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Abstract

Electroactive adducts, comprising 3a,6a—mannan attached to the six-valent
osmium complex with N,N,N’,N’-tetramethylenediamine (simply denoted, Man-

Os (VI) tmen) was immobilized on the surface of graphite electrodes via a simple 3
adsorption route and then covered with poly(sodium-4 styrene sulfonate) (PSS).
Cyclic voltammograms of modified electrodes GE/Man-Os (VI) tmen showed a
clear and well-resolved anodic peak for 1 mM of dopamine DA, ascorbate AA,
and urate UA at the potential range of -50 to +350 mV vs. Ag|AgCI|(KCI_..) the
sensor GE/Man-Os (VI) tmen/PSS was successfully used for sensitive and selective
determination of DA in the presence of an excess concentration of AA and UA,
5 mM and 0.5 mM respectively, using differential pulse voltammetry. Under
optimized conditions, the peak current densities were linear from 0.1 nM to 20 uM
of DA with a sensitivity of 358 uA UM and a detection limit LOD (3SD/slope) of 2.8
nM. Further modifying of the sensor using multiwall carbon nanotubes decorated
with gold nanoparticles (AuNPs-MWCNTs) led to substantial improvement in
its analytical characteristics. The linear response of the electrode modified GE/
AuNPs-MWCNT/Man-Os (VI) tmen to DA was spanned from 1 pM to 40 uM with a
high sensitivity of 624.49 pA uM* and a LOD (3SD/slope) of 0.17 pM.
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Introduction

Today, awareness on the levels of the important species in the
body is one of the main necessities for everyone in order to control
health and increase quality of life. Therefore development of a
reliable, simple,sensitive, and selective detection methodology
has always been of interest for many researchers in this area. In
order to achieve these goals, electrochemical methods along with
chemically modified electrodes (CMEs) have been successfully
employed [1]. The selectivity and sensitivity of the CMEs can be
improved easily by choosing a suitable modifier compared to the
equivalent bare ones [2,3]. During past decades and later on,
many different types of modifiers have been used to build up a
desired chemical functionality on the electrode surface, including
conducting and non-conducting polymers, ionic liquids, redox
organic and inorganic mediators [4-13]. However, among these
modifiers, conducting and non-conducting polymers have been
extensively used as transducers in biological sensors owning to
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their unique electrical, electronic, favorable permselective and
physical properties [14-17]. Also, nanomaterials were commonly
used in this field according to their excellent electronic and
electrocatalytic properties, which enhance the rate of electron
transfer between the electrode surface and the reactive species
in the reaction medium [18-23]. Many studies have been reported
on the application of carbonaceous electrodes modified with
different nanoparticles such as gold, platinum, palladium, nickel,
copper, and silver [24-28]. Gold nanoparticles have been in the
forefront of these nanoparticles, due to their highly catalytic
performance and unique prosperities [29-31]. On the other
hand carbon nanotubes have also been interesting as electrode
materials according to their unique physicochemical properties
and high surface area. Therefore, it seems that one can achieve
much better catalytic effects by combining metal nanoparticles
and carbon nanotubes compared to these materials alone [32].
These hybrid nanomaterials have received much more attention
according to their interesting structural, electrochemical,
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electromagnetic and other properties, which led to the use
successfully in the construction of the sensing devices [33-40].

