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Abstract: The quality of the self-assembled monolayer (SAM) at the buried interface of inverted perovskite solar
cells (PSCs) is crucial to device performance. In this work, two 5-ox0-5-(phenylamino) pentanoic acid derivatives,
J1 and J2, were designed and synthesized to investigate the impact of co-adsorbents’ electronic effects on the buried
interface of PSCs. To achieve opposite electronic effects, J1 and J2, bearing an electron-donating methoxy group and

an electron-withdrawing trifluoromethyl group at the para position of the amino group, respectively. They were intro-
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duced as co-adsorbents with commercial available (4-(3, 6-dimethyl-9H-carbazol-9-yl) butyl) phosphonic acid (Me-

4PACz) respectlively to form composite self-assembled monolayer (co-SAM), aiming to regulate the buried interface

of PSCs. The results showed that the incorporation of J1 and J2 effectively reduced the defect density at the buried in-

terface. They also optimized energy level alignment and suppressed interfacial non-radiative recombination losses.

Notably, J1 exhibits a larger dipole moment than J2. As a result, the device based on J1 and Me-4PACz achieved a

power conversion efficiency (PCE) of 25.94%. This outperformed both the control device based on Me-4PACz
(24.93%) and the device based on J2 and Me-4PACz (25.06%). In addition, the unencapsulated PSCs prepared

based on the blend of J1 and Me-4PACz exhibited improved stability, retaining 89% of their initial efficiency after

900 hours of aging under an environment with a humidity of approximately 30% and a temperature of 25°C.

Keywords: Perovskite solar cells; Buried interface; Co-adsorbent; 5-oxo-5-(anilino)pentanoic acid; Power conver-

sion efficiency
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Fig.1  The synthetic routes of J1, J2
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Fig.2 Spatial structures, frontier molecular orbital distributions, and electrostatic potential maps of J1 and J2.
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JUM A R 2R L 76 250 mL 59 6 1 5] EE 48
B H A R R BF (600 mg, 2. 62 mmol) X F 4
FEH M (551 mg, 2. 19 mmol) Al 4 H1 42 (30 mL) ,
ARG F A2 WA T RV 12 he R S5 H5 ,
i FH 38 5 O < ok D BE T S A B0 £ 1R OB R U1
0.90 g, " * 86%. 'H NMR (400 MHz, DMSO-d,)
8 12.07 (s, 1H), 9. 73 (s, 1H), 7. 49 (d, J=7. 47 Hz,
2H), 6. 86 (d, J=6. 84 Hz, 2H), 3.70 (s, 1H), 2. 31-
2.24 (m, 4H), 1.82-1.75 (m, 2H). “C NMR (101
MHz, DMSO-d¢) & 174.63, 171.92, 158.12,
131.85, 130.01, 114.18, 55.41, 40.81, 40.62,
40. 41, 40. 20, 39. 99, 39. 78, 39. 57, 39. 37, 34. 95,
34.79, 33.49, 21.17. MALDI-TOF: m/z [M]" ca-
cld. C,HsNOy, 237. 25; found: 237. 06.

J2 A B IR L 76 250 mL Y B 1T 5] JEE 8
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FH 3L 28 i (603 mg, 2. 19 mmol) A1 — & H %€ (30
mL) , ARG 75 %W 55 R 12 he I 45
W5 fd Bl aE U < v T S A B B Ok
K J2 0.93 g, * K 85%. 'H NMR (400 MHz,
DMSO0-ds) 8 12. 10 (s, 1H), 10. 26 (s, 1H), 7. 81 (d, J
=7.78 Hz, 2H), 7. 66 (d, J=7. 64 Hz, 2H), 2. 41, (t, J
=2.40, 2.38 Hz, 2H), 2.30(t, J=2.28, 2.26 Hz,
2H), 1.85-1.77 (m, 2H). "C NMR (101 MHz,
DMSO-ds) & 174.59, 171.00, 152.55, 150. 14,
143. 20, 143. 09, 133. 32, 133.23, 115. 40, 115. 37,
114.54, 114.51, 108. 14, 107.91, 56. 63, 40.61,
40. 40, 40. 19, 39. 98, 39. 78, 39. 63, 39. 57, 39. 36,
35.76, 33.43, 20. 86. MALDI-TOF: m/z [M]" ca-
cld. C,H,NOsF;, 275. 23; found: 275. 06.
2.2 $54KW KPRBER ARG &
BLJECTE Uk 1 ek FTO Uk T RS E AT Uk
P 25 B K vl st 36 36 AU P R R S T TR
FEIEVE =K, AR 20 mine AR TR LA A
i 4b B 30 min
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SAM JZ VLA gl SAM 2, %5 Me-4PACZ I T
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%@ %1( Ef E’? (FAO. osMA,, 05)0. 95Cso, ospb(lo. 95B g, 05)3
DURL KK FK i CsI . FAIL, Pbl, PbBr,, Al MABr &
T DMF : DMSO=4 : 1({&F ) IR G H A (1.5
M), [6] B il A 10 mol% Bt 7 R %% (NHLSCN) ¥ ¥,
P PE T . B 100 WL 45 Bk A Hi 0K 44 %5 TR AE e
%4 SAM L5 | L) 4000 rpm Jig 14 50 s, 75 iiE 14 45
PRHT 10 BRI N 200 L SO 7 (SR ) o IR 45 R
PR & T4 F 100°CiE k 45 min,

