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Abstract: 
The synthesized samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), 

Fourier transform infrared spectroscopy (FTIR), UV-visible spectrum and vibrating sample magnetometer. The 

XRD and FTIR results confirm the formation of single phase cubic spinel structure of pure and Ag/Cd doped 

cobalt ferrite with fd3-m phase group. SEM analysis of surface morphology revealed that some spherical and 
cubic shaped cobalt ferrite nano particles. FTIR spectra indicated two fundamental absorption spectra around 

582 cm-1 and 464 cm-1. This confirmed the presence of metal-oxygen bonding in the synthesized samples 

corresponding to the vibrational stretching of both tetrahedral and octahedral lattice sites. From UV-Visible 

analysis it was observed that the optical band gap value varies from 1.52 eV to 1.88 eV as Ag/Cd concentration 

increased. From vibrating sample magnetometer data, the magnetic behaviour of the prepared samples were 

studied and the corresponding variations in the saturation magnetization (Ms), coercivity (Hc) and remnant 

magnetization (Mr) and squareness values wereanalyzed. 
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I. Introduction 

The spinel ferrite is one of the important ferrite group with general formula M2+Fe 3-O    Where   

M2+ is the divalent metal atoms such as Ni, Cd, Co, Cu, Mg and Mn etc., Spinel ferrite have numerous 

applications in catalysts, magnetic storage devices , sensors, optical devices, electronic devices for high 

frequency applications and magnetic refrigerators [1-5]. The silver doped cobalt ferrite nano particles shows 

their potential applications in biomedical fields such as magnetic guided drug delivery, magnetic resonance 

imaging and magnetic hyperthermia. Due to their unique characterizations such as moderate saturation 

magnetization, high magneto crystalline anisotropy, high electrical properties, good mechanical hardness and 
chemical stability, the cobalt ferrite with inverse spinel structure have become enormously popular among other 

magnetic materials [6-15]. It is known that the fascinating structural optical and magnetic properties of cobalt 

spinel ferrites depend on the nature of the ions and charge distributions. Generally, tetrahedral (A) sites 

occupied by Fe3+ ions, whereas octahedral (B) sites are inhabited by Co2+ and Fe3+ ions to alter structure and 

magnetic properties of nano particles[16-19]. It is necessary to modify their composition and microstructures by 

various synthesized routes. 

In the present work, we report the synthesis of AgxCdxCo1-2xFe2O4(where x=0.0, 0.05, 0.1) nano 
particles by sol-gel auto combustion method using most famous and attractive fuel glycine. Glycine used for 

producing highly uniform complex oxide particles with preciously controlled stoichiometry. Mostly fuel is 
significant segment for the preparation of nano sized particles especially glycine. So for, several synthesis routs 

have been used for the preparation of ferrite nano particles such as, micro emulsion, co-precipitation, sol-gel, 

ball milling, hydrothermal flash method, electro-spinning and ceramic method [20-25]. Among them sol-gel 
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auto combustion method considered as much better for being short processing time, Low temperature, produces 

homogeneous particle of uniform sizeand low cost. This method results in the formation of pure phase 

AgxCdxCo1-2xFe2O4 (where x=0.0, 0.05, 0.1) samples were characterized by means of x-ray diffraction 
(XRD). The Fourier Transform Infrared Spectroscopy (FTIR) were used to confirm the position of the ions in 

the synthesized samples, the chemical composition and morphology of the samples analysed using scanning 

electron microscopy (SEM). The optical and magnetic properties of the prepared samples were carried out by 

using UV-visible spectroscopy and vibrating samples magnetometer (VSM). In literature several studies have 

been reported with cadmium doped cobalt ferrite and silver doped cobalt ferrite separately. To author’s 

knowledge, no investigation has been made on synthesis and characterization of Ag and Cd co-doped 

cobaltferrite. 
 

II. Experimental 
Synthesis 

Pure and Ag/Cd doped cobalt ferrite powders with chemical formula AgxCdxCo1-2xFe2O4 (where x=0.0, 0.05, 

0.1) were prepared by the glycine assisted sol-gel auto combustion technique. Analytical grade of purified 

cobalt nitrate [Co(co3)2] 6.H2O, iron (III) nitrate, Fe(No3)9.H2O, silver nitrate [Ag(No3)2] Cadmium nitrate 

and citric acid (weighed as citric acid /metal ion mole ratio (1:1.5) were weighed and dissolved in 

stoichiometric amount of 50 ml of de-ionized water and stirred continuously using magnetic stirrer attached 

with hot plate. Dilute ammonia (NH3) solution was dropwisly added to the mixed solution during constant 
stirring and pH of the resulting solution was adjusted 6-7. The appropriate amount of fuel (glycine) was added 

to the solution. The temperature of the hot plate was maintained at 600 for 5 hours. The water was slowly 

evaporated than the solution was kept at hot air-oven at 1200 for 12 hours. The mixed solution gets changed 
from sol into gel and then the gel was completely dried. The agate mortar and pestle was used ground the dried 

samples into powder. The powder further annealed with muffle furnace at 8000 for threehours. 

