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Abstract
At present, self-repairing, intelligent materials are being considered as future material. In this perspective, the electroactive 
materials are unique for their adaptability, sharp response time, control over the system, quick response rate, low power 
consumption, and compactness. The electroactive materials include electroactive polymers (EAPs), piezoelectric materi-
als, electroactive gels, and fullerene compounds. The photonic interaction of light with the electroactive material converts 
light energy into mechanical energy and leads to multi-directional applications. Contemporarily with increased interest 
and emphasis on ‘green’ technological solutions, efforts are focussed on utilizing these electroactive materials with light 
energy. Corresponding to this, biomimetic and artificial intelligence are advancing to develop various optoelectronic devices, 
energy conversion and storage devices, photoresistors, vehicle components, sensors, robots, and medical devices. A better 
understanding of such light illumination with electroactive materials and prospective applications contributes to the plan-
ning of beneficial smart materials. Hence, this review article focusses on the interaction of light with different electroactive 
materials, their applications, and prospects of the current and future investigations.

Keywords  Electroactive material · light · electroactive polymer · fullerene · piezoelectric electroactive polymer · 
electroactive gel

Abbreviations
EAPs	� Electroactive polymers
e−	� Electron
h+	� Hole
IR	� Infrared
UV	� Ultra-violet

Introduction

Smart material technology has opened up new directions 
for a variety of materials with excellent characteristics.1–5 
Electroactive materials are key smart materials for their 
excellent qualities such as higher reaction rate, low den-
sity, high actuation displacement, mechanical friendliness, 
quick response to stimuli, strain rate, reliability, and low 
price.6–13 These materials are excellent for sensing, opto-
electronic applications, piezoelectric transducers, ferroelec-
tric memory devices, electrodes for electrochemical energy 
conversion and storage, sensors, electroceramic and organic 

devices, magnetic and optical devices, photoresistors, and 
embedded capacitors in actuators applications, among oth-
ers.14–21 The interaction of light with the electroactive poly-
mers (EAPs) leads to the point where the light energy is 
converted to mechanical energy.22–29 Varied stimuli such as 
light and magnetic and electrical field leads to the diverse 
shape-memory effect for EAPs; piezoelectric electroactive 
material (e.g. polyvinylidene fluoride, PVDF) films produce 
electric voltage when exposed to infrared (IR) light due to 
the strong piezoelectric constant.15,30 External stimuli such 
as light, temperature, and electric field controls the material 
interface via a switchable surface that is applied for either 
‘on-off’ or reversible changes.31–36 The ‘light–electroactive 
material interaction’ is a subject of immense importance. In 
nature some of plants exhibit actuation; for example, a sun-
flower detects the movement of the sun throughout the day 
so to maximize the utilization of sunlight, and the Cornish 
Mallow leaf avoids sunlight through a light-sensitive photo-
base.37–40 The interaction of light with that of electroactive 
material is important for medical applications, e.g. exploring 
lenses that can rapidly focus without a change of location 
with the intensity or sensitivity change of light which, for 
example, could be applied in human eyes for image inter-
pretation and reorganization.41–44 One of the benefits of 

 *	 Nasim Kamely 
	 kamelynasim@gmail.com

1	 Murshidabad, West Bengal, India

http://orcid.org/0000-0002-7725-8806
http://crossmark.crossref.org/dialog/?doi=10.1007/s11664-021-09362-0&domain=pdf


954	 N. Kamely 

1 3

the photoresponsive polymer is the recovery of the shape 
after remote activation which is otherwise not possible for 
thermoresponsive shape memory polymers (SMPs).44–48 
Organic conjugated materials such as electroactive material 
are gaining much attention currently for light-emitting diode 
(LED) applications,33 light-emitting electrochemical cells,49 
photodetectors,50 field-effect transistors,51 solar cells, and 
laser applications.52 Optically pumped organic solid-state 
lasers, which are based on conjugated polymers, oligom-
ers and charge transfer systems, are already in use.3,53,54 
Such approaches are very important and can lead to the 
driving of nanomachines and micromachines without the 
assistance of motors, gears, or batteries and only using laser 
beam irradiation.55 High-energy lights can drive actuators 
and can thus be used wirelessly without any hardware con-
nections or physical contacts. Thus, these actuators can be 
used in hostile environments such as near nuclear radiation, 
chemical contamination, and strong electromagnetic fields. 
Other practical applications include photophones, optical 
switches, microactuators, optical projection systems, and 
optorobots.56–59 A high-energy light can be used for shape 
memory polymers and does not require hardwire con-
nections for actuator applications and performs in hostile 
atmosphere.57,60