Dopamine or (3,4-dihydroxyphenylethylamine, simply denoted as
DA), is an important neuro-transmitter, which is mainly distributed
in the mammalian central nervous system and plays an essential
role in the function of the central nervous, renal, hormonal
and cardiovascular systems [41]. Concentration of plasma DA
normally is in the range between 108 M and 10® M, but the primal
DA concentration is very low (0.01-1 uM) in the extra- cellular
fluid of the central nervous system [42], the deficiency of the DA
level lower than the normal leads to neurological disorders like
Schizophrenia and Parkinson’s disease [43,44]. Different methods
for DA detection have been studied such as detection with a
molecular imprinted polymer MIP-hybrid sensor [45] or a sensor
for DA and AA fabricated by copper dispersed sol-gel composite
electrode using (3-mercaptopropyl) trimethoxysilanes and so on.
Among various analytical techniques, electrochemical strategy
for DA detection in biological samples has attracted more interest
because of the features such as high sensitivity, tunable selectivity,
low detection limits and fast response [46-48]. DA can be detected
by electrochemical oxidation reaction however, electro-oxidation
of DA occurs at relatively high potentials on common electrodes,
where other co-existing compounds such as ascorbate (AA) and
urate (UA) can be also oxidized simultaneously [42]. The oxidation
waves of these compounds are located in the same potential
range and overlap with that of DA, and either decrease or prevent
the selective determination of DA [44,49-51]. These problems
have been solved by choosing a suitable modification strategy
on the basis of enhancement of electron transfer rate and/or
electrostatic repulsion of mentioned interferences. A wide variety
of modifiers have been used for these purposes including: self-
assembled monolayers, gold nanoparticles, carbon nanotubes,
conducting or electrochemically generated polymers, fabricated
microelectrode array (MEA) chips and carbon nanotubes at ITO
[52], multifunctional MEA chips [53] and such that many others
different modifiers with different strategies have been reported
in this field [44,48,50,52,54-56]. In the present work, the adducts
comprising 3a,6a- mannan attached to the six valent—osmium
complex with N,N,N’,N’'-tetramethylethylenediamine [Man-
Os (VI) tmen] was used as electrocatalyst for oxidation of DA,
because of its promising prospects in the electron-transfer,
selectivity, wide electrochemical potential window, and electrical
conductivity [57,58]. Man-Os (VI) tmen was immobilized on the
surface of graphite electrodes via a simple adsorption route
and then covered with poly (sodium 4-styrene sulfonate) (PSS)
in order to achieve high analytical features. The sensor was
further modified with multiwall carbon nanotubes decorated
with gold nanoparticles (AuNPs-MWCNTs). The electrochemical
behaviors of the resulting sensors were investigated using cyclic
voltammetry (CV) and differential pulse voltammetry (DPV). Both
modified electrodes showed high electrocatalytic activity towards
oxidation of DA even in the presence of high concentrations of
AA and UA as interfering compounds. The proposed sensors
exhibited low detection limit, high sensitivity and wide linear
dynamic range.
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Materials and Methods

Chemicals

All chemicals were of analytical grade. Lyophilized yeast mannan
(Man) from Saccharomyces cerevisiae (Sigma cat. no. M7504, MW
in range from 34,000 to 62,500 Da) purchased from Sigma Aldrich.
Dopamine hydrochloride from (Aldrich, Steinheim, Germany),
ascorbic acid were purchased from ICN Biomedical Inc (Malmo-
Stockholm, Sweden). Uric acid was purchased from Sigma-Aldrich
(St. Louis, MO, USA). Gold (lll) acetate, 99.9% (metal basis)
powder was from Alfa Aesar. Multiwall carbon nanotubes (95%
purity, OD=10-30 nm, ID=5-10 nm, and length=0.5-500 um) were
obtained from Aldrich. Poly (sodium-4 styrene sulfonate) (PSS)
with an average MW of 70000 30% in H,0 was purchased from
Sigma-Aldrich and was used with 15% concentration. Sodium
dihydrogen phosphate and disodium hydrogen phosphate were
purchased from Sigma- Aldrich and Merck (Darmstadt, Germany)
respectively. All aqueous solutions were prepared with purified
water in a Milli-Q water purification system (Millipore. Bedford,
MA, USA).

Apparatus

Cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) were performed using an Autolab potentiostat (Model
PGSTAT30, Utrecht, The Netherlands) with a conventional
three-electrode set-up, in which graphite modified
electrodes, an Ag|AgCI|KCI _. electrode, a platinum rod served
as the working, reference, and auxiliary electrodes respectively,
and the output signal was acquired by Autolab GPES software
(version 4.9).

