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Fig. 1. Unit cell structures of Li;OCL.
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Fig. 2. The relationship between the strain energy and

strain of LiOCI under biaxial/uniaxial strain.
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Fig. 3. Phonon dispersion relations of Li;OCI under (a) biaxial strain and (b) uniaxial strain.
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Fig. 6. Energy band structure of LiOCI under (a) biaxial strain and (b) uniaxial strain.
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Fig. 8. Dielectric function of LiOCI under biaxial strain: (a) Real part of the dielectric function; (b) imaginary part of the dielec-

tric function.
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HvERE BE AL TT BB, O AR S5 4T Y LigOCL 7F
12.74 F1 18.18 eV AbA7- 15 1 /™45 Sy B &l 8y Wi g 0
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L3R DN

3.3.3 AITHE, REARFHAZHK

E 9(b) W7~ , FTER AR 4T, LisOCI i # 4T
ST RBCH 1.803, HAEEKAMX IR 7.76 F1 9.09 eV
A0 R E] 2.25 F12.31 AYIEE, 22 BT RHE £ 41
X3 (UVC) HA Bam e 468 1. it At hr
MRS S5, Prifie B B B B IS, Hg(E
W& TR . AR A L B BB IE, BERH B S5
e 107 285 UIAH DG 38K, SEHT B RHE AR DX B A
FL PRI /N, AT S SR XA A8 A B A R e
W5y AL FERAT, A HRECPT RER R, M B
BT TR ST R, U AR A (0% —
2%) fifi Li;OCI f7 BRI 6.26 eV J8/N=E 6.02 eV.
ST BRARAE B L W AR T H Ry, (R 2
15 7R A HL R ECRIT S SRR AL, X — R S
V5 R AR R RLN : — D T, Al A B 4 /N T 5
Bil; 5 —Jr T, WARE T Li-p B B T8 % I
i (IE 7) |85 T etk L ae gy, ok, [6]
P BRI IERE— 25 ] T BRI AER. Xk
S e AL e [ S B0 L oA BORN AT S 23R B R A8 4
1M TR, R T R AR P SRR I &2 A4, AR,
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B TN AR A S, TG R BRI I
MILLRE B G, ELUGAEIE ST . Tt fin RSt .44 1
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Abstract

The lithium-rich anti-perovskite LisOCI has emerged as an ideal candidate for next-generation lithium-ion
batteries (LIBs) due to its excellent ionic conductivity and wide electrochemical stability window. However,
achieving ionic conductivity that meets practical application requirements remains challenging. Strain
engineering and opto-ionic effects provide new approaches for optimizing the performance, but currently there is
a lack of research on the quantitative regulatory mechanisms by which strain influences the electronic structure
and optical properties of LisOCI (both of which are critical for ionic transport and optoelectronic integration).
In this study, first-principles calculations are performed using the HSEO06 hybrid functional to systematically
investigate the effects of biaxial (+2%)and uniaxial (—2%) strains - on electronic structure and optical properties
of LizOCIL.

In this study, it is found that strain-free LisOCI exhibits an indirect bandgap of 6.263 eV. Biaxial tensile
strain causes a significant downward shift in the energy of the conduction band minimum (I” point), reducing
the bandgap to 6.023 eV (+2% strain) and reinforcing the indirect bandgap characteristics. Biaxial compressive
strain (-2%) expands the bandgap to 6.380 eV and triggers off an upward shift in the I*point energy level,
leading to a transition from an indirect to a direct bandgap. Uniaxial strain exhibits similar trends but with a
smaller regulatory magnitude than biaxial strain. The analysis of density of states shows that tensile strain
reduces the Li-p state density near the conduction band minimum while enhancing the hybridization of Li-p
with O-p/Cl-p orbitals, optimizing carrier transition channels. Compressive strain increases the electron state
density near the Fermi level, enhancing the probability of optical transitions. In terms of optical response,
tensile strain induces an overall redshift in the complex dielectric function (e;(w) and ey(w)), absorption
coefficient, and extinction coefficient. Compressive strain causes a systematic blue-shift in optical parameters.
Despite the expanded bandgap, the optical absorption intensity is significantly enhanced in the ultraviolet
region due to the direct bandgap characteristics and the increased state density at the band edges.

