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anocobaltate nanocubes based
dopamine sensor in the presence of ascorbic acid

N. Karikalan,a M. Velmurugan,a S. M. Chen*a and K. Chelladuraib

A novel copper hexacyanocobaltate based sensor was developed and its electrocatalytic behavior towards

the oxidation of dopamine (DA) was demonstrated. Among the Prussian blue analogues, copper

hexacyanocobaltate (CuHCC) exhibits unique electrochemical responses due to its bimetallic

combination of copper and cobalt. As-prepared CuHCC shows a well-defined cubic structure with an

average size of around 252 nm, which was confirmed by XRD and FE-SEM. Raman spectroscopy

confirmed the coordination behavior of both the metal and ligand in CuHCC, which existed as CoIII–

CN–CuII and CoII–CN–CuIII. The as-prepared CuHCC was used for the first time in DA detection and

provided a better platform as a DA sensor. The electrocatalytic activity of CuHCC towards dopamine was

examined by cyclic and differential pulse voltammetry. The CuHCC fabricated sensor shows a wide

linear range from 0.1 to 350 mmol L�1 and low detection limit of 19 nmol L�1. The sensor reported herein

displays excellent sensitivity, high stability and appreciable reproducibility for DA oxidation.
1. Introduction

Dopamine (DA) is a neurotransmitter that plays a vital role in
the central nervous system and peripheral nervous system.1

Deciency of DA in humans leads to Parkinson's disease,
attention decit hyperactivity disorder, schizophrenia and
addiction.2 In particular, Parkinson's disease, a degenerative
disease of the nervous system shows symptoms of shivering,
muscular rigidity, slow and imprecise movements.3 Therefore,
the determination of DA attains considerable importance in
sensor applications.4 Several methods have been employed to
detect DA such as electrochemical, chromatography, colorim-
etry, uorometry, chemiluminescence and electrophoresis.5–10

Among all, electrochemical detection provides the foremost
platform to quantify DA in real samples via its fast response and
low cost systems. However, the strong inuences of other
interferents in physiological samples remains challenging,
especially ascorbic acid (AA) and uric acid (UA) trespassing in
real sample analysis.11 Moreover, the high concentration of AA
(0.2–0.5 mmol L�1) in physiological samples signicantly
interfere with DA (10�8 to 10�6 mol L�1).12 Therefore, the
desired materials are highly selective for the detection of DA in
the presence of AA and UA because these analytes highly
inuence the determination of DA.13 On the other hand, the
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materials should have a high electrochemical active area,
stability, structural exibility and biocompatibility.14

Recent studies have reported that carbonaceousmaterials and
metal oxides manifest signicant activity towards the nanomolar
detection of DA.15–17Moreover, Prussian blue (PB) analogues have
received remarkable attention in the sensors eld due to their
electron transport mechanism and controllable size.18 The elec-
trochemical properties of most metal hexacyanoferrates, such as
NdHCF, AgHCF, SnHCF, CoHCF, NiHCF and CuHCF, have been
extensively studied to date for the determination of AA, DA or
UA.19–24 These materials display excellent electrocatalytic activity
towards AA, DA and UA with selective and simultaneous perfor-
mance. However, to the best of our knowledge, metal hex-
acyanocobaltates based materials have not been evaluated
comprehensively. Moreover, copper based compounds exhibit
reasonable performance towards DA detection, particularly the
oxides of copper.25 Previously, copper and cadmium hex-
acyanocobaltate have been studied towards carcinoembryonic
antigen (CEA), alpha-fetoprotein (AFP) and RNA detection.26

These reports concluded that the hexacyanocobaltate based
materials were a sensitive substrate for biomolecules detection.

Therefore, in the present study we have concentrated on
copper hexacyanocobaltate (Cu3[Co(CN)6]2) for the selective
detection of DA oxidation in the physiological pH range (pH
7.2). Furthermore, the cubic crystal morphology of CuHCC was
characterized by FESEM, XRD and Raman spectroscopy. To the
best our knowledge, this is the rst report on the electro-
chemical behaviour of CuHCC towards DA oxidation. In addi-
tion, the selectivity of CuHCC is well appreciated towards DA
oxidation in the presence of strong interferents such as AA and
UA. Moreover, the performance of CuHCC was demonstrated in
RSC Adv., 2016, 6, 48523–48529 | 48523
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Scheme 1 The proposed design of final device for dopamine sensor
electrode modified by CuHCC nanocubes.
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real samples such as dopamine injection, urine, blood and
blood serum. The nanomolar detection of DA on CuHCC/GCE
was evaluated using voltammetric methods. The electro-
catalytic range of DA oxidation on CuHCC/GCE was from 0.1 to
350 mmol L�1. The fabricated sensor was able to sense
a minimum level of DA of around 19 nmol L�1. The proposed
sensor is a highly sensitive substrate for DA sensing when
compared to other Prussian blue analogues.

