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Figure S1: Schematic of the layered structure of CsPbBrs electrode and FTO substrate.
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Figure S2. A: the view of the CsPbBr3 film on FTO under normal light before contact with 1
M KOH electrolyte. B: the view of the CsPbBr3 film on FTO under normal light after contact
with 1 M KOH electrolyte C: the CV curves of CsPbBrz on Ni foam in 1 M KOH electrolyte.
D: the view of the CsPbBrs electrode under UV light after 2000 cycles of charge and

discharge in TBAPFg electrolyte.
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Figure S3. Schematic diagram of the EDLC behaviour of TBAPFs on the surface of CsPbBr3

electrode.
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Figure S4. A: the CV curves of CsPbBr3 electrode in 1 M TBAPFs at different scan rates
under N2 flow. B: the charge and discharge curves of the CsPbBr3 electrode in 1 M TBAPFs
at different current densities under N> flow. Figure 4. C: the CV curves of CsPbBrs electrode
in 1 M TBAPFs at different scan rates in the air. D: the charge and discharge curves of the

CsPbBrs electrode in 1 M TBAPFs at different current densities in the air.
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Figure S5. A: High-resolution XPS scans of elements Cs on the CsPbBr3 electrode before and

after electrochemical cycling tests. B: High-resolution XPS scans of elements Pb on the

CsPbBrz electrode before and after electrochemical cycling tests. C: High-resolution XPS

scans of elements Br on the CsPbBrs electrode before and after electrochemical cycling tests.

The Ar etching was used to remove the TBAPFg covered on the CsPbBrs electrode.



. Spectrum 2
At%
485
241
105
83
45
35
07

11

Figure S6. A: the atomic ratio of different elements and their peaks’ intensity, correspond to
EDS mapping in Figure 5. B: the SEM line scan of the SS-0.1 after the electrochemical test. C:

orientation and area of linear scan.

Figure S7. The SEM of the CsPbBrs electrode after some CV scans at different

magnifications A and B.
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Figure S8. FTIR of CsPbBrs crystal obtained from CsPbBrs electrode in SS-lafter 2000

cycles of charge and discharge.
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Figure S9. A: Cycling stability of SS-1 after 2000 and 10000 cycles at a current density of 40
mA/gand 100 mA/g. B: ICP-MS results of SS-1 after 2000 cycles of charge/discharge af 100

mA/g and 40 mA/g.

Characterization of the CsPbBrs nanocrystals

The morphology images of the as-synthesized CsPbBrs nanomaterial measured by SEM and

TEM are shown in Figure S10. The synthesized CsPbBrs nanocrystals adopt a cubic shape as

shown in Figure S10A. The high-resolution TEM image (Figure S10B) shows the lattice

fringes of the cubic nanocrystals with an interplanar spacing of 0.58 nm, which corresponds to
the (100) plane of cubic CsPbBrs.lt! 2 Figure S1C shows the top view of the CsPbBrs
electrode. It is noted that the particle sizes of the CsPbBrs nanocrystals in Figure S10B (TEM)
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are small due to the sonication process. On the other hand, the CsPbBrz will aggregate to form
larger particles due to the effect of particle fusion and coarsening, which is commonly
observed in the thin film fabrication and SEM sample preparation process. I The cross-
section SEM image of the CsPbBra/FTO/glass electrode in Figure S10D indicates that the
CsPbBrs layer has a thickness of around 700 nm.

A

S

Background

CsPbBrz 700 nm I

- Glass
1um 1 um

Figure S10. A: the SEM of as-synthesized CsPbBrs nanocrystals. B: the TEM of as-
synthesized CsPbBrs nanocrystals. C: the top view of CsPbBrs electrode deposited on FTO
glass under SEM. D: the cross-section view of CsPbBrs electrode deposited on FTO glass
under SEM.

The specific surface area of CsPbBrs nanocrystals was measured in the TriStar 11 3020 by
argon gas at 87.29 K. Figure S11 A shows the argon sorption isotherm curve (A) of CsPbBr3
belonging to type 111 according to IPUAC classification. The adsorbent-adsorbate interactions



are relatively weak, and the argon molecules are clustered around the most favourable sites on
the surface of our materials, indicating CsPbBrs is a nonporous or macroporous solid.
Figure S11 B shows pore size distribution (B) of CsPbBr3 the majority of the pores of the
materials have sizes in the range of 1-4 nm. The BET surface area is 2.0760 +0.0131 m%y
and the Langmuir surface area is 6.0516 +=0.6486 m<y. The correlation coefficient of BET
and Langmuir analysis is 0.996. and 0.983 respectively. To the best of our knowledge, this is
the first time that the BET of CsPbBr3 perovskite nanocrystals is obtained. Although, there is
no relevant literature value that can be compared so far, it is possible that the high capacitance
of our materials benefits from the higher specific surface area than the other materials listed in
Table S1.
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Figure S11. A: Argon adsorption isotherm at 87.29 K. B: Pore size distribution with argon
gas adsorption at 87.29 K.

