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Abstract In an attempt to develop biodegradable,
mechanically strong, biocompatible, and conductive nerve
guidance conduits, pure magnesium (Mg) was used as the
biodegradable substrate material to provide strength while
the conductive polymer, poly(3,4-ethylenedioxythiophene)
(PEDOT) was used as a conductive coating material to
control Mg degradation and improve cytocompatibility of
Mg substrates. This study explored a series of electro-
chemical deposition conditions to produce a uniform,
consistent PEDOT coating on large three-dimensional Mg
samples. A concentration of 1 M 3,4-ethylenedioxythio-
phene in ionic liquid was sufficient for coating Mg samples
with a size of 5 x 5 x 0.25 mm. Both cyclic voltammetry
(CV) and chronoamperometry coating methods produced
adequate coverage and uniform PEDOT coating. Low-cost
stainless steel and copper electrodes can be used to deposit
PEDOT coatings as effectively as platinum and silver/
silver chloride electrodes. Five cycles of CV with the
potential ranging from —0.5 to 2.0 V for 200 s per cycle
were used to produce consistent coatings for further eval-
uation. Scanning electron micrographs showed the micro-
porous structure of PEDOT coatings. Energy dispersive
X-ray spectroscopy showed the peaks of sulfur, carbon, and
oxygen, indicating sufficient PEDOT coating. Adhesion
strength of the coating was measured using the tape test
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following the ASTM-D 3359 standard. The adhesion
strength of PEDOT coating was within the classifications
of 3B to 4B. Tafel tests of the PEDOT coated Mg showed a
corrosion current (Icogr) Of 6.14 x 107> A as compared
with Icorr Of 9.08 x 107* A for non-coated Mg. The
calculated corrosion rate for the PEDOT coated Mg was
2.64 mm/year, much slower than 38.98 mm/year for the
non-coated Mg.

1 Introduction

Injury to the peripheral nervous system (PNS) is a signif-
icant cause of morbidity and disability today. Although
direct suture repair may be effective for short (<5 mm)
nerve gaps, Nerve Guidance Conduits (NGC) are necessary
to mechanically support and direct axonal sprouting
between the injured nerve stumps when nerve defects or
gaps are larger [1]. The biomaterial used for NGC must be
biocompatible, should provide a guidance cue that can
enhance nerve regeneration, and must be biodegradable
while maintaining a mechanically stable architecture dur-
ing the regeneration process. Current NGCs that have been
approved by the U.S. Food and Drug Administration
(FDA) are made out of either natural polymers (e.g., Type I
collagen, porcine small intestinal submucosa) or synthetic
polymers (e.g. polyglycolic acid). Although these materials
are biocompatible and biodegradable, there is still much
room for improvement, such as greater mechanical and
electrical properties and enhanced bioactive guidance cue.

Magnesium (Mg) and Mg alloys could potentially meet
the requirements for NGCs and provide a promising
alternative with improved mechanical and electrical prop-
erties as well as bioactivity. Mg inherently has much
greater mechanical properties and electrical conductivity
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than polymers. Specifically, pure Mg has an elastic mod-
ulus of 40 GPa [2], a yield strength of 126 MPa [2], and an
electrical conductivity of 22 x 10° S/m [3]. Furthermore,
Mg ions, the degradation product of Mg in body fluids,
have been clinically infused in the form of magnesium
sulfate to serve as a neuro-protective agent [4—8]. Mg wires
with a 99.8 % purity have been implanted into rats and
rabbits, and the results showed that the nerves and muscle
fibers in the close proximity to the Mg wires were pre-
served as the wires resorbed in 20 weeks [9]. Therefore,
Mg is promising in providing bioactive cues to stimulate
nerve regeneration. Although Mg is resorbable and its
degradation products can be naturally metabolized, its
rapid degradation (1.2 mg/cm?/day) in physiological
environment [10] can cause an unfavorable increase in
surrounding pH, which may induce adverse effects on
surrounding cell functions. Although addition of other
alloying elements can improve Mg degradation properties,
their long-term toxicity effects are still questionable [11].
Alternatively, polymer coatings can simultaneously control
Mg degradation and improve its biocompatibility [12].
Collectively, these findings make Mg a potential material
for neural applications if its degradation can be properly
controlled using polymer coating.

