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Abstract

The co-precipitation method was employed to prepared Cu (0e0.03) and Zn (0.02) dual doped MgO nanoparticles. The
secondary phases of CuO and Cu2O were observed along with the cubical phase of MgO. The doping induced effect was
noticed for the crystallite size variations (14.39e19.89 nm). The morphological transformation from spherical to rice-like
shape were observed. The estimated values of optical bandgap (4.66e4.45 eV) were well correlated with the crystallite
size and dopant concentrations. The ferromagnetic ordering was observed at room temperature and the enchantment in
the coercivity (142.27 Oe) with Zn (0.02) doping was noticed. Such type of ferromagnetism at room temperature in the
samples can be used for future multibit spintronic and data storage devices.

Keywords: Cu/Zn MgO, Size induced effect, Secondary phases, Bandgap, Ferromagnetism

1. Introduction

N anoparticles are extensively used in the in-
dustrial world due to their remarkable prop-

erties like optical, magnetic, electrical, structural,
catalytic, corrosion, resistance etc. [1]. Among all
metal oxides nanomaterials, MgO is an inorganic,
thermally and chemically stable material having
wide bandgap. This material is widely studied due
to its unique properties in many applications such
as optical coatings, water treatment, catalysis, fuel
additives etc. [2]. MgO has flame retardant property
due to which it is mostly used in crucible, refractive
and coating materials [3e5].
The physical properties of metal oxides nano-

materials can be modulated significantly by adding
the suitable dopant concentration in the host ma-
terials. It has been reported that the various element
such as Cd, Fe, Zn, and Ca can be doped in MgO
materials and these materials are widely used in

optoelectronic application [6,7]. It has been studied
that the doping of Mn in MgO changed the mag-
netic property of the materials from diamagnetic to
ferromagnetic with increasing the dopant concen-
tration [8]. The optical bandgap of MgO materials
can be tuned from 3.37 to 7.8 eV with doping of Zn
concentration [9]. Chayed NF et al. [10], studied that
the doping of Cu (0, 0.05, 0.10) in MgO caused the
reduction in the bandgap from 6.38 to 3.35 eV.
Apart from optical properties of this material, the

magnetism in MgO thin film was also observed at
room temperature [11]. It has been reported that the
ferromagnetism induced in MgO films due the
spinning of electron reflection in MgO lattice [12].
The studies showed that MgO capacitor have multi-
level switching feature with ferromagnetism
ordering and it can be used for data storage devices
[13]. Recently, it was studied that MgO nanoparticles
can be used to enhance oil production in the presence
ofmagneticfield [14]. Such interesting features of this
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materials compelled us to explore the structural,
optical and magnetic properties. Therefore, it is very
important to select suitable types of dopants and
concentrations for tuning the optical and magnetic
properties of MgO nanomaterials. In this study, we
prepared the desired samples via low cost co-pre-
cipitationmethod to study the effect of Cu (0.01e0.03)
and Zn (0.02) in MgO for modifying the structural,
optical and magnetic properties.

2. Materials and methods

The cost effective co-precipitation method [15]
was used for the preparation of the samples. In this
chemical method, the NaOH was used as a precip-
itating agent to complete the reaction process with
nitrate precursors of Mg, Zn and Cu as given in the
following chemical equation (for pure MgO) [16].