2. Experimental
2.1. Materials

Potassium hexacyanocobaltate (K3(Co(CN)6)), copper chloride
dihydrate (CuCl2$2H2O), dopamine, uric acid, ascorbic acid,
potassium hydrogen phosphate and dihydrogen phosphate
were obtained from Aldrich chemical Co. and used as received.

2.2. Apparatus

The X-ray diffraction patterns of the compounds studied were
performed using a XRD, XPERT-PRO spectrometer (PANalytical
B.V., The Netherlands) with CuKa radiation (l ¼ 1.5406 Å).
FESEM images were obtained using a FEG QUANTA 250 micro-
scope. Raman spectroscopy was carried out using an NT-MDT,
NTEGRA SPECTRA spectrometer. A CHI 1205B electrochemical
analyzer (CH Instruments, USA) was used to perform cyclic vol-
tammetry and chronoamperometry. Differential pulse voltam-
metry (DPV) measurements were performed using a CHI 900
apparatus (CH Instruments, USA). A conventional three electrode
systemwas employed for the catalysis comprising a glassy carbon
working electrode (0.07 cm2), platinum wire auxiliary electrode
and Ag/AgCl/3 M KCl reference electrode.

2.3. Synthesis and fabrication of CuHCC for the DA sensor

The described material was synthesized via precipitation
method, wherein potassium hexacyanocobaltate (K3(Co(CN)6))
was added to copper chloride dihydrate (CuCl2$2H2O). In this
method, we used a 3 : 2 ratio of metal and complex ligand; this
furnishes the compound without potassium in its lattice.
Herein, 300 mL of 0.05 M CuCl2$2H2O was added to 200 mL of
0.05 M (K3(Co(CN)6)). The solution suddenly turns to colloids of
a sky blue color mixture of Cu3[Co(CN)6]2 crystals and this
mixture was maintained under vigorous stirring conditions for
an hour. Finally, the compound was collected by centrifugation
and washed several times with Milli-Q (18 MU) water and dried
in an oven overnight at 45 �C. Subsequently, the sample was
stored in a closed container to avoid moisture and named as
CuHCC. To fabricate the CuHCC modied electrode, the
CuHCC was re-dispersed in Mill-Q water at about 5 mg mL�1

and further sonicated for 10 min to obtain a uniform suspen-
sion. About 8 mL of this suspension was drop cast on a GCE and
then dried at 50 �C for stable lm formation. The successfully
fabricated sensor material can be used in the DA sensor. A
screen-printed carbon electrode (SPCE) was used as a dispos-
able sensor electrode. We have modied the SPCE with CuHCC
and directly applied it towards dopamine determination. The
CuHCC disposable DA sensor is shown in Scheme 1.
48524 | RSC Adv., 2016, 6, 48523–48529
3. Results and discussion
3.1. Characterization of CuHCC

The hexacyanometalates form zeolitic compounds with transi-
tion metals, mainly Prussian blue, which has been studied
extensively. The common formula of the Prussian blue analogue
is AxMy[M(CN)6]z$nH2O (where A ¼ alkali metal cation, M ¼
transition metal cation and either are the same or different).
The crystal model of Cu3[Co(CN)6]2 is shown in Fig. 1 in which
Cu2+ is high-spin state coordinated with N and Co3+ is in the
low-spin state and coordinated with C. In general, the metal
ions share the edge site of the cube and the cyanide ions bridge
the metal ions.27 The electronic structure and coordination sites
of Cu3[Co(CN)6]2 were analyzed by Fourier transform infrared
(FT-IR) and Raman spectroscopy.

