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Influences of solvents and monomer
concentrations on the electrochemical

performance and structural properties of
electrodeposited PEDOT films: a comparative study
in water and acetonitrilef
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Poly(3,4-ethylenedioxythiophene) (PEDOT) has emerged as a promising coating for neural electrodes

especially through convenient electrodeposition methods. To investigate the influences of solvents and

EDOT monomer concentrations on the electrochemical performance and structural characteristics of
PEDOT, both aqueous and acetonitrile solutions were employed with varying monomer concentrations

during deposition. The prepared PEDOT films were examined for

the surface morphology,

electrochemical performance, and chemical structures. The results showed that an increase in EDOT

concentration in either solvent led to PEDOT films with improved charge storage capacity and reduced

impedance magnitude. At equivalent monomer concentrations, PEDOT films generated in acetonitrile
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exhibited a rougher surface texture and better electrochemical performance. Notably, the growth rate of

charge storage capacity of PEDOT prepared in acetonitrile relative to the deposited charge density was
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1. Introduction

The neural electrode serves as an essential component in neu-
romodulation devices and brain-computer interfaces." To
ensure stimulation safety and recording quality in these appli-
cations, the electrode interface must allow sufficient charge
injection while maintaining low impedance.' In recent years,
conductive polymers stood out as one of the most promising
materials for the neural interface, due to their superior elec-
trochemical properties, biocompatibility,”* and versatility in
applications such as DC stimulation,>” drug delivery,*® neuro-
chemical detection.'***

Among conductive  polymers,  poly(3,4-
ethylenedioxythiophene) (PEDOT) is a prominent example due
to its favorable stability and biosafety.’*** The synthesis of
PEDOT commonly involves various techniques such as chem-
ical oxidation utilizing oxidants like Fe®*,'*'” and electro-
chemical deposition with appropriate positive potentials.******
The electrochemical deposition is widely used due to its
convenience processing, in situ deposition, and controllable
process to fabricate PEDOT coatings.*>*!
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2.5 times that of PEDOT prepared in water. These findings could help to the optimization of PEDOT
coating preparation to enhance electrode performance.

The surface morphology and electrochemical performance
of PEDOT films are affected by various factors during the elec-
trochemical deposition. Recent studies have explored the
influences of factors such as the types of dopant anions,***?
deposition parameters,” and substrate structures.>*** Never-
theless, the monomer concentration of EDOT and the choice of
solvents also significantly affect the coating properties.**®
Kulandaivalu et al.*® used aqueous solution as the electrolyte
and observed that increasing the EDOT monomer concentra-
tion was conducive to promoting film formation and enhancing
the electrochemical performance of the electrode. However, the
range of EDOT concentrations explored was within 10 mM,
constrained by the solubility of EDOT around 20 mM in water.*”
In contrast, EDOT exhibits much higher solubility in organic
solvents, which are also often used as electrolytes for electro-
chemical deposition. Therein, acetonitrile is one of the most
commonly used organic solvents for neural electrode coatings
deposition.**® Bodart et al.*®* found that PEDOT films electro-
deposited in acetonitrile had excellent electrochemical proper-
ties and a unique porous structure, indicating a significant
effect of solvent on the coating properties. In addition to the
difference in solubility, acetonitrile has a high polarity that
significantly reduces Coulomb repulsion during the cation
coupling step, thus avoiding nucleophilic attack on the cationic
intermediate and reducing defects during electro-
polymerization.” Moreover, acetonitrile has a wider range of

RSC Adv, 2024, 14, 30045-30054 | 30045


http://crossmark.crossref.org/dialog/?doi=10.1039/d4ra03543g&domain=pdf&date_stamp=2024-09-20
http://orcid.org/0000-0001-5220-0600
https://doi.org/10.1039/d4ra03543g
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra03543g
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA014041

Open Access Article. Published on 20 September 2024. Downloaded on 11/8/2025 10:59:57 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

potential window than water.*>*' Despite the prevalent use of

water and acetonitrile in the electrochemical deposition of

PEDOT, a comprehensive comparison is lacking regarding the
effects of different solvents and EDOT monomer concentrations
on the coatings structures and electrochemical performance.
In this study, PEDOT films were electrodeposited in both
aqueous and acetonitrile solutions across an extended range of
monomer concentrations. The influences of solvents and
monomer concentrations on the deposition process were
examined by evaluating the current-time transients. Then, the
changes in surface morphology, electrochemical performance,
and chemical structures of PEDOT coatings were investigated.

