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1 Characterization of CdS and PbS QDs
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Supplementary Fig. 1 Morphology of CdS QDs. a TEM image of CdS QDs. b Size
distribution histogram of CdS QDs. Source data are provided as a Source Data file.
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Supplementary Fig. 2 Morphology of PbS QDs. a TEM image of PbS QDs. b Size
distribution histogram of PbS QDs. Source data are provided as a Source Data file.



2 Femtosecond transient absorption spectra of QDs with and without
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Supplementary Fig. 3 Femtosecond transient absorption (fsSTA) spectra of CdS
QDs without and with DAE. a fsTA spectra of CdS QDs. b fsTA spectra of CdS QD/o-
DAE mixture. All the samples were excited at 400 nm. Source data are provided as a

Source Data file.
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Supplementary Fig. 4 fsTA spectra of PbS QDs without and with ¢c-DAE and o-
DAE. a fsTA spectra of PbS QD. b fsTA spectra of PbS QD/o-DAE mixture. ¢ fSTA
spectra of PbS QD/c-DAE mixture. All the samples were excited at 780 nm. Source
data are provided as a Source Data file.



3 Optical characterizations of the PbS QD/non-carboxylated
DAE/CdS QD mixture
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Supplementary Fig. 5 Characterization of the non-carboxylated DAE system. a
Chemical structure of non-carboxylated DAE in the open and closed forms. b
Absorption spectra of non-carboxylated DAE in the open and closed forms. ¢
Absorption and PL spectra of PbS QD/non-carboxylated DAE/CdS QD mixture in the
initial state and after 405 nm irradiation. The emission signal at <760 nm is removed
due to scattering of the excitation light. All PL spectra were recorded under 760 nm
excitation. Source data are provided as a Source Data file.



4 Control experiment of the PbS QD/DAE mixture with and without
CdS QDs
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Supplementary Fig. 6 UV-vis absorption spectra of QD/DAE mixture under 405
nm light irradiation. UV-vis absorption spectra of the PbS QD/DAE mixture a with
and b without CdS QDs under 405 nm irradiation for 90 s. Source data are provided as
a Source Data file.



5 PL behavior of PbS QDs under alternating 405 nm and 515 nm

irradiation
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Supplementary Fig. 7 PL behavior of bare PbS QDs. PL intensity of bare PbS QDs
under alternating 405 nm and 515 nm irradiation (excited at 760 nm, monitored at 930

nm). Source data are provided as a Source Data file.



6 Lifetime of PbS QDs with c-DAEs and CdS QDs at a molar

concentration ratio of 1:80:4
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Supplementary Fig. 8 Time-resolved PL decay of the PbS QD/c-DAE/CdS QD
system. PL lifetime of PbS QDs with c-DAE and CdS QDs at a molar ratio of 1:80:4
in toluene. The sample was excited at 700 nm and the lifetime was monitored at 900
nm. The solid line indicates fits of three exponentials decay. Source data are provided
as a Source Data file.

The time-resolved PL PbS QDs exhibit complex multi exponential decays as reported. '
Herein three exponentials decay was used to achieve a satisfactory fit:?
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where A; and 7; are the amplitude and lifetime of the i:th exponential component,
respectively. The amplitude-weighted average lifetimes were calculated using equation
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Supplementary Table 1. PL lifetimes of PbS QDs with different c-DAE concentrations.

c-DAE T T2 T3 <T>avg
(nM) ! (ns) : (ns) } (ns) (ns)
0 0.02 130.8 0.12 4205.0 0.69 1808.7 2114.6
2.5 0.31 11.4 0.21 312.8 0.49 2131.1 1100.4
5 0.44 19.3 0.33 287.3 0.34 1987.2 698.1
7.5 0.18 36.2 0.32 298.1 0.32 1982.8 893.1
10 0.21 25.7 0.36 240.5 0.24 1745.5 620.8
15 0.22 42.5 0.38 250.7 0.18 1650.5 515.7

Supplementary Table 2 PL lifetime of PbS QDs with concentration ratio of PbS QDs

to c-DAE of 1:80.

<T>av
Sample Ay T A T 3 T Trave
(ns) (ns) (ns) (ns)
PbS/
c-DAE/ 0.28 92.1 0.32 19.4 0.05 975.3 122.3

CdS




7 Characterization of blue, green, red and white color QDs
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Supplementary Fig. 9 Optical characterization of PL QDs. The absorption and PL
spectra of CdZnSeS gradient alloy QDs with a blue, b green, and ¢ red emission, and d
ZnCuGalnS@ZnS QDs exhibiting broad emission covering the whole visible range and
appears to emit white light. The emission signal at ~700 nm in d is removed due to the
second order scattering of the excitation light. Spectra are normalized to the absorption

at 400 nm and to the maximum of the respective PL spectra. Source data are provided
as a Source Data file.



