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Abstract
MgO quantum dots (MgO QDs) are prepared using chemical bath deposition 
technique. The prepared MgO QDs are characterized by UV-visible (UV-vis) 
spectrophotometry, Fourier Transformation-Infrared (FTIR) and X-ray diffraction 
(XRD). The crystallite size goes up as pressure increases and corresponding 
to transmittance. The structural properties of XRD are elaborated in terms of 
different pressures, these properties of MgO QDs at different pressures from 50 
to 300mbar have been investigated. The crystallite size is varied from 4.3nm to 
7.2nm to 12.5nm for 200mbar, 250mbar and 300mbar, respectively. The XRD 
peaks are displayed at 2θ=38.1º, 42.8º, 31.3º and 34.5º that correspond to (111), 
(002), (100) and (002) planes, respectively. Also, the optical investigations of UV-
vis and FTIR are detailed to understand the behavior of MgO QDs for different 
pressures. The transmittance, 200-1,200nm is in terms of wavelength at different 
pressures; 50mbar, 100mbar, 150mbar, 200mbar, 250mbar and 300mbar, 
while the high transmittance for more than 80% is exhibited at 200-300mbar. To 
investigate bandgap, it depends on the transmittance. At 200mbar and 423K, 
the bandgap’s nature has direct inter-band transition. The estimated bandgap 
is 5.01eV. The bandgap variation is attributed to non-stoichiometry of deposited 
layer. The FTIR spectra for MgO QDs at different pressures; 50-300mbar are 
researched to recognize many absorption peaks at different lengths indicating to 
varied phenomena of un-oxide sized, C-O stretching mode or chemical bonding 
of Mg-O production.
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1 INTRODUCTION
The exploration of nanoscale materials has become 

a focal point of scientific inquiry, driven by the desire 
to understand their unique properties and potential 
applications. Among these nanostructures, quantum 
dots (QDs) have garnered significant attention for their 
distinct quantum confinement effects, which give rise 
to size-dependent electronic and optical properties[1-3]. 
In this context, magnesium oxide quantum dots (MgO 
QDs) stand out as a promising subject for investigation 
due to their wide bandgap and remarkable stability. The 
optical properties of MgO QDs have been extensively 

studied, revealing intriguing phenomena such as 
quantum confinement effects, size-dependent energy 
bandgaps and enhanced photoluminescence. These 
characteristics make MgO QDs highly attractive for 
various technological applications, including sensors, 
light-emitting devices and solar cells[4]. However, despite 
the considerable advancements in understanding their 
behavior under ambient conditions, the response of MgO 
QDs to external stimuli remains a relatively unexplored 
frontier. One crucial external factor is pressure that can 
significantly influence the properties of nanomaterials[5,6]. 
The application of pressure induces a change in the 
interatomic distances, alters the electronic structure, 
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which can lead to modifications in the optical response 
of materials. Investigated MgO QDs under pressure is 
particularly relevant for expanding our comprehension 
of their fundamental behavior and unlocking potential 
applications in high-pressure environments[7].