2. Experimental

2.1. Electrode preparation

Platinum sheets (purchased from Tengfeng Metal, China) with
dimensions of 4 mm x 1.5 mm X 0.2 mm were used as
substrates for the electrodeposition of conductive polymer. The
platinum sheets on one side were affixed to brass rods with
a diameter of 0.8 mm using a conductive silver paste (3813,

Ausbond, China). The other side of the Pt sheet was exposed as

the electrode surface with an area of 6 mm?®. Silicone rubber (K-
705, Kafuter, China) was used for encapsulation in other
positions.

2.2. Electrodeposition of PEDOT

The electrodeposition of PEDOT:BF,(tetrafluoroborate) was

conducted with a three-electrode setup using an electro-
chemical workstation (CHI 660E, Chenhua, China). The Pt sheet
served as the working electrode, a titanium sheet (30 mm X
20 mm x 0.3 mm) acted as the counter electrode, and an Ag/

AgCl/KCl (aq, saturated) electrode (Type 218, Leici, China) was

used as the reference electrode. The electrolyte solutions were
prepared by combining 15 mL of the solvent (either water or
acetonitrile, Fig. 1a), 120 mM of tetraethylammonium tetra-
fluoroborate (Aladdin, China), and varying concentrations of

(a) we RE CE EDOT

Concentration

S

Me——

—
A

1~20 mM

Solvents ACN

1~100 mM

puj

View Article Online

Paper

EDOT (Acmec, China). Due to the limited solubility of EDOT in
deionized water (DIW), monomer concentrations of 1, 5, 10, 15,
and 20 mM were used. Conversely, a broader range of EDOT
concentrations was employed in acetonitrile (ACN, Aladdin,
China) solutions including 1, 10, 20, 50, and 100 mM.

The constant potential method was employed for the elec-
trodeposition of PEDOT. To establish the suitable potential for
deposition, cyclic voltammetry was performed within a voltage
range from 0 V to 1.5 V at a scan rate of 50 mV s~ " (Fig. 1b). The
onset oxidation potential was determined from the intersection
of the tangents to the baseline current and the slope of the
oxidation current.*** Then, the deposition potential was set by
adding 0.2 V to this potential.** Therefore, the deposition
potentials for water solutions with monomer concentrations of
1-20 mM were 1.36, 1.20, 1.15, 1.15, and 1.14 V, respectively,
while for acetonitrile solutions with monomer concentrations
of 1-100 mM, the deposition potentials were 1.52, 1.52, 1.49,
1.45, and 1.44 V, respectively. The deposition time for all elec-
trodes was 30 seconds. The chronoamperograms during depo-
sition were recorded, and the deposition charge density was
obtained by integrating the current density over time.

2.3. Electrochemical characterization

Cyclic voltammetry (CV) and electrochemical impedance spec-
troscopy (EIS) were conducted utilizing the same three elec-
trodes setup as the electrodeposition process. The same
conditions were used to characterize PEDOT films prepared
from water and acetonitrile solutions. 0.01 M phosphate buffer
solution (PBS) was used as the electrolyte, which was prepared
by mixing 100 mL of water with one PBS tablet (P1000, Solarbio,
China). The CV was performed in the potential range from —0.6
to 0.8 V at a scan rate of 50 mV s~ *. Then, the cathodic charge
storage capacity (CSC) was obtained by integrating the cathodic
current density over time. For EIS, a 0.01 V root-mean-square
sinusoidal signal was used in the range from 0.1 Hz to 100
kHz. The EIS results were fitted to the equivalent circuit®-*” with
Zview (Fig. S-17).