MgðNO3Þ2þ2NaOH/MgðOHÞ2þ2NaNO3

After completing the reaction process, the desired
yield of the sample settles down and final product is
obtained after removing unreacted product by
washing several times with deionized water. The
obtained sample is dried at 80 �C for 24 h and
annealed at 400 �C for three hours to get pure MgO
sample from Mg(OH)2. The dual doping of Cu and
Zn in MgO was carried out by varying the Cu con-
centrations from 0 to 0.03 while keeping fixed the
concentration of Zn ¼ 0.02. The following in-
struments were used in the lab for the samples
preparation. (i) Digital Precision Balance: ATL: Max.
200G/Readability 0.001G, (ii) Hot plate with mag-
netic starrier, MS-300HS, temperature range
0e380 �C, speed range 0e1500 rpm (iii) Centrifuge
machine 8000, max. speed 4000 rpm, Max. RSF
1790X9, Capacity 20 mL X 6, (iv) Furnace controller
Box, SX-5-12 Box Resistance, max. temperature
200 �C (v) Thermostatic Drying Oven, DHG-
920230L, max. temperature 1200 �C. The weighing of
the metal precursor taken during the reaction pro-
cess in gram as given in Table 1 along with samples
IDs.
After the preparation of the samples, the following

experimental techniques were used for the

characterization of the samples. (i) X-ray diffrac-
tometer, X pert Pro, Model: DY 3313, Panalytical
(Netherland), wavelength 0.154 nm (Cu Ka), (ii)
Scanning electron microscope, JSM, Model: 6380A,
JEOL (Japan), (iii) Energy Dispersive X-ray Spec-
troscopy, Model 6380A, equipped with SEM with
accelerating voltage from 1 to 30 kV, (iv) UV/Vis
spectrophotometer, Model: 730, Beckman Coulter,
operating voltage is from 120 to 240 V, (v) Fourier
Transform Infrared Spectroscopy, Model: 21, Per-
kinElmer FTIR.

3. Results and discussion

3.1. XRD analysis

XRD spectra of Cu and Zn dual doped MgO
nanostructures are shown in Fig. 1. The sharps and
intense peaks clearly showed the high quality of
crystals are present in the samples. The diffraction
peaks associated with planes (1 1 1), (0 0 2), (2 0 2), (1
1 3) and (2 2 2) confirmed the formation of the
cubical structure of MgO crystal lattice. These
diffraction results were confirmed from JCPDS
database card No. (30e0794) [17]. The phase purity
of the samples is maintained to the certain limit of
the dopant concentrations. The XRD spectra

Table 1. The values of the precursor weight in gram and samples ID.

Samples Sample
ID

MgðNO3Þ2
6H2O ðgÞ

CuðNO3Þ2
3H2O ðgÞ

Mg0:98Zn0:02O C0Z2M 12.564 0.00
Mg0:97Cu0:01Zn0:02O C1Z2M 12.436 0.121
Mg0:96Cu0:02Zn0:02O C2Z2M 12.308 0.242
Mg0:95Cu0:03Zn0:02O C3Z2M 12.179 0.362

Fig. 1. XRD results of MgO nanostructures dually doped by Cu and Zn.

48 S. Naseem Shah et al. / Karbala International Journal of Modern Science 10 (2024) 47e55



indicated that an additional peak at 2q ¼ 44.7� is
observed for higher dopant concentration of
Cu ¼ 0.02 and this peak corresponds to the forma-
tion of Cu2O in the samples. Furthermore, it is
noticed that one more peak of CuO at 2q ¼ 38.4� is
observed along with the peak of Cu2O for increasing
the Cu concentration from 0.02 to onward. It has
been studied that such type of phase formation of
CuO and Cu2O was also observed in Fe-doped CuO
samples [18]. Our results revealed that the forma-
tion of secondary phases started for 0.02 � Cu � 0.03
in Zn (0.02) doped MgO samples. This showed the
solubility limit of the Cu concentration in Zn (0.02)
doped MgO sample. Similar secondary phase was
also reported for higher dopant concertation (0.02 &
0.03) of S in ZnO nano-rods [19].
The average crystallite size was estimated from

two sharp peaks by using the Scherrer formula [20].
The estimated size was found to increase from 14.39
to 19.89 nm with increasing Cu concentration up to
2 %. This increase in the crystallite size is due to the
slightly greater ionic radius of Cu as compared to
the Mg ionic radius [21]. The crystallite size is
found to be decreased from the 19.89 to 15.55 nm
due the formation two secondary phases of CuO
and Cu2O in the system. The similar effects were
also reported for Mo alloys in which the secondary
phases strongly influenced the size of the crystal
lattice [22].
The values of crystallize size, lattice parameters

