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Abstract. Mosquitoes transmit serious human infections and cause a number of deaths in tropical and subtropical
environment countries every year. In the present work the zinc-substituted hydroxyapatite Ca5-xZnx(PO4)3OH (x = 0,
0.05, 0.2 and 1.0) was synthesized by two different methods: the hydrothermal method and the sol–gel method. The phase
formation, functional group and surface morphology of Zn-HAP were authenticated using X-ray diffraction, Fourier
transform infrared and scanning electron microscopy-energy-dispersive X-ray spectroscopy, respectively. The antimicrobial activity of the synthesized compounds was tested against different organisms such as Escherichia coli, Staphylococcus aureus and Candida albicans. Moreover, excellent antimicrobial activity was observed for hydrothermalsynthesized (Zn-HAP) compound compared to that of the sol–gel method. The synthesized Zn-HAP nanoparticles were
reported for larvicidal activity against the filarial and Japanese encephalitis vector, Culex quinquefasciatus. The
hydrothermal-synthesized (1.0 M Zn-HAP) compound exhibited higher larvicidal activity (93 ± 6.62) with minimum
lethal concentration LC50 (33.74 mg ml-1) (to kill 50% of the care for larvae of the relevant species) and LC90
(139.92 mg ml-1) (to kill 90% of the treated larvae of the respective species) after 24 h, respectively than that of the sol–
gel method.
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Introduction

In the tropical and subtropical regions, the mosquitoes are
contributing towards diseases like dengue, chikungunya,
malaria, Japanese encephalitis, yellow fever, filariasis and
several arboviruses [1–3]. Most important mosquito-borne
viral infection is dengue, its main vector is the Aedes
aegypti mosquitos [4]. Around the world, 2.5 billion people
become sick due to dengue in the urban and semi-urban
areas. World Health Organization reported, approximately
100 million people are affected by dengue infections each
year [5]. Culex quinquefasciatus are most well-known
vectors for Japanese encephalitis, it is the major viral
encephalitis in urban and semi-urban regions [6]. To avoid
explosion of mosquito-borne diseases and to prevent the
human health the mosquito control is necessary [7].
Hydroxyapatite (HAP) [Ca10(PO4)6OH2 or Ca5(PO4)3OH]
is a biomaterial which is utilized in a variety of biological
applications, such as antimicrobial, orthopaedic, drug
delivery and dentistry, due to its structure which is equal of
the natural bone, admirable biocompatibility and aptitude to
cellular growth functions [8]. However, the pure HAP has

poor mechanical and antimicrobial properties due to its low
resorbability [9]. Ion substitution in HAP structure is a most
important key factor which alters mechanical, biological
properties and densification of HAP [10]. It has been
noticed that several metallic implants, such as Mg2?, Mn2?,
Sr2? and Zn2?, in HAP structure seem to be very promising.
Amongst all these metal ions, Zn is one of the most
essential metal ions since it is involved in tissue implantation [11]. Moreover, the antimicrobial property of zinc
increases with the increase in the amount of Zn [12].
Moreover, the rate of dissolution of Zn-substituted HAP is
more than parent HAP [11]. Gayathri et al [13] prepared
pure and Mg-substituted HAP and reported that the MgHAP nanoparticle shows the higher antibacterial and larvicidal activity than pure HAP [13].
HAP and substituted HAP were reported by using various
methods, such as precipitation, solid state reaction method,
hydrothermal, microwave radiation, sol–gel method, etc. In
the present work, the chemical and physical properties of
synthesized HAP and Zn-HAP are compared using the sol–
gel method and hydrothermal method. The advantage of the
sol–gel method includes low temperature and high purity
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[14]. The hydrothermal method is an attractive method and
it can create HAP nanoparticles with minimum or no
agglomeration [15].
In the present work, different mole ratios of Zn-substituted HAP nanoparticles are prepared by using the sol–gel
and hydrothermal method. The physical properties, such as
X-ray diffraction (XRD), Fourier transform infrared and
morphology of synthesized Zn-HAP, are compared. For the
first time, the larvicidal activity and antimicrobial activity
of the synthesized Zn-HAP are compared by two different
methods.

