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ABSTRACT 
 

The Ag/ZnO nanocomposite was successfully synthesized through the co-precipitation method, as 
confirmed by the simultaneous presence of Ag and ZnO reflections in powder X-ray diffraction 
analysis, validating its formation. Analysis using FESEM revealed an average particle size of 
around 22 nm and displayed a unique flower-like morphology, indicating a distinctive self-assembly 
and growth pattern of the nanocomposite. Structural composition and functional groups were 
studied using FT-IR spectroscopy. The nanocomposite exhibited direct and indirect band gaps of 
3.06 and 3.00 eV, respectively, determined through UV-Vis NIR spectrometry and Tauc plot 
analysis. Evaluation of the cytotoxic effect on K562 (human myelogenous leukaemia) cells 
demonstrated a concentration-dependent decrease in cell viability, highlighting the potential of the 
nanocomposite to induce cytotoxic effects on these cancer cells. 
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GRAPHICAL ABSTRACT 
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1. INTRODUCTION 
 

The emergence of metal-metal oxide 
nanocomposites has sparked significant interest 
in the fields of materials science and 
nanotechnology. These hybrid structures, 
amalgamating the distinct properties of metals 
and metal oxides, present a versatile platform 
characterized by augmented functionalities and 
customized attributes suitable for a diverse range 
of applications especially in biomedical 
applications [1]. Zinc and copper are implicated 
in the mechanism responsible for eliminating 
pathogens within eukaryotic cells, utilizing 
oxidative stress to eradicate engulfed microbes. 
Remarkably, even at low concentrations, metals 
like gold, silver, and mercury exhibit pronounced 
toxicity to bacteria, showcasing broad-spectrum 
antibacterial effects [2]. 
 
Zinc oxide (ZnO), renowned for its diverse 
nanostructures, exhibits distinctive 
semiconducting, optical, and piezoelectric 
properties [3,4]. Consequently, nanomaterials 
derived from ZnO have been extensively 
explored for a wide range of applications, 
including nano-electronics, nano-optical devices, 
energy storage, cosmetic products, and nano-
sensors [5-11]. ZnO is identified as a wide band 
gap semiconductor (3.37 eV) with a high exciton 
binding energy (60meV), resulting in efficient 

blue and near-UV excitonic emission [12]. The 
stability and inherent ability of ZnO to absorb UV 
irradiation have led to its approval by the Food 
and Drug Administration (FDA) for use in 
sunscreens. A key attribute of ZnO 
nanomaterials is their low toxicity and 
biodegradability. Zn2+ plays a crucial role as a 
trace element in various metabolic processes for 
adults. Chemically, the surface of ZnO is rich in -
OH groups, offering convenient opportunities for 
functionalization with diverse surface decorating 
molecules. Under specific conditions, such as 
acidic environments like tumor cells and the 
tumor microenvironment, ZnO can gradually 
dissolve. This dissolution can also take place in 
strong basic conditions when the surface is in 
direct contact with the solution. Due to these 
favourable properties, ZnO nanomaterials have 
garnered significant attention in biomedical 
applications.  
 

Metal and metal oxide nanoparticles have 
attracted considerable attention as potent 
antibacterial agents, owing to their heightened 
reactivity arising from an exceptionally high 
surface area-to-volume ratio [13]. As a result, the 
potential of Ag/ZnO nanocomposites can be 
leveraged for applications in environmental 
health, particularly in the creation of antimicrobial 
compounds for water disinfection. To harness 
synergies, diverse alloys have been synthesized, 
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showcasing superior antimicrobial effects against 
bacterial drug resistance during water 
disinfection [14,15]. The remarkable efficiency of 
Ag/ZnO nanocomposites is attributed to their 
plasmonic properties and interfacial electron 
exchange processes. Moreover, in comparison to 
pure ZnO nanoparticles, the effectiveness of 
Ag/ZnO nanocomposites has been evaluated for 
their heightened release of silver and zinc ions in 
aqueous solutions, increased stability, enhanced 
reusability, and prolonged bactericidal effects 
[16-20]. 
 
