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Cl, Br, 145), A LAXFH ih i B oc R 178 i
BCH B 2R MR HOG PR Cheng 55 181 R4S
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P BE. Peedikakkandy il Bhargaval'¥ i iz 524 &
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5 H L - 25 R A H PR Bt 2021 Schwarz 55 22
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() JLAR] 25 K R REAF 2544 . Jing 45 24 5 o 45—k J
PHHF 5T T M A0 J1 )5 CsPbly A% HL M i, & B
MK SN 1.4 GPa b, CsPbly B A e A7 B
1.34 eV. Coduri 55 ) 3 3o 256 0F 5% 1 Jite i & )
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TR FPER IS . Yalameha 55 20 38 5 % 72
PR EE IS (density functional theory, DFT) fiff 5% T
#KE SR CsSnX; (X = Br, Cl, 1) B3HFMAZS
PR, JEIE T ATEPUERE G T CsSnX;,
FELE =4 (3D) NP EERE.

BIREWFEE WG IT CsSnBry i i E/K & /1
Je B I, (E X H F P TR A AR 2 AN T 48 1
7. ARSCRHZET DFT 85— R BRI 5T Rk
JE 71K CsSnBry BOGHMET, #7K & J1 -3 GPa
F| 3 GPa CREEMIBE N 0.4 GPa). ASCHYBFZE TAE
SN 5 B SR AR G F M RE R I T
OpLibioe =2

2 WHEI®

I DFT W55 —1EJRHE, 7F Materials Studio
A CASTEP Ho R V- s i 35 7 i e A T AH O
P18 7. #E$E Perdew-Burke-Ernzerhof (PBE) JE
K AR REE T OB FE AL 28 S d ik v (1]
HIAS A, SR OTFG ultrasoft fhHFESkAHA

LT 7 B A BAE . RGEAE Brillouin X 1Y
B3 d F Monkhorst-Pack 52, k P& &k
5 x5 x 5 RGP PR BEBL N 500 eV, LA
PRUE A R 8 1 RIS R AE 1 58 251 T I /K7 Y
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% H T Broyden-Fletcher-Goldfarb-Shanno Bk,
PEALZEC - ] A A FH T A U S50 o 1
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TR S AR ER R 0.002 A, FEFX 4 415
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Fig. 1. Crystal of CsSnBr;.

% 1 Findit $F Y CsSnBr, 1 &% S 405 LT
AL HIXT G
Table 1. Lattice parameters of CsSnBry with Find-

it compared with geometry optimization (GO).

a=b=c/A a=0=7/(°) V/A* Space group
Findit 5.80 90.00 195.11 Pm3m
GO 5.94 90.00 209.58 Pm3m
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Fig. 2. Structure parameters of CsSnBrj; under different pressure conditions: (a) Curve of energy; (b) curve of the lattice constant

(c) curve of volume; (d) curve of cell angle; (e) curve of bond length of Sn—Br; (f) curve of the strain.
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K. YTEIE SR 2.6 GPa i, HiBRE R 1.34 eV,
AbF 1.3—1.4 eV Z[H]. 4 Shockley-Queisser 3
W, ORESERT BRDG AR S AR AT BRLE PO iy
PLUR S H XSt 1k 2.6 GPa RN )G
PR BT X L

]
25\,
\.\
= 24t 1N
s
AN
o0 L
o 2.0 .\.\
L6y .\.\,
<
°
1.2} e
-3 -2 -1 0 1 2 3
Pressure/GPa

K3 CsSnBry 7EA [ IR 1T B BEH {H

Fig. 3. Band gap of CsSnBrj under different pressure condi-
tions.
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T CsSnBry P& A HEILE, LI E e
I T A BE-FUEAE S (spin-orbit coupling,
SOC) Zhz, A T X et >k H PBE {Z pRTTR T fiE
WA, FTA I RE 252 Tl 4 h. @i PBE
12 SRS BB N 7 B AT BRMER 0.76 eV,
SR ZEES TS5 FAR T 263132 {H P SL g4
R 1.9 eV /MFZ B MR HSE06 12 M54 3
AN B A BRAE R 1.93 eV, 5EIERF &
Kl 4(a) o, 7575 & SOC RN G R o554l e fIR M
(conduction band minimum, CBM) 19 =5 & J2
HEL T 2L RATHEE N SOC J&, A& T
XERN, A RE g L T 43 2. % & SOC R4
J&, WBEA 0.77 eV, 5RFIERHBME 0.76 eV
FHIE, A BRE LT3R KA AR, T I, TEfR 4k
TR IS SOC &0vi. Bl 4(b) 2k HSE06
Z R SAF B AR IR FIE 18 2.6 GPa I A fE
WL AL R BN R JE CBM MM 4l B 5 {8 (va-
lence band maximum, VBM) 47 B 95 B H I 5
15 1.93 eV [k 1.34 eV, CBM Il VBM [ fEH7 75
PRI ANBEDNS, H 2% AT BRI A (0 25285 BE AR (1)
RAER ). X2t THEmME ), Sn—Br #7248

Energy/eV

Kl 4 CsSnBrs e 4544

M, JET RIS AR SR, CBM M VBM B i1
A G 3 S M B (A KBTS K T A
JE I RRAR 2 R M. 5340, MREHY & AT At fin
JEJ1J5 CsSnBrs /55K 2 BT B S04

