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N, N-_HERPERZDME, 99.8%0) F Bl il (rh B b R A W . —HESEA(DMSO, >99.9%)
MEAR(CB, 99.9%) H Thermo /A ] . A LER(99.999%)4 H Advanced Election Technology. 4= ket fid
(PFOS)IA [ _FI 2B IR AR IR S A FRAT] . ZB(EA, 99.9%)FIEAE(CsI, 99.99%)14 [ Sigma—Aldrich.
IRIR H FE(MATL,  99.5%)F11 3—(F it 3% )— 1 — R R A IR EE (SM TP AL, 98%0)il [ PH i HGRERHE A FR A
Al .1, 3— A S b AU R Eh(PDADI,  98%0) F P54 R A6 ZIRERBHE A FR A ] . H KA LR ER(FAL,
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4 1TO BEESARUCE T R85 FK IR SN EEA 2B 5 A T 40 min. ETEE S AR
T, A TARAEFE S min. BES , 5 NiO, K20 E0# (10 mg/mL)LA4 000 r/min AUEHEHER T 1TO HE |,
BEVRIFE A 30 s, 7 110 CHYFAE IR K 10 min. 255 5¢ MR E AR B 2 F 2/ fENIO, 2 L4
000 r/minfiglR PEOS JZW(0.25 mg/mL, I T 5 N EE), BERIE 2 30 s, 5 7E 100 “CTFiBR A 10 min. LA
4 000 r/min BE¥ Me—4PACz i A H(0.5 mg/mL), i€k 30 sJ&, 7100 “CFil 4 10 min. ¥4 19.5 mg
CsI.219.3 mg FAIL.691.55 mg Pbl,#123.8 mg MALZf# FIRAERIER AR, DMF :DMSO=4: 1)1,
il & A2z 3R Cs, ( FA MA,, PbLAY 1.5 mol/L 8585 HRIA . Ak, m HTaRiAR A 12.4 mol%) MACL
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RV . HL Ak BHATE(ELS) il Mott—Schottky 43 HT 7 B AL ] IMGEx FiLfb2 TAE 3 (Zahner)#E4 T , 4%
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4PACz [l St 2 a7 BH . BT, PFOS Hr R 5511 T 5 NiO, & A AH BEAE A, LATR M4l Me—4PACz
1ENIO 1 15 A 5E4f )8 . LAk, PFOS 5 J5 22T A Me—4PACz 1] I [T i & & 25 7Ok B L
J2, KB oA s = E i 1(b)rs

SHEGE PFOS FHAEM RN SAMSs 25 7 GEBEMEAL 2 152, A TAEAELENIO, (IR ) & PFOS #8111 )
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E 1 (a) PFOS R &R FHIEB T 53 7;(b) PFOS M9 FAE AR EE;(c) Me-4PACz 7ENiO, & PFOS/NiO &
JR LRI XRD Bl1%;(d, ) Me-4PACz 7E NiO, & PFOS/NiO &K _E I AFM Bl1%

Fig.1 (a) Atomic charge distribution of PFOS; (b) Schematic diagram of molecular interaction of PFOS;

(¢) XRD patterns of Me-4PACz on NiO, and PFOS/NiO, substrates; (d)-( ¢) AFM images of Me-4PACz

on NiO, and PFOS/NiO, substrates
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I SEM EMR(E 2(k), (D) , S50 IR0 ft v TS 7 ) S A Ay 7 5 H AT AL T B HESRFAE
IR R AR B ) A7 B 4 0 2 AL A, (AR T8 B ) b A A5 . Tk % BB, ki A ) A
BUE BT A HE RO R AR AR AR T & AR 9 B

454 SEM 5 XRD W45 R A A1, PFOS 195 | A RERE PR E5 6K MR A0 B A% 45 M 72 AR 1 ks A 000
A, DTS SRR RUST 5K e 7 288 I L A AR BB ) B A A R 5 R e
2.3 PFOS X #im FiE s 1M =i

itk — 2 FRAE PFOS 43 F J2 S S R0 RSO AR 210 T30 124 B 52 M 78 SO S AR JHE 5 174 PG

(a) (b)
Control '

26.0°

500 nm

(e) ) ()

Average=0.59 pm L Contral Bottom — Contr

N Bottor (200) — Targe]
S 5 | (100)
= : (210), . (220)
< (110)

Gt : 5| | () 8f”51 (221)
< Average=0.71 pm o Target -2 A
S Bottom &
51 2
S 5 L/J-Wl | | LJ
Q_‘ s

0.2 04 0.6 0.8 1.0 1.2 14 10 15 20 25 30 35 40 45 50
Grain size/pm 20/(°)
i)