Thus, here it can be seen that the interaction between 
electroactive material and light depends upon the elec-
troactive material and leads to multiple applications. A 
thorough understanding of such interactions and present 
applications and prospects enables the design of more 

environment-friendly ‘smart materials’. Therefore, in this 
review article, we briefly discuss the interaction of light 
with different electroactive materials such as electroactive 
polymers (EAPs), piezoelectric materials, electroactive gels, 
and fullerene compounds, as well as their applications and 
current and future investigation perspectives.

Interaction of Light with Different 
Electroactive Material

Light–Electroactive Polymer Interaction

A general photo-induced electron transfer process is 
expressed as in Scheme 1.

For EAPs, the presence of a group affects its ioniza-
tion potential thus affecting quantum efficiency. For 
example, in cyano-polyphenylene vinylene (CN-PPV), 
the presence of -CN groups causes more electron affin-
ity for the CN-PPV group than of the poly[2-methoxy-
5-(2’-ethylhexyloxy)-1,4-phenylene vinylene (MEH-PPV) 
MEH-PPV chain,  making the CN-PPV more suitable for 
LED applications than MEH-PPV80 (Fig. 1). The electro-
active polymer containing cinnamic groups (-CHCOOH)  
change shape, e.g. spirals, arches, tubes, by ultra-violet 
(UV) light irradiation and return to the original shape 
at ambient temperature and UV light exposure of differ-
ent wavelengths61 (Fig. 2). The surface relief feature is 
observed for oligomers and azobenzene polymers when 

Scheme 1.   Here, the donors and acceptors are either covalently bonded or spatially close. The donor (D)-acceptor (A), units are at each of the 
steps, returned back to the ground state either by radiative or non-radiative relaxation; data from Ref. 52.
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Fig. 1   Effect of light illumination introduces electron (e−) and hole (h+) transfer on the (a) Poly[2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylene 
vinylene (MEH-PPV) and (b) Cyano-Polyphenylene vinylene (CN-PPV); data from Ref.  64.

Fig. 2   Photoswitchable molecule changes by light interaction of one wavelength and returns to initial state either by thermal treatment or light 
irradiation of a different wavelength; data from Ref.  61.
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irradiated by polarized light.62,63 For side-chain azoben-
zene, the peaks and troughs depend upon the structure of 
the polymer. It is considered that the contraction of the 
polymer chain between the excited molecules in the illu-
minated region and surrounding shrinkage is due to laser-
induced phase transitions.37,63 For nematic solids, up to 
400% shape change can be performed optically, and these 
changes are reversible in nature; the trans-cis isomeriza-
tion conversion to bent cis-trans occurs upon UV irradia-
tion.23 The rate of such photoisomerization depends upon 
factors such as intensity of light (I) and cos2θ where the 
angle between the given rod and the vector of the electric 
field of the applied illumination is θ and if the reversible 
elongation is along the director; the rate of conversion for 
trans dye molecule is as follows:

η is the rate of absorption of I as a function of Q which 
accompanies a change in nematic order parameter and a 
function of temperature; ρ is the concentration of trans dye 
molecule.23

(1)
d�tc

dt
= −�(Q)�

For a photo-responsive polymer (e.g. interpenetrating 
polymer network, IPN, polymer), when irradiated by UV 
light, the colloid segments of the chains are elongated in 
the permanent amorphous network (Scheme 2). The fixa-
tion of the strain could be due to the generation of new 
chemical net points while the lower fixity rate causes the 
elastic contraction of the straight-chain segments. The 
chromophores which are covalently bonded and inserted 
onto the permanent polymer network (filled circles, per-
manent cross-links) form the photoresponsive cross-links 
(filled diamonds).61,65 Usually, the spiral shape is formed 
because of the formation of two layers, and the shape 
change is fixed at the top layer while the layer beneath it 
keeps its elasticity fixed.61 The adjacent points in a shaped 
polymer must be covalently cross-linked and amorphous to 
be photoresponsive. If a photoresponsive polymer carries a 
cinnamic group, cycloaddition reactions [2+2] take place 
in the presence of alternating light wavelength.61 As seen 
in Scheme 2, if UV> 260 nm is applied for a certain time 
(e.g. 60 min), it causes stretching and photo-fixing and 
leads to an elongation up to 20%. Once this external stimu-
lus is removed it remains in an elongated form, and when 

