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Silver nanoparticles (nanoAg) incorporated poly(3,4-ethylene dioxythiophene-sodium dodecyl sulfate)
(PEDOTsps) modified electrode was prepared by electrochemical deposition method. Hereafter, the
above-modified electrode denoted as PEDOTsps—nanoAg electrode. The nanoAg formation was confirmed
by UV-vis spectroscopy and it shows surface plasmon resonance (SPR) peak at 375 nm. The surface mor-
phology, film thickness, and surface roughness of PEDOTsps—nanoAg electrode were studied using atomic
force microscopy (AFM). The PEDOTsps—nanoAg electrode has been utilized as a platform to immobilize
electrochemically active mediator, Meldola Blue (MDB), by means of electrostatic trapping and the elec-
trode denoted as PEDOTsps—-nanoAg-MDB electrode. At 750 s of silver deposition time, reversible redox
peak of MDB, which existed on PEDOTsps—-nanoAg-MDB electrode, was obtained and that time was found
to be an optimum. The electrochemical properties of the PEDOTsps—nanoAg-MDB electrode were studied
by cyclic voltammetry (CV). The PEDOTsps—nanoAg-MDB electrode was investigated for catalytic applica-
tion, which shows electrocatalytic activity towards the oxidation of NADH (dihydronicotinamide adenine
dinucleotide) with 650 mV decrease in overpotential in comparison with bare glassy carbon electrode.
Using the PEDOTsps—-nanoAg-MDB electrode, the amperometric measurements were performed at an
applied potential of —0.05V and a linear response of NADH was obtained in the range from 10 to 560 uM
with a limit of detection (LOD) of 0.1 wM. The PEDOTsps—nanoAg-MDB electrode showed diminished
response to its interferences.
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1. Introduction

The electrochemical oxidation of NADH to NAD* provides an
attractive model system on which to test ideas about the design of
modified electrodes [1]. The oxidation of NADH to NAD* involves
the transfer of two electrons and one proton and cleavage of C-H
bond. Direct electrochemical oxidation of NADH to NAD* at the
bare electrode surface is highly irreversible and takes place at high
overpotential (large activation energy) and is accompanied by rapid
poisoning of the reaction because the electrode surface is fouled
by the polymeric products of the side reactions [2,3], which occur
because the one electron oxidation intermediates formed in the
reaction are unstable and highly reactive. Various methodologies
have been developed to facilitate the electron transfer kinetics [4].

A convenient way to decrease the high overpotential and avoid
the surface fouling is to use of redox mediators that can promote the
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electron transfer kinetics. In this way, much effort has been devoted
to identify/develop new materials which can effectively overcome
the kinetic barriers for the electrochemical regeneration of enzy-
matically active NAD"* [5,6]. The phenazines [ 7], phenothiazines [8],
nitrofluorenone [5], oxidation product of NAD* [9], quinone [10]
and their derivatives have been either adsorbed, electropolymer-
ized or covalently attached to the electrode surface and utilized for
the electrocatalytic oxidation of NADH. Besides, the mediators are
also immobilized in different kind platforms to fabricate the NADH
sensing electrode in order to improve stability, selectivity and sen-
sitivity of the electrode. Such a kind platforms are, e.g. metal oxide
[11], carbon nanotubes (CNTs)[12,13], sol-gel [14],Nafion[15], and
nucleic acids (DNA) [16]. Though, such platforms offer an increased
performance of the modified electrode for NADH sensing, however,
there are disadvantages still occurring. Such disadvantages are (i)
Nafion is an anionic polymer will hinder the approach of NADH
[13], and (ii) leaching of mediators are easy in the case of sol-gel
technique, and (iii) in many cases, the decrease of the overpoten-
tial is not sufficiently low to eliminate its interferences from other
easily oxidizable species in real samples [17].

