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Abstract

Lithium manganese nanoferrites (LixMnyode2Qa4 , X = 0.0, 0.1, 0.2, 0.3, 0.4) are synthesized by chemical co-precipitation
technique. Structure, morphology and nature of chemical bonding are analysed through Powder X-ray Diffraction (PXRD), Scanning
Electron Microscope (SEM) and Fourier Transform Infrared Spectrograph (FTIR) respectively. From PXRD spectra the cubic spinel
nanostructure of the synthesized samples are studied. From PXRD data, the crystallite size and various structural parameters such as
lattice constant, volume of a cubic unit cell, X-ray density, hopping lengths of the samples are calculated and compared. Also specific
surface area, dislocation density and microstrain of the samples are calculated. The surface morphology of the synthesized sample is

studied through SEM images. The positions of octahedral and tetrahedral sites are identified from the vibrational bands in FTIR spectra.
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1. Introduction

Nanoferrites have attracted researchers for the past several years on account of their massive
applications in various fields. Due to their remarkable qualities such as quantum size effect, large
surface to volume ratio, chemical stability and superparamagnetism, they play a vital role in the field of
bio-medicine and electronics. The various properties like mechanical properties, electrical properties,
optical properties, thermal properties, magnetic properties of bulk materials are very much altered due
to their reduction in size to nanometre scale [1-3].The general formula of ferrite is AFe,Os where A is a
divalent metal ion such as Ni, Co, Mn, Mg etc. Nanoferrites can be synthesized by various methods
such as co-precipitation route [4], sol-gel method [5], hydrothermal route [6], glycine-assisted
combustion technique [7].The properties of the nanoferrites are strongly dependent on the preparation
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methods, the amount of doping and doping material. Many researchers have tried to enhance the
property of nanoferrites by doping transition metal ions such as Cd*, Cr?, Cu?", Mn?*, Ni?*,
Zn?* Talaat M. Hammad et al studied the impact of Mg?* doping on optical, structural and magnetic
properties of copper nanoferrites and it has been found that as the Mg?* concentration increases, the
band gap energy of copper nanoferrites increases and the saturation and remanent magnetization
decreases [8]. Thomas Dippong et al studied the effect of transition metal doping on the structural,
morphological and magnetic properties of NiFe2O4. They have found that the particles size of NiFe204
increases by doping with Mn?* and decreases by doping with Zn?* and Co?* ions respectively [9].Ch.
Komali et al studied the effect of Cu?* substitution on structure, morphology and magnetic properties of
Mg-Zn spinel ferrite. Their results show that the saturation magnetization increases and coercivity
decreases with increase in Cu?* concentration in Mg-Zn nanoferrites [10]. Pawar A.D et al studied the
effect of Ag doping on DC electrical resistivity and antimicrobial activity of copper-zinc nanoferrites
and it is shown that the inhibitory zone of Cu-Zn nanoferrites increases with increasing silver doping
[11]. Manganese nanoferrites have attracted many researchers due to their mixed spinel structure, soft
magnetic nature and mechanical stability. Due to its good biocompatibility and superparamagnetic
nature, manganese nanoferrites play a vital role in the biomedical applications like targeted drug
delivery [12]. Lithium nanoferrites can be used for the formation of super capacitors and lithium ion
batteries [13].

A few detailed research work has been observed on mixed lithium manganese nanoferrites.
Hence this present study aims to synthesize LixMni-2xFe2+xOa4 (x = 0.0, 0.1, 0.2, 0.3, 0.4) by co-precipitation
technique and to investigate the structural and morphological properties.

2. Materials and methods

All the reactant salts used in the synthesis process are of AR grade. Lithium manganese
nanoferrites (LixMnioxFe2+xOs, X = 0.0, 0.1, 0.2, 0.3, 0.4) are synthesized by chemical co-precipitation
technique. Li*, Mn?* and Fe®*sulphate salt solutions are taken in the required ratio and stirred
continuously using a magnetic stirrer for 30 minutes to obtain the starting solution (pH~3). 3M solution

of sodium hydroxide (NaOH) is prepared as precipitant and is slowly added in drops to the starting
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solution until the pH level reaches 10.5. The resulting dark green precipitate is stirred continuously for 2
hours maintaining a temperature of 70°C to obtain a uniform phase of nanomaterial. The obtained dark
brown precipitate is then cooled to room temperature and washed repeatedly with deionized water,
filtered and dried at 105°C. Then it is grinded well to get lithium manganese nanoferrite powder. Figure

1 below shows a schematic flow diagram of the synthesis process.