2.
2.1

Experimental
Materials

Calcium carbonate (98.5%), diammonium hydrogen
orthophosphate (97%), zinc nitrate were purchased from SD
Fine Chemicals, India and ammonia was obtained from
Nice Chemicals, India.

2.2
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Zn-HAP was transferred to the Teflon-coated autoclave at
150°C for 4 h. Finally, the attained powder was washed
thoroughly by using DD water and dried at 110°C for
overnight in hot air oven, then the dried powder was calcined for 5 h at 750°C.

2.4

Characterization techniques

The pure phase composition of the prepared nanoparticles
(pure and Zn-substituted HAP) was studied by using Bruker
D8 advanced XRD diffractometer in the 2h range of
10–70°. The FTIR spectrum was used to find out the
functional group of the synthesized HAP and Zn-HAP
nanoparticles by using Shimadzu IR affinity-1 instrument
over the range from 4000 to 500 cm-1 by the attenuated
total reflection method at room temperature. The surface
morphology of the synthesized nanoparticles and the elemental analysis was carried out using scanning electron
microscopy (SEM) with energy-dispersive X-ray spectroscopy (EDAX) (Carl Zeiss EVO 18 instruments,
Germany).

Sol–gel method
2.5

HAP and Zn-HAP were prepared by using the sol–gel
method. 0.33 M of (NH4)2HPO4 was prepared in distilled
water, 0.55 M of calcium carbonate was dissolved in 1:1
HNO3 acid and Zn(NO3)26H2O was dissolved in DD water
which was added to the calcium solution and the solution
mixture was continuously stirred for 20 min and added
drop-wise into (NH4)2HPO4 solution and pH 11 was
maintained using ammonia solution. The mixture was
sealed immediately with parafilm in a glass beaker and
stirred vigorously for 8 h (90°C) to obtain gelatinous white
precipitate and subsequently aged at room temperature for
24 h and washed with DD water, filtered and dried at 110°C
for overnight in a hot air oven. The dried material was
calcined for 5 h at 750°C.

2.3
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Hydrothermal method

Ca2? solution was prepared by using Ca(CO3) which was
dissolved in 1:1 HNO3 acid. Zn2? (0.05, 0.2 and 1.0 M)
solution was prepared by dissolving suitable quantities of
Zn(NO3)26H2O in DD water which was added drop-wise in
the Ca solution to form a mixture of Ca and Zn solution.
The P ion solution was prepared by dissolving an appropriate amount of (NH4)2HPO4 and the above mixture (Ca ?
Zn) solution was then added drop-wise into the P solution,
whereas the molar ratio of (Ca ? Zn)/P was kept at the
stoichiometric ratio in Zn-HAP (1.67). For the mixture, the
pH of the solution was sustained at 11 using NH4OH
solutions to get the white precipitate of Zn-HAP, then the
mixture was stirred for 4 h. The suspension of pure and

Antimicrobial assay

The antimicrobial assay of the synthesized nanoparticles
was carried out using the well diffusion (WD) method [13]
against Gram-negative (Escherichia coli), Gram-positive
(Staphylococcus aureus) and fungus (Candida albicans).
Muller Hinton agar was used for bacterium, while the
Sabouraud dextrose agar was used for fungus. Both the agar
mediums were sterilized before use. The plates were filled
with the sterilized medium and allowed it to cool. The
microorganisms were swapped properly over the dried
medium. Here, the WD method was followed for the
antimicrobial activity. All the steps were done under sterile
aseptic conditions in order to avoid contaminations. A total
of 50 ll was added into the wells and the plates were
incubated for 24 h for antibacterial studies and 48 h for
antifungal studies at 37°C. After the completion of incubation time, the plates were taken out and the zone of
inhibition (in mm) was measured using the ruler. Streptomycin and amphotericin were the standard drugs used for
antimicrobial (bacterial and fungal) assay, respectively,
while water was used as the negative control for both the
studies.

