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ABSTRACT

Nanostructured Zn;_,Mg,O (x = 0-0.04) thin films were deposited on a glass
substrate through the sol-gel dip coating. X-ray diffraction indicates the films
exhibited a hexagonal wurtzite structure with maximum intensity at (1 0 1)
plane. The intensity of the diffraction peak decreased with increasing the Mg
doping concentration. The crystallite size varied as a function of the increase in
Mg doping concentration. The deposits showed a nanograin structure for pure
ZnO, which changes in the presence of Mg content, and elemental composition
was confirmed by using energy-dispersive spectra. Optical analysis showed a
significant increase in transmittance from 80 to 90% in the visible range and a
decrement in the optical bandgap energy from 3.305 to 3.261 eV with an increase
in Mg doping. Photoluminescence spectra showed there was a quenching of
near band edge emission with doping concentration and a red emission for
Znp96sMgp 04O film. The color coordinates of the deposits were in the nearly
white light region, showing the maximal white light emission.
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nontoxicity, and ease of preparation. ZnO has a wide
direct band gap of 3.37 eV, as well as large thermal

1 Introduction

Transparent conducting oxides (TCOs) are electri-
cally conductive and optically transparent materials
with comparably low absorption of light. They are
mainly used in optoelectronic devices, including
solar cells, optoelectrical interfaces and circuits, light-
emitting diodes, liquid crystal displays, transparent
field effect transistors, etc. [1-3]. Mainly used TCOs
are zinc oxide (ZnO), Indium tin oxide, Tin oxide
(5n0,), Indium Oxide (In,Os;), Lanthanum oxide
(LayO3), Cadmium Oxide (CdO), etc. ZnO is the most
preferred of these due to its high chemical stability,
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conductivity and high catalytic activity, which makes
ZnO suitable for applications like laser diodes, solar
cells, photocatalysts, and in nonlinear optics [4-7].
The nature and properties of the synthesized ZnO
nanostructure can be controlled by various deposi-
tion techniques, which include spin coating [8],
magnetron sputtering [9], thermal evaporation [10],
spray pyrolysis [11], sol-gel method [12], etc. Among
various methods, the sol-gel dip coating method is
the most preferable since it is the most cost-effective
due to the minimal equipment required, and it can
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easily produce uniform and high-quality thin films.
This method involves the formation of a gel by
hydrolysis of a precursor solution followed by con-
densation. Then the deposition of liquid material on a
substrate is done by immersing a substrate into the
solution, followed by draining and drying.

The inclusion of suitable dopants can improve or
change the characteristics of the host materials. It can
be doped with alkaline-earth metals to increase its
optical and structural properties (Il group elements).
It is preferable to dope ZnO with alkaline-earth metal
of Magnesium (Mg) for modifying optical and
structural properties when compared to other II
group elements. Since Mg®" and Zn*" ions have a
similar ionic radius and also Mg has a wide band gap
of 7.7 eV, it helps to tune the bandgap of ZnO. Also,
Mg is less hazardous than other elements in the
group. Several reports have recently been available
on the structural and optical characteristics of Mg-
doped ZnO using various deposition methods. Shkir
et al. [13] reported the structural, linear, and nonlin-
ear optical characteristics of Mg-doped ZnO film on a
glass substrate for optoelectronic applications. They
observed an improvement in crystallite size with
doping with a proper c-axis orientation with an
enhancement in transparency as well as optical
bandgap with Mg doping. Also, noticed an enhanced
nonlinear optical property with lesser optical limiting
value. The effect of Mg concentration on the struc-
tural, morphological, and optical properties of
nanostructures prepared by the sol-gel process was
reported by Priscilla et al. [14]. The samples showed a
smaller crystallite size and wider bandgap in contrast
to pure ZnO, which contradicts the previous report.
As an increase in dopant concentration, a blue shift of
near band edge emission to higher energy was
observed. Okeke et al. [15] studied the effect of par-
ticle size and defects on photocatalytic and antibac-
terial activities of Mg-doped ZnO nanostructure at
various doping concentrations using the biosynthesis
method, and the synthesized material showed a
spherical and petal-like shape. They noticed an
improvement in photocatalytic and antimicrobial
properties, which are attributed to surface defects
and larger surface areas. Hence, they came to the
conclusion that doped samples would be more useful
in applications involving photocatalyst detoxification
and preventing bacterial biofilm formation on sur-
faces. The impact of Mg concentration on the struc-
tural and optical properties of doped ZnO films was
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studied by Siregar et al. [16] using the sol-gel spin
coating process. The synthesized samples showed a
hexagonal wurtzite structure with crystallite sizes
between 24 and 28 nm, while the surface morphology
showed a structure resembling uniformly grounded
granules. The band gap of the deposits was in the
range of 3.155 to 3.217 eV. Although there have been
studies on the chemical synthesis of Mg-doped ZnO
films, there is inconsistency in the structural and
optical properties of Mg-doped ZnO films synthe-
sized using the dip coating approach. Also, there is a
lack of understanding of the dependence of the
structure and surface morphology on the optical
characterization of the deposited Mg-doped ZnO
films.

