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In this study, we reported the synthesis of pure ZnO and Mg-doped ZnO (Mg-ZnO) nanoparticles by simple co-precipitation
method and studied the ethanol sensing activity of the synthesized nanostructures. XRD analysis illustrates that the synthesized
ZnO and Mg-doped ZnO nanoparticles (NPs) possess hexagonal wurtzite structure and the average crystallite size is calculated
to be 29 nm and 33 nm, respectively. The FT-IR spectra of pure and Mg-doped ZnO NPs confirm that the presence of bands
appeared near 400 cm-1 for Zn-O and the bands at 622 cm-1 can be attributed to Mg-O stretching modes. The band gap energy
estimated from the absorption spectra for ZnO and Mg-ZnO NPs, respectively, at 3.26 eV and 3.32 eV, displays the
considerable optical property. Further, we observed that the UV-Vis spectroscopic data exhibits high absorbance in the UV
range for the prepared samples. The SEM images clearly display the needle-like morphology of the synthesized samples.
Dynamic light scattering analysis shows average particle size of 110 nm. The ethanol sensing measurements were carried out
with 100 ppm concentration, and the linear responses from ZnO and Mg-ZnO NPs-based sensors are detected in the working
temperature of 350°C. The obtained results demonstrated that the synthesized Mg-ZnO nanostructures have improved
conductivity with larger active surface area for the most promising application in the ethanol sensing activity.

1. Introduction

Semiconducting metal oxide nanostructures are having a
very large surface-to-volume ratio, and the gas-sensing
properties strongly depend on a specific surface area.
Nanostructure-based gas sensors made from these semicon-
ducting metal oxides are projected to establish significant
sensing properties. Further the properties of nanomaterials
can be tailored without modifying the chemical composition
[1] and having unique quantum effect [2]. The quantization
energy modifies the band structure of nanomaterials and
makes it promising with altered magnetic, optical, and elec-
tronic properties for various applications [3, 4]. Nanomate-
rials have acquired greater attention by researchers due to
their unique properties and applications in the field of opti-

cal, medicine, and ecology [5]. Nowadays, the metal or metal
oxide nanoparticles synthesized with smaller sizes and
shapes are in high demand due to their size and unique opti-
cal properties such as surface plasmon resonance [3]. Nota-
bly, the ZnO nanostructure-based gas sensors have caught
huge consideration. The wurtzite structure of ZnO nanopar-
ticles has a large surface area, large band gap, and high exci-
tation energy which makes it a suitable material for sensor
applications [6].

The zinc oxide nanoparticles are nontoxic and biocom-
patible, and it can be produced with low cost. Chin Boon
Ong et al. in 2018 [7] and several researchers have done a
review on how ZnO nanoparticles have been used as a
photocatalyst and for other environmental applications [8].
Prabhakar Rai et al. reported the hydrothermal synthesis of
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ZnO nanoparticles assisted with trisodium citrate. It was
shown that ZnO NPs-based gas sensors can be used for sens-
ing NO2 at low temperature and the acetaldehyde can be
sensed at high temperature [9]. Erol et al. has synthesized
ZnO nanoparticles using sol gel method and reported that
the ZnO nanoparticles are found as a potential material to
be used for the fabrication of high-sensitive humid sensors
[10]. Ikram and his co-workers demonstrated the construc-
tion of hybrid organic solar cells by mixing ZnO and TiO2
nanoparticles to the active layer of photovoltaic devices
[11]. The doped ZnO nanostructure has proven applications
in many fields such as sensing, biomedicine, and photocata-
lyst [7, 12]. Pascariu et al. have synthesized a Ni, Co-doped
ZnO nanoparticles by simple co-precipitation method and
investigated the degradation of Rhodamine B with pure
and doped samples [13]. Recently Zhang et al. described
the preparation of Au/ZnO NPs and conducted the low-
temperature sensing activity with 100 ppm CH4 concentra-
tion [14]. Controlling the performance of gas sensing could
be achieved by manipulating the concentration of charge
carriers and defects [15]. Additionally, the conductivity of
ZnO NPs can also be tuned by varying the doping level or
changing the morphology [16, 17].

