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In this paper, NiO nanoparticles were synthesized using cetyl trimethyl ammonium bromide (CTAB)
and sodium dodecyl sulfate (SDS). The prepared NiO nanoparticles were applied for the preparation of
modified carbon-paste electrodes (MCPE) for the electrochemical investigations of potassium
ferrocynide K4[Fe(CN)g] and dopamine (DA). The MCPE prepared from CTAB-NiO nanoparticles
demonstrated an enhanced sensing response for K, [Fe(CN)s] and DA as compared with those of the
MCPE fabricated from SDS-NiO nanoparticles. The MCPE prepared from SDS/polyglycine/CTAB-
NiO nanoparticles demonstrated a further enhanced peak current response and effectively analyzed
simultaneously DA, Ascorbic acid (AA), Uric acid (UA) and Bisphenol-A (BPA).

Keywords: NiO nanoparticles, Dopamine, Carbon Paste Electrode, Cyclic Voltammetry and
Differential pulse voltammetry.

1. INTRODUCTION

Nickel (I1) oxide nanoparticle is a p-type semiconductor metal oxide having a constant wide
band gap. In addition, it can be useful as a transparent p-type semiconductor layer [1]. Ultra-fine NiO
nano-ceramic particles with a homogeneous size and well distribution characteristics are powerfully
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attractive for various applications, examples; Synthesis of sensors, magnetic materials, electrochromic,
composite, heterogeneous catalytic materials, etc [2]. Recently, the NiO nanoparticles has been used
for preparation of modified electrode for electrochemical detection of numerous important compounds
such as; gases [3], hydrogen peroxide [4], cytochrome c [5], desmopression and L-glutathione [6],
DNA [7], CO and NO, gases [2], glucose [8], insulin [9], heamoglobin [10], hydrazine [11], toluene
[12] and uric acid [13].

Dopamine (DA) is a significant catecholamine neurotransmitter in the brain. Degeneration of
dopaminergic neurons is the most important cause of Parkinson’s disease (PD), with which more or
less 500,000 people in the United States have been analyzed [14], and causes reduce in concentration
of DA, still DA decreases, in the striatum and probably in other basal ganglia areas [15,16]. DA is
electrochemically active (oxidizable and reducible), which permits electrochemical methods to be
working for the detection of DA concentrations. Electrochemical detection is a very easy, eco-friendly
and sensitive detection method for the investigation of colored or turbid samples. However, the
electrochemical method detection of DA in physiological samples is exciting research because of the
high concentrations of ascorbic acid (AA) that together with the low concentrations of DA in
physiological body fluid samples [15-21]. Uric acid (UA) is the key in end product of purine
metabolism. Uneven concentrations of UA are symptoms of a number of diseases for instance gout,
Lesch—Nyan disease and hyperuricemia [22]. Furthermore, almost all of bare electrodes, DA, UA and
AA attain oxidized at roughly the same potential value, resultant in overlapped voltammetric response.
Simultaneous detection of DA, UA and AA is a complexity of serious significance not only in the field
of neurochemistry and biomedical chemistry but also for pathological and diagnostic research. At the
same time Bisphenol-A [2, 2-bis (4-hydroxyphenyl) propane, BPA] is generally used in the plastic
industry as a monomer. In modern studies with rodent’s exhibit that BPA elicits a huge range of
activities, as well as neurochemical alterations [23, 24]. Interestingly, simultaneous detection of DA,
AA, UA and BPA in physiological phosphate buffer solutions places very significant role in the
research field.

In the present work, SDS- NiO nanoparticles and CTAB- NiO nanoparticles were synthesized
by a co-precipitation method based on a changed version of the method reported in the literature [25,
26]. The prepared NiO nanoparticles were characterized by SEM, UV-vis spectroscopy, XRD and
TEM. The obtained NiO nanoparticles were used for the preparation of a modified carbon-paste
electrode (MCPE) for the electrochemical detection of dopamine in the pH range from 5.5 to 8.0 PBS.
The MCPE demonstrated an enhanced redox peak current at pH 7.4 PBS. The MCPE prepared with
CTAB- NiO nanoparticles demonstrated enhanced peak current response as compared with those of
the MCPE prepared with SDS- NiO nanoparticles. The MCPE prepared with CTAB- NiO
nanoparticles exhibited a linearly increase in anodic peak current with an increased concentration of
DA and detection limit was found to be 6.86 x 107 M. The MCPE prepared with
SDS/Poly(glycine)/CTAB- NiO nanoparticles was used for electrochemical detection of DA, AA, UA,
BPA, and successfully simultaneously detection of DA , AA, UA and BPA at physiological pH 7.4
PBS.
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2. EXPERIMENTAL METHODS
2.1. Apparatus