Recently, Krishna et al.[8] have investigated the 
electronic and transport characteristics of selective edge 
hydrogenated MgO nanoribbons. The transport calculations 
have revealed that the bare Mg-edge (B-MgO-H) 
nanoribbon exhibits ohmic current behavior, while the 
other nanoribbons exhibit negative differential resistance 
(NDR) behavior. The heterostructure-magnesium oxide-
boron (H-MgO-B) device exhibits a significant NDR 
behavior with a significantly high peak-to-valley current 
ratio (PVCR) of about 3.07×106. They have suggested that 
magnesium oxide nanorods (MgONRs) can be used to 
design nano-interconnects and NDR based nano-electronic 
device design by tailoring the edge hydrogenation. While, 
Hazarika and Kalita[9] have researched the effects of homo- 
and hetero-type co-doping of B, C and N on the structural 
and electronic properties of MgO monolayers (MLs). 
Most of co-doping combinations introduce magnetism 
to the pristine MgO ML. Hetero-type monolayers prefer 
to be in magnetic states than homo-type MLs to exhibit 
higher magnetic moments, with a maximum value of 4μB 
for B-N co-doping. The overall tuning of the electronic 
properties renders the co-doped MgO monolayers 
effective for applications in spintronics and optoelectronics. 
And, Al-Douri et al.[10] have used the full potential-
linearized augmented plane wave (FP-LAPW) method 
to calculate the indirect energy gap (Γ-X) using density 
functional theory (DFT). The Engel-Vosko generalized 
gradient approximation (EV-GGA) and modified Becke 
Johnson (mBJ) formalisms are utilized to optimize the 
corresponding potential for energetic transition and 
optical properties calculations of chalcogenides alloys as 
a function of quantum dot diameter, it has been used to 
test the validity of quantum dot potential model. They 
have investigated the refractive index and optical dielectric 
constant to explore best applications for solar cells.

Near-infrared (NIR) spectroscopy emerges as a 
powerful tool for probing the electronic and vibrational 
transitions of materials in the infrared range. The 
utilization of NIR spectroscopy in studying MgO QDs under 
pressure provides a unique opportunity to gain insights 
into their response to external stimuli at the molecular 
and electronic levels. By focusing on the near-infrared 
region, the researchers can explore subtle changes in the 
electronic structure and vibrational modes of MgO QDs, 
offering a comprehensive understanding of their behavior 
under pressure. The study of MgO QDs under pressure 
is not only significant from a fundamental perspective 
but also holds practical implications. Many applications in 
the field of nanoelectronics and optoelectronics, involve 
materials subjected to varying pressure conditions. 
Understanding how MgO QDs respond to pressure can 

contribute to the design and optimization of devices that 
operate in high-pressure environments. In this context, 
this research aims to systematically investigate the 
optical properties of MgO QDs under the pressure effect 
of using near-infrared spectroscopy. By applying pressure 
as a controlled parameter, we seek to unravel the 
intricate interplay between quantum confinement effects 
and external pressure, shedding light on the underlying 
mechanisms governing the behavior of MgO QDs. The 
outcomes of this work have the potential to extend the 
current understanding of nanoscale materials and pave 
the way for the development of advanced technologies 
that leverage the unique properties of MgO QDs under 
diverse environmental conditions. In summary, the 
exploration of MgO QDs under pressure effect using near-
infrared spectroscopy represents a compelling avenue 
for advancing our understanding of nanomaterials and 
harnessing their potential in real-world applications. The 
intricate interplay between quantum confinement effects 
and external pressure offers a rich scientific landscape 
to explore, with implications ranging from fundamental 
condensed matter physics to applied nanotechnology.

2 EXPERIMENTAL
The synthesis of MgO QDs can be achieved through 

chemical bath deposition technique, offering different 
control over crystallite size and properties. For a simple 
chemical precipitation method for synthesizing MgO QDs, 
it is necessary to bring magnesium chloride, magnesium 
nitrate, NaOH, deionized water and ethanol. The followed 
experimental procedure is:

(1) Preparation of Magnesium Precursor Solution: 
Dissolve the magnesium precursor in deionized water 
to create a clear solution. Stir the solution thoroughly to 
ensure complete dissolution.

(2) Addition of Sodium Hydroxide: Slowly add a NaOH 
solution to the magnesium precursor solution, while 
stirring continuously. This will result in the formation of a 
white precipitate of Mg(OH)₂.

(3) Formation of MgO Nanoparticles: Continue stirring 
the mixture for a specified period to allow the magnesium 
hydroxide to form. Adjust the reaction time based on the 
desired size of MgO nanoparticles.

(4) Washing and Drying: (i) Collect the formed 
Mg(OH)₂ precipitate through filtration or centrifugation. 
(ii) Wash the precipitate with deionized water to remove 
impurities and excess reactants. (ii) Optionally, repeat 
the washing step with ethanol to enhance purity. (iv) Dry 
the resulting Mg(OH)₂ material, typically using an oven 
or other appropriate drying techniques.