Transmission electron microscopy (TEM) measurements
were performed using a normal TEM-instrument, (1230 JEOL-
TEM, Japan) at 80 kV. Scanning electron microscopy (SEM)
measurements were done using SEM-instrument, Hitachi SU3500,
at secondary electron detector (SE-detector), 5 kV in a high
vacuum. All measurements were achieved at room temperature.
Prior to the experiments, the solutions were purged with argon
for 20 min to remove dissolved oxygen.

Preparation of Man-Os (VI) tmen

Man-Os (VI) tmen was prepared by mixing potassium osmate (VI)
dihydrate with free N,N, N’,N’-tetramethylenediamine (tmen) in
1:1 molar ratio in water solution, followed by adjustment of pH
to 7, to produce Os(VI)tmen. The modification of 3a,6a— mannan
(Man) was achieved as described in [57] according to the reaction
of 5mM Man with 5 mM Os (VI) tmen in 50 mM phosphate buffer
at pH 7 for 16 h with agitation at 37°C. Man-Os (VI) tmen was
dissolved in 0.1 M PBS at pH 7 at concentration of 0.02 mg. pl* to
be used for modification of graphite electrodes.

Preparation of AuNPs-MWCNTs

The MWCNTs were decorated with gold nanoparticles (AuNPs)
according to a method reported previously [59] with some
modifications. The treatment of MWCNTs was conducted by
refluxing with 70% HNO, for 16 h, followed by filtering and
thorough washing of the materials with deionized water until
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pH 7 and then dried in a vacuum oven. The pretreatment of the
MW(CNTs (equivalent to 8 mmol of carbon) were dry mixed with
0.8 mmol of Au(CH,COO), using a mortar and pestle for 30 min
under ambient conditions and then transferred to a glass vial
and heated in an oven to 300°C, for 1 h and held isothermally
for 3 h under nitrogen, the product was then collected as the
AuNPs-MWCNTs. In this study, the time applied for dry mixing
of the pretreated MWCNTs with powdered Au(CH,COO), was at
least 15 min more than the time applied in the method reported
previously (10-15 min) [59].

Fabrication of the modified electrodes

Prior to the modification processes, bare graphite rods (Alfa
Aesar GmbH and Co KG. Karlsruhe, Germany, AGKSP grade, ultra
“F” purity, diameter; 3.05 mm, geometric surface area 0.073 cm?)
were polished with wet emery SiC paper (Tufback Durite, P1200),
and then rinsed thoroughly with Milli-Q-water. After being dried,
2 ul of a 0.02 mg.ult Man-Os (VI) tmen solution was cast on the
polished end of the graphite electrode (GE) and then the surface
of GE/Man-0Os (VI) tmen was then covered with 1 ul of 15%
water solution of PSS and allowing it to dry at room temperature
(denoted as GE/Man-0Os (VI) tmen/PSS). In the second procedure
of modification, the graphite electrode was firstly modified with
AuNPs-MWCNTs via a simple casting of 6 ul of a well-dispersed 1
mg ml! dimethylformamide solution on the surface of electrode.
After adsorption, 2 ul of a 0.02 mg.ul* Man-Os (VI) tmen solution
were cast on the AuNPs-MWCNTs modified graphite electrode
(denoted as GE/AuNPs-MWCNTs/Man-Os (VI) tmen). Finally the
modified electrode was dried at room temperature for about 20 min.

