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Abstract

This study explores the effect of zinc (Zn) content on the physicochemical characteristics, photocatalytic activity,
and antibacterial activity of hydrothermally synthesized hydroxyapatite (HAp). Zinc doped HAp (Zn-HAp) was
synthesized with varying Zn content of 1, 2 and 5 wt%, and characterized using XRD, FTIR, UV-Vis DRS, TEM, and zeta
potential analysis. Characterization results showed that Zn was successfully dopped into the HAp structure without
forming its own ZnO phase, with a decrease in crystallite size and band gap. Photocatalytic activity test was conducted by
degradation of tetracycline (TC) antibiotic using UV light. The results show that Zn-HAp has higher photocatalytic activity
than pure HAp, with the highest degradation efficiency of 90.48% obtained at 1Zn-HAp. The photocatalytic activity
increased as the band gap decreased, which was facilitated by Zn doping. In addition, antibacterial tests against Escherichia
coli and Staphylococcus aureus showed that Zn-HAp had a larger inhibition zone than pure HAp, indicating an increase

in antibacterial activity, especially at higher Zn concentrations.
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Introduction

The development of industrial activities and
medical technologies do not only contribute to the
easiness, accessibility and the quality of human life, but
also leave some problems related to the quality of
environment, drug resistance and health problems such
as bacterial infections and cancer disease. The diseases
caused by microbial infection and cancer are interrelated
and have the potential for significant death risks and are
increasing from year to year [1]. Bacterial infections are
a major cause of chronic infections and mortality and
could promote cancer and increase resistance to
anticancer drugs. Antibiotics have been the preferred
treatment method for bacterial infections because of
their cost-effectiveness and powerful outcomes.

However, antibiotics release in aquatic system is
one of the pollution sources need to be resolved and it is
an issue to be concerned as an effect of the growing
pharmaceutical industries. Tetracycline (TC) is one of
the most used antibiotic due to its extensively used not
only for human, but also in veterinary and fisheries [2].
Its uncontrolled release from the usages threat to aquatic
biodiversity and moreover to its unprecedented use in
aquaculture, livestock, and human disease prevention.
The accumulation of released TC along the food chain
may causes inhibited to microbial system and changes
the living organism equilibrium.

Nanotechnology have gets intensive attentions for
environmental and medical applications. Within the
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scheme, development of smart nanocomposites as
photocatalyst for the advanced oxidation process
(AOPs) to overcome environmental problems caused by
antibiotics and bacterial infections are the important
area of research. For medical purposes, some
nanocomposites are applied to be host for slow-release
drug preparation [3,4]. Among some materials,
hydroxyapatite-based nanocomposites are the attractive
materials for those varied purposes. Hydroxyapatite
(HAp), with chemical formula of
Cao(PO4)s(OH), (HAp) is a biomaterial widely used in
biomedicine as bone and teeth implants, and due to its
porosity, it has potency to be modified for
environmental remediation applications [5]. The
chemical and physical modifications of HAp structure
are permittable to enhanced capability for adsorbing
organic molecules by increasing hydrophobicity, and to
have catalytic activity by attaching metal or metal oxide.
In recent years, several studies revealed the feasibility of
nanocomposites prepared by the combination of
metal/metal oxide with HAp as photocatalyst for
organic compounds-contaminated water.
Nanocomposites of TiO»/HAp, Ni-doped HAp,
ZrO,/HAp are some of the nanocomposites exhibited
photoactivity for dyes, pharmaceuticals, and toxic
organic compounds [6-8] . Photocatalytic activity of the
nanocomposite is depending on the activity of
incorporated active metal/metal oxide and the physico-
chemical characteristics that created.

