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Abstract: Mn ion doping strategy emerged as a widely employed strategy for enhancing the stability of CsPbX;
perovskite nanocrystals (NCs) and regulating Pb content. Nevertheless, the rapid reaction rate associated with ion
doping poses significant challenges for controllable synthesis. Herein, we have employed both the one-step and
two-step hot injection methods to synthesize CsPbCly: Mn** NCs with varying levels of Mn® doping, allowing for ap-
proximate and precise control of Mn> incorporation. Through an investigation of their structural and luminescent
properties, these NCs are divided into alloy structure and doping structure, elucidating distinct mechanisms in-
volved in one-step and two-step Mn®* regulation. The alloy structure nanocrystals synthesized by one-step method
have higher Mn™ doping amount than that by two-step method under the same Pb: Mn feeding ratio. Consequently,
the Mn-related emission peak of nanocrystals at about 610 nm is more intense with maximum photoluminescence
quantum yield (PLQY) of 77%, and the PLQY of the doped nanocrystals synthesized by the two-step method is al-

so higher in the case of less Mn>. At the same time, the controlled doping of Mn* improves the stability of
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perovskite nanocrystals, and the original morphology and luminescence properties remained stable after four

weeks. Notably, alloy structure is more favorable for improving the luminescence stability of intrinsic excitons com -

pared with doping structure. In addition, CsPb(Cl,Br;_,) : Mn® perovskite nanocrystals with excellent luminescent

properties have been synthesized. The fluorescence spectrum can be regulated between 404-640 nm, but when the

Br content is high, the emission peak associated with Mn disappears. This is due to the mismatch between the en-

ergy band of CsPbBry and the *T|-°A; energy level of Mn®". This paper emphasizes the significance of precise Mn®*

doping control in the preparation of CsPbCly: Mn™ perovskite NCs, which is of great significance for the controlled

synthesis of nanocrystals.
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Fig.1 TEM images(the scale bar is 100 nm) and HRTEM images(a), XRD pattern(b), XPS patterns((c)-(d)) and photolu-
minescence spectra(e) of CsPhCly: Mn™ NCs with different Pb: Mn feeding ratios synthesized by one-step method during
PbCl, quantification. (f) Photoluminescence spectra of CsPbCly: Mn™ NCs synthesized by rough control method at differ-

ent reaction time when Pb: Mn=1:1.0
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Fig.2

(a) TEM images (the scale bar is 100 nm) of CsPbCly: Mn™ NCs with different Ph: Mn feeding ratios synthesized by two-

step method during PhCl, quantification. (b)Photoluminescence spectra of CsPbCly: Mn** NCs with different Ph: Mn feed-

ing ratios synthesized by two-step method during PbCl, quantification (inset is amplification of spectra). (¢)Intrinsic exci-

ton luminescence lifetime of CsPbCly: Mn® NCs synthesized by two-step method with Pb: Mn=1:0 and Pb: Mn=1:0.5. (d)

The characteristic luminescence lifetime of Mn* of CsPbCly: Mn™ NCs synthesized by two-step method with Ph: Mn=1:

0.5. PLQY(e), the relationship between the real Mn content and the Ph: Mn feeding ratio(f), PL image of n-hexane solu-

tion NCs under 365 nm irradiation (g) , and schematic illustration of mechanisms (h) of CsPhCly: Mn®™ NCs synthesized

by one-step and two-step methods
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Fig.3 Photoluminescence spectra(a) and XRD pattern(b) of NCs synthesized by two-step method during MnCl, quantification
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