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ABSTRACT 

In this study, we present a synthesis of silver and copper nanoparticles (NPs) using ascorbic acid as stabilizing and 

sodium borohydride as reducing agents, respectively. Four colloidal dispersions were obtained, two of them 

additionally stabilized by gelatin. They were characterized by UV-Vis, AFM, DLS and zeta potential 

measurements.  The size of both silver and copper NPs, determined by AFM measurements, was 10 nm before, 

and 15 nm after stabilization with gelatin. Antibacterial activity of synthesized NPs was tested using series of gram 

positive and gram negative bacteria. It was found that Ag and Cu NPs showed antibacterial activity in all cases.  
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INTRODUCTION 

Metal

 nanoparticles (NPs) are the subject of interest for 

many researchers, among all because of their unique optical 

properties (Mulvaney, 1996; Daniel & Astruc, 2004; Kelly et al., 

2003; Sosa et al., 2003.; Austin et al., 2014). Because of their 

electronic properties and large surface area, they possess 

different physical and chemical properties in comparison to bulk 

materials. It is well known that metal NPs, due to the excitation 

of localized surface plasmon resonance, possess unique optical 

properties in the visible range (Mulvaney, 1996). They have 

found applications in many different areas such as catalysis 

(Yacamán et al., 2001; Zhang et al., 2013), electronics (Li et al., 

2005), optical sensing (Wang et al., 2012; Li et al., 2015) and 

biosensing (Walcarius et al., 2013). Numerous publications for 

synthesis of silver (Maria et al., 2013; Dong et al., 2009; Hu et 

al., 2004; Zhang et al., 2011; Mahmoud et al., 2012; Qin et al., 

2010; Chekin & Ghasemi, 2014) and copper (Salavati-Niasari & 

Davar, 2009; Youngil et al., 2008; Zhu et al., 2005; Ramyadevi 

et al., 2012; Zain et al., 2014; Valodkar et al., 2011) colloids 

have been reported, and the most frequently used method is a 

chemical reduction of their ions, whereas various reducing and 

stabilizing agents were used. So far it has been reported the use 

of ascorbic acid as a reducing agent for metal NPs synthesis by 

using microwave irradiation (Qin et al., 2010; Chekin and 

Ghasemi, 2014). 

Silver NPs are of interest because of their antibacterial 

activity and localized surface plasmon resonance properties 

(Song et al., 2013; Panáček et al., 2006; Amendola et al., 2010; 
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Mogensen & Kneipp, 2014). Developing the route of synthesis 

enabled the control of desired size, shape, and capping agents. 

Copper NPs are attractive because of the high natural 

abundance of Cu and low cost, also there are multiple ways of 

preparing Cu-based nanomaterials. The interest for Cu NPs is 

due to their possible electrocatalytic and antimicrobial 

application as well as in biosensing (Zain et al., 2014; Valodkar 

et al., 2011; Ehsani et al., 2014; Lu et al., 2012; Wang et al., 

2004). 

In this study, we report the preparation of silver and copper 

NPs in aqueous solutions by chemical reduction method, and 

their antibacterial activity. In order to obtain the small size 

particles, we used sodium borohydride as a reducing agent and 

ascorbic acid as a stabilizing agent. Since ascorbic acid is not a 

strong stabilizer agent, the colloidal dispersion was additionally 

stabilized by gelatin. UV-Vis spectroscopy and zeta potential 

measurements were used for characterization of Ag and Cu 

colloids, while microscopic method Atomic Force Microscopy 

(AFM) and optical method Dynamic Light Scattering (DLS) 

were used in particle size characterization (Chicea, 2014; 

Klapetek et al., 2011; Hoo et al., 2008).  

Lately, the interest in the application of NPs as 

antimicrobial agents increased because of the growing bacterial 

resistance to antibiotics (Zain et al., 2014; Valodkar et al., 2011). 

Synthesized silver and copper NPs were used to examine their 

antibacterial activity against gram-negative bacteria 

Acinetobacter, Escherichia Coli, Pseudomonas aeruginosa and 

Klebsiella pneumoniae, and against gram-positive bacteria 

Enterococcus faecium. 

 

36



 

CHEMISTRY 

EXPERIMENTAL 

Materials  

Silver nitrate (AgNO3), Copper (ІІ) nitrate (Cu(NO3)2), 

ascorbic acid (C6H8O6), sodium borohydride (NaBH4) and 

gelatin from bovine skin were of analytical grade and purchased 

from Aldrich or Merck. Purified Millipore Mili-Q water with a 

resistivity of 18 MΩ was used in all cases. 

Synthesis 

Synthesis of silver nanoparticles 

For the synthesis of silver nanoparticles, silver nitrate was 

used as a precursor and ascorbic acid as a stabilizing agent. 100 

ml of 10
-4

 M AgNO3 was containing 2.5 × 10
-5

 M of ascorbic 

acid, and then 10 mg of NaBH4 was added at room temperature. 

