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Abstract

In this study, NiO nanosheets have been manufactured using a co-precipitation approach that involved the usage of nickel
nitrate (Ni (NO;),.6H,0) as the raw material and tragacanth in the role of a stabilizing agent. NiO nanosheets have been
fabricated through the reduction of nickel nitrate solution that had been obtained by the application of aqueous extract of
tragacanth, which is capable of functioning as a reducing and stabilizing agent. In the following, the physical and chemical
properties of tragacanth-stabilized NiO nanosheets have been identified via FESEM, EDS, XRD, UV—-Vis, and FT-IR tech-
niques. According to the XRD pattern, these particular nanosheets have contained a cubic structure and group space Fm3m,
along with the average size of about 18 to 43 nm that had been in agreement with the FESEM measurements. In addition,
we have evaluated the photocatalytic activity of tragacanth-stabilized NiO nanosheets on the degradations of methylene
blue (MB) and methyl orange (MO) dyes. The performed photocatalytic assessment has displayed that the nanosheets can
degrade 82% of MO within 210 min and 60% of MB in 300 min. The cytotoxicity of tragacanth-stabilized NiO nanosheets
on human Glioblastoma cancer (U87MG) cell lines has been investigated via the MTT assay, while it has been detected in
the obtained results that the inhibitory concentration (ICs,) had been 125 pg/mL.
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Introduction capability of nanoscale substances in displaying different
physical and chemical properties is quite different than their
bulk material [2]. Among the various nanomaterials, metal-
lic oxides have attracted a lot of attention in terms of envi-
ronmental and medical applications [3-5], which is due to
their interesting optical, magnetic [6], electrical, and photo-
catalytic properties [7], as well as the general qualities such
as mechanical resistance, thermal stability, and chemical
features [8]. Next to having a long history, photocatalytic
processes have been used for many years as one of the envi-
ronmental solutions throughout the industrialized countries
[9, 10]. In the meantime, new photocatalytic materials with
various properties are introduced daily to the market and put
into utilization. In this study, NiO nanosheets have been uti-
lized as photocatalyst to remove the organic pigments from
aqueous environments [11]. Due to their high surface-to-
volume ratio, NiO photocatalysis with high photocatalytic
properties stands as one of the key technologies that are

