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This study was conducted to evaluate the photocatalytic applications
and the cytotoxicity effects of Ag-Se doped Zn0-Co304-NiO fivenary
nanocomposite synthesized using polyanionic cellulose (PAC) polymer
as a stabilizer agent. Several procedures such as XRD, FESEM, FTIR, EDX,
PSA, and UV-Vis were applied to investigate synthesized
nanocomposite. Consistent with the FTIR spectrum, chemical bonds
were seen in the structure of the nanocomposite which approved the
successful synthesis of them. The XRD pattern of the synthesized
nanocomposite revealed sharp diffraction peaks with high crystallinity,
and pure phases of Se, Ag, ZnO, NiO, and Co304 were approved with XRD
analysis. FESEM/PSA images indicate that nanocomposite was
synthesized with an average size of 23-49 nm and relatively uniformly
distributed, in addition, it has a spherical morphology. The synthesized
nanocomposite exhibited excellent photocatalytic activity to methyl
orange (MO) dye degradation under a UVA light source. The
degradation rate of nanocomposite reached 99% within 80 min. The
kinetic studies indicate that the degradation of MO dye follows a first-
order kinetic model. The cytotoxicity of the nanomaterial was assessed
on normal mouse fibroblast NIH3T3 and cancer mouse melanoma
B16F0 cell lines with the MTT assay. The results of the MTT test
revealed significant cytotoxic influences on cancer B16F0 cells (ICso
value = 258.5 pg/mL) in comparison to normal cells.
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GRAPHICALABSTRACT

Y

Poly Anionic Cellulose

= Ni(NO,),.6H,0 (25 mL, 0.25 M)

i Zn(NO,),.6H,0 (25 mL, 0.25 M)
X co(NO,),.6H,0 (25 mL, 0.25M)

AgNO, (25 mL, 5%)

—{ o } SO —: __ Na,Se0; (25 mL, 5%) 120 = Normal L929 cell line - 48 h
&_Mi\ \ A4 Cancer B16FO cell line - 48 h
. : E ~
Poly Anionic Cellulose Mixed - ¢ X 80
(0.2 g, PAC)/H,0 Solvent . >
15h-60°C S
S a0
Ag and Se dual 3h-500°C 10h-70°c B ,’ 0
doped ZnO- ({.@\ c,?;” RO I i .,@Q
C0,0,-NiO-NCPs s Y C‘” tration (ug/mL
Calcinated Dried M(OH) s oncentration (pg/mL)
2
0,
@ % 99 (b)
. i 98.2
B 10y Methyl Orange 109 G .
g7
hifp € |
° . v = 1 |
oty 'l W
% & ! “ | / | |
& g1 _/ |
3 | |
o H,0 z ; ‘ '
‘OH \ 2 60 + 1@ 1 %
PANGN H, 0 CO, Runs
Introduction [6,7]. MOs with nanostructured morphologies are

Industrial effluents and wastewater generated
from organic dye usage are typically toxic to
aquatic organisms and humans [1]. Therefore,
the efficient and environmentally friendly
removal of dyes from wastewater is of utmost
importance for clean production practices.
Conventional treatment methods for organic dye
expensive, time-consuming,
prone to secondary pollution, and often result in
incomplete degradation [2]. In this regard,
photocatalytic technology offers a promising

wastewater are

solution for the more effective degradation of dye
wastewater. Among the various photocatalysts,
metal oxides have garnered attention due to their
properties
inertness,

desirable such as non-toxicity,
and durability [3-5]. To

enhance the photocatalytic activity of metal

chemical

oxides, several methods have been extensively

investigated, including compounding, noble
metal deposition, and doping with metal and
non-metal ions. Metal oxides (MOs) play an
important role in various fields of science, such

as chemistry, physics, medicine, and engineering

widely studied due to their remarkable optical
[8], chemical [9], and photocatalytic properties
[10-12]. It is also known that these properties
depend on both the morphology and the size of
the nanoparticles. However, the processes for
controlling particle morphology and size are
often complex and expensive [13]. Morphological
diversity is one of the remarkable features of
NCPs which formed 0 to 3D nanoparticles [14],
nanowires [15], nanofibers [16], nanorods
[17,18], and nanosheets [19]. It was found that 1-
D structures are excellent for gas sensing
applications due to their high surface-to-volume
ratio [20], while 2-D structures, along with gas
sensing devices, are more suitable for
constructing supercapacitors and other devices
[21]. Although pure nanocomposites
numerous applications,

different metals can improve their properties

have
doping them with

and make them suitable for many other potential
applications [22]. As is well-known, doping is the
process of introducing impurities
semiconductor to modify its conductivity or
properties. found that doping of

into a
It was
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nanocomposite can be performed with different
elements such as Se and Ag. Se is a practical
method for modifying its optical properties and
Silver (Ag) is another metal that could be used
for doping nanocomposite due to its high
solubility and large ion size [22]. In addition, Ag
and Se ions can act as acceptors when doped
with Zn0-Co304-NiO nanocomposite due to their
excellent properties and potential for easy
substitution.

