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Abstract 

The ZnO nanostructures were synthesized and doped with different concentrations of Ca (0.01, 0.03, 0.05 M) via the co-

precipitation method using an incubator shaker with UV light at a temperature of 45°C and at 200 rpm. The precursors used 

were Zn(NO3)2·6H2O, Ca(NO3)2·4H2O and NaOH. The morphological and structural properties were investigated by using 

different characterization techniques including X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), 

scanning electron microscope (SEM), energy dispersive spectra (EDS) and UV-visible spectroscopy. The average crystallite 

sizes of the samples were calculated by using the Debye-Scherrer's formula and were found to be in the nanorange. SEM 

images revealed that using UV light leads to the formation of high crystalline nanorods while non exposed UV light samples 

formed nanoparticles with less crystallinity. EDS shows that the synthetic route followed produced highly pure ZnO 

nanostructures. Finally the prepared samples were used as a photocatalyst to remove the Methylene blue (MB) dye. 

Observations showed that samples prepared without UV light have a smaller band gap and better photocatalytic degradation of 

Methylene blue compared to the UV light samples. The degradation of the MB dye achieved was 86.5 % and 96.93% for 

CZOUV and CZONUV respectively following 10 min of treatment. 
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1. Introduction 

Nowadays, nanomaterials have attracted extensive interest in 

modern chemistry because of their unique superior properties 

for optical, electronic, magnetic and catalytic effects [1]. The 

properties of nanoparticles, which are different from the bulk, 

have encouraged many researchers to investigate nano-sized 

materials for their various applications [2]. Among the 

different nanomaterials, zinc oxide nanoparticles (ZnO NPs) 

present a promising candidate due to its properties such as 

being synthesized by cheap preparation methods, are 

nontoxic, and are a semiconductor. It has a wide direct band 

gap (3.37 eV) and large exciton binding energy (60 meV) at 

room temperature. There are a number of different 

applications such as gas sensors, chemical and biosensors, 

photo-photocatalysis, cosmetics, optical and electrical 

devices, drug-delivery and solar cells [3]. Many methods 

have been described in the literature for the synthesis of ZnO 

nanostructures such as laser ablation, hydrothermal methods 

[4], electrochemical depositions, sol–gel method, chemical 

vapor deposition and thermal decomposition. Recently, ZnO 

nanoparticles were prepared by ultrasound, microwave-
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assisted combustion method, two-step mechanochemical-

thermal synthesis, co-precipitation, and electrophoretic 

deposition [5]. Different morphologies of ZnO 

nanostructures were deomnstrated such as nanoparticles, 

nanowires, nanotubes, nanorods, and other complex 

morphologies from various synthetic methods [3]. 

Zinc and Titanium oxide have drawn much attention with 

regard to the degradation of various pollutants due to their 

high photosensitivity to UV light. However, ZnO is 

considered as a low cost alternative photocatalyst to TiO2 for 

degradation of organics in aqueous solutions [6]. In a 

photocatalytic system, photo-induced reaction occurs at the 

surface of the catalyst. The excited electrons from the 

valence band jump to the conduction band thus generating an 

electron–hole pair. When a photocatalyst is illuminated by 

sufficiently energetic light stronger than its band gap energy, 

electron–hole pairs can migrate to the surface of the 

photocatalyst and participates in the chemical reaction. A 

redox reaction is initiated with water and oxygen and 

degradation of organic molecules absorbed on the surface of 

the photocatalyst occurs [7, 8]. On the contrary, ZnO exhibits 

low photocatalytic efficiency under visible light illumination. 

In order to utilize solar radiation more effectively, the 

development of a wide band gap ZnO is necessary to obtain 

different properties and applications. Thus efforts have been 

made to modify the optical properties, through shifting the 

optical absorption towards the visible region, through 

combining ZnO with other semiconductors in addition to 

doping ZnO. 