(b) 2.0

——ACN
— DIW

g
(=)

Onset
oxidation
potential

Current (mA)
o
v

v N~

0.6 09 12 15

Potential (V) vs. Ag/AgCl

0.0 03

Fig. 1 Electrodeposition diagram. (a) Experimental design. WE, RE, and CE represent working electrode, reference electrode, and counter
electrode, respectively. DIW and ACN represent deionized water and acetonitrile. (b) An example to obtain the onset oxidation potential for
20 mM EDOT in the DIW and ACN according to the cyclic voltammogrames.
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2.4. Surface morphology characterization

The surface morphology of PEDOT was observed by an optical
microscope (MV3100, Jiangnan, China) and a scanning electron
microscope (SEM 3100, CIQTEK, China) operating at 2.5 kV. The
roughness of the PEDOT films was obtained by atomic force
microscopy (AFM, Agilent 5500, USA).

2.5. Chemical structures characterization

The chemical structures of the PEDOT films were characterized
using Fourier transform infrared (FTIR) spectroscopy
(AVATAR360 Intelligent, Nicorette, USA), Raman spectroscopy
(Invia Reflex, Renishaw, UK) and UV-visible spectroscopy (Cary
7000, Agilent, USA).

3. Results

3.1. Electrodeposition process of PEDOT films

Fig. 2 showed the first set of cyclic voltammograms to explore
the oxidation of EDOT in water and acetonitrile. With the
increase of potential, the EDOT was oxidized and the current
curve increased significantly, which meant the nucleation of
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Fig. 2 First set of cyclic voltammetry experiments in (a) water and (b)
acetonitrile with different monomer concentrations.
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Fig. 3 Chronoamperograms of PEDOT deposition in water and
acetonitrile at various monomer concentrations.

PEDOT. The peak values of current curves increased with rising
monomer concentrations in both aqueous and acetonitrile
solutions. However, the onset oxidation potential decreased
with higher monomer concentrations. In addition, the cross-
over could be found in each CV circle for both solutions,
resulting in the characteristic “nucleation loop” feature.

Fig. 3 showed the chronoamperograms during PEDOT
deposition with varying monomer concentrations. As the
monomer concentration increased, the curve amplitude also
increased in both aqueous and acetonitrile solutions. Addi-
tionally, the current curve in acetonitrile was higher than that in
water at the same monomer concentration, which indicated
higher deposition charge densities in the acetonitrile solution.
During the deposition process, the current curve decreased over
time in water. In contrast, the trends of curves in acetonitrile
were more complex. For the monomer concentrations ranging
from 1 to 50 mM, besides initial transient rise, the current
amplitude decreased before increasing; whereas for the mono-
mer concentration at 100 mM, the current consistently rose over
time.

3.2. Surface morphology of PEDOT films

Fig. 4 showed the color changes of PEDOT films with various
EDOT concentrations. The color of films gradually deepened
with the increase of monomer concentrations, which meant the
increasing coating thickness.

The surface morphology of PEDOT films under the scanning
electron microscope was shown in Fig. 5. For PEDOT films
electrodeposited in aqueous solutions, PEDOT did not fully
cover the electrode surface at the monomer concentration
below 5 mM. At higher concentrations, the PEDOT films
became more uniform and exhibited relatively smooth surfaces
except some wrinkles. Similarly, as the concentration increased
in acetonitrile, PEDOT gradually covered the entire surface
except at the low concentration of 1 mM. Notably, the films
electrodeposited in acetonitrile possessed a particle texture,

RSC Adv, 2024, 14, 30045-30054 | 30047
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Fig. 4 Optical morphology of PEDOT films deposited in water with EDOT concentration of (a) 1 mM, (b) 5 mM, (c) 10 mM, (d) 15 mM, (e) 20 mM,
and PEDOT film deposited in acetonitrile with EDOT concentration of (f) 1 mM, (g) 10 mM, (h) 20 mM, (i) 50 mM, (j) 100 mM.

