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Abstract: In this work, the CdO biotemplate nanorods were synthesized by chemical rout assisted microwave irradiation 

method via Hen egg-albumin extract. The CdO biotemplate nanorods were characterized by various characterization 

techniques such as X-ray diffraction analysis (XRD), Fourier transform infrared spectroscopy (FTIR), High resolution 

scanning electron microscope (HRSEM), Transmission electron microscope (TEM), Energy dispersive X-rays 

spectroscopy (EDX), Ultra violet-Vis diffused reflectance spectroscopy (UV-Vis-DRS) and Photoluminescence 

spectroscopy (PL). The XRD patterns of CdO biotemplate nanorods show in cubic phase structure with average particle 

size 21-23 nm. Functional groups present in the compound were analyzed by FTIR technique. The HRSEM photograph 

shows the rod shape morphology. TEM images of CdO biotemplate confirm the rod shape morphology. The CdO 

biotemplate nanorods optical properties were studied by UV-Vis-DRS and PL. The current-voltage (I-V) properties are 

studied by DC conductivity. The CdO  biotemplate possessed potent cytotoxicity against HeLa cancer cell line. 
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1 Introduction 

Metal oxide semiconductor nanoparticles are focused by 

the researchers in order to develop semiconductor device 

applications. CdO nanoparticles possess unique electrical, 

optical, chemical and physical properties. They have direct 

band gap energy 2.5eV and indirect band gap energy 

1.98eV. So researchers are interested in preparing the CdO 

nanoparticles [1,2]. The CdO nanoparticles have wide 

application in solar cells, gas sensors, transparent 

electrodes, photo diodes, catalysts and optoelectronic 

devices [3,11]. 

Synthesizing metal oxide nanoparticles by microwave 

irradiation method has a greater advantage compared with 

microwave emulsion [12], chemical precipitation [13], 

Sonochemical, hydrothermal techniques [14], solvothermal 

process [15], mechanical process [16,18], and also chemical 

synthesis method [19,22].CdO nanoparticles are 

synthesized by microwave irradiation method (MWIM) 

with the use of egg albumen as a biotemplate. This method  

is a cheapest and easier method to prepare CdO 

nanoparticles. Here, we used egg albumen as a biotemplate 

due to its gelling, foaming and emulsifying character. Also, 

it has long amino acid chain. It can dissolve in water and 

bind the metal ions to good shape [23-24]. The 

nanoparticles synthesized by comparing egg-white with 

metal ions such as Mn2+/Mn3+, Fe2+/Fe3+, Cu2+, Zn2+  

have  interesting properties, which are already 

reported[25,30]. 

In this paper, CdO biotemplates were prepared by chemical 

rout assisted microwave irradiation method. The 

synthesized materials are subjected to various characteristic 

techniques. 

2 Experimental Procedure 

2.1 Materials 

Cadmium chloride (CdCl2) and ammonia (NH4OH) 

solution were purchased from (Merck, 98%) Mumbai, 

India. All the Chemicals were of analytical reagent grade 

(AR grade) and used as received without purification. Hen 
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egg purchased in local market treated with double distilled 

water was used for the experiment. 

 

2.2 Synthesis    

For the synthesis of CdO nanostructure by microwave 

irradiation method using a staring 0.1M, cadmium hydroxyl 

solution was prepared by dissolving Cadmium chloride in 

double distilled water. 5ml freshly extracted albumen was 

mixed with double distilled water and stirred. The obtained 

albumen solution was added drop wise to the cadmium 

hydroxyl solution.  pH of the solution is  maintained  at 8 

by adding ammonia hydroxyl drop wise. The obtained 

product was washed several times with double distilled 

water and ethanol. The precipitate was irradiated for 5 

minutes in a household micro oven (radiation frequency 

2.45GHZ, power up to 1KW) with convection mode, a 

white color powder is obtained which is annealed at 300oC 

for 5 hrs using a muffle furnace.  