Recent efforts have focused on the photocatalytic activity 

improvement of ZnO by tailoring its structure, including 

morphology, surface defects, and oxygen vacancies [9]. Jang 

et al. [7] prepared different ZnO photocatalysts morphologies 

using flame spray pyrolysis for the photocatalytic 

degradation of methylene blue in water. They reported 99% 

degradation after 1 hour with complete degradation after two 

hours. Shen et al. [6] deposited zinc oxide on the surface of 

silica nanoparticles using starch gel. The ZnO–Si exhibited 

higher photocatalytic activity as a result of the smaller 

particle size in combination with the better dispersion. The 

composite resulted in a 90% decomposition of methylene 

blue in an hour. 

Alkaline earth metal elements can be taken as the candidate 

dopants to regulating and controlling the photo- catalytic 

properties, for example Yousefi et al. [8] used simple sol–gel 

to synthesize ZnO NPs with a narrow size distribution that 

was doped by Strontium with different concentrations to 

remove methylene blue (MB). It was observed that about 

50% of MB was degraded within 45 and 30 min and it while 

it took 60 min at higher concentration to bleach the same 

quantity of MB. A great deal of work has been reported on 

Ca-doped ZnO (CZO), which possesses attractive properties 

for potential applications [10-12] but few that addressed its 

effect on band gap tailoring and photocatalytic degradation of 

Methylene blue. Srivastava et al. [13] briefed the effect of 

doping concentration of Ca in ZnCaO thin films and 

observed an increase in the band gap with Ca concentration 

increase. (Slama et al. [14] reported that it is possible to 

improve the efficiency of ZnO in the photocatalytic 

degradation of MB by doping with Ca2+ ions. 

Zinc oxide has been prepared through various synthetic 

routes. Even though few have used UV light during 

synthesis, Wu and Chen [15] prepared ZnO nanowires by 

thermal decomposition assisted by UV-light and without UV 

light to study their photocatalytic properties and UV sensing. 

Comparatively Praus et al. [16] studied the ZnO precipitation 

under UV irradiation and the formation of oxygen vacancies. 

To the best of our knowledge no research was conducted to 

study the UV light during the synthesis of Ca doped ZnO and 

equally important no research reported using an incubator 

shaker for the synthesis of nanomaterials. 

In the present investigation, we study co-precipitation 

synthesize of zinc oxide doped with different concentration 

of calcium at low temperature under ultraviolet-light making 

use of an incubator shaker since it provides high controlled 

environment within short time and without the use of organic 

solvents. Furthermore we investigate it’s the synthesis route 

effect towards its band gap and photocatalytic activity by 

decomposition of methylene blue. For comparison purposes, 

we report the use of non UV light to observe the influence of 

the UV light on the morphology and UV absorbance of ZnO. 

2. Experimental Methods 

2.1. Synthesis of Ca Doped Zinc Oxide 

All chemicals used in the experiment are of high purity 

(99.9 %) and purchased from Sigma Aldrich. For a typical 

calcium doped zinc oxide preparation, different 

concentrations of the Ca (NO3)2·4H2O were completely 

dissolved in deionized water with Zn(NO3)2·6H2O. The 

prepared solution was then mixed with an aqueous solution 

of NaOH by adding simultaneously both solutions very 

slowly and a white gel was formed immediately. Followed by 

a vigorous stirring at ambient temperature for 15 min to 

achieve complete dissolution, the pH of the solution is 

maintained between 12 and 11. The former mixture is then 

agitated at 200 rpm in UV incubator shaker (Lab-Therm) 

under UV Light irradiation for 2 hrs at 45°C. Then the 

precipitate formed was washed 5 times with deionized water 

followed by centrifugation and was dried in hot air oven at 

120°C for 2 hrs. Calcination was carried out at 600, 700 and 
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800°C for 2 h. Samples obtained at different concentration 

ZnO: CaO (1: 0.01, 1: 0.03, 1: 0.05) and with UV and 

without UV identified as CZOUV and CZONUV respectively. 

2.2. Characterization Technique 

The obtained powders of ZnO doped CaO nanoparticles 

(precursor), calcined at different temperatures, prior to 

synthesis under different light source were characterized by 

X-ray diffraction (XRD) using a SHIMADZU (XRD 6000 

model) instrument with Cu- Ka radiation (l ¼ 1.5418 Å) in 

the 2θ range from 5 to 85 degrees with 0.02 increments. The 

peaks in the XRD patterns were indexed using ICDD 

36e1451. Scherrer's equation Eq. (1) [15] was employed for 

the precise calculation of the average crystallite size using 

the full width at half maximum (FWHM) of the most intense 

peak. 

