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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Photoluminescent, conductive PEDOT 
layer can be deposited on neural 
microelectrode arrays by direct 
electropolymerization. 

• The structure of PEDOT layer can be 
controlled by the number, length and 
voltage of electric pulses applied in the 
process. 

• Optimization of applied monomer con
centration is important to avoid the 
formation of detached polymer 
particles. 

• BMIMBF4 ionic liquid is a better elec
trolyte for the polymerization process 
than PC(LiClO4).  
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A B S T R A C T   

In neuroscience the use of a microelectrode array allows the detection of neuroelectric signals with high temporal 
resolution in a confined space within the tissue, while two-photon laser scanning microscopy provides high 
spatial resolution in a wide region of interest. The combination of these two techniques promises better un
derstanding of the operation of neural pathways. To facilitate this connection, we studied the direct electro
chemical deposition of the conductive polymer poly-2,3-ethylenedioxy-thiophene onto different Pt and Pt/Ir 
electrode surfaces from non-aqueous solvents, such as ionic liquid and propylene carbonate. We show the effects 
of electrochemical deposition technique (pulsed or continuous), monomer concentration range and solvent 
electrolyte type on the formation of photoluminescent - conductive films. For these variables we determined the 
optimal deposition parameters given as 0.025–0.050 M EDOT monomer concentration in BMIMBF4 ionic liquid 
and the use of pulsed deposition process to form an adherent, uniform functional electrode coating.   
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1. Introduction 

The operation of neural pathways is based on transmission of 
chemical and electric signals and understanding this communication 
requires specific tools to record and conceive the signals. For recording 
these small electric signals several reliable methods and electrode sys
tems have been developed. The main goal of these advancements was to 
minimize the size of the electrode, thus reducing the geometric area of 
the potential recording sites for minimizing the brain tissue injury and 
for better allocation of the signal source. A step in the refinement of the 
spatial resolution is the use of spatially linked electrodes and studying 
the correlation between the observed electric signals on the individual 
electrode sites. The multi-channel laminar platinum-probe array 
(referred thereinafter as “SPIKY” from “spiky probe”) [1,2] used in this 
study is such device, designed for in vitro slice recordings. 

Two-photon laser scanning microscopy (2PLSM) is a fluorescent 
imaging technique based on the physical effect of two-photon (2P) 
excitation, where the principle is the addition of two UV photons into 
one fluorescent excitation. Today, 2P imaging is a widely used com
plementary technique besides electrophysiology for the acquisition of 
neural activity with single-cell resolution from hundreds of neurons both 
in vitro and in vivo [3]. While fluorescent microscopy only provided static 
(or structural) information of the investigated tissue via ‘green fluores
cent protein’ (GFP) based fluorescence, 2PLSM more recently allowed 
for functional imaging and tracking physiological processes almost in 
real time [4]. In 2P microscopy, all emitted photons are useful, that 
dramatically increase the signal-to-noise ratio, unlike in the case of 
confocal microscopy, where scattered photons are rejected. As a 
consequence, photodamage and bleaching is greatly reduced, since the 
probability of fluorophore excitation depends quadratically on light 
intensity, rather than linearly as in the case of confocal fluorescence. 
Generally, single-photon imaging techniques use fluorophores that are 
activated in the 400–500 nm (visible) wavelength range, for 2P excita
tion this range falls into the near-infrared (NIR) ranges (between 700 
and 1300 nm) resulting in a higher possible penetration capability. 
Lower energy, longer wavelength excitation is rather suitable for in vivo 
and chronic imaging of living animals, as it causes less phototoxicity. 

