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In this work, a recent version of the full potential linear muffin-tin orbitals (FP-LMTO) method was employed, using the local density
approximation (LDA) within the framework of density functional theory (DFT). This approach was applied to study the structural,
electronic and elastic behavior of the potassium iodide (KI) compound under pressure. The calculated structural parameters exhibit strong
agreement with available theoretical and experimental data. The RS phase was identified as the most stable structure for KI material. The
phase transition from NaCl-type (B1) to CsCl-type (B2) phase occurs at pressure of 1.633 GPa, which is quite consistent with the
experimental values. Furthermore, the band structure of KI revealed a wide-band gap semiconductor behavior across all examined phases.
The obtained bulk modulus values were relatively low, suggesting weak resistance to fracture. The elastic constants for KI in RS, CsCl,
ZnS, HCP, and WZ structures were determined and found to meet Born’s stability conditions. We esteem, there is no values available in
the literature on the elastic constants for KI in CsCl, ZnS and WZ phases. All analyzed structures displayed ductile characteristics and ionic
bonding features. Additionally, anisotropic properties were observed in all phases. The compound’s stiffness was evaluated using Poisson’s
ratio and Cauchy’s pressure. Results indicated that the CsCl phase is the most rigid among the studied configurations.

Keywords: Potassium iodide (KI); FP-LMTO; Electronic properties; Elastic properties, Phase transition
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1. INTRODUCTION

Alkali halides, such as potassium iodide (KI), are known as insulating salts composed of alkali metal cations and
halide anions, with ions derived from group IA and VIIA elements in the periodic table. Under standard conditions, these
materials typically crystallize in the Rocksalt (RS) structure [1]. Alkali iodides have played a crucial role in solid-state
physics research since the 20" century [2-6], and continue to do so in more recent studies [7-9]. They have attracted
considerable interest due to their unique features, such as crystal structure transitions under elevated pressures. Within
the alkali halide family, potassium iodide (KI) has been specifically selected for this investigation. These compounds are
widely recognized in the scientific community. KI, for instance, is frequently cited in nanoscience research, including
studies involving single-walled carbon nanotubes [10,11].

Additionally, KI and similar materials are utilized in chemical processes and have notable medical applications,
particularly in thyroid-related treatments. While KI has been examined both experimentally and theoretically in its RS
phase across various studies, its other structural forms have received less attention. As an example, for the RS phase, the
experimental lattice constant was reported as 7.094 A [7], while in the CsCl structure it measured 7.342 A [12]. The bulk
modulus (B) for KI was experimentally found by Weir et al. [13] to be 11.6 GPa, whereas theoretical results from
Cortona et al. [14] suggest a value of 13.8 GPa. A particularly interesting aspect of alkali halides is their capacity to
undergo phase changes under low pressure. The pressure at which such structural phase transitions occur is referred to as
the transition pressure (Pt).

According to experiments, at comparatively low pressures, a phase change from the RS structure (B1) to the CsCl
structure (B2) takes place. For KI, transition pressure values were determined by Asaumi et al. [5] to be 1.9 GPa and
Barsch et al. [17] to be 1.73 GPa. In the RS structure, the electrical characteristics of KI have been examined.
Teegarden et al. [20] determined the energy band gap (Eg) values from absorption spectra graphs, and the values for KI
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in the RS structure were 6.1 eV and 6 eV. Hopfield et al. [21] conducted additional experimental work that yielded an
energy band gap of 6.34eV for KI in the RS structure. The energy band gap for both KI in RS was also calculated. Using
the full potential linearized muffin-tin orbital (FP-LMTO) method, the results showed that the KI was 5.984 eV [7],
4.26 eV [22], and 5.951 eV [23]. The first-principles linearized augmented-plane-wave band method yielded the same
results. These energy band gap data show that the compound KI in the RS structure exhibits wide-band gap
semiconducting properties. Numerous elastic constants and moduli, including the bulk and young moduli, can be used to
depict the elastic properties of any compound. But for cubic structures, the most fundamental elastic constants are Ci,
Ci2, and Cyg; for hexagonal structures, there are two more: C;3 and Cs3. Numerous theoretical and experimental approaches
have been used to examine the elastic constants for KI. Using the ultrasonic pulse technique, Norwood and Briscoe
determined the elastic constants for KI and discovered that C;;, Ci2, and Cy4 have values of 27.1, 4.5, and 3.64 GPa,
respectively [24]. Bridgman reported Cii, Ci, and Cas values of 33.2, 5.78, and 6.2 GPa [25]. The homogenous
deformation method, on the other hand, served as the foundation for Sarkar and Sengupta's theoretical computation of the
elastic constants, which yielded values of 31.7, 3.2, and 4.2 GPa for Cii, Ci», and Cas, respectively [19]. Lastly,
Gahn et al. [26] determined the Young modulus to be 15.3 GPa.