(5) Thermal Decomposition: (i) Heat the dried 
Mg(OH)₂ precursor at an elevated temperature (e.g., 
in a furnace) to thermally decompose it into MgO 
nanoparticles. (ii) The decomposition temperature can 
influence the final properties of the MgO nanomaterial.

(6) Characterization: Characterize the synthesized 
MgO nanomaterial using UV-visible (Jobin Yvon model HR 
800 UV system, Kyoto, Japan), Fourier transformation-
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infrared (FTIR) (SHIMADZU (Shimadzu Corporation), 
China) and X-ray diffraction (XRD) (Philips PW 1710 X-ray 
diffractometer, USA) techniques.

In the realm of nanotechnology, the synthesis of 
MgO QDs under the influence of pressure represents 
an intriguing avenue for exploration, particularly in the 
context of NIR spectroscopy. Applying pressure during 
synthesis introduces a dynamic dimension to the process, 
altering the material’s structural and optical properties. 
The experiment involves subjecting magnesium 
precursors to varying pressure conditions, thereby 
manipulating the quantum dot formation. Under high 
pressure, the size of MgO QDs is expected to undergo 
notable changes, influencing their optical characteristics. 
The near-infrared spectral region is particularly re- 
levant due to its significance in biomedical and tele- 
communications applications. The pressure-induced 
alterations in quantum dot size and structure may lead to 
tunable NIR absorption and emission properties, essential 
for optimizing their performance in these applications. 
This experimental synthesis under pressure effect not 

only expands our understanding of QDs formation but 
also holds promise for tailoring MgO QDs with enhanced 
NIR features, paving the way for innovative technological 
applications.

3 RESULTS AND DISCUSSION
3.1 Structural Properties

The crystallinity of MgO QDs is analyzed using XRD. 
This technique is employed to give an indication about 
the grain size of the prepared material. Figure 1A 
illustrates the XRD results for MgO QDs at 50mbar and 
423K. In this diffraction pattern, the peaks at 2θ=37.4º 
and 42.9º are corresponding to (111) and (002) planes. 
This indicates the formation of oxide molecules for used 
material in their corresponding films. Also, there are a 
small amount of unoxidized atoms mixed with oxide 
result in the formation of Mg for (100) and (002)[11-15].

The XRD patterns at oxidation pressures, 100mbar to 
150mbar are shown in Figure 1B and C at 423K. From 
the first growth conditions, it is recognized that the peaks 

Figure 1. XRD Pattern of MgO QDs at Different Pressures. A: XRD pattern of MgO QDs at 50mbar; B: XRD pattern of 
MgO QDs at 100mbar; C: XRD pattern of MgO QDs at 150mbar; D: XRD pattern of MgO QDs at 200mbar; E: XRD pattern of 
MgO QDs at 250mbar; F: XRD pattern of MgO QDs at 300mbar.
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are appeared at 2θ=38.1º, 42.8º, 31.3º and 34.5º that 
correspond to (111), (002), (100) and (002) planes, 
respectively. Figure 1D shows the diffraction pattern at 
200mbar, where the structure has clearly improved a 
significant increasing in peak intensity at (111) plane 
and reduction in peak intensity at other planes. This 
indicates the formation of nearly stoichiometry MgO. 
The intensities of these peaks are reduced as pressure 
increases to 250mbar as shown in Figure 1E and 1F.

The results below ensure that the optimum value of 
pressure is 200mbar. The deviation of XRD peak with 
respect to standard American Society for Testing and 
Materials (ASTM) data is attributed to mechanical micro 
stress produced by different recourses like impurities, 
defects and vacancies reside in the structure. The data 
at higher pressure, 300mbar and 423K are presented 
in Table 1. So, the peaks are appeared at 2θ are 38.02º 
and 41.9º, which correspond to (111) and (002) planes. 
The MgO (002) is a weak, while (111) reflection is a 
stronger[16,17].

