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Fig. S1. The synthesis parameter for different gradient experiment.



Fig. S2. The SEM images of VOOH nanoparticles prepared with different 
hydrothermal temperature: (a) 200 ℃ and (b)120 ℃. The SEM image and XRD 
pattern of hydrothermal product at temperature of 80 ℃. (inset: histogram of size 
distribution images of the VOOH NPs).



Fig. S3. The SEM images of hydrothermal products with different volume of 
HCOOH: (a) 0 ml, (b) 0.5 ml, (c) 1.5 ml and (d) 2 ml. (Scale bar: 1 μm)



Fig. S4. The SEM images of hydrothermal precursors with different volume of 
HCOOH: (a) 0 ml, (b) 0.5 ml, (c) 1 ml and (d) 1.5 ml. (e) Digital images of 
hydrothermal precursors before (top) and after centrifugation (down).



Fig. S5. The SEM image of VOOH nanoparticle prepared at 200 ℃, 12 h. ((inset: 
histogram of size distribution images of the VOOH NPs).



Fig. S6. SEM images of VO2 with different annealing times: (a) 20 min, (b) 90 min, 
(c) 120 min and (d) 150 min. (inset: histogram of size distribution of the VO2 
nanoparticles).



Fig. S7. TEM images of VO2 with annealing time of 20 min.



Fig. S8. (a) The XRD patterns of VO2 with different annealing temperature. The SEM 
images of annealed samples at temperature of (b) 350 ℃, (c) 400 ℃ and (d) 450 ℃.



Fig. S9. (a) The XRD patterns of VO2 with different vacuum degree. The SEM 
images of annealed samples at vacuum degree of (b) 0 Pa, (c) 3 Pa and (d) 6 Pa.



Fig. S10. (a) The XRD patterns of VOOH precursors after annealing treatment. The 
SEM images of VOOH precursors after annealing treatment with different volume of 
HCOOH: (b) 0 ml, (c) 0.5 ml, (d) 1.5 ml and (e) 2 ml.



Fig. S11. DSC curves of VO2 with different annealing times.



Fig. S12. (a) SEM, AFM images and (b) cross section image of VO2/PVP-60 min film 
with spinning coating time of 3



Fig. S13. The transmittance spectra of VO2/PVP films with different spin coating 
times: (a) 20 min, (b) 60 min, (c) 90 min, (d) 120 min and (e) 150 min.



Fig. S14. Summarized optical performances of VO2/PVP films.



Fig. S15. TEM images of (a) S1, (b) S2.



Fig. S16. The time-dependent transmittance at 550 nm of VO2 and VO2@SiO2.



Fig. S17. (a) DSC curves of VO2@SiO2 nanoparticles. (b) SEM, AFM images and (c) 
cross section image of VO2@SiO2/PVP film with spin coating time of 3.



Fig. S18. The transmittance spectra of VO2@SiO2/PVP films with different spin 
coating times: (a) 1 layer, (b) 2 layer and (c) 3 layer.



Fig. S19. Summarized optical performances of VO2@SiO2/PVP films with various 
spin coating times.



Fig. S20. (a) Temperature change curve in Hefei on 11 July 2023. (b) Temperature vs. 
time data tested in winter of the model house and (c) temperature change curve in 
Hefei on 15 November 2023.


