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ABSTRACT The effect of nickel content in Mg1−xNix(OH)2 nanoparticles produced by reverse co-precipitation
on their structural characteristics, morphology and size parameters of crystallites and particles has been stud-
ied. The plate-shaped nanoparticles were shown to be predominantly single crystals. It has been determined
that when the nickel content x in the hydroxide solid solution is not less than 0.4, the particle size sharply
decreases and the number of stacking faults increases. The dependence of the dehydration temperature of
Mg1−xNix(OH)2 nanoparticles on the nickel content has been revealed.
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1. Introduction

The brucite-structured magnesium hydroxide (Mg(OH)2) is used in many areas of industry: in the production of
refractory materials and rubbers, in the manufacture of plastics, ceramics and glass [1]. It is used as a flocculant for waste
water purification from organic compounds, and for neutralizing waste acids in technical processes [2]. It was shown
in [3, 4] that the natural mineral brucite (consisting mainly of Mg(OH)2) and the synthetic brucite-structured magnesium
hydroxide with partial isomorphic substitution exhibit sorption properties with respect to heavy metal ions [5]. Magnesium
hydroxide is also used as a filler in pharmaceutical preparations, and as an antacid to neutralize the acidic environment of
the stomach [6].

Nanocrystalline Mg(OH)2 is usually synthesized either under hydrothermal conditions or by chemical precipitation
at atmospheric pressure [7, 8]. As a rule, the properties of magnesium hydroxide nanocrystals strongly depend on the
method and conditions of preparation and, as a consequence, on the shape and size of crystallites and particles, and the
degree of their agglomeration [9]. In [10–12], plate-shaped Mg(OH)2 particles were obtained under a broad variation
of synthesis conditions. Magnesium hydroxide nanoparticles, which are thin hexagonal plates, were used in [12, 13] for
synthesizing Mg3Si2O5(OH)4 chrysotile-structured nanoscrolls under hydrothermal conditions.

Nickel hydroxide (Ni(OH)2) is of interest due to its use in alkaline rechargeable batteries, which have found wide
application in power tools, portable electronics, and electric vehicles [14]. Ni(OH)2 nanoparticles were used as a filler
in nanocomposites based on cellulose acetate and polyvinyl alcohol to increase their fire resistance. Nickel hydroxide
films can be used in photocatalytic flow reactors [15]. Like magnesium hydroxide, nickel hydroxide was used as one of
reagents in the synthesis of layered hydrosilicate nanoscrolls [16].

A large number of works are devoted to the synthesis and study of Ni(OH)2 with different morphology, since the
electrochemical, electrocatalytic, photocatalytic and other properties of nickel hydroxide and possible areas of its applica-
tion, including its use as precursor in the synthesis of complex compounds, largely depend on the structure, morphology
and size of its particles [17–22].
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TABLE 1. Structural parameters of polymorphic modifications of magnesium and nickel hydroxides

Unit cell
Unit cell Density,

Designation Structure type, space group parameters, Å
volume, Å3 g/cm3 Refs.

a c

Mg(OH)2
Brucite-structured, P3 m1

3.148 4.779 41.1 2.36 [25]
space group

Theophrastite-structured

α-Ni(OH)2 ·mH2O (brucite group), P3 m1 3.08 8.0–23.6 65.7–193.9 — [26–28]

space group

Theophrastite-structured

β-Ni(OH)2 (brucite group), P3 m1 3.129 4.611 39.09 4.1 [29]

space group

Two structural modifications of Ni(OH)2 are known, that is α-Ni(OH)2 and β-Ni(OH)2 (Table 1). Single-crystal
β-Ni(OH)2 nanosheets are widely used due to their high stacking density and stability in alkaline media, in contrast to
α-Ni(OH)2. The α-Ni(OH)2-based phase differs from β-Ni(OH)2 by the presence of water molecules and of acid residue
anions in the interplanar space [23]. The unit cell parameter c of α-Ni(OH)2 varies over a very wide range depending on
the location and number of water molecules between nickel hydroxide layers [24].

It was asserted in [30] that α-Ni(OH)2 always forms first during the deposition, but this product chemically ages
quickly at high temperatures, loses interlayer water and transforms into β-Ni(OH)2. To obtain a pure β-Ni(OH)2 phase,
it is usually necessary to increase the temperature to values close to or above the boiling point of water [28]. The β-
Ni(OH)2 phase is also synthesized under hydrothermal conditions [31]. In [28], β-Ni(OH)2 was obtained at 170 ◦C and
atmospheric pressure using a very concentrated aqueous solution of NaOH (63–75 wt %).

