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In this paper, we demonstrate and compare the synthesis of copper (Cu) and copper(I) oxide on Cu (Cu/Cu2O)
nanoparticles via thermal decomposition method using a combination of oleic acid and oleylamine and oleic
acid alone. Using a combination of oleic acid and oleylamine, involves a single nucleation step and control in
growth of nanoparticles produces high monodispersity in shape and protects the copper nanoparticles against
oxidation. X-ray diffraction (XRD) confirms the formation of single phase Cu only and X-ray photoelectron spec-
troscopy (XPS) evidences the formation of Cu without any formation of oxides on surfaces for over a long period
of time with good stability. In view of interest in electrochemical sensors, we explore the fabrication of a novel
and highly sensitive electrode and compare the electrochemical current responses for simultaneous determina-
tion of paracetamol and dopamine using Cu/Cu2O nanoparticles stabilized by oleic acid alone and Cu nanoparti-
cles obtained from a combination of oleic acid and oleylamine. Interestingly, we observe that Cu/Cu2O
nanoparticles stabilized by oleic acid alone exhibit excellent electrochemical enhancement in the peak current
response towards simultaneous determination of paracetamol and dopamine with an increase in peak-peak
separation of 239 mV. Differential pulse voltammetry (DPV) studies show a linear response to dopamine within
the concentration from 0.02 μM to 0.159 μM with a detection limit of 3.27 nM (S/N = 3).

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Metallic copper (Cu) nanoparticles have attracted attention as an
important class of advanced material in the research field, because of
its cost-effectiveness, and high electrical conductivity which is exten-
sively used in electrical circuits [1]. Also, it has potential impact on pho-
tovoltaic cells [2], electrocatalyst in oxygen reduction reactions (ORR)
[3] and in cancer cell killings and germicides [4]. In general, copper
nanoparticles are found to oxidize at room temperature in the absence
of strong protecting/stabilizing agents [5]. To synthesize copper nano-
particles, there are wide range of methods reported in the literature
which include: reverse micelles [6], microemulsion [7], sonochemical
[8], chemical vapour condensation [9], radiolytic reduction [10], laser ir-
radiation [11] electrodeposition [12] and chemical reduction [13]. The
synthesis of copper nanoparticles under room temperature is more
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attractive for commercial applications, but it mostly involves precious
reagents and reducing agents for attaining oxygen free environment.
Surprisingly, the synthesis of Cu nanoparticles using conventional re-
ductionmethods lack in the stability of Cu nanoparticles and can be eas-
ily oxidized in aqueous medium when H2O molecules exist in the
reaction conditions [14]. However it is well known that the electronic
structure and physical properties of the nanoparticles depend upon
the composition of the atoms present within the nanoparticles [15,16].
Therefore, the formation of surface oxide under ambient conditions in
copper nanoparticles resulting in the conversion of Cu0 to Cu2O
(Cu+)/CuO (Cu2+) and it was found to lose/alter their physical and op-
tical properties of Cu nanoparticles.

The major challenge in the above methods lies in the difficulty to
control the shape and size of the nanoparticles which highly suffers
from particle agglomeration and hence it results in broad size distribu-
tion [17]. One way is to overcome the surface oxidation of copper nano-
particleswith homogenous particle distribution via a successful thermal
decomposition method by introducing organic surfactant (fatty acids)
like oleic acid and oleylamine which minimizes the oxidation suscepti-
bility of the material. Park et al. [18] had first put forward for the ultra-
large scale synthesis of monodisperse metal nanocrystals involving
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metal oleate complex in presence of high boiling solvent 1-octadecene.
Zhong and coworkers reported size controlled synthesis of Cu nanopar-
ticles using oleic acid (alone), only mixture of shape morphology was
produced [19]. Considering this difficulty,muchmore effort has been fo-
cused on the synthesis of monodisperse metallic Cu nanoparticles in-
volving completely protected Cu nanoparticles. This is because, the
properties of nanoparticle depend only on the shape and dimensions
and hence it is significant goal of this research work. Sun et al. [20] pro-
posed a method for the synthesis of FePt nanoparticles involving ther-
mal decomposition of platinum acetylacetonate in presence of oleic
acid and oleylamine resulting in the formation of monodisperse nano-
particles with control in shape and size. There are numerous reports
existing on the synthesis of metal/metal oxide nanoparticles protected
by oleic acid alone [21] however, combination of oleic acid and
oleylamine protected nanoparticles has been proved to be an effective
protective agent in non-aqueous medium [22,23]. Taking into consider-
ation of previous reported literatures, much attention has been focused
in the present work for the synthesis of well-defined Cu nanoparticles
using in combination of oleic acid and oleylamine as capping agents in
order to control the growth and shape of nanoparticles. However,
there are no reports available on the synthesis, comparison of the sur-
face properties of monodisperse Cu nanoparticles using various
protecting agents like oleic acid alone and also in mixture of oleic acid
and oleylamine. Hence, in this work, we synthesis and compare the sur-
face morphology of copper nanoparticles using different protecting
agents such as oleic acid alone and also mixture of oleic acid and
oleylamine are undertaken.

Usage of dopamine and paracetamol above the therapeutic levels
can cause a variety of adverse side effects, and therefore in order to
monitor the concentration levels of dopamine and paracetamol is of
high demand [24]. Since dopamine and paracetamol coexist in human
fluids, the simultaneous determination is essential to protect the
human health from critical dangerous diseases [25]. Themajor problem
in the electrochemical determination of dopamine is the interference
from other redox active species presentwhichmay undergo electrolysis
at a similar potential to that required to oxidize or reduce the desired
target molecule [26]. As a result overlapping of voltammetric response
has been observed for mixture of analytes. This has to overcome by
the use of various nanocomposites modified electrode having excellent
conductivity and catalytic propertieswithminimal surface fouling effect
make them suitable for the simultaneous determination of dopamine
and paracetamol than conventional GC electrodes [27,28]. Among the
variousmetal nanocomposites reported on themodified electrodes, dis-
persion of Cu nanostructures on multiwalled carbon nanotubes
(MWCNTs) are favored because it potentially provides more active
sites which may show some interesting synergistic properties that are
different fromMWCNTs [29] or Cu nanostructures alone [30]. This effect
results in fast electron rate transfer with good peak-peak separation, re-
duce overpotential and high reproducibility with increase in sensitivity
and selectivity.

The nanoparticles obtained from oleic acid alone and in combination
of oleic acid and oleylamine were dispersed on acid functionalized
MWCNTs decorated on glassy carbon (GC) electrode and compare the
electrochemical behavior for the simultaneous determination of para-
cetamol and dopamine. The electrochemical measurements are carried
out using cyclic voltammetry and differential pulse voltammetry with
satisfactory results are observed.