This study attempts to increase our understanding of the structural, elastic, and electrical characteristics of the
compound KI in the following structures: wurzite (WZ), hexagonal close packed (A3), zincblende (ZB), nickel arsenide
(NiAs), rock salt (RS), and cesium chloride (CsCl).

2. COMPUTATIONAL DETAILS

Within the functional of density functional theory (DFT) [27-29], the FP-LMTO method, as implemented in the
LMTART code [30], was used to accomplish the computations given in this work. We employed the local density
approximation (LDA) for exchange correlation potential, as specified by Benkrima et al. [31-33], for the electron-electron
interaction in the total energy calculations. Using spherical harmonics, the electron charge density and crystal potential inside
muffin-tin (MT) spheres were increased up to Imax = 6. The parameters utilized in the current computations are listed in
Table 1 and include the radius of the muffin-tin (RMT) spheres, the number of plane waves (NPLW) employed, and the
kinetic energy required to guarantee convergence (Ecutoff) for each of the eight crystal structures that were examined.

Table 1. The plane wavenumber NPLW, energycut-oft (in Ry) and the muffin-tin radius (RMT) (in a.u) used in calculation for binary KI.

NPLW Ecuttot(Ry) RMT(u.a)

Structure
KI KI K I
NaCl(B1) 223 12.6 3.26 3.393
CsCI(B2) 215 11.1 3.496 3.496
ZnS(B3) 228 11 3.058 3.313
Wz(B4) 390 9.1 3.046 3.224
NiAs(B8-1) 136 21.7 3.236 3.368
HCP (A3) 136 21.7 3.807 3.807

In the cubic symmetry of the NaCl (B1), CsClI (B2), and ZnS (B3) structures shown in Fig. 1(a, b, and c), the unit
cell volume is solely dependent on the lattice constant a.

d) 'l n
FP LMTO method

.K
8 1

Figure 1. Crystal structure of KI in a-NaCl(B1), b-CsCI(B2), ¢-ZnS(B3), d- Wurtzite (B4), e-HCP(A3), and h-NiAs(BS8 1)
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The unit cell volume in other structures, such as wurtzite (B4), NiAs (B81), and HCP (A3), as shown in Fig. 1(d, e,
and f), relies on several lattice constants (z, a, c/a ratio, and internal parameter u); hence, each of these structures needs
to be optimized. Table 2 lists the locations of the potassium (K) and iodide (I) atoms in each of the KI compound's
aforementioned structures.

These structures have the following space groups: Bl: Fm3m, B2: Pm3m, B3: F43m, B4: P63mc, A3: P63/mmc,
and B81: P63/mmc.

