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Figure S1. Photos of OAm-CsPbBr;-ToL and OAm-CsPbBr; PNCs-DCM solutions.
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Figure S2. (A) Schematic diagram of a homemade circular glass cell fabricated on a
glass slide by laser etching (a), the top view (b) and side view (c) of the fabricated
circular glass cell. (B) The general procedures to acquire photos shown in Figure 1A
including: treating the OAmM-PNCs-DCM dispersion with UV light, dropping some of
the UV-irradiated OAm-PNCs-DCM dispersion into the circular glass cell, and taking

the fluorescence photo.
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Figure S3. CIE chart converted from the PL spectra of OAm-CsPbBr; PNCs-DCM

with different illumination time.
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Figure S4. (A) Variation of maximum emission wavelength (cyan dots) and intensity
(pink dots) of OAm-CsPbBr; PNCs-DCM with UV exposure time; (B) Plot of

maximum emission intensity versus wavelength.
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Figure SS. Comparison in variation of the maximum emission wavelength of OAm-

PNCs-DCM with time under white light exposure (green curve) to that under UV

light expousure (pink curve).
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Figure S6. Tauc plots obtained from UV-vis absorption spectra (Figure 2B) for
OAm-PNCs after exposing OAm-CsPbBr; PNCs to UV light for different time.
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Table S1. Variation of optical properties of OAm-PNCs after exposing OAm-

CsPbBr; PNCs to UV light for different time

UV exposure time 0 9 12 16 21
(min)

Maximum emission 518 492 475 445 417
wavelength (nm)

UV-vis absorption 505 482 462 437 411
peak (nm)

Bandgap energy 2.36 2.49 2.59 2.71 2.93
(eV)

XRD (200) peak 30.40 30.70 30.92 31.26 31.76

(degree)

S8



W
o

7230 min
77215 min
0 min

Frequency (%)
= a2 NN
5. 2. 2. 2.9

I\
T\
. il M
8 10 12 14 16 18 20 22 24
Size (nm)

Figure S7. Size distribution of PNCs after irradiating OAm-CsPbBr;-DCM for 0 min,
15 min, 30 min, collected by TEM.
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Figure S8. EDS pattern obtained for OAm-CsPbBr; PNCs-DCM with 15 min photo-

treatment.
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Figure S9. Effect of dispersion solvent type on the fluorescence color change of
OAm-CsPbBr; PNCs before (A) and after (B) 10 min UV-exposure. The solvents
investigated were: (a) DCM; (b) Benzne; (c¢) Toluene; (d) n-Hexane ; (¢) Cyclohexane;
and (f) Ethyl ether.
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Figure S10. Maximum emission wavelengths obtained for OA/OAm-CsPbBr; PNCs-
DCM (a), OAm-CsPbBr; PNCs-DCM (b) and OA-CsPbBr; PNCs-DCM (c) at

different UV-exposure time.
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Figure S11. The images of ODA-CsPbBr; PNCs-DCM with different illumination

time recorded under 365 nm ultraviolet light excitation.
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Figure S12. PL maximum emission wavelength of ODA-CsPbBr; PNCs-DCM and

SA-CsPbBr; PNCs-DCM at different UV irradiated time.
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Figure S13. Variation of Raman spectrum of DCM with UV irradiation time in the

presence of only OAm (i.e. without PNCs).

S15



OAmM-CsPbBr ;-Tol

1Sity
l.mlll

OA/OAm-CsPbBr 3;-Tol

Normalized Intensit

o
N
J T J J J J

0-....I....I....I....I....I....I....I....

0 10 20 30 40 50 60 70
Time (h)

Figure S14. Comparison in UV-stability between OAm-CsPbBr; PNCs and
OA/OAm-CsPbBr; PNCs in toluene.
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Figure S15. Effect of UV light power on the kinetics of PL color change.
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Figure S16. CIE chart converted from the PL spectra of OAm-CsPb(Br 41y ¢);-DCM

system with different illumination time.
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Figure S17. Scatter plot of PL emission of OAm-CsPb(Br4lys); PNCs-Tol and
OAmM-CsPb(Bry 41y ¢); PNCs-DCM at different UV irradiation time.
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Reaction equations proposed for UV light-induced oxidation of OAm-

CsPb(Brg 41y ¢); PNCs in toluene (i.e. without CI- ion exchange).