The transparent colorless solution becomes pale yellow 

indicating the formation of silver nanoparticles. The colloidal 

dispersion prepared in this way remains stable for few hours at 

room temperature and up to 24 h in the fridge at 5 °C. In order to 

keep the silver colloidal dispersion stable for a longer period of 

time, 1 ml of 1 % gelatin was added. That way dispersion 

remains stable for few months. 

 Synthesis of copper nanoparticles 

The copper colloidal dispersion was prepared using copper 

(ІІ) nitrate as a precursor and ascorbic acid as a stabilising agent. 

In 100 ml of a solution containing 5 × 10
-4

 M Cu(NO3)2 and 1.25 

× 10
-4

 M ascorbic acid, 50 mg of NaBH4 was added at room 

temperature. The Color became brownish-red, indicating the 

formation of copper nanoparticles, and the dispersion remained 

stable 4-5 h at room temperature. By the addition of 1 % gelatin, 

the copper colloidal dispersion can be stabilized up to 48h. 

Microbiological method for determining the antibacterial 

activity of colloidal dispersions 

Antibacterial activity of the silver and copper colloids were 

examined with both gram-positive and gram-negative bacteria as 

per the below-mentioned procedure. The bacterial strains were 

isolated from patients and streaked onto Tryptone Soy Agar and 

incubated overnight at 37°C. That way prepared bacterial 

suspension was applied on the surface of a nutrient agar plate. 

Then, colloidal dispersion of silver and copper was injected, 

separately, along with control and incubated at 37 °C for 24 h.  

Apparatus 

Absorption spectra of colloidal dispersions were measured 

by Perkin Elmer Lambda 35 UV – Vis spectrophotometer using 

the quartz cuvette with 1cm path length.  

Particle size determination by DLS and zeta potential (ZP), 

mobility and conductivity measurements by laser Doppler 

electrophoresis (LDE) were performed using a Zeta-sizer Nano 

ZS with 633 nm He-Ne laser (Malvern Instruments, UK). Data 

were analyzed by the Zetasizer Software Version 6.20 (Malvern 

Instruments, UK). 

Atomic Force Microscopy (AFM) measurements were 

performed in air (at room temperature), providing spatially 

resolved chemical information of the sample along with its 

surface topography at the same place. The experiments were 

performed using commercial NTegra Spectra system from NT-

MDT. 

RESULTS 

Absorption spectra 

The absorption spectra of Ag colloidal dispersion 

containing 1 × 10
-4

 M Ag ions in the absence and presence of 1 

% gelatin are presented in Fig. 1. As can be seen from Fig. 1, 

silver colloidal dispersion has intense absorption band, due to the 

surface plasmon resonance, with a maximum at 387 nm. The 

shape of the absorption band suggests that Ag NPs are spherical 

(Laban et al., 2013; Laban et al., 2014; Laban et al., 2015; Laban 

et al., 2016). The presence of gelatin (Fig. 1 b) induced the 

broadening of the absorption band and red shifting of the 

maximum for 10 nm (absorption maximum at 397 nm), due to 

the change of surrounding media as well as a possible 

agglomeration of the certain number of NPs (Laban et al., 2014). 

 

Figure 1. Absorption spectra of silver colloid (1 × 10
-4

 M Ag) 

before (a) and after stabilization with 1 % gelatin (b). 

The obtained results are in accordance with the literature 

data (Laban et al., 2014), which show that small spherical Ag 

NPs possess an intense surface plasmon resonance peak. It is 

well known that due to collective oscillations of the conduction 

electrons, known as surface plasmon resonance, metal NPs 

possess characteristic band in the absorption spectra (Wiley et 

al., 2006). Position, width, and the number of the absorption 

bands depend on the nature of the metal, as well as the size and 

shape of the metal NPs (Liz-Marzán, 2006). Thus, spherical NPs 

possess one absorption band, while anisotropic NPs possess 

more than one band in the absorption spectrum (Wiley et al., 

2006; Liz-Marzán, 2006). 
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The absorption spectra of Cu NPs are given in Fig. 2. 

Copper colloid has absorption band with a maximum at 565 nm, 

which is in accordance with the previously reported data for 

spherical copper NPs (Valodkar et al., 2011). However, the 

presence of gelatin does not have a significant influence on the 

absorption spectra of Cu NPs. 

 

Figure 2. Absorption spectra of copper colloid (4 × 10
-4

 M Cu) 

before (a) and after stabilization with 1 % gelatin (b). 

AFM measurements 

AFM topography obtained for Ag colloidal dispersion in 

the absence and presence of gelatin is given in Fig. 3. The 

samples were prepared by depositing a drop of colloidal 

solutions on a freshly cleaved mica substrate and left to dry for 1 

h.   

  
                       a)                                             b) 

Figure 3. AFM topography of silver nanoparticles without (a) 

and in presence of gelatin (b). 

