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In this study, we have synthesized calcium hydroxide (CH) and nickel (Ni)-doped calcium hydroxide nanoparticles 
(NPs), through the inexpensive chemical precipitation route. The nickel-doped CHNPs were then calcined at 500 ℃ for 
3 hours. The produced samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), 
energy dispersive X-ray (EDX), Fourier transform infrared spectroscopy (FTIR), and UV-visible spectroscopy techniques 
to investigate the changes in structural, morphological and optical parameters. The XRD study showed the phase 
formation of Ca(OH)2, Ni-Ca(OH)2, and CaCO3. The Ca(OH)2 nanoparticles were transformed into CaCO3 NPs due to the 
high-temperature carbonation reaction. It was also found that the crystallite size is decreasing from 62.32 nm to 40 nm.  
The FESEM pictures expose the prepared samples' morphology and particle size. The UV-Vis spectra showed a blue shift 
in the absorbance band. The band gap energy of all prepared samples, plotted by Tauc’s plot, showed a concomitant 
change with crystallite size.  
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INTRODUCTION 

Due to its many commercial uses, calcium 
hydroxide (Ca(OH)2), a semiconductor with a wide 
band gap [1], has become one of the most promising 
hydroxide materials in the fields of food packaging 
[2], wastewater treatment [3], and construction [4]. 
The material has many uses in different categories, 
which involve dental cement [5], energy storage [6], 
cultural heritage conservation [7], antimicrobial 
activity [8], dye removal [9], and Portland cement 
production [10]. It is a fascinating semiconductor 
material because of its eco-friendliness and low cost 
when compared to other nanohydroxide materials. 
Nature makes it inevitable for humans to use 
materials in their daily lives, and there is a constant 
need for novel materials for a variety of uses, 
including solar cells, energy storage devices, 
magnetic materials, biosensors, dye degradation 
effects, and other applications [11]. As a result, for 
the preparation of nanostructured powders with a 
variety of compositions, sizes, and morphologies, 
improvements in powder processing procedures are 
required. For this instant, various categories of 
nanoparticles can be utilized to synthesize new 
materials. Due to their potential qualities and uses in 
optoelectronics, electronics, sensing, medicine, and 
catalysis, transition metals like Ni, Co, and Fe are of 
particular interest among the several  categories  of 

nanoparticles (NPs) [12, 13]. 
Recent studies have shown that after doping of 

such transition metals like Ni in ZnO nanoparticles 
the optical, structural, and morphological properties 
can be controlled and demonstrated effective 
biosensor applications and promising outcomes in 
the medical field [14]. Magnesium oxide and co-
existing cobalt oxide agents have attracted 
considerable interest as the manufactured products 
retain an enormous surface area and band gap 
bowing. Thus, the obtained products may be crucial 
for photocatalysis [15]. Zinc oxide doped with 
transition elements (Ni and Cu) created by the 
chemical co-precipitation method demonstrates a 
blue shift in peak wavelength from undoped ZnO to 
doped ZnO in the PL spectra and a shift from lower 
to higher wavelength in the UV-Vis spectra [16]. 
Because of the differing electronic shell structure 
and comparable size of Ni2+ (0.069 nm) and Zn2+ 
(0.074 nm), it is anticipated that the doping of nickel 
in ZnO will change its absorbance, photocatalytic, 
and other physical or chemical assets. Research on 
Ni-doped ZnO nanostructures using spray pyrolysis, 
precipitation, and sputtering has also been described 
[17, 18]. 

This paper first reports the synthesis of Ni-doped 
CHNPs using   the   inexpensive   co-precipitation  
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method. Then, the Ni-doped Ca(OH)2 was calcined 
for 3h at 500 °C in air. This research sought to 
understand how calcination affected nickel-doped 
Ca(OH)2 nanoparticles. The change in structural, 
morphological, and optical features of the primed 
nanoparticles was examined by various 
characterization methods including XRD, FTIR, 
FESEM, and UV-VIS. In this research report, the 
outcomes that were achieved are thoroughly 
addressed.  