This study provides new ideas for studying the applications of LisOCI in optoelectronic devices and solid-
state batteries. By precisely regulating its bandgap and light absorption properties through strain engineering,
Li3OCl can adapt to the excitation requirements of different wavelengths of light. For example, in light-
controlled solid-state batteries, LisOCl optimized by tensile strain has a wider light response range (red-shifted
to lower energy), which can effectively utilize lower-energy photons (such as near-ultraviolet or the edge of
visible light) to excite carriers. On the other hand, Li;OCl optimized by compressive strain has higher light
absorption efficiency in specific ultraviolet bands, potentially increasing the concentration of carriers excited by

photons in these bands. The strain-optimized LizOCI can synergistically utilize the light field and stress field to
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enhance ionic conductivity. In addition, its red-shifted light absorption edge makes it promising as an
ultraviolet-visible light conversion layer, expanding the range of light energy utilization. However, in practical
applications, further research is needed on the synergistic mechanisms of non-uniform strain, temperature
effects, and light-force coupling. Moreover, experimental verification of its interfacial stability and cycle

performance is required to promote the practical application of high-performance all-solid-state batteries.

Keywords: anti-perovskite, first-principles calculations, electronic structure, optoelectronic properties,

biaxial /uniaxial strain
PACS: 71.15.Mb, 71.20.-b, 78.20.—e DOI: 10.7498 /aps.74.20250588

CSTR: 32037.14.aps.74.20250588

177101-10


http://doi.org/10.7498/aps.74.20250588
https://cstr.cn/32037.14.aps.74.20250588
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

JREAR % A5 BRAT L1 ,0CT FE T A5 ATt 22 1 R
WFF FE TR
Strain—tuned electronic structure and optical properties of anti—perovskite Li;OCI

HU Yuxiao LI Haipeng  QIU Kang

5] F{5 &, Citation: Acta Physica Sinica, 74, 177101 (2025) DOI: 10.7498/aps.74.20250588
CSTR: 32037.14.aps.74.20250588

TELR T View online: https://doi.org/10.7498/aps.74.20250588

IS View table of contents: http://wulixb.iphy.ac.cn

AT REBOGEBR  HAN S

Articles you may be interested in

—VEFBICCA+ U A TESIB 2% B ~Ga, 05 L F A ASEHLIE

Investigation of electronic structure and optoelectronic properties of Si-doped B -Ga,0; using GGA+U method based on first—

principle

YIHE2EAR. 2024, 73(1): 017102 https:/doi.org/10.7498/aps.73.20231147

FJZ Janus MoSSe E AN [F] T A BRI A RAL T 32 i 5 — PR I BRI 52

First—principles study of mechanical properties of Janus monolayer MoSSe under uniaxial tensile strains at different chiral angles

YIBR2AHR. 2025, 74(16): 166201  hitps:/doi.org/10.7498/aps.74.20250437

A AL AT A FL R 57 R AT e M 5 e A M B ) S — PR I BB 5

A first—principles study on environmental stability and optoelectronic properties of bismuth oxychloride/ cesium lead chloride van der

Waals heterojunctions

PFEEEAR. 2022, 71(19): 197901 hitps:/doi.ore/10.7498/aps.71.20220544

Er”HBARTIO 9 JR SRk M T L - R 15— P S B 5

First—principles calculations of local structure and electronic properties of Er3+—d0ped TiO,

PFEEEAR . 2022, 71(24): 246102 hitps:/doi.ore/10.7498/aps.71.20221847

SRR QIR TOATA LS BT B AR AR PRI R AR PO 25— BRI 5

First principles study on polarization and piezoelectric properties of group substitution regulated lead—free organic perovskite

ferroelectrics

YrHE2EAR. 2024, 73(12): 126202  hitps://doi.org/10.7498/aps.73.20240385

L Crly FRL TS P SRR G A2 P SR R A T 422 ) 5 — R R 5

First—principles study of strain—tunable charge carrier transport properties and optical properties of Crl; monolayer

YIBR2A 4. 2022, 71(20): 207102 hitps:/doi.org/10.7498/aps.71.20221019


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250588
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231147
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231147
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231147
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231147
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231147
https://doi.org/10.7498/aps.73.20231147
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250437
https://doi.org/10.7498/aps.74.20250437
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220544
https://doi.org/10.7498/aps.71.20220544
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221847
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221847
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221847
https://doi.org/10.7498/aps.71.20221847
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240385
https://doi.org/10.7498/aps.73.20240385
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221019
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221019
https://doi.org/10.7498/aps.71.20221019

	1 引　言
	2 模型与方法
	3 结果与分析
	3.1 几何结构
	3.2 电子性质
	3.3 光学性质
	3.3.1 介电函数
	3.3.2 光吸收系数
	3.3.3 光折射率、反射率和消光系数


	4 结　论
	参考文献

