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ABSTRACT 

 
Large light-induced reversible and elastic stress 

responses in graphene nanoplatelet (GNP) polymer 
composites are reported. Homogeneous mixtures of 
GNP/polydimethylsiloxane (PDMS) composites (0.1–5 
wt%) were prepared and their near-infrared (NIR) 
mechanical responses studied with increasing pre-strains. 
Using NIR illumination, a photomechanically induced 
change in stress of four orders of magnitude as compared to 
pristine PDMS polymer was measured. Actuation responses 
of graphene polymer composites depended on applied pre-
strains. At low levels of pre-strain (3–9%) the actuators 
showed reversible expansion while at high levels (15–40%) 
actuators exhibited reversible contraction. For the same 
fabrication method, GNP/PDMS composites exhibited 
higher actuation stresses compared to all other forms of 
nanostructured carbon/PDMS composites tested. 
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INTRODUCTION 
 

Both in natural and synthetic systems, actuator materials 
change their shape or dimensions upon external stimulus. 
The best-known materials for actuation are piezoelectrics 
[1], ferro-electrics [2], shape-memory alloys [3], 
electrostrictive materials [4], liquid crystal elastomers [5], 
and conducting polymers [6]. Recent additions include 
carbon nanotubes (CNTs) [7] and porous metallic 
nanoparticles [8] as they exhibit large stresses and strains 
from low voltage electromechanical actuation. Similarly, 
both single and multi-wall CNTs (MWNTs) composites 
have been reported to undergo photomechanical actuation 
[9, 10]. Compared to electrically/thermally/ionically/phase-
transition driven actuators, light driven actuators have 
several advantages including wireless actuation, 
electromechanical decoupling (and therefore low noise), 
elimination of electrical circuits at the point of use, and 
massive parallel actuation of device arrays from a single 
light source. Photomechanical actuators already show 
possible applications encompassing photonic switches [11], 

robotics [12], plastic motors [13], and adaptive micro-
mirrors [14], thus creating renewed interest in 
photomechanical actuation.  
 

This work introduces a simple polymer composite 
system whose photomechanical responses to near-infrared 
(NIR) light are realized solely by incorporation of 
homogeneous dispersion of graphene nanoplatelets (GNPs) 
within a polydimethylsiloxane (PDMS) elastomer matrix. 
Similar to CNT/PDMS composites, actuation responses of 
GNP/PDMS composites depend on initial applied pre-
strain: at low levels (3–9%), samples showed reversible 
expansion; at moderate levels (~10%), samples yielded 
negligible effect; and at high levels (15–40%), samples 
exhibited reversible contraction. For GNP/PDMS 
composites, these correspond to a photomechanical stress 
change 2.4 to 3.6 times greater than any other carbon form 
tested.  

 
RESULTS AND DISCUSSION 

 
For each pre-strain value (3–40%), test composites 

underwent 5 cycles of NIR illumination on for 60 seconds, 
followed by NIR illumination off for 30 seconds. The 
magnitude of actuation was found to be highly repeatable 
for each test sample. Photomechanical responses started at 
time (t) = 0 s and became saturated at t = 5 s. Similarly, 
once the light is switched off, actuators undergo relaxation 
in t = 5 s. This is significantly fast actuation compared to 
past reports on CNT/PDMS actuators where actuation 
achieved saturation at t = 10–15 s [15]. Dependency of 
actuation and relaxation responses as a function of time 
were also examined, with experimental data fit to simple 
exponential functions by incorporation of a fitting 
parameter (). The experimental actuation data was fitted 
with a simple exponential function of 1-exp[-(t/)], while 
the relaxation data was fitted with exp[-(t/)]. Both 
actuation and relaxation responses followed Debye 
characteristics [15]. When normalized to account for the 
magnitude of change in stress, actuation and relaxation 
responses for all GNP/PDMS test composites were nearly 
identical. Unlike CNT/PDMS actuators which follow a 
compressed exponential function for actuation [15], 
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that showed reversible light-induced elastic expansion and 
contraction. For a 2 wt% sample, a photomechanically 
induced change in stress of +14 kPa at low pre-strains, and 
–36 kPa at high pre-strains was successfully demonstrated. 
For the same fabrication method, GNP/PDMS composites 
outperformed all other carbon forms tested.  

 
Looking forward into a variety of possible future 

applications of photomechanical actuators, one can develop 
skins that can undergo either expansion or contraction. On a 
small scale, this could be used for assembling surfaces to 
study mechanical forces on soft matter, such as biological 
materials such as cells, where the forces are delivered in 
non-contact manner using photo-mechanical actuation. On 
a large scale, thin films of GNP/PDMS polymer could be 
utilized as functional smart materials for adaptive skins. 
The temperature decrease with increase in pre-strains of the 
actuators could be useful for developing a new type of 
strain gauge owning to linear temperature change with 
strain. We believe that further development of graphene 
based polymer composites will extend the promising 
potentials of graphene based actuation technologies and 
will serve as a catalyst to inspire continued research into 
energy conversion devices and systems.  
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