Table 2. Location of atoms for the six phases

Potassiom (K) Iodide (I)
1%tatom 2"atom 1%tatom 2"atom
NaCl(B1) 0.0;0.0;0.0 1/2; 1/2; 1/2
CsCI1(B2) 0.0;0.0;0.0 1/2; 1/2; 1/2
ZnS(B3) 0.0 ;0.0 ;0.0 1/4; 1/4; 1/4
Wz(B4) 0.0;0.0;0.0 1.2;-1/243; 172 0.0; 0.0; u 1.2; -1/243; (0.5+u)
NiAs(B8-1) 0.0 ;0.0 ;0.0 0.0; 0.0; 1/2 1.2; 1N12; 1/4 1.2; -1N12; 3/4
HCP (A3) 1.2; 1/2V3; 1/4 1.2; 1/2V3; 3/4
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Figure 2. Total energy versus volume for six phases of KI in the LDA approximation

3. RESULTS AND DISCUSSION
3.1. Structural phase stability
We plotted the E(V) curves in this work to determine the structural properties of the semiconductor compound KI
for each of the six structures considered: NaCl (B1), CsCl (B2), ZnS (B3), Wurtzite (B4), NiAs (B8 1) and HCP (A3).
Using the Murnaghan equation of state (EOS), which can be written as follows [27], the equilibrium lattice constant a0,
the bulk modulus By and the pressure derivative of the bulk modulus By' were calculated by minimizing the total energy.

_ Bo vo)®O _ BO v _
E(V) =Eo + Bo(Bo-1) [V(V) VO] * 50 (V= Vo), (M

with Vy is the volume of the equilibrium and Ej is the energy of the ground state that corresponds to that volume. The
minimum of the curve Etot (V) provides the constant of the equilibrium lattice.
By: the compressibility modulus is determined by the following equation:

_ (1, 9%E
BO = (V m) )
BO0: the derivative of the compressibility module:
=28
B'0 =—-. 3)

Table 3 lists the results obtained for the structural parameters, together with the available experimental [13] and
theoretical results [14], [18], [7], and [23]. Table 3 makes it evident that our results match well with those derived from
previous experimental and ab-initio computations. According to Table 3's data, LDA understates the lattice parameter, a,
for the B1 structure by roughly 0.39% when compared to the experimental value of 7.067 [13]. However, Table 3 shows
that the first derivative of the bulk modulus is underestimated in comparison to the experimental data, and the computed
bulk modulus is inflated in LDA, accessible experimental results. In actuality, the bulk modulus and its first derivative
values are more susceptible to variations in the parameters employed in ab initio computations.
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Table 3. Calculated structural parameters: bulk modulus Bo and its first derivatives B'o, equilibrium lattice constants a, and structural
parameter c/a for several phases examined for KI

Parameters NaCl CsCl ZnS WZ NiAs HCP
(B1) (B2) (B3) (B4) (B8 1) (A3)
KI
This Work 87.21 77.933 117.95 116.25 85.13 92.41
Vo(A3) Other Theo
work Exp
This Work 7.039 4.271 7.784 5.916 4.853 4.027
a0 (A) Other Theo | 7.03¢,7.213¢,7.094°
work Exp 7.067*
This Work 15.299 18.535 9.856 8.826 17.35 10.885
Bo (GPa) Other Theo 11.6% 13.8°
work Exp
This Work 3.795 4.226 3.807 4.028 3.335 4.101
B Other Theo
work Exp
c/a This Work 1.719 1.633
Eumin(Ryd) -15427.90 -15427.886 -15427.88 -15427.8 -15427.3

a-Ref [13], c-Ref [14], d-Ref [18], e-Ref [23], g-Ref [7],

Five other phases are examined in order to examine how atom positions affect the structural characteristics of KI:
CsCl (B2), ZnS (B3), WZ (B4), NiAs (B8 _1), and HCP (A3). Our results for the B2, B3, B4, B8 1, and A3 phases are
predictions and could be used as a guide for future research because, as far as we are aware, no additional ab-initio
calculations or experimental data regarding the structural parameters for KI in these phases are available in the literature.