Previous works highlighted Zn-doped HAp
(furthermore called as Zn-HAp) as one of the HAp-
based nanocomposites expressed photoactivity and
antimicrobial activity against bacteria. However, effect
of Zn content as dopant to the nanocomposite to these
activities was not intensively studied yet. The
photoactivity of Zn-doped Hydroxyapatite is related to
the activity of ZnO as a photocatalyst in the degradation
of dyes and antibiotics in previous studies. Photoactivity
is influenced by band gap energy which is related to its
morphology [9]. Using previous investigations
highlighted the effectiveness of hydrothermal synthesis
method [10,11] considering these potential roles of Zn-
HAp, this work aimed to explore the characteristics of
Zn-HAp as photocatalyst and antibacterial agent. Study
considers on the effect of Zn content to the
physicochemical characteristics and the activities of the

materials.

Materials and methods

Materials

Chemicals used in this research consist of CaO,
(NH4),HPOy4, ZnCl,.2H,0, NaOH, sodium citrate were
purchased  from  Merck-Millipore  (Darmstadt,
Germany), tetracycline was produced by Sigma-
Aldrich. All chemicals used were of analytical reagent

grade and were used without any further purification

Synthesis of Zn-HAp

Zinc-doped  hydroxyapatite (Zn-HAp) was
synthesized with varied Zn content; 1, 2 and 5 %wt,
therefore the resulted samples denoted as 1Zn-HAp,
2Zn-HAp and 5Zn-HAp, respectively. The synthesis
process consists of 2 steps: Co-precipitation and
hydrothermal treatment. The precursors consist of CaO,
and zinc acetate were mixed in a deionized water, and
furthermore ((NH4)H-PO.) was slowly added into the
solution to get [(Ca+Zn)/P] molar ratio of 1.67. The
mixture was vigorously stirred and CTAB 2% was
added to prevent rapid aggregation. Finally, sodium
citrate was then added as a buffer to fix the pH = 10 for
precipitation. The slurries from varied Zn content
obtained from these steps were then transferred into
aTeflon-lined autoclave for a hydrothermal process at
150 °C overnight. The resulting slurry was dried at 120
°C. Pristine HAp was prepared with similar procedure
on (Ca/P) molar ratio of 1.67.

Materials characterization

X-ray diffraction (XRD) analysis to the samples
was performed on a Shimadzu X6000 instrument from
5° to 80° at the rate of 0.2°/min with Ni-filtered CuKa
radiation (A= 1.54 A) at 40 kV and 30 mA current. FE-
SEM analysis was recorded on a HITACHI SEM8010
(Japan) instrument operated at 30 kV in the back-
scattered electron detector and secondary electron
detector modes. Transmission electron microscopy
(TEM) analysis was performed using a JEM 2010
instrument. Surface analysis using X-ray Photoelectron
Spectroscopy (XPS) was performed on an ULVAC
spectrometer, Quentera SXM (Japan).

Photocatalytic activity examination
Photocatalytic activity of the prepared samples

was examined on TC photocatalytic degradation using a
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water-jacketed batch photoreactor equipped with UV
lamp (300 nm, 20 watt, 31.22 MW/cm?). For each
examination, about 0.2 g of the photocatalyst samples
were added into 250 mL of TC solution (20 mg/L) for
exposed by lamp along the stirring. Sampling was taken
at 0, 15, 30, 45, 60, 90 and 120 min, and the TC
concentration was determined based on UV-Visible
spectrophotometric analysis on the wavelength of 356
nm. A Hitachi U-2080 UV-Visible spectrophotometer
was employed for analysis. Degradation efficiency (RE)
(%) was calculated using the following Eq. (1):

Co—Ct

RE(%) = x 100 (1

where Cy and C; are the concentrations of TC at the
initial and time of sampling ¢, which the concentration
of TC.

CaO +

(NH:HPOs 2 o cetate

Hydrothermal
» treatment

—

Antibacterial assay

Antibacterial assay of the prepared samples
towards E. coli and S. aureus bacteria was conducted
using agar well diffusion method. The samples powders
were dispersed in demineralized water to get the
concentration of 5 mg/5 mL followed by immersing
onto a 6 mm filter disc. The obtained discs were placed
on the bacteria cultures that were prepared by sub-
cultured and incubation at 37 °C for 24 h. The microbial
growth was monitored overnight, and then the clear
zone representing the bacterial inhibition was measured.

