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mNano Pd–Au particles have been electrochemically fabricated utilizing ionic liquid as green electrolyte (1-

Butyl-3-methylimidazolium tetrafluoroborate). Nano Pd–Au particles modified glassy carbon electrode
(GCE) and indium tin oxide coated glass electrodes were examined using atomic force microscopy, field
emission scanning electron microscope and X-ray diffraction studies. Electrodeposited nano Pd–Au particles'
average diameter was found as 33 nm. Nano Pd–Au particle modified GCE was electrochemically active and
stable in various pH solutions. The proposed nano particle modified GCE reduces the over potential and
shows the well defined oxidation peaks for the detection of epinephrine and simultaneous determination
of dopamine and uric acid (in pH 7.0 phosphate buffer solution) using cyclic voltammetry and differential
pulse voltammetry.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Epinephrine (EP) is the most important neurotransmitter in the
central nervous system and responsible for the various types of bio-
logical and chemical processes [1,2]. Thus the detection and determi-
nation of EP is an important criterion in the biological fluids and in
pharmaceutical analysis. In biological fluids, EP always co-exists to-
gether with AA. Both compounds' oxidation potentials were very
close and the electroanalysis process results in the overlapped vol-
tammetric response at the bare electrodes.

To overcome this type of query, film modified electrodes have
been found as suitable for the detection of EP [3–7]. Dopamine (DA)
is a well known catecholamine neurotransmitter, and plays a signifi-
cant role in the central nervous and hormones in the mammalian sys-
tem. DA deficiency may result in neurological disorders such as
Parkinson's disease and schizophrenia. Next the uric acid (UA) is an
important end product in the human metabolism. The abnormal
level of UA has resulted in kidney, lesch-nyan, gout and hyperurice-
mia disorders in the human beings. Thus the simultaneous detection
of UA and DA is an important study in the clinical and pathological re-
search [8–21].
+886 2 27025238.
en).
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Enzyme based biosensors arewell known for the detection of EP, DA
and UA. For example, tyrosinase-modified solid carbon paste electrode
(SCPE) based amperometric sensor for the determination of catechol-
amines [22], enzyme micro sensors for the detection of dopamine and
glutamate [23], urate oxidase–peroxidase coupled enzyme biosensor
[24], uricase layer-by-layer films [25], uricase-immobilized eggshell
membrane biosensor [26] and enzyme–ZnO nanoparticles-multiwall
carbon nanotubes modified sensor for the uric acid determination [27]
were reported.

Further the nanomaterial based electrode modifications are also
utilized for the detection and determination of EP, DA and UA. Espe-
cially, nanoparticle based biosensors show interesting results for the
detection and determination of EP, DA and UA. For example, self-
assembled gold nanoparticles [5], gold electrodes modified with sul-
fur functionalized gold nanoparticles [28], Pd nanoparticle modified
glassy carbon electrode (GCE) for the detection of epinephrine [29],
gold nanoparticle–choline [21], nafion-Pt nano [30], PtAu hybrid
film modified GCE [31], nanostructured metal particle-modified elec-
trodes [32] and palladium nanoparticles-loaded carbon nanofibers
modified electrode [33] for the detection of AA, DA and UA were
reported. These details clearly show that the nanoparticle based bio-
sensors were compatible for the detection and determination of EP,
DA and UA.

Green chemistry also known as sustainable chemistry as a different
research area shows the importance of research, pathway, and mate-
rials which reduce the use and generation of hazardous materials. In
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Fig. 1. (a) AFM two dimensional view of nano Pd–Au particle modified GCE, (b) FE-SEM
image of nano Pd–Au particle modified ITO. (c) Granularity normal distribution chart of
the nano Pd–Au particle modified GCE.
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electrochemistry, various types of solvents were used as electrolytes for
the electrochemical applications. Majority of solvents were environ-
mentally toxic and their utilization will create undesirable changes in
the environment. Step by step development and utilization of nonha-
zardous solvents (green solvents) will be beneficial to maintain the
clean environment. Therefore, utilization of green solvents in electro-
chemistry was found as an interesting and potential research. Recently,
room temperature ionic liquids (RTILs) have been described as green
electrolytes because; they have the characteristics of higher ionic con-
ductivity with the wider electrochemical applications. Thus, here we
have focused on the green synthesis and attempted to fabricate the
nanomaterials using the ionic liquids as green electrolyte [34]. We
employed 1-Butyl-3-methylimidazolium tetrafluoroborate (BMT) as
green electrolyte for the electrochemical fabrication of nano Pd–Au par-
ticles at the different types of electrode surfaces. Further the nano Pd–
Au particle modified GCEwas directly employed for the detection of bi-
ologically important compounds (EP, DA and UA) in the physiological
pH conditions (phosphate buffer solution (PBS) of pH 7.0). The pro-
posed nano Pd–Au particle modified GCE exhibits the electrochemical
signals for the detection of EP, DA, UA using cyclic voltammetry (CV),
differential pulse voltammetry (DPV) and amperometric techniques.