EXPERIMENTAL 

Materials 

All the chemicals, containing sodium hydroxide 
(NaOH), calcium nitrate hexahydrate 
(Ca(NO3)2.6H2O), and nickel nitrate hexahydrate 
(Ni(NO3)2.6H2O), obtained from Merck (India), 
were used as received. All the samples were 
prepared using deionized water throughout the 
experiment. 

Method 

In this experiment, calcium hydroxide and Ni-
doped calcium hydroxide samples were prepared 
using the co-precipitation route. To create calcium 
hydroxide (sample A), Ca(NO3)2.6H2O and NaOH 
solution were prepared in distilled water. The 
precipitator sodium hydroxide (0.6 M, 200 ml) was 
dropwise added into the solution of calcium nitrate 
hexahydrate (0.6 M, 200 ml) while utilizing 
magnetic stirring at 1200 rpm solution, at room 
temperature. Following the completion of the 
reaction, the white precipitate was filtered from the 
remaining NaNO3 using Whatman 40 filter paper 
(GE Healthcare UK Limited, UK), that had been 
created during the synthesis. The white precipitate 
was dried at 60 ℃ for 2 hours. The synthesis of Ni-
doped Ca(OH)2 was also completed by the 
precipitation method. Firstly, (1-x) atom% 
Ca(NO3)2.6H2O and x atom% Ni(NO3)2.6H2O 
solution (where x = 0.10) were made in 200 ml 
distilled water. The calcium nitrate hexahydrate (0.6 
M, 200 ml) solution was then mixed into nickel 
nitrate hexahydrate (0.6 M, 200 ml) on a magnetic 
stirrer under continuous mixing. In addition, NaOH 
aqueous solution (0.6 M, 200 ml) was made of 
deionized water and then mixed dropwise into the 
aforesaid solution while utilizing magnetic stirring at 
1200 rpm. The entire process was held at normal 
temperature. Following an hour of applying the 
precipitator NaOH, the precipitate was acquired and 
filtered using Whatman 40 filter paper. The NaNO3 
residue was also removed by repeated washing with 
deionized water. Finally, the Ni-Ca(OH)2  precipitate 
was dried at 60°C for 2 hours in the air. The final 
product was denoted as sample B. Finally, Ni-doped 

Ca(OH)2 (sample B) was calcined at 500 °C for 3 
hours in the air, and assigned as sample C. 

Characterization techniques 

An X-ray diffractometer (Rigaku Miniflex-II, 
Japan) was used to characterize the phases of the 
product samples. It used a diffractometer with 
wavelength Cu Kα = 0.15406 nm, an angle range of 
10-80◦, and a step size of 0.02◦. The FESEM (JEOL 
JSM-7610FPlus) with an EDX spectrometer 
connected was used for the microstructural analysis 
and elemental composition. The functional group 
information of all the dry samples was gathered with 
an FTIR spectrometer (KBr, Bruker Alpha, USA). 
The data were recorded over the 500–4000 cm-1 

wavenumber. (UV-vis) absorbance spectra were 
obtained on a UV-Vis spectrometer (Shimadzu UV–
NIR 2600, Japan) over the wavelength range of 190–
800 nm. Using Tauc's Fig., the optical band gap 
values were computed. 

RESULTS AND DISCUSSION 

Structural study 

The crystal structure of all prepared samples was 
studied by XRD analysis. In Fig. 1 (A-C), the XRD 
patterns of synthesized samples A, B, and C are 
shown. The Ca(OH)2  phase seen in the XRD pattern 
shows typical diffraction peaks corresponding to 
(001), (100), (101), (102), (110), (111), (201), (112), 
and (202) appearing at 2θ values of, for instance, 
18.04◦, 28.67◦, 34.09◦, 47.12◦, 50.80◦, 54.35◦, 62.60◦, 
64.26◦, and 72.10◦ in turn. These data disclosed the 
hexagonal structure of calcium hydroxide 
nanoparticles with space group (P-3m1, No. 164) 
and had a good match with standard data, (PDF Card 
No. 00-004-0733) [19].  