The objective of this study is to conduct a 
detailed exploration into the synthesis and 
characterization of an Ag/ZnO nanocomposite 
using a co-precipitation method, aiming to 
uncover the intricate interactions between silver 
and zinc oxide at the nanoscale. Through a 
comparative analysis with previous studies, we 
seek to validate and expand upon our findings, 
shedding light on the evolving landscape of 
nanocomposite research. Utilizing a range of 
characterization techniques including XRD, 
FESEM, EDS, FTIR, UV-Vis spectroscopy, and 
MTT assay, our goal is to provide a 
comprehensive understanding of the structural, 
morphological, compositional, and functional 
aspects of the Ag/ZnO nanocomposite. By 
placing our research within the broader context 
of nanomaterial advancements and biomedical 
applications, we aim to contribute valuable 
insights that could lead to innovative solutions 
across diverse fields, from nano-electronics to 
healthcare, thereby pushing the boundaries of 
scientific exploration and leveraging 
nanotechnology for societal benefit. 
 

2. MATERIALS AND METHODS 
 

2.1 Synthesis of Ag/ZnO Nanocomposite 
by Co-Precipitation Method 

 
Ag/ZnO nanocomposite was synthesized through 
co-precipitation method. Zinc di-nitrate 
hexahydrate (ZnO (NO3)2·6H2O) (0.4mol) was 
dissolved in a mixture of 40mL ethanol and 10mL 
water and stirred for 2 hours. Subsequently, 
Silver nitrate (AgNO3) (0.045mol) and NaOH (10 
mL) were added dropwise, followed by the 
addition of NaBH4 (0.5 mg) dissolved in 5mL ice-
cold water. Throughout this process, the 
precipitate changed from colourless to brownish 
at pH = 12, indicating the formation of the 
nanocomposite. The resulting product was 
collected through centrifugation at 6000 rpm for 1 
hour, subjected to several washes with distilled 

water and ethanol, and then dried at 100oC for 
24 hours to yield the Ag/ZnO nanocomposite. 
Powder diffraction data of Ag/ZnO 
nanocomposite was recorded with Bruker Eco 
D8 Advance X-ray diffractometer. Morphological 
analysis of Ag/ZnO nanocomposite was 
performed with ZEISS EVO 18 Model. The 
infrared (IR) spectra were obtained within the 
4000-500 cm−1 range using a BRUKER-ALPHA-
Platinum-ATR IR spectrophotometer. 
Additionally, the ultraviolet-visible (UV-Vis) 
spectrum was recorded using a Perkin-Elmer 
LAMBDA 950UV-VIS-NIR spectrophotometer. 
 

2.2 Cell Culture 
 
K562 human myelogenous leukaemia cells were 
obtained from National Centre for Cell Science 
(NCCS), Pune. The cells were maintained in 
RPMI liquid medium supplemented with 10% 
fetal bovine serum (FBS), 100μg/ml 
streptomycin, and 100μg/ml penicillin. Cultures 
were maintained at 37oC in a 5% CO2 
environment. 
 

2.3 MTT Assay 
 
The MTT assay was employed to assess the in 
vitro cytotoxicity of the test sample against K562 
cells. Briefly, K562 cells were harvested and 
placed in a 15 ml tube. Subsequently, the cells 
were exposed to varying concentrations of the 
test sample in serum-free RPMI medium, seeded 
into a 96-well tissue culture plate at a density of 
1x105 cells/ml (200μL per well). The cells were 
then incubated for 24 hours at 37oC in a 
humidified 5% CO2 incubator, with each sample 
replicated three times. After the incubation 
period, 10μL of 5mg/ml MTT was added to each 
well, and the cells were further incubated for 2-4 
hours until purple precipitates were clearly visible 
under an inverted microscope. Following this, the 
medium was aspirated, and 220μL of MTT was 
removed from the wells, followed by a wash with 
200μL of 1X PBS. Additionally, 100μL of DMSO 
was added, and the plate was vigorously shaken 
for five minutes to dissolve the formazan crystals. 
The percentage of cell viability and the IC50 
value were calculated using Graph Pad Prism 
6.0 software (USA) and the absorbance for each 
well was measured at 570 nm using a microplate 
reader (Thermo Fisher Scientific, USA). 
 

