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A B S T R A C T   

Nanoalloys (Ag-Cu)-based electrochemical sensor for H2O2 detection has been fabricated. Pure silver (Ag) 
nanoparticles (NPs) and silver-copper (Ag-Cu) nanoalloys have been synthesized by using chemical reduction 
methodology while ratios of precursors vary as 9:1, 8:2, 7:3 and 6:4. Characterization of the prepared samples 
has been carried out by X-ray diffraction (XRD) which revealed the face centered cubic crystal structure of Ag 
NPs and Ag-Cu nanoalloys. An average crystallite size of powdered samples was calculated from XRD analysis to 
be 20–50 nm. Scanning electron microscopy exhibits spherical distribution of nanoparticles of the prepared 
alloys. A red shift was measured using UV–visible spectroscopy corresponding to the increase of copper contents 
in Ag-Cu nanoalloys. Cyclic voltammetric (CV) response of nanoalloys modified glassy carbon electrode was 
recorded in phosphate buffer of pH 7.4 in the absence and presence of H2O2. CV results demonstrate reduction of 
H2O2 at 0 V. Charge transfer resistance (Rct) has been calculated from electrochemical impedance spectroscopy 
and is considered as sensing parameter in the present study. Among all the compositions, Ag-Cu (9:1) nanoalloys 
have shown the best sensing performance towards detection of H2O2 having limit of detection (LOD) and limit of 
quantification (LOQ) of 152 µM and 508 µM, respectively.   

1. Introduction 

Hydrogen peroxide (H2O2) is a valuable compound employed as a 
mediator in biological systems [1]. It plays an important role in the 
physiological control of hormones where it can regulate the growth of 
the cell including cell signaling, apoptosis and immune activation due to 
its reactive nature with oxygen species [2–4]. However, an excess 
discharge of H2O2 can cause cell damage [5], inflammatory disease [6], 
and cancer [7,8]. It also serves as an oxidant in various fields, for 
example food security [9], environmental monitoring [10], medical 
applications [11], etc., and testing and determination of H2O2 are of 

great implication [12]. Practically, numerous methods have been 
developed for the detection of H2O2 including chromatography [13], 
colorimetric [14], titration [3], photoelectrochemical [15], light 
detection [16] and electrochemical [17,18], while titration and chro-
matography can’t be used for the in vitro and in vivo detection of H2O2 
[19,20]. Furthermore, light detection and chemiluminescent techniques 
are not convenient to detect H2O2 due to the variation in excitation 
method and the interaction of H2O2 with chemical compounds for 
fluorescence measurements [21,22]. However, electrochemical sensors 
possess sensitivity, specificity, good resolution with low power re-
quirements, low cost, and linear output. These sensors are based on 
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electrochemically active catalysts. 
Metal nanoparticles are recognized as efficient catalysts for the 

electrochemical monitoring of H2O2 due to their relatively outstanding 
electrical conductivity, high surface to volume ratio [23–26], and sig-
nificant electrocatalytic performance [27–30], which not only favor 
their charge transport phenomenon but also provide large number of 
catalytic sites in the H2O2 electrochemical process [31]. The function-
alization of the specific surface of Ag and Cu nanoparticles (NPs) have 
been exploited in bio-sensing [32–34], electronics/electro-optical de-
vices [35,36], catalysis [37,38], sensors [39–41], textile [42] and 
pharmaceutical industries [43]. Due to these properties, Ag and Cu 
nanoparticles and its nanoalloys are used as sensors. Different nano-
materials have extensively been studies as electrochemical sensors. 
However, electrochemical sensing applications of Ag-Cu based nano-
alloys have rarely been investigated. Furthermore, Ag and Cu NPs are 
good candidates to fabricate electrochemical sensors due to their low 
cost compared to other expensive metals like gold and platinum, etc. 
[44,45]. Major drawback in utilizing Cu NPs for the fabrication of sensor 
is oxidation that happen upon exposure to open atmosphere. To handle 
this problem, nanoalloys of Cu and Ag are proposed in this study that can 
tolerate decomposing effects. 