2. Experimental

2.1. Chemicals and instrumentation

Copper acetate monohydrate [Cu(CH3COO)2·H2O], oleic acid,
oleylamine, 1,2,3,4-Tetrahydronaphthalene (anhydrous, 99%), dibenzyl
ether (N98%), tert-butylamine borane complex (97%), 1-octadecene
(90%) were purchased from Sigma-Aldrich. Sodium hydroxide, hexane,
ethanol and acetone were obtained from Merck. MWCNTs of length
(L = 20–30 nm) with an outer diameter of 1–2 nm and wall thickness
of about 0.5–2 μm was purchased from Sigma-Aldrich. Acid
functionalization of MWCNTs was carried out with concentrated HNO3

and H2SO4 in a ratio of 1:3, then sonicate the reaction mixture for
30 min and centrifuged at 8000 rpm resulting in formation of high pu-
rity –COOH functionalized MWCNTs [31]. 0.1 M Phosphate buffer (pH-
7.0) solution (PBS) was prepared with Na2HPO4 and NaH2PO4 was
used as supporting electrolyte. All chemicals and reagents used in the
experimentswere of analytical grade and usedwithout further purifica-
tion. All the solutions were prepared using double distilled (DD) water.

All the electrochemical measurements were performed on PGSTAT-
12 electrochemical work station, (AUTOLAB, The Netherlands BV) con-
trolled by general purpose electrochemical system (GPES). The mea-
surements were based on a three electrode system, with a glassy
carbon (GC) electrode of geometric area (0.07 cm2), being used as a
working electrode, a Pt wire in the form of a spiral with high geometri-
cal surface area (~20 cm2) was used as a counter electrode and saturat-
ed calomel electrode (SCE) as the reference electrode. Prior to each
experiments, GC surface was polishedwith increasingly finer grade alu-
mina powders (1, 0.3 and 0.05 μm) down tomirror polish, sonicated for
about 15min in DDwater, degreasedwith acetone andwashedwith co-
pious amount of DD water. All the solutions were purged with analar
grade nitrogen for at least 30 min prior to each electrochemical mea-
surement and a nitrogen environment was maintained throughout the
experiments.

FT-IR spectra were recorded for pure oleic acid, oleylamine and Cu
nanoparticles stabilized by oleic acid and oleylamine as KBr pellets
using BRUKER (TENSOR 27) in the region 4000–400 cm−1 with the res-
olution of 4 cm−1. The morphology of the Cu nanoparticles was ob-
served by utilizing a TECNAI-G2 (model T-30) S-twin high resolution
transmission electron microscope (HRTEM) operated at an accelerating
voltage of 300 kV. X-ray diffraction (XRD) results were collected by
using BRUKER D8 advance X-ray diffractometer with monochromatic
Cu Kα radiation (λ = 1.5418 Å). XPS measurements were carried out
in an ultra high vacuum (UHV) chamber (evacuated to
3.5 × 10−10 mbar) of the photoelectron spectrometer Omicron Nano-
technology, Germany (GmbH) equipped with a monochromatic X-ray
source (AlKα, hv = 1486.6 eV). The binding energy of the samples
was calibrated by setting the C1s peak to 284.6 eV. The peaks were
deconvoluted bymeans of a standard CasaXPS software (v.2.3.13; prod-
uct of CasaXPS Software Ltd., U.S.A.) to resolve the separate constituents
after background subtraction. The chemical state of each element was
identified by comparing the binding energy obtained after de-convolu-
tion with the standard values available in the hand book of XPS [32].

2.2. Sample preparation of dopamine and paracetamol

Stock solution (0.01M) of dopamine (i/v) was prepared using 0.1 M
PBS from the obtained i/v solution of dopamine (DOMIN-40 mg/mL) of
pharmaceutical formulations. From the stock solution, the required do-
pamine volumes are siphoned out and used for further experimental
studies. 400 mg paracetamol per tablet, obtained from local drug store
of paracetamol pharmaceutical formulations is accurately weighed
and crushed with mortar and pestle until a finer and homogeneous
powder resulted. The obtained powdered tablets are dispersed in
100mL standard flaskwith 0.1MPBS (pH-7.0) and the resultedmixture
was sonicated for 10 min and filtered usingWhatmann filter paper and
the obtained solution was diluted to the required concentrations.

2.3. Synthesis of copper-oleate complex

The synthesis method reported in the literate was adopted [18] in
which 4.8 g of sodium hydroxide (120 mM) was dissolved in mixture
of 50 mL of DD water and 80mL of ethanol under nitrogen atmosphere
with constant stirring. To the stirring reaction mixture, 40 mL of oleic



Fig. 1. XRD spectra of Cu/Cu2O and Cu nanoparticles stabilized by (A) oleic acid alone and
(B) combination of oleic acid and oleylamine.
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acid (120 mM) was added dropwise and the pH was adjusted to 7.0.
10 mL of Cu(OAc)2 (40 mM) dissolved in water was added into the re-
action mixture and few minutes later 40 mL hexane was added and
the resulting solution was heated to 60 °C and maintain at this temper-
ature for 4–5 h. After the end of the reaction, reaction mixture in which
the uppermost organic layer containing copper-oleatewaswashedwith
distilled water and separated using separating funnel. After the separa-
tion of aqueous layer, the organic layer containing hexane was evapo-
rated via roto-evaporator resulting in the formation of copper-oleate
complex.

2.4. Synthesis of copper nanoparticles using oleic acid

In a typical reaction, the asprepared copper-oleate complex (obtain-
ed from above step) was dissolved in 40mL of 1-octadecene and the re-
action mixture was heated to 110 °C and kept at this temperature for
15min under nitrogen (N2) atmosphere. At this point, water molecules
present in the reaction mixture get removed during the progress of the
reaction and then further increase the reaction temperature to 180 °C
with an increase in the heating rate of 5 °C/min. The reaction tempera-
turewas cooled to room temperature and the resultant brown Cu nano-
particles were precipitated out with 500 mL of ethanol and centrifuged
at 7000 rpm, finally dried in vacuum oven at 60 °C.

2.5. Synthesis of Cu nanoparticles with combination of oleic acid and
oleylamine

Copper acetate [3mM, 0.544 g] wasmixedwith 5mL dibenzyl ether
and 5 mL tetralin in 100 mL round bottomed flask with continuous
streaming of N2 atm. After complete dissolution, 1.5 mL of each oleic
acid (5 mM) and oleic amine (5 mM) was added into the reaction mix-
ture. These are followed by the addition of (10 mM, 0.869 g) tert-
butylamine borane complex dissolved in 0.1 mL oleic acid and
oleylamine containing 0.5 mL tetralin was added into the reaction mix-
ture. The reaction temperaturewas increased to 120 °C, andmaintained
at this temperature for 20 min for the complete removal of water mol-
ecules present. After 20 min, the reaction temperature was further in-
creased to 180 °C with an increase in the heating rate of 5 °C/min. The
significant color change from deep blue to brown indicates the forma-
tion of Cu nanoparticles. The reaction temperature was allowed to
cool at room temperature and the resultant products are washed
three times with 100 mL mixture of ethanol and hexane, centrifuged
at 7000 rpm and dried in vacuum oven at 60 °C.

