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Abstract: In this work, composite nanostructures (CNs) of
Sn0,-Zn0-g-CsN, have been prepared by a soft chem-
ical method and investigated for their potential applica-
tion in photocatalytic remediation of organics in water and
antibacterial agents. Structural study revealed the presence
of three phases related to hexagonal wurtzite phase of ZnO,
tetragonal phase of SnO, and monoclinic phase of g—C;N,
having nanocrystalline nature which confirms the forma-
tion of CNs. Formation of nanoscale morphology along
with elemental composition of the CNs have been validated
through scanning electron microscopy (SEM) coupled with
energy dispersive X-ray (EDX) spectroscopy. The presence of
only 4, mode of SnO, in Raman spectrum of ternary CNs
suggested that SnO, nanoparticles have been coated on the
surfaces of ZnO and g—-C;N, which is also evident from SEM
results. Sn0,-Zn0-g-C;N, CNs have shown much higher
photocatalytic degradation efficiency and produced 7 mm
greater zone of inhibition (ZOI) against Gram-positive S.
Aureus bacteria as compared to pure ZnO which is quite
significant result when compared to previously reported
results for Sn0,—Zn0 CNs. These synthesized CNs may have
potential uses in healthcare technology and treatment of
organics in water.
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1 Introduction

The development of resistant bacterial strains due abnor-
mal use of antibiotics has led to alarming stubborn infec-
tious diseases worldwide [1]. The resistant nature of bacte-
rial strains to currently available conventional antibiotics is
growing day by day which demands development of novel
nonconventional antibiotics. In this regard, scientists are
looking up a solution in inorganic nanomaterials. Nanoma-
terials have unique physiochemical properties along with
unique mechanisms of action against bacterial strains thus
reducing chances of development of resistance in bacte-
rial strains against nanomaterials. Among various classes
of nanomaterials, metal oxide nanomaterials are believed
to be the best choice for antibacterial applications due to
low cost, easy processing, biocompatibility, and antibacte-
rial activities [2]. To date, many metal oxide nanomaterials
are explored for this purpose such as ZnO, CuO, TiO,, SnO,,
Ag,0, etc. [3-7]. Among them, ZnO outclass other nanoma-
terials because of greater biocompatibility, wide band gap
of 3.37 eV, essential excitonic binding energy of 60 meV, bio-
logically and chemically inert nature, comparatively greater
antibacterial activity, and cost effectiveness [3, 8]. However,
the antibacterial activity of ZnO nanostructures is still below
par for practical application as antibiotic due to low reac-
tive oxygen species (ROS) generation because of fast elec-
tron hole pair recombination and large agglomeration in
solution due to surface effects [9]. These drawbacks of ZnO
nanostructures may be overcome by making its nanocom-
posites with other metal oxide having suitable band posi-
tions which will reduce electron-hole pair recombination
rate. SnO, may be the best choice for this purpose because
of its higher electron mobility which will lead to faster
transport of photogenerated electrons and moreover, con-
duction band (CB) of SnO, is more positive than ZnO which
means its CB may act as electron sink for photogenerated
electrons in ZnO [10]. Thus Sn0,-Zn0 composite nanostruc-
tures (CNs) will have lower electron-hole pair recombina-
tion rate. This is why several research groups worldwide
have explored these CNs for photocatalytic and antibacte-
rial applications. Xingkun Liang et al.; reported enhanced
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antibacterial activity of Sn0,-Zn0O composite attributed to
increased ROS production [11]. While S. K. Evstropiev et al,;
associated the improved antibacterial activity of ZnO-SnO,
coatings to microstructural variations caused by addition of
Sn0, to ZnO [12]. Monica Pandey et al.; have concluded in
their study that mixed oxide CNs shows better antibacterial
activities as compared pristine ZnO linked to higher elec-
tronic interactions, but the zone of inhibition (ZOI) reported
for Sn0,-Zn0O CNs is found to be below 10 mm against
various bacterial strains [13]. This suggests that although
Sn0,-Zn0 CNs demonstrates higher antibacterial activity,
but it still needs to be improved. This can be achieved by
combining Sn0,-Zn0O CNs with g-C;N, to make ternary
CNs. Recently these ternary CNs have been reported to have
enhanced photocatalytic activity due to enhanced speed of
electron transfer, lower electron-hole pair recombination
rate, and high specific surface area [14]. As all these three
phenomena play crucial role in antibacterial activity, hence
it is expected that this ternary CNs will have enhanced
antibacterial activity.