The NiO nanoparticles were characterized by a variety of techniques. UV-visible spectra were
obtained on a Perkin Elmer UV-VIS spectrophotometer by dispersing and sonicating NiO
nanoparticles in water from a Millipore purification system. Powder XRD patterns were recorded on a
Philips XRD X’Pert Pro diffractometer equipped with a Cu-Ka radiation (A=1.5438 A) source. The
structural morphology of the NiO nanoparticles was studied using a JEOL JSM-848 scanning electron
microscope and a JEOL 2000 Fx-Il transmission electron microscope equipped with ultra-thin
windows from Oxford Instruments. All of the electrochemical experiments were performed using a
single-compartment, three-electrode cell with MCPEs prepared with SDS-NiO nanoparticles and
CTAB- NiO nanoparticles, SDS/polyglycine/CTAB-NIiO nanoparticles as the working electrode. An
aqueous saturated calomel electrode (SCE) was used as the reference electrode and a Pt wire served as
the auxiliary electrode. All potentials were measured and reported vs. the SCE. The cyclic
voltammetry (CV) measurements and differential pulse voltammetry (DPV) techniques were
performed on a model 660c (CH Instruments) potentiostat/galvanostat.

2.2. Materials

Nickel sulphate (NiSO4) was purchased from sd. Fine Chemicals. Absolute ethanol (99.9%),
sodium hydroxide (NaOH) and graphite powder were from Merck Chemicals and DA, AA, UA, BPA,
CTAB and SDS were purchased from Himedia Chemicals. DA stock solution was prepared in 0.1 M
perchloric acid, UA stock solution in 0.1 M NaOH, BPA stock solutions was prepared by first
dissolved in absolute ethanol then diluted with distilled water. Phosphate buffer solution (PBS) was
prepared and the pH can be adjusted by the addition of 0.2 M NaH,PO, and Na,HPO, solutions. All
the aqueous solutions were prepared with double-distilled water.

2.3. Preparation of NiO nanoparticles

The SDS-NiO nanoparticles were synthesized according to the co-precipitation method
described elsewhere [25, 26] with slight alteration. In a typical experiment, the first solution contained
0.06M NiSQO4.6H,0, 0.12M acetic acid, 40 mg of SDS and the second solution contained 0.18M NaOH
pallets, 100 ml absolute ethanol; all aqueous solutions were prepared by using distilled water, the first
solution was added to second solution with continues stirring. The resulting precipitate was filtered by
using whatmann filter paper (grade-41) and dried at 80°C in hot air oven about lhour. The dried
precipitate was transferred to silica crucible and ignited at 400°C for roughly 3 hours. Then obtained
powder was washed with ethanol three or four times to remove impurities present in the NiO
nanoparticles. The same procedure was followed for the preparation of CTAB-NiO nanoparticles using
CTAB as the surfactant. The NiO nanoparticles prepared using SDS was noted as SDS-NiO
nanoparticles, as well as CTAB-NiO nanoparticles that were prepared using CTAB.
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2.4. Preparation of bare carbon-paste electrode and modified carbon-paste electrode

The bare carbon-paste electrode (bare CPE) was prepared by hand mixing 80% graphite
powder with 20% silicon oil in an agate mortar for roughly 30 min to produce a homogenous carbon
paste. The paste was packed into the homemade cavity and smoothed on a piece of weighing paper.
The modified carbon-paste electrode (MCPE) was prepared by the addition of 10 mg of NiO
nanoparticles to the previously prepared graphite powder/silicon oil mixture.

2.5. Preparation of SDS/polyglycine/CTAB- NiO nanoparticle modified carbon paste electrode

The MCPE with SDS/polyglycine/ CTAB- NiO nanoparticle was synthesized by
electrochemical polymerization of glycine on the MCPE prepared from CTAB- NiO nanoparticle
nanoparticle was performed using a cyclic voltammetric method in an aqueous solution that contained
0.04 M glycine in 0.2 M acetate buffer solution at pH 5.0. Electropolymerization process was achieved
by the creation of a film that grew between -0.5 V and 1.8 V at a scan rate of 100 mV/s for five cycles
using Cyclic Voltammetry (CV). After polymerization, the electrode was thoroughly washed with
distilled water and SDS solution (10 puL) was added to the surface of the MCPE prepared from
polyglycine/ CTAB- NiO nanoparticle nanoparticles for 5 min. The electrode was later carefully rinsed
with water to remove unabsorbed modifier and dried in air at room temperature.