Scheme 2   Elongation of the colloidal segments of the amorphous network upon UV light irradiation; data from Ref. 61.

Fig. 3   Electroactive cyclohexasilanes showing nonlinear optical properties of (a) 1-ferrocenyl-4-((2,2-dicyanoethenyl)-phenyl)-decamethylcyclo-
hexasilane, (b) 1-ferrocenyl-3-( (2,2-dicyanoethenyl)-phenyl)-decamethylcyclohexasilane; data from Ref. 66
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this elongated polymer is exposed to this wavelength again 
for 60 min it causes photocleavage or change of the cross-
linked polymers, and the shape is recovered.61 After a few 
cycles under UV light, the light-induced rearrangement 
reaction might lead to a color change of the electroactive 
polymer film, although the properties remain intact. Some 
changes in the macroscopic level can take place due to the 
partial cleavage of cross-linking.61

To design on-off switching initiated by such light stimula-
tion, photosensitive electroactive polymer interaction can be 
promoted by the bimolecular adhesion of the surface, such 
as protein.31

In compound types such as Fig. 3a, silicon functions as a 
weak charge transmitter where donor and acceptor phenyl-
Si-phenyl moieties are connected together.66 In such a com-
pound, the polysilanyl bridge plays the role of the intramo-
lecular charge transfer from the donor to the acceptor. For, 
such a compound the cyclohexasilane ring is found to be 
more effective as an electron releasing group than its open-
chain counterpart.66 The improved optical nonlinearities 
under UV for compounds such as Fig. 3a and b at first may 

be due to the added easy charge transfer in the cyclohexasi-
lanyl-phenyl acceptor moiety (Fig. 3).

When a material comprises both poly(N-isoprylamide) 
(pNIPAM) and photoresponsive spirobenzopyran (SP), con-
trolling of the cellular growth is enabled in the spatial direc-
tion of the UV light.31,36 When the oligo-m,p-phenylenev-
inylenes are replaced by an alkoxy group, absorption and 
emission spectra are seen at higher wavelengths than the oli-
gomers where the oxygen group is absent directly attached 
to the backbone.67 If p-phenyl is replaced by 4,4'-biphenyl 
moieties, there is a hypsochromic shift in the optical spectra 
(Fig. 4).67 The bending direction of the film can be con-
trolled by changing the direction of the polarization of the 
illuminated light (Scheme 3).62,68

For azobenzene moieties, light of a particular direction 
leads to cis-trans isomerization in a specific domain where 
the azobenzene moieties are aligned along the direction of 
the polarized light.62 Size contraction by light illumination 
also leads to volume contraction, and such bending of the 
whole film leads to the cooperative movement of polymer 
segments and the liquid-crystal moieties to efficiently con-
vert the light energy into mechanical energy.62 This photo-
selective volume shrinkage introduces a photomechanical 
effect which is useful in advanced high-speed actuators for 
microscale or nanoscale instruments such as microrobots in 
medicine or optical microtweezers by remote laser radiation 
without the aid of motors, gears or batteries.55,63

Photoreactive polymer, poly-(4-vinyl benzyl-thiocyanate 
(PVBT), changes refractive index upon UV irradiation.69 
The change in refractive index is due to the photoinduced 
isomerization of thiocyanate (SCN) to isothiocyanate 
(NCS). Irradiated PVBT modified with 1-naphthyl methyl-
amine, causes a further increase in the refractive index. By 
employing the periodical variation of the refractive index of 
the active medium, optical feedback in a waveguide can be 
introduced.69 This concept of distributed feedback (DFB) 
has been applied for films of conducting homopolymers (e.g. 
PPV) derivatives cast onto SiO2 or ladder-type poly-(para-
phenylene) (m-LPPP) cast onto flexible plastic substrates.69 
As an example, poly(vinyl cinnamate) (PVCi) undergoes a 
[2 + 2] cycloaddition under UV irradiation and the photo-
reaction causes a reduction of the refractive index.69 There 

