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Abstract 
In this paper, a brief review on the preparation of copper nanoparticles (Cu-NPs) is discussed 

which highlighted more on the green biosynthesis route. Copper nanoparticles have been proved 

by numerous of researchers on their capability to be used in wide range applications due to their 

unique properties apart of a low cost metal compared to the noble metal nanoparticles. 

Nowadays, green biosynthesis method has been favoured among researchers especially those 

study related with biological applications due to its simple, non-toxic and environmental friendly 

as compared to the physical and chemical method. Even though some of the green materials have 

both functions which act as stabilizing agent and reducing agent in the preparation of Cu-NPs, 

however, some of them need a booster which also must be a green material. So, ascorbic acid 

which is vitamin C that has been proven with its capability to act as stabilizing and reducing 

agent in most of previous studies also included in this short review.  

 

1.  Introduction 

Nanotechnology is an arising technology nowadays as it has been acknowledged by researchers around 

the world as a promising technology that could benefit in the human society. Nanotechnology deals with 

nanoscale materials ranging from 1 to 100 nm in size [1, 2]. With the smaller size, it leads these 

nanomaterials to several advantages such as high surface area, large surface activity that could provide 

huge potential in multidiscipline of applications such as biomedical [3, 4], energy storage [5] , water 

treatment [6] and food packaging [7, 8]. There are various types of nanomaterials that have been 

discovered in the past few years such as carbon-based nanomaterials (fullerenes; carbon nanotubes; 

graphene), inorganic-based nanomaterials (metal nanoparticles; metal oxide nanoparticles), organic-

based nanomaterials (dendrimers; liposomes; polymer nanoparticles) and composite-based 

nanomaterials (nanocomposites; hybrid nanofiber) [9]. At present, due to the outstanding properties of 

metal nanoparticles like gold, silver, copper and platinum, they have been used in several applications. 

In this review, a brief discussion on the green biosynthesis routes of copper nanoparticle (Cu-NPs) were 

highlighted through plant extract, microorganism, biopolymer and carbohydrate. Even so, in order to 

synthesize Cu-NPs, some of the green materials may need a booster to reduce or stabilize the 
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nanoparticles such as ascorbic acid which could replace the uses of toxic chemical like hydrazine and 

sodium borohydride. The ascorbic acid also could be an antioxidant to protect the Cu-NPs from oxidize 

easily during synthesis and storage. Hence, it was also included and discussed in this short review for 

better understanding. 

 

1.1.  Copper Nanoparticles 

Copper is a transition metal element that has different types of oxidation state (Cu0, Cu+,Cu2+ and Cu3+) 

[10]. These oxidation of copper could exhibit variety of reaction through one and two electron pathways. 

Due to that, copper based nanoparticles have their peculiar properties such as high catalytic activity and 

high temperature stability that has an edge in the application part where they could produce results 

similar with the expensive noble metal nanoparticles such as gold nanoparticles [11]. Cu-NPs also have 

unique characteristic like high surface area to volume ratio, high electrical conductivity, low 

electrochemical migration and exhibit biocidal properties that seemed propitious to use in numerous 

applications [12-15]. Due to those extraordinary properties, they could act as catalyst, antibacterial 

agent, anti-cancer agent and also could be used as sensor in electronic devices depending on the size, 

shape, crystallographic and morphology of the nanoparticles [13, 14]. Even so, the most concern 

problem for the Cu-NPs is it tend to oxidize easily during the synthesize process and storage. Therefore, 

it need capping agent or stabilizing agent to prevent the agglomeration and oxidation of Cu-NPs to 

occur. In spite of that, different types of method preparation could lead to different fabrication of the 

controllable properties such as size and shape of nanoparticles. Hence, it is important to choose the best 

way to produce Cu-NPs suitable with the application.  

 

2.  Synthesis of Cu-NPs 

 

2.1.  Top down approach 

Normally, two common classification of methods in synthesizing nanoparticles which are top down and 

bottom up approach. However, both of them have their limitations and advantages in producing 

nanomaterials. In general, a process of producing desired patterns in micro or nano-scale through 

lithographic methods or a bulk that break down to smaller particles is called a top down approach [16]. 

Usually the physical method such as arc discharge [17], pulsed laser ablation [14] and hydrometallurgy 

[18] assorted in this type of approach. The advantages of using this type of approach are easy to conduct 

and it could produce stable nanoparticles without the involvement of stabilizer or capping agent [11]. 

