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Table 1.
Cs3Bisly.

o/A _b/A /A /) /) /0
Mono 831 1443 2246 90.00 107.69  90.00
Expt.?l 835 14.47 2110
Trig 845 845 1043 90.00 90.00  120.00
Calc. 845 845 10.44
Hexa 834 834 2126 90.00 90.00 120.00

The lattice constant and face angle of

Expt.”) 839 839 21.20 90.00 90.00 120.00
Calc.”®) 834 834 21.33
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Fig. 1. Crystal structures of Cs3Biyly: (a) Mono; (b) Trig; (b) Hexa. The blue, black and brown balls are Cs, Bi and I atoms respect-

ively.
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Fig. 2. Band structures (with and without SOC) and density of states (with SOC) of Cs3Bi,Iy: (a) Mono; (b) Trig; (c) Hexa.

5 RRERI S A e, = AR TN B,
WA = AAH R B Rt aE M RE AR T s
REJT. NIE 2 A 2598 BE 43 A1 AT, CssBioly (071
TUEZ R T p BB 5TER, #53f Bi 1Y s BUE &
P, MR B Bipy p UE M T p FLiE 51
ik, Cs I HL F#LIE DTMkIE 2547 i1, 5 Hong 5% 2%
J Zhang 55 PO (L5 R . AR R AT AR
YRR 2O MR S, BT 58
SOC MRgtHF &ty A M (VBM) Sl
i (CBM) Btz g it bl < i 28 Ak itk — 253155 3 Fh
Al Al CsyBiyly B2 7R HL T U A [R] 5 ] A8 36805

(AR 2 A, AR 3 FiniiAl Cs;Bigly
FAG 85T Y R BT a, b 7 IR AR AT ¢ J71n)
A M, X T CssBiyly s — 2R A 4

2 CssBiyly W AN R 77 1) B 400 T A 280 i =

(m, FEH T BTi)

Table 2.

different directions. (The m, is the electronic mass.).

Carrier effective mass of Cs;Biyly along

Mono Trig Hexa
m¥(a)/mo 0.86 0.26 0.28
m¥(c)/mo 1.48 0.48 1.45
my(a)/mo 0.80 1.02 1.15
my(c)/mo 1.16 0.85 0.77
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Table 3. The real part of the dielectric function
€(0) and the maximum value of the real part
V%),
Mono Trig Hexa
€1(0) 6.12 7.10 6.14
&M (w) 8.91 9.43 8.93
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Fig. 3. Dielectric function of Cs;Bisly: (a) Real part; (b) imaginary part.
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Fig. 4. (a) Absorption coefficient a(w) and (b) energy-loss function L(w) of Cs3Bioly. (The illustration shows a partial enlargement of

the visible light range).
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Abstract

Organic-inorganic halide perovskite materials are widely used in solar cells because of their excellent
photoelectric properties. However, the stability and lead toxicity problems associated with materials and devices
have restrict their production and development. Compared with the hybrid perovskite, the inorganic lead-free
perovskite Cs3Biylg has attracted wide attention because of its stronger stability and environmental friendliness.
The Cs3Biyly has three crystal types: monoclinic type, trigonal type, and hexagonal type. At present, the
researches of Cs3Biyly focus mainly on the hexagonal phase. In this paper, based on the first principles of density
functional theory, the electronic properties, carrier effective mass values, stabilities, and optical properties of
Cs3Bisly monoclinic, trigonal, and hexagonal phases are studied theoretically. It is suggested that the stabilities
of the three crystal phases are similar, and the direct band gap (1.21 eV) of the trigonal phase would be
noticeable. For the three phases, their effective mass values show that their properties are the same along both
the a direction and the b direction, but different along the ¢ direction. The effective mass of electron of the
trigonal phase is significantly smaller along the a-direction than along the c-direction. Corresponding to the red
shift phenomenon of optical properties, the trigonal phase shows the better optical absorption performance than
other phases. In addition, the optical properties also show that the properties are the same along the a direction
and the b direction, but different along the c¢ direction, and the optical absorption performance is better along

the a-direction than along the c-direction.
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