XRD was then used to determine the material’s crystallographic structure. The peaks at 20 =
37.79, 30.64, 26.48, 21.43 and 15.06 degrees in the XRD pattern are consistent with the
standard diffraction pattern of cubic CsPbBrs (PDF ID 00-054-0752) (Figure S12A) and other
reports in the literature.[*l 1 1 71 Uv/-Vis spectroscopy and photoluminescence spectroscopy
(PL) were used to determine the optical properties of the as-synthesized CsPbBrs. The
observed onset absorption at 525 nm with a peak at 505 nm in the UV-vis spectrum and a PL
photoemission peak at 510 nm are consistent with that of CsPbBrs (Figure S12B).B The
bandgap of CsPbBrs3 is 2.34 eV which was obtained by fitting the Tauc plot curve of the UV-
Vis spectrum (Figure S12C) is consistent with the band gap of bulk CsPbBrs, which means
that quantum confinement is negligible due to the large size of the synthesized CsPbBrs

nanocrystal.[®]
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Figure S12. A: XRD spectrum of synthesized CsPbBrs. B: UV-VIS absorption and PL
emission of synthesised CsPbBrs. C: Tauc plot and Fluorescence of synthesised CsPbBrs, D:

the XPS wide scan of CsPbBrs.

The chemical composition of the materials was measured by XPS and EDS respectively. The
XPS (Figure S12D and Figure S13) survey scan confirms the existence of Cs, Pb and Br in
the surface of the as-synthesized material with an atomic ratio 1 : 0.97 : 2.82 , which is close
to the expected stoichiometric ratio of 1 : 1 : 3 for CsPbBrs. The signals of O, C, and Sn
detected in the wide scan (Figure S12D) are attributed to the organic ligand (oleic acid and
oleylamine) on the surface of the CsPbBrs nanocrystals and the FTO substrate since the FTO
may not be entirely covered by the CsPbBr3 film. Figure S13A shows two peaks at a binding
energy of 723.3 eV and 737.3 eV, which can be assigned to the 3ds and 3ds core levels of
Cs, respectively. The two peaks at binding energies of 137.1 eV and 142.0 eV are assigned to
Pb 3fs2 and 3fs2 (Figure S13B), whereas peaks for Br 3ds/2 and 3ds,2 occur at binding energies
of 68.7 eV and 69.7 eV, respectively (Figure S13C).°l 101 [111. [21 The element composition of
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the bulk CsPbBrs nanocrystals measured by EDS (Figure S13D) also confirms that the atomic
ratio of Cs, Pb, and Briscloseto1:1:3(i.e.1:1.16:2.72).

A - - - - Raw data B
Cs3dy, -~ - PeakFitCs 3d,,
1 - - - Peak Fit Cs 3d,,
- i —— Baseline CS,‘3dm
= i Curve Fit 1 =
\(3 ' i\ 3
®©
> ! a -
‘@ i £ 2
= i £ A D
Q b ! “ o
c L
- L=

725

730 735

740

Binding Energy (eV)
C - - RawData
Br 3d :

/,.\5/2 Peak Fit 3d,,

“\}\ ——Peak Fit 3d,,
o \\‘\Br,idm —— Baseline
= \ ~ A — Curve Fit
&
2
‘@
e
L
£

66

68

Binding Energy (eV)

70

Raw Data
A ~-- PeakFitPd4f

- - - Peak Fit Pd 4f5/2/ Pb 4f_,

\

!\ ——Baseline !
Cure Fit i\

138 140 142
Binding Energy (eV)

136

144

Figure S13. XPS spectrum of synthesised CsPbBrz. A: XPS narrow scan of Cs. B: XPS

narrow scan of Pb. C: XPS narrow scan of Br. D: EDS point scan of synthesised CsPbBrz and

the SEM image at corroding position.

Table S1. The performance of other perovskite electrode material in supercapacitor.

Electrode Potential | Capacitance | Stability | Retention | Reference
material window rate
Our work | CsPbBr3 0-1V 264 mF/cm | 10000 90.43 % This
cycles work
528 mF/g
Previous | CsPbls 0-0.7V | 7.23mF/cm | 1000 65.5 % [13]
work cycles
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MAPbDI3 006V |21.5pF/cm | 1000 98.34% |04
cycles

MAPDI3 0-0.6V |6.95pF/cm | 15000 82.6 % [15]
cycles

(CH3NH3)3Biz2ls | 0-0.6V | 5.5mF/cm | 10000 84.8 % [16]
cycles

(CNzSHs)sBils | 0-0.6V  [3.32F/cm | N/A N/A [17]

Table S2. Standard deviation and residual standard deviation of ICP-MS results of SS-0.1 and

SS-1 after 2000 cycles of charge/discharge.

Cs in 0 M|{Cs in 1 M|[Pb in 001 M|Pb in 1 M
TBAPFs TBAPFs TBAPFs TBAPFs
SD 0.03558 0.00308 0.05208 0.01893
RSD% 0.6 1.8 0.8 3.7

Table S3. Percentage of different phases of CsPbBrs electrode before and after 500, 1000,

2000, and 10000 cycles.

Cubic%

Orthorhombic% | 0.1 M
TBAPFg

CsPFs%

RWP

GOF

0 500 1000 2000 10000

89 85.37 82.8 67.53 86.32

11 10.1 9.8 7.99 1 M | 9.67
TBAPFs

0 4.53 7.4 24.48 4.01

4.43 6.29 5.89 5.56 7.48

1.26 1.81 1.24 1.75 1.43
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