 

2.3 Materials Characterizations 

The CdO microstructure was analyzed by XRD using a 

Bruker AXS D8 Advance instrument and the 

monochromatic CuKα1 wavelength of 1.5406Å. The 

average crystalline size of crystallite was calculated using 

Scherrer’s formula,d =
Kλ

βcosθ
 , where d is the mean 

crystalline size, K is a grain shape dependent constant (0.9), 

λ is the wavelength of the incident beam, θ is a Bragg 

reflection angle, and β is the full width at half maximum 

(FWHM) of the main diffraction peak. The functional 

groups were identified by Fourier transform infrared 

spectrometer (FTIR) using a Perkin Elmer- spectrometer 

ATR technique. The morphology and presence of CdO 

were investigated by High resolution scanning electron 

microscopy (HRSEM), using a JEOL 5600LV microscope 

at an accelerating voltage of 10kV. High resolution 

transmission electron microscopy (HRTEM) images and 

selected area electron diffraction pattern were recorded by 

using a Tecnai G20-stwin of accelerating voltage of 200kV. 

Thermal analysis was done using a thermogravimetric and 

differential thermal analyzer (TG-DTA Netzsch- model 

STA 409PC). The ultraviolet-visible (UV) spectrum is 

recorded by using a Perkin Elmer UV-Visible spectrometer.  

The room temperature PL was recorded by using 

spectrofluorometer instrument (JY Fluorolog-FL3-11). The 

DC electrical conductivity was measured using the Keithley 

electrometer 6517B two probe setup.  

 

3 Results and Discussion  
 

3.1 X-ray Diffraction Studies 
 

The as prepared and 300oC annealed CdO biotemplates 

XRD patterns are shown in fig 1(a, b). The XRD patterns of 

the sample (a) and sample (b) showed the presence of CdO 

nanoparticles with cubic phase structure (JCPDS #39-

1221). The following miller indices (111), (200), (210), 

(211), (220), (311), (222), (400), (331) observed at 

corresponding different diffraction peaks value are given in 

table 1. The Debye Scherrer formula, d =
Kλ

βcosθ
 is used to 

calculate the average crystalline size of CdO nanoparticles 

and found to be 23 nm and 21 nm for the sample (a) & 

sample (b) respectively. The lattice parameter was 

calculated using following equation (1), 

 

1

𝑑ℎ𝑘𝑙
= [(

h2 + k2 + l2

𝑎2 )]

1
2                                                                                   ⁄

 (1) 

 

Where d is the d-spacing value, h, k and l are Miller 

indices, a- is the lattice parameter. The calculated lattice 

parameter for the sample (a) and (b), a= 5.1613Å, a= 

5.4205Å and the values matches well with standard JCPDS 

file no #39-1221. The XRD measurements indicate the 

good crystalline nature of CdO nanoparticles product 

obtained and 300oC annealed sample (b) has higher 

crystallinity than the as prepared sample (a).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. X-ray diffraction patterns of CdO biotemplates. 
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3.2 FTIR Spectral Analysis  

The recorded FTIR absorbance spectra of as prepared and 

300oC annealed CdO nanoparticle samples are shown in 

fig. 2(a, b) in the range 4000 cm-1 to 400 cm-1. Fig 2 (a) 

shows the presence of  hydroxyl group absorbed at 3276 

cm-1, 3353 cm-1, 3467 cm-1 and 3520 cm-1[31]. The sharp 

and broad peaks attributed at 1532 cm-1, 1589 cm-1 and 

1637 cm-1 are due to the presence of C-O asymmetric 

vibrations. The C-O symmetric vibration mode appeared at  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1222 cm-1 and 1402 cm-1[32]. The peaks observed around 

at 727cm-1, and 535 cm-1 confirm the Cd-OH Stretching 

and Cd-O Stretching[33, 34], respectively and shown in 

table 2. In fig 2(b) the presence of the Cd-O Stretching and 

Cd-OH Stretching are indicated by the absorption peaks at 

439 cm-1[35], 510 cm-1 and 733 cm-1 for well evidence 

CdO. The peaks at 3276 cm-1 and 3353 cm-1 

corresponding to hydroxyl functional group were removed 

by 300oC temperature treatment. The FTIR spectrum is 

good evidence for improved purity of CdO by annealing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The lattice spacing (d), full width at half maximum (FWHM), (hkl) planes, lattice constant and average particle 

size for CdO biotemplates. 

