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Figure S1. (A) Normalized UV-Vis. absorption spectra (Normalized absorbance at band edge) of (a) pristine CsPbBrs PQDs
without the peapod capping and (b) PbSOs-oleate capped-CsPbBrs PQDs. (B) Photoluminescence (PL) spectra of (a) pris-
tine CsPbBrs PQDs without the peapod capping and (b) PbSOs-oleate capped-CsPbBrs PQDs. Photoluminescence quantum
yields of the pristine CsPbBrs PQDs and the capped CsPbBrs PQDs were in (B). PbSOs-oleate capping reaction time was

60 min.
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Figure S2. UV-Vis. absorption spectra of PQDs with and without PbSOs-oleate coverage, presenting with baseline up-
shift due to light scattering from the PbSOs-oleate capping layer. (A) UV-Vis. absorption spectra of (a) pristine CsPbls
PQDs without the peapod capping and (b) PbSOs-oleate capped-CsPbBrs PQDs. (B) UV-Vis. absorption spectra of (a)
pristine CsPbBrs PQDs without the peapod capping and (b) PbSO:s-oleate capped-CsPbBrs PQDs. PbSOs-oleate capping
reaction time was 60 min.
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Figure S3. Optical absorption spectra of the CsPbXs (A,C: CsPbBrs, B,D: CsPbls) PQDs with and without the PbSOs-oleate
capping under different temperatures (A,B: 288K, C,D: 318K). Urbach energy was calculated through linear fitting of the
Urbach tail (blue dashed line in the spectra). The spectra were represented through UV-Vis. absorption spectra with con-
verting wavelength to photon energy in x-axis and natural log of the absorption in y-axis.

Calculation of Urbach energy (Eu) from absorption spectrum of the PQDs

Assuming that the absorption coefficient(«r) is proportional to absorbance (A)/film
thickness(d):

A
o =1In10 X 7 (S1)
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The Urbach energy (Eu) can be obtained the absorption tail with the form as described
earlier,[1-3] as follows:
E—-E

0
) (52

a = agexp(
E represents photon energy. Applying Equation (S1) to Equation (S2), the Equation
(52) can be described as follows:
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The Equation (S3) can be simplified. The Equation (S3) can be rearranged, as follows:

1
Ey
1 1
In4d = E_UE - E_UEO + lnAO (85)

Through linear fitting at the absorption tail (InA vs. E), the Eu were determined
through 1/(slope). The Urbach energies are summarized in Table S1.

Table S1. Summarized Urbach energies obtained through optical absorption spectra shown in Figure S3.

Eu from different PQDs in various Non-capped Capped Non-capped Capped
temperatures (K) CsPbBrs (meV) CsPbBrs (meV) CsPblIs (meV) CsPblIs (meV)
288 K 26.7 + 2.3 148.8 + 6.4 63.8+2.0 267.7 +7.7
318 K 442 +5.0 2864 +11.5 413+2.1 437.8 +4.6
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Figure S4. (A) Enlarged XRD patterns in between 26° ~ 33° for (200) peaks for the (a) pristine CsPbBr3 (b) CsPbIsxBrx (c)
CsPbls PQDs. (B) The enlarged XRD patterns for (200) peaks for the PbSOs-oleate capped PQDs: (a) CsPbBrs (b) CsPbls-
xBrx (c) CsPbls( “ * 7 sign indicates peak from the PbSOs-oleate capping layer). PbSOs-oleate capping reaction time was

60 min.



4 of 10

a. CsPbl, Br, at 288 K

b. Capped CsPbl,_Br, at 288 K

Intensity (Counts)

M‘M@ﬁd CsPbl, B, at 328 K
1 1

20

40 60 80
2 theta (degree)