and volume are calculated from the two sharps
peaks associated to 2q values, full width half
maximum (FWHM) and d-values as shown in Table
2. The size variation in the samples are well corre-
lated with dopant concentrations and the secondary
phase formation of the crystal structures. The non-
monotonically variations in the lattice parameters
and volume of the crystals confirmed the successful
doping of Zn and Cu in the host materials. These
variations in the results are due to micro-strain
produced in the crystals as reported in the case of Al
doped ZnO-GO nanocomposites [23].

3.2. Morphology and elemental analysis

The results obtained from SEM and EDX of MgO
nanostructures doped by Cu and Zn are shown in
Fig. 2. The results indicated that all the particles are
homogenous, uniformly distributed and these
structures are within the nanometer range. The im-
ages belong to the C0Z2M and C1Z2M samples
showed the spherical morphology approximately.
On the other hand, the morphology of the sample is
changed into rice like shape for higher concentration
of 0.02 � Cu � 0.03. This clearly indicates that the
growth mode of crystal structures change with
increasing the dopant concentration in the host ma-
terials up to the certain limit. The observed
morphology of sample is (i) spherical shape due to
the presence of the excess amount of OH�1 ions
during the reaction process for low doping concen-
trations and (ii) rice-like shape due to the acidic na-
ture by adding more amount of Cu(NO3)2 for higher
dopant concentrations [24]. The expected values of
the elemental mass present in the samples are very
close to the experimental values as shown in Table 3.

3.3. UVevis spectrum of the samples

The UVeVis spectra of Cu (0.01e0.03) and Zn
(0.02) dual doped MgO samples are shown in Fig. 3.
The absorption spectra of these samples clearly
indicated the slight shifting of the absorbance to-
wards lower values of the wavelength for the higher
dopant concentrations. The broadening in the ab-
sorption peaks is also observed for varying the
dopant concentration in the host materials.
This shifting and broadening in the absorption

peaks of the samples are due the defects produced
by introducing the impurities in the system. The
change in the crystallite size of the particles is also
responsible for such shifting and broadening in the
absorption spectra [25]. This type of changing in the
absorption spectra is due to electronic transitions of
Cuþ2 and Znþ2 ions present in cubical structures of

Table 2. The average values of lattice parameter and size estimated from 2q, FWHM, d values and Miller indices.

Sample ID Lattice parameter
(nm)

Volume
(nm)3

Size
(nm)

2q-values
(degree)

FWHM
(degree)

d-values
(Ao)

Miller
Indices

C0Z2M 4.237223 76.075351 14.39 42.68747 0.492 2.11818 (002)
61.92923 0.7872 1.49839 (202)

C1Z2M 4.264141 77.534443 15.53 42.25981 0.5412 2.13862 (002)
61.71984 0.5904 1.50297 (202)

C2Z2M 4.222061 75.261611 19.89 42.80027 0.4428 2.11286 (002)
62.25039 0.4428 1.49143 (202)

C3Z2M 4.237378 76.083699 15.55 42.64422 0.5412 2.12023 (002)
61.99091 0.5904 1.49705 (202)
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Fig. 2. SEM images and EDX results of MgO nanostructures dually doped by Cu and Zn.
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the host materials [26]. Similar study is also reported
for Mn/Co dual doping in ZnO samples [27]. Our
samples showed the slight shifting in the UV region
due to dopant concentrations and such types of
nanomaterials can be used in broadband UV based
devices [28].
The optical bandgap of the samples is estimated

from the fitting of a straight line on the Tauc plot
[29] as shown in Fig. 4. The estimated value of
bandgap is found to be 4.66 eV for C0Z2M sample
and these values decreased from 4.51 (for C1Z2M) to
4.45 eV (for C2Z2M). The decrease in the bandgap
was observed for 0.01� Cu � 0.02 doped samples as
compared to the Zn (0.02) doped sample which is