In present work, electrochemical sensors based on Ag NPs and Ag-Cu 
nanoalloys have been synthesized by using chemical reduction meth-
odology. Ag-Cu nanoalloys having different compositions (9:1, 8:2, 7:3 
and 6:4) were prepared by varying the molar ratios of silver and copper 
by adjusting the amounts of chemical reagents. After successful growth, 
these nanoalloys were characterized by UV–Visible spectroscopy, XRD 
and SEM. Finally, electrochemical sensing properties of nanoalloys were 
studied by CV and EIS. Among all the samples, Ag-Cu (9:1) nanoalloy 
has shown the best sensing performance towards detection of H2O2 
having LOD of 638 µM and LOQ of 2.1 mM. 

2. Experimental 

2.1. Materials and reagents 

All chemicals used in present study were of research grade and were 
used without further purification. Chemicals and reagents used in the 
present study are silver nitrate (AgNO3) 99.5% from Merck, copper ac-
etate hydrate (Cu(COOCH3)2.H2O) 98%, polyvinylpyrrolidone (PVP) 
MW = 40,000, sodium borohydride (NaBH4) 98% and Nafion solution 
(5 wt.%) from Sigma Aldrich. 

2.1.1. Synthesis of pure Ag nanoparticles 
The required amount of AgNO3 (0.85 g) was dissolved in 50 mL of 

distilled water to prepare 0.1 M silver nitrate solution. In a separate 
flask, PVP-40,000 (1.01 g) and NaBH4 (0.4 g) were dissolved in 50 mL of 
distilled water and were stirred together for half an hour under inert 
conditions by purging Argon gas into the mixture. The AgNO3 solution 
was added drop-wise to the solution of NaBH4 and PVP, after complete 

addition AgNO3 solution the reaction mixture was stirred for 1 h more 
under inert atmosphere. The color of the solution became black which 
indicates the formation of Ag nanoparticles. After completion of reac-
tion, the nanoparticles were separated by ultracentrifugation, washed 
with deionised (DI) water many times and then kept in the oven for 5 h 
at 80 ◦C for drying under argon environment. 

2.1.2. Synthesis of Ag-Cu nanoalloys 
Ag-Cu nanoalloys of different compositions (9:1, 8:2, 7:3 and 6:4) 

were prepared by varying the molar ratios of silver and copper by 
adjusting the amounts of AgNO3 and Cu(COOCH3)2.H2O. Shortly, the 
required amounts of AgNO3 and Cu(COOCH3)2.H2O were dissolved in 
100 mL of distilled water. Separately, a solution of NaBH4 and PVP- 
40,000 was prepared by dissolving their required amount in 100 mL 
of distilled water and stirred for half an hour under continuous purging 
of Argon gas to create inert environment. The Ag-Cu nanoalloys were 
prepared by dropping the AgNO3 and Cu(COOCH3)2.H2O solution into 
the solution of NaBH4 and PVP slowly. After complete addition, the 
solution was kept on stirring for 1 h. After completion of reaction, the 
prepared Ag-Cu nanoalloys were separated by ultracentrifugation, 
washed with DI water many times and then kept in the oven for 5 h at 80 
◦C for drying under argon environment. 

