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Abstract: Copper nanoparticles are the excellent resources for 

several applications, that include future nano-based circuits, 

wound healing materials and many more. Here, we have explored 

the synthesis of copper nanoparticles by electrolytic method of 

reduction using amino acids as capping agent. Unlike the other 

methods of nanoparticles, electrolytic synthesis is a non-toxic way 

of preparation and our amino acid capped copper nanoparticles 

were analyzed by SEM and XRD  

 

Keywords: Electrolytic method, Copper nanoparticles, Amino 

acids, capping agent.  

I. INTRODUCTION 

Copper or gold nanoparticles provide an opportunity to 

link biomolecules that have contributed in many areas of 

applications that include drug-delivery, gene transfer, 

biosensors for tissue analysis or disease analysis. [1], [2] 

Copper/gold nanoparticles have been capped with many 

interesting substances such as proteins, amino acids, drugs, 

dyes, enzymes and many other sources to provide stable 

bio-functionalized nanoparticles for the biocompatibility and 

easy invasion into the cells and tissues [3], [4]. For the tissue 

engineering and wound healing copper nanoparticles are the 

cheap resources and furthermore, they possess good optical, 

electrical, catalytic, and antifungal activity. Besides, copper 

has been produced as nano sized wire, particles, crystals and 

spherical nanoparticles [5]. Copper has been exploited in 

applications of electronics [6], chemical sensors [7], [8], anti 

bacterial and antifungal research activities [9], [10]. Among 

the various methods of making nanoparticles from the source 

of copper salts, chemical reduction method gained much 

attention, due to the easy preparation method [11], [12], 

Electrolytic reduction also considered important, because it 
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does not require any reducing agents such as NaBH4, 

hydrazine hydrate, ascorbic acid and others. Electrolytic 

reduction of metal ions tends to produce very unique shapes 

and dimensions and for that reason, this method gained much 

attention recent years. However, capping agents such as 

amino acids, dyes, proteins or the other capping agents play 

much important role in defining the shapes and dimensions of 

nanoparticles [13], [14]. 

We were interested in amino acids as the capping agent, 

since they have bifunctionality, which may greatly affect the 

size and shape of the nanoparticles. Besides, the substituent of 

the amino acids may also contribute the morphology of the 

nanoparticles. Among the 20 bio-active amino acids, we were 

interested on glutamic acid and alanine amino acids, since 

these amino acids are part of Neem leaves [15]. Another good 

reason to select alanine is that it is an important part of human 

muscle. Furthermore, alanine can help to create lymphocytes 

and it can reduce the prostate enlargement, when used with 

glycine. Structurally alanine is a part vitamin B5, which 

support our adrenal glands. Similarly, we have selected 

glutamic acid for our studies, because glutamic acid has been 

used for the treatment of epilepsy and muscular dystrophy 

[16]. Besides, glutamic acid has been consumed to prevent 

nerve damage while taking the chemotherapy of cancer. 

Recently, Reetz et. al. have prepared size selective 

nanoparticles for the transition metals using 

tetraalkylammonium salts as capping agent [17]. Similarly, 

Gold nanorods have been obtained by electrochemical 

method when surfactant has been used as capping agent [18]. 

Recently, Wei-Shi Li et. al. have prepared amino acids copper 

nanoparticles using hydrazine as reducing agent; in which 

they obtained a variety of nano-wire and nanoparticles [19]. 

With these facts, we expected that the copper nanoparticles 

with glutamic acid or alanine as capping agent may be useful 

for the pharmaceutical applications. In addition, copper also 

displayed good antibacterial property and thus we expected 

that the alanine or glutamic acid capped nanoparticles can be 

useful in wound healing and other external applications.  

Alanine and glutamic acid are structurally much different in 

terms of substitution (R) groups. The R group of alanine is 

methyl, while R group is propionic acid for glutamic acid and 

that structural variation has been reflected in the shape 

formation and size variation of the copper nanoparticles with 

that amino acid as capping agent. Alanine is having the 

hydrophobic methyl group and glutamic acid is having 

hydrophilic carboxylic group at the terminal of the R group. 

That makes the major difference, while forming the 

nanoparticles.  
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We have obtained the small sized nanoparticles for the 

alanine and large sized nanoparticles for glutamic acid, which 

essentially due the presence of different R groups of the 

amino acids functioned as capping agent. Therefore, here we 

have presented the synthesis of copper nanoparticles using 

alanine and glutamic acid as capping agent. We have 

characterized these nanoparticles using SEM and XRD. 

Applications such as chemical sensors and antibacterial 

studies are under investigation for these nanoparticles. 

II.  EXPERIMENTAL 

Preparation of glutamic acid capped copper nanoparticles 

Copper sulfate (5 g) and 1g mL of glutamic acid were 

dissolved thoroughly in 100 mL water.  Anode copper plates 

were having the thickness of 3 mm and cathode was copper 

rods of having the thickness of 0.5 cm. The copper 

nanoparticles were deposited in the rod and the force of stirrer 

allowed them to settle down during the reaction. DC supply of 

24V and 5 A current was passed to this solution with the 

copper electrodes as anode as well as cathode for 3 h duration 

with stirring. The product appeared brownish mass and it was 

filtered and washed with water and acetone to get in powder 

form. 

