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Abstract The polypseudorotaxane (PPR) composite membrane exhibits unique stimuli-responsive properties and excellent
functional extensibility, demonstrating significant practical application value, making them promising candidates for smart
materials in environmental management, biomedical engineering and next-generation energy storage solutions. This study
presents a systematic approach to design and fabricate advanced PPR composite membrane with tailored structures and de-
sired performances. Firstly, a block-structured PPR was constructed by threading 1,4-diethoxy pillar[5]arene (DEP5A) mac-
rocycles onto a triblock copolymer backbone of polycaprolactone block polytetrahydrofuran block polycaprolactone
(PCL-b-PTHF-b-PCL) via host-guest interactions. Subsequently, through systematic optimization of the electrospraying pa-
rameters including polymer concentration, pillararene content, ambient humidity, and solvent selection, we successfully fab-
ricated PPR wrinkled microsphere membrane with uniform surface morphology, strong hydrophobicity, and responsiveness to
the competitive guest molecule 1,4-dibromobutane (DBrBu). To further enhance functionality, we developed composite
membrane composed of PPR microspheres and polystyrene (PS) fibers by combining electrospinning and electrospraying
techniques. The microsphere/fiber composite architecture provides abundant adsorption sites for organic pollutants, enabling
the membrane to achieve remarkable performance in aqueous dye adsorption and separation experiments. The structural
characteristics and performance advantages of composite membrane were systematically investigated through scanning elec-
tron microscopy, contact angle measurements, and UV-vis spectroscopy. The stimuli-responsive behavior was attributed to
the host-guest interaction between DEPSA and the polymer chains, while the enhanced separation efficiency originated from
the synergistic effects of the microsphere-fiber composite architecture. This research presents a novel strategy for the investi-
gation and development of smart membrane. The advanced membrane-making technology opens up new possibilities for
creating multifunctional separation membranes, smart coatings, and environmental remediation materials.
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Figure 1 The construction of block structured PPR, its thermo and competitive guest response processes, and the schematic diagram of the process of

preparing PPR membranes by electrospraying
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Figure 4 SEM images of PPR membranes soaked in competitive guests
for different times (a;) 0 s, (b;) 10 min. (ay), (by) are enlarged views of
(a1), (by), respectively. The insets (a;), (b;) are contact angle data
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Figure 6 Comparative photographs of the solution color and film before
and after filtration of Rhodamine-containing solution using membranes.
(a) PS membrane; (b) PPR/PS composite membrane; (¢) UV-vis absorp-
tion spectra of the Rhodamine-containing solution and the solutions fil-
tered through PS membrane and PPR/PS composite membrane
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#2522 DL T 1) % PPR I &2 PPR/PS & 4 .
BT FK mM(RE)XEHEARAA, g5
YFSP-T. #%HEIAREE('H NMR)F TR 4E DEPSA [#) )%
Y& i, PPR IR DAA) g DA B JFC I P55 R 5 - 25 Ak i 7
R AT K B e AF, MES: ASCEND
600. 14 B 7 S5 43U BE (SEM) I T WL 82 58 & W v i 2 i
SR, tEr7) % HAHIMAHR, kRS S-4800.
fi A B AN T 00 - Y B T /KR PR kA . S A
B AR 5 KGR FME, AT 5K fEEE
AT, {XEEAIS: OCALISEC. 4h—1] WOt % B4
T PPR {5 Jz PPR/PS & & /e i I8 2 B /K
VAT SR W22k, A 7= 5% HAS Shimadzu A&, (Y&
145 Shimadzu Spectrometer UV-2600i.
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