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Fig. 1. TEM images of NiO, nanoparticles prepared at pH of (a) 9.0, (b) 9.2, (c) 9.5, (d) 9.8 and (e) 10.3; (f) particle size statistics
for TEM image; (g) particle size distributions and (h) average particle size of NiO, nanoparticles measured by nanoparticle size analyzer.
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B 2 A% pH A (a) 9.0, (b) 9.2, (c) 9.5, (d) 9.8, (e) 10.3, (f) 11.5 15 F A Ni(OH), ¥HA&ry TEM & $i K
Fig. 2. TEM images of Ni(OH), powers prepared at pH of (a) 9.0, (b) 9.2, (c) 9.5, (d) 9.8, (e) 10.3 and (f) 11.5.
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Fig. 3. (a) Zeta potential of NiO, nanoparticles; (b)—(d) deposition photographs of NiO, dispersion solution at different time: (b) At

beginning; (c) 21 days; (d) 70 days.
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Fig. 4. (a)-(e) XPS images of NiO, nanoparticles; (f) XRD image of NiO, nanoparticles.
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5 AWMAER pHAE N (a) 9.0, (b) 9.2, (c) 9.5, (d) 9.8, (e) 10.3 ) NiO,, kL il 45 (0 M 19 AFM [&; (£) NiO, 3 4% 1 56 )it [2
Fig. 5. AFM images of NiO,, films prepared from different NiO, nanoparticles synthesized at pH (a) 9.0, (b) 9.2, (¢) 9.5, (d) 9.8 and
(e) 10.3; (f) cross-sectional profiles of NiO, films.
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{6 A5EKH AW ITO/NIO,/MAPBI, #) (a)—(e) SEM I, (f) PLiGI, (g) %64
Fig. 6. (a)-(e) SEM images, (f) PL spectra, and (g) PL decay spectra of perovskite film (ITO/NiO,/MAPbDI3).
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Performance of trans perovskite solar cells improved by finely
adjusting the particle size of nickel oxide nanoparticles
through pH value”
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Abstract

As a low-cost, high stable hole transport material, nickel oxide has been widely used in inverted structure
perovskite solar cells in recent years. By far, the most common method of preparing nickel oxide hole transport
layers is spin-coating pre-prepared nickel oxide nanoparticles (NiO, NPs), which puts forward high requirement
for the particle sizes and solution processing capabilities of NiO, NPs. In this work, the sizes of NiO, NPs are
precisely controlled by adjusting the pH value of the system in the synthesis process, and high-quality nickel
oxide hole transport layers are then prepared. The experimental results exhibit that the NiO, NPs with sizes of
5-10 nm are obtained at a pH value in a range of 9.5-9.8. More interestingly, the obtained NiO, NPs have good
dispersion stability and can achieve long-term dispersion in aqueous solution. Furthermore, the structural
composition analysis of NiO, NPs shows that the pH value of the synthesis system does not have a significant
effect on the material structure nor composition of the NiO, NP. Surface morphological analysis shows that the
NiO, film prepared by the pH-controlled NiO, NPs is rather dense and particularly flat with small surface
roughness. It is also found that the film exhibits good hole extraction capability. We also fabricate an inverted
perovskite solar cell based on the NiO, film. The device structure is ITO/NiO,/CH;NH;Pbl;/PCgBM/Bphen/
Ag. Tt yields a good photovoltaic conversion efficiency (17.39%). In addition, the device is almost hysteresis-free.
Our experimental results exhibit that the performance of perovskite solar cells can be effectively improved by
precisely controlling the sizes of NiO, NPs through pH values. Our work is expected to facilitate the develop-

ment of NiO,based perovskite solar cells.

Keywords: NiQO,, inverted perovskite solar cell, nanoparticle size

PACS: 81.07.Wx, 88.40.—j, 88.40.hj DOI: 10.7498/aps.72.20221640
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