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ABSTRACT 

Copper-Silver bimetallic nanoparticles were synthesized by electrochemical reduction method which is 

environmental benign. The tetra butyl ammonium bromide (TBAB) used as stabilizing agent in an organic 

medium viz. tetra hydro furan (THF) and acetonitrile (ACN) in 4:1 ratio by optimizing current density. The 

parameters such as current density, solvent polarity, distance between electrodes, and concentration of 

stabilizers are used to control the size of nanoparticles. The synthesized copper-silver bimetallic nanoparticles 

were characterized by using UV-Visible, FT-IR, XRD, SEM-EDS and TEM analysis techniques.  

Keywords : Electrochemical cell, Tetra butyl ammonium bromide, Copper-Silver bimetallic nanoparticles, SEM, 

TEM and XRD. 

 

I. INTRODUCTION 

Bimetallic nanoparticles exhibit interesting electronic, 

optical, biologicaland chemical properties due to new 

bifunctional or synergistic effects [1-11]. As the 

demand increasesfor the materials with antimicrobial 

properties, new methods of obtaining metal 

nanoparticles are constantly increasing [12]. Silver 

and copper nanoparticles are used as additives to 

enhance the biocidal activity of medical materials, 

textiles, paints and varnishes, plastics and other 

materials [13]. A combination of the antibacterial 

properties of silver and the antifungal properties of 

copper allows the generation of a material with a wide 

spectrum of action against microorganisms 

[14,15].Silver nanoparticles are the most broadly 

described nanomaterials [16,17], which are highly 

effective against bacteria and can be found in many 

commercial products [18]. Nanosilverdespite the 

many advantages such as the low concentrations that 

are sufficient to limit bacterial proliferation, a wide 

range of activities and simple methods to produce 

stable suspensions, materials are also sought that 

would work well as a biocide whilst limiting the 

negative effects of nanosilver [19,20]. Examples of 

particles with similar effects to Ag are copper 

nanoparticles (Cu), which also have a high 

antimicrobial activity, especially antifungal [21]. In 

addition, Cu is more affordable and more accessible 

than Ag [22]. The main advantage of using Cu is the 

obtaining a stable suspension with a concentration of 

nanoparticles that ensures sufficient biocidal activity. 

The process of obtaining Cu is time-consuming, and 

the nanoparticles themselves usually have a larger size 

compared to Ag, which may decrease the biocidal 

activity of Cu [23]. In this report, we describe the 

synthesis and characterization of Cu-Ag bimetallic 

nanoparticles with tetra butyl ammonium bromide as 

stabilizing agent. 
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II.  METHODS AND MATERIAL 

 

Experimental: 

Copper-silver bimetallic nanoparticles were 

synthesized by electrochemical reduction method. In 

the initial experiment we have used electrolysis cell to 

carry out electrolysis process. In this cell, two anodes 

(Cu and Ag) were positioned in such a way that they 

lie parallel to each other and apart from each other by 

a distance of 1x1 cm. The inert cathode, platinum foil 

was placed between the two anodes and it was 

perpendicular to both of them. In typical procedure, 

the above electrolysis vessel having anode (Cu-Ag) 1 x 

1cm and a platinum cathode (1 x 1cm) were employed 

in the preparation of Cu-Ag bimetallic nanoclusters. A 

mixture of acetonitrile and tetrahydrofuran (4:1) was 

used as solvent. The supporting electrolyte consisted 

of solution of ligand, tetra butyl ammonium bromide 

TBAB at 0.01M. The supporting electrolyte used also 

act as stabilizer in the formation of bimetallic 

nanoclusters. Electrolysis was carried out at room 

temperature by passing the current of various current 

densities 10 mA/cm2 for two hours. The colour 

changes were observed and noted during the 

electrolysis process. After two hours of electrolysis 

process the concentration of the nanoparticles 

increased sufficiently leading to their agglomeration 

process. After the electrolysis time, the solid particles 

of the nanoparticles settled at the bottom of the vessel. 

The reaction mixture was transferred into the clean 

and dry bottle along with solid particles and then after 

15 to 20 minutes decantation process was followed for 

separation. The solid as well as the supernatant were 

collected separately. The solid sample was washed 2 to 

3 times with THF to remove the excess ligand. The 

samples were then dried in vacuum desiccator and 

further stored in airtight capsules for characterization.  

