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Abstract: Lead Halide Perovskites(LHPs) are promising candidates for next-generation optoelectronic ap-
plication. However, defect-induced ion migration causes phase degradation in LHP nanocrystals. Therefore,
material stability has become an urgent problem that impedes practical applications. In this paper, we aim to
study the influence of doping cations on inhibiting the migration of halogen ions in perovskite nanocrystals.
Through the measurement of ion migration activation energy and in-situ high-resolution transmission elec-
tron microscope technology, the effect of precursor dopants on the stability of LHPs were analyzed. Firstly,
we synthesized two types of LHP nanocrystals with high crystal quality using nickel acetylacetonate and
nickel bromide as precursor dopants, respectively. Secondly, the optical properties and component elements
of the doped samples were analyzed by absorption-fluorescence spectroscopy, X-ray diffraction, X-ray pho-
toelectron diffraction, and transmission electron microscopy. Finally, the ion migration activation energies of
various LHP films were measured using temperature-dependent ion conductivity tests, and the influence of
the precursor dopants on the stability of as-synthesized doped LHPs was compared with the results from
high-resolution electron microscopy. The results showed that the activation energies of the doped CsPbBr;
samples were significantly improved compared to the intrinsic CsPbBr; sample (0.07 e¢V), which were de-
termined to be 0.238 eV for nickel acetylacetonate and 0.487 eV for nickel bromide. In addition, the electron
irradiation experiments showed that the nickel bromide-doped perovskite nanocrystals exhibited higher struc-
tural stability. This is due to the strong bonding of doped Ni** to halogen and the synergistic passivation ef-
fect of halogen filling vacancy defects. It can be concluded that Ni** doping and halogen vacancy filling can

effectively inhibit ion migration in halide perovskite nanocrystals.
Key words: lead halide perovskite; doping; ion migration activation energy; electron beam irradiation; stabil-
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(a) Experimental results of LHPs+ NiBr,-doped and Ni(acac),-doped CsPbBr; nanocrystals under electron irradiation
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Fig. 2 Experimental results of electron beam irradiation and corresponding schematic diagram
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Fig. 3 Schematic diagram of activation energy test and test results. (a) Schematic diagram of activation energy test. ¢; and ¢, in

the figure refer to the relaxation time of the light/dark currents fitted by the photocurrent and dark current, respectively.
(b) The dark current changes at different temperatures (NiBr, doping 10%). The inset shows the semilog dark current
(InA) curve as function with the current relaxation time. (c) Activation energy (£,) caculated by formla (1). (d) Activa-

tion energy of different doped samples (x is the actual content)
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