10CsPb(Bro4lp6)3 + x0, = (10 = 2x)CsPb(BT (g 4 1 )l 0.6 - )3 + 2XPbO + 2xI,
+2xCs™ +2x(0.4 + y)Br~ 4+ 2x(0.6 - y)I ~ ...(S1)

Then

The amounts (mol) of elements before the reaction (see left items of the reaction
equation):

Nc=10;

Npp=10;

Np~=10X0.4X3=12;

N=10X0.6 X3=18;

No=2x

The amounts (mol) of elements after the reaction (see right items of the reaction
equation):

Ne=10-2x+2x=10;

Npp,=10-2x+2x=10;

Np=(10-2x) X (0. 4+y) X 3+2x X (0.4+y)=(30-4x) X (0.4+y);

N=(10-2x) X (0. 6-y) X 34+2x X (0.6-y)+4x=(30-4x) X (0.6-y)+4x;

Nor=2x

The amounts of elements after the reaction should be the same as those before

the reaction, then:

Np= (30-4x) X (0.4+y)=12............. (S2);

Ni= (30-4x) X (0.6-y)+4x=18........... (S3);
Then it can be obtained from S2 or S3

y=16x/(300-40X) ......ccevvvriiiniinnn (S4)

Finally, we can obtain S5 by combining S1 with S4:

( ' +300—40x) ( ' _300—40x)
+ 16x
- X
_ 16x _
Br~ +2x[06-———|I" .. (55)
300 - 40x
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Figure S18. Fluorescence spectra obtained for a serial of CsPb(ClBrj 4l 6.x); PNCs.
The serial PNCs were prepared by keeping the amount of Br- unchanged while
decreasing the amount of I~ and increasing the amount of CI- to simulate the photo-

induced oxidation and ion exchange processes shown in Equation 8.
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Table S2. The maximum fluorescence emission wavelength and intensity obtained for

CSPb(ClXBI'O.4IQ.6_X)3 PNCs

Cl:Br:1 CsPb(ClBrg4ly6.4)3 Amax Intensity | Normalized
(nm) intensity

2.25:4:3.75 CSPb(ClO.225BI'0.4Io,375)3
2.5:4:3.5 CSPb(ClO.25BI'0.4I()_35)3
3:4:3 CSPb(ClolgBI'O.4I(),3)3

3.5:4:2.5 CSPb(ClO.35Br0.4IO.25)3

17 9:1:0 CsPb(Cly¢Bry ;)3 412 373.1 7
18 10:0:0 CsPbCl; 409 135.4 3

weak
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Figure S19. Fluorescence spectra obtained for a serial CsPb(Cl,Brg4Iy6); PNCs. The

800

serial PNCs were prepared by keeping the amount of Br- and I- unchanged while

increasing the amount of CI- to simulate sole photo-induced ion exchange processes

(Equation S6).

1+x
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Table S3. The maximum fluorescence emission wavelength and intensity obtained for

CsPb(Cly1+x)Bro.a/14x10.6/14x))3 PNCs

CL:Br:I | CsPb(Cly1+xBro.4/a+xlo.e/1+x)3

A’lIlaX
(nm)

Intensity | Relative

intensity

5 | 446 CsPb(Cly 236Bro 28610.428)3

(451) 2774 | (0.5)
6 5:4:6 CSPb(C10.333BI’0.267IO.400)3 517 26 0.5

(455) (G127) | (0.6)
7 6:4:6 CsPb(Cly 375Brg25010.375)3

(456) 5601) | (1)
8 7:4:6 CSPb(ClOA12BI’0.235IO.353)3 485 21 0.4

(450) (33.76) | (0.6)
9 8:4:6 CsPb(Cly 445Bro 22010.333)3

(452) (71.8) 1)
10 | 9:4:6 CsPb(Clo.474Bro210l0.316)3

(445) (129.4) 2)
11 ] 10:4:6 | CsPb(Cly.500Bro.20010.300)3

(440) 103.8) | ()
12| 12:4:6 | CsPb(Cly.545Br0.18210.273)3

(436) a4 | @
13 16:4:6 CSPb(Clo_615BI'()_15410.231)3

432) (1059) | (2
14 ] 20:4:6 | CsPb(Cly.667Br0.13310.200)3 5

(412) (127.7)
15 | 40:4:6 | CsPb(Clys00Bro.0s0l0.120)3

(407) 75.76) | (1)
16 | 60:4:6 | CsPb(Cly.ss57Bro.05710.086)3

(407) 7647 | (1)

weak
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(A)

