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In this study, we have for the first time reduced complex MgSe nanoparticles to a compound by ap-
plying the bacterial synthesizing method using Pseudomonas aeruginosa OG1 strain. Complex MgSe
nanoparticles reduced by bacteria in a compound form were grown as thin films on glass and p-Si
substrates. Electronic, optical, crystal and morphological properties, and chemical composition of
these samples were determined by an ultraviolet-visible spectrometer, X-ray D-diffractometer, and field
emission-scanning electron microscopy, atomic force microscopy, and electron diffusion X-ray techniques.
From the UV-VIS measurements, it was found that the band gap energy of an MgSe thin film sample
was 2.53 eV. An X-ray D-diffractometer measurement of the MgSe thin film sample grown on the p-Si
substrate indicated that the thin film sample has a high-quality polycrystalline structure and grains
having equal sizes are distributed uniformly. Field emission-scanning electron microscopy and atomic
force microscopy measurements demonstrated that the granules forming in the thin film sample are
distributed uniformly in the same regions, and also, the granules have regular spherical shapes, sizes,
and the same separations and the interface width (rms) values and Ra values, 9.68 nm and 7.40 nm, are
obtained, respectively. The electron diffusion X-ray measurement shows that the weights and atomic
weights of materials in this structure are as expected concerning their weights and atomic weights.
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1. Introduction

Nanomaterial research’s multidisciplinary nature
has seeded several new and exciting research di-
rections with many possible engineering, medicine,
and textiles applications. As new technologies
of nanoparticles (NPs) and nanomaterials increase
with the developing technology, the synthesis of
different and unique particles has gained impor-
tance [1]. Nanoparticles acquire new physicochem-
ical properties due to the sizes and quantum prop-
erties of nanoparticles [2]. Physical methods, com-
monly used in nanoparticle production, are costly
due to continuous energy consumption to sustain
the high pressure and temperature employed in NPs
synthesis and need highly advanced devices. Also,
the synthesis of many nanoparticles using chemical
methods has an advantage, but this method leads
to toxic and non-eco-friendly byproducts [3].

The number of commercial products manufac-
tured with nanoparticles is positively increasing,
and also their popularity is growing rapidly. With
the increasing demand and environmental impact
of various nanomaterials obtained with traditional

methods containing harmful additives that have re-
sulted in unprecedented physicochemical structures
of various NPs, there is a need for nanomaterials
obtained with green methods which are not only
cost-effective but also eco-friendly to the users and
the environment. Furthermore, thin film deposition
procedures can profit from minimal heating without
the use of any toxic gases.

Green synthesis approaches to the production of
metallic nanoparticles and films have been a highly
engaging research area in nanomaterials develop-
ment in recent years. Different types of biolog-
ical samples such as algae, bacteria, plants, and
fungi can be used as possible eco-friendly alter-
natives instead of the physical and chemical pro-
cesses for the green synthesising of metallic nano-
particles [4–7]. Microbial synthesis has developed
as a promising alternative to traditional nanopar-
ticle synthesis methods. Microbial synthesis pro-
vides a cheap (minimum costs and low energy), safe,
simple, high-yield and nontoxic way for nanopar-
ticles synthesis. Microbial nanoparticle synthe-
ses are realised by various bio-reducing agents
such as enzymes, terpenoids, peptides, proteins,
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organic acids, exopolysaccharides and electron shut-
tle quinines [5, 8–10]. Besides, the use of bacteria for
the growth of NPs has the added advantage with
a potential to allow for a controlled growth after
the functionalisation of their environment.