In the present work, we focused on the synthesis of
Mg-doped ZnO films on glass substrate using the
sol-gel dip coating method and examined the role of
structure and composition on optical and photolu-
minescence characteristics of the synthesized films
for optoelectronic applications.

2 Experiments

The dip coating method was used to prepare the
Zn;_ Mg, O (x = 0-0.04) thin film on a glass sub-
strate. 0.1 M ZnO was prepared by dissolving Zinc
acetate dehydrate [supplied by Aldrich company and
99.99% purity] in ethanol, and Mg was added to the
solution at various concentrations by dissolving
Magnesium chloride hexahydrate [supplied by
Aldrich company and 99.99% purity] in ethanol.
Then the mixture of the two solutions was stirred for
40 min using a magnetic stirrer. Prior to the deposi-
tion, the glass substrate was soaked in chromic acid,
and then it was washed using soap water, followed
by ultra-sonication. Then the solution was deposited
on a clean glass substrate by immersing the substrate
in solution using a holder. The film was deposited on
the substrate at a rate of 2 min/cycle. Then, the film
was kept at a temperature of 150 °C, in the furnace
for half an hour. The sample number of MZO]1,
Mz70O2, MZO3, and MZO4 represents the Znggo.
Mgo.010, ZngogMgo.020, Zngo;Mgp 030, and Zng g
Mg 040 samples, respectively.

The X-ray diffractometer (Rigaku ultima IV) oper-
ated at 40 kV was used to quantify the structural
characteristics of the prepared samples. The diffrac-
tometer uses Cu-K, radiation of wavelength 1.54 A
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and energy 8.042 keV. The two-dimensional images
of the film were obtained from the Zeiss scanning
electron microscope. The films” widths of 1 pm and
300 nm were focused on obtaining the surface image
of the film from a scanning microscope operating at
12 kV EHT and magnification of 40kX. The elemental
analysis of the prepared samples was carried out by
energy-dispersive spectroscopy technique (EDS). The
optical properties of the films were investigated,
including transmittance and absorbance curves col-
lected from the Shimadzu UV1800PC; UV-Vis-NIR
double beam spectrophotometer working in the
300-750 nm range. All optical investigations were
carried out at room temperature. The defect-oriented
films were also investigated using photolumines-
cence spectra obtained with a Jasco FP8300 fluores-
cence spectrometer equipped with a 450W Xenon
lamp. The thickness measurement of the deposits
was carried out by using a profilometer (Bruker
DektakXT), and it was approximately 500 £ 10 nm.

3 Results and discussion
3.1 Structural analysis

X-ray diffraction spectra (Fig.1) for Zn;_,Mg,O
(x = 0-0.04) thin film showed maximum intensity
peaks corresponding to (1 0 0), (0 0 2), and (1 0 1)
planes, which correspond to characteristic planes of
hexagonal wurtzite structure of ZnO according to
standard ICDD card no: 01-075-1526. The intensity of
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Fig. 1 XRD pattern of Zn;_,Mg,O (x =0-0.04) thin film
deposited on glass substrate
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the ZnO peaks gradually reduced as Mg doping
increased. This suggested a reduction in crystallinity,
an increase in distortion, and defects in the host
matrix [15]. The spectrum revealed a shift of peaks
toward the lower angle region for 1 and 2 at.% dop-
ing, however, for 3 and 4 at.%, the peaks shifted
toward the higher angle side, confirming the incor-
poration of Mg”" ions into the ZnO lattice. The
crystallite size of the deposits were calculated by
using Debye Scherrer formula, with full-width half
maximum (FWHM) at (1 0 1) plane

K
~ BcosO

(1)

where k is the shape factor which is 0.9 for spherical
shape crystallite, 4 = 1.5406 A is the wavelength of
X-ray used, 0 is the Bragg’s angle, and f is the full
width at half maxima in radians. The estimated
crystallite size was observed to decrease as Mg con-
tent increased (Table 1). This effect could be
explained by the fact that, after Mg is integrated into
the Zn lattice, Mg>" ions may hinder the aggregating
growth of ZnO nanostructures due to their smaller
ionic radii (0.57 A) compared to Zn**t (0.74 A),
resulting in a reduction in crystallite size [17]. Simi-
larly, the reduction in crystallite size with different
doping contents synthesized by the sol-gel method
was reported by Hashim et al. [17], whereas Mia et al.
[18] and Rouchdi et al. [19] noticed an enhancement
in crystallite size with an increase in Mg concentra-
tion deposited on a glass substrate.
From Bragg’s law, we have

na
e ——— 2
2sin0’ (2)

where d is the interplanar distance and # is the order
of diffraction, here n = 1. The calculated value of d for
pure and Mg-doped ZnO films is given in Table 1,
which is close to the standard value of ZnO.