2 Materials and methods

2.1 Synthesis of g-C;N,

g-C;N, was prepared by heating urea in muffle furnace at 550 °C for 5 h
at heating rate of 10 °C/min. After cooling it down to room temperature,
solid g—C;N, was obtained.

2.2 Synthesis of ZnO-g-C;N,

For synthesis of ZnO-g-C;N, CNs, 0.5 g of g-C;N, was suspended in
distilled water and zinc nitrate and hexamethylenetetramine (HTMA)
were added to make 0.05 M solution. The pH value of solution was
raised to 8 by adding 1 M NaOH solution drop by drop. Afterwards,
the solution was kept on stirring at 80 °C for 2 h. After 2 h, the solution
was cooled down to room temperature and centrifuged to get the
precipitates. The precipitates were washed three times with distilled
water and dried in electric oven at 120 °C for 5 h. The dried precipitates
were then annealed at 500 °C for 5 h in furnace to get highly crystalline
Zn0O-g-C,;N, CNs.

2.3 Synthesis of Sn0,-Zn0-g-C;N, ternary CNs

Sn0,-Zn0-g-C;N, ternary CNs were prepared by suspending one
g of ZnO-g-C;N, CNs in 100 mL distilled water and tin chlo-
ride and HTMA were added to make 0.05 M solution. After-
wards, a similar procedure was adopted as being used for synthe-
sis of ZnO-g-C;N, CNs. these synthesized CNs were characterized
using X-ray diffraction (XRD), SEM, EDX, and Raman spectroscopy
techniques.
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2.4 Photocatalytic degradation of methylene blue (MB)
dye

The photocatalytic activity of SnO,-ZnO-g-C;N, ternary CNs was mea-
sured under irradiation of natural sunlight. 15 mg of nanoparticles were
added to 50 mL solution of MB dye and kept for 30 min in dark under
constant stirring. After 30 min, the suspensions were illuminated with
direct sunlight. After each interval of 20 min, 2 mL of suspension was
collected and centrifuged for 3 min. Then absorption spectrum was
recorded using UV-visible absorption spectrometer.

2.5 Antibacterial activity

Antibacterial activity of the prepared CNs was evaluated using disc dif-
fusion method. A single colony of Gram-positive Staphylococcus aureus
(S. Aureus) bacteria was cultured by lawn formation method. Then
colloidal suspensions of the prepared CNs, ZnO nanoparticles having
concentrations of 50 pg/mL were applied to agar petri plates. One disc
was placed in culture without presence of nanostructures and named
as control. Finally, these agar plates were incubated at 37 °C for 24 h
and zone of inhibition (ZOI) were measured in millimeters (mm).

3 Results and discussions

3.1 Structural and morphological properties

Structural properties of the prepared ZnO and
Sn0,-Zn0-g-C;N, ternary CNs were investigated through
XRD using Cu k, X-rays having wavelength of 1.54 A in
two theta range of 20-70°. The diffraction pattern of ZnO
exhibited peaks originated from reflections from planes of
hexagonal wurtzite structure of ZnO. Sn0,-Zn0-g-C;N,
ternary CNs diffraction pattern revealed the presence of
peaks related to hexagonal wurtzite structure of ZnO,
tetragonal phase of SnO, and monoclinic phase of g—C;N,
as shown in Figure 1 [15-17]. Positions of some peaks of
hexagonal ZnO and tetragonal SnO, appear at same two
theta values therefore, there is strong possibility of merging
of peaks related to both ZnO and SnO, in two theta range
of 30-40°. The presence of peaks related to ZnO, SnO,
and g-C;N, confirm the formation of ternary CNs. The
intensities of diffraction peaks of ZnO have decreased
significantly in CNs which indicated the decrement in
crystalline quality of ZnO. Moreover, absence of any
impurities related peaks demonstrates the phase purity of
the synthesized samples. Average crystallite size of ZnO
was calculated using Scherer formula given by;

kA
D_ﬂcosé?

