
 

 

 
Trans. Nonferrous Met. Soc. China 23(2013) 128−133 

 
Low temperature synthesis and thermal properties of 

Ag−Cu alloy nanoparticles 
 

W. BHAGATHSINGH1, A. SAMSON NESARAJ2 
 

1. School of Nanosciences and Technology, Karunya University, Coimbatore-641 114, Tamil Nadu, India; 
2. Department of Chemistry, Karunya University, Coimbatore-641 114, Tamil Nadu, India 

 
Received 24 February 2012; accepted 4 September 2012 

                                                                                                  
 

Abstract: Ag−Cu alloy nanoparticles were synthesized by simple low temperature chemical reduction method using metal salts 
(acetate/sulphates) in aqueous solution with sodium borohydride as reducing agent. The chemical reduction was carried out in the 
presence of nitrogen gas in order to prevent the oxidation of copper during the reaction process. The alloy nanoparticles were 
characterized by XRD, UV-Vis, particle size analysis, EDS, TG-DTA and SEM analysis. From the XRD analysis, the crystallite sizes 
of the prepared samples were calculated using Scherrer formula and the values were found to be in the range of 15 nm. UV-Vis 
studies conform the formation of alloy nanoparticles. EDS analysis shows the presence of silver and copper in the samples. The SEM 
observation reveals that the samples consist of grains with average grain size up to 40 nm, and the particle size dependant melting 
point was studied by TG-DTA. 
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1 Introduction 
 

The fabrication of materials with well defined, 
controllable properties and structures on the nanometer 
scale coupled with the flexibility paid by intermetallic 
materials, which is referred as nanoalloys [1]. Metallic 
alloys in the nanoregime reveal unique optical, catalytic, 
electric, and magnetic properties that are widely different 
from those of the corresponding bulk materials [2]. 
When two or more kinds of metals are melted together, 
the melting point, rigidity, conductivity, and extensibility 
change considerably. And when it comes to nanoalloy 
materials, new and interesting properties show up [3,4]. 

Electronic packaging is a manufacturing technology 
used for electronic products. Packaging provides a 
medium for electronic interconnections and mechanical 
support, and solder alloys provide the electrical and 
mechanical connections between the die (chip) and the 
bonding pads. The selection of materials for solder alloys 
is critical and plays an important role in solder joint 
reliability [4]. A solder is a fusible metal alloy, which is 
melted to join metallic surfaces, especially in the fields 
of electronics and plumbing, in a process called  

soldering [5]. 
Sn−Pb alloy is a traditional material which has been 

used for interconnect materials for a long history. 
However, due to the inbuilt toxicity and the harm to 
human health and environment, Sn−Pb alloy is gradually 
being taken out of the electronic industry in many 
countries. As a result, electronics manufacturers need to 
be aware of the solder alloy choices available to them. 
Due to the toxicity of lead, the studies were directed 
towards the lead-free solders. Nowadays, attention has 
been directed to lower the eutectic temperature or 
melting point of lead-free alloys for soldering purposes. 

The utilization of metals such as tin, copper, silver, 
and sometimes bismuth, indium, zinc, antimony, and 
other metals has been investigated [6−8]. As a result, 
many lead-free solder alloys have been proposed. The 
melting point of most lead-free solders is higher than that 
of electric Sn−Pb solder (melting point: 221 °C). This 
higher melting point, in turn, pushes the solder reflow 
(i.e., spreading of molten alloy on the contact surface) 
temperature to over 260 °C and severely limits the 
applicability of this metal alloy to temperature sensitive 
components and/or low cost organic printed circuit 
boards. 
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 The melting point can be dramatically decreased 
when the size of substances is reduced to nanometer size 
[9]. The high ratio of the surface area to volume of 
nanoparticles has been known as one of the driving 
forces for the size-dependent melting point depression. 
Therefore, there is an increasing interest in the 
application of nanoscale metal alloys as low temperature 
lead-free solders. Among the metals, Ag is most widely 
used as electrically conductive adhesives because Ag has 
the highest electrical conductivity and, unlike many other 
metals, their oxides are also relatively conductive [10]. 
Copper has also been proposed as an alternative 
conductive filler in electrically conductive adhesives for 
the next generation of lead-free interconnect materials, 
due to its low cost, high electrical conductivity, low 
electrical migration and high compatibility. However, 
due to its easy oxidation nature, the use of pure copper in 
composites has been limited. 