It is known that extracellular electrophysiology and 2P imaging both 
have advantages and disadvantages in sense of spatial or temporal res
olution and structural or functional information extracted. The idea to 
combine them comes naturally to gain maximal benefit from both 
techniques. Initial attempts to integrate the two modalities, however 
faced the phenomenon called ‘photoelectric artefact’ that interferes with 
electronics and thus can contaminate (or even prevent) simultaneous 
extracellular recordings if the Field-of-View of imaging includes the 
recording sites of the solid-state multielectrode [5]. Several strategies 
have been used to avoid photoelectric effects, such as the use of trans
parent probe materials or ionic conductors (e.g. glass pipettes) or 
attenuation of the generated artefact via specifically designed filtering 
algorithms but each of these approaches has its own limitations [2,6,7]. 
Nevertheless, if co-localized extracellular recording and 2P imaging is 
elaborated, subsequent, although not synchronous recordings can be 
achieved without photoelectric contamination. 

The basic use of fluorescent markers in 2PLSM is used to assign the 
individual neural cells. To localize individual electrode sites at the same 
time, the electrode marking material has to be also photoluminescent. It 
has been shown that poly-3,4-ethylenedioxy-thiophene (PEDOT) can 
show such behavior [8]. PEDOT is a conducting polymer with an 
extremely wide-spread literature. The concise book of Elschner [9] 
contains not only data from the literature but so far unpublished results 
as well. PEDOT combination with the polyanion poly-styrene-sulfonate 
(PEDOT:PSS) exists in aqueous suspension forms so it can be used for the 
formation of conductive layers by conventional wet methods, such as dip 
coating or spin coating ready to be used in combined electronic appli
cations [10]. For the modification of the SPIKY tips the PEDOT:PSS 
composition is inadequate, since the electrode coating is to be contacted 

with the organic tissue, thus its quality is subject of deterioration in such 
an aqueous environment. 

Direct electrodeposition process is a feasible technique to form 
spatially directed coatings on conducting surfaces. Márton et al. has 
shown that an adherent high surface area Pt layer could be formed on 
microelectrode surfaces by electrodeposition [11]. 

As an alternative surface modification process, Prasad et al. [8] have 
formed PEDOT particles polymerized on indium-tin-oxide (ITO) elec
trode with 1-butyl-3-methylimidazolium-tetraflouroborate (BMImBF4) 
as non-aqueous electrolyte. Alternatives of non-aqueous ionic liquid (IL) 
electrolyte, such as propylene-carbonate (PC) have been already used 
[12]. It is a lower cost material, but as the physical properties of the 
electrodeposited PEDOT are very dependant on the properties of the 
growth solvent [13], hence its use is not beneficial in every case. The 
solvent dependence is due not only the difference in the incorporated 
(“doping”) anions, but also the different nucleation mechanisms and 
morphologies. The related literature is complex in respect of variables 
and difficult to compare. Sandoval et al. [14] used IL, but with different 
anion and galvanostatic deposition process, Cysewska et al. [15] applied 
acetonitrile as solvent electrolyte for potentiostatic and galvanostatic 
deposition, while in the paper of Suominen et al. [16] again IL and 
acetonitrile was used, but the difference in the method of deposition, 
namely potentiodynamic cycling makes the comparison of results 
difficult. 

The phenomena of photoluminescence (PL) of PEDOT layer is not 
fully understood yet. Ivanko et al. assign PL to structural causes, as a 
result of water incorporated into the “bulk” PEDOT [17]. Prasad et al. 
explain the PL of the PEDOT by the assumption of the presence of 
quantum dots [8]. But there is a significant difference in the preparation 
methods – while Prasad et al. use electrochemical deposition from IL, the 
group of Ivanko uses chemical oxidation and aqueous solution, which 
explains the incorporated water, but leaves somewhat open the question 
of the origin of PL. 

In this work we show our results on direct electrodeposition of 
photoluminescent PEDOT coatings onto neural microelectrodes and the 
optimization of the process in respect of used electrodeposition tech
nique, monomer concentration and solvent electrolyte type. The novelty 
of the results is the development of an easy, one-step, dual-role surface 
modification procedure, which results in an electrode coating that not 
only maintains conductivity and provides high surface area, but also 
creates site specific photoluminescence as added value to help exact site 
localization in nerve tissue electrode systems. 