Fig.5 Scanning electron microscopy of PEDOT films deposited in water with EDOT concentration of (a) 1 mM, (b) 5 mM, (c) 10 mM, (d) 15 mM, (e)
20 mM, and PEDOT film deposited in acetonitrile with EDOT concentration of (f) 1 mM, (g) 10 mM, (h) 20 mM, (i) 50 mM, (j) 100 mM.

resembling the structure of cauliflower. The increasing mono-
mer concentrations from 10 to 100 mM led to denser structures
and larger particle sizes.

Fig. 6 showed the roughness of PEDOT films obtained from
AFM. It could be found that the roughness of the films depos-
ited in acetonitrile was significantly higher than that of water at
the same EDOT concentration. Further, as the monomer
concentration increased in either water or acetonitrile, the
roughness tended to first increased and then decreased.

Ra=10.,5 nm}

Ra=40.6 nm

3.3. Electrochemical properties of PEDOT films

The cyclic voltammetry curves and charge storage capacity of
PEDOT films were shown in Fig. 7. In both solvents, the area
enclosed by the CV curve gradually enlarged as the monomer
concentration increased (Fig. 7a and b), leading to a risen CSC
of the electrode as shown in Fig. 7c. The CSC of electrodes
deposited in water exhibited a slower increase with EDOT
concentrations, and the CSC value of PEDOT deposited at
20 mM was twice that of before the coating was added. In

80 nm

Ra=16.0 nm Ra=13.08am

Ra=79.9 nm

REESC NN l-400 nm

Fig. 6 Atomic force microscopy of PEDOT films deposited in water with EDOT concentration of (a) 1 mM, (b) 5 mM, (c) 10 mM, (d) 15 mM, (e)
20 mM, and PEDOT film deposited in acetonitrile with EDOT concentration of (f) 1 mM, (g) 10 mM, (h) 20 mM, (i) 50 mM, (j) 100 mM.
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Fig. 7 Electrochemical properties of PEDOT films. (a) CV curves after deposited in water and (b) acetonitrile with different monomer
concentrations; (c) plots of CSC versus monomer concentration after electrodeposition; (d) plots of CSC of electrodes versus deposition charge

density.

contrast, when acetonitrile was used, the CSC of the electrode
showed a faster increase with rising monomer concentration.
The post-deposition CSC of the electrodes were raised to 12 and
35 times at 20 mM and 100 mM of EDOT, respectively.
Furthermore, the relationship between the deposited charge
density and CSC generally adhered to a linear trend for both
PEDOT prepared in DIW and ACN, as shown in Fig. 7d. Notably,
the slope of the fitting curves obtained in water and acetonitrile
were 0.042 and 0.107, respectively. It meant that the increase
rate of the CSC of PEDOT produced in ACN with respect to the
deposited charge density was 2.5 times that of the PEDOT
produced in DIW.

The EIS curves after electrodeposition were shown in Fig. 8.
In both aqueous and acetonitrile solutions, the magnitude of
impedance decreased with increasing monomer concentration,
and the phase curves shifted to the low frequencies' region
(Fig. 8a and b). At the same monomer concentration such as
1 mM, 10 mM, and 20 mM, the PEDOT deposited in acetonitrile

© 2024 The Author(s). Published by the Royal Society of Chemistry

had lower impedance magnitude than that of the coatings
deposited in water.

The Nyquist plots of PEDOT deposited in water and aceto-
nitrile were shown in Fig. 8c and d, and the results were fitted
according to the equivalent circuit in Fig. S-1.f For the PEDOT
electrodes prepared at 1 mM of EDOT concentration, Model A
was adopted, which was commonly used for Pt electrode.
Because the PEDOT film was still very thin and had not cover
the whole electrode surface at this condition. As for the PEDOT
deposited from other higher EDOT concentrations, Model B was
utilized, which was usually used for PEDOT coated Pt elec-
trodes. The fitting results were shown in Table S-1.7 The solu-
tion resistance R, charge transfer resistance R.;, and Warburg
impedance Z, decreased with increasing monomer concentra-
tion in both water and acetonitrile, while the capacitance Cq
increased at the same time, except that obtained from 1 mM
EDOT. Furthermore, lower values of R, R., and Z,, and higher
value of Cq4 could be found for PEDOT prepared in acetonitrile
than those obtained in water at the same EDOT concentration.