Metal alloy nanoparticles can readily be prepared by 
chemical reduction methods. In this method the 
appropriate mixture of metal salts in the solution phase is 
reduced by using reducing agents such as NaBH4 and 
N2H4 [11,12]. During the reduction process of the metal 
species with similar redox potentials and metals with 
relatively large enthalpies of mixing, alloyed bimetallic 
particles can be generated. The metal species with the 
highest redox potential generally precipitates first, 
forming a core on which the second component is 
deposited as a shell [13]. The metal such as copper, iron 
and silver are pronounced to oxidation. To avoid the 
oxidation of these metals the reduction can be carried out 
in the presence of the surfactants or in the inert 
atmosphere. In the nitrogen gas atmosphere the oxidation 
of these metals can be retarded. 

In this study, a low temperature chemical reduction 
method is employed to synthesize the Ag−Cu alloy 
nanoparticles for lead-free interconnects applications. 
The effect of precursor metal salt on the formation of the 
alloy nanoparticles is studied. The average diameter of 
the particles can be achieved down to 40 nm. In this 
method nitrogen gas is employed to prevent the 
oxidation of the synthesized Ag−Cu alloy nanoparticles. 
The microstructures of the synthesized Ag−Cu 
nanoparticles are characterized. 
 
2 Experimental 
 
2.1 Materials 

Silver nitrate (99.5%, Merck, India), copper 
sulphate (98.5%, Qualigens, India), copper acetate (98%, 
Qualigens, India) and sodium borohydride (95%, Merck, 
India) were used as precursor materials and reducing 
agent, respectively. The above chemicals were dissolved 
in double distilled water throughout this study. Sodium 

hydroxide (97%, Merck, India) was used to maintain 
alkaline pH. Calcium chloride (Merck, India) was used 
for drying the prepared sample in the desiccator. 
 
2.2 Synthesis 
2.2.1 Synthesis of Ag−Cu alloy nanoparticles from 

copper sulphate and silver nitrate 
The two metal salt solutions (0.1 mol/L silver 

nitrate and 0.1 mol/L copper sulphate) were mixed in a 
round bottom flask and purged with nitrogen gas. The 
round bottom flask was covered with black cloth to avoid 
photochemical reaction of AgNO3. The reaction mixture 
was stirred for 10 min using magnetic stirrer. To this 
reaction mixture, sodium borohydride solution (0.3 
mol/L) was added slowly through a dropping funnel and 
stirred for 1 h. The whole reaction was carried out under 
the ice cold condition and nitrogen atmosphere. The dark 
green precipitate was obtained and separated by filtration. 
The obtained precipitate was washed with ethanol water 
mixture. The prepared sample was dried in a desiccator 
having calcium chloride at room temperature. The 
following chemical reduction reaction may take place 
during the process. 
 
AgNO3+CuSO4+3NaBH4 ⎯⎯⎯ →⎯ gas  N2  

Ag−Cu+1.5H2+1.5B2H6+NaNO3+Na2SO4      (1) 
 
2.2.2 Synthesis of Cu−Ag alloy nanoparticles from 

copper acetate and silver nitrate 
The metal salt solutions (0.1 mol/L silver nitrate and 

0.1 mol/L copper acetate) and reducing agent ( 0.3 mol/L 
sodium borohydride solution) were used to prepare  
Cu–Ag alloy nanoparticles with the similar procedure. 
The following chemical reduction reaction is proposed 
for the synthesis. 
 
AgNO3+Cu(CH3COO)2+3NaBH4 ⎯⎯⎯ →⎯ gas  N2   

Ag−Cu+1.5H2+1.5B2H6+NaNO3+2CH3COONa (2) 
 
2.3 Characterization 

The powder XRD study was carried out using a 
Shimadzu XRD 6000 X-ray diffractometer using Cu Kα 
radiation. The crystallite sizes of the Cu−Ag 
nanoparticles were calculated by Scherrer formula. 
EDAX analysis was performed to find out the content of 
elements present in the samples. The particle size of the 
powder was measured using a Malvern particle size 
analyzer using triple distilled water as medium. The 
morphology of the particles was studied by JEOL model 
JSM−6360 scanning electron microscope. The UV- 
visible spectroscopy study for the synthesized powder 
was carried out with JASCO V630 UV-visible 
spectrophotometer. The TG-DTA studies for the 
synthesized powder were carried out with Perkin Elmer 
diamond thermogravimetric analyzer. 
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3 Results and discussion 
 