Figure 1 provides a schematic procedure of
synthesis, characterization, photoactivity test and

antibacterial assay of the samples.

Filtration

Physico-chemical i I

characterization: XRD,
PSD, TEM, UV-DRS

Photocatalytic
examination

Antibacterial
activity

Figure 1 Schematic representation of synthesis, characterization and antibacterial activity of prepared materials.

Results and discussion

XRD analysis

XRD characterization is used to determine
the crystal structure and the crystallite size of the

materials. The obtained XRD results are

presented in Figure 2.
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Figure 2 XRD patterns of prepared samples.

It is seen that all samples show the peaks at 26.12°,
28.64°, 31.54°, 32.30°, 39.18°, 46.42°, 47.78°, 49.66°,
53.80° and 56.98° that are associated to the reflections
of (002), (210), (211), (202), (310), (222), (312), (213),
(402) and (004) planes of HAp refered to JCPDS NO.
09-0432 [12]. There are no peaks associated to the
presence of ZnO identified in all samples, suggesting
that Zn is incorporated into the HAp structure and does
not form a separate oxide phase [13]. It was found that
all Zn-HAp samples exhibited a slight shift compared to
the HAp peaks while maintaining the dominant HAp
phase. The shift of X-ray diffraction peaks to lower
angles is likely due to the incorporation of Zn into the
HAp lattice, which alters the unit cell dimensions or
induces lattice distortion due to the ionic size difference
between Zn** and Ca?". The Zn doping not only causes
a slight increase in lattice parameters but also enhances
the crystallinity of HAp, as indicated by the higher
degree of crystallinity values. The incorporation of Zn
into the HAp structure not only accelerates the
formation of a more ordered crystalline phase but also
results in an increase in crystallite size [14].

Different to other Zn-HAp samples, 1Zn-HAp
exhibits some additional peaks 23.37°; 25.88° ; 34.43° ;
and 36.29° that are corresponding to the (101), (214),
(0210), and (220) planes of B-TCP referred to JCPDS
No. 9-0169 [15]. This indicates that during synthesis,
the calcium and phosphate precursors were not fully
incorporated into the HAp structure. This is due to the
doping of Zn into HAp, which replaces Ca positions,
leading to Ca deficiency in Zn-HAp. Consequently, the
substitution of Ca ions with Zn ions results in the
formation of a new phase, B-TCP [15].

Based on all identified peaks, the particle size of
HAp in each sample were determined using the Scherrer
equation (Eq. (2)):

KA
B Cos ©

2

with D is the average crystallite size (diameter), a. is
the wavelength of X-rays (1.54 nm), @ is the diffraction
angle, and B represents the Full Width at Half Maximum
(FWHM). The calculated crystallite size results are
presented in Table 1.
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Table 1 Calculations on crystallite size of Zn-HAp samples.
20 HAp 1Zn-HAp 2Zn-HAp 5Zn-HAp
(degree)  FWHM ‘Crystal FWHM Crystal size FWHM Crystal size FWHM 'Crystal
size (nm) (nm) (nm) size (nm)
26.25° 0.2415 32.07 0.193 40.14 0.4410 17.55 17.230 0.45
29.6° 0.1517 6.68 0.131 58.66 0.7689 10.02 5.072 1.52
31.90° 0.6461 11.82 0.254 30.10 0.6000 12.75 1.831 4.17
34.95° 1.6348 4.64 0.260 29.19 0.4826 15.82 4.671 1.62
39.92° 0.7941 9.40 0.245 30.81 0.6712 11.15 9.184 0.81
46.86° 0.4686 15.56 0.366 20.04 0.4550 16.05 0.455 16.03
48.82° 0.4028 18.00 0.505 14.39 0.4510 16.11 18.402 0.39
49.74° 0.3858 18.70 0.240 30.05 0.5394 13.37 82.176 0.08
53.86° 0.2783 25.51 0.190 37.39 0.6841 10.36 0.377 18.80
56.98° 0.3705 18.93 0.282 24.80 0.3705 18.85 27.135 0.26
Average = 16.13 nm Average =31.56nm Average =14.2 nm Average =4.41 nm

