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ABSTRACT
The calcium-doped ZnO nanoparticles, Zn1-xCaxO (x = 0, 0.025, 0.05, 0.075) were prepared by the solution combustion meth-

od. The synthesized nanoparticles were characterized by various techniques such as XRD, FTIR, Raman, FESEM-EDX, PL, 
Impedance, and UV-Vis. The Rietveld refinement of the X-ray diffractogram yields the crystalline structure and lattice parameters. 
Also, the XRD analysis shows that the substitution of Ca into ZnO does not alter the Wurtzite structure of ZnO. The crystallite size 
of the samples, calculated using the Scherer equation, was found to be between 46 nm and 92 nm. FTIR spectra detect the ZnO-re-
lated vibration modes of the samples. The FESEM morphological images suggest the spherical shape of the synthesized nanopar-
ticles. The EDAX spectra identify the presence of Zn, Ca, and O atoms in the samples. The Raman active modes of the ZnO phase 
were identified by Raman spectral analysis. The analysis of Photoluminescence (PL) spectra gives information about the UV emis-
sion and other visible bands corresponding to violet, blue, and green emission representing different intrinsic defects in synthesized 
nanoparticles. Using UV-vis spectroscopy, the optical transparency and band gap values were examined. The energy band gap ob-
tained by Tauc’s plot was decreased with the increase in Ca doping. Impedance analysis shows that the grain conductivity increased 
with the increase in dopant concentration. Contrarily, the total conductivity decreased with the increasing doping concentration due 
to increased grain boundary resistance. The proposed work demonstrates the changes in microstructure, electrical conductivity, and 
optical bandgap energy with Ca-doping. These synthesized Ca-doped ZnO nanoparticles could be promising materials for photo-
catalytic applications.
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1. Introduction
As the most studied zinc oxide (ZnO), it offers 

some attractive properties due to its size-dependent 
optoelectronic properties. In recent days, ZnO has 
revolutionized the optoelectronics industry due to its 
interesting semiconducting, pyroelectric, and piezoe-
lectric properties. ZnO has diverse applications such 
as gas/chemical sensors [1-3], optoelectronics [4], laser 
diodes [5], piezo electronics [6,7], photo-catalysis [8],  
food packaging [9], biomedical [10], personal care 
and cosmetics [11] and field emission devices [12].  
Basically, ZnO (group II-VI) is a wide-bandgap sem-
iconductor with unique physical properties. It has a 
direct band gap energy of 3.37 eV with a free exciton 
binding energy of 60  meV. Therefore, it has a pro-
nounced effect on optical and electrical properties [13,14].  
It is well established that particle size and morphol-
ogy, reaction temperature, solution pH, dopants, 
and dopant concentrations alter the physical, chem-
ical, electrical, and optical properties of ZnO [15-21].  
ZnO nanoparticles can be obtained by various 
synthesis methods such as co-precipitation [22,23],  
combustion [24], sol-gel [25,26], hydrothermal [27], etc. 
Many researchers have synthesized Ca-doped ZnO, 
and the observed properties have been used in many 
applications. For example, Davalasab Ilager et al. 
modified a carbon-based electrochemical sensor with 
Ca-doped ZnO nanoparticles for an anti-viral drug, 
and acyclovir [28,29]. S. Jaballah et al. fabricated a Ca-
doped zinc oxide gas sensor that exhibits good for-
maldehyde detection properties [30]. Here, the authors 
made an attempt to prepare the Ca-doped ZnO by 
solution combustion synthesis technique. This tech-
nique is preferred over other synthesis approaches on 
account of the major advantage that allows homo-
geneous phase formation at lower temperatures or 
at shorter reaction times than conventional methods 
such as solid-state and mechano-synthesis routes [31].  
No extensive literature on the combination of electrical 
and optical properties and the nanocrystalline phase of 
this material. An idea about the charge carriers, band-
gap energy, and electrical conductivity of this material 
is essential. The details of structural modifications with 
Ca doping on ZnO material have been obtained using 

Rietveld refinement from the XRD data. The princi-
ple objective of the current work is to investigate and 
discuss the influence of Ca doping on the structural, 
morphological, optical, and electrical properties of syn-
thesized ZnO nanoparticles. 

