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Figure S1. Size distributions of non- (a) and 365 nm-(b) irradiated CsPbBr; NCs.
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Figure S2. The green emission intensity of the sample under the excitation of 365 nm measured at room



temperature (a), 30°C (b), 50°C (c¢) and 70°C (d) by prolonging the irradiation time. The emission intensity is
recorded after the Cs4PbBrg NCs immersed in water for 1min.

More drastic decrease of the emission intensity indicates that thermal energy deteriorates the
green emission rather than promote the transformation to obtain CsPbBr; NCs.
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Figure S3. The emission intensity (al-d1), peak location (a2-d2), and full-width-at-half-maximum (FWHM) (a3-
d3) of the sample recorded with the excitation of 365 nm under non, 254, 365, and 600 nm-irradiation within 60
min, respectively, and TEM images (a4-d4) of the sub-CsPbBr; NCs after 20 min with the irradiation of different
wavelength, and the inset is the TEM image of the corresponding single-particle. The emission intensity is
recorded after the Cs;PbBrgs NCs immersed in water for 1 min.

The improvement of the green emission intensity is observed in Figure S3 (b1-d1) during the
initial 20 min compared with the sample without irradiation involved (Figure S3al), which
indicates that an accelerated phase transformation from Cs4PbBrs NCs to luminescent CsPbBr;
NCs is realized with the intervention of 254, 365 and 600 nm light irradiation. During the phase
transformation process, the NCs undergo size reduction and structural reorganization. As shown in
Figure S3 (a2-d2) a more drastic red-shift of the peak location is observed under 254 nm-
irradiation within 20 min compared to other irradiation conditions, which may be due to the
destruction of the NCs structure during the structural reorganization.! The blue-shift of the peak
location in FigureS3 a2, ¢2 and d2 is mainly attributed to the size reduction.” What’s more, the
increase of the FWHM when the sample irradiated by 365 nm within 20 min is minimal as shown
in Figure S3 (a3-d3), indicating that the structural destruction is minimal.?> TEM images shown in
Figure S3 (a4-d4) indicate that CsBr NCs are precipitated on the surface of these samples after 20
min. The inset of Figure S3a4 reveals that the sample without irradiation exhibits a thick layer of



organic ligands coating on the surface. However, organic ligands on the surface of the sample with
254, 365 nm irradiation is not obviously observed as shown in the insets of Figure S3 (b4-c4),
while an organic layer on the surface of the sample treated with 600 nm-irradiation is detected as
the inset of Figure S3d4. The existence of organic ligands is believed to impede the contact of
water and nanocrystals and detrimental to the phase transformation. Different from the
corresponding sample with 365 nm-irradiation, the surface of the sample with 254 nm-irradiation
is obviously damaged, indicating the damage of the structure as shown in Figure S3b4, which is
consistent with the observation of redshift of sample Figure S3b2. Combined with less organic
ligands and no surface damage, 365 nm is employed as the optimal irradiation to accelerate the
phase transformation.
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Figure S4. Schematic (a) and mechanism (b) diagram of the proposed phase transformation process under

different irradiation condition.

A few atoms could be rearranged with the photon energy of 600 nm-irradiation in the small
area (Figure S4al and bl), while all the atoms in a large area are rearranged under 365 nm-
irradiation, which greatly accelerate the transformation (Figure S4a2-b2). Moreover, although 254
nm light provides enough energy to rearrange atoms, the relative higher photon energy destroys
the structure as well, as shown in Figure S4 (a3-b3).
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Figure SS. Photoluminescence excitation (PLE) monitored at 520 nm (al and bl), time-dependent emission
intensity obtained under the excitation of 365 nm (a2 and b2), and time-dependent FWHM under irradiation at 468
nm (a3 and b3), PLE under irradiation at 468 nm for 60 min (a4 and b4), respectively. Figure S5a and S5b is

recorded immediately and after 1 min for Cs4PbBrg NCs immersed in water, respectively.

Clearly, when 468 nm is not the optimal absorption band (Figure S5al), the emission
intensity of the sample increases at first and then decreases (Figure S5a2), and the FWHM
increases with the prolonged 468 nm-irradiation time (Figure S5a3). In contrast, when 468 nm is
the optimal absorption band (Figure S5b1), the emission intensity of the sample exhibits similar
change trend (Figure S5b2), but the FWHM of the sample does not increase with the increase of
468 nm-irradiation time (Figure S5b3). These results are consistent with as the observation of the
sample under 365 nm-irradiation. It should be noticed that 365nm is the optimal absorption band
(Figure S5a3 and b3), although the PLE spectrum of the sample changes.

Figure S6. Diagrams of the mechanisms of water stability (al, b1) and radiation stability (a2, b2) corresponding to

Figure 3g and 3h.
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Figure S7. Lasing spectra (a) are recorded from two directions: 30°and 60 °. Variation of the lasing threshold as a
function of the excitation area on a logarithmic scale (b). The corresponding SEM images of the samples after

excited by femtosecond laser beam with the pump density of 1.5Py, (8.6x107 excitation cycles) (c).

Pb-Br left Pb-O right Pb-Br right

None 0.69 1 0.51 0.75
254 nm 0.84 1 0.63 0.74
365 nm 0.36 1 0.27 0.74
600 nm 0.67 1 0.50 0.74

Table S1. Summary of components of non-irradiated samples and 365 nm-irradiated samples.
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