(Si)n
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Me
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n= 2,3,4,6

D: NMe2,MeS,MeO,F,SiMe3, Si2Me5

A: HC

C(CN)2, CF3, SO2R

Fig. 4   Dipolar silicon compounds with an extended transparency 
range combined with interesting nonlinear optical activities; data 
from Ref. 67

Scheme 3   Control of the cellular growth in the spatial direction of UV light for material comprising both poly(N-isoprylamide) (pNIPAM) and 
photoresponsive spirobenzopyran (SP); data from Refs. 31, 36.
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are reports of the change in refractive index of PVBT when 
irradiated under UV light, and these photoreactions pro-
ceed via radical intermediates. The UV irradiation of PVBT 
films leads to photoisomerization of the thiocyanate (-SCN) 
units which represents a 100% conversion of -SCN to iso-
thiocyanate (-NCS) units. During the photoisomerization of 
PVBT, the side reaction can also contribute to the change in 
refractive index. The change in refractive index for PVBT 
is greater compared to other photoreactive polymers (e.g. 
PVCi).69 It is important to modify the refractive index pat-
tern so that it remains stable even under intense UV illumi-
nation, or else the photochemically carved phase gratings 
are depleted under laser illumination. Although changes in 
the refractive index of PVBT are favorable for carving phase 
gratings, the unilluminated areas are still active to UV and, 
therefore, fail to achieve a long-lasting impact. The -SCN 
groups in PVBT change to -NCS by UV illumination and 
undergo addition reactions with amines (-NH2) to form thio-
urea derivatives while the unirradiated areas still contain 
stable -SCN groups, consequently resulting in a different 
response.69

Light–Piezoelectric Electroactive Polymer Actuators 
Interaction

For, the photostrictive materials, photo-restriction or opto-
piezoelectricity is a photo-deformation process which 
includes the photovoltaic effect and converse piezoelectric 
effect 56, 57, 70]. The photostrictive materials are ferroelec-
tric, e.g lead-lanthanum-zirconate-titanate (PLZT) [(Ph, La)
(Zr, Ti)O3]. These materials find wide applications such as in 
photostrictive actuators when doped with PbO, TiO2, Nb2O3, 
La2O3, ZrO2. For the photostrictive materials, the bonding 
layer is opaque to the light transmission, and therefore, the 
light absorbed by the top layer cannot penetrate to the bot-
tom layer. When the top of the surface layer is illuminated by 

high-energy uniform illumination, a current induction on the 
top layer takes place due to the photovoltaic effect opposite 
to the direction of the polarized light.56,70 Because of this, 
an in-plane electric field is generated as the induced charge 
flow causes the flow of the charge at the end surface of the 
paired electrodes.56,70 As a result, a positive strain is gener-
ated on the side of the illumination and a negative strain is 
generated in the opposite direction, i.e. the dark side, due to 
the converse piezoelectric effect. This coupling effect is the 
reason behind the bending or the photodeformation of the 
photostrictive optical actuators (Scheme 4).56,57

The optomechanical actuators are made up of two layers 
of photostrictive materials and they are placed in opposite 
polarities, the bimorph arrangement.57 As seen in Scheme 5, 
the common electrodes are positioned at the two ends on the 
z-axis and the light is irradiated from the direction of the 
y-axis. At the illumination, a series of photochemical reac-
tions take place where the absorbed light causes the induc-
tion of the positive charge on the top of the surface and for-
mation of a negative charge which leads to the deformation 
of the shape. It is important to note that, at the same time, 
some of the light energy causes an increase in temperature 

Scheme 4   Light irradiation causes generation of an electric field on the surface of the piezoelectric material, leading to surface bending.

