Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2022

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2022

Supporting Information

Impact of Processing Conditions on the Film Formation of Lead-Free Halide Double

Perovskite Cs,AgBiBre

Maged Abdelsamie’, Kevin Cruse®?, Nobumichi Tamura?, Gerbrand Ceder®?, Carolin M. Sutter-

Fella**

1 Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA, USA
2 Department of Materials Science and Engineering, University of California, Berkeley, CA, USA
3 Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, CA, USA

4 Molecular Foundry Division, Lawrence Berkeley National Laboratory, Berkeley, CA, USA

*E-mail: csutterfella@lbl.gov



mailto:csutterfella@lbl.gov

1000 800 As_cast
| — Cs,AgBIBr; i — Reference
800 —— Cs;Bi;Bry —— With dropping IPA
= —— With 3% vol HBr

[ L B S B R R R [N L DL B B R LA N
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
- . -1
Raman shift(cm1) Raman shift (cm )

Figure S1 (a) Raman spectra of annealed Cs,AgBiBrs (black) and Cs3BizBro films (red). The Raman
features in these spectra agree with previously reported spectra for Cs,AgBiBrs films and Cs3BizBro
phases.” (b) Raman spectra of the as-cast Cs2AgBiBr films prepared with different conditions;
reference sample, with dropping IPA at 12 s from the start of spin coating, and with adding 3%
vol HBr to precursor solution are shown as black, red, and blue lines, respectively.
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Figure S2 (a) Time-evolution of absorbance at 439 nm extracted from in situ absorption
measurements during spin coating of Cs2AgBiBre precursor solution. (b-c) Absorbance spectra of
Cs2AgBiBre: (b) as-cast films and (c) annealed films.
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Figure S3 Time-resolved absorbance spectra during the initial 15 s of thermal annealing of
Cs2AgBiBreat 285 °C; reference sample in (a) and sample prepared with dropping IPA at 12 s from
the starting spin coating at 5000 rpms in (b).

a) Pre-annealing, 5000 RPM b) RT spin-casting, 5000 RPM ¢) RT spin-casting, 2000 RPM
(~155 nm film)

Figure S4 (a-c) SEM images of Cs;AgBiBrs thin films prepared with the addition of 3% vol HBr to
the precursor solution using different coating conditions: (a) prepared with pre-annealing (hot-
casting) at 80 °C and spin coating at 5000 RPM, (b) room-temperature (RT) spin-coating at 5000
RPM, and (c) RT spin-coating at 2000 RPM. The scale bar is 2 um.
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Figure S5 (a) Time-resolved absorbance spectra during spin coating of a Cs,AgBiBre precursor
solution with the addition of 3%vol H,0. (b) 2D color plots of in situ absorption measurements
for the experiments shown in (a).
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Figure S6 Colloidal hydrodynamic size distribution via dynamic light scattering (DLS) of Cs,AgBiBre
precursor solution without HBr (reference) and with the addition of 3% vol HBr; shown in black
and red lines, respectively.
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Figure S7 Time evolution of the scattering intensities at selected g-value corresponding to the
(004) scattering peak during spin-coating of Cs,AgBiBrs; prepared without solution engineering

(reference sample), with dropping IPA at 12 s, and with adding 3%vol HBr to the precursor
solution.
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Figure S8 (a-b) False-color plots of in situ GIWAXS during thermal annealing of spin-coated

Cs2AgBiBre thin films; prepared with (a) adding HBr to precursor solution and (b) dropping IPA at
12 s from the start of the spin coating.
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Figure S9 Integrated scattering intensity of GIWAXS measurements of the as cast and annealed
Cs2AgBiBrs films prepared without IPA/HBr, with dropping IPA at 12 s during spin coating, and
with the addition of HBr to precursor solution. The brown line shows scattering of the bare
substrate and from the PEEK dome used for the closed chamber during in situ GIWAXS
measurements. The scattering from the PEEK dome gives rise to the broad peaks centered
around ~ 1.57, 1.73, 1.89, and 2.4 A* (marked as asterisks). The simulated Cs2AgBiBre perovskite
peaks are shown and labeled in green.
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Figure S10 2D GIWAXS images of the as cast (a-c) and annealed (d-f) Cs2AgBiBre thin films; (a, d)
reference sample, (b, e) prepared with dropping IPA at 12 s during spin coating, and (c, f)
prepared with the addition of HBr to the precursor solution. Samples in (a-f) were prepared by
annealing in a custom-made inert Nj-chamber at the beamline during in situ GIWAXS
measurements. (g-h) 2D GIWAXS images of Cs;AgBiBrs thin films annealed in an inert glovebox
(N2); (g) reference sample, (h) prepared with dropping IPA at 12 s during spin coating, and (i)
prepared with the addition of HBr to the precursor solution. It is worth noting that samples in (a-
f) and samples in (g-h) were measured with and without the PEEK dome, respectively.
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Figure S11 2D GIWAXS images of bare substrate, showing the scattering from the PEEK dome
used for the inert chamber during in situ GIWAXS measurements. The scattering from the PEEK
dome gives rise to the broad peaks centered around ~ 1.57, 1.73, 1.89, and 2.4 AL

Table S1 Thickness measurements of the as cast and annealed Cs,AgBiBrs thin films

As-cast Annealed Retained volatiles
Samples
Thickness (nm) Thickness (nm) (vol% per unit area)
Reference 184.6 157.4 14.7
Dropping IPAat 12 s 166.3 155.4 6.6
With 3% vol HBr 189.1 160.2 15.3
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