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Abstract

In this study, we report the synthesis of nanocomposite material composed of zinc tungstate (ZnwWO4) and
Hydroxyapatite (HAp/ZnWO4) nanocomposite by a simple hydrothermal method. The prepared nanocomposites
have been characterized by XRD, FESEM, HRTEM, EDX analysis, photoluminescence spectroscopy (PL) and
UV-Visible spectroscopy. Prominent band edge emission of HAp-ZnWO4 nanorods observed from PL confirmed
the significant reduction in photogenerated charge carriers with doping of donor impurities. The higher activity
of HAp/ZnWO, nanorods compared HAp may be due to their enlarged surface area which enhances the
photogeneration of active OH" radicals in water. The as-synthesized g-CsN4/ZnWO, nanocomposite were
analyzed its antibacterial properties against Gram-positive and Gram-negative clinical pathogens like E.coli
and S.aures bacterial strain.
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I.  Introduction

The exploration for suitable semiconductor photo catalysts for effective utilization of solar energy to
chemical energy is one of the noble missions of the scientific community. Hydroxyapatites (HAps) ceramics are
currently regarded as a highly significant class of materials in the fields of science, biology, and medicine. They
are extensively utilized in chromatography and as nanostructured heterogeneous catalysts for oxidation
reactions. Furthermore, extensive research has demonstrated the efficacy of these materials in environmental
applications, specifically in the removal of diverse species from contaminated water and soil [1,2]. Additionally,
they have proven to be efficient photocatalysts for the degradation of organic pollutants. HAp-based ceramics
exhibit enhanced fixation to the surrounding tissue upon implantation in the human body due to the
development of a fibrous layer devoid of tissue on their surface. The powdered form of hydroxyapatite (HAp)
with nanometric particle size exhibits enhanced physicochemical and mechanical properties, including increased
density, specific surface area, bioactivity, and sinterability. The physical properties of HAps can be influenced
by the presence of impurities, which can either be beneficial or detrimental. Certain cations found in bones play
an active role in both the formation and reabsorption of bone tissue. The deficiency of W ions has been observed
to decrease the growth rate of osteoblasts, resulting in a decrease in bone mass density. The rise of antibiotic-
resistant bacterial strains poses a significant health problem, given that germs constitute a prominent contributor
to chronic illnesses and mortality rates globally. Hence, it is crucial to prioritize the advancement of innovative
and effective antibacterial agents [1]. Antimicrobial drugs targeting both gram-positive and gram-negative
bacteria have been developed using a variety of inorganic and organic chemicals, as well as their combinations.
A wide range of antimicrobial inorganic materials have been studied, including oxides like titanium oxide, silver
oxide, and zinc oxide, as well as phosphates like pure hydroxyapatite (HAp) and HAp doped with various
cations such as zinc, silver, cerium, strontium, copper, and titanium. These materials have been the subject of
extensive research. Hydroxyapatite (HAp), a calcium phosphate compound with the chemical formula
Cal0(PO4)6(0OH)2, is an inorganic biomaterial that exhibits significant promise for many biomedical
applications, particularly in the field of dentistry. This is mostly due to its exceptional biocompatibility,
bioactivity, and osteoconductivity, as supported by previous research [18]. Various chemical modification
techniques, such as cationic and anionic doping, can enhance the biological and physicochemical features of
synthetic hydroxyapatite (HAp) [19, 20]. The introduction of dopants into the HAp network has the potential to
influence various properties of the material, including its crystallinity, particle shape, surface charges,
dissolution rates, densification, mechanical resistance, and thermal stability.
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Il.  Materials and Reagents
Calcium chloride di-hydrate (CaCl. 2H,0), di-ammonium hydrogen phosphate ((NH4)2(HPO.)) were
purchased from Sigma Aldrich. Potassium permanganate (KMnOy), sodium nitrate (NaNOs), sulphuric acid
(H2S04 98%), hydrogen peroxide (H20,), ammonium hydroxide (NH4sOH) and ethanol were purchased from HI
media Laboratory, India. All the chemicals were of analytical grade and used without further purification.

Preparation of Pure HAp NPs

Hydroxyapatite (HAp) was synthesized by the chemical precipitation method. 3.7 g of calcium
hydroxide was dissolved with 50 ml of distilled water, and 2.9 g of orthophosphoric acid was dissolved with 50
ml of distilled water. Both solutions were stirred for 30 minutes. Then the orthophosphoric acid was added drop-
wise into the calcium hydroxide solution and stirred for 30 minutes; this was followed by adding NaOH solution
drop-wise to maintain the pH level at 12. This was continuously stirred for half an hour. The mixture was
allowed to settle; then, the precipitate was washed with double distilled water and finally it was kept in a
microwave oven at 75 W for 20 minutes. Then it was kept in a muffle furnace for 4 hours. The dried sample was
ground in a mortar to get white color pure Hydroxyapatite nanoparticles.

