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ABSTRACT: Rapid response and strong mechanical properties are desired for smart materials used in soft actuators. A
bioinspired hybrid hydrogel actuator was designed and prepared by series combination of three trunks of tough polymer—clay
hydrogels to accomplish the comprehensive actuation of “extension—grasp—retraction” like a fishing rod. The hydrogels with
thermo-creep and thermo-shrinking features were successively irradiated by near-infrared (NIR) to execute extension and
retraction, respectively. The GO in the hydrogels absorbed the NIR energy and transformed it into thermo-energy rapidly and
effectively. The hydrogel with adhesion or magnetic force was adopted as the “hook” of the hybrid hydrogel actuator for grasping
object. The hook of the hybrid hydrogel actuator was replaceable according to applications, even with functional materials other
than hydrogels. This study provides an innovative concept to explore new soft actuators through combining response hydrogels

and programming the same stimulus.
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B INTRODUCTION

Soft actuators are soft machine capable to accomplish the
actions of capture, movement, and manipulation under
controlling, and the key factor of a soft actuator is the response
soft materials, which are manipulated under the signal of
chemical or physical stimuli." Some soft actuators are designed
upon the biomimetic or bioinspired principles based on the
smart simulation of living organisms, animals, and mankind,
and potentially utilized in biomedical and micromachine areas.
Hydrogels, composed of polymer networks and large amount of
water similar to the structure of natural tissues, were a strong
candidate of stimuli-response materials required for the soft
actuator.””> However, poor mechanical strength and low
extensibility restricted the conventional synthetic hydrogels to
be actually applied in soft actuators.”* The appearance of tough
hydrogels greatly promised the application as the response
material in soft actuators.’”'’ Among the stimuli-response
hydrogels, the light-response hydrogel showed superior merits,
such as noncontact control and simple device design.”'' Near-
infrared (NIR) was mostly used as the driving energy and
control signal for the soft actuator because of its safety and
penetrating capability entering the tissues and organs.'”
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Graphene has attracted tremendous interests as a rising star
material because of its unique properties,w which absorbs the
NIR irradiation and transforms it into thermal energy quickly
and efficiently.'"'* Graphene oxide (GO) acting as physical
cross-linker has been widely used in preparing stimuli-response
hydrogels cooperated with other cross-linkers, such as N,N'-
methylenebis(acrylamide) and clay.”’**™** In our previous
work, a tough hydrogel composed of poly(N-isopropylacryla-
mide) (PNIPAAm), hectorite clay, and GO was utilized in
constructing a bilayer hydrogel actuator driven by NIR
irradiation,” where GO acted as an energy-converter. When
exposed to NIR radiation, the temperature of the GO-
containing hydrogel layer was always higher than that of the
hydrogel layer without GO, causing the bilayer hydrogel to
bend. Other soft actuators for lifting or grasping objects were
also reported.'”**7>® All of these actuators were capable to
accomplish only one action because the response material used
possessed single response and single action. On the other hand,
a comprehensive action is desired as inspired from fishing rods
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Figure 1. (A) Schema of the hybrid hydrogel actuator composed with three trunks of stimuli-response hydrogels like a fishing rod. (B) actuation of
the hybrid hydrogel actuator with an adhesive hook (part III). (C) actuation of the hybrid hydrogel actuator with a magnetic hook (part III) guided

by magnetic force.

Table 1. Monomer Composition of the Hydrogel Trunks Illustrated in Figure 1A

part length (mm) code
1 40 D1G2.5GO2 1.0
II 100 N1S2GO2 1.0
D3G3CD8 3.0
111 20 D3G3Fe3 3.0
N1S2G0O2CD8 1.0

NIPAAm (mol/L) DMAA (mol/L) XLG (w/v%) XLS (w/v%) a-CD (w/v%) GO (mg/mL) Fe;O, (mg/mL)

2.5 2.0
2.0 2.0

3.0 8.0

3.0 3.0
2.0 8.0 2.0

and human arms, which are achieved by combination of several
movements such as approaching, grasping and lifting.

Similar to a fishing rod, we combine three trunks of hybrid
hydrogels with excellent mechanical strength and extensibility
in series to accomplish an “extension—grasp—retraction”
comprehensive actuation (schematically illustrated in Figure
1A). NIR is chosen as the stimulus signal and driving energy,
and GO is incorporated into the hydrogels to absorb the NIR
energy and to transform it into thermal energy. The hydrogel
trunks execute the extension (part I) and contraction (part II)
actions separately driven by NIR irradiation like a fishing rod
(Figure 1B). The “hook” hydrogel trunk (part III) is smartly
designed with adhesion or magnetic as a hand to grasp specified
objects (Figures 1B and 1C).

