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Abstract: In this work the particle size control method of copper nanoparticles synthesized using 
ascorbic acid as a bioreductant and glucose as a biostabilizing agent of sulphate of copper was 
investigated. The experiments were respectively carried out in a semibatch type reactor. 
Biosynthesis of metal nanoparticles using green reagents is an important area of research in 
nanobiotechnology which is an emerging eco-friendly science of well-defined sizes, shapes and 
controlled monodispersity. The characterization of synthesized NP’s was carried out by analytical 
tools like UV-Vis Spectroscopy, SEM and PSD to ascertain the size and polydispersity of NPs. The 
UV-Vis absorption spectrum shows its Surface Plasmon Resonance (SPR) leading to a strong band 
centered at 310 nm which can be assigned to a ligand-to-metal change transfer (LMCT) transition 
and other at 453 nm due to Cu NP’s stabilized by CuO which is in tandem with the reported data. 
XRD was also used to unravel the degree of crystallinity and lattice pattern in the biosynthesis of Cu 
metal Nanoparticles. It shows that Cu metal nanoparticles are crystalline but polydispersed and have 
oblongated face centred cubic (FCC) type of lattice pattern and the average particle size of the order 
51 nm. A typical SEM image of the Cu nanoparticles showed the spherical but a bit oblongated 
morphology of particles with 50±2 nm diameter in size. Overall the particles were observed to be 
polydispersed but uniformly distributed. These results are expected to be of great interest as basic 
data for the preparation of size-controlled copper nanoparticles by using biosynthetic route. 
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Introduction   

Metal nanoparticles (NPs) have important applications in the fields of information storage, 
catalysis, electronics and optics1,2. The most common method employed for the preparation 
of these NPs is the reduction of metal ions in solution, usually in the presence of a stabilizer. 
A variety of dispersions can be obtained in terms of their particle characteristics by varying 
concentrations, redox potential3,4, temperature, pH5,6 and surface coatings (polymeric 
stabilizer). The size and surface charge of nanoparticles govern its interactions with 
biological systems, including absorption, distribution, metabolism, and excretion7-9.  
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 The species of surfactant used influences the particle size and shape10,11. It also affects 
nanoparticle agglomeration and size distributions in dispersions. Further, in this regard, it is 
important to know whether these nanoparticles are in an agglomerated (van der Waals 
interactions between primary particles) or aggregated (chemical bonds between primary 
particles) state, since their corresponding biological fate and effects will be different12.  

 Cu along with other metals like Au, Ag, Pd and Pt and their compounds are widely used 
these days. Copper as such possesses excellent electrical conductivity. Due to relatively low 
cost, it contributes significantly to the modern electronic circuits13,14 attributed to its 
characteristic, excellent electrical conductivity, catalytic activity, good compatibility and 
surface enhanced Raman scattering activity, Cu nanoparticles have dragged the attention of 
scientists as a potential candidate in the future nano-devices15. In its diverse morphological 
forms e.g. Cu nanowires are used in nanoelectronics which have promising applications in the 
areas like magnetic devices, nanosensors, electron emitters, electronics, nanoprobes in 
medicines and bio-analytical areas16. High temperature superconductivity materials are mostly 
prepared from CuO NP’s based compounds1. Cu can be used in synthesizing semiconducting 
antiferromagnetic materials belonging to a class of materials with properties which by virtue of 
their characteristics find use in diverse areas such as electronic, magnetic, pharmaceutical, 
cosmetic energy, catalytic and materials applications17,18.  

 A large number of nanoparticles have been prepared most frequently by dispersion of 
performed polymers19 solvent evaporation method and ionic gelation method20. In order to 
produce small particle size, often a high speed homogenization or ultrasonication may be 
employed. Conventional methods such as solvent extraction–evaporation, solvent diffusion 
and organic phase separation methods are hazardous to the environment as well as 
physiological systems. A variety of reducing agents are used to carry out reduction that 
includes21 NaBH4, Cu, Ni, Co complexes and macrocyclic ligands. This method avoids the use 
of hazardous polymers and solvents which are required in excess amounts. The most popular 
Cu(I)22 and Cu(0)23 nanoparticles emerged as useful and unique green catalysts whose 
efficiency is attributed to their characteristic high surface to volume ratio that translates into 
more number of active sites per unit area compared to dominate the properties of matter as size 
is reduced to nanoscale. As a part of continuing efforts towards the synthesis of Cu 
nanoparticles by following a green synthetic methodology by using  Ascorbic acid as a 
bioreductant  and glucose as biostabilizing agent is used followed by its characterization24.  