In addition to the main two phases of nickel hydroxide, there exist several types of structural disorders that were
previously attributed to independent phases, and such designations as β(bc)-, α*- and αam-Ni(OH)2 appeared in the
literature [17, 32, 33]. Structural defects include a varying number of water molecules in the interlayer spaces of nickel
hydroxide, the inclusion of foreign ions in the nickel hydroxide-based phase, and other crystalline defects. Structural
disorder can largely affect properties of a substance, including their electrochemical activity. However, it is difficult to
determine precisely the relationship between structural disorder and material properties. The data presented in [34] prove
that the change in the electrochemical activity of α-Ni(OH)2 and β-Ni(OH)2 samples is associated not with the presence
of intermediate phases, but with a different type of structural disorder. Raman and IR spectroscopy have shown that the
presence of additional O–H modes in the Raman and IR spectra is associated with stacking faults and directly affects
the broadening of X-ray diffraction peaks along the c−axis [34], while other factors associated with the inclusion of
foreign ions, hydration and the decrease in the crystallite size are reflected in the entire diffraction pattern and lead to the
broadening of all peaks. Stacking faults are explained by a strong ionic bond between Ni2+, O2− and H+ ions inside each
layer of nickel hydroxide, while the interaction between adjacent layers is weak. This can cause a shift and a change in
relative position of the layers. Rotational displacement in the form of pivot relative to the c-axis, shear displacement of
crystallographic planes perpendicular to the c-axis, and also shear displacement together with rotation are possible. Errors
in stacking of layers associated with the listed displacements of layers relative to the c-axis cause selective broadening of
peaks in X-ray diffraction patterns [35,36]. The use of computer simulation in [37,38] has shown the relationship between
the width and intensity of peaks in β-Ni(OH)2 diffraction patterns and the frequency of stacking faults. It is practically
impossible to predict and model the orientation of α-Ni(OH)2 layers, since the layers are arranged almost randomly [26].

As mentioned earlier, the composition and structure of synthesized hydroxides are affected to a significant extent by
the methods and conditions for producing them. During the joint precipitation of salts containing, in particular, Mg2+ and
Ni2+ cations, there can be formed layered double hydroxides with the Mg1−xNix(OH)2 ·mH2O variable composition,
which contain m water molecules in the interlayer space of one formula unit of the compound. Depending on the co-
precipitation conditions and the Mg:Ni ratio, hydroxides with different structures can potentially be formed. When the
composition and structure of hydroxides change, their physical and chemical properties also change. In this regard, it
is important to have information about the effect of synthesis conditions on the structure, crystallite size parameters,
morphology, and particle sizes of magnesium-nickel hydroxides.
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2. Experiment

Hydroxides with the Mg1−xNix(OH)2 composition were obtained by reverse co-precipitation. Magnesium chloride
hexahydrate (MgCl2·6H2O (pur.)) was dissolved in distilled water together with nickel chloride hexahydrate (NiCl2·6H2O
(pur.)). A solution of metal salts was added dropwise to the precipitant, an aqueous solution of sodium hydroxide (NaOH
(pur.)), with constant stirring with a magnetic stirrer. The reactions were carried out in 5 wt. % excess of sodium hydroxide
relative to the reaction stoichiometry to ensure complete precipitation of hydroxides. The reacting mixtures were stirred
for one hour. The precipitate was separated by decantation from the mother liquor containing sodium and chlorine ions.
Hydroxides precipitates were rinsed with distilled water until a negative reaction to Cl− ions was obtained. After that, the
hydroxides were dried at 100 ◦C. Subsequently, the elemental, phase, and dispersion compositions were determined for
each sample series.

The elemental composition of the samples was determined by the energy dispersive X-ray spectroscopy using an
EDX attachment to a TESCAN VEGA 3 SBH scanning electron microscope (SEM).

The phase composition of hydroxide samples was determined from the XRD data obtained using a Rigaku SmartLab
3 diffractometer (Cu Kα, Ni filter). Peaks in the diffraction pattern were identified using the PDWin4.0 software package
with a powder diffraction database based on the PDF2 file. The crystallite size was calculated from the broadening of
XRD lines using the Scherrer formula.