2. Experimental

2.1 Solution combustion synthesis

In a typical solution combustion synthesis, the 
metal nitrates act as oxidizing agents, and the or-
ganic fuels as the reducing agents [24,32]. To prepare  
Zn1-xCaxO (x = 0, 0.025, 0.05, 0.075), Zinc Nitrate 
Hexahydrate [Zn(NO3)2·6H2O] (99%), Calcium Ni-
trate Tetra hydrate [Ca(NO3)2·4H2O] (99.9%) were 
used as the precursor (oxidizing agent) and citric 
acid [C6H8O7] (99%) as the fuel. All the chemicals 
used for the preparation are AR grade. The fuel and 
oxidant ratio was maintained at one during the prepa-
ration. 1 = O/(-n)F, where n is the fuel mole fraction, 
O is the oxidation valence, and F is the reduction 
valence [33]. The fuel mole fraction was calculated 
based on the valences of the oxidizing and reducing 
elements. Valences of elements like +1 for H, +4 
for C, −2 for O, and 0 for N. Valences for metal el-
ements like +2 for Zn and +2 for Ca. The oxidizing 
valence of Zn(NO3)2·6H2O is −10, Ca(NO3)2.4H2O is 
−10, and the reducing valence of citric acid is +18. 
The amount of citric acid (fuel) calculated for the re-
action is n = 0.56M. 

Stoichiometric amounts of Zn(NO3)2·6H2O and 
Ca(NO3)2·4H2O and C6H8O7 were dissolved in sep-
arate beakers with double distilled water. A clear 
solution of metal nitrates was intimately mixed in a 
beaker equipped with a magnetic stirrer until a clear 
solution was formed. Citric acid fuel was also dis-
solved in distilled water in a separate beaker with a 
magnetic stirrer until a clear solution was obtained. 
The above solutions were mixed then the resulting 
aqueous solution was thoroughly stirred with a mag-
netic stirrer at room temperature for about 30 minutes 
until a clear solution was formed. At low pH, nitrates 
reduce the enthalpy of the exothermic reaction under 
this condition and the particles agglomerate [34]. The 
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pH of the solution is maintained at 7 by adding am-
monium hydroxide. By heating this mixture at 80 °C  
under constant stirring for 8 h, the excess water and 
nitrate gas were removed to form a transparent and 
viscous gel. Excess water and nitric acid gas were 
removed to form a clear, viscous gel. Further heat-
ing of the gel at 150 °C causes it to ignite and burn 
completely, forming a carbonaceous powder. The 
obtained powder material was allowed to cool and 
ground in an agate mortar to get a fine powder, then 
annealed at 800 °C for 6 hours to obtain phase pure 
calcium-doped zinc oxide nanoparticles. 

2.2 Characterization 

X-ray diffractogram (XRD) patterns were record-
ed using the X-ray Diffractometer (Bruker AXS D8 
Advance) fitted with Cu-Kα radiation (λ = 1.5406 
Å) to get structural information of the prepared na-
noparticles. The vibrational modes of the samples 
were characterized using an FTIR spectrometer (Per-
kin Elmer Spectrum1) and a Raman spectrometer 
(LabRAM HR 800, HORIBA, excitation laser 532 
nm). The surface morphology and elemental analy-
sis of the samples were investigated by FESEM and 
EDAX (ΣIGMAZEISS FESEM). Optical absorption 
spectra were recorded over the wavelength range 
of 350-800 nm using an ultraviolet-visible-near-in-
frared (UV-VIS-NIR) spectrophotometer (Perkin 
Elmer UV Lambda 900). Photoluminescence (PL) 
was measured using HORIBA with a laser light 
excitation wavelength of 355 nm. Electrical imped-
ance measurements were made at room temperature 
from 100 Hz to 1 MHz using a Wayne Kerr 6500B 
Precision Impedance Analyzer. The silver paste was 
applied evenly on both sides of the pellet to ensure 
good electrical contact.