However, this kind of approach has its limitation where it need high amount of energy and also high 

costs of equipment. Due to the high energy, the physicochemical properties of nanoparticles and their 

surface might be defected [19].  

 

2.2.  Bottom up approach 

Bottom up approach could be defined when the nanoparticles obtained from atoms, molecules and small 

particles or monomer (precursor). These basic building block of precursors are self-assembled precisely 

and fit together to produce nanoparticles [9, 19]. As this kind of approach could give the ability to control 

in term of size, shape, and morphology of nanoparticles, hence, it become more favourable in 

synthesizing nanoparticles nowadays. Typically, bottom up approach comprises with the chemical, 

physical and biosynthesis procedure for synthesizing nanoparticles such as chemical reduction [20], 

gamma irradiation [21], microwave irradiation [22], sonochemical [23] and plant-based synthesis 

method [19]. Several of these methods have their own strength and weaknesses. Overall, the advantages 

by using this type of approach are low cost, simple, less time consuming method and produce high 

crystallinity of nanoparticles [19, 22-24]. As for the disadvantages, the limitation of the machine is one 

of the problems for the physical method. While in chemical routes like chemical vapour deposition and 

chemical reduction, the major drawback is the involvement of toxic chemical such as hydrazine and 

sodium borohydride that could harm the environment and unsuitable for applications [24-26]. Yedurkar 

et al. reported that preparation of nanoparticles using chemical route may cause adverse effect in medical 
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application as the presence of toxic chemicals may absorbed on the surface of the nanoparticles [27]. 

Therefore, green synthesis has been popular among the research studies currently as it consists a lot of 

benefits especially it could eliminate the use of environmental-risk substance which is good for 

biomedical applications specifically [14].  

 

3.  Green Biosynthesis Method of Cu-NPs 

In order to limit the uses of toxic hazardous chemical substance in producing nanoparticles especially 

Cu-NPs, green synthesis had been introduced since decades ago. The general definition of green 

synthesis is the elimination of hazardous chemicals which could produce toxic by product in the 

production of nanoparticles or nanomaterials. This definition enclose in one of the most important 

criteria for green chemistry procedure in nanotechnology [28, 29]. Even though conventional method 

could produce nanoparticles in high production rate, however, due to the high cost and complicated 

process, green synthesis is much more preferred nowadays. It is a fast reaction, easy to control method 

and less waste production [28, 30]. 

In particular, as the production of nanoparticles using green synthesis started from the metal atom 

and forming clusters to produce nanoparticles, so this method is classified under bottom up approach. 

Biosynthesis of nanoparticles is a fraction of green chemistry based method that used different biological 

substrate such as plant, microorganism, natural biopolymer and carbohydrate [29]. Three crucial criteria 

have to be executed in synthesizing nanoparticles through biological system which are the choices of 

solvent medium, environmentally free reducing agent and non-hazardous substrates as capping agent or 

stabilizing agent [26]. Due to that, green biosynthesis is considered as an eco-friendly and cost effective 

method which is good for several applications such as biomedical applications and waste water 

treatment. Table 1 illustrates the summary of some green substrates used for Cu-NPs production. 

 

Table 1. Summary of some green substrates used for Cu-NPs production. 

Green substrate Substrate 

scientific name 

Part/Type/ 

Classification of 

substrate 

Size range and 

morphology 

References 

Plant Cissus arnotiana Leaves 60–90 nm; spherical 

shape 

 

[12] 

 Tinospora 

Cardifolia 

Leaves 63.3 ± 0.64 nm; 

spherical shape 

 

[31] 

 Mitragyn 

parvifolia 

Plant Bark  12-23 nm; spherical 

shape 

 

[32] 

 Quisqualis indica Floral 39.3 ± 5.45 nm; 

spherical shape 

 

[33] 

 Zingiber 

officinale and 

Curcuma longa 

Fruits 20-100 nm; spherical 

shape 

 

 

[13] 

 Solanum 

Lycopersicum 

 

Fruits 40-70 nm  [34] 

 Strawberry Fruits 10-30 nm; spherical 

 

[35] 



ICATAS-MJJIC 2020
IOP Conf. Series: Materials Science and Engineering 1051  (2021) 012084

IOP Publishing
doi:10.1088/1757-899X/1051/1/012084

4

 

 

 

 

 

 

Microorganism Botryococcus 

braunii 

Algae 10-70 nm; irregular 

shape 

 

[36] 

 Escherichia sp. 