The conductive polymer poly(3,4-ethylenedioxythio-
phene) (PEDOT) will be chosen as the coating material due
to its superior electrical conductivity (from 2,000 to
13,200 S/m) and biocompatibility as compared with other
polymers [13, 14]. PEDOT can serve as a viable alternative
material to polypyrrole for long-term neural implants [15—
17] since PEDOT contains sulfur and is electrochemically
more stable than its counterpart—polypyrrole [15]. Elec-
trochemical impedance spectroscopy and pulse testing
demonstrated that charge injection capacities of PEDOT did
not decrease after 10 million pulses, indicating good stability
[18]. Moreover, PEDOT films showed low intrinsic cyto-
toxicity and did not provoke inflammatory responses upon
implantation [15]. One study showed that PEDOT provided a
significant increase in electroactive properties when coated
on decellularized nerve scaffolds [19]. Another study
showed that PEDOT coated agarose based hydrogel grafts
enhanced nerve regeneration as compared with poly-
dimethylsiloxane (PDMS) and plain agarose grafts [20].
Thus, the evidence suggested the suitability of PEDOT for
neural applications. Clearly, since the properties of PEDOT
and Mg complement each other, PEDOT coating on Mg will
provide desirable integrated properties for neural applica-
tions. Specifically, it is hypothesized that PEDOT coatings
on Mg will reduce the rapid degradation rate of Mg in body
fluids and thus improve the overall biocompatibility for
neural applications.

In this study, electrochemical deposition was used to
polymerize EDOT (monomer form of PEDOT) onto Mg
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substrates. Although PEDOT coating has been successfully
deposited on a 3.2 mm diameter Mg surface previously
using an electrochemical method [12], the ability to
reproduce the PEDOT coating consistently on much larger
three-dimensional Mg samples with a lower cost is
important for practical translation of these materials to
neural applications. Therefore, the objective of this study
was to investigate the effects of key parameters of elec-
trochemical deposition (i.e., cyclic voltammetry vs chro-
noamperometry, pristine vs recycled EDOT in ionic liquid
bath, the use of low-cost electrodes, and different post-
coating treatment) on the formation of PEDOT coating on
Mg, and evaluate the PEDOT coating properties and its
effectiveness in controlling Mg degradation. Specifically,
surface microstructure and composition of the PEDOT
coating, adhesion strength of the coating, and the corrosion
potential of PEDOT coated versus non-coated Mg were
studied.

2 Materials and methods
2.1 Preparation of Mg substrate

As-rolled 250 pm thick Mg sheets of 99.9 % purity
(Goodfellow USA) were cut into samples with a size of
5 x 10 mm, cleaned with ethanol (99.5 % purity, Sigma-
Aldrich) by sonication at room temperature for 15 min, and
air-dried at room temperature. As-rolled Mg sheets had an
oxidized surface that was induced during processing. To
determine whether the oxidized versus polished surface
conditions of Mg would affect the electrochemical depo-
sition and coating properties, some samples were polished
using 600, 800, and 1,200 grit silicon carbide (SiC) paper
(Ted Pella, Inc.) and cleaned with ethanol.

2.2 Electrochemical deposition of PEDOT on Mg
substrate

PEDOT coating was electrochemically deposited onto the
Mg samples with a dimension of 5 x 5 x 0.25 mm for
further characterization and evaluation. A potentiostat
(model 273 A, EG&G Princeton Applied Research) operated
by a PowerSuite software and an electrochemical cell were
set up and connected for electrochemical deposition
(Fig. 1). A 50 mL glass beaker with a stir bar was used for
the electrochemical cell setup. The electrochemical cell
included three electrodes and a bath of electrolyte. The
electrolyte bath was prepared by mixing 3,4-ethylenedi-
oxythiophene (EDOT, Sigma-Aldrich) and pristine 1-ethyl-
3-methylimidazolium  bis(trifluoro-methylsulfonyl)imide
(ionic liquid or IL, electrochemical grade, >99.5 % purity,
Covalent Associates, Inc.) to give a 1M EDOT
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Fig. 1 Schematic experimental set up for electrochemical deposition.
Reference electrodes were silver/silver chloride or Cu, counter
electrodes were platinum or SS, and the working electrode was Mg.
The optimal concentration of EDOT/IL was 1 M for a Mg sample
with a size of 5 x 5 x 0.25 mm