The lattice parameters (2 and c) for hexagonal
nanostructures were calculated by using the follow-
ing relations,

1 74(h2+k2+hk)+12

= (3)
L 3a? c?
A
- 4
¢ \/3 sin 0(100) ( )
A
C=— , 5
s 9(002) ( )
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Table 1 Estimated structural parameter values from XRD data of Zn;_,Mg,O (x = 0-0.04) thin film

Samples  “x” value in Crystallite size Inter-planar Lattice Lattice strain ¢ Dislocation density o
No. Zn,_Mg,O D (nm) distance d (A) parameter  (x 107°) (m™?) x 10"
A)
a c
ZnO 0 11.57 2.46 322 5.18 299 4+ 0.003 7.46
MZO 1 0.01 11.38 2.48 327 525 3.05 % 0.001 7.73
MZO 2 0.02 11.22 2.45 321 5.15 3.09 4+ 0.009 7.94
MZO 3 0.03 10.61 2.49 326 524 3.26 +0.011 8.87
MZO 4 0.04 10.09 2.44 320 5.14 3.43 £ 0.009 9.81

where (4 k I) is miller indices.

The dislocation density is defined as the length of
dislocation lines per unit volume. It can be estimated
using the relation given by

1
6= (©)
The strain induced in the film was calculated using
the relation,

Szﬂczsﬁ )

Enhancement of the strain and dislocation density
values in the films was found with increase of dopant
level, which can be related to a decrease in crys-
tallinity. Similar observations were reported by
Okeke et al. [15], whereas Rouchdi et al.[19] noticed a
reduction of that dislocation density as Mg content
increased.

3.2 Morphological and elemental analysis

Figure 2 reveals the surface morphology of the pre-
pared ZnO and Zng9;Mgp 30 thin films. As can be
observed, the samples have highly ordered nano-
grain structures; nevertheless, as the dopant concen-
tration grew, the surface morphology changed
considerably, and the size of the nanograins
decreased. The reason for this is the successful
insertion of Mg ions into Zn lattice sites. As a result,
the Mg atoms enhance the density of nuclei and limit
grain growth, which reduces grain size and may have
an effect on structural alterations. Similar morphol-
ogy was observed by Devi et al. [20] for pure ZnO.
Similar structural changes were observed by Ameur
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et al. [21], in which they noticed wrinkled structure
for pure ZnO, which shrined after adding Mg.

The EDS analysis of the film shows that the stoi-
chiometry of the deposits was in agreement with the
expected atomic percentage. The EDS spectra
revealed that the deposits only contained Zn, O, and
Mg (Fig. 3). The spectra also revealed that no other
foreign elements were found in the synthesized
samples. The expected and obtained composition
values (Table 2) are nearly identical, showing that the
film has proper homogeneity and uniformity com-
position of distribution.

3.3 Optical characterization

The optical transmittance spectra of the samples
prepared at various doping concentrations are
depicted in Fig. 4a, and the spectra can be separated
into two regions: absorption and transparent. The
graph clearly showed that the pure ZnO had a
transmittance of more than 80%, and that the trans-
mittance increased with Mg doping. As doping
increased, the absorption edge moved toward shorter
wavelengths, which was responsible for the
enhanced transmittance in the lower wavelength
region as compared to pure ZnO [19]. Similar results
were observed by Devi et al. [20] using SILAR-coated
Mg-doped ZnO film, whereas Fang et al. [22] noticed
a reduction in transmittance at the lower concentra-
tion for the sample prepared by a modified Pechini
method.