RSC Adv, 2024, 14, 30045-30054 | 30049
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Fig. 8 EIS curves before and after PEDOT deposition. (a) Magnitude curves and (b) phase curves of Bode plot. Nyquist plot in (c) water and (d)
acetonitrile including experiment data (shown by points) and fitting results (shown by dash lines).

3.4. Chemical structures of PEDOT films

The FTIR spectroscopy of the PEDOT films were shown in
Fig. 9a. The PEDOT prepared in different solvents and EDOT
concentrations had similar band positions in spite of some
variations in the reflectance. The band at 1445 cm ' was
indicative of the C=C bond's stretching. The bands at
1258 cm ™" and 1410 cm ™" corresponded to C-C in the thio-
phene ring. The bands at 1011 ¢cm™" and 1078 cm™" were
attributed to the presence of C-O bonds in the thiophene ring.
The bands at 662 cm™, 686 cm ™, 699 cm ™, 791 cm ™ as well as
864 cm ™' were attributed to the C-S-C bonds. And in the EDOT
monomer spectra (Fig. S-2at), a prominent band at 890 cm™"
was evident, which corresponds to the C-H bond. However, this
band was absent in the PEDOT spectra. These results indicated
the successful polymer formation of PEDOT prepared in both
aqueous and acetonitrile solutions.

In the Raman spectroscopy results (Fig. 9b), the films elec-
trochemically deposited in water or acetonitrile also showed
similar band positions. The bands detected at 1529 cm * and

30050 | RSC Adv, 2024, 14, 30045-30054

1491 cm™ ' were ascribed to the asymmetric stretching of the
C,=Cg bond, while the symmetric stretching of C,=—Cg bond
was indicated by the band at 1417 cm ™. The stretches associ-
ated with Cg=Cgy and C,=C, were responsible for the bands at
1365 em™ " and 1256 cm ™. The band at 698 cm™" was charac-
teristic of the C,-S-C, vibrations. In addition, the intensity of
some bands in the Raman spectroscopy electrodeposited in
aqueous solution was higher than that of the films prepared in
acetonitrile. In the Raman spectra of the EDOT monomer
(Fig. S-2bt), characteristic bands were visible at 1185 cm ™" and
1422 cm™'. The comparison of the spectra before and after
polymerization showed significant differences.

In the UV-visible spectroscopy (Fig. S-31), a similar band near
900 nm can be observed for PEDOT synthesized in water and
acetonitrile at varying EDOT concentrations, implying the
existence of positive polarons. For the bipolarons, it exhibited
a band around 1200 nm. Moreover, a distinct broad band at
600 nm was evident, potentially attributed to the mw—m* transi-
tion of neutral PEDOT.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 9 Comparison of FTIR and Raman spectroscopy after PEDOT
electrodeposition in water and acetonitrile at different monomer
concentrations. (a) FTIR spectroscopy; (b) Raman spectroscopy.

4. Discussion

Conductive polymers coatings not only have superior electro-
chemical properties, but also create conditions for the fabrica-
tion of multi-modal neural electrodes. Electrodeposition
techniques provides an on-site and convenient method for
PEDOT preparation.* To further understanding the process of
PEDOT electrodeposition, in this study the effects of solvents
and monomer concentrations on the surface morphology,
electrochemical performance, and chemical structures of
PEDOT were explored.

