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ABSTRACT 

Pure CuO nanoparticles and chemically-precipitated Hexa Methylene Tetra Amine (HMTA) used as a 

structure directing template (0.5 gm) added CuO nanoparticles were synthesized and characterized by using X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), Field - Emission Scanning Electron 

Microscopy (FE-SEM).Their X-ray Diffraction (XRD) analysis confirms monoclinic crystallinity with an average 

crystallite size of 21.63nm and 13.12nm for pristine and HMTA added nanoparticles respectively. The 

morphological analysis confirmed their nanoflower structure conformation while adding the structure directing 

template. The FTIR spectrum affirmed the presence of Cu-O bonds. The antibacterial properties of the as-prepared 

nanostructures investigated for various human pathogens using disc diffusion method. The result showed the 

significant antibacterial activity for both gram positive and gram negative bacteria. 
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1. INTRODUCTION 

The unique physical and chemical properties of nanostructured materials are due to its inherent high 

surface-to-volume ratio and quantum size effects, which differ from those of the corresponding bulk 

materials.Transitional metal oxides and metals are extensively used in various applications because of their specific 

catalytic, optical, electrical, and magnetic properties. Among them, Copper oxide (CuO) is one of the potential p-

type semiconducting materials with narrow band gap of 1.2eV is extensively used in various applications such as 

Catalysis, Solar energy conversion, Gas sensor and Field emission. There is limited information available about 

the antimicrobial activity of nano CuO. CuO nanoparticles (NPs) were effective in killing a range of bacterial 

pathogens involved in hospital-acquired infections. These lies a strong challenge in preparing nanoparticles of 

copper oxide stable enough to significantly restrict bacterial growth. 

In the present work, the main objective is to investigate the effect of structure directing template HMTA 

on the synthesis of CuO nanoparticles by using chemical precipitation method and to explore the anti-bacterial 

activity of as-prepared CuO nanoparticles against gram positive and gram negative bacteria. Copper acetate was 

used as a starting material. The synthesized samples were characterized by XRD, FTIR, FE-SEM and the prepared 

samples were tested for inhibition against the human pathogenic bacteria and it was carried out by disc diffusion 

technique. 

2. EXPERIMENTAL DETAILS  

2.1 Materials: Copper acetate monohydrate (Cu (CH3COO)2. H2O), sodium hydroxide (NaOH) pellet and Hexa 

Methylene tetra amine [(CH2)6 N4] (HMTA, MW: 140.186g/mol) were purchased from Merck, India with 99% 

purity. De-ionized water was used all the way through the synthesis and ethanol was used for the washing purpose. 

2.2 Synthesis of CuO nanostructures: For the synthesis of pristine CuO nanocrystals, 1.99 g (0.2 M) of copper 

acetate  in    50 ml of deionised water was allowed to stirrer and then 1.2 g (0.6 M) of sodium hydroxide (NaOH) 

pellet were mixed drop by drop to the above prepared solution. The entire mixture was constantly stirred for 5 h at 

60 °C. Then the precipitate was filtered and washed alternately with deionized water and ethanol to remove the 

impurities and then it was dried in oven at 80 °C, finally annealed for 2 h at temperature of 400 °C to obtain the 

highly crystalline CuO nanoparticles. For the structure directing template of HMTA added CuO nanoparticles, 0.2 

M of copper acetate in 50ml deionised water was stirring in magnetic stirrer. Then 0.5gm of HMTA was added to 

the above solution. The mixture was stirred magnetically at 60 °C until a homogeneous solution was obtained. 

After that 0.6 M of NaOH pellet was added drop by drop to the above mixture and followed the same procedure as 

above for washing and drying purpose. Fig. 1 shows the flowchart of the preparation process of CuO nanoparticles. 

2.3 Characterization: The crystal structure and phase purity of the as synthesized products were investigated by 

X-ray diffractometer (X’ PERT PRO) with Cu Kα radiation (λ=1.5406Å). FT-IR has been employed to find the 

presence of functional groups in the range of 4000-400 cm-1 and it was recorded using SHIMADZU-8400 with a 

resolution of 4 cm-1. The morphology of the products was examined using Philips Field Emission Scanning Electron 

microscopy (FESEM). The antibacterial activity was done using disc diffusion method. 

2.4 Antibacterial assays:  

2.4.1. Disc diffusion method: The antibacterial activity of compounds was determined by disc diffusion method 

according to Bauer et al with modification. Petri plates were prepared by pouring 20 mL of MHA for bacteria and 
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then the plates were allowed to solidify and used in susceptibility test. The standard inoculum using bacterial 

suspensions containing 108 CFU per mL were swabbed on the top of the solidified respective media and allowed 

to dry for 10 minutes. The prepared nanoparticles were dissolved in 10 per cent Dimethyl sulfoxide (DMSO) and 

under aseptic conditions, sterile discs were impregnated with compounds of 200 µg/disc. The discs with compounds 

were placed on the surface of the medium with sterile forceps and gently pressed to ensure contact with inoculated 

agar surface. Ciprofloxacin (5µg/disc) for bacteria were used as positive control and 10 per cent DMSO was used as 

blind control in the entire assay. Finally, the inoculated plates were incubated at 37 C for 24 h for all the bacterial 

strains. The zones of inhibitions was observed and measured in millimeters.  