In this study,
presented for the synthesis of Ag/Se doped ZnO-
Co0304-NiO fivenary nanocomposite using PAC
polymer as a stabilizing agent [23]. This method
has some advantages including simplicity,
environmental compatibility, high-
purity precursors, and the production of minimal
by-products. Moreover, the Ag/Se doped ZnO-
Co0304-NiO fivenary nanocomposite
prepared at low temperatures without the use of
harmful chemicals [24]. Although research has
been conducted on the synthesis method and
photocatalytic effect of nanocomposites, there is
no report on the use of PAC polymer as a
reducing agent for the synthesis of
nanocomposite [7].

After synthesis, the Ag-Se doped Zn0-Co0304-NiO
fivenary nanocomposite was characterized with
FT-IR, FESEM, XRD, PSA, EDX, and UV-Vis
analysis. In continuation, the nanocomposite
cytotoxicity was evaluated on normal mouse
fibroblast NIH3T3 and cancer mouse melanoma
B16F0 cell lines usage of the MTT assay. In
addition, the synthesized nanocomposite was
used as a photocatalyst in methyl orange (MO)
degradation under UVA irradiation. So far, no
other study has been done on the biosynthesis of
Ag/Se doped Zn0-Co0304-NiO fivenary
nanocomposite via PAC polymer, which can

an eco-friendly route was

low-cost,

can be

express the innovation and originality of this
study.

Experimental
Reagents

Polyanionic cellulose (PAC), Sodium hydroxide
(NaOH, 98%, Merck), Ni(NOs3)2. 6H20, Zn(NO3)-.

6H,0, Co(NO3). 6H20, Na;SeOs, AgNOs3 (= 99%),
and methyl orange (C14H14N3NaO3S) were bought
from Sigma or Merck companies. All chemicals
were used without further purification. The
normal mouse fibroblast NIH3T3 and cancer
mouse melanoma B16F0 lines were prepared of
the Pasteur Institute, Iran.

Preparation of Ag/Se Doped Zno-Co304-Nio

Fivenary Nanocomposite

In this study, the Ag/Se doped Zn0-Co0304-NiO
fivenary nanocomposite was synthesized using
the eco-friendly method. Initial, solutions of
Ni(NO3)2. 6H20 (25 mlL, 0.25 M), Zn(NO3)2. 6H20
(25 mL, 0.25 M), and Co(NO3),. 6H20 (25 mlL,
0.25 M) salts were prepared separately, and then
the solution of the salts was mixed and stirred at
room temperature for 15 min (A). Afterwards,
the prepared solutions of AgNO3z (25 mL, 5%)
and NaSeOz (25 mL, 5%) were added to A
solution and stirred for another 15 min (B).
Thereafter, 0.2 g of polyanionic cellulose (PAC)
polymer was dissolved in deionized water to
obtain the PAC solution (C). Next, 30 mL C
solution was added to the B solution and the
resulting mixture was stirred at 60 °C for 15 h.
The collected gel was placed in the oven at 70 °C
(10 h) and then calcinated at 500 °C (3 h) to
achieve Ag/Se doped Zn0-Co304-NiO fivenary
nanocomposite [25,26]. The preparation plan of
the nanomaterial is exhibited in Figure 1.

Characterization

The characterization of Ag/Se doped Zn0-Co0304-
NiO fivenary nanocomposite was done with
numerous studies. The chemical bonds presence
in the synthesized sample was approved via FTIR
analysis. The optical properties of nanomaterials
using UV-Vis  analysis.
FESEM/EDX device was employed to assess the
morphology of the synthesized nanomaterial.

were examined

The determination of the phase and crystal
structure of nanomaterial was assessed using the
XRD pattern.
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Statistical Analysis

The Prism® software and ANOVA test were used
for the investigation results of the MTT studies.

