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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 
PACS: 73.50.-h, 73.50.Pz 

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 20th 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 Å [7], while in the CsCl structure it measured 7.342 Å [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 C11, 
C12, and C44; for hexagonal structures, there are two more: C13 and C33. 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 C11, C12, and C44 have values of 27.1, 4.5, and 3.64 GPa, 
respectively [24]. Bridgman reported C11, C12, and C44 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 C11, C12, and C44, 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 lmax = 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-off (in Ry) and the muffin-tin radius (RMT) (in a.u) used in calculation for binary KI. 

Structure 
NPLW Ecuttot(Ry) RMT(u.a) 

KI KI K I 
NaCl(B1) 223  12.6  3.26  3.393  
CsCl(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), CsCl (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. 

 
Figure 1. Crystal structure of KI in a-NaCl(B1), b-CsCl(B2), c-ZnS(B3), d- Wurtzite (B4), e-HCP(A3), and h-NiAs(B8_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: B1: 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) 
 1statom 2ndatom 1statom 2ndatom 
NaCl(B1) 0.0 ;0.0 ;0.0  1/2; 1/2; 1/2  
CsCl(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; -1/2√3; 1/2 0.0; 0.0; u 1.2; -1/2√3; (0.5+u) 
NiAs(B8-1) 0.0 ;0.0 ;0.0 0.0; 0.0; 1/2 1.2; 1/√12; 1/4 1.2; -1/√12; 3/4 
HCP (A3) 1.2; 1/2√3; 1/4  1.2; 1/2√3; 3/4  

 

 
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 B0 and the pressure derivative of the bulk modulus B0' were calculated by minimizing the total energy. 

 EሺVሻ = E଴ + ୆଴୆ሖ ଴(୆ሖ ଴ିଵ) ൤V ቀ୚బ୚ ቁ୆଴ − V଴൨ + ୆଴୆ሖ ଴ (V − V଴), (1) 

with V0 is the volume of the equilibrium and E0 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. 
B0: the compressibility modulus is determined by the following equation: 

 𝐵0 = ቀ𝑉 డమாడ௏మቁ. (2) 

B0: the derivative of the compressibility module: 

 𝐵ᇱ0 = డ஻డ௉. (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 B0 and its first derivatives B’0, equilibrium lattice constants a, and structural 
parameter c/a for several phases examined for KI 

Parameters NaCl 
(B1) 

CsCl 
(B2) 

ZnS 
(B3) 

WZ 
(B4) 

NiAs 
(B8_1) 

HCP 
(A3) 

KI 

V0(Å 3) 
This Work  87.21 77.933 117.95 116.25 85.13 92.41 

Other 
work 

Theo       
Exp       

a0 (Å) 
This Work  7.039 4.271 7.784 5.916 4.853 4.027 

Other 
work 

Theo 7.03c, 7.213d, 7.094e      
Exp 7.067a      

B0 (GPa) 
This Work  15.299 18.535 9.856 8.826 17.35 10.885 

Other 
work 

Theo 11.6a, 13.8c      
Exp       

B’
0 

This Work  3.795 4.226 3.807 4.028 3.335 4.101 
Other 
work 

Theo       
Exp       

c/a This Work      1.719 1.633 
Emin(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, (4) 

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: 

 𝑃௧ = −ௗாௗ௏. (5) 

 𝑃௧ .𝑑𝑉 = −𝑑𝐸. (6) 
By integrating both sides: 

 𝑃𝑡 (𝑉2 −  𝑉1)  =  −(𝐸2 −  𝐸1) . (7) 
Rearranging the variables: 
 𝐸1 +  𝑃𝑡 𝑉1 =  𝐸2 +  𝑃𝑡 𝑉2 . (8) 
Using equation (5): 
 𝐻1 =  𝐻2. (9) 

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 

Phases 
Volume Transition pressure (GPa) 

V (Å)3 Reduct 
(%) Presentwork Other works 

Theo Exp 

B1→B2 

VB1 
87.217 10.64 1.633 2a 1.73b 

1.9c VB2 
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 B1 
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]. 

 
Figure 3. Variation of ΔH (eV/atom) versus Pt (GPa) for CsCl-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 Γ 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 Γ.  

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. 

   
Figure 4. Band structure of KI, in different structures studied 
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Figure 4. Band structure of KI, in different structures studied 

(continued) 
Table 5. The gap calculated for KI in different structures studied.  

 Phase Nature 
of gap 

Present 
work Type Other works 

KI 

B1 Γ→Γ 3.936 direct 5.984b, 6.2c, 4.26d, 
5.951emBJ  6.34aexp 

B2 M→Γ 3.512 Indirect   
B3 Γ→Γ 3.836 direct   
B4 Γ→Γ  direct   

B8_1 Γ→Γ  direct   
A3 Γ→Γ  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. 

   
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 «C11, C12, and 
C33» are needed [39], while five elastic coefficients «C11, C12, C13, C33, and C55» 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]. 