The deposition potential plays an important role in the
deposition process and properties of PEDOT films. Too low
a potential is insufficient for polymerization to form a PEDOT
coating, and too high a potential leads to overoxidation, both of
which result in impaired electrochemical performance.®®
However, the optimum deposition potential of PEDOT under
different conditions varies greatly, and it is affected by various
factors such as solvent type, monomer concentration and
surface morphology. Employing cyclic voltammetry to obtain

© 2024 The Author(s). Published by the Royal Society of Chemistry
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the onset oxidation potential of PEDOT under various condi-
tions, followed by applying a uniform voltage bias, offers
a convenient and effective alternative method***® (Fig. 2). By
adopting this approach, this study has explored the effects of
monomer concentration and solvent, contributing to an
understanding of the factors affecting PEDOT deposition and
facilitating parameter optimization. Nonetheless, further
investigation deserves to be conduct to obtain the optimal
combination of deposition conditions.

Before deposition, onset oxidation potential of EDOT could
be obtained through CV scanning (Fig. 2).>**** It was found
that the onset oxidation potential changed with the solvents
and EDOT concentrations. Therein, a higher onset oxidation
potential was required when using acetonitrile compared to
water. It may result from the need for a strong enough base to
remove protons generated during PEDOT polymerization,®
a condition met by water but not by acetonitrile."* Conse-
quently, a higher potential is necessary to oxidize the protons
and facilitate the subsequent steps of polymerization in aceto-
nitrile solutions. Additionally, nucleation loops can be observed
in both solvents (Fig. 2), which is usually observed during the
first cyclic voltammetry of the electrodeposition and indicates
the onset of nucleation.>**° This phenomenon is due to the slow
formation of redox intermediates in the diffusion layer in front
of the working electrode, which are subsequently oxidized to
charged mono- or dications.**

The analysis of current-time transients during electrodepo-
sition provided insight into the factors governing the growth
mechanism under various conditions. Electrodeposition con-
ducted in an aqueous environment resulted in similar devel-
oping trends in the chronoamperograms curves (Fig. 3). They all
exhibited a declining trend, which suggested that diffusion
controlled processes predominantly influenced the deposition
dynamics.”® Conversely, the curves obtained in acetonitrile were
more complex. At monomer concentrations ranging from 1 to
50 mM, the curves initially ascended due to the double layer
charging. Then, there was a descend before rising again,
a pattern indicative of the interplay between diffusion and
charge control mechanisms.** However, when the monomer
concentration reached 100 mM, the chronoamperogram curve
consistently sloped upwards. This could be attributed to the
diminished influence of diffusion control, leading to a domi-
nance of charge control in the deposition process.

Enhancing the electrochemical performance of electrodes is
critical for PEDOT modified electrodes. The study found that, in
both aqueous and acetonitrile solutions, an increase in mono-
mer concentration led to a rise in charge storage capacity and
a decrease in impedance magnitude post-electrodeposition
(Fig. 7 and 8). This is consistent with the results of Kulandai-
valu et al.*® for EDOT concentrations ranging from 1 to 10 mM
in aqueous solutions. On the other hand, PEDOT prepared in
acetonitrile exhibited a more rapid increase in the CSC as
a function of the monomer concentration. More essentially, the
deposited charge density affected the thickness and electro-
chemical properties of PEDOT. Recently, Niederhoffer et al.*®
reviewed the literature on the electrochemical deposition of
PEDOT and proposed that coating thickness and charge storage
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capacity were positively related to the deposition charge density.
However, to the best of our knowledge, direct comparisons of
solvent effects have been lacking before. In this study, it was
found that the solvent played an important role in the rela-
tionship between the deposition charge density and the
resulting CSC (Fig. 7d). Moreover, according to the fitting
results, the utilization of acetonitrile and the elevation in
monomer concentration significantly mitigated the charge
transfer resistance R.. as well as the finite-length Warburg
diffusion impedance Z,, while simultaneously enhanced the
double layer capacitance Cq4, consequently leading to a decrease
in the electrode impedance.

