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Abstract. This review article summarises decades of research on 

nickel hydroxide. Nickel hydroxide is an important material in both 
physics and chemistry, especially in technical applications such as 
batteries. First, the structures of two known polymorphs, α-Ni(OH)2 and 
β-Ni(OH)2, are described. The article also examines common types of 
disorder in nickel hydroxide, such as hydration, stacking faults, 
mechanical stresses and the presence of ionic impurities. Related 
materials such as intercalated α-derivatives and basic nickel salts are also 
discussed. Various synthetic methods of nickel hydroxide synthesis are 
reviewed, including chemical and electrochemical precipitation, sol-gel 
synthesis, chemical ageing, hydrothermal and solvothermal processes, 
electrochemical oxidation, microwave-assisted techniques and 
sonochemical methods. The article discusses the physical properties of 
nickel hydroxide, including its magnetic, vibrational, optical, electrical and 
mechanical properties. Finally, the article highlights the promising 
properties of these materials and approaches for the identification and 
characterization of unknown nickel hydroxide-based samples. 
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Introduction 
 
When we began to write this review of nickel hydroxides, our goal was to identify the most 

valuable aspects of these industrially important materials for the scientific community. At that 
time, research was mainly concerned with water, hydroxyl and oxyhydroxyl concentrations in 
nickel oxide thin and bulk films [1]. This led to concepts such as bound water, structural water, 
compositional water, and adsorbed water, all of which are essential for understanding 
corrosion and battery performance. However, advanced analytical techniques were not yet 
available. Recent developments have significantly improved the understanding of these 
materials. A simple online search using the keyword "nickel hydroxide" reveals thousands of 
publications, highlighting their importance. This wealth of literature can be daunting, especially 
for new students or researchers unfamiliar with the experimental methods in question [2, 3]. 

 
Materials and methods 
 
Nickel hydroxides have a wide range of applications in chemistry, physics and engineering. 

They have been used since the early 20th century as electrode materials in battery technologies. 
They also play an essential role in the electrochemical processes of nickel and nickel-based 
alloys or in surface layers formed during corrosion [4, 5]. Research in the late 20th century 
focused mainly on these two areas. In the late 1960's, Bode et al. proposed a simple model to 
explain the electrochemical oxidation of nickel hydroxides to nickel(III) oxyhydroxide and 
subsequent reduction to nickel(II) hydroxide. This model includes two nickel hydroxide phases, 
α- and β-Ni(OH)2, and two oxidized phases, β- and γ-NiOOH. Although the complete mechanism 
is more complex, this model and some modifications (such as the transition from γ-NiOOH to 
β-Ni(OH)2 still provide a useful framework for understanding the processes occurring in nickel 
hydroxide battery electrodes[6, 7]. 

Nickel-based batteries, including nickel-cadmium (NiCd) and nickel-metal hydride (NiMH), 
are widely used in modern technology [8, 9]. Recently, McBreen examined the importance of 
nickel hydroxides in contemporary battery applications. However, the use of nickel hydroxides 
has expanded beyond traditional battery and corrosion research into areas such as 
photocatalysis, electrocatalysis, electrosynthesis, supercapacitors, electrochromic devices and 
electrochemical sensors. Extensive research has deepened the understanding of these 
materials beyond the basic two-phase model [10]. Innovations in nanotechnology have led to 
the development of complex structures such as nanoflowers and nanoribbons, and hundreds of 
synthesis methods are now available, including advanced techniques such as microwave-
assisted synthesis and stereochemistry. 

This increasing complexity makes nickel hydroxides both fascinating and challenging. 
Detailed understanding of structures and properties can be difficult, and choosing the right 
synthesis method for particular chemical or physical attributes at an appropriate scale can be 
overwhelming [11]. To help overcome these challenges, this review provides an overview of 
nickel hydroxide materials and their modern applications, aimed at an interdisciplinary 
audience that does not require specialized knowledge. It begins by discussing the different 
nickel hydroxide structures and common structural disorders, followed by a categorization of 
common synthesis methods with advice on their appropriate use. Finally, the physical 
properties and analytical characterization of nickel hydroxides are evaluated [9, 12]. 
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Results and discussion  
 
The structure of nickel hydroxides, especially nickel (II) hydroxide (Ni(OH)₂), has attracted 

considerable interest due to its unique properties and applications in a variety of fields 
including catalysis, energy storage, and environmental remediation. Nickel hydroxides can 
exist in various polymorphic forms, primarily α-Ni(OH)₂ and β-Ni(OH)₂, each with unique 
structural characteristics and stability [13, 14]. 