By dividing the absorbance value by the thickness
of the film, we can calculate the absorption coefficient
() from the absorbance data. The o value can be
related to energy (hv) by the relation
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Fig. 3 Typical EDAX spectra of Zng ¢7Mgg 03O thin film

=L - &) 0

(ahv)/"= (hv — Ey) (9)

o

where f is the band tailing parameter, which is a
constant, Eg is the optical band gap energy, and n is
the power factor. The type of transition that takes
place in the material determines the value of n, and
for the direct allowed transition n = Y2, for indirect
allowed transition n = 2, n = 3/2 for direct forbidden
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transition, and #n = 3 for indirect forbidden transition.
It was found that for Zn; Mg, O samples showing a
direct allowed transition, hence n = '2, then Eq. (9)
becomes

(ohv)*= (hv — Ey) (10)

Therefore, in order to determine the energy band-
gap, the (ahv)? versus energy (hv) graph (Tauc’s plot)
was plotted (Fig. 4(b)) using the data obtained from
the absorption spectra. The band gap (Table 3) value
of Zn;_,Mg,O films decreased as magnesium content
increased from 0 to 4 at.%. This might be due to a
large number of defects in the film, which was further
confirmed by the increased strain values (Table 1).
Similar results were observed by Raj et al. [23] due to
strong quantum confinements and an increase in
their surface area-to-volume ratio, whereas Iqgbal
et al. [24] observed an increase in optical bandgap as
dopant concentration increased, which they
explained as the possibility of new defects forming in
the ZnO lattice after Mg doping due to variations in
electronegativity and ionic radii.

In the Tauc’s plot, the exponential part of the curve
which arises from the localized states is called Urbach

Table 2 Comparison of

obtained and estimated Mg concentration (at. %)

Expected composition (atomic %)

EDS composition (atomic %)

composition of Zn,_,Mg,O 7n Mg o 7n Mg o
films from EDAX spectra
50 0 50 46.48 0 53.52
3 48.5 3 48.5 44.14 2.61 54.25

@ Springer
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Fig. 4 a transmittance spectra and b (hv) vs (athv)? plot of Zn;  Mg,O (x = 0-0.04) thin film

Table 3 Estimated energy

band gap and Urbach energy Samples No. Sample Energy band gap E, (eV) Urbach energy E, (meV)
fhfl f’;l;‘ngo (=0009 " 710 Zn0 3.301 99.483

MZO 1 Zng.9oMgo 010 3.290 108.707

MZO 2 Zl’l()‘ggMg()l()zo 3.280 109..384

MZO0 3 Zng 97Mgo 030 3.265 131.329

MZO 4 Zl’lo_gGMgo_(MO 3.261 141.618

tail, and the energy associated with this region of the
curve is called the Urbach energy (E,). The relation
connecting the absorption coefficient («) and the
energy (hv) is given by

o = 0o exp (hv)
= 0 _—
E,

where o is the constant. Now take the logarithm on
both sides of the above equation, then we get a
straight line equation as

h
Inot =Inog + (E_z)

Therefore, the plot by taking Inx on y-axis and hv
on the x-axis gives the straight line, and its inverse of
the slope gives the Urbach energy value. The com-
puted Urbach energy values are summarized in
Table 3, and it was found to increase as Mg concen-
tration increases (Fig. 5). The higher Urbach energy
value of deposits indicates that the number of defect
states increases due to Mg doping. Furthermore, the
electronic states arising due to the presence of Mg
will add to the defect states and result in an increase
in the Urbach energy [25]. We observed a nonlinear
relationship between bandgap and Urbach energy.

(11)

(12)
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Fig. 5 Urbach energy graph of Zn,_,Mg,O (x = 0-0.04) thin
film

Hence, Mg doping is useful for tuning the optical
bandgap of the ZnO matrix.

3.4 Photoluminescence

The study of photoluminescence (PL) properties of a
material can efficiently offer information regarding
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optically active defects, excited state relaxation
routes, and associated optical characteristics. Figure 6
displays the PL spectra of Zn;_,Mg,O (x = 0-0.04)
thin film taken at 345 nm excitation wavelength at
room temperature. The peak at different emission
wavelengths in the UV-Vis regions is shown in
Table 4. It was noticed that PL spectrum of ZnO
exhibits near band edge (NBE) emission nearly
around 390 nm in the UV region due to exciton
recombination, and deep-level defects such as Zinc
interstitials (Zni) and Oxygen vacancies (V,), and
acceptor defect states such as Zinc vacancies (Vz,)
and Oxygen interstitials (O;) cause other emission
peaks in the visible area [26]. It was noticed a shift of
peak related to near band edge emission toward the
lower wavelength region, which may be attributed to
the inclusion of Mg dopant into the ZnO matrix. With
the addition of Mg, there was a reduction in PL
intensity and also the broadening of peaks. The
dampening of the NBE emissions suggests that
crystallinity of doped samples has more defects,

1250 4 Zn0O
e MZO 1
— MZO 2
~1000 - MZzO0 3
= ——MZO0 4
2 750-
®
c
(]
£ 500 -
250 -
0

400 500 600 700
Wavelength (nm)

Fig. 6 PL spectra of Zn;_,Mg,O (x = 0-0.04) thin film using an
excitation wavelength of 345 nm

