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Supplementary Fig. 1 | Test of CO2 in Cl2-CF using saturated barium hydroxide aqueous solution. When Ba(OH)2 was added into Cl2-CF and CF, a white precipitate of barium carbonate (BaCO3) was generated in Cl2-CF. In contrast, no obvious change was observed in CF.
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Supplementary Fig. 2 | Test of Cl- in Cl2-CF using silver nitrate aqueous solution. When silver nitrate was added to Cl2-CF, it became turbid immediately.
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Supplementary Fig. 3 | Moistened starch potassium iodide test paper was placed above the Cl2-CF solvent and turned blue, proving the existence of Cl2 in Cl2-CF.
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Supplementary Fig. 4 | Photographs of perovskite precursor compounds dissolved in CF and Cl2-CF.
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Supplementary Fig.5 | UV-vis absorption spectra of (a) PbI2 and (b) MAI dissolved in CF and Cl2-CF.
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Supplementary Fig. 6 | UV-vis spectra of (a) MABr and (b) HABr dissolved in CF and Cl2-CF.
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Supplementary Fig. 7 | UV-vis spectra of MACl dissolved in CF and Cl2-CF.
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Supplementary Fig. 8 | SEM images for (a) PVSK, (b) PVSK-CF, and (c) PVSK-Cl2-CF. 2D AFM images of (d) PVSK, (e) PVSK-CF, and (f) PVSK-Cl2-CF. The scan area of the AFM images is 5 × 5 μm2. 3D AFM images of (g) PVSK, (h) PVSK-CF, and (i) PVSK-Cl2-CF. The scan area of the 3D images is 5 × 5 μm2.
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Supplementary Fig. 9 | XRD patterns of PVSK, PVSK-CF, and PVSK-Cl2-CF. (a) 12° to 15°, (b) 12.2° to 13.0°, (c) 5° to 40°.
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Supplementary Fig. 10 | SEM images of the bottom surface of (a) PVSK, (b) PVSK-CF, and (c) PVSK-Cl2-CF.
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Supplementary Fig. 11 | SEM images for (a) PVSK, (b) PVSK-HABr/CF, and (c) PVSK-HABr/Cl2-CF. 2D AFM images of (d) PVSK, (e) PVSK-HABr/CF, and (f) PVSK-HABr/Cl2-CF (scan area: 5 × 5 μm2). 3D AFM images of (g) PVSK, (h) PVSK-HABr/CF, and (i) PVSK-HABr/Cl2-CF (scan area: 5 × 5 μm2).
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Supplementary Fig. 12 | XRD patterns of PVSK, PVSK-HABr/CF, and PVSK-HABr/Cl2-CF and HA2FAPb2Br2I5.
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Supplementary Fig. 13 | Azimuthally integrated scattering of grazing-incidence wide-angle X-ray scattering (GIWAXS) characterization.
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Supplementary Fig. 14 | XPS for (a) Cl 2p and (b) Pb 4f spectra of PVSK, PVSK-HABr/CF, and PVSK-HABr/Cl2-CF.
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Supplementary Fig. 15 | Tuac plot of (a) PVSK, (b) PVSK-HABr/CF, and (c) PVSK-HABr/Cl2-CF.
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Supplementary Fig. 16 | Schematic illustration of the perovskite films for (a) PVSK, (b) PVSK-HABr/CF, and (c) PVSK-HABr/Cl2-CF.
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Supplementary Fig. 17 | Cross-sectional SEM images of the (a) PVSK, (b) PVSK-HABr/CF, and (c) PVSK-HABr/Cl2-CF based devices.
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Supplementary Fig. 18 | Statistics of (a) FF, and (b) JSC of the devices based on PVSK, PVSK-HABr/CF, and PVSK-HABr/Cl2-CF.
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Supplementary Fig. 19 | IPCE spectra and the integrated JSC of the PVSK, PVSK-HABr/CF, and PVSK-HABr/Cl2-CF based perovskite device. (a) 300 to 900 nm, (b) 770 to 830 nm.
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Supplementary Fig. 20 | J-V curves and hysteresis of the (a) PVSK, (b) PVSK-HABr/CF, and (c) PVSK-HABr/Cl2-CF based devices.
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Supplementary Fig. 21 | Steady-state power output at the maximum power point of PVSK, PVSK-HABr/CF, and PVSK-HABr/Cl2-CF based devices.