SINT7 

Bacteria 22.33-39 nm; 

spherical shape 

 

[37] 

 Aspergillus niger 

strain STA9 

Fungal 5-100 nm; 

spherical shape 
 

[38] 

Biopolymer Dextrin  

 

Polysaccharide ~8 nm; spherical 

 

[39] 

 β-cyclodextrin  

 

Cyclic 

oligosaccharide 

2-23 nm; spherical 

shape 

 

[40] 

 Starch  Polysaccharide 50-70 nm ; irregular 

shape 

[41] 

 Gelatin Animal protein 4.21 ± 0.95 nm; 

spherical shape 

 

[42] 

 Chitosan Linear 

polysaccharide 

11 ± 6 nm; irregular 

shape 

 

[43] 

Carbohydrate Dextrose Monosaccharide ~ 10 nm; spherical 

 

[39] 

 Glucose Monosaccharide 200 ± 50 nm; 

spherical shape 

 

[44] 

 Fructose Monosaccharide 3.68 ± 0.78 nm; 

spherical shape 

 

[26] 

 

Nevertheless, in parallel with the method choicest to obtain a good dispersion of nanoparticles and 

better physicochemical properties of Cu-NPs, some parameters also need to be considered such as 

concentration, pH, temperature, redox potential and amount of stabilizing or capping agent. As reported 

by Shrikaant K. the size and shape of metal nanoparticles like Cu-NPs was depending on the interaction 

with the active chemical compound presence in substrate or through biological systems including 

absorption, distribution, metabolism and excretion [45]. In this review, the most famous green substrate 

to produce Cu-NPs will be focused including ascorbic acid or vitamin C. 

 

3.1.  Plant-based Extract  

Plant-based synthesis has gained attention among researchers due to the numerous presence of active 

compounds in the plant, the process is relatively fast, safe and it could work under room temperature 

without the involvement of high physical requirement [1]. Active compound or phytochemicals in plant 

could act as stabilizing agent and reducing agent. This phytochemical is produced by the plant itself and 

each plant might has different amount or type of phytochemical compounds presence in it [28]. Keihan 

et al. did a study on green tea leaves where they found that phenolic and triterpenoidic compounds act 

as reducing agent while sugar compound such as starch presence in the green tea leaves act as stabilizing 

agent for the Cu-NPs production [46]. Cu-NPs produced was observed by TEM which was between 15 

to 25 nm with spherical morphology. The possible reaction that responsible in production of Cu-NPs 

using plant is the interaction of copper ions with the carbonyl and hydroxyl from the flavonoid and 

phenolic acids presence in plant [30]. Jayarambabu et al. have synthesized Cu-NPs using Curcuma longa 
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powder where the plant was dried and sieved for a few times. Then, the powder extract was used in Cu-

NPs production with the assistance of microwave irradiation. The advantages of using this plant are 

discussed in their study as it could control the formation of reactive-oxygen species, good for anti-

inflammatory properties due to the inhibiton of cyclooxygenases and also good for biomedical 

applications. The size of Cu-NPs synthesized using this plant was 5 to 20 nm with spherical shape [47]. 

Din et al. stated that the effect of concentration plant extract used in Cu-NPs synthesis might increase 

the number of phytochemicals and lead to high reduction of copper salt [29]. However, in contrast of 

the numerous benefits gained from this plant extract routes, the major limitation is the time needed to 

extract the plant to get the active compound. 

 

3.2.  Microorganism  

Microorganism such as bacteria and algae are another organisms that had been used in Cu-NPs 

production. According to Singh et al., prokaryotic and actinomycetes types of bacteria were the most 

widely used in synthesizing metal or metal oxide nanoparticles [48]. Two types of routes that were used 

in synthesizing Cu-NPs using microorganism were intracellular synthesis and extracellular synthesis. 

The generation of extracellular enzymes from fungus such as acetyl xylan esterase, cellobiohydrolase D 

and β-glucosidase could be the important compound involve in producing Cu-NPs through extracellular 

synthesis aside from nitrate reductase [38]. Muhammad et al. did a study on synthesizing Cu-NPs by 

intracellular route using copper-resistant strain bacteria which was Shigella flexneri (SNT22) and they 

found that the bacteria could reduce the copper ions to Cu-NPs. The size and shape observed by TEM 

showed that the size were between 17.24 nm to 38.03 nm with spherical shape. This is due to the diverse 

protein molecules exist in the strain helps to cap the copper ions from agglomeration during the 

formation of Cu-NPs [49]. Although microorganism synthesis route is a low cost method, however, the 

preparation in synthesizing the Cu-NPs is quite challenging as it is time consuming for the bacteria 

isolation, identification process of the strain and culturing [26].  