Throughout the last decade, nanostructured materials have
attracted the attention of many considering their attractive
and unique properties as well as their superior applications
compared to their non-nano counterparts [1]. The impor-
tance of nanostructured materials relies on the fact that the
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used in controlling the environmental pollutions [12, 13].
This technology can be extensively used to control the pol-
lution of water treatment systems, wastewater, and air while
providing a healthy environment by eliminating the chemical
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contaminants [14]. As an effect of UV light irradiation on
NiO nanosheets, the formation of an electron—hole pair has
been observed throughout the photocatalytic process [15].
Throughout a reduction reaction, electrons react with O,
molecular and produce superoxide anion radicals (*O,"),
while in the course of an oxidative reaction, the produced
holes with H,O molecules result in the production of “OH
radicals. Next to being very energetic and reactive, these
radicals (*OH, *O,") can also react with organic compounds
and various pollutants and lead to their decomposition [16].
Due to the breakdown of organic compounds’ bonds and
their decomposition, their toxic and hazardous properties
have disappeared, which had resulted in the manufacturing
of products that are far less dangerous and non-toxic than
raw materials. In this paper, natural materials such as tra-
gacanth have been used to synthesize NiO nanosheets since
they have proved to be less dangerous for human health.
Tragacanth is a dried gum discharge that is procured from
several plant species and is known to be biodegradable and
non-toxic. This material stands as a good base for the syn-
thesis of NiO nanosheets [17]. Tragacanth is considered as
a complex mixture of branched heteropolysaccharides that
can be hydrolyzed in aqueous medium to various organic
substances such as fucose, arabinose, galactose, xylose, and
galactronic acid. Hydrolysis materials can be easily involved
in the process of nuclearization and the growth of nucleus
in solution, as well as functioning in the roles of capping
and stabilizing agents [18, 19]. Considering their advantages
such as simplicity, ease of growth, availability, flexibility to
temperature, and pH, the utilization of polymeric and natural
materials as reducing agents has turned green synthesis into
a reliable and efficient method [20]. The green synthesis of
nanosheets is a sustainable way in the field of chemistry and
biotechnology that can be considered as a solution for the
global problems of pollution and toxicity [21-23]. In regards
to the synthesis of nanosheets, there has been a great deal of
reported research on biosynthesis that involves the usage of
plant extracts [24], fruit extracts, enzymes, polymeric mate-
rial, fungi, and bacteria. Moreover, various procedures are
applied for the production of NiO nanosheets that include
sol—gel [25], microwave [26], ultrasonic, and co-precipita-
tion [27]. Although the synthesis of NiO nanosheets have
been carried out many times throughout the last decade,
yet the exact mechanism of synthesis is still being investi-
gated. Furthermore, finding the suitable polymer material
that would be capable of synthesizing nanosheets in differ-
ent sizes and shapes with high yields is also a challenge. In
this research, we have reported the synthesis of tragacanth-
stabilized NiO nanosheets through a co-precipitation method
for the first time, while the utilized raw materials for this
synthesis have been quiet inexpensive and included nickel
salt, ammonia, and tragacanth-stabilized. This method has
been observed to be faster than other procedures and because
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of its non-solvent use, it has been labeled as a green and
environmentally friendly technique. In this research, we have
examined the cytotoxicity effects of tragacanth-stabilized
NiO nanosheets on human glioblastoma cancer (U87MG)
cells lines. Glioblastoma is an invasive tumor that is related
to the central nervous system and is a common name for a
type of brain tumor, while U87 (Uppsala 87) is known to
be a human primary glioblastoma cell line [28, 29]. As a
famous p-type semiconductor material, tragacanth-stabilized
NiO nanosheets have a great potential for being utilized in
catalysis and photocatalyst. Hence, the goal of this research
was to synthesize tragacanth-stabilized NiO nanosheets
through a co-precipitation method, and in the following, we
have exhibited their application in investigating the cyto-
toxicity effects of these nanosheets on human Glioblastoma
cancer (U87MGQG) cells lines via the MTT method. Also, we
have evaluated the photocatalytic activity of tragacanth-
stabilized NiO nanosheets on degradation methylene blue
(MB) and methyl orange (MO) dyes. The photocatalytic
assessment has displayed that tragacanth-stabilized NiO
nanosheets can degrade 82% of MO within 210 min and
60% of MB in 300 min.

Experimental section
Materials

To perform the experiments of this study, nickel (I) nitrate
[Ni(NO;),.6H,0] salt has been purchased from Merck,
China, and used as the precursor for the synthesis of NiO
nanosheets, ammonium hydroxide (NH,OH) has been pro-
cured from Sigma-Aldrich and tragacanth that functioned
as the stabilizing agent has been collected from North Kho-
rasan Province. The tragacanth specimen has been powdered
using a mill and dissolved in distilled water. Then, the sus-
pension has been kept for one day to obtain a complete water
uptake.

Green synthesis of NiO nanosheets

To begin the preparation of NiO nanosheets, 7.26 g of (Ni
(NO3),.6H,0) has been dissolved in 50 mL of water solvent
and stirred for 30 min. Simultaneously, 1.0 g of tragacanth
has been dissolved in 50 mL of distilled water and stirred
at 60 °C for 90 min until a clear and colorless solution had
been obtained. Then, we have slowly appended nickel nitrate
solution to the mixture of tragacanth. In the following,
ammonium hydroxide solution (NH,OH, 2.0 M) has been
added in a drop-wise manner to the previous solution until
the pH had been observed to reach around 9. The NH,OH
has functioned in the role of a precipitating agent and caused
the formation of green sediment. The obtained powder has
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been filtered and washed several times via distilled water and
after that, had been dried at 120 °C for 12 h and calcined for
2 h at the temperatures of 300, 400, 500, and 600 °C, which
is included as the following Eq. 1. Figure 1 demonstrates a
schematic plan of NiO nanosheets biosynthesis.

