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Biosynthesis of silver and palladium nanoparticles was carried out by using Lithodora hispidula (Sm.)
Griseb. Leaf extract as a reducing agent. The silver and palladium nanoparticles (NPs) were characterized
by UV-Visible spectroscopy, inductively coupled Plasma-Mass Spectrometer, X-ray diffraction, scanning
electron microscopy and energy-dispersive X-ray analysis. UV-Vis spectra of biosynthesized silver
nanoparticles showed an absorption band at 425 nm. The formation of palladium nanoparticles was
conﬁrmed by the disappeared absorption band at 410 nm. Scanning electron microscopy analysis showed
that Ag, AgPd spherical and Pd nanoparticle morphology were rod in shape. The electrochemical
behaviour of Ag, Pd and AgPd alloy nanoparticles were investigated by cyclic voltammetry. Modiﬁed
glassy carbon electrodes were constructed by using Ag, Pd and AgPd nanoparticles and used in electrocatalytic reduction of hydrogen peroxide in phosphate buffer medium (pH ¼ 6.5), in potential range of
0.0 and -0.8 V vs. Ag/AgCl at 100 mV/s scan rate. The AgPdNPs-GCE based sensor could detect the H2O2 in
the linear range of 0.02e5.0 mM with a detection limit of 0.52 mM. The AgPdNPs-GCE showed a good
repeatability and stability for detection of H2O2. Furthermore, it exhibited no interference with some
biological species such as glucose, ascorbic acid and uric acid.
© 2017 Elsevier B.V. All rights reserved.
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1. Introduction
The ﬁeld of nanotecnology is one of the most spectacular areas
of research in materials science [1,2]. It is well known that nanoparticles have unrivaled to their extensive applications as catalyst
[3], electrical conductor [4] and electrochemical sensors [5e9].
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In recent years, there is a considerable attention to nano materials. Nanosized materials have been generated in sort of techniques such as chemical and physical techniques. Nanomaterials
synthesized by physical or chemical reduction methods is cost
require, needs extra stabilizing agent because of unwanted
agglomeration of nanoparticles and generates dangerous byproducts [10,11]. However, the use of plants extract for nanoparticle
biosynthesis have gained importance because of their easy carry
out, cost-effective, eco-friendly and size-controlled advantage.
These good-natured plants are able to manufacture stable
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nanoparticles, provide long-term storage and prevent to aggregation [12]. Plant extracts provide an alternative way for nanoparticle
synthesis [13]. Numerous plants have been investigated for
biosynthesis of nanoparticles. The extracts of Enteromorpha ﬂexuosa (Wulfen) J. Agardh. [2], Piper nigrum Wall. [12], Palergonium
graveolens L'Her [14], Onosma dichroantha Boiss. [10], Bacillus subtilis [15], Arbutus Unedo [4], Macrotyloma uniﬂorum (Lam.) Verdc.
[16], cowpea seeds (Vigna sp. L) [17], Diospyros paniculata Dalzell
[18] and Terminalia chebula [19] have been used for green synthesis
of silver nanoparticles. Recently, Nasrollahzade et al. investigated
the synthesis of palladium nanoparticles using Hippophae rhamnoides Linn leaf extract [20] and Shennyet al. studied the green
synthesis of palladium using Anacardium occidentale [21].
One of the plants that can show the above-mentioned abilities is
Lithodora hispidula (Sm.) Griseb. The Boraginaceae family is
distributed mainly in temperate, pantropical and subtropical areas
and comprises approximately 150 genera and 2700 species
worldwide [22]. Members of this family are widespread in various
regions of the world. The family has about 44 genera and 375 taxa
in Turkey [23]. Lithodora hispidula (Sm.) Griseb. Belonging the
family Boraginaceae is native of southern Turkey, southern Aegean,
Cyprus, Cyrenaicaandits East Mediterranean element (Fig. 1).
Lithodora hispidula (Sm.) Griseb. Dwarf shrubs, stems leafy and
many branched, cymes terminal, several ﬂowered, calyx deeply
divided but with a distinct ca 1.5 mm tube at base, lobes indumentum are adpressed-pilose, hispid or setose, corolla blue, lilac,
pale pink or white, infundibular to hypocrateriform, tube without
annulus at base, glabros, lacking scales, stamens included, style
simple or branched, nutlets usually solitary, ±ovoid [24].
To date there is no study or report on the green synthesis of Ag,
Pd and AgPd alloys nanoparticles mediated by Lithodora hispidula
(Sm.) Griseb. In the present study, Ag, Pd and AgPd alloy nanoparticles were synthesized by green route and nanoparticle modiﬁed glassy carbon electrode was constructed and attempted to
electrocatalytic reduction of hydrogen peroxide.
2. Experimental
2.1. Characterization techniques and instrumentations
Silver nanoparticles (AgNPs) and palladium nanoparticles
(PdNPs) were characterized by using UV-Vis spectra (Shimadzu
1800 spectrophotometer), X-ray powder diffraction (XRD) (Rikagu
diffractometer with CuKa, l ¼ 1.5406 Å), Cyclic voltammetry (CV)
(CHI 660E electrochemical workstation) and Scanning electron
microscopy (SEM) (Zeiss). Glassy carbon electrode (ca. 3 mm) or
modiﬁed glassy carbon electrode was used as a working electrode, a
platin wire as a counter electrode and Ag/AgCl as a reference
electrode. The composition and metallic content of the AgPd
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nanoalloy was determined by performing inductively coupled
plasma mass spectrometry (ICP-MS) (Agilent 7500ce). The dired
AgPd alloy nanoparticle was dissolved in HNO3, and then the obtained solution was diluted with 2% HNO3.
2.2. Materials
Silver nitrate, potasyumtetrachloro palladate(II), sodium phosphate monobasic, sodium phosphate dibasic were purchased from
Sigma-Aldrich, hydrogen peroxide was obtained from Merck. Lithodora hispidula (Sm.) Griseb. leaves were collected from the Mersin
University, Ciftlikkoy Campus at altitude 100 m (Southern of Mersin
vil. Turkey) in March 2016. A voucher specimen (Binzet 201606)
was authenticated and then deposited in The Herbarium of the
Department of Biology, Mersin University, Mersin, Turkey.
2.3. Preparation of the extract
Lithodora hispidula leaves were washed with tap water followed
by deionized water to remove the dust. Afterward, the leaves were
dried in the shade for 10 days at room temperature. The dried
leaves were grounded by grinder to get a ﬁne powder (Fig. 1). The
ﬁne powder (5 g) was placed into 250 mL round bottom ﬂask and
boiled for 30 min in 100 mL of ultra purewater. After that, the solution was cooled to room temperature, ﬁltered with Whatmann
No.1 and ﬁltrate was kept in 4  C prior to use.
2.4. Preperation of nanoparticles
2.4.1. Ag and Pd nanoparticles
For green synthesis of Ag or Pd nanoparticles, 80 mL each of
1 mM AgNO3 or 1 mM K2PdCl4 solution and 20 mL of leaves extract
was placed into ﬂask and stirred vigorously at room temperature.
The progress of the reaction was controlled by the colour change.
The yellowish brown and dark brown colour conﬁrm the formation
of AgNPs and PdNPs, respectively [2,25]. For characterization and
application of nanoparticles, the solution was centrifugated at
13000 rpm for 20 min and separated. The pellet was washed 3
times and centrifugated to remove plant residue.
2.4.2. AgPd alloy nanoparticle
For green synthesis of AgPd alloy nanoparticle, 40 mL of 1 mM
AgNO3, 40 mL of 1 mM K2PdCl4 solutions and 20 mL of leaves
extract were placed into ﬂask and stirred vigorously at room temperature. The colour change from orange to brown indicates the
formation of nanoparticle. The solution was centrifugated at
13000 rpm for 20 min and separated. The pellet was washed 3
times and centrifugated to remove plant residue.