3.1 XRD characterization 

In order to see the crystalline behavior of the 
Ag−Cu alloy nanoparticles and to estimate the crystal 
size using Scherrer equation [14], XRD measurements of 
the thin films containing Ag−Cu alloy particles were 
carried out.  Figure 1 shows the XRD patterns of 
Ag−Cu alloy nanoparticles synthesized by chemical 
reduction reaction using CuSO4+AgNO3 and Cu(OAC)2+ 
AgNO3, respectively. The XRD patterns show intense 
peaks positioned at 2θ of 36.71°, 38.65°, 44.80°, 64.79° 
and 77.9°. No literature is available with regard to the 
XRD studies of Ag−Cu alloy. Hence, the obtained XRD 
pattern was compared with the reported standard JCPDS 
patterns of Ag (JCPDS No. 89-3722), Cu (JCPDS No. 
04-0836) and CuO (JCPDS No. 48-157). The peaks at 
36.71° and 38.65° in both the samples may be attributed 
to the formation of Ag−Cu alloy nanoparticles, since 
these peaks did not match with the above JCPDS data. 
There are few less intense peaks at 35.700°, 36.812°, 
61.772° in the XRD patterns of samples. This may 
correspond to the presence of CuO in the samples. The 
appearance of peaks related to CuO may be due to the 
oxidation of copper after the synthesis process. The 
crystallite size of the powder was calculated by Scherrer 
equation.   

The crystallite size of Ag−Cu alloy size is found to 
be in the range of 13−16 nm for the sample prepared 
with CuSO4+AgNO3 and 13−15 nm for the sample 
prepared with Cu(OAC)2+AgNO3. 
 

  
Fig. 1 XRD patterns of Ag−Cu alloy nanoparticles synthesized 
from CuSO4+AgNO3 (a) and Cu(OAC)2+AgNO3 (b) 
 
3.2 Energy dispersive spectroscopy (EDS) analysis 

The EDS spectra of Ag−Cu alloy nanoparticles 
synthesized by chemical reduction reaction using  
CuSO4+AgNO3 and Cu(OAC)2 + AgNO3 are reported in 

Fig. 2. From Fig. 2, the peak related to oxygen is 
observed in both the samples. The presence of oxygen 
may be due to the presence of CuO and moisture in the 
samples due to their less particle size. The above result is 
in accordance with the XRD data. 
 

 
Fig. 2 EDS profiles of Ag−Cu alloy nanoparticles synthesized 
from CuSO4+AgNO3 (a) and Cu(OAC)2+AgNO3 (b) 
 
3.3 Particle size analysis 

The prepared Ag−Cu alloy nanoparticles were 
subjected to particle size measurements using Malvern 
particle size analyzer with triple distilled water as 
medium. For all the measurements, the sample was 
sonicated in triple distilled water for about 10 min and 
after that the sample was subjected to particle size 
analysis. The particle size distribution curves of the 
Ag−Cu alloy nanoparticles are shown in Fig. 3. 

The particle size distribution curve obtained with 
Ag−Cu alloy nanoparticles prepared from CuSO4+ 
AgNO3 is shown in Fig. 3(a) (recorded by sonicating 
0.02 g of powder in 10 mL water). From this figure it 
was seen that 100% of particles were present below  
317 nm. 

The particle size distribution curve obtained with 
Ag−Cu alloy nanoparticles prepared from Cu(OAC)2+ 
AgNO3 is shown in Fig. 3(b) (recorded by sonicating 
0.02 g of powder in 10 mL water). From this figure, it 
was understood that 100% of the particles were present 
below 238 nm. 
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Fig. 3 Particle size distribution profiles of Ag−Cu alloy 
nanoparticles synthesized from CuSO4+AgNO3 (a) and 
Cu(OAC)2+AgNO3 (b) 
 
3.4 SEM analysis 

Figure 4(a) shows the typical SEM image of the 
Ag−Cu alloy nanoparticles prepared from CuSO4+ 
AgNO3. This figure depicts the shape and morphology of 
the microstructure. The spherical alloy particles remain 
well separated, and the size distribution calculated from 
several SEM images indicates that the average particle 
diameter is in the range of (65±5) nm. 

Figure 4(b) shows the typical SEM image of the 
Ag−Cu nanoalloys nanoparticles prepared from 
Cu(OAC)2+AgNO3. The spherical alloy particles linked 
with each other, and the size distribution calculated from 
several SEM images indicates that the average particle 
diameter is in the range of (50±10) nm. In addition, few 
large particles of 100 nm were also found. 
 
