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Abstract. The Room Temperature Ferromagnetic (RTFM) were discussed in the present paper of
the undoped and the doped samples with different content of Pb?* ions and Sc*3 ions. The modified
pechini method was used to prepare the pure and the doped samples (Mgo.097Pb(0.03.y)SCyO)-NPs,
where (0.01<y < 0.03). The structural, morphological, chemical composition and magnetic
properties of the samples were characterized by X-Ray Diffraction (XRD), Field Emission Scanning
Electron Microscopy (FE-SEM), Energy Dispersive Spectroscopy (EDS) and Vibrating Sample
Magnetometer (VSM) respectively. The XRD patterns showed that the synthesized materials have a
single set of peaks, which corresponding the cubic phase of MgO-NPs. The lattice parameter, the
interplanner spacing and the crystallite size were varied according to different dopant concentration
of Sc*? ions and Pb?* ions in the MgO-NPs host lattice for doped samples. Furthermore, the intensity
was reduced. The morphology of pure and doped samples showed small spherical nanoparticles with
particle size (22.87-19.725nm) by employing the FE-SEM. The purity of all the samples was
confirmed by using EDS spectroscopy. Magnetic measurements by (VSM) revealed that all the
samples offer room temperature ferromagnetism (RTFM). The saturation magnetism of (Ms) was
found to be varied as a function of doping concentration, which may be attributed to local
magnetization supported by F-center mechanism. The maximum (Ms) was found for the
Mgo.07SCo0s0 sample. The obtained results suggest that both Pb?* ions and Sc*® ions doping and
oxygen vacancies play an remarkable role in the development of room temperature ferromagnetism,
which may be convenient for spintronic application.
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1. Introduction

The study of nanoparticles show novel properties, which are dissimilarity from those of bulk materials, the
unique properties and the efficient performance of nano materials are determined by their surface structure,
size and particle interaction [1][2]. Nano materials have a considerable prominent surface area to volume
proportion than their traditional structures, which can be prompted more noteworthy effect their quality and
synthetic reactivity [3]. The role play by particle size is similar, in some cases, to the particle chemical
composition, by adding another parameter for designing and controlling their behaviour [1]. The promise
of nanocrystals as a technological material for applications including magnetic [4], bio[5], and fuel cells
[6] may ultimately be based on tailoring their behaviour by adding impurities through doping.

Therefore, it is a motivating from a technological point of view to dope oxide semiconductors with various
ions besides rare earth ions to view the possibility of the existence of optical and magnetic properties [7],
which is an important tool for the modification [8]. Dopants in nanocrystals lead to phenomena not existent



in the bulk because their electronic states are bounded to a small volume [9]. However, the dopant impurities
is tuned the properties of metal oxide nanoparticles such as MgO.[10][11][12], which can be altered the
properties, as in demand for their industrial applications as optical and magnetic sensor, switching device
and as diluted magnetic semiconductor [10][13], by modification the energy gap [14][15], the magnetic
properties [16][17], the antibacterial effect [18], the optical [19][16], the conduction [20] and the
Photoluminescence [21].

Ferromagnetism is induced by lattice defects or nonmagnetic impurities have attracted considerable
interests in the area of spintronics [22], which is a field of science and technology that contributions novel
electronic devices [23]. Such as (spin-LEDs) spin light-emitting diodes, (spin-FETS) spin field effect
transistors and spin qubits for quantum computers [24].

This magnetization called "d® ferromagnetism” is a modern class of magnetism, in which the
ferromagnetism contain no magnetic elements together with partially filled d or f shells [23][25]. These
observations can be established in rocksalt structure (HfO, MgO, CaO and Al>O3) which do not include
ions with partially filled d or f bands [26].

MgO is one of the most attractive model materials for inspect "d° ferromagnetism”, which can produce a
spin-polarized p band due to its wide band gap [23]; however, the MgO-NPs is confirmed the RTFM while
the bulk MgO is nonmagnetic [27][28].

