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Supplementary Fig. 1: Schematic illustration of the preparation process for the DMFM 

hydrogel device. 

 

 

 

Supplementary Fig. 2: Uncured DMFM-4 precursor solution. (a) Photographs of uncured 

DMFM-4 precursor solution at transparent state at T= 20 °C; and (b) at turbid state at T= 30 °C 

in a 20 mL glass vial in standing positions (left) and in horizontal positions (right).  

 



 3 

 
Supplementary Fig. 3: FT-IR spectra of DMFM-4 precursor solution (grey) and  

corresponding cured hydrogel (red). Key spectral regions are highlighted: (a) 4000–600 cm-

1; (b) 1850–1600 cm−1; (c) 1000–800 cm−1. 

 

 

 

Supplementary Fig. 4: Optical properties of PET and ITO/PET films. (a) Solar 

transmittance spectra (250 to 2500 nm) of an empty PET/PET frame with a spacer thickness of 

0.5 mm recorded at 20 °C (blue) and 35 °C (red), The lower transmittance in the 300-1300 nm 

region compared to the DMFM-4 device at 21 °C (black) is likely due to light scattering at the 

air-PET interfaces. (b) Optical transmittance of the empty ITO-PET/PET frame with a spacer 

thickness of 0.5 mm when either no voltage (blue) or a voltage of 7.0 V (red) was applied. 
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Supplementary Fig. 5: Confocal microscope images and particle distribution analysis of 

DMFM-4 hydrogel. (a) Confocal microscope images of DMFM-4 hydrogel device with 

Rhodamine B (hydrogel thickness: 0.5 mm) above transition temperature, at T= ~50 °C; and 

(b) below transition temperature, at T= 20 °C. (c) Size analysis of dark regions in the DMFM-

4 hydrogel devices, at T= ~50 °C (N = 3 DMFM-4 hydrogel devices, data represent the 

combined results of 3 samples). Using ImageJ, the diameters of the cross-section of these water 

cavities were calculated, assuming perfectly spherical particles. The imaged cross-sections have 

diameters mainly ranging from 400 to 800 nm which accounted for 62.1% of statistical 

distribution, and cross-sections with diameters from 800 to 1200 nm constituted 19.0%. (d) 

Confocal microscope images of DMFM-4 hydrogel device with Nile Red (hydrogel thickness: 

0.5 mm) at T= ~50 °C, which is above the transition temperature. 
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Supplementary Fig. 6: TGA of DMFM-4 hydrogel. TGA showed a 41% loss of weight that 

occurred below 185 °C and accelerated from 120 °C, which is associated with evaporation of 

water from the DMFM-4 hydrogel. As the temperature further increased up to 700 °C, the 

decomposition of the polymer moiety of DMFM-4 hydrogel could be observed. The water loss 

profile of DMFM-4 is similar to that of other hydrogel systems [1], showing the necessity for 

encapsulation. 

 

 

 

 
Supplementary Fig. 7: Stability and heating response of the DMFM-4 hydrogel device. (a) 

External temperature monitoring during the cyclic test of 10,000 heating/cooling cycles; (b) 

dynamic transmittance spectrum of DMFM-4 hydrogel device at 660 nm during slow heating 

process from 20 °C to 31 °C. 
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Supplementary Fig. 8: Optical images of DMFM-4 hydrogel device (4 cm * 4 cm *0.5 mm) 

before and after 10,000 heating-cooling cycles. (a) Images of DMFM-4 device under 

transparent state at 20 °C before 10,000 cycles; (b) under turbid state at 40 °C before 10,000 

cycles; (c) under transparent state at 20 °C after 10,000 cycles; (d) under turbid state at 40 °C 

after 10,000 cycles. 
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Supplementary Fig. 9: Thermochromic properties of DMFM hydrogels with different 

water contents. (a) Solar transmittance spectra (250 to 2500 nm) of the DMFM-5 hydrogel 

device with a layer thickness of 0.5 mm under temperature from 21 °C to 48 °C; (b) DMFM-3 

hydrogel device; (c) DMFM-2 hydrogel device; (d) DMFM-1 hydrogel device. 

 

 

 

Supplementary Fig. 10: Outdoor temperature modulation by DMFM-4 hydrogel device. 

(a) Pictures of outdoor environment and simulation tests; (b) temperature profiles of 

temperature sensors in simulated houses (10 cm * 7.5 cm * 5 cm) with glass window or with 

DMFM-4 hydrogel device (8 cm * 5.5 cm * 0.5 mm) on the glass window, and in ambient 

environment exposed to outdoor solar radiation. 
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Supplementary Fig. 11: Tensile testing of DMFM-4 hydrogels. (a) Stress-strain curves from 

tensile tests on DMFM-4 hydrogels performed at a pulling rate of 10 mm min-1 (N = 6 DMFM-

4 hydrogels); (b) pictures of pulling experiment of DMFM-4 hydrogel (corresponding to the 

black curve in panel a), in its relaxed (images on top) and stretched (500% strain) (images at 

the bottom) state, showing transparency at room temperature (images on the left) and turbidity 

when heated with an infrared lamp (images of the right). 

 

 

 

Supplementary Fig. 12: Anti-leakage testing. (a) Photographs of PET-encapsulated DMFM-

4 hydrogel device (dimensions: 5 cm * 5 cm * 0.5 mm) in as-prepared state, after 50 and 100 

drops from a height of 1 meter, after being bended 50 and 100 times to 90°; (b) the 

corresponding weight measurements of PET-encapsulated DMFM-4 hydrogel device under 

each condition. 
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Supplementary Fig. 13: Thermochromic hat demonstration. (a) Side view and (b) top view 

of a flexible thermochromic hat device at transparent state (images above) and at turbid state 

(images at bottom, in which the columns of holder and shadow of hat were blocked by the 

turbid hydrogel). 
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Supplementary Table 1: The performances of current state-of-the-art thermochromic 

smart window systems. 
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