Results and Discussion

Characterization and electrochemical behavior
of GE/Man-Os (VI) tmen

The electrochemical properties of the Man-Os (VI) tmen have
previously been described in [57,58], where the formal potential
of adducts-polymer E was reported to -220 mV vs. Ag|AgCl|
KCl_, The electrocatalytic behavior of the Man-Os (VI) tmen
modified graphite electrode was evaluated thoroughly for the
oxidation of DA, AA, and UA. In the recent work (Figure 1) shows
the CVs of the bare GE in the absence (a: cyan color) and presence
(c: green color) of 1 mM DA in 0.1 M PBS buffer pH 7. As it can
be seen, no redox peaks were observed on the bare electrode in
the absence of DA, while a couple of peaks were observed in the
presence of this electroactive compound. The formal potential
E° was found to be 184 mV vs. Ag|AgCl| (KCI_, ). This observation
is in consensus with results reported by others [60]. (Figures 2A
and 2B) demonstrate the CVs of the Man-Os (VI) tmen modified
graphite electrode in the absence (b: violet color) and presence (d:
red color) of 1 mM DA, respectively. By comparison of Figure 2A with
Figure 2B, it can be seen that the anodic peak current (1a=47.88
pA) of DA on the Man-Os (V1) tmen modified GE is higher than that
on the bare electrode (1a=29.57 pA) with a negative shift in the
anodic peak potential. This observation confirms the predicted
electrocatalytic behavior of the Man-Os (VI) tmen modified
electrode. However slight electrocatalytic effects were observed
for AA and UA at the Man-Os (VI) tmen modified electrode at the
same conditions (See Figures 2A and 2B). The observed behavior
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(A) Cyclic voltammograms of bare GE at PBS 0.1 M,
pH 7 (blue line), and GE| Man-Os (VI) tmen in PBS 0.1
M pH 7 (black line), bare GE in 1 mM AA (green line),
and GE|Man-Os (VI) tmen in 1 mM AA (red line) (B)
Cyclic voltammograms of bare GE at PBS 0.1 M, pH 7
(black line), GE/Man-Os (VI) tmen in PBS 0.1 M pH 7
(blue line), bare GE in 1 mM UA (green line), and GE/
Man-Os (VI) tmen with 1 mM UA (red line), at 10 mV/s
K scan rate vs. Ag|AgCl|(KCl sat.) reference electrodej

Figure 2

might be attributed to the good diffusion of DA into the film of
the Man-Os (VI) tmen on the modified electrode, because DA has
an aromatic ring structure with resonance hybrid. Therefore, the
intermediate state of oxidized DA can be easily stabilized through
an electrostatic interaction with the Man-Os (VI) tmen redox
center, while AA and UA are not aromatic compounds. These
obtained results explain clearly the excellent electrocatalytic
effect of Man-Os (VI) tmen modified electrode towards the
oxidation of DA.

Selective determination of DA at the GE/Man-Os
(V1) tmen/PSS

The capability of the proposed sensor to resolve the oxidation
peak of DA from the peaks of AA and UA was evaluated by
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differential pulse voltammetry (DPV). In Figure 3B demonstrates
the voltammograms of (a) bare GE, (b) the GE/Man-Os (V1) tmen
and (c) GE/ Man-Os (VI) tmen/PSS in a mixed solution containing
5 mM, 0.5 mM, 100 uM of AA, UA and DA, respectively. The
concentration ratios of AA and UA to DA were the same as in real
blood samples. As can be seen, all these compounds were oxidized
at bare GE (Figure 3A) and GE/Man-Os (VI) tmen (Figure 3B).
The peaks correspond to AA, DA and UA at the both electrodes,
respectively, from left to right. In order to specify the peak position
of these compounds, the DPVs of each of them were recorded at
both electrodes in separate solutions (See Figure 3A). Note that
the peak heights for all of these compounds at the GE/Man-Os
(V1) tmen were higher than at bare GE. These observations beside
the results of CVs studies confirm the electrocatalytic effect of
Man-Os (VI) tmen adducts on the oxidation of these compounds,
especially for DA.