As shown in Fig. 2(a), the FT-IR results provide information
on the octahedral Co(CN)6 ligand, wherein the observed
absorption bands were related to the vibrations of –CN, Co–C
and water.28 In this crystal lattice, water molecules occupy the
zeolitic site, which was clearly inferred from the FT-IR stretch-
ing and bending vibrations at around 3435 and 1604 cm�1;
usually, the former peak appears as a sharp band but here it was
broad due to the movement of hydrogen bonded water.29

Commonly, all hexacyanocobaltate shows the vibration around
430–470 cm�1, this sharp peak shows the bonding information
for Co–C in Co(CN)6. Finally, the stretching frequency around
2189 cm�1 conrms the –CN bridging between two metals;
among the transition metal cobalt cyanides copper reveals
a higher stretching frequency due to strong bonding between
Cu and N.30 The cyanide ion bridging is familiar in the hex-
acyanometalates wherein it was coordinated to the metal by
both sides of the cyanide ion (i.e., the carbon end and nitrogen
end). On the carbon side, the cyanide ion acts as a strong ligand
and therefore it makes a low-spin conguration towards metals.
Conversely, the nitrogen side will act as a weak ligand compared
to carbon so it makes a high-spin conguration towards metals.
However, different oxidation states are possible in Md+–C^N–
Md+ coordination such as CoII–CN–CuII, CoIII–CN–CuII, CoII–
CN–CuIII and CoIII–CN–CuIII.

Raman spectroscopy is a useful tool used to assess the
different valance states. Fig. 2(b) depicts the Raman spectrum of
CuHCC wherein the peaks observed at 2200 and 2218 cm�1
This journal is © The Royal Society of Chemistry 2016
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Fig. 1 Schematic of the copper hexacyanocobaltate lattice structure.
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correspond to cyanide ion stretching. The two peaks are merged
and pronounced on the broad peak, herein the frequencies at
2088 and 2134 cm�1 were attributed to the CoIII–CN–CuII and
CoII–CN–CuIII, these results conrm the mixture of mixed val-
ance states present in the compound.
Fig. 2 (a) FT-IR spectra, (b) Raman spectra, (c) powder XRD patterns an

This journal is © The Royal Society of Chemistry 2016
The structural behavior of CuHCC was studied by powder
X-ray diffraction (Fig. 2(c)). Previously, A. Ratuszna and G.
Małecki established the XRD patterns of CuHCC,48 which
closely matched with the as-prepared compound CuHCC,
which crystallizes in the Fm�3m space group with a ¼ 10.49 Å.
The peaks observed at, 25.3�, 29.7�, 36.0�, 40.6�, 44.8�, 51.8�,
55.6�, 58.8�, 68.1� and 70.9� were attributed to (200), (220),
(311), (400), (420), (422), (440), (600), (620), (640) and (642)
planes, respectively. These peaks reveal that the compound was
highly crystalline in nature and the rough baselines indicate
some of crystals being squeezed or crushed. The predominant
peak observed at 17.8� corresponds to the (200) plane, which
denotes most of the compound was exposed in this plane and
therefore the crystallite size was calculated from this plane
using the Debye–Scherrer formula. The calculated crystallite
size was 278 nm for this plane and the average crystallite size
was 252 nm. Most of the Prussian blue analogues disclose
a discrete cubic structure with an average particle size of
70–700 nm.31–34 CuHCC also shows a cubic structure, which was
further conrmed by FE-SEM, as shown in Fig. 2(d). CuHCC
exhibited uniformly distributed cubes with a distinct boundary
with an average particle size of 250–280 nm, which was
matched with calculated crystallite size (calculated from the
XRD analysis).
d (d) FE-SEM images of the as-prepared CuHCC.

RSC Adv., 2016, 6, 48523–48529 | 48525
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3.2. The electrocatalytic oxidation of dopamine

