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Abstract— Pure Manganese-Zinc ferrite nano particles and 

doped with Gadolinium having varying concentrations 0.1, 

0.2 and 0.3 percentage, were synthesized using Co-

precipitation technique. XRD analysis was done to ensure the 

formation of ferrite particles and incorporation of Gd3+ in as-

prepared samples. The lattice parameter, crystallite size, 

lattice strain and X-ray density has also been calculated using 

the XRD spectra. The average crystallite size is comes out to 

be 5nm with cubic structure. The FTIR spectra reveal the 

formation of various functional groups within the material. 

SEM images show the surface morphology of as-prepared 

samples. Vibrational Sample Magnetometer (VSM) result 

shows a decrease in saturation magnetization on increasing 

the gadolinium doping concentrations. 
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I. INTRODUCTION 

Magnetic nanoparticles have attracted increasing interest of 

scientists in recent years in academic as well as on technical 

fronts [1–6]. The magnetic properties of nano material were 

reported to get enhanced than those of bulk materials. This is 

due to enhanced surface to volume ratio of molecules in nano 

phase. Nano-magnetic particles show many useful properties 

like spin canting, surface anisotropy and super-paramagnetic 

[7] etc. Because of these, nano magnetic particles have better 

electrical and magnetic properties; this causes their use in 

different applications, such as in information storage system, 

ferro fluid, magneto caloric refrigeration and magnetic 

diagnostics [8–10]. The data available in the literature show 

that Gd3+ doped Mn-Zn ferrite are technologically important, 

might be due to the high pyro-magnetic coefficient [(∂M/∂T) 

H] and lower curie temperature [11]. The doping of Gd3+ ions 

in the ferrites improves their magnetic properties. This 

particular property might be useful in developing low Curie 

temperature ferro fluids. Several methods like ball milling, 

co-precipitation, sol–gel, hydrothermal, citrate precursor, 

modified oxidation, sono chemical reaction method are 

reported in literature [12–16] for the synthesis of magnetic 

nano particles [17]. On the other hand, the Gd3+ doped Mn–

Zn ferrite nanoparticles have not yet been prepared by these 

methods. 

 In the present investigation chemical co-

precipitation method was used to get undoped Manganese- 

Zinc ferrites, having equimolar composition (50:50) and 

doped with Gd3+ , with varying concentrations (x=0.1, 0.2 and 

0.3). Such as-synthesized nanoparticles were characterized 

for their structural, morphological and magnetic properties 

and the results are reported and discussed in this paper.  

II. EXPERIMENTAL 

A. Materials:  

In the synthesis of ferrites, Manganese chloride tetra hydrate 

(MnCl2.4H2O), Ferric chloride (FeCl3), Zinc nitrate hexa-

hydrate (ZnNO3.6H2O) and gadolinium oxide (Gd2O3) were 

used as primary materials. They were separately, dissolved in 

distilled water. Gadolinium oxide was separately dissolved in 

HNO3, as this was unable to dissolve in water. NaOH was 

used as a precipitating agent. Oleic acid was used as 

surfactant. All the reagents were of analytical grade and used 

without any further purification. 

B. Synthesis of Ferrites 

Manganese chloride tetra hydrate (MnCl2.4H2O), Ferric 

chloride (FeCl3), Zinc nitrate hexa-hydrate (Zn(NO3).6H2O) 

were taken in perfect stoichiometric proportions and mixed. 

The mixture was constantly stirred. Sodium hydroxide 

solution was added slowly and slowly to this mixture, till the 

pH of the solution attains a value 10. As a result of reaction 

the agglomeration of particles took place. To block particle’s 

agglomeration, Oleic acid was added in this mixture. 

Reaction took place for about 90 minutes at 80oC. The 

precipitation took place and started settle down as the 

temperature is decreased to room temperature. The 

precipitated particles so obtained were taken out and 

centrifuged (3000 rpm) for about 15 minutes and then washed 

with distilled water and acetone. This precipitate was then 

dried at room temperature and crushed to powder. The 

powder was then annealed at 200°C for 4 hours. This 

powdered material contains Mn-Zn ferrite Nano particles 

having equimolar composition.  To get Gadolinium doped 

Mn-Zn ferrite nano particles, similar procedure was repeated 

by adding gadolinium oxide (Gd2O3) solution in HNO3 with 

varying concentrations (x= 0.1, 0.2 and 0.3%) to the above 

mixture. 

C. Characterization  

The powdered material so obtained was characterized using 

X-ray diffraction technique (XRD) (Rigaku Miniflex 600 

make) to ascertain their structure. IR spectrometer (Perkin 

Elmer make) was used to record FTIR spectra of the material. 