2.6

Larvicidal activity

Larvae (Cx. quinquefasciatus) were collected from Zonal
Entomological Research Centre, Velapadi, Vellore, Tamil
Nadu. As per the method of Rahuman et al [16], 20 fourthinstar larvae were added in sterilized (200 ml) DD water
containing nanoparticles of Zn-HAP with various molar
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ratios (0, 0.05, 0.2 and 1.0 M). The prepared compound
solution was diluted by using DD water used as a solvent
for desired concentrations (30, 60, 90, 120 and
150 mg ml-1). Sterile DD water was considered as -ve
control, whereas the ?ve control was the viable larvicidetested solution. The reported result was the mean value of
the replicates. The acute toxicities on larvae (fourth instar)
mortality and the percentage of mortality were determined
after 24 h and the number of dead larvae was counted each
1 h for 24 h for each batch [1,13].

3.
3.1

Results and discussion
XRD analysis

Figure 1a and b represents Ca5-xZnx(PO4)3OH (x = 0, 0.05,
0.2 and 1.0) prepared by the sol–gel and hydrothermal
methods after calcination (750°C). The sol–gel (figure 1a)

Figure 1.
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and the hydrothermal (figure 1b) methods showed pure and
zinc-substituted HAP peaks which were confirmed by the
standard JCPDS card (09-0432). When compared to the
pure HAP, diffraction peaks of the zinc-substituted
hydroxyapatite (Zn-HAP) were slightly shifted to lower
angle due to the addition of Zn in HAP profile in both the
methods. The crystallite size was decreased with the
increase in the mole concentration of Zn ions in the HAP
compared to the pure HAP (table 1). But, the hydrothermal
method shows the much lesser crystallite size than the sol–
gel method. The lattice parameter measured by using
Powder-X software is presented in table 1. From the results
it is observed that the lattice parameters (‘a’ and ‘c’) were
slightly decreased by increasing the mole concentration of
Zn-HAP (table 1 and figure 2) which suggested the
replacement of Ca ions with the addition of Zn ion sources,
the defects as well as the growth of crystal along with the
planes of ‘a’ and ‘c’ [9]. Moreover, no secondary phase
could be observed in both methods.

XRD pattern of Ca5-xZnx(PO4)3OH (x = 0, 0.05, 0.2 and 1.0) prepared by (a) sol–gel method and (b) hydrothermal method.
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Lattice parameters of the pure HAP and Zn-HAP nanoparticle with the different molar concentrations of Zn.
Lattice parameters (Å)
a

Sample
Pure HAP
Zn-HAP (0.05 M)
Zn-HAP (0.2 M)
Zn-HAP (1.0 M)

c

Sol–gel method

Hydrothermal method

Sol–gel method

Hydrothermal method

9.430(0)
9.323(0)
9.294(5)
9.246(1)

9.402(0)
9.284(2)
9.243(3)
9.203(6)

6.882(0)
6.863(2)
6.833(4)
6.830(0)

6.880(0)
6.842(5)
6.821(4)
6.820(0)

formation of Zn-HAP was confirmed without other
impurities.

3.3

Figure 2. Average crystalline size of Ca5-xZnx(PO4)3OH (x = 0,
0.05, 0.2 and 1.0) prepared by (a) sol–gel method and (b) hydrothermal method.

3.2

FTIR analysis

Figure 3 shows that the FTIR spectra of the pure and different molar (0.05, 0.2 and 1.0 M) concentrations of ZnHAP synthesized by (a) sol–gel method and (b) hydrothermal method. The symmetric and asymmetric PO43– vibrations of the prepared compounds were identified at
1089–966 cm-1 and the bending vibrational modes of
PO43– were noticed at 563–599 cm-1; however, the band at
632 cm-1 is due to the bending mode of the hydroxyl (–OH)
group for the sol–gel method (figure 3a). While in the case
of the hydrothermal method, these peaks were slightly
shifted to lower wavenumbers 1087–955, 590–552 and
630 cm-1 (figure 3b) which were attributed to the symmetric and asymmetric vibrations of PO43–, bending
vibrational modes of PO43– and bending mode of the –OH
group, respectively. Moreover, in the case of Zn-substituted
HAP, the small changes were observed in the wavenumbers
(shifted towards lower wavenumber) compared to the pure
HAP due to the addition of the Zn ions in the HAP structure
by both methods. From the result of FTIR spectra, the