Scheme  5   Light interaction with a 2D distributed opto-electrome-
chanical actuator system; data from Ref. 57.
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by converting to thermal energy. As a result, a secondary 
strain takes place due to the thermal effect which causes the 
generation of the additional charge that leads to the pyro-
electric effect. If a continuous transverse illumination of 
light is applied to an opto-electrochemical actuator system, 
an electric field is generated which can be written,57

Here, Es is the saturated photovoltaic field, Eo is the initial 
field between the electrodes, Cois the capacitance between 
the electrodes, Ro is a constant, where Ro = (αoIoCo)−1, Io is 
continuous illumination intensity, αo is a constant related to 
the geometrical configuration.

Again, the light illumination on the surface of the opto-
electromechanical actuator induces an electric field simulta-
neously converting the light energy to heat energy. When the 
temperature of the system increases, an additional electric 
voltage is generated because of the pyroelectric effect. The 
heat equilibrium equation of the actuator results owing to the 
light illumination I (tj+1) and the increase in temperature at 
time Δt, and can be given as:57

Here, P is the heat absorbed due to the light illumination, 
I(tj+1) is unit intensity per unit time, H is heat capacity of 
the actuator, θ(tj) is body temperature, Δθ is the temperature 
variation, γo is the heat transfer rate from the actuator to the 
structure.

The light-induced resultant strain of the polymer actuator 
(So

kk) is induced by (a) opto-piezothermoelstic effect, (b) 
opto-thermoelastic effect, and (c) opto-electromechanical 
effect:71

λiis thermal stress coefficient coupling, Yo
p is Young’s modu-

lus of the opto-electrochemical actuator.
The control of the motion of the electroactive polymers 

depends on the nature of the material, its geometry, and the 
induced electric field.56,72

For light modulation, a AlGaN/InGaN multiple quantum 
well laser with piezoelectric anti-reflection coatings over the 
Fabry–Pérot aperture, such 2D gratings (e.g. rectangular pil-
lars and circular pillars) can be applied as they introduce 
more grating space and show elevated resonant perturba-
tion and susceptibility which causes thin Fabry–Perot mode 
reflectance dips, focal to an intensified Fabry–Perot excited 
mode.73 It is seen that the presence and percentage of carbon 
nanotubes,74 gold nanoparticles,75 or magnetite76 affect the 

(2)Ei(t) =
(

Es − Ev

)

[

1 − e(−t∕RoCo)
]

(3)I
(

tj+1
)

P ⋅ Δt = H ⋅ Δ� + �o
[

�(tj
)

+ Δ�] ⋅ Δt

(4)So
kk(tjj)=

d3iEi

(

tj
)

+
�i�

(

tj
)

Yo
p

;k = 1, 2

photoresponse of the thermoresponsive hydrogel material. 
The directional control of such ‘swimming’ can be con-
trolled by directing the light source. For the UV responsive 
thin-film liquid crystal layer, a similar bi-directional control 
also can be performed by changing the polarization direc-
tion of the light source.77 There are some instances for the 
irreversible responses of bending via UV illumination which 
suggests that the light initiates final assembly of microwaves 
(Scheme 5).78

Light–Electroactive Gel Interaction

The shape-change of the polyelectrolyte gels by the intro-
duction of light can be explained by the mechano-photo-
chemical effect.62,79 The high-intensity light irradiation on 
the gel caused ionization which causes the development of 
osmotic pressure, and when the light is removed, the gel 
collapses and returns to its original state, e.g. poly(p-N,N-
dimethylamine)-N-gamma-D-glutamanilide).62,80 The speed 
of such change depends upon the speed of the photochemi-
cal ionization and subsequent recombination of the ions 
(Scheme 6).63

For the electroactive gels, the physical properties that 
direct the shape change by light irradiation are as follows:

•	 Suitable conjugation of the ionizable groups

Scheme  6   Interaction of high-intensity light with electroactive gels 
leads to a mechano-photochemical effect which causes a change in 
the osmotic pressure at the surface.
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•	 Cross-linked, porous gel matrix
•	 High crystalline or polymeric amorphous structure

The transition in shape by the high-intensity light illumi-
nation could be due to heat generation.63 The intensity of the 
incident light on the gel depends upon the gel to cause the 
change, and the process of the transition may change from 
continuous to discontinuous and lowering of the transition 
temperature.63,79 The chromophores incorporated in the gel 
cause radiationless transition by absorbing the light energy 
and then dissipating the heat.63,79