Recently, heterostructures made of II–VI com-
pound semiconductors having wide bandgaps have
attracted significant attention due to their proper-
ties and feasibility in laser diodes [11] and many
types of optoelectronic devices [12]. In recent
years, many researchers have focused on preparing
nanostructured semiconductors with novel electri-
cal and optical properties by using economically
inexpensive and straightforward applicable meth-
ods [13, 14]. The alkaline chalcogenides materials
group, such as CuSe, CaSe, ZnSe, and MgSe, has
significantly impacted their potential applications
in various optoelectronic devices. However, those
in this group which display luminescence properties
have become more and more critical [15]. On the
other hand, the group II–VI selenite quantum
well structures attract great interest of scientific
communities studying semiconductor devices such
as quantum cascade structures, short-wavelength
quantum well-infrared photodetectors, yellow laser
diodes, and yellow emitters [16]. Notably, MgSe
quantum well structures formed with the selenide
group have been asserted as an attractive alter-
native as compared to the other semiconductor
systems for the optical communication wavelength
of 1.55 mm [17, 18]. Among various metal selenides,
MgSe is one of the essential members of semiconduc-
tors belonging to this family with a wide band gap
prepared with various sizes and Np geometries.

For the first time in this study, MgSe nanoparti-
cles were produced using the bacterial biosynthe-
sised method based on Pseudomonas aeruginosa
OG1 strain, and subsequently analysed. Firstly,
MgSe NPs were obtained, and then nanocrystalline
MgSe films were formed on glass and p-Si substrates
sintered for obtaining a high quality of thin films.
The optical, structural and morphological chemi-
cal composition characterizations of these thin film
samples were performed by the UV-VIS spectro-
meter, X-ray D-diffractometer (XRD), and field
emission-scanning electron microscopy (FE-SEM),
atomic force microscopy (AFM), and electron diffu-
sion X-ray (EDX) techniques.

2. Experimental

2.1. Obtaining MgSe NP solution
by bacterial synthesised method

We realised this study in two steps. In the first
step, we obtained MgSe nanoparticles, using the
green method that does not cause harmful addi-
tives in the products resulting from chemicals, as
compared to the traditional methods. We fabri-
cated an Ag/MgSe/p-Si/Al device using produced
MgSe nanoparticles as an interlayer in the second

step. For MgSe nanoparticles’ production, Pseu-
domonas aeruginosa OG1 strain was incubated for
24 h at 150 rpm and 30 ◦C in Tryptic Soy Broth.
The bacterial suspension (100 µl, OD600 1) was in-
oculated into Luria Bertani Broth medium (20 ml)
and then 0.5 mM MgSO4 and 0.5 mM Na2O3Se
were added. A bacterial nanoparticle biosynthesis
was performed on a rotary shaker (150 rpm) in the
dark conditions for 96 h at 30 ◦C. This solution was
prepared in double-distilled water.

After the incubation period, the solution was pu-
rified, separating the MgSe nanoparticles from un-
wanted contaminants and bacteria cells. Cell sus-
pensions containing nanoparticles were first soni-
cated for 5 min at 100 W in an ultrasonic bath
(Elma/S30) and then centrifuged at 10 000 rpm
for 10 min. This solution was then divided into
two different beakers. One of these solutions was
used to manufacture an MgSe thin film onto the
glass substrate whose UV-VIS measurement will
be performed, and the other was used for making
an MgSe/p-Si structure onto p-Si substrate whose
XRD, AFM, FE-SEM and EDS measurements will
be performed.

2.2. Fabrication of MgSe thin films
on glass and p-Si substrates

After preparing solutions as above, we formed
the MgSe thin films onto glass and p-Si substrates
for two different purposes. Firstly, we fabricated
the MgSe thin film onto the glass substrate to ob-
tain the MgSe thin film sample’s band gap energy.
To do it, we dropped a few drops on the glass
substrate and left it to dry at 65 ◦C. Hence, the
MgSe thin film was formed. The other thin film
samples are the samples that are fabricated onto
p-Si substrates. The p-Si wafer was sliced into six
pieces with 15×10 mm2. Then they were degreased
with acetone and methanol in an ultrasonic cleaner
for 10 min and consecutively they were etched in
a sequence of H2O:H2O2:HNO3 (6:1:1) at 60 ◦C,
20% H.F. and a solution of H2O:H2O2:HCl (6:1:1)
at 60 ◦C, 20% H.F. We obtained these samples in the
same manner as above. The only difference here
was the fact that the solution was dropped onto
each of the p-Si substrates. Five of these samples
were used in the XRD, FE-SEM, EDX, and AFM
measurements.