Experimental  
The chemicals used for experimental purpose were 20 mL of CuSO4.5H2O (0.001 M), 60 mL 
of Vitamin C (Ascorbic acid, 0.002 M) as a reducing agent, Glucose, 0.1 g and all are AR 
grade Chemicals. Further, water used for preparation of solutions and dilution purpose is 
Millipore. Solutions have been prepared meticulously by weighing appropriate quantity of 
chemicals concerned and dissolution and homogenization is brought about by sonication 
followed by dilution to the requisite strength in accordance with experimental requirement. A 
known quantity of CuSO4 .5H2O (0.025 g) as a precursor was added drop wise from burette to 
known volume of Ascorbic acid (0.088 g) (Chilled with ice for 30 min) used as a reductant 
until a sky-blue colored colloidal solution was obtained in the end with simultaneous 
measurement of absorbance at regular time interval using UV-Vis spectroscopy in a semibatch 
process which turned into black after formation of crystalline Cu nanoparticles. The 
nanaoparticles so synthesized have been purified by washing with ethanol followed by Milli Q 
water three times each. Which are further dried and then characterized. 
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Results and Discussion  
Figure 1 shows vials containing aqueous solution for colloidal Cu with its characteristic 
golden yellow coloured solution. CuSO4.5H2O using Vitamin C as a green reducing agent. 
UV-Visible spectroscopy is an important analytical technique to ascertain the formation and 
stability of metal nanoparticles in aqueous solution. The rapid colour change of the solution 
to yellow followed by blue is indicative of the formation of coppers nanoparticles. Further 
blue colour of the colloidal solution containing Cu nanoparticles remains intact for a long 
time which shows the excellent stability of the Cu NP’s. 

  Figure 2 shows the product in the form of Cu metal nanopowder black in colour.  

  
Figure 1. Cu sols [A] yellowish sol 
turning to blue sol 

Figure 2. Cu metal nanopowder 

 Figure 3(a) shows a strong band centered at 310 nm, can be assigned to a ligand-to-
metal charge transfer (LMCT) transition and Figure (3b) shows a weak band at 453 nm due 
to Cu NP’s stabilized by CuO. This is in accordance with the results of other researchers. 

 

Figure 3. UV absorption spectrum with SPR at (a) 310 nm and (b) at 310 nm and 453 nm 

 Figure 4 shows that Cu metal nanoparticles have face centred cubic (FCC.) type of 
lattice pattern but the particles are polydispersed and possess particle size of the order 45 to 
65 nm. The powder XRD shows that crystalline nature with peaks corresponding to Cu 
nanoparticles. The metallic nature of Cu nanoparticles, confirmed by characteristic peak of 
Cu nanoparticles was on 2θ = 31.5. Crystalline size ‘D’ was obtained by measurement of the 
broadening of diffraction lines and applying the Debye–Scherer formula 
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 Where λ is the wavelength of XRD radiation, β is the full width at half maximum of the 
peak corresponding to the plane and θ angle is obtained from 2θ value corresponding to 
XRD pattern. 

 
Figure 4. XRD pattern of Cu nanoparticles stabilized by glucose 

 The size of the Cu nanoparticles was confirmed by through scanning electron 
microscopy (SEM) which shows the   spherical   particles   of   55   nm   diameter.   The 
particles were observed to be polydispersed and uniformly distributed. Although the Cu 
nanoparticles appear somewhat non-spherical and oblongated. Thus SEM image confirmed 
that Cu metal nanoparticles are in nanorange and they are approximately spherical in shape 
(Figure 5). The average size of nanoparticles was 53±2 nm.  

 
Figure 5. SEM image for Cu metal nanoparticles 

Conclusion 
A facile route to synthesize size controlled Cu nanoparticles has been developed. 
Nanoparticles were successfully synthesized by solution reduction method in aqueous media 
at an ambient condition. The synthesized Cu nanoparticles were crystalline, highly pure but 
polydispersed. Glucose which is used as a stabilizing agent controls the particle growth and 
stabilizes the nanoparticles toward air oxidation. Cu(0) nanoparticles can be prepared by 
reduction method which is greener and environmentally suitable, cheap and best as 
compared to conventional methods. Glucose proved to be an efficient matrix for 
stabilization of metallic nanoparticles of copper in aqueous medium. This combined with 
ascorbic acid as reducing agent can be a green approach for the preparation of metallic 
nanoparticles which can be extended to other noble metals also. 
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