2.6. Electrode fabrication

1 mg of carboxyl functionalized MWCNTs was dispersed in 1 mL of
(0.5%) ethanolic nafion solution by sonication for 30min to get homoge-
neous black suspension [33]. Each of 1 mg/1 mL of the asprepared Cu
nanoparticles obtained [using oleic acid alone (dispersed in ethanol)
and combination of oleic acid and oleylamine are dispersed in hexane]
are mixed into MWCNTs dispersion, stirred under room temperature
and further kept at ultrasound treatment for 15 min. The fabrication
procedure of the modified electrode has been performed by casting
5 μL of Cu-MWCNTs dispersion on GC electrode surface and allowing
to dry under ambient conditions. The modified electrode was washed
with several copies of PBS before use.

3. Results and discussion

3.1. XRD and XPS characterization

Fig. 1A shows the typical XRD pattern of Cu/Cu2O nanoparticles ob-
tained from stabilization with oleic acid alone. The nanoparticles are
found to be crystallized into face-centered cubic (fcc) structure with
the corresponding diffraction peaks appeared at 43.34°, 50.36° and
74.09° can be indexed as (111), (200) and (220) planes of Cu (JCPDS
card No. 01-089-2838)which are comparable with those earlier report-
ed [34]. Surprisingly, it can be seen (Fig. 1A), that in addition to the Cu
peaks we have observed the diffraction peaks at 36.47°, 42.32°, 61.40°
and 73.50° which are indexed as (111), (200), (220) and (311) planes
corresponding to Cu2O (JCPDS card No. 01-078-2076) indicating that
Cu2O molecules coexist with Cu in the product. Moreover, the diffrac-
tion peak intensity ascribed to Cu2O is found higher when compared
to Cu, which indicates that more extends of Cu2O formation is favored
by the presence of oleic acid stabilized Cu nanoparticles. Meanwhile,
the surface of Cu phase was oxidized into Cu2O this suggests that possi-
bility for the oxidation (crystalline phase transition) is more [35]. This
behavior may lead to instability of the product and hence results in
distorted spherical morphology.

In order to overcome some of the drawbacks, extensive efforts have
been put into the synthesis of copper nanoparticles stabilized by both
oleylamine and oleic acid with high stability. Fig. 1B shows the XRD pat-
tern obtained from stabilization of both oleylamine and oleic acid. The
diffraction peaks appeared at 43.38°, 50.46° and 74.16° can be indexed
as (111), (200) and (220) planes of face centered cubic Cu phase
(JCPDS card No. 01-085-1326). Therefore, XRD diffraction analysis con-
firms the formation of single phase Cu alone. It is quite interesting that,
combination of oleylamine (as cosurfactant) and oleic acid provides an
effective stabilization and also it prevents further oxidation of copper
nanoparticles which results in high stability of the products obtained.
Furthermore, there is no observation of any Cu2O and CuO diffraction
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peakswhich confirms the formation of high purity copper nanoparticles
only.

XPS provides information about the chemical compositions of Cu
nanoparticles stabilized by oleic acid alone and in combination of oleic
acid and oleylamine. Fig. 2 shows the typical XPS spectra of (A) Cu 2p
(B) Auger of Cu nanoparticles stabilized by oleic acid alone. From the
survey spectrum, the sample synthesized is composed of Cu, O and C
only, where the carbon and oxygen peaks are attributed to the residual
carbon (sample itself) and adventitious hydrocarbon (instrument itself)
respectively. The Cu 2p line peaks are fitted using Gaussian-Lorentzian
fitting procedure from which Cu 2p1/2 and Cu 2p3/2 peaks were ob-
served. The appearance of splitting in two peaks of Cu 2p3/2 region
(Fig. 2A) which indicates that Cu nanoparticle consists of two phases
of Cu (two valence states) [36].

The deconvolution of twomain core-level Cu 2p3/2 peak regionswas
resolved and the peak positions located at 930.15 eV and 931.79 eV cor-
respond to the presence of Cu0/Cu+. There is no observation of any sat-
ellite peaks which confirms the absence of any CuO or Cu(OH)2 present
in the sample [32]. In addition, the core-level peak-peak difference be-
tween Cu 2p1/2 and Cu 2p3/2 regions is of 19.85 eV which confirms the
presence of Cu0/Cu+ only. In general, the main peaks observed for
Cu0/Cu+ regions cannot be distinguishable because the binding energy
values are very close to each other. Therefore to confirm the presence
of different valence states (close binding energy values) of the sample
present in the surface, we can determine only from the peak positions
of LMM-2 Auger transitions. From the LMM-2 Auger spectrum (Fig.
2B), we confirm the peak position at 569.0 eV corresponds to the pres-
ence of elemental Cu only [37]. But, the relative percentage of Cu-Cu2O
is Cu 22.37 (%) and Cu2O 77.63 (%) respectively. Hence, in presence of
Fig. 2. XPS spectra of (A) Cu 2p and (B) Auger of Cu/Cu2O nanoparticles and (C) Cu 2p of Cu n
oleic acid the Cu nanoparticles may get oxidized more predominantly
into Cu2O. Therefore, it may be concluded that the Cu nanoparticles
are oxidized to Cu2O from the surface, and the presence of CuO is
negligible.

Considering the synthesis of single phase of copper nanoparticles,
and in order to remove the surface oxidation of copper nanoparticles
we implement the synthesis of copper nanoparticles in combination of
oleic acid and oleylamine. Fig. 2C shows the typical XPS spectra of Cu
2p region of copper nanoparticles stabilized by combination of oleic
acid and oleylamine. From survey scan, it confirms that the as prepared
Cu nanoparticle consists of Cu, C andO only. Fig. 2C shows the core-level
signals of Cu 2p and the peaks are fitted using Gaussian fitting proce-
dure and the peak positions are deconvoluted into Cu 2p3/2 and Cu
2p1/2. The Cu 2p3/2 core-level (main peak) peak positions could be fitted
with the two components centered at 932.29 eV and 934.61 eV may be
attributed to Cu0 (or Cu+) and Cu2+ [(CuO or Cu(OH)2] respectively.
The shake-up lines are significant in core-level spectrum, from which
it is possible to determine the presence of Cu0/Cu+ or Cu2+ in the sam-
ple. In general for Cu2+, it is accompanied with the presence of satellite
peaks (appears when the outgoing photoelectron simultaneously inter-
acts with a valence electron and excites it to a higher-energy level) with
respect to themain peak for d9 configuration in Cu2+. In the case of Cu0/
Cu+, the d-shell configuration is completely filled (d10), hence the
screening effect via charge transfer into the d-levels are not possible
and hence the absence of satellite peak (Fig. 2C). Moreover, the peak-
peak difference between Cu 2p3/2 (932.29 eV) and Cu 2p1/2

(952.12 eV) is Δ = 19.83 eV also reveals the presence of metallic Cu
only (as evidence from XRD). Taking into consideration of themeasure-
ment of XPS, the formation of small degree of surface oxidation/
anoparticles stabilized by oleic acid alone and combination of oleic acid and oleylamine.