SEM analysis

Figure 4 shows the surface morphology of the prepared
compounds Ca5-xZnx(PO4)3OH (x = 0, 0.05, 0.2 and 1.0)
by sol–gel (figure 4a–d) and hydrothermal (figure 4e–h)
methods and the supplementary figures S1 and S2 show the
EDAX image of prepared compounds by both the methods.
EDAX confirmed the existence of Zn, Ca and P ions in the
synthesized compounds. From the SEM images, we have
noticed spherical aggregated nanoparticles with irregular
morphology in the case of the sol–gel method. However, in
the case of the hydrothermal method the surface morphology was changed compared to the sol–gel method which
shows the needle-like nanoparticles due to the effect of the
method. The surface morphology of the prepared compounds clearly indicates that the surface morphology could
be varied by the method of preparation. In the sol–gel
method spherical aggregated nanoparticles were noticed for
all molar ratios, whereas in the hydrothermal method needle-like nanoparticles were obtained. In addition to that
aggregation of spherical and needle-like nanoparticles was
increased with 0.05, 0.2 and 1.0 M of Zn-HAP for the sol–
gel method and the hydrothermal method, respectively
(figure 4).

3.4

Antimicrobial assay

The antibacterial activity of the Ca5-xZnx(PO4)3OH (x = 0,
0.05, 0.2 and 1.0) for prepared compounds was tested
against bacterial (S. aureus and E. coli) strains and fungi
(C. albicans) by using the WD method [13] for both the
methods. From the results, all the prepared compounds
showed better zone of inhibition towards two bacteria and
one fungus (figure 5 and table 2). Zone of inhibition was
increased with the increase in the molar (0, 0.05, 0.2 and
1.0 M) concentrations of the Zn ions in the HAP structure
when compared to the positive control (1 mg ml-1) and
excellent antimicrobial activity was observed against the
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Figure 3. FTIR spectra of Ca5-xZnx(PO4)3OH (x = 0, 0.05, 0.2 and 1.0) prepared by (a) sol–gel method and (b)
hydrothermal method.

Gram-negative bacteria (E. coli) for both the methods
(figure 5 and table 2).
Among all prepared nanoparticles 1.0 M of Zn-HAP
showed the highest zone of inhibition 28 ± 0.352 mm,
31 ± 0.443 mm for the sol–gel method against S. aureus
and E. coli, respectively and the hydrothermal method
showed 29 ± 0.275 mm and 36 ± 0.324 nm against S.
aureus and E. coli, respectively. Inhibition of 23 ± 0.37
and 29 ± 0.22 mm against C. albicans was observed for the
sol–gel method and the hydrothermal method, respectively.
Higher concentration of zinc enhanced the activity, Ofudje
et al [17] also observed the similar result with higher content of zinc. We have noticed a higher zone of inhibition
against Gram-negative bacteria by both the methods when
compared to the Gram-positive bacteria and a standard
drug.
The mechanism of antibacterial assay of the prepared
nanoparticles was not so far completely understood. To
date, some mechanism was only suggested for nanoparticles
particularly Zn-HAP nanoparticles. Most prominently, the
Gram-negative bacteria have the thin cell wall, which

influenced the permeability of the molecules in the prepared
compound and hence led to the inhibition of the growth of
organisms and cell death. From the literature, it is noted that
the ions presented in the nanoparticles react with organism
and the metal ions played a vital role in the inhibition and
death of organisms [13]. Stanic et al [18] reported the
antibacterial activity of zinc-doped HAP could be due to the
strong bond formation between metal ions and amino, thiol
and carboxyl groups on the surface of the microorganisms
which changed the structure of cell membrane. This changed membrane enhanced the permeability and caused the
cell death due to irregular transportation through plasma
membrane [18]. Similarly, in the present work, the same
reason might be assumed for the action of Zn-HAP.

3.5

Larvicidal activity

The prepared Zn-HAP nanoparticle showed higher mortality of the species of Cx. quinquefasciatus (fourth-instar
larvae) compared to the pure HAP nanoparticles and the
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Figure 4. SEM image of Ca5-xZnx(PO4)3OH (x = 0, 0.05, 0.2 and 1.0) prepared by (a, b, c, d) the sol–gel method
and (e, f, g, h) the hydrothermal method.