2.2. Characterization 

UV–Visible spectra of synthesized Ag NPs and Ag-Cu nanoalloys 
suspended in ethanol were carried out by UV–Visible spectrophotometer 
(Schimadzu 1700) with a deuterium and tungsten halogen lamps as 
source of light and scanning wavelength ranging from 200 to 800 nm. 
The absorbance was scanned from 800 to 200 nm by using a quartz 
cuvette. The PANalytical X’ Pert PRO 3040/60 X-Ray diffractometer 
containing Cu Kα at 45 KV 40 mA as the source of X-rays was used for the 
determination of crystal structure and purity of nanoalloys. Topo-
graphical features, compositional mapping, phase distribution and 
morphology of samples were accessed by scanning electron microscopy 
(SEM)- JEOL JSM-840. Sensing application of these grown nanoalloys 
was studied by electrochemical techniques viz. cyclic voltammetry (CV) 
and electrochemical impedance spectroscopy (EIS) by using Autolab 
PGSTAT 302 potentiostat/galvanostat electrochemical workstation. 
Electrochemical cell used for CV and EIS experiments was comprised of a 
double-walled glass container (30 mL) equipped with Ag NPs and Ad-Cu 
nanoalloys modified glassy carbon electrode (GCE) as working elec-
trode, Pt wire as counter electrode, and Ag/AgCl as reference electrode. 
EIS experiments have been performed by applying frequency from 10 
mHz to 100 kHz and total 30 different frequencies were used to record 
the impedance response. Frequency response analyzer (FRA) software 
has been used for EIS experiments and data analysis. This software uses 
Levenberg–Marquardt algorithm. The fitting procedure changes the 
values of the parameters until the mathematical function matches the 
experimental data within a certain error margin. The goodness of the fit 

Fig. 1. Fabrication and working of Ag-Cu nanoalloys-based electrochemical sensor.  
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was characterized by the value of χ2 (chi-squared). For all measure-
ments, values of circuit elements were measured with χ2 < 0.01. 

2.3. Fabrication of working electrode 

The glassy carbon was modified with Ag nanoparticles and Ag-Cu 
nanoalloys by a previously reported method [46]. Briefly, before the 
deposition of material on the GCE surface, the electrode was thoroughly 
cleaned by polishing with alumina slurry (0.05 µm) on the rubber pad 
for few minutes and then washed several times with DI water 

thoroughly. After this, the electrode was ultrasonically cleaned succes-
sively with ethanol and DI for 10 min in each case. The electrode was 
then dried and used for the deposition of material immediately. Then 2 
mg of material i.e. Ag NPs or Ag-Cu nanoalloys was poured into 1 mL of 
DI water and the mixture was sonicated for 10 min until the particles 
become suspended in the water. The particles were then deposited on 
GCE surface by casting 5 µL suspensions on GCE surface. The electrode 
was then dried in oven at 40 ◦C under argon environment. This process 
was repeated three to four times until a uniform layer of particles is 
formed on the surface of GCE. To deposit the as grown material on the 
surface of GCE, a 5 µL solution of Nafion was casted and then dried in the 
oven at 40 ◦C overnight under argon environment. 

3. Results and discussions 

3.1. Structural studies 

Fabrication and working of Ag-Cu nanoalloys-based electrochemical 
sensor towards H2O2 detection is shown in Fig. 1. 

Formation of as synthesised nanoparticles has been assessed by 
UV–Visible absorption spectra of pure Ag nanoparticles and Ag-Cu 
nanoalloys as shown in Fig. 2. Pure Ag nanoparticles show a strong 
absorption peak at 403 nm, whereas Ag-Cu nanoalloys Ag-Cu (9:1), Ag- 
Cu (8:2), Ag-Cu (7:3), and Ag-Cu (6:4) exhibit their absorption peaks at 
wavelengths of 411, 412, 413, and 414 nm, respectively. These peaks are 
attributed to localized surface plasmon resonance, which can be 
assessed by Mie resonance condition [47]. Surface plasmon bands of 
Ag-Cu nanoalloys are at the middle of the maximum absorption spectra 
of Ag (at 403 nm) and Cu (at 545 nm) nanoparticles [48]. For Ag-Cu 
nanoalloys, there is a regular peak shift of 1 nm towards the longer 
wavelength (red shift) with increasing copper contents. This red shift in 
maximum absorption values of Ag-Cu nanoalloys is due to the increase 
in refractive index of the medium and is according to the literature 
values [47]. It has further been observed that the optical density de-
creases with increasing concentration of Cu (up to Ag-Cu (8:2)) and it is 
due to agglomeration of the nanoparticles and compactness in packing 

Fig. 2. UV/Visible spectra of 3.3 mM aqueous solutions of Ag nanoparticles, 
Ag-Cu (9:1), Ag-Cu (8:2), Ag-Cu (7:3), and Ag-Cu (6:4) nanoalloys. 