3.2. Phase transition pressure
A change in the lattice structure, or phase transformation, results in a change in the properties. According to
experiments, exposing a material to high pressures might result in a noticeable change in its characteristics that indicates
modifications to the structures [5, 18, 12, 34]. For instance, numerous tests have demonstrated that the lattice structure
changes from RS to CsCl when high pressure is applied to KI.
Using the enthalpy H, which contains the following formula, is a more straightforward and precise way to determine
the transition pressure [4, 30].
H=E+P.V, @)

At the transformation point, the enthalpy of two structures will be the same. Equation (4) can be used to demonstrate
this in the following way:

= _9
p=-% 5)
P..dV = —dE. (6)
By integrating both sides:
Pt (V2 — V1) = —(E2 — E1). @)
Rearranging the variables:
E1l + PtV1 = E2 + PtV2. ()
Using equation (5):
H1 = H2. )

Since both coordinates (enthalpy and pressure) are the same during the phase transformation, a graph of enthalpy
vs. pressure for two structures that undergo transition will, in practice, have a crossing point. The transition pressure is
the pressure present at this moment. In our earlier study, this approach produced very positive results [35-38, 84, 81,
80, 79]. Fig. 3 displays the enthalpy versus pressure plots that were utilized to determine the transition pressures. Table 4
lists the transition pressure values along with some of the available computed and experimental results. The Pt levels
found in this study agree with those found in the previous studies listed in Table 4.

Table 4. Calculated values of the transition pressure Pt and transition volumes for KI using the GGA approximation

Volume Transition pressure (GPa)
Phases 3 Reduct Other works
V (A) %) Presentwork Thes Ep
VBI
87.217 . 1.73b
B1—-B2 Von 10.64 1.633 2 1.9¢
77.933

a-Ref. [7], b-Ref. [17], c-Ref. [5]
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One transition is predicted by Fig. 3 at the curves' junction sites (equal enthalpies). At roughly 01.633 GPa, the Bl
structure gives way to the B2 structure above the crossover from B1 to B2. Our estimated pressure of 1.633 GPa for the
B1—B2 transition is quite consistent with the experimental values of Barsch et al. [17] and Assaumi [17], which differ
by 18.35%, 5.60 %, and 14.05 %, respectively, and with the earlier theoretical values of 2 GPa found by Ramola et al. [7].

1.0

—— NaCl (B1)

0.8
—— CsCl (B2)

0.6

0.4

0.2+

0.0

0.2+

AH (eV/atom)

-0.4

0.6

Pt=01.633GPa

0.8+

1.0 ————
0 5 10 15 20 25

Pressure (GPa)

Figure 3. Variation of AH (eV/atom) versus Pt (GPa) for CsC1-B2. The reference Gibbs free energy in
set for the rocksalt phase NaCl-B1

3.3. Electronic properties
3.2.1. Bande structure

The energy is computed along high symmetry lines, and the band structure (BS) was obtained with the LDA
approximation. The optimized lattice constants were used in the calculations. Figure 4 displays the BS graphs for KI in
each of the structures that were studied.

The BS graphs show the band gap between the valence and conduction bands. Together with the findings of earlier
research on the RS structure, Table 5 lists the values of eg, which is computed as the difference between MVB and MCC.
With the other known experimental and theoretical findings, the energy band gap value is underestimated by the LDA
approximation. Direct energy band gaps along the I' symmetry point are observed for the following structures: RS, ZB,
NiAs, HCP, and WZ, with values listed in Table (5). In contrast, the CsCl structure exhibits an indirect band gap between
the high symmetry points of M and I'.

In every structure examined in this work (RS, CsCl, ZB, HCP, NiAs, and WZ) the energy band gap values show
that KI is a semiconductor.

