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Abstract
Magnesium hydroxide (Mg(OH)2) nanoflakes were synthesized by surfactant-assisted sonochemical route with using of 
natural brine (containing  MgCl2), NaOH, and polyethylene glycol as magnesium procedure, precipitator, and surfactant, 
respectively. The effect of ultrasound irradiation power was investigated in 3 levels (100, 200, and 350 W) on optical, struc-
tural, and morphological properties and thermal behavior of as-prepared magnesium hydroxide (MH) nanostructures. XRD, 
DLS, FESEM, TEM, EDS, FTIR, BET, and UV–visible spectroscopy techniques characterized the synthesized samples. 
XRD profiles and FESEM and TEM images of all as-synthesized samples disclosed that the Mg(OH)2 nanoflakes indicate 
hexagonal brucite-type crystallinity with space group P-3m1 without any impurity phases. Also, the crystallite size of 
samples was increased from 21 to 27 nm by incrementing the ultrasound irradiation power from 100 to 350 W, respectively. 
Due to the polycrystalline nature of the particles, the size of nanoflakes measured with DLS were 80, 105 and 140 nm for 
100, 200, and 350 W irradiation powers, respectively. Well-dispersed Mg(OH)2 nanoflakes with a uniform size distribution 
were obtained using 100 W irradiation power. Also, FESEM and TEM images confirmed that increasing the ultrasonic wave 
power led to the accumulation of flakes, which based on BET studies can be due to the reduction of the specific surface area 
of nanoflakes from 115  m2/g (for 100 W irradiation) to 35  m2/g (for 350 W irradiation). The optical band gap energy of the 
nanoflakes was found to be slightly decreased with increasing with the increase of ultrasound irradiation power content.

Keywords Mg(OH)2 nanoflakes · Ultrasound irradiation power · XRD · TG–DTA · Band gap

1 Introduction

Nanosized metal hydroxides are important engineering 
materials used in optics, catalysis, photonic, and electronic 
devices. As a thermally stable, noncorrosive, and non-
toxic substance, Mg(OH)2 has been widely utilized as a 

neutralizer in acid water and treatment of flue-gases (sulfu-
ric oxides), fertilizer additive [1], flame retardant agent [2, 
3], energy storage [4], antibacterial [5], anti-acid agents in 
biomedicine and pharmaceutics [6], remove of heavy metals 
from water [6], ethanol chemical sensor [7] and a promising 
candidate for enhanced photocatalytic water splitting in the 
visible light region [8]. Mg(OH)2 can also be utilized as a 
raw material for the controlled production of magnesium 
oxide (MgO) with a well-defined morphology, crystallite 
size, and surface area [9].

The pollution of water by potentially toxic metals or so-
called heavy metals is the most severe form of environmental 
impact [10]. In recent years, the use of Mg(OH)2 nanopar-
ticles and the composites based on these nanoparticles have 
attracted the attention of researchers to remove harmful 
compounds and pollution from water. This potential has 
been utilized for the degradation of many dangerous com-
pounds such as ciprofloxacin [11], methylene blue dye [12], 
congo red, malachite green, textile industry effluent [13], 
rhodamine B, and methyl orange [14]. The mechanism of 
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adsorption of toxic metals was proposed in the ion exchange 
between  Mg2+ and heavy metals [10]. Mg(OH)2 nanoflakes 
are one of the more favorable morphologies in the synthesis 
of Mg(OH)2 nanostructures.

The size, shape, and agglomeration of the hydroxide are 
crucial for its physicochemical properties and applications. 
Crystalline Mg(OH)2, referred to as brucite, is known to have 
a layered crystal structure where successive hexagonal lay-
ers of  Mg2+ ions and  OH− layers are stacked together. This 
layered structure predetermines its platelet-shaped crystal-
lization [15]. The nanoflakes with edge-on orientation natu-
rally lead to a higher surface-to-volume ratio that is very 
effective on photocatalytic properties and pollution absorp-
tion [12]. In the synthesis of Mg(OH)2 nanostructures, appro-
priate surfactants significantly reduce size, produce diverse 
morphologies, and decrease agglomeration of particles [5]. 
Since the ordered nanostructures are useful in applications 
like light-emitting diodes, solar cells, and photo-detectors, 
understanding the optical and thermal characteristics of 
nanostructures in a controlled synthesis environment can 
increase their functionality within various applications. The 
electronic structures of the surfaces of Mg(OH)2 have been 
calculated by utilizing density functional theory [16]. For 
all examined (110), (100), (102), (101), and (001) planes, 
the energy related to the (001) surface was found to be the 
biggest because of the presence of external OH groups and 
their low polarity. Moreover, when (110) surface was domi-
nant, the product easily aggregated, while nano-plates with 
increasing (001) surfaces were much easier to obtain [16–18]. 
Hexagonal-shaped Mg(OH)2 nanostructures, that possess 
edge surface atoms, are highly utilizable in biomedical appli-
cations because of the presence of edge surface atoms [19].