K& 5 B S0 0 F1 2.6 GPa IS ZEEER. 1]
PAFE Bk BT 7Y 47 £ 2 Sn-5s fil Sn-5p
TRk, FROKTE B 9 222 i Br-5p suiik. T
Cs i T F 202 5p | FHUEREH, HEREE
BT 6 eV LA EFI-6 eV LN BT RE S, % 2%
DK THT B 3 B STk LT %, H R Cs R F X
CsSnBry A 45 B 6 BB i 55 A% I %A
KA B ARk, R B K T B A 1 A
HHEE T /MR BE T B, XS TR B 25 R ) AT A
A

R T2 Tt 0 1 PR, IS
5% T CsSnBrj 45 5 ¥ [ 1Y Mulliken H fif 173 J& 1
B, GnE 6 B, 16 F1 -3 GPa 3% 3 GPa
Pyt e, Cs A1 Sn A HL T ECE B W8/ N, 43 501 A
0.60e, 0.70¢ Jd/NE 0.41€, 0.42¢. HRIEHLFTSF1H E
H, Br HAMHE AR, A SN -0.43 e 157N E]
—0.28e.

— 2.6 GPa, 1.34 eV (HSE06)
—— 0 GPa, 1.93 6V (HSE06

Energy/eV

(a) RJHl PBE Ml PBE + SOC H#&FI [ fEds; (b) 0 A 2.6 GPa JE J1 T % JH HSE06 1515 2 1Y fig

Fig. 4. Band structures of CsSnBrs, (a) Band structure calculated by PBE and PBE + SOC; (b) band structure calculated by

HSE06 at the pressure of 0 and 2.6 GPa.
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Fig. 5. Density of states (DOS) of CsSnBr; under the pressure of (a) 0 GPa and (b) 2.6 GPa.
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Fig. 6. Charge transfer of the Cs, Sn and Br atoms.
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Fig. 7. Dielectric function of CsSnBrs of (a) real and (b)
imaginary under the pressure of 0 and 2.6 GPa.
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Fig. 8. Conductivity of CsSnBrj of (a) real and (b) imaginary under the pressure of 0 and 2.6 GPa.
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Fig. 9. (a) Absorption of CsSnBr; under the pressure of 0 and 2.6 GPa; (b) refractive index n and extinction coefficient & of CsSn

Bry under the pressure of 0 and 2.6 GPa.
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Table 2.  Effective masses and exciton binding energy calculated for CsSnBrs under the pressure of 0 and 2.6 GPa. Masses

are given in units of the free electron mass my.

Pressure/GPa  m, (R—X) m, (R—>M) m(R—G) m. my (R—X) my, (R>M) my, (R—G) my, & E,/meV
0 0.523 0.524 0.184 0.410 0.072 0.075 0.072 0.073 3.8 58
2.6 0.418 0.418 0.143 0.326 0.052 0.063 0.051 0.055 3.9 42

#* 3 7E0M 2.6 GPaJEJI T CsSnBry BYTAIER K0, KB (B) . STUIRCRE (G) FISRbEAs i 1k (A)

Table 3.  Calculated elastic constant, bulk modulus (B), shear modulus (G) and elastic anisotropy (A4) of CsSnBr; under
the pressure of 0 and 2.6 GPa.
Pressure/GPa Chy Cio Cu B G B/G A
0 37.40 6.32 5.21 16.68 8.22 2.03 0.34
2.6 67.36 11.56 5.20 30.17 10.99 2.73 0.19
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Fig. 10. Phonon spectrum of CsSnBr; under the pressure of
(a) 0 GPa and (b) 2.6 GPa.
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Fig. 11. Thermodynamic properties of CsSnBr; of (a) Debye
temperature, (b) heat capacity and (c) enthalpy, temperat-

ure-entropy and free energy under the pressure of 0 and
2.6 GPa.
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Abstract

As an important perovskite solar cell (PSC) material, CsSnBrs has been widely studied. Based on the
density functional theory (DFT), the photoelectric properties of CsSnBrs are studied by using the first-
principles at different hydrostatic pressures. It is found that CsSnBrs has an optimal optical band gap value of
1.34 €V under a pressure of 2.6 GPa, so only the photoelectric properties of CsSnBrs under the hydrostatic
pressure of 0 GPa and 2.6 GPa are studied, respectively. When the pressure is 2.6 GPa, CsSnBr; has larger
values of dielectric, conductivity, absorption coefficient and refractive index, the red-shifted absorption
spectrum, and relatively small effective mass of electron and hole and exciton binding energy, indicating that
CsSnBrj is an efficient light absorbing material. According to the triple calculations of Born-Huang stability
standard criterion, the tolerance factor 7 and phonon spectrum with or without virtual frequency, it is found
that CsSnBrj is stable under the pressure of 0 GPa and 2.6 GPa. According to the elastic modulus value of
CsSnBrj before and after pressure, it can be seen that the CsSnBrj is soft, with good ductility and anisotropy.
The Debye temperature and heat capacity of CsSnBrj, soon after it has been pressured, tend to be stable and
are independent of temperature. The enthalpy and entropy increase with temperature increasing, and the
increased amplitude is larger than those of the unpressured CsSnBrs. Gibbs free energy shows a decreasing
trend, and the decrease is slightly faster when unpressured. This study shows that CsSnBr; is a good

photoelectric material after having been pressured hydrostatically, which is suitable for perovskite solar cells.

Keywords: density functional theory, CsSnBrs perovskite, hydrostatic pressure, photoelectric properties
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