3. RESULTS AND DISCUSSION

3.1. Characterization
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Figure 1. XRD patterns for (A) SDS-NiO nanoparticles and (B) CTAB-NiO nanoparticles.

The XRD pattern of the SDS-NiO nanoparticles and (B) CTAB-NiO nanoparticles are shown
in Fig. 1 (A, and (B,) All peaks in Fig.1 can be fit indexed to the face center cubic structure of nickel
oxide (JCPDS PDF, no. 780429) with high crystallinity. No impurity peaks of other nickel oxides were
observed, which indicates the high purity of the products. The crystallite sizes of the NiO nanoparticles
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were calculated using the Debye—Scherrer formula. The obtained average crystalline sizes are 15 and
11 nm for SDS-NIO nanoparticles and CTAB-NiO nanoparticles respectively.

Figure 2. SEM images of (A) SDS-NiO nanoparticles and (B) CTAB-NiO nanoparticles and
corresponding TEM images (C) SDS-NiO nanoparticles and (D) CTAB-NiO nanoparticles.

The surface morphology of the SDS-NiO nanoparticles and CTAB-NiO nanoparticles samples
was examined using SEM and TEM; the images are shown in Fig. 2 (A)-(D). The SEM and TEM
images show different morphologies and sizes for NiO nanoparticles prepared in SDS and CTAB
surfactants. An irregular-like morphology was observed for SDS -NiO nanoparticles in the SEM image
in Fig. 2 (A) and in the matching TEM image for the same sample in Fig. 2 (C). Upon close very test,
the particles in the TEM image were observed to be irregular-shaped with a width of roughly 90 nm.
Irregular flake-like morphology was observed for the CTAB-NIiO nanoparticles in the SEM image in
Fig. 2 (B) and in the matching TEM image for the same sample in Fig. 2 (D). The particles, upon very
close test in the TEM image, we observed to be round and flake- irregular shaped with a size of
roughly 20 nm.
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Figure 3. UV-Visible absorption spectra of (A) SDS-NiO nanoparticles and (B) CTAB-NiO
nanoparticles samples.

The UV-visible absorption spectra of the NiO nanoparticles dispersed in ethanol solution
demonstrate broad absorption peaks centered at roughly 324 nm for the CTAB- NiO nanoparticles and
at 325nm for the SDS- NiO nanoparticles, as shown in Fig. 3 (A) and ( B).

3.2. Electrochemical response of K4 [Fe(CN)g] at bare CPE and MCPEs

-0.2 0.0 0.2 0.4 0.6
E/V

Figure 4. Cyclic voltammogram of 1X10° M K4[Fe(CN)s] in 1M KCI (A) bare CPE, (B) a MCPE
prepared with SDS-NiO nanoparticles and (C) a MCPE prepared with CTAB-NiO
nanoparticles.
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Potassium ferrocyanide was chosen to estimate the performance of the prepared electrode.
Fig.4 shows the electrochemical redox peak current response of 1x 10° M Ku[Fe(CN)e] in 1M KCI at
MCPE prepared with SDS-NiO nanoparticles and CTAB-NiO nanoparticles. Due to the complex
properties and the irregularity of the electrode surface, the cyclic voltammograms of K, [Fe(CN)g] at
bare carbon paste electrode (bare CPE) curve (A) is low redox peak current signal. However, the cyclic
voltammetric response is apparently enhanced at MCPE prepared form SDS-NiO nanoparticles and
CTAB-NIO nanoparticles, reflected by the improvement of the redox peak currents (ip) and the decline
of the electrochemical peaks potential difference curve (B) and (C). The CTAB-NiO nanoparticles
MCPE exhibits enhanced redox peak current response with slight reduction of over potential than the
SDS-NiO nanoparticles MCPE. This demonstrated that the MCPEs prepared from CTAB-NiO
nanoparticles exhibit better electrochemical sensing and electrocatalytic activity.