B EXPERIMENTAL SECTION

Materials. Monomer N-isopropylacrylamide (NIPAAm, TCI, 1%
stabilizer) was recrystallized from toluene/n-hexane mixture and dried
in vacuum at room temperature for 48 h. Monomer N,N-
dimethylacrylamide (DMAA, J&K, > 98%), a-cyclodextrin (a-CD,
J&K, 98%), initiator potassium peroxydisulfate (K,S,0, J&K, 99%),
and catalyst N,N,N’,N’-tetramethylethylenediamine (TEMED, Acros,
99%) were used as received. Synthetic hectorite clay of gel-forming
grade LAPONITE XLG [Mgs14Lio66SisO20(OH)Nagg] and sol-
forming grade LAPONITE XLS [92.32 wt % of
Mg; 34Lig 46Sis02(OH),Nag s and 7.68 wt % of Na,P,0,] was
purchased from Rockwood, Ltd., and used after dried at 125 °C for
2 h. Preparation of Fe;O, nanoparticles was described in Supporting
Information. Pure water was obtained by deionization and filtration
with a Millipore purification apparatus (resistivity >18.2 MQ-cm) and
bubbled with argon gas for more than 1 h prior to use in the gel
preparation.

Preparation of GO. GO was prepared according to the modified
Hummers method.”” Two grams of graphite powder (Alfa Aesar, 325
mesh, 99.8%) and 1 g of NaNO; were added to 46 mL of cold (~0
°C) concentrated H,SO, in a 250 mL flask. The mixture was stirred in
an ice bath for 30 min, and 6 g of KMnO, was slowly added under
vigorous stirring. The reaction was carried out for 2 h. Then, the ice
bath was removed, and the reaction mixture was maintained at 35 °C
for 0.5 h. Afterward, 30 mL of deionized water was gradually added
into the mixture, and the reaction system was transferred to a 98 °C
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water bath for 15 min. Finally, 20 mL of 30% H,O, was added to the
mixture. For purification, the mixture was washed with 5% of HCI and
deionized water several times. GO was dried at 60 °C in vacuum for 24
h.

Preparation of Hydrogel Actuators. The hybrid hydrogel
actuator consisting of connected three trunks of response hydrogels
was synthesized in one step. The actuator was composed of part I of
PDMAA-XLG-GO gel, part II of PNIPAAm-XLS-GO gel, and part III
of PDMAA-XLG-a-CD gel, PDMAA-XLG-Fe;0, gel, or PNIPAAm-
XLS-GO-a-CD gel. The synthesis procedure was similar to the
literature method.”® First, GO or Fe;O, nanoparticle was dispersed in
water for at least 2 h, and then the clay of XLG or XLS was added. The
mixture was dispersed for another 2 h to produce a uniform
suspension. After that, the monomer NIPAAm or DMAA was added
to a specified concentration and stirred for 2 h. a-CD was then added
when designed. The reaction solution was degassed before adding KPS
solution (20 mg/mL) and catalyst TEMED. For the hybrid hydrogel
actuator, the reaction solutions with different compositions were
poured into a glass tube of 6.0 mm diameter in the sequence of parts
II1, II, and I for in situ polymerization. Because of the high viscosity of
these reaction solutions, the depth of mutual diffusion across the
interface between two gel trunks was limited, which maintained the
features of each gel trunk and ensured high connection strength. The
hydrogel sample used for creep measurement was polymerized in a
laboratory made mold of 80 mm X 80 mm X 2 mm, which consisted
of two glass substrates with a rubber spacer. The PDMAA (D1G2.5)
and PNIPAAm (N1S2) hydrogel samples without GO were also
synthesized for comparison. The compositions and codes of each part
of the hydrogels are listed in Table 1.

NIR Driving of Hydrogel Actuators. Two halogen tungsten
lamps with a filter of cutoff <600 nm were used as the NIR light source
located at a distance of 50 mm from the sample on both sides. The
power density delivered to the sample was about 0.5 Wem™ on each
side. Parts I and II of the hydrogel actuator were irradiated successively
for a desired time, and the length of the entire hybrid hydrogel
actuator during irradiation was recorded.