2. Experimental details

1-Butyl-3-methylimidazolium tetrafluoroborate (BMT) (purum
>97%, HPLC), palladium (II) chloride, anhydrous, 58–60%, epi-
nephrine (EP), dopamine (DA), ascorbic acid (AA), glucose and
p-acetamidophenol (AP) were purchased from Sigma-Aldrich (USA).
Potassium tetrachloro aurate (III) hydrate (98%) was purchased from
Strem Chemicals (USA). All other chemicals (Merck) used were of ana-
lytical grade (99%). Double distilled deionized water was used to pre-
pare all the solutions. A phosphate buffer solution (PBS) of pH 7.0 was
prepared using Na2HPO4 (0.05 mol l−1) and NaH2PO4 (0.05 mol l−1).
Pure nitrogen was passed through all the experimental solutions. The
adrenalin injection solution (epinephrine 1 mgml−1) was obtained
from a local drug store. All the electrochemical experiments were per-
formed using CHI 410a potentiostat (CH Instruments, USA). The BAS
GCE (φ=0.3 cm in diameter, exposed geometric surface area
0.07 cm2, Bioanalytical Systems, Inc., USA) was used. A conventional
three-electrode system was used which consists of Ag/AgCl (saturated
KCl) as a reference, bare or nano Pd–Au particle modified GCE as work-
ing andplatinumwire as counter electrode. Particularly, for nanoPd–Au
particle deposition process ionic liquid employed (BMT) Ag electrode
(Ag/ionic liquid) has been used as the reference. In the rest of the elec-
trochemical studies, Ag/AgCl (saturated KCl) was used as a reference.
Electrochemical impedance studies (EIS) were performed using ZAH-
NER impedance analyzer (Germany). The atomic force microscopy
(AFM) images were recorded with multimode scanning probe micro-
scope (CSPM-4000, Being Nano-Instruments, Beijing, China). AFM tap-
ping mode has been employed for the surface analysis. A silicon
cantilever (Ultrasharp, NSC15/AIBS, MikroMasch)was usedwith a reso-
nant frequency of 325 kHz and a spring constant of 40 N/m. Field emis-
sion scanning electron microscope (FE-SEM) images were performed
using HITACHI S-4700 (Japan) (5 kV). X-ray diffraction (XRD) experi-
ment was done using XPERT-PRO (PANalytical B.V., The Netherlands)
using Cu Kα radiation (k=1.54 A°). The DPV parameters employed
for the simultaneous determination of DA and UA were as follows; Init
E (V)=−0.8, Final E (V)=1.2, Incr E (V)=0.004, Amplitude (V)=
0.05, Pulse width (s)=0.05, and pulse period (s)=0.2.

Prior to the electrochemical deposition process, the GCE was well
polished with the help of BAS polishing kit with aqueous slurries of
alumina powder (0.05 μm), rinsed and ultrasonicated in double dis-
tilled deionized water. The precursor solution for the film deposition
process has been prepared using ionic liquid (BMT) (1 ml BMT con-
tains 1 mM KAuCl4 and 1 mM PdCl2). The Pd–Au particles have been
electrochemically deposited by immersing the pretreated GCE in
.cn

1 ml BMT containing 1 mM KAuCl4 and 1 mM PdCl2 and the potential
cycling has been applied between 1.0 and −1.0 V at the scan rate of
0.05 V/s for five cycles [29]. Further the Pd–Au particle modified
GCE was washed with deionized water, dried for 5 min and employed
for the further investigations.

