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Abstract
To describe the set of the isostructural experimental data Cp (T) of diamond-like phases in solid state as a single system 
was used multiparameter family of functions in the form

( ) ( )22
0 1 2 1 2 , ,exp1

, , , , , , /n
p calc pi

a b T A A C C nσ
=

Θ Θ = −∑    (1)

where the coefficients ( )0 1 2 1 2 1, , T , , , , 1a b A A AΘ Θ = −  are the adjustable parameters.

The search for the minimum of σ2 was carried out by three methods: the golden ratio, conjugate gradient and coordinate 
descent.

All coefficients ( )0 1 2 1, , , , ,a b T AΘ Θ  can be described by polynomial equations vs. Ln(N), where N is atomic 
number of the element of IV group (Si, Ge, α-Sn, diamond-like Pb, Fl) or demi sum of the atomic number of the AIIBVI 
or AIIIBV phases. In this case, either a break point or an inflection point attributable to germanium is observed on the 
parameter vs. Ln(N) curves.
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Introduction
Numerous experimental data on the heat capacity of 

solid phases make it possible to carry out a generalized 
thermodynamic analysis of diamond-like isostructural 
phases of the fourth group elements and their structural 
analogs of AIIIBV and AIIBVI fluorite phases. The IV-th group of 
pure elements, in addition to diamond, silicon, germanium 
and alpha-tin, includes diamond-like lead [1] and flerovium 
(114Fl) [2], which closes this group. There should be no other 
elements in this group according to the fine structure constant 
or Sommerfeld constant: α = e2/ħc [3]. In this expression, e is 
the electron charge, c is the speed of light, ħ is the reduced 
Planck’s constant, or Dirac’s constant (ħ=h/2π), which 
connects the amount of energy of electromagnetic radiation 
with its frequency. The parameter α is a dimensionless 
quantity, and its numerical value is close to 1/137.

The fine structure constant determines the limit of 
the maximum number of protons in the nucleus, at which 
electrons can still have stable orbits. In other words, this 
constant allows us to determine that with the highest 

probability, the last neutral atom of the periodic table will be 
element 137. Researchers [4] share the same opinion.

As a consequence, the limiting value of the heat capacities 
of phases with a sphalerite structure falls on the 114th element 
(114Fl) and has a value of Cp = 30.5 ± 0.3 J mol-at-1 K-1. This 
value was obtained as a maximal virtual point Cp of the last 
elements (114Fl) of the IV group and corresponds to Ln (Cp/R) 
= 1.30 ± 0.01 for the isotherms Ln (Cp/R) vs. Ln(N), where N is 
an atomic number of an element of the IV group or the sum 
of the atomic numbers of AIIIBV or AIIBVI compounds per mole-
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the heat capacity of substance in a solid state using an in-
house software [6], based on the commercial DELPHI-7. The 
solution to the problem was reduced to finding the minimum 
of the objective function of eight independent adjustable 
parameters of the form:

( ) ( )22
0 1 1 2 2 3 3 , ,exp1
, , , , , , , , /n

p calc pi
T a b A A A C C nσ

=
Θ Θ Θ = −∑  

                  (2)

The search for the minimum of σ2 was carried out by 
three methods: The golden ratio, conjugate gradient and 
coordinate descent.

They make it possible to calculate the heat capacity values 
equal to the experimental data within the deviation range.

In this work the number of independent adjustable 
parameters of the function (2) were reduced down to six

atom [5]. The common point of heat capacity attributable to 
flerovium is obtained from the linear equations Ср/R vs. Ln(N) 
at low temperatures from 25 to 35K (Figure 1).

The maximum heat capacity of flerovium can be taken as 
a constant value of 30.5 J·mol-at-1·K-1 with an accuracy of 1%. 
As the temperature decreases, the Cp(T) values of flerovium 
slowly decrease, and then, near 0.5 K, drop sharply to 0 J 
mol-at-1 K-1. The proposed model was taken as an ideal crystal 
without foreign inclusions, defects and dislocations (Figure 2 
and Figure 3).

