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A B S T R A C T   

Hierarchical copper oxide (CuO) microspheres were prepared by Moringa oleifera (M. oleifera) leaf extract assisted 
green synthesis method. The structural, chemical, and morphological features of the hierarchical CuO micro-
spheres were inspected by XRD, FTIR, SEM, and EDAX techniques. The XRD pattern unveiled the formation of 
monoclinic crystal structured CuO, which confirmed the conversion of Cu(NO3)2.3H2O to Cu2+ ions by phyto-
chemicals present in the M. oleifera leaf extract. The SEM micrographs demonstrated that small CuO nano-
structures have interacted with adjacent CuO nanostructures leading to the formation of cluster-like 
morphologies that resemble hierarchical CuO microspheres. The asymmetric stretching deformation vibration 
bands observed in the FTIR spectrum of the hierarchical CuO microspheres correspond to Cu–O bond along the 
(− 2 0 2) direction that conveyed monoclinic unit crystal formation of the CuO. The detected Cu and O elements 
through the EDAX analysis reveal the pristine nature of the hierarchical CuO microspheres. The rich phyto-
chemicals in the M. oleifera leaf extract played crucial roles towards the formation and stabilization of hierar-
chical CuO microspheres. The highest bactericidal activity was noticed against the Staphylococcus aureus strain 
with zone of inhibition (ZOI) of 30 and 32 mm for the hierarchical CuO microspheres dosage of 50 and 100 μL, 
respectively, followed by Klebsiella pneumoniae, Escherichia coli and Bacillus cereus strains. The better bactericidal 
activity observed against the selected bacterial strains could be credited to ideal interaction of the hierarchical 
CuO microspheres/small nanostructures with cell walls of the bacterial strains, favorable deliverance of copper 
ions inside the cells and subsequent production of reactive oxygen species.   

1. Introduction 

The research interest on the synthesis of nanostructured metal oxides 
has attracted profound notice because of their proficient and exclusive 
properties with branch out application prospects in the fields of agri-
culture, biomedicine, catalysis, cosmetics, food, paints, and textiles 
[1–4]. The distinguished advantages of the nanomaterials include their 
facile preparation and availability in most cases, biocompatible, inter-
action with other constituents practically in the absence of supplemen-
tary energy, and significantly higher surface energy [5]. Among the 

nanomaterials, the semiconductors comprising micro/nanostructures 
have the topic of substantial consideration owing to their peculiar op-
tical, electrical, and chemical properties over their bulk counterparts, 
and exceptional application potential as antimicrobial agents, catalysts, 
disinfectants, drug delivery materials, electronic materials, fillers, 
magnetic storage media, and solar energy converters [6–12]. The 
bactericidal activity is a universally followed technique towards killing 
bacterial strains and hindering their growth by bactericidal agents/an-
tibiotics [13]. The current world is witnessed with a growing figure of 
infectious diseases created by diverse bacterial strains with pathogenic 
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nature and greater resistance against different antibacterial agents that 
lead to the prevalent occurrence of morbidity, mortality, and socioeco-
nomic losses [14,15]. Even though several chemicals have been 
employed as commercial antibacterial agents, the environmental prob-
lems associated with them necessitate the formulation of alternative and 
effective metal oxide semiconductor nanoparticles based bactericidal 
agents. 

The metal oxide nanoparticles encompass inherent characters of 
simple and cost-effective formulation pathways, high surface area, su-
perior physicochemical properties, eco-friendly, and structural compo-
sition flexibility [16,17]. Furthermore, they disclose outstanding 
bactericidal characters to destroy a broad range of pathogenic bacterial 
strains. Some of the familiar metal oxides with antibacterial properties 
comprise of oxides of titanium, zinc, copper, and silver [18]. The two 
crucial factors that influence the bactericidal performance of the metal 
oxide nanoparticles are nature of precursors employed for their syn-
thesis and size of the particles [19]. Among the semiconductor metal 
oxides, the CuO nanoparticles have emerged as notable bactericidal 

agents for prevalent pathogenic bacterial strains in agricultural biocides, 
antifouling paints, antimicrobial textiles, and wood preservation [5, 
20–22]. The bactericidal performance of the CuO nanoparticles relies on 
their surface area, size, and crystalline structure that facilitate their ideal 
association with negatively charged cell wall of the bacterial strain, 
close interaction with cell membrane, diffusion into the bacteria, bind-
ing to molecules of the deoxyribonucleic acid, and as a consequence, 
injure cell membrane, disorder helical structure of the DNA, denature 
protein, and ultimately lead to cell death of the bacterial strains 
[23–25]. The CuO nanostructures can be prepared by diverse physical 
and chemical procedures, viz. chemical reduction [26], chemical pre-
cipitation [27], sol-gel [28], hydrothermal [29], sonochemical [30], 
reverse micelle [31], solid-state reaction [32], chemical oxidation [33], 
pyrolysis [34], electrochemical [35], gamma irradiation [36], and mi-
crowave irradiation [37]. Nevertheless, the reliance of these synthesis 
methods for the preparation of CuO nanostructures have the limitations 
of high energy utilization, hazardous chemicals usage, sophisticated 
instruments requirement, high-temperature treatment, expensive, and 
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Hierarchical CuO Microspheres

Fig. 1. Process of hierarchical CuO microspheres synthesis by M. oleifera leaf extract.  
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