Many experimental and theoretical record on observations of the origin of RTFM in MgO-NPs [29][30],
such magnetization is not demanded on the existence of free carriers for the observed magnetic fingerprints
in MgO-NPs [26], but it strongly indicating that RTFM property is intrinsic in nature and strongly correlates
to the defects and oxygen vacancies due to rare earth and transition metal cations doping. Doping with
transition ions that have partly filled d states (Mn, Cu, V, Cr, Fe, Co, Ti, Ni, and Sc) and rare earth elements
that have partly filled f states (Er, Gd, Eu). This transition ions have been utilized as magnetic atoms in
diluted magnetic semiconductor DMS [31]. The partly filled d states or f states include unpaired electrons,
in terms of their spin, which are responsible for them to display magnetic behaviour [22].

So the source of magnetism is correlating with the presence of a little concentration of intrinsic point
impurities isolated cation vacancies driving to the forming of high-spin defect sites [32]. There are no
valence d electrons in rocksalt structure. Hence the valence band is controlled by O-2p orbitals.
[23][32][33].

Several preparation routes used to prepare pure and doped MgO-NPs, such as combustion [34], aerogel
route [35], hard templating path way [36], microwave sol-gel method [37], Liquid-Phase Method [38], Co-
precipitation [39], green synthesis [40], sol-gel method [18], Modification of Pechini sol-gel process [41],
spinning disk reactor [42].

Among the overall number of chemical synthesis methods obtainable for preparation of pure\doped MgO-
NPs, Pechini method was favourite one due to it's important in the synthesis of magnetic materials, high
temperature superconductors, ceramics and catalysts [43]. The preference of this method include good
stoichiometric control, good homogeneity and good control of particle morphology [44].

The main objective of this work is to detect the effect of different content of Pb?* ions and Sc* ions that
incorporated into the crystal structure of MgO-NPs, where all the samples were prepared by modified
Pechini method. In order to obtain a better understanding of current work, the XRD, FE-SEM coupled with
EDX and VSM tests were investigated to go after changes that take place in the structure with the variation
fraction of doping.

2. Experimental Method

2.1. Chemical Used

Magnesium nitrate hexahydrate (Mg(NQOs)2-6H.0) [BDH Chemicals Ltd, England, > 99% purity], lead
nitrate (Pb(NOs)2) [Chemicals PVT, India, > 99% purity], Sc(NOs); [Ganzhou Wanfeng Advanced
Materials Technology Co., Chaina, Ltd., > 99% purity], citric acid (CsHsO7.H,O) [CDH, India, >99%],
Ethelyen Glygol, EG, (CH2(OH).CH,OH) [Chemicals PVT. LTD, India, > 99% purity] and distilled water
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were involved to prepare (Mdo.097Pb0.03-y)SCyO)-NPs samples, where (0.01 <y < 0.03). using modified
pechini method. All raw chemical materials were used without any further purifications.

2.2. Samples Preparation

2.2.1. Synthesis of MgO-NPs Nanoparticles. The procedure of the synthesis MgO-NPs involved the
preparation of a stable aqueous solution of the metal salt starting with magnesium nitrite solution and the
tricarboxylic acid as citric acid solution were dissolved separately in an adequate amount of the deionized
water (100 ml) for each of them, in a molar ratio of 1:1, stirred for 1 hour under constant stirring (FALC
instrument-F91). Then citric acid was added into a magnesium nitrite solution to chelate Mg?* ions in the
solution, however the resulting solution was kept at 90°C for three hours under constant stirring. EG was
added with fixed mass ratio, CA/EG, 2:3. The colour of the final mixed solutions was gradually changed
into yellowish, as a result of water evaporation. Finally formation a very viscous gel with brown colour.
The dehydrated gel was calcinated at a moderate temperature 420°C for 2 hours with 3°C/min as a heating
rate using a furnace device (PIF 160/15- Made in Turkey) to form a loose powder.