Fig. 3. X-ray diffraction spectra of (a) pure Ag NPs and (b) Ag-Cu (9:1), Ag-Cu (8:2), Ag-Cu (7:3), and Ag-Cu (6:4) nanoalloys.  
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Fig. 4. SEM micrographs of (a) pure Ag NPs, (b) Ag-Cu (9:1), (c) Ag-Cu (8:2), (d) Ag-Cu (7:3), and Ag-Cu (6:4) nanoalloys, (f) particles size distribution computed by 
using image-J. 

Fig. 5. Cyclic voltammograms of (a) pure Ag NPs (b) Ag-Cu (9:1), (c) Ag-Cu (8:2), and (d) Ag-Cu (7:3) nanoalloys modified GCE at scan rate of 50 mV/s in phosphate 
buffer solution of pH 7.4 in the absence and presence of 4 mM H2O2 at room temperature. 
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[49,50]. This shows that the optical density not only depends upon size 
of the NPs but also the compactness in packing. However, further in-
crease of Cu contents results in enhanced absorbance values which is 
due to increase in homogeneity of nanoalloys [50]. It can further be seen 
from the spectra that as the copper contents increases in Ag-Cu nano-
alloys, absorption peaks become broadened [51]. Overall, these obser-
vations indicate the formation of Ag-Cu nanoalloys instead of separate 
Ag and Cu nanoparticles, otherwise double peak spectrum would have 
been resulted [52]. 

In order to confirm the crystal structure of the pure Ag NPs and Ag- 
Cu nanoalloys, XRD measurements were performed as shown in Fig. 3. 
These XRD spectra reveal that diffraction peaks of Ag-Cu nanoalloys are 
located at 2θ = 38◦, 44.5◦, 64.5◦ and 77.5◦ corresponding to the planes 
(111), (002), (022), and (113) which are similar to that of pure Ag NPs. 
It eventually confirms the fabrication of nanoalloys in which copper 
atoms have positioned themselves among face centered cubic crystal 
structure of silver atoms rather than individual silver and copper NPs. 
However, with increasing Cu contents there is a slight shift in peak 
position of (111) peak towards higher 2θ value and a maximum shift of 
0.5◦ has been observed for Ag-Cu (8:4) nanoalloy. This observation in-
dicates the complete dissolution of Cu atoms within the face centered 
cubic lattice and does not result in any additional peaks of Cu [53,54]. 
Hikmah et al. reported synthesis of silver-copper core-shell nano-
particles and observed very low intensity diffraction peaks of (111), 
(200) and (220) planes for Ag-Cu (8:2) and (8:3 M) compositions and no 
Cu peak for 8:4 M composition [55]. However, in present case to explain 
the absence of any diffraction peaks for Cu, another possible reason is 
diffraction peaks for Cu metal are too small to be observed. Due to the 
incorporation of copper atoms within the crystal structure of silver, a 
slight broadening of peaks has been observed [56]. The magnitude of 
lattice constant and mean crystallite size of pure silver nanoparticles is 

found to be 4.045 Ǻ and 29 nm, respectively. From Scherer’s equation, 
the average crystallite sizes for Ag-Cu nanoalloys have been found in the 
range of 13 to 22 nm which reveals that on alloying, the crystallite size 
decreases but (111) orientation is most favourable for the nanoalloys. It 
is also noted that the XRD peaks are somewhat broadened as the crys-
tallite size decreases. The values of interplanar spacing (dhkl) for Ag NPs 
calculated from the XRD spectra are 2.366, 2.048, 1.44 and 1.233 Ǻ 
which are in excellent agreement with standard values (JCPDS PDF card 
04–0783). 