In recent times, the fabrication of nanomaterial-based elec-
trodes has been received great attention since it has larger surface
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area and quantum size effect, etc. In this way, much effort has
been devoted to identifying/developing new materials which can
effectively overcome the kinetic barriers for the oxidation of NADH
and regenerate the enzymatically active NAD* [6,18]. Palladium
[19] and gold nanoparticles [6] modified electrodes can effec-
tively catalyze oxidation of NADH. Also, CNTs based electrodes
have been shown to decrease the overpotential for the oxidation
of NADH [12,13]. Moreover, conducting polymer [20] and conduct-
ing polymer-metal nanocomposites have been fascinated field of
research for NADH oxidation. Recently, Tian et al. [21,22] have been
studied electrochemical properties of polyaniline-gold nanocom-
posite film electrode and showed excellent redox activity as well
as film can electrocatalytically oxidizes NADH. Since, conducting
polymers have been proven to be suitable host matrices for dispers-
ing metallic particles. Furthermore, the composites of conducting
polymers with metal nanoparticles permit a facile flow of elec-
tronic charges across the polymer matrix during electrochemical
processes [23]. More recently, Manesh et al. [24] have employed the
gold nanoparticles loaded PEDOT-PSS modified electrode for elec-
trocatalytic oxidation of NADH. The use of poly (sodium 4-styrene
sulfonate) (PSS) enhances the solubility of EDOT in an aqueous
media since the solubility of EDOT itself in aqueous media is not
adequate enough to form film [25]. Considering the unique prop-
erties of conducting polymer-metal nanoparticle composite, we
interested to immobilize positively charged MDB on the negatively
charged PEDOTsps—nanoAg electrode.

In the present investigation, first, we prepared SDS incor-
porated PEDOT-nanoAg electrode by electrochemical deposition
method, denoted as PEDOTsps-nanoAg electrode. The use of sur-
factant (SDS), as an alternate for PSS, increases the solubility of
EDOT in an aqueous media by forming pseudo-complex and the
backbone of PEDOT is incorporated by negatively charged sul-
fonate moieties of SDS [26]. Secondly, by taking advantage of
negatively charged PEDOTsps-nanoAg electrode, we have applied
to immobilize positively charged MDB. Finally, the utility of
PEDOTsps—nanoAg-MDB electrode has been examined for electro-
catalytic oxidation of NADH. In addition, the presence of nanoAg
on PEDOTsps-nanoAg-MDB electrode also enhanced the reversibil-
ity of redox peak of MDB by acting as an “electron relay” [27]. To
our knowledge, this is the first report for use of PEDOTsps—nanoAg
electrode as a platform to immobilize an electrochemically active
mediator, MDB.

2. Materials and methods
2.1. Reagents and solutions

EDOT, Meldola Blue, dopamine (DA), uric acid (UA), ascorbic
acid (AA), and NADH were purchased from (Sigma-Aldrich). Sil-

Potentiodynamic
EDOT+SDS+LiCI0y .
polymerization

Immobilization of
MDB

Electrode

PEDOT

ver nitrate and hydrogen peroxide (H,0,) (33%) were obtained
from Wako Chemicals. All reagents were of analytical grade and
used without any further purification. Solutions were prepared
with doubly distilled water. High purity nitrogen was used for
deaeration. The buffer and sample solutions were purged with
highly purified nitrogen for at least 20 min prior to the experiments.
Nitrogen atmosphere was maintained over the solutions during
experiments.

2.2. Apparatus

Electrochemical experiments were performed with CH Instru-
ments (Model CHI-400) using CHI-750 potentiostat. Glassy carbon
electrode (geometric area=0.07 cm?2) obtained from Bioanalyti-
cal Systems (BAS) served as a working electrode and Pt wire
act as counter electrode. All the potentials given in this paper
were referred with respect to Ag/AgCl (saturated KCI solution)
reference electrode. Indium tin oxide coated glass electrode (ITO
electrode) was used to obtain Atomic force microscope (AFM)
images. AFM images were recorded by Beijing Nano-Instruments
CSPM4000 using tapping mode operation. Rectangle SizN4 can-
tilevers with a normal force constant, 0.4 N/m, a radius of less
than 10nm were employed. Ultraviolet-visible (UV-vis) spectra
were recorded on a model U-3300 UV-vis spectrophotometer
(Hitachi).

