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Abstract — This research paper focuses on, thermodynamic properties such as heat of formation of
tetrahedral semiconductors were evaluated. An interesting empirical relationship it was proposed as a
method of calculating the heat of formation for A" Y, A" BY, A' B" cV » and semiconductors with
tetrahedral structure using their lattice constant. We used the proposed model to quantify the heat of
formation on binary and ternary chalcopyrite semiconductors. The formation's heat (- H; in KJ/mol) for
these compounds exhibits As compared to the lattice constant, the relationship is linear (in A°), which
lies on the straight line. The available test and hypothetical qualities recorded by past analysts were

discovered to be in fantastic arrangement.

1. INTRODUCTION

In the recent past much attention has been given
towards the investigation of numerous optical,
electronic, elastic & thermal property of group A" B,
A"BY A'B"c", & A"BY CY, semiconductors. The A
B"c",and A"B" C¥ , compounds crystallize in the
chalcopyrite structure with a tetrahedral space group

“"u! having four formula units in each unit cell &
are the ternary analogues of the II-VI & IlI-V
semiconductors, respectively. The composition of
chalcopyrite is essentially as upper lattice of the zinc
blendes structure obtained by doubling its unit cube
along the Z-axis that becomes the c-axis of the
chalcopyrite structure. These binary and ternary
semiconductors have potential applications in the
fields of light emitting diodes (LEDSs), laser diodes
(Ms), photo detectors (PDs), non-linear optical (NLO)
devices, frequency conversion  applications,
integrated optics and nano-electronics [1]. Recently,
a new magnetic material, MnGeP2 with tetrahedral
The structure The crystal's composition has been
established synthesized by doping Mn in ZnGeP2 &
CdGeP2 by Medvedkin, et. Al. [2, 3] & several other
researchers [4-6]. These ferromagnetic materials are
also having wide Magneto-optical applications, spin
dependent and magnetically control able non linear
optical devices [2]. The CulnSe2 (CIS) [7,8] and
CulnGaSe2 (CIGS) [9] materials reports have been
made as most usable energy materials for solar cells
and photo-voltaic applications. Despite their potential
uses, The heat produced during the creation of these
semiconductors has received insufficient attention.

There is a significant humber of empirical job has
been carried out in recent years [10-13], on solid
land of the state materials. Crystal shapes, lattice

constants, phase diagrams, and other property of
condensed matter it is possible to forecast very
specifically by condensed matter theories. As of
late, some huge forward leaps things also been
completed in the expectation in strong land of the
state solids [10-16]. These advancements are
largely dependent on recent advance in empirical
methods, in addition insights obtained from near
partnerships between theorists and
experimentalists working on solid-state solids'
properties. Valence electrons, plasmon,
electronegativity, ionicity, & empirical radii
capacity are also valuable terms [10-13]. These
ideas are linked to the chemical bond's character,
and they can be used to describe and
characterise a variety of fundamental molecular
and solid properties.

Semiconductors of tetrahedral coordination of the
chemical formula A " B®*"M Because of their
technological and science significance, they have
been thoroughly  researched. zincblende
crystallographic structure. Zinc is utilized in
everything from crude iron and zinc precious

stones to man-made GaN and BN
semiconductors. Instead of this their future
mechanical applications as photovoltaic

indicators, sunlight based cells, light emanating
diodes, modulators, channels, and nonlinear
optics, photovoltaic identifiers, sun powered cells,
light discharging diodes, modulators, channels,
and nonlinear optics chalcogenide and pnictide
semiconductors containing the recipe A' B" ¢V,
and Both BY CY , are well-known contemplated
[17-20]. These semiconductors solidify in the
chalcopyrite structure, which is The zinc blende
structure is the base of this term. by substituting
two separate atomic species for the cationic
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sublattice. This causes the cell of the unit to double
in size in a position known as c, in addition a
tetragonal distortion. This distortion is characterized

[1] by the parameter = c/2a, where a & c are the
the lattice parameters, and by the anion
displacement u = 0.25+ [d’sc+d’scl/a2 from its
position in the cubic cell, Where dac & dgc are the
cation-anion distances. Because of the added

structural [n;u] and chemical [da.c = dg.c] degrees of
freedom in contrast to their binary equivalents, the
ternary semiconductors exhibits a large number of
interesting physical and chemical property [21-25].