2. Materials and methods 

2.1. Materials 

3,4-ethylenedioxy-thiophene, EDOT, as monomer (Sigma-Aldrich, 
97%) was used in the electropolymerization process. Two types of 
electrolyte were used, the ionic liquid, IL, pure 1-butyl-3-methylimida
zolium-tetraflouroborate, BMImBF4, (Merck, high purity) and 
propylene-carbonate, PC, (Sigma-Aldrich, 99.9%, anhydrous) with 
added conducting salt to yield 0.1 M LiClO4 (LiClO4⋅3H2O, Merck, alt.). 
Three substrate materials were used: platinum (Pt) sheet, polyimide 
insulated Pt/Ir (Pt 80%, Ir 20%) wire of 40 μm diameter (California Fine 
Wire Company) and the electroactive tips of a neural microelectrode 
array (Pt/Ir/IrO2, ~5 μm, SPIKY, see Introduction). The post-processing 
of the polymer (PEDOT) involved N,N-dimethyl-formamide (DMF, VWR 
Chemicals, 99,9%), water (MQ, MilliPore, 18 MΩ cm) and H2SO4 (Molar 
Chemicals, 96%, puriss.). 

2.2. Electropolymerization 

For the electropolymerization process we prepared two base elec
trolytes: One was the pure IL, the other 0.1 M LiClO4 in PC (prepared by 
dissolving 160.4 mg LiClO4⋅3H2O in 10 cm3-s of PC). Using these, 0.1 M 
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EDOT solutions were prepared (by adding 11 μL of EDOT to 989 μL 
solvent (PC with LiClO4, or IL). The final dilution step was performed 
just before the polymerization to yield 0.025 M EDOT solutions in PC for 
all the small-area electropolymerization processes; for the high-area 
electrodes 0.010 M, 0.025 M and 0.050 M EDOT solutions both in PC 
and IL were used. In the case of IL the original 0.1 M EDOT solution was 
also added to the series. 

There were small-area and large-area substrates. The formers are the 
tips of the multichannel array as well as the tip of the model Pt/Ir wire. 
The wire tip was prepared by the cross-cutting the wire, with no further 
polishing; hence the surface areas of these tips were somewhat different. 
The large-area substrates are the Pt sheet and the cylindrical side of the 
Pt/Ir wire with removed insulation. The insulating polyimide layer has 

been removed by a butane flame. As the surface area of the “tip&side” 
(non-insulated) wire samples was difficult to determine, the currents 
were not normalized by the area. 

All electropolymerization experiments have been conducted in a 
non-thermostated open-to-air cylindrical cell of 9 mm diameter con
taining 0.4 cm3 non-stirred electrolyte. Usually all the electrodes (the Pt 
wire coil counter electrode (CE), the Ag-wire quasi-reference electrode 
(RE) and the substrate as working electrode (WE)) were submerged in 
the electrolyte from the top. In the case when the substrate was a Pt 
sheet, it replaced the bottom of the cell. 

For the large-area substrates simple potentiostatic deposition was 
performed with a long, 3 h deposition time at 1.5 V using an Autolab 
PGSTAT124 N potentiostat; during deposition current is recorded 

Fig. 1. Different observed effective chronoamperometric curves of the PEDOT electrodeposition to different substrates: a) microelectrode array tip, b) and c) Pt/Ir 
wire. Sections a) and b) show the characteristic I(t) curves during the on-states of the pulsed deposition and c) during continuous (potentiostatic) deposition. Solid 
curves correspond to depositions only to the tips of insulated wire, while dotted curves show the depositions to the non-insulated wire (both tip and side). 

T. Marek et al.                                                                                                                                                                                                                                  



Materials Chemistry and Physics 260 (2021) 124163

4

yielding chronoamperometric curves. 
For the small-area substrates (SPIKY and wire tips) pulsed deposition 

was performed to avoid the formation of oversized PEDOT parts. This 
pulsed deposition was a series of 30 s cycles, which cycles started with a 
potential pulse, on-state, with varying amplitude (1.5 and 2.0 V) and 
duration (1 or 2 s), and a “forced relaxation period” for the remaining 
time at 0 V, off-state. On the current vs. time curves of Fig. 1 only the 
currents during deposition are displayed, the current related to the 
relaxation period is disregarded. 

