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ABSTRACT 
Fabrication of green nanoparticles using plant extract is the novel method to develop eco-friendly nanoparticles 
which can be used in numerous industrial sectors including medical sciences. With this view, copper nanoparticles 
have been fabricated using Holoptelea integrifolia fruit extract. The extract serves both as a reducing as well as 
stabilizing agent. The fabricated Copper nanoparticles (CuNPs) were characterized with standard techniques, viz., 
Fourier transform infrared spectrometer (FTIR), UV-vis spectrophotometer, and surface morphology was 
investigated by Scanning Electron Microscope (SEM). The active phytochemicals (terpenoids, flavonoids, proteins 
etc.) present in the Holoptelea integrifolia fruit extract were considered to be solely responsible for the formation as 
well as for the stabilization of copper nanoparticles. Green route for fabrication of copper nanoparticles avoids high 
temperature, high pressure, laser radiation, inert gases, toxic chemicals etc. as compared to traditional methods, thus 
conserving environment, energy and economy.    
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INTRODUCTION 
In the present era of advanced sciences and technology, Nanotechnology and Nanoscience have emerged 
as a new area. Nanotechnology and nanoscience is now receiving global recognition due to its extensive 
applications applied to almost all spheres of life ranging from nanoelectronics, nanomedicine, defense 
equipments, transformations, heat transfer to sports, aesthetics etc.  
It is well recognized that metallic nanoparticles (MNPs) hold distinctive properties such as electronic, 
magnetic, optical, and catalytic, very much different from the micro sized bulk materials, owing to which 
it has multiple applications in household, agricultural, and industrial sectors.1-3 Usually, routine methods 
are employed for the fabrication of nanoparticles, such as, laser ablation,4 high energy ball billing, arc 
discharged, chemical vapour deposition methods, co-precipitation method, thermal reduction,6 micro 
emulsion method,7 sol-gel method8 etc. Conversely, all these routine methods consume much of energy 
and are costlier too. Moreover, due to consumption of many toxic chemicals, non polar solvents and 
synthetic additives or capping agents, these methods are toxic to the environment which may also hamper 
their usages in clinical and biomedical fields. All these parameters led to develop a 'green' and 
‘bioprocesses’ methodology to synthesize nanoparticles which is clean, ecofriendly, reliable, and 
biocompatible.9  
Green synthesis of nanoparticles is a bottom up technique involving three major steps: selection of 
reaction medium, selection of biological reducing agent, and selection of non-carcinogenic stabilizing 
substances.10 It usages extract of fruits, leaf, agricultural wastes, microorganisms, fungi, enzymes etc.11-15 
Plant based green synthetic approach has more advantages over other bio-based synthetic routes. The 
natural resources have great innate prospective to reduce metals into nanoparticles without using toxic 
and hazardous chemicals. Green fabrication-approach offers advantages of superior biocompatibility in 
contrast to routine physical and chemical approaches and thus has better scope for biomedical and other 
industrial applications. The phytochemicals with active biomolecules, viz., vitamins, amino acids, 
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proteins, polyphenols, flavones, terpenoids, polysaccharides, alkaloids, tannins, saponins, etc to act as 
corrosion inhibitors16-23 as well as reducing and capping agent to fabricate nanoparticles.24  
The synthesis of copper based nanoparticles has been carried out via green approach employing various 
plant extracts.25-35 Owing to the versatile usages of copper nanoparticles in numerous bio- and industrial 
sectors, it was focused to investigate the fabrication of green copper nanoparticles using extract of 
Holoptelea integrifolia, commonly known as Indian Elm Tree, which is a well known glaborous 
deciduous tree. Holoptelea integrifolia possess chemical constituents like terpenoids, sterols, saponins, 
tannins, proteins, carbohydrates, alkaloids and flavonoids.36-37  
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Fig.-1: Some of the Major Phytochemicals of Holoptelea integrifolia 
 

EXPERIMENITAL 
Materials and Methods 
All the primary metal salts and all the other chemicals used in this work were of AR grade. Copper 
sulphate pentahydrated (CuSO4.5H2O) from Sigma Aldrich was used for standard metal salt solutions as 
precursor. Triple distilled and DI water was used in the entire experimental work. Holoptelea integrifolia 
fruits were collected from campus of University of Rajasthan, Jaipur, India. 
 