β-Ni(OH)₂ is isostructurally related to brucite (Mg(OH)₂) and occurs naturally as the mineral 
theophrastite. This phase is characterized by trigonal symmetry, meaning that the a and b axes 
are not orthogonal, forming an angle of 120°. The unit cell parameters for β-Ni(OH)₂ are 
determined using X-ray and neutron diffraction. The β-phase structure consists of layers of 
nickel hydroxide that are arranged in a specific manner, giving it unique properties [6, 7]. 

α-Ni(OH)₂ x H₂O is a polymorph consisting of layers of β-Ni(OH)₂ intercalated with water 
molecules. The degree of hydration (x) can vary, typically ranging from 0.41 to 0.7. Although 
the material is initially hydrated, water molecules are often omitted from the formula, resulting 
in the designation α-Ni(OH)₂. The α-Phase is known for its structural disorganization, which 
can affect its physical properties [15, 16]. 

 

 
 

Figure 1. Structure of α- and β- forms of nickel hydroxide [17] 
 

These differences in the structures of the α- and β-forms of nickel hydroxide determine their 
stability and characteristics, making them important for applications in various technologies 
[18]. 

Both forms of nickel hydroxides, α-Ni(OH)₂ and β-Ni(OH)₂, have unique structural 
characteristics and behavior, making them important for various applications, especially in the 
fields of energy storage and catalysts. Structural disorder in nickel hydroxides refers to the 
various types of irregularities and variations in the crystal structure that can occur in the α and 
β phases, and this disorder can significantly affect the properties and behavior of the material 
[19]. 

The main aspects of structural disorder include the inclusion of foreign ions, variable 
hydration, and crystal defects. The presence of impurities or foreign ions can disrupt the regular 
arrangement of nickel and hydroxyl ions in the crystal lattice. The degree of hydration can vary, 
leading to differences in the arrangement of water molecules within the structure, affecting the 
stability and reactivity of the material. Crystalline defects, such as irregularities in the 
crystalline layer stacking sequence, can lead to broadening of X-ray diffraction peaks and affect 
the overall crystallinity of the material [20]. 
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X-ray diffraction (XRD) analyses showed that the presence of a structural disorder results in 
peak widths, indicating inhomogeneities in the crystal structure. Neutron diffraction further 
confirmed the presence of these crystal defects and revealed the arrangement and distribution 
of atoms in the different phases (Figure 2). Different notations, such as α_am, α*, α', IS, and β_bc, 
are used to describe the disorder types in nickel hydroxides, which helps identify the parent 
structure and the disorder types observed. For example, some samples identified as β_bc were 
found to be β-Ni(OH)₂ with a layer stacking disorder [20–22]. These designations help 
researchers identify the parent structure and characteristic types of disorder that can affect the 
physical and chemical properties of a material. 

The designations have the following meaning: α_am indicates amorphous or partially 
crystalline forms of α-Ni(OH)₂, α* may indicate specific variations in the structure of α-Ni(OH)₂ 
that may be related to changes in hydration or impurities, α' is often used to indicate 
modifications of α-Ni(OH)₂ with specific structural changes, IS can indicate intercalated 
structures where ions or molecules are located between layers, and β_bc indicates β-Ni(OH)₂ 
with disorder in the stacking of the layers, which can affect its electrolytic properties. 

For each of these designations, differences in the XRD spectra can be expected. For example, 
samples identified as β_bc may show broader peaks compared to well crystallised β-Ni(OH)₂, 
indicating the presence of structural disorder. Variations in the intensity and width of the peaks 
can be observed in the spectra, which may be due to differences in crystal structure and the 
presence of defects. 

For a more detailed analysis, specific XRD spectra for the samples identified as α_am, α*, α', 
IS and β_bc should be given. This will allow a visual comparison of their characteristics such as 
peak positions, peak widths and intensities. For example, the spectrum of β_bc may show peaks 
that are wider and less intense compared to pure β-Ni(OH)₂, indicating the presence of layer 
stacking disorder. 

