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Abstract 

   The pure CdO and CdO/La2O3, and CdO/La2O3/PVP nanocomposites were synthesized by 

microwave irradiation method. The prepared samples are analyzed by X-Ray diffraction (XRD), 

Fourier Transform infrared spectroscopy (FT-IR), Scanning electron microscope (SEM), 

Transmission electron microscope (TEM), UV visible spectrometer, Photoluminescence (PL), and 

Vibrating sample magnetometer (VSM). XRD and FTIR studies confirmed the formation of binary 

metallic nanocomposites. SEM and TEM analysis authenticate that the addition of lanthanum 

oxide and PVP influences the size and morphology of CdO nanoparticles the bandgap value can 

be tuned by the addition of La2O3 and PVP. Photoluminescence spectra show the violet emission 

in the region between 432 nm to 460 nm and the green emission peak at 529 nm for all three 

synthesized samples. CIE color coordinates for CdO and CdO/La2O3, and CdO/La2O3/PVP 

nanocomposites were also estimated from emission spectrum. The VSM results confirmed that the 

nanocomposites   possess the weak ferromagnetic properties due to the inclusion of La2O3 and 

PVP. The dielectric constant, electrical conductivity and dielectric loss values at room temperature 

have been analyzed for CdO and CdO/La2O3, and CdO/La2O3/PVP nanocomposites. Among the 

three synthesized samples, the CdO/La2O3/PVP nanocomposite attain high electromagnetic 

shielding efficiency. Furthermore, the rare earth element lanthanum oxide and PVP enhances the 

efficiency of photocatalytic degradation of MB dye. 
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1. Introduction     

    In recent research, the Cadmium Oxide (CdO) transparent conducting oxides (TCOs) are 

received more attention towards optoelectronic devices.  Due to its unique properties such as good 

optical transmittance and high electrical conductivity, CdO is used in various practical applications 

such as solar cells, sensors, light emitting dodes (LED), optical waveguides and flat panel displays  

[1,2]. Cadmium Oxide (CdO) is an n-type semiconductor with low resistivity, more carrier 

mobility and high optical transmittance in visible and near IR regions. CdO possesses face-

centered cubic structure with enhanced mechanical property and chemical stability [2-4]. The 

significant analysis of the electronic properties of CdO nanoparticles makes which can be used in 

specified optoelectronic applications. In general, the electronic properties of nanoparticles depends 

on various factors such as doping element, dopant concentration, Temperature, surface to volume 

ratio and quantum confinement effect [2,5-7].  

   Nanocomposites are the new materials with suitable combination of the semiconductor metal 

oxides. This combined metal oxide shows the advanced peculiar property by the process of 

interaction between either metal- metal interactions or metal-oxygen-metal interactions [8]. In 

recent research field, it is a challenging work to develop the new nanocomposites with enhanced 

magnetic, optoelectronic and physic-chemical properties such as by integrating different metal 

oxides [9, 10]. Sahu et al observed that the combination of ZnO and CdO increases the properties 

of both ZnO and CdO [11]. Castro et al confirms that the efficiency of the solar cell is enriched by 

creating defect related optical absorption in CdO:ZnO nanocomposites [12]. The gas sensing 

properties of ZnO: TiO2-based nanocomposites were enhanced by adding another metal oxide 

CdO [13]. Wang et al proves that the AgO: La2O3 nanocomposites proceed as good antibacterial 

agent [14]. Similarly, combination of cadmium oxide and zinc oxide nanocomposites act as a good 

catalysis in removal of industrial pollutant in water treatment [15]. Sivaram et al studies on 

electrochemical confirms that the addition of ZnO in PbO nanoparticles enhances the electro 

chemical properties [16].  

  Among the various semiconductor metal oxides, the rare earth metal oxides are gifted elements 

due to their unique properties such as optical, magnetic and electrical properties [17].  Rare earth 

elements show the special spectral configurations with partially shielded 4f-4f electron transition 

[18, 19].  Recent research trends move towards the usage of rare earth element, lanthanum oxide 

in various applications like superconductor, fiber optics, sensors, gas convector in automobiles, 

light emitting phosphors and laser [20, 21]. Uma et al. observed that the lanthanum oxide 

deposition layer between Au and GaN semiconductor enhanced the dielectric properties by metal 

insulator-semiconductor combination [17].  

     In present electronic world, in all electronic appliances the Electromagnetic Interference (EMI) 

phenomenon reduces the performances of the electronic devices. To overcome the EMI shielding 

is required which is attained by using flexible and light weight nanocomposites. To increase the 

shielding efficiency (SE), the material should possess the unique properties like stable, enhanced 



permittivity, electrical conductivity and magnetic dipoles. The high shielding efficiency is 

achieved by use the nanomaterials with more surface to volume ratio, defects and charge carrier 

mobility [22, 23]. In carbon nanotubes, the EMI shielding is attained by both electromagnetic 

absorption and reflection process due to free electrons. Advanced research in nanocomposites 

confirms that the carbon nanotubes with polylactic acid nanocomposites in 3-dimentional ink form 

produce more EMI SE than the nanocomposites in solid form [24]. Furthermore, the incorporation 

of polymer such as polyaniline (PANI), hexagonal boron nitride (HBN) and Polyvinylpyrrolidone 

(PVP) with nanocomposites enriches the optical, electronic, dielectric, magnetic, EMI SE, 

mechanical properties and thermal stability [25, 26]. 