Lithium sulphate solution Manganese sulphate solution Ferrous sulphate solution

I I
Mixed Y v

\ 4
Starting solution (pH ~ 3)

l Dropwise addition of NaOH

Dark green precipitate pH =10.5

Continuous stirring, heating at 70° C for 2 hrs|
A

Dark brown precipitate

A

Wash, filter, dry at 105° C

A

Grinded to get lithium manganese

ferrite nano powder

Figure 1: Flow diagram for synthesizing lithium manganese nanoferrites

All the asprepared samples are then subjected to various characterization studies to investigate
their properties. The structural and morphological studies are carried out using Powder X-ray
Diffraction Technique (PXRD), Scanning Electron Microscopy (SEM) and Fourier Transform Infrared
Spectroscopy (FTIR).

3. Results and Discussions

Eur. Chem. Bull. 2023, 12( Issue 6), 834-847 836



Synthesis and Characterization of Li* ions substituted MnFe204 Nanoparticles
Section A-Research paper

3.1 Powder X — ray diffraction

Powder X-ray diffraction is an analytical technique used for phase identification of a crystalline

material and can provide information on unit cell dimensions [14]. The X-ray diffraction pattern of the

samples is shown in figure 2. All the as-synthesized samples show prominent peaks at 20 which agrees
with JCPDS 74-2403 of MnFe204 [15] and JCPDS 82-1436 of LiFe.O4 [16]. This confirms the cubic

spinel ferrite nanostructure of the as-synthesized nanomaterials. The calculated values of various

structural parameters are given in table 1.

x=0.0
x=0.1

Intensity (arbitrary units)

20 30 40 50 60 70 80
20 (degrees)

Figure 2 PXRD pattern of LixMni-axFe2xOa4 (x =0.0, 0.1, 0.2, 0.3, 0.4)

From PXRD data,
the lattice constant ‘a’is calculated using the relation
a=d (h2+k2+|2)1/2 (1)

where

d is the lattice spacing

h, k, I are the miller indices corresponding to the prominent peak.
The volume of a unit cell is given by

v=a’ 2
The X-ray density (px) is calculated using the expression
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px = 8M / Na® (3)
where M is the molecular weight of the sample and N is the Avogadro’s number whose value is 6.023 x
102 mol™. The samples are pelletized and their bulk density (pp) is calculated using the relation

pb = m/mr’h 4)

where m is the mass, r is the radius and h is the thickness of the pellet. It is found that the bulk density is
smaller than the X-ray density which indicates the presence of pores in all the synthesized ferrite

samples.
The percentage of porosity (p) is calculated using the relation

p=(1- pu/px) X 100 (5)
The high values of porosity percentage show that these ferrite samples can be used as gas sensors [17].

The distance between magnetic ions or hopping length of tetrahedral site (La) and octahedral
site (Lg) are calculated from lattice constant a using the relations:

La=V3a/4 (6)
Le=V2a/4 (1)

The average crystallite size is calculated using Debye Scherrer formula
D =0.91/ Bcos 6 (8)

where A is the wavelength of Cuk, radiation,  is the full width at half maximum intensity of the peak, 0

is the Bragg’s angle.

Specific surface area(S) which is defined as the total surface area of a material per unit mass is
calculated for the cubic ferrite samples using the following relation

S = 6000/pxD (9)
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The number of dislocations in a unit volume of crystalline material which is called the
dislocation density (pp) is calculated using the relation

pp = 1/D? (10)

The microstrain (es) which is defined as the root mean square variations of the lattice parameter
across the crystallite due to presence of defects and stress, is calculated using the relation

€s = p/4tan6 (11)
Table 1: Structural parameters calculated using XRD data
Structural Sample
parameter Mn1.oFe2.004 LioaMnosFe2104 | Lio2MnosFe2204 | LiosMnoaFe2304 | LiosMno2Fe2404
dA) 2.5465 2.5429 2.5428 2.5330 2.5307
a(d) 8.446 8.434 8.433 8.401 8.394
V(A)? 602.47 599.94 599.71 592.93 591.33
px(g/cm)? 5.08 4.99 4.78 4.63 4.43
po(g/cm)? 3.82 3.75 3.63 3.57 3.54
p (%) 24.8 23.5 20.1 17.5 13.8
La (A) 3.653 3.652 3.651 3.637 3.634
Le (A) 2.986 2.982 2.981 2.970 2.968
D (nm) 28.25 28.25 28.26 28.27 42.41
S x 10° (m?/g) 41.8 42.56 4417 45.84 31.94
po X 10 24 (m?) 12.53 12.53 12.52 12.51 5.56
£x 103 4.05 4.04 4.05 4.03 2.68