Fig. 1. X-ray diffraction pattern of samples A, B, 
and C. 
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Furthermore, additional diffraction peaks 
corresponding to (001), (100), (101), and (110) on 
pattern B follow at the 2θ values of e.g., about 
19.43◦, 33.12◦, 38.08◦, and 59.13◦ in turn. It matches 
the published standard values with excellent 
precision (space group: P3m1, JCPDS card 742075) 
to the crystal phase of β-Ni(OH)2 [20]. The XRD 
pattern shows the successful doping of the nickel 
atom into the CHNP structure. Numerous peaks 
conforming to the planes (012), (104), (110), (113), 
(202), (108), (116), and (122) appear respectively at 
2θ values of, for instance, 23.11◦, 29.44◦, 36.12◦, 
39.54◦, 43.30◦, 47.50◦, 48.61◦, and 57.59◦ which are 
observed in the XRD pattern of sample C. The 
present pattern bouts with the standard 
rhombohedral calcite (CaCO3) phase (space group 
No: 167, JCPDS card 00-005-0586) as the main 
phase and two minor peaks related to (111) and (220) 
at 2θ values of about 37.22◦ and 62.72◦confirm the 
NiO phase [21, 22]. The calcite and NiO phases are 
induced due to the calcination process of nickel-
doped calcium hydroxide nanoparticles. The result 
shows that the produced samples are polycrystalline 
in nature. Debye-Scherrer (D-S) formula is used to 
determine the average crystallite size using X-ray 
diffraction line broadening:  

δ =  Kλ/ βcosθ                                                             (1) 

where δ stands for the crystallite size; K is the 
Scherrer constant valued to be 0.9; λ is the X-ray 
wavelength (Cu Kα, 1.54056 Å,); θ is the diffraction 
angle of the peak; and β is full-width at half-maxima 
(FWHM) (in radian) [23]. The crystallite size for 
samples A, B, and C is 62.32 nm, 56.75 nm, and 
40.00 nm, respectively. The crystallite size as well 
as if the (D-S) methodology provides the correct 
trend of the nanocrystallite size data were confirmed 
using the Williamson-Hall method [24]. The 
equation below was used for the same: 

β cos θ =  k λ
δ𝑊𝑊−𝐻𝐻

+ 4 𝜀𝜀 sinθ                                    (2) 

where β is the FWHM. Moreover, k has a constant 
value of ~0.9 [19]. Here λ denotes the wavelength, 
which is 1.506 Å. For samples A, B, and C, the 

quantity (cos) as a function of (sin) was then linearly 
fitted. The sizes of the crystallites (W-H) were 
estimated for each sample using the intercepts on the 
Y-axes of the linear interpolations of the 
corresponding fitted lines. The proper W-H plots for 
samples A, B, and C are depicted in Figs. 2(a), (b), 
and (c), respectively. Using the equation below, the 
dislocation density (ρd) of the prepared samples was 
determined: 

 𝜌𝜌𝑑𝑑 =  
1
δ2

                                                                         (3) 

According to calculations, CH sample A has a 
dislocation density of∼ (2.5 ×1014 m-2). Whereas, for 
the Ni-CHNPs sample B it increased to ∼ (3.1 × 1014 
m-2), and for CaCO3 sample C the value also 
increased to ∼ (6.2 × 1014 m-2). A smaller crystallite 
size suggests a greater surface-to-volume ratio. The 
dislocation network in the smaller crystallites is 
prevalent with a higher surface-to-volume ratio. So, 
more dislocations per unit area are raised in this case, 
accommodating the reduced crystallite size [25]. 
Table 1 summarizes the crystallite size with both δD-

S; and δW-H data with the dislocation density and band 
gap energy. The prepared samples A, B, and C have 
crystallite sizes in the following order: A > B > C, 
for both δD-S; and δW-H values. The crystallite size is 
decreasing because the dopant ion will substitute 
itself into the structure of Ca(OH)2 as the dopant's 
ionic radius is smaller than that of the host material; 
if the ionic radius is bigger, the ions will be 
embedded via an interstitial process. The interstitial 
process causes a disruption in the structure, resulting 
in a positive charge around the crystal or the 
formation of an oxygen vacancy [26]. Since the ionic 
radius of Ni2+ (83 pm) is smaller than that of Ca2+ 
(114 pm), the drop in crystallite size is most likely 
the result of the deformation process caused by Ni 
atom replacement into the CHNP structure. The 
main root cause of the decrease in crystallite size was 
the distortion of the host lattice of Ca(OH)2 caused 
by the hosted ions Ni2+, which decreased nucleation 
and slowed the growth of Ca(OH)2 nanoparticles.  
 