3. Results and discussion

3.1. AFM and SEM analyses

Electrodeposited Pd–Au particles have been examined using AFM
and FE-SEM techniques (Fig. 1(A) and (B)). AFM tapping mode has
been employed for the surface analysis of Pd–Au particle deposited
GCE surface. Fig. 1(A) shows the 2D magnified view of Pd–Au particle
modified GCE. Fig. 1(B) shows the FE-SEM image of the Pd–Au particle
modified indium tin oxide coated glass electrode (ITO). From Fig. 1(A)
and (B), we can see the electrodeposited Pd–Au particles in obvious
manner in the average size range of 10 to 50 nm. Hereafter the Pd–Au
particles are denoted as nano Pd–Au particles. Fig. 1(C) shows the gran-
ularity normal distribution chart of the nano Pd–Au particles electrode-
posited on GCE. The average height of nano Pd–Au particles was found
as 11.5 nm and the maximum number of nano Pd–Au particles exhibits
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Table 1
Comparison table for nano particle synthesis method.

Type of nanomaterial Method Particle
size (nm)

Ref

Au/Pd bimetallic
nanoparticles

Thermal relaxation 3.2–5.3 [37]

Au–Pd nanoparticles Sono chemical 8 [38]
Au–Pd (core–shell) Ultrasonic irradiation 9 [39]
Au@Pd nanoparticles Chemical synthesis 0.7–50 [40]
Au@Pd nanoparticles Alumina matrix sol 4.5–13 [41]
Au@Pd core–shell nano
octahedron shaped particles

Aqueous synthesis 41.1±(3.5) [42]

Pd@Au nanoparticles Chemical synthesis 4–7 [43]
Pd–Au nanoparticles Electrochemical

deposition
10–50 This work
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in 20 nm heights, respectively. Based on the granularity normal distri-
bution chart (Fig. 1C), the average diameter of nano Pd–Au particles
has been found as 33 nm. The total number of nano Pd–Au particles
found within the 1500×1500 nm surface area was 330.

3.2. XRD analysis

Fig. 2(A) represents the XRD pattern of nano Pd–Au particle mod-
ified ITO. In Fig. 2(A), two peaks appear at around 38° (2θ) corre-
sponds to the (111) crystallographic plane and the peak at around
45° (2θ) corresponds to the (200) plane. Here the crystallographic
surface (111) has been assigned for the Au (2θ=37.32°) and the
crystallographic surface (200) plane has been assigned for the two
peaks (2θ=44.77° and 46.18°). This XRD pattern confirms the pres-
ence of Au and Pd particles on the ITO surface [35,36]. Here the elec-
trodeposited Pd–Au may be present in the form of alloy or single
metal particles. Therefore, here we generally claim the electrodepos-
ited particles as nano Pd–Au particles. Also, Table 1 shows the numer-
ous possibilities of Pd and Au based nanomaterial synthesis using
various methods. Based on this comparison (Table 1), the proposed
electrochemical method is found as a direct method and the fabricat-
ed nanoparticles fall in the higher size dimension, respectively. Com-
paring with other methods this method is found as a direct one
because of the easy fabrication process. Further chemical synthesis
needs more sophisticated experimental conditions for the fabrication
of nanomaterials. At the same time, electrochemical depositionmethod
was found as the easiest and convenient for this type of nanomaterial
fabrication process. Also, nano Pd–Au particle modified electrodes
www.sp

Fig. 2. (A) XRD patterns of nano Pd–Au particle modified ITO. (B) Electrochemical im-
pedance spectra curves of (a) bare GCE (b) nano Pd–Au particles and (c) nano Au (1st
layer) Pd (2nd layer) (d) nano Pd (1st layer) nano Au (2nd layer) modified GCE (in
0.1 M pH 7.0 PBS containing 5×10−3 M [Fe(CN)6]3–/4–.
m
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herewe have employed electrochemical depositionmethod for the fab-
rication of nano Pd–Au particles.

3.3. EIS analysis

Electrochemical activity of the nano Pd–Au particle modified GCE
has been examined using EIS technique. Impedance spectroscopy is an
effective method to probe the features of surface modified electrodes.
Here Fig. 2(B) shows the faradaic impedance spectra, presented as
Nyquist plots (Z″ vs. Z′) for the bare (curve a), nano Pd–Au particles
(curve b), nano Au (1st layer) Pd (2nd layer) (curve c) and nano Pd
(1st layer) nano Au (2nd layer) modified GCE (curve d). Here the bare
GCE (curve a) exhibits a very small depressed semi circle arc
(Ret=0.64 (Z′/KΩ)) that represents the characteristics of diffusion lim-
ited electron-transfer process on the electrode surface. At the same
time, the nano Pd–Au particle modified GCE shows like a depressed
semi circle arcwith an interfacial resistancedue to the electrostatic repul-
sion between the charged surface and probe molecule [Fe(CN)6] 3–/4–