Fig. 1. Picture of (a) Lithodora hispidula plant and (b) plant powder.
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2.4.3. Fabrication of nanoparticle modiﬁed glassy carbon electrode
(GCE)
Before modiﬁcation, the surface of glassy carbon electrode (GCE)
was polished using 1.00, 0.30 and 0.05 mm alumina slurry and then
ultrasonicated in 1:1 (v:v) nitric acid, acetone and deionized water
for 5 min, respectively. The polished glassy carbon electrode was
modiﬁed by drop casting method [26,27]. Brieﬂy, 5 mg of nanoparticle was dissolved in 1 mL deionized water, magnetically stirred
for 24 h and then ultrasonicated for 30 min to get homogeneous
paste. This paste (10 mL) was carefully cast on the freshly polished
GCE. A small beaker was covered over the electrode and the solvent
was evaporated at room temperature [15]. Lastly, the modiﬁed
surface was covered by dropping 5 mL Naﬁon® 5% (in alcohol)
solution.
3. Results and discussion
3.1. UV-Vis spectroscopy
The formation of AgNPs and PdNPs were monitored by UV-Vis
spectrophotometer scanning in range of 800 to 300 nm wavelenght. UV-Vis spectra veriﬁed the biosynthesis of AgNPs by
observing an absorption band at 425 nm (Fig. 2a). This result is
compatible with earlier studies [4,28,29]. Fig. 2b demonstrates the
absorption band of PdNPs synthesized by Lithodora hispidula plant
extract and the absorption spectra of Pd(II) solution. As seen in
Fig. 2b the observed absorption band at 410 nm ascribes to the
presence palladium ion [30,31]. The disappeared of the absorption
band at 410 nm conﬁrm the existence of the PdNPs. The adsorption
band of AgPdNPs was shift to 417 nm with existence of Pd nanoparticles (Fig. 2c). Meanwhile, the peak intensity of the Ag absorption
decreases with the formation of AgPd alloy nanoparticles [32].
3.2. X-ray diffraction analysis
The crystalline nature of the synthesized AgNPs, PdNPs and
AgPdNPs were carried out by X-ray diffraction analysis (Fig. 3). As
seen in Fig. 3a, the peaks at 2q 38.09, 44.27, 64.46, 77.46 and 81.63
corresponds to (111), (200), (220), (311) and (222) planes of silver
(0) metals, respectively. X-ray diffraction pattern of AgNPs represent that the peaks were well matched with ICDD card number of
00-001-1167 [12,33]. The XRD pattern of PdNPs was shown in
Fig. 3b. XRD analysis displayed ﬁve peaks at 2q 39.87, 46.42, 67.70,
81.92 and 86.37 corresponding (111), (200), (220), (311) and (222)
planes of Pd nanoparticle with ICDD card number of 00-005-0681
[20]. Similar to monometallic nanoparticles, XRD patterns of the
AgPd alloy nanoparticle (Fig. 3c) demonstrated ﬁve diffraction