Fig. 2. Williamson–Hall plots of samples A, B, and C. 
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Table 1. Crystallite size, dislocation density, and bandgap of samples A, B, and C.

 

After the calcination, particle size generally 
increases due to aggregation. But if the annealing 
temperature is improper (higher than the 
crystallization temperature or close to the melting 
point) then the material bonds will be disrupted, the 
order through the focused material will be increased 
and the crystallite size will consequently decrease. 

FESEM study 

The morphological study of the prepared samples 
A, B, and C was done by FESEM analysis. Fig. 3 
shows the FESEM photomicrograph along with the 
corresponding EDX spectra of the prepared samples. 
From the study, the calcium hydroxide NPs (sample 
A) form nearly hexagonal-like structures (Fig. 3(a)) 
with a good contrast whereas the Ni-doped CHNPs 
and CaCO3 have an irregular shape (Fig. 3(b), 3(c)) 
with more agglomerated particles. When related to 
calcium hydroxide sample A, the particles in both 
samples B and C have uneven size and shape.  

The aggregation happens due to the highly active 
surface of the nanocrystallite. The average 
agglomerate size was 231.08 nm (Fig. 3a), 207.94 
nm (Fig. 3b), and 155.32 nm (Fig. 3c) for samples A, 
B, and C, respectively. The average agglomerate size 
was decreasing with the crystallite size. The insets of 
the corresponding FESEM pictures display the 
histograms for the distribution of agglomeration 
size. Fig. 4 displays the EDX spectra of all the 
generated samples. The EDX spectra of sample A 
approve the existence of Ca and O in CHNPs, which 
confirms the creation of calcium hydroxide as a main 
phase. Furthermore, the EDX spectrum of sample B 
is exposed in Fig. 4(b), confirming the considerable 
presence of Ni in addition to Ca and O. The presence 
of Ni validates the nickel doping in calcium 
hydroxide NPs, which matches XRD data well. 
Similar to this, in Fig. 4 (c), the EDX spectrum 
shows that sample C also contains a major amount 
of carbon in addition to Ca, O, and Ni. The 
occurrence of carbon in the EDX spectra supports 
the creation of the calcite phase. All the findings 
agree well with the XRD data. 
  

Sample Crystallite size, 
δD-S (nm) 

Crystallite size, 
δW-H (nm) 

Dislocation density, 
ρd (m-2) 

Bandgap  
(eV) 

A 62.32 88.88 2.5 * 1014 4.83 

B 56.75 72.59 3.1* 1014 5.55 

C 40.00 28.12 6.2* 1014 5.64 

Fig. 3. FESEM photomicrographs of samples A, B, and C. 

Fig. 4. EDX spectra of samples A, B, and C. 
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FTIR study 

The FTIR spectra of all prepared samples A, B, 
and C are presented in Fig. 5.  

The information was collected over a 
wavenumber range from 500 to 4000 cm-1. The data 
has a good match with earlier published data [19, 21, 
23]. FTIR shows an absorption band near ∼ 3642 cm-

1, which is credited to the existence of the stretching 
mode of –OH groups in all samples. The absorption 
band of –OH groups is lowest in sample C, which 
can be due to the calcination of sample B at a high 
temperature. The large absorption band near ∼1511 
cm-1 in sample A is attributed to the v3 asymmetric 
stretching of CO3 groups, which is shifted to the 
lower absorption band near ∼1421 cm-1 in sample B. 
This change can be due to the nickel doping in 
CHNPs. Furthermore, a broad and intense peak at 
∼1421 cm-1 indicated the calcite phase in sample C. 
The C=O stretching mode was also thought to be 
responsible for the modest absorption bands that 
were found at around 2400 cm-1 in the ranges of 
every sample. All prepared samples exhibit the v2 
symmetric distortion of the CO3 group peak at the 
wave number of 860 cm-1. The change in v2 
symmetric distortion of the CO3 group peak can also 

be seen in both samples B and C. As a result, these 
data also support the findings of the XRD studies. 