We can deduce that the increasing of pressure 
improves the crystal quality and can introduce two 
completely processes; improving stoichiometry and 
decreasing of kinetic energy for the reactive particles in 
the catholic plasma due to high pressure. The structural 
properties for each diffraction peak are given in Table 1.  
This gives different relative intensities, Bragg’s angle 
and miller indices. While, Table 2 presents full width 
at half maximum (FWHM) of XRD that corresponding 
to crystallite size at different pressures. It appears an 
enhancement with increasing pressure up to 200mbar. 
Here, we can recognize that the reduction in FWHM will 
reflect the increasing in crystallite size using Scherrer’s 
formula[11].

where K is geometric factor (0.9), λ is XRD wavelength 
(1.54056Å for Cu-Ka), ß is FWHM of diffraction peak and 
θ is Bragg’s diffraction angle.

3.2 Optical Properties
The pressure effect on optical properties of MgO QDs is 

investigated extensively. The transmittance and bandgap 
are measured as plotted in Figure 2. The transmittance 
spectra are recorded in the ultraviolet, visible and NIR 
ranges at different pressures. In general, it has been 
found that the transmittance is improved when pressure 
increases. From Figure 2A, the optical transmittance, 

Table 1. Structural Properties of Mg and MgO QDs

Pressure (mbar) 2θ I/I0 (%) d (Å) hkl Type 

1 31.8 99 2.775 100 Mg

34.4 39 2.632 002 Mg

36.5 14 2.470 101 Mg

56.6 9 1.695 110 Mg

50 32.1 99 2. 775 100 Mg

34.4 34 2.589 002 Mg

37.8 57.4 2.439 111 MgO

42.8 25.6 2.104 002 MgO

100 31.2 53.7 2.780 100 Mg

34.4 42.2 2.589 002 Mg

38.0 99 2.360 111 MgO

42.7 83.2 2.121 002 MgO

150 31.2 26.8 2.780 100 Mg

38.0 99 2.361 111 MgO

42.7 64.0 2.106 002 MgO

200 37.7 99 2.438 111 MgO

42.7 86.6 2.109 002 MgO

250 37.8 99 2.432 111 MgO

42.7 69.1 2.106 002 MgO

300 38.01 99 2.360 111 MgO

41.8 74 2.106 002 MgO

Table 2. FWHM and Crystallite Size for MgO 
QDs at Different Pressures

hkl 200mbar 250mbar 300mbar

FWHM (MgO) (111) 1.9 1.1 0.6

Crystallite size 
(nm)

(111) 4.2 7.1 12.4

https://doi.org/10.53964/id.2024018
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200-1,200nm as a function of wavelength at different 
pressures is shown, the high transmittance, >80%, is 
exhibited at 200-300mbar, however, the reduction in 
transmittance at NIR wavelengths is related to reflection 
of their photons due to interaction with plasma in 
conduction band[18].

The bandgap depends on the transmittance. The plots 
of (αhυ)2 against hυ at 200mbar and 423K is illustrated 
in Figure 2B. The nature of plots suggests a direct inter-
band transition. The estimated bandgap is 5.01eV. It 
can state that a reduced bandgap is attributed to varied 
extent of non-stoichiometry of the deposited layer[19].

The transmittance as a function of deposition position 
upon the substrate surface is illustrated in Figure 3. 
It is known that that the transmittance of incident 
632.8nm wavelength decreases to its minimum value 
whenever approaching to the center, where the lowest 
transmittance can be achieved. This relates to the 
thickness, which is higher at the center and reduces as 
we depart from the radial direction. This coincides with 
the theoretical concept that imposes the deposition or 
evaporating an atom from the target with a solid angle. 
This result ensures the difference in the transmitted 
power that can be neglected for a limited area, 1cm2, 
which found to have a uniform transmittance that 
attributed to the crystalline nature throughout the coated 
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area, which is obtained a lattice arrangement for resulting 
in the better optical properties[20].