3.3. Effect of pH

The effect of pH on the detection of 1x 10° M DA in PBS at MCPE prepared with SDS-NiO
nanoparticles and CTAB-NiO nanoparticles was analyzed in the pH range of 5.5-8.0 PBS. Graphs of
Ipa (A) versus the pH of the solution for Bare CPE, MCPEs prepared with SDS-NiO nanoparticles and
CTAB-NIiO nanoparticles are shown in Fig. 5, (m), (A) and (®) respectively.
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Figure 5. (A) for a MCPE prepared with CTAB-NiO nanoparticles, (o) for a MCPE prepared with
SDS-NiO nanoparticles and (m ) for a bare CPE, the graph representation DA anodic peak
current versus PBS pH 5.5 to 8.0 with a scanning rate of 0.1V/s.
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The anodic peak current (ipa) of DA increases at pH 7.5 PBS and the anodic peak current then
decreases with further increases in the pH 8.0 PBS. The maximum anodic peak current occurred at pH
7.5 PBS. Therefore, PBS with a pH of 7.5 was chosen for all following electrochemical DA analyses
and also anodic peak current response was enhanced in all pH PBS at the MCPEs prepared with
CTAB-NIO nanoparticles as compared MCPE prepared with SDS-NiO nanoparticles and bare CPE.

3.4. Electrochemical response of DA at the bare electrode and the MCPE
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Figure 6. Cyclic voltammogram of 1X10° M DA in 0.2M PBS pH 7.4 at (A) bare CPE, (B) a MCPE
prepared with SDS-NiO nanoparticles and (C) a MCPE prepared with CTAB- NiO
nanoparticles.

The cyclic voltammograms responses of 1x10° M DA in 0.2 M PBS pH 7.4 at the bare CPE
and at the MCPE prepared from SDS-NiO nanoparticles and CTAB-NiO nanoparticles were measured
at a scan rate of 0.200 Vs respectively are shown in Fig. 6(A)-(C). The result indicates both SDS-NiO
nanoparticles and CTAB-NiO nanoparticles exhibit good electrochemical sensing and electrocatalytic
activity than bare CPE and among MCPEs prepared from SDS-NiO nanoparticles and CTAB-NIiO
nanoparticles, the MCPEs prepared from CTAB- NiO nanoparticles exhibit enhanced redox peak
current response than the MCPEs prepared from SDS- NiO nanoparticles. This may be due to NiO
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nanoparticle form hydrogen bonds with the hydroxyl groups of DA, which would activate the hydroxyl
groups and weaken the bond energy of OH" to form dopaquinone [27], and also may be due to a small
amount of CTAB surfactants present on the surface of NiO nanoparticles [19]. Therefore, MCPEs
prepared from CTAB- NiO nanoparticles exhibit better sensing activity, and also used as an
electrochemical sensor for detection of DA and also for detection of DA in the presence of AA, UA
and BPA at physiological pH 7.4.

3.5. The effect of scan rate
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Figure 7. For MCPE prepared with SDS-NiO nanoparticles and CTAB-NiO nanoparticles with
different scan rates (0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55 and 0.6 V/s) in 0.2M PBS pH 7.4,
the Fig. 7A shows graph of anodic peak current versus the square root of the scan rate for
1x10° M K4[Fe(CN)g] for a MCPE prepared with CTAB-NiO nanoparticles(- A -), for a MCPE
prepared with SDS-NiO nanoparticles (-e-) and bare CPE (-m-) and Fig.7 B shows graphs of
anodic peak current versus the square root of the scan rate for 1.0x10> mol/L DA for a MCPE
prepared with CTAB- NiO nanoparticles(-A-), for a MCPE prepared with SDS-NiO
nanoparticles (-e-) and bare CPE (-m-).

The effect of scan rate for 1x 10° M K, [Fe(CN)s] in 0.1M KCl and 1x10°M DA in 0.2 M PBS
pH 7.4 was studied by CV at bare CPE, MCPEs prepared from SDS-NiO nanoparticles and CTAB-
NiO nanoparticles. The graph obtained linearity between the square root of the scan rate (1)1/2) and
anodic peak currents for bare CPE, the MCPE prepared with the SDS-NiO nanoparticles and CTAB-
NiO nanoparticles are shown in Fig.7A (-m-, - A - and -e- respectively) for K, [Fe(CN)¢] and Fig.7B (-
m-, - A - and -e- respectively) for DA. The results of all the electrodes exhibited correlation coefficients
of r*=0.998+0.001. These results indicate that the electron-transfer reaction of bare CPE and MCPEs
prepared with SDS-NiO nanoparticles and CTAB-NiO nanoparticles was a diffusion-controlled
process.
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3.6. The effect of the concentration of DA

5757

The differential pulse voltammetry technique was used for analysis of DA concentration, which
was varied from 1 to 800 uM. The results for the MCPEs prepared from CTAB-NiO nanoparticles are

shown in Figs. 8 (A).