934 M. Devaraj et al. / Journal of Molecular Liquids 221 (2016) 930–941
hydration cannot be prevented using this method which cannot be de-
tected by XRD. Therefore the peak position for Cu 2p1/2 observed at
934.61 eV is due to the presence of lower amount of Cu(OH)2 when
the sample becomes exposed in air containing humidity. The relative
percentage of Cu nanoparticles obtained using in combination of oleic
acid and oleylamine is Cu 77.57 (%) and Cu(OH)2 22.43 (%) respectively.
Hence, it revealed that Cu nanoparticles are formedmore predominant-
ly than Cu(OH)2, using in combination of oleic acid and oleylamine.

3.2. Morphological characterization

Fig. 3(A and B) shows theHRTEM images obtained from stabilization
of pure oleic acid alone stabilized Cu nanoparticles. During initial stages
of the formation of Cu nanoparticles, copper-oleate complex reactswith
1-octadecene, the color of the reaction mixture was found to be blue
and increasing the reaction temperature to 120 °C, and then it was
allowed to remain at this temperature for 20 min. After approximately
20 min, the reaction temperature was further increased to 180 °C and
then the color changes from blue to dark brown, with continued aging
the reactionmixture at 180 °C, Cu nanoparticles are formed. As evidence
from Fig. 3(A and B), in which the particles are found to be distorted
spherical shape together with a thin outer layer on each particle surface
was observed, which reflects that few nanometers layer thickness of
thin Cu2Owas formed on the surface of each copper nanoparticles as ev-
idence from XRD results.

This oxide formation is explained in such a way that, due to the
oxophilicity and the generation of free carboxyl groups [38,39] on the
surface of the Cu nanoparticles oxidation is induced, and hence a halo
type formation on the surface of the nanoparticles resulted. The average
particle diameter of the oleic acid stabilized Cu nanoparticles is calculat-
ed to be 340 ± 20 nm. Moreover, the synthesis of copper nanoparticles
using pure oleic acid in presence of high boiling point solvent 1-
octadecene mainly suffers from procedures of separation [40] and
Fig. 3. HRTEM images of (A and B) Cu/Cu2O nanoparticles stabilized by oleic acid alone, (C an
alone.
purification of copper nanoparticles from the reaction mixture (low
yield) and hence it results in aggregation leading to distorted morphol-
ogy. Therefore in this synthesis method, the surface oxidation of copper
nanoparticles is rapid and hence more intense diffraction peaks are ob-
served for Cu2O in XRD and XPS.

3.3. Solvent effect

Regarding the need for control of experiments, in the synthesis of Cu
nanoparticles the solvent plays an imperative role during the course of
the reaction for large scale synthesis. For solvent dependent synthesis
of Cu nanoparticles, the solvent having withstanding properties at
higher boiling point and also much easier to separate from the reaction
mixture is of higher demand [41]. Most of the methods reported using
octyl ether (a highly expensive solvent) to maintain stability at higher
temperature [42–44]. In this context under optimum experimental con-
ditions, combination of dibenzyl ether and tetralin can be an alternative
for this typical synthesismethod andmaintain the reaction temperature
in a narrow range. By choosing either dibenzyl ether or tetralin alone
does not form any homogenous of the reactant molecules because
Cu(CH3COO)2 mainly suffers from solubility particularly in organic
medium. Therefore in combination of dibenzyl ether and tetralin was
chosen and it provides superior solubilizing medium for the reactant
molecules and may lead to all the reactant molecules gets involved in the
reaction (homogeneous). In general, as the boiling point of the solvent
increases, the reactivity of the molecules also increases which results in
increase in diameter of the particle size with homogeneity [45]. With all
the above considerations, we have chosen the combination of dibenzyl
ether and tetralin as solvent in this typical method of synthesis.

By taking the above beneficiary factors, the combination of both
oleic acid and oleylamine provides control over shape and growth of
Cu nanoparticles. Fig. 3(C and D) displays the HRTEM images obtained
from the synthesis of copper nanoparticles in combination of oleic
d D) Cu nanoparticles using combination of oleic acid and oleylamine and (E) oleylamine
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acid and oleylamine. The procedure adopted in this typical method is
the synthesis of monodisperse Cu nanoparticles using in combination
of oleic acid and oleylamine via one-pot reaction. The significant part
of this method of synthesis is that dibenzyl ether (bp-297 °C) and
tetralin (bp 207 °C) are used as solvents instead of 1-octadecene, to
withstand high temperature during the thermal decompositionwithout
any morphological defects and retained the products (easy to separate)
in large scale with good yield. It can be clearly seen that, significant im-
provements are observed when Cu nanoparticles are synthesized in
combination of oleic acid and oleylamine in which monodisperse with
well-defined spherical surface morphology [46]. In order to obtain the
homogeneous and shape controlled synthesis of metal nanoparticles,
it was found that reducing agents play an important role for the reduc-
tion of metal ions, by choosingweak reducing agents like amine-borane
complex which slower the reducing rate of Cu2+ rather than strong re-
ducing agents [47] like (NaBH4), that prevails in control over size of Cu
nanoparticles. Hence in the present work for the synthesis of Cu nano-
particles in combination with oleic acid and oleylamine using tert-
butylamine borane complex (having mild/weaker reducing ability) of-
fers much more advantageous, which slower the reducing rates of Cu
cations which is clearly observed from the significant color change of
Cu2+ color from deep blue to blue and then to brown. This step-by-
step change in the color is the significant role of reducing agents for
the slower reducing rate which results in monodispersity. In the same
time, the presence of oleylamine alone (having weak reducing ability)
causing multi-nucleation step [46] and does not offer much more con-
trol over growth and shape of monodisperse nanoparticles (Fig. 3E).

For optimizing stoichiometric molar ratios of oleic acid and
oleylamine used for the synthesis of Cu nanoparticles, control of exper-
iments for various mole ratios of oleic acid and oleylamine was carried
out. Itwas found that, well definedmonodisperse spherical Cu nanopar-
ticles are obtained only for equimolar ratio (1:1) of oleic acid and
oleylamine. This observation emphasis that formation of –COO– in the
oleic acid molecules and –NH3

+ in the oleylamine molecules in equal
proportion in the mixture. In all the other remaining mixture composi-
tions, excess of –COOH and –NH2 groups coexist that creates the forma-
tion of highly polydisperse with distorted and irregular shapes.
Therefore, equimolar ratio (1:1) of oleic acid and oleylaminewas select-
ed for the synthesis of Cu nanoparticles.

