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P, SRy G SR A 1 FH B TR T 1)L AR e (W) =1+ ZM/‘” WEQ <“’/2)dw/, 3)
KT X RACE W) SRS | fb A5 el T o Jo wrTUW
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Pt S AR & R A P A i R A R ST ) B AR
515 5.

2 rEgm

K H % FE 7 R HE (density functional the-
ory, DFT), fifi H] VASP(Vienna ab initio simulation
package) 1CHSSZEE M. 18 H R ] Perdew-Burke-
Ernzerhof (PBE) | UK FEILAL (GGA) JEA I A He-
DRERHA 2 iplz ok 5000 5 1T 28 n ~F- T g (PAW) 191,
TESS P FR b, S P IR E £ T 500 eV
MERIWTEE. (T 12 x 4 x 6 /9 Gamma 0> K
S BE RN 7 A SRR T 4 R E R 1 x
108eV F 1 x 106 eV/A. RATAALIZ A (Heyd-
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T AT 2000 25—V RIS 13 12 (ab initio
molecular dynamics, AIMD) B, X} #i o fr
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(2.81 A) 14 555K (3.21 A). S25 2 MM Aght
JEFA 2 AR B TR, T8 R ) 3
= SAg,Bi, PR, C1M LA 5 By LTk 5 A4
M AgH IR RN 3 AN SEMY Bt RSO 3t
BRSNS ST (online) T3, AFRHAGIATH
P ST IR 2 o 2,19 JARA R 0.30, FEHH
A RHEAT I B S R AR P, IBAh, AgBiSCl,
BHERMREFRRE R 219 K, #45 Slack A= B
I O T IR BE I8 78 25 A RE AT 8 B AT IR 1) 4 A T4

Bl 1(b) S a J7 7] 4% 52 (14 HL A Je 38 pR AR (ele-
ctron localization function, ELF). 3 {4 #8321 i
X, H ELF BEEE T 0, UaAH L FAE b
] T B3k fb oA s St R L1 (AR IX B, F ELF
FHEE T 1, UAEH FL T 7E A i 1) R AR 0 A
Ag JRI Y ey 3l i 285 BEARAIG, W R AIK T At 7,
XFEW S A1 ClotE R L Ag LR RS ZAIH
TS5 1, Ui Ag JRF B EREE R, AAY
AR RCEE, A W58 & IRAE CuBiSeCl, 1 Cu Ji
TWA LRI BB AR B2, A Bi F1 S 5522 [A]
TEAEM AN (ELF 24 0.5). i LOBSTER #X
P AT fb AR BB R % T AR (crystal orbital
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g HSE06 § : i
| 1 2.02 eV 5 1t HSE06 4+ SOC LR — Bi6p
1.72 eV — CI 3p
— S 3p
0 | 0 | 0k
i (K/-\/ 7 NN AR =
I'X SRAZTI YXATY|Z T I'X SRAZTI YX\ATY|Z T 0 2 4 6 8

B 1 (a) AgBISCly Y IR %5
(% 1 HSE06+S0C); (1) A4

45 (b) BT R R AL (c)

T 4B JE T % 59 COHP 4347 ; (d) BEHF

DOS/(states-eV~1)

L5 (% J& HSE06); (e) REW 4514

Fig. 1. (a) Crystal structure of AgBiSCly; (b) electron localization function; (¢) COHP analysis of nearest-neighbor atom pairs;
(d) band structure (HSE06); (e) band structure (HSE06 + SOC); (f) density of states.

ST B B AN [R) d 4R JE X ) i COHP, i
AR COHP MIE, AR COHP M fi.
TESOKREH LI T WMl i, Ag—S/Cl AW &
(RS AR T 2OR BB SRS S I 55 Tk 2
HR s AR PE. Bt Ryt ICHOP (X%F COHP 7E
FOKBE G DL T 1 BE = X (8] #E 47 43 20(E s
Ag—S/Cl {yfi ICOHP #f/NT Bi—S/Cl, %M Bi—
S/Cl #AYEA H 58, 1 Ag—S/Cl B EES T 5.
FRORE M T AR AR AR B BT B RS 3 R
WL MHE A H . B 1(d), (e) /& AgBiSCl, HUfiE
SERE. BIPMAETR (VBM) F1-SH#5 K (CBM) #5
ST T, RUZMEHE BB S, [
HSE06 Z21b1Z bR, A% 5 F e -HUE #8 A  Boh
2. 02 eV, ZIE H - PuBfi ke 1.72 eV. [ 1(f)
I, nJLE N, S iR 2 Bl 6p M1 S 3p
?JL 1"]152 MAFTR 2 Ag 4d, C1 3p #1 S 3p #h
ETER. Al A LA 22, BRI A s
KA RO, g 1 Arg. i SCRk [33] WAL p
A AgBiSCl, MZE N FE RECR T n Y, (HER S
RO /hN—sk,

£ 1 AgBiSCl, 257 CHIHEFRARUTE: (m = 9.1 x

103 kg)

Table 1.  Effective masses of holes and electrons of

AgBiSCl, (mg = 9.1 x 103 kg).

