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ABSTRACT 

In the modern scientific era, nanotechnology isone of the burning field for researchers and scientists because of their applications in a 

number of areas. The synthesis of nanoparticles (particles having size 1-100 nm) is also the centre of attraction towards researchers due 

to its unique chemical and physical properties and wide applications. Nanoparticles can be synthesized by physical, chemical and 

biological processes also known as green synthesis. Among all of the methods of nanoparticles synthesis, green synthesis is non-toxic, 

economic and eco-friendly and also applicable to in numerous fields such as medicinal chemistry, catalysis etc. In the present study, we 

investigate the potential of the extract of plant dicliptera roxburghiana towards the synthesis of copper nanoparticles, for which a fixed 

ratio of plant extract and CuSO4 solution was used. The synthesis of Cu-NPs was initially confirmed by colour change of CuSO4 from 

blue to brownish green. The synthesized copper nanoparticles were studied and characterized by XRD, FT-IR and UV-Visible 

spectroscopy and later on subjected towards the photocatalytic degradation of organic dye methylene blue. Surface Plasmon Resonance 

of Cu-NPs was found to be at 578 nm using UV-Visible analysis and characteristic peak at 517-519 nm of copper nanoparticles were 

given by FT-IR spectrometer while XRD analysis showed the spherical shape of Cu-NPs having size of 58 nm. The photocatalytic 

activity of Cu-NPs was also studied in a comparison manner between the Cu-NPs in dried form and Cu-NPs in plant extract solution 

against methylene blue under sunlight. 
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1. INTRODUCTION 

 Nanotechnology enormously gained importance due to 

their increasing application in a number of areas making a great 

impact on human life such as food packing, waste water treatment, 

cosmetics, photoelectrochemical applications etc. but the most 

important application of nanotechnology is in the pharmaceutical, 

medical and health care field. There are several physico–chemical 

methods for the production of nanoparticles like sol gel method, 

laser pyrolysis, chemical reduction techniques, ultrasonication, 

photoirradiation etc. [1]. Unfortunately, they have certain 

drawbacks such as they are much expensive and release hazardous 

by-products and the use of toxic solvents itself also creates serious 

problems [2]. Compared to these physico-chemical methods 

biological/green synthesis of nanoparticles is less expensive/cheap 

and environment friendly in such a way that toxic, expensive 

chemical reducing agent is replaced by extract of a natural product 

such as leaves or fruits of trees/crops which contain the natural 

reducing agents such as terpenoids, flavonoids, alkaloids and 

phenolics etc. for the synthesis of metal or metal oxide 

nanoparticles [3-6]. 

 Copper nanoparticles are generally black-brownish metallic 

nanoparticles whose size ranges from 40nm – 70nm. Copper 

nanoparticles are centre of attention due to its unique electrical, 

optical, biomedical antibacterial and catalytic properties hence 

used for a number of industrial applications [7]. Copper 

nanoparticles have excellent antimicrobial properties due to which 

it is widely used for the purification of drinking water. As copper 

is highly toxic to bacteria and fungi and non-toxic to the animal 

cell, for these reason copper nanoparticles are effective 

bactericidal [8-9]. Various plants are being used for the green 

synthesis of nanoparticles because this method is cheap and most 

importantly eco – friendly. Nanoparticles can be synthesized from 

the extract of different parts of the plants separately such as 

leaves, stem, roots, seeds, flowers and fruits [10-13]. In the present 

investigation, dicliptera roxburghiana is used for the synthesis of 

copper nanoparticles. Dicliptera Roxburghiana, belonging to the 

Acanthacea family, is a perennial herb with a length of 2 – 7 dm 

long. The leaves are green and light on the lower surface with the 

petals of 1 – 3.5 cm long. The flowers are arranged in axillary 

cymes and all of them are shortly villous especially along the 

edges, calyx lobes being unequal in size ranging 5-7 millimetres 

long. The colour of the corolla varies from pink to purple and 

capsules are 6-7 millimetres long [14]. The plant extract was used 

as reducing and stabilizing agent that mainly contains saturated 

fatty acids, flavonoids, phenolics, alkaloids and terpenoids. In the 

present investigation whole plant extract is used to synthesize 

copper nanoparticles which will improve the green synthesis of 

other nanoparticles as future research in the green environment 

which will be cost free and non – toxic. 

2. MATERIALS AND METHODS 

2.1. Materials. 

 Dicliptera Roxburghiana, Analytical grade copper sulphate 

pentahydrate (CuSO4 ⋅ 5H2O, 99.98%), Double distilled water, 

Whatman filter paper No.1, Magnetic Stirrer, Conical flask, 

Volumetric Flask, 250ml Beaker. 
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2.2. Methods. 