Table 4 De-convoluted
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which are capable of trapping photogenerated free
electrons and holes. The strong visible emissions are
also observable, with the peak wavelengths of these
emissions varying significantly depending on the
dopant concentration (Fig. 7). Violet emission is most
likely related with an electron transfer from a shallow
donor level of Zn; level to the upper level of the
valance band [27]. The peaks between 420 and
470 nm correlate to blue emission, which is caused by
the defect emission of Zinc interstitial (Zn;) [28]. A
green emission was observed around 530 nm, and
according to Fujihara et al. [29], oxygen vacancies are
considered to be the main defects causing the green
PL in ZnO. The singly ionized oxygen vacancy (V°o)
is assumed to be responsible for the green PL emis-
sion among the three distinct charge states, namely
Vo, V°o, and V™o (doubly ionized). According to
Chandrinou et al. [30], the yellow—orange emission is
caused by the optical transitions from the bottom of
the conduction band to the oxygen interstitial. The
interesting thing that we noticed is that a red emis-
sion peak at a higher concentration (4 at.%). The
origin of red emission was widely attributed to deep-
level defects such as oxygen vacancies and oxygen
interstitials, which were commonly seen in oxygen-
rich samples [31].

The color coordinates on the Commission Interna-
tionale de L'Eclairage (CIE) chromaticity diagram are
usually used to evaluate the quality of a light source.
The CIE diagram can be used to successfully deter-
mine color parameters such as dominant wavelength,
luminous efficiency, correlated color temperature,
and color purity. The used color space is called the
1931 CIE (x, y) color space. Figure 8 displays the
luminescence’s CIE chromaticity coordinates at vari-
ous doping levels. At higher doping concentrations,
the coordinates are shifted away from the white light
zone, whereas at lower doping concentrations, they
are moved toward the white light region. The col-
orimetric coordinates (x,y) of the films are in the

Zn,_Mg,O (x = 0-0.04) thin Samples No. Wavelength corresponding to emission spectra in UV—Vis region in nm

film having peak in the UV="" 7,5 389.78  400.62 42849  468.66 53068  561.17 61033

Vis region
MZO 1 386.74 397.13 425.82 469.35 531.05 596.79 600.68
MZO 2 385.87 394.11 422.61 468.48 531.61 598.82 618.98
MZ0O 3 384.45 398.51 424.53 465.92 532.28 558.68 603.1
MZO 4 381.78 395.24 421.12 467.76 532.39 582.69 655.22

@ Springer
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Fig. 7 De-convoluted PL spectra of Zn; _,Mg,O (x = 0-0.04) thin film
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Fig. 8 CIE chromaticity diagram of Zn;_,Mg,O (x = 0-0.04)
thin film

nearly white light region, suggesting that the films
emit the most white light.

4 Conclusion

Nano-structured Zn;_.Mg,O (x = 0-0.04) thin films
of a thickness of about 500 nm were synthesized on a
glass substrate by dip coating technique. The XRD
peak confirms the formation of the hexagonal ZnO
films. The XRD peak intensity decreased steadily as a
function of dopant concentration. The reduction of
crystallite size with increasing strain values in the
deposited films confirmed the incorporation of Mg in
the ZnO matrix. The surface morphology exhibited a
grain-like structure that varied due to the addition of
Mg dopant. EDAX spectra showed the existence of
the desired components in the deposits. As concen-
tration increased, the energy bandgap decreased, and
optical transparency improved as compared to the
host matrix. PL spectra validated the various emis-
sion peaks associated with the NBE and DLE and
showed violet, blue, green, and yellow—orange
emission as well as red emission for 4% doped ZnO.
CIE diagram showed the near white light emission
for the prepared nanostructures. By tuning the
preparation parameters, Mg-doped films can be used
in light-emitting diodes.

Page 9 of 11 624

Acknowledgements

The authors would like to express gratitude to
Manipal Institute of Technology, MAHE Manipal, for
providing laboratory facilities. The authors would
like to thank Dr. Sudha D Kamath, Department of
Physics, MIT for providing a photoluminescence
facility.

Author contributions

AJ contributed toward data curation and investiga-
tion. AA contributed toward data curation, formal
analysis, investigation, and writing—original draft.
BVR contributed toward funding acquisition,
resources, software, supervision, validation, and
writing—review and editing.

Funding

Open access funding provided by Manipal Academy
of Higher Education, Manipal.

Data availability

On behalf of all other authors, I abide the rules and
regulation of publication of research data policy and
data availability statements of the journal.

Declarations

Conflict of interest The authors declare that they
have no known competing financial interests or per-
sonal relationships that could have appeared to
influence the work reported in this paper. Behalf of
all authors, Dr. B V Rajendra is communicating this

paper.