The procedure of synthesis (Mgo.os7Pb(0.03)SCyO)-NPs doped samples, where (0.01 <y < 0.03), was
involved the preparation of an extra stable aqueous solution of lead nitrite and scandium nitrite, which were
dissolved separately in an adequate amount of the deionized water under constant stir for 1 hour. The citric
acid was added into a mixed solutions of the magnesium nitrite, lead nitrite and scandium nitrite to chelate
Mg?*, Pb?*and Sc*® in the solution. Continuous the same procedure steps of preparation MgO-NPs sample
to obtain (Mgo.0e7Pb(0.03.1)SCyO)-NPs powder samples.

3. Characterization Techniques

All the seven samples of undoped and doped (Mgo.097Pb(0.03-y)SCyO)-NPs samples, where (0.01 <y < 0.03),.
were analysed by powder XRD, FE-SEM coupled with EDS analysis and VSM. Powder X-Ray Diffraction
(XRD) patterns were gained using Shimadzu-6000 diffractometer with Cu-Ka radiation (A=1.5406A). The
surface morphology of nanoparticles samples were investigated using a field emission scanning electron
microscope(FESEM) (TESCAN MIRA3 FEG-SEM) operating at 30kV coupled with an energy-dispersive
spectroscopy (EDS) instrument for elemental analysis. The magnetic measurements were achieved using a
vibrating sample magnetometer (VSM) type cryogenic device at room temperature.
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Figure 1. XRD analysis for (Mgo.oe7Pbo.03- Figure 2. XRD shifting for pure and doped
»S¢,0)-NPs samples calcined at 420°C for 2 (Mgo0.097Pb(0.03-y)SCyO)-NPs samples.

hours.




4. Result and Discussion

4.1. Structural Analysis X-ray diffraction (XRD)

A powerful non-destructive technique was used to characterize crystalline materials. XRD technique can
provide an information on phases, structures, preferred crystal orientations and other structural parameters,
such as crystallinity, width, average grain size and the intensity of the diffraction peaks which depend on
lattice strain. The powder, of as prepared (Mgo.0s7Pb(0.03-y)SCyO)-NPs samples by modified pechini method
calcianed at 420°C for 2 hours, was investigated by employing XRD technique.

Figure (1). reveals that the reflections resultant of the (Mgo.097Pb0.03-y)SCyO)-NPs samples are indexed well
to the cubic phase of MgO, having space group Fm3m (#225). The five major diffraction peaks confirm the
existence of pure MgO-NPs, which can be seen at the position 36.6325, 42.6868, 61.9761, 74.3027,
78.2192, conformable to the lattice planes (111), (200), (220), (311) and (222). All the (Mgo.007Pbo.03-ySCyO)-
NPs samples were matched with [ICSD PDF code 01-075-0447]. This results are in line with earlier
reports[16][18].

For pure structure of MgO-NPs, the strongest diffraction peak (200) is positioned at 42.6868, while the
position of doped samples with different content of Pb?* ions and with Sc*® ions are observed shifting to a
lower 26 peaks positions as cleared from the figure (2). This slightly shifted peak position towards less 26
values can be ascribed due to the ionic radius difference between Pb?* (1.19 A) ions, Sc*® (0.745 A) and
Mg?* (0.72 A) ions.

The figure.(2) shows the shifting of the pure and doped samples. The samples that doped with high fraction
of Pb*? ions are shifting more than the samples that doped with high fraction of Sc**ions.

The shifting in the diffraction peak positions establishes substitution effects and denotes a structural change
due to the lattice distortion caused by the dopant ions [45].

The incorporation of different content of Pb?* ions and Sc®* ions into the crystal structure of MgO-NPs can
be caused changes in the interplaner d-spacing. This can be related to the doped samples as cleared in table
(1), such dopants can be caused strain in the lattice of compounds [13][18].