2.3. Characterisation

Their characterisations were realised after com-
pleting the MgSe thin film samples’ fabrication
on glass and p-Si substrates. Firstly, the MgSe
thin film sample’s optical properties formed onto
the glass substrate were determined by an UV-VIS
spectrometer (Perkin-Elmer Lambda 2S UV-Visible
spectrometer) measurement. On the other hand,
XRD Bruker D2 (Kα, λ = 1.54 Å, scanning an-
gle 70◦) was employed to determine the crystal
structure and qualitative analysis of the MgSe thin
film formed on the p-Si substrate. The investigation
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of the samples’ surface morphology was performed
by AFM [Hitachi 5100N], and FESEM (Sigma 300
Model Zeiss Gemini) measurements and the deter-
mination of the chemical composition of the samples
was realised by EDX associated with FE-SEM.

3. Results and discussion

3.1. Optical properties of MgSe thin film sample

The optical absorption spectrum of the MgSe
thin film formed onto the glass substrate versus the
wavelength in α range varying from 300 to 1000 nm
is shown in Fig. 1. In order to obtain numerical
band gap energy value of the MgSe thin film sam-
ple, it is necessary to know the absorption coeffi-
cient α, in terms of the photon’s wavelength. The
mathematical expression of the transmission of the
light passing through a material is given as follows:

I = I0 e
−αd, (1)

where I, I0, and d are the transmitted light inten-
sity, incident light intensity, and thin film sample
thickness, respectively. The numerical values of the
absorption coefficient α is obtained inserting the ex-
perimental values of I, I0, and d into (1). The op-
tical band gap energy value of the thin film sample
Eg is found by the equation given below [19]:

αhυ = A (hυ − Eg)
n
, (2)

where hυ and A are the photon’s energy and the
constant, respectively. In turn, n is the constant
having a numerical value of 1 or 2, corresponding
to direct or indirect electron transitions between the
valance and conduction bands, respectively. It is
known that MgSe has direct transition, therefore n
is equal to 1

2 for this compound. Substituting 1
2

instead of n in (2) and taking the square of both
sides, we obtain (αhυ)2 = hυ−Eg expression. The
result of plotting (αhυ)2 vs hυ is seen in Fig. 1,
where, in the inset, a curve is obtained. The band
gap energy value of the MgSe thin film was found
to be 2.53 eV, i.e., when applying the extrapolation
method to the linear part of the curve (see Fig. 1).
This value is equal to the value corresponding to the
intercept point of the straight line drawn from the
straight part of the curve and with the energy axis
(hυ). This result is in good agreement with [20].

3.2. Structural and morphological properties
of MgSe thin film formed on p-Si substrate

Figure 2 shows the XRD patterns of the MgSe
thin film deposited onto the p-Si substrate. Two
peaks appear at (111) and (200) along the direc-
tional planes. According to the data obtained from
(JCPDS card No. 18-0777), these crystal phases
show that the MgSe thin film has a cubic lattice.
These observed patterns are in good agreement
with similar results obtained from different studies
in the literature [21–23]. The most substantial peak
belongs to p-Si appearing at (100) directional plane

Fig. 1. The plot of optical absorbance versus
wavelength, λ [nm] and plot of (αhυ)2 versus hυ
(inset) for as-deposited MgSe film onto glass sub-
strate at room temperature.

Fig. 2. XRD patterns of MgSe thin film deposited
on the p-Si substrate.

with cubic crystallization. Structural parameters
of the MgSe thin film grown on the p-Si substrate,
such as average crystallite size D, and the distance
between the planes d, were calculated using the
recorded XRD patterns and with the help of the
well-known Scherrer equation [21–24] given as

D =
0.9λ

β cos(θ)
. (3)

The calculated values of D and d structural pa-
rameters are given in Table I.