 

3.3.  Biopolymer 

Biopolymer is a polymer produced by or derived from living organism such as plants and microbes. It 

comprises of a group of monomeric units that are covalently linked together to form larger molecules 

such as polypeptides, polysaccharides and polynucleotides. Polypeptides is group of amino acid 

monomer such as protein while polynucleotides consists of long nucleotides monomer up to 13 and 

above like RNA and DNA. Polysaccharide is polymeric carbohydrates with linear or branch structure 

including starch, cellulose and dextrin. Dinda et al. chose to use starch as stabilizer as it is low costs, 

high solubility in water, have large number of hydroxyl groups that able to bind with the metal ions and 

it could act as reversible protector at high temperature due to weak interaction with the metal surface 

[50]. TEM shows that the starch play an important role in capping the copper ion during the synthesis 

as the size and shape of Cu-NPs was smaller with average size of 5.7 nm and spherical shape. Suarez-

cerda et al. reported that an oligosaccharides, native cyclodextrin (NCDs), was used as stabilizing and 

reducing agent for Cu-NPs and they found that the primary and secondary hydroxyl group could be used 

to form covalent bond with the metal ion at basic pH. These reactions helps in protecting the Cu-NPs 

during the nucleation and growth process of nanoparticles and produce smaller size with a range between 

2 nm to 33 nm and spherical in shape [40].  

 

3.4.  Carbohydrate 

The uses of carbohydrate in synthesizing is becoming increasingly popular nowadays due to the 

abundant source, non-toxic, could be found in living organism and some of them have a very strong 

reducing capabilities [51]. The extra advantage of using carbohydrate compared to the plant based 

extract is it could avoid contamination of unwanted chemicals in the final products coming from plant 

extract that may have some unidentified moieties which may cause further problem. Another green 

substrate that have high carbohydrate content is honey which the major compound is fructose and 

glucose had been used in production of Cu-NPs. Ismail et al. proved that Cu-NPs could be produced by 
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using honey which act as capping agent. The uses of honey in Cu-NPs production compared to 

microorganism and plant based extract is the fast process where it did not have to undergo any extraction 

process before it was used where it can be used directly by diluting in a solvent medium [26]. In Cu-

NPs production, glucose had been used extensively as reducing agent. This is due to the presence of 

hydroxyl group from ketone group of glucose that can convert to gluonic acid when undergo reduction 

process of Cu-NPs [44]. 

 

3.5.  The Role of Ascorbic Acid 

Ascorbic acid is a multifunctional material that has been discovered its ability to act as stabilizing agent 

and reducing agent in production of nanoparticles. However, its alone is a weak stabilizing or reducing 

agent for certain nanoparticles such as copper nanoparticles production [20]. Usually, inert gas such as 

Argon and Nitrogen were involved in the production of Cu-NPs as the nanoparticles tend to oxidized 

rapidly in air or aqueous media. However, with the properties of ascorbic acid which is an antioxidant 

substance, it could replace the uses of those gas and at the same time act as reducing agent in Cu-NPs 

synthesis. Jain et al. reported that ascorbic acid could reduce metal ion with standard reduction potential 

higher than 0 V including Cu2+, Ag+, Ag 3+ and Pt4+ but not suitable for metal that have standard potential 

less than 0 V such as Fe2+ and Ni2+. The reaction occur due to the hydrogen free radical from the ascorbic 

acid that react with the hydroxyl free radical and oxygen which presence normally related to the 

oxidation of nanoparticles [50, 52]. Due to the high amount of hydroxyl group presence in the ascorbic 

acid, hence, in some studies it is needed in order to merge the effect of reduction reaction with other 

green substrate that has weak ability of reducing agent to reduce copper ion to Cu-NPs [22, 26, 40]. Jain 

et al. stated that higher amount of ascorbic acid would be more effective as a reducing and capping 

agent.  

 

4.  Conclusions 

In conclusion, green biosynthesis has been extensively explored by numerous researcher nowadays and 

it was chosen as an alternative route to produce a safe and eco-friendly Cu-NPs. Preparation using green 

substrates such as plant based extract, microorganism, biopolymer and carbohydrate are much more 

preferable nowadays in order to save the environment by reducing the involvement of toxic chemicals. 

By the improvement of Cu-NPs production in term of synthesis process, it is belief that it could lead to 

discover new finding regarding this metal nanoparticles.  
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