Fullerene‑Polymer Combination As an Electroactive 
Material

For plastic solar cells, one of the limiting factors is their 
mismatching with the solar spectrum, and to overcome this 
problem, one way is to lower the band gap of the polymer 
(<1.8 eV). For electroactive semiconducting polymers, if 
the generation of the photoinduced free charge carrier takes 
place, simultaneously, the electroluminescence device shows 
light emission for forward bias and a photocurrent under a 
reverse bias.9,81 Under reverse bias for photodetection, the 
potential difference between the electrodes should be high 
enough to overcome the Coulomb attraction of the photogen-
erated excitons. The absorbed photons will mainly create 
excitons which decay either in a radiative manner with pho-
toluminescence or in a non-radiative manner. To overcome 
the limitation of photoinduced charge carrier generation, 
the donor/acceptor (dual molecule) is an approach.45,52 An 
example is a composite thin film with a conjugated polymer/
fullerene mixture, where the single-composite photoactive 
film leads to the formation of a bulk heterojunction between 
the electron donors and acceptors.45,54,82 When the single 
composite photoactive films are in conjunction with an elec-
tron acceptor, prolonged charge separation is achieved based 
on the stability of the photoinduced nonlinear excitations 
on the conjugated polymer backbone. There are reports of 
further development of the power conversion efficiency by 
using acceptor-type conjugated polymers in an interpene-
trating polymer-polymer composite with poly-(2-methoxy-
5-(2'-ethyl-hexoxy)-p-phenylene (MEH-PPV).9,64 MEH-
PPV mixed with fullerenes (e.g. C60) exhibited ultrafast, 
reversible, metastable photo-induced electron transfer from 
the conjugated polymers onto the buckminsterfullerene, and 
the power conversion from MEH-PPV/methano-fullerene 
was increased.83,84 In a recent study, the forward transfer 
of the photoexcited electrons from conjugated polymer 
donors onto phenyl-C61-butyric acid methyl ester (PCBM) 
suggests the relaxation of the excited polymer chain from 
radiative to non-radiative fashion when mixed with PCBM 
in the polymer matrix.9,52 A study on the mixture of conju-
gated polymer and fullerenes suggests a reversible, ultrafast, 

metastable photo-induced electron transfer from the conju-
gated polymer onto the buckminsterfullerene in solid films 
(Fig. 5, Scheme 7).9

Future Directions

The EAP-based adaptive optical systems have a bright 
future for a wide range of applications, from retinal tissue 
diagnosis to advanced astronomical telescope development. 
For example, electromagnetic interference (EMI) shielding 
is very important for military and civil applications in the 
microwave region; the use of microwave absorbing electro-
active polymers in a gapless way helps to deactivate EMI by 
radar detection.9 The increase in shielding efficiency (SE) 
is a subject of research to enable military vehicles not to be 
detected by radar.1,9 For significant SE, either or both the 
magnetic field and electric field interact with the radiated 
electromagnetic field.9 Many challenges are associated with 
the development of space technology equipment (e.g. space 
robots); advanced suitable smart materials for such applica-
tion are a challenge and the electroactive materials are very 
promising in this regard.

Contemporarily, EAPs find application in a wide range 
of categories, such as ionic polymer–metal composite 
(IPMC) gels, conducting polymers, and carbon nanotubes 
(CNTs).86 The requirement for flexibility and lower density 
are some of the features that are required to be developed 
for the proper biomimicry of natural muscles which require 
advanced EAP.87,88 The interaction of light with an elec-
troactive polymer or material for the development of the 
artificial muscle and tissue engineering is also very impor-
tant.89–92 Understanding the behavior of EAP design, repeat-
able fabrication with light is required for it to advance to 
effective and superior mechanism performance.93–98 Passive 
sensor applications for the electroactive materials, e.g. soft 
liquid hydrogel micro-lenses, by using light can be applied 
for endoscopy.99–101