Many researches [26-29] attempt have been
designed to comprehend the electronic, mechanical,
elastic & visual zinc blende properties (A"B" and A"
BV) and chalcopyrite (AI B" ¢, and A" BY C 2)
semiconductors. together experimentally and
theoretically, the solid state properties of
semiconductors are extremely important. new and
theoretical methods for measuring these material
properties in binary & ternary semiconductors have
been around for a long time well established and
established. Theoretical approaches are used when
the experimental procedure is complex and
expensive. a broad variety of theoretical equations
focused on observational Relationships have
certainly played a major role in my life substance
science in the last few years. Empirical relationships
do not often provide extremely reliable findings for
each particular content, but they may also be quite
helpful. The versatility of analytical relations, in
particular, helps a larger a party of scientists to
quantify valuable properties, and patterns often
emerge. empirical radii, Valence, ionicity, & plasmon
capacity are also useful empirical terms [10, 13, 30].
These ideas are linked in comparison to the chemical
bond's character, and they can be a term used to
classify and characterise a variety of fundamental
property of molecules & solids.

Recently, the author [31-34] has calculated the static
and dynamic, electronic, Zinc blende, mechanical
&optical qualities of wurtzite and rock salt structured
binary solids using the solids principle of plasma
oscillations. This is since A compound's plasmon
energy is the same as compound's efficient amount
of valence electrons. While observational
relationships do not often have particularly reliable
findings for each individual material, they can also be
quite  helpful.  The  straightforwardness  of
observational relationships, in particular, helps a
larger a party of scientists to quantify valuable
properties, and sometimes trends emerge.
Therefore, we thought it would be a matter of
considerable concern to give an alternative
explanation for the heat produced during the phase
of wurtzite forming and zinc blende g\,/A" B"and A" BV)
and chalcopyrite (A'B" c*', and A"B" C",) structured
semiconductors with their lattice constant.

The aim of this project is to is to obtain heat
produced during the creation of group A'B"', A"BY,
AB"cY, and A"B"CY, semiconductors using their
lattice constant a (in A%). The theoretical background
is given in Section -2. We present and discuss the
simulation Section-3 contains the information on
binary semiconductors' thermal properties. Finally,
the conclusion is given in the last Section-4.

2. THEORETICAL BACKGROUNDS

The heat of forming is a significant thermal feature of
materials, and some researchers [10, 35] have
explored it When it comes to -electro-negativity
contrast between the atoms that make up the
system. The energy of bond forming between
atom A & B, according to Pauling [10], is provided
by making use of the following formula:

{1}

Where D (A-B), D(A-A) and D(B-B) are the
energies of A-B heteropolar bonds and homopolar
A-A and B-B bonds respectively. X, and Xz are
the electro-negativities of atoms A and B. The
third term on the right hand side of the equation
(1) gives the cost of standard heat of formation:

~AH, =BY (X, - X,)
(2)

Where % is taken over all the bond in the
compound. Phillips [35] The heat a few compound
semiconductors are developed was studied, and
the following updated relationship was proposed:

>

- AH “-3:,\.'(\‘, K. )

(3]

Mulokozi [36] The heat of creation was studied.
The formation's heat relationship when it comes to
nearest-neighboring distance dgx was suggested
for rare earth compounds. The following
partnership, according to him, can be put to work
express the formation's heat:

Ae *(AX)*
AH , = - /(7 ) - C
& rx

(4)

In a sequence of rare earth compounds (where
the cation X does not change), the partial charge
X would remain stable is the elementary charge. A
is a constant, whereas C is a covalent
contribution. According to Mulokozi [36], Ae® (X)*
and C are cation based. According to Phillips and
Van-Vectan [37], the temperature at which binary
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compounds are formed is proportional to the
distance between their closest neighbours:

\

( d :
AH , = AH | 26 \I D(AB) S .,
‘.(

f J
i J

{5)

Where dge and dag are the distances between
germanium and the binary compound AB,
respectively, f; ag iS a substance's ionicity bond [33]
and D(AB) is provided by the relation [38,39]

{6)

Where Eg[XY] is the smallest direct energy
difference, E,[XY] are the compound's essential
energies that are higher, E(XY) is the average of
Eo[XY] and E[XY], and b=0.0467. The worth of
EolXY], Ei[XY], and E,[XY] can be found out
statistically or based on reflectivity data obtained
from experiments using Van Vechten [40] and
Neumann [39] equations. Phillips & Van Vechten [37]
determine the ideals of scaling factor X, & the
exponent s in Eqg. [5] for two separate sets of HO and
S. X = -300 KJ/mol for s=4 and -287 KJ/mol for s=3.
Later, Neumann [39] measured new analytical values
of Xy=-304 KJ/mol and s=3.575 by integrating new
values of Xf for binary (ll-VI and IlI-V) compounds
published in different literatures [41-43] with Van
Vechten's ionicities, essential point powers, and
bond lengths [38, 40] in Egs. [5] and [6]. Neumann
[39] found an outstanding agreement between the
measured and new values of -X; derived from these
values of X, and s.

The ternary analogues of the II-VI & -V
semiconductors, respectively, are the A'B"CV', &
A'BYCV, semiconductors, which also show
tetrahedral coordination [44]. Consequently, it's fair
to assume that Eqg. [5] may also be applied to the
scorching sun of forming of ABC, style
semiconductors. Taking into consideration the actual
ABC, semiconductors are made up of two [AB]1/2-C
groups, the formation heat can be written as[45].

AH (ABC ,)=2AH D(ABC ) ABC

(7)

Where ELX0=-304 Kj/mol and s=3.575 have the same
values as When it comes to binary semiconductors,,
dge=2.45 A%, d= (dac+dsc)/2 is the total length of a
bond ABC, compounds and fi[ABC;] =[fiact+
f.ecl/2is the typical bond ionicity is a term that refers
to the capacity to and D [ABC,]is again defined by
Eqg. [6] but now the energies E,, E; & E, are the
characteristics of ABC, compound itself. Since all the
AB"c", Compounds are straightforward gap
semiconductors the energies E,, E; & E, can be
taken from data from tests for the fundamental

energy gap in these resources. However, difficulties
arise in the procedure for determining the results of
the experiment of E; & E, In principle E; &E, can
be theoretically calculated based on equations given
by Van Vechten [40] and Neumann [39]. Recently,
Kumar, et. Al. [13] have developed a relationship for
calculating the formation's heat of solids based on
Theory of plasma oscillations. A'BY AB"C, &
A"B"YCY, semiconductors may be expressed as-

AXf =A (h(np_]” (8]

where A & B are constants of varying meanings
based on the situation form of semiconductor. We
can deduce based on the preceding equations that
The plasmon energy is linked to the heat of
formation, the difference in electro-negativity, the
ionicity of the bonds, and the difference in electro-
negativity. Binary and ternary semiconductors are
binary and ternary semiconductors, respectively.
the free electron plasmon energy is provided by -

, 4zN ‘e’
(hw )" = s
m
(9)
From which we have
v m , >
NG =——s (lz(o/, )°
4re-
(10)

The Plasmon energy is denoted by p. The
effective amount of free electrons involved in
plasma oscillations is Ne, and the charge and
mass of the electron are e & m, respectively.
These authors' findings differed significantly from
previously published values in many instances
[39, 46]. However, these findings suggest that
there may be a connection between the heat of

forming (—&Hf) and the plasmon energy (p) of
materials. These claims point to a potential
connection between plasmon energy and heat of
creation. For A'BY, A"BY, A'B"c",, & AB"CY,

. . . A
semiconductors, a graph showing variance of -~ Hs
with plasmon energy (p) was plotted using the
stated values [33].