Preparation of HAp/ZnWOscomposites

The typical preparation of HAp/ZnWO, photocatalysts was as follows: an appropriate amount of HAp
was completely dispersed in methanol assisted by ultrasonication. The as-prepared ZnWO, powder was
subsequently added into the above solution and stirred for 24 h. The obtained sample was collected and washed
with ethanol and distilled water; finally the samples were obtained by dried at 100°C for 4 h. According to this
method, different mass ratios of HAp/ZnWO, from 3% to 7% were synthesized.

1. RESULT AND DISCUSSION
XRD Analysis
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Figure. 1 XRD pattern of ZnWOsand HAp/ZnWO4 nanorods

X-ray diffraction spectroscopy was employed to examine the crystal structures of the nanoparticles in
their as-prepared state. Figure 1. This presentation illustrates the characteristic X-ray diffraction (XRD) pattern
of porous nanorods composed of ZnWO4 with included hydroxyapatite (HAp). Based on X-ray diffraction
(XRD) analysis, it can be inferred that the prominent peak observed at an angle of 26=37.3° corresponds to the
characteristic diffraction of bulk hydroxyapatite (HAp) along the (002) crystallographic plane. However, for the
exfoliated one-dimensional (1D) HAp nanorods, the peak is observed at a higher angle of 26=31.8°, indicating a
shift towards a greater diffraction angle. An evident reduction in the overall intensity was found, suggesting a
corresponding drop in the interplanar stacking of the one-dimensional hydroxyapatite (HAp) nanostructures.
The peak at around 11.2° is associated with the (100) plane of tri-s-triazine units, as reported by Meng et al. in
2018. The diffraction planes of pristine hydroxyapatite (HAp) have a strong resemblance to the graphitic carbon
nitride (JCPDS 09-0432) in terms of their structural characteristics. The diffractogram acquired clearly exhibits
the presence of many facets and orientations in the final result. According to Feng et al. (2016), the use of
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chemical exfoliation on bulk hydroxyapatite (HAp) results in a reduction of the Van der Waals interaction
between atoms, as well as an enhancement in the crystallinity of zinc tungstate (ZnWQ,) by minimizing the
exposed cross-plane diffusion of atoms. The observed diffraction peaks at angles of 11.1°, 23.7°, 31.5°, 36.2°,
45.7°,57.5°, and 62.7° can be attributed to specific crystallographic planes, namely (00 2), (100),(002), (01
1),(102),(110),(103),and (1 11), respectively. These peaks correspond to the crystal structure of ZnWO4
and are consistent with the hkl values specified in the standard card (JCPDS 15-0774). No additional secondary
peaks were observed. The presence of distinct and prominent reflection peaks indicates that the HAp linked
ZnWO, nanorods exhibit a high degree of crystallinity. The compact arrangement can be attributed to the
confinement of electrons and enhanced interlayer bonding. The Debye-Scherer method was employed to
determine the crystallite size of both undoped and doped nanoparticles, yielding a range of 80 nm.

FESEM — EDAX Analysis
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Figure. 2 FESEM and EDAX Micrograph of HAp/ZnWO4 nanoparticles
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The morphology of zinc tungstate (ZnWO4) nanorods doped with hydroxyapatite (HAp) was examined
using field emission scanning electron microscopy (FESEM). As seen in Figure 2. In the sample, there is a
significant presence of packing layers including nanorods and nanoparticles of varying sizes, which prominently
display plate-like and irregular shapes. The field emission scanning electron microscopy (FESEM) micrograph
reveals that the HAp/ZnWOQO, composite, synthesized using thiourea, exhibits a morphology characterized by
uniform and planar layers composed of densely packed and thick nanorods with an uneven configuration. The
field emission scanning electron microscopy (FESEM) image of the ZnWO. nanorods combined with highly
calcium -enriched HAp indicates that the resulting product exhibits quasi-thin hexagonal rod morphology. The
EDAX analysis has provided confirmation of the existence of Calcium (Ca), Phosphate (P), Carbon (C), and
Nitrogen (N) in the HAp/ZnWQ, nanoparticulate. Additionally, a minimal amount of oxygen (O) was detected,
along with the presence of Zinc (Zn) and Tungsten (W). The EDAX spectrum clearly indicates that the
produced sample is devoid of contaminants. The presence of oxygen content can be attributed to the excessive
moisture content present in the sample. The nanocomposite that was created contained components that were
nearly stoichiometric in composition.
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HRTEM Analysis
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Figure. 3 HRTEM image of HAp/ZnWO4nanorods

Fig (3) shows the HRTEM micrographs and selected area electron diffraction pattern (SAED) of HAp
doped ZnWO, nanorods. It is seen from the image, particles are found to be hexagon in shape with uneven size
distribution ranging from 50 - 100 nm. The particle size calculated in this study is well-matched with the particle
size calculated from XRD. The formation of particle agglomeration due to the reaction rate, hydroxyl impurities,
charges of the particles and the solubility product constants. There is no major variation observed in the size
and shape of the samples is observed due to the incorporation of dopant on the ZnWO. host structure. The g-
C3N4 coupled ZnWO. porous rod-like heterostructure obtained was well distributed on the surface. The SAED
pattern confirms the improved crystalline nature of the as-prepared HAp coupled ZnWQ, hanocomposite which
is due to the addition of a dopant and large specific surface area of transition metal-doped nanoparticles.