There are reports of the development of polypyrrole 
(PPy), conducting polymer (CP) trilayer actuator arrays 
which can be applied to other adaptive optics actuator 
technologies, such as piezoelectric actuators or electro-
static electrodes.16 There are reports of the designing of an 
EAP-piston tilt mirror that can be used for retinal diagnos-
tics. In such an arrangement, the active optical component, 
EAP actuated tilt mirror along with a wavefront sensor 
and a data acquisition computer, a mirror, a power man-
agement unit (PMU), and a switching control unit (SCU) 
are the main components.102 The EAP-piston tilt mirror 
contains a circular array of four EAP actuators, the posi-
tions of which are expressed by their respective coordinal 
directions as north (n), south (s), east (e), west (w), and an 
ordered stimulation of each actuator initiates three distinct 
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degrees of freedom, useful for tilting and optical adjust-
ments. Although such applications require further investi-
gation, it should be noted here that an Australian company, 
Quantum Technology Pty. Ltd, developed EAP actuators 
for Braille cells as an aid for the visually impaired and 
blind.103 Optical switching of protein interaction with pho-
toresponsive electroactive polymers is discussed in depth 
by Wallace et al.31 Multimodal switching in response to 
light is very important for the field of bionics where the 
remote and temporal controlling of the properties of the 

material is very important.31 Polymers that change volume 
due to light interaction are considered to be made of ‘jump 
molecules’ and extensive investigation is going on in this 
field.63

Combining EAPs, such as polyaniline, polythiophene, 
or polypyrrole, are combined with metal nanoparticles also 
combines the electrical conductivity of the metal nanopar-
ticle to that of the mechanical flexibility and the process-
ing properties of the polymer; such enhancement promises 
considerable advancement as a smart material.104,105 But the 

Fig. 5   Interaction of PCBM with poly-(2-methoxy-5-(2'-ethyl-hexoxy)-p-phenylene (MEH-PPV) upon light irradiation; data from Ref. 85.
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problem with this material is their lower degradation issues 
which result in serious environmental concerns as well as 
processing problems, affecting their long-term operational 
functionality and reliability. To address these issues, the 
development of smart materials using electroactive poly-
mers and carbon nanotubes through in situ polymerization 
methods can be used to develop highly functional materials 
ranging from flexible electronic devices to wearable textiles. 
These materials consist of nanometer-diameter graphene 
cylinders with micrometer length that contribute to supe-
rior optical properties along with other properties, such as 
structural, mechanical, thermal, and electronic properties. 
These smart materials are luminescent and optically active 
and they can be converted into coatings, films, and fibers.104 
For biodegradable SMPs, there is potential for light-induced 
applications.26,27,61,85,106 Understanding these mechanisms 
will help in designing high-speed actuators for nanoscale 
or microscale application that can be controlled locally, for 
new motors and traffic lights.30,62,107–110 PVBT and related 
polymers are considered appropriate matrix materials (e.g. 
PVBT films, conjugated polymer/PCBM composite) for 
producing optically pumped organic laser setups which can 
be used for deep UV-holographic recordings and organic 
distributed feedback lasers (DFB).9,69

Different piezoelectric material-light interactions are 
applied for both dynamic and static applications as adaptive 
(or smart) structures and microelectromechanical systems 
(MENS) which include actuators, e.g. pressure generators, 

ink/fuel injectors, displacement actuators, self-sensing 
actuators, modal actuators, and vibration and noise damp-
ing controllers. The piezoelectric materials also find appli-
cations in medical fields, e.g. disposable sensors, ultrasonic 
devices, as well as robotics and mechatronics, e.g. precision/
microrobots, robot grippers, flexible robot control. Instru-
ments such as piezoelectric test instruments, voltage dielec-
tric, and ferroelectric test systems are developed and of low 
price.15,30,56,57,70

Both flexibility and firmness of the ionic EAPs can be 
advantageous for procuring smart structures, possess-
ing shape control and self-sensing abilities, and extensive 
investigation is ongoing to advance different polymers that 
change volume upon light exposure.63 One such polymer is 
liquid crystal elastomers (LCE) which show piezoelectric-
ity and a spinning movement in water when irradiated by 
light on a dye-doped LCE sample, which enables differen-
tiating between left- and right-handedness of pharmaceuti-
cal drugs. Some other applications of the photo-responsive 
gels include switches and memory devices, actuators, and 
artificial muscles.67