Preparation of aqueous extract of Holoptelea integrifolia 
Fresh and healthy fruit of H. integrifolia were collected, washed with running tap water and re-washed 
with distilled water to remove any dirt or dust or unwanted material adhered on them. Fruits were cut into 
small pieces, shade dried and then crushed to fine powdered form with the help of mixer grinder. 
Approximately 30-35 g of finely powered H. integrifolia fruits was refluxed using Soxhlet extractor for 
many cycles. Fine colloidal extract was centrifuged for half an hour and then filtered using Whatmaan 



 

 
  Vol. 13 | No. 4 |2664-2671| October - December | 2020 

 

2666 
GREEN SYNTHESIS OF COPPER NANOPARTICLES                                                                                                                            Anju et al. 

No. 1 to remove particulate matter. This clear dark brown extract solution was used as stock solution for 
further use in experimentation. 
 
Fabrication of Copper Nanoparticles (GNPs) using stocked H. integrifolia Extract 
The stocked H. integrifolia extract and 0.01M CuSO4 solution were mixed in 2:1 ratio in a conical flask 
and the mixture is subjected to the magnetic stirrer for atleast 2 hours. Within a sometime, the change in 
colour was noted from dark brown to green which is treated as preliminary indication of reduction of 
metallic salt thereby formation of nanoparticles.25-35 The reaction mixture was repeatedly centrifuged at 
10000 rpm @15 min, filtered and washed in distilled ethanol for effective collection of reduced metal 
particles. The sediment was collected, vacuum dried in an oven and stored in a clean sterilized glass vial 
for further characterization. Oven-dried metallic nanoparticles were investigated through standard 
characterization tools and techniques, viz., FTIR, UV-Vis spectroscopy, SEM to get details on 
particles/crystals. 

 
Fig.-2: Schematic Green Synthesis of Nanoparticles 

Detection Method 
The reduction of metallic salts in to nanoparticles can be very well justified from the preliminary 
parameters, viz., change in colour and pH of the reaction mixture. Further validation of nanoparticles 
formation was carried out by doing characterizations using FTIR, UV-Vis spectroscopy, SEM-EDX, etc.  
Apart from basic laboratory instrumentations, viz., digital pH meter (Remi), heater cum magnetic stirrer 
(Remi), Soxhlet extractor, heating mantle, a high speed centrifuge (Remi RM12C BL) etc., some 
sophisticated standard instruments were used for characterization, namely, Ocean optic HR 4000 High - 
Resolution UV-Vis spectrophotometer, Spectrum Two FTIR Spectrometer (PerkinElmer), Nova Nano 
FE-SEM 450 (FEI) ZEISS, etc. 

RESULTS AND DISCUSSION 
Visual Parameter-The Colour Change 
The prelim indications of formation of copper nanoparticles using aqueous extract H. integrifolia was 
visible by the change in the colour of the reaction mixture from dark brown to dark green within half an 
hour after stirring. The weakening in intensity of brown colour to green was owing to the excitation of 
surface Plasmon vibrations of copper nanoparticles. 
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Fig.-3: Change in Colour of the Reaction Mixture 
[Flasks: A: Std solution of CuSO4-5H2O, B: H. integrifolia fruit extract, C: Reaction mixture] 

pH Analysis 
The reduction of the metallic salt is a pH dependent process. Therefore, the pH of the precursor solutions 
and the reaction mixture were observed using Remi Digital pH meter. The pH of the standard metal salt 
solution (CuSO4.5H2O) was observed as 4.55 whereas the pH of the reduced reaction mixture with 
synthesized nanoparticles was found to be 5.62. 
 
Characterization of Synthesized Green Copper Nanoparticles 
After preliminary observations of the fabricated nanoparticles, with utmost care they were properly 
collected vacuum dried in a hot oven and analyzed employing standard spectroscopic techniques. 
 
UV-Visible Spectroscopic Analysis 
The fabricated green copper nanoparticles were characterized through Ocean optic HR 4000 High-
Resolution UV-Vis spectrophotometer with range of absorbance from 200-800 nm. 
The bioreduced aqueous reaction mixture was characterized through UV-Visible spectra of the solution. 
The UV-Visible spectral analysis is a convenient, preliminary and indirect method for characterization of 
Cu nanoparticles based on optical properties called surface Plasmon resonance (SPR).30-33 The initiation 
of reaction was endorsed by observing color of the extract which turns turbid on addition of copper 
sulphate solution. The green nanoparticles thus formed was exemplified by UV-Visible absorption 
spectra and a broad absorbance peak at 350-410nm was observed.This broad peak centered between 350-
410nm was clearly indicative of the formation of copper nanoparticles. The bio-reduction of the copper 
ions must be due to the presence of active bio-molecules, viz., 1,4-naphthquinone, gallic acid, quercitrin, 
quercitin, etc. This was further validated through FTIR spectroscopic data also.  
 