3. Results and discussion

3.1 Structural analysis

Figure 1 shows the powder XRD patterns of  

samples prepared with Zn1-xCaxO (x = 0, 0.025, 
0.05, 0.075) calcined at  800 °C. A hexago-
nal wurtzite structure with space group P63mc 
(JCPDS01-075-0576) is evident from the XRD pat-
tern. Ca2+ doping does not show any additional peaks 
in the diffractograms, confirming that Ca is perfectly 
incorporated into the ZnO matrix without altering 
the wurtzite structure. A negligible shift in peak po-
sitions towards lower 2θ values was observed with 
Ca doping. The shift to smaller angles was caused by 
the larger radius of the Ca2+ ion (0.99 Å) [23]. XRD 
diffractograms were examined with the Rietveld fit-
ting using FullProf software. Figure 2 shows the Ri-
etveld refinement (Fullprof) of XRD pattern for ZnO 
(CA00), Zn0.975Ca0.025O (CA25), Zn0.95Ca0.05O (CA50) 
and Zn0.925Ca0.075O (CA75) nanoparticles. Table 1 
illustrates the lattice and the Rietveld parameters χ2 
(reduced chi-square) obtained by the Rietveld fit. 
The χ2 values of the samples vary between 1.42 and 
3.42, which justifies the goodness of refinement. All 
samples converge to a hexagonal wurtzite structure 
of space group P63mc. In the Wurtzite structure, Zn²⁺ 
is bonded to four equivalent O2– atoms to form a cor-
ner-sharing ZnO4 tetrahedra. Although Ca ions oc-
cupy regular lattice sites in ZnO, variations in lattice 
parameter values produce crystal defects around the 
dopants, and it has been suggested that these defects 
change the stoichiometry of the material.

Figure 1. XRD pattern of ZnO (CA00), Zn0.975Ca0.025O (CA25), 
Zn0.95Ca0.05O (CA50), and Zn0.925Ca0.075O (CA75) nanoparticles 
calcined at 800 °C.
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(a)

(b)

(c)

(d)

Figure 2. Rietveld fit of pure and Ca-doped ZnO nanoparticles 
(a) ZnO (CA00), (b) Zn0.975Ca0.025O (CA25), (c) Zn0.95Ca0.05O 
(CA50) and (d) Zn0.925Ca0.075O (CA75).

The average crystallite size (D) is estimated using 
Debye-Scherrer’s equation [35] as follows: 

cos
KD λ

β θ
=  (1)

where D is the average crystallite size, K is a con-
stant (0.9), λ is the wavelength of X-rays, β is the 
full width at half maxima (FWHM) of a (101) reflec-
tion peak, and θ is the Bragg’s diffraction angle.

The calculated crystallite size values are shown 
in Table 1. The average crystallite size was found to 
be the smallest (42 nm) for CA25 and the largest (92 
nm) for CA75. This indicates that the average crys-
tallite size increases with increasing dopant concen-
tration. The bond length (L) of Zn-O was calculated 
from the relation [26]:

22
21

3 2
aL u c = + − 

 
 (2)

where a and c are lattice constants and u is a posi-
tional parameter. The parameter u can be calculated 
by using the formula: u=(a2/3c2)+0.25. The calcu-
lated positional parameters and bond lengths are 
also shown in Table 1. It was observed that the bond 
length increased slightly with increasing Ca concen-
tration. 

3.2 Fourier Transform Infra-Red (FTIR) 
spectra analysis

The characteristics vibrational frequencies of  
Zn1-xCaxO nanoparticles with wurtzite structure were 
identified using FTIR spectra. Figure 3 shows the 
FTIR spectra of the prepared samples. Infrared ac-
tive optical phonon modes in ZnO were observed in 
the spectral range from 300 to 600 cm−1 [26,36]. The 
absorption peaks observed between 401-412 cm−1 
can be assigned to the E1 (TO) mode of pure and Ca-
doped ZnO. The band 484 cm−1 can be assigned to 
the surface phonon mode A1(TO). Two additional 
bands, 912 cm−1 and 1010 cm−1 were assigned to 
the vibrational frequencies due to the changes in the 
microstructural features by adding Ca into the ZnO 
lattice [37,38].
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Figure 3. FTIR absorption spectra of pure ZnO and Ca-doped 
ZnO nanoparticles.

3.3 Raman analysis

The lattice vibrational properties of the prepared 
samples were studied by Raman spectroscopy. The 
prepared sample Zn1-xCaxO (x = 0. 0.025, 0.05, 0.075) 
crystallizes into a wurtzite structure with symmetry 
P63mc. Since there are four atoms per unit cell in the 
wurtzite structure, there are 12 phonon modes. Among 
12 modes, three longitudinal-optical (LO), six trans-
verse optical (TO) branches, one longitudinal-acoustic 
(LA), and two transverse-acoustic (TA). The irreducible 
representation for the zone-centre optical phonons is 
Gopt = A1 + E1 + 2E2 + 2B1 