2.3. Preparation of different types of PEDOT-MDB modified
electrode

Prior to modification, glassy carbon electrode (GCE) was pol-
ished with 0.05wm alumina on Buehler felt pads and then
ultrasonically cleaned for about a minute in water. Finally, the elec-
trode was washed thoroughly with double distilled water and used.
After being cleaned, the polished GC surface was subjected to elec-
trochemical deposition to prepare different types of PEDOT-MDB
modified electrode. The PEDOT modified electrode was prepared
potentiodynamically (for three potential cycles) by scanning the
electrode from —0.6 to 1.0 V in aqueous solutions containing 0.01 M
EDOT, 0.10M LiClO4 in the presence (denoted as, PEDOTsps elec-
trode) and absence (denoted as, PEDOT electrode) of 0.050 M
SDS, respectively. Then, PEDOT-Ag and PEDOTsps—nanoAg elec-
trode were prepared by potentiostatic method. Typically, PEDOT
and PEDOTsps electrodes were immersed in 0.1 M NaNO3 solu-
tions containing 1 mM AgNO3; and electrodeposited at —0.4V for
750s. Finally, PEDOT-Ag, PEDOTsps, and PEDOTsps—nanoAg elec-
trodes were separately dipped in 0.5 mM MDB solution for about
10 min. The schematic representation of PEDOTsps—nanoAg-MDB
electrode is shown in Scheme 1. The above three modified elec-
trodes were thoroughly washed further with extra pure water to
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Scheme 1. Preparation steps of PEDOTsps—nanoAg-MDB electrode.
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Fig. 1. UV-vis spectrum of PEDOTsps—nanoAg ITO electrode.

remove unadsorbed MDB and stored in the phosphate buffer for
further studies.

3. Results and discussion

3.1. Characterization of PEDOTsps—nanoAg electrode using
UV-vis spectroscopy and Atomic force microscopy

The PEDOTsps—nanoAg electrode visibly exhibits yellowish
transparent film, whichis an indication for the formation of nanoAg.
In addition, PEDOTsps-nanoAg modified ITO electrode was mon-
itored by UV-vis spectroscopy in the region 200-900 nm, which
shows absorption peak at 375 nm, as shown in Fig. 1. This absorp-
tion peak corresponds to SPR peak of nanoAg [28], indicating the
formation of silver nanoparticles on PEDOTsps electrode.

Surface morphologies of PEDOTsps and PEDOTsps-nanoAg elec-
trode were analyzed by atomic force microscopy (AFM), as shown in
Fig. 2. PEDOTsps—nanoAg electrode (Fig. 2A) appeared smooth and
the arrangement of nanoAg was highly order as well as appeared as
small discrete chain like structure. It might be due to the presence
of negatively charged SDS on PEDOTsps electrode, which restricts
the mobility of nanoAg from an agglomeration and also assist for
stabilization of nanoparticles. The thickness of modified electrode
was measured using AFM cross-sectional analysis and found to be
230 nm. The average particle size of silver was ~120 nm. Moreover,
surface roughness of PEDOTsps—nanoAg electrode was measured
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Fig. 3. The plot of silver deposition time vs surface coverage of MDB on
PEDOTsps—-nanoAg-MDB electrode. Electrolyte: PBS solution, pH 7 and scan rate:
50mV/s.

using 2D AFM and was found 32.2 nm. Fig. 2B shows the AFM image
of PEDOTsps modified electrode and it appeared as globules with
rough surface, which is in agreement with our earlier report [29]
and its surface roughness, height were 9.7 nm and 95 nm, respec-
tively.