Ni(OH), — NiO + H,0 N

Photocatalytic test of tragacanth-stabilized NiO
nanosheets for MB degradation

The photocatalytic experiment of synthesized tragacanth-
stabilized NiO nanosheets has been examined regarding
the degradation of methylene blue (MB) and methyl orange
(MO) dyes. For this matter, 74 mg of tragacanth-stabilized
NiO nanosheets have been immersed in a 100 mL solution
that contained 3 mg (pH 9) of MB, and as the solution was
being stirred, it has been exposed to the irradiated UVA
(11 W) light. To determine the amount of dye degradation,
2 mL of the solution has been removed every 30 min while
taking the UV-Vis spectrum, which had been repeated for
up to 300 min. In all of the cases, the volume of the solution
has been kept constant.

<
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Fig. 1 Schematic plan the biosynthesis of NiO nanosheets
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Results and discussion

Characterization of tragacanth-stabilized NiO
nanosheets

Different analyzes are used to identify and confirm the
synthesis of tragacanth-stabilized NiO nanosheets. The
powder has been measured by FT-IR spectra (FT-IR
8400-SHIMADZU made in Germany) to identify the exist-
ing bonds and functional groups throughout the range of
4000-400 cm™'. To prepare the sample for this analysis, the
synthesized powder has been mixed with KBr in a ratio of
1:100 and then applied to the device in the form of a tablet
while being positioned in the path of the beam for measure-
ment. The XRD analysis (D8-Advance Bruker made in Ger-
many) has been carried out through the usage of Cu K, radia-
tion (k=1.5418 A) in the Bragg range of 80> 26> 10, which
had been performed to determine the phases and detect the
crystalline structure of nanosheets. The morphology of tra-
gacanth-stabilized NiO nanosheets has been ascertained by
FESEM and EDX analyzes (TESCAN BRNO-Mira3 LMU
made in Germany). We have coupled the FESEM images
with EDX analysis for morphological purposes and to deter-
mine the constituent elements and purity of biosynthesized
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NiO nanosheets as well. Moreover, the optical properties
of tragacanth-stabilized NiO nanosheets have been investi-
gated through the means of UV-Vis spectroscopy (UV-Vis
2550-SHIMADZU Made in the USA). For this purpose, the
synthesized powder has been initially dispersed uniformly
in deionized water by ultrasonic device and then, the syn-
thesized powder has been identified in terms of absorption
spectrum at 200-800 nm.

Investigation photocatalytic activity
of tragacanth-stabilized NiO nanosheets

The photocatalytic process contains a vital functionality in
the cleansing of polluted water. In this respect, NiO has been
applied as the photocatalyst for the degradation of methylene
blue (MB) and methyl orange (MO) dyes under UVA light
irradiation [30, 31]. In the presence of UVA (11 W) light
irradiation, it is quite challenging to decompose MB dye
without a catalyst, as it is proved in Fig. 3a. However, the
photocatalytic degradation of MB dye has been detected in
the presence of NiO nanosheets by photon absorption. The
schematic mechanism of photocatalytic degradation of MB
and MO dyes are presented in Fig. 2.

Also, electron—hole creation is a powerful instrument
to oxidize/reduce organic pollutants (MB and MO dyes)
[32-34]. In this process, water molecules are adsorbed on
the NiO surface and trapped in the hole, causing hydroxyl
radicals with oxidation. Besides, anionic superoxide radicals
are produced by oxygen molecules [35]. Also, OH and ani-
onic superoxide radicals are degraded by organic dyes dye
to H,0, CO,, and SO,

The photocatalytic activity diagram of tragacanth-sta-
bilized NiO nanosheets to MB dye decomposition is pre-
sented in Fig. 3b. By increasing the irradiation time, the
concentration of MB color has been observed to decrease,
and the obtained percentage of degradation MB has been
about 60% after 300 min. The contact time has been studied

