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Abstract
In this paper, MgO nanoparticles (MNPs) were synthesized using simple wet chemical precipitation technique from 
evaporative brine as Mg ions precursor. The effect of NaOH concentration on morpho-structural and optical proper-
ties of as-synthesized nanoparticles was studied. The obtained nanoparticles were characterized by X-ray Diffraction 
(XRD), transmission electron microscopy (TEM), field emission scanning electron microscope (FESEM), energy dispersive 
X-ray (EDS), fourier transform infrared spectroscopy and UV–Vis absorption spectroscopy. The obtained structural proper-
ties (from XRD analysis) indicated that MNPs had pure cubic phase, high crystallinity, and average crystallite size and were 
in good agreement with TEM and FESEM characteristics. Also, increasing the concentration of the precipitator resulted 
in reduced crystallites size (from 37.09 to 17.61 nm), nanoparticles size (from 35–88 nm to 22–75 nm), and strain value 
(from 1.23 × 10–3 to 0.57 × 10–3). The optical properties of MNPs including absorption (A), transmittance (T), absorption 
coefficient (α), optical band gap energy  (Eg), Extinction coefficient (k), and refractive index (n) were investigated using 
UV–Vis spectroscopy and examined in details.
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1 Introduction

Among the various nanoparticles, magnesium oxide 
(MgO) has attracted a large interest due to its unique appli-
cations in the catalyst, remove of toxic species from waste-
water, refractory products, paint, antibacterial materials, 
superconductor materials, plasma display panels (PDP) 
and other optical fields [1–3]. Different physicochemical 
methods have been developed such as sol–gel, chemical 
gas phase deposition, laser vaporization, hydrothermal, 
microwave enhanced precipitation, aqueous wet chemical 
and surfactant method, and polyol-mediated thermolysis 
are widely used for the synthesis of MNPs with special mor-
pho-structural, optical properties [4]. Performed studies 
indicated that the morphology and characteristics (includ-
ing optical, thermal, and etc.) of MNPs can be affected by 
the synthesis method and the process conditions such as, 

the reaction’s temperature, precipitator agent’s concentra-
tion, magnesium’s concentration, type and concentration 
of the dispersing agent, suspension aging temperature 
and calcination’s time and temperature [5].

In recent years, the optical properties of magnesium 
oxide nanostructures have found a special place among 
researchers and papers have been published in this field. 
Al-Ghamdi et al. [6] synthesized ultrafine MgO cubic face-
centered nanowires with a mean diameter of 10 nm and 
a mean length of 18–20 μm. The UV–Vis characterization 
of these nanoparticles indicated a raised absorption peak 
in the low wavelength zone and an optical energy gap of 
3.45 eV. They reported MgO nanowires with a wide band 
gap had good potential application in optoelectronic nan-
odevices such as plasma display panels. Al-Gaashani et al. 
[7] reported a simple method for the synthesis of MgO 
nanoflakes using a conventional microwave oven. They 
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proved that Herve and Vandamme’s model is suitable for 
nanoflakes to develop the photo transformation of the 
solar cells. In a similar study, Hadia et al. [2] successfully 
synthesized MgO nanowires by the solvothermal route via 
Mg(NO3)2·6H2O and NaOH. The UV–Vis spectrum for MgO 
nanowires indicates an increased absorption intensity in 
the low wavelength range and an optical energy gap of 
4.51 eV obtained from the absorption spectra. Their stud-
ies have shown that Ghosh et al. model is adequate for 
solar cell usages. Obeid et al. [8] were prepared undoped 
and cobalt doped MgO nanopowders  (Mg1–xCoxO, x = 0, 
0.03, 0.06 and 0.12) using co-precipitation technique. 
They found that the band gap of doped MgO nanopar-
ticles (MNPs) (until its solubility precinct) strongly indi-
cated which Co ions had been accommodated into the 
MgO crystal lattice, and synthesized samples can be used 
in photo-catalysis application.

Although much progress has been made for synthesiz-
ing nano-scaleed MgO due to its various properties such 
as optical properties, the synthesis of MgO from impure 
precursors have not been reported. In the current study, 
we investigate the synthesis and the characterization of 
the MNPs by a simple wet chemical precipitation tech-
nique using brine as a magnesium precursor without any 
template or surfactant. The as-synthesized nanoparticles 
were analyzed using XRD, TEM, Field Emission Scanning 
Electron Microscope (FESEM), EDS and FTIR. Furthermore, 
UV–Vis absorption investigations of the synthesized nano-
particles were carried out and helped to estimate the opti-
cal band gap energy. The absorption coefficient, extinc-
tion coefficient, and refractive index of the MNPs have also 
been discussed in detail.