peaks, which can be indexed to the (111), (200), (220), (311) and
(222) planes with ICDD card number of 01-080-4045 [34].
3.3. Scanning electron micrsocopy analysis
Further analysis was carried out using dynamic light scattering
analysis, SEM and EDX to identify the size, shape and chemical
composition of the nanoparticles. SEM analysis showed that Ag,
AgPd and Pd nanoparticle morphology were spherical, rod in shape,
respectively (Fig. 4). As shown in Fig. 4, EDX analysis was employed
to investigate the chemical composition of the synthesized nanoparticles. From the results, it can be seen clearly that the synthesized nanomaterials composed of Ag, Pd elements, suggesting that
nanoparticles had been synthesized successfully.
The composition of the AgPd alloy nanoparticle was identiﬁed
by ICP-MS analysis. In this study, equimolar AgNO3 and K2PdCl4
(1 mM) were used to synthesize alloy nanoparticle. ICP analysis
indicated that the synthesized nanoparticle was Ag67Pd33 when
using the molar ratio 1:1.
The size of the nanoparticles was investigated by dynamic light
scattering (DLS) analysis. (Fig. 5) shows biosynthesized silver and
palladium nanoparticles with average particle size distribution of
15.03 and 21.60 nm, respectively.
3.4. Electrochemical characterization
Electrochemical characterization of nanoparticles was studied
by cyclic voltammetry using ferricyanide redox probe. It is well
known that the electrochemical reaction of redox probes is efﬁciently hindered, depressed or the electron transfer rate varies with
some electrodes [35e37]. The electrochemistry of the AgNPs-GCE,
PdNPs-GCE and AgPdNPs-GCE and bare GCE with redox probe
Fe(CN)3-/4in 0.1 M KCl solution vs. Ag/AgCl refercence electrode are
6
shown in (Fig. 6). As seen in voltammograms, Fe(CN)3-/4shows a
6
couple of well-deﬁned redox waves at bare GCE. In the voltammogram of PdNPs-GCE, AgNPs-GCE and AgPdNPs-GCE the ferricyanide redox peak was disapperead due to electron transfer rate of
the redox couple blocked or hindered at modiﬁed surface. The
observed sharp peak at 0.16 and 0.12 V correspond to Ag0/Agþ
[12]. These results showed that AgNPs, PdNPs and AgPdNPs have
been successfully deposited to the GCE surface.
3.5. Application of NPs modiﬁed GCE to electrochemical reduction
of H2O2
Hydrogen peroxide has a wide industrial application as a
bleaching, oxidizing agent and deodorising textile and also in