Carbon nanotube (CNT)-modified fullerene-EAP com-
posites are a new class of smart materials that have sig-
nificant mechanical and piezoelectric properties and shape-
changing ability with applications in lightweight sensor 
systems, membrane structures with actuation, and power 
generation. Fullerenols as biocompatible actuators, electro-
active polymers, and sulfonated polyetherimide (SPEI) are 
developed for electroactive artificial muscles.111,112 At the 
same time, various fullerenes, metallofullerenes and met-
allofullerenes modified by hydroxyl and carboxyl groups 
are being investigated for photovoltaic devices, fuel cells, 
membrane technology, and biosensors.111,113 Recently, buck-
minsterfullerenes with conjugated semiconductor polymers, 
e.g. poly-(2-methoxy-5-(2’-ethyl-hexoxy)-p-phenylene, 
tetrathiafulvalene (ITF), that induce an ultrafast, reversible, 
metastable photo-induced electron transfer have been studied 
for developing polymeric photovoltaic devices, and plastic 
solar cells.9,82 The efficiencies of these photovoltaic cells are 
markedly higher than the photovoltaic cells made of conju-
gated polymers alone.

Based on the conditions and progress, many EAP, 
piezoelectric, fullerene-based products are already on 
the market. EAMAX Corporation, a Japanese company, 
developed EAP actuators for various medical applications, 
e.g. nursing, guidewires, catheters, rehabilitation instru-
ments. The same firm developed actuators and sensors by 
ion active actuator rods, ion conductive membranes, con-
ductive polymer actuators, autofocus devices for mobile 
phones and fuel cell micro-pumps. A Denmark-based 
company, ElastiSense, developed portable test kits and 
displacement sensors based on EAP technologies. Envi-
ronmental Robots Incorporated from the USA developed 

Scheme 7   Photo-induced electron transfer inside the composite due 
to the formation of a heterojunction donor/acceptor layer (a) short-
circuit conditions, (b) without interfacial layer formed between the 
metal/semiconductor interface; data from Ref. 85.
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IPMC-based ionic actuators, sensors, and transducers, 
and also developed devices for medical and biomedical 
engineering applications based on IPMC and a conductive 
polymer. PolyK Technologies, another USA-based com-
pany, developed various EAP-based R & D products for 
academic research applications. The company developed 
dielectric test systems to measure dielectric constant and 
its loss with change in temperature, frequency, D.C. bias 
voltage. For medical devices, StretchSense Limited, a New 
Zealand company, developed sensors with soft polymer 
and Bluetooth connectivity; the instrument enables the 
quick measure of soft structures of the human body. EAPs 
based on high-energy strain actuators and density capaci-
tors, e.g. high dielectric constant fluoropolymers, are 
marketed by Strategic Polymer Sciences, Inc (SPS). Viv-
itech, a USA-based company, used EAP technology power 
generation, valves, pumps, sensors, medical devices, and 
optical positions. With these technologies, high-definition 
(HD) mobile phones, tablets, gaming controllers are to be 
developed for ‘cinematic sensation’ with a better sense of 
listening, visualization, and sensuality.103

Conclusion

In this paper, we discuss the interaction of light with dif-
ferent electroactive polymers, piezoelectric ceramics, elec-
troactive gels, fullerenes, and other conjugated polymers as 
smart materials. There are different parameters such as light 
wavelength, refractive index, nature and composition of the 
material, its geometry, and induced electric field that affect 
its performance. Depending upon its type, the electroactive 
materials have wide applications; EAP facilitates develop-
ment of actuators, medical devices, sensors, and mechanical 
tools without any gears, bearings, or complicated techniques. 
For piezoelectric materials, fullerenes and conjugated poly-
mers have many applications in LEDs, light-emitting elec-
trochemical cells, light-emitting photodetectors, field-effect 
transistors, solar cells, optically pumped solid-state lasers, 
and medical devices. Although the electroactive materials 
have wide applications, they are still bound by many chal-
lenges and environmental concerns that must be addressed 
by the robotics, materials, and synthetic chemistry commu-
nities. As can be seen, works have been done to exploit light 
interaction with various electroactive materials, yet this field 
requires further investigation to exploit the full potential of 
light-electroactive material interaction.
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