Open Access This article is licensed under a Crea-
tive Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution
and reproduction in any medium or format, as long
as you give appropriate credit to the original
author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were
made. The images or other third party material in this
article are included in the article’s Creative Commons

@ Springer



624 Page 10 of 11

licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s
Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of
this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

1.

H. Kong, H.Y. Lee, High performance flexible transparent
conductive electrode based on ZnO/AgOx/ZnO multilayer.
Thin Solid Films (2020). https://doi.org/10.1016/j.tsf.2019.
137759

1. Elhamdi, H. Isouissi, O. Taktak, J. Elghoul, S. Kammoun,
E. Dhahri, B.F. Costa, Experimental and modeling study of
ZnO: Ni nanoparticles for near-infrared light emitting diodes.
RSC Adv. 12(21), 13074-13086 (2022). https://doi.org/10.
1039/d2ra00452f

P. Londhe, A. Athawale, N.B. Chaure, Sol-gel-derived
transparent metal oxide flexible field effect transistors. Envi-
ron. Sci. Pollut. Res. (2021). https://doi.org/10.1007/s11356-
020-10459-y/Published

S.J. Ikhmayies, Synthesis of flower-like ZnO micro/nano
structures by the spray pyrolysis technique. JOM 72(2),
621-627 (2020). https://doi.org/10.1007/s11837-019-03952-4
S. Kurtaran, Al doped ZnO thin films obtained by spray
pyrolysis technique: influence of different annealing time.
Opt. Mater. (Amst.) (2021). https://doi.org/10.1016/j.optmat.
2021.110908

M.S. Abdel-wahab, Substrate temperature impact on the
structural, optical and photo-catalytic activity of sputtered Cu-
doped ZnO thin films. J. Electron. Mater. 50(8), 4364-4372
(2021). https://doi.org/10.1007/s11664-021-08963-z

H.M. Ali, S.M. Ibrahim, E.F.A. Zeid, A.F. Al-Hossainy, M.A.
El-Aal, A comparative study of Cu-anchored 0D and 1D ZnO
nanostructures for the reduction of organic pollutants in water.
RSC Adv. 12(26), 16496-16509 (2022). https://doi.org/10.
1039/d2ra02515a

V. Kumar, V. Kumar, S. Som, A. Yousif, N. Singh, O.M.
Ntwaeaborwa, A. Kapoor, H.C. Swart, Effect of annealing on
the structural, morphological and photoluminescence proper-
ties of ZnO thin films prepared by spin coating. J. Colloid
Interface Sci. 428, 815 (2014). https://doi.org/10.1016/].jcis.
2014.04.035

A.L. Khudiar, M.K. Khalaf, A.M. Ofui, Improvement of the
sensing characterizations of ZnO nanostructure by using
thermal

annealing prepared through R.F. magnetron

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

] Mater Sci: Mater Electron (2023) 34:624

sputtering technique. Opt Mater. (Amst.) (2021). https://doi.
org/10.1016/j.optmat.2021.110885

N. Tu, D.Q. Trung, N.D.T. Kien, P.T. Huy, D.H. Nguyen,
Effect of substrate temperature on structural and optical
properties of ZnO nanostructures grown by thermal evapo-
ration method. Physica E 85, 174—179 (2017). https://doi.org/
10.1016/j.physe.2016.08.017

A. Ayana, N.B. Gummagol, P.S. Patil, P. Sharma, B.V.
Rajendra, Enhancement of optical limiting performance in
nanocrystalline La3+ doped ZnO film. Mater. Sci. Semicond.
Process. (2021). https://doi.org/10.1016/j.mssp.2021.105931
T. Kutlu, N.H. Erdogan, N. Sedefoglu, H. Kavak, Highly
c-axis oriented ZnO thin films by sol-gel method. (2021). h
ttps://doi.org/10.21203/rs.3.1s-344492/v1

M. Shkir, M. Arif, V. Ganesh, M.A. Manthrammel, A. Singh,
L.S. Yahia, S.R. Maidur, P.S. Patil, S. AlFaify, Investigation
on structural, linear, nonlinear and optical limiting properties
of sol-gel derived nanocrystalline Mg doped ZnO thin films
for optoelectronic applications. J. Mol. Struct. 1173, 375-384
(2018). https://doi.org/10.1016/j.molstruc.2018.06.105

S.J. Priscilla, R. Daniel, Y. Dhakshayani, S.C. Caroline, K.
Sivaji, Effect of magnesium dopant on the structural, mor-
phological and electrical properties of ZnO nanoparticles by
sol-gel method. Mater. Today 36, 793—796 (2019). https://doi.
org/10.1016/j.matpr.2020.07.005

. LS. Okeke, K.K. Agwu, A.A. Ubachukwu, I.G. Madiba, M.