Magnesium oxide (MgO) has a larger band gap of 7.8 eV;
hence, it is a perfect material to incorporate into ZnO to
widen the band gap by varying the Mg content, which are
considered to be most suitable for photocatalytic applica-
tions [18]. Doping Mg with ZnO will increase the conduc-
tion electrons, thus increasing the conductivity in ZnO
[19]. Wang et al. [20] have synthesized the Mg-doped ZnO
nanoparticles by auto combustion method and proved that
ZnO with optimal Mg content enhances the photocatalytic
activity. The nanoparticles of pure and Mg-doped ZnO were
synthesized by sol-gel method, and its sensing ability was
investigated by Jaballah et al. in 2020 [21]. It was reported
that Mg-doped ZnO thin film sensor at room temperature
has shown a higher response of 796 toward 100 ppm of
ammonia gas [22].

The ethanol sensing measurements have gained a huge
attention in the field of food, biological industries, and envi-
ronmental applications [23]. It has serious effects on profuse
usage and is also shown to cause organ failure, depression,
and personality disorder. A high level of ethanol content is
found in alcohol, and the consumption is prohibited while
driving. The ethanol breath test is one such method used
to monitor and to reduce alcohol consumption while driv-
ing. This paves a way of interest in the development of sen-
sors for accurate and instant detection of ethanol vapor for
public health and environmental safety [24]. But there were
some limitations on the detection of ethanol at very low con-
centration. In this context, Arakawa et al. [25] have success-
fully constructed a biosniffer, a highly sensitive biochemical
gas sensor in order to find the concentration of ethanol on
human skin. It can measure ethanol gas in a concentration
range of 25 ppb–128 ppm. Liu et al. [26] designed a gas sen-
sor with ZnO/SnO2 composite for highly sensitive ethanol
detection having concentration of 100 ppm in the working
temperature of 225°C. Earlier it was also reported that the
gas sensing response of the MoO3 sample toward 100 ppm

of ethanol vapor is 59% at 350°C [27]. In this paper, we
report the inexpensive way of synthesizing the pure ZnO
and magnesium-doped ZnO NPs (Mg-ZnO) by simple co-
precipitation method, and the physical properties of synthe-
sized NPs were studied by powder X-ray diffraction (XRD),
Fourier transform infrared spectra (FTIR), UV-visible spec-
troscopy, and scanning electron microscopy (SEM), and the
particle size distribution was measured by dynamic light
scattering (DLS). We attempt to demonstrate the low con-
centration ethanol sensing behavior of these synthesized
ZnO and Mg-ZnO nanoparticles at higher working
temperature.

2. Experimental

2.1. Materials. Zinc sulfate [ZnSO4.7H2O], magnesium
nitrate [Mg[NO3]2], and sodium hydroxide [NaOH] are
used for the synthesis of ZnO and Mg-doped ZnO nanopar-
ticles. All the chemicals used in this experiment were pur-
chased from Sigma-Aldrich, India.

2.2. Synthesis of Pure ZnO. 9.1016 g of zinc sulfate
[ZnSO4.7H2O] is dissolved in 200ml doubly deionized water
to get an aqueous solution [0.1M] which is used as the host
precursor. After stirring the aqueous solution for one hour,
the NaOH pellets were slowly added until the pH value
was adjusted to 9 and milky solution was obtained. Then,
the mixture was heated up to 80°C and stirred continuously
for 2 hours. Allow the solution to keep at rest for 1 hour to
get precipitation. The precipitate is then filtered and washed
with ethanol and water of ratio 1 : 3 and allows it to dry. The
collected ZnO sample was then dried in a microwave oven at
temperature of 100°C for 2 hours and grounded using mor-
tar to make fine powder of ZnO particles. Finally, the
obtained ZnO nanoparticles were annealed at 500°C for 2
hours. The graphical abstract to represent the synthesis pro-
cedure is shown in Figure 1.

2.3. Synthesis of Mg-Doped ZnO NPs. To synthesize Mg-
doped ZnO nanoparticles, the above discussed method was
followed. Typically, the aqueous solution of 0.1M is pre-
pared by mixing 9.1016 g of zinc sulfate [ZnSO4.7H2O] in
200ml of distilled water. Then, add 0.09987 g of magnesium
nitrate into the host precursor solution under continuous
stirring. After one hour, the NaOH pellets were slowly added
until the pH value was adjusted to 9 and milky solution was
obtained. Then, the mixture was heated up to 80°C and stir-
red continuously for 2 hours. Allow the solution to keep at
rest for 1 hour to get precipitation. The precipitate is then fil-
tered and washed with ethanol and water of ratio 1 : 3 and
allows it to dry. The collected ZnO sample was then dried
in an oven at temperature of 100°C for 2 hours and
grounded using mortar to make fine powder of Mg-ZnO
particles. Finally, the obtained Mg-doped ZnO nanoparticles
were annealed at 500°C for 2 hours. The flow chart in
Figure 2 represents the synthesis procedure of Mg-doped
ZnO (Mg-ZnO) NPs.
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3. Results and Discussion

3.1. Structural Analysis of Pure ZnO and Mg-Doped ZnO
Nanoparticles. Figure 3 shows the XRD pattern of the syn-
thesized pure ZnO and Mg-ZnO nanoparticles. The
observed diffraction peaks from the XRD pattern for both
the ZnO and Mg-doped ZnO nanoparticles agreed well with
the hexagonal structure of ZnO oxide with JCPDS card no
36-1451 [28], and the particles are high crystalline in nature.