The electrocatalytic behavior of CuHCC was studied towards the
electro-oxidation of DA. Fig. 3(a) shows the cyclic voltammetry
(CV) responses of bare and CuHCC modied GCEs in 100 mmol
L�1 DA containing 0.1 M phosphate buffer solution (PBS, pH
7.2) at a scan rate of 50 mV s�1. A pair of quasi-reversible peaks
was obtained for both electrodes; however, the bare GCE reveals
better curvature for both the anodic and cathodic peaks. Other
than bare GCE, most carbonaceous materials exhibit a strong
quasi-reversible peak for dopamine oxidation. The anodic (Epa)
and cathodic (Epc) peak potential of the bare and CuHCC
modied GCEs were 0.35 V, 0.22 V and 0.07 V, 0.07 V, respec-
tively. The peak-to-peak separation was found to be 280 mV for
the bare GCE, whereas the CuHCCmodied electrode exhibited
only 150 mV because of the low onset potential (oxidation) of
Fig. 3 (a) CVs recorded for 100 mmol L�1 DA at the bare GCE (blue) and
CuHCC modified GCE (red) at a scan rate of 50 mV s�1. The inset
shows the CVs obtained in the absence of DA at the bare GCE and
CuHCC modified GCE in 0.1 mol L�1 PBS (pH 7.2) at a scan rate of 50
mV s�1. (b) The CV of the CuHCC modified GCE in 100 mmol L�1 DA
containing 0.1 mol L�1 PBS at different scan rates from 20 to 300 mV
s�1. The inset shows the plot of Ipa vs. n

1/2.

Scheme 2 The possible mechanism for the detection of DA and the
electrochemical response of AA on the CuHCC modified electrode.

48526 | RSC Adv., 2016, 6, 48523–48529
the CuHCC modied electrode. Moreover, the oxidation peak
current of DA was ve times higher for the CuHCC modied
electrode when compared to the bare GCE. The reason is the
bi-metallic nature of CuHCC provides suitable binding sites
(Co–CN–Cu) for DA wherein it can be easily adsorbed on the
surface of the CuHCC modied electrode. Moreover, the low
spin conguration of Co3+ (d6) was stable in the lattice by the
completely lled t2g orbital; moreover, the high spin congu-
ration of Cu2+ (d9) remains unstable due to the vacant orbital.
Therefore, it needs one electron to achieve its fully occupied
orbital conguration and therefore it oxidizes DA with the aid of
Co3+. However, to recover the lattice geometry, K+ ions are
inserted into the lattice (from the electrolyte) and reduce Co3+ to
Co2+ (see the mechanism in Scheme 2). Fig. 3(a) (inset) depicts
the CV responses of the bare and CuHCC modied GCEs in the
absence of DA, wherein the CuHCC modied electrode exhibits
a high capacitive background current and a reduction peak at
0.14 V vs. Ag/AgCl (onset potential) when compared to the bare
GCE. This value suggests that the as-prepared compound per-
formed well when compared with the bare GCE.
3.3. The effect of the scan rate

The effect of the scan rate was investigated for the CuHCC
modied electrode in 100 mmol L�1 DA containing 0.1 M PBS
using CV at a scan rate of 50 mV s�1, as shown in Fig. 3(b). The
redox peak current of DA oxidation linearly increases upon
increasing the scan rate from 20 to 300 mV s�1. However, the
redox peak potential slightly shis towards the positive and
negative side for the anodic and cathodic reactions, respec-
tively. This is due to the increase in internal resistance caused
by increasing the DA concentration; herein, DA adsorbs on the
electrode surface and forms a thin layer (unreal), which restricts
bulk electrolyte movement from the bulk solution to the diffu-
sion layer (inner and outer Helmholtz plane). The anodic peak
current (Ipa) of DA oxidation was plotted against the square root
of the scan rate, as shown in Fig. 3(b) (inset), which follows the
This journal is © The Royal Society of Chemistry 2016
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good linearity with a correlation coefficient of 0.9966. The
cathodic peak current (Ipc) was interfering with the compound's
reduction peak; therefore, this peak was merged with the
cathodic peak of DA oxidation upon increasing the scan rate.
Therefore, we acquired only the anodic peak on this account
and we conrmed the DA oxidation was fully controlled by
a diffusion process using this plot.

3.4. Determination of dopamine

Differential pulse voltammetry (DPV) provides a highly sensitive
current and better detection when compared to CV and there-
fore the determination of DA was carried out using DPV. Fig. 4
depicts the DPV responses of the CuHCC modied electrode for
the addition of different concentrations of DA from 0.1 to 650
Table 1 A comparison of the performance of DA oxidation between Cu