The plot of Hf versus hw, for certain
substances need Fig. 1-4 linear as-

AH; =M (hoy) -N (11)

where M & N are numerical constants and have
values 30.26 and 303.10 for A"'BY' ,28.53 and
334.70 for A"BY |, 92.03 and 1092.0 for A'B"'C",
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and 2073 and 45.05 for A"BYCY,

semiconductors respectively.

To comprehend the relation between heat of
formation and lattice constant a (in A% , it is
argued that the heat of formation and the lattice
constant a (in A%) The amount of valence electrons
per unit volume in a unit cell of a crystal in a solid is
calculated by the existence of bonding, which is The
number of valence electrons defines the structure of
a material per unit volume-

(12)

Where Z, & Zg are the valence electron counts of
atoms A & B, respectively. In AB compound Nca &
Ncg are the coordination numbers of the atoms A &
B, V, is the bond volume. For tetrahedral crystals

i
Nca = Ncg= 4, Zp+Zg= 8 and Vp = d3/3‘.II 3
.Substituting these values in Eq. [12] and using in
Eq. [10], we get the following equation for the bond
length (in A°) of binary and ternary semiconductors
as-

d=15.30 (hay)27#  (14)

For zinc blende and chalcopyrite structured
semiconductor, the bond length in terms of lattice
constant as given by [47]-

\' .‘u‘

4 (15)

u":

Combning the egs. (11), (14) and (15), we get-

AH;=Da™*-§ (16)

The numerical constants D and S for the A"BY
A"BY, AB"cY, and A'BYCY, groups of
semiconductors are described in Table-1. Since
these (A”BVI, A”IBV, AIBmCVIz, and A”B'VCVZ)
semiconductors can be used in zinc blende, wurtzite,
and chalcopyrite structures, it is thought that the
same series of constants can be used for the A"B",
A"'BY, AB"cY,, and A"BYCY, community
semiconductors. As the heat of forming of these
semiconducting materials is plotted against the
lattice constant (in Ap) of these compounds [46], as
seen in figure 5-8, a linear relationship emerges. The
A'BY, A"BY, A'B"cY,, and A"B"CY, semiconductors
lie on the straight line in the plot of heat of forming
versus lattice constant. It is clear from figs. 5-8 that
the heat of forming in these compounds decreases
as the lattice parameter rises. A systematic analysis
of these semiconductors' thermal properties has

already been published [10, 13, 35-37, 39, 45, 46,
48] and will not be repeated here.

3. RESULTS AND DISCUSSION

The present paper presents a relationship between
binary semiconductors' heat of forming (-Hy, in
KJ/mole) and their lattice constant (a in Ag). This
method can be used to figure out how hot everything
is forming using their lattice constant. Using the
suggested analytical relationship, the heat of
formation of these semiconductors was measured
[16]. Tables [2] through [5] show the estimated
values, as well as the values recorded by previous
researchers. We notice that the formation heat
prices measured using the future empirical
relation are remarkably close to those stated by
previous researchers [37, 39, 46, 48]. Closer
agreement of the findings supports our hypothesis
that the sequence of values of the constants in
egs. [11] and [16] remains constant for a particular
crystal and may be considered a crystal structure
feature since they remain constant for all
substances belonging to that crystal structure.
These findings demonstrate that our new method

is sound and can be used to calculate and
estimate the constants of inter atomic force of
these products.

4. CONCLUSIONS

This paper looked at binary and ternary compound
semiconductors’  thermodynamic  properties.
These products' thermodynamic properties, such
as the heat of formation, obtained from our
proposed analytical relation are in line with the
results of other theoretical measurements. Of the
most common is interesting features of these
simulations is that it shows the vital function that
lattice constants play in these products. Using the
lattice constant as a starting point, we suggested
an analytical relationship to approximate the heat
of creation.. The physical cause of the correlation
has been investigated. The model that has been
proposed is clear and accurate. It's important to
keep in mind that the proposed relationship's
constants are crystal structure properties. Their
ideals are unaffected by the crystal structure.The
crystal structures of zinc blended, wurtzite, and
chalcopyrite have all shown this. The obtained
findings are in full harmony with the hypothesis
stated assumptions & support the proposed
model's foundation. It's also worth mentioning that
the analytical relationship we present is easy,
dependable, and relevant to a large range of
situations.
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Table 4: Values of the heat of formation (—ﬂHf, in
KJ/mole) of A'B"C", Chalcopyrite
semiconductors