Maaza, G.M. Whyte, F.I. Ezema, Impact of particle size and
surface defects on antibacterial and photocatalytic activities of
undoped and Mg-doped ZnO nanoparticles, biosynthesized
using one-step simple process. Vacuum (2021). https:/doi.
org/10.1016/j.vacuum.2021.110110

N. Siregar, Motlan, J. Panggabean, The effect magnesium
(Mg) on structural and optical properties of ZnO: Mg thin film
by sol-gel spin coating method. J. Phys. (2020). https:/doi.
org/10.1088/1742-6596/1428/1/012026

N.H. Hashim, S. Subramani, M. Devarajan, A.R. Ibrahim,
Properties of undoped ZnO and Mg doped ZnO thin films by
sol-gel method for optoelectronic applications. J. Aust.
Ceram. Soc. 53(2), 421-431 (2017). https://doi.org/10.1007/
s41779-017-0051-9

M.N.H. Mia, M.F. Pervez, M.K. Hossain, M.R. Rahman, M.J.
Uddin, M.A.A. Mashud, H.K. Ghosh, M. Hoq, Influence of
Mg content on tailoring optical bandgap of Mg-doped ZnO
thin film prepared by sol-gel method. Results Phys. 7,
2683-2691 (2017). https://doi.org/10.1016/j.rinp.2017.07.047
M. Rouchdi, E. Salmani, B. Fares, N. Hassanain, A. Mzerd,
Synthesis and characteristics of Mg doped ZnO thin films:
experimental and ab-initio study. Results Phys. 7, 620-627
(2017). https://doi.org/10.1016/j.rinp.2017.01.023


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.tsf.2019.137759
https://doi.org/10.1016/j.tsf.2019.137759
https://doi.org/10.1039/d2ra00452f
https://doi.org/10.1039/d2ra00452f
https://doi.org/10.1007/s11356-020-10459-y/Published
https://doi.org/10.1007/s11356-020-10459-y/Published
https://doi.org/10.1007/s11837-019-03952-4
https://doi.org/10.1016/j.optmat.2021.110908
https://doi.org/10.1016/j.optmat.2021.110908
https://doi.org/10.1007/s11664-021-08963-z
https://doi.org/10.1039/d2ra02515a
https://doi.org/10.1039/d2ra02515a
https://doi.org/10.1016/j.jcis.2014.04.035
https://doi.org/10.1016/j.jcis.2014.04.035
https://doi.org/10.1016/j.optmat.2021.110885
https://doi.org/10.1016/j.optmat.2021.110885
https://doi.org/10.1016/j.physe.2016.08.017
https://doi.org/10.1016/j.physe.2016.08.017
https://doi.org/10.1016/j.mssp.2021.105931
https://doi.org/10.21203/rs.3.rs-344492/v1
https://doi.org/10.21203/rs.3.rs-344492/v1
https://doi.org/10.1016/j.molstruc.2018.06.105
https://doi.org/10.1016/j.matpr.2020.07.005
https://doi.org/10.1016/j.matpr.2020.07.005
https://doi.org/10.1016/j.vacuum.2021.110110
https://doi.org/10.1016/j.vacuum.2021.110110
https://doi.org/10.1088/1742-6596/1428/1/012026
https://doi.org/10.1088/1742-6596/1428/1/012026
https://doi.org/10.1007/s41779-017-0051-9
https://doi.org/10.1007/s41779-017-0051-9
https://doi.org/10.1016/j.rinp.2017.07.047
https://doi.org/10.1016/j.rinp.2017.01.023

] Mater Sci: Mater Electron (2023) 34:624

20.

21.

22.

23.

24.

25.

26.

K.R. Devi, G. Selvan, M. Karunakaran, K. Kasirajan, L.B.
Chandrasekar, M. Shkir, S. AlFaify, SILAR-coated Mg-doped
ZnO thin films for ammonia vapor sensing applications.
J. Mater. Sci. 31(13), 10186-10195 (2020). https://doi.org/10.
1007/s10854-020-03564-8

I. Ameur, B. Boudine, M. Laidoudi, M. Khennoucha, V.
Brien, D. Horwat, M. Sebais, O. Halimi, Influence of mag-
nesium doping on microstructure, optical and photocatalytic
activity of zinc oxide thin films synthesis by sol-gel route.
Appl. Phys. A (2021). https://doi.org/10.1007/s00339-021-0
4486-w

D. Fang, C. Li, N. Wang, P. Li, P. Yao, Structural and optical
properties of Mg-doped ZnO thin films prepared by a modi-
fied Pechini method. Cryst. Res. Technol. 48(5), 265-272
(2013). https://doi.org/10.1002/crat.201200437

