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Supercapacitors, Li-ion batteries, gas sensors, and electrochromic devices are expected to play a major role in the
development of sustainable technologies. Recent progress has demonstrated that nanostructured nickel oxides are very
promising candidates for efficient energy conversion and storage systems. Recently, there is a growing interest in nickel
oxide nanoparticles due to their unique physical and chemical properties. In this work, the synthesis of nickel oxide
nanoparticles is primarily categorized with the preparation method. This review also provides a comparative overview of
the influence of technological conditions on the properties of nickel oxide nanoparticles.
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1 INTRODUCTION

In recent years, among transition metal oxides nickel
oxide (NiO) nanostructures have attracted much attention
owing to their unique optical, electrical, catalytic, and
magnetic properties. It is a promising candidate for a
wide range of applications like gas sensors, supercapaci-
tor, anode material for Li-ion batteries, catalyst, dye-sen-
sitized photocathodes, optoelectronic devices etc. [1-6].
Moreover, hierarchical porous NiO architectures were
found to be effective adsorbents for the removal of congo
red (CR) pollutant from wastewater by Zeng et al. [7],
which is an important issue to decontaminate the organic
dye-containing water from an environmental viewpoint.
Flower-like NiO microspheres exhibited maximum ad-
sorption capacity (535 mg g?) in comparison to other ad-
sorbents for CR [8]. NiO is also considered a potential
candidate for application in smart windows, drug deliv-
ery and MRI agent [9-10]. Bulk NiO adopts a rock salt
structure and it is a p-type semiconductor with a wide
band gap in the range of 3.6-4.0 eV [11]. Nanostructured
NiO exhibits electronic, dielectric behavior and high re-
versible capability because of quantum size confinement
and high surface energy. NiO with a variety of morphol-
ogies such as nanosheets, nanorods, nanowires, hollow
microspheres, nanoflowers, nanotubes, nanoplatelets,
nanofibers has been reported in the literature [2, 8, 12—
17]. Properties change with altering the size, shape and
morphology of nanoparticles. So that bulk NiO is antifer-
romagnetic with a Neel temperature of 523 K, while a re-
duction in particle size to nanometer-scale results in
superparamagnetic, ferromagnetic behavior due to the
defects in the crystal lattice. Extensive studies have been
carried out to synthesize NiO nanostructures. The prepa-
ration methods of NiO nanoparticles include sol-gel, hy-
drothermal, precipitation, combustion, electrochemical,
pulsed laser ablation, electrospinning techniques [16—20]
etc. By this review paper, we could get more information
about nanostructured nickel oxide, its basic synthesis
techniques and applications in many fields.

2 SYNTHESIS METHODS OF N1O NANOPARTICLES
The preparation of NiO nanostructures with control-

led size, shape and morphology have always been the fo-
cus of researchers’ attention for various applications. Up
to date, many attempts have been made to synthesize
nanostructured NiO. In this review, we will selectively
summarize the main and general synthesis methods of
NiO nanoparticles.

2.1 Precipitation method

The precipitation method is simple and inexpensive
so that it has the potential for the synthesis of nickel oxide
and other transition metal oxides. Particle size can be eas-
ily controlled by changing the parameters like concentra-
tion of reagent, pH of the solution using this method. This
method is based on precipitating the nickel salts with dif-
ferent precipitating agents such as NaOH, NHs,
(NH4)2CO3, NH4HCQO3, urea, LIOH and ethanolamine
[21-27]. The stabilizing agent was not used in most ex-
periments. Xiang Yi Deng [26] synthesized NiO nano-
particles with an average size of 9 nm using NiClz-6H,0
and NHs-H»0 as the raw materials and H>O as a solvent.
It was determined reaction conditions for synthesis in this
research work. In another work [27], NiO nanoparticles
were synthesized using nickel nitrate hexahydrate and so-
dium hydroxide as a nickel source and precipitating agent
in the presence of various surfactants (polyvinylpyrroli-
done, polyethylene glycol and cetyltrimethylammonium
bromide). To learn the effect of calcination temperature
on particle size, the powders were calcined at 300 °C,
450 °C and 600 °C for 2 h. Particle size increased with
increasing calcination temperature. Different surfactants
do not affect the morphology of the particles, sphere-like
morphology was observed in all cases. The results indi-
cated that CTAB is weaker than the other two stabilizers.
Conducting nanocomposite of NiO with polyaniline was
obtained in the aqueous medium using polyvinyl alcohol
and hydroxypropy! cellulose as a surfactant by Aleahmad
et al. [28] They investigated the electrical conductivity
and thermal stability of nanocomposite as a function of
the NiO concentration in the reaction solution. NiO nano-
tubes were obtained using dimethylglyoxime as a precip-
itant. The obtained nanotubes display good antibacterial
properties and electrochemical capacitance [29]. Flower-
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like NiO nanostructure was synthesized using
Ni(NO3),-6H>0 and ammonia as starting materials. The
nanostructure was then applied as the modifier of a car-
bon paste electrode to study electrocatalytic oxidation of
choline [30]. Albert Irudayaraj et al. [31] obtained un-
doped and Fe-doping NiO nanoparticles by this method.
For synthesis, 0.5M nickel nitrate and 1M aqueous so-
dium hydroxide solution were used. The effect of the do-
pant on the structural, optical and magnetic properties of
synthesized nanoparticles had been investigated. Accord-
ing to Vibrational Sample Magnetometer (VSM) results,
NiO nanoparticles without Fe doping exhibit superpara-
magnetic behavior, while Fe-doped NiO nanoparticles
exhibit ferromagnetic behavior at room temperature. NiO
nanoparticles were prepared using nickel acetate tetrahy-
drate [Ni (CH3COQ),.4H,0] and NHj3 solutions follow-
ing calcination at 400 °C for 2 h. Structural and dielectric
properties were investigated depending on compositional
variability. To vary the composition of NiO, the experi-
ment was also carried out in the presence of 1% H»0,.
Non-stoichiometric samples (NisQOgo) With cubic struc-
ture and near stoichiometric samples (NisOsz) with
amorphous nature were obtained without and with 1%
H»0,, respectively. The dielectric constant was estimated
as 35 and 40 for NisOso and NisgOs, nanoparticles [32].
Ethylene glycol was used as a solvent and dispersing
agent for the synthesis of NiO nanoparticles and the re-
action mechanism of the chemical process was proposed
[33]. NiO nanoparticles with different sizes were synthe-
sized in the presence of various nickel salts and the im-
pact of anions on the magnetic properties was
investigated [22]. It had been determined that using
nickel sulfate and nickel acetate lead to smaller crystallite
size (~2 nm) and these nanoparticles show higher satura-
tion magnetization (~1.2-1.8 emu/g), while the use of
nickel nitrate or nickel chloride leads to relatively bigger
crystallite size (~4-6 nm) showing lower saturation mag-
netization values (~0.1-0.4 emu/ g).