 Whole plant extract of dicliptera roxburghiana was used as 

a reducing and capping agent for the green synthesis of copper 

nanoparticles. The plant extract contains phytochemicals that 

reduce copper ions (Cu+) to copper nanoparticles (Cu0). For the 

synthesis of Cu-NPs, 1mM solution of copper sulphate 

pentahydrate CuSO4.5H2O was prepared in double distilled water 

and stored in air tight conical flask. 

2.3. Collection of plant. 

 Fresh plant of dicliptera roxburghiana along with roots 

was collected from Government Post Graduate College Kohat and 

washed several times with running tape water to remove the 

impurities and dust particles and then plant was stored in a box 

inside the room for a week and it was shade dried in order to 

remove the residual moisture. The dried plant was crushed into 

smaller pieces and then grinded to convert it into a fine powder. 

The powdered plant was stored in an air tight bottle for further 

use. 

2.4. Preparation of plant extract. 

 Plant extract was prepared in a fixed ratio for the synthesis 

of Cu-NPs. 5g of the powdered plant was dissolved in 100ml of 

double distilled water in a 250ml beaker. The mixture was allowed 

to boil for 30 – 45 minutes at a temperature of 100o C and was 

allowed to cool down at room temperature. The supernatant was 

filtered by Whatman No.1 filter paper with the help of vacuum 

filter and stored in conical flask with proper seal packing with 

aluminium foil to keep away from air and light. 

2.5. Synthesis of copper nanoparticles. 

 The extract was once again filtered carefully with 

Whatman No. 1 filter paper to make sure that there were no solid 

particles in the extract and then 80 ml of 1mM CuSO4 was added 

in clean and dry 250 ml titration flask placed on magnetic stirrer at 

temperature of 40 – 50 oC and then slowly 20 ml of dicliptera 

roxburghiana extract was added and mixed thoroughly for an 

hour. The blue colour of copper sulphate solution turned into dark 

green (Figure 1 & 2). The mixture was properly wrapped with 

aluminium foil to prevent from light and air and stored to 24 hours 

for incubation process. At last, the solution was centrifuged at 

6000 rpm for 20 minutes and then washed with double distilled 

water in order to remove unwanted biological materials. The dried 

copper nanoparticles were obtained when the solution was dried at 

100 – 104 oC and the dried Cu – NPs were stored in air tight glass 

with proper covering with aluminium for further use. 

2.6. Photo degradation of methylene blue by Cu – NPs. 

 The photocatalytic activity of copper nanoparticles 

synthesized using the extract of Dicliptera Roxburghiana was 

tested against aqueous solution methylene blue organic dye for 

this purpose 15 ppm solution of Methylene blue was prepared in 

250ml double distilled water. Three separate aqueous solutions of 

methylene blue were prepared in separate conical flasks using the 

same concentration i.e. 15ppm in 250ml H2O. 5ml solution was 

taken out from each of the flask and their maximum absorbance 

was measured by using spectronic 20 spectrometer at 640 nm after 

which 3 mg dried copper nanoparticles were added to one of the 

aqueous solution of methylene blue, in the second aqueous 

solution of methylene blue 1ml of solution that containing copper 

nanoparticles along with plant extract was added and the third 

aqueous solution of methylene blue was remained as such. All of 

the three set of solutions were exposed to sunlight for about 1 hour 

and 15 minutes because after that the degradation of methylene 

blue was very much reduced hence the experiment was stopped. 

The experiment was carried out on a sunny day between 11:30 am 

– 12:45 pm (temperature 36-400C). 

 5 ml of solution from each of the conical flask were taken 

after every 15 minutes of time intervals into centrifuging tubes and 

after centrifugation the filtrate was studied using spectronic 20 

spectrometer while wavelength was kept 640 nm and the 

absorbance of each solution was noted in table which showed the 

photocatalytic activity of copper nanoparticles against methylene 

blue as expressed in Figure 7. 

 
Figure 1. Process showing synthesis of Cu – NPs using the extract of 

Dicliptera Roxburghiana. 

 
Figure 2. Synthesized Cu – NPs using the extract of Dicliptera 

Roxburghiana. 

2.7. Characterization of copper nanoparticles. 

2.7.1. UV – Visible spectrometer analysis. 

 UV – Vis spectroscopy was used initially for the 

confirmation of synthesized copper nanoparticles. The analysis 

was done with UV – Vis spectrometer (Spectrum Two 103385) in 

the range between 450 – 700 nm and for this analysis blank was 

prepare by adding 20 ml of plant extract in 80 ml of deionised 

water. 