D �
�.���

�	
��
                                     (1) 

Where D is the crystallite size, 0.89 is Debye-Scherrer 

constant, λ represent the X-ray wavelength used;, β is the full 

line width at the half-maximum height of the main intensity 

peak, and θ is the Bragg angle. The lattice parameters a and c 

of the pure and Ca-doped ZnO samples were calculated 

from) oriented XRD peaks using eqs (2) and (3) [17]. 
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The surface morphologies and size distribution of the 

agglomerates of the obtained samples was observed using 

an ultra-high-resolution scanning electron microscope 

(HRSEM, Hitachi S4100). The purity of the sample was 

tested by energy dispersive spectroscopy (EDS). The FT-

IR spectra of the samples were recorded in the 

wavenumber region of 4000–400 cm-1 with a Shimadzu 

FT-IR spectrometer. 

The UV–vis absorption spectra of the samples were 

recorded in the wavelength range of 200 to 800 nm at 

room Temperature using a Shimadzu UV 3600 to study the 

optical band gap properties of the calcium doped ZnO 

samples and determining the absorption using Gaussian 

function. The energy band gap (Eg) calculations were 

calculated using plotted Tauc plots between (αhʋ)2 and 

photon energy hʋ where α is the absorption coefficient of 

the material, λ is the wavelength, h is the Planck’s 

constant, υ is the frequency of light and Eg is the band gap 

energy. The plotted graph plotted extrapolating the linear 

part of the graph until it meets the x-axis will give the 

value of the band gap. The Photocatalytic activity of the 

Ca doped ZnO were analyzed by monitoring the photo 

degradation of Methylene blue (MB) under sunlight 

irradiation using UV-Vis spectrophotometer Shimadzu- 

2101 UV/vis. 

3. Results and Discussion 

Characterization of Ca doped ZnO: 

3.1. X-Ray Diffraction 

Figure 1 depicted the XRD profiles of the CZOUV calcined 

under various temperatures (600, 700, and 800°C) and at 

different concentrations ZnO: CaO (1: 0.01, 0.03, and 0.05). 

All samples showed a high crystalline nature and all the 

diffraction peaks are well indexed to the hexagonal ZnO 

wurtzite structure (JCPDS no. 36–1451). The crystallinity of 

the nanoparticles increases with the calcination temperature 

as it can be seen from the intensity of the peaks in Figure 1, 

(A). Diffraction peaks corresponding to the impurity were not 

found in the XRD patterns, confirming the high purity of the 

synthesized products. 

At lower concentration of calcium (0.01 M) and low 

calcinations temperature (600°C), CaCO3 peaks were 

detected and it was not shown at high calcination temperature 

(800°C). This can be attributed to the thermal decomposition 

of calcium carbonate to form CaO and CaOH. As expected 

presence of few peaks of calcium were observed at lower 

concentrations, suggesting it couldn’t be detected by XRD 

measurements as confirmed by Dhahri et al. [18]. At higher 

concentration of the calcium dopant a justified peaks of 

calcium with a presence of CaO and Ca (OH)2 has been 

shown. This behavior, already observed for calcium doped 

ZnO (Malpani, Varma and Mondal, 2016), which could be a 

result from the conversion of some CaO into Ca(OH)2 when 

it exposed to the atmosphere. From XRD Data Figure 2, as 

the Ca content increased (0.01, 0.03, and 0.05) a slight shift 

of the XRD peaks towards higher 2-theta degrees is observed 

indicates a local distortion of the wurtzite lattice, which in 

inconsistent with the result obtained by (Dhahri et al. [18] 

and Ghiloufi et al. [19] due to the differences in the ion sizes 

between, zinc (1.42 Å) and calcium (1.94 Å) which lead to 

some residual stress inside the nanoparticles. Nevertheless 

when increasing calcination temperature, a shift of peaks 2-

theta degrees (not shown) is observed. The effect of the light 

source is shown in the XRD data Figure 2 as the crystallinity 

of the CZOUV nanoparticles is superior to that of the ZnONUV 

at different concentrations of Ca dopant confirming that UV 

light acts as important growth factor. From Scherrer's 

equation (eq. 1) the average crystallite size varying in the 

range 25–38 nm, it increases with the increase in calcination 

temperature, the similar trend has also observed in literature 

[20] and slightly with increasing calcium loading. 
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Figure 1. XRD profile of CZOUV (A) 0.03 M of CZO calcined at different 
temperature (B) Different concentration of CZOUV calcined at 700°C (a) 