The observation of uniform and monodisperse shape oriented syn-
thesis of copper nanoparticles using oleic acid and in combination of
co-surfactant oleylamine under hydrothermal reaction conditions has
been explained as follows: Under optimized reaction conditions, oleic
acid is first added into the reaction mixture (having –COOH group in
the oleic acid) does not have a strong tendency towards the binding of
Cu nanoparticles [48] as Cu nuclei earlier generated during the reaction
mixture. Hence after the addition of oleic acid (after 1 min), oleylamine
(equi-molar ratio 1:1) is added into the reaction mixture, which
generates carboxylate anion having preferential binding and hence sup-
presses the growth of copper nanoparticles (single nucleation step). At
the same time, the protonation of oleylamine increases, the preferential
binding of carboxylate anion also get increased and hence more
and more carboxylate anions binds the Cu metal ions which results in
stability of copper nanoparticles. Therefore, the obtained copper nano-
particles are of uniform shape and size with high purity Cu nanoparti-
cles (single phase) as evidenced from XRD and XPS. The average
particle diameter of the Cu nanoparticles is calculated to be 285 ±
5 nm. This is explained as, due to the presence of additional oleylamine
which influences the kinetics for the Cu nanoparticles formation and
it controls the morphological parameters and hence it results in
monodispersity.

3.4. Mechanism

When oleylamine is added to the oleic acid, the carboxyl acid groups
present in the oleic acid are partially deprotonated into carboxylate
anions [46,49]. It is well known that carboxylate anions having high
electron donating ability, capable of preferential binding with Cu ions
more effectively. In other words, the possibility for the formation of hy-
drogen bonding gets reduced as the formation of carboxylate anion
(Scheme 1). Therefore in conclusion, combination of oleic acid and
oleylamine for stabilization of copper nanoparticle providesmore stable
and favor the formation of monodisperse Cu nanoparticles.

FTIR spectroscopy (Fig. 4) was carried out to investigate the molecu-
lar interactions between pure oleic acid, oleylamine and in combination
of oleic acid and oleylamine stabilized Cu nanoparticles. The spectra
shows the FTIR of pure oleic acid in which the peaks obtained at
2855 cm−1 and 2926 cm−1 are due to the presence of symmetric and
asymmetric stretching vibrations of –CH2 modes. A strong peak ob-
served at ~1711 cm−1 corresponds to the characteristic stretching vi-
brations of C_O and weak band at 2672 cm−1 for –OH stretching
vibrations of the dimerized acid [50]. In the case of oleylamine, the
peak observed at 1562 cm−1 and 3320 cm−1 corresponds to the NH2

scissoring mode and N\\H stretching vibrations respectively [51].
For the Cu nanoparticles stabilized by the combination of oleic acid

and oleylamine –CH2 symmetric and asymmetric stretching vibrations
appeared at 2853 cm−1 and 2923 cm−1 confirms that oleyl group gets
adsorbed on Cu nanoparticles effectively. Moreover the C_O stretching
frequency vibration mode of –COOH group and the observation of NH2

stretching vibration is negligible which confirms that the absence
of free –COOH and –NH2 groups on the surface of Cu nanoparticles.
Furthermore, the –COO–

(asymm) and –COO–
(symm) stretching vibrations

appeared at –COO–
(asymm) ~1563 cm−1 and –COO–

(symm) ~1387 cm−1

respectively. The appearance of shoulder peak at ~1623 cm−1 can be
attributed to the antisymmetric deformation of the –NH3

+ group. From
this observation we suggest that all oleic acid (–COOH) and oleylamine
(−NH2) molecules are deprotonated into –COO– anions and –NH3

+

cations which forms an acid-base complex gets involved in the reaction
for the stabilization of Cu nanoparticles.

3.5. Electrochemical determination of paracetamol and dopamine

Fig. 5A compares the cyclic voltammograms of bare GC (black line),
MWCNTs (red line), Cu-OA-OM/MWCNTs (pink line) and Cu/Cu2O-OA/
MWCNTs (blue line) modified GC electrodes in presence of 0.1 mM do-
pamine containing 0.1M PBS at a scan rate of 50mV s−1. It can be clear-
ly seen that bare GC electrode does not show any significant response
throughout the potential range from 0 to +0.4 V in presence of dopa-
mine. Whereas, MWCNTs modified GC electrode shows a pair of well-
defined redox peak with an anodic peak potential (Epa) +0.179 V and
cathodic peak potentials (Epc) +0.118 V with increase in the peak cur-
rents when compared to bare GC electrode. Furthermore, the oxidation
peak current (Ipa) of dopamine at MWCNTsmodified GC electrode is in-
creased by 5.0 fold than the bare GC electrode which reflects that,
MWCNTs modified GC electrode favors the oxidation of dopamine.
Moreover, the oxidation current obtained at MWCNTs modified GC
electrode for dopamine gets decreased for continuous and repeated of
over 5 cycles. This may be due to the adsorption effect of dopamine at
MWCNTs surface which results in electrode fouling effect caused by
the oxidation products of dopamine [52]. While Cu-OA-OM/MWCNTs/
GCmodified electrode also shows a redox peakwith an anodic peak po-
tential (Epa) +0.186 V and cathodic peak potentials (Epc) +0.106 V
with decrease in the redox peak currents and the oxidation potential
of dopamine is shifted to more positive region. A considerable shift in
the peak potentials for the oxidation of dopamine at Cu-OA-OM/
MWCNTs/GC modified electrode, was due to stabilization of long ali-
phatic chains on Cu nanoparticles causes the Cu nanoparticles on the
modified surface to be immiscible in the aqueous solution, and hence
the oxidation potential for dopamine get slightly shifted towards more
positive potential with decrease in peak current due to hydrophobicity.

It is quite interesting when compared to bare GC, MWCNTs/GC and
Cu-OA-OM/MWCNTs/GC electrode, Cu/Cu2O-OA/MWCNTs modified



Scheme 1.Mechanism for stabilization of copper nanoparticles in combination of oleic acid and oleylamine.
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GC electrode shows a drastic increase in the redox peak current re-
sponse with anodic peak potential (Epa) +0.237 V and cathodic peak
potentials (Epc)+0.110 V. The oxidation peak current (Ipa) of dopamine
at Cu/Cu2O-OA/MWCNTs modified GC electrode are of 2.37, 4.19 and
12.11 fold higher than MWCNTs/GC, Cu-OA-OM/MWCNTs/GC and
bare GC respectively. Also the oxidation of dopamine at Cu/Cu2O-OA/
MWCNTs modified GC electrode starts oxidation at 74.17 mV which is
29.83 mV and 39.83 mV lesser than MWCNTs/GC (104 mV) and Cu-
OA-OM/MWCNTs/GC modified electrode (114 mV). This enhancement
in the peak current and less positive starting oxidation potential at
CuO-OA/MWCNTs modified GC electrode is explained in such a way
that in combination of MWCNTs and CuO nanoparticles (dispersed in
ethanol, hydrophilic) facilitates the electron transfer rate between the
electrode surface, which significantly improves the catalytic oxidation
of dopamine.