2.7.2. FT – IR analysis. 

 The biomolecules present the extracts of dicliptera 

roxburghiana were responsible for the reduction of copper ions 

into copper nanoparticles which were determined by the FT – IR 

analysis. The analysis was done in the spectral range of 500 – 
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4500 cm-1. The sample was centrifuged first at 1000 rpm for 15 – 

20 min, dried over hot air oven and ground with KBr to form 

pellet/precipitate and then FT – IR instrument (PerkinElmer IR) 

was used to analyse the pellet/precipitation. 

2.7.3. X – Ray diffraction (XRD) analysis. 

 In order to determine the particle size and phase variety of 

synthesized copper nanoparticles XRD analysis was carried out 

using the JDX-3532 XRD spectrometer with Cu-Kα radiation at 

voltage of 30 kV and current of 20 MA with scanning rate of 

0.030/s and the different phases present in the synthesized samples 

were determined by the X ′ pert high score program with the 

search and matching facility. The particle size of synthesized 

copper nanoparticles was determined by use of Debye-Scherrer’s 

equation as shown below 

𝐷≈ 
  

     
 

Where D = the crystal size of copper nanoparticles 

K = Scherer’s constant (shape factor) values ranges from 0.9 to 

1.0 

  = the wavelength X – Ray radiation source and 5418 Å or 

1.54059 nm is used in case of XRD 

β = the width of the XRD peak at half height 

θ = the Bragg angle 

3. RESULTS  

3.1. UV – Vis spectrometer analysis. 

 The colour change observed as a result of the reduction of 

copper ions to copper nanoparticles when exposed to plant extract. 

The colour change is caused by the phenomenon of Surface 

Plasmon Resonance. The metal nanoparticles have free electrons 

that impart a Surface Plasmon Resonance absorption band due to 

the mutual vibrations of the electrons of the metal nanoparticles 

which in resonance with the light wave. From different literatures 

it was found that copper nanoparticles show Surface Plasmon 

Resonance peak at 540 – 570 nm. We found Surface Plasmon 

Resonance peak for copper nanoparticles synthesis to be at 578 

nm (Figure 3). 

 
Figure 3. UV – Visible spectra of synthesized copper nanoparticles using 

the extract of Dicliptera Roxburghiana. 

 

 The sharp peaks at 578 nm in the case of dicliptera 

roxburghiana confirmed that the extract of this plant has a greater 

potential to reduce Cu ions into Cu-NPs. This led us to further 

research on the synthesis of copper nanoparticles by using plant 

extracts of dicliptera roxburghiana. 

 The reduction of the copper ions was quite fast because 

almost 90 % reduction of copper ions was complete within 24 

hours after addition of the copper – metal ions to the Dicliptera 

Roxburghiana extract and it was observed that the synthesized Cu-

NPs were stable even 8 weeks after their synthesis in solution. By 

stability, it is meant that the optical properties of the nanoparticle 

solutions were unobservable over time. 

3.2. FT – IR analysis. 

 FT-IR analysis was carried out for understanding the role 

of capping/reducing agents as well as for understanding the nature 

of various functional groups present in the plant extract 

responsible for the synthesis of copper nanoparticles i.e. by 

reducing Cu to Cu – NPs. The FT-IR analysis was carried out in 

the range of 4500 – 500 cm-1 as shown in Figure 4. 

 
Figure 4. FTIR spectrum of formed copper nanoparticles using the 

extract of Dicliptera Roxburghiana. 

 

 The FT-IR spectrum of copper nanoparticles showed a 

peak at 3416 – 3450 cm-1 corresponds to H-O-H stretching, peak 

at 2924 – 2950 cm-1 corresponds to hydrogen bonded alcohol and 

phenols, peak at 2854 – 2870 cm-1 corresponds to C-H stretching 

and a peak at 1400 - 1450 cm-1 which corresponds to O-H 

stretching. The main stretch for copper nanoparticles was found at 

615 – 619 cm-1. Therefore the synthesized copper nanoparticles 

were found to be surrounded by metabolites and phytochemicals 

such as flavonoids and terpenoids etc. FT-IR studies proved that 

the phytochemicals present in the plant extract not only reduce 

copper ions into copper nanoparticles but also bind copper 

(capping of copper nanoparticles) to prevent from agglomeration 

and thereby stabilize the medium. Green synthesis showed that it 

can be used for dual functions of formation as well as stabilizing 

the copper nanoparticles in the aqueous medium. 