Model and Computational Method
The main idea of this work is presented in [6].

The functions Cp and Cv using both the Debye models 
and the Maier-Kelley equation are proposed to describe 

         

Figure 1: Low temperature isotherms Ln(Cp/R) vs. Ln(N) of diamond-like phases with sphalerite structure. 1) 20, 2) 25, 3) 30, 4) 35, 5) 
40, 6)45, 7) 50K [5].
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Figure 2: Isotherms of the heat capacities phases (Cp) with diamond like structure vs. LnN: 1-25K, 2-50K, 3-75K, 4-100K, 5-120K, 6-150K, 
7-200K, 8-250K, 9-298K,  calculated with our model [this work].

The accuracy of describing the coefficients of function (3) 
by polynomial equations for the two branches of germanium 
is presented in Table 1. To describe the entire curve of the 
coefficient A1, a polynomial of the form is used. In this case, 
the minimum coefficient A1 falls on germanium. Other 
coefficients of the function (3) are described with fewer 
members of the polynomial (4).

6 5 4 3 2 0 1 2 3
1A X X X X X X X X X X− − −= + + + + + + + + +

, Where x = Ln(N)               (4)

Materials
What substance can we choose as the standard one for the 

like-diamond phases? It is better to use the pure elements as 
diamond, silicon, germanium, and grey tin (α-Sn). Firstly, it is 
easier to get rid of impurities by zone cleaning, and secondly, 
there is no problem of stoichiometry, as is the case with two 

( ) ( )22
0 1 2 1 2 , ,exp1

, , , , , , /n
p calc pi

a b T A A C C nσ
=

Θ Θ = −∑
, Where ( )2 11A A= −               (3)

The entire array of experimental data Ср(Т) in the model 
calculation was used, both at low and at high temperatures. 
It was found that all parameters of the function (3) can be 
described by polynomial equations vs. Ln(N), where N is 
atomic number of the element of IV group (Si, Ge, α-Sn, 
diamond-like Pb, Fl) or demi sum of the atomic number of the 
AIIBVI or AIIIBV phases. In this case, either a break point or an 
inflection point attributable to germanium is observed on the 
parameter vs. Ln (N) curves.

The coefficients of function (3) calculated by the least 
squares method are presented in Table 1 and Figure 4, Figure 
5, Figure 6, Figure 7 and Figure 8.
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Figure 3: Theoretical low temperature heat capacity Cp(T) of flerovium ( Fl) near 0K,  calculated with our model [this work].

         

Figure 4: Coefficients ‘a’ of the Maier-Kelley equation vs. LnN (See Table 1).
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[13,14] are a few of our calculated values. Some additional 
increases in the heat capacity of silicon at elevated 
temperatures can be explained by the oxidation of its surface. 
A thin (1-2 nm) layer of silicon dioxide is forms on the silicon 
surface under normal atmospheric conditions. Its layer grows 
upon heating, up to tens of nanometers [15]. The calculated 
heat capacity of silicon by molecular dynamic simulation [16] 
confirms the experimental data in the range of 700-1400K 
(Figure 10).

Thus, we have chosen the Cp(T) of high-purity Si as a main 
standard substance up to 700K [10,11]. We re-optimized Cp(T) 
data above 1000K according to our new concept [6].

It is expedient to describe Cp(T) two isostructural Si and 
AlP phases with the same sums of atomic numbers (N=14) 
per mole-atom at high temperature together. Aluminum 
phosphide (AlP) is highly toxic. Upon contact with water or 
humid air, this substance releases toxic phosphine PH3 [17]. 
That is why the study of its physicochemical properties is 
limited. Attempts to investigate the heat capacity of aluminum 
phosphide at high temperature were made in [18,19]. Due 
to the high error in heat capacity measurements, these 
data were not used. Data on the heat capacity of aluminum 
phosphide [20], obtained by optimizing the thermodynamic 
data of the Al-P system, show satisfactory agreement with 
our model calculations. The description of the heat capacities 
of Si and AlP phases was done by a multiparameter family of 
functions (3) (See Figure 11).