(curve b). This depressed semi circle arc (Ret=1.34 (Z′/KΩ)) clearly in-
dicates the electron transfer resistance behavior comparing with the
bare GCE. At the same time, other different types of combinations
were also examined using the EIS analysis. Here the Au (1st layer)
Pd (2nd layer) modified GCE's Ret has been found as 2.64 (Z′/KΩ)
(curve c) and the Au (1st layer) Pd (2nd layer) modified GCE's Ret has
been found as 8.51 (Z′/KΩ) (curve d). Above discussed EIS results clear-
ly show that the nano Pd–Au particle modified GCE (curve b) possesses
the lower electron transfer resistance comparing with the other possi-
ble combinations, respectively.

3.4. Electrochemical characterization of nano Pd–Au particle modified
GCE

The electrochemical response of nano Pd–Au particles was exam-
ined in pH 7.0 PBS. CV has been employed for the different scan rate
studies. Fig. 3(A) represents the CV response of nano Pd–Au particle
modified GCE in pH 7.0 PBS. Nano Pd–Au particles exhibit Au anodic
peak at 0.93 V, Au cathodic peak and Pd cathodic peak responses at
0.48 and −0.31 V. Further the corresponding anodic and cathodic
peak currents increase linearly with respect to the scan rate in the
range of 0.01 to 0.1 V/s (a–j). Here the cathodic peak current for
the Pd becomes much broader in the higher scan rates. The inset of
Fig. 3(A) shows the plot of Au anodic and cathodic peak currents vs.
scan rate. The corresponding linear regression equations for the
Au anodic and cathodic peak currents vs. scan rate were expressed as
Ipc (μA)=13.73v (V/s)−43.5, R2=0.997 and Ipa (μA)=4.127v (V/s)+
34.66, R2=0.973. Here the linear increase in the anodic and cathodic
peak currents with respect to the scan rate shows that the nano Pd–Au
particles possess surface controlled thin-layer electrochemical behavior.
Next the nano Pd–Au particle modified GCE has been examined in vari-
ous pH solutions. Fig. 3(B) shows the CV response of nano Pd–Au particle

image of Fig.�2
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Fig. 3. (a) Different scan rate studies of nano Pd–Au particle modified GCE in 0.1 M pH
7.0 PBS. Scan rate in the range of a–j: 0.01–1 V/s. Inset shows the Ipc, Ipa vs. scan rate.
(b) Cyclic voltammetric response of nano Pd–Au particle modified GCE in different
pHs (1, 4, 7, 9, 11 and 13).

Fig. 4. CVs of nano Pd–Au particle modified GCE for the detection of epinephrine in pH
7.0 PBS. Epinephrine concentrations were in the range of: (a–f) 0, 19.6, 38.5, 56.6, 82.6
and 90.9 μM, (a′) bare GCE=90.9 μM (scan rate: 0.1 V/s). Inset shows the calibration
plot for the determination of EP.

Fig. 5. (A) Amperometric determination of epinephrine on nano Pd–Au particle modi-
fied GCE in 0.1 M PBS (pH 7.0) at 0.3 V, rotation rate is 1000 rpm. Successive additions
of epinephrine in the range of 5×10−6 to 2.60×10−4 M and inset figure shows the
corresponding calibration plot of (a) bare GCE (b) nano Pd–Au particle modified GCE
in lab sample and (c) nano Pd–Au particle modified GCE in real sample (injection solution).
(B) Amperometric determination at nano Pd–Au particle modified GCE (in 0.1 M PBS (pH
7.0) at 0.3 V) for the successive additions of (a) EP (1×10−5 M), (b) EP (1×10−5 M),
(c) AA (1×10−6 M), (d) AP (1×10−6 M), (e) glucose (1×10−6 M), (f) H2O2

(1×10−6 M), (g) EP(1×10−5 M) and (h) EP (1×10−5 M).

3057T.-H. Tsai et al. / Thin Solid Films 520 (2012) 3054–3059
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modified GCE obtained in different pH conditions. This result clearly ex-
plicates that the nano Pd–Au particle modified GCE is electrochemically
active and stable in various pH conditions (1, 4, 7, 9, 11 and 13).

