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Abstract: Soft actuators can be applied to various fields such as the medical industry and manufacturing in-
dustry due to the flexibility and smooth movement resulted from their constituent materials. Stimuli-responsive
hydrogels are a class of materials that can show large volume changes due to various surrounding stimuli and
thus is suitable as a soft actuator material. However, because the change in volume of the stimuli-responsive
hydrogel depends on the rate of temperature change and the rate at which the solvent diffuses into the polymer
network, in most typical operating conditions, the response time of the actuator is slow due to inefficient heat
transfer and diffusion process. In this study, a conjugated polymer was introduced into polydiethylacrylamide,
a thermoresponsive hydrogel, to implement a soft actuator driven by light, and the improvement in response
time by the photothermal effect of the conjugated polymer was investigated. It was confirmed that the response
time was improved by 41% by the introduction of the conjugated polymer, due to the improvement in heat
transfer efficiency. Finally, a soft gripper using the hydrogel with improved response time was fabricated and
the response time of the gripper was investigated.
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Diethyl acrylamide (DEAM, >98%), p-methylstyrene
(pMS, >96%), 5,5°-bis(trimethylstannyl)-thiophene (97%),
3,6-bis(5-bromo-2-thienyl)-2,5-dihydro-2,5-di(2’-hexylde-
cyl)-2,5-dihydro-pyrrolo-[3,4c]pyrrole-1,4-dione, Pd(PPhs),
(98%), 1-propanol (>99.5%)<> TCI AuZoA F+As5tA
t}. 1,4-dioxane (99.8%, F-5)= Y=g XA azobisiso-
butyronitrile (AIBN, 99%)2 ZAJo]o| Al L3} tt. Hex-
ane (95%), methanol (99.8%), toluene (99.5%), acetone
(99.8%), chloroform (99.5%)2 tjAs}stol A A5}t
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23.58 mmol (3.24 ml)9] DEAMI} 1.241 mmol (312 mg)
9] acrylamidobenzophenone (AmBP), 82.77 umol (13.59
mg)2] AIBNZ 30 ml9] 1,4-dioxane°] -&3fA|7] & 80°C,
250 rpm 2.2 20h 39U S8t AmBP do] 5 mol%<l
poly(diethylacrylamide-co-acrylamidobenzophenone) (PD-
EAM-BP) 35% IEAE /453t AmBP= o] =
2o e B FHFATH20). FHE TEAS hex-
aneo] FAA7Z]AL 1] HHE-E2 A|AT F, g 2E0fA
S5 &%F 2125t PDEAM-BPE 455191t /€ 1L
BAlo] 22 Fig. 1a9h 2},
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Figure 1. Chemical structure of (a) PDEAM-BP, (b) P»MS-BP,
and (c) PDPP3T.
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Figure 2. Absorption spectrum of (a) PDPP3T, (b) PDEAM-BP,
and (c) PpMS-BP.

c}. U, PDEAM-BP(Fig. 2b)2} PpMS-BP(Fig. 2c)y= &[]
A oA FTE AY] oA goug oA Ho
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H WA A2 35 o] FHA FLsHA EAE oW 10
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= 78 & =T, B Na"ste BEolA kol o
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Figure 3. Optical images of composite films of PDEAM-BP and
conjugated polymer according to the content of conjugated poly-
mer: (a) 5 wt%, (b) 10 wt%, (c) 15 wt%, and (d) 20 wt%.
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Figure 4. Comparison of the relative swelling ratio between
PDEAM-BP and PCP5 according to time for (a) deswelling and
(b) swelling.
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Figure 5. Curvature versus time graph according to the number
of PpMS-BP patterns for (a) deswelling and (b) swelling. Inset
in (a) is schematics of the composite hydrogel films with 1-3
patterns of PpMS-BP on their surface.
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Figure 6. (a) A schematic of the soft gripper and time depend-
ent shape change of the soft gripper (b) upon NIR laser irradi-
ation and (c) after turning off the laser.
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