LiF . Cg 1 BCP JZ VT : #E B 25 FE IR F 1x107°
Pa I}, 3 3 #45% & 43 ST FR 1 nm B LiF .60 nm [
Ceo A3 nm [ BCP, 5 & 3 % 4 0. 05-0. 1 A/s,

B TORR  AE BL2S FEAIRT 1107 Pa i), 38 i
ZE R VTR 100 nm AOAR FLMY , 258 2 %N 1.5 Als.
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1 1. 57 Debye, Bt B J1 B A S5 (19 70 T .
KA AR A Bl 02 32 8 0 A% i O 400 ) 2L 1 IR
IR A,
3.2 MEMERRIE

Ry it — A 25 SR AR 3 T R R G2 LA

2 KOARRE YRR SZ X 1R J2 #E AT T SR 4T
DLW W& Y6 % (Ultraviolet — visible spectroscopy, UV-
vis) JEECK GG TE (Photoluminescence, PL) 1 ¥
R (Cyclic voltammetry, CV) | 227~ 7 3l & #4 (Dif-
ferential scanning calorimetry, DSC) LL M 3 E 4 fir
(Thermogravimetric analysis, TGA) I i , 25 B4 A
3PN HE 3(a) WL, J1 AT J2 76 AT WO X I 3
AR I WY WA, U R R A B O 5 e 2% 1
Jeme . & 3(b) A J1 A2 B0 —4k PL OGS, P
5k B 0 T 29 405 nm A4b , 0 25 TN, 3R
Wl & Ok S RE LS B R 3 .

SRt — 2 4 M 1A 2 () H AR 2R R o Lk
Frevimt. wE 3(e)-(d) R, JLE0.42V
.23 VAR AR AL g, J27E0.44 VAT T 11V
b AR AR . R AR IS SR AR A
L, HOMO(eV) =—(E,, — Eppene + 4. 8eV), 11515
F| J1 A1 J2 ) HOMO B8 9% 43 il - 5. 61 eV Al
-5.47 eV, ¥ FE R M i 7 B (-5.67 eV) .
X B Fh 43 7 5 A Bk 2 8] HL A B Ok DG C 1) g
GHES AR T 28 SONESER )2 ) A AR 2 T
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G300 R 221°C A 224°C. W T SAM 2 il £ i #&
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IR B e Bl Ak S 20 52 B AT O R S, A ]
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Fig.3 Normalized UV-Vis absorption (a) and PL spectra (b) of J1 and J2 in solution; CV curves of J1 and J2 in solution (¢,
d); DSC (e) and TGA curves (f) of J1 and J2.
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Fig4 PLspectra (a); TRPL spectra (b) of perovskite films treated with Me-4PACz and Me-4PACz+]1 or J2.
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Aab T M ) 5t I AL BOR B O B R

TRPL Z 3 i £k (18 4(b)) ik

%1 Me-4PACZ L IESEERE BE 1 Me—4PACz+J1 or J2 S0 ERSE 4K 7 FE 9 TRPL 3t itt

— R o Mk

WFE A
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1
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Table 1 TRPL fitting parameters of perovskite films treated with Me-4PACz and Me-4PACz+]1 or J2.
Films 7, (ns) A (%) 7, (ns) A, (%) 7, (ns)
Me-4PACz/PVK 5.70 32.55 81. 60 67.45 55.00
Me-4PACz+]1/PVK 3.00 22.30 77.70 77.70 61.00
Me-4PACz+]2/PVK 7.40 24.42 81. 80 75.58 61.80

S BE AT L, Me-4PAC2Z/PVK EE i 19 3 34 5 £y
(7ue) N 55.0 ns, 1ii Me-4PACz+J1/PVK & J2/PVK
FEG Y 7,0, o0 I3 H 2 61.0 ns F161. 8 ns. S5 Uik

] B, e A2
1 67. 45% & 5

Al E ) 5 (A2) B Me-4PACZ/PVK

2 77.70% F175. 58% , 75 Bl J1 Fil

J2 19 51 BE G A7 R0 il Sk B 75 5 1 AR R O 2 G
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T 5 K 3 1 U W8 Pk B B W, X Me-4PACz, Me- %%, LI Bl B B 20820, B BH co-SAM FL i )2 BE %
4PACz+]1 Fl Me-4PACz+]J2 b B J5 A9 45 £k 7 3 i O R B R T A . T ORI A A A B
HEAT TR AL SEM R fil #0320, 5 R AN &1 S F T oAb B L KRR R T R s 2 B 0 R 15
o B 5(a)-(c) Al %1, Me-4PACZ/PVK JH JI5 % SIS E A .