Characterization:  

The prepared copper-silver bimetallic nanoparticles 

were characterized by UV-Visible spectrophotometer, 

FT-IR spectrophotometer, XRD, TEM, SEM-EDS 

techniques. The UV-visible spectra were recorded on 

UV-Visible spectrophotometer [JASCO 503] using a 

quartz cuvette with ACN / THF (4:1) as reference 

solvent. The IR spectra were recorded on FT-IR 

spectrophotometer [JASCO, FT-IR/4100] Japan using 

dry KBr as standard reference in the range of 600 – 

4000 cm-1. The X-ray powder diffraction patterns of 

the copper oxide nanoparticles were recorded on 

Bruker 8D advance X-ray diffractometer using CuKα 

radiation of wavelength = 1.54056 Å. To study the 

morphology and elemental composition copper (II) 

oxide nanoparticles were examined using SEM and 

energy dispersive spectrophotometer (EDS). The SEM 

analysis was carried out with JEOL; JSM-LA operated 

at 20.0 kV and 1.0000 nA. Shape, size and morphology 

ware calculated by TEM analysis was using Philips 

model CM200 operated at 200 kV. 

 

III. RESULTS AND DISCUSSION 

 

Figure 1 shows the UV-visible spectra of Cu-Ag 

bimetallic nanoparticles. The surface plasmon 

resonance is the most remarkable optical property of 

metal colloids and nanoparticles. The alloy formation 

is confirmed by the optical absorption spectra that 

shows two surface plasmon peaks and the position of 

the λ max depends upon the composition. 

 
Figure 1.UV-visible spectrum of Cu-Ag nanoparticles 

capped with TBAB 

The analysis of the prepared sample of Cu-Ag 

bimetallic nanoparticles reveals the chemical 

properties of nanoparticles. On the basis of the FTIR 
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spectra we have obtained the results for the surface 

chemistry of the nanoparticles. The frequencies for 

the different functional groups have been reported 

[24-26]. The position and the presence of these 

functional groups can be detected by the FTIR 

technique. The Fig. 2 shows the IR spectrum of the as 

prepared sample of Cu-Ag bimetallic nanoparticles 

capped with TBAB. Peak at 3736cm-1 corresponds to 

the O-H stretching band. This arises due to the 

absorption of water molecules by the sample during 

storage. The broad peak at 3036cm-1 and a narrow 

peak at 2879cm-1 correspond to the C-H stretching 

vibrations. The peak at 1784cm-1 corresponds to the 

CO2 which is absorbed by the sample. The peak at 

1684cm-1 is related to the symmetrical ammonium ion 

(N+R4). The frequency at 1491cm-1, 1442cm-1 and 

1354cm-1 corresponds to the C-H bending vibrations. 

The C-N linkage in the N+R4 gives a medium band at 

1236cm-1and 1134cm-1, which are due to the 

stretching vibrations. The peak at 833cm-1 and 690cm-

1 corresponds to the CH2 rocking. These results 

indicate that the capping agent TEAB has been 

adsorbed on the surface of the Cu-Ag bimetallic 

nanoparticles. The spectrum also contains bands at 

401cm-1, 453cm-1 and 540cm-1 are due to the silver 

nanoparticles. 

 
Figure 2 FTIR spectrum of Cu-Ag bimetallic 

nanoparticles. 

The X-ray diffraction pattern of the Cu-Ag bimetallic 

nanoparticles synthesized with TBAB capping agent at 

10mA/cm-2 is shown in Fig.3 which indicates the 

crystalline nature of particles. The peaks at 2θ values 

of corresponding plane (010), (011), (111), (201), 

(211), (003), (021) and (312) show the monoclinic 

structure of copper oxide nanoparticles (ASTM No. 

7421). 

The peaks at planes (110), (200), (220), (221), (310), 

(311) and (222) indicate the cubic structure of silver 

oxide nanoparticles. The data is matched with ASTM 

card no. 04-0783. The peak at 76.878° is the strongest 

peak of copper is overlapped with the peak of silver 

can be assigned (311) plane of the cubic structure of 

Ag. The mean size of Cu-Ag nanoparticles obtained 

from the half width of the (011) different peak using 

the Scherrer equation is about 8.56nm which accords 

with the results of TEM image for the particle sizes. 