3.5. Electrocatalytic detection of EP

The detection and determination of EP (Fig. 4) was performed
using CV and amperometric methods. Fig. 4 shows CV response of
nano Pd–Au particle modified GCE for the detection of EP in pH 7.0
PBS. As it can be seen in Fig. 4, the nano Pd–Au particle modified
GCE exhibits a single oxidation peak at around 0.3 V for the electroca-
talytic detection of EP. Here the catalytic peak potential for the EP
electrooxidation is found at around 0.3 V for nano Pd–Au particle
modified GCE, whereas the bare GCE exhibits a small diminished
peak at 0.42 V. Thus, the nano Pd–Au particles reduce the over poten-
tial and are found to be effective for the electrocatalytic oxidation of
EP. Also, there is an increase in the anodic peak current for the in-
creasing concentrations of EP at nano Pd–Au particle modified GCE
(Fig. 4, curve a–f). The inset of Fig. 4 shows the calibration plot for the
EP detection at the nano Pd–Au particle modified GCE and the corre-
sponding linear regression equation was found as Ipa (μA)=0.043 C
(mg/L)+0.009, with a correlation coefficient of R²=0.996.

After the electrocatalysis, the nano Pd–Au particlemodifiedGCEwas
stored in room temperature for 2 h and examined in pH 7.0 PBS. In this
case, it showed 10% current decrease from its initial current value. At
the same time, freshly prepared nano Pd–Au particle modified GCE's
stability was examined. It was stored in room temperature for three
days. After three days the nano Pd–Au particle modified GCE exhibits

image of Fig.�3
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Table 2
Comparison table for the detection of EP detection.

Type Method Buffer (PBS)
(pH)

Potential
(V)

EP Ref

Linear range

Nano-gold/GCEa CV 7.0 0.2 1.0×10−6–1.0×10−4 M [44]
Nano-Au electrode CV 7.0 0.18 1.0×10−7–1.0×10−4 M [5]
Nanocomposite film/GCE CV 6.75 0.28 3.0×10−4–1.0×10−3 M [45]
Au/PPyox/GCEb DPV 7.0 0.2 3.0×10−7–2.1×10−5 M [46]
nano-Au/GCE DPV 7.0 0.13 1.0×10−7–5.0×10−4 M [47]
Nano Pd/GCE DPV 7.0 0.2 34–349 μM [29]
Nano Pd–Au particles/GCE Amperometry 7.0 0.3 50–260 μM This work

a GCE—glassy carbon electrode.
b PPyox—polypyrrole.

3058 T.-H. Tsai et al. / Thin Solid Films 520 (2012) 3054–3059
as stable with 5% current decrease from its initial value. These evalua-
tions clearly validate the stability and reusable nature of the nano Pd–
Au particle modified GCE.

Amperometric response of nano Pd-AuparticlesmodifiedGCE for EP
determinationwas investigated in pH 7.0 PBS (at 0.3 V). Fig. 5(A) shows
typical current vs. time curve for successive additions of EP (5.0×10−6–

2.6×10−4 M) at the bare (a), nano Pd–Au particles (EP stock solution
(lab sample)) (b), and nano Pd–Au particle modified GCE (EP injection
solution (real sample)) (c). Here the Pd–Au particle modified GCE
showed immediate response for the sequential additions of EP and
reached another steady-state current within 5 s for the lab and real
samples. This result clearly explicates the capability of the Pd–Au
www.sp

Fig. 6. Simultaneous determination of DA and UA on nano Pd–Au particle modified
GCE. DA and UA concentrations were in the linear range of DA (a–h: 0.5, 1, 2, 2.99,
3.98, 4.97, 5.96, 6.95×10−6 M) and UA (a–h; 0.25, 0.49, 0.99, 1.49, 1.99, 2.48, 2.98
and 3.47×10−6 M) (a′ bare GCE; DA and UA; 6.95×10−6 and 3.47×10−6 M). Inset
shows the calibration plot for the determination of DA and UA.

Table 3
Comparison table for the detection of DA and UA.

