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MgO and Mg(OH)2 nanoparticles and nanochains are prepared by laser ablation of natural micas in water.
The laser ablation of muscovite and biotite, yielded spherical nanoparticles of average diameter of 36 and
63 nm, whereas the diameter of the obtained nanochains ranged between 40 and 80 nm. The nominal
lengths of the network structures are in the range of 400 nm to few microns. The synthesized nanopar-
ticles and nanochains networks show a plasmon resonance band near the UV region.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Laser ablation (LA) of targets in liquids is a cleaner approach to
synthesize stable dispersion of nanomaterials without using chem-
ical reagents and surfactants [1,2]. These targets have been metals,
their oxides or salts dissolved in various solvents including water.
Ultrashort pulsed LA yields isolated nanoparticles (NP) where the
material undergoes quick non-thermal heating and extreme
thermo-elastic pressure in liquid media [3].

MgO and Mg(OH)2 NP are utilised in surface adsorption, cataly-
sis, plasma displays, flame retardation, bactericidal effects and con-
servation of old papers [4–7]. In addition to these NP, LA of Mg
target [8–10] also produces one dimensional nanostructures, such
as nanorods and nanoneedles. However, their synthesis requires
presence of surfactants, templates or precursors which are in gen-
eral harmful chemicals.

Here we present first report on the novel, green and one-step
synthesis of MgO and Mg(OH)2 NP and their nanochains (NC) by
LA of natural mica minerals in water. The synthesised nanosystems
require no surfactants/templates for their organisation. This simple
approach can be easily scaled up for mass synthesis of these NP
and their NC for wide range of applications.
2. Materials and methods

XRD patterns were obtained by D8 Bruker diffractometer with
CuKa radiation. Raman spectra of the pristine and ablated samples
were obtained using Horiba Jobin Yvon confocal spectrometer (at
633 nm) and Reinshaw inVia spectrometer (at 785 nm) respec-
tively. SEM (Carl Zeiss, FEG, Ultra-55), X-ray energy dispersive
spectrometry (EDS) (Oxford Inca) and TEM (Technai G2 S-T) were
utilised to analyse surface morphology and chemical composition
of the samples. UV- vis spectra were recorded using JASCO V-570
spectrophotometer.

40 fs Ti: sapphire laser system (Coherent Legend, �2.5 W,
1 kHz) operating at 800 nm and delivering the pulse energy of
�100 lJ was used for LA of the mica targets which were placed
in a Pyrex cell filled with water (5 mm above the target surface)
[11]. Theoretical beam waist at the focus was nearly 30 lm. The
targets were placed normal to laser beam on a motorized X-Y stage
which was controlled by an ESP 300 motion controller. The LA time
was 60 min throughout the measurement.
3. Results and discussion

The elemental compositions of pristine and laser ablated mus-
covite and biotite are given in Table 1. In addition to the ideal com-
position of pristine muscovite i.e. KAl2(AlSi3O10) (OH)2, presence of
trace elements like Mg, Fe, Cl, Cu, I, Sn and Na are observed. The
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Table 1
Elemental composition of muscovite and biotite obtained by EDS analyses.

Muscovite Biotite

Pristine Ablated Pristine Ablated

Element Weight (%) Weight (%)

O 28 72.4 45.8 81.4
Mg 0.5 4.8 9.3 5.1
Si 7.0 2.6 18.8 0
K 2.8 2.4 7.5 12.2
Na 0.1 6.2 0.1 1.3
Al 59.5 0 10.4 0
Fe 0.3 0 8.0 0
Cl 0.9 4.1 0 0
I 0.9 7.4 0 0
Total 100 100 100 100
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composition of biotite is found to be K(Mg;Fe2þ, Fe3þ)3 (AlSi3O10)
(OH)2 with traces of Ti in it.

EDS data of laser ablated muscovite and biotite particles are
also given in Table 1. The composition of muscovite and biotite
particulates dissolved in water have changed significantly upon
LA. Most of the elements observed in the pristine samples have
been eliminated during the ablation and water dissolution pro-
cesses whereas large particulates of mica are filtered during the
sample characterization. Only, Mg, K and Na are observed in both
laser ablated mica solutions.

XRD patterns of pristine and laser ablated muscovite and biotite
are shown in Fig. 1 and are in agreement with the previous reports
[12]. The patterns of laser ablated micas (Fig. 1(b and d)) show
presence of both hexagonal Mg(OH)2 and cubic MgO in the two
samples [10,13]. Apparently, the molecular clusters produced by
Fig. 1. XRD patterns of (a) bulk Muscovite, (b) laser ablated NP of Muscovite, (c) bulk
Muscovite and (f) Biotite.

Fig. 2. Raman spectra of pristine (a) Muscovite and (c) Bi
LA of muscovite and biotite are dispersed in water and this is
why we observed both Mg(OH)2 and MgO clusters in the solution.