concentration. Potentiostat leads were connected to their
respective electrodes, and the experimental parameters were
set up for deposition using the PowerSuite software. When
the voltage was applied to the working electrode (Mg sam-
ple), EDOT monomers in the electrolyte were oxidized and
polymerized onto Mg. Since electron transfer was much
faster than the diffusion of radical ions in solution, high local
concentrations of ions near the working electrode allowed
the polymerization to continue at the electrode surface. A
stir bar was utilized to resuspend the PEDOT settled on the
bottom of the electrochemical cell and enhance polymeri-
zation of EDOT onto Mg substrates. Half of the Mg sample
(@ 5 x 5 mm surface with a 0.25 mm thickness) was
immersed in the EDOT/IL bath for coating.

2.3 Key parameters of electrochemical deposition

A variety of relevant deposition parameters were explored
in this study, including the coating method (cyclic vol-
tammetry vs chronoamperometry), the purity of bath
solution (pristine vs recycled EDOT/IL bath), type of
electrodes, process duration at particular voltages, con-
centrations of EDOT/IL, stir bar usage during deposition,
and post-coating treatment.

2.3.1 Cyclic voltammetry and chronoamperometry

Both cyclic voltammetry (CV) and chronoamperometry
methods were investigated for PEDOT coating. The CV
method involved cycling between two different potentials
for a number of times. One CV experiment involved
cycling between —0.5 and 1.2 V, and another involved
cycling between —0.5 and 2.0 V. Cycle duration varied
between as short as 30 s per cycle to as high as 200 s per
cycle. The scan rate was set as a constant of 100 mV/s.
Chronoamperometry involved the application of a constant

potential for the duration of the coating process. For the
chronoamperometry experiments, the potential was tested
at 1.0, 1.2 and 2.0 V, and the duration of the electro-
chemical deposition ranged between 1,000 and 2,000 s.

2.3.2 Pristine versus recycled EDOT/IL bath

The effects of pristine versus recycled EDOT/IL bath on the
coatings were investigated in this study as an effort to reduce
the deposition cost. Initially, a freshly prepared 1 M EDOT/
IL electrolyte bath solution (called pristine bath) was used
for deposition. After initial deposition, the same bath was
recycled to coat other Mg substrates. As the EDOT poly-
merized onto the Mg substrates, the bath solution changed
color from clear to light yellow, to opaque brown, and
eventually to black. The color of the recycled baths turned
darker with each reuse (Fig. 2). To compare the Pristine
versus Recycled EDOT/IL Bath, Mg substrates were coated
using CV ranging from —0.5 to +2.0 V for 5 cycles at 200 s
per cycle with a constant scan rate of 100 mV/s.

2.3.3 Electrodes

Mg samples were utilized as the working electrodes.
Counter electrodes for this experiment included platinum
(Pt, CH Instruments) or stainless steel (SS, Miniscience).
Reference electrodes included silver/silver chloride (Ag/
AgCl, CH Instruments) or copper (Cu, Miniscience). The
platinum electrode consisted of a wire that was coiled in a
spring like shape to fit into the electrochemical cell. The
silver/silver chloride electrode was enclosed in a glass
sleeve with a permeable tip and was used directly as pur-
chased. After establishing the coating parameters using the
Pt and Ag/AgCl electrodes, the Cu and SS electrodes were
investigated as alternative low-cost electrodes. A flat sheet
of Cu was cut into a dimension of 10 x 8 x 0.1 mm to
produce the Cu electrode. The SS electrode was prepared
similarly, with a dimension of 14 x 5 x 0.2 mm. Both
electrodes were ultrasonically washed in ethanol for
15 min. To compare the Pt and Ag/AgCl electrodes with
the Cu and SS electrodes, Mg substrates were coated using
CV ranging from —0.5 to 42.0 V for 5 cycles at 200 s per
cycle with a constant scan rate of 100 mV/s.