Cu2++ bio-molecules ⇌ Cu0 

 

 
Fig.-4: UV-Vis Spectra of the Synthesized Copper Nanoparticles 

FTIR Spectroscopic Analysis 
To determine the active phytochemicals present in the Holoptelea integrifolia fruit extract which are 
responsible for the reduction of Copper ions and their apparent oxidative stability, FTIR spectral analysis 
was carried out in the spectral range of 400- 4000 cm-1. Here the vacuum dried sample of fabricated 
nanoparticles was grounded with KBr to form a pellet and then analyzed using Spectrum Two FTIR 
Spectrometer (PerkinElmer). 
The FTIR spectroscopy reveal about functional groups of the active phytochemicals present in the extract 
which reduces the copper ion. FTIR spectrum as shown in Fig.-5(a,b) which clearly illustrates the active 

350-410nm 
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phytochemicals present in the extract are responsible for the eco-friendly green synthesis of Copper 
nanoparticles as they act as reducing, stabilizing and capping agents.  
A number of adsorption peaks were observed in the spectrum of Holoptelea integrifolia fruit extract (Fig.-
5a), reflecting its complex nature. The comparison of FTIR spectrum of the extract and that of the 
synthesized nanoparticles (Fig.-5b) can yield information about reducing agents responsible for metallic 
ion reduction. In the spectrum of Holoptelea integrifolia fruit extract (Fig.-5a), the broad absorption peak 
at 3625 cm−1 corresponds to the stretching vibration of hydroxyl (OH) group in alcohols and phenolic 
compounds. The IR band around 1575 cm−1  and 1640 cm-1 can be assigned to aromatic bending of C=C 
group and C=O group respectively and 2755 cm-1 C–H stretching. The peak at 595, 460 cm-1 is due to 
metal-carbon stretch. Many of these peaks were shifted or replaced with new peaks after the reaction of 
extract with metal salt solution was over as clearly observed in Fig. 5b. There were new bands observed 
corresponding to hydroxyl band owing to scissor bending vibration of molecular water, acidic asymmetric 
stretch, etc. 

 
Fig.-5a: FTIR Spectrum of Holoptelea Integrifolia Fruit Extract. 

 
Fig.-5b: FTIR Spectrum of Reaction Mixture of H. integrifolia mediated Copper Nanoparticles. 

 
The active phytochemicals present in fruit extract such as polyphenols, flavonoids, alcoholic, phenolic 
groups has significant propensity to bind metal. Moreover, for the synthesized green metal nanoparticles, 
these active bio-molecules also serve as capping agent to avoid agglomeration, thereby stabilize the 
medium. It can be very well projected that the bio-chemicals present in indigenous plant/plant parts serves 
to fabricate and stabilize the copper nanoparticles. 
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Scanning Electron Microscopic (SEM) Analysis 
The Scanning Electron Microscopy (SEM) analysis was used to investigate the surface morphology as 
well as the size of the nanoparticles. 
Thin films of the sample were analyzed by carrying out SEM images at the magnifications of 20μm (Fig. 
6a) and 10μm (Fig. 6b). SEM micrographs of synthesized copper nanoparticles employing extract of 
Holoptelea integrifolia depicted as Fig. 6 (a, b) which clearly reveal that most of the nanoparticles are 
spherical in nature and were formed in cluster. However, further magnification reveals that these copper 
nanoclusters are groups of smaller nanoparticles exhibiting good uniformity. 
 

 
Fig.-6: SEM Micrographs of Fabricated Nanoparticles taken at (a) 20 µm and (b) 10 µm. 

 
CONCLUSION 

Fabrication of copper nanoparticles was carried out using Holoptelea integrifolia fruit aqueous extract at 
room temperature through a cost-effective, time saving, easier and environmentally benign route. It is a 
novel bio-synthesis technique which does not involve any toxic chemicals as used in conventional 
chemical reduction processes. The standard characterization analyses carried by UV-Visible 
spectroscopy, FTIR spectroscopy, and SEM reveal the successful fabrication of green copper 
nanoparticles.  
The active phytochemicals present in the Holoptelea integrifolia extract not only reduce the metal ions, 
but also stabilize the copper nanoparticles and prevent them getting oxidized post synthesis. The biogenic 
method has merits over other reported conventional methods as the natural resources are indigenous, 
abundantly available precursors, inexpensive, with easy to carry out procedure in any laboratory, use of 
non-toxic reagents and a reliable pollution free process. Besides, these green nanoparticles have abundant 
applications in various sectors of bio-medical and other industries. 
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