Scanning electron microscopy (SEM) was used to study the structural 
morphology of the prepared nanomaterials. SEM images of pure Ag 
nanoparticles and Ag-Cu alloy nanoparticles in different ratios i.e. 9:1, 
8:2, 7:3, 6:4 are shown in Fig. 4 (a-e). Fig. 4(f) shows the particles size 
distribution of the NPs, and shows that the pure Ag NPs have uniform 
spherical symmetries while addition of Cu contents increases the size of 
the particles and results in agglomeration of particles. It has been 
observed from the SEM micrographs that average sizes of particles for all 
the compositions are in the range of 50 to 80 nm. However, some larger 
sized particles in the range of 200 to 250 nm have also been found. 
Mostly the particles are spherical in morphology and look agglomerated 
in almost all the compositions. This condensation of particles has also 
been confirmed from UV–Visible results (Fig. 2). 

3.2. Electrochemical performance evaluation 

The electrochemical performance of all samples has been investi-
gated by cyclic voltammetry (CV) and electrochemical impedance 
spectroscopy (EIS). The fabricated samples (pure Ag and nanoalloys of 
Ag-Cu with various ratios) modified glassy carbon electrode (GCE) was 
used in all CV and EIS experiments. All CV experiments have been 
recorded in phosphate buffer solution of pH 7.4 in the absence and 

Fig. 6. Cyclic voltammograms of (a) pure Ag NPs (b) Ag-Cu (9:1), (c) Ag-Cu (8:2), and (d) Ag-Cu (7:3) nanoalloy modified GCE at various scan rates in phosphate 
buffer solution of pH 7.4 at room temperature. 
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presence of H2O2. CV has been used to analyze the adsorption behavior 
of prepared sensors on GCE and to get initial guess about their sensing 
potential for H2O2. CVs recorded on Ag NPs and Ag-Cu nanoalloys (9:1, 
8:2 and 7:3) modified GCE in phosphate buffer solution of pH 7.4 in the 
absence and presence of H2O2 are presented in Fig. 5(a-d). For pure Ag 
NPs, anodic and cathodic peak potentials are 0.23 and − 0.01 V and their 
corresponding anodic and cathodic peak currents are 93 and − 213 µA, 
respectively. For Ag-Cu (9:1) nanoalloys, three anodic peaks designated 
as 1a, 2a, and 3a at 0.05, 0.25, and 0.37 V with corresponding anodic 
peak currents 197, 145, and 97 µA, respectively, have been observed. 
Three cathodic peaks designated as 1c, 2c, and 3c at − 0.05, − 0.005, and 
0.06 V, with corresponding cathodic peak currents − 5, − 270, and − 7 
µA, respectively, have also been observed. For Ag-Cu (8:2) nanoalloys, 
two anodic peaks designated as 1a and 2a at 0.05 and 0.29 V with cor-
responding anodic peak currents 80 and 145 µA, respectively, have been 
observed. Two cathodic peaks designated as 1c and 2c at − 0.16 and 0.02 
V, with corresponding cathodic peak currents − 265 and − 0.02 µA, 
respectively, have also been observed. For Ag-Cu (7:3) nanoalloys, three 
anodic peaks designated as 1a, 2a, and 3a at − 0.03, 0.23, and 0.35 V with 
corresponding anodic peak currents 90, 40, and 0.04 µA, respectively, 
have been observed. Three cathodic peaks designated as 1c, 2c, and 3c at 
− 0.05, 0.02, and 0.28 V, with corresponding cathodic peak currents 
− 260, − 45, and − 3 µA, respectively, have also been observed. It is clear 
from the CV curves in Fig. 5 (a-d) that addition of H2O2 results in 
improvement of peak currents for all the sensors. For Ag NPs, it has been 