Table 1. Comparison of the analytical performances of different modified electrodes

Electrode Detection limit | Linear range Techniques | References
(=M) (=M)

LDH/CILE 5.0 10-1100 DPV [29]
Au/Gr-Au 30.0 10-100 SW [30]
Banana-MWCNTSs 2.09 10-30 DPV [31]
MCPE
CTAB functionalized 1.5 5-500 DPV [32]
GO-MWCNT/GCE
Au-Gr/GCE 1.86 1-1000 DPV [33]
Ag-reduced GO/GCE 54 10-800 LSV [34]
CTAB-NIO 0.68 1-800 DPV This work
nanoparticles /MCPE
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Figure 8A. Shows Differential pulse voltammogram of (a) 9.9x10°° M, (b) 1.9x10° M, (c)2.9x10°
M, (d) 3.9x107° M, (e) 4.9x10° M, (f) 7.9x10° M, (g) 9.9x10° M, (h)1.9x10™* M, (i)
3.9x107* M, (j) 5.9x10* M and (k) 7.9x10™* M DA in 0.2M PBS pH 7.4 at a MCPE prepared
with CTAB- NiO nanoparticles and corresponding graph peak current versus concentration of
DA shown in the inset Fig. 8B.
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The corresponding graphs of anodic peak current versus concentration of DA shows two linear
relationship ranges of 1 to 100 uM and 200 to 800uM, with linear regression equations of Ipa (uA) =
0.1438(CuM/L) + 4.99 (nA) and Ipa(nA) = 9.545(CuM/L) + 0.07494(uA), respectively. The
correlation coefficient for the first linearity was 0.995 and that for the second was 0.990 for the MCPE
prepared with CTAB-NiO nanoparticles, as shown in Fig. 8 (B). The decrease in the sensitivity (slope)
in the second linear range was due to kinetic limitations [28]. The detection limits for DA in the lower
concentration range was 6.86x10~7 M for the MCPE prepared with CTAB-NiO nanoparticles. The
MCPE prepared with CTAB-NIiO nanoparticles demonstrated a relatively lower detection limit than
compared with previuos reported literatures [29,-34] (Table-1). From the table-1 it was shows that the
MCPE prepared with CTAB-NIiO nanoparticles exhibits low detection limit for detection of DA.

3.7. Electrochemical response for DA, AA, UA and BPA at MCPEs

Fig. 9A shows the electrochemical behavior of 1.5x10° M DA, 4.5x10°M UA, 2.5mM AA
and 1.8 x 10° M BPA in 0.2 M PBS at pH 7.4 is MCPE prepared with CTAB- NiO nanoparticles and
at the MCPE prepared with SDS/polyglycine/CTAB-NiO nanoparticles. The MCPE prepared with
SDS/polyglycine/CTAB-NiO nanoparticles demonstrated an improved current response with sharp
resolved peak for all anlytes ( DA at 0.21V, AA at - 0.011V, UA at 0.32V and BPA at 0.55V) is shown
in solid line curve and dashed line curve shows overlapped single peak for all the anlytes at a MCPE
prepared with CTAB-NiO nanoparticles. This shows that MCPE prepared with
SDS/polyglycine/CTAB- NiO nanoparticles exhibit good electrochemical determination of dopamine
in presence of UA, AA and BPA at physiological pH.7.4.
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Figure 9A. shows Cyclic voltammograms of 1.5x10° M DA, 4.5x10°M UA, 2.5mM DA and 1.8 x
10 BPA in 0.2M PBS pH 7.4 at the a MCPE prepared with CTAB-NiO nanoparticles (curve
shown in dashed line) and at the MCPE prepared with SDS/polyglycine/CTAB- NiO
nanoparticles (curve shown in solid line) and Fig.9B shows Cyclic voltammograms of
variation of scan rate for DA at SDS/ polyglycine/CTAB-NiO nanoparticles MCPE (0.2, 0.25,
0.3,0.35, 0.4, 0.45, 0.5, 0.55 and 0.6 V/ s) in 0.2M PBS pH 7.4 and corresponding inset graph
shows peak current versus scan rate of DA.
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The Fig. 9B shows effect of the scan rate for DA was analyzed by CV at the MCPE prepared
with SDS/polyglycine/CTAB-NIiO nanoparticles; the results demonstrated an increase in the redox
peak currents with an increase in the scan rate (0.2-0.600Vs ') and the graph obtained linearity
between the scan rates versus redox peak current. The correlation coefficient was 0.9994, which
indicates the electrode reaction process was adsorption-controlled [28, 35, 36].

