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Abstract Stimuli-responsive film is an essential part of smart materials for its manipulation of structures or performances in
response to external stimulations, which is crucial to the exploitation of actuators, sensors, and soft robotics. Herein, a novel
polypseudorotaxane (PPR) with competitive guest-responsiveness was leveraged to fabricate polymer films with diverse sur-
face morphologies via breath figure (BF) method under water or ethanol atmosphere. PPR was constructed based on the se-
lective recognition of 1,4-diethoxypillar[5]arene (DEP5A) to the PCL block of polycaprolactone-block-poly(ethylene gly-
col)-block-polycaprolactone (PCL-b-PEG-b-PCL) in CHCls. The morphologies of such polymer films were observed by
scanning electron microscopy (SEM). Specifically, ordered honeycomb porous films with an average pore size of approxi-
mately 2.15 um and sphere films with an average diameter of approximately 3.34 pm were fabricated via BF method under
water atmosphere and ethanol atmosphere, respectively. The influences of solvent, concentration, and the equivalent ratio of
DEPSA to PCL-b-PEG-b-PCL on the nanostructures of films were investigated. It was found that the films with ordered mi-
crostructures were obtained using PPR (15.0 equiv. of DEP5A to PCL-b-PEG-b-PCL, 5.0 mgemL-' of PCL-b-PEG-b-PCL)
solution under a constant relative humidity of 90% or ethanol atmosphere at 25 “C. These films showed hydrophobic (water
contact angle over 130°) due to their hierarchical structures. Furthermore, the obtained films were immersed in competitive
guest-containing solution (20.0 pL DBrBu+-10.0 mL ethanol) to manipulate their structures and hydrophobicity. The compet-
itive guest, 1,4-dibromobutane (DBrBu), showed stronger affinity than PCL block to DEP5A. DEP5SA would be detached
from the PCL block and form pseudorotaxane with DBrBu after immersing the films in competitive guest-containing solu-
tion. With the immersion time increasing, PPR were destroyed progressively, resulting in the formation of cuboid-crystal
films and the decrement of water contact angle. This result provided a facile strategy to fabricate a smart film with controlla-
ble wettability and to explore the potential application prospects in the non-destructive transfer of trace liquids, functional
coatings and smart film materials.
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Figure 1 Cartoon representation of the construction of PPR based on the host-guest interaction between PCL-b-PEG-5-PCL and DEP5A in CHCl; and
the PPR solution was used to fabricate (a) honeycomb porous films under water vapor atmosphere and (b) sphere films under ethanol vapor atmosphere
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Figure 2 SEM images of the films fabricated under 90% RH at 25 C
using chloroform as the solvent. (a) PCL-b-PEG-5-PCL (5.0 mg/mL) and
(b) PPR (5.0 mg/mL PCL-b-PEG-b-PCL, 15.0 equiv. of DEPSA). (a,) and
(by) are the magnified pictures of (a;) and (b;), respectively. The inserted
pictures of Figure 2b, is the photograph of the diffraction of the film
under white light
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Figure 3 Photographs of 10 pL water droplets (dyed by methylene blue)
on PPR honeycomb porous film at (a) 0° and (b) 90°
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Figure 4 SEM images of the films fabricated under ethanol atmosphere
at 25 C using chloroform as the solvent. (a) PCL-b-PEG-b-PCL (5.0
mg/mL) and (b) PPR (5.0 mg/mL PCL-b-PEG-b-PCL, 15.0 equiv. of
DEP5A). (ay) and (b,) are the magnified pictures of (a;) and (b,), respec-
tively
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Figure 5 Schematic illustration of the process of competitive guest
response experiment of PPR supramolecular films. (1) The films were
immersed in DBrBu-containing ethanol solution (20.0 pL DBrBu+10.0
mL ethanol) for different times; (2) the films were taken out and im-
mersed in ethanol solution to remove excess DBrBu; (3) the films were
taken out and dried under room temperature
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Figure 6 The SEM images and the water contact angles of PPR honeycomb porous films and sphere films after being immersed in DBrBu-containing

ethanol solution for different times
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Figure 7 The water contact angle curves of (a) honeycomb porous films and (b) sphere films after being immersed in DBrBu-containing ethanol solution

for different times
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