Although the various synthesis techniques are diverse in 
form, they are the same in terms of purpose such as optimiz-
ing the size and morpho-structural properties of the material 
to fulfill the necessities of practical application scenarios 
[20]. Different processes involving chemical precipitation 
[21], co-precipitation approach [22], hydrothermal synthesis 
[5], solvothermal reaction [23, 24], water-in-oil microemul-
sion [25], electrolysis of aqueous magnesium salts [15], 
spray drying [26], sol–gel techniques [27], chemical vapor 
deposition (CVD) [28], and ultrasonic methods [29, 30] have 
been developed for preparation of Mg(OH)2 nanostructures. 
These nanostructures are conventionally synthesized by pre-
cipitation route utilizing magnesium salt solution as mag-
nesium source and utilizing alkali as a precipitant agent. 
However, there is not enough time for lattice arrangement 
because of the fast reaction and precipitation rate, resulting 
in incomplete crystal shape, inconvenient particle size dis-
tribution, and aggregation of particles [31].

During the sonochemical synthesis, due to the power-
ful ultrasound irradiation applied, the molecules undergo 
a chemical reaction to result in nanoparticles. The acoustic 

waves create a cavitation field of microbubbles, in which 
interfacial regions participate in the synthesis reactions tak-
ing place at a high pressure (~ 1000 atm), high tempera-
ture (~ 5000 K), and rapid heating and cooling [32]. In such 
extreme conditions, the growth and organization of crystals 
are hindered, which results in the formation of a nano-sized 
product. Variation of sonochemical parameters can enable 
the production of nano-sized particles with distinct sizes 
and/or morphologies. The sonochemical technique has 
been utilized to prepare various hydroxide-nanomaterials 
via a variety of applications and morphological, structural, 
optical properties, etc. Among these nanomaterials are 
magnesium hydroxide, aluminum hydroxide [33], calcium 
hydroxide [34], CoNi layered double hydroxide [35], lantha-
num hydroxide [36], nickel hydroxide [37, 38], copper (II) 
hydroxide nitrate [39], copper-cobalt layered double hydrox-
ide [40], indium(III) hydroxide [41], Zn(OH)2/ZnV3O8 [42] 
and layer-layered double hydroxide [42–44].

Most methods for preparing Mg(OH)2 nanostructures 
are multi-step and require the presence of other chemicals 
in the solution, while the ultrasonic method offers oxida-
tion of magnesium in pure solutions [45]. Accordingly, 
previous studies [30] demonstrated the successful synthe-
sis of highly pure Mg(OH)2 nanostructures from an impure 
magnesium precursor (i.e. brine) by using a sonochemical 
route and PEG surfactant. This method is not only fast but 
also easily controlled, while the products are characterized 
by their uniform and small sizes. Nevertheless, just a few 
comprehensive researches on the effect of ultrasound irra-
diation power in the sonochemical synthesis method on the 
physicochemical properties of Mg(OH)2 nanostructure can 
be found in the literature. Accordingly, the present work 
aims to investigate the effect of ultrasonic wave power on 
the morphological, structural, optical properties, and ther-
mal behavior of Mg(OH)2 nanostructure. To achieve this, 
the production of Mg(OH)2 nanostructures by employing 
controlled sonochemical synthesis that involves the use of 
different ultrasonic wave intensities (i.e. 100 W (MH-100), 
200 W (MH-200), and 350 W (MH-350)) was presented. 
The composition, structure, morphology, specific surface 
area, and particle size were investigated to find their role 
in the thermal and optical properties of the as-synthesized 
nanostructures.

2  Materials and methodology

2.1  Materials

Natural brine (based on our previous work [46]) containing 
 MgCl2,  CaCl2, NaCl, and KCl was utilized as a magnesium 
procedure for preparing Mg(OH)2 nanostructures. Brine 
was collected from a solar evaporation pond (Khur Potash 
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Complex, Khur-O Biabanak, Isfahan, Iran). The chemical 
composition of the brine is indicated in Table 1.

Sodium hydroxide (NaOH, purchased from 
Merck, ≥ 99.99%), absolute ethanol  (C2H6O, purchased 
from Merck, ≥ 99.9%), and poly(ethylene glycol) 4000 (PEG 
4000, purchased from Sigma-Aldrich) were all analytical 
reagents and utilized as received, without any purification. 
For all experiments, high-purity deionized water was pro-
duced using deionized water purification equipment (GFL, 
2012, Germany).

