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Abstract: Shape memory materials, as a type of intelligent materials that can restore to their initial state under exter-
nal stimuli, have shown great potential in emerging fields such as flexible electronics, smart packaging, and biomedi-
cine. However, the shape recovery efficiency of traditional polyvinyl alcohol (PVA) materials in water is greatly limit-
ed. This paper reports a novel photo-responsive shape memory material based on a PV A/carbon dots composite, which
exhibits superior shape recovery performance in water compared to pure PVA by combining the carbon dots with PVA.
The results obtained here have shown that the hydrogen bonds formed between the carbon dots and PVA are an impor-
tant factor in enhancing the shape memory effect. The introduction of silicon elements into the carbon dots significant-
ly improves the shape recovery speed in the composite, which is about three times higher than that of pure PVA. This
is due to the silicon-doping of the carbon dots significantly enhance the photothermal conversion efficiency of the com-

posite material to result in converting more solar energy into heat under sunlight conditions, thereby, accelerating the
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movement of molecular chains and achieving rapid shape recovery. Considering that as-prepared composite has the

excellent controllable deformation performance and water-responsive characteristics, This study provides a new idea

for the development of efficient light-thermal-water multi-responsive intelligent materials.
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Fig.1 TEM and HRTEM (upper right) images of (a)CDs and (b)SiCDs
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Fig.3 Ultraviolet-visible absorption, excitation and emission spectra of (a)CDs and (b)SiCDs. Emission spectra of (¢)CDs and

(d)SiCDs at different excitation wavelengths
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Fig.4  Photos of the shape recovery process of PVA, PVA/CDs and PVA/SiCDs composites
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Fig.5 (a)Fourier infrared spectra and (b) DMA (function of tand with temperature) of PVA, PVA/CDs, and PVA/SiCDs



1522 K b/

ok 4 46 %

B A, i A B T D K 2R g 24T R
AN R S S AL A (DMA) W E T =3 1Y
W2 ERe . WK S(b) i, CDs B AR &
A b i) B B Ak A AR TR T, (LA SR K tand 11 6 (B {37
BE) B E R (N PVA iy 42.5 CHE i 2]
PVA/CDs H1 (1 46.9 “C) , £ W] CDs A DA 3@ &of 7 1
A H AR R s PVA/CDs & & 41 K TE R d 12
R EE MR, R PVA/SICDs 5 PVA/
CDs H A7 A T 1 205 T 5 B A T, {8 (BT 5 (a) |
(b)) AL AR A2 M B B S B A, 5 7 A7 7E oAt
1EFIBLA
3.3 SiICDsFESHXARYMEI PVAESESYF

ENLVA LS A= EA )

AT RN il B SR 5 e T IR G0 A2 M e e T 2R
R &2 FR A% PVA/SICDs 76 A [\ I B K 1 1K
RIS HEREHEAT TR . WK 6 PR, 5 B

25 ‘CI, PVA/SICDs I B 135 s 7] 5¢ 4 ¥k & H R
B OR 5 1R E TH 5 #) 30 °CL, PVA/SICDs 1 78 IR K
52 F ] ek 2D #) 97 55 M3 B F — 20 T 3 35 °C
b, A B 79 s BP AT 58 4k &2 2 LR B AR . AT
U, Bt L T L R R AE S P AR A B 4R
X J2 R A T v B B 3R B RN GE A F iE BE s Bl A
(IR =R/ -R S % | JuN P X
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Fig.6  Photos of the shape recovery process of PVA/SiCDs composites at different temperatures
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Fig.7 (a)Near-infrared thermal imaging photos of PVA, PVA/CDs and PVA/SiCDs under simulated sunlight. (b)Surface tem-

peratures of PVA/CDs and PVA/SiCDs with exposure time under simulated sunlight. Absorption (¢) and emission (d)

spectraof PVA/CDs and PVA/SiCDs
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