Fig.10A shows differential pulse voltammograms of individual analytes oxidation peak
potential for DA at 0.114V, AA at -0.083V, UA at 0.206V and BPA at 0.410V and also inserted
differential pulse voltammogram shows simultaneous detection of DA, AA, UA and BPA in
physiological pH 7.4 and Fig 10B shows electrochemical detection of DA in the presence of AA, UA
and BPA is linearly increase anodic peak current with increase in concentration of DA and inserted
graph shows linearity between anodic peak current and concentration of DA. Therefore, the MCPE
prepared with SDS/polyglycine/CTAB-NIiO nanoparticles was useful for selective detection of DA in
the presence of AA, UA and BPA at physiological pH 7.4. The obtained results demonstrated the
opportunity of a simultaneous multi-detection of bioactive molecules based on the DPV method.
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Figure 10. A shows Differential pulse voltammograms of individual 5x10*M AA, 4x10“M UA, 1.5x10*M
BPA and 2x10“*M DA in 0.2M PBS pH 7.4 at MCPE prepared with SDS/polyglycine/ CTAB- NiO
nanoparticles and corresponding Differential pulse voltammogram shows for all resolved oxidation
peaks of AA, UA, BPA and DA. Fig. 10B shows Differential pulse voltammograms (a) 1 x10~° M,
(b) 1.5x10”° M, (c) 2.0x10° M, (d) 2.5x10~ M, (e) 3.0x10° M DA in 0.2M PBS pH 7.4 in the
presence of 2.5x10° M AA, 1.8x10° M BPA, 45x10° M UA at MCPE prepared with
SDS/polyglycine/ CTAB- NiO nanoparticles and corresponding graph shows anodic peak current
versus concentration of DA in the presence of AA,UA and BPA

3.8. Application to real samples

The proposed MCPE prepared with SDS/polyglycine/ CTAB- NiO nanoparticles was
demonstrated by the quantitative detection of DA in human blood serum sample. The preparation
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procedure followed is as follows; 10 mL of human serum sample without any treatment was diluted to
100 mL with pH 7.4 PBS. Different of volume this solution is mixed with the known volume
concentration of known concentration DA solution in order to get different concentrations of spiked
DA. Similarly drug injection capsule containing 200mg dopamine hydrochloride in 5ml of sterilized
water (Sterile Specialities India Private Ltd.) is suitably diluted to get different known standard
concentrations of DA and analyzed. Each experiment was carried out at least 5 times and the results
are presented in Table. 2. The obtained recovery and relative standard deviation (RSD) seems to be
good, indicating the better performance of the proposed method.

Table 2. Determination of DA in human blood serum and drug injection sample (number of trails =5).

Samples sirl{;l:)(ﬁa d(EIG) F(zllj\;)d Recovery (%o) RSD (%)
Drug 80 78.5 98.1 1.88
injection 160 156 97.5 1.15
240 234 97.5 2.45
Blood serum 80 78.2 97.75 1.39
160 155.5 97.1 0.99
240 236 98.3 2.21

4. CONCLUSIONS

The NiO nanoparticles were synthesized using SDS and CTAB surfactants by co-precipitation
method and the other electrochemical parameters are studied. The MCPE prepared from
SDS/Polyglycine/CTAB-NIO nanoparticles shows effective electrochemical sensor towards
electrochemical detection of DA in presence of AA, UA and BPA. The MCPE prepared from CTAB-
NiO nanoparticles exhibits low detection limit for DA. The MCPE prepared from
SDS/Polyglycine/CTAB-NiO nanoparticles demonstrated significant effect on peak currents for
detection of dopamine with good electrochemical signal separation peak potential between for all the
analytes (UA, AA and BPA). The proposed method was demonstrated good recovery for DA analysis
in clinical and pharmaceutical sample. Therefore, the present method could be extended to many
metal oxide for the synthesis of metal oxide modified electrodes with good electrocatalytic activities
for the simultaneous investigation of DA, AA, UA, BPA and for bioactive molecules or
neurotransmitters.
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