AR'C, Plasmon  Lattice __Heat of Farmation, -0, (in K1/Moke) =
Compounds energy Constants Using  Using  Neumann  Expt Red,
fq. fq

. Gnev) A% () (16 (39 {39) 5]
Cunls, 1725 5303 458551 as04y a6l s %78
Cuhise, 1585 S.608 36759 36308 3809 s
CuhlTey 143 59%¢ 2280 224068 2854 232
OuGas, 17.10 5334 48171 47673 4204 3555
CuGabe, 159 5594 173211 16858 LFERY nr 355
CuGaTe, 1430 6.008 224Mm 22009 2608 168 %53
Cuans, 812 5588 3915 38091 e 35
CutnSe, 1509 5797 29673 29251 2635 267 320
CulnTe, 1366 6194 16512 16143 2285 107 2827
AgAIS, 1621 5527 35680 39516 4179 3338
AgAlSe, 15.16 577 30380 294.92 3613 inza
AgAlTe, 1830 55953 24243 23843 2799 282.7
AgGas, 1610 5552 38968 38508 3948 29s
AgGaSe, 1876 5883 216636 262.26 i18.2 440 3083
AgGaTe, 1363 6203 162.36 158.68 227 140 2811
Agins, 15.21 5766 307.77 30351 3306 nsy
Aginse, 143 G028 29758 21368 2680 a2 e
AginTe, 130e 6389 108407 10M99 179 123 2675
Agles, 16.24 5520 4556 39791

cuts, 1589 5601 37035 38583

CuTiSe; 1488 5851 27740 273.26

CufeS, 1719 5315 423999 434.98

Table 5: Values of the heat of formation (-ﬂHf, in
KJ/mole) of A"B"CY, Chalcopyrite
semiconductors

Heat of Formation, -8H, (In Ki/Mole)
AR, Plasmon  Lattce
Compounds energy  Constants  Using

Using  Expt. Ref.

2.3
. (nev) (nAY __ Eq.[11) [26] L
nsSiP; 17.02 540 307.77 301.86 32 3033
CdsiP, 1619 567 29956 277.47 286.5
ZnGeP, 16.64 546 290.89 296.26 293 295.7
CdGeP; 1552 574 27667 27159 289 2754
ZnSnP, 15.55 565 27730 27919 275 277.7
CdSnP, 14.82 575 26216 20077 270 2629
ZnSiAs, 16.02 556 287.04 287.09 290 2845
CASiAs; 15.35 588 27315 26035 2709
ZnGehs, 15,66 567 27958 277.47 m 734
CdGeAs; 14.90 581 263.82 26589 266 2647
ZnSaAs, 14,82 598 26216 25272 252 264.7
Cdsnas, 1412 605  247.65 247.57 247 511

Fig, 1: Plot of the heat of formation versus plasmon energy
of AVBY semiconductors
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Fig.2. Plot of heat of formation versus plasmon energy of
AYBY semiconductons
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Fig. 3: Plot of heat of formation versug plasmon energy of
ABCY chalcopyrites
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Fig. 4: Plot of heat of formation versus plasmon energy of
AYEYCY, Chalcopyrites
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Fig. 5: Mot of heat of formation versus attice constant of
A'BY semiconductors
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Fig. 6: Plot of heat of formation versus lattice constant of
AMBY semiconductors
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Fig. 7: Plot of heat of formation versus lattice constant of
A'BY'CY, chalcopyrite semiconductors
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’ Fig. 8: Plot of heat of formation versus lattice constant of
ATHYCY, chalcopyrite semiconductors
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