Fig. 5B compares the cyclic voltammograms of bare GC (black line),
MWCNTs (red line), Cu-OA-OM/MWCNTs (pink line) and Cu/Cu2O-
OA/MWCNTs (blue line) modified GC electrodes in presence of
0.1 mM paracetamol containing 0.1 M PBS at a scan rate of 50 mV s−1.
The bare GC electrode does not possess any significant electrochemical
activity within the entire potential sweep range. When utilizing
MWCNTs on GC electrode, it shows a pair of well-defined redox peak
with an anodic peak potential (Epa)+0.369 V and cathodic peak poten-
tials (Epc) +0.291 V with increase in the peak currents when compared
to bare GC electrode. Similarly as observed for dopamine, MWCNTs
modified GC electrode undergoes electrode fouling effects caused by
the oxidation products of paracetamol which results in decrease in
Fig. 4. FT-IR spectra of pure oleic acid, pure oleylamine and Cu nanoparticles stabilized by
combination of oleic acid and oleylamine.

Fig. 5. (A) Cyclic voltammograms for 0.1mMdopamine in 0.1MPBS (pH 7.0) on Cu/Cu2O-
OA/MWCNTs/GC (blue line), Cu-OA-OM/MWCNTs/GC (pink line), MWCNTs/GC (red line)
modified electrodes and bare GC (black line) at a scan rate of 50 mV s−1. (B) Cyclic
voltammograms for 0.1 mM paracetamol in 0.1 M PBS (pH 7.0) on Cu/Cu2O-OA/
MWCNTs/GC (blue line), Cu-OA-OM/MWCNTs/GC (pink line), MWCNTs/GC (red line)
modified electrodes and bare GC (black line) at a scan rate of 50 mV s−1.
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peak current response for continuous of over 5 cycles. Furthermore, the
oxidation peak current (Ipa) of paracetamol at MWCNTs modified GC
electrode is increased by 2.34 fold higher than the bare GC electrode
which reflects that, MWCNTs modified GC electrode favors the oxida-
tion of paracetamol. However we observe an irreversible peak at Cu-
OA-OM/MWCNTs/GCmodified electrode, with the appearance of anod-
ic peak (Epa=+0.485 V)with decrease in peak current response is due
to the presence of hydrophobic effect on Cu nanoparticles makes it not
feasible for electrochemical oxidation of paracetamol in physiological
medium.

When compared to bare GC, MWCNTs/GC and Cu-OA-OM/
MWCNTs/GC modified electrode, Cu/Cu2O-OA/MWCNTs modified GC
electrode shows a strong increase in the peak current for paracetamol
with anodic peak potential (Epa)+0.475 V and cathodic peak potentials
(Epc) = +0.262 V. The obtained peak current for paracetamol at CuO-
OA/MWCNTs modified GC electrode was highly stable for continuous
of over 5 cycles, which reflects that in combination of MWCNTs and
Cu/Cu2O nanoparticles has anti-electro fouling activity caused by the
oxidation products of paracetamol which results in high stability of
themodified electrode [53]. This confirms that CuO nanoparticles stabi-
lized by oleic acid alone exhibits higher electrocatalytic activity towards
paracetamol than Cu-OA-OM/MWCNTs/GC, MWCNTs/GC and bare GC
effectively.

3.6. Simultaneous determination of dopamine and paracetamol using CV

Simultaneous determination of dopamine and paracetamol is essen-
tial in order to investigate the complications from overlapping of other
oxidizing species on electrode surfaces. Since paracetamol, ascorbic
acid and uric acid coexist in the same oxidation potential and it mainly
suffers from above mentioned interfering compounds which are more
or less close to the oxidation potential of dopamine which results in
peak overlapping and hence reduces selectivity [54]. Therefore simulta-
neous determination of dopamine and paracetamol is of higher impor-
tance in this present work.

Fig. 6 compares the cyclic voltammograms of MWCNTs/GC (red
line), Cu-OA-OM/MWCNTs/GC (pink line) and Cu/Cu2O-OA/MWCNTs
(blue line) modified GC electrode in presence of mixture of 0.1 mM do-
pamine and paracetamol at a scan rate of 50 mV s−1. As can be seen
from Fig. 6, MWCNTs modified GC electrode shows a pair of redox
peaks in presence of dopamine and paracetamol with anodic peak po-
tential (Epa) appeared at +0.174 V and cathodic peak potential (Epc)
Fig. 6.Cyclic voltammograms formixture of 0.1mMdopamine and 0.1mMparacetamol in
(0.1M PBS -pH 7.0) Cu/Cu2O-OA/MWCNTs/GC (blue line), Cu-OA-OM/MWCNTs/GC (pink
line), MWCNTs/GC (red line) modified electrodes at a scan rate of 50 mV s−1.
at +0.135 V for dopamine while for paracetamol with anodic (Epa =
+0.377V) and cathodic (Epc=+0.296 V) peak potentials respectively.
Whereas, Cu-OA-OM/MWCNTs/GC modified electrode shows two
merged broad redox peaks and convolution for simultaneous determi-
nation in mixture of dopamine and paracetamol, which reflects that
Cu nanoparticles stabilized by combination of oleic acid and oleylamine
does not favors simultaneous determination inmixture of pharmaceuti-
cal samples. In contrast toMWCNTs/GC, Cu-OA-OM/MWCNTs/GCmod-
ified electrode, Cu/Cu2O-OA/MWCNTs modified GC electrode shows a
large enhancement in the redox peak currents with anodic peak poten-
tial (Epa) appeared at +0.242 V and cathodic peak potentials (Epc) ap-
peared at +0.094 V for dopamine while for paracetamol with anodic
peak potential (Epa) +0.481 V and cathodic peak potentials (Epc)
+0.284 V respectively. In addition the oxidation peak current (Ipa) of
dopamine and paracetamol at Cu/Cu2O-OA/MWCNTs/GCmodified elec-
trode are increased by 3.42 and 4.80 fold higher thanMWCNTs/GC elec-
trode while it was increased by 5.46 and 5.49 fold greater than Cu-OA-
OM/MWCNTs/GC modified electrode respectively. When compared
with MWCNTs/GC modified electrode, Cu/Cu2O-OA/MWCNTs modified
GC electrode starts oxidation of dopamine at 66mVwhile forMWCNTs/
GC modified electrode it starts oxidation at 122 mV with a difference of
56 mV, which indicates that CuO nanoparticles having more reactive
sites and accelerates the oxidation of dopamine to reach the electrode
surface faster, and as consequence oxidation becomes easier.