Surface morphology of the MgSe/p-Si structure
was investigated using the data obtained from the
AFM and SEM measurements. AFM is an effective
method used for analysing the surface morphology
of thin films. Figure 3a and b shows the 2D and
3D AFM images of MgSe/p-Si structure with scales
of 2µ × 2µ, respectively. Figure 3a shows the two-
dimensional (2D) image of the surface profile of the
MgSe thin film. The same sizes of granules ap-
peared in this image, and they are distributed in the
same regions uniformly. Importantly, granules have
regular spherical shapes, sizes, and separations.
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TABLE IThe structural parameters of the MgSe thin film evaluated on the p-Si substrate.

(hkl) FWHM
FWHM
[rad]

Intensity
[a.u.]

Observed,
2θ [◦]

d-values
[nm]

Crystal size
D [nm]

Crystal
phase

(111) 0.1122 0.00196 1102.99 28.67 3.1102 73.03 cubic
(200) 0.1496 0.00261 1642.88 32.59 2.7432 55.36 cubic

Fig. 3. AFM images of MgSe/p-Si structure (a)
2D and (b) 3D image with scale 2µ× 2µ.

In Fig. 3b, grains resembling a cylinder intercon-
nected type are seen. The systems with such
a type of morphology are employed in many op-
toelectronic devices. On the other hand, the height
roughness Ra, and the standard deviation in the
surface height within the selected area root mean
square (rms) are the most essential two criteria for
determining a thin film surface morphology [25].
From Fig. 3b, the interface width (rms) values and
Ra values are obtained as 9.68 nm and 7.40 nm,
respectively.

Figure 4 illustrates the FE-SEM image of the
MgSe/p-Si sample. The MgSe thin film has
a uniform and homogeneous surface morphology
(see Fig. 4a). The thin film consists of a single
type and small densely packed nanocrystals. The
grains seen in the image are grains looking like each
other, with spherical shapes and distributed uni-
formly. The average diameter of spherical grains is
found to be about 20–50 nm.

This outcome confirms that AFM and SEM re-
sults are well-matched with each other. It is also
said that the MgSe thin film deposited on the p-Si
substrate has a high-quality nanocrystal structure.
Figure 4b shows the EDX chemical composition of

Fig. 4. (a) FE-SEM image and (b) EDX spectrum
of MgSe/p-Si structure.

TABLE IIEDX chemical composition of MgSe/p-Si.

Element Weight % Atomic %
O K 9.06 14.96
Mg K 1.32 1.44
Se L 1.15 0.39
Si K 88.47 83.22

the MgSe thin film formed onto the p-Si substrate.
From the EDX measurement, it can be said that
the bacteria produced MgSe nanoparticles.

In Fig. 4b, the EDS measurement graphic is pre-
sented. One can see that EDX measurements show
that the weights and atomic weights of materials in
this structure are as expected (see Table II).

4. Conclusion

MgSe nanoparticles were synthesised via the bac-
terial green biosynthesis method based on Pseu-
domonas aeruginosaOG1 strain for the first time by
us. Then, nanocrystalline MgSe thin film samples
were deposited on p-Si and glass substrates. In the
latter, interfacial thin films in Ag/MgSe/p-Si/Al
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device architectures were fabricated. Then, firstly,
the thin film sample’s optical property grown on
glass was determined by UV-Vis. The other char-
acteristic parameters of the MgSe/p-Si sample, such
as crystal structure, surface morphology, and chem-
ical composition, were investigated by XRD and
FE-SEM AFM, with EDS techniques. These re-
sults proved that the MgSe thin film sample has
a polycrystalline structure in nanoscale grain size
distributed uniformly.

These results showed that MgSe nanoparticles
could be produced using the biosynthesising as-
sisted method, a low-cost alternative to other chem-
ical and physical methods. Besides, in this study,
we grew the MgSe thin film on the p-Si substrate.
This structure is a heterostructure and because of
that it can be turned into an Ag/MgSe/p-Si/Al
structure making some modifications. As a result,
this structure may be employed in different indus-
trial applications such as photodiodes, photosen-
sors, and quantum well laser diodes. Therefore, we
plan to fabricate this structure in our future study
and investigate the I–V and C–V characteristics
in detail.
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