2  Experimental

2.1  Synthesis of MNPs

All chemicals in this study, such as NaOH (Merck), Ethanol 
(Merck), and Distilled water (DW) were used analytical rea-
gent grade and were utilized without additional purifica-
tion. Final brine of Khur Potash complex (KPC) (containing 
 MgCl2,  CaCl2, KCl, NaCl with concentration with 207, 507, 3, 
and 5 g L−1) was used as magnesium precursor.

Here, we report the synthesis of MNPs by template-free 
chemical precipitation route, which is a simple and eco-
nomical method. In the typical synthesis method, 50 cc 
of filtered brine was poured into a beaker. Under vigor-
ous magnetic stirring and controlled pH (9–9.5), stoichio-
metric amounts of NaOH solution with a concentration of 
1 mol L−1 (sample 1), 2 mol L−1 (sample 2), and 3 mol L−1 
(sample 3) were added drop by drop into the brine. 
After completing the magnesium hydroxide [Mg(OH)2] 

precipitation reaction from the brine (based on reaction 
1), the white suspensions were aged at room temperature 
for 1 h.

Then the white sediments were detached from the 
mother liquor via vacuum filtration and were washed 
various times by using DW and absolute ethanol. Finally, 
after drying the Mg(OH)2 cakes at 125 °C in an oven, the 
powders were calcinated at 650 °C in a furnace to obtain 
MNPs (reaction 2) [9].

The obtained magnesium oxide nanoparticles were 
named MgO-1, MgO-2, and MgO-3, respectively, and were 
collected for subsequent characterizations.

2.2  Characterization

X-ray diffraction (XRD) analysis of MNPs was done using a 
D8-Brucker diffractometer with CuKα radiation at a scan 
rate of 0.065° s−1 and 2θ between 10° and 90° (λ = 1.5406 Å, 
35 kV, 30 mA). The morphological studies of prepared 
nanoparticles were studied by field emission scanning 
electron microscopy (FESEM, MIRA3, TESCAN) with energy 
dispersive x-ray spectroscopy (EDS) operated at 15 kV 
and gold coating and transmission electron microscopy 
(TEM, LEO912-AB). FTIR spectra of as-synthesized nano-
particles were studied using the Shimadzu 8400 double-
beam spectrometer via KBr pellet route in the range of 
400–4000 cm−1. The optical absorption spectrum of the 
MNPs was recorded by a UV–Vis spectrometer (Shimadzu 
UV-1650PC spectrophotometer) in range 200–1100 nm. 
For optical testing, 0.1 g/L solution of the as-synthesized 
samples was prepared in absolute ethanol by ultrasonic 
irradiation.

3  Results and discussion

3.1  Structural and morphological properties

The structural characterization of samples was carried out 
by XRD analysis. Figure 1 indicates the XRD patterns of the 
MNPs synthesized from impure precursor (brine). For all of 
the samples, the XRD spectra show diffraction peaks (2θ) 
at the angles of 36.83°, 42.85°, 62.22°, 74.55° and 78.51° 
that can be attributed to the (111), (200), (220), (311) and 
(222) planes (Miller index) of the Face Centered Cubic (FCC) 
structured MgO having space group of Fm-3m. Also, These 

(1)

Brine (containingMgCl2, CaCl2, NaCl and KCl) + NaOH(aq)

→ Mg(OH)2 ↓ (s) +Mother liquor (containing2NaCl, CaCl2 and KCl)

(2)Mg(OH)2 → MgO + H2O
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XRD planes are in good match with the standard JCPDS 
card of MgO (JCPDS 01-075-0447, a = b = c = 4.22 Å). No 
characteristic peaks assigned to impurities were shown, 
thus proving the high purity of the obtained products of 
the MgO NPs. Furthermore, the XRD patterns illustrate that 
the MgO NPs are well crystallized.

The average crystallite size (CS) of MNPs was estimated 
using the Scherrer’s relation from the following equation 
[4]:

where λ is the X-ray wavelength (1.5406 Å), β, b and θ are 
the FWHM of the diffraction peaks, instrumental corrected 
integral breadth of the reflection (Si) and diffraction angle 
(Bragg angle), respectively. The average crystallite size of 
MgO-1, MgO-2, and MgO-3 powders were estimated at 
about 25.29 nm, 25.66 nm 18.95 nm, respectively. As it is 
clear, increasing the concentration of sodium hydroxide 
leads to a reduction in the crystallite size of the MNPs that 
is due to the increase of local concentration of hydroxyl 
ions, supersaturation phenomenon, and prevent the 
growth of crystals.