3.2. Optimization of silver nanoparticles deposition in PEDOTgpg
modified electrode

To obtain a much larger effective surface area of electrode
and provide a good environment for MDB immobilization, silver
deposition time was optimized by scanning the MDB immobilized
PEDOTsps—nanoAg electrode in PBS solution. Fig. 3 shows the rela-
tionship between the surface coverage of anodic peak current of
MDB on PEDOTsps—nanoAg-MDB electrode and silver electro depo-
sition time. From Fig. 3, it can be noticed that surface coverage
of PEDOTsps—nanoAg-MDB electrode increased as deposition time
increased from 100 to 750 s. When the deposition time was 750,
the surface coverage of electrode reached the maximum value
and also reversibility, i.e., Ipa/Ipc also unity. When the deposition
time exceeded 7505, the surface coverage of electrode decreased
slightly. Hence, 750s of silver deposition time was selected as an
optimum in order to obtain reversible redox peak of MDB.
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Fig. 2. AFM images of (A) PEDOTsps-nanoAg electrode, and (B) PEDOTsps electrode.
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Fig. 4. CV response of (a) PEDOT-Ag-MDB, (b) PEDOTsps-MDB, and (c)
PEDOTsps—nanoAg-MDB electrodes. Electrolyte; PBS solution, pH 7 and scan rate:
50mV/s.

3.3. Electrochemical study of PEDOTsps—nanoAg-MDB electrode

Fig. 4 shows CVs of different MDB-PEDOT modified elec-
trode in pH 7 phosphate buffer solutions (PBS). As shown in
Fig. 4a, PEDOT-Ag-MDB electrode magnitude of peak current was
small and AE, was 100mV. It indicates that electron transfer
was sluggish and adsorption of MDB on the electrode had not
strong. On the other hand, magnitude of peak current of MDB on
PEDOTsps—MDB (Fig. 4b) and PEDOTsps—nanoAg-MDB electrodes
(Fig. 4c) were higher than PEDOT-Ag-MDB. AE, was 80 and 65 mV
for PEDOTsps—-MDB electrode and PEDOTsps—-nanoAg-MDB elec-
trode, respectively. Thus, the SDS incorporated electrodes were
exhibited higher magnitude of peak current and lower AE;, than
an electrode without SDS (PEDOT-Ag-MDB), which might be due
to electrostatic interaction between negatively charged SDS which
is incorporated in PEDOT [26] and a positively charged MDB dye
[30].

Now, it is worth to compare the magnitude of peak
current and reversibility between PEDOTsps—-MDB and
PEDOTsps—nanoAg-MDB electrode. The higher magnitude of
peak current and reversibility (Ipa/Ipc=1 and AE,=65mV)
at PEDOTsps-nanoAg-MDB electrode was observed than
PEDOTsps-MDB electrode (Ipa/Ipc # 1 and AE,=85mV). The
observed significant increase in the magnitude of peak current and
reversibility at PEDOTsps-nanoAg-MDB electrode, which might

(A)

Current (pA)

Scan rate (mV/s)

Current

due to the presence of nanoAg in the electrode. It is well known
that metal nanoparticles provide good platform for increasing
electrochemical signal due to high surface area as well as the
presence of free electrons [31,32]. The presence of stabilized
nanoAg at the PEDOTsps-nanoAg-MDB electrode supplies excess
of free electrons and it acts as an “electron relay” between MDB
and PEDOTsps, thereby, facilitates redox peak of MDB with high
reversibility, as shown in Fig. 4c. The stabilization of nanoAg
achieved through an interaction between negatively charged SDS
which is incorporated in the PEDOT, as shown in Scheme 1. Similar
type of results was observed by Ramasubbu et al. [27] at the com-
posite of thionine immobilized silver/clay modified electrode. They
were observed higher magnitude of peak current with reversible
redox peak of thionine at thionine immobilized silver/clay modi-
fied electrode than thionine immobilized/clay modified electrode.
Finally, they ascribed reason, for higher magnitude of peak current,
and reversibility, which might be due to the presence of silver
nanoparticles that act as an electron relay between thionine dye
and clay electrode. In this context, it is also relevant to mention a
similar observation reported by Jana et al. [33]. In this case of SDS
stabilized silver nanoparticles have higher catalytic activity than
silver nanoparticles for the reduction of positively charged dye.