   The dielectric measurements are used to analyze relaxation and conductivity process in 

materials. The parameters such as particle size, large surface to volume ratio, defects, temperature, 

doping and plays a vital role in dielectric property in nanoparticles [27-29]. Zhao et al results 

observed that the increase in doping amount of lanthanum oxide with BaSrTiO3 ceramics 

increases the dielectric constant [30]. Ebrahimzadeh et al results confirmed that the aluminum and 

tin doped  

lanthanum oxide nanocomposites possess the high dielectric constant [31]. On the other side, the 

addition capping agent into nanoparticles also increases the dielectric constant via interfacial 

polarization process [32]. 

   This research work is to enrich the electronic, electrical, photocatalytic and magnetic properties 

of CdO nanoparticles by applying heterogeneous system of CdO/La2O3/PVP. The effect of rare 

earth element lanthanum oxide and capping agent PVP on the electronic, electrical, photocatalytic 

activity and magnetic properties of CdO is analyzed and reported.  

2. Experimental Details 

2.1. Material synthesis 

       The samples were synthesized by microwave irradiation method. The advantage of microwave 

irradiation method is high reaction rate, simple to handle, economically low, low time spending 

and produces the highly pure uniform nanoparticles [33]. The cadmium nitrate tetra hydrate (Cd 

(NO3)2·4H2O) and lanthanum III nitrate hexahydrate (LaN3O9) were employed as metal precursors 

and for capping agent polyvinylpyrrolidone (PVP) is used. Both CdO and La2O3 are having 

different structure. The concentrations of 90% CdO and 10% La2O3 were dissolved in de ionized 

water and then ammonia solution is added to precursors under stirring for 8h. The resulting 

precipitate was washed with distilled water and acetone again and again to remove the impurities. 

The obtained precipitate was placed in microwave oven for 20 minutes. Finally the product was 

calcined at 300°C for 4hr in muffle furnace to get CdO/La2O3 nanocomposite. Similarly the 

capping agent polyvinylpyrrolidone (PVP 10%) mixed with CdO/La2O3 (0.9: 0.1) and synthesized 

by the same above mentioned procedure. To compare the properties, the pure CdO nanoparticle 

also synthesized. 



 

 

2.2 Characterization Techniques 

 

                   The crystalline nature was studied by X-ray diffraction using Cu Kα radiation 
(λ=1.5406Å) with the scanning rate of 0.05°s-1 in the 2θ range from 20° to 80°. Micro structure 

and morphology of the prepared pure CdO, CdO/La2O3, and CdO/La2O3/PVP nanocomposite were 

investigated by Scanning Electron Microscopy (SEM, CAREL ZEISS, EVO 18 ~5 kV) and High 

Resolution Transmission Electron Microscopy (HR-TEM, FEI-TECNAI G2-20 ~200 kV) 

respectively. Photoluminescence (PL) spectra were recorded using a He-Cd laser source with an 

excitation wavelength of 325 nm by PERKIN ELMER L45 fluorescence spectrophotometer at 

room temperature. The molecular configuration of synthesized samples was studied by Shimadzu 

FT-IR 3000 with potassium bromide diluents. The band gap value and optical absorbance of the 

prepared nanocomposites were studied by using (Shimadzu UV-2450) UV-Vis-NIR 

spectrophotometer. The ferromagnetic possessions of the synthesized samples at room temperature 

were analyzed by using Vibrating Sample Magnetometer (Lakeshore VSM 7407).  The dielectric 

ac conductivity and electromagnetic shielding studies performed by using impedance analyzer 

(model HIOKI 3532-50 LCR Hi Tester Version 2.3) over the frequency range 42Hz-5MHz).   

 

2.3. Photocatalytic Experimental Arrangements 

                  The photocatalytic activity of pure CdO, CdO/La2O3 and CdO/La2O3/PVP hybrid 

nanocomposite were deliberate by methylene blue (MB) degradation in aqueous solution under 

UV light irradiation. The experiment was performed by adding 5 mg of synthesized samples to 10 

mg/L of MB in 50 ml beaker. Before irradiation, the mixture solution were stirred for 30 minutes 

and kept in a dark place to obtain adsorption-desorption equilibrium and the concentration of the 

solution was taken as initial concentration (Co) of the dye solution. Then 5 ml of the solution was 

taken out from the mixture solution and the UV-vis spectra (Carry-5000) of the MB solution was 

examined every 30 min of intervals. The degradation percentage of dye is calculated from the 

following equation η = [(Co − Ct )Co ] ×  100 

   - 

 

where, η is the degradation percentage, Co is the  concentration of the dye (mg/L) at time 0 min 

and Ct is the concentration of the dye after irradiation in 30 min time interval. 

3. Results and Discussions 

3.1 Phase Analysis 



The structural and phase analysis of the synthesized samples are carried out by diffraction patterns 

of XRD. Figure 1 shows the XRD patterns of pure CdO, CdO/La2O3, and CdO/La2O3/PVP 

nanocomposites. From XRD pattern, we can analyze the effect of lanthanum oxide and PVP 

addition on the CdO nanoparticles. The diffraction patterns in CdO/La2O3, and CdO/La2O3/PVP 

nanocomposites show the more peaks corresponds to pure CdO and few peaks corresponds to 

lanthanum oxide in nanocomposites [11]. This few additional peaks attributes to changes in 

crystalline structure of synthesized nanocomposites. The diffraction peaks at 2θ values of 33.04°, 

38.4°, 55.24°, 66.11° and 69.46° are corresponds to (111), (200), (220), (311) and (222) planes of 

pure CdO nanoparticles respectively [1,2]. Similarly the peaks at 2θ values of 28.13°, 30.4° and 

43.93° are associated with (002), (400), and (125) planes of La2O3 [17, 34]. All the obtained 

diffraction peaks are confirmed with JCPDS no 75-0592 (CdO) and 65-3185 (La2O3). In addition, 

we observed the peaks at 23.4° and 22.82° which corresponds to La2O3 in CdO/La2O3, and CdO/ 

La2O3/PVP nanocomposites (JCPDS no 84-1963) [35]. The observed diffraction peaks for both 

CdO and La2O3 confirms the cubical phase formation of both CdO and La2O3 nanocomposites. 