Germanium: Esterman and coworkers [12], studied the 
effect of alloying additions on the heat capacity of Ge at 
temperature range 20-200 K. They found the heat capacity 
of germanium with aluminum content up to 0.006 at. % 
gives a significant deviation up to 0.17 J·(mole-atom)-1·K-1) in 

phases. Nevertheless, the modern technology of purification 
of substances does not allow getting rid of foreign inclusions 
in the crystal lattice of a substance, defects and dislocations.

Choice of reference elements and discussion
Diamond: There is not any reference incorporates the 

influence of impurities on the measurements of the heat 
capacity of diamond. The heat capacity of diamond has been 
studied on industrial samples with a content of 0.2 wt. % in 
[7,8] and up to 1 wt. % of impurities in [9]. It is very problematic 
to obtain a diamond with a purity of 99.999%, since elements 
close in size to carbon, as well as gases such as oxygen and 
nitrogen, are easily introduced into the diamond crystal 
lattice. At the same time, the gem purity of the diamond does 
not suffer in any way. So, the influence of the impurity on the 
measure of heat capacities of isostructural diamond is quite 
significant; therefore, it is not possible to take the diamond as 
a standard substance (Figure 9).

Silicon and AlP: To measure the heat capacity of high-
purity at low-temperature was cured out in [10,11]. The 
samples were obtained by the crucible-free zone melting 
method. The content of metal impurities in the investigated 
sample was at the level of 10-8-10-10 at. % and gas forming 
impurities at the level of 10-3-10-4 at. %. The resistivity at room 
temperature was 3 kΩ cm and the dislocation density were 
less than 100/cm2.

Low-temperature heat capacities Cp(T) [10] and [11] 
agree well with earlier work [12]. The high-temperature heat 
capacities of silicon have been measured in [13,14]. There 
is complete agreement between the experimental data [13] 
and our model calculation from 298 to 1000 K.

At higher temperatures, the experimental heat capacities 

Table 1: Coefficients of multi parameter family of functions (3).

Phase Ln(N) a

± 0.003

b-10-3

± 0.0006

c-105 T0

± 1

Θ1

± 1

Θ2

± 1

A1

± 0.0003

Cp298

± 0.02

Diam 1.79176 24.943 (0.5) - 1350 1850 1944 0.4789 5.91

AlN c 2.30259 24.455 2.416 -6.683 1031 500 1075 0.3885 17.49

Si,AlP 2.63906 24.211 2.586 -4.5 825 341 847 0.3605 19.94

 GaNc 2.94444 24.042 2.822 -3.030 629 253 695 0.3508 21.54

GaP, AlAs 3.13549 23.959 3.009 -2.330 513 216 617 0.3479 22.12

InN c 3.33220 23.894 3.234 -1.795 395 190 537 0.3467 22.93

Ge,GaAs 3.46574 23.860 3.406 -1.539 320 185 483 0.3465 23.30

InAs, GaSb 3.71357 24.398 3.293 -1.171 251 145 384 0.3511 24.22

TlN c 3.78419 24.570 3.243 -1.070 232 134 356 0.3545 24.47

HgS 3.87120 24.808 3.169 -0.948 210 121 323 0.3597 24.51

Sn c 3.91202 24.938 3.131 -0.892 200 115 307 0.3629 25.00

HgSe 4.04305 25.393 2.989 -0.714 167 96 257 0.3741 25.53

NhN 4.09434 25.604 2.927 -0.647 154 88 237 0.3790 25.83

HgTe 4.18965 26.049 2.799 -0.523 131 75 201 0.3896 26.33

Pb c 4.40672 27.353 2.453 -0.254 80 45 121 0.4182 27.78

Fl 4.74620 30.37 1 - 3 0.4 0.5 0.4750 30.54
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Figure 5: Coefficients ‘b’ of the Maier-Kelley equation vs. LnN (Table 1).

         

Figure 6: Coefficients of the multi parameter of functions To vs. Ln(N) (See Table 1).
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Figure 7: Coefficients ϴ1 and ϴ2 of the multi parameter family of functions (3) vs. Ln(N) (Table 1).

