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A B S T R A C T 
Gadolinium (Gd2+) doped in Nickel (Ni2+) 
nano ferrite as NiGdxFe2-x O4 (were 
x=0.025,0.050,0.075,0.1,0.125,0.15) were 
synthesized by a simple and cost effective 
method involving sol-gel auto combustion 
method. Synthesized samples were sintered 
at 6000C temperature. The Gadolinium, 
Nikel ,and  ferric nitrates are used analytical 
Grade as a raw materials Citric acid is used 
as fuel 1:3 and ethylene glycol added for 
uniform formation of  particle size. The 
powders resulting from this synthesis were 
characterized by X-ray diffraction (XRD). 
The grain size was found to be in the range of 
nanometer and structural properties it was 
found spinel crystalline nature. It The 
Magnetic properties are studied using 
hysteresis loop tracer field of 10 kOe. The 
magnetization of the prepared nanoparticles 
was investigated and the saturation 
magnetization (Ms), remanence (Mr), and 
coercivity (Hc) were derived from the 
hysteresis loops. The results revealed that as 
the (Co2+) Gadolinium substitution in (Ni) 
nickel nano ferrite increases the magnetic 
properties remanence (Mr), and coercivity 
(Hc)goes on decreasing, the saturation 
magnetization (Ms), first it is increases upto x 
= 0.075 and then decreases for higher Gd2+ 
substitution such changes in magnetic 
properties may be due to the exchange 
interaction between the tetrahedral and the 
octahedral sites. From the magnetic 
properties it is clear that the synthesized 
materials shifted from hard to soft ferrite. 
From UV–Vis absorbance spectra band gap 
energy were calculated and it is in the range 
of semiconductor materials. 

Keywords: : Ni, Gd nanoferrite, sol-gel, 
VSM, UV 

 
1. Introduction:  
Nanoparticles   research has recently become an 
important field and widely used in material 
science. When particles are prepared at nano 
scale, their physical, chemical and biological 
properties changed. The properties at nanoscale 
are different from bulk due to two effects 
known as surface effects and finite size effects 
[1]. With decrease in particle size number of 
particles on surface will increase. Due to this, 
surface effects and interface effects become 
more important. For example,. Hence, the 
contribution of surface spins becomes more 
important to determine magnetization of 
nanoparticles [2,3]. Saturation magnetization 
depends on strength of dipole moment of the 
atoms and also depends on how densely the 
atoms are packed. Saturation magnetization will 
change with temperature [4]. Ferrites are those 
ceramic compounds that consist of iron oxide 
and one or more other metals in chemical 
combination [5]. The molecular formula of 
ferrites is M2+Fe2

3+O4where M stands for 
divalent metal like Mn, Co, Ni, Cd, Mg, Zn, Cu. 
Ferrites are the metal oxide which contains 
magnetic ions grouped in such a manner that it 
produces spontaneous magnetization 
[6].Ferrites are chemically stable and show high 
electrical resistivity. Due to high chemical 
stability, ferrite materials exhibit interesting 
properties such as optical, electrical, chemical 
and magnetic [7]. Ferrites are used in magnetic 
recording media, permanent magnets, memory 
chips, antenna rods, transformer cores, 
microwave, computer technology, drug 
delivery, magnetic resonance imaging, gas 
sensors, actuators,  transformers and in 
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magnetic refrigeration [8,9,10,11].  
Ce and Gd  doped in Nickel ferrite were studied 
and reported that the Ce doped samples show 
smallest crystallite size and largest surface area 
and the X-ray density was found to be highest 
for Gd doped samples [12]. Gadolinium-doped 
cobalt ferrite were synthesized and reported that 
single crystal spherical shape and also reported 
the magnetic properties that rare- earth material 
doping in ferrite are strongly influence on their 
magnetic properties. [13] 
Eu – substitution on Cobalt ferrite influence on 
thermal behavior, structural, Surface and 
magnetic properties are reported strongly 
depends. [14]. Nickel ferrite synthesized and 
studied the calcinations temperature and 
magnetic properties and reported that it posses 
the higher saturation magnetization. [15]  
 