2.2 Thermal decomposition method

Thermal decomposition is one of the most known me-
thods to synthesize different metal oxide nanoparticles.

El-Kemary et al. [34] successfully synthesized NiO na-
noparticles by the reaction of nickel chloride with hydra-
zine at room temperature and thermal decomposition of
the nickel hydroxide (Ni(OH)2) at ~400 °C. They mainly
studied the interactions between NiO nanoparticles and
glucose to improve the biomedical applications of NiO.
It was revealed that optical properties and stability of glu-
cose changes with NiO nanoparticles. NiO nanoparticles
were obtained utilizing only nickel nitrate and polyvinyl
pyrrolidone as a precursor and capping agent [35]. The
influence of thermal treatment temperature on the parti-
cle size, morphology, optical and magnetic properties
was investigated. Particle size increased from 15 nm to
35 nm with increasing temperature from 500 to 800 °C.
Optical band gaps of nanoparticles were estimated as
3.60, 3.57, 3.55, and 3.51 eV for samples calcined at 500,
600, 700 and 800 °C. Porous cubic nickel oxide
nanostructures having excellent electrochemical proper-
ties were obtained thermal treatment of nickel oxalate at
350 °C for 10 min [36]. A new precursor nickel octanoate
Ni(octa), was proposed by Fereshteh et al. [37] for the
synthesis of NiO nanoparticles. Using this method, nano-
particles with a crystallite size of 25 nm were obtained in
the presence of oleylamine (CigHN) and tri-
phenylphosphine (CisHisP) as surfactants. Oleylamine
acts as both the medium and stabilizing agent. As one
type of thermal decomposition, solid-state decomposi-
tion was also used for the synthesis of NiO nanostruc-
tures. Salavati-Niasari and co-workers [38] reported the
synthesis of NiO nanoparticles from nickel-o-phthalate
complexes [Ni(pht)(H20),] and [Ni(pht)2]. They learned
the influence of calcination temperature and metal-to-lig-
and ratio on the particle size and morphology. The small-
est particle size (15 nm) was observed in the condition of
Ni/pht = 1:2 precursor at 500 °C calcination temperature,
while nanoparticle size increased (29 nm) at 700 °C due
to the agglomeration of particles. When the metal to lig-
and ratio was Ni/pht = 1:1, nanoparticle size was estima-
ted as 24 nm. In this process, O-phthalic acid was used as
a chelating ligand. For this reason, in the condition of
metal to ligand ratio 1:2 since the number of phthalate

Table 1. Synthesis of nickel oxide nanoparticles by precipitation method

# Chemical compos. Structure Morphology Particle size (nm) Remarks (t, pH, C) Ref.
. . 9 NiCl2-6H20/NH3-H20=1:1.15-1.30, pH=6.5-9.5,
f NiO cubic nanocrystal | ¥RD and TEM) at room femperature, stirring time=20-30 min [26]
<85 NiNO3-6H20 as a source, NaOH (as a precipitator),
. . (by SEM) PVP (as surfactant)
2 NiO — sphere like 3545 PEG [27]
>45 CTAB
Table 2. Synthesis of nickel oxide nanoparticles by thermal decomposition method
# | Chemical compos. Structure Morphology Particle size (nm) Remarks (t, pH, C) Ref
) . . 10-40 Ni(ll) Schiff base complex as a precursor,
f NiO cubic plate-like (by SEM and TEM) T=450 °C for 3 h in air atmosphere [40]
. d=300 _ann o L
2 NiO hexagonal nanoplate thickness=20 T=300 °C for 3 h in air [41]
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molecules is relatively high, metal ions were capped
completely. Thus, aggregation of particles was pre-
vented. Spherical NiO nanoparticles in the range of 10—
20 nm were prepared by thermal decomposition of
NiCl(2,9-Dimethyl-1,10-phenanthroline)-H,O complex
at 400 °C [39]. Plate-like shape NiO nanoparticles were
synthesized from the nickel (11) Schiff base complex as a
new precursor by Khalaji [40].

2.3 Chemical bath deposition (CBD)

CBD is a simple and cost-effective method, which is
possible to control the nanoparticle size and film thick-
ness by varying the reagent concentration, pH of the so-
lution, bath temperature and deposition time. In this
method, thin films were deposited immersing the sub-
strates vertically in the solution containing precursors.
NiO thin films with different morphologies were success-
fully synthesized on various substrates such as glass, sil-
icon wafer, carbon cloth [42-45]. Generally, for the
synthesis of NiO thin films, nickel salt and urea were
used as starting materials. On the other hand, reports of
NiO films by CBD employing complexing agents such as
ammonium and triethanolamine are studied [43]. This
method is also convenient for large area deposition with
well-specified nano-porosities, which make NiO attrac-
tive for applications including dye-sensitized solar cells,
electrochemical supercapacitor [44]. For the first time,
ternary oxide thin films composed of Ni and Co oxides
were deposited on glass and steel substrates by Ezema et
al. [45]. For the synthesis, 0.1M of CoSO. and NiSO4
were used as the cobalt and nickel ion sources. The pH of
the solution was adjusted to ~12 by ammonia solution.
NiO thin films were deposited on a microscopic glass
slide at various deposition times using nickel nitrate so-
lution [Ni(NO3)2-6H,0)] as a cationic precursor and urea
[CO(NHS,),] as a complexing agent by Mitra et al.. The
film thickness increased from ~120 nm to ~307 nm with
increasing deposition time from 30 min. to 120 min. Par-
ticle size and optical band gap energy decreased with in-
creasing deposition time. This is attributed to an
enhanced degree of crystallinity and additional energy
levels due to the incorporation of more oxygen atoms in
the films [46]. Highly porous nickel oxide thin films were
successfully synthesized on indium tin oxide (ITO) glass
by Xia et al. [47] and electrochromic properties were
mainly discussed in this work. It was found that the film
annealed at 300 °C showed the high coloration efficiency
(CE) of 42 cm? °C™* at 550 nm, with a variation of trans-
mittance up to 82%. The porous structure plays an im-
portant role for the enhancement of electrochromic
properties. Using the same precursors, only decreasing
their concentration Yang et al. [48] synthesized porous

NiO thin films and it exhibited a high CE value of
99.51 cm?/°C 1.

