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Fast Visible-Light 3D Printing of Conductive PEDOT:PSS

Hydrogels
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1. Introduction

Functional inks for light-based 3D printing are actively being searched for

being able to exploit all the potentialities of additive manufacturing. Herein, a
fast visible-light photopolymerization process is showed of conductive
PEDOT:PSS hydrogels. For this purpose, a new Type Il photoinitiator system

(PIS) based on riboflavin (Rf), triethanolamine (TEA), and

poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) is
investigated for the visible light photopolymerization of acrylic monomers.
PEDOT:PSS has a dual role by accelerating the photoinitiation process and
providing conductivity to the obtained hydrogels. Using this PIS, full
monomer conversion is achieved in less than 2 min using visible light. First,
the PIS mechanism is studied, proposing that electron transfer between the
triplet excited state of the dye (*Rf*) and the amine (TEA) is catalyzed by
PEDOT:PSS. Second, a series of poly(2-hydroxyethyl acrylate)/PEDOT:PSS
hydrogels with different compositions are obtained by photopolymerization.
The presence of PEDOT:PSS negatively influences the swelling properties of
hydrogels, but significantly increases its mechanical modulus and electrical
properties. The new PIS is also tested for 3D printing in a commercially
available Digital Light Processing (DLP) 3D printer (405 nm wavelength),
obtaining high resolution and 500 pm hole size conductive scaffolds.
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In the last few years, conductive hydrogels
have emerged as promising materials for
the next generation bioelectronic interfaces;
artificial skin, flexible and implantable bio-
electronics, and tissue engineering. This
interest is due to their similarities to bio-
logical tissues and electrical, mechanical,
and biofunctional properties.'"'!l How-
ever, it is still a challenge to formulate
hydrogels with high electrical conductivity
without compromising their physico-
chemical properties (e.g., stretchability
and toughness).l'>13] The most commonly
used conductive polymers (CPs) for the
synthesis of conductive hydrogels are
polyaniline (PANi), polypyrrole (PPy) and
poly(3,4-ethylenedioxythiophene)  doped
with poly(styrenesulfonate) (PEDOT:PSS),
although certain carbon nanomaterials
such as carbon nanotubes (CNTs) and
graphene are also widely used for the
synthesis of conductive hydrogels.

Among them, the most popular con-
ducting polymer for these applications is
PEDOT:PSS due to its high conductivity,
stability, and biocompatibility.'¥ However, PEDOT:PSS is insol-
uble and infusible, thus, the synthesis of 3D conductive mate-
rials is still a challenge.l'>1%] For that reason, additive manufac-
turing 3D printing methods are increasingly being used in order
to create conductive hydrogels using different type of techniques
such as inkjet printing,['”'®] extrusion-based printing!'®?!! and
light-based printing.[?>*] Very recently, we have shown that
PEDOT can be copolymerized with poly(e-caprolactone) (PCL)
biopolyester, leading to PEDOT-g-PCL graft copolymers. This
copolymer shows excellent shear-thinning behavior to be pro-
cessed by extrusion-based printing in order to synthetize 3D scaf-
folds to induce muscle cells (myotubes) differentiation.*] In an-
other example, we have dispersed PEDOT:PSS in an aqueous ma-
trix formed by vinyl resins in order to photopolymerize flexible
and shape-defined conductive hydrogels for application as bio-
electrodes for human electrocardiography (ECG) and electromyo-
graphy (EMG) recordings, showing long-term activity and en-
hanced detection signals compared to commercial Ag/AgCl med-
ical electrodes for health monitoring.[?’l However, these strate-
gies to obtain 3D conductive hydrogels are still far from being
easy and rapid methodologies.
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Scheme 1. Schematic representation of the main reagents involved in the visible light photopolymerization reaction.

