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Figure S1: The magnetic field strength measured as a function of distance from the surface of
the magnet. A circular permanent neodymium magnet (diameter = 20 mm, thickness = 10
mm) is used to produce the magnetic fields, and a Gauss meter is used to measure the field
strength.
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Figure S2: (Left side) Iron oxide nanoparticles are present at the bottom of the bottle in the
absence of an external magnetic field. (Right side) The iron oxide nanoparticles are displaced
and are attracted towards a permanent magnet held near the boundary of the bottle.
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Figure S3: (i) The surface morphology of the composite film exposed to air during the drying
process. (ii) The surface microstructure of the composite film in contact with the petri dish. The
white region enclosed by dashed yellow lines shows the presence of nanoparticle clusters within
the composite film. (iii) The cross-sectional view of the composite film, with the thickness of
the film denoted by the dashed yellow line.
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Figure S4: The bending curvature of the film upon exposure to the stimuli was calculated by
tracing the three points on the film and fitting them into a circle. Here, the three black dots
are three points traced on the film, and the red dotted circle is fitted on these three dots to
calculate the bending curvature of the film.
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Figure S5: The maximum bending curvature values of the composite film upon exposure to the
water vapor exposure from the bottom side at three different relative humidity values (35%,
50%, and 65%). The dimensions of the film: length = 20 mm, width = 16 mm, thickness =
23±1 µm.

3



H e p t a n o l
P e n t a n o l

A c e t o n e
P r o p a n o l

E t h a n o l
W a t e r

0 . 0 0
0 . 0 5
0 . 1 0
0 . 1 5
0 . 2 0
0 . 2 5

Slo
pe 

of 
ben

din
g (

cm
-1 s-1 ) 

Figure S6: The slope of bending of the film upon exposure to different organic solvent vapors.
The slope is minimum for heptanol and maximum for water vapor.
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Figure S7: Thermal camera image of a pure gelatin film before (i) and after (ii) infrared light
exposure. The film is marked inside the yellow dotted circle. Thermal camera images of the
composite film after 2 seconds of exposure to the infrared light from different distances (iii) 10
cm, (iv) 15 cm, and (v) 20 cm. As the distance between the film and the light source increases,
the surface temperature of the film decreases.
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Figure S8: (a) The maximum bending curvature values of the composite film upon exposure to
the water vapor from the bottom side for 100 cycles. The dimensions of the film: length = 20
mm, width = 16 mm, thickness = 26±1 µm. (b) The maximum bending curvature values of
the composite film upon exposure to the infrared light from a distance of 15 cm for 2 seconds.
The dimensions of the film: length = 20 mm, width = 12 mm, thickness = 25±1 µm.
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Figure S9: Maximum distance of attraction versus the amount of NPs in the film. As the con-
centration of NPs increases in the film, the maximum distance from which the film experiences
an attraction also increases.
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Figure S10: Bending curvature versus time during control over the actuation in water vapor
by an external magnet. As the applied magnetic field increases, the bending curvature value
decreases.
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Figure S11: Plot shows as the applied magnetic field increases, the maximum bending curvature
of the film decreases upon exposure to the light for 3 seconds.
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Figure S12: (i) The leaflets made up of the composite film in the absence of the magnetic field,
(ii) the bending state of the leaflets in the presence of the external magnetic field, (iii) the
leaflets return to their original state after removal of the external magnetic field.
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Figure S13: Drug delivery: First, the drug is placed in the hollow cylinder (drug vehicle) made
up of composite film, (i) loaded vehicle inserted into a designated path, (ii), (iii) and (iv) drug
vehicle is moving with the help of external magnetic field applied from the back side of the
paper, which is just following the designated path, (v) drug vehicle just entered into the targeted
place, (vi) the drug vehicle dissolves into the water and drug is released from the vehicle. The
scale bar = 15 mm.
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