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Experimental Section

Materials:

All the chemicals were used as received, including CuBr; (Copper bromide, 99.999%,
Sigma-Aldrich), BrH3NCsHsNH3Br (1,4-Benzenediammonium bromide, 98%, Xi'an
Polymer Light Technology Corp), dimethylformamide (DMF, anhydrous, 99.8%, Sigma-
Aldrich), and dimethylsulfoxide (DMSO, anhydrous, 99.8%, Sigma-Aldrich). Fluorine-
doped tin oxide (FTO)-coated glass (TEC7, 2.2 mm) and indium tin oxide (ITO)/PET (0.125
+ 0.05 mm) were purchased from Ying Kou You Xuan Trade Co., Ltd (China).

Film fabrication:

The pPDACuBrs precursor solution (0.5 mol/L) was formed by dissolving equimolar
BrH3NCsHsNH3Br (269.9 mg) and CuBr; (223.5 mg) in mixed solvents including 0.6 mL of
DMF and 1.4 mL of DMSO. Then, the precursor solution was stirred at 60°C overnight. For
the hot-casting method,! the pPDACuBr4 precursor solution and FTO glasses were heated on
a hot plate at 70°C and 120°C respectively for 10 min. Then the pPDACuBr4 precursor
solution (Figure 1c) was dropped on the pre-heated FTO substrates and spin-coated at 3000
rpm for 20 s. For conventional post-annealing method, the pPDACuBr4 precursor solution
was dropped on FTO substrates and spin-coated at 3000 rpm for 20 s. All perovskite films

were annealed at 90°C for 20 min.

Material characterizations:

Powder X-ray diffraction (XRD) measurements were performed on a Ultima IV X-ray
Diffractometer with Cu Ka from 5 to 80° (20). UV-vis and transmission spectra were
measured for the pPDACuBrs thin films spin-coated on the FTO substrate using a
PerkinElmer Lambda 950 spectrophotometer. SEM tests were performed on a field-emission
SEM (MIRA3 TESCAN). Transient steady-state fluorescence spectrometer (Edinburgh FLS9)
was used to test the steady-state photoluminescence (PL) spectrum (Excitation wavelength:
635 nm). An SDT Q600 V20.5 Build 15 instrument was used for thermogravimetric analysis.
The analysis was performed under a nitrogen atmosphere (flow rate 60 mL/min), and an
interval from 42 to 800°C (ramp rate of 10°C/min) was studied. The film thickness for
calculation of absorption coefficient (see Figure S6) was measured by a Profilometer Dektak
XT (Brucker). The samples for UV-vis and transmission spectroscopy tests were prepared by
the hot-casting method. The UV light stability tests were carried using a 250 W (wavelength:
395 nm) UV lamp.



Solar cell fabrication and characterizations:

The FTO glasses were cleaned sequentially in acetone, ethanol, and deionized water, each
for 15 min respectively, and then dried by Nitrogen and treated in UV Ozone for 30 min. A
SnO; nanoparticle-modified TiO; film (SnO.@TiO2) was prepared according to our
previously report. The FTO substrates coated with SnO>@TiO: layer were preheated at
120°C for 10 min. Then 0.5 M pPDACuBr;4 precursor in DMF and DMSO (Volume ratio 3:7)
solution was dropped on the substrates and spin coated at 3000 rpm for 20 s. Then, the
perovskite films were heated at 120°C for 10 min. The hole transport layer (HTL) was
prepared by spin-coating the Spiro-OMeTAD solution at 3000 rpm for 30 s. Finally, 100 nm
of Au metal electrode was thermally evaporated onto the HTL. Photocurrent-voltage (J-V)
curves of the devices with an active area of 0.1 cm? were tested by using a source meter
(2400, Keithley) under AM 1.5 G condition of 100 mW/cm? illumination using a Peccell
Technologies PEC-L01 solar simulator. The devices were tested by forward (from —0.2 to

1.2 V) voltage scanning with a sweep speed of 0.05 V/s.



Figure S1. Different perspectives of the pPDACuBr;4 structure from (a) top view and (b) side

view.
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Figure S2. Illustration of the synthesis of pPDACuBrs powders via a mechanochemistry
method. The pPDACuBr4 powders were fabricated by grinding the mixture of equimolar
BrH3NCgHsNH3Br and CuBr; powders in a mortar for 30 min. Then the compound powders
were heated at 50°C for 30 min to promote the chemical reaction. Finally, to prevent the
residue of the reactant remaining in the mixture, the powders were ground for another 10 min,

after we got the black pPDACuBr4; powders.
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Figure S3. XRD patterns of experimental and calculated pPDACuBrs perovskites. The

calculated XRD pattern was performed using Reflex module package in Materials Studio.>
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Figure S4. Transmittance spectrum of a pPDACuBr4 film spin-coated on FTO glass.



Table S1. Bandgaps of various halide perovskite materials reported in the literature.