 
 

Figure 3XRD Spctra of Cu-Ag bimetallic nanoparticles 
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Table 5.A.5.1. XRD analysis data for Cu-Ag bimetallic nanoparticles 

 

h k l 

2θ()  

(Exp) 

2θ() 

(Cal) 

d(A)  

(Exp) 

d(A) 

(Cal) 

Intensity 

(Exp) 

0    1    0 26.688 26.111 3.33753 3.41000 139.39 

0    1    1 31.162 31.520 2.86781 2.83609 141.69 

1    1    1 37.839 37.094 2.37571 2.42170 846.83 

2    0    1 43.016 42.670 2.10103 2.11724 44.30 

2    1    1 51.486 50.713 1.77352 1.79873 178.60 

0    0    3 54.402 53.797 1.68513 1.70267 65.82 

0    2     1 57.173 56.887 1.60986 1.61728 43.27 

3    1    2 76.878 77.133 1.23906 1.23560 37.40 

1    1    0 30.924 30.925 2.88936 2.88924 808.36 

2    0    0 44.324 44.301 2.04201 2.04300 746.46 

2    2    0 64.497 64.447 1.44360 1.44462 253.03 

2    2    1 69.701 68.883 1.34800 1.36200 71.00 

3    1    0 73.239 73.190 1.29137 1.29211 166.33 

3    1    1 77.496 77.402 1.23071 1.23197 188.02 

 

 

The shape and size distribution of nanostructures 

were characterized by scanning electron microscopy. 

Fig.4 A and Fig.4. B illustrates typical morphologies of 

Cu-Ag bimetallic nanoparticles synthesized with 

TBAB capping agent with 10mA current density.The 

result shows they contains many tiny amorphous 

particles which show the polycrystalline sheet like 

morphology of Cu-Ag bimetallic nanoparticles. The 

Fig.4 A shows the microgram at a resolution of 0.5 μm 

wherein it is seen that the nanoparticles are in clumps 

and the structure is discontinuous in nature. The 

resolution at 1.0 μm, in Fig.4 B shows a morphology of 

the nanoparticles that resembles like agglomerated 

particles with irregular shape. 

 

 
Figure 4 A and 4 B Scanning Electron Microscopic 

images. 
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The EDS spectrum of sample (Fig. 5) prepared by 

using TBAB as capping agent at 10mA current density 

shows peaks corresponding to Cu, Ag, O and Br. The 

analysis of spectra gives wt% and atom% of each 

element present in sample. The content of elements 

according to their wt% and atom% is shown in Table 

5. In this the wt% and atom% of copper and silver 

clearly shows the formation of Cu-Ag bimetallic 

nanoparticles. 

 
Table 5. EDS analysis of Cu-Ag nanoparticles 

 

Constituen

ts 

Mass (%) Atom (%) 

Cu 80.52 69.15 

Ag 15.78 13.19 

O 7.38 24.45 

Br 0.32 0.21 

The physical properties of the nanosized materials 

depend upon the size, morphology and aggregation of 

the particles. These details can be better understood 

by a commonly used technique, Transmission 

Electron Microscopy (TEM). The metal nanoparticles 

especially those consisting of noble (precious) metal 

elements, give high contras [27] when the particles 

are placed on a thin carbon films supported by metal 

grids. For large crystalline metal nanoparticles, 

HRTEM can suggest the area composition by the 

fringe measurement, giving crystal information of the 

nanoparticles observed in the particle image [28-30]. 

In order to characterize the nanoparticles using TEM, 

a solution containing the prepared Cu-Ag 

nanoparticles in ethanol was sonicated for 15 minutes. 

A single micro drop of this solution was allowed to 

dry on a carbon coated copper grid for TEM imaging. 

The nanoparticles exhibit nearly spherical shape and 

most of them aggregate together even under 

ultrasonic vibration for a long time. The average size 

of these nanoparticles is about 1-45nm, almost in 

accordance with that from SEM and XRD 

observations. 

Fig.6 shows the Cu-Ag bimetallic nanoparticles, these 

are variable in size and spherical in shape.  

 
Figure 6 TEM of Cu-Ag bimetallic nanoparticles 

capped with 0.01M TEAB at current density 10 

mA/cm2 

IV.  CONCLUSION 

 

In summary, we have demonstrated the efficiency of 

electrochemical reduction method for the synthesis of 

Cu- Ag bimetallic nanoparticles. The TBAB salts used 

as ligands have played a significant role on controlling 

the particle size. The procedure offers several 

advantages including control the particles size, 

excellent yields, operational simplicity and minimum 

environmental effects. The copper silver bimetallic 

nanoparticles had average size in the range of 5 – 30 

nm.Thus, the synthesis of Cu-Ag Bimetallic 

nanoparticles by electrochemical reduction method is 

easiest, cheapest, require less time and high purity of 

nanoparticles are obtained. 
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