Poly Anionic Cellulose
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The p-value < 0.05 was considered significant.
Also, Image ]® software and IBM SPSS 22@
software were applied to the dragging of particle
size distribution curves
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Figure1l: Synthesis plan of the nanocomposite

Cell Section
Culture of Cell

After DMEM media preparation with FBS
(10%)/antibiotic (1%), normal NIH3T3 and
cancer B16FO0 cell lines were posited for 24 h on
the 96-well plate to stick to the bottom of the
well under incubation conditions of 37 °C and 5%
CO2.

Cytotoxicity

The cytotoxicity of Ag/Se doped Zn0O-Co304-NiO
fivenary nanocomposite was assessed on the
normal mouse fibroblast NIH3T3 and cancer
mouse melanoma B16F0 cell lines through MTT
assay [27,28]. Cells were initally posited on the
96-well plate (7x103 cells in each well) to stick to
the bottom of each well under incubation
conditions of 37 °C and 5% CO; for 24 h. Next, the
cells were treated with several concentrations of
nanomaterial (0 and 1000 pg/mL) for 48 h. In the

continuing, the MTT solution (50 uL, 5.0 mg/mL)
was added to every well and incubated for 4 h.
Afterwards, 100 pL of dimethyl sulfoxide (DMSO)
was appended to each well and shaken for 15
min to dissolve formazan crystals. In the final, the
absorbance was measured at 630 nm and the cell
survival was calculated usage of Equation (1).

The cytotoxicity tests were performed in
triplicate.

. Ag
Cell survival (%) = 7% 100 (D

c
Where A; indicates the treated sample and A,
denotes the control group. The outcomes of the
MTT assay (Figure 2) showed dose-dependent
toxicity of nanocomposite on cancer B16FO0 cells
contrasted to normal NIH3T3 cells. The ICso value
showed that nanocomposite can inhibit cancer
cells after 48 h in a concentration of 258.5
ug/mL. Also, outcomes revealed that synthesized
nanomaterials can prevent the growth of cancer
cells in a dose-dependent behavior, but no
inhibition effects were observed on normal

NIH3Ts3 cells.
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Figure 2: Result of the MTT assay on mouse fibroblast NIH3T3 and mouse melanoma B16F0 cell lines after 48 h,
P-value <0.05 is considered significant (n = 3)

Photocatalytic Application
Assessment of Photodegradation

According to the details designated elsewhere, an
MO photodegradation test was conducted

(a)
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o
=)

0.3 -

Absorbance (a. u)

Wavelength (nm)

Ln (C/C,)

300 400 500 600

[29,30]. The photocatalytic degradation of the
nanocomposite was examined for 80 min, and
the outcomes are presented in Figure 3a.
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Figure 3: UV-Vis results for photocatalytic test (a) and kinetic chart for MO photodegradation (b)

The photocatalytic degradation test was carried
out using a hand-made photocatalytic reaction
device to investigate the photocatalytic activity of
nanocomposite to the degradation of MO
pollutant under UV light (20 W, 365 nm)
irradiation. The synthesized photocatalyst was
added to 50 mL of MO solution with a
concentration of 10 mg/L (pH = 9). A blank
control was also prepared using the same
concentration and volume of MO but without the
photocatalyst. The photocatalyst and the MO
solution were mixed well, and then the mixture
was placed in a dark treatment for 40 min to

establish an adsorption equilibrium between the
photocatalyst and MO solution. Afterwards, the
UV light source was turned on, and the 2 mL
suspension of the mixture was centrifuged every
20 min. The absorbance was measured
employing a UV-Vis device at the wavelength of
464 nm. The degradation percentage of the MO
was computed with Equation 2, which was
offered about 99% after 80 min.

Ag—A¢
A

X 100 2)

Degradation (%) =
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Where, A, indicates time t sample and A, denotes
the pre-radiation sample. It was observed that
exhibited significant
photocatalytic degradation performance. These
findings highlight the high photocatalytic activity
of nanocomposite, indicating the useful effect of
Ag and Se doping in easing the degradation of MO
dye. Based on previous reports, the degradation
process of MO dye by the photocatalyst follows
the primary reaction kinetic model (Equation 3).

nanocomposite

Ln (3) = Kot 3)

Co

Where, Co point is the initial concentration of MO
dye, C:; is the residual concentration of MO
(mg/L) after t min of UV irradiation, and k is the
reaction rate constant (mint). The catalyst's
activity can be investigated based on the amount

hv (UV) + Nanocomposite > Nanocomposite* + h* + e~

H,0 +h* - H* + OH’
0, +e” - 05

MO + OH’ — Oxidation
MO + 05~ - Reduction

of rate constant (Kops). The findings (Figure 3b)
showed that the nanocomposite follows the first-
order kinetic model with a Keps value equal to
0.0247 min-t,