         

Figure 8: Coefficients A1 of the multi parameter family of functions vs. Ln(N) (See Table 1).
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Figure 9: Heat capacity of diamond (experimental points [7-9] and model curve).

         

Figure 10: Heat capacity of the silicon and AlP (experimental points [10-15,20] and model curve).
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tin pest. Following nucleation, growth is relatively rapid, with 
100% transformation to α-Sn observed to occur in as little as 
30 days [32].

The phase transformation of β-Sn (I41/amd, (tetragonal 
cell with a = 0.5831 nm, c = 0.318 nm) into α-Sn (Fd3m, cubic 
cell with a = 0.6489 nm) below 286.4K has specific features. 
Heat capacity measurements β-Sn phase (99.998%) in the 
range 80- 373K showed that this phase remains unchanged 
[32]. Unfortunately, the heat capacity measurements were 
interrupted at 80 K due to a technical problem. The calculated 
coefficients of multi parameters function (2) cited in Table 2.

The impurities and closest crystal-chemical analogues 
of α-Sn, as InSb (F43m, a = 0.6478 nm) or CdTe (F43m, a = 
0.641 nm), help transform β-Sn into α-Sn [33-35]. The phase 
transformation of β-Sn (99.9999%) to α-Sn can also occur in 
ice. In this case, α-Sn is formed when β-Sn comes into contact 
with the ice crystals in a closed system [36,37].

Measurements of the low-temperature heat capacity 
of a-Sn with a purity of less than 99.99%, or if there is 
an incomplete transformation of β-Sn to α-Sn, can give 
overestimated Cp(T) values. Figure 12 demonstrates the 
experimental points of the InSb at the low temperature (0-
10K) in comparison with calculated curves of the α-Sn (gray tin) 
and β-Sn (white tin) according to our model. Six experimental 
points [29], obtained in the temperature range 1.5-4K, are in 
the best agreement with our model. The experimental points 
[29] differ significantly as the temperature rises from 7 to 
50 K, describing a peculiar hump (Figure 13). Therefore, we 

comparison with pure germanium. A relatively light element 
Al was used in [12]. Impurities of heavier elements will lead to 
an even stronger deviation of the heat capacity of germanium 
from the actual values.

The selected values of the heat capacity of germanium 
and GaAs were taken from the following references: [12,21-
24] and [25-27], respectively (Figure 11). All values of the 
heat capacity Cp(T) of the two phases (Ge and GaAs) agree 
with each other within the experimental errors, as well as the 
model curve obtained in this work.

Gray tin (α-Sn) phase: The investigation of the heat 
capacity of gray tin (α-Sn) is difficult due to the kinetic features 
of the transformation of the white tin (β-Sn) into gray tin (α-
Sn) and the presence of impurities of other elements. Most of 
the data on the heat capacity of gray tin were obtained in the 
first half of the twentieth century [28-30] and compiled in the 
Hultgren handbook [31].

During the process of the β → α phase transformation 
of the Sn samples subjected to prolonged exposure at low 
temperatures, insufficient nucleation was found, which are 
impurities of other elements, and additional nucleation was 
required at the kinetically optimal temperature of -45 °C 
(228K). The β → α transformation can be separated into two 
processes-nucleation and growth. The two processes occur at 
different rates, and nucleation is the critical event for tin pest 
formation. Nucleation is associated with long and uncertain 
incubation periods. Tin can spend anywhere from months to 
years in cold storage before developing observable signs of 

         

Figure 11: Heat capacity of the germanium and GaAs (experimental points and model curve).
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Figure 12: Comparison of the measured valued Cp(T) a-Sn and InSb phase at low temperature with our model curves a-Sn (black) 
and  b-Sn (green) phases.

Table 2: Parameters of the multi parameter family of functions (2) of β-Sn phase.