Carrier type my/ mg m,/mg m,/mg
h 0.873 0.873 0.666
e 0.274 0.274 0.537

3.2 EFMER

AgBiSCl, e an & 2 Fiw, & 2(a) IAr
HL PRI, SEER S e B Rk . X R HT et
P AR BH Al F 152 PRS0 RAH BR3¢
L YRR FET, A o R SRR N S S A
HLH BT €1(0), &7 mIMESIESR 2 . BEE LT RE
IR, 7E o, b1 ¢ 7 Ik B RAH, 45k
9.83, 7.26 Fl 8.72. [ A5 HE I 1Y KX S (H 23 4 Wi s
INIEAR R . A R EORTE R T AR IR
W, anE 2(b) s, fEfEE/NT 1.72 eV LA
Wk, FR O B 5 A B E A AE, X
My TOURN 717 B 22 [B] HEL T 19 B3 [ BRATAH G A
HL PRSI R E 3—8 eV A 2 A, MR«
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10 10
(a) (b) ~ 1
‘E 12 F
J s 10f
3 0 3 g sl
= < 5F ~
o & é 6l
2,
5 4r
0 JZ § oL
Y A bz
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Energy/eV Energy/eV Energy/eV
0.4 4 30
(d) (e) (f)
3 -
0.3+ L < 20f
3 3, = 5
= s 5
0.2 n oot
Z/ 'l .
—b
0.1 : : : : 0 : : : : 0 : ——
0 2 4 6 8 10 0 2 4 6 8 10 0.01 0.1 1
Energy/eV Energy/eV Thickness/pm
B 2 (a) A HOBRECERS; (b) S B RREURER; (o) SEMICREL; (d) U, (e) i3, (f) SLME

Fig. 2. (a) Real part of the dielectric function; (b) imaginary part of the dielectric function; (c) optical absorption coefficient; (d) re-

flectivity; (e) refractive index; (f) SLME.

R AFHRISPERE. 55— RAERR 55— IR i, J& 2%
K BEZLBHEE Y o 4 A RN AR o 98 28 2 8] i L - BRI
MIZEER, a, b A ¢ J5 Il A 5R —Icbde o3 JII7E 3.45, 5.09
1 4.78 V AEUR. K] 2(c) SR R AL, AR fLun T
WITR, 16 1.72 eV Z AT I, 76 0] WETE R
oA 1x10° cm ! Y HEZL; Bifi 5 78 2240 Xk 21 B
KAE, R TEA 5 T H W R B = T 1% 100 em ™,
X Wi I AgBiSCl, R FH 4841
PRI G, B3 R AN 58 m 2 K BH 68 R FH T 4%
T A B ZESEL. SR T R
. PrOPRR T MR E . RAPRNE 2(d)
Fizs. Al LATERE A 2, R M n fESF N B A —
B E M, FROFFERASE R(0) F1 n(0), [RIFESI7E
2 v, RAEA] WOGHE N BUIR, 456 200 Bt
VT AR R B, T LGSO AR R i O s R
JEERE, AR RSSO , AR S St/ NE 2451 2K
Bl 2(e) AT, 76 0] WL AT S8 A6V [ N AR
PRRFRT 2 e, S KR 3.22, 1F o TR
4 3.06 eV B IR, T H AT H T R 4%
4, A B TS R AF G R A800

AR A B B B AL R IR VT AN FLE BB Y G B
bRz —, HossZ2 BT 722 VE T MORLBRFE | SaeE
PERI 8 T2 2 M R 20, Sy TREREA R
G HUF IR A T U, IFFR B 5 A TG SR A