Based on the results presented in Table 1, the

ionic radius of Zn?*

contributes to the structural

average crystallite sizes of HAp, 1Zn-HAp, 2Zn-HAp,
and 5Zn-HAp were determined to be 16.13, 31.56, 14.02
and 4.41 nm, respectively. These findings indicate that
the analyzed particles fall within the nanoparticle range.
The observed decrease in crystallite size is consistent
with the literature by Ofudje [14] which attributes this
trend to the increasing concentration of metal dopants,

leading to peak broadening. Additionally, the smaller

contraction of HAp, further reducing crystallite size.

FTIR technique is an effective method for
analyzing the composition of material components.
FTIR is used to identify the functional groups present in
the synthesized material, allowing for the determination
of the success of HAp synthesis. The FTIR spectrum of
the Zn-HAp material is presented in Figure 3.
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Figure 3 FTIR spectra of the prepares samples.
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The FTIR of HAp
nanoparticles with variations of 1Zn-HAp, 2Zn-HAp,
and 5Zn-HAp,
frequency range of 4,000 to 500 cm™, is shown in the

absorption  spectrum

synthesized and analyzed in the

figure. All bands in the spectrum correspond well with
the previously reported IR data for HAp. The sharp
absorption peaks at around 1,024.60 - 1,045.28 cm™ in
all samples are associated to the stretching mode of
phosphate groups (PO+*") [17,18]. Additionally, a broad
stretching band in HAp appears at 1,463.77 cm™. which
is associated with carbonate group (CO3*) [19]. The
peak at 1,463.77 cm™! which appeared in HAp is not
observed in Zn-doped HAp samples, suggesting that the
incorporation of Zn?" ions into the apatite lattice replace
calcium ion in HAp structure. This observation aligns
with the XRD results, which indicate a decrease in
apatite crystallinity as the Zn concentration increases.
The absorptions at around 1,654.79 cm™ for all
sample are associated with the absorbed water
molecules [20], which also correlated to the weak band
observed around 3,430 cm™ in and at around 3,434.80
cm!. These bands primarily correspond to the O-H
stretching vibrations within the crystal lattice of
hydroxyapatite [21]. This band is not observed in the
HAp lattice and is attributed to the liberation mode of

OH groups, which is less pronounced in biological
apatite. The FTIR spectra of the analysed samples
exhibit peak broadening and smoothing as the zinc
concentration increases. This behaviour may indicates a
reduced crystallinity along with increasing zinc content,
and it is consistence with previous experimental
findings by Ren ef al. [21] which reported that crystal
size and the intensity decrease as Zn concentration

increases.

UV-visible DRS

The band gap energy of a material is determined
using diffuse reflectance UV-DRS spectroscopy, and
the Tauc’s plots are provided in Figure 4. It is observed
that the band gap energy values are 4.63, 3.56, 3.58 and
3.62 eV for HAp, 1Zn-HAp, 2Zn-HAp, and 5Zn-HAp,
respectively. The data suggests that zinc doping reduces
the band gap energy of HAp, attributed to a blue shift
caused by a shift toward shorter wavelengths. The larger
the band gap energy, the more energy is required to
excite electrons from the valence band to the conduction
band. The band gap is determined by electron movement
from the valence band to the conduction band, where
increased absorbance leads to higher energy absorption
by the material, resulting in a decrease in the measured

band gap energy [22].
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Figure 4 Tauc’s plots of prepared materials.
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Particle’s size distribution and zeta
potential measurements of the samples

Particle Size Distribution (PSD)and zeta potential
analyses were performed used to determine the average
nanoparticle size and the electrical properties if
particle’s surface of the materials. Figure 5 illustrates
the particle’s size distribution of HAp, 1Zn-HAp, 2Zn-
HAp, and 5Zn-HAp, which were measured to be 39.84,
39.8, 39.19 and 36.33 nm, respectively, indicating that
these materials fall within the nanoparticle size range.