Light-based 3D printing encompasses the additive manufac-
turing methods with the highest resolution (between 20 and
100 um).[?’) Here, photoinitiators that absorb in the UV range are
usually employed to formulate different conductive inks. How-
ever, the use of UV light in photopolymerization processes has
some drawbacks; for example, it can damage user"s health and
can produce ozone when the oxygen of the atmosphere is ir-
radiated with UV light.I?] For that reason, photoinitiating sys-
tems that can be activated under low light intensity and in the
visible range (400-700 nm) have been researched in the re-
cent years.[?-33] The use of visible light sources such as Light-
Emitting Diodes (LEDs) in photopolymerization processes in-
stead of UV light provides a number of advantages such as
low energy consumption, room temperature treatment, non-
polluting, low-costs, and solvent-free formulations.[?8] Addition-
ally, light penetration is limited to ~600 pm in the UV range,
while using higher wavelengths it increases up to 2 cm, evidenc-
ing the interest of polymerizing under visible light.**) However,
visible light photoinitiators are usually not fast enough to be used
in light-based 3D printing methods. This happens because UV
light and visible light photoinitiators have a different mechanism
to produce active radicals.!**! The photopolymerization reactions
using visible light are usually promoted by Type II photoinitiator
systems (PISs), where a sensitizer absorbs photons from the vis-
ible light source and then it transfers the energy to a co-initiator
(hydrogen donor) by a hydrogen abstraction reaction. During this
reaction, active radical species and sensitizer radicals are gen-
erated, but only the active radical species initiate the free radi-
cal polymerization.?-38] Thus, the initiating efficiency of Type 11
PISs is slower than the one of Type I photoinitiators, which are
based on unimolecular formation of radicals. Furthermore, Type
II PISs often require the absence of oxygen (a radical polymeriza-
tion inhibitor), the absence of absorbent additives that could also
absorb visible light, and high exposure times.*! Therefore, the
development of a fast visible light photoinitiatior system (PIS) for
light-based 3D printing methods is needed in order to synthetize
conductive hydrogels in a fast and secure way.

The goal of this article is to propose a new fast visible-light
PIS in the presence of PEDOT:PSS, which allows the prepa-
ration of 3D conducting hydrogels by light-based 3D printing
extending the range of conducting polymer materials and inks
for additive manufacturing. The visible-light PIS is composed
of Riboflavin (Rf) as the sensitizer, commonly known as the
water-soluble vitamin B2,[*%! triethanolamine (TEA) as the co-
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initiator, and PEDOT:PSS conductive polymer as catalyst, as il-
lustrated in Scheme 1. This new Type II PIS PEDOT:PSS/Rf/TEA
was employed in the polymerization of various monomers such
as 2-hydroxyethyl acrylate (HEA), 4-acryloyl morpholine (4-AM)
and acrylamide (AAm), using a little amount of polyethylene
glycol diacrylate (PEGDA Mn 700) as a cross-linker agent. Us-
ing a visible light irradiation source of 440 nm and power of
2 mW cm™2, poly(hydroxyethyl acrylate) (PHEA) hydrogels con-
taining PEDOT:PSS were obtained in less than 1 min.

2. Results and Discussion

In our previous work, CNTs were employed in the PIS system.[*’]
Surprisingly, the use of PEDOT:PSS instead of CNTs in the
Type II PIS makes the photopolymerization reaction faster.
For that reason, photopolymerization reaction kinetics of dif-
ferent pre-polymeric mixtures were investigated (Table S1, Sup-
porting Information). On the one hand, these pre-polymeric
mixtures, which need in situ preparation, were composed of
Monomer/PEGDA in a ratio of 90/10 (50 wt.% of the total ink
formulation), and an aqueous solution of different conductive
species at 1.3 wt.% (the remaining 50 wt.% of the ink). As for
the concentration of Rf and TEA, the co-initiator TEA was used
at a concentration of 0.2 M and Rf was used at a concentration of
1E-05 M according to Encinas et al., who investigated the poly-
merization rates of 2-hydroxyethyl methacrylate (HEMA) pho-
toinitiated by riboflavin using as co-initiator several concentra-
tion of different amines (triethanolamine, triethylamine, dibuty-
lamine, and dimethylamine).[*!] They obtained faster kinetics us-
ing TEA as the co-initiator and they conclude that the photochem-
ical efficiency is strongly dependent on the structural features of
the amines, therefore, triethanolamine was chosen as the stan-
dard co-initiator. On the other hand, the kinetics were followed
by Fourier Transform Infrared Spectroscopy (FTIR), irradiating
with visible light (440 nm, 2 mW cm™?) the different inks and
following the disappearance of C=C out of plane bending vibra-
tion (vinylic peak) of the monomer at 990 cm™ (Figure S1A, Sup-
porting Information). LEDs of 440 nm were used as irradiation
source as it is the maximum absorption wavelength of riboflavin,
the molecule that acts as sensitizer in the system.[*’]

First of all, various inks containing different conducting
species (PEDOT:PSS, CNTs, polyaniline PANi and poly(3-
hexylthiophene-2,5-diyl) P3HT) were analyzed. Results reveal
that when PEDOT:PSS is used, full conversion is reached in
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Figure 1. A) Evolution of the photopolymerization reaction kinetics given by % 2-Hydroxyethyl acrylate HEA monomer conversion versus irradiation
time (min) of various pre-polymeric mixtures using different PEDOT:PSS concentration. B) EPR spectra for PEDOT:PSS 0 and 1.3 wt.% inks (containing

PBN spin trap) after 60 s of irradiation.