The sharp intense diffraction peaks in CdO/La2O3, and CdO/La2O3/PVP shows that the synthesized 

nanocomposites are in poly crystalline structure [36]. The calculated value of lattice constant 

4.687A for synthesized CdO nanoparticles is matched with standard value (4.697A°). The obtained 

lattice constant and unit cell volume of CdO/La2O3, and CdO/La2O3/PVP nanocomposites 

increases compare to pure CdO nanoparticles which confirms the incorporation of La2O3 and PVP 

into CdO lattice. This may be attributed to presence defects, impurity and strain in lattice [2]. In 

other words, reduction in particle size increases the surface area and there by increases the grain 

volume. The increases in grain volume allow more particle interactions at the interface. The more 

intense peak is employed to find the crystallite size using Debye Scherrer’s equation 

𝐷 = 0.89 λβ cosθ 

Where D is size of the crystallite particle, λ is the wavelength of incident X-ray, β is the full width 
at half maximum (FWHM) measured in radians and θ is the Bragg’s angle of diffraction peak. The 

nanoparticle size of pure CdO, CdO/La2O3, and CdO/La2O3/PVP were found to be 31.3 nm, 23.7 

nm, and 19.38 nm respectively.         

  

3.2 Functional group Analysis by FTIR 

       Figure 2 shows the FTIR spectra of CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites 

which confirms the presence of functional groups in binary systems. FTIR spectra were recorded 

in terms of wave number between 4000 - 400 cm-1. The broad absorption peaks near 3445cm-1 is 

corresponds to OH stretching bond of water molecules due to moisture.  The IR band near            

1381 cm-1 for all three samples is assigned to C-O stretching vibration. The absorption band at 

1628 cm-1 for pure CdO, 1311 cm-1 for CdO/La2O3 and 1583 cm-1 for CdO/La2O3/PVP is 

attributed to bending vibration band of physically adsorbed water molecules [21, 36-37]. The peaks 

at 2923 cm−1, 2916 cm-1 & 2854 cm−1 in CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites 



is belongs to carbonyl group of O–C–O vibrations [38]. On other side, PVP in CdO increases the 

stability of CdO via carbonyl group [39]. Hence it is confirmed that the prepared sample is the 

combination of CdO, La2O3 and PVP. 

3.3 Surface Morphology Analysis 

    Figure 3(a-c) represents the SEM images for surface morphology of pure CdO, CdO/La2O3 and 

CdO/La2O3/PVP nanocomposites. Pure CdO nanoparticles exhibits homogenously cubical crystal 

structure and all particles are attached closely with each other which show in figure 3a. Figure 3b-

c shows the variations in morphology due to the incorporation of La2O3 and PVP in CdO. In figure 

3c, the SEM images shows the irregular thin plates with less agglomeration for PVP added CdO/ 

La2O3. This reduced agglomeration attributes to surfactant PVP which used to stabilize the atoms 

in surface. It is noticed that size of the CdO/La2O3 and CdO/La2O3/PVP binary nanocomposites 

decreases due to nucleation effect which same as in our XRD result. The significant reduction of 

particle size and less agglomeration in CdO/La2O3 and CdO/La2O3/PVP nanocomposites may be 

attributes to interaction of lanthanum oxide and PVP with CdO lattice. Hence it is confirmed that 

the addition of lanthanum oxide and PVP influences the size and morphology of CdO nanoparticles 

which is also confirmed with XRD results. 

      The elements present and its composition percentage in the synthesized samples are confirmed 

by using energy dispersive spectroscopy (EDS). The EDS spectra in figure 4a, confirms the 

presence of Cd and oxygen in pure CdO. Further, the figure 4 (b-c) shows the existence of Cd, O, 

and in La in CdO/La2O3and CdO/La2O3/PVP samples. Furthermore, EDS spectra authenticate the 

synthesize of binary heterogenous CdO/La2O3 and CdO/La2O3/PVP nanocomposites. Table 1 

represents the atomic weight percentage of elements present in the all three synthesized samples. 

This EDS result is in well synchronized with our XRD and SEM analysis. 

Table 1 Atomic concentration of elements for pure CdO, CdO/ La2O3 and CdO/La2O3/ PVP 

nanocomposites measured from the EDS analysis 

 

Compound Name Atomic %  

of Cd 

Atomic %  

of La 

Atomic %  

of O 

CdO 62.15            -- 37.85            

CdO/ La2O3 42.58 30.16          27.26 

CdO/ La2O3/ PVP 41.20    32.64 26.16             

 

    To further confirm the heterogeneous structure at atomic scale, TEM images are taken for pure 

CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites which are shown in figure 5 (a-f). The 

TEM images confirm the polycryatalline cubical crystal structure of synthesized samples. Figure 

5 (c-f) images confirm that lanthanum oxide and PVP were exists on the surface of CdO lattice. 

Additionally, the selected area electron diffraction (SAED) pattern shows bright patches which 



reveals that the nanocomposite is high crystalline nature with cubic structures. The SAED pattern 

also confirms that the existing diffraction peaks are corresponds to CdO and La2O3. Furthermore, 

the SAED confirms that the lattice inter planar d spacing related the CdO and La2O3 nanoparticles. 

TEM images confirm that the surfactant PVP reduces the agglomeration effect and reduces the 

particle size which is concurrence with our XRD and SEM reports. 