2.2  Preparation of Mg(OH)2 nanostructures

For each of the experiments, briefly, 50 mL of brine was first 
transferred into the beaker. Then, 10 mL of PEG4000 solu-
tion (5 w.t %) and a certain amount of NaOH solution (3 mol 
 L−1) were mixed for 10 min by a magnetic stirrer to form 
a uniform solution. Immediately after that, the NaOH/PEG 
solution was added slowly to the beaker containing brine and 
simultaneously the ultrasonic irradiation was applied using 
an ultrasonic homogenizer (UHP 400, Topsonic, Tehran, 
Iran) with 20-kHz frequency and various powers. Power var-
iations of ultrasound irradiation were made at power inter-
vals of 100, 200, and 350 W and the time duration for all 
experiments was 15 min. During the reaction of NaOH/PEG 
solution and brine, small nucleation species appeared, indi-
cating a milky/white solution, and pH was adjusted in the 
range of 9–9.5. Separation of white Mg(OH)2 precipitates 
from the mother solution was carried out by vacuum filtra-
tion. The obtained cake was washed several times with dis-
tilled water and absolute ethanol and dried for 1 h in an oven 
at 110 °C to obtain Mg(OH)2 powder. The as-synthesized 
Mg(OH)2 samples at 100 W, 200 W, and 350 W irradiation 
powers received codes MH-100, MH-200, and MH-350, 
respectively, and were stored for the next characterizations.

2.3  Characterization

For determining cations  (Na+,  K+,  Mg2+, and  Ca2+) concen-
tration, flame photometer spectroscopy (for  Na+ and  K+) by 
JENWAY Flame Photometer and titration method by EDTA 
(for  Mg2+ and  Ca2+) were used. Moreover,  Cl− concentra-
tion was measured through the potentiometric method by 
JENWAY Ion Meter model 3345.

To appraise the structural properties of as-synthesized MH 
powders X-ray diffraction (XRD) patterns were recorded using 
a Bruker X-ray diffractometer (D8 Bruker, CuKα, λ = 1.5406 
Å, Germany) at a scan range of 10°–90° 2θ and conditions of 
35 kV and 30 mA. The morphology of synthesized Mg(OH)2 
nanopowders was analyzed by field emission scanning elec-
tron microscopy (FESEM, MIRA3, TE-SCAN) equipped with 
energy-dispersive X-ray spectroscopy (EDS) and transmission 
electron microscopy (TEM) using a LEO912-AB microscope. 
A Malvern NanoZS dynamic light scattering (DLS, ZEN3600) 
was utilized to determine the size of nanoparticles in an etha-
nol media at room temperature. Fourier transform infrared 
(FTIR) spectra were recorded using a TENSOR27 (Germany, 
Brucker) infrared spectrophotometer with KBr pellets in the 
range of 400–4000  cm−1. The surface area and pore size stud-
ies were performed through a BET (Brunauer–Emmett–Teller) 
surface area analyzer (Micromeritics ASAP 2020, USA) by  N2 
absorption–desorption isotherm curves. Thermal gravimetric 
and differential thermal analysis and also differential scan-
ning calorimetry (TG–DTA/DSC, VT30-LINSIES) within 
the range of 25–600 °C were performed at a heating rate of 
10 °C/min under air, to characterize the thermal decomposition 
behavior of the prepared samples. The optical properties of the 
Mg(OH)2 nanostructures were studied by a diffuse reflection 
spectrophotometer (DRS, Shimadzu). The absorption spectra 
were recorded in the range of 195–800 nm.

3  Results and discussion

3.1  XRD and DLS analysis

Figure 1a indicates the XRD patterns of Mg(OH)2 samples 
synthesized under various ultrasonic wave intensities. XRD 
patterns illustrate major reflections at 2θ = 18°, 37°, 50°, 58°, 
62° corresponding to (001), (100), (101), (102), (110), (111), 
(103), (201), and (202) crystal planes, which are in good agree-
ment with JCPDS no. 07-0239 for Mg(OH)2 and indicate bru-
cite type hexagonal configuration of all the samples [47]. The 
presence of sharp and strong XRD peaks illustrates the forma-
tion of Mg(OH)2 nanostructures that were well crystallized. 
No other peaks that could be an indication of impurities were 
found in the XRD patterns, showing the high purity of the 
as-synthesized nanostructures. The mean crystallite size (CS) 
was estimated from the (101) peak and the average of (001), 
(101), (102), (110), and (111) peaks by using Debye–Scherrer 
formula (Eq. 1) [48]:

where λ is the wavelength of the X-ray, θ is the Bragg 
angle, 0.9 is a constant near unity, and β is the full width 
at half-maximum (FWHM). Table 2 reports the average 