The preferential orientation of the MNPs was investi-
gated by using the texture coefficient equation (Eq. (4)) 
[10] and estimated results indicated in Fig. 2.

where I is the determined intensity of MgO samples, 
 I0 is the intensity of the standard card (JCPDS), and N is 
the count of used diffraction peaks. Any plane with a TC 

(3)
CS =

0.9�

cosθ

√

�2 − b
2

(4)TC =
I(hkl)

/

I0(hkl)

(1∕N)
[

ΣNI(hkl)
/

I0(hkl)
]

greater than one will be the preferred orientation for the 
growth of crystals. Figure 2 illustrates that in all samples, 
preferential orientation is along both (311) and (222) 
planes. Also, in the case of MgO-3 (due to increasing the 
concentration of NaOH), the preferential orientation has 
increased along these planes.

The strain derived in the synthesized materials because 
of crystal defects was computed by following equation 
[11]:

So the strain-induced line broadening βs is given by:

Equations 3 and 5 prove that the diffraction peak width 
of crystallite size and strain changes as 1/cosθ and tanθ, 
respectively. So, the total peak broadening is obtained 
by summation of the portions of the crystallite size and 
existence strain in the synthesized powder and can be 
proposed as [12]:

So:

By rearranging above relation [10, 11]:

(5)� =
�hkl

4 tan �

(6)�s = 4� tan �

(7)�hkl = �D + �S

(8)�hkl =

(

k�

D cos �

)

+ 4� tan �

(9)�hkl cos � =

(
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D

)
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Fig. 1  XRD patterns of synthesized MgO nanopowders under dif-
ferent conditions Fig. 2  The texture coefficient (TC) corresponding with crystal 

planes of MNPs
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Relation 9 is the W–H equation and named uniform 
deformation model (UDM). In this model presumed that 
the strain is constant and monotonic in whole crystal 
geometric directions. so regarding the isotropic essence 
of the crystal and assuming that specifications of material 
are self-determining of the direction along that it is meas-
ured, the crystallite size D and strain ε can be estimated 
using the plot of 4sinθ (along the x-axis) vs. βhklcosθ (along 
the y-axis) and by y-intercept and the slope of the linear 
fit, respectively [12]. Figure 3 indicates the plot of 4sinθ vs. 
βhklcosθ for MNPs synthesized at different conditions. As 
shown, a positive and a negative slope in the plot indicate 
the presence of tensile strain in MgO-1 and MgO-2 sam-
ples (Fig. 3a, b) and compressive strain in MgO-3 nanopar-
ticles (Fig. 3c).

The structural data for MgO nanopowders, including 
miller index, FWHM, diffraction angles, the crystallite 
size (using Scherrer’s and W–H method), are reported in 
Table 1. The presence of compressive strains in MgO-3 
nanoparticles can be attributed to supersaturating caused 
by the increase in NaOH concentration and the increase in 
particle interaction during the synthesis process.

The morphology of the MNPs synthesized from impure 
brine was analyzed by TEM and FESEM and is indicated in 
Fig. 4. Homogeneous distribution of nanoparticles with 
spherical morphology and smooth surfaces were observed 
in TEM and FESEM images. Characterization of the particle 

size distribution of the MgO nanopowders using Image-J 
software confirmed that the particle size range of MgO-1, 
MgO-2, and MgO-3 is 35–88 nm, 30–85, and 22–75 nm, 
respectively. It is evident from FESEM graphs that MgO-1 
sample (Fig. 4a) has a better particle size distribution and 
more uniformity, while in MgO-2, and MgO-3 samples 
(Fig. 4b, c), with increasing NaOH concentration, the par-
ticles size have decreased and agglomeration increased 
(due to the increase of the specific surface area of MNPs). 
It should be noted that the average crystallite size calcu-
lated from XRD pattern is different from (less than) that of 
from FESEM technique. This confirms the polycrystalline 
quiddity of the MNPs.

EDS analysis is employed for the chemical analysis of 
MNPs that shown in Fig. 5. The EDS spectrum just indi-
cated the existence of Magnesium (Mg), and Oxygen (O) 
elements in the samples, which proves the high purity 
of the synthesized powders. It is evident that the Mg/O 
atomic ratio, obtained from these results is in good match 
with that of the bulk ratio and corresponding XRD data. A 
slightly higher oxygen atomic ratio compared to that of 
magnesium is probably the absorption of moisture from 
the environment [13].