noticed that in the presence of H2O2 in Fig. 5(a), peak currents of both 
anodic and cathodic peaks are significantly enhanced. This increase in 
peak currents is attributed to catalytic reactions taking place on Ag NPs 
surface. Additionally, it has been found that anodic peak potential is 
shifted towards more positive potential while cathodic peak potential is 
shifted towards more negative potential due to H2O2. It can be inferred 
from these observations that Ag NPs may be used as sensor for H2O2 
determination. 

Form cyclic voltammograms of Ag-Cu (9:1) nanoalloy (Fig. 5b), it 
can be observed that with the addition of H2O2, peak currents of 
oxidation peaks for copper (1a) and silver (2a) are decreased whereas 
the peak current of reduction peak for silver (2c) is significantly 
enhanced. It is very clear from these observations that in the presence of 
H2O2, reduction peak current in CV signal of Ag-Cu (9:1) nanoalloys is 
significantly enhanced. Similarly, for Ag-Cu (8:2), Ag-Cu (7:3) nano-
alloys (Fig. 5c and d), presence of H2O2 results in enhanced reduction 
peak currents in their CVs. It is pertinent to mention that for all the 
sensors in the presence of H2O2, reduction peaks are merged into a single 
peak at − 0.04, − 0.01, − 0.16, and − 0.07 V for Ag, Ag-Cu (9:1), Ag-Cu 
(8:2), Ag-Cu (7:3), respectively. with enhanced cathodic peak current. 
The values of reduction peak currents are − 350, − 370, − 295 and 
− 281µA for Ag, Ag-Cu (9:1), Ag-Cu (8:2), Ag-Cu (7:3), respectively. The 
increase in reduction peak current for all the nanoalloys is attributed to 
the catalytic reduction of H2O2 [57]. It has further been noticed that 
cathodic peak potentials for Ag-Cu alloys are slightly shifted towards 

Fig. 7. Variation of ipa with scan rate for (a) pure Ag NPs (b) Ag-Cu (9:1), (c) Ag-Cu (8:2), and (d) Ag-Cu (7:3) modified GCE.  
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more negative potential in the presence of H2O2. Similarly, anodic peak 
potentials are also slightly shifted towards more positive potential in the 
presence of H2O2. Thus, it can be concluded on the basis of above ob-
servations that Ag-Cu (9:1), Ag-Cu (8:2), Ag-Cu (7:3) may be used as a 
sensing material for the determination of H2O2 in solution. 

To get insight into adsorption of Ag NPs and Ag-Cu nanoalloys on 
GCE, CV experiments have been performed at different scan rates in 
phosphate buffer solution of pH 7.4 and resultant CVs of Ag, Ag-Cu (9:1), 
Ag-Cu (8:2) and Ag-Cu (9:3) are shown in Fig. 6. A straight-line plot of 
peak current vs. scan rate instead of peak current vs. square root of scan 
rate have been observed for all the sensors (Fig. 7). This behavior clearly 
indicates strong adsorption of sensor materials on GCE and shows suc-
cessful modification of GCE with said materials [58]. It can also be 
observed from the CVs that the increase in scan rate, peaks become 
broadened and merged. This is due to the strong adsorption of samples 
on GCE. 

Additionally, electrochemical impedance spectroscopy (EIS) curves 
were employed to obtain impedance values at the interface between 
catalysts and electrolytes. EIS results demonstrate that for each catalyst, 
modified GCE has larger charge transfer resistance value (> 13 K Ω) than 
that for the bare (pure) GCE which (13 K Ω) which suggests the suc-
cessful modification of GCE with nanoalloys. The results obtained by EIS 
are consistent with the results tested by CV. 