An introduction of the dopants with different ionic radius in the host lattice atoms cause lattice contraction
or expansion. One observes from figure (2) that the diffraction peaks shift lightly in the position indicating
a light change in the lattice parameter. This variation in the lattice constant is proportional to the ionic radius
difference between the dopants and substituted host lattice and to the concentration of the dopants [46]. It
is cleared from the table (1), that the lattice parameter is increased at first and then decreased. The lattice
parameter for pure MgO-NPs is (4.22832A), while it is larger in values for the doped samples. Such
behaviour can be attributed to the ionic radius difference between the dopants and the MgO host lattice.

It is also evident from Figure 2 that the intensity of the strongest diffraction peak (26=42.643468) along
(200) plane decreased and the full width at half maximum (FWHM) increased when different content of
Pb?* ions and Sc**ions were doped [47]. This indicating that the undoped sample had a better phase purity
and crystallinity and Pb?* ions and Sc**ions were successfully replaced Mg?* ions in the MgO-NPs host
lattice due to the change in the scattering centers of the the doped samples [48]. The intensity of the XRD
peaks can be affected by the composition including occupancy of atomic sites, the scattering ability of
constituent atoms, and fractional coordinates [18][49][50].

In order to determine the average crystallite size (D). the Scherrer’s formula was used to evaluate the the
average crystallite size of pure and doped MgO-NPs samples along (220) and (200) planes [51].
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where (D) is the crystallite size, (L) the X-ray wavelength of the copper anode (1.5406A), k the shape factor
(k=10.9), (B) the full width at half maximum (FWHM) of the diffraction peaks, and (0) the Bragg diffraction
angle[52].
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The crystallite size is varied according to doping different content of Pb?* ions Sc*3ions as cleared from
table (1).The smallest value in the crystallite size has been recorded for the (Mgo.97SC0.030) sample that have
the maximum fraction of Sc*® ions and it is free from Pb?* ions. This can be related to the decrease in the
grain growth after doping with trivalent rare-earth ions ,Sc, which can be acted as a grain growth inhibitors
[53].

The XRD peak broadening in the doped samples emphasizes the decrease in the crystallite sizes of the
doped samples [48][53].

TABLE 1. Structural parameters of pure and doped MgO-NPs calcined at 420 °C.

Crystallite Size Lattice d
nm Parameter

MgO 5.693325 4.22832 2.11949
Mg0.97Pb0.0255C0.0050 6.89561 4.23996 2.12397
MQ0.97Pb0.02SC0.0:0 5.44299 4.23965 2.12345
Mg0.97Pb0.0155C0.0150 5.33956 4.23921 2.12337
Mg0.97Pbo.01SC0.020 5.113225 4.23766 2.12334
Mg0.97Pb0.00sSC0.0250 5.030591 4.23696 2.12323
M00.975C0.030 4.792012 4.22859 2.12109

4.2 Morphology Analysis

The Field Emission Scanning Electron Microscope (FE-SEM) technique was employed to explore the size
and the distribution of all the samples. The images in the figure (3,4,5,6,7,8,9-a) display the morphology of
the synthesized (Mgo.007Pb(0.03-y)SCyO)-NPs samples by using the modified pechini method. The images
display agglomeration of the spherical nanoparticles, which occurs due to high surface energy of the
nanoparticles. The capability to produce agglomeration is very strong, which is increased the collision
frequency between particles, that lead to a higher degree of the agglomeration. Chemical bonds may form
between the particle surfaces as van der Waals forces, which are always present. Additionally, the magnetic
dipole forces can be potentially participated to the internal particle forces[54][55].

The average grain size for all the seven samples under investigation is in the range (22.87-19.725nm) as
clear from the statically histogram in the figure (3,4,5,6,7,8,9-b). The grain size start to decreases with the
increase the fraction of doping Sc*® ions and with the decrease or absence of doping Pb* ions., which is in
a good convention with the crystallite size determined from the XRD and statically histogram.