K.P. Raj, K. Sadaiyandi, A. Kennedy, S. Sagadevan, Z.Z.
Chowdhury, M. Bin, R. Johan, F.A. Aziz, R.F. Rafique, R.T.
Selvi, R.R. Bala, Influence of Mg doping on ZnO nanopar-
ticles for enhanced photocatalytic evaluation and antibacterial
analysis. Nanoscale Res. Lett. (2018). https://doi.org/10.1186/
s11671-018-2643-x

J. Igbal, T. Jan, M. Ismail, N. Ahmad, A. Arif, M. Khan, M.
Adil, A. Arshad, Influence of Mg doping level on morphol-
ogy, optical, electrical properties and antibacterial activity of
ZnO nanostructures. Ceram. Int. 40(5), 7487-7493 (2014). h
ttps://doi.org/10.1016/j.ceramint.2013.12.099

A. Agrawal, T.A. Dar, P. Sen, D.M. Phase, Transport and
magnetotransport study of Mg doped ZnO thin films. J. Appl.
Phys. (2014). https://doi.org/10.1063/1.4870864

A. Ayana, F. Hou, J. Seidel, B.V. Rajendra, P. Sharma,
Microstructural and piezoelectric properties of ZnO films.

27.

28.

29.

30.

31.

Page 11 of 11 624

Mater. Sci. Semicond. Process. (2022). https://doi.org/10.10
16/j.mssp.2022.106680

A. Ayana, N.B. Gummagol, P.S. Patil, UK. Goutam, P.
Sharma, B.V. Rajendra, A comprehensive investigation of
structural and optical properties of the spray coated Nd-doped
ZnO. J. Alloys Compd. 922, 166262 (2022). https://doi.org/
10.1016/j.jallcom.2022.166262

Y. Wang, X. Zhao, L. Duan, F. Wang, H. Niu, W. Guo, A. Ali,
Structure, luminescence and photocatalytic activity of Mg-
doped ZnO nanoparticles prepared by auto combustion
method. Mater. Sci. Semicond. Process. 29, 372-379 (2015).
https://doi.org/10.1016/j.mssp.2014.07.034

S. Fujihara, Y. Ogawa, A. Kasai, Tunable visible photolu-
minescence from ZnO thin films through Mg-doping and
annealing. Chem. Mater. 16(15), 2965-2968 (2004). https://d
0i.org/10.1021/cm049599i1

C. Chandrinou, N. Boukos, C. Stogios, A. Travlos, PL study
of oxygen defect formation in ZnO nanorods. Microelectron.
J. 40(2), 296-298 (2009). https://doi.org/10.1016/j.mejo.200
8.07.024

V. Kumar, H.C. Swart, O.M. Ntwaeaborwa, R.E. Kroon, J.J.
Terblans, S.K.K. Shaat, A. Yousif, M.M. Duvenhage, Origin
of the red emission in zinc oxide nanophosphors. Mater. Lett.
101, 57-60 (2013). https://doi.org/10.1016/j.matlet.2013.03.
073

Publisher's Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

@ Springer


https://doi.org/10.1007/s10854-020-03564-8
https://doi.org/10.1007/s10854-020-03564-8
https://doi.org/10.1007/s00339-021-04486-w
https://doi.org/10.1007/s00339-021-04486-w
https://doi.org/10.1002/crat.201200437
https://doi.org/10.1186/s11671-018-2643-x
https://doi.org/10.1186/s11671-018-2643-x
https://doi.org/10.1016/j.ceramint.2013.12.099
https://doi.org/10.1016/j.ceramint.2013.12.099
https://doi.org/10.1063/1.4870864
https://doi.org/10.1016/j.mssp.2022.106680
https://doi.org/10.1016/j.mssp.2022.106680
https://doi.org/10.1016/j.jallcom.2022.166262
https://doi.org/10.1016/j.jallcom.2022.166262
https://doi.org/10.1016/j.mssp.2014.07.034
https://doi.org/10.1021/cm049599i
https://doi.org/10.1021/cm049599i
https://doi.org/10.1016/j.mejo.2008.07.024
https://doi.org/10.1016/j.mejo.2008.07.024
https://doi.org/10.1016/j.matlet.2013.03.073
https://doi.org/10.1016/j.matlet.2013.03.073

	Modulation of optical and photoluminescence properties of ZnO thin films by Mg dopant
	Abstract
	Introduction
	Experiments
	Results and discussion
	Structural analysis
	Morphological and elemental analysis
	Optical characterization
	Photoluminescence

	Conclusion
	Data availability
	References