The current source for such electropolymerization onto the small- 
area SPIKY tips was a custom made bipotentiostat [18] which pro
vided low-noise current measurements even in the pA current range, the 
cell was in a Faraday-cage. 

2.3. Post-polymerization processes 

The PEDOT films deposited onto the small-area substrates (SPIKY 
tips and thin wires) were rinsed and three times ultrasonicated in MQ 
water. 

The conductivity of the SPIKY tips was monitored by taking cyclic 
voltammograms (in 0.1 M H2SO4 water, − 850 to 600 mV vs. common 
Pt-wire CE and quasi-reference electrode; the sweep rate 500 mV/s) 
before and after deposition. 

2.4. Formation of photoluminescent PEDOT 

In order to study the efficiency and controllability of PEDOT layer 
formation the overall quantity of polymerized PEDOT was to be deter
mined. The Pt-sheet deposition experiments resulted in not only adhered 
PEDOT layer but also dispersed PEDOT particles, and the total amount 
was to be accounted for the polymerization process. To follow the effi
ciency of deposition the samples were treated as follows. The electrolyte 
was removed from the cell, and the surface of the PEDOT-covered Pt- 
sheet was gently rinsed by 3 × 200 μL MQ water. This rinsing water and 
the electrolyte was then mixed in an Eppendorf vial, ultrasonicated for 2 
min and then centrifuged for 30 min at RT and 15,000 rpm. The liquid 

fraction was then disposed, the remaining particles were left to dry 
overnight, just as the PEDOT-covered Pt-sheet. The dried PEDOT from 
the Pt-sheet was scraped off first into a glass weighing boat then trans
ferred to an Eppendorf vial. The electrolyte- and Pt-sheet-origin PEDOT 
were then treated the same way. The dried samples were dispersed in 1 
cm3 MQ water, and were ultrasonicated for 2 min and then centrifuged 
for 30 min at RT and 15,000 rpm. The supernatant was then disposed, 
and this cleaning process was repeated three times. The sample was 
dried and the weight was measured. 

The photoluminescence (PL) of the PEDOT samples was studied in 
DMF suspension. 1.2 cm3 DMF is added to the dried samples and 
ultrasonicated for 4 h at 30 ◦C, then centrifuged for 45 min at 15,000 
rpm and 20 ◦C. For further studies the suspension was used. The PL 
spectra are recorded by a Thermo Scientific VarioScan Flash plate reader 
between 460 and 700 nm with a 440 nm excitation wavelength, using 
290 μLs of the samples measured into standard 96-well flat-bottom 
polypropylene plates at RT. 

To avoid the high level of uncertainty introduced by the small 
amount of materials we show the averaged results of five parallel high- 
area deposition experiments together with their standard deviations for 
all electrolytes and concentrations. 

2.5. Microscopy techniques 

The two-photon microscopic (2P) laser scanning pictures and the 
optical pictures of the SPIKY multielectrode array were both recorded by 
the microscope of the Group of Comparative Psychophysiology, ICNP, 
RCNS. The in vitro 2P recording set-up was built on the base of an 
Olympus BX61 upright microscope by Femtonics Ltd. (Femtonics Ltd., 
Budapest, Hungary) and has a near-infra red (NIR) bright-field camera 
mode as well as a 2P fluorescent working mode. For the 2P excitation, a 
Ti:Sapphire femtosecond pulse laser was used (Coherent Chameleon 
Ultra II, Coherent Inc., Santa Clara, CA, USA) with a chosen wavelength 
of 800 nm. The laser can yield a maximal output intensity of 4 W at 800 
nm wavelength, which finally results in a measured maximally power of 
1 W after the last optical element (objective lens) at the focal point. This 