Itis also worth to compare the electrochemical behavior of MDB
on PEDOTsps—nanoAg-MDB electrode with other electrodes based
on calcium, titanium and zirconium phosphates, niobium oxide,
etc.[34,35]. The calcium, titanium and niobium oxide (E%at —60 mV
at pH 7 vs Ag/AgCl) based electrodes show the redox peak for
MDB at more positive potentials [34,35] than that is observed in
the present PEDOTsps—nanoAg-MDB electrode (E% —100mV); the
AEp value at these electrodes [34,35] is relatively larger as well
as ratio of Ip,/Ipc is not unity. These results imply that nanoAg on
PEDOTsps—nanoAg-MDB electrode plays vital role to enhance the
electrochemical properties.

3.4. Electrochemical characterization of PEDOTsps—nanoAg-MDB
electrode

The electrochemistry of the PEDOTsps—nanoAg-MDB electrode
was studied by CV at various scan rates. Fig. 5A shows the CVs of
PEDOTsps—nanoAg-MDB electrode in pH 7 PBS solution and highly
reversible peak was observed with formal potential of redox cou-
ple (E%), at —0.1V and both anodic and cathodic currents increase
linearly with scan rates up to 0.2Vs~! as shown in Fig. 5. Also, the
ratio of anodic to cathodic peak currents was unity for all scan rates
studied. All of these features are consistent with those anticipated

(B)
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Fig. 5. (A) The plot of current vs scan rate of PEDOTsps—nanoAg-MDB electrode. (B) pH study of PEDOTsps—nanoAg-MDB over pH range 2-8. Scan rate 0.05V/s.
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for a reaction involving surface-confined species and the charge
transfer is fast in the coating [36].

We have estimated, the apparent surface coverage, I" by using
the following equation:

_Q
" nFAe

where Q; is ~charge from the area under the
PEDOTsps—nanoAg-MDB electrode oxidation peak corrected
for the base line (at the scan rate of 10mVs~1!); Ae is the surface
area (0.07cm?2) and the other symbols have their usual mean-
ings. In the present case, the calculated surface coverage (I") is
5.56 x 10719 molcm~2 for n=2. This value is comparable with
other MDB modified electrodes such as CNT/Chit-MDB modified
electrode (6.23 x 10719 mol cm~2) [13], Zirconium phosphate/MDB
modified electrode (9.9 x 10~ molcm~2) [37], and four times
larger than that of MDB/CNTs/GC electrode (1.8 x 10719 mol cm~2)
[38], and two times larger than electropolymerized MDB electrode
(3.61 x 10~ mol cm~2) [39].

Fig. 5B displays the pH-dependent cyclic voltammetric response
of PEDOTsps-nanoAg-MDB electrode. In order to ascertain this,
cyclic voltammetric responses of PEDOTsps—nanoAg-MDB elec-
trode were obtained in different pH solutions. As increase the pH
of contact solution, formal potential of the electrode shift towards
negative potential. The redox peak current of the electrode is almost
same up to pH 7. But at the higher pHs (above the pH 7) redox peak
current is decreased. Plot of formal potential vs pH yields the slope
of —59mV/pH for the pH up to 7. This suggests that equal num-
ber of protons and electrons takes part in electrochemical reaction.
Similar behavior was noticed by Zhu et al. for MDB over modified
electrode [38].

3.5. Electrocatalytic oxidation of NADH at
PEDOTsps—nanoAg-MDB electrode

One of the objectives of the present study is to fabricate mod-
ified electrode that is capable for the electrocatalytic oxidation
of NADH. It is well known that p-quinone-imines which derived
from dye and adenine derivatives [9,40] are catalytically active
for the oxidation of NADH. In order to examine the electrocat-
alytic activity of the PEDOTsps—-nanoAg-MDB electrode, the CVs
were recorded with and without NADH and results are shown in
Fig. 6. When an addition of NADH there was a marked enhance-
ment of the anodic peak current at potentials close to anodic
peak potential about —0.05V along with a concomitant decrease
of the cathodic peak current was observed at the modified elec-

