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Abstract:-The Cuprous Oxide (Cu2O) nanoparticles were synthesized by green synthesis method using copper as precursor 

and Ammonium chloride with Lactobacillus bulgaricus as reducing agent in presence of Datura metal leaf extract as bio-

surfactant in an aqueous medium. The bio synthesized nanoparticles were describe the distinctive natured by X-ray diffraction 

(XRD) and the pattern unveil face centered cubic structure. The size of Cu2O nanoparticles were observed by scanning electron 

microscopy (SEM). The results indicate that the Cu2O nanoparticles have high purity and the average particles size is 32 nm. The 

elemental anatomy of matals has been identified by Energy Dispersive X-Ray Analysis (EDX). Also conducting Inductive Couple 

Plasma (ICP) for its propensity to identify and quantify all elements with the exception of Argon 
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Introduction 

 Nanotechnology involves the study of matter at atomic and supramolecular level [1, 2]. This field includes its great 

achievement in the field of biomedical and biotechnology [3]. Nano-particles are the small particle having size range of 1-100 nm 

(1 nm = 10-9 m) [4]. Due to large surface to volume ratio, nanoparticles react in different manner than that of large particles 

having same composition [5]. Among all types of NPs, metallic NPs are most promising as they exhibits remarkable antibacterial 

properties, due to this property metallic nanoparticles are now great area of research because bacteria are now developing 

resistance against antibiotics [6-8]. NPs exhibit different properties than that of bulk materials. Specific physical (surface area, 

colour, temperature etc.), chemical, magnetic and optical property make them good for different applications [9]. Nano-particles 

can be classified as metallic, non-metallic, semiconductor, carbon based and nanoparticles can also be defined on the basis of 

number of dimensions i.e. 1-D, 2-D and 3-D [10-12]. 

 There are number of application of Nanotechnology in various areas such as surface coating, cosmetics, electronic 

circuits, packaging industries and biomedical [13]. Nanotechnology provides antimicrobial packaging material [14]. Nano-

particles loaded with plasmid DNA could be used for gene delivery [15]. Bone healing can be achieved by using PLGA 

nanoparticles [16]. Diagnosis can be done by using techniques like optical imaging (OI), ultrasound imaging (UI) and magnetic 

resonance imaging (MRI) etc. [17, 18]. Magnetic and luminescent NPs are used in MRI and optical imaging respectively [19, 20]. 

Blood sugar can be checked by using nanobots [21]. Gold nanoparticles are used for detection of cancer [22]. Iron oxide 

nanoparticles are used for tissue repair [23, 24]. Additives containing nanoscale materials have long been used in the production 

of lacquers and paints, for example, Copper oxide as colouring pigments and synthetic amorphous silica to influence the fluidity 

of lacquer [25, 26]. In recent years modern techniques have been developed to visualize and scientifically describe nanoscale 

materials and structures [27, 28]. It is therefore now possible to tailor the manufacture and use of nanomaterials and 

nanostructures in the coating industry to the specific needs of the various applications [29, 30].  

 Nanomaterials consist of definable structural components with a size range of 1 - 100 nanometers (1nm = 10-9 m) in at 

least one dimension (See also the Commission's recommendation of 18 Oct 2011 for the definition of Nanomaterials 

(2014/696/EU)) [31, 32]. Nano-particles are a subset of nanomaterials having the above size range in all three dimensions [33, 

34]. Both natural and anthropogenic nanomaterials occur in the environment [35, 36]. 

 Nanotechnology uses engineered Nano-materials Cuprous oxide is a two-dimensional crystal consisting of carbon atoms that 

has excellent mechanical, thermal, and tribological properties. Additionally, the Nano size with properties of larger surface areas 

and rich oxygen containing functional groups can enhance the adhesive between the fillers and the chains in the polymer matrix 

[9], which is beneficial for improving the thermo-stability and wear resistance of the polymer composite. Meanwhile, Cu2O can 

form a self-lubrication transfer film on the contact interfaces during the friction process, which endows the grapheme / polymer 

composite with a low and stable friction coefficient and wear rate [10, 12]. Nevertheless, Cu2O Nano-particles prepared in 

ambient atmospheric pressure without inert gas protection are prone to oxidation because the oxides of Cu are thermo 

dynamically more stable than pure Cu. In addition, without proper protection copper Nano-particles are found to aggregate 

rigorously. Starch was used to control the growth of Nano-particles and protect them to avoid oxidation and aggregation. The 
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main objectives of the study were the synthesis of Cu2O nanoparticles by precipitation method and their characterization using X-

ray diffraction (XRD), scanning electron microscopy (SEM) and Energy-dispersive X-ray Spectroscopy. (EDX). 