due to the certain amount of dopant concentration
in MgO samples [30]. This decrease in the bandgap
is due to incorporation of Znþ2 and Cuþ2 ions in
MgO structure and this amount of energy is enough
to excite the electrons from the valance band to the
conduction band [31]. Beside this, the enhancement
in the optical bandgap (4.56 eV) is found for C3Z2M
sample. This enhancement in the bandgap is due to
the shift in the Fermi level towards the conduction
band for higher dopant concentration in the host
materials [32]. The variations in the optical bandgap

Table 3. The expected and observed values of elemental mass for Cu
(0.01e0.03)/Zn (0.02) dual doped MgO nanostructures.

Sample ID Expected
elemental mass
%

Observed elemental mass %

Mg Zn Cu Mg Zn Cu O

C0Z2M 98 2 0 53.58 2.03 0 44.39
C1Z2M 97 2 1 51.23 1.98 1.02 45.77
C2Z2M 96 2 2 50.18 2.05 1.99 45.78
C3Z2M 95 2 3 48.39 2.02 2.95 46.64

Fig. 3. Absorption spectra of Cu (0e0.03)/Zn (0.02) dual doped MgO
nanostructures.

Fig. 4. Optical bandgap of Cu (0e0.03)/Zn (0.02) dual doped MgO
nanostructures.

Fig. 5. The plot for the size and bandgap of Cu (0e0.03)/Zn (0.02) dual
doped MgO nanostructures.
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attributed due to the dopant concentration and size
induced effect [33]. The graph is plotted between the
crystallite size and the optical bandgap (see Fig. 5)
which clearly indicated that the dopant concentra-
tions, crystallite size and optical bandgap are
strongly correlated to each other.

3.4. FTIR analysis

The FTIR spectra of Cu (0.01e0.03)/Zn (0.03) dual
doped MgO samples in the range of 400e4000 cm�1

are shown in Fig. 6. The peak of vibration frequencies
at 447 cm�1 and 449 cm�1 belong to the MgeO
molecule [34]. The broadening of this first peak is
continued for increasing the dopant concentration.
There is another spike close to the first peak appeared
at 536 cm�1 for higher dopant concertation, which is
due the presence of secondary phases (CuO and
Cu2O) in the samples [35,36]. The peaks at 1383 cm�1

and 1385 cm�1 are attributed the bending vibration of
CO3

�2 ions due transparent matrix (KBr) used for
sample preparation [37]. The small peak associated
with the vibrational frequency varying from 1643 to
1653 cm�1 confirmed the presence of OeH bond,
which is due to moisture absorbed by the sample
during sample preparation for FTIR scanning [38].
Another broad peak varying from 3449 to 3455 cm�1

belong to OeH stretching, which is also due to
moisture present in the atmosphere.

3.5. Magnetic properties

M�H loops are plotted for pure MgO (see Fig. 7)
and Cu (0e0.03)/Zn (0.02) dual doped MgO nano-
structures (see Fig. 8). The plotted data is recorded
with the help of vibrating sample magnetometer
(VSM) at room temperature for all samples. The
small diamagnetism ordering is observed for all
samples at the high field and it is subtracting from
the recorded data using the standard method [39].
The inset in each graph clearly shows the different
values for the magnetic moment (Ms), remnant
magnetization (Mr) and coercivity (Hc). All samples
showed do ferromagnetic ordering due to the empty
d orbital of MgO [40]. All these estimated values and
the ratio of oxygen to the concentrations are given in
Table 4. The estimated values of Ms are varying
from 0.0028 to 0.029 emu/g with respect to the
doping concentrations. The magnetization for the
MgO sample is found to be 0.0028 emu/g which
confirmed the component of ferromagnetism pre-
sent at the low field [41]. The origin of this ferro-
magnetism ordering is due to the presence of
intrinsic defects in the sample at nanoscale level
because observed formation energy at nanoscale is
lower than the bulk MgO [42]. Studied shows that
the Mg vacancy in the crystal lattice generated such
types of magnetism in the MgO sample [43]. The
magnetism in MgO nano-grain might be due to the
presence of cation vacancies at the surface of the
material [44]. The ferromagnetism ordering could
also be due to both Mg and O vacancies in the
crystal lattice. Theoretical study on the magnetism
of MgO sample showed that vacancy in the lattice
due to Mg can only be responsible for the spin po-
larization (2p) of oxygen electrons around the