Thus, a comparative analysis of XRD results for different labelling can provide valuable 
information on the structural characteristics of nickel hydroxides and their potential 
applications. For a deeper understanding, it is necessary to perform experimental studies and 
compare the obtained data with the known characterisation of different forms of Ni(OH)₂. 

 

 
 

Figure 2. XRD pattern of the as-prepared Ni(OH)2  [23] 
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The peaks in the XRD spectrum correspond to certain planes of the crystal lattice. For β-
Ni(OH)₂, for example, one can expect peaks corresponding to planes (003), (006), (009) and 
others, which indicate periodicity in the crystal structure. The width of the peaks may indicate 
the presence of structural disorder. Wider peaks often indicate less crystal homogeneity and 
more defects in the crystal lattice. This may be due to mechanical stresses, hydration or the 
presence of impurities. 

 

 
 

Figure 3. X-ray diffraction patterns of Ni(OH)2 films on Ni substrates collected using a  
Cu Kα X-ray source [24] 

 
The intensity of the peaks can vary depending on the degree of crystallinity and the presence 

of different phases in the sample. For example, if both α- and β-forms of Ni(OH)₂ are present in 
the sample, this can lead to variations in the intensity of certain peaks. For a more accurate 
analysis, it is important to compare the peaks obtained with reference data for Ni(OH)₂ to 
determine which peaks correspond to specific planes and how they change depending on the 
synthesis conditions. 

The presence of structural disorder in nickel hydroxides can lead to significant changes in 
the physical and chemical properties, including their electrochemical behavior, stability, and 
reactivity. Understanding and controlling this disorder is key to optimizing the performance of 
nickel hydroxides in applications such as batteries and catalysts. Overall, structural disorder is 
an important factor in the study of nickel hydroxides, influencing their synthesis, 
characterization, and applications in various fields. 

These effects have important practical implications. For example, well-crystallized β-
Ni(OH)₂ exhibits lower electrochemical activity compared to disorganized β-Ni(OH)₂ materials. 
However, the relationship between structural disorder and measured properties is not always 
clear. Replacing nickel sites with cobalt improves the proton conductivity of β-Ni(OH)₂, but it is 
unclear whether this is due to an increase in proton vacancies or to an increase in stacking 
distortion, which also affects the electrochemical activity of nickel hydroxide electrodes [21, 
25–27]. It is therefore important to identify all possible forms of the distortion. 
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Stacking distortion in nickel hydroxides is a significant structural phenomenon that affects 
the properties and performance of the material, especially in electrochemical applications such 
as batteries and supercapacitors. Stacking implies the presence of disturbances in the 
arrangement of crystalline layers, which can disrupt the ideal stacking sequence of hydroxide 
layers in the crystal structure [21]. In nickel hydroxides, especially in the β-phase, the structure 
consists of stacked layers of Ni(OH)₂ [28]. Ideally, these layers are arranged in a specific 
sequence, but stacking distortion can introduce variations such as rotations or displacements 
of the layers. For example, stacking can occur when a layer rotates around the c-axis or is 
displaced in the ab-plane, resulting in a disordered arrangement. This disorder can be 
characterized by different stacking motifs that can be visualized by X-ray diffraction (XRD), 
showing peak broadening due to the loss of long-range order [20, 29]. 

The presence of stacking defects can significantly affect the physical and chemical properties 
of nickel hydroxides. For example, they can alter the ionic conductivity and electrochemical 
performance of the material by changing the pathways available for ion transport. In addition, 
stacking disruptors can lead to changes in the vibrational modes of the material that can be 
detected using spectroscopic techniques such as Raman and infrared spectroscopy. These 
techniques often reveal additional O−H stretching modes associated with the disruptor, 
providing insight into the structural changes occurring in the material [30, 31]. 

Stacking distortion can also affect the stability and reactivity of nickel hydroxides. The 
presence of defects can improve the material's ability to accommodate foreign ions or facilitate 
the hydration process, which can be beneficial in certain applications. However, excessive 
stacking distortion can lead to decreased crystallinity and poor electrochemical performance 
[26, 32, 33]. Overall, stacking distortion is an important aspect of the structural performance of 
nickel hydroxides. Understanding this distortion is critical to optimizing the design and 
functionality of nickel hydroxide-based materials, especially in energy storage and conversion 
applications where structural integrity and electrochemical efficiency are of utmost importance 
[34–36]. 