 

Experimental  

 Cu2O Nanoparticles were synthesized by precipitation method using different precursors as pasteurized milk curdled by 

adding a Lactobacillus bulgaricus, Ammonium chloride with post-heating in DATURA METEL Plant liquid (by crushed and 

sciage leaf). In the First step, 1000mL of Lactobacillus bulgaricus added with 100grams of Ammonium chloride to synthesis 

solution under continuous rapid stirring. Subsequently, the 250grams of melted copper is poured in a vessel, which is containing 

of both of above. The color of the solution turned to yellow ocher. After the completion of reaction, the copper was taken from 

the vessel and allowed to settle overnight and the supernatant solution was then discarded cautiously. In second step again melt 

the copper, which is separated from above first step, pour it in another vessel, which is containing Datura Metal Leaf liquid 

washed with de-ionized water and ethanol for three times to take out the excessive starch bound with the Nano-particles. Ocher 

color precipitates (Fig. 1) Obtained are dried at room temperature. After drying, Nano-particles were stored in glass vial for 

further analysis. 

 

 
 

Fig.1: Cu2O Nano-particles synthesized through precipitation method 

 

Results and Discussion 

1.   X-ray Diffraction Analysis (XRD): 

Figure 1 shows the XRD pattern of Cu2O nanoparticles sample, which clearly reveals the structure of crystalline. The peaks in 

this pattern are sharp and have no significant scattering background and all the peaks match well with standard data. Peaks were 

quite consistent with those of the standard JCPDS Card No. 04-0836 for the standard spectrum of the pure fcc (face centered 

cubic) metallic Cu. Besides the metallic Cu peaks, several other diffraction peaks appeared at 29.63°, 36.54°, 42.44°, 61.57°, 

73.58° and 77.49° corresponding to (110), (111), (200), (220), (311) and (222) planes of cuprite, respectively, indicate the 

formation of cubic cop- per (I) oxide nanocrystals [17, 18]. The (111) peak at 36.526 (d = 0.2454) is the most strong peak of the 

pattern, and (110) peak at 29.661 (d = 0.3015) is the weakest in intensity. The XRD shows the final product is a pure Cu2O 

sample.  

 
 

Fig.2: X-Ray Diffraction of Cu2O nanoparticles 
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2. Scanning Electron Microscopy (SEM)  

 Scanning electron microscopy is used for inspecting topographies of specimens at very high magnifications using a piece 

of equipment called the scanning electron microscope. SEM magnifications can go to more than 300,000 X . SEM inspection is 

often used in the analysis of die/package cracks and fracture surfaces, bond failures, and physical defects on the die or package 

surface. 

During SEM inspection, a beam of electrons is focused on a spot volume of the specimen, resulting in the transfer of energy to 

the spot. These bombarding electrons, also referred to as primary electrons, dislodge electrons from the specimen itself. The 

dislodged electrons, also known as secondary electrons, are attracted and collected by a positively biased grid or detector, and 

then translated into a signal.To produce the SEM image, the electron beam is swept across the area being inspected, producing 

many such signals. These signals are then amplified, analyzed, and translated into images of the topography being inspected. 

Finally, the image is shown on a CRT. 

The ultimate resolution of the SEM depends primarily upon the tip size and shape. However, the solution resistance and mass 

and charge transfer process rates that affect the current density distribution are also important factors. Approximate expressions 

for the steady-state current that flows between substrate and tip as a function of z spacing for a conical and spherical tips in the 

generation/collection mode have been presented. The steady-state current mode would be of most interest for to photographic 

Information during x-y scans. The familiar plane/plane thin layer expression,  

 

i = nFADC*/d                      (1) 

 

Where, d is the spacing between substrate and tip and 

C* is the sum of the concentrations of oxidant, 

C,, and of reductant, CR. 

D is the diffusion coefficient (assuming Do = DR = D, in which DO and DR are the diffusion coefficients of oxidant (0) and 

reductant (R), respectively) and A is the electrode area.  

 An actual planar disk electrode will show behavior more like a hemispherical electrode, especially when d >> a (where a 

is the disk radius) under these conditions, or when the tip actually has a spherical or hemispherical shape, the approximate 

expression for i is  

 

    i = 2anFDC*r In [l + (r / d)]        (2) 

 

 Where, (Y = a*/H, where a* is the cone base radius and H is the height) and y' = d/H. Thus a conical or tapered 

cylindrical tip would be less useful than an inlaid disk or hemisphere for probing the topography of a substrate. Actual tips may 

have more complex shapes as are sometimes observed in ultra microelectrodes. In the collection mode the tip is used as the 

detector only. 