2. Experimental Technique:  
Preparation of nanomaterials can be divided 
into two broad spectrum top down and bottom 
up, each of which has two directions physical 
and wet chemical. The most important criteria 
for preparation of nanoparticles are: Proper 
size with narrow size distribution well 
dispersed particles, shape of particles, high 
purity, and homogeneous composition. Most 
of the wet chemical methods have common 
feature that the mixing of components takes 
place at the atomic or molecular scale. Some 
of the non-conventional processes are: Sol-gel 
method, Co-precipitation method, Precursor 
method, combustion method, Hydrothermal, 
Spray drying. etc. 
In present work a Sol-gel auto combustion 
technique were used. The raw materials are in 
the form of Metal nitrates and citric acid were 
used as oxidizing salts and combustion fuel. All 
chemicals were of high purity Analytical 
reagent The Sol-gel auto combustion technique 
has been proved to be extremely facile, time-
saving and energy-efficient route for the 
synthesis of ultrafine hexaferrite powders. 
3. Materials 
Raw material are used in experiments are 
analytical grade nitrate i.e. nickel 
nitrate(Ni(No3)2.6H2O),Gadolinium 
nitrate(Gd(No3)2),ferric nitrate (Fe(NO3)2) 
and citric acid (C6H8O7)  is used as fuel in the 
ratio 1:3 provided by Merck with ~99 % 
purity were used as a starting materials 

without further purification for the synthesis. 
Using the stoichiometric ratio appropriate 
amounts of raw materials were dissolved in 
100ml distilled water under magnetic stirring. 
Then citric acid (C6H8O7) was mixed in the 
metal nitrate solution to chalet Ni2+ ,Gd3+   and 
Fe3+ ions in the solution. The molar ratio of 
citric acid to total moles of nitrates was 
maintained at 1:3. A small amount of 
ammonia was added drop-wise into the 
solution to adjust pH 7. The solution were 
continuously stirring with 100 0C til to 
formation of gel after  gel was auto-
combustion to take place and obtain fine 
powder. The resulting powder is crushed in an 
agate mortar to obtain the nano ferrite particles 
and was sintered at 600˚C for 4 hours.  
Gd3+substituted NiFe2O4 ferrite with a chemical 
formula NiGdxFe2O4 (where, x = 0.025, 0.05, 
0.075, 0.1, 0.125 and 0.1s5) have been 
synthesized via sol-gel method. 

4. Results & Discussion : 
Characterization Techniques and Results: 

1. X-Ray Diffraction:   
  Figure 1 shows the XRD patterns for the Gd 
samples with the Gd concentration of (x = 
0.025, 0.050, 0.075, 0.1, 0.125, 0.15)  
Crystalline phases or Structural studies of Gd 
substituted NiFe2O4 were examined by XRD 
pattern . The pattern was recorded using  Cu-Kα 
radiation (λ = 1.54182 Å) in the 2θ range 20°- 
80° with step size 0.01°and time/step 2 s. The 
average crystallite size (t) was calculated using 
the Debye-Scherrer’s formula; 

( ) )1(
cos

9.0
−−−−−−−−−−

⋅
=

θβ
λt  

Where,  λ is wavelength of the Cu-Kα  
radiation, β is the fullwidth of the half 
maximum and θ is the Bragg’s angle. Indexed   
patterns were compared with those in the 
JCPDS (Joint Committee on Powder Diffraction 
Standard) data base for phase identification. 
The lattice parameter “a” was calculated using 
the  equation , 

222 lkhda ++×= ----------(2) 
Where d is the interplanar spacing and (hkl) is 
the index of the XRD reflection peak. 
The average crystallite size (t) was calculated 
using the Debye-Scherrer’s formula. The 
average crystallite size was found to be in the 
range of 42–46.8 nm and lattice parameter were 
calculated.   
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2.  Magnetic Properties: 

The magnetic properties were measured by 
Vibration Sample Magnetometer (VSM). The 
hysteresis curves of NiGdxFe2O4where(x=0.0, 
0.025, 0.050, 0.075, 0.100, 0.125) was shown in 
Fig.2. Table 1 gives the saturation 
magnetization (Ms), Magnetic remenance (Mr), 
Magnetic Coercivity (Hc), squareness ratio.  
The results revealed that as the (Gd3+) 
Gadolinium substitution in (Ni) Nickel nano 
ferrite decreases the magnetic remanence (Mr), 

and coercivity (Hc) goes on increasing upto to 
0.075, i.e the optimization point and after that 
random nature, the saturation magnetization 
(Ms), first it is decreases upto x = 0.075 and 
then random nature is obtained (Ms) such 
changes in magnetic properties may be due to 
the exchange interaction between the tetrahedral 
and the octahedral sites.  The magnetic 
remanance is very low. NiGdxFe2O4 is soft 
ferrite material, therefore such nanoferrite was 
recommended for cores and coils of low 
inductance.  

