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Fig. S1 Molecular structures of BA, ABA, and AMBA.



[image: ]
Fig. S2 FTIR spectra of (a) BA, BA-TiO2, (b) ABA, ABA-TiO2, (c) AMBA, and AMBA-TiO2.
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Fig. S3 XPS spectra of N 1s for TiO2 and TiO2/BSAMs films.
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Fig. S4 Tauc plots of the TiO2 (a) and CsPbI3-xBrx (b) without and with BSAMs.
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Fig. S5 Cutoff regions, valence band edges of UPS spectra, and energy level diagram for TiO2 films (a) with BA (b), ABA (c), AMBA (d), and CsPbI3-xBrx (e).
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Fig. S6 Schematic diagrams of work function (WF) for TiO2 films with BSAMs.

[image: ]
[bookmark: OLE_LINK2]Fig. S7 UV-vis transmittance spectra of FTO/TiO2 layer without and with BSAMs.
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Fig. S8 Top-view SEM images and CA results for TiO2 (a), with BA (b), ABA (c), and AMBA (d).
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Fig. S9 The cross-sectional SEM images without and with BSAMs.
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Fig. S10 SEM images of the bottom surface for the perovskite films deposited on TiO2 without and with BSAMs.
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Fig. S11 Photos of films without and with BSAMs annealed at 190°C.
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Fig. S12 The XRD pattern of perovskite films without and with ABA/AMBA during the annealing.
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Fig. S13 Adsorption energies between ABA/AMBA and DMSO.
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Fig. S14 The schematic diagram of perovskite crystallization in the annealing process.
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Fig. S15 FTIR spectra for (a) ABA and ABA+PbI2 and (b) AMBA and AMBA+PbI2.
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Fig. S16 Statistical results of the perovskite grain size without and with BSAMs.
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Fig. S17 AFM images of perovskite layers without and with BSAMs.
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Fig. S18 XRD spectra for CsPbI3-xBrx films without and with BSAMs.
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Fig. S19 VOC dependence on light intensity for the CsPbI3-xBrx PSCs without and with BSAMs.
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Fig. S20 The dark J-V curves of devices without and with BSAMs.
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Fig. S21 Cross-sectional SEM image of the CsPbI3-xBrx-based device.
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Fig. S22 PCE of devices with different concentrations of (a) BA, (b) ABA, and (c) AMBA.
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Fig. S23 Photographs of films without and with BSAMs at different storage times.
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Fig. S24 XRD results of perovskite layers without and with BSAMs at 0 and 168 h.
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Fig. S25 The thermal stability of the devices in the N2 environment without and with BSAMs.
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Fig. S26 XRD results of perovskite layers without and with BSAMs under UVC irradiation for 0 h, 144 h, and 384 h.
Table S1 The band structure parameters of TiO2, TiO2/BSAMs, and CsPbI3-xBrx films, respectively.
	Samples
	Ecutoff
(eV)
	EFermi
(eV)
	EC
(eV)
	EV
(eV)
	WF
(eV)
	Eg
(eV)

	TiO2
	16.64
	3.16
	4.43
	7.74
	4.58
	3.31

	TiO2/BA
	16.73
	3.14
	4.32
	7.63
	4.49
	3.31

	TiO2/ABA
	16.86
	3.13
	4.18
	7.49
	4.36
	3.31

	TiO2/AMBA
	16.97
	3.11
	4.05
	7.36
	4.25
	3.31

	CsPbI3-xBrx
	17.08
	1.54
	3.95
	5.68
	4.14
	1.73



Table S2 Fitted TRPL parameters of the perovskite films deposited on the TiO2 without and with BSAMs.
	Samples
	𝜏ave (ns)
	𝜏1 (ns)
	А1
	𝜏2 (ns)
	А2

	W/O
	26.85
	8.80
	0.38
	29.41
	0.8

	[bookmark: _Hlk169337679]With BA
	15.53
	4.71
	1.45
	19.70
	0.9

	With ABA
	7.21
	3.67
	3.17
	15.76
	0.31

	With AMBA
	4.87
	2.29
	7.22
	7.73
	1.93




Table S3 Fitted EIS parameters of PSCs without and with BSAMs.
	Samples
	Rs (Ω)
	Rrec (Ω)