In order to study the effect of H2O2 concentration on the impedance 
response, EIS was performed in phosphate buffer solution of pH 7.4 in 
the presence of varying concentrations of H2O2 from 2.0 to 10.0 mM. 
The applied frequency was from 10 mHz to 100 kHz. The Nyquist plots of 
the impedance response form Ag NPs modified GCE in phosphate buffer 
solution of pH 7.4 in the absence and presence of different H2O2 con-
centrations is shown in Fig. 8(a). 

The Nyquist plots of Ag-Cu (9:1), Ag-Cu (8:2), and Ag-Cu (7:3) 
nanoalloys modified GCE in pure phosphate buffer solution and with 

different H2O2 concentrations are shown in Fig. 8(b-d). The Rct values 
were similarly calculated by fitting the impedance data into same 
equivalent circuit used for pure Ag NPs. In order to determine the charge 
transfer resistance (Rct) value, the impedance data (obtained semi-
circles) was fitted into an equivalent circuit. It has been observed that 
the Rct value increases with increasing H2O2 concentration. The linear 
dependence of Rct values on concentration of H2O2 is depicted in Fig. 9 
(a) and this curve has been used for the quantification of H2O2. 

Again, it has been found that the Rct values increase with increasing 
H2O2 concentration, which shows that Rct is a concentration dependent 
parameter and can be used for the quantitative detection of H2O2. The 
linear dependence of Rct values with increasing concentrations of H2O2 
for Ag-Cu (9:1), Ag-Cu (8:2), and Ag-Cu (7:3) nanoalloys are depicted in 
Fig. 9 (b-d). Among all the compositions, Ag-Cu (9:1) nanoalloy has 
shown the best sensing performance towards detection of H2O2 having 
LOD of 152 µM, LOQ of 508 µM, and linear regression co-efficient R2 of 
0.996. Fig. 10 shows the graphical representation of LOD and LOQ for 
the various nanoalloys. We notice that the LOD varies from 152 to 190 
μM, whereas the nanoalloy with composition of 9:1 shows the best LOD 
approaching to 152 μM while the highest is 190 uM for 8:2 composi-
tions, when exposed to H2O2 solution. On the other hand, limit of 
quantification varies from 508 to 633 μM, again the sample with best 
detection limit exhibits quantification limit of 508 μM, while 8:2 
composition exhibits highest value of limit of quantification which is 
633 μM. 

Compared with other nanocomposites as mentioned in the Table 1, 
nanoalloys base on Ag-Cu show significantly enhanced detection of 
H2O2. Our sensor based on Ag-Cu (9:1) nanoalloy demonstrates the best 
LOD. The linear range of our fabricated nanoalloys is wide enough which 
is acceptable in several situations. This can be explained by the fact that 
due to the highly ordered structure and uniform distribution; each 
nanoparticle can catalyze the reduction of H2O2 and contribute to the 

Fig. 8. Electrochemical impedance spectra (Nyquist plots) of (a) pure Ag NPs (b) Ag-Cu (9:1), (c) Ag-Cu (8:2), and (d) Ag-Cu (7:3) modified GCE at various con-
centrations of H2O2. 
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electrochemical performance. Also, because these nanoalloys are 
attached to the substrate directly, electrochemical signals can be effec-
tively transferred and collected by the analysis system. By increasing the 
length and surface roughness, the enlarged electroactive surface area 
can enhance the sensing ability, leading to higher sensitivity and lower 
LOD. 

4. Conclusions 

In summary, Ag NPs and Cu nanoalloys were synthesized by using 
facile chemical reduction method under inert environment using PVP as 
capping and stabilizing agent. The sensing activity of Ag NPs and Ag-Cu 
nanoalloys modified GCEs towards H2O2 was checked by using CV and 
EIS which revealed that modified GCEs exhibit good sensing activity 
towards H2O2 in a range of concentrations from 2.0 to 9.61 mM H2O2. 
Because of the large surface and strong electron coupling, excellent 
electrochemical sensing activity has been achieved. The comparison of 

Fig. 9. The sensing performance for (a) pure Ag NPs (b) Ag-Cu (9:1), (c) Ag-Cu (8:2), and (d) Ag-Cu (7:3) nanoalloys modified GCE at various concentrations of H2O2.  