(1)DCS =
0.9λ

β cos θ

Table 1  The analysis of the used brine as the precursor containing 
 Mg2+ ions

Precursor Concentration (g  l−1) Density (g  cm−3)

NaCl KCl MgCl2 CaCl2

Brine 5.08 3.62 207.70 507.75 1.43
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crystal sizes of (101) plane, and the average of crystal planes 
((001), (101), (102), (110), (111)). The results show that 
the crystallite size of samples underwent tangible changes 
by increasing the ultrasound irradiation power. The influ-
ence of ultrasound irradiation on the preferential orienta-
tion of the crystals was also investigated. The orientation 

of the crystals in the direction of a particular plane can be 
estimated by calculating the texture coefficient (TC) of the 
plane. TC was calculated based on the reflection intensity 
of different sample planes using the following equation, as 
shown in Eq. 2 [49]:

where TC (hkl) is the texture coefficient, I (hkl) is the (hkl) 
plane reflection intensity of the sample under analysis,  I0 
(hkl) is the reflection intensity of the corresponding plane 
in the standard card, and n is the number of used peaks (i.e. 
5 peaks are considered in this particular case). TC values 
less than one indicate the random orientation of the plane, 
whereas TC values greater than one indicate the preferential 
growth of the plane.

Figure 1b indicates the TC (hkl) values corresponding to 
different planes of as-synthesized Mg(OH)2 samples. Based 

(2)TC(hkl) =
I(hkl)∕I0(hkl)

1

n

∑

nI(hkl)∕I0(hkl)

Fig. 1  a XRD patterns of Mg(OH)2 nanostructures prepared via ultrasonic under different irradiation powers; b effect of ultrasound wave power 
on texture coefficient (TC) of the as-synthesized Mg(OH)2; and c dynamic light scattering (DLS) study of Mg(OH)2 nanostructures

Table 2  Crystallite, particle size, and  I(001)/I(101) ratio of as-synthe-
sized Mg(OH)2 obtained by the sonochemical route at different irra-
diation powers

Sample Average crystallite size 
(nm)

I(001)/I(101) Average 
particle size 
(nm)
(DLS)(101) Average of 

crystal planes

MH-100 21.22 18.78 0.57 80
MH-200 22.32 20.35 0.29 105
MH-350 27.46 24.86 0.24 140
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on the information obtained from Eq. (2) and Fig. 1b, it 
is clear that in all MH samples, the most compact plane 
in the hexagonal system, namely (001) plane, was the pre-
ferred plane for the growth of magnesium hydroxide nano-
flakes. Via the simultaneous use of PEG4000 surfactant 
and increasing the intensity of ultrasonic waves, the crys-
tal orientation in the (001) direction was greatly increased, 
which led to an increase in the  I(001)/I(101) ratio, as shown 
in Table 2. Alternatively, the orientation of the crystals in 
(102) direction was blocked. Comparing the  I001/I101 ratio 
of the MH samples, the polar nature of crystal face (001) of 
the MH-350 sample was weaker, which would reduce the 
internal stress and surface polarity of Mg(OH)2, leading to a 
more stable structure [50]. Figure 1b also clearly shows that 
in all specimens, the crystals were not oriented in (110) and 
(111) direction of planes.

The DLS analysis was used to determine the particle size 
range of each sample. Figure 1c shows the particle size dis-
tribution diagram of Mg(OH)2 samples synthesized under 
various ultrasound wave power values. The average particle 
size of the MH-100 sample was revealed as around 80 nm. 
An increase in the power of ultrasonic waves, due to the 
increase in the surface energy of the primary nuclei, led to 
the accumulation of particles, increasing the average particle 
size and their distribution. Accordingly, the average particle 
sizes of MH-200 and MH-350 samples reached values of 
about 105 and 140 nm, respectively. Therefore, to synthesize 
Mg(OH)2 particles from brine with an average particle size 
less than 100 nm via the use of a sonochemical method, the 
device power should not exceed 100 W.

3.2  Morphological and chemical analysis

The morphology of Mg(OH)2 nanostructures was first char-
acterized via FESEM (Fig. 2a–c). It can be seen that all nan-
opowders revealed plate-like structures that were agglomer-
ated due to their high surface energy. As indicated in Fig. 2, 
the random agglomerated nanoflakes of Mg(OH)2 were vary-
ing in size and thickness containing rice-like nanograins. For 
MH-100 sample (Fig. 2a), the length and width of the lowest 
flake were below 50 nm, while the thickness of the lowest 
flake was about 18 nm. The MH-200 (Fig. 2b) image shows 
that these nanoflakes have more agglomerated rice-like 
nanograin, which their boundary was unclear. The MH-350 
sample  (Fig. 2c) illustrated the most agglomerated rice-like 
nanograin with a clearer boundary than other samples. So 
more parallel flakes (via thickness < 25 nm) were detected 
in the microscopic images for this sample. With an increase 
in the power of irradiation, the samples turned into smooth 
semi-plates and seeds, as observed in the FESEM images.