Type Method pH
(PBS)

Potential (V)

DA U

GC/Nf/Pt nano electrodea DPV 0.13 –

PtAu hybrid film/GCE CV 7.0 0.37 0
DPV

GNP/Ch/GCEb, c DPV 7.0 0.23 0
AuNPs/P3MT/GCEd DPV 7.0 0.19 0
Pt/PMT(BE)/Pd(CV) electrodee, f DPV 7.4 0.11 –

Cu/PPy/GCE DPV 7.0 0.17 0
Nano Pd–Au particles/GCE DPV 7.0 0.15 0

a Nf—nafion.
b GNP—gold nanoparticle.
c Ch—choline.
d P3MT—poly(3-methylthiophene).
e PMT—poly(3-methylthiophene).
f BE—bulk electrolysis.
m
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particles for the determination of EP. Further the inset of Fig. 5(A)
shows the calibration curves for the EP determination at bare (a),
nano Pd–Au particles (in lab sample) (b), and nano Pd–Au particle
modified GCE (in real sample) (c). Finally, the nano Pd–Au particle
modified GCE shows good linear response for the electrocatalytic oxida-
tion of EP in the range of 5×10−6–2.6×10−4 Mwith the lowest detec-
tion limit of 5×10−6 M, respectively. Table 2 shows the comparison
chart for the EP detection based on nanomaterial modified electrodes.

Selectivity of the nano Pd–Au particle modified GCE was examined
using amperometric method (Fig. 5(B)). Amperometric response was
obtained for the successive injections of EP (1×10−5 M), ascorbic
acid (AA) (1×10−6 M), acetaminophen (AP) (1×10−6 M), glucose
(1×10−6 M) and H2O2 (1×10−6 M) in pH 7.0 PBS (0.3 V). Here, ex-
cept AA, all the remaining compounds don't exhibit any interference
signals and for the further additions of EPs the current response is
clearly increasing at nano Pd–Au particle modified GCE. This shows
the specific nature and capability of the nano Pd–Au particle modified
GCE which overcomes the interference signals and shows only the
detection signals for EP.

3.6. Simultaneous determination of DA and UA

Simultaneous determination of DA and UA at nano Pd–Au particle
modified GCE was investigated using DPV (Fig. 6). Nano Pd–Au parti-
cle modified GCE exhibits well-defined two separate anodic peaks for
the determination of DA and UA (Fig. 6). Here the nano Pd–Au parti-
cles resolve the mixed voltammetric response of these species (DA
and UA) into two well-defined voltammetric peaks at 0.15 and
0.53 V. Further the peak separations between DA and UA (0.38 V)
are sufficient enough to exhibit them as well-defined two separate
peaks. Here all the oxidation peak currents of DA and UA were in-
creasing linearly with respect to their concentrations, respectively. Si-
multaneous determination of these compounds' (DA and UA)
concentrations were in the linear range of 0.5–6.95×10−6 and
Linear range Ref

A DA UA

3–60 μM – [30]
.54 0.022–0.440 mM 0.062–2.49 mM [31]

0.024–0.384 mM 0.021–0.33 mM
.37 0.2–80 μM 1.2–100 μM [21]
.34 1–35 μM 1–32 μM [48]

0.05–1 μM – [49]
.36 1×10−9–1×10−7 M 1×10−9–1×10−5 M [50]
.53 0.5–6.95 μM 0.25–3.47 μM This work
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0.25–3.47×10−6 M. From the calibration plots, the linear regression
equations for the simultaneous determination of DA and UA at nano
Pd–Au particle modified GCE were expressed as Ipa (nA)=44.06 C
(10−6 M)−4.905, R2=0.995 and Ipa (nA)=9.854 C (10−6 M)
−13.13, R2=0.986. Relative standard deviations for these com-
pounds' determination were less than 5.1% which shows the efficien-
cy and linear nature of nano Pd–Au particle modified GCE. Also,
Table 3 clearly shows that nano Pd–Au particle modified GCE pos-
sesses the sufficient linear range for the simultaneous detection of
DA and UA comparing with previous literature reports, respectively.

4. Conclusion

Here we report a simple method for the electrochemical fabrica-
tion of stable nano Pd–Au particles (using ionic liquid (BMT) as
green electrolyte) modified GCE and ITO. The electrodeposited nano
Pd–Au particles have been characterized using AFM, FE-SEM, EIS
and XRD studies. The nano Pd–Au particle modified GCE has been
found as effective for the detection and determination of EP, DA and
UA in physiological pH conditions. Overall, the proposed nano Pd–
Au particles are very easy to fabricate using ionic liquids as green
electrolyte, eco-friendly, and could be applied for the various types
of EP, DA and UA electrocatalytic oxidation related studies.
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