1 min. However, when other conducting materials are employed,
the irradiation time to get 100% conversion extends to 10-12 min
(Figure S1B, Supporting Information). This behavior can be ex-
plained by the conductivity values of the different CP disper-
sions that are used. Table S2 (Supporting Information) shows the
electrical conductivity of drop-casted CP dispersions. While PE-
DOT:PSS has a conductivity value of 100 mS cm™, the other con-
ductive species (CNTs, PANi and P3HT) have conductivities of 3
orders of magnitude lower. Therefore, the electrical conductivity
of the CP that is used seems important for the rapid photopoly-
merization kinetics being PEDOT:PSS the one that shows better
results.

In a next step, photopolymerization reaction kinetics were
analyzed using different monomers (HEA, 4-AM, PEGDA, and
AAm) and PEDOT:PSS. In this case, all inks reached full conver-
sion in 1 min, except for 4-AM pre-polymeric mixture that took
twice as long (2 min) to get 100% conversion (Figure S1C, Sup-
porting Information). This can be explained by the fact that 4-AM
is more hydrophobic than HEA, PEGDA, and AAm monomers.
Therefore, it interacts in a less effective way with the new water-
soluble Type II PIS, and hence, kinetics of photopolymeriza-
tion reaction are slower. Besides, poly(2-hydroxyethyl acrylate)
(PHEA) has a lower glass transition temperature (Tg) than the
other studied polymers, so the obtained hydrogels could meet
the requirement of soft mechanical properties for bioelectronic
application.[*?] For that reason, HEA was chosen as the standard
monomer for next experiments.

To better understand the role of PEDOT:PSS in the system,
additional kinetic studies were carried out using as the PIS
only Rf/TEA, Rf/PEDOT:PSS and TEA/PEDOT:PSS (Figure S1D,
Supporting Information). In the case of RffPEDOT:PSS and
TEA/PEDOT:PSS, the polymerization did not occur. However,
using the conventional Type II PIS, Rf/TEA without PEDOT:PSS,
the kinetics were very slow, obtaining only a 40% of conver-
sion in 12 min. Therefore, PEDOT:PSS only increases up the
photopolymerization speed when all of the PIS components are
present in the system and does not initiate the photopolymer-
ization reaction. In order to confirm that riboflavin, which maxi-
mum absorbance wavelength is 445 nm,[*"! is the molecule that
initiate the photopolymerization and that PEDOT:PSS, which ab-
sorbs in all the visible range,[*] only speeds up the photopoly-
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merization reaction, some kinetic measurements of PEDOT:PSS
1.3 wt.% ink were performed using 525 and 660 nm wavelengths
(Figure S1E, Supporting Information). As expected, using green
and red-light sources, photopolymerization does not occur, con-
firming again Type II general photoinitiator mechanism.

Finally, the effect of the PEDOT:PSS concentration on the
photopolymerization reaction kinetics was studied. Figure 1A
shows the kinetics of some pre-polymeric mixtures employ-
ing 0, 0.25, 0.5, 1.3, 2, and 4 wt.% PEDOT:PSS. Results re-
veal that at least 0.5 wt.% PEDOT:PSS is necessary to acceler-
ate the photopolymerization reaction. However, when the con-
centration of PEDOT:PSS increases up to 4 wt.%, the time to
reach a full conversion is extended from 1 to 4 min. This behav-
ior may occur as a result of a deep curing effect. PEDOT:PSS ab-
sorbs in the visible range, therefore, as the concentration of PE-
DOT:PSS increases in the system, Rf and PEDOT:PSS compete
for the absorbance of photons and the speed of the photopoly-
merization slows down. Figure S2 (Supporting Information)
shows the normalized absorbance of different pre-polymeric mix-
tures containing different concentrations of PEDOT:PSS in the
visible range.