For the further characterization of the morphology of 
Mg(OH)2 nanoparticles, TEM analysis was carried out. As 
the power of ultrasonic waves increased, the accumulation 

of flakes was enhanced, as shown in Fig. 3(a-d). The most 
random flakes containing agglomerated rice-like nanograins 
were observed in the MH-350 sample (Fig. 3d). Further-
more, the changes in the arrangement of Mg(OH)2 nano-
flakes and the formation of uniform and smooth semi-plates 
have greatly reduced the available pores, leading to relatively 
dense morphologies. Amongst the samples investigated, the 
MH-100 sample revealed a fine nanostructure with a rela-
tively narrow particle size distribution (Fig. 3a, b), which 
was associated with the use of the lowest ultrasound device 
power of 100 W.

Overall, the findings obtained by DLS, FESEM, and TEM 
analyses were in line with each other, revealing the condi-
tions used in the synthesis of the MH-100 sample as ideal for 
obtaining Mg(OH)2 nanoflakes with the most homogeneous 
and uniform particle size distribution.

To study the chemical composition of the samples, EDS 
spectra were recorded together with the FESEM analysis, 
as shown in Fig. 4. In all the spectra, only Mg and O were 
detected and no other impurities were detected (i.e. except 
for Au, which was related to the sample coating) indicat-
ing the purity of the synthesized products. The carbon peak 
observed in all samples was associated with the absorption 
of PEG 4000 on the sample surfaces during the synthesis. 
Based on stoichiometric calculations, Mg(OH)2 contains 
55.17 wt% oxygen and 41.73 wt% magnesium. The differ-
ence in the amounts of oxygen and magnesium from these 
corresponding stoichiometric values was because of the 
hydrophilic nature of the Mg(OH)2 nanostructure. Accord-
ingly, this mineral substance can easily absorb moisture 
from the ambient atmosphere in the form of surface water, 
which could alter its stoichiometric composition [51]. Nev-
ertheless, the EDS data were in good agreement with the 
XRD results, indicating the high purity of synthesized MH 
nanostructures.

The simultaneous use of PEG 4000 surfactant as a cap-
ping agent during ultrasonic irradiation led to a more uni-
form arrangement and clustering of nanoflakes. This sur-
factant can be adsorbed at the crystal plane of Mg(OH)2, 
either by hydrogen bonding with the OH groups associated 
with  Mg2+ atoms or by coordination with  Mg2+, respectively. 
The adsorption of the PEG molecules blocks the growth of 
the crystals, resulting in the formation of plate-like particles 
and also preferential growth in special directions [46].

The surfactant ultrasound-assisted Mg(OH)2 nano-
structures from brine according to Yousefi’s model can be 
described by the following reactions and steps [52, 53]:

(3a)MgCl2(in brine) → Mg2+ + Cl−

(3b)
Mg2+ + OH−(NaOH) → Mg(OH)+

(

or
[

Mg(OH)6
]4−

)
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(3c)
Mg(OH)+

(

or
[

Mg(OH)6
]4−

)

+ OH−(NaOH) → Mg(OH)2 (3d)Mg2+ + 2OH−(NaOH) → Mg(OH)2

(3e)OH −Mg − OH + H −
(

O − CH2 − CH2

)

n
→ HO − Mg −

(

O − CH2 − CH2

)

n
OH

Fig. 2  FESEM images of 
Mg(OH)2 nanostructures 
prepared via ultrasonic irradia-
tion under different irradiation 
powers: a MH-100 sample; b 
MH-200 sample; and c MH-350 
sample
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The growth unit of Mg(OH)2 nanostructures has usually 
been explained by Mg(OH)+ or [Mg(OH)6]4− species. In 
the presence of NaOH and PEG, solution,  Mg2+ ions (in 
brine) reacted with hydroxyl ion (from NaOH) to form 
Mg(OH)+ (or [Mg(OH)6]4−) under alkaline condition. In 
the first stages of the reaction, these small entities act as 
the primary nuclei of Mg(OH)2.