2.4. Antibacterial Assay  
 
The antimicrobial effectiveness of the 
synthesized Ag/ZnO nanocomposites was 
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assessed against both gram-positive 
(Staphylococcus aureus - 902) and gram-
negative (Escherichia coli - 443) bacterial strains 
using the Agar well diffusion method. Nutrient 
agar medium in Petri plates was inoculated with 
a 24-hour culture of bacterial strains adjusted to 
a 0.5 OD value as per the McFarland standard. 
Wells were then created, and different 
concentrations of the sample (500, 250, 100, and 
50 µg/ml) were added. After incubation at 37°C 
for 24 hours, the antibacterial activity was 
evaluated by measuring the diameter of the 
inhibition zone around the wells. Gentamicin 
antibiotic was used as a positive control, and the 
data were analyzed using Graph Pad Prism 6.0 
software (USA). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Powder X-ray Diffraction 
 
Fig. 1 illustrates the powder X-ray diffraction 
patterns of pristine ZnO (Top) and Ag (Middle) 
nanoparticles synthesized using the co-
precipitation method. The diffraction peaks 
corresponding to pure ZnO are observed at 2θ 
values of 31.65o, 34.32o, 36.14o, 47.48o, 56.49o, 
62.78o, 66.36o, 67.85o, 68.99o, 72.41o, and 
76.96o. These peaks align with the crystal planes 
of (100), (002), (101), (102), (110), (103), (200), 
(112), (201), (004), and (202) in the hexagonal 
wurtzite structure of ZnO nanoparticles, in 
accordance with JCPDS file no. 36-1451, as 
indicated by vertical bars in Fig. 1 [16]. Similarly, 
the diffraction peaks of pure Ag are observed at 
2θ values of 38.13o, 44.30o, 64.49o, and 77.44o, 
corresponding to the crystal planes of (111), 
(200), (220), and (311), respectively, in the Face-
Centered Cubic structure. This matches well with 
JCPDS file no. 04-0783, as indicated by vertical 
bars in Fig. 1 (Bottom) [17]. The average 
crystallite size, calculated using Scherer’s 
Equation, is determined to be 16 nm for pure 
ZnO and 13 nm for Ag, as detailed in Table 1. 
 

The X-ray diffraction (XRD) pattern of the 
Ag/ZnO nanocomposites synthesized through 
co-precipitation method as shown in Fig. 1 
(Bottom), revealed distinctive peaks at specific 
2θ values, indicating the crystallographic nature 
of the sample. The peaks at 31.4o, 34o, 35.9o, 
47.2o, 56.2o, 66o, 67.6o and 68.8o correspond to 
the hexagonal wurtzite structure of Zinc Oxide 
(ZnO), as evidenced by a strong match with 
JCPDS Card No. 36-1451 [16]. These results 
affirm the crystalline nature of the ZnO phase in 
the nanocomposite. Concomitantly, peaks at 

37.8o, 43.9o, 64.2o and 77.1o were observed, 
aligning well with the Face-Centered Cubic 
structure of Silver (Ag), validating the presence 
of metallic silver in the nanocomposite material 
(JCPDS Card No. 04-0783) [17]. The 
simultaneous presence of ZnO and Ag phases 
confirms the successful formation of Ag/ZnO 
nanocomposites. The distinct peaks associated 
with each phase indicate that the crystalline 
integrity of the individual components has been 
retained during the synthesis process. The peak 
intensities, measured in arbitrary units, provide 
insights into the relative abundance of the 
crystalline phases in the nanocomposites.  
 