UV-Visible spectroscopy
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Figure 3 UV-Visible spectra of ZnWOasand HAp/ZnWOa4 nanorods

UV-Visible Diffused Reflection Spectroscopy was used to investigate the optical characteristics of
nanoparticles. Fig. 4 shows the absorption spectrum of as-prepared and HAp coupled ZnWQ,4 nanorods, which
exhibit excellent visible light absorption and the absorption edges of the samples, shift apparently to a shorter
wavelength. As prepared pristine HAp has a band edge at 450 nm and HAp coupled ZnWO4 nanorods has the
band edge at 400 nm. By doping HAp on to the ZnWO, transition metal oxide host structure, the absorption
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edge of HAp coupled ZnWO, nanocomposite has a clear monotonic blue shift and probable reason may be due
to a perfect lattice stacking of HAp on ZnWO, crystallite and quantum confinement effect that modifies the
position of conduction and valence band edges. The UV-absorption spectrum of HAp doped ZnWO,
nanocomposite shifted towards lower wavelength was due to the passivation of functional groups. The bandgap
energy (Eg) which can be estimated by plotting the tauc plot of (a/v)? versus photo energy (Eg). This indicates
that the prepared HAp coupled ZnWO, nanocomposite could absorb both UV and visible range spectra, which
may be due to an internal lattice defects. With the effect of HAp coupling on to the ZnWO, photocatalytic
activity of the nanocomposite was enhanced due to wide visible light harvesting. Thereby, the intensity of the
UV-absorption spectrum of HAp/ ZnWO, increases and the creation of electron-hole pairs on the heterogeneous
interface may also significantly increased due to visible light irradiation.

PL Spectroscopy
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Figure 5 PL spectra of ZnWO4and HAp/ZnWO4 nanorods

The broad PL band from ZnWO, host is often attributed to the charge transfer between oxygen and
tungsten ions in [WQg]6 molecular complex. The origins of PL can be classified into band edge emission and
defect emission. Due to the large difference between the bandgap of ZnWOQ, (about 3.21 eV) and its emission
energy (around 2.83eV), we can exclude the possibility of band edge recombination as the candidate of the
broadband emissions of ZnWQ, grains. It is observed that ZnWQ, nanograins, where coordinately unsaturated
vacancies are active sites for luminescence. This feature allows us to assign the broad PL band peaking at about
480 nm to certain kinds of defects in ZnWOQO,4. The most common defects in ZnWQ, include O, W, and Zn
vacancies, which are likely candidates of the luminescence centers. Although the relation between the intrinsic
defects and the luminescence centers in ZnWQO, are not clearly identified yet, the PL spectra in Figure
demonstrate that the PL properties of ZnWQ4 host are highly governed by the number and the kind of defects in
ZnWOu lattice.

Antibacterial Activity

Figure. 6 shows the antibacterial characteristics of both as-synthesized pristine hydroxyapatite (HAp)
and HAp/ZnWO,4 nanocomposite were examined in this study. The antibacterial activity of these materials was
tested against Gram-positive bacteria. Our findings demonstrate that the incorporation of ZnWQ, into HAp
resulted in enhanced inhibitory effects, as seen by larger zone diameters compared to pristine HAp. The
HAp/ZnWO. nanocomposite exhibited a significant Zone of Inhibition (ZOIl) against E.coli at an ideal
concentration of 100ug/disk. This high inhibitory effect can be attributed to the physicochemical interaction
between the HAp/ZnWO, nanocomposite and the bacterial surface. The presence of a refined crystalline
structure facilitates the efficient transport of photogenerated electron-hole pairs from the core shells to the
catalytic surface. This, in turn, boosts the antibacterial properties of the nanocomposite material that is created.
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The absorption of visible wavelengths by pure HAp and HAp/ZnWOQ, nanoparticles results in the generation of
photogenerated electron-hole pairs. The photogenerated free radicals interact with alkaline chemicals found on
the surface, resulting in their conversion into hydroxyl ions (OH-) and superoxide radicals (O2*). This chemical
transformation has an impact on the bacterial cell membrane. Furthermore, it has been noted that hydroxyapatite
(HAp) exhibits the ability to permeate bacterial cells, thereby impeding their proliferation.

Figure 6 ZOI of HAp/ZnWO4nanoparticles against E.coli and S.aures

IV.  Conclusion

In conclusion, hydrothermal method is very ease and cost effective to synthesize the HAp doped
ZnWO,. The analysis of XRD, HRTEM showed that particles of all samples are of nano size and homogenous
in structure. From the XRD data the crystallite size is observed to decrease with the increase content of Zn. This
is due to the decrease in volume density of the atom. The intensity of the band decreases by the addition of Cu
dopant to the HAp. The Ca-deficiency occurs because of the W-doping process, and increases with addition of
the dopants. The antibacterial activity of the HAp/ZnWO, nanoparticles depended strongly on their Zn?*
content. Thus, the use of a bio template and Zn?* ions is an efficient approach for the formation of novel HAp-
based biomaterials with promising antibacterial properties. This synthesis approach will pave a new pathway for
the functionalization of other materials for different biomedical applications.
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