In general, the high peak separation between analytes of the anodic
potential values is required to quite enough for the simultaneous deter-
mination of analytes, and hence results in well-distinguishable peak
values makes suitable for determination in mixture of analytes [55].
By considering the facts, as in Fig. 6 Cu/Cu2O-OA/MWCNTs modified
GC electrode shows a peak-peak separation between dopamine and
paracetamol of the anodic potential value of [Epa (DA) = +0.242 - Epa
(PA) = +0.481] 239 mV which is higher than MWCNTs modified GC
electrode of [Epa (DA) = +0.174 - Epa (PA) = +0.377] 203 mV.
Hence Cu/Cu2O-OA/MWCNTs modified GC electrode offers 36 mV
higher than MWCNTs/GC modified electrode which makes effective
for simultaneous determination of dopamine and paracetamol. Thus
the higher peak separation values between dopamine and paracetamol
of the anodic peak potential, coupled with the increased peak current
which provides a fascinating material for the determination of dopa-
mine and paracetamol simultaneously (Scheme 2).
3.7. Effect of scan rate

In order to understand the nature of electrocatalytic process, the ef-
fect of scan rate on the electrocatalytic oxidation of paracetamol has
been studied on the Cu/Cu2O-OA/MWCNTs modified GC electrode. Fig.
7A shows the CVs of Cu/Cu2O-OA/MWCNTs modified GC electrode in
0.1 M PBS containing 0.01 mM dopamine with different scan rates
(from inner to outer) of (a) 10 (b) 20 (c) 30 (d) 40 (e) 50 (f) 60 (g)
70 (h) 80 (i) 90 (j) 100 mV s−1. With increase in the scan rate the
peak current increase linearly and the potential was shifted to more
positive potentials. The peak current was proportional to the square
root of scan rate over a range of 5 to 100 mV s−1 and calibration plot
of ip versus ν1/2 as seen in Fig. 7B gives reasonable straight lines passing
through origin which means that electrocatalytic reduction of dopa-
mine at Cu/Cu2O-OA/MWNCTsmodified GC electrode is under diffusion
controlled [56]. The linear regression equation can be expressed as:

Ipa μAð Þ ¼ −18:54þ 12:08ν1=2 mV s−1� �
;R2 ¼ 0:998 ð1Þ

It is further confirmed by linear relationship (Fig. 7C) between
log(ν) and log(ipa) with a slope of 0.6 which is close to the theoretical
value of 0.5 indicating the electron transfer is under diffusion controlled



Scheme 2. Schematic representation of Cu/Cu2O-OA/MWCNTs/GC and Cu-OA-OM/MWCNTs/GC modified electrode in the presence of paracetamol and dopamine simultaneously.
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and it is in accordance with the following linear regression equation:

log Ipa
� � ¼ 0:760þ 0:62 log νð Þ V=sð Þ;R2 ¼ 0:998 ð2Þ
Fig. 7. (A) CVs of Cu/Cu2O-OA/MWCNTsmodifiedGC electrode in 0.1mMdopamine (0.1M PBS
(f) 60, (g) 70, (h) 80, (i) 90 and (j) 100 mV s−1. (B) Calibration plot of square root of scan rate
It is however interestingwith increase in scan rate, the oxidation and
reduction peak potentials tend to get shifted to more anodic and ca-
thodic regions and at the same time peak potential separation (ΔEp)
-pH 7.0) at different scan rates (from inner to outer) of (a) 10, (b) 20, (c) 30, (d) 40, (e) 50,
vs. anodic peak current of dopamine. (C) Calibration plot of log(ia) and log(ν).
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value also seems to be greater than the theoretical expected value of
0.059/ΔEp indicating that electron transfer process for dopamine at
Cu/Cu2O-OA/MWCNTsmodified electrode is quasi-reversible. The num-
ber of electrons involved in the electrochemical oxidation of dopamine
can be calculated as two as earlier reported [57,58].

The charge transfer rate coefficient (α) and apparent charge transfer
rate constant (ks) for electron transfer between the electrode and
the redox couple can be determined using Laviron equation [59].
A linear relationship was obtained by varying the anodic peak potential
to the logarithm of scan rate (log ν) yields a slope equal to
2.303RT ∕ (1 − α)nF (where, F is the Faraday constant, R the gas con-
stant and T is the absolute temperature), the value of α was calculated
to be 0.73. According to Laviron theory [59], the peak potential separa-
tionwas less than 200mV, therefore the apparent electron transfer rate
constant can be calculatedusing ks=mnFν∕RT,wherem is theparam-
eter related to peak potential separation, n the number of electrons in-
volved in the reaction, ν is the scan rate and all other symbols have
their usual meanings. Therefore the ks value of 1.29 s−1 was obtained
for Cu/Cu2O-OA/MWCNTsmodified GC electrode signifies that presence
of Cu/Cu2O nanoparticles on the electrode surface promote the electron
transfer between solution and the electrode surface. Sharp et al. [60]
used a simple and approximatemethod for the determination of surface
concentration (Γ) of the electrochemical species on the modified elec-
trode using the equation Ip = n2F2AΓν ∕ 4RT. Where A is the electrode
surface area (0.0707 cm2) and n, F, ν, R, T has their common meanings.
From the slope of the linear relationship between peak potential and
Fig. 8. (A) DPVs (baseline corrected) of Cu/MWCNTsmodifiedGCelectrode in 0.1MPBS (pH7.0
of mixture of dopamine (a) 0.02 μM, (b) 0.04 μM, (c) 0.06 μM, (d) 0.08 μM, (e) 0.1 μM, (f) 0.119
0.379 μM, (n) 0.459, (o) 0.599 μM, (p) 0.739 μM, (q) 0.879 and (r) 1.07 μMand paracetamol (a)
53.7 μM, (j) 63.5 μM, (k) 73.4 μM, (l) 83.3 μM, (m) 93.1 μM, (n) 102.9 μM, (o) 112.7 μM, (p) 1
dopamine vs. peak current. (C) Calibration plot for increasing concentration of paracetamol vs.
scan rate the surface concentration of Cu/Cu2O-OA/MWCNTs modified
GC electrode can be calculated as 2.833 × 10−6 mol/cm2.