Fig. 2 shows the Williamson-Hall plot for the 
estimation of crystallite size of pure ZnO and Ag 
nanoparticles and the crystallite sizes are listed 
as 28 nm and 20 nm in Tables 2 and 3, 
respectively, appear somewhat larger than those 
calculated from Scherer’s formula. This 
discrepancy can arise due to the different 
assumptions and mathematical models used in 
these two methods. Scherer’s formula simplifies 
the crystallite size calculation based on 
diffraction peak broadening, assuming ideal 
conditions such as spherical crystallites, 
negligible strain effects, and homogeneous 
microstructure. On the other hand, the 
Williamson-Hall method considers additional 
factors like lattice strain and microstructural 
imperfections, leading to potentially larger 
estimated sizes. 
 

3.2 FESEM & EDS Analysis 
 
Field-Emission Scanning Electron Microscope 
(FESEM) serve as invaluable tools for 
nanomaterial characterization. FESEM allows for 
high-resolution imaging of nanoscale structures, 
providing detailed information about morphology, 
size, and distribution of nanoparticles or features 
within a sample. It enables researchers to 
observe surface topography, analyze particle 
agglomeration, and investigate structural 
changes under different conditions, crucial for 
understanding material properties and behaviour. 
FESEM image of the Ag/ZnO nanocomposite 
reveal a distinctive flower-like morphology, 
showcasing a visually striking and intricate 
structure as shown in Fig. 3. The average 
particle size, determined from the FESEM 
analysis, is measured to be approximately 22nm. 
The flower-like morphology observed in the 
images suggests a unique self-assembly and 
growth pattern of the Ag/ZnO nanocomposite. 
The formation of such structures can be 
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attributed to various factors, including the nature 
of the precursors, reaction conditions, and the 
presence of nucleation sites. The intricate petal-
like features indicate a high degree of complexity 
in the nanostructure, which is crucial for tailoring 
the material’s properties [18]. The EDS spectrum 

confirms the presence of Zn, Ag, and O in the 
samples, facilitating elemental analysis as 
illustrated in Fig. 4. The chemical compositions, 
expressed in weight percentages (wt.%), reveal 
that Zn, Ag, and O constitute 23.17 wt.%, 61.72 
wt.%, and 15.10 wt.%, respectively. 

 

Table 1. Two theta (2θ), FWHM and crystallite size of pure ZnO and Ag nanoparticles estimated 
from Scherer’s Equation 

 

Sample Two Theta (deg.) FWHM (deg.) Crystallite Size (nm) Average size (nm) 

ZnO 31.65 0.4222 18 16 
34.32 0.3388 22 
36.14 0.4399 17 
47.48 0.5492 13 
56.49 0.5299 13 
62.78 0.5222 13 

Ag 38.13 0.3979 19 13 
44.30 0.6026 12 
64.49 0.5163 13 
77.44 0.6437 10 

 

 
 

Fig. 1. Powder X-ray diffraction pattern of pure ZnO, Ag and Ag/ZnO nanoparticles 
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Table 2. Two theta (2θ), FWHM and crystallite size of pure ZnO nanoparticles estimated from 
Williamson-Hall (W-H) method 

 

Sample Two 
Theta 
(deg.) 

Theta 
(Radian) 

FWHM 
(deg.) 

FWHM 
(Radian) 

4sinθ β*cosθ Crystallite 
Size (nm) 

ZnO 31.65 0.276 0.4222 0.007363 1.090037 0.007084495 28 
34.32 0.299 0.3388 0.005909 1.178259 0.005646513 
36.14 0.315 0.4399 0.007672 1.239266 0.007294373 
47.48 0.414 0.5492 0.009578 1.609098 0.008768885 
56.49 0.493 0.5299 0.009241 1.893083 0.008140956 
62.78 0.548 0.5222 0.009107 2.083925 0.007773589 

 

Table 3. Two theta (2θ), FWHM and crystallite size of pure Ag nanoparticles estimated from 
Williamson-Hall (W-H) method 

 

Sample Two Theta 
(deg.) 

Theta 
(Radian) 

FWHM 
(deg.) 