KI-B1 E(K) KI-B2 KI-B3

)
: %@\ A
£ ": §
N
7

Figure 4. Band structure of KI, in different structures studied
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(continued)
Table 5. The gap calculated for KI in different structures studied.
Phase Nature Present Type Other works
of gap work
. 5.984°, 6.2¢, 4.264,
B1 I-r 3.936 direct 5.951%m5) 6.34%
B2 M—-T 3.512 Indirect
KI B3 r-r 3.836 direct
B4 r-r direct
B8 1 -r direct
A3 I'-r direct

a-Ref. [21], b-Ref. [7], c-Ref. [62], d-Ref. [22], e-Ref. [23]

3.2.2. Density of state
As a function of energy, the DOS displays the number of states that electrons can occupy. Figure 5 displays the DOS

graphs for KI.
Total DOS K-Tot -Tot
K-s Is
10 ler U |__ 10 |__
| = K-d |= L4
24 | R | 24 |
R | 3 | R |
=7 | % g | =5 |
: | E | I
| 2] | R
3‘5' | ‘5.‘ i | %’ ‘h
2] | g | g . |
34 | 34 | e 3 ‘ ||
14 14 1 !
|
1 1 R :.‘..p.!......
6 5 4 -3 2101 2 3 4 56 6 5 432101 2 3 456 £ -5 -4 -3 101 23 456
Energy, eV Energy, eV Energy, eV

Figure 5. Density of states (DOS) of KI in the different structures studied
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Figure 5. Density of states (DOS) of KI in the different structures studied
(continued)

Since peaks B3, B4, B8 1, and A3 are very identical to peak B1, we did not include them. The Fermi energy (EF)
is shown by the dotted line in the DOS graphics. There is only one peak for the energies below the Fermi energy in the
structures RS, CsCl, ZB, A3, and NiAs. The p-state in the iodide contributes the most to the DOS, while the p-state in the
potassium contributes only a little. In contrast, three peaks are visible in the WZ structure: the first peak is contributed by
the potassium's s-state, the second peak combines the contributions of the potassium's p-state and the iodide's s-state, and
the third peak is created by the iodide's p-state with a minor contribution from the potassium's p-state.

3.4. Elastic properties
Knowing a material's elastic properties, such as its elastic constants and moduli, allows one to predict how the
material will react to external stress. Because of the cubic structures' symmetry, only three elastic constants «Cj;, Ci2, and
Cs3» are needed [39], while five elastic coefficients «Cyj, Ci2, Ci3, Cs3, and Css» were needed for the hexagonal systems
[40]. One crucial instrument for assessing a material's stability is its elastic constants. The generalized requirements of
stability must be met for a material to be deemed mechanically stable, and they are [41].

Ci1 > 0,04 —Ci5 > 0,04y > 0and Cy4 + 2C4, > 0, ©)
for the cubic structures. Additional criteria are required for the hexagonal structures as follows [41]:
Cy; > |Cy;] and Cs5 > 0, (10)

where. Cs4 = Css for the hexagonal structures.

When anticipating a material's mechanical characteristics, including its stiffness, hardness, brittleness, and ductility,

elastic moduli are crucial. The bulk modulus (B), shear modulus (S), Young's modulus (Y), compressibility (B),
anisotropic factor (A), Poisson's ratio (), and so on are examples of these elastic moduli.
The elastic properties KI in RS, CsCl, ZB, NiAs and WZ structures at ambient pressure were investigated in this work
using the optimized lattice constants. This was accomplished by calculating the stress produced by a tiny strain applied
to the optimized unit cell, which in turn led to the computation of the elastic constants. Numerous models have been
proposed to determine the elastic moduli in terms of the elastic constants; the most widely used models are the Voigt,
[42], Reuss, [43], and Hill [44] models. The Hill model is taken into consideration in this work. The Hill model's bulk
modulus is determined by averaging the Voigt and Reuss models' bulk moduli, as follows:

By = 22, (1

where By = By = By = %(C11 + 2C;,) for the cubic structures®. While for the hexagonal structures, the formulas are
as follows [45-48]:

Bff** = = (2011 + C33 + 2C1, + 4C13), (12)
BHex — M (13)

R C11+C12+2C33—4C15°
Bfjex = 212k (14)