2.4 Successive ionic layer adsorption and

reaction (SILAR)

Successive ionic layer adsorption and reaction
(SILAR) is a simple, environmentally friendly and repro-
ducible technique for the deposition of metal oxides in
the form of thin films on different substrates. This
method is a modified chemical bath deposition (CBD)
process and the difference between these methods is that
thin films are synthesized by dipping a substrate into sep-
arately placed cationic and anionic precursor solutions.
Particle size, morphology and film thickness can be eas-
ily controlled by varying the precursor concentration, pH
of the solution, number of deposition cycles, adsorption,
reaction and rinsing time durations. NiO thin films were
grown on a glass substrate at room temperature using this
method [49]. In this experiment, alkaline solution of
nickel chloride (NiCly) with ammonia (25-28%) and hot
water (90 °C) were used as cationic and anionic precur-
sors, respectively. It has been determined that the film
thickness influences structural, optical, electric and sur-
face properties. The porous nanoflake-like structure of
NiO thin films was synthesized on stainless steel sub-
strate for supercapacitor applications [50]. To optimize
the reaction parameters, the experiment was carried out
at various reaction temperatures (318K, 333K, 348K) and
time periods (20, 30, 40 seconds). The strongly adherent
and uniform thin films were obtained at 333K tempera-
ture and time period of 30 seconds. NiO thin films with
platelet-type morphology were synthesized on glass sub-
strate using nickel (1) chloride and ammonia as precur-
sors for gas sensor application [51]. K. S. Klepikova et
al. deposited NiO and Li-doped NiO thin films with acti-
vation energy E.=0.1 eV and Es=0.25-0.31 eV on glass
substrate using the same precursors. In order to obtain
NiO:Li films, the glass substrates covered by NiO films
were immersed into lithium hydroxide (LiOH) aqueous
solution at room temperature for 20 min following an-
nealed at 550 °C. [52] Sachindranath Das and co-workers
used 0.1M nickel nitrate [Ni(NO3)2] in ammonium hy-
droxide (NH4OH) (pH~9.0) as a cationic precursor and
1% hydrogen peroxide (H202) maintained at a tempera-
ture of 90 °C-100 °C as an anionic precursor for the dep-
osition of NiO thin films [53]. They investigated the
influence of the dipping cycle on the structure, morphol-
ogy and electrochemical performance of NiO films. It has
been concluded that thin films deposited at 40 cycles
show the highest specific capacitance of 1341 F-g! as
compared to previous results.

Table 3. Synthesis of nickel oxide nanoparticles by a chemical bath deposition method

# | Chemical compos. Structure Morphology Remarks (t, pH, C) Ref

1 NiO cubic porous structure with flakes 0.25M Ni(NO3)2 and 0.25M urea, pH=5, T=350 °C for 2 h in air [44]
) 0.37M NiSO4 6H20, 0.06M K2S:0s and ammonia (20-30%),

2 NiO rhombohedral porous nanoflake T=400 °C for 3 h [48]
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Table 4. Synthesis of nickel oxide nanoparticles by SILAR method

# ggf:,;if:l Structure Morphology Particle size (nm) Band gap Remarks (t, pH, C) Ref.
D =8.8-9.3 (by XRD)
1 NiO cubic thin film thickness = 125-312 3.7eV at room temperature [49]
(depending on deposition cycle)
. . . 0.1M NiCl26H20 was used as a source
2 NiO cubic thin film - of Ni, pH=12, onto glass slides [51]
Table 5. Synthesis of nickel oxide nanoparticles by sonochemical method
# Chemical Structure Morphology Particle size (nm) Remarks (t, pH, C) Ref.
compos.
. . ) D =20-150 nm 0.1 and 0.2M of Ni(CHsC00)2-2H:0, 0.1M NaOH
L NiO cubic spherical (by XRD) and PEG as surfactant, T=500 °C for 30 min, (5]
D =6nm (250 °C),
. face-centered ) 21 nm (450 °C), 1M NiCl2-6H20 and 2M NaOH,
2 NiO cubic spherical 41 nm (650 °C) T=250 °C (450 °C, 650 °C) for 3 h [60]
[by XRD]

2.5 Sonochemical method

The basic principle of sonochemistry is related to the
acoustic cavitation phenomenon, which occurs in several
steps including nucleation, growth and finally the implo-
sive collapse of bubbles in a liquid medium. This causes
local hot spots with a temperature of around 5000 °C un-
der pressures of 500 atm, heating and cooling rates of
more than 10%° K/s and as a result of these extreme con-
ditions high-energy chemical reactions occur. The main
advantage of this method is that the nanoparticle size,
shape and morphology can be controlled by changing the
parameters like ultrasonic power, current density, soni-
cation time, pH and reaction temperature. Ghobadifard et
al. synthesized NiO nanoparticles by this method using
nickel acetate [Ni(CH3COQ),-2H,0], sodium hydroxide
(NaOH) as precursors and polyethylene glycol (PEG) as
surfactant [54]. Particle size was influenced by varying
the precursor concentration, sonication time and ultra-
sound power. The smallest size (20 nm) was obtained at
0.1 M solution of nickel salt, 12-18 W ultrasound power
and 3 h sonication time. Gas sensing activity of synthe-
sized nanoparticles towards NO, and CO gases was in-
vestigated. NiO nanoparticles were synthesized using
nickel sulfate (NiSO4-6H20) and NaOH in the presence
of CTAB as stabilizing agent followed by calcination at
600 °C for 2 h. The particle size between 35 nm and 117
nm was reported [55]. Ultrasonic irradiation of mixed
aqueous solution of nickel sulfate hexahydrate and urea
and then calcination of the NiO2.45Co.74No.25H2.90 precur-
sor at 500 °C for 3 h leads to the formation of porous NiO
microsphere [56]. Ultrasound-assisted synthesis of
PVA/NIO nanocomposite film was reported by Anba-
rasan et al. [57] Cubic shape NiO nanoparticles with av-
erage crystallite size of ~20 nm were synthesized using
0.1 M nickel nitrate Ni(NO3)2and 0.1 M NaOH followed
by calcination of Ni(OH); precipitation at 320 °C for 1 h
[58].