FWHM 
(Radian) 

4sinθ β*cosθ Crystallite 
Size (nm) 

Ag 38.13 0.331731 0.3979 0.006923 1.302721 0.006545993 20 
44.30 0.38541 0.6026 0.010485 1.503756 0.009716089 
64.49 0.561063 0.5163 0.008984 2.128346 0.007606341 
77.44 0.673728 0.6437 0.0112 2.495615 0.00875311 

 

 
 

Fig. 2. Williamson-Hall plot for the estimation of crystallite size of pure ZnO and Ag 
nanoparticles 

 

 
 

Fig. 3. FESEM morphological image of Ag/ZnO nanocomposite synthesized using co-
precipitation method 
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Fig. 4. EDS spectrum of Ag/ZnO nanocomposite synthesized using co-precipitation 
 

 
 

Fig. 5. FT-IR spectra of Ag/ZnO nanocomposite 
 

 
 

Fig. 6. UV-Vis absorbance spectra and Tauc plots of Ag/ZnO nanocomposite for (b) direct and 
(c) indirect band gap 
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3.3 FT-IR Spectroscopy Analysis 
 
The functional groups present in the synthesized 
Ag/ZnO nanocomposite were investigated using 
FTIR spectroscopy over a range of 350-4500 
cm−1 as shown in Fig. 5. The FTIR spectrum 
revealed distinct absorption features, including 
broad peaks at 3429 and 1627 cm−1, 
corresponding to the stretching and bending 
modes, respectively, of the OH group from 
absorbed water. Additionally, a peak at 1381 
cm−1 was identified as the bending vibration of C-
H in the methyl group, while a minor peak at 880 
cm−1 was attributed to the C-H out-of-plane 
bending from the alkene group. The absorption 
bands at 419, 484, and 573 cm−1 were assigned 
to the stretching modes of M-O (M = Ag & Zn) 
bonds [16]. 
 

3.4 UV-Vis-NIR Spectroscopy Analysis 
 
The optical band gap of Ag/ZnO nanocomposite, 
synthesized through a co-precipitation method, 
was determined by analysing UV-Vis spectra 
within the 200-800nm range as shown in Fig. 6. 
The peak absorption wavelength, observed at 
331nm, corresponds to the energy required for 
electron excitation in Ag/ZnO nanocomposites 
which is consistent with earlier reports [19]. 
Contrary to the visible range, the UV spectra of 
Ag/ZnO nanocomposites revealed peak 
absorption within the UV range, implying a higher 

energy requirement for electron transitions 
between energy states. The determination of the 
optical band gap involved the utilization of the 
Tauc plot method, where absorbance was plotted 
against the corresponding wavelength (λ). This 
analysis yielded estimated values for both direct 
and indirect band gaps, measuring at 3.06 and 
3eV, respectively. These values signify the 
minimum energy required for electrons to 
transition from the valence band to the 
conduction band in the material [20]. Similar 
band gap may be attributed to the modification of 
electronic structure, which is affected by 
hybridization of electronic states due to Ag-ZnO 
interactions. 
 

3.5 Cytotoxicity Analysis 
 
The inhibitory effects of chemically prepared 
Ag/ZnO nanocomposite on human cancer cells 
were evaluated using human myelogenous 
leukaemia K562 cells. The K562 cell line, 
commonly employed for assessing anti-cancer 
drug efficacy, was subjected to various 
concentrations (100, 200, 300, 400, and 
500μg/ml) of the nanocomposite as illustrated in 
optical image of Fig. 7. Optical microscopy offers 
insights into the overall appearance and optical 
properties of materials, including phase 
identification, grain boundaries, and defects. It is 
particularly useful for studying larger structures 
and assessing sample homogeneity. 

 

 
 

Fig. 7. Optical microscopy images and cell viability of K562 cells 
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Fig. 8. (a) Cell viability of K562 cells treated with Ag/ZnO nanocomposites and (b) relative cell 
numbers were assessed through the absorbance (OD) values measured at 570 nm using MTT 

after 24 hours 
 

 
 

Fig. 9. Antibacterial activities of Ag/ZnO nanocomposite synthesized using Co-Precipitation 
against Staphylococcus aureus and E-Coli 

 
Fig. 8 (a) presents the anticancer outcomes 
represented as a percentage of cell viability. 
Cytotoxicity is a crucial aspect in practical 
biomedical applications. To evaluate the 
cytotoxic effects of Ag/ZnO nanocomposite on 
human myelogenous leukaemia K562 cancer 
cells, the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was 
employed. The percentage of cell viability was 
calculated using the following formula [21].  
 