KEE (spectroscopic limited maximum efficiency,
SLME) #7. 2B Yu 45 B4 484, 5@t B
M AT 28 X P AN BEAR S HORAG AR R B E Y
W HSCRE 7, DT S50 FE R % . AR SR
SLME ‘i 8 FH 07 e APl W W2 AR A7 3501
BN Zha 55 B 35T Z2 M 0T BUES Bk AR
SLME {#, il 7" 4 F SLME #it 23% HE5Eks
fth. B 2(f) /R T SLME Mz R AR s,
DL pm A HA I . AgBiSClL, 78 3 pm B, 3 1~
5] SLME [ S KAB A N 28.06%, 4 [H o TR £ 3
AR EREERE”, HAn B-CaZrSes(23.08%), SrZrSe;
(22.11%), CaHfSe;(20.09%), SrHfSe;(20.61%)10.
25 LTI, A A e R E A K S Y
SLME F#PESL R W, AgBiSCl, 2 —FRA R
AOER IR, 1T — RSO RS 3E
SRS %

®2  BYHETF AgBiSClL, MM KIHES
e
Table 2.  Calculated zero-frequency dielectric con-

stant, reflectivity, and refractive index of AgBiSCl,.

Parameters a b c Average
£1(0) 584  5.08 5.27 5.40
R(0) 0.17 0.15 0.15 0.16
n(0) 2.42 2.25 2.3 2.32
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3.3 JFEBREINE

D |y g i A S i T 7S e L R ]
SEM R EARALIG R, B 3(a) WARIRE T
o o AR 3 1 X R T B S . X BRI
T (SCPH) B K AL B AgBiSCl, A H iz 1 72,
MIEEM 100 K FF 3] 700 K B, AgBiSCl, H i
PR FREAL. AN, 7EM 30—70 cm ! YR TR R
T IE IV 2R 6457, e AT A=A Ky
RIS 3 1 R A A 7 B 3(b) 2T
3 AR OM 3 ARSI G AR 2R 45 R
B, 76 TO, 1 LA Z[8)F 2R etk 10 38 o 58 XL
A PR 5] JE s . &l S2(online) 7R T LA 43
THE R ABIRSITTHE, TR Ag JR TR I
Ve R T HAD B T R B A X E A S T
rattling §% 3l MK 5 4% T R A0 56 W1, rattling Pk
Bl TR TR LT AR AR I — R E YRR,
FT DA R P ORI RIS A P 3 [ &l 3(c)
HEE I P P B TR, KT 30 em ! AU fIRARI S
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Abstract

This work systematically investigates the potential of the hybrid anion semiconductor AgBiSCl, for
photovoltaic and thermoelectric applications, aiming to provide theoretical guidance for high-performance
energy conversion devices. Structural analysis reveals favorable ductility and a relatively low Debye temperature
(219 K). Electronic structure calculations show that AgBiSCl, is a direct band gap semiconductor, with a gap of
approximately 1.72 eV after including spin-orbit coupling effects. The conduction band is mainly derived from
Bi 6p orbitals, while the valence band is dominated by contributions from Ag 4d, Cl 3p, and S 3p orbitals.

Analysis of interatomic interactions indicates that Ag—S and Ag—Cl bonds are relatively weak, resulting
in local structural softness and enhanced lattice anharmonicity. These weak bonds facilitate phonon scattering
and give rise to low-frequency localized “rattling” vibrations primarily associated with Ag atoms, contributing
to reduced lattice thermal conductivity. In contrast, Bi—S bonds exhibit stronger, more directional interactions,
which help stabilize the overall structure. The coexistence of weak bonding and strong lattice coupling enables
favorable modulation of thermal transport properties.

Optically, AgBiSCl, possesses a high static dielectric constant (¢;(0) = 5.60) and exhibits strong absorption
in the ultraviolet region, with absorption coefficients rapidly exceeding 1 x 10° cm™!. A theoretical solar
conversion efficiency of up to 28.06% is predicted for a 3 pm-thick absorber layer, highlighting its potential as a
high-performance photovoltaic material.

In terms of thermal transport, phonon spectra exhibit mode hardening with temperature increasing, while
flat optical branches in the 30-70 cm™! range enhance phonon scattering. The localized Ag vibrations intensify
the anharmonicity, reducing phonon lifetimes and group velocities. As a result, at 300 K, the lattice thermal
conductivities via the Peierls and coherent channels are calculated to be 0.246 W-m -K! and 0.132 W-m ~K,
respectively. For electronic transport, the p-type material maintains a higher Seebeck coefficient than the n-
type, while the latter shows greater electrical conductivity. At 700 K, the thermoelectric figure of merit (Z7')
reaches 0.77 for p-type and 0.69 for n-type AgBiSCl,, indicating promising high-temperature thermoelectric
performance.

In summary, AgBiSCl, exhibits excellent potential for dual photovoltaic and thermoelectric applications. Its
unique bonding features and lattice response mechanisms offer valuable insights into designing multifunctional
energy conversion materials.
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