Fig. 2. Characteristic monitoring CVs of a microelectrode array tip before and after the deposition of PEDOT layer (0.5 M H2SO4, 0.5 V/s sweep rate, RE-CE: common 
Pt-wire, WE: tip). The left-hand side scale corresponds to the solid curve of the pristine electrode tip, the right-hand side scale to the dashed curve recorded after 
PEDOT deposition. 
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power would be enough for imaging the neural tissue and its activity in a 
depth of hundreds of μm or even up to 1 mm. In the case of the floating 
wires, we have set the imaging laser intensity to 10–15% (100 mW) and 
the sensitivity of the green photomultiplier (PMT) detector to 50%. 
Scanning was carried out in resonant raster scanning mode. We used a 
water immersive 20x objective (Olympus, XLUMPLFLN20XW) with a 
numerical aperture of 1 and a working distance of 2 mm. Recorded 
images were pre-processed and exported using the integrated software 
package of the Femtonics microscope system. 

The simple optical microscopic pictures of the wire were recorded by 
a CCD camera attached to an Optech (Optech GmbH, Germany) 
stereomicroscope. 

3. Results and discussion 

3.1. Characteristic electrochemical parameters of PEDOT deposition 
process 

Fig. 1 shows effective chronoamperometric curves observed during 
PEDOT deposition experiments. 

In the I(t) curves of Fig. 1 panels a) and b) the effective deposition 
process is represented by the data when the WE (substrate) was on non- 
zero potential, on-state, the continuity achieved by editing out the off- 
state data (E = 0 V) and the deposition pulses shifted immediately 
behind each other (see 2.2). Fig. 1b) and c) refer to results of the pulsed 
and continuous deposition experiments, b) and c) respectively, carried 
out on the wire substrates. Note that the initial parts of all deposition 
cycles are similar to the initial part of the continuous deposition curve, 
clearly signaling the same electrochemical behavior. The 2-s pulse 
length deposition curves (Fig. 1a.) show the increase of the total charge 
by repetition of the deposition pulse, indicating the increasing surface 
area of the electrode, i.e. the deposition of additional PEDOT. Fig. 1b 
shows that the pulsed deposition strategy also works for substrates with 
slightly different composition and increased surface areas, as on the wire 
substrates. As it can be seen, the area difference of the tip and tip-and- 
side surfaces manifests again in the deposition currents (and charges). 
Finally, Fig. 1c shows that this difference is also present when the 
polymerization is conducted by a long-term continuous potentiostatic 

strategy. 
As a monitoring method, cyclic voltammetry was used to assure the 

quality of the original, pristine electrodes surfaces and to compare the 
conductivities of the sites before and after the deposition process. First, 
we examined the quality of the individual SPIKY sites, whether they 
comply the needs of the deposition experiments: their surface areas are 
same, they are not contaminated/blocked and the overall resistance is 
similar. The aim of the post-deposition CVs was to compare the con
ductivities of the pristine and the covered sites. In order to simplify the 
experimental setup, we chose to use 0.5 M H2SO4 as electrolyte for the 
CVs and a two-electrode system, where the working electrode was the 
actual SPIKY site and the Pt-wire counter-electrode acted as a quasi- 
reference electrode. As the surface areas and currents were low and 
the measurement times short, the use of such quasi-reference electrode 
is valid. 

On Fig. 2 the CV recorded on a pristine site of the SPIKY array shows 
great similarity to typical CVs recorded on Pt surfaces in dilute aqueous 
acid under ambient atmosphere. The peaks correspond to surface 
adsorption-desorption processes present on Pt surface in aqueous solu
tion [11]. The CV shown on Fig. 2 by dashed line shows that after PEDOT 
deposition the surface remained conductive. The surface modification 
resulted in a CV of boxlike form of an electrochemical double-layer 
capacitor [19]. The deviations from the shape expected from an ideal 
capacitor are due to the high internal resistance of the electrode and 
parasitic reactions. It should be noted that the measured currents are 
two orders of magnitude higher than the pristine values, presumably as 
the result of the increased surface area of the site. 