3.5 UV-visible spectroscopic studies 

The experimentally observed UV-vis spectra of 
Ag−Cu alloy nanoparticles are shown in Fig. 5.   
Figure 5(a) indicates the UV-vis spectrum of the Ag−Cu 
alloy nanoparticles synthesized from CuSO4+AgNO3, 
which shows a strong absorption peak at 502 nm. From 
the literature, it was understood that pure Ag and pure Cu 
should show absorption peaks at 431 nm and 592 nm 

 

 
Fig. 4 SEM images of Ag−Cu alloy nanoparticles synthesized 
from CuSO4+AgNO3 (a) and Cu(OAC)2+AgNO3 (b) 
 

  
Fig. 5 UV-vis spectra of Ag−Cu alloy nanoparticles synthesized 
from CuSO4+AgNO3 (a) and Cu(OAC)2+AgNO3 (b) 
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respectively [15]. However, the Ag−Cu alloy nano- 
particles synthesized through CuSO4+AgNO3 showed a 
single peak at 502 nm. Similarly, Fig. 5(b) indicates the 
UV-vis spectrum of the Ag−Cu alloy nanoparticles 
synthesized from Cu(OAC)2+AgNO3, which shows a 
strong absorption peak at 477 nm. The above 
observations suggest that the particles prepared in our 
case (with two methods) may be in alloy form, rather 
than a mixture of silver and copper individually. The 
variation in absorption peaks obtained in the two samples 
by two methods may be due to the variation in 
atmospheric/experimental conditions of the synthesis 
processes. 
 
3.6 TG and DTA analysis 

From Fig. 6 it is found that the mass loss below 150 
°C may be due to the evaporation of absorbed moisture 
from the samples. However, it was noticed that the 
gradual mass loss continued to 323.8 °C for the sample 
prepared with CuSO4+AgNO3 and to 359 °C for the 
sample prepared with Cu(OAC)2+AgNO3. From this, it 
was clearly understood that for both the samples the 
thermal decomposition started at around 150 °C. 
However, the samples underwent gradual mass loss till to 
 

 

Fig. 6 TG-DTA curves of Ag−Cu alloy nanoparticles 
synthesized from CuSO4+AgNO3 (a) and Cu(OAC)2+  
AgNO3 (b) 

323.8 and 359 °C, respectively. The above gradual mass 
loss was confirmed from the endothermic peaks observed 
in the DTA curves of the samples. Also, it was reported 
that small particles may tend to evaporate at low 
temperature when compared with the bigger particles. 
Hence, the wide range of thermal decomposition 
observed in our samples may be due to the presence of 
different size particles. From the TG-DTA data, it was 
found that no oxidation of Ag−Cu alloy nanoparticles 
was observed in the samples. Further, it was observed 
that the gradual mass loss indicates that the alloy 
particles behave well in a wide temperature range. From 
the results, it was noted that the Ag−Cu alloy 
nanoparticles prepared by us may be used for solder 
applications in a wide temperature range. 
 
4 Conclusions 
 

Ag−Cu alloy nanoparticles were successfully 
synthesized by low temperature chemical reduction 
method. The particle size of the powder was found to be 
in the range from 238 to 317 nm. From the SEM 
observation, it was found that the grains were present 
individually and linked with each other in nanometer 
range. The UV-visible spectroscopy confirmed the 
formation of Ag−Cu alloy in the samples. The TG-DTA 
results confirmed the stability of Ag−Cu alloy in the 
wide temperature range. The fundamental and thermal 
behaviors suggested that the Ag−Cu alloy nanoparticles 
prepared by simple chemical reduction process may be 
used as low melting lead free solders. 
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摘  要：采用一种简单的低温化学还原方法，在水溶液中利用 NaBH4作为还原剂还原醋酸或硫酸铜，制备了 Ag−Cu

纳米颗粒。反应过程中通入氮气来防止生成的合金被氧化。采用 XRD、紫外−可见光谱、颗粒尺寸测试、EDS 分

析、TG-DTA 分析和 SEM 观察等手段来表征合成的 Ag−Cu 纳米颗粒。XRD 分析表明，所合成的 Ag−Cu 纳米颗

粒的晶粒尺寸为 15 nm 左右。紫外−可见光谱分析证实了纳米颗粒的生成。EDS 分析表明，样品中存在 Ag 和 Cu。

SEM 观察表明，所制备的样品的平均晶粒尺寸为 40 nm。TG-DTA 研究表明，合金的熔点与颗粒尺寸有关。 

关键词：Ag−Cu 合金纳米颗粒；化学还原方法；表征 
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