2.6 Sol-gel method

The sol-gel method is a simple, inexpensive, low-cost
technique and this route has been widely used for the

synthesis of NiO nanoparticles due to these characteris-
tics. Spherical NiO nanoparticles with an average diam-
eter of about 32.9 nm were synthesized in the presence of
Ni(NO3),-6H0, isopropanol alcohol and polyethylene
glycol. Triton X-100 [C14H20 (C2H40),] was used as a
stabilizer to prevent aggregation of particles. The opti-
mum calcination temperature was identified as 450 °C by
thermal analysis [18]. Jahromi and co-workers [61] ob-
tained NiO nanoparticles by this method using nickel ni-
trate and gelatin as precursor and polymerization agent,
respectively. They investigated the influence of anneal-
ing ambient, including air, Oz and annealing temperature
on structural, morphological and magnetic properties of
synthesized nanoparticles. It was concluded that the sam-
ples annealed in O, atmosphere were more crystalline
than the air annealed due to the reduction O-vacancy and
strain in the lattice. For this reason, the magnetization of
the air-annealed NiO nanoparticles has been found to be
higher than the O-annealed nanoparticles. Bose et al.
[62] reported the synthesis of mesoporous NiO nano-
sheets by this method using Aerosol-OT, Bis(2-ethyl
hexyl) sulfosuccinate sodium salt (AOT) as anionic sur-
factant. The effect of different amounts of surfactant on
the morphology and catalytic activity towards CO oxida-
tion was investigated. Immol solution of surfactant was
selected as an optimum concentration due to the higher
surface area of NiO nanosheet for catalytic oxidation. In
another experiment [63] poly(alkylene oxide) block co-
polymer was used as a surfactant. NiO nanoparticles with
a crystallite size of 10.2 nm were synthesized by this
method in a gelatin medium. With increasing calcination
temperature from 400° C to 700° C, agglomeration was
occurred because of the high surface energy of particles
and particle size increased to 48.6 nm [64]. Saleh et al.
[65] investigated the effect of annealing temperature on
the size and electrocatalytic activity of NiO nanoparticles
prepared using nickel nitrate and citric acid. The en-
hancement in electrocatalytic properties was observed for
NiO nanoparticles annealed at 200 °C due to the smallest
size. Using the same precursors Ying Wu and co-workers
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[66] learned the influence of the ratio of the precursors,
pH of the solution, heating rate, calcination temperature
and time on physical properties of synthesized NiO na-
noparticles. The smallest size (8.1 nm) with the highest
surface area (105 m? g*) was obtained at 400 °C calcina-
tion temperature for 4 h in 1 ratio of citric acid to nitrate.
NiO thin films were deposited on a glass substrate by a
sol-gel spin coating method using nickel acetate
[Ni(CH3COO0),-4H,0] and methanol as precursors fol-
lowing sintered between 400 °C and 700 °C [67].

2.7 Hydrothermal/solvothermal method

The hydrothermal method has been widely used for
the synthesis of NiO nanostructures with different sizes
and morphology. NiO nanowires were successfully syn-
thesized by a hydrothermal reaction of NiCl..6H,0 and
sodium oxalate (Na,C.0.) at ethylene glycol (EG) media
at 200 °C for 24 h [68]. Shah [69] prepared NiO nanopar-
ticles by a soft reaction of nickel powder and water at
100 °C. Organic dispersant or capping agent wasn’t used
in this experiment and water acted both as a solvent and
a source of oxygen. The formation of oxide nanostructure
occurred by the evolution of hydrogen gas. It was shown
that the reaction time has a significant effect on the par-
ticle size and morphology. Nanoparticle size increased
with increasing reaction time from 12 hto 24 h. In 36 h
of reaction time, changes in morphology were observed
from spherical to flower-like. Porous NiO nanoslices, na-
noplates and nanocolumns were prepared at three differ-
ent pH conditions (pH~12, 13, and 14) in an autoclave
maintained at 160 °C for 8 h and subsequent calcination
of B-Ni(OH), [70]. Morphology and size control of NiO
nanoparticles was achieved by hydrothermal route using
various precipitating agents such as NH3z and NaOH [71].
The choice of surfactant plays a critical role according to
a report by Zeng et al. [72]. Nanocrystalline NiO nano-
plates were formed in an autoclave using nickel sulphate
and triethylamine (TEA) [73]. Using urea as a hydroly-
sis-controlling agent, coralloid nanostructured nickel hy-
droxide hydrate formed within just 3 minutes by employ-

ing microwave-assisted hydrothermal route, which after
calcination at 400 °C for 3 h resulted in NiO [74]. V. Ra-
jendran and K. Anandan discussed the optical properties
of NiO nanocrystals with different morphologies like
spherical, rod and hexagonal obtained using various ionic
surfactants like CTAB, sodium dodecyl sulfate (SDS)
and PEG by solvothermal method at 180 °C [75]. Self-
assembled 3D rose-like NiO nanostructure was prepared
by Lai and colleagues utilizing nickel chloride and so-
dium acetate under solvothermal conditions in the pres-
ence of PEG as surfactant [76]. They found that
nanoparticle size and morphology were strongly influ-
enced by altering the reaction time and molecular weight
of surfactant. Lamellar morphology was observed in the
absence of PEG while using surfactant flower-like archi-
tecture formed. Small size particles with rod-like mor-
phology were obtained at 100 °C because of the strong
adsorption of PEG on the nanoparticle surface and strong
coordination between EG and Ni?* ions. As the tempera-
ture was raised to 190 °C, nanoplatelets aggregate into
self-assembled rose-like microstructure due to the weak
adsorption of surfactant on the crystal surface.

3. CONCLUSION

This review article focuses on the various synthesis
techniques of the nickel oxide nanostructures. Seven
kinds of typical and most used methods for nickel oxide
with different nanostructures are systematically summa-
rized. The precipitation method is very often used to ob-
tain NiO nanostructures because it is a facile and cheap
approach. Comparatively, NiO nanoparticles with differ-
ent morphologies were obtained by the hydrothermal/sol-
vothermal method. The physical and chemical properties
of nanoparticles also depend on morphology. However,
the disadvantage of this method is that needs high tem-
perature, pressure, and it requires a long reaction time.
The main reaction parameters that influence the size,
structure, composition, shape and morphology are de-
scribed above. Temperature and pH play an important
role in obtaining nanoparticles.

Table 6. Synthesis of nickel oxide nanoparticles by sol-gel method

# ig;n;i:sal Structure Morphology Particle size (nm) Band gap Remarks (t, pH, C) Ref.
. face-centered . _ Ni(NOs)2:6H20 as a source, gelatine,
1 NiO cubic nanoparticle 10£0.2 (by TEM) water bath T=80 °C for 12 h [64]
cryst. size = 11.02 (400 °C) 3.86eV
27.80 (500 °C 3.69eV i . i
9 NiO cubic thin im ( ) e Ni(CH;COO)'4H:0 as a source of N, 67]
37.80 (600 °C) 360eV 40 ml methanol, 60 °C for 1 h
38.14 (700 °C) 347eV
Table 7. Synthesis of nickel oxide nanoparticles by hydrothermal/solvothermal method
# Chemical Structure Morphology Particle size (nm) Remarks (t, pH, C) Ref.
compos.
. . NiSO; as a source, 0.01M TEA solution,
1 NiO cubic nanoplate 96 (by FE-SEM, HR-TEM) stirring time=2 h, T=600 °C for 6 h [73]
2 NiO cubic nanowire d=60 (by SEM) T=200 °Cfor24 h [68]
. _ Ni foam act both as a substrate and Ni source,
3 NiO — nanorod d=25-65 T=140 °C for 24 h [77]
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We should pay special attention to the specific sur-

face area, size, and phase purity of the nickel oxide
nanostructures. As the size decreases, the specific surface
area of the particles increases and it causes more surface
reactive sites, which is the main requirement for gas sen-
sor applications. Depending on the application area, the
choice of an appropriate synthesis method for NiO nano-
particles with desirable properties is an essential factor.