(c)

Me-4PACz + J2IPVK ~  ZHM

(d) 57.0° (e) 67.0° (f) 83.5°

- =

— ——
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P15 Me-4PACz AL BEAGER A" [ (a) \Me-4PACz+)1 Ak BTG B4 1 (h) \Me-4PA Cz+J2 Ak BRAT BB I () 19 I #1L SEM 5] ; Me-
APACz AL BRESER 5 (d) \Me-4PACz+] 1 &b BEAGEL 1 (&) \Me-4PACz+)2 &b BEAGEL 4 I () i 7K 22 ik £y

Fig.5 Top-view SEM images of perovskite films treated with Me-4PACz (a), Me-4PACz+ J1 (b), and Me-4PACz+J2 (¢); wa-
ter contact angles of perovskite films treated with Me-4PACz (d), Me-4PACz+J1 (e), and Me-4PACz+J2 (f).

KCHZ fi A7y W03 — 28 R R0 B S X Me-4PACz 1B 24 L Bl 647 T R gtk . W
BRI T A BT W e s 5(d)- R 2R, BT Me-4PACz 1Y XS B 7 IR PCE
(f) fif 78 , Me-4PACz/PVK T8 & (1) 7K 4 ik f2 My 24.93%, Xf B [ JF # B K (open-circuit coltage,
57.0°; 81 A J1 &, K2 il 385 K & 67. 075 1111 Me- V,.) . % HL 3R %8 B (short-circuit current density,
4PACz+J2/PVK W 5 (0 K 4% fik M i — A48 A 2 J) I 378 A F (fill factor, FF) 40 9 4 1.15 V|
83.5%, IXFHH J1 AN J2 ¥4 0T $& 1 55 B 4 v A 3R 1 25.91 mA-cm 2F1 83. 48%. 71 AL F )5 , 4%
BK PR, o A = A 2R I . e (PR RERE AR % L A A 1 R B S T S R
J R AE T = 30 i B o K R M AT A Ak G, EREBRSMT ey J-vith Zan &
LK FIRA . ARG RFEY] I 25 Me- 6 (a) fIf 78 o X} T Me-4PACz+J1 2§ 1F , 24 Me-
4PACZ I HT co-SAMJZ S5 , AL REME I E B AR 4PACz = J1 2 ¢ LB, #8 F 3R 15 5 1 25. 94% 1Y
BTS00 , i A B4 SR A5 R0 2 M BK IR AR g I, ok PCE, [l i} J, & F+ = 26.70 mA-cm ~ %, FF N

PR PR TR AL SR 84.00% . T T Me-4PACz+J2 5514 , 24 Me-4PACz
3.4 $54XW KPHBERR S MERERIE ]2 2 s 1 RIS & ME PCE Sl 25.06%, V,, ik 3

R AT Fe O AT VR R XS TR J2 1 1.20 V,{H J..(25.92 mA-em2) Fl FF(80.32%)
£2 AERFMELE TEENIEESH

Table 2 Performance parameters of the device under different addition ratios

Sample Proportion with Me—4PACz Voc (V) Jse (mA+cm™) FF (%) PCE (%)

Me-4PACz/PVK control 1.15 25.91 83.48 24.93
5:1 1.13 26. 19 86. 89 25.62

Me-4PACz+]J1/PVK 2:1 1. 16 26.70 84.00 25.94
1:1 1. 15 26.61 84.26 25. 88

5:1 1.20 25.60 80. 31 24.62

Me-4PACz+]J2/PVK 2:1 1.20 25.92 80. 32 25.06
1:1 1.20 25.77 80. 05 24.84
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X 4PACz+)1 (23R . it — DR T A R
Z LU AT 0T S TR FL A A% AT S 04 52, Ok S [ T
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Fig.6 J-V curves (a), I-V curve (b), hole mobility curves (¢), and SCLC curves (d-f) of Me-4PACz/PVK, Me-4PACz+]1/

PVK, and Me-4PACz+]J2/PVK devices.
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