Hydration is a critical aspect that significantly affects the structural and electrochemical 
properties of nickel hydroxides. Hydrated nickel hydroxides, especially β-Ni(OH)₂, play 
important roles in various applications, especially in energy storage systems such as batteries. 
The hydrated form of nickel hydroxide can be represented as Ni(H₂O)x₂, where x typically 
ranges from 0.1 to 0.4, indicating the presence of water molecules loosely bound to the nickel 
cations [19]. 

The hydration process affects the interlayer spacing in the crystal structure of nickel 
hydroxides. When water molecules are incorporated, the interlayer spacing can increase by 
approximately 0.1 Å. This widening is critical to the electrochemical activity of the material, as 
it facilitates ion transport during redox reactions. However, the role of stacking disruptors in 
these measurements is not fully understood, complicating the interpretation of hydration 
effects [30, 33, 37, 38]. 

Thermogravimetric analysis (TGA) is a common method used to assess hydration levels in 
nickel hydroxides [39]. This technique involves measuring the mass of a sample while gradually 
increasing the temperature. For β-Ni(OH)₂, TGA shows that surface water can be removed at 
relatively low temperatures (around 80–90°C), while embedded water is completely removed 
at higher temperatures (around 160°C). Water removal through thermal dehydration can result 
in a 10–14% reduction in the charging capacity of nickel hydroxide battery electrodes, 
highlighting the importance of hydration in maintaining the performance of these materials. 

Thermogravimetric analysis (TGA) can show how the mass of a sample changes with heating. 
For example, for α-Ni(OH)₂, one would expect to see a loss of water associated with dehydration 
at around 100-200°C, which would be seen as a sharp decrease in mass. Upon further heating, 
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e.g., to 300-400°C, the decomposition of nickel hydroxide to form nickel oxide (NiO) may be 
observed, which would also be reflected in the TGA as an additional mass loss [40]. 

Nickel hydroxide (Ni(OH)₂) exists in two polymorphic forms: alpha (α) and beta (β), each 
with specific properties and reactivity. The alpha form of Ni(OH)₂ is often used as the positive 
electrode in nickel metal hydride (NiMH) and nickel-cadmium (NiCd) batteries due to its high 
electrochemical activity resulting from its larger surface area and better conductivity compared 
to the beta form. Also, α-Ni(OH)₂ serves as a catalyst for the oxidation of organic compounds 
and can be used in hydrogenation reactions, accelerating the processes due to its layered 
structure. Another important application of nickel alpha hydroxide is in carbon dioxide 
absorption, where reaction with CO₂ produces nickel carbonate, which finds application in 
environmental carbon capture projects. 

The beta form Ni(OH)₂ is more stable in alkaline environments and is often used to produce 
nickel oxide (NiO) when heated, which is then used in catalysis and as a pigment. Although α-
Ni(OH)₂ is generally preferred in batteries, β-Ni(OH)₂ can also be used, especially in systems 
with lower capacity requirements and reversible processes. The beta form demonstrates its 
reactivity in acidic environments, where it reacts with acids to form nickel salts and water, 
emphasising its flexibility in chemical processes when the pH changes. 

Thus, α-Ni(OH)₂ is more reactive and finds applications in batteries, catalysis and carbon 
dioxide capture, while β-Ni(OH)₂ is more stable and is used in the production of nickel oxide 
and other applications requiring reactions in acidic environments [16]. 

The presence of embedded water can also be detected using vibrational spectroscopic 
techniques such as X-ray and infrared (IR) spectroscopy. These techniques allow the 
identification of additional O−H vibrational modes associated with hydration, providing insight 
into the structural changes that occur during hydration and dehydration [41]. Hydration is thus 
a key characteristic of nickel hydroxides that affects their structural integrity, electrochemical 
performance, and overall functionality in various applications, especially in energy storage 
technologies. Understanding the hydration dynamics is critical to optimize the performance of 
nickel hydroxide-based materials [42]. 