0.01 CZOUV (b) 0.03 CZO (c) 0.05 CZOUV. 

 
Figure 2. XRD profile of CZOUV at 700°C (a) 0.01 M CZOUV (b) 0.03 M 

CZOUV (c) 0.05 M CZOUV, and CZONUV calcined at 700°C (d) 0.01 CZONUV 
(e) 0.03 CZONUV (f) 0.05 CZONUV. 

The lattice parameters deviation is caused by the presence of 

various point defects [21]. Table 1 shows the effect of 

calcination temperature on lattice parameters for CZOUV and 

CZONUV as it expands with increase in temperature [22] and 

surprisingly it’s noticed that the lattice decreases again at 

high temperature 800°C. Also an increase of c axis was 

observed for the doped samples which are attributed to the 

inclusion of calcium into the Zn sites as the c axis has the 

fastest growth direction [23]. Figure 3 illustrates the 

calculated lattice parameters for CZOUV for 0.03 

concentration of Ca doped ZnO. 

 
Figure 3. Trend of lattice parameters (a, c) for 0.03 M CZOUV at different 

calcination Temperature. 

3.2. SEM Characterization 

The HRSEM analysis showed completely different 

morphologies based on the condition of the reaction such as 

light source used during synthesis, calcination temperature and 

the concentration of calcium doped in zinc. It was observed 

that the nanoparticles form a flower like structure. The average 

diameter of these self-oriented flowers like structures is 250–

300 nm, in very less quantity a secondary morphology like 

plates and agglomerated particles were also observed. 

Figure 4 reveals that using UV light plays a dominant factor 

for the formation of nano rods morphology while a 

nanoparticle was obtained in non UV light. The SEM images 

reflect that an increase in calcination temperature for 

nanoparticles prepared under UV light from 600°C to 700°C 

shows increase in the width of nanorods and slight decrease 

in the length, then the nanorods diffuses into each other 

forming a glassy phase. Calcination at higher temperature 

(800°C) significantly causes the morphological changes from 

rods to spherical shape and also it causes increase in the 

particle size, agglomeration of CaO and ZnO clusters are due 

to sintering effect as agreed with literature [2, 24] ZnO 

nanoparticles prepared using none UV light have particle like 

morphology and obviously shows that ZnO nanoparticles 

form larger nanoparticles with increase in calcination 

temperature (not shown). The effect of the calcination 

temperature was seen in the colour of the synthesized sample 
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as it was white before calcination and it changed to yellow 

after it was exposed to 600°C calcination temperature and 

slightly yellow at 700°C to white at 800°C confirm the result 

obtained and by Udayabhaskar et al. [11]. 

Table 1. Variation of lattice parameters with calcination temperature. 

 hkl (101) Lattice Parameters 
Sample Temperature 2Ѳ D a (Å) c (Å) c/a 
CZOUV 0.03 600 36.54 33.94651 3.2342 5.1772 1.600767 
CZOUV 0.03 700 36.35 43.62169 3.2495 5.2069 1.60237 
CZOUV 0.03 800 36.37 38.17117 3.249 5.0270 1.547245 
CZOUV 0.05 600 36.37 30.53693 3.2342 5.1772 1.600767 
CZOUV 0.05 700 36.16 33.90957 3.2533 5.2073 1.600621 
CZOUV 0.05 800 36.37 38.17117 3.2495 5.2069 1.60237 
CZONUV 0.03 600 36.63 27.78163 3.2342 5.1772 1.600767 
CZONUV 0.03 700 36.17 38.14935 3.2533 5.2073 1.600621 
CZONUV 0.03 800 36.34 33.92701 3.2495 5.2069 1.60237 
Standard ZnO - 36.253 - 3.249 5.2060 1.602239 

 

 

 

 

 
Figure 4. SEM images (a) Pure ZnOUV (b) Pure ZnONUV control Calcined 
at 700°C, (c, d, e) Zn: Ca ratio 1: 0.03 CZNUV calcined at 600, 700, 800°C 

respectively (f, g, h) Zn: Ca ratio 1: 0.05 CZNUV calcined at 600, 700, 
800°C respectively. 