[39]. The B1 mode is silent, 
the A1 and E1  modes are both Raman and infrared ac-
tive, while the E2 mode is non-polar and Raman-only 

active. Raman spectra were obtained at an excitation 
wavelength of 512 nm, as shown in Figure 4. The ab-
sorption peaks in Table 2 are attributed to the 1st and 
2nd-order Raman active modes of ZnO and Ca-doped 
ZnO. The two most intense peaks were associated 
with the nonpolar mode E2. The E2

low vibrational mode 
around 100 cm−1 corresponds to the vibrations of the 
zinc sublattice. Another intense vibrational mode E2

high 
near 438 cm−1 corresponds to oxygen migration and 
is characteristic of the hexagonal wurtzite phase of  
ZnO [39-42]. The peaks at 334 cm−1 and 391 cm−1 cor-
respond to the second-order Raman modes (multiple 
phonon processes) E2

high-E2
low and A1 (TO) [42], respec-

tively. The peak at 582 cm−1 is attributed to the E1 (LO) 
vibrational mode. This mode implies the presence of 
structural defects due to oxygen vacancies, Zn intersti-
tial atoms, and impurities [43]. The combined acoustic 
and optical vibrational modes A1 (TA) and A1 (LO) also 
occur between 651 cm−1 and 665 cm−1.

The E1 (TO) mode of Zn-O at 410 cm−1 [39] is not 
seen in the current Raman spectrum, but this mode 
can be seen in the FTIR spectrum. The A1(LO) mode 
at 574 cm−1 was also missing, as reported by Calleja 
and Cardona, and this mode could not be detected 
at excitation wavelengths longer than 406.7 nm [44]. 
Additional features emerge in the Ca-doped ZnO Ra-
man spectra. The peak at 279 cm−1 has been assigned 
to B1

high-B1
low mode, and the peak at 1090 cm−1 

can be assigned to the combination of the A1(LO) 
and A1(TO) modes. A broad asymmetric mode at  
1157 cm−1 depicts the contributions of 2A1(LO) and 
2E1(LO) modes. Additional modes at 279 cm−1 were 
also ascribed to the host lattice defects. Dopant-relat-

Table 1. XRD analysis results of ZnO and Ca-doped ZnO nanoparticles.

Sample a=b 
(Å)

C
(Å)

Atomic 
packing 
factor (c/a)

Volume 
(Å)3

Average 
crystallite size 
D (nm)

χ2

Bond 
length
Zn-O 
L (Å)

Position 
parameters
u

CA00 3.2482 5.2036 1.602 47.54 52 3.32 1.976 0.379

CA25 3.2479 5.2032 1.602 47.54 46 3.42 1.976 0.379

CA50 3.2505 5.2051 1.601 47.63 50 1.95 1.977 0.379

CA75 3.2504 5.2049 1.601 47.62 92 1.42 1.977 0.380
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ed defects can disrupt the selection rule and activate 
the silent mode [45]. 

3.4 Morphological and elemental analysis

Figure 5 shows the FESEM images of the Ca-
doped ZnO nanoparticles annealed at 800 °C for 6 
hours. Micrographs of all samples show dispersed 
crystallites and also reveal polycrystalline nature. 

FESEM shows that all grains are more or less spheri-
cal, and the grain boundaries are well separated. The 
EDAX pattern in Figure 6 illustrates the presence 
of prime elements zinc, calcium, and oxygen along 
with carbon trace as contamination. This carbon 
trace element was detected through the use of carbon 
tape as the base on the sample holder. The elemental 
proportion corresponding to Zn, Ca, and O is in good 
agreement with permissible error. 

Figure 4. Raman spectra of pure ZnO and Ca-doped ZnO nanoparticles.

Table 2. Raman vibrational modes of ZnO and Ca-doped ZnO.

Sample                           Wavenumber (cm−1)
PROCESS

ZnO CA25 CA50 CA75 REFERENCE
100 102 100 100 99 [39] E2

low

- 279 279 279 284 [39] B1
high-B1

low

334 333 333 331 333 [39] E2
high-E2

low

391 387 387 391 384 [41] A1(TO)
438 439 439 439 438 [39] E2

high

478 478 482 482 483 [39] 2LA
582 584 586 584 586 [41] E1(LO)
665 661 651 651 660 [41] TA + LO
1012 1016 1010 1016 980 [41] 2TO
- 1090 1091 1089 1080 [44] TO + LO
1157 1149 1156 1155 1158 [39] 2A1(LO), 2E1(LO)
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(a)

(b)

(c)

Figure 5. FESEM images of Ca-doped ZnO nanoparticles (a) 
Zn0.975Ca0.025O (CA25), (b) Zn0.95Ca0.05O (CA50) and (c) Zn0.