Fig. 2. UV-Visible spectrum of (a) Ag, (b) Pd and (c) AgPd nanoparticle synthesized by Lithodora hispidula.
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Fig. 3. XRD patterns of (a) AgNPs, (b) PdNPs and (c) AgPdNPs.
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Fig. 4. SEM images and EDX specttum of (a) AgNPs, (b) PdNPs and (c) AgPdNPs yielded by reduction Lithodora hispidula (Sm). Griseb.

clinical, pharmaceutical, food and environmental ﬁelds [37].
Furthermore, hydrogen peroxide has a very important role in biological reactions. Therefore, the determination of hydrogen
peroxide is increasingly important.
The inﬂuence of the AgNPs-GCE, PdNPs-GCE and AgPdNPs-GCE
on electrocatalytic reduction of hydrogen peroxide in 0.1 M phosphate buffer solution (pH ¼ 6.5) were investigated. (Fig. 7)
demonstrate the cyclic voltammogram of 2.5 mM H2O2 at (a) bare
GCE, (b) AgNPs-GCE, (c) PdNPs-GCE and (d) AgPdNPs-GCE. It is
clearly observed that AgPd alloy nanoparticle modiﬁed GCE
exhibited greater current response comparing to bare GCE, AgNPsGCE and PdNPs-GCE. This prominent increase in reduction current
was in consequence of higher effective surface area and high conductivity of the AgPdNPs electrode [38]. The results showed that
AgPdNPs-GCE displayed a great catalytic activity and can be used to
produce a H2O2 sensor. The electroactive surface area of the GCE,

PdNPs-GCE, AgNPs-GCE and AgPdNPs-GCE estimated from the
slope of Randles-Sevcik plot described by Equation (1) [39],

ip ¼ 2:69  105  n3=2  v1=2  D1=2  A  C

(1)

where i is the current (A), n is the number of electrons, v is the scan
rate (V/s), D is the diffusion coefﬁcient (cm2/s), A is the area of the
electrode (cm2) and C is the concentration (M). The electroactive
surface area obtained using 2.5 mM H2O2 for all electrodes. A linear
trend is observed in the whole range of scan rates investigated as
shown in (Fig. 8), and the calculated electroactive surface areas for
bare GCE, PdNPs-GCE, AgNPs-GCE and AgPdNPs-GCE were
1.4  105 cm2, 2.8  105 cm2, 3.2  105 cm2 and 3.6  105 cm2,
respectively.
For the purpose of evaluating the electrocatalytic activity of
AgPdNPs-GCE, the cyclic voltammograms of the alloy nanoparticle
modiﬁed electrode were investigated in the presence of various
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Fig. 5. Particle size distribution of (a) AgNPs and (b) PdNPs.

Fig. 6. Cyclic voltammograms of 1 mM ferricyanide in 0.1 M KCl at bare GCE and
nanoparticle modiﬁed GCE, scan rate 100 mV/s.

concentration of hydrogen peroxide (Fig. 9). As seen in Fig. 9, the
reduction current increased with increment H2O2 concentration
and there has a linear relationship between the peak current and
H2O2 concentration at a range from 1 to 10 mM. Therefore,
AgPdNPs-GCE can be used as a sensor for hydrogen peroxide
detection.
The effect of scan rate on the bahaviour of H2O2 reduction on
AgPdNPs-GCE was investigated. It can be seen in (Fig. 10) the peak
potential shift to more negative value with increasing scan rate,
which indicate that the electroreduction of hydrogen peroxide is
under control of diffusion phenomenon.
On the other hand, the number of transferred electron (n) and
electron transfer coefﬁcient (a) can be determined by Laviron
equation (2) [40],

Ep ¼ E0 þ 2:303 

RT

anF

 log v

(2)

Fig. 7. Cyclic voltammograms of 2.5 mM H2O2 on the surface of (a) bare GCE, (b)
AgNPs-GCE, (c) PdNPs-GCE and (d) AgPdNPs-GCE in 0.1 M phosphate buffer solution
with pH ¼ 6.5, scan rate 50 mV/s.