Many factors could be contributing to the important increase
in the polymerization rate using the PEDOT:PSS/R{/TEA PIS.
On the one hand, as known for Rf/TEA Type II photoinitiator sys-
tem, there is an electron transfer between the triplet excited state
of the dye (*Rf*) and the amine (TEA) followed by a fast proton
abstraction.*?! In this way, active amino radicals (R®) are formed
and chain reaction starts (Scheme 2A). On the other hand, we
hypothesize that PEDOT:PSS conducting polymer, whose struc-
ture is already oxidized, could catalyze this electron transfer be-
tween 3Rf* and TEA (Scheme 2B), thus increasing the reaction
speed.l*# Tt is worth noting that PEDOT:PSS only acts as elec-
tron conductor in the mechanism, and it remains with the same
redox structure after photopolymerization, giving blue color to
the final hydrogel.l*] Another consideration to bear in mind is
that PEDOT:PSS must be also well dispersed in the aqueous pre-
polymeric mixture in order to be in close contact with Rf and TEA.
Itis well known that PEDOT:PSS swells in aqueous media, and as
Rf and TEA are solubilized in the aqueous solution, the interac-
tion between the PEDOT:PSS surface and all PIS components is
high enough to speed up the photopolymerization reaction.[*6-8l
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Scheme 2. Visible light photoinitiator mechanism for vinyl polymerization employing A) the known Type Il photoinitiator system Rf/TEA and B) the

proposed paths when PEDOT:PSS intervene in the process.

This closeness would avoid diffusional steps and the possible in-
hibition of oxygen in the system.

To clarify the role of PEDOT:PSS in the photopolymeriza-
tion mechanism, electron paramagnetic resonance (EPR) ex-
periments were carried out. First of all, the EPR spectrum of
PEDOT:PSS 0.5 wt.% aqueous solution was recorded, as PE-
DOT:PSS itself gives a single isotropic signal at g = 2.0030 (see
Figure S3A, Supporting Information). Then, the spectra of two
pre-polymeric solutions (PEDOT:PSS 0 wt.% and PEDOT:PSS
1.3 wt.%) containing N-tert-butyl-a-phenylnitrone (PBN) spin
trap were recorded at different irradiation times at room tem-
perature. These two samples were compared at 60 s of irradia-
tion time, and it can be seen that the EPR signal of PEDOT:PSS
containing sample is more intense (see Figure 1B). The observed
spectra could be well fitted with g = 2.0058 and A = 16.5 G (see
Figure S3B, Supporting Information), in good agreement with
what is expected for a nitrone radical, the intensity of the lines
being quantitatively related to the number of radicals that the
photopolymerization system is creating. Therefore, it is demon-
strated that the presence of PEDOT:PSS in the Type II PIS accel-
erates the radical generation reaction. Moreover, the creation of
radicals in the PEDOT:PSS containing sample was also followed
by EPR. Figure S4 (Supporting Information) shows the EPR spec-
tra of the sample at different irradiation times (0, 30, and 60 s),
and it can be seen that the intensity of the signal increases with
time. These experiments confirm the proposed mechanism in
Scheme 2, where PEDOT:PSS catalysis the electron transfer be-
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tween 3Rf* and TEA, favoring the creation of active radicals to
initiate the polymerization.

Therefore, as the presence of PEDOT:PSS clearly influences
the kinetics of the system, PHEA hydrogels were synthetized
with 0, 0.5, 1.3, and 2 wt.% PEDOT:PSS (the most rapid formu-
lations, see Figure S5, Supporting Information) in order to de-
termine how the electrochemical and mechanical properties of
hydrogels change with PEDOT:PSS concentration. It is very im-
portant to study these properties as the conductive hydrogels are
potential materials for application in bioelectronics, where good
electrical conductivity is needed for biosensing and soft mechan-
ical properties are needed to mimic human tissue.

Figure 2A presents the swelling behavior in water versus time,
an important feature of hydrogels that describes their ability to
retain water. It can be noted that the maximum water uptake
capacity of the hydrogels is achieved in 2 h. Moreover, as PE-
DOT:PSS concentration increases in the polymeric matrix, the
swelling ratio decreases continuously, from 362 + 10% for PE-
DOT:PSS 0 wt.% hydrogel to 236 + 12% for PEDOT:PSS 2 wt.%.
These results are expected due to the addition of PEDOT:PSS
hydrophobic additive in the PHEA hydrogel structure. Overall,
different swelling values can be achieved changing the concen-
tration of PEDOT:PSS, which can be advantageous for different
applications such as sensing or cell culture.[*-1]