10.

11.

12.

REFERENCES

I. Hotovy, V. Rehacek, P. Siciliano, et al. Sensing charac-
teristics of NiO thin films as NO2 gas sensor. Thin Solid
Films. 418, 2002, 9-15. https://doi.org/10.1016/S0040-
6090(02)00579-5

H. Xiao, S. Yao, H. Liu et al. NiO nanosheet assembles
for supercapacitor electrode materials. Progress in Natural
Science: Materials International. 26, 2016, 271-275.
https://doi.org/10.1016/j.pnsc.2016.05.007

X. Wang, L. Sun, X. Sun et al. Size-controllable porous
NiO electrodes for high-performance lithium ion battery
anodes. Materials Research Bulletin. 96, 4, 2017, 533—
537.

F. Liu, Y. Sang, H. Ma. Nickel oxide as an effective
catalyst for catalytic combustion of methane. Journal of
Natural Gas Science and Engineering. 41, 2017, 1-6.
https://doi.org/10.1016/j.jngse.2017.02.025

A. Nattestad, M. Ferguson, R. Kerr et al. Dye-sensitized
nickel(I1)oxide photocathodes for tandem solar cell appli-
cations. Nanotechnology 19 (2008).
https://doi.org/10.1088/0957-4484/19/29/295304

Y. Zhang, Z. Li. Low-temperature fabrication of sol-gel
NiO film for optoelectronic devices based on the ‘fuel’ of
urea. Ceramics International. 42, 2016, 6360—6368.
https://doi.org/10.1016/j.ceramint.2016.01.030

L. Ai, Y. Zeng. Hierarchical porous NiO architectures as
highly recyclable adsorbents for effective removal of orga-
nic dye from aqueous solution. Chemical Engineering
Journal 215-216 (2013) 269-278. https://doi.org/10.1016/
j.cej.2012.10.059

Y. Zheng, B. Zhu, H. Chen et al. Hierarchical flower-like
nickel(11) oxide microspheres with high adsorption
capacity of Congo red in water. Journal of Colloid and
Interface Science 504 (2017) 688-696. https://doi.org/
10.1016/j.jcis.2017.06.014

G. Bodurov, P. Stefchev, T. Ivanova et al. Investigation of
electrodeposited NiO films as electrochromic material for
counter electrodes in “Smart Windows”. Materials Letters
117 (2014) 270-272. https://doi.org/10.1016/j.matlet.
2013.11.118

J. F. K. Cooper, A. lonescu, R. M. Langford et al.
Core/shell magnetism in NiO nanoparticles. Journal of
Applied Physics 114, 083906 (2013). https://doi.org/10.
1063/ 1.4819807

O. Seo, A. Tayal, J. Kim et al. Tuning of structural, optical
band gap, and electrical properties of room-temperature-
grown epitaxial thin films through the Fe203:NiO ratio.
Scientific Reports. (2019) 9:4304. https://doi.org/10.1038/
541598-019-41049-9

K. Kaviyarasu, E. Manikandan, J. Kennedy et al. Synthe-
sis and characterization studies of NiO nanorods for
enhancing solar cell efficiency using photon upconversion
materials. Ceramics International. 42, 7, 2016, 8385-8394.
https://doi.org/10.1016/ j.ceramint. 2016.02.054

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Z.Y.Wu, C. M. Liu, L. Guo. Structural Characterization
of Nickel Oxide Nanowires by X-ray Absorption Near-
Edge Structure Spectroscopy. J. Phys. Chem. B 2005, 109,
2512-2515.

H. Yang, J. Zou. Controllable preparation of hierarchical
NiO hollow microspheres with high pseudo-capacitance.
Transactions of Nonferrous Metals Society of China. 28,
2018, 1808-1818. https://doi.org/10.1016/S1003-6326
(18)64825-3

S. A. Needham, G. X. Wang, H. K. Liu. Synthesis of NiO
nanotubes for use as negative electrodes in lithium ion
batteries. Journal of Power Sources. 159, Issue 1, 13 2006,
254-257. https://doi.org/10.1016/j.jpowsour.2006.04.025
V. Sudha, S. M. Senthil Kumar, R. Thangamuthu et al.
Synthesis and characterization of NiO nanoplatelet and its
application in electrochemical sensing of sulphite. Journal
of Alloys and Compounds. 744, 2018, 621-628.
https://doi.org/10.1016/ j.jallcom.2018.02.098

S. R. Hosseini, S. Ghasemi, M. Kamali-Rousta. Prepara-
tion of NiO nanofibers by electrospinning and their
application for electro-catalytic oxidation of ethylene
glycol. International journal of hydrogen energy 42 (2017)
906-913. https://doi.org/ 10.1016/j.ijhydene.2016.09.116
N. N. Mohd Zorkipli, N. H. Mohd Kaus, A. A. Mohamad.
Synthesis of NiO Nanoparticles through Sol-gel Method.
Procedia Chemistry 19 (2016) 626-631. https://doi.org/
10.1016/ j.proche.2016.03.062

S. V. Ganachari, R. Bhat, R. Deshpande et al. Synthesis
and characterization of nickel oxide nanoparticles by self-
propagating low temperature combustion method. Recent
Research in Science and Technology 2012, 4(4): 50-53.
K. S. Khashan, G. M. Sulaiman, A. H. Hamad et al.
Generation of NiO nanoparticles via pulsed laser ablation
in deionised water and their antibacterial activity. Appl.
Phys. A (2017) 123:190 DOI 10.1007/s00339-017-0826-4
P. A. Sheena, K. P. Priyanka, N. Aloysius Sabu. Effect of
calcination temperature on the structural and optical
properties of nickel oxide nanoparticles. nanosystems:
physics, chemistry, mathematics, 2014, 5 (3), P. 441-449.
V. Ranga Rao Pulimi, P. Jeevanandam. The effect of
anion on the magnetic properties of nanocrystalline NiO
synthesized by homogeneous precipitation. Journal of
Magnetism and Magnetic Materials 321 (2009) 2556—
2562. https://doi.org/10.1016/j.jmmm. 2009.03.039

