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Figure S1. XRD patterns of Er,Yb, NbO, solid solutions measured at (a) 26 = 10-90°, and

(b) 20 = 28-31°.
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Figure S2. XRD refinements of samples: (a) Er,Yb; ,NbO,4(x=0.001), (b) Er,Yb; ,NbO,

(x=0.5) b).

Figure S3. Inverse fast fourier transformation (FFT) and diffraction images of ErNbO,

sample.
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Figure S4. SEM images and element mappings of Er,Yb;,NbO4 samples: (a) x=0, (b)

Ery5YbsNbOy, respectively.
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Figure S5. Average grain size of Er,Yb;  NbO, samples.
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Figure S6. Reflection spectral changes of Er,Yb; ,NbO, samples before and after 365 nm

irradiation for 10 s. The insets are surface color photographs of ceramic samples before (right)

and after (left) 365 nm irradiation.
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Figure S7. Surface color changes of coloration and decoloration process for YbNbO, sample

upon 365 nm and 405 nm irradiation.
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Figure S8. (a) UC emission spectra of Er,Yb; NbO, (x=0.05) sample with different pumping
powers. (b) UC intensity (green and red emission) dependence on the pumping power of

Er,Yb; \NbO, (x=0.05) in a logarithmic diagram.
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Figure S9. UC emission spectral changes of Er,Yb; ,NbO, samples before and after 365 nm

irradiation.
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Figure S10. The changes of luminescent switching contrast (AR;) upon alternating 365 nm

Irradiation (10s) and thermal stimulus (500 °C, 10 min) under 10 cycles.
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Figure S11. The changes of luminescent switching contrast (AR;) upon alternating 365 nm

Irradiation (10s) and thermal stimulus (300 °C, 30 min) under 10 cycles.
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Figure S12. (a) XPS spectra of YbNbO, sample. (b) and (c) Fitting Nb3d and Yb4d spectra

before and after 365 nm irradiation.
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Figure S13. A comparison of absorption spectrum (AAbs) (up) for YbNbO, and UC emission

spectrum for Er,Yb; ,NbO,4 (x=0.01) (down).
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Figure S14. Decay life times of Er,Yb; NbO, samples before and after 365 nm irradiation.
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Figure S15. UC emission spectral changes of Tm or Ho doped YbNbO, samples before and

after 365 nm irradiation: (a) Tmg ;YbooNbOy, (b) Hop 1 YboNbO,.
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Figure S16. Temperature dependence on 980 nm laser irradiation time and power density for

the Er,Yb,NbO, (x=0.01, 0.9, and 1), Tm,Yb; ,NbO; (y = 0.1) and Ho,Yb, ,NbOy (z = 0.1)

samples.
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Figure S17. Downshifting excitation (left) and emission (right) spectra of ErNbO, sample

(Aex=378 nm, A;=558 nm) before and after 365 nm irradiation.

11



Table S1. Photoluminescence, luminescent modulation, response

process in some representative inorganic photochromic materials.

time, and decoloration and coloration

Samples Aem Aex ARt%  Decoloration Coloration Readout Ref.
KNN:Ho3* 453nm  551nm 77% 230°C 10min 407nam 20s  -DS [1]
KSN:Sm3* 407nm  601nm 60% 200°C 10min 395nm 60s  -DS [2]
BMS:Bi** 365nm  510nm 65% 532nm 20min  254nml6min  -DS [3]
BZO:Sm3* 406nm  596nm  90.05%  200°C 20min  254nm 8min -DS [4]

BiT:Pr3* 451 nm  611nm 76% 250°C 1min 405nm Smin  -DS [5]
KNN:Pr3* 448 nm  610nm 50.71% 200°C5min 395nm Smin  -DS [6]
SSO:Sm3* 407nm  647nm  72.2%  300°C 10min  290nm 5min  -DS [7]

NBN:Er3*/Yb3* 980nm  557nm 85.88%  200°C 10min 407nm 10s 16%UC [8]
407nm
NBN:Er*/Yb*  487nm  550nm 35% 200°C 10min 35%DS [8]
(in situ)
PWO:Er*/Yb>™  980nm 532nm  80% 808nm 140s 532nm 40s  -UC 9]
SBT:Ho*'/Yb**  980nm 546nm  74% 200°C 1min 405nm3min  -UC [10]
KNLNB:Er3* 980 nm 556nm 60.46%  230°C 10min 407nm 20s  -UC [11]
NBT:Ho*/Yb**  980nm 546nm  36.6%  230°C 10min  405nm 3min -UC [12]
465nm
NBN:Eu3* 465nm 618nm 63% 200°C 10min 63%DS [13]
(in situ)
452nm
NBN:Pr3* 452 nm  613nm 50% 200°C 10min 50%DS [14]
(in situ)
406nm
NBN:Sm3* 406 nm  603nm 62% 200°C 10min 62%DS [15]
(in situ)
. This
Er,Yb; NbO4 980nm  556nm  99.2% 405nm Smin 365nm <lIs Non Work

Readout: destruction degree with DS or UC readout mode. -: No report; Non: non-destructive readout.
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Table S2. Fitting parameters of O1s-XPS spectra of YbNbO, before and after irradiation at 365 nm

Samples Lattice O(0?%) Absorb (Vo) Vo/ O*
Original 523.29 eV 531.16 eV 0.189
Irradiation 529.19 eV 530951 eV 0.352

*Vo means O vacancy

Table S3. Fitting parameters of the decay lifetime curves of Er,Yb; 4 NbO, samples.

Samples 71(us) 7,(us) x2 7,4(1s)
before after before after before after before after

x=0.0001 30.6 6.1 65.1 243 1.023 1.354 43.4 8.5
x=0.005 25.8 5.1 46.7 12.6 1.094 1.009 341 5.9
x=0.01 26.5 5.4 46.1 14.1 0.940 0.990 36.1 6.2
x=0.02 28.1 52 50.1 15.9 0.999 1.057 39.5 59
x=0.03 26.3 54 46.1 11.3 1.036 1.037 36.8 6.2
x=0.05 19.6 5.7 38.4 8.1 1.021 0.841 30.1 7.2
x=0.1 19.0 7.2 39.6 11.1 0.934 0.909 29.7 7.7
x=0.3 14.7 6.7 325 9.6 1.080 1.053 23.1 7.6
x=0.5 15.8 6.8 50.2 10.7 0.689 0.916 34.6 8.9

13



x=0.7 14.7 8.5 48.8 144 0.762 0.868 31.7 10.3

x=0.9 42.5 11.7 83.7 20.3 0.984 0.894 66.9 14.1
x=1 423 15.7 80.6 26.8 0.959 0.836 66.1 19.7
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