The major peaks located at the angle of 2θ=31.70, 34.35, and
36.2° correspond to (100), (002), and (101) planes of the
ZnO. There is no such additional peak observed for the mag-
nesium metal. The average crystalline size has been approx-
imately 29 and 33nm, respectively, for ZnO and Mg-ZnO,
and the obtained line broadening is only due to small crys-
talline size. The size of the crystallite can be calculated from
the Debye Scherer’s formula given in the Equation (1). Com-
pared to the pure ZnO, it can be seen in XRD pattern that

Zinc sulfate 9.1016 g 200 ml of DI water

Colloidal solution

Stirring at 80°C for 2 hours

Stirring
for 1 hour

at RT
Adding NaOH pellets to

maintain pH = 9

ZnO precipitate
Washing with

ethanol and DI
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Dried at
100°C for
2 hours ZnO nanoparticles

Figure 1: Synthesis scheme of ZnO nanoparticles by co-precipitation method.
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Figure 2: Flow chart for the synthesis of Mg-doped zinc oxide nanoparticles.
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the Mg doping in ZnO leads to an increase in the intensity of
the (101) diffraction peak at the angle of 36.20°.

D = Kλ
βCosθ

, ð1Þ

where D is the average crystallite size, θ is the Bragg’s angle,
λ is the wavelength of the X-ray beam, β is the full width at
half maximum of the diffraction peaks, and K is a constant
approximately equal to 0.9 [29].

3.2. Vibrational Analysis. The FT-IR spectra of pure ZnO
and Mg-doped ZnO oxide nanoparticles are shown in
Figure 4. FTIR analysis is a suitable technique to evaluate
the functional groups present in the samples subjected to
analysis [30]. The samples shown the bands appeared
approximately near 400 cm-1 for Zn-O [31] and the wider
band at 320, and a sharp band at 622 cm-1 can be attributed
to Mg-O stretching modes. Oxides and hydroxides of metal
nanoparticles generally give an absorption peak in the fin-
gerprint region, i.e., below wavelength of 1000 nm arising
from the interatomic vibrations [32]. The absorption bands
at 1634 and 1636 cm-1 in the spectra for ZnO and Mg-ZnO
can be attributed to C=C stretching vibrations. The weak
intensity peaks originated around 2800-2900 cm−1 are due
to C–H bonds, for both the samples. The wide absorption
bands appeared at 3507 and 3514 cm-1 for pure ZnO and
Mg-ZnO are attributed stretching vibration mode of a
hydroxyl (O=H) group [33] and Zn–OH and Mg–Zn–OH.
There is a considerable peak shift of Zn-O band which can
be a secondary evidence of Mg content in the lattice. The
above result indicates that the synthesized ZnO nanoparticle
is doped with magnesium [34].

3.3. Optical Analysis. The optical characterization of the
samples was recorded on the UV-Vis absorption spectrum,
and the data were recorded between 200 and 1200 nm.

Figure 5 shows the UV-Vis spectrum of pure ZnO and
Mg-doped ZnO NPs. The absorption takes place in the
regions of entire visible region. The absence of additional
absorption peaks confirms that the synthesized samples have
significant optical properties. From the Figure 5, the absorp-
tion edge for pure ZnO is at a wavelength of 380nm. From
the UV absorption spectra, the higher cut-off wavelength
of Mg-doped ZnO lies near 375nm. The band gap of all
the samples can be estimated by converting wave length into
the energy using the following equation, where E is the band
gap energy, h is Planck’s constant, c is the velocity of light,
and λ is the maximum wave length.

E = hc
λ
: ð2Þ

The band gap of pure ZnO is calculated by observing the
maximum absorption peak from the UV-Vis spectra and
found to be 3.26 eV, and for Mg-doped ZnO, it is found to
be increased with the value of 3.32 eV. Due to the Mg dop-
ing, there was a slight shift observed toward the lower wave-
length. Further noted that the absorption intensity at the UV
region increases for Mg-ZnO nanoparticles, and this might
be due to increase in the charge carrier concentration [35].
Hence, it is confirmed that while doping with Mg, the band
gap of ZnO is increased, and the conductivity is also
increased.