2
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The shear modulus is also calculated using the following formulas [67, 68, 71, 72]

S‘(;‘ubic — C11—C152+3C44’ (15)
Slgubic = M (16)

3(C11—C12)+4Cqs’

S‘(;"ubic_‘_sgubic

Slgubic - . , (17)

Sfe* = = [7C13 = 5C1z + 12Cy + 2C55 — 4C13), (18)
o2

Sgex zg ((€11+€12)C33—-2C13)Ca4Co6 (19)

3B1l}lexc44css+((c11+C12)C33—ZC122)(C44+C66) ’
with Ces being given as [48-50].
1
Cos = 5 (C11 = Ci2), (20)

Hex , cHex
Sy THSR T

SHex —
H 2

€2y

The following formulas [51, 52] are used to compute the Young's modulus (Y) and Poisson's ratio using the Hill model
results of the bulk and shear moduli.

9SB

= Snn’ (22)
3B-25
T 2(3B+S) (23)

The anisotropy factor and the material's hardness were among the other variables that were computed. The relations
[53,54] were used to compute the anisotropic factor.

2C.
Acupic = = 24

C11—C12’

Aoy = —— (25)

C11+C33—2Cq3’

Chen's Vickers hardness formula, which is as follows [55], was applied to determine the hardness.

H, = 2(5)°% - 3. (26)

Moreover, Cauchy pressure (Cs) was calculated using the forms as [56]:
CE¥PIe = €1y — Cyys (27
cler = ¢, — Css. (28)

The Born's conditions are satisfied by the elastic constants for KI in the RS, CsCl, Wz, HCP, and ZB structures
displayed in Table 6 [57]. Using Murnaghan's equation of state [30], the values for the bulk modulus are in excellent
agreement with the findings shown in tables 3. The structures RS, CsCl, ZB, and WZ have low bulk modulus values,
which suggest that they have poor resistance to breaking under pressure. On the other hand, because of its largest bulk
modulus value, CsCl is thought to be the hardest structure for KI and the least compressible (f =1/B).

Out of all the structures, the ZB structure has the maximum compressibility and the lowest bulk modulus.

Table 6. The elastic constants, the bulk modulus calculated by Hill's approximation for KI in RS, CsCl and ZB and Wz structures in (GPa)

Phase Cu Cnz Cu4 B Ci3 Cs3 Css
This Work 24.1738 3.890 3.8400 10.651
27.12 452 3.6426.2
NaCl (B1) Exp Reslt 332b 57gb b
Othr Theor 31.7¢ 3.2¢ 42¢
CsCl1 (B2) This Work 33.9234 3.195 2.3456 13.437
ZnS (B3) This Work 7.5379 6.916 5.0597 7.123
WZ (B4) This Work 14.7989 5.610 9.543 7.9129 13.485 3.222

a-Ref. [24], b-Ref. [25], c-Ref. [19].
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Table 7 shows the factors and elastic moduli. If the anisotropic component A=1, the material is said to be totally
isotropic; any departure indicates the degree of anisotropy. Since none of the structures « RS, CsCl, and ZB » have an
isotropy of one, they all exhibit anisotropic behavior. Conversely, the WZ structure exhibits isotropic behavior with an
isotropy of nearly 1.

Table 7. For KI compound in RS, CsCl, ZB, and WZ structures, the computed Hill's Shear modulus (SH), Young's modulus (YH) in

(GPa), Poisson's ratio (vH), the anisotropic ratio (A), the B/S ratio, the Cauchy pressure (PC) in (GPa), the compressibility (B) in
(1/GPa), and the Hardness (H)

Symbol NacCl (B1) CsCl (B2) ZnS (B3) WZ (B4)
Su 5.735 5.55 1.935 3.565
Yu 14.586 14.635 5.322 9.51
UH 0.271 0.318 0.375 0.333
A 0.3786 0.1527 16.2875 1.0358