In order to improve the selectivity and to increase the sensitivity
of the sensor for determination of DA, the modified electrode
was covered further with poly (sodium-4 styrene sulfonate) (PSS).
In consequence of this modification step, the electrode surface
becomes negative because of the sulfonate groups of the PSS
[61,62]. Since the values of the acidic dissociation constant (pK )
for DA, AA, and UA are 8.87, 4.1 and 5.4 respectively [63,64],
Therefore, AA and UA are deprotonated at pH 7, while DA remains
in its acidic form. Figure 4 demonstrates the DPV of the GE/Man-
Os (V1) tmen/PSS in the solution containing all compounds. As it
can be seen, not only the peaks of AA and UA were decreased
but also the peak height of DA was increased. This observation
confirms that AA and UA are repelled from the surface of the
electrode and DA is attracted by the sulfonate groups, resulting in
an enhancementin the electron transfer rate, either via strong -nt
interaction, or due to the favorable electrostatic interaction. On
the basis of the obtained results, the analytical characteristic of
the GE/Man-Os (VI) tmen/PSS were evaluated for determination

- N

- a) hare GE al 0.1 M BPS, pH 7
— b) bare GE at 0.5 mM UA 80
407 ¢ bare GE at 100 sM DA
) bare GE at 5 mM AA
|~ e) bare GE at mix (0.5 mM UA +100 uM DA + 5 mM AA)
3071 1 GEM-0s(v)) at 0.1 MBPS, pH 7

— a) bare GE
| — b) GE/M-Os(VI)

_ ¢) GEIM-Os(VI)iPSS
B

200-100° 0 100 200 300 400 7100 0 100 200 300 400
E/mV E/mV

Figure 3 (A) DPV measurements of bare GE in PBS 0.1 M, pH 7
(blue line), bare GE in 0.5 mM UA (orange line), bare
GE in 100 uM DA (cyan line), bare GE in 5 mM AA
(red line), bare GE in the mixture of a solution (0.5
mM UA+100 uM DA+5 mM AA) (Increment: mixture
of gray line), GE/Man-Os (VI) tmen in PBS 0.1 M, pH
7 (green line). (B) Bare GE at mix (100 uM DA+5 mM
AA+0.5 mM UA) (a: red line), GE/Man-Os (VI) tmen
in a solution mixture of (100 uM DA+5 mM AA+0.5
mM UA) (b: mixture of gray color ), GE/Man-Os
(VI) tmen/PSS in the mixture of (100 uM DA+5 mM
AA+0.5 mM UA) (c: green line), at 10 mV/s scan
K rate vs. Ag| AgCl| (KClI sat.) reference electrodey
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Figure 4 (A) DPV measurements of GE/Man-Os (VI) tmen/PSS
at DA concentration range from (a-n) 0.1 nM — 100
UM in the presence of an excess concentration of AA
and UA (5 mM, and 0.5 mM ) respectively. (B) Current
density plot vs. concentration of DA, at 10 mV/s scan

K rate vs. Ag| AgCl| (KCl sat.) reference electrode. J

of DA in the presence of an excess concentration of AA (5 mM)
and UA (0.5 mM) by DPV technique. Figure 4A illustrates-typical
DPVs and a calibration curve (Figure 4B) obtained for dopamine
using GE/Man-Os (VI) tmen/PSS, at different concentrations of
DA (0.1 nM to 100 uM) in the presence of an excess concentration
5 mM AA and 0.5 mM UA. The current density was linear with
concentration of DA in the range between 0.1 nM and 20 uM with
a correlation coefficient of 0.9963. The sensitivity and the limit
of detection (3SD/slope) for DA were 358 A cm?uM? and 2.8
nM, respectively. The higher current density (J) was 959 * 2.86
pA.cm?2,