Electrode Electrolyte Meth

Graphene/GCE PBS (pH 7) DPV
TiO2/graphene/GCE PBS (pH 7) DPV
SZP/MB Tris–HCl (pH 7.4) DPV
CuO/MWNTs/Naon/GCE PBS (pH 6) DPAS
SWCNT/Fe2O3/GCE PBS (pH 7) SWV
GO/GCE B–R (pH 5) DPV
Pt/RGO/MnO2/GCE PBS (pH 7) DPV
CuO/CPE PBS (pH 6) DPV
MnO2/chitosan/AuE KNO3 (pH 4 to 9) CA
g-WO3/GCE PBS (pH 7) DPV
NiHCF/PNH/AuE PBS (pH 7) DPV
CHI/VSG/PPy scaffold PBS (pH 6) DPV
Cu nanocubes/GCE PBS (pH 6.5) CA

DPV
Cu2O HMS/CB/GCE PBS (pH 5.7) CA
CuO nanoleaf PBS (pH 8) DPV
ZnO nanorod/ower like CuO/AuE PBS (pH 7.3) CA
CuHCC nanocubes/GCE PBS (pH 7.2) DPV

Fig. 4 The DPV of the CuHCC modified electrode for the addition of
different concentrations of DA from 0.1 to 650 mmol L�1. The inset
shows the calibration plot of current vs. concentration (0.1 to 650
mmol L�1).

This journal is © The Royal Society of Chemistry 2016
mmol L�1. It can be observed that a sharp DPV response was
observed for the addition of 0.1 mmol L�1 DA and the current
response increased linearly upon increasing the concentration
of DA. The DPV response of the CuHCC modied electrode was
linear over the concentration range of 0.1–350 mmol L�1 (Fig. 4
(inset)) with a correlation coefficient R2 ¼ 0.9954. This study
stated that the highest linear range of 0.1–350 mmol L�1 and
lower limit detection (LOD) of 0.019 mmol L�1 was achieved by
the CuHCC towards the detection of DA. The performance of the
fabricated sensor was compared with recently reported DA
sensors and the comparative results shown in Table 1. In
addition, the CuHCC nanocubes modied electrode was also
compared with other copper nanostructures (nanoparticles,
nanoleaf, nanocubes and microspheres) based DA sensors (see
Table 1). The analytical comparison of our proposed sensor
clearly reveals that the CuHCC nanocubes modied electrode
has a low LOD and better linear range for the detection of DA
when compared to the other modied electrodes. The mecha-
nism and superior performance of the CuHCC modied elec-
trode was elaborately explained in above section.
3.5. The effect of interference and selectivity

AA, DA and UA play vital roles in human health and it is well
known that electrochemically they are responsive with close
potential differences.43 Therefore, the determination of DA in
the presence of AA and DA is quite important. Electrochemical
detection of these compounds has more interest but some cases
AA highly interferes with DA. Commonly, AA co-exists with DA
in bodily uids and is also present at higher concentrations
when compared with DA. Herein, we demonstrated the selective
detection of DA by the CuHCC modied electrode in the pres-
ence of AA and UA in PB with a 100-fold and 10-fold excess of AA
and UA, respectively when compared to DA. Fig. 5(a) shows the
CVs of DA oxidation in the presence of the different interfering
analytes, such as AA and UA, wherein AA does not interfere with
HCC/GCE and other modified electrodes

od
Linear range,
mmol L�1

Detection limit,
mmol L�1 Ref.

4–100 2.64 37
5–200 2 38
6–100 1.7 39

V 1.0–80 0.4 35
3.2–31.8 0.36 40
1.0–15 0.27 12
1.5–215.56 0.1 11
0.3–1.4, 2–20 0.055 36
0.10–12.0 0.04 41
0.1–50, 50–600 0.024 13
0.1–4.3, 4.3–9.6 0.021 23
0.1–200 0.0194 42
0.5–300, 300–2000 0.2 44
0.001–0.1, 0.5–200 0.002
0.099–708 0.0396 45
1–7.5, 7.5–140 0.5 46
1000–8000 100 47
0.1–350 0.019 This work

RSC Adv., 2016, 6, 48523–48529 | 48527
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Fig. 5 (a) The CVs of the CuHCC modified electrode in the presence
of AA and UA in DA containing PBS (pH 7.2) with a 100-fold and 10-fold
excess of AA and UA, respectively. (b) The chronoamperometric
response of the CuHCC modified electrode upon the addition of 100
mmol L�1 DA with the addition of the interferents: (a) NaCl, (b) KCl, (c)
epinephrine, (d) norepinephrine, (e) serotonin, (f) glucose and (g) L-
tyrosine in 0.1 mol L�1 PBS (pH 7.2); applied potential¼ 0.2 V (Ag/AgCl).