To explore the NIR irradiation effect on the PDMAA and
PNIPAAm hydrogels with and without GO, the length and
temperature were measured as a function of irradiation time. Repeat
actuation circle of the hybrid hydrogel actuator was tested in two
procedures: One is that parts I and II were merely irradiated
successively for 30 and 60 s for several times. Another is that the
hydrogel was immersed in deionized water at room temperature for 15
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Figure 2. Photos of the actuating hydrogel (D1G2.5GO2 + N1S2GO2 + D3G3CD8). A: Original sample. B: Hydrogel sample under NIR
irradiation. C: Hydrogel sample under stretch. D and E: Enlarged junction area of the stretched sample. F and G: Enlarged junction area of the

stretched sample under NIR irradiation.

Figure 3. SEM images of the indicated parts of the actuating hydrogels. A: D1G2.5GO2. B: Junction area of I and II (D1G2.5GO2 + N1S2GO2). C:
N1S2GO2, D: Junction area of II and III (N1S2GO2 + D3G3CDS8). E: D3G3CDS8.

min after each actuation circle to compensate the water loss during the
NIR irradiation.

Mechanical Test. Tensile strength of the hydrogels in rod shape
was detected with a Shimadzu AG-X plus testing system under
crosshead speed of 100 mm/min at room temperature. The strain was
taken as the length change relative to the original length, and the stress
was estimated on the cross section of the original sample. Silicon oil
was coated on the sample surface to prevent water evaporation.

Shear creep of the D1G2.5GO2 hydrogel was monitored under a
constant shear stress of S0 Pa with a stress controlled rheometer AR-
G2 (TA) using a parallel plate fixture of diameter of 60 mm at four
temperatures. Sandpaper (3 M 734 P240) was fixed on each plate
surfaces to avoid slip of the sample during measurements. Temper-
ature was controlled by a Peltier plate. Silicone oil was laid on the edge
of the fixture to prevent water evaporation.

Scanning Electron Microscope Observation. Internal morphol-
ogy of every parts of the hydrogels and junction area of the hydrogels
was observed with a scanning electron microscope (SEM, Zeiss EVO
18) operated at 10.0 kV. The hydrogel was quickly frozen in liquid
nitrogen and then freezing-dried for 3 days. Before observation, the
freeze-dried gel was carefully sliced and sputtered with gold.

B RESULTS AND DISCUSSION

Mechanical Properties. High mechanical performance is
essential for the actuating hydrogel materials to ensure the
efficient action as response to the external stimuli, especially for
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the present actuator composed of three different hydrogels.
The integrity and mechanical strength of hydrogel actuators are
essential for the actuating process. Figure 2 shows photos of the
hydrogel actuator (D1G2.5GO2 + N1S2GO2 + D3G3CDS8) in
different states. The original sample with three trunks is
uniform (Figure 2A). The color of Part II (N1S2GO2)
becomes white when the it is irradiated by NIR due to the
phase separation of the PNIPAAm gel (Figure 2B).” Other
parts of the hydrogel display no obvious color change under
NIR irradiation. It is worth noting that the junction area of
different hydrogels is not identifiable, because the slight
copolymerization probably occurred during preparation as
there exited monomer mixture within this area. The
copolymerization would enhance the connection of different
hydrogels. The perfect connection of three hydrogel parts is
also manifested through stretch of the entire hydrogel sample
(Figures 2C, 2D, and 2E), where the sample is stretched to
300% without any rupture at the junction area. Furthermore,
the stretched sample under NIR irradiation in Figures 2F and
2G also exhibits a similar color change.

We also observed the internal microstructure of the actuating
hydrogels in dried state through SEM Figures 3A, 3C, and 3E
present the three parts of I, II, and III, respectively. The pore
size of parts I (D1G2.5G02) and III (D3G3CDS$) based on the
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PDMAA hydrogel is larger than that of part II (N1S2GO2)
based on the PNIPAAm hydrogel, which may be attributed to
the different affinities of polymer chains to water, affecting the
sublimation rate during freeze-drying. For the junction area,
both large and small porous size structures are observed from
Figures 3B and 3D, revealing that the junction area is
composed of the neighboring parts of hydrogels. The above
results indicate that the three trunks of the hydrogels are
combined tightly during the preparation.