2.3.4 Post-coating treatment

Three different procedures for post-coating treatment were
investigated: (1) the coated Mg samples were ultrasonically
washed in ethanol for 5 min; (2) the samples were quickly
rinsed with deionized (DI) water (Millipore) followed by
ethanol; and (3) the samples were not rinsed at all. After-
wards, all the PEDOT coated Mg samples were dried in a
vacuum oven at room temperature for 24 h.
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Fig. 2 Appearance of EDOT/IL electrolyte baths before and after electrochemical deposition. a Pristine EDOT/IL bath before deposition.
b EDOT/IL bath after one use (CV for 5 cycles ranging from —0.5 to +1.2 V). ¢ EDOT/IL bath after more than 3 recycles

2.4 Characterization of surface microstructure
and composition of PEDOT coating

After post-coating treatment, the surface morphology of
PEDOT coated Mg samples was characterized using a
field-emission scanning electron microscope (SEM, Philips
XL-30) at a 15 kV accelerating voltage. Energy dispersive
X-ray spectroscopy (EDS) analysis was performed on the
respective SEM image to determine the surface composi-
tion and elemental distribution.

2.5 Adhesion strength of PEDOT coating: ASTM
D3359 tape test

The adhesion strength of PEDOT coating on the Mg
samples was measured by the tape test following ASTM
D3359 standards. Briefly, the PEDOT coated surface was
first marked with 5 x 5 mm crosscut grids using a cutter.
The 3 M No. 3710 tape was attached and pressed onto the
etched surface. The tape was then peeled off at a 180°
angle. The remaining PEDOT coating on Mg was charac-
terized for adhesion strength according to the ASTM
classification system that ranges from 0B to 5B. A strong
adhesion between the coating and substrate is classified as
5B (no coating detaches from the substrate). A weak
adhesion strength is classified as OB (65 % or more of the
coating detaches).

2.6 Corrosion potential of PEDOT coated Mg
versus non-coated Mg

The PEDOT coating was deposited using the CV method
for 5 cycles with the potential ranging from —0.5 to
+2.0 V for 200 s. The scan rate was set as a constant of
100 mV/s. The corrosion rate of the PEDOT coated Mg
versus non-coated Mg was measured according to the Tafel
test. The test procedure was carried out in a very similar
manner as a CV experiment with the potential ranging from
—2.0 to 0.5V for 30 s with a constant scan rate of
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100 mV/s. All the samples were tested in a simulated body
fluid (SBF) with a pH of 7.4. Using the potential versus
current (reported in a log scale) potentiodynamic polari-
zation curves, the corrosion current was extrapolated and
plugged into the following equation to calculate the cor-
rosion rate:

o ICorr -K-EW
= pA

CR

where CR = corrosion rate, Icorr = corrosion current, K =
constant for converting units, EW = equivalent weight of
Mg, p = density of corroding species (Mg), and A = area of
substrate submerged in SBF.

3 Results
3.1 Morphology and composition of PEDOT coating

Scanning electron micrographs and EDS analyses showed
that PEDOT coated Mg had different surface topography
and composition as compared with non-coated, polished
Mg (Fig. 3). The PEDOT coating was prepared by CV
method with the potential ranging from —0.5 to +2.0 V for
five cycles, 200 s per cycle. The PEDOT coating appeared
to have a micro-porous morphology. The EDS spectrum of
non-coated Mg showed a small amount of oxygen
(<5 wt%) even after polishing since Mg was prone to
oxidation. The EDS analysis of PEDOT coated Mg showed
the presence of sulfur (S), carbon (C), nitrogen (N), oxygen
(O), fluorine (F), and a trace amount of Mg (<1 at.%).