HAp
Zb Mean = 39.84

25

(b) 44]

o 84

(c)

20 1

15 4

10 4

Figure 5 Particle’s size distribution of the prepared sample.

The HAp and 5Zn-HAp shows rod-like particles
similar 3 to the appearance reported by previous works
[25,26]. Particle size distribution measurement to the

The results from PSD analysis is in line with the results
from TEM measurement provided in Figure 6. Based on
previous research, particle size is related to band gap
energy where the smaller the particle size will produce
a higher band gap energy which increases the
photoactivity of the material. lower particle size results
in a larger surface area that facilitates interaction with
bacterial cells. Thus, creating antibacterial activity
[23,24].
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exhibited particles gives the mean particle size of 31.3
and 23.8 nm, for HAp and 5Zn-HAp, respectively.
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Figure 6 TEM images of HAp and 5Zn-Hap.

The zeta potential (Figure 7) measurement gives
the values of —13.4,-33.3,-29.5 and -28.4 mV for HAp,
1Zn-HAp, 2Zn-HAp, and 5Zn-HAp, respectively. A
negative zeta potential indicates that the dispersed
particles in the suspension carry a negative charge.
Based on previous research, the presence of smaller
metal ion changes the zeta potential via the change of
their bonding with the negative charge of phosphate
(PO+") and hydroxyl (OH) dominates over Ca?" ions.

Mean = 21.8 nm

0
20 30 40 50 60 70 80 90 100110120
Particle diameter (nm)

The higher-level zeta potential of Zn-HAp compared to
HAp is related to the capability of surface to inhibit the
aggregation. Furthermore, for their interaction with
bacteria, more negatively charged of the surface leads
the surface easier to bind with protein [27,28]. The
values are also comparable and in the range of that of
the nanocomposite formed by the combination of metal
and hydroxyapatite [29].
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Figure 7 Zeta potential measurement of the prepared samples.
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Photocatalytic activity test

Kinetics of TC photocatalytic degradation using
the prepared materials compared to the adsorption
process is depicted by the kinetics plots in Figures 8(a)
and 8(c). As can be seen from the plots that all Zn-HAp
samples show the higher photocatalytic activity
compared to HAp as shown by the faster reduced
concentration observed at all times of treatment. The
Based on the obtained DE values at 120 min, the
photocatalytic activity of the samples is in following
order: 1Zn-HAp > 5Zn-HAp > 2Zn-HAp > HAp. This
order is different from the order obtained by adsorption
process as HAp gave highest adsorption capability and
the order is as follow: HAp > 2Zn-HAp> 5Zn-HAp >
1Zn-HAp. The phenomenon of the higher adsorption
efficiency over HAp compared to other samples referred
to the specific surface area of solid sample provided by
HAp and the less negative zeta potential of HAp
compared to Zn-HAp samples. The higher negative

values of Zn-HAp samples represent the more anionic

1.0
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0.8 B
5 0.6
Q ° —o—HAp
(@) 04 —p—1Zn-HAp
) —ml— 2Zn-HAp

—&— 5Zn-HAp

IP""-Q

0 15 30 45 60 75 90 105 120
Time (min)

)

1.0
0s{(c) .
R? = 0.962
004 ¢—s .
- a2
-0.5+
O .10 "
—
= -1.54
-2.04 e HAp R? = 0.900
_ 1 » 1Zn-HAp
251 a 2Zn-HAp
-3.04 & 5zn-HAp R?=0.96

15 30 45 60 75 90
Time (min)

groups on the surface that may affect to the repulsive
HAp-TC.

investigation on TC adsorption by TiO» nanoparticles, it

interaction ~ among From  previous
was found that the increasing of zeta potential of the
nanoparticles leading to a larger electrostatic repulsion
force that prevented the further aggregation [29,30]. The
kinetics study for photocatalytic experimental data,
process revealed that the reaction obeys pseudo-1* order
kinetics with following equation (Eq. (3)):
InC;, =InCy, — kt 3)

With C; and Cy are TC concentration at time of t
and at initial, k is kinetics constant of the reaction, and t
is time of the reaction. Meanwhile, from the adsorption
experimental data, intraparticle diffusion (IPD) kinetic
model equation was applied referred to following
equation.