Phase a b-10-3 c-105 T0 Θ1 Θ2 Θ3 A1 = A2 A3

β-Sn 27.35 3.688 0.1295 32 150 142 896 0.441 0.118

a sphalerite structure. To describe the heat capacities from 
15K to 140K, the last three terms of the polynomial were 
sufficient. The range of the heat capacities from 20K to 35K 
can be described by a straight-line equation. This gives us 
the possibility to find the point of intersection in Figure 1 
with a precision up to 1% and equal 1.3 ± 0.013. Thus, the 
uncertainty of extrapolation Cp(T) at high temperatures can 
be eliminated.

To describe the isotherms of high-temperature heat 
capacities of diamond-like phases with a sphalerite structure 
above room temperature, we used as main control points 
the re-optimized values Cp(Si), Cp(Ge), our experimental Cp 
(HgTe) [17] and virtual point Cp (

114Fl). All curves Cp vs. (Ln(N)) 
are concentrated at one point with coordinates Ср = 30.5 ± 
0.3 J mol-at-1 K-1 with Ln(N), where N is the atomic number of 
element 114 (114Fl) (See Figure 2).

In our recent publication [6], we have shown the enormous 
influence of impurities and the deviation from stoichiometry 
chemical compounds on the measured values of the specific 
heats. Only high-purity elements and strictly stoichiometric 
compounds can be used for low-temperature heat capacity 
measurements.

failed to describe the low-temperature heat capacities Ср(Т) 
by a multiparameter function (2) of the elements of the 4th 
group in [6], for which there are similar deviations due to the 
presence of impurities. Comparison of the measured valued 
Cp(T) a-Sn and InSb phase at low temperature with our model 
curves a-Sn (black) and b-Sn (green) phases is presented in 
Figure 12.

Thus, the heat capacities of Si and Ge from 0 to 300 K, and 
virtual point Cp (114Fl) taken as constant were used as main 
control points. The heat capacities of diamond and other 
diamond-like phases as (α-Sn) and (HgTe) with a sphalerite 
(ZnS) structure served as auxiliary values. Our data on Cp(T) 
for other phases with a sphalerite structure in the solid state 
are practically independent of the experimental values. To 
select the low-temperature heat capacities (Cp) of phases with 
a sphalerite structure, we used the dependencies Ln (Cp/R) vs. 
Ln (N), where N is the number of elements of the Periodic 
Table (Figure 1). The general expression of a polynomial in 
the form 

( ) 3 2 1/ ,pLn C R ax bx cx d ex−= = + + + +  Where ( )x Ln N=  

                (5)

was used to describe the heat capacities of phases with 
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into account.

The presence of an oxide film (PbO) gives an 
underestimated value of the heat capacity of lead Ср(T) (See 
Figure 14).

In addition, the effect of premelting, as a rule, is due to 
an exponential increase in the concentration of structural 
defects and dislocations in a crystal as its temperature 
approaches the melting temperature (Figure 15).

In our opinion, the heats of the two allotropic forms of 
lead (face-centered cubic (fcc) and ZnS structure) should be 
close to each other, and all deviations of the experimental 
values of Cp(T) from the model curve are caused by the 
influence of impurities (Figure 14).

Heat Capacities of the Binary Diamond-Like 
Compounds

Heat capacities of the AlAs and GaP phases
Aluminum compounds with phosphorus (AlP) and arsenic 

(AlAs) are unstable in air. They are hygroscopic and readily 
react with moist air to form phosphine (PH3) and arsine (AsH3) 
[17]. The vapor pressure of the phosphor of indium and 
gallium phosphides increases exponentially when heated and 
reaches several atmospheres at T = 1200K [43]. Consequently, 
the study of the heat capacity of these phases is difficult 
(Figure 16).

The heat capacity curve Cp(T) calculated by our model 

Heat capacities of the diamond-like lead (ZnS structure 
type) and Pb (fcc): The diamond-like form of lead was 
discovered quite recently, and the properties of this phase 
have not been studied at all. Everyone knows that ordinary 
lead crystallizes in a face-centered cubic (fcc) lattice (a = 
4.9389 Å). It can be assumed that many of the physicochemical 
properties of the two modifications of lead will be very 
similar. In our opinion, the heat capacity of diamond-like lead 
and lead crystallizing in the fcc lattice should not differ greatly 
from each other. The heat capacity of lead crystallizing in the 
fcc lattice was studied in [38,39].