The energy dispersive spectra of the samples obtained 

from the SEM-EDS analysis (Figure 5) clearly show that 

the sample prepared by the above route has the presence 

of the main elements Zn, O and Ca dopant and their 

distribution of all and each element with oxygen in 

different spectrums. 

 

 
Figure 5. EDS spectrum for 0.03 M of CaZOUV Calcined at 600°C. 

3.3. FTIR Characterization 

The FTIR spectrum CaZnOUV nanoparticles and for pure 

ZnO at different calcination temperatures are shown in 

Figure 6. The peaks correlated to crystalline metal oxide 

bond (ZnO) observed at 420-480 cm-1 purity of the 

samples were obvious in Figure 6 an obvious peak 

correlated for O-H is shown in low calcination 

temperature 600°C. In the FTIR spectra Figure 6 for 

CaZnOUV with 0.05 calcium concentration we can observe 

that in the higher calcination temperature a less absorption 

of CO3
2-, confirming the result obtained by XRD. The 

absorption peaks of O-H from 3200-3643 cm-1 resulted 

from water molecule adsorption [1, 25]. 
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Figure 6. FTIR spectrum (A) ZnO Control at (a) 600°C (b) 700°C (c) 

800°C, (B) CaZnOUV (0.05) at (a) 600°C (b) 700°C (c) 800°C. 

3.4. UV Visible Study 

Figure 7 shows The UV visible absorption spectra of the 

CZO 0.03 M samples after calcination at 600, 700 and 800°C 

for UV and NUV samples using Gaussian fitting function. 

The figure demonstrates strong absorption peaks for CZO 

0.03 M at different calcination temperatures at wavelength 

between (441-442) nm and (450-454) nm for UV and NUV 

samples respectively. These shifts towards the higher energy 

wavelength of light imply band gap narrowing as confirmed 

by the analysis of the spectroscopic data via Tauc plots. 

Figure 8 showing the energy band gap when using different 

concentration of calcium doping 0.01, 0.02, 0.03 M calcined 

at 700°C. Clearly following the synthesis route of co-

precipitation in incubator shaker decreases the band gap for 

nanocrystals of undoped zinc oxide ZnOUV (2.937 eV) and 

ZnONUV (2.136 eV) where both are less than that of the bulk 

(3.37 eV) the reason can be mainly due to the downward 

shifts of the conduction band due to lattice contraction in 

nanoparticles as a result of high attractive electrostatic 

interaction between Zn2+ and O2- ions as crystallinity of the 

samples plays a very important part in the band gap change 

of materials [26, 27]. 

 

 
Figure 7. UV visible spectra for CZOUV calcium concentration (0.03) at (a) 

600°C (b) 700°C (c) 800°C. 

Considerable reduction in the band gap of CZONUV samples 

is noticed more than CZOUV this can be attributed to using 

NUV increases the active defect sites generated in ZnO 

lattice by Ca ions. As a result, more visible-light is absorbed 

via these active defect sites, which may lead to a more 

photocatalytic activity of the doped CZnONUV crystallites in 

visible-light regions. For example, at a calcination 

temperature of 700°C when using UV light, undoped ZnO 

has a band gap value of 2.937 eV, and it increases with Ca 

0.01 but it decreased with increasing Ca content whereas the 

band gaps are 2.919, 2.988, 2.983 for 0.01, 0.03, 0.05 

respectively. For NUV the undoped ZnO has a band gap 

2.136 and its decreasing with calcium doping surprisingly the 

narrowest band gap was for 0.03 M which reached 1.963 and 

an increase for 0.05 M to 2.536 this phenomenon could be 

due to particle size effects on band gap of the nanostructures 

this similar phenomenon also observed by Yousefi et al. [8].  
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Figure 8. Band gap for CZOUV and CZONUV calcined at 700°C different 

calcium concentration 0.01, 0.03 and 0.05. 