Figure 5. Antimicrobial activity of Ca5-xZnx(PO4)3OH (x = 0, 0.05, 0.2 and 1.0): (a) S. aureus, (b) E. coli
and (c) C. albicans for both methods.
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Antimicrobial (bacteria and fungus) activity of Zn-HAP nanoparticle with the different molar concentrations of Zn.
Organism (bacteria and fungus)
Zone of inhibition (mm)
Bacteria

Sample

S. aureus

Parent HAP (S)
0.05 M Zn-HAP (S)
0.2 M Zn-HAP (S)
1.0 M Zn-HAP (S)
Parent HAP (H)
0.05 M Zn-HAP (H)
0.2 M Zn-HAP (H)
1.0 M Zn-HAP (H)
Ampicillin (standard)
Amphotericin B (standard)

13
20
24
28
16
21
26
29
18

Table 3.

Fungi
C. albicans

E. coli

± 0.213
± 0.422
± 0.245
± 0.352
± 0.247
± 0.235
± 0.341
± 0.275
± 0.104
–

19
22
27
31
21
24
28
36
20

± 0.250
± 0.532
± 0.425
± 0.443
± 0.431
± 0.152
± 0.263
± 0.324
± 0.203
–

12
16
21
23
18
21
24
29

±
±
±
±
±
±
±
±
–
13 ±

0.25
0.43
0.44
0.37
0.58
0.27
0.49
0.22
0.37

Larvicidal activity of pure HAP and Zn-HAP against fourth-instar mosquito larvae of Cx. quinquefasciatus of 24 h.
Concentration/mortality ± SD (after 24 h)

Sample
Parent HAP (S)
0.05 M Zn-HAP (S)
0.2 M Zn-HAP (S)
1.0 M Zn-HAP (S)
Parent HAP (H)
0.05 M Zn-HAP (H)
0.2 M Zn-HAP (H)
1.0 M Zn-HAP (H)
Water (control)

30 mg
25
30
36
43
29
34
39
48

±
±
±
±
±
±
±
±
0

3.52
8.24
6.34
7.32
4.32
6.17
4.31
6.19

60 mg
45
48
52
56
49
51
59
63

±
±
±
±
±
±
±
±
0

7.81
5.32
8.31
0.24
8.84
7.32
7.64
6.42

90 mg
55
59
66
69
60
65
74
76

±
±
±
±
±
±
±
±
0

9.23
8.42
7.24
5.39
6.31
7.21
6.37
5.31

Zn-HAP shows lower value of LC50 and LC90 for both the
methods. The mortality values of HAP and Zn-HAP compounds are shown in table 3. All the molar ratio of Zn-HAP
nanoparticles showed moderate toxic effect on Cx. quinquefasciatus after 24 h of exposure compared to that of the
pure HAP. Moreover, the hydrothermal method showed
higher mortality percentage of larvicidal activity than that
of the sol–gel method.
Zn-HAP increased the % of mortality and decreased LC50
and LC90 with the increase in Zn concentration. The 1.0 M
of the Zn-HAP nanoparticles (hydrothermal method)
showed the higher mortality (93 ± 6.62%) and lower LC50
(3.37) and LC90 (13.99) values compared to the other molar
concentration and the sol–gel method also. The results of
larvicidal study on the Cx. quinquefasciatus species show
LC50 and LC90: 4.62 and 15.01 for the sol–gel method and
3.37 and 13.99 for the hydrothermal method, respectively
(table 3) because of the presence of the Zn ions into the
HAP created the structure of nanoparticle much more
compatible and the Zn ions penetrated into the mosquitos

120 mg
61
64
72
78
63
69
80
87

±
±
±
±
±
±
±
±
0

7.32
6.32
4.39
8.21
6.29
5.32
5.92
4.31

150 mg
80
83
89
90
69
84
86
93

±
±
±
±
±
±
±
±
0

7.43
5.43
4.71
4.99
6.33
8.24
4.62
6.62

LC50 (mg)

LC90 (mg)