XRD peaks of laser ablated mica samples exhibit narrower line-
widths as compared to previously synthesised MgO and Mg(OH)2
NP during the LA of Mg targets [8–10]. This could be attributed
to their large crystallite size. For instance, the peaks corresponding
to (100) and (111) planes exhibit crystallite size of 175 and
108 nm respectively for laser ablated muscovite whereas the peaks
corresponding to (111) and (200) planes exhibit crystallite size of
47 and 96 nm respectively for laser ablated biotite.

The laser-generated colloids of muscovite and biotite in water
exhibit strong absorption in the region between 250 and 350 nm
(See Fig. 1(e and f)). These are characteristic plasmon resonance
peaks and are observed near 300 nm in MgO and Mg(OH)2 NP
[8]. In laser ablated muscovite, a sharp resonance is observed at
290 (1) nm with a linewidth of 15(1) nm. In laser ablated biotite,
the peak, observed at 290(2) nm with a linewidth of 14(2), is
accompanied with a broad shoulder peak at 313(1) nm having line-
width 37(2) nm. Previous reports on LA of Mg in acetone and pro-
panol have also found the plasmon absorption at 330.6 nm and,
230.8 and 326 nm respectively [8].

Raman spectra of pristine muscovite and biotite are shown in
Fig. 2(a) and (c) respectively and are at par with those reported
previously [14]. NP generated by the LA of mica targets in water
are also presented in Fig. 2(b and d). The observed spectrum closely
resembles to that of MgO and Mg(OH)2 nanostructures [15]. Biotite
NP show only one distinct Raman peak at 192 cm�1 which is also
seen in the spectrum of the bulk target. Interestingly, most of the
Raman peaks, as observed for the bulk muscovite and biotite, dis-
appear in the laser ablated samples.

Fig. 3(a and b) illustrate SEM images of laser ablated muscovite
and biotite respectively. LA of muscovite yields spherical and rod
Biotite, (d) laser ablated NP of Biotite. Absorption spectra of the ablated NP of (e)

otite, and laser ablated (b) Muscovite and (d) Biotite.



Fig. 3. SEM micrographs of NP prepared from LA of (a) Muscovite and (b) Biotite. The particle size distribution of (a) and (b) are shown in (c) and (d) respectively.

Fig. 4. TEM micrographs of NP prepared from LA of Muscovite (a, b and c) and Biotite (d, e and f).
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shaped NP whose size distribution ranges between 50 and 180 nm
(Fig. 3(c)). LA of biotite yields larger NP having only spherical
geometry and a wider size distribution between 60 and 220 nm
as shown in Fig. 3(d).

It can be noted from Fig. 3 that unlike muscovite NP, the NP of
biotite are connected together, forming a large extended network
with a length ranging from 400 nm to a few microns. These struc-
tures appear to be chain-like where NP are interconnected giving
rise to a network like structure in water.

Fig. 4(a and c) show TEM micrographs of the muscovite NP.
Fig. 4(b) shows a wide size distribution of spherical NP whose
diameter range from 10 to 160 nm. The NP have an average size
of 36 nm. Fig. 4(c) shows that laser ablated muscovite NP tend to
agglomerate to form larger NP in water and thus giving rise to a
wide size distribution.

Fig. 4(d and f) show TEM micrographs of the biotite NP. Fig. 4(e)
shows a wide distribution of spherical NP whose diameter range
from 30 to 140 nm. These NP exhibit an average size of 63 nm.
Most of the synthesised NP tend to align themselves in a linear
fashion forming chain like nanostructures with average diameter
of about 50 nm. The higher magnification TEM image (Fig. 4(f))
clearly shows aligned arrangement of single NP which are inter-
connected to form an extended NC. Few recent reports on LA in liq-
uids have shown the synthesis of nanochain like structures [16,17]
where temperature, laser fluence, colloidal concentration are found
responsible for their syntheses. In this study, we feel that the flu-
ences used are high enough to promote the melting of individual
NP and thereby inducing the formation of interconnected particles
and their networks. However, further detailed studies are war-
ranted to completely understand this phenomenon.
4. Conclusion

Nanostructures of MgO andMg(OH)2 were synthesized by ultra-
short pulsed LA of muscovite and biotite targets in water. The aver-
age size of the as-synthesised NP is comparable to those prepared
by chemical and hydrothermal routes. LA of muscovite yields well
dispersed NP of size ranging between 10 and 160 nm whereas LA
of biotite favours self-assembly of NP into nanochains of average
diameter of 50 nm. LA of these readily available minerals in water
provides a flexible and template-free approach for the large scale
production of MgO and Mg(OH)2 nanostructures which may find
immediate applications in the field of nano-optoelectronics and
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nano-photonics where highly ordered nanostructures are a prereq-
uisite. The method is general and is extendable to other minerals
enriched in Mg.
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