4.3 Energy-dispersive X-ray Spectroscopy EDS

The Energy Dispersion Spectroscopy (EDS) analysis was utilized to confirm the composition of the
prepared nanocrystals samples , which is usually coupled with the FE-SEM instrument. The EDS is a very
useful technique for qualitative and quantitative analysis of relative concentration of the element [56]. The
EDS spectroscopy, which was used to detach the pure and the doped MgO-NPs with different content of
Pb?* ions and Sc®* ions that synthesis by modifying pechini method. as shown in the figure (3,4,5,6,7,8,9-
c). The EDS spectrum for the pure MgO-NPs sample just confirm the presence of the Magnesium (Mg) and
Oxygen (O) as the only elements, that demonstrate the high purity of the nano powder. The a partially
higher oxygen atomic ratio as compared to that of magnesium is possibly because of moisture absorption
from the environment [57].

The EDS analysis of the doped (Mgo.097Pb(0.03-y)SCyO)-NPs samples in the figure (3,4,5,6,7,8,9-c) confirm
the presence of the Mg, Pb, Sc and O as the only elementary components with the absence of any extra
element.
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The magnetization behaviour curves in figure (10) for prepared nanocrystallites (Mdo.097Pb(0.03-y)SCyO)
samples by modified pechini method were performed to study the effects of the Pb*? ions and the Sc** ions
substitution on inducing magnetism in MgO-NPs host lattice. The undoped and doped samples calcined at
420°C for 2 hours were investigated by vibrating samples magnetometer (VSM). The VSM shows the
hysteresis loops for the seven samples that have been investigated at room temperature and motivated by
the defects. The Room Temperature Ferromagntism RTFM can be observed in MgO-NPs with a particle
size of (10-50 nm) [58], which was confirmed by a crystallite size and a particle size from XRD analysis
and the statically histogram of FE-SEM respectively.

The origin of ferromagnetism in MgO is assumed to be resulting from the oxygen vacancies at the surface
of the nanoparticles [59]. The magnetic order in the lattice of the pure and the doped MgO-NPs samples
can be achieved by providing a certain density of vacancies, which can consider the necessary condition
for ferromagnetism. Such vacancies or other defects in the lattice were achieved nearly localized magnetic
moments [60]. This vacancies were usually labeled as F and V centers, which corresponding to the missing
oxygen atom or Mg atom respectively, in the host lattice of MgO-NPs [61].

The reason behind the encouraging magnetic moment was spin polarization of 2p electrons of O atoms that
is close to the negative charge VMg [27][32]. However, The cations were enclosed by an octahedron of
anions with filled valence p bands and the bonding anion p orbitals with lobes point to the cation site would
be the generality energetically favoured attraction orbitals to provide the vacancies. So that the vacancies
were necessary to charge recompense by a cation vacancy at the center of such an octahedron [28][62].
From the figure (10) all the seven samples of undoped and doped MgO-NPs exhibit RTFM hysteresis loop.
The observed ferromagnetism in Pb*2 and Sc** doped MgO can be explained by using the F-centre exchange
coupling (FCE), in which both the doped ions (Pb*? and Sc*®) and the oxygen vacancy are involved.
According to the FCE mechanism, oxygen vacancy and the ion are two requisite requirements, which results
the FM ordering [59].

The undoped MgO-NPs as well as in other undoped oxide semiconductors, can be resulted from the
interchange interactions between electron spin moment of Mg*? ions and the Vo at the particle surface,
where Vo represent oxygen vacancies [63].

