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Nowadays, copper nanoparticles (CuNPs) have found to be prominent material for 
inkjet printing application [1]. High thermal and electrical conductivity (6% of bulk 
silver), alongside with low-cost production, highlights CuNP above nanosilver 
material for inkjet printing purposes.  Because their rapid oxidation under ambient 
conditions, CuNPs are regularly protected with an anti-oxidation shell of noble 
metals such as gold, silver or platinum [2].  

This work presents wet chemical synthesis of CuNPs, using copper(II) sulphate 
precursor, hydrazine hydrate as a reducing agent and poly(acrylic acid) (PAA) as a 
protective agent.  Also, silver nanoparticle suspension was added for reduction 
kinetcs improvement. Synthesis and characterization of the prepared nanomaterial 
suspension was performed by electrochemical and spectroscopic measurements. 
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INTRODUCTION 

MATHERIALS AND METHODS 

2) Electrochemical and spectroscopic characterization of PAA and silver-
protected CuNPs 

CONCLUSIONS 
In summary, copper nanoparticles were synthesized by rapid chemical reduction method and 
characterized by UV-Vis and CV techniques. During the synthesis in the sealed reactor, 
stability of the nanocopper particles was coordinated by PAA. To improve reaction kinetics 
for practical purposes, PAA-stabilized silver nanoparticles were implemented in the reaction 
mixture. Stabilization at ambient conditions is achieved by the transmetalation method, i.e. 
successive reduction of silver ions on the nanocopper grain surface. The formation of 
bimetallic particles was confirmed with both characterization techniques used. 
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Figure 2. The CV response obtained with the GC electrode in ammonium buffer 
solution pH = 10.10, with addition of copper(II) sulphate and silver(I) nitrate. 
Voltammogram 1 represents c[Cu(NH3)4]2+ = 3 mM;  voltammogram 2 c[Ag(NH3)2]+ 

= 0.4 mM. It can be seen that the oxidation processes of copper starts at much 
lower potential (–30 mV), and has no influence on ammine-silver complex 
detection (+130 mV). Hence, the applicability of a GC electrode as a sensor for the 
both metallic ammine-complex species detecting has been shown. 
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RESULTS 
1) Preparation and parameter optimisation in synthesis of copper 
nanoparticles 

                                          a)                                                                                      b) 

Figure 1. Electroanalytical response of GC electrode in primary electrolyte (0.1 M 
ammonium buffer solution, pH = 10.10): 

a) With successive addition of hydrazine monohydrate in concentration range 
from 0.15 (voltammogram 1) to 0,75 mM (curve 5). The graphical plot inset 
shows linearity in mentioned concentration range. 

b) Depending on [Cu(NH3)4]2+ complex formation due to the addition of Cu(II) 
solution into the primary electrolyte. Cathodic current maximums plotted 
versus copper concentration (inset) display linearity in 0.6 – 3.0 mM 
concentration range. 

Synthesis of copper nanoparticles was performed in sealed reactor, under inert gas 
atmosphere. All solutions used in the experiments were deoxygenated with argon 
bubbling. 
Electrochemical characterization of the newly synthesized CuNPs was carried out 
using potentiostat 264 A (Princeton Applied research, USA) connected to a 
personal computer via EG&G-PowerSuite software for data collecting and analysis. 
A three-electrode electrochemical cell, volume of 10 mL, containing working glassy 
carbon (GC; d = 3 mm) electrode, Ag|AgCl||3 M KCl reference electrode and an 
auxiliary Pt wire was used. The applied potential scan rate in all measurements 
was 50 mV s–1. 
Interactions between stabilized nanograins in the reaction mixture were studied by 
UV-Vis absorption spectroscopy measurements. 

                                            a)                                                                                 b)                    

Figure 4. Spectroscopic study of the bare copper and silver-protected copper 
nanoparticles: 

a) UV-Vis absorption spectrum of the PAA-stabilized CuNPs in at the end of the 
synthesis, recorded in 3 M acetic acid. Due to the surface plasmon resonance 
effect, copper nanoparticles posses weak absorption band in the visible region 
of EMS, with maximum absorbance at 590 nm. 

b) The absorption band of copper core – silver shell nanoparticles, obtained after 
addition of silver(I) salt into the reaction mixture. It is evident that the 
absorption peak has been shifted towards shorter wavelength, with maximum 
at 418 nm. This is in accordance with SPR band distinctive for 10 nm silver 
nanoparticles, as described in the literature. The results are consisted with the 
CV data presented in the previous Figure. 

Figure 3. CVs obtained at the end of the synthetic process and after inclusion of 
silver nitrate into the reaction suspension. Current trough at step 1 describes the 
oxidation peak of the PAA-CuNPs species at the end of the synthesis. At the second 
step, a silver salt is added and voltammogram 2 is recorded. The reduction of silver 
ions by the zero-valent copper takes place directly on the nanoparticle‘s surface, 
leading to a thin silver shell formation. For two silver ion reduction, one copper(II) 
cathion is obtained, manifesting in increment of anodic current. 
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Scheme 1. Formation of a silver shell over copper core by the transmetalation reaction. 
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