 The usage of SEM to measure flow through membranes, investigate local transport properties and measure kinetic 

parameters of reactions. The  impact  of  micro- electrochemical techniques on the understanding of physicochemical processes at 

interfaces, including  transport  across  and  within  bilayers, monolayers,  liquid /liquid  interfaces  and liquid / gas interfaces, has 

been a significant feature of this review. We have given several examples of using SEM to make per cellular measurements. 

There are clearly huge prospects for developing this avenue further, particularly for probing single cells, and improving spatial 

resolution of this type of measurement.  

     
 

    
Fig.3: SEM Image 
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There is an impressive body of work on the use of microelectrodes to examine cellular processes at a single-cell level, such as 

exocytose, red-oxactivity and oxidative stress response. The application of mobile imaging probes, which are the distinguishing 

feature of SEM, should provide enhanced information on processes at single cells. Many recent technological developments in 

SEM have arrived from combining it with other physical techniques.  However, the technique is in its infancy and much more 

work is necessary, notably the development of reliable methods for mass probe manufacture, to allow it to attain its full potential. 

Ring electrodes formed around optical fibers have been used to combine photo electrochemical microscopy (PEM). 

 

3. Energy-Dispersive X-ray Spectroscopy (EDX): 

 EDX was carried out at an acceleration voltage of 20.0 kV. Sample was prepared by sprinkling the dispersed 

nanoparticles onto double-sided adhesive carbon conductive tape which was mounted on a microscopic stub of copper. From 

analyses results shown in the spectrographs in Figure 4, major constituent elements in the studied spectra were consistent with 

dominant elements showing closely related results with variation in the secondary and other elements recorded in smaller 

quantities represented by lower percentages. However, the differences between results could be seen as constituent elements 

minor variations and a test of purity and homogenous patterns of the organisms. Spectra indicated the dominance of carbon with 

mean value of 56.9 %, having 60.17 % peak and the lowest C content with 53.63 % in all the 4 spectra. Followed by oxygen with 

almost 9 % mean content having lowest O content of 7.02 % while highest was 8.37 %. Pt and Niobium(Nb) were 0.9 % while 

Mg was lowest in overall mean contents.  

 
Fig 4.     Energy-Dispersive X-ray 

 

 

4. Inductive Couple Plasma (ICP): 

   Inductively coupled plasma mass spectrometry (ICPMS) for elemental analysis has been dominated 

since its introduction by instruments with quadrupole filters for mass separation. Although considerably impeded by isobaric ion 

interferences, ICPMS with quadrupoles has nevertheless matured to become the most prominent MS technique for element 

analysis with widespread applications, providing extremely low detection limits in combination with true multi element 

capabilities. Some years ago, a second generation of double‐focusing ICPMS instruments was introduced, offering the chance to 

overcome interference problems by high mass resolution. The special features of these instruments for elemental analysis are 

discussed and the progress achieved in analytical performance is demonstrated by selected examples, emphasizing speciation as a 

field in which organic and inorganic aspects come close together.  

 Advantages of using an ICP include its ability to identify and quantify all elements with the exception of Argon; since 

many wavelengths of varied sensitivity are available for determination of any one element, the ICP is suitable for all 

concentrations from ultra trace levels to major components; detection limits are generally low for most elements with a typical 

range of 1 - 100 g / L. Probably the largest advantage of employing an ICP when performing quantitative analysis is the fact that 

multi elemental analysis can be accomplished, and quite rapidly. A complete multi element analysis can be undertaken in a period 

as short as 30 seconds, 

consuming only 0.5 ml of sample solution. Although in theory, all elements except Argon can be determined using an ICP, 

certain unstable elements require special facilities for handling the radioactive fume of the plasma. Also, an ICP has difficulty 

handling halogens—special optics for the transmission of the very short wavelengths become necessary. 
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Fig.5. Inductive Couple Plasma Testing 

 

Conclusion 

The study demonstrated a promising and generally applicable method to fabricate elemental copper nanoparticles by means of 

chemical reduction method. XRD results indicated that the starch-stabilized Cu2O nanoparticles are cubic in shape with mean 

size of 32 nm, respectively. Also we can find its ability to identify and quantify all elements with the exception of Argon by 

Inductive couple plasma (ICP). This synthesis pathway is particularly suitable for large-scale synthesis of Cu2O nanoparticles 

attributed to its simple process and low cost. It is probable that the development of improved synthetic methods for Cu2O nano 

crystals and more knowledge of their properties should lead to the great advancement in their applications such as catalysis and 

photo activated energy conversion. 
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