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Abstract: Perovskite solar cells represent a new generation of photovoltaic technology. Their laboratory efficiency has ex-
ceeded 27%. However, their poor stability remains a major obstacle to industrialization. The efficiency degradation comes
from four core issues: defect-induced non-radiative recombination, ion migration, interface energy level mismatch and chem-
ical reactions, as well as environmental erosion from moisture, oxygen, light and heat. The common root cause of these
problems is the large number of coordination-unsaturated sites on the surfaces, grain boundaries and interfaces of perovskite
materials. Sulfur-based molecules possess soft Lewis base characteristics, tunable molecular structures and hydrophobic
properties, which can form strong interactions with these sites. Therefore, they can synergistically repair the photoelectric
conversion process from four aspects: defect passivation, crystallization control, moisture-oxygen barrier construction and in-
terface energy level modulation. This paper systematically reviews the physicochemical nature of the above limiting factors. It
also elaborates on the core mechanisms of sulfur-based molecules. Recent representative works are summarized. Finally, fu-
ture directions for sulfur-based molecules in perovskite photovoltaics are discussed.
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Fig. 2 Conceptual framework of sulfur-based molecule modification strategies
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HE P ot S R S R R (MTA ) W) 3 3ok 7ot S—S 35
WETFIHR S C=C R G YA, 7 b B A7 A K 3% 22 R i
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AR, SRR AR, TERRIRF R ORI A A B
1800 h JEF-FF 95. TRWIRRR, #IFRRIL 26. 5%
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B33, Bassani 257 T Az B it 24 At - JoK XUt & (1SO-1/
1SO-Br) , it i LT R MK MG 1L e, JFHS 4n 8 4%
KB (1/Br™) LI AL A% VE L, SEELGN K 9000 R 45 2
MEE BT RS2 TE . 2R RAELEFIL e L A
PERIFHRE T, SCHLT 25. 14% MR, FF AR B2 2R

PRI 1000 h 5 REF 99. 6% BRI AR, HIIL,
B HE VAR ) SHe -y 2L e BEL /K 5 9 1 A 27 42 WU D
AR R ROR S AERR E PR S BRI TR B,
EF IR, # 1 BEREAIZEE . Bifrora. SRRk
SEUERE RGLAZE T R BBk B b

R BERBERMAGKPFVH S EREITE

Table 1 Hydrophobic protection mechanisms and trade-offs of sulfur-based additives
Type of Core Protection L Representative
S-molecule S-group mechanism Advantages Limitations molecules
. Interfacial chemisorption of . Limited to interfacial protection, PFDT!*) s
Thiols/aryl . Excellent process compati- . . . [41]
. —SH a monomolecular hydro- . . slight charge extraction hindrance FTP
thiophenols . bility, high contact angle . ’ 147]
phobic layer from long alkyl chains p-toluenethiol
Inosit formation of a erain Deep grain boundary cov-  High sensitivity of radical reactions
Disulfides S5—S }L 5 114 © .T }(f ot a gra erage, excellent hygrother-  to annealing, difficulty in control- DAD!!
Joundary oit barter mal stability ling oil-phase thickness
Organic - . . i _ Narrow processing window, risk of
sulfonium R,S* Sutfacle;begaegamd 1D en- E;ls:vate.b dte.fecls, blocks high-resistance interface from ex- DMPESI ]
calts capsulation layer ide migration coes additive
Dynaqncally In-situ polymerization into  Bulk full encapsulation, Lhallcnglng monomer design an d TA-NIL#]
cross-linkable S—S . . synthesis, requirement for precise
a 3D cross-linked network  self-healing . . MTA %!
monomers cross-linking density control
No loss in absorption/ . . T,
S-hybrid —S— Reduced water adsorption+  charge transport, simulta- Prr:::en;ll?lh dsl;tnnﬁ]lnﬁ)n [(1)11 dzmi‘:lli ISO-I/
functional salts C(NH,)," lattice reinforcement neous improvement in effi- g » g STHVEY ping 1SO-Br*

ciency and stability

amount and halide tail

4.4 HWmERmAE

H 41 %% B 43 F )2 (self-assembled monolayers, SAMs)
F e LT | AR R i R AT 3 MM A, PTAE 4
J& AT (40 1TO , NiO, ) R A & JE WA T 550+
JE, gk A AR A A R L S, E ok S A gk
B K BHBEFL It 23 7B i 2 MR bR 2 SR, 3
JRE 2 T AL 27 25 AN 34 A0 P 5 330 5 T ol o ) Ak A 2 2
25k A P AE L itk BB A SRS T 2 AT ik
PR, Ao R L AR Y S A T T 5 R 2
BRAC AR, PR T 2 AERE R T

LG SAMs B 7€ MK 5 3% 10 42 2 - iy e Ao AR
HE, HNO, ot N /NI A AN 149 1 ey 350 T 37 36 5 94
S NI DR ARG e . AL A R, SRR Y
SRS T N I, S BT R B AS Y T8 B e A
Bt Meng 25 # it T & %L (—SH) (9 SAMs 4> T
MeOF-4SHCz, %43 TF PSR 4 14 JEL MRS 85 3% P Ni™* ik
JEh Ni**, [E] B B A R i R (—SO,H) . B AR 1
—S0,H 5 NiO, JEiss S—O0—Ni &, A 808 0kh Ni** 5 4
DB RS B, FIRR AR IE PE, (i SAMs iy 35)
WERT:, BE TR W 1 25 10 0 r S B 0% A 26.28%
BB IE S — A R PHOG IR F RT3 UGB ER 1000 h
JEATIRE R RE 90% WITRAR

RIS RE T SAMSs A JRE 2 T A Al E T A, (H
RS S T A A A 4 R L2 P B AT AR A
AWEZORIE, SRR NS Wris, w5 pp™
CERIR ) T A i o7 5 o B Ak B2 B, ] o LA K7
AR BE B 5 oy RAH AR, MR EECE HERL Liu
SRSV AR I E W SR rp S T ) 2B S 30 T T HERR
EBaEiflh, 8RR IE 24, 53%, 65 °C %4k 1000 h
JEATRFEL) 95% Mt A% . Jen BN FEEXTFR SAMs
(ChzBT) "hog | A [ S Hr i 14 i 2% i -, 3 ol 344 5 o3 A
TS R sk, SCIE 24. 0% MR B 84. 41% 1K) 7o
T BRI, GRIEFE PhT A IC AL G T T RS A R 4 Ak A
HERY , Jiang 28 il X LI R TS JEF A A R
FE VI CHERZ I . PR AR (Cba2S) X S JRFad i 2
#5 T 2 Pbl, i i AE A, T H A 3L (Chz2SMe ) i i H 3L 1Y
23 1) BRSOV DAk T BN 6 1, e Ak 1 S I B Y
[ Fsf i G et BE S b, SCBR T AR S A R B A bR,
FHRCRIL 24. 42%

bR TECOCEEME, S RFAHER T O JR T HoA AR H
TSR MR T4, BEREME B 3R A Pb—S Bl f,
PRI 55 1 45 HEL T T8 D 3k e e o 4 4 B RE ST
FE LR, IMSEEL T 585808 M4t 0B RS #EDT L, Chen
S RGN T AR AR R C U SAMs, TIE
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