Figure S5. XRD patterns of two CsPbls and CsPbBrs PQDs mixture after completion of halide exchange process with and
without PbSOs-oleate coverage, and under divalent reaction temperatures: (a) mixing both pristine CsPbls, and pristine
CsPbBrs PQDs, (b,c) PbSOs-oleate covered CsPbIsxBrx (b) at 288 K and (c) 328 K. PbSOs-oleate capping reaction time was
60 min.
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Figure S6. (A,B) At 288 K, with linear fitting, plots of In(emission intensity) vs. time from emission at initial peak maximum
while halide exchange processes. Kinetics while the process among (A) pristine CsPbBrs/CsPbls PQDs and (B) capped CsP-
bBr3/CsPbls PQDs. (C,D) With linear fitting, plots of In(concentration of CsPblz PQDs) vs. time from absorption band edge of
the CsPbls PQDs while halide exchange processes. Kinetics while the process among (C) pristine CsPbBrs/CsPbls PQDs and
(D) capped CsPbBr3/CsPbls PQDs.
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Figure S7. In situ photoluminescence spectra of CsPbBrs PQDs while the halide exchange process with CsPbls PQDs at
288 K (Enlarged region for emission from CsPbBrs PQDs).
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Figure S8. in-situ photoluminescence spectra of CsPbBrs PQDs while the halide exchange process with CsPbls PQDs at
288 K (Enlarged region in between 500 to 535 nm from Figure 3A). Following red (initial spectrum) to blue (last spectrum
for this set of time-based emission spectra) gradient color change (red to purple) present time-dependent emission change

during entire measurement time.
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Figure S9. (A,B) At 318 K, with linear fitting, plots of In(emission intensity) vs. time from emission at initial peak maximum
while halide exchange processes. Kinetics while the process among (A) pristine CsPbBrs/CsPbls PQDs and (B) capped
CsPbBr3/CsPbls PQDs. (C,D) With linear fitting, plots of In(concentration of CsPblz PQDs) vs. time from absorption band
edge of the CsPbls PQDs while halide exchange processes. Kinetics while the process among (C) pristine CsPbBrs/CsPbls
PQDs and (D) capped CsPbBr3/CsPbls PQDs.

Table S2. Halide exchange reaction rate constants (kat) with dependent on two factors: temperatures (288, 298, 208, and

318 K) and PbSOs-oleate coverage reaction times (5 min. and 30 min.) on CsPbXs PQDs.

kat at various temp. (K) 288 298 308 318
1 1.66 x 10 1.01 x 10 9.99 x 10 1.76 x 103
5 min. capping (s-) +1.18 x10-° +2.99 x 105 +2.69 x 105 +5.52 x 10
ond 3.07 x 10 1.03 x 103 6.73 x 10 1.12 x 103
+1.18 x10-° +4.85x 105 +1.23 x 105 +3.24 x10°
1 3.45 %10 8.98 x 10 1.55 x 103 292 %1073
+6.62 x 10 +5.04 x 105 +4.64 x 105 +7.60 x 10
30 min. capping (s-) ond 2.18 x 10 3.94 x 104 9.28 x 10 1.66 x 103
+7.13 x 106 +2.71 x 105 +3.96 x 105 +1.12 x 10+
3 2.00 x 10 4.05 x 10 7.66 x 104 2.20x107
+9.37 x 10 +1.36 x 10 +3.89 x 105 +8.83 x 10
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Figure S10. Excitation spectra of (A) pristine PQDs at 288 K, (B) capped PQDs at 288 K, (C) pristine PQDs at 318 K, (D)
capped PQDs at 318 K. Note that dashed spectra were obtained after halide exchange between the CsPbBrs/CsPbls PQDs
with insets to observe clearly. Artificial interferences from band edge emission from PQDs were disregarded in the spectra

in (B) and (D).
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Figure S11. Arrhenius plots of In kmix versus 1/T for halide exchange process between PbSOs-oleate covered CsPbls and
covered CsPbBrs PQDs obtained (A,B) emission spectroscopy and (C,D) absorbance spectroscopy with two different
PbSOs-oleate coverage reaction times: (A,C) 0 min (as pristine), (B,D) 60 min. The line is a linear fit to obtain the activa-

tion energies for the halide exchange reaction.
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Figure S12. (A,B) Arrhenius plots of In kuix versus 1/T for halide exchange process between PbSOs-oleate covered CsPbls
and CsPbBrs PQDs with two different PbSOs-oleate coverage reaction times: (A) 5 min, (B) 30 min. The line is a linear fit
to obtain the activation energies for the halide exchange reaction.
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