Interestingly, the electrical conductivity of PHEA/PEDOT:PSS
hydrogels was measured by the 4-Point Probe method, and re-
sults are shown in Figure 2B. Obviously, as the PEDOT:PSS
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Figure 2. A) Swelling curves in water, B) Electrical conductivity in dried/swollen state and C) Cyclic voltammograms over a glassy carbon electrode in
0.1 M NaCl aqueous solution at 20 mV s~! of PHEA hydrogels containing 0, 0.5, 1.3, and 2 wt.% PEDOT:PSS. D) Lab-made electrical circuit to conduct
the electrical current from the battery to the LED (red), passing through the PHEA hydrogel containing 1.3 wt.% PEDOT:PSS (blue).

concentration increases, so does the conductivity, as observed in
other related works,[2252*] reaching 0.1 S cm™! for the hydrogel
containing 2 wt.% PEDOT:PSS, similar value as the commercial
PEDOT:PSS (Heraeus PH1000). Conductivity of hydrogels was
also measured in their swollen state. In this case, the conductiv-
ity value decreases almost one order of magnitude for all samples
comparing with their dried state. It is worth noting that the hy-
drogel without PEDOT:PSS used as control only shows low con-
ductivity values in its swollen state due to the ionic conductivity
and it does not show electrical conductivity in its dry state, as ex-
pected, proving the key role of PEDOT:PSS in the hydrogels for
conductive purposes.

The electroactive behavior of hydrogels was also tested by
cyclic voltammetry in 0.1 M NaCl aqueous solution (Figure 2C;
Figure S6, Supporting Information). Only the cyclic voltammo-
grams (CV) of the hydrogels containing 1.3 and 2 wt.% PE-
DOT:PSS show a capacitive behavior, with a broad anodic peak
between 0.2 and 0.4 V and a broad cathodic peak at 0.1 V, not
observed in the case of hydrogels containing 0 and 0.5 wt.%
PEDOT:PSS (Figure 2C). These results can be compared with
the electrical conductivity measurements when hydrogels are
swollen, whose tendency is the same. Moreover, the CVs of PE-
DOT:PSS 1.3 wt.% hydrogel at different scan rates show a propor-
tional increase of the anodic and cathodic currents with the scan
rate, which means that the redox processes are not limited by dif-
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fusion and the whole hydrogel is involved in the electro-chemical
processes (Figure S6, Supporting Information).

As avisual proof-of-concept of hydrogel " s electrical properties,
a lab-made electrical circuit that incorporates the synthetized hy-
drogel was built (see Figure 2D). The hydrogel is able to trans-
fer the electrical current from the battery to the LED switching
it on.

The presence of PEDOT:PSS also affected the mechanical
properties of the PHEA hydrogels, as observed in Figure 3A
and Figure S7 (Supporting Information). It can be seen that
storage modulus (G”) and loss modulus (G”) do not intersect
between them, which means that the hydrogels behave like a
solid in all the frequency range. Moreover, the storage modulus
(G”) increases from 9.3E + 04 Pa to 8.1E + 05 Pa (at 1 Hz fre-
quency and 25 °C), obtaining a harder material as the concentra-
tion of PEDOT:PSS increases in the polymer matrix. Figure 3B
shows the stress-strain curves of the synthetized materials with
Type V probe shape (Figure 3C) obtained from the tensile test
experiment. As the PEDOT:PSS quantity increases in the sys-
tem, the Young’s Modulus also increases from 0.24 + 0.03 to
1.52 + 0.40 MPa, for PEDOT:PSS 0 and 2 wt.% matrixes, respec-
tively (Figure S8, Supporting Information). In the same way, the
elongation at break decreases from 34 + 2 to 23 + 5% with the
addition of PEDOT:PSS in the matrix. Even though the incor-
poration of PEDOT:PSS makes the hydrogels to be harder, the
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Figure 3. A) Matrix characterization by dynamic mechanical analysis (DMA) and B) Stress—strain curves of synthetized materials containing 0, 0.5, 1.3,
and 2 wt.% PEDOT:PSS. C) Representative picture of the 1.3 wt.% PEDOT:PSS hydrogel with a Type V probe shape before the tensile test analysis.

A)

DLP 3D Printer

B)

2mm

Figure 4. A) Representative scheme of the 3D printer system and a picture of the 3D printed honeycomb hydrogel. B) SEM images of the printed

honeycomb hydrogel.

materials are still flexible for some biological applications such
as biosensing.>!

