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ABSTRACT 

Spinel CdFe2O4 nanoparticles were synthesized using metallic nitrates and PEG using 

sol-gel method followed by calcination for 2 h at 600 °C. PEG performed as a surfactant. FT-IR 

spectral analysis, powder XRD, HR-SEM, thermogravimetry /differential scanning calorimetry 

(TG/DSC) analysis and vibrating sample magnetometer (VSM) were used to study the 

morphology, structural, thermal and magnetic properties of spinel CdFe2O4 powder. FT-IR 

spectral results shows that type of bonds between  metals and oxygen, XRD results indicated that 

the resultant particles had crystalline, pure single phase monoclinic CdFe2O4 structure and HR-

SEM shows that the particles are well defined spherical shaped nano particle.  
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1. Introduction 

Nowadays, the design and synthesis of semiconductor nano-magnetic particles has the 

focus of the intense fundamental and applied research with special emphasis on their enhanced 

properties that are different from those of their bulk counterparts [1-6]. Nano-cadmium ferrite 

(CdFe2O4) is a normal spinel ferrite that can be applied in various fields [7-10]. Nano-CdFe2O4 

exhibits ferromagnetism, and ~54% of Fe3+ ions occupy the A site in contrast to 0% for the bulk 

materials with normal spinel structures [11-13]. The enhanced occupancy of Fe3+ ions in 

CdFe2O4 is explained by a higher octahedral preferential energy of Cd2+ [14]. It is found that 

nano-CdFe2O4 can be obtained at low temperature by applying solution methods [15-20].  

This process is chosen because it gives enhanced homogeneity, better control for size, 

shape, and degree of agglomeration of the resulting nanocrystals, simple compositional control, 

and low processing temperature [21, 22]. In order to obtain sols and gels with desirable 

properties, the control of precursor reactivity may be achieved through the addition of chelating 

agents such as β-diketones, carboxylic acids, or other complex ligands [23]. These 

characteristics, along with the chemical composition, are found to influence significantly the 

magnetic properties of nanoferrites [24].  

The aim of this paper is to explain theoretically the reason of nano-CdFe2O4 formation 

when using the sol-gel process that gives a single phase at both lower sintering temperature and 

time than that used previously [25]. In this work, we attempt to synthesize CdFe2O4 particles by a 

simple sol–gel method using Polyethylene Glycol (PEG) as surfactant.  PEG is a polyether 

compound contains hydroxyl group, which plays an important role in the dispersion process of 

CdFe2O4 particles. This hydroxyl group forms an ester linkage with Citric Acid which forms big 

polymeric structure which traps the metal salts & water and thus prevents the agglomeration of 

particles. The prepared nanomagnetic materials are characterized using XRD, FTIR, SEM and 

VSM techniques. Based on the achieved experimental results, a new model is proposed to 

explain the link between the use of the sol-gel process and the formation of nano-CdFe2O4 as a 

pure phase at low temperature. Biological studies, antibacterial and antifungal activities, also 

performed. 
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2. Experimental techniques 

2.1 Materials and Methods 

Fine particles of Cadmium Ferrite CdFe2O4 were synthesized by sol gel process. The 

chemicals Ferric Nitrate (Fe (NO3)3.9 H2O), Cadmium Nitrate Citric Acid (CA) and 

Polyethylene Glycol (PEG) (MW=40000 44000 to 54000) were used. (Source of purchase of 

chemicals to be mentioned) All chemicals were of analytical grade and used without purification. 

PEG is dissolved in deionized water. Ferric nitrate and Cadmium nitrate in stoichiometric ratio 

of 2:3 (quantity to be given in molarity), and CA were dissolved in deionized water separately. 

These solutions were added to PEG solution at 50 °C to form the sol. This sol is then heated 

slowly to 90 °C under constant stirring, to obtain a wet gel. The gel was kept in hot air oven for 2 

days to evaporate water. Yellow solid mass was obtained. Then the product was calcined at 650 

°C for 2 h. It was ground in a mortar to form a fine powder. The nature of bonds between atoms 

in the molecule was identified by IR spectral analysis. The phase structure analysis of products 

was identified using an X-ray diffract meter (PANalytical X’pert pro) of wave length (λ=0.15406 

nm) in a wide range of 2θ (10°<2θ<70°). The morphology of the powder was analysed by HR-

SEM (FEI Quanta 200FEG). The magnetic saturation magnetization and coercivity of the 

powder were measured by a Vibrating Sample Magnetometer (VSM) - Lakeshore 7304 with a 

maximum field of 20,000 Gauss at room temperature. 

 

2.2 Characterization 

The characterization of the prepared CdFe2O4 nanoparticles was conducted by using 

various techniques to verify the particle size, distribution and to explore other parameters of 

interest. IR spectral analysis was performed using BRUKER FT IR spectroscopy. Thermal 

studies (TG/DSC analysis) was carried out on samples A, B, C, and D from room temperature to 

1200 °C on NETZSCH STA 409 C/CD in static air atmosphere at a heating rate of 10 °C per 

minute. The structure of the CdFe2O4 nanoparticles was characterized by the XRD technique 

using X-ray diffract meter (PANalytical X’pert pro) of wave length (λ=0.15406 nm) in a wide 

range of 2θ (10°<2θ<80°). The morphology of the powder was analysed by HR-SEM (FEI 

Quanta 200FEG). The magnetic saturation magnetization and coercivity of the cobalt ferrite 
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powder were measured by a Vibrating Sample Magnetometer (VSM) - Lakeshore 7304 with a 

maximum field of 20,000 Gauss at room temperature. 