(B)

Figure S20. Photographs of PNCs-UCR-DCM film under white light (A) and UV
light (B).
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Figure S21. (A) The fluorescence spectra of UCR with (red line) and without (black
line) UV irradiation. (B) The fluorescence spectra of OAm-PNCs-DCM solution with
(red line) and without (black line) the addition of UCR.
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Figure S22. Cyan emissive disk-shaped pattern (A) painted on a green emissive
PNCs thin film by a 355-nm laser beam (20 scans), and maximum emission
wavelengths probed along X-axis (B) and Y-axis (C) by a USB fiber optical

spectrophotometer.
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Figure S23. (A) The peak wavelength of the laser-printed pattern with storage time.
Inset: the fluorescence photo of the pattern before and after storing for 15 days, scale
bar: 2 mm. (B) The spectral stability of OAm-PNCs-DCM solution after stopping UV
irradiation. (C) The variations of PL intensity, peak wavelength and FWHM of the

OAm-PNCs-DCM

fluorescence photos of the UV light-produced blue emissive OAm-PNCs-DCM
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solution with time after stopping UV

solution before and after being stored for 15 days.
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The fluorescence quantum yields (FQY) of PNCs are estimated by following
EquationS!:
I ODp n?

Q=0Qp" —'O—Dn—é

The € is FQY of samples, ! is the measured integrated emission intensity, 0D is the
optical density of sample which is tested at 365-nm absorbance by UV-Vis
spectrophotometer, ™ is the refractive index of sample, the subscript R is the reference

fluorophore of known quantum yield. In this work, quinine sulfate was selected to the

reference fluorophore. QR=0.54, nR=1.33, N=1.42, then the Equation is simplified as

followed:

I ODR 1.422
Q=054-—-
IR oD 1332

The 0Dy and Iy are fixed value as the same reference fluorophore, so the FQY of

PNCs can be estimated by simply determine the integrated emission intensity and the
absorbance of measured samples, after normalizing the absorbance, the comparison of

FQY of PNCs was easily made by measurement of integrated emission intensity.
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The concentration of PNCs in DCM was calculated to be 1.9 x 103 mol/L or

1.1 mg/mL with the intrinsic absorption coefficient reported before as follow:S?

A

V(CsPbBr,)

B V(solution)

(2)

n-M

n
C(CspbBrs) = V(solution) )
where Hi is the intrinsic absorption coefficient of CsPbBr; in solution with a value of
8.7x10* cm™! at 400 nm, 4 is absorbance at 400 nm, f is volume fraction of CsPbBr;
in DCM solution, L is optical path length of the sample, V(CsPbBr3) is the volume of
CsPbBr; crystals, V(solution) is volume of DCM solution, ™ M, p is the amount of
substance, molar mass and density.

Then the C(CSPbBT3) can be obtained as follow:

C(CsPbBr»)
_ An10-p(CsPbBr) . 0.094 x 100 x 2.303

p;L-M(CsPbBr,) 8.7 x 10*cm ' x1cem
=19 %10 ®mol.em™3=1.9x 10 3molL ™' = 1.1mg.n

The loading (w%) of PNCs in the wet film (PNCs-DCM-UCR) and in the dried film
(PNCs-UCR) were calculated as follows.
(1) In the wet film (PNCs-DCM-UCR):

w%(CsPbBr5)
w(CsPbBr)
- (6)=———
w(CsPbBr3) + w(DCM) + w(UCR) 1.1mg + 17
=0.047%
(2) In the dried film (PNCs -UCR):
w%(CsPbBr;)
w(CsPbBr5) 1.1mg
- (7) =
w(CsPbBr3) + w(UCR) 1.1mg + 1mL x 1.024g.cm
=0.11%
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