From AFM topography it can be seen that the particles are 

of nanometer-size and nearly spherical in shape. The diameter of 

Ag NPs was determined by measuring the heights of particles 

above the substrate. The obtained values were 10 ± 2 nm for 

particles from a colloidal dispersion prepared in the presence of 

ascorbic acid, and 15 ± 5 nm for particles from a colloidal 

dispersion which is additionally stabilized with gelatin. Higher 

values in size of Ag NPs in presence of gelatin is due to 

additional shell formed by adsorbed gelatin molecules on the 

surface of NPs. 

AFM topography for Cu colloidal dispersion is given in 

Fig. 4. The size of Cu NPs was determined in the same way as 

for Ag NPs, and the obtained values were 10 ± 3 nm for particles 

which are not stabilized with gelatin, and 15 ± 3 nm for particles 

additionally stabilized by gelatin. It can be seen that Cu NPs are 

nearly spherical, as well as Ag NPs, and also have higher values 

in size in presence of gelatin.  

  
                       a)                                             b) 

Figure 4. AFM topography of copper nanoparticles without (a) 

and in presence of gelatin (b). 

DLS and zeta potential measurements 

The size of nanoparticles measured by DLS method 

represents the hydrodynamic diameter of the nanoparticle 

(Tomaszewska et al., 2013) and the thickness of its electrical 

double layer has a significant effect on the measured size 

(Tomaszewska et al., 2013). The obtained values for mean 

particle size (z-average-dav) of Ag NPs and Cu NPs before and 

after gelatin stabilization, together with data obtained from zeta 

potential, conductivity and mobility measurements are given in 

Table 1. 

Table 1. Mean particle size (dav), zeta potential, conductivity and electrophoretic mobility for Ag and Cu colloids in the absence and 

presence of gelatin. 

 PdI dav (nm) Zeta 

potential 

(mV) 

Conductivity 

(µS cm
-1

) 

Mobility 

Ag NPs 0.480 56.16±1.9 -29.5±6.1 0.087±0.001 -2.32±0.47 

Ag NPs-g 0.358 121.5±3.0 -21.7±2.9 0.090±0.001 -1.70±0.22 

Cu NPs 0.856 49.97±3.6 -45.0±1.8 0.812±0.026 -3.53±0.14 

Cu NPs-g 0.767 81.67±3.2 -43.5±3.4 0.981±0.028 -3.41±0.27 
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Compared to AFM measurements, the values of dav 

obtained by DLS measurements were higher and included the 

added solvent and stabilizer moving with the particle. Besides, 

the addition of gelatin to the colloid dispersions increased the 

diameter of the particles, as the additional shell of adsorbed 

gelatin molecules on the Ag and Cu NPs surface is present. 

Although high polydispersity index values, Pdi, (> 0.5), were 

obtained in the case of Cu NPs, indicating a broad particle size 

distribution, the mean particle size values (obtained by DLS 

measurements) were used as relevant for particle size 

characterization. The zeta potential measurements indicated that 

Ag and Cu NPs are negatively charged, both in the absence and 

presence of gelatin. As can be seen from Table 1, the 

conductivity of the colloid dispersions can be changed due to the 

replacement of capping ions. Also, the electrophoretic mobility 

of Ag and Cu NPs is negative, indicating that the particles 

acquired a net negative charge. 

Antibacterial properties 

Antibacterial activity of all colloidal dispersions was tested 

against gram-negative bacteria Acinetobacter, Escherichia Coli, 

Pseudomonas aeruginosa and Klebsiella pneumoniae, and gram-

positive bacteria Enterococcus faecium. It was found that both in 

the absence and presence of gelatin, Ag and Cu NPs exhibited 

antibacterial activity against all tested bacteria. This could be 

explained by the interaction between the outer membrane of 

bacteria with the released Au and Cu ions from a colloidal 

dispersion or from the surface of NPs. However, a further 

detailed study is required to clarify the antibacterial performance 

against tested bacteria, including the investigations on the 

concentration dependent manner and releasing mechanism of Ag 

and Cu NPs. 

CONCLUSION 

In summary, we have synthesized silver and copper 

nanoparticles at room temperature by chemical reduction method 

in the presence of ascorbic acid and subsequently stabilized by 

gelatin. The size of Ag and Cu NPs determined by AFM 

measurements was around 10 nm in the presence of ascorbic acid 

and around 15 nm in presence of gelatin.  The zeta potential 

measurements indicated that these nanoparticles are negatively 

charged, both in the absence and presence of gelatin. The 

colloidal dispersion of Ag, as well as of Cu nanoparticles, 

exhibited antibacterial activity against gram-negative bacteria 

Acinetobacter, Escherichia Coli, Pseudomonas aeruginosa and 

Klebsiella pneumoniae and against gram-positive bacteria 

Enterococcus faecium. 
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