Infrared spectroscopy (IR) can be used to identify functional groups in a sample. For 
example, in the IR spectrum for α-Ni(OH)₂ one can expect to see characteristic absorption 
bands in the 3200-3600 cm-¹ region, which is associated with O-H bond vibrations, as well as 
bands in the 500-600 cm-¹ region corresponding to Ni-O vibrations. For β-Ni(OH)₂, similar 
bands can be observed, but with differences in intensity and width, which may indicate 
differences in crystal structure and degree of hydration [43]. 

Ion exchange and foreign ion incorporation are key processes that significantly affect the 
structural, electrochemical, and functional properties of nickel hydroxides, especially in 
applications such as batteries, supercapacitors, and catalysts [42]. These processes involve the 
replacement of nickel ions in the hydroxide lattice by other cations or the introduction of anions 
into the interlayer spaces, which results in a variety of structural modifications and increases 
in material performance. 

Ionic substitution involves the replacement of nickel ions (Ni²⁺) in the nickel hydroxide 
lattice by other cations such as cobalt (Co²⁺), magnesium (Mg²⁺), calcium (Ca²⁺), or aluminum 
(Al³⁺). This substitution can occur in varying proportions, resulting in materials with the 
general formula Ni₁₋ₓMₓ(OH)₂, where M represents the replaced metal and x indicates the 
degree of substitution. The introduction of foreign cations can lead to several beneficial effects 
[21]. For example, replacing nickel with cobalt improves the electrochemical activity of nickel 
hydroxides, probably due to increased proton conductivity or increased layer stacking 
distortion, which facilitates ion transport. 

Ion substitution effects are often associated with changes in the crystal structure and lattice 
parameters. For example, the interplanar spacing (c-axis) can decrease with increasing cobalt 



Advances in Nickel Hydroxide: Structures and Modern Applications (review)  

Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ                     №3(148)/ 2024               31 
Химия. География. Экология сериясы 
ISSN: 2616-6771. eISSN: 2617-9962 

content due to the smaller ionic radius of Co²⁺ compared to Ni²⁺ [44]. This change can affect the 
electrochemical properties of the material, such as charge capacity and cycle stability. In 
addition, the presence of foreign cations can introduce new active sites for redox reactions, 
which further improves the electrochemical performance of the material [13]. 

Insertion of foreign ions involves the introduction of anions or other ionic species into the 
interlayer spaces of nickel hydroxides. This process can significantly change the structural and 
functional characteristics of the material. Common anions that can be incorporated include 
nitrate (NO₃⁻), sulfate (SO₄²⁻), carbonate (CO₃²⁻), and various organic anions [11]. 
Incorporation of these anions can result in an increase in the interlayer distance, often referred 
to as the "gallery height", which can facilitate ion transport and improve the electrochemical 
performance of the material. For example, replacing hydroxide ions with sulfate ions can 
significantly increase the interlayer distance, which improves ion access to active sites during 
reactions. 

The stability of the incorporated anions is influenced by their size and charge. Larger anions 
tend to occupy the interlayer spaces more stably, leading to significant structural expansion. 
For instance, the incorporation of adipate anions can result in an interlayer spacing increase of 
up to 65% compared to the parent structure. This expansion can enhance the accessibility of 
the hydroxide layers for ion exchange and improve the overall electrochemical activity [7]. 

Moreover, ionic substitution and foreign ion incorporation can also affect the thermal 
stability and mechanical properties of nickel hydroxides. The presence of foreign ions can lead 
to changes in the bonding characteristics within the lattice, potentially enhancing the material's 
resistance to thermal degradation. In summary, ionic substitution and foreign ion incorporation 
are essential processes that modify the structural and functional properties of nickel 
hydroxides [16]. These modifications can lead to enhanced electrochemical performance, 
improved stability, and greater versatility in applications. Understanding these processes is 
crucial for the design and optimization of nickel hydroxide-based materials, particularly in the 
context of energy storage and conversion technologies, where performance and efficiency are 
paramount. By tailoring the ionic composition of nickel hydroxides, researchers can develop 
advanced materials that meet the demands of modern energy applications [16]. 