The parameters obtained from the kinetics

calculations are provided in Table

—pr—1Zn-HApP
—m—2Zn-HAp
—&— 5Zn-HAp

0
0 15 30 45 60 75 90 105 120
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35
20 (d) R2=0911 €
25 -
20 R? = 0.993
15
R2=0.971
10
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0
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Figure 8 (a) Kinetics plot of TC removal by photocatalytic degradation, (b) Kinetics plot of TC removal by adsorptiom,
(c) 1%-order kinetics plot of TC photocatalytic degradation, (d) IPD kinetics plot of TC removal by adsorption.
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Table 1 Kinetics parameters of photocatalytic degradation and adsorption of TC using prepared materials.

Photocatalytic degradation

Sample Kinetics equation kiki R? DE
HAp InC; = 1.61x1073¢ — 4.44x1072 1.61x1073 0.962 17.89
1Zn-HAp InC,=1.98x10% - 1.19 1.98x1072 0.961 90.48
2Zn-HAp InC,=1.77x107% — 8.69x10! 1.77x1072 0.836 89.41
5Zn-HAp InC;=1.59x102% - 1.15 1.59x102 0.900 88.76
Adsorption
Sample Adsorption kinetics equation R? q:(mg/g)
HAp q:=2.77t+3.57 2.77 0.911 35.94
1Zn-HAp q:=1.62t+0.33 1.62 0.971 21.95
2Zn-HAp q:=2.56t+0.27 2.56 0.993 35.11
5Zn-HAp q:=2.17t+2.56 2.17 0.968 26.84

From the calculated adsorption capacity measured
for TC concentration of 10 mg/L, the values obtained in
this work is comparable to similar works, for example
the g. of 32 mg/g observed by HAp Kanmaz and
Demircivi [31] and the g. of HAp and ZnO-HAp
samples ranging from 5 - 35 mg/g [32]. In addition, the
photocatalytic activity of all Zn-HAp samples is also
comparable to ZnO-HAp samples prepared by previous
researchers in which TC removal of 85.5% was achieved
on 20 %wt. of Zn in the ZnO-HAp nanocomposite under
visible lamp [22]. Meanwhile, the photocatalytic of
HAp is similar to the photoactivity of HAp in similar
works [33,34]. The higher photocatalytic activity is
exhibited by Zn-HAp samples compared to Zr-doped
HAp as in the degradation process, no additional oxidant

such as H,O> is consumed with similar DE values [34].

Antibacterial assay

Antibacterial assay of the samples was performed
using the disk diffusion method, which is the most
employed technique for this type of evaluation. The
inhibition zones or clear zones were measured as the test
parameter, indicating the antibacterial efficacy of the
material. The disk diffusion method was chosen due to
its simplicity and the minimal equipment required. The
antibacterial medium used in this study includes
Nutrient Broth (NB) for bacterial growth on the material
and Mueller-Hinton Agar (MHA) as the agar medium in
petri dishes, providing ample nutrients essential for
bacterial inhibition. The tested bacterial strains included
both Gram-positive and Gram-negative bacteria of S.

aureus and E. coli, respectively.
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Figure 9 Measured inhibition zone from antibacterial assay of samples against E. coli and S. aureus.