Scanning electron microscope SEM (ZEISS ULTRA PLUS 

make) was used for morphological studies. VSM (Lake Shore 

Cryotronics 7400-S make) was used to record magnetization 

of prepared material. 

III. RESULTS AND DISCUSSION 

A. X- Ray diffraction 

XRD of Mn0.5Zn0.5Fe2O4 and Mn0.5Zn0.5GdxFe2-xO4 (x=0.1, 

0.2 and 0.3) were recorded for their structural 

characterization. Various parameters such as crystallite size, 

lattice parameter, phase, lattice strain and X-ray density were 



Effect of Gd3+ Doping on Structural, Morphological and Magnetic Properties of Mn-Zn Soft Ferrites Nanoparticles 

 (IJSRD/Vol. 10/Issue 8/2022/011) 

 

 All rights reserved by www.ijsrd.com 49 

calculated from these XRD. The interplaner distance (d-

values) and the corresponding (hkl) were used to calculate 

lattice parameters.  

 X-ray diffraction peaks of undoped and Gadolinium 

doped Mn-Zn ferrites, were indexed, as shown in Fig. 1. The 

picture (a), corresponds to pure Mn0.5Zn0.5Fe2O4, whereas (b), 

(c), (d) are of Mn0.5Zn0.5GdxFe2-xO4 (x=0.1, 0.2 and 0.3), 

respectively. It is clear from these XRDs that, the pattern 

exhibits all the major peaks (220, 311, 222, 400, 511, 440 and 

533) which are characteristic peaks of cubic spinel structure 

with (311) as a prominent peak for undoped and x=0.1%, 

whereas (222) for higher concentration of Gd3+ , (x= 0.2 and 

0.3).  

 

 

 

 
Fig.1: XRD spectra of (a) Undoped and Gd3+  Doped (b) 

0.1%, (c) 0.2% and (d) 0.3% Mn-Zn Ferrite 

The average crystallite size was calculated using full width at 

half maxima (FWHM) of different peaks. The Scherrer’s 

equation was used to calculate the average crystallite size: 

DXRD =
k

 COS
    (1.1) 

Where, DXRD is the average crystallites size, k is Scherrer’s 

constant whose numerical value is 0.9. The  being the 

wavelength of X-ray (=1.5406 Ǻ) used to record XRD,  is 

the width of the peaks at half maximum, and  is Bragg’s 

angle. 

 The XRD peaks indicate cubic structure. Thus the 

lattice parameter “a,b,c” was calculated considering 

prominent peak (311) and, using the Bragg’s equation  

2d Sin  = n, 

 If ‘hkl’ are the miller indices of crystallographic 

plane taking part in diffraction, d being interplaner separation 

and “a”, the lattice parameter, then “a” and “d” are related as; 

a = d√h2 + k2 + l2  (1.2) 

The X- ray density x is calculated using equation [18]: 


x

=
ZM

NAV
    (1.3) 

Where Z (the number of atoms in cubic structure) = 8, NA and 

M, respectively, are Avogadro number and molecular weight 

(a) 

(b) 

(d) 

(c) 
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of the compound. V is taken as volume of the cubic unit cell 

(a3).  

 The average crystallite size, lattice parameter, X-ray 

density and lattice strain were calculated using the above 

XRD data. The numerical value of these parameters is given 

in Table I. 

 
Fig. 2: Variation of crystallite size and lattice parameter with 

change in “Gd3+” ion concentration 

The results shown in Table I, clearly indicate that the 

crystallite size decreases when the gadolinium is included in 

the undoped Mn-Zn mixed ferrite sample. On the other hand, 

the change in lattice parameter on gadolinium doping is not 

significant in the beginning but as it reaches to 0.3% the 

change become significant. Thus, the crystallite size and 

lattice parameter get reduced on higher gadolinium doping. 

These variations of crystallite size and lattice parameter with 

Gadolinium doping are shown in Fig 2. Further the data given 

in the table I indicates an increase in the X-ray density in the 

sample on increasing the Gd3+ doping. These changes can be 

related to the difference in ionic radii of host and doping 

element. Further the X-ray density is enhanced with an 

increase in Gd3+ content in the ferrite samples. Presence of 

sharp peaks such as (220), (311), (222), (400), (511), (440) 

and (533) reveals that the samples are crystalline. Some 

additional peaks denoted by *, might be due to the presence 

of Gd3+ in the samples, are also present which confirms the 

presence of Gd3+ in the samples.  