3.3. X – Ray diffraction (XRD) analysis. 

 The synthesized copper nanoparticles were further analysed 

by XRD spectroscopy. Figure 5 & 6 exhibits the XRD pattern of 

synthesized copper nanoparticles by using the extract of dicliptera 

roxburghiana. The X-ray diffraction pattern shows the high 

crystallinity of the Cu sample level, the distinct diffraction angles 

2θ = 42.05°, 50.05° and 74.15°, corresponding to the characteristic 

cubic face centered (f.c.c) of the copper nanoparticles indexed by 

(111), (200) and (220) respectively. These sharp Bragg peaks may 

be due to the stabilization of the copper nanoparticles by the 

capping agent present in the plant extract. In general, the particle 

size effects of solids results in the broadening of the peaks in XRD 

patterns of solids. The broader peak indicates a smaller particle 

size moreover it reveals the effects on the nucleation and growth 

effects on the nucleus of crystals due to experimental conditions. 

From different literatures the size of Cu-NPs was found to be in 
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the range of 40-100nm. Our study on the synthesis of Cu-NPs 

using the extract of dicliptera roxburghiana showed the spherical 

shape and the estimated size of synthesized Cu-NPs found to be 58 

nm by using Debye-Scherrer equation. So we found that extract of 

dicliptera roxburghiana can be used to synthesize Cu-NPs having 

high surface area and high surface area to volume ratio.  

 
Figure 5. XRD graph of formed copper nanoparticles using the extract of 

Dicliptera Roxburghiana. 

 
Figure 6. Smoothed intensity XRD graph of synthesized copper 

nanoparticles using the extract of Dicliptera Roxburghiana. 

 

3.4. Photo kinetic study of Cu-NPs against methylene blue. 

 The Cu-NPs synthesized by using the extract of dicliptera 

roxburghiana were subjected to the photocatalytic activity against 

15 ppm methylene blue organic dye under sunlight. The study also 

shows a comparison of photocatalytic activity of copper 

nanoparticles between aqueous solution of methylene blue having 

no nanoparticles as well as a solution containing dried copper 

nanoparticles and a solution containing the solution containing 

copper nanoparticles as well a little plant extract in it. 

 The colour of methylene blue solution containing copper 

nanoparticles found to be turning lighter from dark blue with the 

passage of time as a result of degradation of methylene but the 

solution containing dried nanoparticles turned into lighter blue 

faster than the solution containing solution of copper nanoparticles 

a plant extract. The degradation activity of copper nanoparticles 

with respect to time i.e. 15 minutes is expressed in figure 7 by 

collecting absorption data from the spectronic 20 spectrometer. 

 
Figure 7. Photo degradation of methylene blue. 

 

 

4. CONCLUSIONS 

 In the present study, we investigate and report the 

successful green/biological synthesis of copper nanoparticles 

using the extract of dicliptera roxburghiana which proved to be 

cost effective, non-hazardous and most importantly eco-friendly. 

Moreover, this method is proved to be simple and easy one to 

synthesize copper nanoparticles of desired size and which are 

stable for a longer period of time. The functional groups present in 

the extract of plant were responsible for the synthesis of copper 

nanoparticles, was confirmed by FT-IR spectroscopy. The 

synthesized copper nanoparticles were characterized by UV – 

visible spectroscopy, FT-IR and XRD. The peak in the absorbance 

spectrum of Cu-NPs confirms   the reduction of copper ions from 

copper sulphate solution to copper nanoparticles (Cu-NPs) and the 

optical characteristics of Cu-NPs were studied by UV-Visible 

spectroscopy. Fourier Transform Infrared (FT-IR) spectroscopy 

was used for the identification and study of bending vibration and 

stretching bonds present in the sample of copper nanoparticles 

while the  X – ray diffraction (XRD) study showed that the Cu – 

NPs had spherical shape and the average particle size was 58 nm 

i.e. in the range of 40-100 nm. The extract of dicliptera 

roxburghiana is eco-friendly and cost effective and can be used in 

large scale synthesis of copper nanoparticles in nanotechnology 

processing industries. Copper nanoparticles can be used in nano - 

medicine and cancer treatment because of its varied advantages. 

Due to the highest conductive properties, these Copper 

nanoparticles can be implemented in advanced portable gadgets. 

 This work indicates that extract of dicliptera roxburghiana 

is eco – friendly, non – toxic and cost effective way to synthesize 

copper nanoparticles on large scale. Dicliptera roxburghiana 

extract had a good valuable potential in the future for synthesis of 

copper nanoparticles which can be used in nanotechnology 

industries, pharmaceutical applications and nanomedicine 

especially for the diagnostic purposes of cancer treatment. Copper 

nanoparticles can be used in advance portable gadgets because of 

their unique electrical, optical and conductive properties. 

 Whereas when we look towards the photocatalytic activity 

of copper nanoparticles they seem to be very good catalyst in this 

perspective and can be used as catalyst in many other reactions. 
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