	W/O
	58.61
	74018

	With BA
	19.92
	99340

	With ABA
	8.64
	107820

	With AMBA
	2.345
	174670



Table S4 The photovoltaic parameters of PSCs without and with BSAMs.
	Samples
	JSC (mA/cm2)
	VOC (V)
	FF (%)
	PCE (%)

	[bookmark: _Hlk211504495]W/O
	21.52
	1.130
	75.55
	cc

	With BA
	21.52
	1.163
	77.73
	19.45

	With ABA
	21.65
	1.179
	78.41
	20.02

	With AMBA
	21.77
	1.208
	81.30
	21.38



Table S5 The photovoltaic parameters of the control and AMBA-based PSCs under different voltage scanning directions.
	Samples
	JSC (mA/cm2)
	VOC (V)
	FF (%)
	PCE (%)
	HI (%)

	W/O (F)
	21.50
	1.098
	72.06
	17.01
	7.40
	
	

	W/O (R)
	21.52
	1.130
	75.55
	18.37
	

	With AMBA (F)
	21.75
	1.203
	79.32
	20.75
	2.95

	[bookmark: OLE_LINK7]With AMBA (R)
	21.77
	1.208
	81.30
	21.38
	



[bookmark: _Hlk206095076]Table S6 Summary of stability of CsPbI3-xBrx PSCs under UV irradiation.
	Configuration
	Champion PCE (%)
	Environment
	Aging time (h)
	Remaining PCE (%)
	λ (nm)
	Ref.

	FTO/TiO2/CsPbI3-xBrx+MC/Spiro-OMeTAD/Au
	22.04
	Air
	150
	91.1
	--
	1

	FTO/TiO2/Ti3C2Tx/CsPbI3-xBrx/Spiro-OMeTAD/Ag
	19.56
	Air
	450
	81
	--
	2

	FTO/TiO2/Cs2PbI2Cl2/CsPbI2Br/Cs2PbI2Cl2/Spiro-OMeTAD/Ag
	16.65
	--
	200
	82
	365
	3

	ITO/SnO2/CsPbI2Br/P3HT/Ag
	16.86
	Air
	28
	94
	365
	4

	ITO/NiOx/4-ABSA/CsPb0.6Sn0.4I3-xBrx/Au
	17.4
	N2
	240
	80
	365
	5

	FTO/TiO2/AMBA/CsPbI3-xBrx/Spiro-OMeTAD/Ag
	21.38
	N2
	384
	93.80
	254
	This work



References
1. Zhou, T. et al. Innovative application of photochromic molecules in inorganic perovskite solar cells: simultaneous refinement in performance and environmental sustainability. Adv. Energy Mater. 15, 2404850 (2024).
2. Wang, M. et al. Buried interface modulation via preferential crystallization in all-inorganic perovskite solar cells: the case of multifunctional Ti3C2Tx. Adv. Funct. Mater. 33, 2300700 (2023).
3. Yang, S. et al. In situ tin(II) complex antisolvent process featuring simultaneous quasi-core-shell structure and hterojunction for improving efficiency and stability of low-bandgap perovskite solar cells. Adv. Energy Mater. 10, 2002882 (2020).
[bookmark: OLE_LINK16]4. Hu, J. et al. Flattening of the cratered inorganic perovskite film via precursor engineering for CsPbI2Br solar cells with 16.86% efficiency. ACS Sustainable Chem. Eng. 12, 13392-13400 (2024).
5. Zhang, W. et al. Oriented Molecular Dipole-Enabled Modulation of NiOx/Perovskite Interface for Pb-Sn Mixed Inorganic Perovskite Solar Cells, Adv.Mater. 37, 2414125 (2025).
image4.tiff
T, _\\l/vv/'t?w BA
. — I
Tio,/BA — With ABA
—TiO,/ABA — With AMBA
—— TiO,/AMBA

(ahv)? (a.u.)
(ahv)? (a.u.)