3.4 UV-Vis Absorption Studies 

    The optical transmittance and bandgap analysis of the nanomaterials is imperative factor for its 

optoelectronic and photovoltaic applications. The impact of lanthanum oxide and PVP in optical 

behavior of the CdO nanocomposites at room temperature is studied by UV absorption spectra. 

Figure 6 shows the absorption transmittance spectra of CdO, CdO/La2O3 and CdO/La2O3/PVP 

nanocomposites at room temperature. All the three synthesized samples are transparent to visible 

region [4]. The absorbance value in the visible region increases for pure CdO and decreases for 

CdO/La2O3 and CdO/La2O3/PVP nanocomposites. The broad absorbance in visible region for 

CdO/La2O3 and CdO/La2O3/PVP nanocomposites suggest that this is a promising material for 

visible light absorption process [36].  

   To acquire better approaching in electronic structure, the optical band gap energy of the 

nanoparticles was determined by Tauc’s equation. The process of electronic transitions and the 

band structure in the nanocomposite depends on optical absorption coefficient and photon energy.  

αhν = A (hν − Eg)12 

Where α = Optical absorption coefficient, A is constant (0.9) and photon energy is hν. 

    In figure 7, the graph is plotted with (αhν)2 versus photon energy and the optical band gap value 

(Eg) is calculated. The obtained band gap value of pure CdO is 3.4 eV. This band gap value is red 

shifted to 3.95 eV and 4.2 eV for CdO/La2O3 and CdO/La2O3/PVP nanocomposites respectively. 

The increase in band gap due to incorporation of La2O3 and PVP with decrease in particle size 

which is already confirmed in our XRD results. Further, this enlargement in band gap value is 

explained by Burstein-Moss (B-M) effect. According to B-M effect, the increase in carrier 

concentration due to the addition of La2O3 and PVP into CdO lattice gives the increase in band 

gap value [2]. But in pure CdO sample, no free charge carriers due to the ionic bond between Cd2+ 

and O2-. In general, the parameters such as particle size, synthesis conditions, structural defects, 

oxygen vacancies and high carrier concentration gives impact on variations in band gap value [21, 

26,14]. Finally this absorption studies concluded that synthesized CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposites with tunable band gap is the suitable materials for optoelectronic and 

solar cell applications.  

 

3.5 Photoluminescence Study 



    Photoluminescence study is an authoritative characterization method to determine the electronic 

structure, recombination of electron-hole Pair and energy band level of nanocomposites. Figure 8 

a&b shows the photoluminescence spectra of pure CdO, CdO/La2O3 and CdO/La2O3/PVP 

nanocomposites at room temperature. The paeks at 341 nm for pure CdO, 361 nm for CdO/La2O3 

and CdO/La2O3/PVP nanocomposites correspond to near band edge emission (NBE) which is 

attributes to excitonic recombination [21]. Also the increase in intensity of NBE for La2O3 and 

PVP added nanocomposites confirms that the incorporation of dopants into CdO. The violet 

emission in the region between 432 nm to 460 nm for the all three synthesized samples arises due 

to recombination of electron-hole pair centers from intrinsic or extrinsic defects [1, 8, 40]. In PL 

spectra of CdO/La2O3 and CdO/La2O3/PVP nanocomposites, the intensity of violet emission is 

increases compared to pure CdO which attributes to the defect levels of lanthanum 4f orbital to O-

2p bands. The green emission peak at 529 nm for all three synthesized samples is correspond to 

electron-hole pair in oxygen and metal vacancies [2, 38]. The second green emission peaks are 

observed at 599 nm for pure CdO and 573 nm for CdO/La2O3 and CdO/La2O3/PVP 

nanocomposites. This second peak might be corresponds to oxygen vacancies and transition 

between valence band and conduction band [8, 38]. The red emission peak with increased intensity 

in CdO/La2O3 and CdO/ La2O3/PVP nanocomposites is due to deep trap emission. These results 

are harmonized with our XRD and UV results. This PL studies, confirms that the CdO/La2O3 and 

CdO/La2O3/PVP nanocomposites with enhanced photo luminescence properties are the suitable 

materials in photo catalytic applications and nanoelectronics. 

 

    3.6 CIE Chromaticity Diagram 

     Emerging the novel luminescent materials is a fast desire to overcome the demands in various 

applications such as indoor lighting, display devices and wearable electronics. The [41]. 

Nanocomposites matrix of semiconductor oxides, rare-earth metal oxides and 

Polyvinylpyrrolidone (PVP) would be the promising next-generation solid-state lighting source 

which can entirely exhausted the traditional incandescent lamps, fluorescence lamps and 

conventional lighting devices due to their merits of low electricity consumption, long lifetime and 

compact in size [42]. Color coordinate diagram of the synthesized nanocomposite phosphors are 

analyzed using computed imaging software available in the CIE 1931 color chromaticity diagram. 

Figure 8(c) shows the CIE 1931 color coordinated diagram of CdO, CdO/La2O3 and 

CdO/La2O3/PVP nanocomposites. The calculated color coordinates (x, y) are found to be (0.33, 

0.33), (0.37, 0.35) and (0.31, 0.38) for CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites, 

correspondingly. Clearly, the color coordinates of CdO and CdO/La2O3 nanocomposites have been 

placed in the strong white region of the CIE diagram, while the CdO/La2O3/PVP nanocomposites 

has been slightly tuned to the green region. The color coordinates of these phosphors are strongly 

agreed with standard value of white region (0.310, 0.316) of the National Television Standard 

Committee (NTSC) [43]. These results have revealed that the prepared nanocomposites exhibits 
excellent CIE chromaticity properties and hence they would have potential application in white 
light emitting phosphors. 

