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4: 1)(&%{%’%” , il 15 FA, o0oMA, 0:Cso. o7Pb( Iy 0. Bro. os)s
BEER A R IR ARV . RO R B A B — R (O
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HAEO G, L3 000 remin™ " B E ] ITO 35 5%
b TEVR B A 30 s, If4E 150 ‘C B K 30 min. £
W SnO, AT IR ITO B ISR H B =W, H UV-R 4
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SR — 2 e Uk ik A S AR I L B, B
50 pLL 85 8K A HI 9K 44 %5 W Il 1 SnO. 4 IS ITOE
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P4 500 remin~ "5 BUER 30 s, 755 2 WHE VR i A v
H4 120 pl SURAE A B2 59010 6 € U e IS L, T 0 o
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e A0 28 B AN 2% AE 55 SR R AT IS b 78 9% JE 80
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SEM K 1% % % . FH $i 2 56 1% {¥ (Renishaw
PLC), £ 3% K 532 nm #OE ¥ & T #5147 PL G % A1
PL mapping Ml & . ff F Ot 5= 3 il £ 0 i Y
(Datphysics, OCA100) , #F 47 2 filk /7 0 £ o F B
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Schottky M ik . i I 25 4b 5% 3% 1% (Nicolet 1S50,
Thermo fisher) , #E47 FTIR Y& i
2 H#R59W
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Figure1 Molecular structure of IN1712
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e B o 3 mmol- L™ B, 8% £ 1) PCE ik 2] £z & >
23.76 % , JF I LR Voo FE 78 7 FF 43 51 8 3% 2
F+ %2 1.15 V F183.07% , M Lk 5 Js 4f 240 (Voo 1 FF
A 1,10 VANT79.28%) B E . X535 T A
A5 R B B A, e B FR O S A RT I PR E My 1Y
ILHL AR A R F g L . Bl IN1712 9k B 1 1

(21) (h) 25

L

(a)—#SFE 5 (b)—J-V i £k

(a)—device structure; (b)—J-V curves.
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Figure 2 Schematic diagram of PSCs structure, and J-V curves of various additive concentrat-

ions treated PSCs
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Table 1 Photovoltaic performance parameters of IN1712 treated PSCs
IN1712 ¥ 2/ (mmol-L. ") Voo/V S 6 PRI B U /(mAcem ™) FF/% PCE/%
0 1.10 24.74 79.28 21.57
1 1.11 24.83 80.43 22.16
3 1.15 24.88 83.07 23.76
5 1.12 24.79 81.55 22.64
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sk, g5 K B 3(b) F(e) ) frm . MK 3(b) Fil(c)
Al L, Target ) 3 B AH b Control i i, H: PL 5 & 3%

B 3 B 8 . Control B 19 PL 53 &, nf
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HEAE 700. 39 em A A — 155 W W, AT i A E Y
S e RPN B 7 A B W L T Control 1 B8 7 1L
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FE b AE 1 705,96 em ' B9 W Wi g ) I F IN1712 R th C—S—C 0l B8 tH T 25 )37 B 52 ), A RE B 2] 34 55
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(a)—XRD fir 5 (b)—PL G 5 () —F TIR g ii%
(a)—XRD diffraction pattern; (b)—PL spectrum;(c¢)—F TIR spectra.
E 3 Control # Target # & i XRD #i75 E . PL & #0 FTIR 3¢ it
Figure 3 XRD patterns, PL spectra, and FTIR spectra of Control and Target perovskite films
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(a)—Control film;(b)—Target film.
4 Control #1 Target # i I R E 5 SEM
Figure 4 SEM surface morphology of Control and Target perovskite films
SRy Y X S R SR TR A o A AT T ROUR I R BE ) F 28 IN1712 S &M 5 09 45 £k 8 B i PL 5 0T 7
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Al 55 BB I A, A R ANET S s . AT S AT I, A AR
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(a)—Control {# i ; (b)—Target Wi I
(a)—Control film; (b)—Target film.
5 Control #1 Target # & i PL mapping B
Figure 5 PL mapping images of control and Target perovskite films
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T RENS B ULER S AT I K BT K A R Y
PERE , AT T OKEE il A DU 5L . & 6(a) Rl (D)
Control Fl Target 7% 5 (1) 32 fish /1 . MBI 6(a) A1 (b) A]
W, Target {5 (%) 42 fsh £ #7 Hb Control ## il M 40. 0°
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0=40° 0=62.6

Schottky ) 132 , DA #£ 5¢ P 7 5 3 (Built-in potential,
Vi) Rtk & 6 (o) s o WEI 6(c) AT UL, Target %
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P 0.89 Vo i 3= %A N T 5 it B 1 Ak i B A 0
A d R TR R R OE T R AL L, A
MR V4 o