-5
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(A) 660,
1.4x10°F 460
5
1.2x10 |
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=
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Fig. 6. CVs of different concentrations of NADH at PEDOTsps—nanoAg-MDB elec-
trode. Concentrations of NADH (inner to outer) are 0, 0.1, 0.3, 0.5 mM. Scan rate:
50 mV/s and electrolyte: PBS solution, pH 7.

trode. The enhancement of anodic peak current in the presence of
NADH comes from mediated oxidation of NADH to NAD", i.e., NADH
reduces the oxidized mediator (PEDOTsps—nanoAg-MDByy ) to form
NAD* and reduced form mediator (PEDOTsps—nanoAg-MDB,qq)
which in turn is electrochemically regenerated, as shown in the
Eq. (1). At the bare glassy carbon electrode oxidation of NADH
occurs at around 0.6V (vs Ag/AgCl). The oxidation peak current
increases linearly with increasing the square root of scan rate,
suggesting oxidation process is diffusion controlled. The marked
enhancement in the anodic peak current and a decrease in over
potential about 650 mV were observed at PEDOTsps-nanoAg-MDB
electrode, which demonstrates the strong electro catalytic effect of
the PEDOTsps—-nanoAg-MDB electrode. Upon the addition of NADH,
an increase in the anodic peak current was observed in the forward
scan and a concomitant decrease in the cathodic peak current was
noticed in the reverse scan. However, the decrease in the cathodic
peak current was not as appreciable as that found in the anodic
side. Probably, it might be due to diffusion of NADH to the electrode
surface. Similar observation was made by Rosca et al. at phenoth-
iazine derivative modified electrode for electrocatalytic oxidation
of NADH [41]. Catalysis is then a result of the diffusion of NADH to
the electrode surface, where it reduces MDBx to form NAD* and
MDB, 4,

MDBgx + NADH —> MDB,q + NAD* (1)
1x10°
n
1x10° |
1x10®
-
c Tl
s 8x10
=]
QO 6)(10-7 L y=2nA+de-7
R® =0.977
ax10” |
2x10”7 F : : :
0 200 400 600
[NADH}/pM

Fig. 7. (A) Amperometric response of NADH at PEDOTsps—nanoAg-MDB electrode under stirring condition. Electrolyte: PBS solution, pH 7, and operating potential = —0.05V.

(B) Calibration curve. Noise might be due to stirring of an electrolyte.
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Table 1

Comparison of detection limit, and working potential of present PEDOTsps—nanoAg-MDB electrode with other references.
Modified electrodes Working potential Linear range Detection limit Sensitivity Ref.
Highly boron-doped electrode 0.6 vs SCE 10-500 nM 10nM - [42]
PEDOT-PSS-AuNPs electrode 0.04 vs Ag/AgCl 0.1-2.2 uM - 88+2 mA/M cm? [24]
Edge plane pyrolytic graphite electrode +0.4V Ag/AgCl - 33x1077 M - [43]
MDB/CNT-chitosan electrode —0.14V vs Ag/AgCl Up to 80 uM 0.5 WM. 5.9+1.52nA/pnM) [13]
MDB/SiO,[TiO, /graphite electrode —0.12 V vs SCE 0.018 to 7.29 mM 8 uM - [30]
MDB/CNT/GC electrode —0.1V vs Ag/AgCl Up to about 500 uM 0.048 M 0.52+0.02 pA/mM [38]
AuNPs electrode +0.39V vs SCE (pH 2.4) 7.5%x1077-2.5x 1076 25x10-7M - [44]
o-Aminophenol modified electrode 0.15V (vs Ag/AgCl 7.5x1077-2.5 uM 1.5x10°"M - [45]
FCNT/Chit composite electrode —0.03V Ag/AgCl - 0.1 uM 1343+ 1nAcm2 uM [46]
Nile Blue (NB)/(OMC) electrode -0.1V. Up to 350 uM 1.2 M 648 nA/mM [47]
Graphite/poly(methylmethacrylate) electrode —0.35V vs Ag/AgCl 4.0 uM to 5.6 mM 3.5uM 68 mAM-! cm—2 [48]
Au/PANI-PSS electrode 0.30V vs Ag/AgCl. 1-320 pM 0.3 uM - [49]
PEDOTsps—nanoAg-MDB electrode —0.05 V vs Ag/AgCl 10-560 uM 0.1 M 2nA/pM The present work