As hopping length purely depends on the lattice constant, the value of hopping length of
tetrahedral site is always greater than the value of octahedral site due to the difference in the distance
between Fe3* and O? ions of two sites. The lattice constant decreases with Li* substitution due to

replacement of larger cation, Mn?*. It is to be noted here that the ionic radii of Fe**, Li* and Mn?* are
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0.49 A, 0.59A and 0.66A respectively, in the tetrahedral site and 0.64A, 0.76A and 0.83A respectively
in the octahedral site [18].

The average crystallite size of the samples is in the range from 28.25 nm to 42.41nm.It is
observed that the particle size shows a large variation as the concentration of Li* ion becomes greater
than 0.3 i.e. at x = 0.4. This shows that the effect of doping Li* ions to manganese ferrites are

favourable only upto x = 0.3.

Due to nanosize of the particles, the surface area per unit mass is found to have larger values.
The large values of the specific surface area show that all the synthesized ferrite samples have better
reactivity with the surrounding particles compared to their bulk counterpart [19]. The high value of the
dislocation density of the samples shows the large strength of the materials. The microstrain values of
the samples are also found to be high due to the nanosized particles present in the samples.Also these
values are found to decrease with the increase in the concentration of Li* ions. A very large decrease in
specific surface area and microstrain has been observed for Li* concentration at x=0.4 due to large

particle size.
3.2 Scanning Electron Microscopic analysis

The morphology of the synthesized samplesis studied by wusing scanning electron
microscope.The SEM images of the synthesized samples for various resolutions (1pm, 2um and 5pm)

are taken. The SEM images of the samples for 1um resolution are shown in figures 3(a-e).

The SEM images show spherical morphology of the samples. Agglomerations are observed

which are due to strong magnetic interaction between the synthesized ferrite nanoparticles [20].
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Figures 3(a - €) SEM images of LixMni-2Fe2+xOsnanoparticles
3.3 Fourier Transform Infrared analysis

Fourier Transform Infrared (FTIR) spectroscopy is an important characteristic technique which
provides information regarding the structure of a material. Figure 4 compares the FTIR spectra of the

as-synthesized samples observed in the range of 4000 — 400 cm™.
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Figure 4 FTIR spectra of LixMni-2Fe2:xO4 (x = 0.0, 0.1, 0.2, 0.3, 0.4)nanoparticles

The spectra show different peaks which are attributed to different functional groups. Two major
absorption bands are found around 600 cm™and 450 cm™ in all the five samples. The higher frequency
band found at 625 cm™, 610 cm™, 602 cm™, 593 cm™ and 616 cm™for LixMn2xFezQO4 (x = 0.0, 0.1, 0.2,
0.3, 0.4) respectively is due to the intrinsic vibration of metal — oxygen bond in the tetrahedral site and
thelower frequency band found at 484 cm™, 484 cm’, 452 cm™, 452 cm™ and 461 cm™ for LixMm-
aFe2xOs (X = 0.0, 0.1, 0.2, 0.3, 0.4) respectively is caused by metal — oxygen vibration in octahedral site.
Hence, the FTIR results confirm the single phase spinel structure formation having two sub lattices;
octahedral site and tetrahedral site of the prepared samples [21].

The bands appearing around 3400 cm™ represents the O — H stretching vibration and1100 cm™
represents the O — H bending vibration, which indicates the presence of free or absorbed water

moleculesand it reveals the presence of hydroxyl groups in the as-synthesized samples [22].

4. Conclusions

Lithium manganese nanoferritesLixMnz.xFe24xO4 (X = 0.0, 0.1, 0.2, 0.3, 0.4) are synthesized
by chemical co-precipitation technique. The cubic spinel nanoferrite structure of the as-synthesized

samples is confirmed by powder X-ray diffraction analysis. The average particle size is in nanometres.
Eur. Chem. Bull. 2023, 12( Issue 6), 834-847 842
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The spherical morphology of the samples is viewed from the SEM images.The FTIR spectra show the
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presence of tetrahedral and octahedral sites in all the synthesized samples and hence confirm the cubic
spinel nanostructure of the samples.
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