Types Compound Bandgap (eV) Ref.
Pb-based MAPDI; 1.55 [5]
FAPDI; 1.50 [5]
CsPblz 1.67 [6]
Sn-based FASnI3 1.41 [6]
MASnI; 1.20 [6]
CsSnlz 1.30 [6]
Ge-based MAGels 1.90 [7]
FAGel; 2.20 [7]
CsGels 1.60 [7]
Bi-based Cs2Ag(Bio.625Sbo.375)Brs 1.86 [8]
AgBizly 1.87 [9]
RbsBizly 2.10 [6]
CesHsNH;3Bil4 2.14 [10]
Sb-based MA;Sbalo 2.14 [11]
Cs2SbAgCls(Cu?*-doped) 1.00 [12]
Cs4CuSb,Cli2 1.00 [13]
Ti-based Cs2Til2Bry 1.38 [14]
Cu-based (C¢HsCH2NH3)>CuBry4 1.80 [15]
MA>CuClosBr3:s 1.80 [16]
pPDACuBr4 1.43 Our work




1.2

—s— [N H:CeH:N Hs]CU Br.
- [N HsCsH:N H3]CU]BI’20|2

1.0

0.8

0.6

0.4

Absorbance

0.2

0.0 —L
400 500

600 700 800 900 1000
Wavelength (nm)

Figure S5. UV-vis absorption spectra of pPPDACuBr4 and pPDACuBr:Cl: films. Inset: digital
photographs of pPPDACuBr4 (left) and pPDACuBrCl: (right) films.
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Figure S6. Absorption coefficient of a pPPDACuBr; film at a wavelength from 400 nm to
1000 nm (The film thickness is about 180 nm).
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Figure S7. Steady-state photoluminescence spectrum of a pPDACuBry film.

Table S2. Optical parameter comparison of Cu-based perovskite materials.

Perovskites Emission peak [nm] FWHM [nm] Spectral region Ref.
MACuCl2Br; powders ~513 ~83 green [16]
MA>CuClg sBr3. s powders ~520 ~75 green [16]
Cs2CuCls QDs 388 68 blue-green [17]
Cs2CuBrs QDs 393 74 blue-green [17]

pPDACuBr4 film 500 25.05 green Our work
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Figure S8. Photographs and SEM images of a pPDACuBr; film before (a, d, g) and after
storage in ambient air (relative humidity: 40-50%, temperature: ~25 °C) for 6 (b, e, h) and 18
(c, f, 1) days.
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Figure S9. XRD patterns and photographs of pPDACuBrs materials before and after storage
in ambient air (relative humidity: 40-50%, temperature: ~25 °C) for 10 days.
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Figure S10. Photographs and SEM images of a pPDACuBr4 film before (a, d, g) and after
continuous UV light exposure for 6 (b, e, h) and 18 (c, f, 1) days.



Figure S11. SEM image of a pPDACuBr; film prepared by hot-casting method at low

magnitude (1000x).
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Figure S12. AFM height image (a) and 3D image (b) of pPDACuB14 film prepared by hot-

casting method.

Table S3. Roughness comparison between respective MAPbI3 films prepared by different
methods and the pPDACuBr4 film prepared by hot-casting method.

Perovskites Rgg:l;r;f:el;;((l:;l;e Scan(lsli::lgi)area Methods Ref.
MAPDI; 7.90 10 x 10 Gas pump [18]
4.98 5x5 Multi-flow air knife [19]

8.30 3x3 Solvent engineering [20]

14.5 - Surfactant-controlled ink [21]

pPDACuBr4 3.85 10 x 10 Hot-casting Our work




Figure S13. Digital photographs of pPDACuBr4 films prepared by conventional post-

annealing (left) and hot-casting (right).

Intensity (a.u.)

—Q—#2
—A—#3

—o—#4

500 600 700 800 900 1000
Wavelength (nm)

Figure S14. The UV-vis light absorption spectra of 4 pieces of 2.25 cm x 2.25 cm perovskite
films. The films were made by cutting an 4.5 cm x 4.5 cm film into 4 pieces: the spectra of
each piece was recorded individually. The perovskite film was deposited via the hot-casting

method.
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Figure S15. J-V curve of the best performing device with pPDACuBrs absorber measured
under simulated AM1.5 100 mW/cm? illumination. The inset is digital photos of a
pPDACuBr4-based solar cell.

Table S4. Comparison of initial photovoltaic parameters of devices based on Cu-based

organic—inorganic hybrid perovskite materials.

Perovskites Voe[V] Jse[mA/ecm?] FF [%] PCE [%] Ref.
(CsHsCH2NH3)2CuBry 0.68 0.73 41 0.20 [15]
MACuCl;Br2 0.26 0.216 32 0.017 [16]
MA>CuClsBr35 0.29 0.021 28 0.0017 [16]
pPDACuBr4 0.65 1.14 32 0.24 Our work
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