Table 2 The determination of DA oxidation in diluted dopamine
hydrochloride injections using the CuHCC modified GCE

Sample
Added
(mmol L�1)

Detecteda

(mmol L�1)
Recovery
(%)

RSDb

(%)

1 5 5.11 102.2 2.1
2 10 9.89 98.9 1.6
3 20 19.96 99.8 1.9

a Standard addition method. b Relative standard deviation for three
measurements.

Table 3 The determination of DA in diluted biological samples using
the CuHCC nanocubes modified GCE

Biological
samples

Added
(mmol L�1)

Detecteda

(mmol L�1)
Recovery
(%)

RSDb

(%)

Blood 10 9.68 96.8 3.2
Blood serum 10 9.94 99.4 1.8
Urine 10 9.82 98.2 2.8

a Standard addition method. b Relative standard deviation for three
measurements.
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DA oxidation. This is clearly inferred from Fig. 5(a); the DA and
AA mixture exhibit current responses merged over the DA
oxidation curve. Therefore, there is no electrocatalytic response
observed for AA and this may be due to the negatively charged
nature of AA (pKa ¼ 4.10) at pH 7.0, whereas DA is positively
charged (pKa ¼ 8.87) at physiological pH (7.2 to 7.4). According
48528 | RSC Adv., 2016, 6, 48523–48529
to crystal eld theory, the strong ligands donate their charges
to metal ions and therefore will acquire a negative charge.
Therefore, the negative charge of the metal ions provides the
space for DA adsorption (positively charged nature). At the same
time it repels the negatively charged AA. Therefore, the
protonated DA was simply adsorbed on the surface of the
CuHCC modied electrode and oxidized, which manifests
a large oxidative current response (Scheme 2). On the other
hand, the CuHCCmodied electrode also oxidizes UA; however,
it comes at a different potential with a sharp peak current.
However, the electrocatalytic performance of UA was not much
better compared with previous reports, so the present study
only concentrates on the detection of DA.

Apart from AA and UA, other biological interference can also
affect DA oxidation; however, AA and UA are essential. We also
analyzed other interference such as NaCl, KCl, epinephrine,
norepinephrine, serotonin, glucose and L-tyrosine. Fig. 5(b)
depicts the chronoamperometric responses of DA oxidation
with the various interferents, wherein the fabricated sensor
would selectively oxidize DA in the presence of the other inter-
ferents in high concentrations.

3.6. Determination of DA in real samples

To study the practicability of the CuHCC fabricated sensor in
real sample analysis, a dopamine hydrochloride injection was
explored. A stock solution of DA injection sample was made via
appropriate dilution with 0.1 M PBS (pH 7.2) and used for the
detection of DA. The recovery of DA was calculated using the
standard addition method, as reported previously. The ob-
tained recoveries of DA are summarized in Table 2 and the
recoveries were in the range of 98.9–102.2%. The results
conrmed that the proposed CuHCC modied electrode has
appropriate recovery towards DA and could be used for real time
sensing of DA in pharmaceutical formulations. In addition, we
have analysed the DA in other real samples (urine, blood and
blood serum) and gathered appropriate recoveries that are given
in Table 3. We have provided the design of the nal device that
can be used for miniature applications (Scheme 1).

4. Conclusions

In summary, a novel CuHCC modied electrode has been used
for the sensitive, selective and lower overpotential detection of
DA. The CuHCC modied electrode exhibited a wider linear
range (0.1–350 mmol L�1) and lower LOD (19 nmol L�1) for DA
This journal is © The Royal Society of Chemistry 2016

http://dx.doi.org/10.1039/c6ra05810h


Paper RSC Advances

Pu
bl

is
he

d 
on

 0
3 

M
ay

 2
01

6.
 D

ow
nl

oa
de

d 
by

 N
at

io
na

l T
ai

pe
i U

ni
ve

rs
ity

 o
f 

T
ec

hn
ol

og
y 

on
 2

3/
05

/2
01

6 
09

:2
4:

29
. 

View Article Online
when compared to the Prussian blue analogues modied elec-
trodes previously reported. The proposed sensor has high
selectivity towards DA in the presence of an excess amount of
UA, AA and other neurotransmitters. The good recovery of DA in
commercial dopamine injection samples further authenticates
that the CuHCC modied electrode can be used for the precise
detection of DA in pharmaceutical formulations.
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