UV light 0,

0:°  MB

. + or

Co T

H,0 l
Degradation
Products

h*h*h*

Fig.2 Schematic representation for degradation of MB and MO on
UV light irradiation

@ Springer

(a)
—MB
— | —30min
3
)
Q
(%]
e
©
e
S
o
wv
£
<

400 500 600 700 800

Wavelength (nm)

(b)

— MB

- — 30 Min

3 60 A

s /

o ' /

o

[ 2

m© /

s ,

S

o

wv

o

2 V//

400 500 600 700 800
Wavelength (nm)

Fig.3 Decomposition of MB in the absence of NiO nanosheets (a)
Decomposition of MB using NiO nanosheets under UVA light irra-
diation (b)

as a variable factor to investigate the reaction kinetics. As
it has been observed through the results of kinetics experi-
ment (Fig. 4), the photocatalytic process that contained a
very high correlation coefficient (R) has followed first-order
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Fig.4 The linear plot of the pseudo-first-order kinetic model of MB
degradation using NiO nanosheets
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kinetics [36]. In accordance with the calculated k, the
reaction rate constant has been detected to be 28 .10~ min™"
(Eq. 2) [37].

C,
LH< CO) = Kobst (2)

where, C, is the concentration ago of light, C, stands as
the concentration at any moment, and K, represents the
observed rate constant.

Methyl orange (MO) is an anionic dye and one of the
most critical pollutants in industrial wastewater, which
is resistant to light degradation and had been selected for
the removal and evaluation of photocatalytic activity. The
evaluation of MO photocatalytic test has been performed
in acidic medium (pH 3) and its maximum absorption has
been observed at 464 nm. Throughout intervals of 30 min,
the solution has been continuously irradiated (0, 30, 60, 90,
120, 150, 180, 210, and 240 min) under UVA light. The
photocatalytic activity diagram of tragacanth-stabilized NiO
nanosheets in regards to MO decomposition is presented
in Fig. 5. As the irradiation time had been increased, the
concentration of methyl orange color has faced a decrease,
and the percentage of degradation methyl orange has been
estimated to be about 84% after 210 min.

XRD pattern

Figure 6 illustrates the XRD pattern of tragacanth-stabilized
NiO nanosheets at the températures of 300, 400, 500, and
600 °C while being at the 26 range of 20-80°. NiO crystal-
line nanosheets have displayed peaks at (111), (200), (220),
(311), and (222) planes, which had been in correspondence
to the standard XRD pattern (JCPDS Card No. 47-1049)

Absorbance (a.u.)

300 400 500 600
Wavelength (nm)

Fig.5 Degradation of MO using NiO nanosheets under UVA light
irradiation
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Fig.6 The XRD pattern of NiO nanosheets at 300, 400, 500, and
600 °C

[38, 39]. All of the peaks have signified the pure synthe-
sis of NiO nanosheets, which contained a cubic structure
and space group of Fm3m [39, 40]. Phase structure analy-
sis has shown the purification and crystallization of NiO
nanosheets, in which there has not been any other peaks
related to impurities that could be observed throughout the
XRD pattern. Nevertheless, this does not mean that all of the
synthesized samples contain only pure NiO and it is neces-
sary to consider the presence of amorphous impurities that
cannot be detected by XRD analysis. The size average of
nanosheets has been obtained through the usage of Scherrer
equation Eq. (3) [41]:

kA
- pcosd 3)

where 4 is the wavelength (0.15406 nm), € would be the
irradiation angle, k stands as a constant (0.9), and D is the
nanosheets size (nm). According to Fig. 6 and Table 1, as
the calcination temperature had been heightened, the cor-
responding peaks to Ni(OH), has disappeared as well.
Moreover, by increasing the calcination temperature, the
width of peaks has decreased due to the extended tendency

Table 1 Comparison of particle
nanosheets

size of as-synthesized NiO

Temp. (°C) 260 (deg.) FWHM (rad.) Diameter Identification

(nm)
300 43.97 0.0984 18 [(fcc [NiO +Ni]
400 42.84 0.3149 29 [(fce [NiO+ (Ni]
500 42.84 0.4723 20 [(fce [NiO+ (Ni]
600 42.88 0.2165 43 fee [NiO + (Ni]
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to aggregate nanosheets, while their size had become more
prominent [42].