 

 

3.6 Magnetic Studies 

    The magnetic measurement of synthesized sample gives specifics the interactions between 

synthesized metal ions and type of magnetic materials from which we can find the promising 



materials for various technological applications. Figure 9 shows the magnetization versus applied 

field (M-H) curves of the synthesized samples pure CdO, CdO/La2O3 and CdO/La2O3/PVP 

nanocomposites at room temperature. From this figure 9, we can conclude that the magnetic 

properties such as retentivity, coercivity and saturated magnetization depend on incorporated 

nanoparticles La2O3 and PVP.  Pure CdO nanoparticles show the good ferromagnetic properties. 

On other side, M-H curve of CdO/La2O3 binary nanocomposites reveals super paramagnetic 

nature. But interestingly CdO/La2O3/PVP nanocomposites show the weak ferromagnetic property 

[44]. The coercivity value for pure CdO is 460.85 Oe and it get reduces for CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposites. The retentivity value of pure CdO is high when compared to CdO/ 

La2O3 and CdO/La2O3/PVP nanocomposites.   

      Further, the processes like magnetic interactions and Vander walls force involving in the 

particles and also the production of dangling bonds are leads to particle agglomeration.  

Agglomeration is reduced in our synthesized CdO/La2O3/PVP nanocomposites due to capping 

agent PVP which also in harmony with our SEM results. This confirms that the week ferromagnetic 

CdO/La2O3 and CdO/La2O3/PVP nanocomposites could arises from oxygen vacancy and surface 

morphology changes due the incorporation of La2O3 and PVP [45,46].  It is observed that 

magnetization value is decreased for pure CdO when compared to CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposites. This confirms that the incorporation of La2O3 and PVP on CdO 

lattices. The drop in particle size in CdO/La2O3 and CdO/La2O3/PVP nanocomposites promotes 

the interactions between La 4f electron with Cd ions which gives week ferromagnetic nature 

[45,47].   In other words, the impurity present on surface of synthesized CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposites might be gives week ferromagnetic nature which also confirmed in 

our XRD results. Since sample with large magnetization value is the promising materials for 

spintronics, CdO/La2O3 and CdO/La2O3/PVP nanocomposites are promising material in 

spintronics.                          

 

Table 2 Magnetic measurements data for pure CdO, CdO/La2O3 and CdO/La2O3/PVP 

nanocomposites from the VSM analysis 
 

Compound Name 
Coercivity Hc 

(Oe) 

Remanent 

Magnetization 

Mr 10
-6 in 

emu/g  

Saturation  

Magnetization(MHmax) 

in 10
-3

emu/g 

CdO 460.85           459.5 1.888            

CdO/ La2O3 341.62 47.728          1.92 

CdO/La2O3/ PVP 187.50 108.72 2.4390 

 

3.7 Dielectric Studies 

   Dielectric measurements are a powerful performance for analyzing the relaxation and conduction 

properties in synthesized samples. In order to analyze the dielectric behavior of the samples, the 

synthesized materials were formed as pellets using pelletizer. The silver paste was applied on both 

surfaces of the sample, which acts as an electrode. The dielectric measurements were carried out 

using the two-probe setup. The chamber used for the analysis was evacuated and filled with helium 

gas before the commencement of the measures to avoid adsorption of moisture on the surface of 



the sample.  The dielectric constant of the synthesized samples is dependent on dielectric 

polarization due to applied electric field.  

     Figure 10 (a-c) shows the frequency needy variant in dielectric constant for pure CdO, 

CdO/La2O3 and CdO/La2O3/PVP nanocomposite at room temperature. As the frequency of the 

applied electric field increases, dielectric constant decreases for CdO, CdO/La2O3 and 

CdO/La2O3/PVP nanocomposite. This reduction in dielectric constant is speedy at low frequency 

and steady at high frequency. In general at high frequencies, the internal dipoles are not able to 

align themselves effortlessly which attributes to the reduction in dielectric constant [7, 31, 48]. 

The decrease in dielectric constant at high frequency for CdO/La2O3 and CdO/La2O3/PVP 

nanocomposite is arises from less interconnected system formation (accumulation of charge 

carriers at boundaries) due to heterogeneity of the synthesized nanocomposite. The process behind 

the increase in dielectric constant at lower frequency is space charge polarization which is 

responsible for electrostatic binding strength [22]. However, the dielectric constant value is very 

much greater for pure CdO nanoparticles when compared with CdO/La2O3 and CdO/La2O3/PVP 

nanocomposite.  

 

     Figure 11(a-c) represents the electrical conductivity variation with frequency of the synthesized 

pure CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposite at room temperature. The electrical 

conductivity value is much more for CdO/La2O3 and CdO/La2O3/PVP nanocomposite than pure 

CdO samples. The incorporation of La2O3 and PVP on CdO lattice increases the free charge 

carriers and hence electrical conductivity is increases for CdO/La2O3and CdO/La2O3/PVP 

nanocomposite [24]. On others side, the electrical conductivity value is found to increase with an 

increase in the frequency CdO/La2O3 and CdO/La2O3/ PVP nanocomposite. The observed increase 

of electrical conductivity with an increase in the frequency is attributed to the dominance of the 

ionic conduction in the CdO/La2O3 and CdO/La2O3/PVP nanocomposite.  

 

    The parameter dielectric loss is the measurement of the ratio of dissipated energy to the total 

energy stored by a dielectric material when external electric field is applied.  The dielectric loss of 

materials is takes place by the various processes such as conduction, space charge polarization and 

other dissipative phenomenon. Figure 12(a-c) reveals the variation of dielectric loss with frequency 

for pure CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposite at room temperature. The 

dielectric loss value is high at low frequency and decreases exponentially then stable at high 

frequency. In practical applications of electronic devices, we need materials with high dielectric 

constant and low dielectric loss. In this research work, CdO/La2O3/PVP nanocomposite having 

high dielectric constant and low dielectric loss and therefore can be used as emergent materials in 

electronic devices. 
. 