 
Characterization 

The structural and phase identification of prepared samples were characterized by powderx-ray 

diffraction method (Shimadzu XRD 600 x- ray diffractometer with Cu kα radiation; λ= 1.5406Å) operating at 

40kv and 30m. The Fourier Transform-Infrared spectra were recorded using a Perklin-Elmer FT-IR 

spectrophotometer with KBr pellets. The surface morphology wasanalyzed by Scanning Electron Microscope 

(SEM- JSM-IT200). Saturation magnetization (Ms), remenant magnetization (Mr) and coercive magnetization 

(Hc) were found using the Vibrating Sample Magnetometer (VSM-Lake shore model 7404). The Optical 
properties have been studied by Perklin Elmer UV-Vis- NIR and spectrometer (Model: Lambda 35) in the range 

190-1100nm. 

 

III. Result and discussions 
XRD analysis 

The phase formation and crystalline nature of the synthesized samples were identified using x- ray 

diffractrometry. Fig.1 shows the XRD pattern of the prepared pure and Ag/Cd doped cobalt ferrite samples. 

 

 
Fig.1. XRD pattern of AgxCdx Co1-2xFe2O4Spinel ferrites: (a) X=0.0, (b) X=0.05 and (c) X=0.1. 
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The lattice parameter (a), crystallite size (d) and reflection angles for most intense reflection peaks are 
listed in table 1. It is seen from the table that the lattice parameter was calculated as a=8.296Å, 8.379Å and 

8.388Å respectively. The crystallite sizes are found to be 14.95 nm, 17.329 nm and 19.589 nm according to the 

maximum reflection peak (311) using Debye Scherer’s relations. 

 

It is clear from the table, the crystallite size (d) and lattice constant (a) was increased with increase 

Ag/Cd content attributed to the larger ionic radii of silver and cadmium ions (Ag: ionic radius 1.29Å and Cd: 

1.038Å) enter into the spinel structure of cobalt (ionic radius of Co: 0.72Å and Fe: 0.67Å) ferrite and displace 

the cobalt ions and iron ions respectively. The unit cell volumes also increased due to the largerionicradii of the 

dopantcontententer into the smaller ionicradii  ions. The intensity of the reflection peaks are decreased due to 

defect and disorder in Ag and Cd in the cobalt ferrite. 
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SEM analysis 

 

 
Fig.2. SEM images of synthesizedAgxCdx Co1-2xFe2O4Spinel ferrites: (a) X=0.0, (b) X=0.05 and (c) 

X=0.1. 
 

The surface morphology of the prepared samples was analysed using scanning electron microscopy. 

SEM images ofthe samples CoFe2O4, Ag0.5Cd0.5Co0.9Fe2O4 and Ag0.1Cd0.1Co0.8Fe2O4are shown in 
figure 2.(a), (b) and (c) respectively. All the images reveal that the sample exhibit compact arrangement of 

uniform distribution of nano particles with mixer of spherical and cubic in shape [31, 32]. For all the samples of 

pure and doped cobalt spinel ferrites, there was a increasing in particle size with increasing dopant content. 

 
FTIR analysis 

 
Fig.3. FTIR spectra of synthesized AgxCdx Co1-2xFe2O4Spinel ferrites: (a) X=0.0, (b) X=0.05 and (c) 

X=0.1. 
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Fourier Transform Infrared spectroscopy gives significant information about position of the ions with 

respect the nature of functional groups present in the cobalt ferrite nanoparticles. Fig.3 shows the FTIR spectra 

of the synthesized samples at room temperature in the frequency range 400-4000cm-1. The formation of single 

phase spinel structure (A2+B2
3+O4) were observed in the absorption band frequency range 400-650cm-1 

attributed to the divalent and trivalentions distributed over A-site and B-site respectively. In present study we 

observed the lower frequency band (ν1) at 456cm-1 465 cm-1 attributed to the stretching vibrations of the 

octahedral group of metal-oxygen bond and the higher frequency bands (ν2) at 574 cm-1to 583 cm-1 attributed to 

the stretching vibrations of the tetrahedral group of metal-oxygen bond. The vibrational frequencies of Infrared 

bands and of samples synthesized by sol-gel auto combustion method, which are good agreeing with previous 

researchers [33-35]. 

 

UV-Vis studies 

The optical properties such as, band gap value and electronic spectra of the synthesized samples were 

characterized by UV-Visible spectrometer with 200-800 nm range. The UV absorption spectra of cobalt ferrite 
samples with various concentrations of Ag/Cd concentrations are shown in fig. 4. The absorption spectra of 

prepared cobalt ferrite samples exhibited in the visible region. The optical band gap energy value of the 

prepared cobalt ferrite sample was estimated using the relation [36] 

 

(αhν)2=             B(hν-Eg)        (3) 

 

Where B is a constant, h is the Plank’s constantand ν is the incident energy of radiation. 

 
Fig.4. Optical absorption spectra of AgxCdx Co1-2xFe2O4Spinel ferrites: (a) X=0.0, (b) X=0.05 and (c) X=0.1. 
 