3.4. Dynamic Light Scattering [DLS] Analysis. DLS technique
is used to measure the distribution of particles in colloidal
solutions. It is also used to measure the Zeta potential,
molecular weight, and concentration of nanoparticles [36].
Figure 6 exhibits the distribution of particle size for pure
ZnO and Mg-doped ZnO nanoparticles and the particle dis-
tribution starting from 40 to 600nm with the maximum size
distribution around 110nm with the polydispersity index
(P.I.) of 0.301 for Mg-ZnO. Pure ZnO sample with broad
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Figure 3: XRD pattern of pure and Mg-doped ZnO nanoparticles.
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size distribution (P:I: = 0:315) indicates the moderate distri-
bution of ZnO nanoparticles in the solvent.

3.5. Morphological Analysis. The surface morphology of syn-
thesized nanoparticles is studied by scanning electron
microscope (SEM). Figures 7(a) and 7(b) show the SEM
images of pure and Mg-doped ZnO nanostructures. The
SEM image of pure ZnO nanoparticles has partial needle
shape and tetragonal shapes with sizes smaller than 1
micrometer in length. It is seen that the structure of the par-
ticles is due to the agglomeration of the particles. This aggre-
gation of particles might have arises from the high surface
energy of the synthesized nanoparticles [37]. But some of
the particles appear to have regular shape and uniformly dis-
tributed which are due to the better solubility of the reactant
with the solvent.

3.6. Ethanol Sensing. Figure 8 displays the responses of ZnO
and Mg-ZnO-based sensors, as a function of time at the
optimal working temperature of 300°C. As shown in the fig-
ure, the sensor resistance significantly decreased for increase
in the Mg doping concentration from 1% to 5% in ZnO dur-
ing the exposure of 100 ppm of ethanol, in accordance to the
general sensing mechanism of n-type oxide semiconduc-
tors. In fact, the gas detection mechanism relies on a var-
iation in electrical conductivity or resistance due to gas
adsorption and desorption on the sensor surface. The
resistance curve of the sensor in Figure 8 displayed the
recovery time of 30 s, for 100 ppm of ethanol gas at the
working temperature of 300°C. The smaller crystallites
provide much larger effective surface area to react with
the gas and induce the positive effect on sensitivity. It
was previously stated that the metal ion doping could tune
the band gap by influencing the surface potential and
increase the carrier concentration in the host material
[38]. The inclusion of Mg into the ZnO structure enhances
the sensing mechanism due to the lattice disorder hosted
by the Mg2+ ions, and large numbers of reactive oxygen
molecules are adsorbed on the surface and available to
interact with the reductive gases, and hence, the conduc-
tivity of the material gets increased [39]. This type of
Mg-doped ZnO-based sensor has a great potential for
sensing toxic (reducing gases) ethanol gas, and it shows
a notable response at high temperature around 300°C.
The gas sensing tests indicate that the Mg-ZnO presents
higher conductivity than pristine ZnO. This result sup-
ports the increment in the density of the free charge car-
riers upon doping.

3.7. Conclusion. The pure ZnO and Mg-doped ZnO nano-
particles have been successfully synthesized by simple co-
precipitation method. XRD analysis confirmed the forma-
tion of ZnO and Mg-ZnO NPs with hexagonal structure,
and the average crystallite size calculated is 29 nm and
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33 nm, respectively. The FTIR analysis confirms the pres-
ence of standard stretching of O=H and the strong C=C
stretching modes for both pure and Mg-doped ZnO NPs.
The peaks appeared below 400 cm-1 confirm the presence
of Zn-O and Mg-O molecular vibrations. UV-Vis absorp-
tion spectrum illustrates that the band gap is 3.26 eV for
ZnO and 3.32 eV for Mg-ZnO and confirms the shift in
the spectra due to Mg doping. SEM clearly shows that
the average size of particles is in the range of nanometer
and has a needle-like structure with partial agglomeration.
The particle size distribution of ZnO and Mg-doped ZnO
using the DLS technique revealed that the particle size of
110nm and the polydispersity index of 0.301 were found,
indicating the uniform size distribution of nanoparticles.
The ethanol sensing measurement was observed for the
samples, and the results reveal that the 5% Mg-doped
ZnO demonstrates higher conductivity than pristine ZnO
and it shows an enhanced performance in ethanol gas
sensing and used as a prominent candidate for gas sensing
applications.
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