925Ca0.075O (CA75).

(a)

(b)

(c)

Figure 6. EDAX spectra of Ca-doped ZnO nanoparticles (a) 
Zn0.975Ca0.025O (CA25), (b) Zn0.95Ca0.05O (CA50) and (c) Zn0.

925Ca0.075O (CA75).
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3.5 UV-Vis spectroscopy

Figure 7 shows the UV-Vis spectra of the ZnO 
and the calcium-doped ZnO samples. The absorption 
spectrum of pure and Ca-doped ZnO exhibits a strong 
absorption band at 369 nm due to its wide-bandgap 
energy. This indicates that the prepared samples 
were activated only under UV light irradiation. A 
characteristic absorption peak at about 369 nm can 
be assigned to the intrinsic bandgap absorption of 
ZnO due to the electronic transition from the va-
lence band to the conduction band (O2p→Zn3d) 

[15].  
With increasing Ca concentration at the Zn sites, the 
samples exhibited a red shift of the absorption band 
and increased photoactivity. The Bandgap energy 
of the synthesized samples was determined using 
Tauc’s relation:
ahv = A(hv – Eg)1/n (3)
where A is the constant of proportionality, h is 
Planck’s constant, α is the absorption coefficient, υ 
is the optical frequency, and Eg is the energy band-
gap. For direct bandgap semiconductors, n = 2. The 
bandgap energy was determined by plotting (αhυ)2 
versus photon energy hυ. The undoped ZnO band 
gap energy is wider than the band gap energy (3.11 
eV, FER = 1) in the work written by H. V. Vasei,  
et al. [46], which may be due to the use of different fu-
els during preparation. Table 3 shows the band gap 
energy of the prepared samples. The band gap energy 
value from the Tauc plot (Figure 8) decreases from 
3.24 eV to 3.22 eV with increasing Ca doping con-
centration. Morphology, size, and synthesis methods 
of ZnO nanoparticles are believed to influence the 
bandgap energy [47].

Figure 7. UV-vis absorption spectra of Pure and Ca-doped ZnO 
nanoparticles.

Figure 8. Tauc’s plot of pure and Ca-doped ZnO nanoparticles.

Table 3. Bandgap energy of ZnO and Ca-doped ZnO.

Sample ZnO CA25 CA55 CA75

Band gap energy (eV) 3.242 3.238 3.231 3.227

3.6 Photoluminescence (PL) analysis

Figure 9 shows the photoluminescence spectra 
of pure ZnO and Ca-doped ZnO recorded at an ex-
citation wavelength of 355 nm to determine excited 
states and defects. Table 4 shows the emission bands 
of the prepared samples. The prepared nanoparticles 
exhibit four emission bands at 395 nm (band edge 
emission), 430 nm (violet emission), 490 nm (blue 
emission), and 515 nm, 580 nm (green emission). 
The UV emission near 395 nm, is attributed to direct 
exciton recombination resulting from near-band edge 
transitions in ZnO via an exciton-exciton process [48]. 
The emission of different visible colours represents 
the several intrinsic defects Vis Zn vacancies (VZn), 
O vacancies (V0), Zn interstitials (Zni), O interstitials 
(Oi), and O anti-sites (OZn). The violet emission cor-
responds to the electron transitions from the shallow 
donor level of neutral Zni to the top of the valence 
band [49-51]. The blue emission is due to electron 
transfer from shallow donor levels of Zn interstitial 
atoms (Zni) to an acceptor level of neutral Zn vacan-
cies (VZn) 

[52,53]. Green emission represents the radial 
recombination of photogenerated holes with elec-
trons from the single-ionized oxygen (O) vacancies 
in the ZnO lattice surface. Furthermore, this is also 
due to radiative transitions between shallow donors 
(associated with O vacancies) and deep acceptors (Zn 
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vacancies) [54,55].

Figure 9. Photoluminescence emission spectra of pure and Ca-
doped nanoparticles.

Table 4. Photoluminescence emission bands of ZnO and Ca-
doped ZnO.