Supplementary Table S1 | Fitted parameters of TRPL results of PVSK, PVSK-HABr/CF, and PVSK-HABr/ Cl2-CF perovskite film.
	
	𝜏1 (ns)
	𝜏2 (ns)
	A1
	A2
	𝜏avg (ns)

	PVSK
	188.8
	901.3
	498.7
	1009.7
	834.6

	PVSK-HABr/CF
	389.6
	1176.8
	377.9
	880.0
	1078.9

	PVSK-HABr/Cl2-CF
	342.8
	1712.4
	238.2
	913.8
	1644.5



13

image3.tif
Potassium
iodide-starch
test paper

2I-+CL,—2CI+1,




image4.tif
O e

N S~
l‘/\l MAI l AC I MABr HABr





image5.tif
R I
. -
I .
N .
. .
g .
B 'é s
ﬁ
. - - _ .
. .

. .




image6.tif
.
.
.

.

.
.

.
.

.
.

.

—
-

.

.

.

.

.

D

.

—
R

.

.




image7.tif
I —_
n -

.

.
.

e

S

.
.

.
.





image8.tiff
.

I . .

. .





image9.tif
.

_
<.NI14.04°
- -
_
B
. )
)
_ .
o
) M
e e s

.

.

.

.

_—
.

e NI

:j%
.
.
.
.

_— I
|
|
|

.

I

.

.

_

3 .

I

N |

_—
.

|

r

.

.

B
.




image10.tif




image11.png
b T e S
® © \I_’y_SK-H}g?Bi”')C.lz-CE{ ’

= 9

- PVSK:HARBY/CF
7

¥

[:

(8 RMS=32.9 nm (h)  RMS=25.7 nm ()  RMS=26.2 nm

- 5
‘ <um 4.2 m ‘ﬁ \ ,_\m

_—

4
3
.

N
-
A





image12.tif
.

. .
- l
-
I
- N i
—
. L
. —
.
e l
. e e 20 25 .

.




image13.tif
.

_

_
.
_—
.

I




image14.tif
.
.
.

N 2p5, .
2pip

I

. . . .
I

.

[miemsicy (a.0.)

IPVSIK A RO, TR

17 A

1Ay T1Al4l 147 T3
IBhndibng Wnarey (@)

35




image15.tif
.

. D . [
Eg=1.54 ¢V Eg=1.54 ¢V
N . e

I I .




image16.tiff
100
000





image17.tif




image18.tif
.
.
.

I
. . . .
.

e
e

~
"
5

I D “ABrIC\z’CF

D

D

.

.

I

.

.




image19.tif
I P I

. .
. é .
. I N
. . .
I . -
. . .
.
. B
L
. O N
. .

. .




image20.tif
—e— Reverse
e

.
.

E
© Reverse 1108 2293 8087 2559

. .

e

.
.

.

e

.

—eo— Reverse
e
.
.

.

5' Reverse 1.122 23.36 81.43 25.56

I . . .
. . . . . .
.

.

e

.

.
—eo—Reverse
S ——
.
.
.
5 ~ Reverse 1.160 24.06 81.30 25.57
e I .

N ) ) ) )
.
N

I




image21.tif
.

—————

-
-
—_—

.

I
.
.

PCE=21.42% @0.93V
| PCE=22.22% @0.97V
PCE=23.07% @0.98V

N;
F
I





image1.tif
| -
COCL+H,0—2HCI+ CO,
CO,+Ba(OH),—BaCO, | +H,0





image2.tif
o Joch

)
e

Nl
=

Cl+Ag—AgCl|