3.2 The effects of coating methods on surface
microstructure and composition

The PEDOT coating was deposited using both CV and
chronoamperometry. During CV deposition, as the number
of cycles or coating time increased, the coating thickness
increased. Five cycles of CV with the potential ranging
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Fig. 3 a SEM image of non-
coated Mg substrate after
polishing. b SEM image of
PEDOT coated Mg after 5
cycles of CV deposition with
the potential ranging from —0.5
to +2.0 V, 200 s per cycle.
Scale bars = 20 pm. b EDS
analysis of non-coated Mg
substrate. d EDS analysis of
PEDOT coated Mg
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from —0.5 to +2.0 V yielded a uniform coating. Figure 4a
shows the SEM image of the PEDOT coated Mg using
the CV method for 5 cycles in a pristine EDOT/IL bath.
Figure 4c shows the EDS analysis of Fig. 4a, indicating
sufficient coating by the peaks of S, C, and O.

During chronoamperometric deposition, the greater the
coating duration time, the thicker the coating. Higher
voltages led to the appearance of coatings at a faster rate in
the electrochemical cell. At voltages below 1.2 V, PEDOT
coating did not form during the entire cycle of 2,000 s. At
voltages of 2 V or greater, the coatings formed within the
first few hundred seconds of the cycle. Figure 4b shows the
SEM image of the PEDOT coated Mg using the chrono-
amperometry method at 1.2 V for 2,000 s in a pristine
EDOT/IL bath. Figure 4d shows the EDS analysis of
Fig. 4b, indicating the presence of PEDOT coating by the
peaks of S, C, and O.

3.3 Comparison of PEDOT coatings produced
in pristine versus recycled EDOT/IL bath

The PEDOT coatings were uniform with the use of a
pristine EDOT/IL bath. A 1 M concentration of EDOT/IL
was sufficient for forming the PEDOT coating on the Mg
samples with a size of 5 x 5 x 0.25 mm. The pristine bath
was clear and transparent before electrochemical deposi-
tion. When the recycled baths were used, the coatings were

still able to form; however, the larger particles of previ-
ously polymerized EDOT were deposited onto the Mg
substrates, leading to a non-uniform surface morphology.
Figure 5 shows SEM images of PEDOT coated Mg sam-
ples using the CV method with the potential ranging from
—0.5 to 2 V for 200 s per cycle for 5 cycles. In Fig. 5a, c),
the PEDOT coating was deposited in a pristine bath of
EDOT/IL and the coating morphology appeared uniform
with well-defined particulate features. In contrast, the
PEDOT coating that was deposited in a recycled bath of
EDOT/IL showed non-uniform morphology, as shown in
Fig. 5b, d). When comparing the EDS results in Fig. Se, f),
the elemental compositions of both PEDOT coatings were
similar regardless of the type of bath used for deposition.
That is, the presence of S, C, O, and a trace amount of Mg
indicated the presence of PEDOT coating on Mg samples.
Even though the PEDOT coating could be deposited on Mg
samples in both the pristine and recycled bath, the SEM
images showed significant differences in coating mor-
phology and uniformity.

3.4 The effects of different electrodes on the PEDOT
coating

To explore the potential of using low-cost electrodes for

PEDOT deposition, Cu and SS electrodes were investi-
gated as alternative reference and counter electrodes,
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Fig. 4 a SEM image of
PEDOT coated Mg using CV
method for 5 cycles (the
potential ranging from —0.5 to
+2.0 V, 200 s per cycle) in the
pristine EDOT/IL bath. b SEM
image of PEDOT coated Mg
using chronoamperometry
method at 1.2 V for 2,000 s in
the pristine EDOT/IL bath.

¢ EDS analysis conducted on
image (a). d EDS analysis
conducted on image (b). Scale

bars = 200 pm
¢ PEDOT Coated Mg Sample d PEDOT Coated Mg Sample
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respectively. Figure 6a shows PEDOT coated Mg using Cu
and SS electrodes in a pristine EDOT/IL bath. EDS anal-
ysis (Fig. 6b) indicated the presence of PEDOT coating
on the Mg samples, and no Cu ions were detected. The
PEDOT coating produced using Cu and SS electrodes
showed similar surface morphology and elemental com-
position as the coating previously produced using platinum
and Ag/AgCl electrodes.