Fig. 6. FTIR spectra of Cu (0e0.03)/Zn (0.02) dual doped MgO
nanostructures.

Fig. 7. VSM result of MgO nanostructures.
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vacancy [42]. It is also noted that the coercivity of the
sample first increased from 72.05 to 142.27 Oe with
Zn (0.02) doping in MgO and then decreased with
adding the concentration of Cu (0.01e0.03). Zeng
et al., observed the same type of enhancement in
coercivity for MgFe2O4 sample due to Zn doping
[45]. It has been reported that the enhancement in
magnetization and coercivity were due to exchange
interaction between Znþ2 or Feþ3 and O�2 ions in
the MgFe2O4 sample [46]. On the other side, the
decrease in coercivity values are due to oxygen va-
cancies along with Cu impurities. It has been

theoretically studied that the existence of the Cu
atoms in the crystal lattice can change strongly the
magnetic properties of the system [47,48]. The
ferromagnetic ordering was also observed in Ni
doped MgO due the existence of cation/anion va-
cancies in the crystal lattice [49]. Furthermore, it has
been found that the oxides of Cu showed an anti-
ferromagnetic ordering at 220 K temperature.
Therefore, the secondary phases are responsible for
the slight variation in the magnetic behavior of the
samples for higher dopant concentration [50]. It is
also observed that the M�H loop at higher field
showed the linear trend due to non-interacting
magnetic moment of the dopant. This trend in the
result is in agreement with the defects produced in
the system [51]. Therefore, our synthesized samples
can be used for future multibit spintronic devices for
data storage applications.

4. Conclusions

The structural, optical and magnetic properties
were studied in Cu (0e0.03) and Zn (0.02) dual doped

Fig. 8. VSM results of Cu (0e0.03)/Zn (0.02) dual doped MgO nanostructures.`

Table 4. The values of Ms, Mr, Hc and the ratio of oxygen to the
concentrations.

Sample ID Ms (emu/g) Mr (emu/g) Hc (Oe)
½O�

½Znþ CuþMg�

MgO 0.0028 2:80� 10�4 72.05 e
C0Z2M 0.0263 2:28� 10�3 142.27 0.80
C1Z2M 0.0042 2:38� 10�4 94.39 0.84
C2Z2M 0.02912 2:09� 10�4 51.53 0.85
C3Z2M 0.01256 4:84� 10�4 64.30 0.87
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MgO nanoparticles. The secondary phases of CuO
and Cu2O were observed for higher concentration of
Cu along with the cubical phase of MgO lattice. The
estimated crystallite size of the samples varied in
accordance with the dopant concentrations. The
morphology of the sample changed from spherical to
rice-like shape with increasing the dopant concen-
trations. The EXD results showed that the experi-
mental and expected elemental mass % present in
the samples were in good agreement. There exists a
strong correlation for optical bandgap with the
crystallite size, morphology and formation of the
secondary phases. The vibrational frequencies of the
molecular bonds present in the samples were in
accordance with the expected results. The M�H loop
clearly indicated that the ferromagnetism ordering
was present in all samples at the room temperature.
The coercivity (142.27 Oe) of Zn (0.02) doped MgO
sample was found to be larger than Cu doped sam-
ples. The results revealed that such nanomaterials
can be used for future multibit spintronic devices for
data storage applications.
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