The problem of taking into account the premelting effect 
when measuring the heat capacities of low-melting metals 
such as indium, tin, lead, zinc, cadmium, and aluminum 
remains open. Let's take lead as an example. In experimental 
works [38,39] the effect of premelting was clearly established 
when measuring the heat capacity at temperatures long 
before their melting, 200 degrees before the melting point 
of the substance. The greatest premelting effect is caused 
by various impurities of low-melting metals (purity of Pb 
99.995% [39] and 99.9%, [38] which form eutectics with 
lead: Pb-Bi (Teut.= 398.1K), Pb-Sn (Teut.= 456.1K), Pb-Mg (Teut.= 
521.8K) or eutectics between the impurities themselves: Bi-
Sn (Teut.= 412.1K), Bi-In (Teut.= 351.6K).

These eutectics form micro-heterogeneous phases (liquid 
+ solid) which significantly affect heat capacity measurements. 
The presence of lead oxide in the sample, the heat capacity 
of which is much lower than pure lead, should also be taken 

         

Figure 13: Heat capacity of the grey tin (α-Sn) and InSb (experimental points and model gray curve) comparison with (β-Sn) 
(experimental points and model rose curve).
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Figure 14: Comparison of the heat capacities of the diamond-like lead (curve) and Pb fcc lattice (literature experimental and calculated 
points [38-42] and our model (black curve) with Cp(PbO) [35].

Ln(Cp/R) vs. Ln(N) (Figure 1). If necessary, excess heat capacity 
in the range of 3-30K can be taken into account. It can be 
assumed that a phase transformation (QHE) also exists for the 
HgSe and HgS phases (See Figure 20, Figure 21 and Figure 22).

Heat Capacities of the Nitrides of III Group 
with Sphalerite Structure

Using function (3), the heat capacities of aluminum, 
gallium, indium, thallium, and virtual nihonium nitrides with 
a zinc blende type structure were obtained. The adjustable 
parameters of function (3) are presented in Table 1.

Relation of the Thermodynamic and Physical 
Parameters Vs. Atomic Numbers of Elements

Previously, we established a correlation between the 
standard thermodynamic functions of formation and the 
atomic numbers of the elements that make up compounds 
with the structure of zinc blende. In most cases, these 
correlations follow a linear relationship with a correlation 
coefficient (r) close to 1 [41]. In this paper, it is shown that 
the heat capacity isotherms of diamond-like phases also 
correlate with the atomic numbers of the elements (Figure 2). 
These dependences are described by polynomial equations. 
If we consider the low-temperature dependences of the 
heat capacity in the form Ln(Cp/R) vs. Ln(N), then they obey 
a linear approximation, or are very close to it (Figure 1). The 
parameters of the multiparameter function (3) (Table 1) can 

is somewhat higher than the experimental measurements 
[44-48] and the compiled values [27,49], except for the 
reference values [44], which lie higher than our results. The 
low-temperature values of the heat capacity below 80K agree 
with ours within the limits of determination errors (Figure 
17).

Heat capacities of the InAs and GaSb phases
The experimental values of heat capacities of the InAs and 

GaSb phases and our model calculation are consistent within 
the limits of determination errors (Figure 18).

Heat capacities of the chalcogenides of mercury
Heat capacities of the HgTe: The Cp(T) of the HgTe phase 

at high temperature was calculated using our previous 
results [53] and literature data [55]. The data proposed in 
the handbook [49] are above that identified in experimental 
[53,55] and our calculated data, and they fall on the calculated 
curve of diamond-like lead (Figure 19).

It is possible that the deviation of the experimental values 
of the heat capacity Cp(T) for HgTe from our model values is 
due to the phase transition of the quantum Hall effect (QHE), 
which was found in [57] in the range of 3-30K (Figure 20). The 
effect of excess mercury in its telluride in this temperature 
range is also not ruled out [58]. So, we chosen the low 
temperature heat capacities of the HgTe phase as the ideal 
cristal from the corresponding equations of the isotherms 
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Figure 15: The experimental relation Cp/R vs. T of the lead [39]. The straight line corresponds to relation Cp/R vs. T without taking 
into account the premelting effect.