 𝐶ଵଵ > 0,𝐶ଵଵ − 𝐶ଵଶ > 0,𝐶ସସ > 0 𝑎𝑛𝑑 𝐶ଵଵ + 2𝐶ଵଶ > 0, (9) 

for the cubic structures. Additional criteria are required for the hexagonal structures as follows [41]: 

 𝐶ଵଵ > |𝐶ଵଶ|  and  𝐶ହହ > 0, (10) 

where: C44 = C55 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 (β), 
anisotropic factor (A), Poisson's ratio (ϋ), 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: 

 𝐵ு = ஻ೇା஻ೃଶ , (11) 

where 𝐵ு = 𝐵௏ = 𝐵ோ =  ଵଷ (𝐶ଵଵ + 2𝐶ଵଶ) for the cubic structures45. While for the hexagonal structures, the formulas are 
as follows [45-48]: 
 𝐵௏ு௘௫ = ଵଽ (2𝐶ଵଵ + 𝐶ଷଷ + 2𝐶ଵଶ + 4𝐶ଵଷ), (12) 

 𝐵ோு௘௫ = (஼భభା஼భమ)஼యయିଶ஼భయమ஼భభା஼భమାଶ஼యయିସ஼భయ, (13) 

 𝐵ுு௘௫ = ஻ೇା஻ೃଶ . (14) 
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The shear modulus is also calculated using the following formulas [67, 68, 71, 72] 

 𝑆௏஼௨௕௜௖ = ஼భభି஼భమାଷ஼రరହ , (15) 

 𝑆ோ஼௨௕௜௖ = ହ(஼భభି஼భమ)஼రరଷ(஼భభି஼భమ)ାସ஼రర, (16) 

 𝑆ு஼௨௕௜௖ = ௌೇ಴ೠ್೔೎ାௌೃ಴ೠ್೔೎ଶ , (17) 

 𝑆௏ு௘௫ = ଵଷ଴ ሾ7𝐶ଵଵ − 5𝐶ଵଶ + 12𝐶ସସ + 2𝐶ଷଷ − 4𝐶ଵଷሿ, (18) 

 𝑆ோு௘௫ = ହଶ ቈ ((஼భభା஼భమ)஼యయିଶ஼భమమ )஼రర஼లలଷ஻ೇಹ೐ೣ஼రర஼లలାቀ(஼భభା஼భమ)஼యయିଶ஼భమమ ቁ(஼రరା஼లల)቉, (19) 

with C66 being given as [48-50]. 

 𝐶଺଺ = ଵଶ (𝐶ଵଵ − 𝐶ଵଶ), (20) 

 𝑆ுு௘௫ = ௌೇಹ೐ೣାௌೃಹ೐ೣଶ . (21) 

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. 

 𝑌 = ଽௌ஻ௌାଷ஻′, (22) 

 ʋ = ଷ஻ିଶௌଶ(ଷ஻ାௌ). (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. 

 𝐴஼௨௕௜௖ = ଶ஼రర஼భభି஼భమ, (24) 

 𝐴ு௘௫ = ସ஼రర஼భభା஼యయିଶ஼భయ. (25) 

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

 𝐻ʋ = 2(ௌయ஻మ)଴.ହ଼ହ − 3. (26) 

Moreover, Cauchy pressure (Cs) was calculated using the forms as [56]: 

 𝐶ௌ஼௨௕௜௖ = 𝐶ଵଶ − 𝐶ସସ, (27) 

 𝐶ௌு௘௫ = 𝐶ଵଶ − 𝐶ହହ. (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 (β =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  C11 C12 C44 B C13 C33 C55 

NaCl (B1) 

This Work 24.1738 3.890 3.8400 10.651    

Exp Reslt 27.1a 
33.2 b 

4.5 a 
5.78 b 

3.64 a 6.2 

b     

Othr Theor 31.7 c 3.2 c 4.2 c     
CsCl (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 (υH), the anisotropic ratio (A), the B/S ratio, the Cauchy pressure (PC) in (GPa), the compressibility (β) in 
(1/GPa), and the Hardness (H) 

Symbol NaCl (B1) CsCl (B2) ZnS (B3) WZ (B4) 
SH 5.735 5.55 1.935 3.565 
YH 14.586 14.635 5.322 9.51 
ʋH 0.271 0.318 0.375 0.333 
A 0.3786 0.1527 16.2875 1.0358 

BH/SH 1.8572 2.4211 3.6811 2.6768 
CS 0.0504 0.8496 1.8569 2.3838 
βH 0.0938 0.7442 0.1404 0.1048 
Hʋ -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 υ 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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У цій роботі було використано нещодавню версію методу повного потенціалу лінійних мафін-тинових орбіталей (FP-LMTO) 
з використанням наближення локальної густини (LDA) в рамках теорії функціоналу густини (DFT). Цей підхід було 
застосовано для вивчення структурної, електронної та пружної поведінки сполуки йодиду калію (KI) під тиском. Розраховані 
структурні параметри демонструють сильну відповідність з наявними теоретичними та експериментальними даними. Фаза 
RS була визначена як найстабільніша структура для матеріалу KI. Фазовий перехід від фази типу NaCl (B1) до фази типу CsCl 
(B2) відбувається при тиску 1,633 ГПа, що цілком узгоджується з експериментальними значеннями. Крім того, зонна 
структура KI виявила широкозонну напівпровідникову поведінку у всіх досліджених фазах. Отримані значення модуля 
об'ємної пружності були відносно низькими, що свідчить про слабку стійкість до руйнування. Було визначено константи 
пружності для KI в структурах RS, CsCl, ZnS, HCP та WZ, які відповідають умовам стійкості Борна. Ми вважаємо, що в 
літературі немає значень констант пружності для KI у фазах CsCl, ZnS та WZ. Усі аналізовані структури демонстрували 
пластичні характеристики та особливості іонних зв'язків. Крім того, анізотропні властивості спостерігалися у всіх фазах. 
Жорсткість сполуки оцінювали за допомогою коефіцієнта Пуассона та тиску Коші. Результати показали, що фаза CsCl є 
найжорсткішою серед досліджуваних конфігурацій. 
Ключові слова: йодид калію (KI); FP-LMTO; електронні властивості; еластичні властивості; фазовий перехід 