𝐶𝑒𝑙𝑙 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑂𝐷 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛

𝑂𝐷 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑚𝑒𝑎𝑛
× 100 

 
At lower concentrations (10μg/ml), the cell 
viability remained relatively unaffected, 
suggesting a tolerable response to the 
nanocomposite. The results revealed a 

progressive decrease in cell viability from 86% to 
53.8% as the concentration increased from 10 to 
500μg/ml. The reduction in relative cell numbers, 
as indicated by the absorbance (OD) values 
measured at 570 nm using MTT after 24 hours 
(Fig. 8 (b)), can be attributed to the concentration 
dependent cytotoxic effects of the Ag/ZnO 
nanocomposites. 
 
Higher concentrations of the nanocomposite 
likely lead to increased exposure of the K562 
cells to its cytotoxic components, resulting in a 
more pronounced impact on cell viability. 
Furthermore, the observations suggest that with 
higher drug concentrations, interactions with 
active target groups within the human 
myelogenous leukaemia K562 cells reached 
saturation, indicating the point at which maximum 
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cytotoxicity occurred. These findings underscore 
the significant potential of the Ag/ZnO 
nanocomposite to exhibit cytotoxic effects on 
human myelogenous leukaemia K562 cancer 
cells [22,23]. 
 

3.6 Antibacterial Activities of Ag/ZnO 
Nano-composites 

 
The antibacterial efficacy of Ag/ZnO 
nanocomposites was assessed against both 
gram-positive (Staphylococcus aureus - 902) and 
gram-negative (Escherichia coli - 443) bacteria in 
the sample, as depicted in Fig. 9. Unfortunately, 
the sample exhibited no antibacterial activity 
against E-Coli and less active in Staphylococcus 
aureus in both the positive and negative control 
conditions [24,25]. This lack of antibacterial 
activity in the sample could be attributed to 
factors such as the specific composition, 
morphology, or surface properties of the 
nanocomposite, highlighting the need for further 
investigation into optimizing its antibacterial 
properties [26,27]. 
 

4. CONCLUSION 
 
In summary, the present work successfully 
employed the co-precipitation method to 
synthesize the Ag/ZnO nanocomposite, as 
verified by the simultaneous presence of Ag and 
ZnO reflections in powder X-ray diffraction. The 
nanocomposite displayed intriguing 
characteristics, with a distinctive flower-like 
morphology observed through FESEM analysis, 
indicating a unique self-assembly and growth 
pattern. Structural composition and functional 
groups of the Ag/ZnO nanocomposite              
were thoroughly investigated using FT-IR 
spectroscopy. The analysis provided valuable 
insights into the chemical composition and 
bonding within the synthesized nanocomposite. 
Additionally, the nanocomposite’s optical 
properties were evaluated, revealing direct and 
indirect band gaps of 3.06 and 3.00eV, 
respectively. This information was derived from a 
Tauc plot analysis based on UV-Vis NIR 
spectrometry, shedding light on the material’s 
electronic structure and potential applications in 
electronic devices. The practical implications of 
the present study were further emphasized 
through the concentration-dependent cytotoxicity 
assessment on K562 (human myelogenous 
leukaemia) cells. The results demonstrated a 
substantial decrease in cell viability with 
increasing concentrations of Ag/ZnO 
nanocomposites. This highlights the promising 

potential of the nanocomposite as an effective 
agent in inducing cytotoxic effects on human 
myelogenous leukaemia K562 cancer cells. 
Overall, findings in this study contribute valuable 
insights into the synthesis, characterization, and 
potential applications of the Ag/ZnO 
nanocomposite in the biomedical field. 
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