 

3.8 EMI Shielding 

 

    In general, the nanocomposite with both magnetic and electrical properties is used as EMI 

shielding material. The basic mechanisms involved in EMI shielding are reflection and absorption 

of electromagnetic radiation by the samples which blockade the passing of electromagnetic 

radiation. If the shielding material possesses the more charge density which can interact with 

electromagnetic radiation and it reflects the radiation. On other side the absorption of 

electromagnetic radiation is takes place in magnetic materials. The condition to get efficient EMI 

shielding is material should have minimum refection and maximum absorption of electromagnetic 



waves which comes from the properties of high conductivity, magnetic permeability and 

synthesized sample thickness [22, 25]. When the electromagnetic waves incident on the 

synthesized samples, some of incident energy is reflected and absorbed and some gets transmitted 

through samples. EMI SE is calculated from the ratio of incident power to transmitted power and 

is defined below 

 SE (dB) = 10 log P incidentP transmitted − − − − − − − − − −(1) 

 

 

Hence the total shielding effectiveness (SE) is given by the relation 

 𝑆𝐸𝑇𝑂𝑇 = 𝑆𝐸𝑅𝑒𝑓  + 𝑆𝐸𝐴𝑏𝑠 − − − − − − − − − − − − − (2) 

 

Where SETOT represents total shielding efficiency due to both absorption and reflection, SERef 

refers shielding due to reflection and   SEAbs is shielding due to absorption. 

 

The value of reflection of radiation in SE is calculated by  
 

SEref = 20 𝑙𝑜𝑔 [   
 ( σac𝜔𝐻𝜀𝑜𝜇𝑟)124 ]   

 − − − − − − − − − − − −(3) 

 

and the value of absorption of radiation in SE  is given by 

 SEabs = 20 𝑙𝑜𝑔 [𝑒𝑥𝑝 (𝑡𝛿)] (dB) − − − − − − − − − − − − − (4) 

 

The refection process is only depends on conductivity and magnetic permeability, but the 

absorption process is depends on conductivity, magnetic permeability and synthesized sample 

thickness. 

 

Where, 𝜔𝐻= 2π𝑓𝐻 is angular frequency, 𝜀𝑜 is the permittivity of free space, 𝜇𝑟is the relative 

permeability, t represents sample thickness, 𝛿 is the skin depth and it is given by 

 𝛿 = [ 2𝜔𝐻𝜇𝜎𝑎𝑐]12 − − − − − − − − − − − − − − − −(5) 

 

    The SE variation with frequency for pure CdO, CdO/La2O3and CdO/La2O3/PVP nanocomposite 

is shown in figure 12 (a-c). From the figure it was observed that the SE value of CdO, CdO/ 

La2O3and CdO/La2O3/PVP nanocomposite is 51, 72 and 78 dB respectively at the 6.6 frequency. 

In all three samples, at low frequency, electromagnetic shielding effectiveness is increases and at 

high frequency it gets decreases. In practical, at high frequency the electromagnetic wave has more 

penetrating power than at low frequency. Hence there is a reduction in electromagnetic shielding 



effectiveness at high frequency [49]. Further, at low frequency, the increase in electromagnetic 

shielding effectiveness is attributes to reflection loss. Xuan et al results observed that the addition 

of rare earth element lanthanum in Ni-P alloy increases the SE due to its microcosmic electron 

structure [50]. 

      The parameters such as particle size and morphology of the samples also will affect the SE. 

Vineetha Shukla review works confirms that the nanocomposites with greater particle size will 

improves the shielding efficiency [51].  CdO/La2O3 and CdO/La2O3/ PVP nanocomposite show 

comparatively high SE than pure CdO samples. This may be attributes from large particle size of 

CdO/La2O3 and CdO/La2O3/PVP than pure CdO. Among three synthesized samples, CdO/La2O3/ 

PVP nanocomposite show high SE is due to its high conductivity (more charge carriers) of the 

PVP which is already exists with our dielectric results [51]. 

 

3.9 Photocatalytic Activities 

 

   In present technical life style, the development in textile industry produces the dye contamination 

(Methylene blue, Methyl Orange) which leads to major environmental pollution. Hence the recent 

research trends try to find the efficient method to remove environmental pollutant. Figure 14 (a-c) 

depicts the photocatalytic activity of pure CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposite 

for the degradation of MB dye at various time periods under UV light irradiation. For all three 

synthesized samples the absorption peak intensity decreases with increase of irradiation time. 

Figure 15(a) reveals the efficiency of the pure CdO, CdO/La2O3 and CdO/La2O3/PVP 

nanocomposite on effect of absorbance change in MB dye at various time intervals. In the dark 

experiment, no effect of absorbance change in MB dye was observed.  

 

     Figure 15 (b) shows the degradation percentage of dye for pure CdO, CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposite. By using equation1, the values of photocatalytic degradation 

feeiciency are calculated. After 120 min of irradiation time, methylene blue dye degradation 

efficiency is achieved 22.85%, 48% and 65.77% respectively for pure CdO, CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposite. The high photocatalytiv degradation efficiency is achieved in CdO/ 

La2O3 and CdO/La2O3/PVP compared to pure CdO. This attributes to the more number of surface 

activators present in La2O3 and PVP added samples due to its reduction in particle size [52]. 