UV-Vis analysis

In Fig. 7a, b displays the UV—Vis spectra and bandgap of
synthesized NiO nanosheets at the températures of 300, 400,
500, and 600 °C. The optical absorption spectra have been
measured by dispersing NiO nanosheets in water throughout
the range of 200 — 800 nm. The obtained nanosheets have
shown excitation peaks at 257, 274, 296, and 305 nm at
different temperatures that had been related to the electron
transfer from O (2p) Orbital to Ni(3d) Orbital (Ozp—>Ni3d)
[43—45], which indicated the presence of NiO nanosheets
that were measured at room temperature. As it is shown
in Fig. 7, by heightening the temperature and reducing the
average size of nanosheets, their wavelength has decreased
and the bandgap energy had faced an increase. Also, the
bandgap energy of NiO nanosheets has been determined by
Eq. 4 [46].
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Fig.7 UV-Vis (a)/bandgap, (b) spectra of NiO nanosheets at 300,
400, 500, and 600 °C
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(ahv)" = A(hv — E,) )

In this equation, A stands as a fixed number, a is the
absorption coefficient, hv would be the photon energy, E,
represents the energy of bandgap, and n is equalled to 2 for
permitted direct transfers and equivalent to 1/2 for permit-
ted indirect transfers. The (ahv)? curve has been plotted in
the order of hv to determine the E, of nanosheets and con-
sidering the linear extrapolation of graphs, the E, has been
obtained and presented in Table 2.

FT-IR spectra

The FT-IR spectra of NiO nanosheets have been deter-
mined through the wavenumber range of 4000 to 400 cm™!
at 300, 400, 500, and 600 °C (Fig. 8). Broad peaks that
correspond to 3445 cm™! range have signified the pres-
ence of O—H stretch vibrations. The observation band at
1625 cm™! range has indicated the stretching vibration of
C=0 group, which is probably due to the remaining traga-
canth in the composition. The existing peak at 1130 cm™!
field has been related to the bending vibrations of water
molecules [37, 47]. FT-IR has revealed signs of synthesis
and stabilization that might be due to the groups that were
involved in capping and reduction processes [48]. The

Table2 The UV-Vis spectral data and the energy bandgap of NiO
nanosheets

Parameter Temperature (°C)
300 400 500 600

Wavelength (nm) 257 274 296 305
Absorbance 0.956 0.815 0.958 1.147
Energy gap (eV) 3.58 3.58 3.47 3.36
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Fig.8 FT-IR spectra of NiO nanosheets at 300, 400, 500, and 600 °C
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band that had appeared in the range of 400-450 cm~! has
been related to the Ni—O stretching vibrations [42].

FESEM and EDX analysis

The FESEM /EDX images and particle size analysis (PSA)
of synthesized tragacanth-stabilized NiO nanosheets at
400 °C are presented in Fig. 9a—c. FESEM analysis has
been applied to examine the morphology and size of
nanosheets. Figure 9a, b demonstrates the FESEM images

\ 5

SEM HV: 10.0 kV WD: 3.20 mm
View field: 2.77 pm Det: InBeam
SEM MAG: 50.0 kx | Date(m/dly): 09/09/18

v ¢
’ = -

500 nm
Mashhad (MUMS)

MIRA3 TESCAN

of synthesized tragacanth-stabilized NiO nanosheets at the
scales of 200 and 500 nm, and as it is shown, their mor-
phology is sheet-shaped or plate-like. The results that had
been obtained from EDX analysis, being related to the
study of constituent elements and purity of product [49],
are exhibited in Fig. 9c. The indicated peaks are appro-
priate for nickel, oxygen, and gold. The utilized gold has
been meant for preparing the sample of EDX and FESEM
analysis, as well as coating nickel oxide powder on gold
strips to perform the assigned analysis. The amount of
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Fig.9 The FESEM images (a, b) and EDX analysis (¢) of NiO nanosheets at 400 °C
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nickel in the synthesized powder has been 73.15%, while
oxygen has been observed to be 26.85%, confirming that
the produced nanosheets are pure without any trace of
other elemental impurities.