Tensile behavior of every trunks of the actuating hydrogel
was evaluated and Figure 4 depicts the stress—strain curves of
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Figure 4. Tensile stress—strain curves of the actuating hydrogel (solid
line) and its individual parts I (D1G2.5GO2), II (N1S2GO2), and III
(D3G3CDS8 and D1G3Fe3) (dashed lines).

an actuating hydrogel containing three trunks and the
individual parts I-IIL The tensile strength of these component
hydrogels is 80—90 kPa, almost independent of the hydrogel
composition studied. On the other hand, the elongation at
break varies from 1200% to 1800%, depending on the hydrogel
composition. Generally, PDMAA-clay hydrogels have max-
imum elongation larger than 1500%,'®*" and the hydrogels
containing less clay and monomer (D1G2.5GO2) shows a high
elongation due to its lower cross-linking density. While the
PNIPAAm-clay hydrogels are capable to be stretched up to
about 1000%,”%* which is the case of the N152GO2 hydrogel
in Figure 4.

For the entire actuating hydrogel, the tensile strength and
elongation at break are about 78 kPa and 1220%, respectively,
comparable with the weakest trunk (N1S2GO2) in these three
component hydrogels. Actually, the fracture occurred at the
N1S2GO2 hydrogel trunk, not at the junction areas. During
preparation, the reaction solutions of three hydrogel parts were
successively injected into one glass tube before polymerization.
The stretch results combining with the above morphology
indicate that this method succeeds in connecting three trunks
of hydrogels together strongly. Because high viscosity of the
reaction solutions limits the mutual diffusion across the
interface, the feature of each trunk is maintained. At the same
time, small amount of monomers are mixed in the junction area
to be copolymerized to produce a strong joint for different
hydrogel trunks.”® Thus, the present hydrogel actuator has high
mechanical strength without breakage at the junction areas.

Actuating Process. On the basis of the tough hybrid
actuating hydrogel composed with three response trunks, we
examined its actuating process under NIR irradiation. As
schematically demonstrated in Figure 1B, part I extends under

NIR irradiation, which allows part III, the “hand” or hook, to
reach and catch the object by adhesion (Figure 1B 1 — 2). The
adhesive hydrogel is realized by introducing a-CD into the
PDMAA-clay hydrogel, where large amount of hydroxyl groups
in a-CD molecules enhance the interaction between the hook
and object through hydrogen bonding. (Detailed adhesive test
of the adhesive hydrogel is provided by Figure S1.) Then, part
II is irradiated with NIR, and the object is lifted during
contraction of part II (Figure 1B 2 — 3).

The hook (part IIT) of the hybrid hydrogel actuator can be
exchanged with a magnetic hydrogel by adding Fe;O,
nanoparticles in the polymerization suspension. This hook
hydrogel is magnetically guided toward desired positions, more
than just below the actuator (Figure 1C). The magnetically
guiding actuation of the magnetic hydrogel is presented in
Figure S2.

Figure SA illustrates a conceptual example of the hybrid
hydrogel actuator serving as an electrical circuit switch driven

A-1 g A-2

B-1

v,

Figure S. A: Photos of removing the sheet-metal switch (1.2 g) by the
hybrid hydrogel actuator (A-1) driven by NIR irradiation successively
on part I for extension and adhesion (A-2) and on part II for lifting (A-
3). B: Photos of approach of the hybrid hydrogel actuator with
magnetic hook (B-1) driven by NIR irradiation on part I and a magnet
(B-2) on part 111, and lifting weight (0.6 g) by irradiation on part II (B-
3).

by NIR irradiation (complete electrical circuit in Figure S3).
The hydrogel actuator extends and reaches the sheet-metal
switch when irradiated on part I. The metal switch is captured
by part III through adhesion. Then, the switch is raised by the
contraction of part II under NIR irradiation, resulting in the
lamp being switched-off. Figure SB manifests the hybrid
hydrogel actuator with the magnetic hook driven by both
NIR irradiation and magnetic force. The actuator is horizontally
shifted for about 10 mm driven by a magnet in addition to the
extension and retraction in vertical direction driven by NIR
irradiation. This actuator can be applied to collect magnetic
particles in severe environments by remote control.

In the above case, the object is held with the hydrogel hook
made of D3G3CD8. How to release the captured object from
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the hook? Here, we have designed an adhesion-tunable hook
based on the hybrid hydrogel of N1S2GO2CDS8 (Figure 6).

Released

808 nm NIR laser

Attached for 1 min

Figure 6. Release of captured object from the adhesive hydrogel
N1S2GO2CDS8 by irradiation of the 808 nm NIR laser. A: Attached
state. B: Irradiating with a NIR laser on the adhesive interface. C:
Release of the attached object. D: Hydrogel after detaching.