Selective determination of DA, at GE/Au-NPs-
MWCNTs/Man-Os (VI) tmen

In an effort to improve the sensitivity of the proposed DA
sensor, the electrode was further modified by gold nanoparticles
decorated multiwall carbon nanotubes (denoted GE/Au-NPs-
MWCNTs/Man-Os (VI) tmen). It has been expected that this hybrid
nanomaterials will increase the surface area of the electrode and
catalytic properties of the Man-Os (VI) tmen. Firstly, the AuNPs-
MW(CNTs were characterized by transmission electron microscopy
(Figure 5A) with difference magnifications (A, B, C) which revealed
the homogenous formation of AuNPs (black dots in the image) on
thewallsofthe carbon nanotubes, and some bigger dots attributed
to the aggregation of AuNPs with a diameter of approximately
50 nm these results are in agreement with the literature [59].
After modification of graphite electrode by the AUNPs-MWCNTSs
its surface was analyzed by scanning electron microscopy (Figure 5B)
with difference magnifications (A, B, C, D). The SEM images of
the GE/AuNPs-MWCNTs revealed the existence of AuNPs on the
surface of the MWCNTs same as TEM image. The TEM and SEM
images prove that there is a strong tangle between the AuNPs
and MWCNTs as a result of electrostatic interactions [59]. Also,
the morphology of the GE/AUNP-MWCNT/Man -Os (VI) tmen was
studied by SEM and a porous structure of the modified layer on
the surface of the electrode was observed after deposition of the
Man-Os (V1) tmen (Figure 5C) at different magnifications (A, B,
C). AuNPs with a spherical shape attached to the MWCNTs were
distributed evenly in the Man-Os (VI) tmen matrix at the entire
region of the electrode surface.

This article is available from: http://electroanalytical.imedpub.com/archive.php
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A (A) TEM-images for Au-NPs decorated MWCNT
1 mg/ml solution. At different magnification (A)
400 X. (B) 15 X and (C) 200 X.

Figure 5

/
\_

g (B) SEM-images of the GE/AuNPs-MWCNTs

Figure 5
with different magnification, (A) 500 X,

K (B) 5000 X, (C) 21000 X, (D) 37000 X.

\_

/

(C) SEM-images of modified GE/Au-NPs-
MWCNTs/Man-Os (VI) tmen at different
magnifications. (A) 500 X, (B) 1000 X, (C)
5000 X. 1 mg/ml concentration solution of
K AuNPs-MWCNTs at 5000 accelerated voltage. /

Figure 5C

The catalytic properties of the GE/AUNPs-MWCNT/Man-Os (VI)
tmen was evaluated in 0.1 M PBS buffer solution pH 7 containing
100 uM DA by cyclic voltammetry (Figure 6A). For comparison

© Under License of Creative Commons Attribution 3.0 License
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purpose, the CV of GE/Man-Os (VI) tmen was also recorded
at same condition (Figure 6A). As can be seen in Figure 6 the
electrode modified by the AuUNPs-MWCNTs shows a higher anodic
current for DA oxidation and lower potential. This observation
proved the combined catalytic effect of hybrid nanomaterials and
Man-Os (VI) tmen adducts.

Moreover, in order to study the effect of interfering compounds
(AA and UA), differential pulse voltammograms of the (a) bare GE,
(b) GE/Man-0Os (V1) tmen, (c) GE/Man-Os (VI) tmen/PSS, (d) GE/
AuNPs-MWCNTs/Man-Os (VI) tmen, were recorded in 0.1 M PBS
buffer solution pH 7 containing of AA (5 mM), UA (0.5 mM) and
DA (100 uM) (Figure 6B). This study showed that the peak current
of DA oxidation at the (d) GE/AuNPs-MWCNTs/Man-Os (V1) tmen,
was higher than those observed at the other three electrodes.
It seems that the electrode modified by the AuNPs-MWCNTs
provides a unique surface area, and produces a suitable gallery to

a N

— a) bare GE at 0.1 M BRS; pH7 = a) bare GE
100+ — ) GEM-Os(Vl)at 0.1 M BPS, pHT = b) GE/M-Os(VI)
— ¢) GE/M-Os(Vl)at 100 uM DA 90 |— €) GE/M-Os(VI)/PSS
80 | =) GE/AUMWCNTIOS(VI) 3t 100 .M DA 80— d) GE/Au NPs-MWCNT/M-Os(VI)
A
< 60
L
=40
20
0
-20
0 100 200 300 400 -100 0 100 200 300 400
E/mv E/ mV
Figure 6 (A) Cyclic voltammograms of bare GE (blue line),