To determine the particle size of the obtained hydroxides, an electron microscopic study was carried out using a
JEM-2100F transmission electron microscope (TEM).

The specific surface area of the samples was determined with a Sorbi-M sorbtometer using the low-temperature ni-
trogen adsorption method. The Sorbi-M meter allows the determination of the specific surface area of dispersed materials
using the four-point BET method.

Spectra for each of the studied samples were obtained in the 450–4000 cm−1 range by IR spectroscopy using an
IR-Fourier spectrometer FSM-1201.

The total water content in the samples Mg1−xNix(OH)2 · mH2O was determined from thermal analysis data. Wa-
ter adsorbed on the particles surface was removed at a temperature not exceeding 200 ◦C and sample heating rate of
20 ◦C/min. This water was excluded from the total water content. Thus, only interlayer water and water in the form of
hydroxyl groups were recorded in the samples. Thermal decomposition of hydroxides was studied by means of complex
thermal analysis on a NETZSCH STA 429 CD analyzer coupled with a QMS 403 C quadrupole mass spectrometer. Ther-
mogravimetric analysis and differential thermal analysis were carried out in the 40–1000 ◦C range at 6 ◦C/min heating
rate in an air flow of 40 cm3/min. The analyzed hydroxide sample weight was 22 to 23 mg.

3. Results and discussion

3.1. Elemental analysis

An analysis of the samples elemental composition showed the absence of sodium and chlorine impurities, as well
as of other elements that are not listed in the chemical formula of Mg1−xNix(OH)2 hydroxides. The elemental analysis
of the composition performed by the energy dispersive X-ray spectroscopy showed a slight excess of the nickel content
in the samples compared to their nominal composition (Table 2). It should be noted that further on, all the composition
dependences employed the experimentally obtained data on the composition of samples, and the designation of samples
themselves was based on their nominal composition.

3.2. X-ray diffractometry (X-ray analysis)

X-ray diffraction data show that all samples with the Mg1−xNix(OH)2 composition are single-phase ones (Fig. 1)
and can be considered as constituting a continuous series of solid solutions. With an increasing Ni content in the samples,
all peaks broaden, which may evidence a decrease in the crystallite size (Fig. 1, Fig. 2, Table 3). The peaks associated
with the crystallographic c-axis have the most significant broadening (Fig. 1). This may be due not only to a decrease in
the crystallite size along the c-axis in comparison with the sizes along other directions, but also to the appearance of layer
stacking faults in the Mg1−xNix(OH)2 structure with an increase in the content of Ni2+ ions caused by the localization of
water in the interlayer space, the possibility of which was pointed out in [34]. For example, the peaks of reflections 100
and 110 are noticeably narrower than those of the reflection 001, which, in accordance with the conclusions from [26,34],
indicates a greater structural ordering of the nickel hydroxide layers in crystallographic planes perpendicular to the c-axis
than those along the c-axis.

The Rietveld method was applied to the XRD data to calculate parameters of the hydroxide unit cell, which belongs
to the hexagonal crystal system, P3 m1 space group (Table 2).

Figure 2 presents dependences of a and c parameters on the nickel content in Mg1−xNix(OH)2, which show that
while the a parameter is well described by the Vegard’s law (a = 3.1432 − 0.0189x (R2 = 0.9887)), there is a positive
deviation for the c(x) dependence from the Vegard’s law (c = 4.7723 − 0.0314x − 0.1159x2 (R2 = 0.9756)). The
deviation of the c parameter from the Vegard’s law is apparently associated with the appearance of stacking faults in the
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TABLE 2. Data on the studied Mg1−xNix(OH)2 hydroxide samples