Evaluation of cytotoxicity effects to MTT assay

Generally, the MTT test is used to measure the toxicity of
a chemical compound or any other materials on cells [50].
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide) is a yellow tetrazolium salt that is absorbed
into the mitochondria of activated metabolic cells, and
due to the activity of dehydrogenase enzymes, the violet-
colored formazan crystals are produced and dissolved in
a suitable solvent. In this study, human Glioblastoma can-
cer (US7MG) cell lines have been used and cultured in
a DMEM medium by 10% FBS and incubated at 37 °C
in a 5% CO, atmosphere. Briefly, U87 cells have been
cultivated in 96-well plates for 24 h to grow and become
attached to the floor of each well. Then, the cells have been
treated with various concentrations of tragacanth-stabi-
lized NiO nanosheets for 48 h. Afterward, the environment
of each well has been replaced with 200 pL of a solu-
tion that had contained 180 pL of fresh culture medium
and 20 pL of MTT and incubated for 4 h. In the follow-
ing, the contents of well have been exhausted and 100 uL
of DMSO, which is a solvent for formazan crystals, had
been appended to each well. The absorption amount of
well has been determined at 540 nm through the employ-
ment of an ELISA reader [51]. The absorption ratio has
displayed the amount of cell survival in each concentra-
tion, regarding the proportion of treatment group cells to
control group (zero concentration), while the inhibitory
concentration had been considered to be the 50% of cells
that tragacanth-stabilized NiO nanosheets had destroyed

100 { o i

Viability (%)

0 1 2 4 8 16 31 63 125
Concentration (ug/mL)

Fig.10 Cell viability of NiO nanosheets on Glioblastoma cancer
(U8TMG) cell lines by the MTT assay
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(IC5y=125 pg/mL). Also, cell viability at a concentration
of 31 ug/mL has been perceived to be about 63%.[52]. The
results of MTT assay have shown that NiO nanosheets had
the highest cytotoxicity on U87MG cell lines at a concen-
tration of 125 ug/mL. The cytotoxicity of NiO nanosheets
on U87MG cancer cells is dependent on dose and time,
while these factors can be used for therapeutic purposes
in future by performing further studies and targeting these
nanosheets as a drug carrier. The vitro cytotoxicity studies
of tragacanth-stabilized NiO nanosheets have been dem-
onstrated in Fig. 10.

Conclusion

The control morphology and size of tragacanth-stabilized
NiO nanosheets contain an essential role in enhancing the
performance of nickel oxide. It has been concluded from
the results that the synthesized tragacanth-stabilized NiO
nanosheets have high efficiency in regards to MO and MB
dyes degradation and can be recycled as an active photocata-
lyst for dyes degradation of colored wastewater. Based on the
outcomes, the adsorbent capacity has been estimated to be
about 82% for anionic dyes (MO) and 60% for cationic dyes
(MB), while the highest color degradation has been observed
in acidic medium (pH 3). The findings of FTIR analyses
have pointed out the formation of NiO nanosheets, and the
XRD analysis has proved the purity of synthesized traga-
canth-stabilized NiO nanosheets. According to the outcomes
of UV-Vis spectra, a reduction in the size of nanosheets
can cause an increase in the existing bandgap energy (E,)
between the valence band and conduction band. The results
of FESEM images have shown that the dimensions of NiO
nanosheets are in nanoscale and contain sheet morphology.
As it has been suggested by the results of MTT assay, these
particular nanosheets have caused the highest cytotoxicity on
U87MG cell lines at a concentration of 125 pug/mL.
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