Finally, the new PIS based on PEDOT:PSS/Rf/TEA was
tested for 3D printing to prove that the new Type II PIS
is comparable to other reported methods,**’] employing the
PEDOT:PSS 1.3 wt.% pre-polymeric mixture (using HEA as
monomer) and a commercially available DLP (Digital Light Pro-
cessing) 3D printer, Any Cubic Photon Mono X 6K model (wave-
length = 405 nm and power = 2 mW cm™2). Although riboflavin
can absorb also at 405 nm, the most efficient printabilities are
obtained with blue light, for which new visible light 3D printers
are being developed in order to maximize the efficiency of Type
II PIS like the one explored here, to photopolymerize in a secure
way and not damaging the user s health.[®) These types of 3D
printers not only need a fast and highly efficient PIS to initiate
the polymerization without needing the deoxygenation step, but
also the viscosity of the ink must be low enough so it can run
through the vat. The inks for DLP 3D printing generally require
a viscosity lower than 20 Pa.s at a shear rate of 10 to 100 s™" to be
easily processed.[*>% Figure S9 (Supporting Information) shows
the viscosity of different pre-polymeric solutions containing vari-
ous amounts of PEDOT:PSS, from 0 to 2 wt.%. It can be appreci-
ated that as the concentration of PEDOT:PSS increases in the ink,
the viscosity also increases, but all of them meet the requirement
to be processed by DLP. Figure 4A shows a schematic represen-

Macromol. Rapid Commun. 2024, 45,2300229 2300229 (6 of 8)

tation of the employed 3D printer where the ink is deposited in
a vat, and through a layer-by-layer light irradiation in the Z axis,
the pre-polymeric solution is photopolymerized on the platform,
thus obtaining a hydrogel. A layer height of 0.15 mm and a layer
exposure time of 20 s were applied as the optimal printing condi-
tions. A honeycomb-based hydrogel was printed, with an area of
6 x4 mm and 1 mm thickness. Figure 4B shows the SEM images
of the shape-defined printed scaffolds with a hole size of 500 pm.
The high printing resolution shows the great ability of the new
proposed PIS to be employed for light-based 3D printing. More-
over, the incorporation of PEDOT:PSS CP in the final material
is highly desirable for different applications such as tissue engi-
neering, biosensors or bioelectronic devices.

3. Conclusion

In conclusion, a new photoinitiator system based on PE-
DOT:PSS/Rf/TEA has been developed for fast visible-light pho-
topolymerization of water soluble acrylic monomers in the pres-
ence of PEDOT:PSS. Results indicate that PEDOT:PSS partici-
pates in the photoinitiation process, catalyzing the electron trans-
fer between the triplet excited state of the dye (*Rf*) and the
amine (TEA), increasing the photopolymerization reaction ki-
netics. This new PIS allows us to avoid problems commonly
present in this Type II photoinitiator systems, such as slow
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polymerizations and the presence of oxygen. As a result, con-
ducting PHEA/PEDOT:PSS hydrogels have been synthetized in
less than 4 min. As the PEDOT:PSS concentration increases, the
electrical conductivity of hydrogels enhances up to 0.1 S cm™!
and they become stiffer, with Young’s Modulus from 0.24 to
1.52 MPa. The new PIS was also tested for 3D printing purposes
in a commercially available DLP 3D printer, obtaining a high-
resolution honeycomb like structure with 500 um hole size. In
addition, the use of visible light in the photopolymerization pro-
cess allows low energy consumption, room temperature treat-
ment, non-polluting and low costs comparing with classical UV
photopolymerization, which could damage user’s health. In ad-
dition, the use of natural molecules (such as riboflavin) in the
photoinitiation system can create more sustainable, eco-friendly
and easy scalable approaches, as well as water-based inks for
biomedical applications, while the majority of Type I photoini-
tiators are insoluble.l®!] Due to the use of visible light in this sys-
tem, it is possible to use it in nanomedicine; using biocompati-
ble monomers, it can be explored the possibility to directly pho-
topolymerize inks and synthetize hydrogels inside the interested
tissue (for tissue engineering applications, for example) without
damaging the cell media. As the visible light penetration/curing
depth can be up to 2 cm, direct injection of the ink into the hu-
man tissue and subsequent photopolymerization from outside
can be develop as a future strategy, where the conductivity of
PEDOT:PSS can accelerate cell proliferation or diagnosis of dis-
eases can be obtained by electrocardiography (ECG) recordings.
Finally, it is worth noting that these hydrogels can be very versa-
tile as different polymer matrixes can be used to obtain thermal,
light or even pH responsive materials, apart from the electrical
conductivity that they may possess, and integrate them in some
bioelectronic devices such as organic electrochemical transistors
(OECTs).

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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