Sample nominal
Hydroxide Unit cell parameters X-ray

Sample∗
composition

EDX-derived a, Å c, Å V , Å3 density

formula∗∗ ρ, g/cm3

0.0 Mg(OH)2 Mg(OH)2 3.14 ± 0.22 4.77 ± 0.19 40.85 2.37

0.1 Mg0.9Ni0.1(OH)2 Mg0.84Ni0.16(OH)2 3.14 ± 0.16 4.77 ± 0.14 40.74 2.60

0.2 Mg0.8Ni0.2(OH)2 Mg0.69Ni0.31(OH)2 3.14 ± 0.06 4.75 ± 0.24 40.45 2.83

0.3 Mg0.7Ni0.3(OH)2 Mg0.59Ni0.41(OH)2 3.14 ± 0.09 4.73 ± 0.19 40.27 2.99

0.4 Mg0.6Ni0.4(OH)2 Mg0.48Ni0.52(OH)2 3.13 ± 0.19 4.73 ± 0.10 40.20 3.15

0.5 Mg0.5Ni0.5(OH)2 Mg0.39Ni0.61(OH)2 3.13 ± 0.13 4.71 ± 0.09 39.96 3.30

0.6 Mg0.4Ni0.6(OH)2 Mg0.29Ni0.71(OH)2 3.13 ± 0.22 4.70 ± 0.14 39.86 3.45

0.7 Mg0.3Ni0.7(OH)2 Mg0.20Ni0.80(OH)2 3.13 ± 0.22 4.67 ± 0.14 39.54 3.61

0.8 Mg0.2Ni0.8(OH)2 Mg0.13Ni0.87(OH)2 3.13 ± 0.13 4.67 ± 0.14 39.57 3.70

0.9 Mg0.1Ni0.9(OH)2 Mg0.06Ni0.94(OH)2 3.13 ± 0.13 4.64 ± 0.19 39.27 3.83

1.0 Ni(OH)2 Ni(OH)2 3.12 ± 0.06 4.62 ± 0.14 39.01 3.95
∗from here on, the samples are designated in accordance with the nominal mole fraction of nickel hydroxide in the formula unit;
∗∗elemental composition determination error does not exceed 2.5 percent %

FIG. 1. XRD patterns of Mg1−xNix(OH)2 samples, (according to JCPDC card Nos. 44-1482 (brucite
– Mg(OH)2), 14-117(theophrastite – Ni(OH)2))
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FIG. 2. Dependence of unit cell parameters on the nickel content in Mg1−xNix(OH)2): a) a(x) param-
eter, b) c(x) parameter

brucite-like structure and an increase in the amount of water in the interlayer spaces along with an increase in the nickel
hydroxide content in the Mg1−xNix(OH)2 solid solution, which can be assumed on the basis of the data from [26, 34].

The average thickness (hcr) and width (Dcr) of crystallites were calculated from X-ray reflections 001 and 110
(Table 3). The crystallite thickness was not calculated for samples with a nominal value of x ≥ 0.4 due to the impossibility
of separating the contributions of the reflection 001 to the broadening, which are associated with the size of crystallites
along the c-axis and stacking faults.

An analysis of the crystallite size data shows that the crystallite thickness (hcr) for all the considered samples is about
8 nm on an average, and the width (Dcr) is about 53 nm.

3.3. Electron microscopic examination

An analysis of the particle morphology of the samples has shown that they are thin plates several nm thick (Fig. 3).
In plan view, lamellar nanoparticles have a rounded or hexagonal shape. It should be noted that it can be concluded
from the analysis of TEM data that lamellar magnesium hydroxide nanoparticles aggregate in the form of stacks of plates
in some cases (for example, such formation is noted in Fig. 3a). Such aggregation was not observed in TEM images
of nickel-containing hydroxides. The size parameters of the particles presented as histograms indicate that the particle
thickness varies mainly in the region of units of nm (Fig. 1e,f,g,h and Fig. 2d,e,f), and their width varies in the region of
tens of nm (Fig. 1a,b,c,d and Fig. 2a,b,c). The histograms of particles distribution in terms of their thickness and width
were described assuming that the lognormal distribution law is satisfied.

It follows from the data given in Table 3 that a clearly noticeable decrease in the thickness of particles is observed with
an increase in the content of nickel hydroxide in samples with the Mg1−xNix(OH)2 composition starting from samples
with a nominal value of x greater than 0.5 (Table 3). The particle thickness correlates with the crystallite size along the
c-axis. The particle width within the error also corresponds to the crystallite sizes (Table 3). The closeness of crystallites
and particles size parameters allows making a conclusion that the particles are, apparently, mainly single-crystal.

The nanoparticles specific surface area Scalc (m2/g) calculated assuming that the particles are flat disks with thickness
h and diameter D (Table 3, Fig. 1, Fig. 2), and their density ρ(x) taken from Table 2, are given in Table 4.

3.4. Samples specific surface area determined from the low-temperature nitrogen adsorption data

Table 4 contains the values of the specific surface area Sexp (m2/g) of Mg1−xNix(OH)2 solid solution samples
preheated at 200 ◦C for 30 minutes to remove the adsorbed water.