Abbreviations: poly(4-styrenesulfonate), PSS; Meldola Blue, MDB; ordered mesoporous carbon, OMC; Ref, references
Working solution: PBS solutions pH 6-7 except AuNPs electrode which is indicated in Table 1.

3.6. Amperometric response of NADH at PEDOTsps—nanoAg
-MDB electrode

The optimization of applied potential for amperometric stud-
ies was performed at the PEDOTsps—nanoAg-MDB electrode for
10 wM NADH and was maximum current response observed at an
applied potential of —0.05 V. Thus, the applied potential of —0.05V
was chosen for further amperometric study.

Fig. 7A shows the amperometric response of the
PEDOTsps—nanoAg-MDB electrode for successive additions of
NADH into stirring phosphate buffer solution. As seen from the first
addition, clear and measurable current steps were apparent, and a
linear relationship between the anodic current and NADH concen-
tration was observed. At higher concentration values, a leveling-off
was observed. The electrode response time was less than 7 s after
addition of NADH until steady-state values were obtained. The
fast response is attributed to an active film and short penetration
depth of NADH. At higher concentration range the noise of the
amperometric signal becomes larger as well as response current
decreased, which can be attributed to the restrictions of NADH
diffusion at this concentration range. Fig. 7B shows the calibration
graph for NADH which spread in the range of 10-560 wM. The
detection limit (S/N=3), and sensitivity were found to 0.1 uM
and 2 nA/uM, respectively. Table 1 gives the comparison of devel-
oped PEDOTsps—nanoAg-MDB electrode with other biosensors
reported in the literature for the detection of NADH. The devel-
oped PEDOTsps—nanoAg-MDB electrode working potential and
detection limit is comparable with literature reported in Table 1
[13,24,38,42-49].

Finally, we investigated the effect of interfering species com-
monly found in biological samples such as DA, UA and H;0,,
as shown in Fig. 8. The addition of NADH results in a well-
defined response, however, the successive addition of interfering
species such as DA, and UA did not bring out discernible cur-
rent response. On the other hand, H,O, was found to produce
very slight response current and it was negligible when com-
pared with NADH current response. Though, the prepared modified
electrode is good for NADH sensor, and worth comparable ana-
lytical data such as linear range, detection limit with literatures
(Table 1), however, it had affected by ascorbic acid (AA). We are
trying to minimize the interference of AA on our next part of the
experiments.

The stability of modified electrode was also examined in the
presence of NADH for 20 min under stirring condition by an amper-
ometrically. The decrease of current was ~15% even in stirring
condition. It indicates that modified electrode is stable and suitable
for sensor applications.

0.1 pa NADH

100 s l

NADH DA UA H,O,

L1l

Fig. 8. Typical amperometric responses of NADH, UA, DA, and H,0, at =—0.05V
under stirring condition.

4. Conclusions

PEDOTsps—nanoAg electrode was prepared by electrochemi-
cal deposition method. The nanoAg formation was confirmed by
UV-vis spectroscopy and it shows SPR peak at around 375 nm.
The PEDOTsps-nanoAg electrode has been employed as a plat-
form to immobilize electrochemically active mediator, MDB.
The PEDOTsps—-nanoAg-MDB electrode exhibited electrocatalytic
activity towards oxidation of NADH with 650 mV decrease over-
potential. The modified electrode showed amperometric response
with linear range 10-560 M, detection limit 0.1 wM for NADH.
Also, electrode showed diminished response from its interferences.
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