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Figure S1: (a) Thermogravimetric analysis (TGA) plot provides the weight loss measured as
a function of temperature. The plot shows two stages of weight loss in the gelatin film; the
first stage corresponds to the evaporation of the free and bound water, and the second stage
corresponds to the thermal degradation of the proteins inside the gelatin film. (b) Differential
scanning calorimetry (DSC) plot of the gelatin films dried at 28 ◦C (black curve) and 40 ◦C
(red curve) shows two transition peaks; the first peak (68 ◦C-71 ◦C) corresponds to the glass
to rubber transition, and the second peak (102 ◦C-107 ◦C) corresponds to the melting of the
gelatin film.
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Figure S2: Stress-strain curve of the gelatin film with the extension rate of 2 mm/min. The
measurement was performed at room temperature = 25 ◦C and relative humidity = 45% with
the gauge length = 30 mm, width = 12 mm, and thickness = 23±1 µm.
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Figure S3: The maximum bending curvature of the gelatin film upon exposure to the water
vapor in different relative humidities. The curvature decreases as the relative humidity in the
environment increases. This decrease in curvature is due to a decrease in the strain gradient
along the thickness of the film at higher relative humidities. Dimensions of the film: l = 16
mm, w = 16 mm and t = 15 µm.
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Figure S4: (a) Snapshots of the maximum bending state of the gelatin film upon exposure to
the water vapor coming from the source maintained at three different temperatures: i-30◦C,
ii- 45◦C and iii-55◦C. (b) The time evolution of maximum bending curvature of the actuator
upon exposure to the water vapor coming from the source is maintained at three different
temperatures (30◦C, 45◦C, and 55◦C).
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Figure S5: (a) The temporal evolution of bending curvature of the gelatin film upon exposure
to different organic solvent vapors. (b) The maximum bending curvature value of the gelatin
film as a function of vapor pressure of respective solvents.
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Water      vapour

Figure S6: The molecular structure of the gelatin before (upper panel) and after the water
vapor exposure. It can be seen that the protein chains are interconnected via hydrogen bonds,
and few hydrophilic groups are free to absorb the water vapor (upper panel). Upon exposure
to the water vapor, these free hydrophilic groups interact and absorb water molecules, which
facilitates the swelling of the gelatin film. The hydrogen bonds between the chains may also
break in the presence of water vapor to absorb the water molecules.
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Figure S7: Sanpshots of the gelatin film before and after dipping into the liquid water. The
length and width of the gelatin film increase from 16 to 28 mm within 30 seconds due to water
absorption by the gelatin film.
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Figure S8: The temporal evolution of the bending curvature of gelatin film upon exposure to
dehydrated silica gel with different dehydration times at a fixed temperature 100 ◦C on the hot
plate. The atmospheric humidity was kept constant at 70% during the experiment. Dimensions
of the film: l = 30 mm, w = 25 mm, and t = 30±1 µm.
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Figure S9: The weight change of the gelatin film in ethanol vapor environment.
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Figure S10: X-ray diffraction pattern recorded for the gelatin films dried at 28±1 ◦C and 40±1
◦C. It was noticed that, as the drying temperature increases from 28 ◦C to 40 ◦C, the amount
of triple helix decreases due to a decrease in the peak intensity at 2θ = 7◦ corresponding to the
triple helix content in the film.

Table S1: Table of partial pressure of water and ethanol in the mixture and corresponding
bending curvature.

Water (%) in
the mixture

Partial pressure
of water (kPa)

Partial pressure
of ethanol (kPa)

Actuation
direction

Curvature
(cm−1)

100 3.17 0 upward 0.71
80 2.94 0.56 upward 0.69
40 2.17 2.48 upward 0.61
20 1.42 4.34 none 0
10 0.84 5.78 downward 0.43
0 0 7.86 downward 0.58
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Figure S11: The temporal evolution of bending curvature of smooth (black) and patterned
(red) film. The bending rate and curvature of the patterned film are higher than smooth film.
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Figure S12: (a) Snapshots of the square-shaped non-patterned gelatin film at different times
while doing locomotion upon exposure to the water vapor from the bottom side. The dimensions
of the film: l = 4 cm, w = 4 cm, and t = 18±3 µm. (b) Snapshots of the square-shaped patterned
gelatin film at different times while doing linear motion upon exposure to the water vapor from
the bottom side. The dimensions of the film: l= 4 cm, w = 4 cm, and t = 22±5 µm.
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Vapor off(i) Vapor on, 380 mg(ii)

Vapor on, 561 mg(iii) Vapor on, 879 mg(iv)

Figure S13: (i) Snapshot of the gelatin film with attached weight in its initial flat state in the
absence of ethanol vapor. (ii), (iii), and (iv) Snapshot of the gelatin film with attached weight
in the presence of ethanol vapor on the bottom side. We note that as the weight attached to
the gelatin film increases, the lifting height decreases.
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Movie S1: The bending and unbending of the gelatin film in the exposure and withdrawal
of the water vapor for a single cycle

Movie S2: Effect of the drying temperature on the actuation

Movie S3: Effect of the post-annealing on the actuation

Movie S4: Film with patterns orientated in different directions upon exposure to water vapor

Movie S5: Actuation performance of smooth and patterned surface gelatin film

Movie S6: Locomotion and linear motion of circular-shaped film

Movie S7: Locomotion and linear motion of square-shaped film

Movie S8: Gelatin film as an ethanol vapor sensor

Movie S9: Gelatin film as humidity-gated smart curtains

Movie S10: Gelatin film as smart lift

Movie S11: Wave-like structure of the gelatin film upon exposure to water and ethanol
vapors in a sequential manner

Movie S12: Voltage generation (water vapor to voltage generation)
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