L. Xiang, X. Y. Deng, Y. Jin. Experimental study on
synthesis of NiO nanoparticles. Scripta Materialia
47(2002) 219-224.

J. Zhao, Y. Tan, K. Su et al. A facile homogeneous pre-
cipitation synthesis of NiO nanosheets and their applica-
tions in water treatment. Applied Surface Science (2015),
337, 111-117. https://doi.org/10.1016/j.apsusc.2015.
02.071

M. Arif, A. Sanger, M. Shkir. Influence of interparticle
interaction on the structural, optical and magnetic pro-
perties of NiO nanoparticles. Physica B: Condensed
Matter 552 (2019) 88-95. https://doi.org/10.1016/
j.physb.2018.09.023

Xiang Yi Deng. Reaction in solution and Competitive
balance of nano-NiO by ammonia precipitation. Solid
State Phenomena Vols. 121-123 (2007) 359-362.
https://doi.org/10.4028/www.scientific.net/SSP.121-
123.359

Y. Bahari Molla Mahaleh, S. K. Sadrnezhaad, and D.
Hosseini. NiO Nanoparticles Synthesis by Chemical

78



THE SYNTHESIS METHODS OF NICKEL OXIDE NANOSTRUCTURES - A BRIEF REVIEW

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Precipitation and Effect of Applied Surfactant on Distri-
bution of Particle Size. Journal of Nanomaterials, 2008, 1—
4. https://doi.org/10.1155/2008/470595

M. Aleahmad, H. G. Taleghania, H. Eisazadeh. Prepara-
tion and characterization of PAn/NiO nanocomposite
using various surfactants. Synthetic Metals 161 (2011)
990-995. https://doi.org/10.1016/j.synthmet.2011.03.005
H. Pang, Q. Lu, Y. Li. Facile synthesis of nickel oxide
nanotubes and their antibacterial, electrochemical and
magnetic properties. Chem. Commun., 2009, 7542-7544.
https://doi.org/10.1039/b914898a

N. Sattarahmady, H. Heli, R. Dehdari Vais. A flower-like
nickel oxide nanostructure:Synthesis and application for
choline sensing. Talanta119(2014)207-213. https://doi.
0rg/10.1016/j.talanta.2013.11.002
R. Krishnakanth, G. Jayakumar, A. Albert Irudayaraj.
Structural and Magnetic Properties of NiO and Fe-doped
NiO Nanoparticles Synthesized by Chemical Co-precipi-
tation Method. Materials Today: Proceedings 3 (2016)
1370-1377.

B. Gokul, P. Matheswaran, K. M. Abhirami. Structural
and dielectric properties of NiO nanoparticles. Journal of
Non-Crystalline Solids 363 (2013) 161-166.
https://doi.org/10.1016/j.jnoncrysol.2012.12.007
D. Ai, Xiaming Dai, Qingfeng Li et al. Synthesis of NiO
nanoparticles in ethylene glycol. China Particuology 2
(2004) 157-159.

M. El-Kemary, N. Nagy, I. EI-Mehasseb. Nickel oxide
nanoparticles: Synthesis and spectral studies of interacti-
ons with glucose. Materials Science in Semiconductor
Processing 16 (2013) 1747-1752. https://doi.org/10.1016/
j.mssp.2013.05.018
M. Hashem, E. Saion, N. M. Al-Hada. Fabrication and
characterization of semiconductor nickel oxide (NiO)
nanoparticles manufactured using a facile thermal
treatment. Results in Physics 6 (2016) 1024-1030.
https://doi.org/10.1016/j.rinp.2016.11.031
S. Wang, H. Pang, Hang Zhang. Synthesis of porous cubic
nickel oxide nanostructures and their electrochemical
property. Advanced Materials Research Vols. 557-559
(2012) 628-631. https://doi.org/10.4028/www.scientific.
net/ AMR.557-559.628
Z. Fereshteh, M. Salavati-Niasari, K. Saberyan. Synthesis
of Nickel Oxide Nanoparticles from Thermal Decompo-
sition of a New Precursor. J Clust Sci (2012) 23:577-583.
https://doi.org/10.1007/s10876-012-0477-8
M. Salavati-Niasari, F. Mohandes, F. Davar. Preparation
of NiO nanoparticles from metal-organic frameworks via a
solid-state decomposition route. Inorganica Chimica Acta
362 (2009) 3691-3697. https://doi.org/10.1016/j.ica.2009.
04.025
A. Barakat, M. Al-Noaimi, M. Suleiman. One Step
Synthesis of NiO Nanoparticles via Solid-State Thermal
Decomposition at Low-Temperature of Novel Aqua (2,9-
dimethyl-1,10-phenanthroline)NiCl. Complex. Int. J. Mol.
Sci. 2013, 14, 23941-23954. https://doi.org/10.3390/ijms
141223941
A. D. Khalaji. Nickel Oxide (NiO) nanoparticles prepared
by solid-state thermal decomposition of Nickel (11) schiff
base precursor. Journal of Ultrafine Grained and Nano-
structured Materials, 48 (2015) 1-4.

Z. Zhu, J. Ping, X. Huang et al. Hexagonal nickel oxide
nanoplate-based electrochemical supercapacitor. J Mater

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Sci (2012) 47:503-507. https://doi.org/10.1007/s10853-
011-5826-8

R. Zhang, J. Liu, H. Guo et al. Hierarchically porous
nickel oxide nanoflake arrays grown on carbon cloth by
chemical bath deposition as superior flexible electrode for
supercapacitors. Materials Letters, 136, 2014, 198-201.
https://doi.org/10.1016/ j.matlet.2014.08.037

M. Martinez-Gil, M.I. Pintor-Monroy, M. Cota-Leal.
Influence of annealing temperature on nickel oxide thin
films grown by chemical bath deposition. Materials
Science in Semiconductor Processing 72 (2017) 37-45.
https://doi.org/10.1016/ j.mssp.2017.09.021

A. l. Inamdar, Y. Kim, S. M. Pawar. Chemically grown,
porous, nickel oxide thin-film for electrochemical super-
capacitors. Journal of Power Sources 196 (2011) 2393—
2397.

S. U. Offiah, A. C. Nwanya, S. C. Ezugwu. Chemical Bath
Synthesis and physico-chemical Characterizations of NiO-
CoO Composite Thin Films for Supercapacitor applica-
tions. Int. J. Electrochem. Sci., 9 (2014) 5837-5848.