These results above showed that the deposition of the conducting 
polymer layer was successful, and the characteristic features of the 
pulsed or continuous deposition curves can be used for monitoring the 
process. By decreasing the length of the deposition pulse one can have a 
better control over the thickness of the formed layer. 

3.2. Solvent-type and monomer concentration dependence of PEDOT 
deposition 

As the electrolyte choice was proven to be important in the quality of 
the deposited polymer, we selected two types of electrolytes represented 

Fig. 3. Averaged chronoamperometric curves of potentiostatic PEDOT electrodeposition from a) ionic liquid and b) propylene-carbonate electrolytes with different 
monomer concentration. The thin lines in panel a) are fits of the Cottrell-equation. 
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in the literature for this task previously [8,12]. We used 
propylene-carbonate (PC) based electrolyte and pure 1-butyl-3-methyli
midazolium-tetraflouroborate (BMImBF4), which is an ionic liquid (IL), 
with inherently good conductivity and similar density as PC, but with a 
slightly higher apparent viscosity. We have also determined whether 
there is an optimum concentration for the monomer (EDOT) so we 
conducted long-term potentiostatic electrodeposition experiments from 
electrolytes with different EDOT-concentrations and chemical compo
sition. The deposition currents of these experiments are shown on Fig. 3. 

Each data set represents the average of five parallel measurements. The 
drawback of PC as solvent is apparent, the I(t) curves that follow the 
deposition process are much less regular than those observed in IL. 
These results show that the use of curves obtained in PC solvent are far 
not optimal for following the individual deposition processes. On the 
other hand, the deposition curves recorded in IL show mainly pure 
diffusional behavior, as shown by the fitted theoretical Cottrell-curves. 

The original Cottrell-equation connects the time elapsed after a po
tential step and the responding current in the case of a planar electrode 

Fig. 4. Optical (top) and two-photon microscopic (bottom) photos of the cleaned PEDOT deposited onto a) microelectrode array tips, b) Pt/Ir wire tip and c) side.  

Fig. 5. Summed and averaged photoluminescence spectra (λex 440 nm) of the DMF-suspended PEDOT particles deposited from a) IL or b) PC with different 
EDOT-content. 
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and purely diffusional matter transport, described e.g. in Bard & 
Faulkner [20]. The formation of PEDOT particles on the surface of the 
Pt-sheet is consistent with this picture, while the time range of these 
experiments is well out of the usual time range of the clear diffusional 
regime [21,22]. 

It is also important to note that in the case of PC the highest EDOT 
concentration applicable was lower than in IL. It was because even at 
0.050 M EDOT concentration the potentiostatic condition could only 
just fulfilled, this way compromising the site specificity of deposition 
reaction. 

The representative optical and two-photon microscopic pictures of 
the PEDOT layers deposited onto small-area substrates (Fig. 4.) reveal 
that while the conductive and photoluminescent coating is achieved on 
all substrates, the quality of these coatings is not uniform. The main 
possible problem is observable on Fig. 3a, where the deposited PEDOT 
grows in cauliflower-type form and can connect neighboring sites. 

This behavior showed the need for a better control over the depo
sition process. The use of a large-area substrate, Pt-sheet, allowed us to 
gain insight into the reproducibility and controllability of this process, 
using higher amounts of material. Fig. 5 shows derived luminescence 
spectra of the PEDOT particles deposited on Pt sheet. These spectra show 

the same features as in Ref. [8], indicating the same final composition 
and structure. Moreover, the observed PL intensities reflect the PEDOT 
concentration quite well [8]. 

The PEDOT samples were electrodeposited from the corresponding 
electrolyte, then removed from the Pt-sheet substrate, cleaned, and 
resuspended in DMF as described in 2.4. The photoluminescence (PL) 
spectra were recorded in this suspension. The obtained intensity values 
can be treated representative for the PEDOT concentration. The curves 
shown are obtained by summing the PL spectra of the PEDOT removed 
from the Pt-sheet and extracted from the electrolyte for each individual 
deposition experiment and averaged for a given electrolyte- 
concentration pair. 