 

3. Results and Discussion 

3.1 FT-IR Spectral Analysis 

Fig. 1 shows the FT-IR spectra of (a) gel precursor and (b) CdFe2O4 powder precursor. 

The IR spectra of gel precursor sample contain a broad band between 3200 and 3400 cm-1 due to 

the O-H stretching mode of non-dissociated hydroxyl groups bonded with PEG and the 

intermolecular hydrogen bond [26]. Furthermore bands related to C=O and C–O stretching 

modes from the ester groups formed as a result of the esterification reactions that appear at 

~1708 and ~1042 cm-1, respectively [27]. The absorption band at 1193 cm-1 attributed to C-C 

absorption. The spectra of powder precursor shows two major sharp bands at 805 and 778 cm−1 

that are characteristic of spinel ferrite (CdFe2O4) are observed. The higher frequency band is 

caused by stretching vibration of the tetrahedral metal-oxygen band (Fe–O), and the lower 

frequency absorption band is caused by a metal-oxygen stretching vibration in octahedral sites 

(Cd–O) [28]. The sharpness of these bands is correlated to the high degree of crystallinity of the 

obtained phase. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. FT-IR Spectra of CdFe2O4 NPs 
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3.2 Thermal decomposition of gel precursor 

Fig. 2 shows the TG /DSC curve for the gel precursor. The first endothermic curve in 

DSC curve with the peak at 141 2°C, accompanied by a mass loss of about 12.8% in the TG 

curve is due to inner water contained in gel sample. On further heating, second at 221.9°C, third 

at 339.1°C  and fourth at 386.6°C, endothermic curves due to liberation of nitrates, degredation 

of citrate ester, polymer and other organic compounds, with a mass loss of 29.6%, 20.55% and 

10.77% respectively. The final endothermic curve, with a peak at 642.5 °C is due to the 

formation of main phase. Organic compounds are completely removed above 642.5°C and the 

XRD results support TG/DSC analysis with the absence of any peak related to polymer and other 

organic compounds. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  2. TG/DSC curves of the gel precursor heated from room temperature to 1,200 °C at a 

rate of 10 °C per minute in air 

 

3.3 X-ray diffraction studies 

The XRD patterns of CdFe2O4 NPs is shown in Fig. 3.  The pattern of the sample show  

prominent peaks observed at 2θ  values of  30.02°, 35.13°, 43.25°, 53.16°, 57.05° and at 63.02° 

are indexed to (220) (311) (400) (422) (511) (440) planes respectively. These peaks belong to the 
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cubic spinel type lattice of CoFe2O4, which matches well with the standard XRD pattern (JCPDS 

Card No: 22-1086). In order to further analyze the structural change, the measured XRD patterns 

of the NPs were simulated based on Rietveld refinement method for all compositions Fig. 3b. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3a. Powder XRD patterns of CdFe2O4 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3b. Rietveld XRD data of of CdFe2O4 
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3.4 HR-SEM studies 

Typical HR-SEM images of CdFe2O4 powder is shown in Fig. 4. From the images, we 

can see the spherical shaped nanoparticles morphology with smaller sizes in the range of 20-30 

nm is visible. Moreover, a smaller agglomeration occurred due to the magnetic interaction 

between the particles which results the aggregation followed by the agglomeration of the 

samples.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. HR-SEM images of CdFe2O4 powder. 

 

3.5 HR-TEM studies 

Transmission electron microscopy (HR-TEM) analysis was carried out and is shown in 

Fig. 5, shows the HR-TEM images of CdFe2O4 powder with diameter ranging from 16-20 nm. It 

is obvious that the sphere-like nanoparticles are uniform in size, which is consistent with the 

average crystallite size obtained from the peak broadening in XRD and Rietveld analysis. Fig. 5, 

inset shows the selected area electron diffraction pattern (SAED) of spinel CdFe2O4 NPs, which 

implies that the as-prepared samples are single crystalline in nature. SAED results show spotty 

ring characteristic of small crystallites of spinel ferrite nanostructure without any additional 
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diffraction spots and rings of secondary phases corresponding to the magnesium, nickel and iron 

oxides were observed. 

 

 

 

 

 

 

 

 

 

 

Fig. 5. HR-TEM images of CdFe2O4 powder. 

 

3.6. VSM analysis 

The magnetic (M-H) hysteresis curve obtained from VSM studies recorded at room 

temperature for CdFe2O4 powder synthesized via sol-gel method is shown in Fig. 6. It is 

observed that the magnetic properties show dependence on particle size, morphology, methods of 

preparation etc. Moreover, the sample shows the superparamagnetic nature. Also, indicated that 

the sample is soft magnetic character, because of very low remanent and coercivity values, which 

is close to the saturation magnetisation of bulk CoFe2O4 ferrite.  
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Fig.6. Magnetic hysteresis loops measured at room temperature for CdFe2O4 powder 

synthesized by sol–gel method 

 

4. Conclusions 

Spinel CoFe2O4 nanoparticles were synthesized by sol–gel method. HR-SEM images has 

been used to study their morphology and resulted in the formation of well dispersed CoFe2O4 

particles with spherical shaped morphology. Magnetic hysteresis loop confirmed the 

suoerparamagnetic nature of the sample which was recorded using vibrating sample 

magnetometer. Moreover, this method gives wider scope to study about the synthesis methods 

for the preparation of spinel magnetic nanomaterials with low cost and easy process.  
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