M. R. Das, A. Mukherjee and P. Mitra, Structural, Optical
and ac electrical characterization of CBD synthesized NiO
thin films: Influence of thickness, Physica E: Low-dimen-
sional Systems and Nanostructures, 93, 2017, 243-251.
https://doi.org/10.1016/ j.physe.2017.06.018

X. H. Xia, J. P. Tua, J. Zhang et al. Electrochromic pro-
perties of porous NiO thin films prepared by a chemical
bath deposition. Solar Energy Materials & Solar Cells 92
(2008) 628-633. https://doi.org/10.1016/j.solmat.2008.
01.009

H. Yang, J-H. Yu, H. Jin Seo et al. Improved electrochro-
mic properties of nanoporous NiO film by NiO flake with
thickness controlled by aluminum, Applied Surface
Science 461(2018), 88-92.

Y. Akaltun, T. Cayir. Fabrication and characterization of
NiO thin films prepared by SILAR method. Journal of
Alloys and Compounds 625 (2015) 144-148. https://doi.
org/ 10.1016/j.jallcom.2014.10.194

G. S. Gund, C. D. Lokhande, H. S. Park, Controlled syn-
thesis of hierarchical nanoflake structure of NiO thin film
for supercapacitor application, Journal of Alloys and Com-
pounds, 741(2018), 549-556. https://doi.org/10.1016/j.
jallcom.2018. 01.166.

S. U. Mutkule, S. T. Navale, V. V. Jadhav et al. Solution-
processed nickel oxide films and their liquefied petroleum
gas sensing activity. Journal of Alloys and Compounds
695 (2017) 2008-2015. https://doi.org/10.1016/j.jallcom.
2016.11.037

N. P. Klochko, K. S. Klepikova, D. O. Zhadan et al.
Structure, optical, electrical and thermoelectric properties
of solution processed Li-doped NiO films grown by
SILAR. Materials Science in Semiconductor Processing
83 (2018) 42—49. https://doi.org/10.1016/j.mssp.2018.
04.010

M. R. Das, A. Roy, S. Mpelane et al. Influence of dipping
cycle on SILAR synthesized NiO thin film for improved
electrochemical performance. Electrochimica Acta, 273
(2018), 105-114. https://doi.org/10.1016/j.electacta.
2018.04.024

M. Ghobadifard, M. Mahmoudi, M. Khelghati. Sono-
chemical Synthesis, Characterization and Gas Sensing
Properties of NiO Nanoparticles. J. Nano. Adv. Mat. 3
(2015) 107-114. https://doi.org/10.12785/jnam/030204

79



THE SYNTHESIS METHODS OF NICKEL OXIDE NANOSTRUCTURES - A BRIEF REVIEW

55

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

. S. Ata, A. Tabassum, M. I. Din. Novel sonochemical sin-
gle step fabrication of NiO nanoparticles. Digest Journal
of Nanomaterials and Biostructures, 11 (2016) 65-80.
W. Zhu, A. Shui, L. Xu. Template-free sonochemical
synthesis of hierarchically porous NiO microsphere.
Ultrasonics Sonochemistry 21 (2014) 1707-1713.
https://doi.org/10.1016/j.ultsonch.2014.02.026

S. Gandhi, N. Nagalakshmi, I. Baskaran. Synthesis and
Characterization of Nano-Sized NiO and Its Surface
Catalytic Effect on Polyvinyl alcohol. Journal of Applied
Polymer Science 118 (2010) 1666—-1674. https://doi.org/
10.1002/ app.32570

S. M. Meybodi, S.A. Hosseini, M. Rezaee. Synthesis of
wide band gap nanocrystalline NiO powder via a sono-
chemical method. Ultrasonics Sonochemistry 19 (2012)
841-845. https://doi.org/10.1016/j.ultsonch.2011.11.017
A. Aslani, V. Oroojpour, M. Fallahi. Sonochemical
synthesis, size controlling and gas sensing properties of
NiO nanoparticles. Applied Surface Science 257 (2011)
4056-4061. https://doi.org/10.1016/j.apsusc.2010.11.174
N. Duraisamy, A. Numan, S.O. Fatin et al. Facile sono-
chemical synthesis of nanostructured NiO with different
particle sizes and its electrochemical properties for super-
capacitor application, Journal of Colloid and Interface
Science, 471 (2016), 136-144. https://doi.org/10.1016/
j.jcis.2016.03.013

A. Jafari, S. P. Jahromi, K. Boustani. Evolution of struc-
tural and magnetic properties of nickel oxide nanopartic-
les: Influence of annealing ambient and temperature.
Journal of Magnetism and Magnetic Materials 469 (2019)
383-390. https://doi.org/10.1016/j.jmmm.2018.08.005

P. Bose, S. Ghosh, S. Basak et al. A facile synthesis of
mesoporous NiO nanosheets and their application in CO
oxidation. Journal of Asian Ceramic Societies 4 (2016) 1—
5. https://doi.org/10.1016/j.jascer.2016.01.006

L. Gaik Teoh and Kun-Dar Li. Synthesis and Characteri-
zation of NiO Nanoparticles by Sol Gel Method. Materials
Transactions 53 (2012) 2135-2140. https://doi.org/10.
2320/matertrans.M2012244

S. P. Jahromi, N. M. Huang, M. R. Muhamad et al. Green
gelatine-assisted sol-gel synthesis of ultrasmall nickel
oxide nanoparticles. Ceramics International 39 (2013)
3909-3914. https://doi.org/10.1016/j.ceramint.2012.
10.237

A. S. Danial, M. M. Saleh b, S. A. Salih. On the synthesis
of nickel oxide nanoparticles by sol-gel technique and its
electrocatalytic oxidation of glucose. Journal of Power
Sources 293 (2015) 101-108. https://doi.org/10.1016/
j.jpowsour.2015.05.024

Y. Wu, Y. He, T. Wu et al. Influence of some parameters
on the synthesis of nanosized NiO material by modified

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

sol-gel method. Materials Letters 61 (2007) 3174-3178.
https://doi.org/10.1016/j.matlet.2006.11.018

S. R. Nalage, M. A. Chougule, S. Sen et al. Sol-gel syn-
thesis of nickel oxide thin films and their characterization.
Thin Solid Films 520 (2012) 4835-4840. https://doi.org/
10.1016/ j.tsf.2012.02.072

T. T. Le Dang, M. Tonezzer, Polycrystalline NiO nano-
wires: scalable growth and ethanol sensing, Procedia
Engineering 120 (2015) 427-434. https://doi.org/10.1016/
j.proeng. 2015.08.658