The systematically lower values of the experimentally determined samples specific surface area compared to the
values calculated on the basis of the nanoparticles size and density data (Scalc in Table 4), can apparently be explained by
the formation of nanoparticle agglomerates (see, e.g., Fig. 3a is the selected area), which covers part of the particle surface
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TABLE 3. Dimensional parameters of crystallites and particles of Mg1−xNix(OH)2 samples

Crystallite average sizes, nm
Weighted average of plate

Sample dimensions ∗∗, nm

hcr Dcr thickness, h width, D

0.0 11 52 7.0 ± 1.0 55 ± 9

0.1 8 56 – –

0.2 7 55 7.7 ± 1.6 61 ± 15

0.3 8 56 – –

0.4 – 54 – –

0.5 – 55 4.2 ± 1.3 47 ± 24

0.6 – 54 4.3 ± 1.1 49 ± 16

0.7 – 52 4.0 ± 1.1 46 ± 16

0.8 – 53 – –

0.9 – 51 4.9 ± 1.2 45 ± 13

1.0 – 47 4.7 ± 1.0 49 ± 16
∗weighted averages are given with standard deviations data. Calculated

using particle size distribution histograms

TABLE 4. Samples specific surface area

Sample Composition Sexp (m2/g) Scalc (m2/g)

0.0 Mg(OH)2 78 ± 8 151

0.1 Mg0.84Ni0.16(OH)2 89 ± 9 –

0.2 Mg0.69Ni0.31(OH)2 111 ± 14 115

0.3 Mg0.59Ni0.41(OH)2 134 ± 16 –

0.4 Mg0.48Ni0.52(OH)2 132 ± 15 –

0.5 Mg0.39Ni0.61(OH)2 129 ± 13 170

0.6 Mg0.29Ni0.71(OH)2 131 ± 13 159

0.7 Mg0.2Ni0.8(OH)2 117 ± 9 161

0.8 Mg0.13Ni0.87(OH)2 103.6 ± 12 –

0.9 Mg0.06Ni0.94(OH)2 99 ± 11 130

1.0 Ni(OH)2 124 ± 13 128

for nitrogen adsorption. Despite some differences in the values of the samples specific surface area obtained by different
methods, there remains a general trend, which reflects a decrease in the particle size with an increase in the nickel content.

3.5. IR spectroscopy

The IR spectra of samples with the Mg1−xNix(OH)2 composition were found to contain bands characteristic of
brucite. The difference in the IR spectra of samples with the Mg1−xNix(OH)2 composition in the 300 to 700 cm−1 range
is described in [39]. At v ∼ 1030 cm−1, the band corresponds to the Eu mode (Fig. 3). The broad peak in the 1400–
1450 cm−1 range observed for all samples belongs to the combination of the Eg and A2u modes [34]. A low intensity
peak at∼ 1630−1645 cm−1 observed for all samples originates due to the O–H vibration mode of a free water molecule,
which is adsorbed on the material. For samples with x greater than 0.4, there appears a ∼ 1700 cm−1 band, which,
apparently, can be related to vibrations of water molecules intercalated between hydroxide layers.
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FIG. 3. IR spectra of Mg1−xNix(OH)2 solid solution samples

The intensity of the absorption band in the range of stretching vibrations (at 3428 cm−1 for the sample 0.0) decreases
along with the increasing amount of nickel in hydroxides. A sharp intense peak, related to the stretching vibrations
of the OH group, is visible in all samples (at 3700 cm−1 for the sample 0.0) and gradually shifts with the increasing
nickel hydroxide content in the sample (3637 cm−1 for 1.0) (Fig. 3). This may be due to the fact that hydroxide samples
contain Mg2+ and Ni2+ ions, which differ in electronegativity (for magnesium, the electronegativity is 1.28, and 1.98 for
nickel, [40]), which changes the OH bond polarization [39].

3.6. Thermal analysis

DSC and TGA curves were plotted from the TGA data for hydroxide samples. Since the shape of the curves for all
samples is similar, the results will be presented below in graphical form only for the several samples: 0.0, 0.3, 0.5, 1.0
(Fig. 4).

An analysis of the simultaneous thermal analysis data shows that an increase in temperature is accompanied by mass
loss and endothermic effects in all samples. Depending on the increase in the amount of nickel in the samples, the most
pronounced endothermic effect (DSC curve maximum) shifts to the region of lower temperatures (Table 5 shows the
temperatures at the beginning of the effect (Ts), its maximum (Tmax), and the total weight loss of the samples (∆ m).