    Table 1 : Value of saturation magnetization (Ms), Magnetic remenance(Mr), Magnetic 
Corecitivity(Hc), Bohr magneton (nB), anisotropy constant (K1) 

Concent
ration 

Hc 
(Oe)×10
00 

Mr 
(emu/
gm) 

Ms 
(emu/
gm) 

Mα K1= 
Ms*Hc 
/0.98 

nB= 
Mα*
Ms 
/5585 

NiGd0.025
Fe2O4 

11222.2 7.836
5 

16.610
1 

236.96
44 

190205.9
8 

0.7047
47 

NiGd0.050
Fe2O4 

53444.4 8.059
2 

15.819
7 

239.49
95 

862728.9
5 

0.6783
90 

NiGd0.075
Fe2O4 

63333.3 7.522
8 

13.185
4 

242.03
45 

852117.2
3 

0.5714
08 

NiGd0.1F
e2O4 

12222.2 7.131
7 

16.198
2 

244.56
9 

202018 0.7093
24 

NiGd0.125
Fe2O4 

45666.7 6.334
2 

15.220
4 

247.10
35 

709250.4
4 

0.6734
14 

NiGd0.15
Fe2O4 

25444.4 5.951
7 

12.248
4 

249.63
85 

318013.4
5 

0.5474
79 

 
The magnetic moment decreases with 
increasing Gadolinium concentration, which is 
the good agreement with particle size.    

3. UV-Visible spectroscopy 
Figure 3 shows the UV–Vis absorbance spectra 
of the Gd3+ doped NiFe2O4 with  (x=0.025, 
0.05, 0.075, 0.1, 0.125, 0.15 ) recorded at room 
temperature. An absorption edge of all sample 

appears in the range of 750nm to 771.5nm.using 
the absorption edge one can determine the 
energy gap (E=hc/λ).where h is planck constant 
(h=6.602×10−34), c is velocity of light and λ is 
wavelength of absorption edge. By using above 
relation obtained band gap for all the ferrites is 
listed in 

                               Table 2: Optical band gap energy (Eg) of NiGdxFe2O4 
Sr 
No. 

 
Composition 

Absorp
tion 

Wavele
ngth 

(λ)nm 

 
Band 
gap 
(ev) 

By Tauc 
Method 

Band Gap 
(eV) 

1 
2 
3 
4 
5 
6 

NiGd0.025Fe2O4 
NiGd0.050Fe2O4 
NiGd0.075Fe2O4 
NiGd0.1Fe2O4 

NiGd0.125Fe2O4 
NiGd0.15Fe2O4 

753.11 
771.15 
757.5 
763 
757 
763 

1.6496 
1.6110 
1.6408 
1.6281 
1.6408 
1.6281 

1.6367 
1.5735 
1.6367 
1.6212 
1.6367 
1.614 
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Figure 4. Shows Tauc plot for Gd3+ doped 
NiFe2O4 with (x=0.025, 0.05, 0.075, 0.1, 0.125, 
0.15). The optical band gap obtained by Tauc 
relation and is found to be nearly same as 
obtained by relation E=hc/λ. It observed that 
increasing of Gd2+  Concentration the band gap 
first decreases up to concentration x=0.050 then 
random nature  .As Gd3+ replaces Fe3+, impurity 
bands are created due to the formation of the 
impurity levels inside the gap. Burstein–Moss 
effect is the phenomenon of which the apparent 
band gap of a semiconductor is increased as the 
absorption edge is pushed to higher energies as 
a result of all states close to the conduction 
band being populated.  Apparent band gap = 
Actual band gap + Moss-Burstein shift. It may 
be due to decrease in grain size with increasing 
Gd3+ (x>0.3) concentration and as grain size 
decreases band gap increases. 
 
5. Conclusions: 
Gadolinium substituted Nickel ferrite 
nanoparticles (NiGdxFe2O4 with x = 0.025, 
0.050, 0.075, 0.1, 0.125 and 0.15) were 
synthesized via sol-gel auto combustion route. 
From x-ray analysis, it has been found that the 
average crystallite size is in the range of 46.8–
42.2 nm. All the peaks are well matched with 
standard JCPDS data for NiFe2O4 (01-074-
2081). lattice parameter is in the range from 
8.32596 Å to 8.36544 Å.  From UV–Vis 
absorbance spectra it was found that an 
absorption edge of samples appears in the range 
of 650nm to 771nm.It observed  that with 
increasing  concentration of Gd3+ band gap 
between the1.5 to 1.55eV. Gd3+Gadolinium 
substitution in (Ni) Nickel nano ferrite 
decreases the magnetic remanence (Mr), and 
coercivity (Hc)goes on increasing upto to 0.075, 
and after that random nature. The saturation 
magnetization (Ms), first it is decreases upto x = 
0.075 and then random nature is obtained (Ms) 
such changes in magnetic properties may be due 
to the exchange interaction between the 
tetrahedral and the octahedral sites. The 
magnetic moment decreases with increasing 
Gadolinium concentration, which is the good 
agreement with particle size.  
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 Figure 3. UV absorption spectra Gd3+ doped NiFe2O4                  Figure 4.Tauc plot for Gd3+ doped NiFe2O4 
with(x=0.025, 0.05, 0.075, 0.1, 0.125, 0.15 )                                                 with x=0.025, 0.05, 0.075, 0.1, 0.125, 0.15. 
 (recorded at room temperature).   


