Supplementary Information (SI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Enabling Multidimensional Fine-Tuning of
Large Scale BiOI Films with Ultrasonic
Spray Pyrolysis

Hao Wang ¢, Weilong Qin ®, Qitao Liu ®, Neway Belachew °, Jianming Li ¢, Qinglu Liu ¢,

Jiabo Le ®, Yongbo Kuang "

a School of Materials Science and Chemical Engineering, Ningbo University, Ningbo,
Zhejiang 315211, China

b Zhejiang Key Laboratory of Advanced Fuel Cells and Electrolyzes Technology, Ningbo
Institute of Materials Technology and Engineering, Chinese Academy of Sciences,
Ningbo, Zhejiang, 315201, China

c Institute of Materials, Ningbo University of Technology, Ningbo 315211, China

d Center of Artificial Photosynthesis for Solar Fuels and Department of Chemistry, School
of Science and Research Center for Industries of the Future, Westlake University,
Hangzhou, Zhejiang 310030, China

*Corresponding Author

Correspondence: kuangyongbo@nimte.ac.cn



Figure S1. Photographs of our custom-built ultrasonic spray deposition system used for
BiOl thin film fabrication.

To meet the experimental requirements, we self-assembled a stable and reliable ultrasonic
spray pyrolysis deposition device capable of preparing large-area thin films. As shown in
Figure S1(a), which presents the main working area of the spraying device. The ultrasonic
atomization nozzle (indicated by the red dotted circle in Figure S1(a)) is fixed on the Z-
axis of the three-dimensional sliding module. Directly beneath it is a copper heating stage
that provides the requisite temperature for the thermal decomposition reaction. A syringe
(c) controls the liquid feed rate of the precursor solution, which is conveyed to the
ultrasonic atomization nozzle via a Teflon tube for atomization. An ultrasonic atomization
controller (d) regulates the atomization power. The atomized droplets are transported by
the carrier gas, generated by an air compressor (b), to the fluorine-doped tin oxide (FTO)
substrate on the heating stage for thermal decomposition. The gas flow rate is precisely
adjusted by a mass flow meter controller to ensure the stability of the film quality. A
numerical control system (f) regulates the operating speed, movement trajectory, and the
distance from the nozzle to the substrate of the three-dimensional module. The preparation
of large-area films necessitates the use of a large-sized cast copper heating stage (g)
providing uniform heating.
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Figure S2. Optical microscope images of continuous spraying for 1-10 cycles at high
temperature (350 °C).

Figure S3. Optical microscope images of FTO sprayed for half a cycle at high
temperature, continuously pyrolyzed on a heating stage for 30 minutes, at various time
intervals.

Figure S4. SEM images of the original sample after being sprayed with 10 cycles of
different precursor solutions. (a) Original sample. (b) Precursor solution with normal
concentration and ratio. (c¢) Precursor solution without bismuth nitrate pentahydrate.
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Figure S5. XRD pattern of the FTO substrate.
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Figure S6. Optical microscope images and statistical sizes of droplet distribution at
different liquid feed rates. (a) 30 ml h''. (b) 60 ml h'!. (c) 120 ml h'!.
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Figure S7. Optical microscope images and statistical sizes of droplet distribution at
different gas flow rates. (a) 6 L min'. (b) 10 L min'’. (¢) 14 L min’..

Figure S8. SEM images of BiOI nanoflakes from droplets produced by a high-frequency
atomizer at low temperature.
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Figure S10. (a) SEM images at low concentration with I: Bi = 3:1. (b) SEM images at
high concentration with I: Bi = 2:1.
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Figure S11. SEM images showing the variation in BiOI nanoflake thickness with the
number of spraying cycles.
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Figure S12. SEM images showing the variation in BiOI nanoflake thickness with
changing liquid feed rates.
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Figure S13. Optical microscope images of droplet behavior at high concentration without
Triton. (a) 0.1 mol L' - 30 ml h-. (b) 0.1 mol L-! - 120 ml h'!.

350 °C-34 2 | 350¥C-2:1
y

Figure S14. SEM images of BiOI samples with typical morphology.
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Figure S15. XRD patterns of BiOI samples with typical morphology.



Figure S16. Photographs comparing transmittance in five different regions of large-sized
BiOl.
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Figure S17. Current-potential curves of five different regions of large-sized BiOl.



Figure S18. SEM images of converted BiFeOs, with inset showing a photograph of the
sample.
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Table S1. Sizes of BiOlI films prepared by different methods as reported

Fabrication method Film size Applications Ref.
spin coating 0.1 cm? Solar cell 1
chemical vapor transport ~ 2.54x2.54 cm? Solar cell 2
Mist-CVD and Aerosol 1x1 cm? photoelectrocatalysis 3
assisted CVD
Mist CVD 1.02 x photodetector 4
1074 cm?
Spray pyrolysis deposition 0.21 cm? photoelectrocatalysis S
CVD 0.25 cm? photoelectrocatalysis 6
Electrochemical 0.8 x 2.5 cm? photocatalysis 7
deposition
Solvothermal 4 x 7.5 cm? photocatalysis 8
Spray pyrolysis deposition 3.14 cm? electrocatalysis ?
Spray pyrolysis deposition 1.2 x 2.5 cm? photocatalysis 10
SILAR method 2.6 x 3.8 cm? photocatalysis 1
Spray pyrolysis deposition 25 x 25 cm? photoelectrocatalysis ~ This work
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