Figure 6 indicates the FTIR spectra of MNPs synthe-
sized under various concentrations of the precipitator. 
For all samples, the same peaks are seen in FTIR patterns. 
The small peaks at 440, 510, and 880 cm−1 belong to the 

Fig. 3  W–H method and plots 
of 4sinθ vs βhklcosθ for MNPs 
(UDM); a MgO-1 nanopowders, 
b MgO-2 nanopowders and c 
MgO-3 nanopowders
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Table 1  Structural parameters 
for MgO-1, MgO-2, and MgO-3 
nanoparticles

Sample (hkl) 2θ FWHM
(degree)

D (Eq. 5)
(nm)

W–H method

D ε × 10–3

MgO-1 (111) 36.835 0.321 26.04 37.09 1.23
(200) 42.847 0.337 25.29
(220) 62.221 0.414 22.37
(311) 74.549 0.523 19.09
(222) 78.510 0.474 21.60

MgO-2 (111) 36.864 0.291 28.73 37.00 0.94
(200) 42.831 0.378 22.54
(220) 62.208 0.423 21.95
(311) 74.567 0.633 15.77
(222) 78.517 0.514 19.95

MgO-3 (111) 36.866 0.415 20.17 17.61 0.57
(200) 42.845 0.446 19.09
(220) 62.219 0.486 19.09
(311) 74.573 0.388 25.72
(222) 78.437 0.523 19.58

Fig. 4  FESEM and TEM (insert) images of synthesized MgO nanostructures by different concentration of NaOH, a 1 mol  L−1, b 2 mol  L−1 and c 
3 mol  L−1
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stretching vibration of Mg–O bands in MNPs [9, 14]. Also, 
the small peaks in ranges of 1400–1470 cm−1 are related to 
bending vibration of absorbed water and surface hydroxyl 

(–OH) from the atmosphere due to its surface acid–base 
properties [2, 15].

3.2  Optical properties

The optical properties of MNPs suspended in absolute 
ethanol was studied by UV–Vis spectroscopy. Figure 7a 
and b indicates the absorption and transmission spectra 
of the MNPs, respectively. According to Fig. 7a, the sharp 
and strong absorption peak at about 214 nm (MgO-1), 
209 nm (MgO-2), and 211 nm (MgO-3) are due to the exci-
tation of four-fold coordinated  O2− anions in the edges 
and corners that in agreement with the results obtained 
by other researchers [13, 15]. The higher absorption at the 
UV zone corresponds to the lower transmittance percent 
that is clear in Fig. 7b. In nanoscale, MNPs have a more 
sinificant percentage of atoms and defects on the surface 
than in bulk. These defects are located on the different 
coordination sites on the surface and undergo excitation 
when exposed to UV photon energy [13].

Fig. 5  FTIR spectra of the as-synthesized MNPs at different conditions

Fig. 6  FTIR spectra of the as-synthesized MNPs at different condi-
tions
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The relation between the ‘α’ (absorption coefficient) and 
the ‘hν’ (photon energy) can be specified by using Tauc’s 
relation [16, 17]:

where α, hυ, A, and  Eg are the absorption coefficient, pho-
ton energy, material-dependent constant, and band gap 
energy, respectively, and ‘n’ is a constant related to the 
direct transition in semiconductors (equal to 0.5).

Also, the absorption coefficient of MNPs was calculated 
by the following formula [18]:

where A and d are absorbance and the path length of the 
utilized quartz cuvette, respectively. The change in the 

(10)(�h�) = A(Eg − h�)
n

(11)� = 2.303
A

d

‘α’ as a function of the ‘hυ’ for as-synthesized MNPs are 
given in Fig. 8a. All samples show a high absorption coef-
ficient in the UV zone, and this coefficient slakes in higher 
wavelengths.

To calculate the  Eg for NPs, we used extrapolating the 
linear zone of the plot of (αhν)2 (x-axis) vs. hν (y-axis) that 
was determined by the x-intercept [7, 18] (Fig. 8b). The 
optical band gap energy value of the MgO-1, MgO-2, and 
MgO-3 was found to be 4.6, 4.7, and 4.9 eV, which shown 
the semiconducting manner of MNPs. Comparison of the 
XRD, FESEM results and measured  Eg shown that the  Eg 
had been increased by decreasing the size of nanoparticles 
(blue shift) (Fig. 9) and could be pertained to the electron 
confinement as perceived in past studies [8, 16, 18]. The  Eg 
of MNPs was remarkably lower than the energy band gap 
from the standard value of Eg in the bulk state (7.8 eV) due 
to red-shifted from the standard. This was related to the 

Fig. 7  Absorption a and transmittance (%) b spectra of as-synthesized MNPs

Fig. 8  a Variation of absorption coefficient with photon energy and b plot of (αhν)2 vs hν for MNPs synthesized by different concentrations 
of NaOH solution
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effect of the morphologies of crystals containing variant 
significant energetic facets, reaction of different excitation 
energy and so the creation of various direct band gaps and 
the quantum size effect [19, 20]. Also, these results were in 
good match with other previous works which used pure 
precursor for the synthesis of MgO nanostructures [1, 5, 
21–24]. The synthesized MgO NPs from impure brine have 
geart potential in optoelectronics applications.