According to the mechanism of photocatalytic
activity (Figure 4 (a)), it is known that with UV
light irradiation to the catalyst surface, a large
number of superoxide and hydroxyl radicals (°03;
and OH°) will be generated due to the catalytic
effect of the nanocomposite. The °0; and OH’
radicals have strong oxidizing properties, so they
will react with MO dye to oxidize it to decompose
into CO2, H20, etc. The hydroxyl radicals and
superoxide radicals will continue to degrade,
until turning the MO dye into non-harmful
ingredient combinations. The reactions of MO
dye photodegradation are exhibited below
(Reactions 1 to 5).

ey
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(3)
4)
(5)
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Figure 4: Photodegradation mechanism of methyl orange dye (a) and recovery of nanocomposite (b)
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Moreover, the reusability of a catalyst plays an
important role in its experimental applications.
After a thorough examination of their
photocatalytic performance, the Ag/Se doped
Zn0-Co304-NiO fivenary nanocomposite
underwent separation via centrifugation (10 min,
10,000 rpm), followed by a washing process
involving distilled water and ultimately, drying at
70 °C for 12 h. As evidenced by Figure 4(b), the
resultant nanocatalyst was utilized on multiple
occasions, with a slight reduction in degradation
percentage observed due to the solubility of
nanocomposite in the water solvent [35,36].

Results and Discussion
XRD

As demonstrated in Figure 5, the XRD pattern of
the Ag/Se doped Zn0-Co0304-NiO fivenary
nanocomposite confirmed pure phases of Se, Ag,
Zn0, NiO, and Co304 with crystallite structures.

The XRD pattern reveals sharp diffraction peaks,
indicating the high crystallinity of the sample. No
additional peaks were observed in the calcined
sample, which indicates the high purity of the
product. The detected patterns match well with
the standard card #JCPDS#36-145, approving the
hexagonal structure of ZnO. These diffraction
peaks appear at 20 of 31.96, 34.65, 36.44, 47.70,
56.73, 63.09, 66.53, 68.26, and 69.39°, which
matching the crystallographic planes of (100),
(002), (101), (102), (110), (103), (200), (112),
and (201), respectively [31,32]. The XRD peaKks,
detected at 26: 36.93, 42.82, 62.6, 75.3, and 79.2°,
were related via (111), (200), (220), (311), and
(222) crystal planes that cubic crystalline
structure (FCC) of NiO. The XRD peaks detected
at 20: 19.3°, 31.2°, 36.8°, 44.8°, 59.3° and 65.2°
are correlated to the (111), (220), (311), (400),
(511), and (440) crystal planes which confirmed
face-centered cubic (FCC) structure of C030..

1000
NiO +
I+ ZnoO
800' Se
_— Ag +
= Co 04 4
= 6004 e
3.
=
§ 400 +
= + +
+ ++7
200 4 + S +
+
0 T T T T
10 20 30 40 50 60 70 80

2 Theta (degree)

Peak List |

01-087-0717; Ag; Cubic |

01-071-1179; Ni O; Cubic

01-085-0569; Se; Hexagonal |

01-080-0075; Zn O; Hexagonal

00-043-1003; Co3 04, Cubic

Figure 5: XRD of the nanocomposite

The XRD peaks revealed the cubic structure of Ag
at 20: 38.25° 44.41°, 64.55° and 77.60° which
are in accordance via (111), (200), (220), and
(311) planes [33,34]. The peaks observed at 26:
23.02°, 31.49° 44.40°, 45.80° and 56.0°
correspond to (100), (101), (012), and (110)

planes that are indicative of the hexagonal
structure of Se [35,36]. The size of the
nanocomposite was computed through Equation
4, which was about 33 nm.
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kA

D (nm) = B cos 6

4)

Where,

D = Particle size (nm)

A =0.154 nm and  represents the FWHM (rad)
0 = Angle (degree).