Internal mechanical stress can arise from several factors. One significant cause is the 
incorporation of large polyatomic anions, such as nitrate, into the lattice sites or intercalation 
spaces of α-Ni(OH)₂, which is likely to induce mechanical stress. During the chemical aging 
process from α- to β-Ni(OH)₂, internal stress develops due to the changes in the unit cell c-
parameter (from 8.0 to 4.6 Å), resulting in compressive and tensile forces along the c-direction 
in the α- and β-phases, respectively [6]. Mechanical stress has also been observed in dried nickel 
hydroxide films, where the shifting of lattice vibrational modes indicates that water removal 
alters the material's density and induces internal stresses. Furthermore, mechanical stress 
occurs during the redox cycling of nickel hydroxide electrodes in batteries due to the density 
differences between nickel hydroxide and nickel oxyhydroxide [21, 25–27]. 

α-Derivative structures of nickel hydroxide (α-Ni(OH)₂) are modified versions of the original 
α-phase. They are characterized by the incorporation of various guest species, such as 
surfactants or anions, into the interlayer spaces of the nickel hydroxide lattice. While these 
derivatives maintain the fundamental structure of α-Ni(OH)₂, they exhibit altered physical and 
chemical properties as a result of the presence of these intercalated species [10]. 

One common type of α-derivative structure involves surfactant-intercalated α-Ni(OH)₂, 
where surfactant molecules replace interlayer water. This modification results in a 
hydrophobic interlayer space, which can influence the material's electrochemical behavior and 
stability [45]. Surfactants such as cetyltrimethylammonium bromide and dodecyl sulfate have 
been used to create these structures, enhancing their applicability in various fields, including 
catalysis and energy storage [45–47]. 
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Another important aspect of α-derivative structures is their potential for enhanced 
performance in electrochemical applications [48]. The incorporation of different anions or 
surfactants can improve the conductivity and electrochemical activity of the material, making 
them suitable for use in batteries, supercapacitors, and sensors[49, 50]. Moreover, the 
structural diversity of α-derivative nickel hydroxides allows for the tuning of their properties, 
such as morphology, porosity, and surface area, which are critical for optimizing their 
performance in specific applications. Overall, α-derivative structures represent a significant 
advancement in the study of nickel hydroxides, offering new avenues for research and 
development in materials science and electrochemistry [34, 46, 51]. 

Exfoliated α-derivatives of nickel hydroxide (α-Ni(OH)₂) represent a unique class of 
materials derived from the parent α-phase through the separation of its layered structure into 
individual sheets. This process, known as exfoliation, significantly alters the properties of the 
material, making it distinct from both α-Ni(OH)₂ and β-Ni(OH)₂ [9, 52]. 

The exfoliation of α-Ni(OH)₂ can be achieved through two primary methods. The first 
involves intercalating surfactants into the interlayer space, rendering the material 
organophilic. When an organic solvent is introduced, such as formamide or 1-butanol, the 
surfactant-stabilized layers can be spontaneously exfoliated, resulting in a colloidal suspension 
of individual nickel hydroxide sheets [18, 52, 53]. This method enhances the material's surface 
area and reactivity, making it suitable for various applications, including catalysis and energy 
storage. The second method utilizes amphoteric molecules, which possess both acidic and basic 
functional groups. For example, p-aminobenzoic acid can be intercalated into the α-derivative 
structure. When the pH of the solution is altered, the molecule transitions to a zwitterionic form, 
leading to Coulombic repulsion between adjacent layers and driving the exfoliation process [7]. 

Exfoliated α-derivatives exhibit unique properties, such as increased electrical conductivity 
and enhanced electrochemical performance, making them promising candidates for use in 
batteries, supercapacitors, and other advanced materials applications. Their ability to maintain 
structural integrity while providing high surface area and reactivity positions exfoliated α-
derivatives as valuable materials in the fields of nanotechnology and energy storage. 