The comparison between the electrolytes and concentration ranges is 
the simplest by the aid of integrated measures. One such measure is the 
total charge, Q during the deposition, the mass of the formed PEDOT and 
the PL-intensity, which is chosen simply as the total area under the 
spectra shown on Fig. 5. 

The comparison of these integrated measures is shown on Fig. 6. 
Mark that at panels b) and c), mass and intensity, respectively, we have 
shown the values obtained for the PEDOT originating from the Pt-sheet 
only and the total amount of PEDOT (“summed”). The error bars shown 
are the standard deviation of the data. It is very interesting to see that all 
integrated measures show that at any given monomer concentration it is 
possible to produce more PEDOT from PC than from IL solvent. It can be 
speculated that this is the consequence of the lower viscosity, and higher 
reaction rate due to the higher diffusion rate. On the other hand, the gap 
between the deposited and total amount of PEDOT also increases with 
the increasing EDOT-concentration, meaning that less and less of the 
PEDOT covers the substrate. The size of this gap is lower for the IL 
electrolyte in the whole concentration range, which means stronger 
control over the formed PEDOT. 

Based on the data shown on Fig. 6, the optimal electrolyte compo
sition for the PEDOT deposition is in the 0.025–0.050 M EDOT in IL. 
Optimization of applied EDOT-concentration is crucial, as in the lower 
EDOT-concentration region the deposited polymer is scarce and its 
quantity is quite uncertain, but in higher concentration of PEDOT is not 
necessarily adheres to the surface. The presence of detached, surplus 
PEDOT in the electrolyte could also contaminate those parts of the 
substrate which should remain intact and cause undesirable short cir
cuits and other side effects. 

4. Conclusions 

The results presented in this work show the feasibility of direct 
electrochemical deposition of photoluminescent PEDOT layer onto 
conducting substrates. The method can be used to modify neural 
recording electrodes to allow spatial localization of bioelectric signals in 
nerve tissue. This way a dual detection platform can be fabricated with 
the combination of conductivity and photoluminescence functions. 

Well-controlled good quality coating preparation is crucial to ach
ieve the desired functionality, as polymeric layer overgrowth can be a 
serious issue in the spatial resolution of the device. Fine tuning of the 
coverage could be controlled by using electric pulse deposition 
technique. 

Electrolyte quality has been proven to have a strong influence on the 
deposited PEDOT amount. Due to the diffusion-controlled deposition 
observed, the ionic liquid (BMImBF4) solvent is a better choice for layer 
preparation than propylene-carbonate/LiClO4. The obtained monomer 
concentration dependencies on the other hand show that to handle the 
deposition process one has to optimize monomer concentrations, which 
is in our case in the range of 0.025–0.050 M EDOT. 

Further optimization of the pulsed deposition technique (pulse 
length, number and voltage, monomer concentration) in ionic liquid as 
electrolyte is in progress. 

Fig. 6. Integral parameters of the PEDOT-deposition as a function of solvent 
type and the monomer concentration. a) shows the total observed charge during 
the 3 h deposition process, b) is the measured mass of the deposited PEDOT 
onto the Pt-sheet (squares) together with the total mass, corrected with the 
polymer-content of the electrolyte (circles), c) is the integrated photo
luminescence of the PEDOT-dispersions (squares and circles are the same as in 
panel b)). In all of the figure open and solid symbols represent PC and IL 
electrolytes, respectively, the error bars denote the standard deviations from 
five parallel deposition experiments. 
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Conceptualization, Methodology, Investigation, experiments. Z. Ker
esztes: Conceptualization, Methodology, Writing - original draft, 
Writing - review & editing, Funding acquisition. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

Financial support of BIONANO GINOP-2.3.2-15-2016-00017 and 
VEKOP-2.3.2-16-2017-00013 by the European Union and the State of 
Hungary, co-financed by the European Regional Development Fund are 
gratefully acknowledged. 

References 
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