—
=
—

Average=0.56 pm iContral —Control
| a0 (200) ,fgz%)gm o

3 lH : & (noxuli(zwﬁzn@ D
g Average=0.72_pm e Target %‘
3] [ I |
= g J.l; A 'R L_L_ Lo
a-‘ H____»M—&«,

0.2 04 0608 1.0 1.2 14 10 15 20 25 30 35 40 45 50 500 nm 500 nm

Grain size/pm 20/(°)
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Fig.2 (a)-( b) Contact angle of perovskite on ITO/NiO /Me-4PACz and ITO/NiO /PFOS/Me-4PACz substrates; (c¢)-(d) SEM
images of the buried interface of perovskite films in the control and target groups; (e) Statistical graph of grain size at the
buried interface of perovskite films in the control and target groups; (f) XRD patterns of the buried interface of perovskite
films in the control and target groups; (g)-( h) Surface SEM images of perovskite films in the control and target groups;
(i) Statistical graph of grain size on the surface of perovskite films in the control and target groups;

(j) XRD patterns of the surface of perovskite films in the control and target groups;

(k)-(1) Cross-sectional SEM images of devices in the control and target groups
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3 (a)-(b) % BB £E 0 LU0 48 74 A5 2 i SR ET R R A PL BI85 (0)-(d) 3 BR 4B 7N 3L 06 4 S P i 57 T &% R TET 9 TRPL Bl
(e)-(HX+ BRZA AN SLU6 20 $5 $A 7 T AR 38 ik 5 I A9 PL mapping Bl15;(g) X B 4H F1 K36 2B $5 4K 7 T B AR ik R A9 S8 SMIR I B 4% 5
(h) X ERLAFN LIS LA A9 Mott-Schottky Bl1§; (i) XTHRAFNSLIG AR EIS BlR
Fig.3 (a)-(b) PL images of the buried interface and surface of perovskite films for the control and target groups. (c)-(d)
TRPL images of the buried interface and surface of perovskite films for the control and target groups. (e)-(f) PL mapping
images of the buried interface of perovskite films for the control and target groups. (g) UV-vis absorption spectra of the
buried interface of perovskite films for the control and target groups. (h) Mott-Schottky plots of the control and target
groups. (i) EIS plots of the control and target groups
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1§55 AR IR 57 T A IUHE B0 R 2 R 2 SRR AR ISR
& TRPL FH T FHH & TRPL FHERFHa
Table 1 Biexponential fitting of TRPL average carrier Table 2 Average carrier lifetime of TRPL fitted by
lifetime at the buried interface of perovskite films biexponential function on the surface of perovskite films
Samples A, 7/ns A, t/ns tr,/ns Samples A, w/ns A, ©n/ns  t./ns
Control  0.69 59.18 0.28 306.99 226.75 Control 0.63  58.37 0.31 354.32 280.02
Target 1.19 88.53 0.33 552.89 373.43 Target 0.67 105.81 0.28 675.24 518.22

SEGAH R AR SR S A AR RN T ARSI, X8 JE SR V, X FF B3R T B E T 5L

Syt — 2 FAE PFOS X 858K T BE 2 i 35 S0 P A5 MR, A T SR X 381 28 s A 0 ™ Y s A 1
#1471 PL mapping M(E 3(e), (1)), 25 5 3 B S 90 20 v 5 %) R A4 o3 A ok B dd 38 v T IR, HOHE PLSR S
A3 AR Y] B PROS A5 ) T B0t 35 RS 55t 1 122 fk 02 11 0 44t A i T B S0 Bk TS ) T2 G ik
AbEEANAT WIS (Uv—vis) i i (B 3(g)) , S2 50 2H FHERREAE P ' DX 33 P 114 IR A e 45 B 4 P I A i 67
BREARAAE  PEOS AR I A SO B ER AT (1447 Bt , ERE 45 it 0 o ¥ 4 2 W e i v 28 S I, il fig
WSS AL .

SRy R e b R S5 2 O I T B DR B g i b ) 8 - 30 0 2% | il Mott—Schottky BT
T HLAE AL, G 3(h)FR . NV )RR A RN

1 2 kT
o eee, N, Vi = Vij)’ 3)
Horfr CRZS [ X LA, VSRS, VRSN IR, N, e,e,6,, kFl TR F0R i 2% JEoTH
fap AT LB LA A LR B B R 25 2 W SO R . 2 PFOS Zb 35, V, MRTIREH % 0.98 V $2T
Z£1.04 V, V, HTHHE T PFOS % Me—4PACz 23 {57 B A B A R e, WA 3 5L T P fef ) i R 5
et JEARAMF NIRRT R A X — 25 R SRS R RS 5 T i SOE SR R s i —
L FH R T PROS #2281 ERE A N FERL T .