Composition D(nm) a(Ǻ) (gm/cm3)  

Mn0.5Zn0.5Fe2O4 6.6 9.37 4.77 1.66 

Mn0.5Zn0.5Gd0.1Fe1.9O4 5.8 9.36 7.33 1.50 

Mn0.5Zn0.5Gd0.2Fe1.8O4 2.0 9.39 7.25 7.53 

Mn0.5Zn0.5Gd0.3Fe1.7O4 3.1 8.45 9.97 2.84 

Table I: Crystallite size (D), Lattice Parameter (a), X-ray 

density () and lattice Strain () for undoped and Gd3+ 

doped Mn0.5Zn0.5Fe2O4 samples. 

B. FTIR Spectrometry 

The FTIR spectra recorded over a spectral range of 500-4000 

cm-1 is shown in figure 3. Characteristics peaks are observed 

at around 2920, 2850, 1730, 1560, 1380, 1217 cm-1 and 610 

cm-1. A broad absorption band present at around 3420 cm-1 is 

the characteristic of absorbed water (O-H stretching). The 

presence of this band gets less prominent with the increase in 

gadolinium doping. Thus the Gd3+ doped samples are 

becoming dry.  Moreover, the peak observed at 1730 cm-1 and 

1220 cm-1 which correspond to aldehyde carbonyl (HC=O) 

group, gets separated on increasing the Gadolinium content. 

Peaks at 2900 cm-1 and 2850 cm-1 corresponds to C-H 

stretching where as at 1560 cm-1 is for H-O-H bending. The 

peaks at 1380 cm-1 and 1217 cm-1 are due to C-O stretching. 

 

 

 

(a) 

(b) 

(c) 
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Fig. 3: FTIR spectra of (a) Pure and Gd3+ Doped (b) 0.1%, 

(c) 0.2% and (d) 0.3% Mn-Zn Ferrite 

 The absorption peak at around 610 cm-1 corresponds 

to C-H bending, which represents tetrahedral metal-oxygen 

bond vibrations of the ferrites [19-21]. All these peaks shift 

towards lower wave numbers with an increase in Gd3+ 

doping, in comparison to their position for undoped sample. 

Thus, Gd3+ is incorporated into the lattice affecting the all 

lattice vibrations. 

C. Scanning Electron Microscope 

Scanning electron microscopy has been used to obtain the 

surface morphological details of the Gadolinium ion doped 

Mn-Zn ferrite nanoparticles. The SEM pictures of the 

Mn0.5Zn0.5GdxFe2-xO4 samples are taken at different 

magnifications. Undoped sample show the presence of 

irregular flacks over the surface. No definite morphology of 

the surface can be ascertained from the SEM micrograph (a).  

Specific change in surface morphology is clearly visible 

when the Gd3+ content (0.1%) was added to the sample. Now 

the surface show broken flacks lying one above another. On 

further increase in gadolinium content, the surface 

morphology show flacks which are stacked one above the 

other. No definite morphology to surface particles can be 

ascertained even at this Gd3+ content (0.2%).  On further 

increase in doping content (0.3%), the surface now show 

surface particles as surface flacks having irregular 

distribution with the presence of some voids stacking in 

different regions. 

 

 

 

 

 
Fig. 4: SEM images of (a) Pure and Gd3+ Doped (b) 0.1%, 

(c) 0.2% and (d) 0.3% Mn-Zn Ferrite 

 Some hexagonal structure can be seen to present on 

the surface. The continuous change in surface morphology on 

increasing the Gd3+ content in the sample is a clear indication 

of incorporation of dopant ions in the lattice. The stacking of 

surface flacks in all the doped samples is a clear-cut 

indication of change not only in surface morphology but also 

in its interior.  

D. EDAX 

To ascertain the absence of impurities and elemental 

composition in the materials studied,   EDAX studies were 

carried out. The EDAX results indicate the presence of same 

elements which was taken at the time of their synthesis. The 

stoichiometry of elemental composition in the material are 

found to be almost same as was taken at the time of their 

(d) 

 

(a) 

(b) 

(c) 

(d) 
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synthesis. The numerical values of the elemental composition 

are given in the table II.  

Sam-

ple 

Mn K 

(atomic 

%age) 

Zn L 

(atomic 

%age) 

Fe  K 

(atomic 

%age) 

O K 

(atomic 

%age) 

Gd L 

(atomic 

%age) 

P 13 11.5 18.5 57 0.00 

A 9.25 18.21 6.21 66.16 0.17 

B 7.90 15.69 7.92 67.92 0.57 

C 12.94 17.89 7.45 60.76 0.96 

Table II: Compositional Table for Gd3+ Doped Mixed Mn-

Zn Ferrites 

It is clear from this table that only Mn, Zn, Fe, O and Gd3+ are 

detected in the EDAX. This shows that no impurity elements 

are present in the material studied. The inclusion of Gd3+ 

content affects not only Fe composition but also Mn and Zn 

composition as well as O. This indicates that the 

stoichiometry of the elements affected with the inclusion of 

Gd3+ in the material prepared. 