The optical band gap energy values have been evaluated by extrapolating the linear part of the graph of (αhν)2 

against Eg . The Eg values of the prepared samples are 1.88eV, 1.74eV and 1.52eV.  
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Fig.5. Optical band gap energy of AgxCdx Co1-2xFe2O4Spinel ferrites: (a) X=0.0, (b) X=0.05 and (c) X=0.1. 
 

The tauc plot of (αhν)2Vs hν has been exhibited in fig.5 it is observed from the figure that the band gap 

energy values are decreases with Ag/Cd dopant concentration in cobalt ferrite increase. This may be attributed 

to the increase in defects, impurities, oxygen vacancies and weak quantum confinement effect respectively. The 

particle size and band gap energy values were varies as inverse proportion according to previous report [37-39]. 

The obtained band gap energy values from present study suitable for the role of solar light photo 

catalystapplications. 
 
Magnetic studies 

Magnetic behaviors of synthesized AgxCdxCo1-2xFe2O4 (where x=0.0, 0.05, 0.1) nano particles were 

analysed by Vibrating sample magnetometer (VSM) at room temperature with an applied magnetic field 30000 

Oe. The magnetic parameters such as saturation magnetization (Ms), remenant magnetisation (Mr), coercivity 

(Hc), Squareness value (Mr/Ms) and magneton number nB for the prepared samples with various concentrations 

were calculated and listed in table 2. M-H curves of Ag/Cd doped samples exhibit soft magnetic in nature as 
compared with cobalt ferrite, this was shown in fig.6.The magnetic properties of spinel ferrite depend on the 

various chemical composition, particle size and cationic distribution between octahedral and tetrahedral lattice 

sites. It was observed that, the saturation magnetization (Ms) values are 95.43, 89.90 and 73.51 emu/g. The 

remenant magnetization (Mr) values obtained from M-H loop were decreases as 49.67, 48.21 and 38.42. These 

analysis shows that the coercivity (Hc) of the prepared samples also decrease as 1228, 794 and 106 

Oerespectively. 
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Fig.6. Hysteresis loops of AgxCdx Co1-2xFe2O4 Spinel ferrites: (a) X=0.0, (b) X=0.05 and (c) X=0.1. 

 
In spinel ferrite, the metal ions are located in two sub lattices namely, tetrahedral (A-site) and 

octahedral (B-site) arrangements. The magnetic moments are in opposite directions and they cancelled each 

other. The higher concentration of iron ion and cobalt magnetic ions at octahedral (B-site) site leads to enhance 

B-B exchange interaction and weakening of A-B interaction. These weakening interactions caused by 

substitution of non-magnetic Ag and Cd ions in the octahedral site and migration of Co ions to tetrahedral site, 

which lead to decrease the all magnetic parameters values [40-45]. 

The coercivity (Hc) value of the prepared samples depends on the magnetic crystalline anisotropy. In this study 

the coercivity is observed to decrease with increase non-magnetic behavior of Ag2+ and Cd2+ concentration 

attributed to decrease the magnetic crystalline anisotropy[40, 41 ]. The magneton number (nB) was determined 

using the relation 

 

nB= (MsxMw)/5585 

 

Where, Ms is saturation magnetization, Mw is molecular weight of the chemical composition. In pure 

cobalt ferrite the magneton number observed at 2.086 µB and Ag/Cd doped cobalt ferrite it was observed that 

2.1136 µB and 1.647 µB. the squareness values (Mr/Ms) sharply increase as 0.52, 0.536 and 0.537 with 

increasing doping concentrations. This study confirms the Ms, Mr and Hc, values decreases with increasing 

doping concentrations may be attributed to non-magnetic nature and higher ionic radius of Ag and Cd dopant or 

may be due to exchanging A-B interactions. 

 

IV. Conclusion 
In this work Ag and Cd doped ferrite AgxCdxCo1-2xFe2O4 (where x=0.0, 0.05, 0.1) were 

successfully synthesized by using glycine assisted sol-gel auto-combustion route. An XRD reflection peak 

confirms the cubic spinel crystal structure without any additional peaks. The average crystallite size found to be 

increased from 14.95 to 19.5 nm with an increasing in the dopant (Ag/Cd) concentrations. SEM images 

observed that all prepared samples have a mixer of spherical and cubic in shape. In FTIR spectra there was two 

absorption peaks observed near 460 cm-1 and 580 cm-1 confirm the spinel ferrite. UV- visible analysis 

confirms the absorption peeks of prepared cobalt ferrite samples exhibit in the visible region. The optical band 

gap energy values decreased from 1.88 eV to 1.52eV with increasing dopant concentrations. The magnetic 

properties such as: Mr, Ms and Hc decreases with increasing Ag and Cd concentrations. Saturation 
magnetization, remanant magnetization and coercitivity values of Ag and Cd doped cobalt ferrite samples are  

very small compared to the pure cobalt ferrite which concluded that the nano particles are highly desirable 

candidate material for solar light photo-catalyst, high density data storing and bio- medicalapplications. 
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