During the reaction of  Mg2+ and hydroxyl ions, the 
 OH− ions are preferentially adsorbed on the  Mg2+-terminated 
(001) plane. High  OH− ion will generate more Mg(OH)+ 
(or [Mg(OH)6]4−) intermediate, which is also absorbed on 
 Mg2+-terminated (001) plane, which impeded the crystal 
growth along the c-axis. The use of PEG surfactant (while 
adding the precipitating agent) blocks the growth along the 
(001) plane. But in sample MH-350, due to the increase 
in the power of the ultrasonic waves, the effect of this sur-
factant will be neutralized and the preferential growth will 
continue along the plane (001) and cause the agglomera-
tion of Mg(OH)2 nanoflakes. The Mg(OH)2 crystal growth 
mechanism by surfactant-assisted sonochemical method has 
been proposed in Fig. 5.

3.3  FTIR and surface area analysis

The possible interactions between PEG 4000 and Mg(OH)2 
nanoparticles were further explored by FTIR spectroscopy, 
whose results are demonstrated in Fig. 6. The details of all 
the observed absorption bonds, their intensity, and type of 
vibrations, due to the subsequent vibrations of the different 
functional groups [54], are listed in Table 3. The absorp-
tion vibrations of PEG 4000 groups could be observed in all 
Mg(OH)2 samples. In line with the XRD and EDS findings, 
the FTIR spectra indicated the high purity of the synthesized 
nanostructures. Also, as it is clear, increasing the power of 
ultrasonic waves has not much effect on the appeared peaks 
in the FTIR spectra and different functional groups.

The typical  N2 adsorption–desorption isotherms of the 
synthesized Mg(OH)2 samples are illustrated in Fig. 7. The 
nitrogen adsorption profiles of all samples could be classified 
as type-IV with H3 hysteresis loop according to the IUPAC 
standard, which was associated with slit-like pores [65]. 
This type of hysteresis corresponds to solids comprising 
accumulates or agglomerates of particles with slit-shaped 

Fig. 3  TEM images of 
Mg(OH)2 nanostructures pre-
pared via ultrasonic irradiation 
under different irradiation pow-
ers: a, b MH-100; c MH-200; 
and d MH-350
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pores (i.e. plates or edged particles such as cubes), whose 
size and/or shape are non-uniform [66]. The average pores 
size distributions of the synthesized Mg(OH)2 samples were 
determined by the Barrett–Joyner–Halenda (BJH) method 
that uses the desorption branch, as shown in Fig. 7 (inset). 
The surface area of the specimens was measured using the 
BET and Langmuir methods. The theoretical particle sizes 
were estimated from the surface area (i.e. assuming spherical 
particles) using the following relation:

(4)DBET = (
6000

ρ ∗ S
)

where  DBET, ρ, and S are the equivalent particle diameter 
(nm), the density of the sample (g  cm−3), and the specific 
surface area  (m2  g−1), respectively. The pore structure 
parameters of the Mg(OH)2 samples are listed in Table 4. An 
increase in  DBET was observed with an increase in the power 
of ultrasonic waves. Increasing the ultrasonic radiation 
intensity raised the surface energy of the particles, which 
was linked with breaking of the particles in the early stages 
of synthesis, resulting in their agglomeration and associated 
increase in particle sizes.

The increase in irradiation power also influenced the 
pore size distribution. Accordingly, at higher power values, 

Fig. 4  EDS spectra and corresponding elemental analysis of Mg(OH)2 nanostructures prepared via ultrasonic irradiation under different irradia-
tion powers: a MH-100; b MH-200; and c MH-350



Effect of ultrasound irradiation on opto‑structural properties and thermal behavior of… Page 9 of 15 418

a shift in the pore size distribution towards larger values 
was observed. Alternatively, both the specific surface areas 
and pore volumes of the Mg(OH)2 samples significantly 
decreased by rising irradiation power. The maximum surface 
area was revealed by the MH-100 sample as 116.30  m2  g−1, 
with a corresponding pore volume of 0.57  cm3  g−1, which 
was obtained under ultrasonic irradiation at a power of 100 
W. While 100 W revealed samples with the lowest average 
pore and particle size, the nanostructures of all samples con-
sisted of large mesopores with pore sizes of less than 50 nm. 
Differing from others, the defining feature of the MH-100 
sample was the presence of smaller mesopores between 4 
and 10 nm, whereas the mesopores for MH-200 and MH-350 
samples disappeared or merged due to the aggregation of 

nanoplates and reached 2–4 nm, which were consistent with 
FESEM and TEM observations.