Further, from many research results we observed that the addition of rare-earth metals reduce the 

electron-hole recombination process and thereby increase the photocatalytic efficiency [53, 54]. 

The photo degradation reaction kinetics of MB dye in all synthesized nanocomposite is shown in 

figure 15 (c). The pseudo-first-order kinetic reaction –log (Ct/C0) of the all synthesized samples is 

linear with the irritation time. Hence we concluded that the particle size, surface to volume ratio, 

bandgap value and proper selection of dopants are tuning the efficiency of photocatalytic activity. 

 

3.9.1 Photocatalytic Mechanism 

 

    The schematic representation of photocatalytic mechanism of CdO, CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposite is shown in figure 16. The increased efficiency of photocatalytic 

activity in CdO/La2O3 and CdO/La2O3/PVP nanocomposites corresponds to three factors such as 

UV light absorbance; reduce the electron-hole recombination and particle size. To analyze the 

reduction in electron-hole recombination process, the conduction band (CB) and valence band 



(VB) edge location of the CdO and La2O3 semiconductors are evaluated from the following 

equations: 𝐸𝐶𝐵 =  χ −  Ee −  0.5Eg − − − − − − − − − − − − − 6   
 𝐸𝑉𝐵 = 𝐸𝐶𝐵 +  Eg − − − − − − − − − − − − − − − −7 

 

The electro negativity (χ) of CdO is 5.71eV and for La2O3 is 5.28eV [55].  

Ee is the free electrons energy on the hydrogen scale (4.5eV). Eg is the band gap of the CdO  

and La2O3 nanoparticles. By using above equations, the band edge values CdO and La2O3 

semiconductors are calculated and shown in the Table 3. 

 

 

Table 3.  Calculation of Band edge position 

 

 

Catalyst Electro 

negativity (χ) 

(eV) 

ECB  

(eV) 

EVB 

 (eV) 
Eg 

 (eV) 

CdO 5.71 

 

-0.590 3.01 3.6 

La2O3 5.28 -1.37 2.93 4.3 

 

 

      During UV light irradiation, the electrons in the valence band of CdO and La2O3 

nanocomposites progress to the conduction band, which creates an equal number of holes in the 

valence band. The free electrons in the conduction band of CdO and La2O3 act in response with 

oxidation to produce superoxide anion (O2-) radicals. Further, the hole in the valence band reacts 

with free water molecule which generates hydroxyl radicals (OH−). These superoxide anion and 

hydroxyl radicals react with MB dye molecules and make it to degrade by releasing CO2 and H2O.   

 

 

CdO + hν                     CdO (e-
CB + h+

VB) 

 

CdO (e-
CB) + La2O3      CdO + La2O3 (e

-
CB) 

 

La2O3 (e
-
CB) + O2       →     La2O3+ O 2-  

 

La2O3 (h
+

VB) + CdO →.   La2O3 + CdO (h+
VB) 

 

CdO (h+
VB) + H2O    →.   OH- + H+ 

 

O2
- / OH- + dye (MB)     oxidative decomposition  CO2 + H2O 



    Finally, this result concluded that, the photocatalytic efficiency of CdO/ La2O3/PVP 

nanocomposites is high and which turn it as promising materials in various industry to remove 

organic pollutants. 

 

 

 

 

4. Conclusion 

 

      This research work paves the pathway to come together the advantages of the lanthanum oxide 

and CdO with PVP polymeric binder to enrich the opical, dielectric, magnetic and EMI shielding 

properties.  The XRD analysis confirms the heterogeneous formation of both CdO and La2O3 

nanocomposites. The addition of La2O3 and PVP would tune the bandgap value which attributes 

to absorption of various wavelength of solar energy for solar cell applications. The 
photoluminescence studies identified that the synthesized nanocomposites shows the properties of 
white light emitting phosphors. The week ferromagnetic nature of CdO/La2O3 and CdO/ 

La2O3/PVP nanocomposites could arises from oxygen vacancy and surface morphology changes 

due the incorporation of   La2O3 and PVP. The dielectric studies indicating that the La2O3 and PVP 

incorporated sample having high dielectric constant, electrical conductivity and low dielectric loss 

due to its increase in free charge carriers. CdO/ La2O3/PVP nanocomposite show high EMI SE is 

due to its high conductivity. The incorporation of lanthanum oxide and PVP reduces the electron-

hole recombination process and hence enhance the photocatalytic degradation efficiency of MB 

dye under UV light. Therefore, from the observed results, it has been concluded that the binary 

nanocomposite of CdO and lanthanum oxide with the polymer matrix PVP provide a new way to 

enhances the optical, electrical, photocatalytic and EMI SE in various electronic applications. 
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Figure Captions: 

 
Figure 1 - XRD patterns of pure CdO, CdO/La2O3 and CdO/La2O3/ PVP nanocomposites   

Figure 2 - FTIR spectra of pure CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites. 

Figure 3 - Scanning electron micrographs of (a) pure CdO, (b) CdO/La2O3 and (c) CdO/La2O3/PVP      

                                 nanocomposites 

Figure 4(a-c) - Energy dispersive spectra of (a) pure CdO, (b) CdO/La2O3 and (c) CdO/La2O3/ PVP       

                                 nanocomposites. 

  Figure 5(a-f) - TEM and SAED images of pure CdO (a&b), CdO/La2O3 (c & d) and CdO/La2O3/ PVP (e&f)     

                                   nanocomposites   

Figure 6 - UV-Vis absorption spectra of pure CdO, CdO/La2O3 and CdO/La2O3/ PVP nanocomposites   

Figure7 - Band gap spectra of pure CdO, CdO/La2O3 and CdO/La2O3/ PVP nanocomposites  . 