8 Absorption spectra of blue, green, red and white color QDs with DAE
and CdS QDs
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Supplementary Fig. 10 Absorption spectra of QD/DAE/CdS PL QD mixtures. The
absorption spectra of mixtures in the initial state and photostationary state under 405
nm irradiation, in which the PL QD is CdZnSeS gradient alloy QDs with a blue, b green,
and ¢ red emission, and d ZnCuGalnS@ZnS QDs exhibiting broad emission covering
the whole visible range and appears to emit white light. Source data are provided as a
Source Data file.



Supplementary Table 3. Comparison of photoswitchable QD combined with

photochromic molecules reported in this work and previous studies.

Spectral range On/off Fatigue
System Switch-off* Switch-on* Ref
(nm) ratio resistance
83.3%
390-530 14.3
after 5 cycles
CdZnSeS gradient
90.2%
alloy QDs /DAE/ 500-600 250
after 5 cycles
CdS QDs 405 nm, 90 s, 515 nm, 3 min, )
~100% This work
580-670 19.1 mW/cm? 198 mW/cm? 20.4
after 5 cycles
PbS QDs
Q 69.3%
/DAE/ 800-1100 15.6
after 5 cycles
CdS QDs
302 nm, 60 s, 523 nm, 60 s,
PbS QD/DAE 700-900 >100 4 cycles 20223
10 mW/cm? 15 mW/cm?
365 nm, 6 min, 400-750 nm,
CsPbBr; QD/DAE  480-550 >100 3 cycles 20224
1.7mW/cm?®> 10 min, 13 mW/cm?
365 nm, 27 min,
CdSe QD/ FFC 525-675 532 nm, -, 1.6 mW ~5 6 cycles 20215
0.6 mW
CdSe/ZnS 300 nm, 10 s, 630 nm, 60 s,
500-600 ~10 - 2020°
QD/DAE 100 pW/cm? 150 mW/cm?
CdTe QD/Azo 450-550 300 nm, - Stored in dark, - ~16 4 cycles 20197
420-500 ~2
365 nm, 5 min,  >530 nm, 5 min,
CsPbX3 QD/DAE 480-560 ~10 3 cycles 20198
0.5 mW 150 mW
530-700 ~10
CdSe/CdS/ZnS 340 nm, 100 s, 550 nm, 40 s,
500-625 ~1.67 - 2015°
QD/DAE 1 mW/cm? 8.2 mW/cm?
CdSe/ZnS 340 nm, 60 s, 545 nm, 60 s,
500-600 ~1.5 16 cycles 201110
QD/DAE 1 mW/cm? 5.8 mW/cm?
350 nm, 5 s, 588 nm, 90 s,
CdSe/ZnS QD/SP 440-560 ~8 4 cycles 20051
0.97 mW 20 mW

* Switch off/on illumination parameters consist of incident light wavelength, irradiation time

and optical power density.



9 Stability of the multi-level data storage sample in the dark
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Supplementary Fig. 11 Stability of three storage states for NIR emission samples.
PL intensity variation of on, level-2, and off states of the PbS QD/DAE/CdS QD sample
over 7 days. All samples were stored in the dark under ambient atmosphere at 24 °C
and 25% relative humidity. Source data are provided as a Source Data file.
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Supplementary Fig. 12 Stability of different storage states in GQD/DAE/CdS QD
solution samples. a The signal at 530 nm was divided into 4 levels by an interval of
117 a.u. (defined as a single quantization level). The corresponding writing time for
each level was set to 80 s under 550 nm light irradiation. b PL intensity variation of on,
level-1, and off states of the GQD/DAE/CdS QD solution sample over 7 days. Source
data are provided as a Source Data file.
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Supplementary Fig. 13 Stability of different storage states in GQD/DAE/CdS QD
thin films. a-c PL spectra of three thin films representing the calibrated on, middle, and
off states. d PL intensity variation of the corresponding storage states during storage for
14 days in the dark under ambient atmosphere at 24 °C and 25% relative humidity. The
PL intensity of each state was referenced to the corresponding calibrated film. Source

data are provided as a Source Data file.
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