7.52
6.49
5.57
4.62
6.24
5.80
4.59
3.37
0

16.49
16.06
15.23
15.01
16.43
15.82
14.78
13.99
0

v2
12.56
14.23
15.88
18.01
13.43
19.82
21.78
24.99
0

cuticle layer and the cells were ruptured [13]. Nowadays,
several scientific researchers have initiated to investigate
the larvicidal activity of pure HAP and substituted HAP,
Gayathri et al [13] prepared the Mg-HAP and HAP and
reported incorporation of Mg ions into the HAP shows
higher larvicidal activity compared to the pure HAP due to
the presence of the Mg ions and also they proposed the
mechanism of the larvicidal activity for nanoparticles, the
nanoparticles might be penetrating throughout the membrane of larva which causes the death of larva [13]. Similarly in the present work, the identical reason may be
assumed for the action of Zn-HAP nanoparticles.

4.

Conclusion

Pure HAP and Zn-HAP were effectively prepared by the
sol–gel and the hydrothermal method, respectively. Zinc
incorporation has an effect on the crystallinity and surface
morphology of pure HAP nanoparticle which was

218

Page 8 of 8

confirmed by the XRD and SEM. The FTIR confirmed the
presence of fundamental vibration of PO43– and –OH group
in all the prepared compounds. The hydrothermal method
shows the needle-like nanoparticles and the sol–gel method
produces spherical aggregated nanoparticles. 1.0 M of ZnHAP showed the highest zone of inhibition; moreover, the
hydrothermal method shows higher zone of inhibition
29 ± 0.275 mm, 36 ± 0.324 nm and 29 ± 0.22 mm
against S. aureus, E. coli and C. albicans compared to the
sol–gel methods 28 ± 0.352, 31 ± 0.443 and 23 ± 0.37 mm,
respectively. Moreover, higher molar concentration of
Zn-HAP shows good larvicidal activity after 24 h.

Acknowledgement
We would like to thank VIT management for providing all
required facilities.

References
[1] Rajakumar G and Abdul Rahuman A 2011 Acta Trop. 118
196
[2] Kovendan K, Murugan K, Vincent S and Barnard D R 2011
Parasitol. Res. 110 195

Bull Mater Sci

(2020) 43:218

[3] Logeswari P, Silambarasan S and Abraham J 2013 Sci. Iran.
20 1049
[4] Rezza G 2014 Pathog. Glob. Health 108 349
[5] WHO 2012 Handbook for integrated vector management
(Geneva: World Health Organization)
[6] WHO 2014 Lymphatic filariasis Fact sheet N 102
[7] Ghosh A, Chowdhury N and Chandra G 2012 Indian J. Med.
Res. 135 581
[8] Sumathi S and Buvaneswari G 2014 Appl. Surf. Sci. 303 277
[9] Ragab H S, Ibrahim F A, Abdallah F, Al-Ghamdi A A,
Tantawy F E and Yakuphanoglu F 2014 J. Pharm. Biol. Sci.
9 77
[10] Prakasam M, Locs J, Salma-Ancane K, Loca D, Largeteau A
and Berzina-Cimdina L 2015 J. Funct. Biomater. 6 1099
[11] Galindo T G P, Kataoka T and Tagaya M 2015 J. Nanomater. 2015 1
[12] Gunawan, Sopyan I, Suryanto and Naqshbandi A 2014 Indian J. Chem. 53A 152
[13] Gayathri B, Muthukumarasamy N, Velauthapillai D, Santhosh S B and Asokan V 2018 Arabian J. Chem. 11 645
[14] Ramesh S, Natasha A N, Tan C Y, Bang L T, Niakan A,
Purbolaksono J et al 2015 Ceram. Int. 41 10434
[15] Bilton M, Milne S J and Brown A P 2012 Open J. Inorg.
Non-metallic Mater. 2 1
[16] Rahuman A A, Gopalakrishnan G, Ghouse B S, Arumugam
S and Himalayan B 2000 Fitoterapia 71 553
[17] Ofudje E A, Adeogun A I, Idowu M A and Kareem S O 2019
Heliyon 5 e0176
[18] Stanic V, Dimitrijevic S, Antic-Stankovic J, Mitric M, Jokic
B, Plecas I B et al 2010 Appl. Surf. Sci. 256 6083

