds on which information is provided in [1] are, according
to Eq. (4), distributed over the same six groups, but with somewhat greater scattering than
the elements of the periodic table., The majority of organic compounds from [2] fall into
the group n=1, although there is a small number of compounds falling into the remaining
groups.

In view of the structural peculiarities of the elements of the first short period of
the periodic table their chemistry must be considered individually, and as is indicated in
{3], they may not be regarded as analogs of the other elements of the group.

It follows from this that the features of an element responsible for its chemistry do
not play a significant role in formation of its solid state structure, and Eq. (2) can be
used for preliminary estimation of the properties and structure of compounds by using the
properties of the periodic table elements as a test,

As follows from Eq. (4) and Fig. 1, the values of the ratio aTgf/Lf for the elements are
limited (located in the region of the values for the alkali elements and the halogens), i.e.,
to the values of the elements with electron shells differing least from inert gas shells (in-
ert gas electron shellt+one electron and inert gas electron shell—electron (hole)). If we ar-
range the elements of the periodic table according to Eq. (4) with consideration of our re-
marks on the electron shell, then the table of elements takes on a quite interesting form
with the appearance of a symmetry relative to the inert gas column (Table 3, elements C, P,
0, H-Ku, La, Ra, ...).

NOTATION

Lf, Ley, heats of fusion and evaporation, kJ/Ke.mole; Tf, Tey, fusion and evaporation
temperatures, K; q, constant, 41,28 J/Kemole; n, integers in range 1-6,
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