GE/Man-Os (VI) tmen (brown line) both at 0.1 M
PBS pH 7,then GE/Man-Os (VI) tmen (red line) and
GE/Au-NPs-MWCNT/Man-Os (VI) tmen (mix of
gray lines) both in 100 uM DA. (B) DPV of bare GE
(redline), GE/Man-Os (VI) tmen (mix of gray lines),
GE/Man-0Os (VI) tmen/PSS (green line), GE/Au-
NPs-MWCNT/Man-Os (VI) tmen (brown line) all
these electrodes were measured in the presence
a mixture of (5 mM AA+0.5 mM UA+100 uM DA),
at 10 mV/s scan rate, vs. Ag|AgCl|(KCl sat.). .

\_ /
(s N

80+ GE/Au-NPs-MWCNT/M-Os(V1)
70 1644
60 1370 B g o ?
550 E 1096
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<
30 2 b2
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(A)DPV of GE | /Au-NPs-MWCNT/Man-Os (V) tmen
was measured at the DA concentration range from
(a-p) 0.001 pM-100 uM in the presence of excess
concentration of (5 mM AA and 0.5 mM UA). (B)
Current density plot of the GE/Au-NPs-MWCNT/
Man-Os (VI) tmen via different concentration of
DA at 10 mV/s scan rate, vs. Ag|AgCl|(KCI sat).

Figure 7
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gather a large number of DA molecules on the electrode surface.
Also this hybrid nanomaterial increases the electron transfer
rate between the electrode and DA. In addition, no peaks were
observed for AA and UA at the GE/AuNPs-MWCNTs/Man-Os (VI)
tmen, which was an extraordinary result. Therefore, the GE/
AuNPs-MWCNTs/Man-Os (VI) tmen could be successfully utilized
for selective detection of DA in the solution containing interfering
compounds.

Finally, the GE/AuNPs-MWCNTs/Man-Os (VI) tmen was used to
determine DA in the presence of an excess concentration of AA
(5 mM) and UA (0.5 mM) by the DPV technique (Figure 7A). The
plot of current density versus DA concentration was constituted
of two linear segments with different slopes, corresponding of
two different DA concentration ranges 1 pM - 500 pM and 0.5
nM - 40 uM with correlation coefficients of 0.9991 (Figure 7B).
The sensitivity and the limit of detection (3SD/slope) for DA were
624.49 pA cm2uMtand 0.17 pM respectively. The higher current
density (J) was 1475 + 3.45 pA.cm?. Our results display a significant
performance in comparison with different modification processes
that have been reported in [65] for DA detection.

Conclusion

The present work shows the application graphite electrodes
modified by AuNPs decorated with multiwall carbon
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nanotubes (AuNPs-MWCNTs) and adducts comprising 3a,6a-
mannan attached to the six-valent osmium complex with N,N,
N’,N’-tetramethylethylenediamine (Man-Os (VI) tmen) for
determination of DA, because of their promising prospects in
electron transfer, wide electrochemical potential window and
electrical conductivity. The Man-Os (VI) tmen was immobilized
on a graphite electrode via a simple adsorption route and then
covered by poly (sodium 4-styrene sulfonate) (PSS). In order
to achieve high analytical features, the sensor was further
modified with multiwall carbon nanotubes decorated with
gold nanoparticles (Au-NPs-MWCNTs), The electrochemical
behavior of the resulting sensors were investigated using
voltammetry (CV) and differential pulse voltammetry (DPV). Both
modified electrodes showed high and selective electrocatalytic
activity towards oxidation of DA even in the presence of high
concentrations of AA and UA as interference compounds.
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