The Fourier Transformation-Infrared spectroscopic 
results give information about phase composition and the 
way in which oxygen is bound to metal ions. The following 
show FTIR spectra for MgO QDs at different pressures. At 
different pressures; 50-300mbar, we can see the change 
in the composition. Figure 4A gives FTIR result at 50mbar, 
we can recognize the absorption peak at 1,620.9, 786.9, 
725.18cm-1 that is related to Mg atoms, beside 694.33, 
648.04cm-1 absorption spectra are connected to MgO QDs. 
An increasing in MgO QDs formation could be recognize by 
increasing of pressure to 100mbar as shown in Figure 4B 
where 694.33, 609.46, 408.88cm-1 absorption peak could 
be found. In addition, the presence of 987.49, 918.05, 
817.7cm-1 peak indicates to un-oxide sized. The peak at 
1,465.8, 1,049.2 and 871.76cm-1 at low pressure in 50-
100mbar is related to C-O stretching mode, which may 
be attributed to the fact that Mg is fired rather than react 
with O2 atoms. At high pressure, 150mbar (Figure 4C), it 
is recognized that the peak is eliminated to one peak at 
918.05cm-1, while higher number of MgO QDs is formed, 
this could be obtained at 648.04, 466.03, 408.88cm-1 at 
200mbar (Figure 4D), the absorption spectra is clearly 
disappeared while it is found at 655.75, 570.89, 455.17, 
408.88cm-1. For MgO QDs, the kinetic energy of Mg 
atoms decreases through collision with oxygen, so the 
chemical bonding like (Mg-O) is produced. By increasing 
the pressure to 250 and 300mbar, Figure 4E and 4F shows 
that the peaks at 655.75, 586.32, 501.46, 408.88cm-1 are 
related to MgO QDs. In all above result, it is recognized 
that the peaks at 599.03, 617.18, 879.48, 840.91, 
1,396.37, 1,342.36, 1,072.19, 1,612.38, 1,550.66, 
1,296.08, 1,041.49, 1,303.7, 1,180.35, and 1,064.63cm-1 

are related to glass substrate[21-31].

4 CONCLUSIONS
The chemical bath deposition technique was proved 

to be an effective method for synthesizing MgO QDs. 
The pressure effect has been employed to investigate 
different structural and optical studies of MgO QDs. The 

https://doi.org/10.53964/id.2024018
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Figure 4. FTIR Spectrum of MgO QDs. A: FTIR spectrum of MgO QDs at 50mbar; B: FTIR spectrum of MgO QDs 100mbar; 
C:FTIR spectrum of MgO QDs 150mbar; D: FTIR spectrum of MgO QDs 200mbar; E: FTIR spectrum of MgO QDs 250mbar; F: 
FTIR spectrum of MgO QDs 300mbar.
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Scherrer’s formula has been utilized to research structural 
properties that proved the MgO QDs has the highest peak 
(111). Different pressures; 50mbar, 100mbar, 150mbar, 
200mbar, 250mbar and 300mbar were applied. The 
pressure, 200mbar has presented as evidence to indicate 
the ideal intensity for investigating referring to 4.3nm 
crystallite size. Many peaks corresponding to many planes 
were displayed in XRD pattern. All of these were supported 
by studying the optical properties of transmittance. The 

energy bandgap and FTIR were to confirm the fact that 
5.01eV was close to NIR, the nature of bandgap was direct 
inter-band transition and attributed to non-stoichiometry of 
deposited layer, and the correlation between transmittance 
and pressure was directly. In addition, the transmittance 
was more than 80% at 200-300mbar. The FTIR spectra 
for MgO QDs at different pressures; 50-300mbar were 
recognized many phenomena of un-oxide sized, C-O 
stretching mode or chemical bonding of Mg-O production.
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