As prepared 300o C annealed 

2θ d FWHM (hkl) Lattice 

constant 

Average 

Particle 

size 

2θ d FWH

M 

(hkl) Lattice 

constant 

Average 

Particle 

size 

29.47 3.0309 0.2952 111 5.2496 23nm 29.36 3.0411 0.2952 111 5.2673 21nm 

34.13 2.6268 0.3936 200 5.2536 34.18 2.6229 0.1968 200 5.2458 

38.60 2.3319 0.2952 210 5.2142 38.59 2.3328 0.3936 210 5.2162 

49.74 1.8329 0.2952 220 5.1842 42.44 2.0829 0.5904 211 5.1020 

56.40 1.7264 0.5904 311 5.7258 48.52 1.8763 0.2952 220 5.3069 

65.75 1.2530 0.5904 222 4.3405 56.01 1.7273 0.5904 311 5.7288 

- - - - - 64.42 1.5821 0.5904 222 5.4805 

- - - - - 70.20 1.4924 0.5904 400 5.9696 

- - - - - 75.83 1.2544 1.1808 331 5.4678 

 

 
Fig 2. FT-IR spectrums of CdO biotemplates. 
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3.3 HRSEM  Analysis  

The surface morphology photos of the as prepared and 

300oC annealed CdO nanorods samples are shown in fig 3 

and 4. SEM results show that the as prepared and 300oC 

annealed CdO biotemplate have a crystalline nature with 

the formation of the CdO nanorods.  Fig 3 shows the 

agglomerations of CdO have a large and rod shape regular 

crystals and fig 4 shows the annealed CdO has a closely 

packed and agglomerated rod shape regular crystals.  The 

CdO nanorods crystalline sizes are in the range 15-30 nm as 

revealed by morphological analysis, which is found near to 

the calculated average particle size from XRD analysis. The 

obtained rod shape depends on the annealing process, 

which changes the agglomeration and particle size.  

 

3.4 Transmission Electron Microscope 

Investigation  

 
CdO nanorod morphology was investigated by TEM 

analysis. Fig 5 (a, b, and c) shows the morphology of as 

prepared CdO biotemplate (sample A). It is shown that the 

obtained CdO nanorods structure has a diameter of 10-100 

nm and length of 500 nm with good crystalline nature. The 

500 nm magnified image (fig 5c), revealed that the CdO 

nanorods were interconnected together and formed a good 

crystallinity. The insets of fig 5(a) and 5(c) show the evenly 

formed CdO nanorods at 200 nm magnification. The 

selected area diffraction pattern (inset fig 5b) indicates 

bright dots for a presence of the CdO biotemplate and it has 

a cubic phase structure. The distinct bright spots indicate a 

single crystalline nature of CdO biotemplate in accordance 

with the XRD results. 

 

3.5 Energy Dispersive X-ray Spectroscopy (EDX) 

Analysis  

 
Theenergy dispersive X-ray (EDX) spectrometer was used 

to investigate the elemental composition of the synthesized 

compound.  Fig. 4 shows the recorded EDX spectra of as 

prepared CdO nanorods and 300oC annealed CdO 

nanorods. The recorded spectra confirmed the presence of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cd and O elements in the synthesized compound. 

Fig.6a report the spectra of as prepared CdO which 

indicates a presence of Cd and O at a measured atomic 

percentage of elements 73.70% and 26.30% respectively. 

Fig. 6b shows the spectra of 300oC annealed CdO with two 

peaks confirming the presence of Cd and O elements. The 

measured atomic percentages of these elements are75.86% 

and 24.14% respectively. From the EDX spectra shows 

while increasing the annealing process which places to 

reduce the oxygen in the synthesized compound. 

 

3.6 UV-Visible-DRS Spectroscopy 

The linear optical property of synthesized CdO biotemplate 

was studied by using UV-Visible- NIR spectrometer. The 

recorded UV-Vis-DRS spectra of as prepared and annealed 

CdO nanoparticles are shown in fig 7(a& b).The reflectance 

values were converted to absorbance by using the following 

Kubelka-Munk function 

𝐾 =
(1 − R)2

2𝑅
                                              (2) 

Where K is the reflectance transformed function according 

to Kubelka-Munk relation and R is the reflectance (%). The 

wavelength Vs (k*hʋ)1/2 = f(h*ʋ) relationship spectra of as 

prepared and annealed CdO samples are shown in fig 8 

(A&B). In the plot sample (a) has cutoff wave length 285 

nm due to band gap energy 4.35 eV and sample (b) has 

cutoff wavelength 445 nm due to band gap energy 2.78 eV. 

This shows that increasing annealing temperature reduces 

the band gap energy of CdO biotemplate. It also shows 

decreases in the crystalline size due to a decrease of band 

gap energy. 