(e) —o— Target
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1.57
e Lo ¥, =0.95V
5 0.5 ¥, =0.89
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(a)—Control {# i ; (b)—Target # JI§ ; (¢ )—Mott-Schottky Hi £k .
(a)—Control film;(b)—Target film; (¢)—Mott-Schottky curves.
6 Controlfi Target HEMNZEMABRGREFEBEER L

Figure 6 Contact angle images and Mott-Schottky curves of Control and Target perovskite films
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AR T Bk MR BB ] T AR AT R A 1R
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1
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—— Control
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(a)—champion device J-V curves; (b)—standard efficiency change curves.
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Figure 7 J-V curve and normalized PCE variation curves of the champion Control and Target device
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Table 2 Recently reported photovoltaic performance parameter list of one-step perovskite solar cells
ErRE A1 BA PCE/% Fase pE L iDORITY: W 2 3k
1 Chen Jiangzhao % 22.54 thy=1 656 h 10—20 [27]
2 Hua Yong % 22.45 1,=600 h 2 65 [28]
3 Peng Yongshan 5§ 21.56 1,o=>500 h 2 45 [29]
4 Ding Yunsheng %% 23.14 ;=700 h 65+5 [30]
5 Li Bin 4% 20.59 t,,=1 000 h 220 [31]
6 Wang Mingkui 45 19.13 =500 h 30—50 [32]
7 Huang Sumei % 20.06 1,,=300 h 50—70 [33]
8 Park Taiho %5 20.82 t=1 000 h 2§ 60 [34]
9 Song Seulki %5 20. 00 t,,=>500 h 2 60 [35]
10 Savas Sonmezoglu %5 17.6 t,,=480 h 2560 [36]
11 EN I 24.09 =800 h 6045 —
OF2E M 1, R DI RR R0 n Y% It F A 1D
3 gél:i/g 1352-1358.

A BN Gy S HAE WM ORE INL712 BB % 42 =
PSCs W4 Witk e, 2 T IN1712 5858k 5 2 [a] /)
5e8 T AL R 0 AT LA 00 A AV a2 B Bl A 2
Ho AN INT712 0] DL 3 45 45 Bk vl B A &5 4y
PR AT = BT S Bk AR . i A IN1712 %5 5
B 1E B PSCs, H: PCE A 3k 24.09% . [}, IN1712
Ab B S B4 A K A THE TS ) 5 K MR BT R i R )
AU Target %% 14 76 18 B 60% 5% RH # K M 5
T, 24k 800 h A7y E 14 45 80. 2% 1 #) U 5% , % W
IN1712 1 by B 148 4 4 R ) R H A R F 42 & PSCs
) 28505 RN R M
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Functionalized Small Molecules Regulated Anti-Solvent Engineering
Enabling Efficient and Stable Perovskite Solar Cells

LV Ligi'".SI Shenglin®", YIN Tianzhou®, WU Hualin®
(1. Guilin University of Technology, School of Materials Science and Engineering, Guilin 541006, China; 2. Guangdong
University of Technology, School of Materials and Energy, Guangzhou 510006, China)

Abstract: Amid the 21st-century global energy crisis, perovskite solar cells (PSCs) have emerged as a promising photovoltaic
technology, achieving rapid advancements over the past decade. With a record-high photoelectric conversion efficiency of
26.1%, PSCs demonstrate great potential for commercial application. However, the intrinsic defects in perovskite materials
makes it difficult to achieve long-term operational stability of its devices, which becomes an important obstacle on the road to
commercialization. In this study, a 5'-iodo-3"-octyl-[ 2, 2'-bithiophene ] -5-formaldehyde (IN1712) functionalized small molecule
additive is introduced via anti-solvent engineering to mitigate the defect states and enhance device stability. It is found that the
carbonyl and thiophene in IN1712 effectively passivate uncoordinated Pb*' ions on the surface of perovskites, suppressing
defect formation, reducing non-radiative recombination, and improving -charge-transfer efficiency at the interfaces.
Additionally, IN1712 introduced by anti-solvent engineering significantly inhibit the formation of Pbl,, enhances perovskite
crystallization, and further reduce the defect sites in perovskite films. As a result, the modified PSCs exhibit notable
performance improvements, with the open circuit voltage increasing from 1.10 to 1.16 V, the fill factor rising from 80.39%
to 83.54%, and the photoelectric conversion efficiency of the champion device boosts from 21.86% to 24.09%. More
importantly, the IN1712 treatment significantly enhances the humidity stability of the devices, with unencapsulated devices
retaining 80. 1% of their initial efficiency after 800 h at 60% +5% relative humidity, compared to only 60.1% for control
devices after 400 h. This work provides valuable insights for the development of high-efficiency and stable perovskite solar
cells.

Keywords: perovskite; solar cells; small molecules; anti-solvent engineering; defect state; nonradiative recombination; stability;

photoelectric conversion efficiency
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