Preparation of alanine capped copper nanoparticles 

Copper sulfate (5 g) and 1g mL of alanine were dissolved 

thoroughly in 100 mL water and DC supply of 24V and 5 A 

current was passed to this solution with the copper electrodes 

as anode as well as cathode for 3 h duration with stirring. The 

product appeared brownish and it was filtered and washed 

with water and acetone to get in powder form. 

III. RESULTS AND DISCUSSION 

Electrolytic synthesis of nanoparticles is the topic interest 

to many research groups and there are many advantages to this 

method, because no additional chemicals are required for the 

reduction and the method can be performed without having 

any special setup. For that reason, we have been attracted to 

synthesize the nanoparticles using electrolytic synthesizer 

[20]. Anode and cathode materials are copper rods and plates. 

Copper electrodes have been cleaned by emery sheet and 

washed with DI water and acetone before use it in the reaction 

chamber. Except the metal salts, no other salts have been 

added to avoid the electrolysis of water. We used copper 

sulfate pentahydrate as copper sources, because it is the 

inexpensive copper salts. Several of the works, similar as we 

envisaged metal nanoparticles (transition metals) with 

tetraalkylammonium salts as capping agents and  gold 

nanorods with surfactant as capping agent have been reported. 

However, copper nano wire has been synthesized chemical 

reduction method using amino acids as capping agent and that 

intrigued us to examine the amino acids capped copper 

nanoparticles by electrolytic method. To the best of our 

knowledge, this is the first electrolytic synthesis report for the 

amino acids capped copper nanoparticles. 

For that purpose, we decided to use glutamic acid (an 

amino acid), which contains, two carboxylic acid functional 

groups with one amine group and anticipated some interesting 

shaped molecules. Interestingly, no nanowire formation had 

occurred when we used glutamic acid as amino acid. It only 

produced the partially spherical nano-particles (Fig. 1). We 

used glutamic acid (1g) with copper sulfate (5 g) in 100 mL 

water and copper nanoparticles could have formed the 

complexes with the amino acids and at later stage, copper 

nanoparticles could have formed with amino acids as a 

capping agent. As shown in the fig.1, it formed a dentrimeric 

of nanoparticles and it appears like the grape fruits attached to 

the branch of the tree with variable size distribution in the 

range of 700 nm and above and some of particles appears 

larger in size, which may be due to the merged particles of two 

or more. These results could be comparable to the chemical 

reduction method of amino acids capped copper nanoparticles 

prepared by Wei-Shi Li et.al. as they used Cu(NO3)2 as the 

source of copper with 20 different amino acids and reduced 

the copper with hydrazine at 80 °C [19]. The copper 

nanoparticles that was prepared by glutamic acid as capping 

agent was given by them and the particle sizes are very similar 

to that of our method of preparation indicating that the amino 

acids having different substitutents will be determining factor 

about the shapes and morphology of the nanoparticles in 

copper nanostructures that was prepared from different amino 

acids [19]. To explore in this direction, we checked it with 

alanine as capping agent.  

 

 
 

Fig. 1. SEM images of copper with glutamic acid as 

capping agent 

 
 

Fig. 2. SEM-EDX images of copper with alanine as 

capping agent 
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Thus, we have examined the alanine, which is having only a 

methyl group and expected to produce different shape of 

nanoparticles. For that purpose, copper sulfate (5 g) and 1g  

mL of alanine were dissolved thoroughly in 100 mL water and 

performed the electrolytic deposition for 3 h duration. At the 

end of the reaction, the product obtained was centrifuged and 

washed with water and acetone to obtain the copper 

nanoparticles capped with alanine.    

 As shown in fig.2. the nanoparticles appears with variable 

dimensions and shapes, which is very similar to the 

nanoparticles synthesized without any capping agent under 

the electrolytic synthesis of copper nanoparticles 

(unpublished work) However the particle size distribution of 

these particles are falls between 200 – 800 nm. However, 

when the copper nanoparticles were prepared with The EDX 

analysis also clearly indicates the presence of amino acid as 

the capping agent (Fig. 2C). The presence of carbon and 

nitrogen support the presence of amino acid and the presence 

of copper peaks at indicates the presence of copper as core 

material. Unlike the glutamic acid, alanine produced irregular 

shaped nanoparticles. As reported by Wei-Shi Li et. al. 

alanine with Cu(NO3)2 produced nanowire and nanoparticles  

together, when hydrazine was used as reducing agent [19]. 

Thus, both chemical reduction method and electrolytic 

reduction method produced a similar morphological structure, 

with little variation among them.  

IV CONCLUSION 

In conclusion, here we have reported the electrolytic 

synthesis of amino acids capped copper nanoparticles using 

alanine and glutamic acid as a representative of amino acids. 

There are many structural variations when the amino acid was 

changed from alanine to glutamic acid. On the other hand, 

reported chemical reduction method also produced a similar 

morphological structure with a little variation, although the 

synthetic strategies of these methods are very different. We 

are exploring the other amino acids as capping agent and 

expecting many interesting morphologies with them.  
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