FTIR

To examine the chemical structure and type of
bonds, the FT-IR spectrum of Ag/Se doped ZnO-
C0304-NiO  fivenary = nanocomposite  was
presented in the range of 400 to 4000 cm
(Figure 6(a)). According to the comparison table
of functional groups in the infrared spectrum, the
range of 3351 to 3528 cm?! shows wide
absorption peaks, which may be owing to the
free and bonded hydroxyl groups. The O-H
stretching vibrations of the H,0 molecules were
seen as a strong band at 3426 cm-L. The observed
band at 2354 cm! is due to CO; molecules in the
air. The strong absorption peak exists at 1621
cm-l, which may be the characteristic peak of O-H
bending vibrations of the water molecules.
Furthermore, the bands that were seen in the

100

(a)

Transmittance (%)
un ~J
(=] v

N
v

0 L] L] L] Ll L]
4000 3400 2800 2200 1600 1000
Wavenumber (cm-?)

400

range 400 and 1000 cm-! can be attributed to the
stretching vibrations of the metal-oxygen (M-0)

bonds. Therefore, based on the infrared
absorption spectrum, it is found that
nanocomposite was successfully synthesized
[25,26].

UV-Vis/Bandgap

UV-Vis spectra of Ag/Se doped Zn0-Co304-NiO
fivenary nanocomposite are presented in Figure
6(b). The absorption band that appeared at the
wavelength of 316 nm is attributed to ligand-to-
metal charge transfers (LMCT). The absorption
bands in UV areas could also be owing to the
electron move of the valence band to the
conduction band. As a consequence, electron-
hole recombination reduces, and oxidizing
radical creation rises which leads to increasing
photoreaction performance. Using the data of the
UV-Vis spectrum, the graph of (ahv) in terms of
hv drawn, and the band gap energy was obtained
from the point of intersection of the tangent line
on the curve with the horizontal axis.

0.6
b
(b) v
Amax = 316 nm 3
o
0.45 - = 60 -
o
S 30
g 2
£ B Eg=2.71eV
28 03 (I TN
I
=]
wi
o
<
0.15 4
0 : ; : ; ;
240 340 440 540 640 740

Wavelength (nm)

Figure 6: FTIR analysis (a) and UV-Vis/Bandgap spectra (b) of the nanocomposite

Equation (5) was used to obtain the band gap
energy of the nanocomposite. The band gap
diagram of the nanocomposite is presented in
Figure 6(b). The amount of band gap energy
calculated was equal to 2.71 eV [37,38].

(ahv)™ = A(hv - Eg) 5)

Where,

hv (eV) = Photon energy

a = Absorbance coefficient

A = Constant and n = 2 for direct transmittances
and n = 0.5 for indirect transmittances.
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FESEM/EDX/PSA

The morphology, size, and elements distribution
fivenary

of Ag/Se doped Zn0O-Co304NiO
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nanocomposite was investigated through
FESEM/EDX/PSA images and the results are
presented in Figure 7(a-g).
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Figure 7: FESEM images (a-c), PSA curves (d-f), and EDX analysis (g) of the nanocomposite

The results show that the nanocomposite was
synthesized with high purity. FESEM images
(Figure 7(a-c)), indicate that nanocomposite was
synthesized with small particle size, relatively
uniformly distributed, and completely developed
crystals, and also has a spherical morphology.

The size average of the nanocomposite was found
to be about 23 to 48.5 nm using the PSA curves
(Figure 7(d-f)). The particle size distribution is
consistent with the obtained results of the XRD
pattern. To know the quantity and nature of the
elements used, as well as the amount of element
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dispersion in the synthesized sample, the
nanocomposite was analyzed by the EDX
technique. As shown in Figure 7(g), clear six
elements of O, Se, Ag, Ni, Co, and Zn were
detected in the synthesized sample, and the
weight and atomic percentages of the elements
were inserted in Figure 7(g) [39,40].

Conclusion

In this study, Ag/Se doped Zn0-Co304-NiO
fivenary nanocomposite prepared via
polyanionic cellulose (PAC) polymer with the
green chemistry method. Different analyses
showed that the synthesized nanocomposite has
good uniformity and dispersion. The FESEM
images showed that these particles have a
spherical morphology with uniformity
distribution. The cytotoxicity  of  the
nanocomposite was assessed on NIH3T3 and
B16F0 cell lines with the MTT test. The results
revealed significant cytotoxic influences on
cancer B16F0 cells (ICsp = 258.5 pg/mL) in
comparison to NIH3T3 The
synthesized nanocomposite exhibited excellent
photocatalytic activity to MO dye degradation
under a UVA light source and the degradation
rate reached 99% within 80 min. The
experimental that  the
degradation of MO dye follows a first-order
kinetic model. This study provides a valuable
reference and offers solutions to enhance the
practical application of photocatalytic materials
for wastewater degradation. Concerning the high
efficiency of the photocatalytic process, we
recommend utilizing this method for the removal
of pollutants in water and wastewater treatment

was

normal cells.

results indicate

processes.
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