The changes in electrochemical properties after deposition
could also be reflected by the various surface morphology.
Inspection under a scanning electron microscope revealed that
PEDOT films formed in an aqueous environment showed
a dense and smooth surface, while PEDOT prepared in aceto-
nitrile exhibited a porous morphology (Fig. 5). Belaidi et al.**
reported a similar phenomenon and attributed these results to
the higher dielectric constant of water and the possible higher
solubility of the oligomers in water due to the presence of the
dopant anion. This increased solubility was anticipated to slow
down the deposition rate and facilitated the creation of more
extensive polymer chains, culminating in a smoother film
texture. Additionally, water's role in aiding proton removal
during PEDOT growth likely contributed to the development of
more extensive polymer chains within the electrodeposited
PEDOT, resulting in a smoother surface.”*** In contrast,
a porous morphology of PEDOT was formed in acetonitrile. As
the EDOT concentration was elevated in either water or aceto-
nitrile, the surface roughness exhibited a comparable pattern of
first increase followed by subsequent decrease. This phenom-
enon was similar to the variation of roughness under different
deposition times,** which could be attributed to PEDOT grad-
ually covering the entire surface.

The band positions in FTIR and Raman spectroscopy from
the two solvents exhibited no significant discrepancies, which
was consistent with the results of PEDOT deposited in water
and methylene chloride.** After polymerization, the distinctive
band at 890 cm™ ' associated with the C-H bond in the EDOT
monomer was absent in the FTIR spectroscopy (Fig. 9a and S-
2at), as reported by prior studies.**** As for the EDOT monomer
in Raman spectroscopy, characteristic bands such as 1185 cm™*
and 1422 cm ™! can be observed, similar to those documented in
the literature® (Fig. S-2bt). Notably, the band around 1417 cm ™"
became especially obvious in the Raman spectrum of PEDOT
(Fig. 9b), corresponding to the C,=Cg bond within the thio-
phene ring.** These results indicate the successful polymeriza-
tion of PEDOT films on the platinum substrate. Additionally,
the variation in the intensity of characteristic bands could be
found for PEDOT films prepared in the two solvents, potentially
attributable to the protic nature of the aqueous solution.?**¢

In this study, to facilitate the direct comparison of electro-
chemically deposited PEDOT in water and acetonitrile, an Ag/
AgCl/KCl (aq, saturated) electrode was used as a reference
electrode in both solvents. However, the use of an aqueous
reference electrode such as Ag/AgCl/KCl (aq, saturated) in
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acetonitrile may lead to solution contamination and potential
fluctuations. To verify the potential fluctuation, open circuit
potentials (OCP) were monitored in acetonitrile and water. It
was found that the OCP fluctuation was within 5 mV in 5
minutes (Fig. S-41), which may be related to the short time of
use in acetonitrile. Nevertheless, using an Ag quasi-reference
electrode in acetonitrile can help reduce potential fluctuations
of the Ag/AgCl electrode in long-term applications.

The stability of PEDOT coatings has also been a great
concern in recent years. Noble metals like Pt, or Au are
frequently used as neural electrode substrates. However, they
are incapable of forming stable covalent bonds with polymer
coatings.” To solve this problem, physical techniques have
been proposed to create micro-nanostructures to enhance
mechanical anchoring, while chemical methods have been used
to introduce intermediate adhesion layers to enhance the
adhesion of the coating.”®*® Recent works also suggests that
deposition in acetonitrile is more conducive to improving the
stability of the coating."®' However, there are many factors that
affect the stability of the PEDOT coating, such as electrode
geometry, surface morphology, etc. The effect of different
solvents on the stability of the coating deserves further explo-
ration in the future work.

5. Conclusions

PEDOT films deposited in water and acetonitrile showed an
increase in CSC with increasing monomer concentration,
accompanied by a decrease in impedance magnitude. A gener-
ally linear relationship was observed between the CSC of PEDOT
prepared in either solvent and the deposition charge density.
Notably, the CSC increase rate relative to deposition charge
density of PEDOT synthesized in acetonitrile was 2.5 times that
achieved in aqueous solutions. These results could help to
guide the deposition of PEDOT coatings on neural electrode
interfaces.
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