GO in the hydrogel transforms the NIR energy to thermal
energy rapidly and efliciently to cause phase separation and
dehydration of the PNIPAAm hydrogel. Then, the adhesive
force is reduced and the captured object is released in 1 min.*!
The same idea is easily generalized by changing the hook (part
III) for other purpose, for example, porous absorbents for
water—oil separation or dye absorption and catalyst-loaded
hydrogel for position-controlled reaction.*”

To evaluate the actuating action quantitatively, we
determined the length change of the hybrid actuating hydrogel
under NIR irradiation. Figure 7 shows this length change AL

NIR on NIR off NIRon  NIR off
129 Partl Part Il
30s
o\° 60s
~
o 84
~
~
3
4
0..
0 60 120 180
Testtime /s

Figure 7. Relative length change of the hydrogel actuator during whole
actuation with NIR irradiation on and off at parts I and II for the
indicated time intervals of 30 and 60 s.

related to the original length L, during the whole actuation
process. During the first 10 s of irradiation on part I, there is no
visible length change for preheating. Then, the hydrogel
actuator begins to extend rapidly under the irradiation. When
NIR is turned-off after irradiation for 30 s, the actuator extends
continuously for about 60 s, and then stops at AL/L, =~ 11%.
At this moment, Part III of the hydrogel actuator catches the
object through adhesion or magnetic force. Part II of the
hydrogel actuator is then irradiated with NIR, which contracts
immediately, lifting the object. This contraction stops as soon
as the NIR is turned-off, where AL/L, ~ 5%. The residual
extension originates from the creep of part I and cannot be
recovered by contraction of part II. The actual value of AL/L,
can be adjusted by the length of each part of the hydrogel
actuator and the irradiation time, and the response rate of the
hydrogel actuator can be regulated by tuning the cross-linking
density and morphology of the hydrogels during polymer-
ization.”> The present actuator is conceptually designed to
transform NIR energy to thermal energy and then to
mechanical energy. Its energy transforming efhiciency is still
low (lower than 107*%) probably because of the unsatisfactory
materials and multiple energy transformations. Therefore, great
efforts to develop new hydrogels with high energy transforming
efficiency are expected for the soft actuators.

Actuation Mechanism. We explore the actuation mech-
anism of the hydrogel actuator with temperature response and
creep behavior as illustrated in Figure 8. Figure 8A displays the
temperature change of the component parts of the hydrogel
actuator under NIR irradiation. The temperature increment of
the hydrogels D1G2.5GO2 (part I) and N1S2GO2 (part II)
containing GO is much faster (solid lines) than that of the
corresponding hydrogels without GO (dashed lines). This is
due to GO in the hydrogels, which absorbs the NIR energy and
transforms it into thermal energy rapidly and efficiently. "' ***
As the temperature of the hydrogel N1S2GO2 reaches the
volume phase transition temperature (VPTT, ~32 °C) of the
PNIPAAm hydrogel®** very quickly, part II begins to contract
immediately without delay when NIR is on as shown in Figure
7.

We previously found that the PDMAA-clay hydrogel
exhibited a thermal moldable behavior and large thermo-
creep because of the thermo-reversible cross-linking.*> Figure
8B depicts the shear creep strain of the hydrogel D1G2.5GO2
at four temperatures. The creep is small at 20 and 40 °C, but
becomes large at 60 and 80 °C. Therefore, the hydrogel
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Figure 8. A: Temperature of indicated hydrogels as a function of NIR irradiation time. B: Shear strain creep of the hydrogel D1G2.5GO2 under

stress of 50 Pa at indicated temperatures.

DOI: 10.1021/acsami.5b08248
ACS Appl. Mater. Interfaces 2015, 7, 23423-23430


http://dx.doi.org/10.1021/acsami.5b08248

ACS Applied Materials & Interfaces

Research Article

A

D1G2.5G02 Gl

2 Irradiating time: 40 s

Irradiating time: 90 s

C PDMAAgel 40s

/ PNIPAAm gel, 90 s

Figure 9. A: Length of PDMAA hydrogels D1G2.5 and D1G2.5GO2 before and after NIR irradiation. B: Length of PNIPAAm hydrogels N1S2GO2
and N1S2 before and after NIR irradiation. C: Relative length change AL/L, of the hybrid hydrogels with and without GO under NIR irradiation for

indicated time.
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Actuating cycles
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Figure 10. A: Two actuation cycles of the hybrid hydrogel actuator to operate an electrical circuit switch by successive irradiation on parts I and IL B:
Relative length change of the hybrid hydrogel actuator upon repeat NIR irradiation with Di and Ni denoting the ith irradiation on parts I and II,
respectively. C: Relative length change of the hybrid hydrogel actuator during repeat NIR irradiation and water-immersing for 15 min (Wi) after each

cycle. The irradiation time on parts I and II is 30 and 60 s, respectively.