K H HLAE 22 BRI (EIS)7E G A5 2514 FiF5E PROS 43 F 28 i X 85 85 ™ A BH it L it H for 57 7% 50 ) 2
sz . B 30) R T 36T 4530 A AR L S AR B g R R B TR R A 45 3R R, & PROS 43 T2 & M
B 1 LA 52 L BEL (R, BT B2 (8 8 3 K L X — B AL 3R B PROS 43T 24 2Bl Ak T RS St 1w Biefes 41
H T 2N AR R B R S AR R K S8 V., R FF BT R R A, DL 80 124 4
R T PROS B EE T8RRI INTERLA] .

2.4 PFOS X$55 4k K PHAE R it I RE RO B2 MM

S PROS 43T 25 ks A BHRE Rt MEREI M, AR TAERIAS 7454 TTO/NIO,/PFOS/Me—4PACz/
perovskite/3MPTAI+PDADI/C,,/BCP/Ag A4k A FHBE FL It (] 4(a)). WA J—V Rt R 26 T LI
SR AR RCR I PCE N 26.32%, 538 8 T4 BRZH Y 25.02%, [RIFH: VAl FE 153 7 I B4R T X &
BT PFOS XA OS2 0 14 2403 e AL TR S A 8l . ek, X6 A 5 S 2 2 1E e 4
BRI RN B NG IR | W LI 5 4% 40 = 2 () 2AT R A7 A REZRVC e AT H far A2 ek (1 4(b), 3R 3).

RS T T, SEIR A AR FAE 1.04 VAR F4ERE300 s R3IWBARSRASRMANERITRAESH

Ja kA AR R 25.97%, X4 7E 1.01 VAR FAY%a  Table 3 Forward and reverse scan performance
A RN 24.98%( &3] 4(¢)). %ﬁﬁl‘%%%{%(EQE)%ﬁ% parameters of the control and target devices
(P A4(), B35 52 0 241 38 11 1 9 — b S B o 4 25 8 K/mA-em) Vo/V FFNG PCE%

25.49 mA/cmZ%?Xﬁﬁﬁéﬂlﬁ’ﬂ 25.38 mA/cm?, 2B Y6 F % Control—R 26.01 1.148 83.73  25.02
A 3] b AT AL F 6 AL AR AE S B A A5 B AR T 5 40 i Control=F 26.25 11498199 2475
18 PFOS ¥ B2 0 A 52 30 2% 5T 01 (P 4e)—(h), e g gy Toree R 2605 LI78 - 80.81 26,32
Egﬂelﬁ{ﬁ%{q:ngZS mg/mL Targel—F 26.21 1.174 84.60 26.03
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Fig.4 (a) Schematic diagram of the perovskite device; (b) Forward and reverse J-V curves of the champion devices for
the control and target groups; (c) Steady-state power output of the control and target groups; (d) EQE comparison of
the control and target groups; (e)-(h) Plots of PCE FF, VM, and J, for devices with different concentrations of PFOS.
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Fig.5 (a) Long-term operational stability of encapsulated devices from the control and target groups under
continuous 1-sun illumination in ambient air, measured by MPPT. (b) Stability of devices from the control
and target groups under continuous heating at 65 °C in N, atmosphere. (c) Storage stability of devices from
the control and target groups in dark ambient conditions
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Perfluorooctanesulfonic Acid Enables Efficient and
Stable Inverted Perovskite Solar Cells

Liu Xiarong"*, Yang Guichun®, Ren Xiaolong®, Fan Jiazhao*, Han Yijia®,

Zhang Fengmei®, Zhao Wenyan', Li Hongshi’
(1. School of Materials Science and Engineering, Jingdezhen Ceramic University, Jingdezhen 333403, China;
2. School of Materials Science and Engineering, Nankai University, Tianjin 300350, China)

Abstract: Self—assembled molecules (SAMs) have been widely employed as hole transport layer materials
in high—efficiency inverted perovskite solar cells. However, SAMs have problems including low coverage and
uneven distribution on the substrate, which leads to an increase in buried interface defects and reduced stability,
limiting further improvements in device performance. To address these problems, a composite hole—selective
transport layers was fabricated by introducing perfluorooctane sulfonate molecules prior to the SAMs. This
strategy aims to increase the coverage of SAMs on the substrate surface, promote the growth of perovskite
films, and suppress non—radiative recombination at the buried interface. The optimized device achieved a
champion power conversion efficiency of 26.32% and retained 80.6% of its initial efficiency after 500 hours of
maximum power point tracking under ISOS—1—1 conditions, demonstrating excellent stability.

Keywords: inverted perovskite solar cells; perfluorooctane sulfonate; interface modification; self—assembled
molecules
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