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that, the presence of metal oxide stretching vibration is attributed to the formation of spinel ferrite nanoparticles. 

Modulus (B), Longitudinal elastic wave velocity (Vl), Transverse elastic wave velocity (Vt), Mean elastic velocity 
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Nanotechnology and Nanoscience is a widespread 
and interdisciplinary area of research and progress that 
has been growing explosively worldwide in the last 

traditions in which materials and products are created 
and the range and nature of functionalities that can be 

will surely increase in upcoming years. Nanomaterials 

exhibit large surface to volume ratio thereby they found 

Among all the nanomaterials magnetic nanoparticles 
have received special attention over the last decade. 
These nanoparticles are widely used in memory 
devices [4], high-density magnetic recorders [5], 
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magnetocaloric applications [6], catalytic agents [7], 
magnetically driven drug delivery [8], hyperthermia 
[9], bio-sensors [10], bioactive molecule separation 
and magneto-optic devices [11]. 

In the range of several magnetic materials, ferrites 
are the important and widely used class of material. 

and magnetic properties ferrites have applications in 

devices, etc. The nanostructured ferrites have the 
several applications in the field of biomedicine, 
environment, automobile industry, sensors and 
actuators, catalytic applications, etc [12-14].

On the basis of crystal structure, ferrites are 

garnet, hexagonal and ortho ferrites. Each class of 

spinel ferrites are the most important and broadly 
researched magnetic material. The spinel ferrites are 
unique materials exhibiting ferrimagnetic and 
semiconducting properties and can be considered as 
magnetic semiconductors.

Spinel ferrite nanoparticles produced by wet 

because of their unique magnetic properties, conquered 
by superparamagnetic [15]. Spinel ferrite nanoparticles 
can be used in biomedical applications. They are 
already in use for diagnostics for enhancement of 

biomolecules by magnetic separation. Several new 
applications are developed also for therapeutics, for 
example in targeted drug delivery or in magnetic 
hyperthermia. One of the interesting applications  
of ferrites is in hyperthermia treatment which  
is considered as a supplementary treatment to 
chemotherapy [16]. The useful applications of these 
spinel ferrite nanoparticles are mainly due to their 

Easy methods to tailor nanoparticles of desired 

properties are extremely important for practical 

applications. Several synthesis methods have been 
developed to produce spinel ferrite nanoparticles, 
which include hydrothermal [17], solvothermal [18], 
mechanical milling [19], sol–gel [20], bacterial 
synthesis and so on. Most of them have been directed 

distribution in the range of few nanometers and more 
recently some approaches have been experimented 
with the idea of achieving assemblies with suitable 

applications.
The important magnetic as well as electrical 

properties of spinel ferrites are responsive to a range 

synthesis parameters, incorporation of dopants at 
interstitial sites, nature and amount of dopants etc [21-
23]. The structural, electrical, dielectric and magnetic 
properties of spinel ferrite are more sensitive to the 
synthesis parameters compared to synthesis method 
and cation distribution. The synthesis parameters that 

ignition temperature, water content in precursor, pH 
of the solution, sintering temperature, sintering 
atmosphere etc [24].

Thesol–gelsynthesis was based on the formation 
of astableand homogenous solution made by dissolving 
a mixture of Cobalt (II) nitrate hexahydrate 

in water, which is a hydrolysis reaction. The solution 
was transformed in to a sol and the nagel by evaporation 
of the water, and during this time condensation 

The precursors were used as received without any 

homogeneity in both thesol and the gel during the 
condensation and other reactions, avoiding any 
precipitation or sedimentation of the products of the 
sereactions, citricacid was employed as a chelating 
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agent. Both precursors were initially separately 

stirring. Following this dispersion, the chelating agent 
was added and the mixture was left reacting under 
vigorous stirring for 2 h. Both solutions were then 
mixed together and left stirring for 24 h and after this 
the condensation reactions of both metal nitrates were 

precursor was calculated so that the ratio of the two 

the quantity of citric acid was estimated assuming that 
each ferric ion would require two molecules of citric 
acid and each cobaltous ion would require two 
molecules of the chelating agent as well, so that the 
metal ions would be adequately chelated.

preparation

pattern of CoFe
2
O

4

(220), (311), (222), (400), (422), (511), (440), (620), 
and (533) occurred whichsuggested the single-phase 
cubic spinel structure of prepared cobalt ferrite 
nanoparticles. The phase designing via sol-gel auto-
combustion is dependenton several factors such as 
constituents, stirring time, stirring temperature, 
sintering temperature, type of fuel, and synthesis 
atmosphere, etc.

structure of cobaltferrite nanoparticles was calculated 
using the following relation;

                         -----------------------
kl

2 2 + l2 )                      (1)

Where dkl the interplanar spacing of two planes, 
kl) is the Miller indices 

CoFe
2
O

4

other literature value. The value of the lattice parameter 
calculated using the above equations is presented in 
Table 1.