Bu/Su 1.8572 24211 3.6811 2.6768
Cs 0.0504 0.8496 1.8569 2.3838
Bu 0.0938 0.7442 0.1404 0.1048
Ho -0.3071 -0.0629 -2.35947 -1.6705

The (B/S) ratio can be used to assess a material's brittleness or ductility. Every structure in Table 7 has B/S ratios
greater than 1.75, indicating that the KI in those structures is ductile. In contrast, the RS has the highest shear modulus,
which is extremely near to that of the CsCl structure. A material's stiffness can be studied using Young's modulus (Y);
the greater the value of Y, the stiffer the material. With the largest value of Y, the CsCl structure of KI appears to be the
stiffest structure. This is supported by the fact that the CsCl structure has the highest hardness (H). In contrast, the ZB
structure has the lowest Y and H, making it the least stiff. The inferences drawn from the bulk modulus values are
supported by these findings.

All of the structures in Table 7 exhibit positive Cauchy's pressure (Cs) values, indicating that ionic bonding is the
predominant bonding type. Although ionic bonds remain the predominant form of bonding, it is reasonable to state that
the RS structure has the "highest covalent bonding" of all because its Cs has the lowest value, which is quite near to zero.
Since all of the v values are greater than 0.25, which indicates ionic bonding inside the material, this is consistent with
the Poisson's ratio results.

5. CONCLUSION

Potassium iodide was investigated using the FP-LMTO technique within the density functional theory (DFT) and
the LDA Approximation in a number of distinct structures, including RS, CsCl, ZB, NiAs, HCP, and WZ. The adjusted
lattice parameters and bulk modulus matched previous theoretical and experimental results. Using the LDA
approximation, band gaps were determined and compared to the findings of existing theoretical and experimental
research. The resulting values are lower than the reference values, which should be noted. It is well known that LDA
lowers band gaps. The improved lattice constants were also used to analyze the elastic properties. The elastic constants
for the RS, CsCl, ZB and WZ structures satisfied Born's stability requirements. The CsCl structure had the highest bulk
modulus when compared to other structures, suggesting that it was more resistant to breaking. In contrast, the ZB structure
exhibited the lowest bulk modulus. Poisson's ratio values varied from 0.271 to 0.375, despite the fact that all structures
had positive Cauchy pressure values, which suggested ionic bonding inside the lattice. It was found that the ZB structure
had the lowest hardness and the RS structure the highest. The rigidity of the materials was assessed using Young's
modulus, where the ZB structure had the lowest value and the RS structure the highest. For all stable structures, the
anisotropic component (A) was found to be anisotropic, with values that were far from unity.
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CTPYKTYPHI, EJEKTPOHHI TA IIPYHI BAACTUBOCTI HOIUAY KAJIIIO HIJ TUCKOM:
JOCIKEHHS AB-INITIO
Xamsa Peka6-/:xa6pi*P, C. 3aiioy®?, Axmen A33ys-Pauien®, Ammap Benampanif, Canax Jayns, JI. Beadeunname®, P. €xned”,
Habias Beaydal
“Jlabopamopis mikpo- ma nanoizuxu (LaMiN), Hayionanena nonimexuiyna wikona Opana, ENPO-MA, BP 1523
Env-M'Hayep 31000, Opan, Anocup
b®akynomem npupoonuyux nayk ma ayk npo 3emnio, Yunieepcumem AMO, Byiipa 10.000, Anocup
“Jlabopamopis 00cnioiceHb N08epXoHb ma medic po30iny meepoux mamepianie (LESIMS), Vuisepcumem Cemigh 1, 19000 Cemigh, Anocup
YDaryromem npupoonuuux nayk ma nayk npo scumms, Cemich-1 Yuieepcumem, 19000 Cemich, Anorcup
¢@axyremem nayx, Yuisepcumem Caaoa [laxneba 6 bnioi 1, eyn. Coymaa, B. P. 270, bnioa, Anxcup
JJlabopamopis ¢izuxu mamepianis, padiayii ma nanocmpyxmyp (LPMRN), @axynomem nayx i mexnonozit, Yuisepcumem Moxameda Enb
bauipa Env Iopazimi-BBA, 34000, bopoxc By Appepiosc, Anocup
8/labopamopia mamepianie ma enexkmponnux cucmem, Qaxyromem nayx i mexnonoeii, Yuisepcumem Moxameda Env bauipa Env I6pazimi,
BBA, 34000 bopoaic By Appepiooic, Anscup
"Hayxoeo-0ocnionuii yenmp npomucnosux mexnonoziii CRTI, P.O. A/c 64, Yepaza, 16014 Anowcup, Andicup
Tiopomemeoponoziunuil incmumym gpopmyeanns ma dociiosicens IHFR, Opan, Andicup