According to Laviron's equation, there is a relationship between
peak potentials (Ep) and scan rate in logarithmic function (log n). As
seen in (Fig. 11), Ep is linear to log n with a regression equation of
y ¼ -0.091  xe0.484 (r2 ¼ 0.997). From the slope of the equation
an found to be 0.64. Generally, at a value of an between 0.3 and 0.7
it is assumed to be one electron transfer [15,40]. The obtained an
values indicate that one electron takes place in electroredution of
hydrogen peroxide. According to this data, the mechanism of the
reduction of H2O2 can be recommended as follows:

2AgPdNPs þ H2 O2 /2AgPdNPs  OHad

(3)

AgPdNPs  OHad þHþ þe /AgPdNPs þ H2 O

(4)
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Fig. 8. Current-square root of scan rate variation of 2.5 mM H2O2 on bare GCE, PdNPsGCE, AgNPs-GCE and AgPdNPs-GCE in 0.1 M phosphate buffer solution with pH ¼ 6.5.

Fig. 11. Cathodic peak potential versus logarithmic scan rate.

Fig. 9. (a) Cyclic voltammograms for various concentrations of H2O2 at AgPdNPs-GCE in 0.1 M phosphate buffer solution with pH ¼ 6.5 from top to down 1.0, 2.5, 5.0, 7.5 and
10.0 mM, respectively. (b) The variations of the cathodic peak currents versus the H2O2 concentration, scan rate 100 mV/s.

3.6. Amperometric determination of H2O2

Fig. 10. Cyclic voltammograms of AgPdNPs-GCE in 0.1 M KCl containing 2.5 mM H2O2
at variable scan rates from top to down 25, 50, 100, 200 and 400 mV/s, respectively.

Amperometric investigation were performed at -0.4 V in a wellstirred phospahate buffer solution (pH ¼ 6.5). The amperometric
answer of AgPdNPs-GCE to the successive addition of H2O2 was
given in (Fig. 12). As can be seen in Fig. 12, the reduction peak
currents increased remarkable after addition of H2O2. It was
observed that the current reached steady state within 3 s, signifying
that the AgPdNPs electrode have a fast current response for electro
reduction of H2O2. It is obvious that the amperometric current increase with the successive addition of hydrogen peroxide. Consequently, it can be said that modiﬁcation of GCE with AgPdNPs
concluded with a fast response for H2O2.
The effectiveness of the AgPdNPs-GCE as a sensor for H2O2 was
also investigated by the differential pulse voltammetry (DPV).
(Fig. 13a) showed the differential pulse voltammograms of the
reduction H2O2 at various concentrations. The inset diagram shows
the ampliﬁcation of voltammograms with the lower concentration
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from the enol-form to keto-form may release a reactive hydrogen
atom that can reduce metal ions to form nanoparticle (Scheme 1)
[57e60].

3.8. Interference study
The existing foreign substances such as uric acid (UA), glucose,
ascorbic acid (AA) affect the detection of hydrogen peroxide. To
evaluation the selectivity of AgPdNPs modiﬁed GCE electrodes towards electro reduction of H2O2, these electroactive intereference
substance was introduced knowingly and investigated their affect
on the reduction of H2O2 (Fig. 14). As can be seen in Fig. 14, the
AgPdNPs modiﬁed GCE does not show any response to any of
interfere substance except for H2O2.
Fig. 12. Amperometricresponce curves of H2O2 at AgPdNPs-GCE with successive
addition of H2O2 in different concentration at -0.4 V.

3.9. Repeatability and stability

Fig. 13. (a) Differential pulse voltammograms of H2O2 at various concentrations on AgPdNPs-GCE in 0.1 M phosphate buffer solution with pH ¼ 6.5. Inset is the ampliﬁcation of
voltammograms with the lower concentration region and (b) the calibration curve between DPV response and H2O2 concentration.