3.5 Other parameters affecting PEDOT deposition

The use of a polished Mg surface versus as-rolled oxidized
surface as substrates for electrochemical deposition seemed
to have no effect on the coating morphologies and com-
positions based on SEM and EDS analyses. Ultrasonic
wash in ethanol immediately after electrodeposition led to
removal of the coating. Before setting the samples to dry, a
quick rinse with DI water followed by ethanol was nec-
essary to remove excess IL. Once the samples were vac-
uum dried for at least 24 h, they were ready for further
characterization and evaluation, such as SEM imaging,
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EDS analyses, adhesion strength testing, and corrosion
testing.

3.6 Adhesion strength of PEDOT coating on Mg

The tape test can determine how well a coating adheres to
the substrate of interest. The tape test results showed that
the coating adhesion strength was within the classifications
of 3B to 4B as only small flakes of the PEDOT coating
were detached along the intersections of cuts (less than
15 % of the lattice area). Figure 7a shows the surface of
PEDOT coated Mg sample before making a 5 x 5 mm
crosscut grid. Figure 8b shows the grids created by a cutter
according to ASTM D3359 standard. Figure 8c shows the
sample after the tape removal, which was used to deter-
mine the coating adhesion strength as between 3B and 4B.
Figure 8d shows the PEDOT remnants on the tape itself.

3.7 Improved corrosion potential

Figure 8 shows the potentiodynamic polarization curves of
PEDOT coated Mg and non-coated Mg in SBF. After
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Fig. 5 The PEDOT was
deposited by the CV method
with the potential ranging from
—0.5to 2 V for 200 s per cycle
for 5 cycles in either pristine or
recycled electrolyte bath.

a, ¢ SEM images of PEDOT
coated Mg produced in a
pristine bath at a magnification
of a 80x and ¢ 1,000x.

b,d SEM images of PEDOT
coated Mg produced in the
recycled bath at a magnification
of b 80x and d 1,000x. Scale
bars = 500 um for images

(a, b). Scale bars = 50 pm for
images (c, d). e EDS analysis
conducted on image (a). f EDS
analysis conducted on image
(b). The microstructures of the
PEDOT coating produced in the
pristine bath appeared more
uniform than that produced in
the recycled bath. The EDS
results showed that the
elemental compositions of
PEDOT coatings produced in
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extrapolation, the corrosion current (Icorg) for PEDOT
coated Mg was 6.14 x 107> amps, yielding a corrosion
rate of 2.64 mm/year. Icorr for non-coated Mg was
9.08 x 10~* amps, yielding a corrosion rate of 38.98 mm/
year. The PEDOT coating did decrease the corrosion rate
of Mg according to the Tafel test.

4 Discussion

4.1 Morphology and composition of PEDOT coating

Electrochemical deposition parameters affected the micro-
structure of the PEDOT coatings on Mg. When coated in a

pristine bath, SEM images of the PEDOT coatings showed

a uniform micro-porous structure, which matched with the
results observed in previous studies [12, 21, 22]. The
microstructure of PEDOT determines its conductivity [23].
The conductivity decreases with loosely packed polymers
that have high inter-chain distances [24]. The electro-
chemical deposition method allows for precise control of
polymer growth on the working electrode. The EDS spectra
of the PEDOT coated Mg showed high S, C, and O peaks
and low Mg peaks, which indicated PEDOT coating on
the substrate since PEDOT consists of S, C, and O. The F
peaks indicated that the anion F~ in the ionic liquid was
transferred onto Mg surface during the electrochemical
deposition [25].
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b PEDOT Coated Mg using Cu and SS Electrodes
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Fig. 6 a SEM image of the PEDOT coating on Mg samples when the
coating was electrochemically deposited using copper (Cu) and
stainless steel (SS) electrodes. The PEDOT coating was deposited
using CV method with the potential ranging from —0.5 to 2 V for 200 s
per cycle for 5 cycles. b EDS analysis was conducted on image (a)

4.2 Adhesion strength of PEDOT coating

The ASTM standard tape test is crucial for determining the
PEDOT coating reliability for medical implant or device
applications, particularly if it is under friction or wear [26].
The PEDOT coatings on Mg had acceptable adhesion
strength on the Mg substrates for biomedical applications.
High adhesion strengths have also been observed with
PEDOT-PSS nano-composite films coated on titanium
substrates [27]. Surface preparation has been shown to
affect PEDOT adhesion strength on platinum, gold, indium
tin oxide, and silver substrates [28]. The superior adhesion
strength of coating was reported when the substrates were
ultrasonically washed in acetone before deposition [28].