D1G2.5GO2 of part I extends upon thermo-creep under NIR
irradiation. The 10 s preheating in Figure 7 for the hydrogel
actuator at the beginning of irradiation is required to increase
the temperature of part I to produce a detectable creep.

For visual and direct comparison, Figure 9 demonstrates the
length change of the PDMAA-clay and PNIPAAm-clay hybrid
hydrogels with and without GO under NIR irradiation. Passing
the same irradiation time, the length of the PDMAA hydrogel
containing GO is much longer than that of the corresponding
hydrogel without GO (Figure 9A). On the other hand, when
the same irradiation is carried out on the PNIPAAm hydrogel,
lager contraction is achieved with GO in the hydrogel (Figure
9B). Addition of GO in the hydrogels greatly accelerates the
temperature increment and promotes the actuation to be
realized within 30 s. Upon the NIR irradiating, AL/L, of

D1G2.5GO2 reaches 30% within 40 s, while it is only about
12% for N1S2GO?2 after 90 s irradiation (Figure 9C). Thus, the
length change rate (slope of the curve in Figure 7) is fast for
part I (after delay) and slow for part IL

The actuating accuracy of the hybrid hydrogel actuator can
be improved by regulating the irradiation area on the hydrogels,
in turn to control the length change of the hydrogel. This is
tested by using a NIR laser, which exposes a finite area for 90 s
and moves along the actuating hydrogel stepwise on part I
(Figure S4). The extension of the hydrogel actuator, thus, is
adjusted accurately.

The repeatability of actuating actions is desired for the soft
actuators. Figure 10A presents two actuating cycles to
manipulate an electrical circuit switch with the hybrid hydrogel
actuator without any treatment. The actuating action is
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repeated just through the NIR irradiation on parts I and II
alternately. The relative length change is plotted in Figure 10B
as a function of the actuation cycle with Di and Ni denoting the
ith irradiation on parts I and II, respectively. Because of the
water loss from the hydrogel during NIR irradiation, the
actuation amplitude decreases with increasing cycle number.

To compensate the water loss, the actuating hydrogel was
immersed in deionized water for 15 min after every actuation
cycle. The relative weight change of an actuating hydrogel after
actuation cycle and water-immersing treatment is shown in
Figure S5. The weight change after each actuation cycle is about
10% caused by losing water, and the water-immersing
treatment compensates the water loss almost completely.
Figure 10C depicts the relative length change of the hybrid
hydrogel actuator during six actuation circles, where the
actuation amplitude is recovered and the entire length of the
hydrogel increases gradually with increasing actuation cycles
(dashed line). The length increase is induced by the thermo-
creep of Part I under NIR irradiation as seen from Figures 7
and 8B, which cannot be recovered during actuation cycle and
water-immersing. However, this residual extension of the
hydrogel actuator is less than 20% of its original length in the
present work.

B CONCLUSIONS

In the present work, we were inspired by fishing rods and
human arms and designed a hybrid hydrogel actuator consisting
of series combination of three trunks of polymer—clay
hydrogels with excellent mechanical strength and extensibility.
The hydrogel trunks with thermo-creep and thermo-contrac-
tion functions were separately driven by NIR irradiation to
execute extension and lifting actions, and the adhesive or
magnetic hydrogel trunk acted as a hook to catch object.
Therefore, this hybrid hydrogel actuator accomplished an
extension—grasp—retraction comprehensive actuation, like a
fishing rod. The GO in the hydrogels absorbed NIR energy and
transformed it into thermal energy rapidly and effectively. The
hook of the hybrid hydrogel actuator was replaceable according
to applications, even with functional materials other than
hydrogels. Based on this design, the driving source can be
programed with a mask to guide the irradiating position and
area on the hydrogels with gradient composition and/or bilayer
structure. Bioinspired versatile hydrogel actuators can be
developed in this way.
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