3.5. Photocatalytic Degradation for 
Methylene Blue 

The prepared samples were examined as photocatalysts for the 

degradation of methylene blue under sunlight. Under a typical 

experiment 0.06 g of the sample was stirred for 15 min with 

(50 mL of 1 × 10−5 M) aqueous solution of methylene blue 

then kept under dark for 30 min followed by stirring under 

sunlight irradiation for 10 min. Aliquot was taken out at equal 

time intervals, and the absorption spectra were recorded at λmax 

=665 nm using UV-Vis spectrophotometer then the percentage 

of degradation was calculated and the photocatalytic rate 

constant for methylene blue degradation (k) was determined 

from the first-order plot using eq (4). 

ln	�
��
�
� � ��                                      (4) 

Where A0 is the initial absorbance, A is the absorbance after a 

time t, and k is the first-order rate constant [17, 28]. 

Figure 9 illustrates the MB degradation for samples calcined 

at 700°C using same content of doped calcium, significantly 

higher photocatalytic activities of Ca doped ZnO can be seen. 

CZONUV has a photocatalytic activity superior to CZnOUV 

and it can be explained by their decreased band gap values as 

obtained from UV results and from Figure 10 it can be seen 

than higher photocatlytic degradation achieved at calcination 

temperature 700°C when using 0.01 M for CZOUV. Table 2 

showed that all samples exhibited a good absorption for MB 

for irradiation times of 0-10 min in equal intervals that can be 

due to the shift of the band gap to the visible region which 

obviously caused a higher redox potential of the photoexcited 

electron−hole pairs, beside the increase in the surface area 

where photocatalytic reactions mainly occur which 

significantly increases the activity of the photocatalyst. For 

examples when calcium content was 0.03 M, MB 

degradation achieved was 86.5% and 96.93% for CZOUV and 

CZONUV respectively after 10 min and a complete MB 

degradation observed at 4 min and 1 min for CZOUV and 

CZONUV respectively when increasing the calcium content to 

0.05 M. From these results we can conclude that the 

degradation of MB is a function of the light used during 

synthesis and amount of calcium doped as a poor degradation 

noticed for undoped zinc oxide 

 
Figure 9. Photocatalytic MB degradation for samples calcined at 700°C ZnO 

control, CZOUV 0.03, CaZnNUV 0.03. 

 
Figure 10. Photocatalytic MB degradation for samples CZnUV 0.01 calcined 

at calcined at 600, 700, 800°C. 
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Table 2. Degradation % of MB at calcination temperature 700°C for different concentrations of CaZnO. 

Conc. of Calcium doped in ZnO (CZO) 
Degradation %f MB at calcination temperature 700°C 
CZOUV CZONUV Undoped ZnOUV Undoped ZnNUV 

0.01 81.8% 92.9% 
76.22% 84.64% 0.03 86.5% 96.93% 

0.05 100% after 4 min. 100% after 1 min. 

 

4. Conclusion 

The use of an incubator shaker proved to be a simple and 

effective instrument for synthesizing Ca (0.01, 0.03, 0.05 M) 

doped ZnO (CZO) nanostructure by co-precipitation method, 

under different light sources UV and non UV and followed 

by calcination at temperatures ranging from 600 to 800 °C. 

The CZO samples containing lower Ca-content exists as pure 

wurtzite phase of ZnO in the XRD, whereas, crystals of cubic 

CaO secondary phase identified for 0.03 M and 0.05 M CZO. 

Moreover CZO particles exhibited smaller crystallite size and 

an increase in c/a ratio with increase in calcination 

temperature and concentration of Ca doped in Zn. The FTIR 

and XRD revealed that absorption of CaCO3 decreased at 

higher calcination temperatures. SEM results showed that 

using UV light affect the nanostructure morphology as it 

results in the formation of nanorods while non UV light 

formed nanoparticles. All samples prepared by incubator 

shaker have strong absorption in the visible-light region and 

smaller band gaps. Though, CZONUV samples showed a better 

photocatalytic performance for degradation of MB than 

CZOUV samples. 
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