UV-Vis spectroscopic analysis 

The UV-Vis absorbance spectra were used to 
examine the optical characteristics of the prepared 
samples. The UV-Vis spectrum is presented in Fig. 
6 as a function of wavelength.  

The sample absorbance can be affected by the 
band gap, surface roughness, impurity centers, and 
the quantum confinement effect [27, 28]. For 
CHNPs, Ni-CHNPs, and CaCO3 NPs, the 
absorbance peaks originate at 256 nm, 223, and 219 
nm, revealing a blue shift in absorbance. The band 
gap energy of the prepared samples was estimated by 
Tauc’s plot as given below [29].  

   αℎ𝜐𝜐 =  𝐴𝐴(ℎ𝜐𝜐 –  𝐸𝐸𝑔𝑔)
1
2                                                        (4) 

where n (=1/2 for a direct band gap) is a constant, α 
is the optical absorption coefficient. The straight 
portion of the curve between “hυ” and (αhυ)2 was 
extrapolated to determine band gap energy. Samples 
A, B, and C have band gap values of 4.83, 5.55, and 
5.64 eV in order. Tauc’s plot for the energy band gap 
is shown in Fig. 7. Hence, the optical band gap 
generally increases with the decrease in 
nanocrystallite size (Fig. 8), as expected. 

Fig. 5. FTIR spectra of samples A, B, and C. 

Fig. 6. Absorbance spectra of samples A, B, and C. 

Fig. 7. Tauc’s plots of samples A, B, and C. 
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In general, the band gap energies could differ 
depending on the size of the nanoparticles. Since the 
ionic radius of Ni2+ (83 pm) is smaller than that of 
Ca2+ (114 pm), it was feasible for doping transition 
ions to occur, which resulted in a decreased lattice 
size in the samples. These findings indicate that Ni2+ 
transition metal ions have been successfully 
integrated into Ca(OH)2 nanoparticles by replacing 
Ca2+ sites in the lattice. Additionally, when the 
average crystallite size decreased, the nanoparticles 
in use had higher band gap energies. The samples' 
smaller particle sizes caused the restricted dimension 
to shrink. 

Further, the Fermi level in nominally doped 
semiconductors is situated between the conduction 
band and valence band. For the degenerate doping in 
semiconductors, the Burstein-Moss shift occurs 
because the conduction band edge density of states 
is exceeded by the electron carrier concentration. As 
the doping level is increased in n-type 
semiconductors, conduction band states are 
populated by electrons, increasing the energy of the 
Fermi level. The Fermi level of a degenerate level of 
doping is located inside the conduction band. 
Transmission/reflection spectroscopy is a tool that 
can be used to measure the actual band gap of a 
semiconductor. In a degenerate semiconductor, all 
the states below the Fermi level are occupied states, 
hence an electron from the top of the valence band 
can only be excited into the conduction band above 
the Fermi level (which is currently in the conduction 
band). In these occupied states, excitation is 
prohibited by Pauli's exclusion principle. Hence, we 
see a wider apparent bandgap [30]. 

CONCLUSION 

In summary, calcium hydroxide and Ni-doped 
calcium hydroxide NPs were successfully produced 
through a precipitation process. The Ni-doped 
calcium hydroxide NPs were then calcined at 500℃ 

temperature for three hours. The XRD data proved 
the phase formation of Ca(OH)2, Ni-Ca(OH)2, and 
that heating caused the calcite phase to develop. The 
nanocrystallite sizes of Ca(OH)2, Ni-Ca(OH)2, and 
CaCO3 NPs were 62.32 nm, 56.75 nm, and 40.00 
nm, in turn. The EDX data reinforced the existence 
of Ca, Ni, and C in the prepared NPs samples. The 
UV-Vis spectroscopy showed the energy band gap 
to be 4.83 eV, 5.55 eV, and 5.64 eV. The 
enhancement in the band gap may be attributed to 
the decrease in crystallite size.   
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