3.8. Differential pulse voltammetric determination of paracetamol and
dopamine

The utilization of novel Cu/Cu2O-OA/MWCNTs modified GC elec-
trode for the simultaneous determination of dopamine and paracetamol
using DPV is shown in Fig. 8. For DPVs, the potential waveformwas op-
timized with respect to the simultaneous determination of dopamine
and paracetamol: pulse amplitude 50 mV, with scan rate 20 mV s−1. It
is very interesting when we determine simultaneously by increasing
both the concentrations of dopamine and paracetamol. Fig. 8A shows
that the DPVs (baseline corrected) response for the simultaneous deter-
mination of dopamine and paracetamol with well-distinguished peaks
at potential 150 mV and 350mV, corresponding to the oxidation of do-
pamine and paracetamol. With increasing concentrations of dopamine
and paracetamol, the peak currents increase linearly with a peak sepa-
ration value of 200 mV, and hence the obtained high peak-peak separa-
tion value is large enough for the simultaneous determination. The
appearance of sharp peak along with increase in peak current gradually
with increase in the concentration of paracetamol and dopamine, which
reflects that Cu/Cu2O-OA/MWCNTs modified GC electrode is not affect-
ed by any interfering species. As shown in Fig. 8B the electrochemical re-
sponse of dopamine is linear at low concentration ranging from 0.02 μM
to 0.159 μM. The first linear equation can be expressed as: Ipa (μA) =
)with scan rate 20mV s−1 and pulse amplitude 50mVcontaining increasing concentration
μM, (g) 0.139 μM, (h) 0.159 μM, (i) 0.179 μM, (j) 0.2 μM, (k) 0.239 μM, (l) 0.299 μM, (m)

1 μM, (b) 2 μM, (c) 5.9 μM, (d) 10 μM, (e) 15.9 μM, (f) 23.9 μM, (g) 33.8 μM, (h) 43.8 μM, (i)
22 μM, (q) 132 μM and (r) 142.9 μM. (B) Calibration plot for increasing concentration of
peak current.
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0.546 + 22.87 (concentration of dopamine) (μM); R2 = 0.989. The
corresponding sensitivitywas obtained as 22.87 μA/μMwith a detection
limit (3σ) of 3.27 nM (S/N = 3). Whereas in case of paracetamol
(Fig. 8C) Cu/Cu2O-OA/MWCNTs modified GC electrode shows a linear
calibration plot, throughoutwith increasing concentrations of paraceta-
mol ranging from 1 μM to 142.9 μMand the linear equation can bewrit-
ten as Ipa (μA) = 0.087 + 0.026 (concentration of paracetamol) (μM);
R2 = 0.998. The sensitivity was obtained as 0.026 μA/μM with a detec-
tion limit (3σ) of 1.51 μM (S/N = 3). As observed from Table 2 and 3
(SI-2), the obtained linear range, detection limit and peak potential for
the determination of dopamine and paracetamol at Cu/Cu2O-OA/
MWCNTs/GC modified electrode are comparable with the recently
reported literatures.

3.9. Effect of interferences, stability and reproducibility

The effect of interferences on the simultaneous determination of do-
pamine and paracetamol was investigated on Cu/Cu2O-OA/MWCNTs/
GC modified electrode in presence of higher concentration (2.5 mM)
of ascorbic acid. As can be seen from Fig. 9 addition of interfering species
like ascorbic acid into the reacting mixture solution containing dopa-
mine and paracetamol experiences a positive shift for the oxidation of
ascorbic acid. The oxidation peak potential of ascorbic acid appeared
at −0.14 V which signifies that Cu/Cu2O-OA/MWCNTs/GC modified
electrode does not interfere with the current response in presence of
dopamine and paracetamol.

Thus results suggest that Cu/Cu2O-OA/MWCNTs/GC modified elec-
trode modified electrode has high sensitivity and good reproducibility
for the determination of dopamine and paracetamol. The reproducibili-
ty of the Cu/Cu2O-OA/MWCNTs modified GC electrode was evaluated
by the precision, which was obtained by repeating six measurements
in the same solution containing 2 μMdopamine. A relative standard de-
viation (RSD) of 1.39% was obtained for six successive measurements,
indicating that the Cu/Cu2O-OA/MWCNTs modified GC electrode is not
subjected to surface fouling by the oxidation products.

3.10. Analytical applications

The applicability of the proposed Cu/Cu2O-OA/MWCNTs modified
GC electrodewas validated for the determination of dopamine andpara-
cetamol in pharmaceutical [DOLOPAR (paracetamol 500 mg + caffeine
25 mg); DOPAMINE (dopamine hydrochloride 200 mg/5 mL)] samples.
The paracetamol tablets of labeled value was accurately weighed and
Fig. 9. DPV interfering response of Cu/Cu2O-OA/MWCNTs/GC modified electrode in
presence of ascorbic acid, dopamine and paracetamol containing 0.1 M PBS.
ground to a fine powder using mortar and the content of the sample
was diluted to obtain the concentration of paracetamol in the working
range. From that, a portion of the sample was added into the electro-
chemical cell containing 0.1 M PBS. DOPAMINE i/v solution was diluted
to 100 timeswith 0.1M PBS, and these diluted samples were injected to
electrochemical cell containing 0.1 M PBS and then the DPV measure-
ments were recorded for oxidation of dopamine and paracetamol. The
concentration of dopamine andparacetamol in the pharmaceutical sam-
ples was calculated from the standard calibration plot. The recovery re-
sult shows a satisfactory remark between the labeled analytical content
and the determined value. The recovery values obtained is effective and
can be applied for determination of dopamine and paracetamol in com-
mercial samples, which suggests that proposed method could be effec-
tively used for simultaneous determination of dopamine paracetamol
in practical applications.

4. Conclusions

In conclusion, a convenient successful route adopted for the synthe-
sis of Cu nanoparticles using oleic acid and oleylamine via a thermal de-
compositionmethod. This method takes advantage over other methods
for the synthesis of monodisperse Cu nanoparticles of well-defined
shape and size. From XRD analysis, it confirms the formation of high
purity Cu nanoparticles with single phase crystalline and XPS also evi-
dences the formation of pure Cu only. The sole use of oleic acid stabi-
lized nanoparticles was also prepared in order to evaluate the
formation of surface oxidation of Cu nanoparticles in presence of oleic
acid. Also we compared the electrochemical properties of two types of
nanoparticles obtained from oleic acid and also from combination of
oleic acid and oleylamine. The advantage of Cu/Cu2O nanoparticles ob-
tained from oleic acid alone are homogeneously dispersed in ethanol
which provide high electron transfer ability with enhanced electro-
chemical reversibility and large oxidation peak separation for simulta-
neous determination of dopamine and paracetamol when compared
to Cu nanoparticles obtained by combination of oleic acid and
oleylamine. Therefore we believe that, presence of metal oxide on sur-
face of metal nanoparticles on modified electrode surface will offer
higher electrochemical performance indicating a great promisingmate-
rial for a wide range of analytical applications.
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