 
Conclusion 
 
Nickel hydroxides, particularly in their α-derivative and exfoliated forms, represent a 

significant area of research due to their versatile properties and wide-ranging applications. The 
structural modifications achieved through intercalation and exfoliation not only enhance the 
material's electrochemical performance but also expand its potential uses in energy storage, 
catalysis, and advanced materials development. The ability to tailor the properties of these 
derivatives by incorporating various guest species allows for the optimization of their 
functionality in specific applications. As research continues to explore the synthesis and 
characterization of nickel hydroxides and their derivatives, the insights gained will likely lead 
to innovative solutions in technology and materials science. The ongoing advancements in 
understanding the synthesis methods, structural characteristics, and properties of these 
materials underscore their importance in addressing contemporary challenges in energy 
efficiency and sustainable technologies. Overall, the study of nickel hydroxides, particularly the 
α-derivatives and their exfoliated forms, holds great promise for future developments in 
various scientific and industrial fields. 
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Румыния 
 

Никель гидроксидіндегі жетістіктер: құрылымдар және заманауи қолданбалар (шолу) 
 

Аңдатпа. Бұл шолу мақаласында соңғы бірнеше онжылдықта никель гидроксиді бойынша 
жүргізілген зерттеулерге шолу жасалады, бұл физикада да, химияда да маңызды инженерлік 
қолданбалы, әсіресе батареяларда маңызды материал. Ол екі белгілі полиморфтардың, α-
Ni(OH)2 және β-Ni(OH)2 құрылымдарын сипаттаудан басталады. Мақалада сонымен қатар 
никель гидроксидінде жиі кездесетін гидратация, қабаттасу ақаулары, механикалық кернеулер 
және иондық қоспалардың қосылуы сияқты әртүрлі бұзылулар зерттеледі. Байланысты 
материалдар, соның ішінде интеркалирленген α-туындылары мен негізгі никель тұздары да 
талқыланады. Шолу никель гидроксидін синтездеудің химиялық және электрохимиялық 
тұндыру, золь-гель синтезі, химиялық қартаю, гидротермиялық және солвотермиялық синтез, 
электрохимиялық тотығу, микротолқын көмегімен синтездеу және сонохимиялық әдістер 
сияқты бірнеше әдістерін жинақтайды. Соңында никель гидроксидінің белгілі физикалық 
қасиеттері - магниттік, дірілдік, оптикалық, электрлік және механикалық - зерттеледі. 
Қорытынды бөлім осы материалдардың әлеуетті құнды қасиеттерінің қысқаша мазмұнын және 
никель гидроксиді негізіндегі белгісіз үлгілерді анықтау және сипаттау әдістерін ұсынады. 

Түйін сөздер: никель гидроксиді, аккумуляторлық технологиялар, электрокатализ, 
фотокатализ, наноқұрылымдар, суперконденсаторлар, электрохимиялық датчиктер, 
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құрылымдық бұзылулар, синтез әдістері, микротолқынды синтез, сонохимия, электрохромдық 
құрылғылар. 
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Достижения в области гидроксида никеля: структуры и современные применения 
(обзор) 

 
Аннотация: В этой обзорной статье представлен обзор исследований, проведенных за 

последние несколько десятилетий по гидроксиду никеля, важнейшему материалу как в физике, 
так и в химии с заметными инженерными приложениями, особенно в аккумуляторах. Она 
начинается с описания структур двух известных полиморфов, α-Ni(OH)2 и β-Ni(OH)2. В статье 
также рассматриваются различные типы беспорядка, обычно встречающиеся в гидроксиде 
никеля, такие как гидратация, дефекты упаковки, механические напряжения и включение 
ионных примесей. Также обсуждаются связанные материалы, включая интеркалированные α-
производные и основные соли никеля. Далее в обзоре обобщаются несколько методов синтеза 
гидроксида никеля, таких как химическое и электрохимическое осаждение, золь-гель синтез, 
химическое старение, гидротермальный и сольвотермальный синтез, электрохимическое 
окисление, синтез с использованием микроволн и сонохимические методы. Наконец, 
рассматриваются известные физические свойства гидроксида никеля — магнитные, 
вибрационные, оптические, электрические и механические. В заключительном разделе 
представлено краткое изложение потенциально ценных свойств этих материалов и методов 
идентификации и характеристики неизвестных образцов на основе гидроксида никеля. 

Ключевые слова: Гидроксид никеля, Аккумуляторные технологии, Электрокатализ, 
Фотокатализ, Наноструктуры, Суперконденсаторы, Электрохимические датчики, Структурный 
беспорядок, Методы синтеза, Синтез с использованием микроволнового излучения, Сонохимия, 
Электрохромные устройства. 
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