3.4  Thermal and optical properties

The thermal behavior of MH samples was investigated 
using TG–DTA and DSC analysis and obtained results are 
presented in Fig. 8 and Table 5. The TG–DTA and DSC 
patterns of MH nanostructures indicate that the thermal 
decomposition of all as-synthesized consists of two stages. 
First, an endothermic peak (before 200 °C) is ascribed to the 
removal of water and some PEG. Second, another endother-
mic peak centered (before 400 °C) corresponds to the com-
plete removal of PEG, decomposition of MH nanostructures, 

Fig. 5  a Schematic representation of the formation of Mg(OH)2 nanoflakes and effect of ultrasound irradiation, b The Mg(OH)2 crystal growth 
mechanism by surfactant assisted sonochemical method using brine
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and transformation to MgO nanostructures according to the 
following reaction [25]:

The TG curves indicated that the weight losses of samples 
in the first stage were approximately 4.5%, 6.6%, and 6.8%, 
while in the second stage, final weight losses were 15.3%, 
16.6%, and 17% for MH-100, MH-200, and MH-350, respec-
tively. Based on DTA results, the transformation tempera-
ture  (Tt) of Mg(OH)2 to nanostructures MgO was 375 °C, 
388 °C, and 394 °C, respectively. The final decomposition 
temperature for Mg(OH)2 nanostructures in this study was 
lower than the reported temperature in the literature [9]. 
According to the obtained results (Table 5), increasing the 
power of ultrasonic waves leads to an increase in the per-
centage of mass loss in stages 1 and 2 and an enhancement 
in the transformation temperature of Mg(OH)2 into MgO. 

(5)Mg(OH)2 → MgO + H2O

The reason for this behavior can be attributed to an increase 
in the agglomeration of particles, an increase in temperature, 
and the required energy to convert Mg(OH)2 into MgO.

The optical specifications of the samples were studied 
by using UV–Vis DRS. Figure 9 indicates the absorption 

Fig. 6  FTIR spectra of Mg(OH)2 nanostructures prepared via ultra-
sonic irradiation under different irradiation powers

Table 3  FTIR spectroscopy data 
for Mg(OH)2 nanostructures 
prepared via ultrasonic 
irradiation

Peak position  (cm−1) Intensity Peak mode(s) References

430–520 Sharp and weak Tensile vibration of Mg-O [55, 56]
540–600 Small and sharp Deformation vibration of water and stretching 

vibration of Mg-OH
[57, 58]

880, 1043 Small Asymmetric tensile vibrations of C–O–C in PEG [53, 59]
1398 Strong and wide Shear-blending vibrations of  CH2 in PEG [60]
1627 Wide and weak Tensile vibrations of C-O in PEG
2503, 2852, 2927 Small and weak Tensile vibrations of  CH2 in PEG [53, 59, 61]
3260, 3440 Board and weak Tensile vibration of OH in water and PEG
3699 Strong and sharp Tensile vibration of OH in Mg(OH)2 [61, 62]
3743, 3948 Small and weak Tensile vibration of OH in water and Mg-OH [63, 64]

Fig. 7  N2 adsorption–desorption isotherms of as-synthesized 
Mg(OH)2 nanopowders; inset: pore size distribution deduced from 
desorption branch

Table 4  Results of  N2-adsorption/desorption analysis of Mg(OH)2 
nanopowders

Sample Specific surface 
area  (m2/g)

Pore 
volume 
 (cm3/g)

Average 
pore size 
(nm)

Particle 
size 
 (DBET)
(nm)SBET SLangmuir

MH-100 116.30 156.63 0.57 16.59 21.76
MH-200 46.19 67.48 0.29 21.22 54.69
MH-350 35.40 52.79 0.24 23.37 71.51
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and transmittance spectra corresponding to Mg(OH)2 sam-
ples synthesized under different ultrasound irradiation 
powers. As shown by the absorption and transmittance 
spectra of all samples, these spectra were divided into two 
regions: (a) the low absorption and low passage region 
with a wavelength of < 240 nm, known as the absorp-
tion edge (i.e. due to the excitation of four-fold coordi-
nated  O2− anions in the edges and corners), and (b) the 
lower absorption and higher transmittance region with 
a wavelength of > 240 nm and a low change slope. The 

absorption rate in all Mg(OH)2 samples increased towards 
shorter wavelengths (i.e. ultraviolet). The appearance of 
these peaks in the UV region was related to the transi-
tion of the band to band in the band gap zone [67]. An 
initial sharp reduction in the absorbance with an increase 
in wavelength was followed by almost a constant absorp-
tion coefficient, indicating the monotony in the size of 
as-synthesized Mg(OH)2 nanoplates [68]. The appearance 
of a new absorption region in the 240–340 nm range (i.e. 
with a 290 nm absorption edge) in the MH-350 sample 

Fig. 8  a–c TG–DTA patterns, and d DSC curves of Mg(OH)2 nanostructures prepared via ultrasonic irradiation under different irradiation pow-
ers