where D is average crystallite size, k is shape constant hav-
ing value of 0.89, A is wavelength of X-rays being used,
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Figure 1: XRD patterns of the prepared samples.

p is full width at half maximum in radians, and 8 is the
diffraction angle in degrees. The average crystallite size for
pristine ZnO sample has been calculated to be 23 nm which
is increased to 45 nm for CNs. This agrees well with the
previously reported trend that addition of SnO, leads to
larger crystallite size of ZnO [18].

In addition to XRD analysis, SEM coupled with EDX
was used for morphology and elemental composition of
the Sn0,-ZnO-g-C;N, ternary CNs. Figure 2 shows the
SEM image of CNs revealing the presence of tiny spherical
nanoparticles of SnO, are being coated on the surfaces of
g-C;N, sheets and ZnO nanoparticles having average par-
ticle size of 51 nm. The average particle size obtained from
SEM is very close to the average crystallite size calculated
from XRD results. The EDX spectrum shows the existence
of peaks related to Zn, Sn, C, and O which supports the
claim of ternary CNs as shown in Figure 3. The presence of
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Figure 2: SEM image of SnO,-ZnO-g-C;N, CNs.

M. B. H. Shah et al.: Synthesis of SnO, nanoparticles coated ZnO-g-C;N, composite === 559

peaks related Au is due to Au coating of the sample. Hence,
XRD, SEM, and EDX analysis confirm the formation of phase
pure Sn0,—Zn0-g—C;N, ternary CNs having high degree of
chemical purity.

3.2 Raman study

The structural and vibrational properties of the prepared
nanomaterials were studied using Raman spectroscopy
technique. Figure 4 depicts the Raman spectrum of pure
ZnO and Sn0,-Zn0-g—-C;N, ternary CNs. Number of peaks
in lower wavenumber region can be seen from the Raman
spectrum of pure ZnO positioned at 334.43 cm™, 436.7 cm™,
522.8 cm~!, and 584.33 cm~! which may be assigned to the
vibrations from E,y — Ey, Eqy, Eoy + Ey, and E;*° vibra-
tional modes of hexagonal wurtzite structure of ZnO [19].
The presence of E,; mode associated with oxygen vibration
is the indication of formation of typical wurtzite lattice of
ZnO and its high intensity demonstrate that the prepared
Zn0 sample has greater crystallinity. Moreover, the pres-
ence of E,0 is mostly associated with formation of defects
in ZnO lattice [19, 20]. In higher wavenumber region, only
peak can be seen positioned at 1133 cm~! which arises from
the contribution of 2A,° and 2F,"° modes at I" point of
the Brillouin zone [21]. When we look at Raman spectrum
of CNs, all the peaks associated with vibrational modes of
hexagonal ZnO disappeared and only one broad peak is
present at wavenumber of ranging from 638 to 687 cm™.
It is previously reported that peak positioned at 638 cm™!
is assigned to A;, mode of Sn0, [22]. While usually Raman
forbidden band appears at 693 cm~! for nanoparticles of
SnO, due to their high surface area [22]. The appearance of
this broad peak may be due to the combination of these two
bands. The absence of ZnO vibrational modes in CNs may
be justified due to the fact that SnO, is coated on the surface
of ZnO which leads to suppression of its modes. Previously,
similar results were reported for carbon coated zinc ferrite
nanoparticles [23].

3.3 Photocatalytic and antibacterial activity

The photocatalytic degradation ability of the synthesized
ternary CNs was evaluated towards MB dye in aqueous solu-
tion under natural sunlight. Figure 5 shows the absorption
curves of MB dye recorded at different times of exposure to
sunlight in the presence of Sn0,—-Zn0-g—C;N, ternary CNs.
It is evident from this figure; absorption intensity gradually
decreases with increase in exposure time. This decrease
in intensity of absorption peak exhibits the degradation of
MB dye in the presence of ternary CNs. SnO,-Zn0O-g—CsN,
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Figure 3: EDX spectrum of CNs.
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Figure 4: Room temperature Raman spectra of ZnO and
Sn0,-Zn0-g-C3N, CNs.

ternary CNs. The degradation efficiency of the synthesized
ternary CNs was evaluated by formula.