 
Fig.1.Preparation process of CuO Nanoparticles 

3. RESULTS AND DISCUSSION 

3.1 Structural analysis: The XRD patterns of uncapped and 0.5 gm HMTA added CuO nanocrystals are shown in 

Fig. 2. The obtained diffraction planes value is in good co-ordination with the JCPDS card No:   89-5899. It is also 

confirmed the monoclinic structure of CuO nanoparticles. XRD pattern show no peaks of impurity with the cleared 

spectrum. From the XRD pattern the crystalline size of the samples were estimated. 

From the X-ray diffraction peak widths, the average particle size of the nanocrystals was estimated through 

Scherrer formula. The average size of the particles estimated is 21.63 nm for uncapped CuO nanoparticles. For the 

HMTA added CuO nanoparticles the estimated size was 13.12 nm. When compared with uncapped CuO, the 

HMTA added particles show reduced size as a result of reaction between the HMTA and Cu2+ ions. 

3.2 Functional Analysis: Fig. 3 illustrates the FT-IR spectra of prepared nanocrystals and it was recorded in the 

range of 4000-400 cm-1. The strong intensity peaks around 3490 cm-1 and the weak band at 1640 cm-1   have been 

observed due to the existence of O-H molecules. The band at 2358 cm-1 assigned to carboxylic group (COO¯) 

vibration. The presence of a peak at 1456 cm-1 corresponding to C=C stretching. The peak noticed at around 1354 

cm-1 in which is due to C-H a stretching vibration. 1The absorption bands saw around 420, 530, and 590 cm-1 are 

due to the Cu-O stretching in the monoclinic structure of CuO. 

3.3 Morphological Analysis (FE-SEM): Fig. 4 displays the FE-SEM images of CuO nanocrystals for pure and 

HMTA added CuO nanoparticles. Comparing pure, structure directing template of HMTA added CuO 

nanostructures shows the better formation of CuO nanostructure. The image illustrates the formation of CuO 

nanorods of length typically about 100-250nm for pure. A minimal aggregation of the nanorods has also been 

noted. Fig. 4(b) clearly shows the influence of structure directing template by forming the nanoflowers which can 

be seen as a cauliflower like structure. The petals of the rods are joined together to form a flower like structure.  

3.4 Antibacterial Test: A synthesized CuO nanoparticle was tested for inhibition against medically important 

human pathogenic bacteria of both gram positive and gram negative are shown in the fig. 8and the inhibition zones 

are shown in the Table. 1 and it was compared with standard Ciproflaxin. From the table it was proved that the 

prepared nanoparticles exhibit a remarkable activity against human Pathogens which is near to the value of 

standard. The highest zone developed against S.aureus (28 mm). The primary reason is the production of increased 

levels of reactive oxygen species (ROS). The oxygen species are mostly in the form of hydroxyl radicals and singlet 

oxygen. The next reason is the deposition of the nanoparticles on the surface of bacteria. 

       
Fig. 2 XRD spectra of Pure and CuO: HMTA       Fig.3.FT-IR spectra of the prepared samples 
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        Fig.4.FE-SEM images of A) Pure                             Fig.5.Antibacterial Phograph of strains  

                           and B) CuO: HMTA                                                      A) S.aureus B) V.cholarae 
 

Table.1. Zone of inhibition for prepared CuO nanoparticles against human pathogens. 
Name of the bacterial 

strains 

Ciproflaxin 

(mm) 

Zone of inhibition (mm) 

CuO 0.5 gm HMT : CuO Control (DMSO) 

Staphylococcus aureus 30 25 28 9 

Vibrio cholera 28 21 26 8 

 

4. CONCLUSION 
 CuO nanoparticles are synthesized by chemical precipitation method using HMTA as a structure directing 

template. The monoclinic structure was confirmed by XRD analysis. The size of the nanoparticles was obviously 

influenced by the adding HMTA, mainly proclaiming reduction in size of the nanoparticles. The fabricated 

nanoparticles were composed of nearly cauliflower like structure was recognized by FE-SEM analysis. Comparing 

pristine CuO, the antibacterial activity of HMTA added CuO nanoparticles developed a highest zone of inhibition 

(28mm) against S.aureus and 26mm against V.cholarae. The result revealed that HMTA added CuO nanoparticles 

have a potential application in the development of derivative agents to control the infection of both gram positive 

and gram negative bacteria.  
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