Table 5  Extracted data from 
TG–DTA and DSC profiles of 
as-synthesized Mg(H)2 samples

Sample TGA DSC DTA

Ti
(°C)

Tf
(°C)

Weight loss 
1 (%)

Weight loss 
2 (%)

Tp1
(°C)

Tp2
(°C)

Tt
(°C)

MH-100 316 412 4.5 15.3 184.6 365.2 375
MH-200 318 418 4.8 16.6 187.3 373.7 388
MH-350 324 431 6.6 17.0 188.7 382.1 394
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could be associated with the excitation of three-fold coor-
dinated  O2− anions in the edges and corners [69]. Also, 
this peak could be due to a quantum confinement effect or 
morphological impacts on Mg(OH)2 crystals with many 
active sites and an increase in the surface electric charge 
of Mg(OH)2 nanoplates that could have altered the exciton 
formation upon irradiation [22, 70].

The optical band energy gap  (Eg) is an important 
parameter that is used in the design and manufacture of 
semiconductors and dielectric materials [71].  Eg can be 
derived from the relation of the void that demonstrates the 
dependence of the absorption coefficient (α) on the photon 
energy (hυ), based on Eq. 6 [72]:

where A is a material-dependent constant, h is Planck’s con-
stant, and ν is the photon frequency. Accordingly, the direct 

(6)(αhν)2 = A
(

hν − Eg

)

band gap energy values of Mg(OH)2 samples were deter-
mined by Tauc plot and plotting (αhυ)2 vs. photon energy 
(hυ) by extrapolating the linear part of the Tauc’s plot, as 
shown in Fig. 10. The Eg values of MH-100, MH-200, and 
MH-350 samples were estimated as 5.80 eV, 5.75 eV, and 
5.7 eV, respectively. The observed difference can be attrib-
uted to the changing particle size with the increase in ultra-
sound irradiation power. In the case of a reduction in the size 
of the nanoparticles in the valence and conduction bands 
discreet atomic-like energy levels occur [73]. The spacing 
between the electronic levels and bind gap energy increases 
with decreasing the particle size which statement is fully 
consistent with the results in this study. This phenomenon 
Wang et  al. [74] explain with the surface/volume ratio 
fluctuation and the surface atoms' relaxation effects. This 
minor difference in the bind gap energy may be also due to 
a decrease in energy level in Mg(OH)2 nanoflakes because of 
the relative reduction of internal stress, the surface polarity 
of Mg(OH)2, and the formation of a stable structure. Based 
on the results of this study, the Mg(OH)2 nanoflakes can be 
a good candidate material for applications in photocatalysis, 
optoelectronics, photonics, and microelectronics.

4  Conclusion

In this work, Mg(OH)2 nanoflakes have been successfully 
fabricated using a simple surfactant-assisted sonochemical 
method at different irradiation powers of 100, 200, and 350 
W. Morpho-structural studies indicated that sonochemical 
synthesis with radiation power higher than 100 W, greatly 
increases the crystallites and particles size and intensifies 
the formation of agglomerations of Mg(OH)2 nanoflakes. 
The agglomeration of Mg(OH)2 particles at higher irradia-
tion powers were caused by fast nucleation and growth in 
the precipitation process. On the other hand, FTIR analy-
sis indicated that an increase in irradiation power did not 
affect the structure of Mg(OH)2 nanoflakes. The BET results 
indicated a significant decrease in the surface area with the 
increase in the power irradiation in the samples together with 
the increase in the average pore size of the samples. Also, 
the TG–DTA/DSC results indicated that the increase in 
power irradiation of ultrasound waves increases the decom-
position temperature range of Mg(OH)2 nanoflakes and the 
phase transformation temperature of Mg(OH)2 to MgO. The 
UV–Vis spectrum proved that the optical band gap energy 
increased from 4.70 to 4.80 eV with the increasing power 
of irradiation from 100 to 350 W. Therefore, the band gap in 
Mg(OH)2 nanoflakes may be tuned by controlling crystallite 
size and hence by controlling the power of irradiation in the 
sonochemical method. The band gap tuning of Mg(OH)2 

Fig. 9  UV–vis a absorption and b transmittance spectra of Mg(OH)2 
nanostructures prepared via ultrasonic irradiation under different irra-
diation powers
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nanostructures in the ultraviolet zone illustrates its poten-
tial applications in optoelectronic and photocatalytic appli-
cations. Also, the presence of porosity in the synthesized 
Mg(OH)2 nanostructures makes it possible to use them in 
different fields such as gas adsorption and storage, waste-
water treatment, electrochemical applications, catalysis, and 
drug delivery.
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