CO_C

0

D% = X100

where D% is the degradation efficiency, C, is initial
concentration after equilibrium, and C is concentration
at any given time. It is evident from Figure 6 that
Sn0,-Zn0-g-CsN, ternary CNs have better efficiency of
84.5 % than that of pure ZnO (51 %) under sunlight irra-
diation for 120 min. The conduction band (CB) potential of
g-C5N, is more negative than CB potential of both ZnO and
Sn0, which makes it feasible that electrons will transfer
from g-C;N, to oxide semiconductors [14]. This will reduce
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Figure 5: Evolution of MB dye absorption spectra in the presence of CNs.

electron-hole pair recombination rate thereby leading to
enhanced photocatalytic degradation of MB dye. The elec-
trons will interact with dissolved oxygen and form super-
oxide anion radicals while holes will interact with water
and create hydroxyl radicals on the surface of ternary CNs.
These produced radicals will degrade MB dye by oxidizing
its molecules due to their strong oxidative nature.

Finally, antibacterial activity of the synthesized
Sn0,-Zn0-g-C;N, ternary CNs was evaluated against
Gram-positive S. Aureus bacteria. The prepared CNs have
produced ZOI of 23 mm which is 7 mm greater than that
created ZnO (16 mm) as shown in Figure 7(b) and (o),
respectively. Moreover, the observed value of ZOI for
Sn0,-Zn0-g—-CsN, ternary CNs is much greater than those
previously reported for mixed oxides of ZnO and SnO, [12,
24, 25]. Figure 7(a) is a control sample without presence
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Figure 6: Photocatalytic degradation efficiency of ZnO nanoparticles and
Sn0,-Zn0-g-C5N, ternary CNs.

of nanoparticles. The synthesized SnO,-ZnO-g-C;N,
ternary CNs has remarkably enhanced antibacterial
activity as compared to ZnO. This enhanced antibacterial
activity of the synthesized ternary CNs may be linked
to various factors. It is plausible to assume that the
ternary CNs may have strong electronic interaction in
cooperative manner leading to rupturing or distortion
of bilayer membrane of bacterial cells more effectively
than ZnO [13]. As it is previously reported that SnO,
addition to ZnO leads stronger interaction with positively

2022.06.30 13}

Figure 7: ZOI results obtained for (a) control, (b) ZnO nanoparticles, and
() Sn0,-Zn0-g-C;N, ternary CNs.
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charged biomolecules at the cell surface of Gram-positive
bacteria [26]. The other plausible reason for enhanced
antibacterial activity of ternary CNs may be associated
with enhanced ROS production which is also evident from
photocatalytic experiments. These generated ROS restrain
the biological processes in bacteria and causing their death.
Hence, the remarkably enhanced antibacterial activity
of Sn0,-Zn0-g-C3N, ternary CNs may be attributed
to strong electrostatic interactions between CNs and
positively charged surface of bacteria and enhanced ROS
production.

4 Conclusions

In conclusion, ternary CNs of Sn0O,-ZnO-g-C;N, were
successfully prepared via a simple wet chemical method.
The structural, morphological, vibrational, photocatalytic,
and antibacterial characteristics were comprehensively
investigated by XRD, SEM, Raman, UV-visible absorp-
tion spectroscopy and agar disc diffusion method. The
prepared ternary CNs have shown enhanced photocat-
alytic degradation efficiency towards MB dye compared to
pure ZnO which was attributed to reduced electron-hole
pair recombination rate due to better separation. More-
over, Sn0,-Zn0-g-C3N, ternary CNs have produced ZOI
of 23 mm which is larger than previously reported for
Sn0,-Zn0 CNs. Hence, these CNs may have potential appli-
cation for degradation of organics in water and antibacte-
rial agents.
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