The XRD data show that after heat treatment of samples under conditions of simultaneous thermal analysis up to
1000 ◦C, all samples are represented by nanocrystalline rock salt-structured particles with the Mg1−xNixO composition
and crystallite sizes varying in the ∼15–40 nm range (Fig. 6, Table 6). Thus, the endothermic effect can be associated
with the dehydration reaction:

Mg1−xNix(OH)2 → Mg1−xNixO + H2O.
The rest of the water released from the samples was apparently adsorbed on the surface of the particles or was in the
interlayer spaces. The dependence of the proportion of such water, n(Mg1−xNix(OH)2 + nH2O), on the samples com-
position is shown in Fig. 5. The obtained data do not allow the identification of any trend in the n(x) dependence. This
is apparently due to the high sensitivity of the water content on the surface and in the interlayer spaces of hydroxides to
external conditions.

A comparison of the sizes of crystallites and particles of magnesium and nickel hydroxide solid solutions with the
sizes of Mg1−xNixO crystallites formed by heat treatment with a linear increase in temperature up to 1000 ◦C shows
not only a change in shape from lamellar to that close to isometric, but also a noticeable increase in the volume of
oxide crystallites compared to the original hydroxides. This situation is completely different from the case of short-
term heat treatment at 1000 ◦C of Mg(OH)2 nanoplates described in [9], in which MgO nanoparticles were forming
with crystallite sizes comparable with the thickness of Mg(OH)2 nanoparticles. Apparently, the considered conditions
ensure the intergrowth of Mg1−xNixO crystallites that formed during the dehydration of the corresponding hydroxides.
Moreover, agglomerates of polycrystalline plates (which formed during the hydroxides dehydration) rather than individual
plates [9] have most likely served as the initial material for the formation of oxide nanocrystals. This conclusion is
supported by the fact that the volume of Mg1−xNixO crystallites is comparable with the volume that oxide particles may
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FIG. 4. TGA (1) and DSC (2) curves for the samples: 0.0, 0.3, 0.5, 1.0

TABLE 5. Results of simultaneous thermal analysis of hydroxide samples

Sample Ts, ◦C Tmax, ◦C ∆m, wt. %

0.0 324 420 33.77

0.1 290 413 29.83

0.2 245 390 28.55

0.3 228 380 30.59

0.4 245 365 30.68

0.5 227 352 26.79

0.6 230 343 26.94

0.7 228 330 27.61

0.8 212 317 26.62

0.9 229 316 21.89

1.0 221 311 23.81
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FIG. 5. Dependence of the number of water molecules on the amount of nickel in samples of
Mg1−xNix(OH)2-based solid solutions

have if they were formed from agglomerated hydroxide nanoplates (Fig. 3a – selected fragment) with a specific surface
area Sexp (Table 4).

In this case, the formation of such oxide crystallites most probably follows the mechanism of coherent-accommodative
intergrowth of small oxide clusters [41, 42].

FIG. 6. XRD patterns of the initial samples 0.0 – 1.0 heated up to 1000 ◦C (according to JCPDC card
Nos. 45-946 (periclase – MgO), 47–1049 (bunsenite – NiO))

4. Conclusion

The performed study has shown that the formation of nanoparticles of Mg1−xNix(OH)2 hydroxides in the range of x
not less than 0.4 goes with the formation of nanocrystals with a high proportion of stacking faults, which manifests itself,
in particular, in the nature of the change in the broadening of XRD pattern lines with an increase in the nickel content
in the solid solution. It has been revealed that the hydroxide nanoplates agglomeration affects the size of Mg1−xNixO
crystallites that form during their dehydration. The effect of nickel content in the magnesium-nickel hydroxide on the
size, morphology, and dehydration temperature of Mg1−xNix(OH)2 nanoparticles has been determined.
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TABLE 6. Dimensional parameters of sample crystallites heated up to 1000 ◦C

Sample
Crystallite average sizes, nm

Dcr (reflection 111) Dcr (reflection 001)

0.0 23 15

0.1 21 19

0.2 23 20

0.3 26 23

0.4 36 34

0.5 39 33

0.6 38 35

0.7 38 41

0.8 41 38

0.9 39 38

1.0 38 31
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