 

3.7 Photoluminescence Studies 

Room temperature Photoluminescence spectra of as 

prepared and 300oC annealed CdO biotemplate were 

recorded on JY Fluorolog-FL3-11 spectrometer with Xenon 

lamp as a source. As shown in fig .9 (a-b). The excitation 
 

Table 2. FTIR assignments of CdO biotemplates. 

Wavenumber(cm-1) Peak assignments 

A B 

535 439 & 510 Cd-O Stretching 

727 733 Cd-OH Stretching 

1222 & 1402 1221 & 1418 C-O symmetric vibration 

1532, 1589 & 1637 1537, 1589 & 1639 C-O asymmetric vibration 

3276, 3353, 3467 & 3520 3463 & 3520 O-H Stretching 
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Fig 3. HRSEM images of as prepared CdO biotemplates. 

 

 

 

Fig 4. HRSEM images of 300oC annealed CdO biotemplates. 
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Fig 5. As prepared CdO biotemplate (sample A) TEM images (figure (A), (A) inset image, (B), (C), (C) inset 

image and  figure B inset image is SAED pattern of CdO biotemplate. 

 

 
Fig 6. EDX spectra of (A) as prepared CdO nanorods and (B) 300oC annealed CdO nanorods. 
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Fig 7. UV-DRS spectra of (A) as prepared CdO biotemplates and (B) 300oC annealed CdO biotemplates. 

 
Fig 8. Wavelength (nm) Vs (F(R)hʋ)1/2 spectrum of (A) as prepared CdO biotemplates and (B) 300oC annealed 

CdO biotemplates. 
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source wavelengths are in the range 15-30 nm 285nm for as 

prepared sample and 445nm for annealed sample. The 

excitation wavelength plays an important role in the 

electronic transition from highest occupied molecular 

orbital (HOMO) to the lowest unoccupied molecular orbital 

(LUMO) taking place for as prepared and annealed CdO 

biotemplate [36, 37].  Fig .9 (a) emission peak at 570nm 

(2.17eV) attribute for sharper green emission and Fig .9(b) 

emission peak observed at 529nm (2.34eV) for broad green 

emission [38]. Annealing process shifts the emission peak 

backward and increases the band gap. These results indicate 

that the synthesized CdO biotemplate can be used as 

suitable materials for LED applications. 

 

3.8 Electrical Conductivity Measurements 

The Keithley electrometer 6517B connected with a two 

probe setup was used to determine the electrical 

conductivity at different temperatures from 30-130°C (in 

order to deference 20°C).  Figs 10. a& b illustrated the I-V 

characteristics of  as prepared and annealed CdO 

biotemplates. In this spectra an indicated the current (I) 

value with increases temperatures at constant voltages (1-

10 V). The electrical conductivity calculated by using the 

given equation (3) [38], 

 

𝜎 = (
𝐼

𝑉
)  𝑋 (

𝑑

𝐴
)                                                (3) 

Where I is current, V is the applied voltage, d is the inter-

probe distance and A is the cross sectional area of the 

pellet. Figs 11. a& b shows the temperature (°C) versus  

conductivity (S/cm). In this results reveals that conductivity 

an increases with annealed process at the range 5.50 x 10-9 

to 1.04 10-8 and these results clearly revealed the 

semiconductors natures. 

 

3.9 Anticancer Activity 

3.9.1 In vitro Cytotoxicity Assay  

The human cervical cancer cell line (HeLa) was obtained 

from National Centre for Cell Science (NCCS), Pune and 

grown in Eagles Minimum Essential Medium (EMEM) 

containing 10% fetal bovine serum (FBS). All cells were 

maintained at 37 0C, 5 % CO2, 95 % air and 100 % relative 

humidity. Maintenance cultures were passaged weekly, and 

the culture medium was changed twice a week. 

3.9.2 Cell Treatment procedure  

The monolayer cells were detached with trypsin-ethylene 

diaminetetraacetic acid (EDTA) to make single cell 

suspensions and viable cells were counted by trypan blue 

exclusion assay using a hemocytometer. The cell 

suspension was diluted with medium containing 5 % FBS 

to give final density of 1x105 cells/ml. One hundred 

microlitres per well of cell suspension were seeded into 96-

well plates at plating density of 10,000 cells/well and 

incubated to allow for cell attachment at 37 0C, 5 % CO2, 

95 % air and 100 % relative humidity. After 24h the cells 

were treated with serial concentrations (0.1-100 µM) of the 

test samples. They were initially dissolved in neat 

dimethylsulfoxide (DMSO) and diluted to twice the desired 

final maximum test concentration with serum free medium. 