3.0 3:1 32 33 34 35 160165170”175180185190
Photon energy (eV) Photon energy (eV)




image5.tiff
Q

~| —Tio, —Tio,
3

&

=

‘g

c

g ™._3.16 eV

£ 16.64 eV )

20 19 18 17 16 15 4 3 2 1 o0

Binding Energy (eV)

T

Intensity (a.u.)

Binding Energy (eV)

——TiO,/BA

16.73 eV

——TiO,/BA

20 19 18 17 16 15

Binding Energy (eV)

4 3 2 1 0
Binding Energy (eV)

Cc

—~ [—Tio,ABA ——TiO,/ABA

=)

8

2z

‘B

c

[0}

b= 16.86 eV 313eV

20 19 18 17 16 15 4 3 2 1 o0

Binding Energy (eV)

Q.

Binding Energy (eV)

—~ |—TiO,/AMBA —— TiO,/AMBA
=}
8
2
‘@
5
£ 16.97 eV 3.11eV

20 19 18 17 16 15 4 3 2 1 0

Binding Energy (eV) Binding Energy (eV)
e
——CsPbl, B
< | ——CsPbly,Br, CsPbly Bry
8
2
‘@
c
2
€ 16.98 eV
f 154 eV X
20 19 18 17 16 3.02520151.0050.0

Binding Energy (eV)

Binding Energy (eV)

Vaccum level TiO,

4.58 eV
-4.43 eV

CB ——f——

Fermi level — ¥— —
3.16 eV
-7.74 eV

VB o

TiO,/BA

Vaccum level —IOZ/—

4.49 eV

CB === -4.32 eV

3.14 eV
VB = -7.63eV

Fermi level —

TiO,/ABA
Vaccum level =g

4.36 eV
CB === 4 18 eV

3.13 eV
-7.49 eV

Fermi level —

VB

TiO,/AMBA
Vaccum level =g

4.25eV
CB === -4.05 eV

3.11eV
VB =" -7.36 eV

Fermi level =

CsPbl,_ Br,
Vaccum leve| =g

414 eV
CB = -3.95eV

e

| 154ev
VB ——— 5.68 eV

Fermi level —





image6.tiff
">m G2 =4

M

I\ 98 p=4

|
IN® 8G'V =4dM

($)
w

-

=
w/O

_ Erermi

BA ABEA AMBA

E




image7.png
120
100

S
R 80}
- |
S 60}
5 40} o
- | — \\/ith BA
® ol —— With ABA
|_
- — \/\Ith AMBA

O : ! : ! : ! : ! : ! :
200 300 400 500 o600 700 800
Wavelength (nm)




image8.tiff
With- ABA With AMBA





image9.jpeg
=

With BA With ABA With AMBA.





image10.jpeg
With ABA |/ with AMBA





image11.jpeg
1

[ With BA |

|





image12.tiff
Intensity (a.u.)

W/O

With ABA
——2min
——4 min

A

I PO

With AMBA

10

10 20 30 40 50

2 Theta (degree)

10 20





image13.png
© pk

|
(AS) ABJau

© v O

3 uondiospy

AMBA

ABA




image14.tiff
I'IBr". o) (* ] Evaporation}
o

Annealing '\\.{," .4"‘: "":P’{i‘f“‘l
“t}“p ' W





image15.tiff
Q

ABA —_ ~ AMBA
~— ABA+PbI, 3 1627 om? — AMBA+PbI,
1623 cm! 8
' c
' (@]
: B
: @
: IS
' (2]
' c
' S '
1619 cm™ Sy_4(NH,) = | 1621 cm™ & (NH,)

Transmission (a.u.)