region. The DPV response showed increasing reduction current
with increment H2O2 concentration at a range of 20 mM to 5 mM
with a regression equation of I(mA) ¼ 7.444  C þ 10.292
(r2 ¼ 0.997; n ¼ 10) where C is concentration of H2O2 in term of mM
(Fig. 13b). The limit of detection (LOD) was found to be 0.52 mM. The
performance of the manufactured AgPdNPs-GCE was further
compared with H2O2 sensors reported previously (Table 1). It can
be seen that the performance of the AgPdNPs-GCE is apparently
better than previously declared. This spectacular effect of the
AgPdNPs-GCE could be a result of synergitic effect between GCE
and AgPd alloy nanoparticles. Due to its high effective surface area
and high conductivity of alloy nanoparticles, it allows H2O2
adsorption to the electrode surface in excess amount, facilitates the
transfer of electrons between H2O2 and GC electrode and increaes
the electrocatalytic active area [41].
3.7. Possible mechanism of nanoparticle formation
Various plant including terpenoids, polyphenols, alkaloids,
phenolic acids play an important role in the biosynthesis of nanoparticles. Flavonoids are polyphenolic compounds and contain
various functional groups capable of nanoparticle formation. It has
been assumed that the tautomeric transformations of ﬂavonoids

Repeatability and stability of the electrodes are also an important parameters that can affect the applicability of H2O2 sensors.
Repeatability of the novel sensor was analyzed by measuring the
responses of ﬁve independently produced electrodes to
2.5 mM H2O2, yielding a RSD of 2.1% (Fig. 15). The stability was
evaluated by measuring the response elicited by exposure to
2.5 mM H2O2 every day for a week. AgPdNPs-GCE retained 88% of
its initial current response for H2O2.
4. Conclusions
In this study, Lithodora hispidula (Sm.) Griseb. was used for
production of Ag, Pd and AgPd alloy nanoparticles in a green route
for the ﬁrst time. All of nanoparticles were successfully synthesized
by a simple, low-cost and eco-friendly green method without using
any protective or toxic materials. The synthesized nanoparticles
were characterized by UV-Vis, ICP-MS, XRD, SEM and EDX analysis
methods. Electrochemical behaviour of the nanoparticles was
investigated by cyclic voltammetry. For this purpose, nanoparticle
modiﬁed GCE was fabricated by drop casting methods on GC
electrode. Cyclic voltammetry studies showed that nanoparticles
were successfully deposited on surface of GC electrode. Nanoparticle modiﬁed electrodes were tested on electrocatalytic
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Table 1
Comparison of AgPdNPs/GCE electrode response to hydrogen peroxide with varied electrodes.
Electrode

Linear range

LOD (mM)

Reference

Hemoglobin/Pd/Graphene-chitosan
Pd/MCNs/GCE
Au-TiO2/Graphene/GCE
PdNPs-MWCNTs/GCE
AgNPs/GCE
AgNPs/ATP/GCE
ZnO/Au/Naﬁon/HRP/GCE
AgNPs/PoPD/GCE
Pd/PDDA/PGR
Graphene-AuNPs/GCE
Ag/MWCNT
Ag/Graphene
Ag/CNT
Pd-PEDOTn/GCE
PdCu/SPCE
AgPdNPs/GCE

2.0 mM - 1.10 mM
7.5 mM - 10 mM
10 mM - 0.20 mM
20 mM - 1.00 mM
250 mM - 1.40 mM
10 mM - 21.53 mM
15 mM - 1.10 mM
6 mM - 67.30 mM
2 mM - 1.67 mM
20 mM - 0.28 mM
100 mM - 0.90 mM
100 mM - 10.00 mM
50 mM - 9.00 mM
40 mM - 9.00 mM
500 mM - 11 mM
20 mM - 5.00 mM

0.66
1.00
0.70
14.00
1.00
2.40
9.00
1.50
0.90
6.00
2.20
7.00
1.60
1.60
0.70
0.52

[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
This work

Scheme 1. Possible mechanism of nanoparticle formation from Lithodora hispidula (Sm). Griseb. plant extract.

Fig. 14. Current responce of H2O2 (0.01 M), glucose (0.1 M, 0.1 mL), ascorbic acid
(0.1 M, 0.1 mL) and uric acid (0.1 M, 0.1 mL) on AgPdNPs modiﬁed GCE at -0.4 V.

reduction of hydrogen peroxide. Among the modiﬁed electrodes,
AgPd nanoparticle modiﬁed GCE showed the best activity towards
the reduction of hydrogen peroxide. It was conﬁrmed that the
increased catalytic response was a consequence of enlarged surface
area of electrode by nanoparticles. This phenomenon increased the
synergitic catalytic effect of the modiﬁed electrode. The wide linear
range and low detection limit of the AgPdNPs/GCE make it possible
to use a sensor for detection of hydrogen peroxide.
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