         

Figure 16: Comparison of the heat capacities of the diamond-like AlAs and GaP phases   (literature data [27,44-49] and our model 
curve □ [44], × [45], + [46], ○ [47], △ [48], ▷ [49], ◁ [27].
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Figure 17: The low-temperature heat capacities AlAs and GaP phases (literature data [27,45,47,48] and our model curve.

         

Figure 18: Heat capacities of the InAs (○ [50], △ [51], ▽ [26])  and GaSb (□ [51], × [27], + [26])  phases: Experimental points and our 
model curve.
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Figure 19: Descriptions of the heat capacities of the HgTe phase (blue line) and diamond like Pb (rad line) using a combination of this 
model and multiparameter family of functions (3) in the range 0-500K. The all experimental points:  △ [49], □ [52], + [53], × [54], ○ 
[55] and ▽ [56] were superposed after the descriptions.

         

Figure 20: Heat capacity of HgTe (experimental points and model black curve) in comparison with the Cp(T) of Hg [58] in the range 
0-30K.
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4. A convenient method has been found for describing 
low-temperature heat capacities, which makes it possible to 
avoid measurement errors associated with deviations from 
stoichiometry, crystal structural defects, and impurities.

5. By using an unconventional approach, we were able to 
optimize the heat capacities of the sphalerite phases in the 
solid state. Therefore, the extension of this study to other 
isostructural phases seems possible and promising.

6. The main rule for a set of isostructural phases is the 
absence of intersections of the heat capacity curves Cp(T) with 
each other.

7. Thus, the heat capacities Cp(T) for diamond-like phases 
with a sphalerite structure were revised in accordance with 
this new concept. A new description of the heat capacity of 
gray tin is proposed in accordance with the analysis of the 
entire class of sphalerite diamond-like phases: Si and AlP, Ge 
and GaAs, GaP and AlAs, GaAsb and InAs, gray tin and InSb, as 
well as CdTe, HgS, HgSe, HgTe and Pb.

8. The calculated heat capacities Cp(T) of sphalerite 
structure are recommended for placement in the hand books. 
Such data allow one to optimize the thermal conditions of 
crystal growth and perform calculations necessary for vapor 
phase epitaxy. They are also necessary for the development 
of the theory of solid state physics.
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also be described by polynomial equations (Figure 4, Figure 
5, Figure 6, Figure 7 and Figure 8). In this case, breaks or 
inflection points occur in germanium (Ge) and its analogues 
GaAs, AlSb, and InP, having the same atomic number on 
mole-at of element or compound. The Ge, GaAs, AlSb, and 
InP phases can be considered as the boundary between wide-
gap and narrow-gap semiconductors (Figure 23).

The band gap parameters also obey the correlation 
dependence. The dispersion of Eg values is due to the 
presence of phase deviations from their stoichiometric 
composition, foreign inclusions, defects, or dislocations, since 
the parameter Eg depends very much on the history of the 
sample. The Eg values taken from reference [59].

Conclusion
1. An unconventional approach was used to optimize the 

heat capacities of isostructural diamond-like phases as a single 
system using the multiparameter family of functions (3). The 
uncertainty in the extrapolation of Cp(T) at high temperatures 
is eliminated due to the tight binding of the heat capacity 
values to one point.

2. The Maier-Kellye equation is quite suitable for 
describing the heat capacity of the high-temperature region 
from To-TmK.

3. One of the main advantages of the presented work is 
the method for determining the reference point of the high-
temperature heat capacity based on the low-temperature 
heat capacity and its application to various classes of 
isostructural compounds.

         

Figure 21: Comparison of the experimental points Cp(T) of mercury chalcogenides [52] and our calculated values.
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Figure 22: Heat capacities of the nitrides of III group with sphalerite structure: 1-AlN, 2-GaN, 3-InN, 4-TlN, 5-NhN.
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