1800 1600 1400 1200 1800 1600 1400 1200
Wavenumber (cm™) Wavenumber (cm™)




image16.tiff
Counts

101

Counts

10¢

W0
D,,e=228.4 nm
1 ™
-I 1 1 1
200 300 400 500 600
Size (nm)
With ABA
D,,.=295.6 nm
200 300 400 500 600

Size (nm)

Counts

Counts

15
m With BA
D,,.=223.8 nm
10}
5 L
| [ |
0—700 300 400 500 600
d Size (nm)
15
With AMBA
D,,.=349.6 nm
10}
5 L
O I L I I
200 300 400 500 600
Size (nm)




image17.tiff
RMS=20.7 nm

With ABA

.

RMS=20.1 nm

-100.0 nm

-
1.0um W
—

100.0 nm

-100.0 nm

1.0 um
—

With BA

RMS=20.3 nm

With AMBA

RMS=18.0 fm

100.0.am

-100.0 nm

1.0 um
—

100.0 nom

-100.0 nm

1.0 um
—





image18.tiff
Intensity (a.u.)

—With AMBA ——With BA
— With ABA ———W/O

(10)| (220)l

N U SR
I EDUSN SR
%

10 20 30 40
2Theta (degree)





image19.png
Voc (V)

1.2}

1.1}

1.0

o W/O o With BA

o With ABA o With AMBA
&
1.182KT/q
1.3956KT/q
1.449KT/q
1.691KkT/q

0.1 1

Light intensity (100 mW/cm?)




image20.tiff
10°

——W/O

Current density (mA/cm?)
=

—
<
1

—o— With BA
—o— With ABA
—o— With AMBA

10 05 00 05

Voltage (V)

1.0





image21.jpeg
Spiro-OMeTAD





image22.tiff
Y]

22

20

PCE (%)

b22 c22
>
\ B & ‘ ;\320 ; D> EI> ; §20 é> = )
Be T g BT TR T

BA

ABA

0 025 05 075 1.0
Concentration (mg/mL)

0 025 05 075 10
Concentration (mg/mL)

0 025 05 075 1.0
Concentration (mg/mL)





image23.tiff
W/0

With BA

With ABA

With AMBA





image24.tiff
)

Intensity (a.u.)

Intensity (a.u.)

«3-phase a y-phase W/O
* ——168h
A A
———0h

10 20 30 40 50
2 Theta (degree)

#3-phase a y-phase With ABA

a
a
I —— 168 h
-

~———0h

.

10 20 30 40 50
2 Theta (degree)

o

Intensity (a.u.)

o

Intensity (a.u.)

#5-phase a y-phase  VVith BA
* 168 h
Mu
(WSS SN
——0h

10 20 30 40 50
2 Theta (degree)

#8-phasea y-phase i AmBA
o A

—u —— 168 h

——0h

| Y W

10 20 30 40 50
2 Theta (degree)




image25.tiff
Normalized PCE

1.0

0.8

0.6

—o—W/O

—a— With BA
—o— With ABA
—o— With AMBA
N,-filled glovebox

Temperature: 85C

91.93%
85.44%

73.15%

64.57%

0

50 100 150
Time (h)

200




image26.tiff
a W/O Oh b Oh
—~ 144h| — WIRBA 1 a4
=3 384h| = 384 h
@® ©
N N A A,
> >
= A b=

0 H A n A

c c

(0] (] At
et —
< B-pr;ase < B-pr;ase

10 20 30 40 10 20 30 40
2 Theta (degree) 2 Theta (degree)

With ABA | —0h
144 h
384 h
A\ 'S

10 20 30 40 10 20 30 40
2 Theta (degree) 2 Theta (degree)

With AMBA

Intensity (a.u.) @
Intensity (a.u.) o





image1.tiff
BA

COOH

HOOC

ABA

NH,

HOOC

NH,
AMBA

CH,;




image2.tiff
Transmission (a.u.) @

1800

b c
—BA —— ABA —AMBA
! |
1116836 cm'” 1684.2 om’?
'1688.6 om!
1600 1400 1800 1600 1400 1800 1600 1400

Wavenumber (cm™")




image3.png
Intensity (a.u.)

i
N 1S 399 94 eV!

TiO,/AMBA

TiO,/ABA

TiO,/BA

405

:
400
Binding Energy (eV)

395