Sample Name Emission (nm)
ZnO 395 430 490 515 580
Zn0.975Ca0.025O 395 430 490 515 580
Zn0.95Ca0.05O 395 430 495 515 585
Zn0.925Ca0.075O 390 430 485 515 580

UV Violet Blue Green Green

3.7 Impedance analysis

Impedance spectroscopy consists measurement of 
impedance Z as a function of frequency (υ). Sintered 
pellets coated with silver paint on both sides were 
used for impedance measurements. The impedance 
analyzer record the magnitude of the impedance |Z| 
and phase angle θ at various frequencies. Real (Z') 
and imaginary (Z'') parts of the complex impedance 
(Z* = Z' + j Z'') were calculated using Z' = |Z| cosθ 
and Z'' = |Z| sinθ.

Figure 10 shows impedance spectra or Cole-Cole 
plots consisting of the real parts (Z') and imaginary 
(Z'') parts of the complex impedance of the prepared 
samples. The Cole-Cole plots provide information 
on the resistance offered by the grain interior (G), 

grain boundary (GB), and electrode-material inter-
faces to the conduction of the charge carriers. The 
impedance spectrum consists of two semicircles, 
one at a high-frequency region and another at mid 
or low frequencies. The high-frequency semicir-
cle ascribed to grain (G), and the semicircle at 
low frequency represents the grain boundary (GB) 
contribution. Grain resistance (Rg) and resistance 
due to grain boundary (Rgb) were obtained by fit-
ting R-CPE equivalent circuits using Zview2. The 
general expression for the impedance of a constant 
phase element (CPE) is ZCPE = 1/Q(jω)n, where Q is 
the constant phase element (CPE),  and ω is 
the angular frequency(ω = 2πυ, υ-frequency). When  
n = 1, Q acts as ideal capacitance C. The solid line 
represents the fit to the experimental data based on 
the equivalent circuit (Rg||Qg) (Rgb||Qgb) by Zview2. 
The total resistance (Rt) to the ion conduction is  
Rt = Rg + Rgb. The total conductivity of the samples 
was calculated using σt = t/RtA. Where t is the pel-
let thickness, A is the pellet area, and Rt is the total 
resistance. Table 5 consists of the fitted resistance 
values, the calculated grain conductivity (σg = t/RgA),  
grain boundary conductivity (σgb = t/RgbA), and total 
conductivity. Capacitors or CPEs in the pF range 
reflect grain interiors, and the nF range reflects 
grain boundaries. The grain resistance decreases 
with increasing the Ca doping concentration, similar 
to the results obtained by Irshad Ahmad et al. [48],  
whereas the grain boundary resistance increases with 
increasing Ca doping. Figure 11 shows the variation 
of conductivity with dopant (Ca) concentration. It 
observed that there is an increase in grain conduc-
tivity with increasing doping because there is an in-
crease of the charge carriers with increasing calcium 
doping [56]. On the other hand, the grain boundary 
conductivity decrease with increasing Ca doping. 
This is due to the precipitation of calcium at the ZnO 
grain boundaries, which calcifies the grain bounda-
ries [57] and reduces the overall conductivity.
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     (a)        (b)

  

      (c)     (d)

Figure 10. Impedance spectra or Cole-Cole plot of pure and Ca doped ZnO pellets sintered at 700 °C (a) ZnO (CA00), (b) Zn0.975 

Ca0.025O (CA25), (c) Zn0.95Ca0.05O (CA50) and (d) Zn0.925Ca0.075O (CA75).

Figure 11. Variation of conductivity with dopant concentration.
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4. Conclusions
The pure and Ca-doped ZnO nanoparticles were 

successfully prepared by the solution combustion 
technique. XRD investigations confirmed that the 
prepared samples had a hexagonal wurtzite structure 
without heterogeneous phases. XRD analysis also 
shows structural changes with Ca concentration, 
both in terms of lattice parameter and crystallite size. 
FESEM images show that the particles are nearly 
spherical and have few aggregates. EDX analysis 
identified the chemical composition of the prepared 
samples. The Raman spectrum depicts the hexagonal 
wurtzite structure of the ZnO, indicating the first and 
second-order active modes of the ZnO. The presence 
of wurtzite structural defects in the prepared samples 
was identified using PL spectroscopy. The decrease 
in optical bandgap is due to the increase in carrier 
concentration in Ca-doped ZnO nanoparticles, which 
increases the grain conductivity of the Ca-doped 
samples. The red shift of the energy bandgap and in-
crease in grain conductivity suggests that Ca-doped 
ZnO is a potential candidate for photocatalytic appli-
cations. 
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