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ABSTRACT 

Chemical Reduction technique was employed to prepared highly stable and dispersed Copper nanoparticles 

using L-Ascorbic Acid (Vitamin C) as reducing as well as capping agent. In this technique, cupric chloride 

was used as precursor. The effects of different molar ratios of L-Ascorbic Acid on the concentration and size 

of copper nanoparticles were studied. The Copper nanoparticles were characterized by X-Ray Diffraction, 

Atomic Absorption Spectrometry, and Fourier Transform Infrared Spectrometry. The results show that with 

the increase in the molar ratio of L-ascorbic acid the concentration of Copper nanoparticles were also 

increased. The average particles size of copper nanoparticle was found in the range of 50-60 nm. The product 

was kept in ambient conditions for three month but no sedimentation or separation was observed. The use of 

ascorbic acid makes the process a non-toxic, cost effective and environmental friendly green method.  
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1. 1 INTRODUCTION 

Copper nanoparticles (Cu NP) are very attractive due to their heat transfer properties such as high thermal 

conductivity. Cu NP also have high surface area to volume ratio, low production cost, antibacterial potency, 

catalytic activity, optical and magnetic properties as compared to precision metals such as gold, silver or 

palladium. The main difficulty lies in their preparation and preservation as they oxidized immediately when 

exposed in air. Scientists are using different inert media such as Argon, Nitrogen [1-3] to overcome this 

oxidation problem also using reducing, capping or protecting agents for the reduction of copper salt used. 

Some reducing and capping agents are very expensive and also have toxic effects. 

Physical and chemical methods are two basic techniques for the synthesis of Cu NP. Pulsed laser 

ablation [4], vacuum vapor deposition [5], pulsed wire discharge [6] and mechanical milling [7] are physical 

techniques while Chemical reduction [8], Microemulsion techniques [9], sonochemical reduction [10], 

Electrochemical [11], Microwave assisted [12], and hydrothermal [13] are chemical approaches for the 

synthesis of nanoparticles. Biological or biosynthesis [14] techniques are also considered as chemical 

methods. Cu NP has high thermal conductivity [15] and also the production cost is very low as compare to 

noble metals. Cu NP production using chemical reduction method gives good results but use of hazardous 

reducing and costly and protecting agent [16-22] makes the process toxic in some cases. To avoid the toxicity 

and to prepare Cu NP in green environment, we have used ascorbic acid in our chemical reduction process. 

Ascorbic acid works both as reducing and protecting agent, which makes the process economical, nontoxic 

and environment friendly [15]. The raw materials are the same as Jing Xiong [23]; however, the synthesis 

route and the equipments have been changed, which resulted in the size variation of NP in this work. 

2. 2 EXPERIMENTAL 

2.1 Chemicals used 
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Copper (II) Chloride CuCl2.2H2O (98 % Pure) from Riedel-de Haen, Germany, L-Ascorbic Acid (99 % pure) 

from Merck, Germany, of analytical grade, were purchased and used without further chemical treatment and 

purification. L-Ascorbic acid was used as reducing as well as capping agent. De-ionized water was obtained 

from Institute of Environmental Engineering and Research, University of Engineering and Technology, La-

hore, Punjab, Pakistan. (S.G 2000 Water Germany now owned by Siemens USA.) 

2.2 Synthesis of Copper nanoparticles 

A 500 mL of 0.01 molar Copper (II) Chloride (CuCl2.2H2O) solution was prepared by dissolving that copper 

salt in de-ionized water. Solutions of 0.25M, 0.5M, 0.75M and 1.0M L-Ascorbic Acid were prepared in de-

ionized water. Four air tight flasks, each having 50 mL of CuCl2.2H2O solution were heated continuously at 

90oC in water bath shaker (electrical/mechanical heated). 

Figure 1:  Synthesis steps of Cu NP. 

The solution of 0.25M, 0.5M, 0.75M and 1.0M L-Ascorbic Acid were added drop wise to each flask 

respectively. The heating and mixing continued till the color changed from no color to yellow, orange, brown 

and finally dark brown-black as shown in Figure 1. The whole process was completed within 17 hours. The 

product was kept for 12 weeks, no sedimentation or dispersion was observed with no magnification. 

 2.2 Characterization 

The concentration of synthesized Cu NP was evaluated using Atomic Absorption Spectrometer (AA6800, 

Shimadzu, Japan). FT-IR spectrum were accomplished and recorded with Fourier-Transform infrared spec-

trophotometer (Bruker , Alpha ATR) between 4000 and 375 cm-1, with resolution of 4 cm-1. The morphology 

and size of produced nanoparticles were characterized by X-Ray Diffraction (XRD), PANalytical, X'Pert 

PRO XRD system. 

3. 3  RESULTS AND DISCUSSION 

3.1 Atomic Absorption Spectrometry 

A sample of 0.1 mL prepared Cu NPs solution from each flask was obtained and diluted to 100 mL by adding 

de-ionized water. Standard copper solutions (0.5ppm, 1.0ppm, 2.0ppm and 5.0 ppm) were prepared as refer-

ence. By adjusting the wavelength of Atomic Absorption Spectrometer at 324 nm, the samples were ana-

lyzed.  