Fig. 10. Comparison of the limit of detection/quantification for pure Ag NPs, 
Ag-Cu (9:1), Ag-Cu (8:2), and Ag-Cu (7:3) nanoalloys. 

Table 1 
Comparison of H2O2 detection by different electrochemical sensors.  

Electrodes Linear Range 
(µM) 

LOD 
(µM) 

Correlation 
Coefficient (R2) 

Refs. 

Metal doped 
CNT 

300–750 430 0.998 [59] 

SWCNTs 1900–2400 1000 0.99 [60] 
Ag-Au/Cu2O 3180–20,780 1300 0.994 [61] 
Ag-Cu 

nanoalloys  
152 0.996 This 

work  
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the sensing performance of the pure Ag NPs and different Ag-Cu nano-
alloys towards H2O2 has been studied. Interestingly, nanoalloy with 
composition of Ag-Cu (9:1) demonstrates highest LOD of 152 μM, with 
R2 value of 0.996. Such sensor is suitable for the detection of H2O2 
released from living cell. 
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Electrochemically reduced graphene oxide layered nanocomposite for non- 
enzymatic H2O2 sensor, Mater. Today Proc. 46 (2021) 6971–6975. 

[58] N. Wang, Y. Han, Y. Xu, C. Gao, X. Cao, Detection of H2O2 at the nanomolar level 
by electrode modified with ultrathin AuCu nanowires, Anal. Chem. 87 (1) (2015) 
457–463. 

[59] M. Merisalu, J. Kruusma, C.E. Banks, Metallic impurity free carbon nanotube paste 
electrodes, Electrochem. Commun. 12 (1) (2010) 144–147. 

[60] J. Kruusma, V. Sammelselg, C.E. Banks, A systematic study of the electrochemical 
determination of hydrogen peroxide at single-walled carbon nanotube ensemble 
networks, Electrochem. Commun. 10 (12) (2008) 1872–1875. 

[61] D. Li, L. Meng, S. Dang, D. Jiang, W. Shi, Hydrogen peroxide sensing using Cu2O 
nanocubes decorated by Ag-Au alloy nanoparticles, J. Alloy. Compd. 690 (2017) 
1–7. 

M. Shafa et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0037
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0037
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0037
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0038
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0038
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0038
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0038
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0039
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0039
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0039
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0039
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0039
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0040
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0040
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0040
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0041
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0041
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0041
https://doi.org/10.1016/j.molliq.2022.119765
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0043
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0043
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0043
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0044
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0044
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0044
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0044
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0045
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0045
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0045
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0046
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0046
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0046
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0046
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0047
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0047
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0047
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0048
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0048
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0048
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0048
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0049
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0049
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0049
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0049
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0050
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0050
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0050
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0051
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0051
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0052
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0052
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0053
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0053
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0054
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0054
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0055
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0055
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0055
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0056
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0056
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0056
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0056
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0057
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0057
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0057
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0058
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0058
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0058
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0059
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0059
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0060
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0060
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0060
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0061
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0061
http://refhub.elsevier.com/S2468-0230(22)00873-2/sbref0061

	Ag-Cu nanoalloys: An electrochemical sensor for H2O2 detection
	1 Introduction
	2 Experimental
	2.1 Materials and reagents
	2.1.1 Synthesis of pure Ag nanoparticles
	2.1.2 Synthesis of Ag-Cu nanoalloys

	2.2 Characterization
	2.3 Fabrication of working electrode

	3 Results and discussions
	3.1 Structural studies
	3.2 Electrochemical performance evaluation

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	References