Extinction coefficient (k) affects various optical prop-
erties such as absorption of light waves in the medium 
and the dielectric constants. This parameter determines 
the part of light missed because of the dispersion and 
absorption per unit space of the infiltration environment 
[25]. The k value for MNPs samples was calculated by the 
following relation [26]:

where α and λ are the absorption coefficient and wave-
length, respectively. Figure 10 exhibits the extinction coef-
ficient of samples as a function of hν. Since the extinction 
coefficient and the absorption coefficient are proportional 
to each other, their variations are the same. As shown 
clearly, for MgO-1, MgO-2, and MgO-3 samples, the extinc-
tion coefficient increased gradually to 5.8 eV, 5.9 eV, and 
5.9 eV, respectively, and then decreased. Increasing the 
extinction coefficient at low wavelengths (UV zone) was 
due to interactions between the photons and electrons, 
which affected the amplitude of the incident wave [27].

The refractive index (n) is a primary feature for all optical 
materials. It has a remarkable role in the study of optical 
materials, which is an important factor in optical informa-
tion and medicine and surgery. This parameter is nearly 
dependent on the electronic polarization of ions and the 
localized field within these optical materials [28, 29].

(12)k =
αλ

2π

Several simple formulas have been reported for rela-
tions among n and  Eg in literature [30–33], which some 
of them have been investigated to certificate the current 
study. Based on Ravindra et al. [34], there is a linear rela-
tionship between the  Eg and the high-frequency refractive 
index:

where α and β are equal to 4.048 and − 0.62 eV−1, respec-
tively. Herve and Vandamme [32] have suggested a tenta-
tive formula by simple utilization physics of light diffrac-
tion as:

where A and B are constant and equal to 13.6 eV and 
3.4 eV, respectively. Also, Gosh et al. [33] used various 
method by investigating the band structural and quan-
tum-dielectric formulations of other researchers study as 
[35, 36]:

where A = 8.2Eg + 134 (contribution of the valence elec-
trons), B = 0.225Eg + 2.25 (constant additive to the lowest 
 Eg), and  (Eg + B) is an adequate average energy gap of the 
material. So, these models were used to investigate the 
variation of n with the energy gap. Moreover, the esti-
mated values of the optical dielectric constant (ε∞) were 
attained using the relation ε∞ = n2 and Eqs. (13)–(16) [37, 
38]. The estimated value for n and calculated ε∞ for MNPs 
is listed in Table 2, indicating that Ravindra et al. model is 
an adequate model for MNPs and means high absorption 

(13)n = α + βEg

(14)n =

(

1 +

(

A

Eg + B

))1∕2

(15)n2 − 1 =
A

(Eg + B)2

Fig. 9  Variation of the optical band gap energy with crystallite size 
in MNPs

Fig. 10  The plot of extinction coefficient as a function of photon 
energy (eV) for MNPs
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and low reflection may be related to developing in solar 
cell capability [7]. Also, the estimated n values for all three 
MgO nanopowders were lower than the bulk refractive 
index of MgO (1.74), which were in good match with other 
works [2, 7, 26].

4  Conclusions

MgO nanoparticles were prepared by a facile and eco-
nomical method based on chemical precipitation from 
impure brine. XRD and EDS proved the formation of high 
purity single phase of MgO with FCC structure. Accord-
ing to the results of XRD and FESEM, increasing concen-
tration of NaOH solution resulted in the reduction of the 
particle size of MNPs and increased their agglomeration. 
Due to decreasing particle size and quantum confine-
ment effects, the optical properties of nanoparticles 
changed. One of these changes was the increase in the 
value of the optical band gap energy of MNPs from 4.6 
to 4.9 eV. Our studies have shown that although MNPs 
were synthesized from impure brine, these nanoparticles 
exhibited excellent optical properties such as absorp-
tion, transmittance, band gap and refractive index, which 
could be used as submicron optoelectronic devices. Also, 
the Ravindra et al. model was an adequate model for 
MNPs according to obtained value n and ε∞.
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