Additional four, serial dilutions were made to provide a 

total of five sample concentrations. Aliquots of 100 µL of 

these different sample dilutions were added to the 

appropriate wells already containing 100 µL of medium, 

resulted the required final sample concentrations. 

Following drug addiction the plates were incubated for an 

additional 48h at 37 0C, 5 % CO2, 95 % air and 100 % 

relative humidity. The medium containing without samples 

were served as control and triplicate was maintained for all 

concentrations.   

3.9.3 MTT Assay 
 

3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazolium 

bromide (MTT) is a yellow water soluble tetrazolium salt. 

A mitochondrial enzyme in living cells, succinate-

dehydrogenase, cleaves the tetrazolium ring, converting the 

MTT to an insoluble purple formazan. Therefore,the 

amount of formazan produced is directly proportional to the 

number of viable cells. After 48h of incubation, 15 µL of 

MTT (5 mg/ml) in phosphate buffered saline (PBS) was 

added to each well and incubated at 37 0C for 4h. The 

medium with MTT was then flicked off and the formed 

formazan crystals were solubilized in 100 µL of DMSO and 

then measured the absorbance at 570 nm using micro plate 

reader. The % cell inhibition was determined using the 

following formula.  

 

% Cell Inhibition = 100- Abs (sample)/Abs (control) x100 

Nonlinear regression graph was plotted between % Cell 

inhibition and Log concentration (Fig.12) and IC50 was 

determined using Graph Pad Prism software [39, 40]. 

The cytotoxicity of newly synthesized compounds against 

human cervical cancer cell line (HeLa) was evaluated by 

means of MTT assay method. This method measures 

mitochondrial dehydrogenase activity as an indication of 

cell viability (corresponding to the reductive activity) and is 

proportional to the production of purple formazan, which is 

measured spectrophotometrically [41]. The results are 

analyzed by means of cell viability curves and expressed 

with IC50 (the concentration that cause a 50 % reduction of 

the cell growth) values whose concentration ranges from 

0.1-100 μM. The growth inhibition (%) obtained with 

continuous exposure for 48h. The cytotoxicity of 

compounds was found to be concentration dependent. The 

growth inhibition increased with increasing the 

concentration of CdO biotemplate. In the present study, the 

antitumor effects of the CdO biotemplate against human 

cervical cancer cell line (HeLa). In this study, we 
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investigate the effect of CdO biotemplate on cytotoxicity 

effect as shown in Fig. 13. CdO NPs exerted significant 

cytotoxicity effect on cancer cells in dose dependent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

manner. The IC50 value of CdO biotemplate on HeLa 

cancer cell line was 38.76 µM. From this results suggested 

that the CdO biotemplate possessed potent cytotoxicity 

against HeLa cancer cell line.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 9. PL spectra of (A) as prepared CdO biotemplates and (B) 300oC annealed CdO biotemplates. 
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Fig 10. I-V spectra of (A) as prepared CdO biotemplates and (B) 300oC annealed CdO biotemplates. 

 

 

 
Fig 11. Temperature (°C) versus Conductivity (S/cm) spectra of (A) as prepared CdO biotemplates and (B) 300oC 

annealed CdO biotemplates. 
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4 Conclusions 

The rod shaped CdO biotemplate was successfully 

synthesized by chemical rout assisted microwave 

irradiation method via Hen egg albumen extract. An 

annealing at 300 oC for 2h under the muffle furnace 

produces CdO with high crystallite cubic phase. The XRD 

analysis confirmed the cubic phase and high crystallite 

property. The FTIR and EDX measurements data are good 

evidence for CdO and albumen precipitates. The rod shape 

morphology observed from HRSEM and TEM report and 

high crystallite property also conformed from annealed 

CdO biotemplate by HRSEM image. The annealing process 

reduced the band gap from 4.35eV to 2.78eV which is 

confirmed by UV-Vis DRS analysis. The strong green 

emission peaks at 570nm and 529nm are got in room 

temperature PL analysis. The conductivity increases with 

annealed process at the range 5.50 x 10-9 to 1.04 10-8 and 

these results clearly revealed the semiconductors natures. 

These studies indicate that the rod shaped CdO biotemplate 

is potentially useful for optoelectronic and biological 

applications. 
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