The concentration-Absorption graph confirms the presence of copper and the Beer-Lambert’s laws 

(the proportional relationship between the concentration and absorption) proving that the concentration of Cu 

NPs increased in different prepared samples. It also revealed that the concentration of Cu NPs increased 

rapidly when the concentration of L-Ascorbic acid was increased gradually whereas the concentration of 

copper chloride was kept constant as shown in Figure 2. 

Figure 3 shows the relationship between Cu NP and absorption and it is clear that the absorption in-

creases as the nanoparticles concentration increases. 
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Figure 2: Effect of the L-Ascorbic Acid concentration on the synthesis of Cu NPs. 

 

Figure 3:  Relation of Cu NPs concentration and Absorption. 

3.2 Fourier Transform-Infra Red (FT-IR) Spectrometry  

The interaction of L-Ascorbic Acid and Cu nanoparticles and the mixture composition changes were studied 

by FT-IR spectrometry. The IR spectra of pure L-Ascorbic Acid is represented in Figure 4. The spectrum of 

pure L-Ascorbic Acid revealed that the stretching vibration of C-C double bond and the peak of enol-

hydroxyl were observed at 1674 cm-1 and 1322 cm-1, respectively. These were replaced after the reaction 

with new peaks 3311.88 cm-1, 1635.01 cm-1,1567.45 cm-1 and 1377.59 cm-1 (Figure 5). These peaks corre-

spond to hydroxyl, band due to scissor bending vibration of molecular water, acidic asymmetric stretch and 

C-H deformations of –CH2 or –CH3 groups (lignin) in aliphatic respectively.  

 

 

 

 

 

Figure 4: FTIR spectra of Pure L-Ascorbic Acid. 
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Figure 5:  IR spectra of Cu NPs produced by L-Ascorbic Acid. 

3.3 X-Ray Diffraction (XRD) 

The crystal structure and average particle size of the Cu nanoparticles were analyzed by PANalytical, X'Pert 

PRO XRD system. The pattern of the prepared Cu nanoparticles is shown in Figure 6. It is observed that 

there are much broader and less intense peaks in the XRD spectrum. XRD pattern of obtained Cu Nano-

partcles sample is made up of very small crystallites. The broadness of the peak can be used to calculate the 

average crystalline size of the Cu NPs using the Scherer’s formula [24], (D =             ), where 0.90 is a 

constant value known as shape factor,   is the wavelength of the X-rays and taken as 0.1541Å,   is the 

FWHM (full Width at half maximum) of the diffraction peaks and   is the diffraction angle. The Experi-

mental and Standard diffraction angles [25] of Cu NP obtained by XRD are mentioned in Table-1. 

 

 

Figure 6: XRD of Copper Nanoparticles. 
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Table 1. Experimental and Standard diffraction angles of Copper nanoparticles. 

Experimental 

diff. angle [2θ in 

degree] 

Standard diff. 

angle    [2θ in 

degree]       

JCPDS copper:           

04-0836 [24,25] 

Hkl (Planes) 

41.075 43.297 (111) 

48.129 50.433 (200) 

69.178 74.130 (220) 

The XRD pattern of the as prepared Cu nanoparticles is presented in Figure 6 and in good agreement 

with the reported XRD pattern of Cu nanoparticles [25]. The average crystalline size of the Cu nanoparticles 

for 0.5M L-ascorbic acid was calculated using the Scherrer’s formula for the Cu sample is in the range of 50-

60 nm. The values at peaks mentioned in the Table-1 are in good agreement with the spherical Cu phase and 

correspond to lattice planes of standard crystalline Cu, respectively [26]. 

4. 4 STABILITY OF CU NANOPARTICLES 

The main factors that affect the use of Cu NP are the stability in the dispersion. Many capping agents such as 

Polyvinyl Pyrrolidone (PVP) and Polyethylene glycol are used to prevent agglomeration. L-Ascorbic acid 

was used as reducing as well as capping agent in this work to avoid contamination of other organic com-

pounds.  

The prepared Cu NP suspensions were placed without any further mixing or treatment for 12 weeks, 

no sedimentation was seen till that period. This indicates that the L-Ascorbic Acid highly stabilized the Cu 

nanoparticles due to its high capping power. 

5. CONCLUSIONS 

The L-ascorbic acid (Vitamin C) protected Cu NP prepared using chemical reduction of cupric chloride. The 

product is of uniform size 50-60 nm and has uniform distribution curve. It is noted that by increasing the 

concentration of L-ascorbic acid the concentration of nanoparticles is increased at constant concentration of 

cupric chloride, which is confirmed by Atomic Absorption spectrometry. The produced Cu NP are of high 

stability than ever reported. The stability period is 3 months, which has been observed with no suspension or 

sedimentation. This is a simple, economical and green method for the synthesis of Cu NP with no toxic and 

hazardous effect.  
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