 

 

 

 
Fig 5: EDAX spectra for (a) Pure, (b) 0.1% Gd3+, (c) 0.2% 

Gd3+ and (d) 0.3% Gd3+ doped Mn-Zn Ferrite 

 The results shown above indicate that the elemental 

composition in undoped material taken at the time of 

synthesis gets affected after the synthesis. Initially Zn and Mn 

were taken in equal amount (Zn: Mn: 50:50) but EDAX result 

does not reflect these to be same.  

E. Hysteresis Measurements 

Magnetic measurements for undoped and gadolinium doped 

Mn-Zn ferrite particles were carried out at room temperature, 

using Vibrating Sample Magnetometer (VSM). Various 

Magnetization characteristics curves of Mn0.5Zn0.5GdxFe2-xO4 

(x= 0, 0.1, 0.2 and 0.3%) nano ferrites are shown in Figures 

6 (a-d). Magnetic parameters, such as Saturation 

magnetization (MS), Remanent magnetization (Mr) and 

Coercivity (HC) were calculated from these plots and the 

results are shown in the Table III. It is clear that these results 

that the Saturation magnetization (MS), Remanent 

magnetization (Mr) and Coercivity (HC), decreases when the 

Gd3+ is introduced in the undoped Mn-Zn ferrite sample. On 

increasing the Gd3+ content further, the values of MS, HC and 

Mr also decreases. 

(a) 

(b) 

(c) 

(d) 
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Fig. 6: M-H curve, (a) for undoped and (b) 0.1% Gd3+, (c) 

0.2% Gd3+ and (d) 0.3% doped Mn-Zn Ferrite 

 It is clear from hysteresis curves shown in Fig 6 (a-

d), that saturation magnetization decreases with an increase 

in Gd3+ content in all the samples. On the other hand, 

remanence and coercivity, both show an increase in the 

beginning (0.1% Gd3+) but at 0.2% and 0.3% Gd3+, both 

decreases. The lower values of saturation magnetization, 

coercivity and remanence at higher Gd3+ content (0.2 and 

0.3%) show these materials to be soft ferrimagnetic in nature.  

Composition 
MS 

(emu/g) 

HC 

(Gauss) 

Mr 

(emu/g) 

Mn0.5Zn0.5Fe2O4 49.18 180.12 1 

Mn0.5Zn0.5Gd0.1Fe1.9O4 37.57 200.05 5.68 

Mn0.5Zn0.5Gd0.2Fe1.8O4 33.09 80.08 1.52 

Mn0.5Zn0.5Gd0.3Fe1.7O4 30.15 27.77 0.32 

Table III: Magnetic Measurements of Mn0.5Zn0.5GdxFe2-xO4 

(x=0, 0.1, 0.2 and 0.3%) samples 

 

(a) 

(b) 

(c) 

(d) 

(a) 
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Fig 7: Concentration dependence of (a) Saturation 

Magnetization, (b) Coercivity and (c) Remanent 

Magnetization 

 The variation of saturation magnetization (MS) and 

coercivity (HC) with gadolinium concentration are shown in 

Fig. 7. It is clear from these plots, that the addition of 

gadolinium in undoped Mn-Zn ferrite material decreases the 

saturation magnetization (MS). On further increase in Gd3+ 

doping concentration further reduces the saturation 

magnetization. This decrease in saturation magnetization 

(MS) with Gd3+ doping might be due to the lower magnetic 

ordering of rare earth ions from their localized 4f electrons 

from where the magnetic moments originates. Thus, Gd3+ 

substitution can be considered as a non-magnetic ion 

substitution at octahedral site (B-site). The presence of Gd3+ 

reduces the exchange interaction in between tetrahedral (A-

site) and octahedral (B- site) sites which ultimately results in 

a decrease of magnetization [11, 22].   

IV. CONCLUSION 

Undoped and Gadolinium doped Mn-Zn ferrites, having 

equimolar composition of Mn and Zn, were synthesized using 

co-precipitation method. The as-prepared nano magnetic 

particles so obtained, were characterized for their structural, 

morphological and magnetic properties. A decrease in 

crystallite size on gadolinium doping was observed. The 

surface morphology shows the agglomeration of particles on 

gadolinium doping. EDAX confirms the elemental 

composition in the prepared samples. The saturation 

magnetization decreases as Gd3+ doping content is increased. 

The variation in Coercivity and Remanence is not in line with 

the variation in saturation magnetizations. Both first increases 

and thereafter decreases as the Gd3+ content is increased.  The 

numerical values of all the magnetic parameters show these 

materials to be soft ferrimagnetic in nature. The soft 

ferrimagnetic material is useful in non-volatile devices. 
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