M. A. Shah. A Versatile Route for the Synthesis of Nickel
Oxide Nanostructures Without Organics at Low Tempera-
ture. Nanoscale Res Lett (2008) 3:255-259. https://doi.
0rg/10.1007/ s11671-008-9147-z

X. Zhang, W. Shi, J. Zhu et al. Synthesis of Porous NiO
Nanocrystals with Controllable Surface Area and Their
Application as Supercapacitor Electrodes. Nano Res.
2010, 3(9): 643-652. https://doi.org/10.1007/s12274-010-
0024-6

M. Carbone, E. M. Bauer, L. Micheli. NiO morphology
dependent optical and electrochemical properties, Colloids
and Surfaces A 532 (2017) 178-182. https://doi.org/
10.1016/j.colsurfa.2017.05.046

S. Liu, W. Zeng, T. Chen. Synthesis of hierarchical flo-
wer-like NiO and the influence of surfactant. Physica E,
85 (2017) 13-18. https://doi.org/10.1016/j.physe.2016.
08.016

A. Santhoshkumar, H. P. Kavitha, R. Suresh, Hydrother-
mal Synthesis, Characterization and Antibacterial Activity
of NiO Nanoparticles, Journal of Advanced Chemical
Sciences 2(2) (2016) 230-232.

T. Lai, Y. Lai, J. Yu et al. Microwave-assisted hydrother-
mal synthesis of coralloid nanostructured nickel hydroxide
hydrate and thermal conversion to nickel oxide. Materials
Research Bulletin 44 (2009) 2040-2044. https://doi.org/
10.1016/ j.materresbull.2009.04.017

V. Rajendran, K. Anandan. Different ionic surfactants
assisted solvothermal synthesis of zero-, three and one-
dimensional nickel oxide nanostructures and their optical
properties, Materials Science in Semiconductor Processing
38 (2015) 203-208. https://doi.org/10.1016/j.mssp.2015.
03.058

L. Wang, Y. Zhao, Q. Lai et al. Preparation of 3D rose-
like NiO complex structure and its electrochemical
property, Journal of Alloys and Compounds 495 (2010)
82-87. https://doi.org/10.1016/j.jallcom.2010.01.091

Y. Jiang, Z. Jia, W. Zhang et al. In Situ Hydrothermal
Synthesis of Nickel Oxide Nanostructures by Thermal
Decomposition and its Electrochemical Property. J. Inorg.
Organomet Polym. (2013) 23:1043-1047. https://doi.org/
10.1007/s10904-013-9877-y

80



THE SYNTHESIS METHODS OF NICKEL OXIDE NANOSTRUCTURES - A BRIEF REVIEW

HUKEJIb OKCUAIHIH HAHOKYPbBIUIBIMJIAPBIH CUHTE3JEY 9ICTEPI — KbICKAIIA IIOJY

C.Ix. MamaabsipoBa

Baky memnexemmik ynusepcumemi, baxy, Ozipoaiiscan

CynepkoHIeHcaTopIap, JUTHIH-UOH/IbI OaTapesiap, ra3 Kajaranapbl JKOHE JIEKTPOXPOMATHKAIBIK KYPBUIFbLIAP TYPAKTHI
TEXHOJIOTUSHBI JTaMBITYJa MAaHBI3OBl peNl aTkapanmsl Aem KyTimyne. KeifiHri ke3me Kom JKeTKI3UITeH mporpecc
HaHOKYPBUTBIMIBI HUKEIb OKCUATEPiHIH SHEPTHAHB KOHBEPCHSIAy MEH CaKTayIbIH THIMII KYHenepi YIIiH Keremnieri 6ap
KaHAUIAT eKeHiH KopceTTi. COHFBI YaKbITTa HUKEIIh OKCHIIHIH HAHOOOIIICKTEPIHE OJIAP/IBIH SPEKIe (PU3UKAIBIK JKOHE
XUMUSJIBIK KaCHETTepiHe OalIaHBICThI KbI3BIFYIIBLUIBIK aPTHIN KeJedi. ByJl )KyMBICTa HUKEIh OKCUJIHIH HAHOOOIICK-
TEpiHIH CUHTE31 €H aJJBIMCH eHJipic omiciMeH xikTeneai. CoHmaii-ak OyJ KYMBICTa TEXHOJIOTHSUIBIK JKaFIaiiap b
HUKEJIb OKCHII HAHOO®JIIIIEKTEPiHIH KAaCHETTePIHE dCepl Typaibl CAIBICTHIPMAJIBI IOy KaCAJIFaH.

Tyiiin co30ep: HUKENb OKCHJ, HAHOOOIIIEKTEP, KPUCTAILT KOJIEMI.

METO/]Ibl CHHTE3A HAHOCTPYKTYP OKCHJIA HUKEJISI - KPATKHUI1 OB30P

MammMmanbsiposa C.Jxk.
Baxunckuit 2ocyoapcmeennsiii ynusepcumem, baxy, Azepoaiioican

[Ipennonaraercsi, YTO CYNEPKOHACHCATOPHI, HOHHO-JIUTUECBBIC OaTapeH, Ta30BbIC JATUMKH U SJCKTPOXPOMATUUCCKUC
YCTPOMCTBAa OYAYT UIpaTh BaXKHYIO POJIb B pa3pabOTKE YCTONUMBBIX TEXHOJOTHWH. JJOCTUTHYTHIH B MOCTCIHEE BPEMs
Iporpecc Mokasaj, YTO HAHOCTPYKTYPHUPOBAHHbBIE OKCHBI HUKENS SIBJISIOTCS BEChbMa MEPCIEKTUBHBIMU KaHIUAATaMU
U1 9P PEKTUBHBIX CHCTEM IpeoOpa30BaHus U XpaHSHHS YHEPTUH. B mocieiHee BpeMst HHTEpeC pacTeT K HAHOYaCTUIIAM
OKCHJIa HUKENS BBUIY MX YHHUKAIGHBIX (U3NICCKAX M XMMUYCCKHX CBOWCTB. B maHHOW paboTe CHHTE3 HAHOYACTHUI
OKCHIIa HHUKENS B IEPBYI0 OdYepenb KIACCHOHUIUPYeTCs METOJOM IIONydeHHs. B maHHOM o030pe Takxke maeTrcs
CPaBHUTEIBHBIN 0030p BIUSHHSA TEXHOJIOTHUSCKUX YCIOBUI Ha CBOWCTBA HAHOYACTHUI] OKCUIa HUKEIIS.

Knioueswvie cnosa: okcua HUKENsI, HAHOYACTHUIIBI, KPUCTAJUIMYECKUHN pa3Mep.
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