Advances in Condensed Matter Physics 3B H 218, 2025, 14(4), 19-29 Hans X0
Published Online November 2025 in Hans. https://www.hanspub.org/journal/cmp
https://doi.org/10.12677/cmp.2025.144004

SE T InMgL:EIHNH,. BFREFEM R
F—MHEEMR

KEM, T B, HET
KA B 56 TR 22 Fe, e R

ks H i 20264F2 H9H ;s FAHHM: 20264F3H10H; &KAAHB: 20264F3H17H

HE

ETFE—MEHETE, AXREHA T TEHLY InMgl7E0~60 GPa T I LATEH . HUMR. HFFES
VR FEREIVLMRAERI BT UREA, InMglsf 3tk /22 KA ML N74 GPa. BEE RIRAIEIN, %A 3
HER(Cy). FEEEB). BHUIKE(G). HRER(E). B/G. MREWV)RERRERETA)BHMKR. B
THERBIARYA, FET InMglRILH 8 R SARE(FREN1.24 V), HFRAE10 GPalfiAE]
BORME(1.782 eV). EMRBIARY, ZEBERZAINRNERER LB MFTREA —E R
& BN R AT RORE InMgla AR OB E AT TR

XK ia

InMgls, H—PEREE, YRR, B7PHEE, bR

First-Principles Study of Mechanical,
Electronic and Optical Properties of
InMgl3 under High Pressure

Huimei Zhang, Jing Wang, Qiqiao Zhong

School of Physics and Optoelectronic Engineering, Yangtze University, Jingzhou Hubei

Received: February 9, 2026; accepted: March 10, 2026; published: March 17, 2026

Abstract

Based on first-principles methods, this study systematically investigates the geometric structure,
mechanical, electronic, and optical properties oflead-free perovskite InMgls under pressures ranging
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from 0 to 60 GPa. Mechanical property studies reveal that the instability point of elasticity mechan-
ics of InMgls is approximately 74 GPa. With increasing pressure, the crystal exhibits enhanced elas-
tic constants (Cj), bulk elastic modulus (B), shear modulus (), Young’'s modulus (E), B/G ratio, Pois-
son’s ratio (v), and anisotropy factor (A4). Electronic property analysis demonstrates that InMgls ex-
hibits indirect bandgap semiconductor characteristics with bandgap value of 1.24 eV at zero pres-
sure, with the bandgap reaching its maximum value of 1.782 eV at 10 GPa. Optical property studies
indicate that this crystal holds potential applications in vacuum infrared detection and energy con-
version devices. External pressure can effectively modulate the optical and electronic properties of
InMgls materials.
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Figure 1. Crystal structure of cubic InMgls compound
1. 3L AF InMgls B kL4

Table 1. Mechanical properties of InMgls at 0 GPa
%2 1. InMgls 7£ 0 GPa T BYALH I R

Compound  a(R)  Cu(GPa)  Ci2(GPa)  Cu(GPa) B(GPa) G (GPa) E (GPa) v
Thiswork  5.795 36.213 11.780 9.574 19.924 10.556 26914  0.275
Ref. [15] 5.777 36.171 11.077 11.039 19.442 11.619 29.068  0.251

714 InMgls £ 0 GPa FHIBLIME B . MR AT LA, InMgls ARG THERLSE R 5 SCBRME [15] 77 &
RAEE L, PR VAR SO E TR I AT S

SEH R A InMgls BIRLIRAE B2 B =AML SRR B £ (C Cro 5 Cas)ihiE « M4 Voigt. Reuss Fl
Hill J21L[26] [27], HBTUIREE .
— Cy +3C, -Cp

G, - )
_ 5C44 (Cn B Clz)
" 3(C,-C,)+4C, @
_Gr+G,
G= . )

HARGAE B [28]. M RAE E [29]. & kK7 A [30]A1AFA EE v [31]4:
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Table 2. Mechanical properties of InMgls under different pressures
F# 2. FEIERT InMgls RALAR I R
P (GPa) 0 10 20 30 40 50 60 74
a(A) 5.795 5.296 5.069 4.920 4.808 4.719 4.645 4.558
Cu (GPa) 36.213 111.319 177.632 239.952 299.970 356.761 413.914 491.691
C12 (GPa) 11.780 33.887 54.178 73.826 93.504 112.018 132.336 161.051
Cuas (GPa) 9.574 20.264 29.657 38.485 46.958 55.131 63.148 74.048
B (GPa) 19.924 59.697 95.329 129.202 162.326 193.599 226.195 271.264
G (GPa) 10.556 26.341 39.961 52.660 64.760 76.345 87.613 110.556
E (GPa) 26.914 68.890 105.185 139.085 171.477 202.425 232.783 292.000

B/G 1.888 2.266 2.386 2.453 2.507 2.536 2.582 2.453
v 0.275 0.308 0.316 0.321 0.324 0.326 0.328 0.321
A 0.784 0.523 0.480 0.463 0.455 0.451 0.449 0.448
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Figure 2. (a) The elastic constant Cij, (b) elastic modulus (B, G and E) of InMgls at various pressures.
E 2. (a) TEIERT InMgls B384 EH Cij, (b) BMREB. GHE)
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Figure 3. The (a) v and (b) B/G of InMglz at different pressures
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Figure 4. Two-dimensional anisotropic diagrams of Poisson’s ratio (a), shear modulus (b) and Young’s modulus (c) of InMgls

at different pressures
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Figure 5. Energy band structure of InMgls under different pressures
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Figure 6. The relationship between band gap and pressure of InMgls
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Figure 7. Total and partial state densities of InMgls at different pressures
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Figure 8. Dielectric function ¢(w) of InMgls at different pressures: (a) real part e1(®), (b) imaginary part 2(w).
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Figure 9. (a) refractive index n(w) and (b) extinction coefficient k(w) of InMgls at different pressures
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Figure 10. (a8) R(w) and (b) a(w) of InMgls at different pressures
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