Figure 8(a)            - PL spectra of pure CdO nanoparticles 

Figure 8(b)            - PL spectra of CdO/La2O3 and CdO/La2O3/ PVP nanocomposites   

Figure 8 (c)           - CIE chromaticity diagram of CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites 

Figure 9 - Magnetization hysteresis (M-H) curves of pure CdO, CdO/La2O3 and CdO/La2O3/PVP    

                                 nanocomposites   

Figure 10 (a-c) - Dielectric constant for pure CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposite at room   

                                 temperature 

Figure 11 (a-c)        - Electrical conductivity with frequency of CdO, CdO/La2O3 and CdO/La2O3/ PVP nanocomposite     

                                 at room temperature. 

Figure 12 (a-c)      - Dielectric loss of CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposite 

Figure 13              - EMI shielding Effectiveness of CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposite 

Figure 14 (a-c)      - Time dependent absorbance spectra (a) pure CdO, (b) CdO/La2O3 and (c) CdO/La2O3/PVP    

                                 nanocomposite  

Figure 15 (a)         - Photocatalytic degradation analysis curves of pure CdO , CdO/La2O3 and  

                                 CdO/La2O3/ PVPnanocomposites  

Figure 15 (b)         - Photocatalytic degradation efficiency analysis curves of pure CdO  CdO/La2O3 and    

                                 CdO/La2O3/PVP Nanocomposites 

Figure15 (c)          - Kinetic curve study of photocatalytic degrdation of MB dye in pure CdO. CdO/La2O3 

                                 and CdO/ La2O3/PVP nanocomposites 

Figure 16              - The schematic representation of photocatalytic mechanism of CdO, CdO/La2O3 and  

                                  CdO/La2O3/PVP nanocomposite 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 1 XRD patterns of pure CdO, CdO/La2O3 and CdO/ La2O3/ PVP nanocomposites   

 

 

 

 

 



 

 

 

 

Figure 2    FTIR spectra of pure CdO, CdO/La2O3 and CdO/La2O3/PVP nanocomposites 

 

 

 

 

 

 

 

 



 

 

 

Figure 3               Scanning electron micrographs of (a) pure CdO, (b) CdO/ La2O3  and (c) CdO/ La2O3/PVP  

nanocomposites 

 

 

 

 

 

 

 



 

 

                Figure 4(a)   Energy dispersive spectrum of (a) pure CdO,  

 

 

 

                 Figure 4(b)   Energy dispersive spectrum of (b) CdO/ La2O3  



 

 

 

 

 

Figure 4(c)   Energy dispersive spectrum of (c) CdO/ La2O3/ PVP  nanocomposites   

 

 

 

 

 



 

 

 

  Figure 5(a-f)    TEM and SAED images of pure CdO (a&b), CdO/ La2O3 (c & d) and CdO/ La2O3/ PVP (e& f) 

nanocomposites   

 

 

 

 

 

 

 



 

 

Figure 6          UV-Vis absorption spectra of pure CdO, CdO/ La2O3 and CdO/ La2O3/ PVP nanocomposites   

 

 

Figure7           Band gap spectra of pure CdO, CdO/La2O3 and CdO/La2O3/ PVP nanocomposites   



 

 

 

 

 

 

 

 

 

 Figure 8(a)    PL spectra of pure CdO nanoparticles 

 

 

 

  

 



 

 

 

 

 

 

 

Figure 8(b)    PL spectra of  CdO/La2O3 and CdO/La2O3/ PVP  nanocomposites   

 

 

 

 

 



 

 

 

 

 

 

 

Figure 8 (c)       CIE chromaticity diagram of CdO, CdO/ La2O3 and CdO/ La2O3/PVP nanocomposites 

 

 

 

 



 

 

 

 

 

Figure 9       Magnetization hysteresis (M-H) curves of pure CdO, CdO/La2O3 and CdO/La2O3/ PVP 

nanocomposites   

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

Figure 10 (a-c)     Dielectric constant for pure CdO, CdO/La2O3 and CdO/La2O3/ PVP nanocomposite at room 

temperature 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 11 (a-c)   Electrical conductivity with frequency of  CdO, CdO/La2O3 and CdO/La2O3/PVP 

nanocomposite at room temperature. 

 

 

 

 



 

 

 

 

Figure 12 (a-c)    Dielectric loss of  CdO, CdO/ La2O3 and CdO/ La2O3/ PVP nanocomposite 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure 13  EMI shielding Effectiveness of CdO, CdO/La2O3and CdO/La2O3/ PVP nanocomposite 

 

 

 



 

 

                                                                                         Figure 14 (a) Time dependent absorbance spectra pure CdO. 

 

 

 

                                             Figure 14 (b) Time dependent absorbance spectra. CdO/La2O3 nanocomposites 



 

 

 

 

 

 

 

 

 

                                      Figure 14 (c) Time dependent absorbance spectra CdO/La2O3/ PVP nanocomposites 

 



 

 

 

 

Figure 15 (a) Photocatalytic degradation analysis curves of  pure CdO , CdO/ La2O3 and CdO/ La2O3/ PVP 

nanocomposites 

 

 

 



 

 

 

Figure 15 (b)      Photocatalytic degradation efficiency analysis curves of pure CdO  CdO/  

La2O3and   CdO/ La2O3/PVP   Nanocomposites 

 



 

 

 

 

Figure15 (c)      Kinetic curve study of photocatalytic degrdation of MB dye in pure CdO. CdO/ La2O3 and 

CdO/  La2O3/ PVP nanocomposites 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure16      The schematic representation of photocatalytic mechanism of CdO, CdO/ La2O3 

and CdO/ La2O3/ PVP nanocomposite 
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