The variation in the magnetization for doped samples can understand according to the FCE mechanism, in
which the electron can be trapped in oxygen vacancy to form F-centre. The oxygen vacancy constitutes two
groups with two Pb* ions (Pb**-Vo-Pb?*) and with two Sc** ions (Sc**-Vo-Sc*), An electron trapped in
oxygen vacancy take an orbital, that overlaps the shell of neighboring Sc** ions. According to the principle
of Hund’s rule and Pauli principle, the trapped electrons spin should have a parallel direction to two
neighboring, thus the ferromagnetic ordering can be achieved [64]. Moreover, the doping of divalent and
trivalent ions may lead more oxygen vacancy in doped MgO in order to maintain the charge neutrality. So
that the ions that enter substitutionally in place of Mg*? in the lattice produce an oxygen vacancies. These
oxygen vacancies are accountable for the FM behaviour in these samples[64].

It is observed from figure (10) that the saturation magnetization initially increase for the samples
(Mgo.97Pb0.0255C0.0050) and (Mgo.97Pbo.02SCo010) with the increasing of Sc** ions and decrease of Pb*? ions
concentration in the MgO host lattice as compared with the undoped MgO-NPs sample. Due to a small
separation between Pb*? and Sc*? ions which results increase of local magnetization with the Pb*? and Sc**
groups, which are mediated by FCE interactions [63], and then start to decrease for the samples
(Mgo.97Pb0.015SC0.0150) and (Mgo.s7Pbo.01SCo020), suggesting that further increase in the Sc*™ ions and
decrease in the Pb*? ions may results super-exchange interactions between Pb*? and Sc*® ions mediated by
oxygen ions. This super-exchange interaction results the antiferromagnetic ordering, which minimize the
FM ordering in the Pb*? and Sc** doped MgO host lattice [63].

Then the (Ms) begin to increase again for the samples (Mgo.97Pbo.005SC0.02s0) and (Mgo.e7SCo.030) and the
maximum (Ms) appears for the (Mgo.s7SCo0s0) sample, that is free from pb* ions. This long-range
ferromagnetic ordering can be motivated via a number of causes, such as increased F centers, dangling
bonds, ion vacancies, intercrystalline grains, unpaired electrons are establish in crystallites, or at the
surface/interfaces [65].



5. Conclusion

The undoped and doped samples have been successfully synthesized via modified Pechini method with
different content of Pb*? ions and Sc** ions.

the undoped and the doped (Mgo.097Pb(0.03-yySCyO)-NPs samples (0.01 <y < 0.03) were calcinated 420°C
for 2 hours with 3°C /min as a heating rate.

Single cubic phase with space group Fm3m (#225) has been confirmed for undoped and doped samples by
employing the resultant powder to XRD instrument. As a result of varying the fraction of doping, the
strongest diffraction peak (200) has been shifted towards lower 20 values and the interplaner d-spacing,
lattice parameter, crystallinity have been changed according to dopants concenteration. Furthermore, the
intensity has been reduced. This can be attributed to the ionic radius difference between Pb?*(1.19 A), Sc*™®
(0.745 A) and Mg?* (0.72 A) ions.

The morphology of the surface for the pure and the doped nanoparticles samples has been display spherical
nanoparticles shape. The average grain size (22.87-29.05nm) has been varied according to the content of
the dopants concentration as was confirmed by statically histogram and crystallinity from XRD.

The EDS has been confirmed the presence of Mg, Pb, Sc and O as the only elementary components.

The hysteries loop revaled that all the samples exhibited RTFM ordering. The observed FM is well
explained due to involve both oxygen vacancy and Pb?* ions and transition Sc*® ions by using the F-centre
exchange coupling mechanism (FCE).The pure MgO-NPs assure the formation of RTFM. The maximum
(Ms) appears for the (Mgo.97SC0030) sample that is free from pb ions. This improves some guide for
codoping Pb*2 ions and transition Sc*® ions in MgO to distinguish FM in this system. With the ability to
create Pb*? jons and transition Sc** ions doped MgO with a better magnetization at room temperature, it is
a promising material for employ in possible spintronic devices.
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