The results provided in Figure 9 indicate that the
Zn-HAp samples exhibited higher antibacterial activity
compared to the HAp sample. For antibacterial assay
against E. coli, the measured inhibition zone of HAp,
1Zn-HAp, 2Zn-HAp, and 5Zn-HAp are 9, 16.5, 17.5 and
18 mm, respectively. Meanwhile, towards S.aureus, the
inhibition zones are 12 mm for both HAp and 1Zn-HAp,
and 13.5 mm for both 2Zn-HAp and 5Zn-HAp.
Conclusively, the stronger antibacterial effect is
achieved at the higher Zn amount in the nanocomposite
can be attributed to the higher potency of the sample in
releasing Zn ions to be introduced to the cell wall
[35,36]. The higher Zn content increased the inhibition
zone towards E. coli, which is in a similar trend with
previous work [37]. The increased antibacterial activity

is related to the physicochemical characteristics of

particle size and zeta potential that are significantly
observed as the function of zinc content. The less
particle size facilitates the diffusion of Zn-HAp particles
with cell walls and obstruction of metabolic processes
of bacteria [38]. In addition, referred to previous
investigation, the higher Zn content in Zn-HAp
accelerated the rate of Zn?' releasing [39].

According to the inhibition zone, the data are laid
on strong antibacterial activity, and these are
comparable to were reported by similar nanocomposites
as listed in Table 2. The measured inhibition zone value
of the pristine HAp reflected the antibacterial activity of
the sample without any dopant, and even more it is the
same with the activity of 1Zn-HAp towards S.aureus.
This is due to the capability of the sample to release Ca**
to interrupt the cell wall of bacteria [40].

Table 2 Comparison of the antibacterial activity of metal-doped hydroxyapatite.

Material Reference
The inhibition zones of material against E. coli and S. Aureus after 4 h of

Zn-HAp . . . [41]
incubation were 0.25 and 6.65 mm, respectively.

HAp The synthesized n-HAp exhibited an inhibition zone of 5 mm against S. aureus. [42]

The obtained Zn-HAp demonstrated the inhibition zones of 16 and 12 mm

Zn-HAp . i R [43]
against E. coli and S. Aureus, respectively.
The antibacterial examination of the sample towards E. coli and S. aureus gave

Zn-HAp o . [44]
inhibition zones of 10 and 9.3 mm, respectively.
The highest inhibition zone at an Ag-HAp concentration of 5% was recorded

Ag-HAp . . . [45]
at 19.7 mm against E. coli and 13.8 mm against S. aureus.
The material exhibited a strong antimicrobial activity against E. coli and S.

Zn-HAp [35]

aureus as shown by the inhibition zone of 22.7 and 8 mm, respectively.
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The remarkable results that have been observed
from this work are that the physicochemical
characteristics Zn-HAp are governed by the zinc content
in the nanocomposite. The higher Zn content ranging at
1 - 5 %wt. effects on the decreasing particle size and
band gap energy that are significant parameters for
photocatalytic activity enhancement. In other side, the
increased antibacterial activity along with the increased
Zn content is related to smaller particle size and more
negative zeta potential that determine the faster
releasing Zn?" ion and more intensive interaction of the
particles with bacterial cell wall. The data ensures the
importance of optimizing physicochemical character
and potential applicability of Zn-HAp nanocomposites

for environmental and medical applications.

Conclusions

Hydrothermal synthesized zinc-doped
hydroxyapatite with a varied zinc content has been
successfully  conducted. = The  physicochemical
characterization revealed that zinc dopant is neither
influences the hydroxyapatite structure significantly,
nor created ZnO phase, indicating the doped structure.
At the Zn content of 1 %wt., the Zn doping affected to
the formation of B-tricalcium phosphate. The insertion
of Zn in HAp structure reduced the band gap energy and
particle’s size distribution. This effect was confirmed by
TEM measurement revealing the less particle size of Zn-
HAp samples compared to HAp. The Zn-HAp exhibited
lower band gap energy that contribute to enhance
photocatalytic activity. The photoactivity was expressed
by the capability for tetracycline degradation with the
highest DE of 90.48 % obtained using 1Zn-HAp. The
enhanced antibacterial activity was also expressed by

Zn-HAp samples compared to HAp.
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