4.3 Corrosion potential of PEDOT coated Mg
versus non-coated Mg

The corrosion potential of PEDOT coated Mg increased by
about 250 mV. This yielded a slower corrosion rate for the
coated Mg. Similar results were reported in literature; that
is, the corrosion potential of PEDOT coated Mg increased
by about 120 mV and the corrosion current decreased by
about 50 % [12]. These findings indicated that PEDOT
coatings indeed improved the corrosion resistance of Mg.

4.4 PEDOT coated Mg for potential neural applications

This study confirmed that the PEDOT coating could
decrease Mg degradation in SBF and it had acceptable

Fig. 7 Adhesion strength of
PEDOT coated Mg was
evaluated by tape test following

Classification

Surface Appearance
after Tape Test

ASTM D3359 standard. 5B none

a PEDOT coating deposited on

Mg substrate using the CV

method with the potential 4B

ranging from —0.5 to 2 V for

200 s per cycle for 5 cycles.

b Grids of 5 x 5 mm crosscut 3B

were created on PEDOT coating

using a cutter. ¢ Grid

appearance after tape removal.

d PEDOT remnants on the tape. B -_:H;H:

The adhesion strength of

PEDOT coating on Mg was

classified as between 3B and 4B
1B

0B Greater than 65%
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Polarization Curves of PEDOT Coated and Non-Coated Mg
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Fig. 8 Potentiodynamic polarization curves of PEDOT coated Mg
and non-coated Mg in simulated body fluid (SBF) at pH 7.4. The
coating was deposited using the CV method with the potential ranging
from —0.5 to 4+2.0 V for 5 cycles. Scanning parameters of the Tafel
test ranged from —2.0 to +0.5 V at a scanning rate of 100 mV/s.
After extrapolation, the corrosion current (Icorr) for PEDOT coated
Mg was 6.14 x 1073 amps, yielding a corrosion rate of 2.64 mm/
year; Icorg for non-coated Mg was 9.08 x 10™* amps, yielding a
corrosion rate of 38.98 mm/year

adhesion strength for medical applications. Combining the
results of this study with the previous in vitro and in vivo
biological studies [4-8], PEDOT coated Mg could poten-
tially integrate the benefits of PEDOT and Mg for neural
applications. To further improve biological connection
with neurons, co-deposition of the peptide DCDPGYIGSR
onto the surface may be needed to enhance neuron binding
abilities of the PEDOT on the biodegradable Mg alloys. It
has been reported that rat glial cells preferentially attached
and grew on electrode sites containing the peptide after
24 h of in vitro culture [15]. PEDOT coated Mg should be
further studied in cell culture systems and in animal models
to evaluate its interactions with nerve cells and its capacity
in stimulating nerve regeneration.

5 Conclusion

The PEDOT coating was electrochemically deposited on
large Mg substrates in a 1 M EDOT/IL electrolyte solution
successfully using either CV or chronoamperometry
method. With longer coating time or more CV cycles, more
EDOT can be polymerized onto the Mg substrate, resulting
in a thicker coating. As the EDOT concentration increases
in the pristine bath, the electrochemical deposition process
can be used to coat larger Mg substrates for future cell
studies. Alternative electrodes such as Cu and SS can be as
effective as the more costly Pt and Ag/AgCl electrodes
for this coating process. The electrochemically deposited
PEDOT coating on Mg showed micro-porous structure and
contained the elements of S, C, and O. The corrosion rate
of the PEDOT coated Mg, calculated from Tafel tests, was
2.64 mm/year, much slower than 38.98 mm/year for the
non-coated Mg. The adhesion strength of PEDOT coating
was within the classifications of 3B to 4B. Future studies

are needed to determine the in vitro degradation rate of
PEDOT coated Mg implants and how relevant cells
respond to the PEDOT coated Mg in vitro and in vivo.
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