V wiit po6oTi OyJI0 BHKOPHCTAHO HEIOJABHIO BEPCii0 METOMY IIOBHOTO ITOTEHIlialy JiHIHHNX MadiH-TuHOBHUX opbitaneii (FP-LMTO)
3 BUKOpPHCTaHHSIM HaOmmkeHHs jnokainbHOi rycturn (LDA) B pamkax teopii ¢ynkmionany rycrunu (DFT). Ie#t migxix Gymo
3aCTOCOBAHO ISl BUBUCHHSI CTPYKTYPHOT, €JIEKTPOHHOI Ta MPYKHOT MOBeNiHKK cromyku Hoauny kamito (KI) mig tuckom. Pozpaxosani
CTPYKTYpHI ITapaMeTpy AEMOHCTPYIOTh CHIIbHY BIAIIOBIAHICTH 3 HasBHUMH TEOPETHYHHMH Ta CKCIIEpUMEHTaIbHUMHU naHuMu. Da3za
RS 6yna Bu3HaueHa sk HaiictabinbHima cTpykTypa as matepiany KI. ®aszosuii nepexin Bix ¢asu tumy NaCl (B1) no da3u tumy CsCl
(B2) BigOyBaetbest npu Tucky 1,633 T'Tla, mio IiIKOM Y3roDKYeThCsl 3 eKCIICpPUMEHTAIbHUMHU 3HadeHHsAMH. KpiM Toro, 3oHHa
cTpykrypa Kl BHsBMIa IMIMPOKO30HHY HAMIBIPOBIAHWKOBY MOBEHIHKY y BCiX AocimipkeHHX (azax. OTpuMaHi 3HaYeHHS MOIYJIS
00'eMHO{ TIpyXHOCTI OyJIM BiAHOCHO HU3BKHMH, IO CBITUUTH PO CcIaOKy CTIHKICTh N0 pyiHyBaHHS. Byno BH3Ha4eHO KOHCTaHTH
npyxsocti it KI B crpykrypax RS, CsCl, ZnS, HCP ta WZ, sixi BinnoBizaroTs ymMoBaM criiikocti bopHa. Mu BBaxkaemo, mo B
niTepaTypi HeMae 3HaueHb KOHCTaHT npyxkHocTi st KI y dasax CsCl, ZnS ta WZ. Yci anani3oBaHi CTPYKTypH JIEMOHCTPYBAIH
TUTACTUYHI XapaKTEPUCTHKH Ta OCOOJIMBOCTI 10HHUX 3B's3KiB. KpiM TOro, aHi30TPOIHI BJIACTHBOCTI CHOCTEpiraiucs y BCiX dazax.
JKopcTkicTh Crionyku OIiHIOBaNIM 3a JonoMoror koedimienta ITyaccona ta tucky Korri. Pesynbrati mokaszamu, mo dasa CsCl e
HalKOPCTKIIIO cepest TOCIiKYBaHUX KOHDIrypariii.
Kumrouogi ciioBa: iioouo xanito (KI); FP-LMTO, enexmponni éracmugocmi; eiacmudni 61acmugocmi; ¢azosuii nepexio