CoFe
2
O

4
was calculated by using the Debye-Scherrer 

t
 
= [ ------------ ]

Where 

t
data is 31.15 nm, indicating the nano-crystalline nature 
of the CoFe

2
O

4
.
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d h k a

30.245 15.1225 0.2609 0.5218 2.9519 8 2 2 0 8.3492

35.612 17.806 0.3058 0.6116 2.5183 11 3 1 1 8.3524

37.244 18.622 0.3193 0.6387 2.4116 12 2 2 2 8.3542

43.258 21.629 0.3686 0.7372 2.0892 16 4 0 0 8.3571

53.622 26.811 0.4511 0.9022 1.7073 24 4 2 2 8.3643

57.177 28.5885 0.4787 0.9571 1.6093 27 5 1 1 8.3625

62.736 31.368 0.5205 1.041 1.4794 32 4 4 0 8.3691

CoFe
2
O

4
 nano- particles was recorded in the range of 

400 cm-1 to 600cm-1 as shown in Fig.3 The higher 
1 between 600 cm-1 and 500 cm-1 is   

caused by the metal-oXygen bond (C=O) stretching 
at the tetrahedral site (A) and the lower frequency band 

2 found in the range of 450 cm-1 – 380 cm-1 corresponds 
to the octahedral site (C O) stretching (B). These bands 

to Waldron’s analysis, the force constant for tetrahedral 
(K

t
) and octahedral (K

O
) sites is,

K
t
 = 7.62 × M

A
12 ×10-7                                  (2)

K
0
 = 5.31× M

B
22 × 10-7                                 (3)

            Kt + Ko                                     (4)
K

av
=    ----------------

                2

where K
t
 and K

o
 are the force constants 

corresponding to tetrahedral and octahedral metal 
complexes. M

A
 is the mass of the tetrahedral site, while 

M
B

1 2 are 
the frequencies of the tetrahedral and octahedral sites, 
i.e., 547 and 402.

The Debye temperature of CoFe
2
O

4
 nanoparticles 

was calculated by following relation,

12
                                                  (5)

                   -------------   
              K  

where h c is the speed of light, 
K 12 is the average 
wave number of absorptions. The elastic stiffness 
constant C

ij
 is calculated with the help of force constant 

as given by,
 
           Kav                                              (6)
C

ij
 =     --------

                     a

where K
av

 is the average force constant and a is 
lattice constant (experimental). Stiffness constant Cil 
is calculated using elastic stiffness constant and 
Poisson’s ratio as shown in,

            ij   
Cil  =    ----------------                                                                  (7)
             

where Cij

the Poisson’s ratio (0.3227).
In order to measure the different elastic constants 

elastic wave velocity, transverse elastic wave velocity 
and modulus of rigidity, their values are presented in 
Table 2.

          (Cij-Cil) (Cij+2Cil)   
  =    --------------------------------                                            (8)

                   Cij+Cil

where Cij is the elastic stiffness and Cil is the 
stiffness constant. 
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       1
B= ---- [Cij+Cil]                                 (9)
       3

The longitudinal elastic wave velocity (Vl) and 
transverse elastic wave velocity (Vt) are given by,

Vt  = Cij-----x                                 (10)

Vt  = Cil-----
x

                                   (11)

where Cij is the elastic stiffness constant and x is 
the X-ray density (5.3605). 

Further, the calculated value of mean elastic wave 
velocity is explained as,

                                                     (12)

where (Vl) is the longitudinal elastic wave velocity 
and (Vt) is the transverse elastic wave velocity. 

The rigidity modulus can be calculated following 
relation,

                    (13)

where ( x) is the X-ray density (5.3605) and (Vt) 
is the transverse elastic wave velocity.

Table-2 Calculated values of force constants (Kt 
and Ko), avg. force constant (Kavg.), Debye 

modulus (B), longitudinal wave velocity (Vl), trans- 
verse wave velocity (Vt), elastic wave velocity (Vm), 

2
O

4
 nanoparticles.

1

5.3605 g/cm3

Kt 2.698 × 102 N/m

Ko 0.982 × 102 N/m

Kavg. 1.840 × 102 N/m

D 683.2 K

Cij 220 GPa

Cil 105.3 GPa

151.95 GPa

108.5 GPa

Vl

6.417 × 103 m/s

Vt

3.705 × 103 m/s

Vm

2.134 × 103 m/s

73.3 GPa

CoFe
2
O

4 
nanoparticles are successfully fabricated 

by sol-gel auto-combustion method using citric acid 
as fuel. The processes of CoFe

2
O

4
 development, as 

were carried out with the help of X-ray diffraction, 

2
O

4
 nanoparticles belong to the 

inverse; single-phase; cubic spinel ferrite structure. 
The Miller indices (hkl
(222), (400), (422), (511), (440), (620) and (533) 
occurred in X-ray diffraction are in good agreement 
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CoFe
2
O

4

reported data in the referred literature. The crystallite 

t) of CoFe
2
O

4
 nanoparticles 

to be 31.15 nm.
Kt)=2.698 × 

102 N/m, Force Constant (Ko)=0.982 × 102 N/m, Avg. 
Force Constant (Kavg.) = 1.840 × 102 N/m, Debye 
temperature ( D)=683.2 K.

Elastic stiffness constant (Cij)=220 GPa, Stiffness 
constant (Cil

Longitudinal elastic wave velocity (Vl) = 6.417 × 103 
m/s, transverse elastic wave velocity (Vt)=3.705 × 103 

m/s Mean elastic wave velocity (Vm) = 2.134 × 103 
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