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We use wet treatment to integrate red-luminescent Si nanoparticles with Mg-based
wide-bandgap insulators Mg(OH) and MgO (5.7 and 7.3 eV respectively). In the
process, Mg2+ is reduced on Si nanoparticle clusters, while suffering combustion in
water, producing a spatially inhomogeneous Mg(OH)2/MgO-Si nanoparticle com-
posite with an inner material predominantly made of Si, and a coating consisting
predominantly of magnesium and oxygen (“core-shell” geometry). The nanocompos-
ite exhibit luminescence covering nearly entire visible range. Results are consistent
with formation of Mg(OH)2/MgO phase with direct 3.43-eV bandgap matching that
of Si, with in-gap blue-green emitting states of charged Mg and O vacancies. Bandgap
match with nanocomposite architecture affords strong enough coupling for the mate-
rials to nearly act as a single hybrid material with novel luminescence for photonic
and photovoltaic applications. © 2018 Author(s). All article content, except where
otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/1.5019167

I. INTRODUCTION

Magnesium1–3 and its compounds, such as wide-band gap insulators magnesium oxide and
magnesium hydroxide (7.8 and 5.7 eV respectively) have received wide scientific interest in the last
decade as they have applications in catalysis,4 toxic waste remediation,5 additives in refractory, paint,
superconductor products,6–8 and in steel manufacturing because of its high corrosion-resistant behav-
ior.9 Nanostructures of MgO and Mg(OH)2 have recently received much attention due to potential
magnetic and optical novel properties stemming from Mg or O vacancies. Whereas bulk MgO is a
diamagnetic material,10 nanocrystalline MgO powders display a ferromagnetic state,11,12 attributed
to Mg vacancy defects near the surface of nanograins with magnetic moments being dependent on
the size of nanoparticles via dependence on the concentration of Mg vacancies. Also, unpaired
electrons trapped at oxygen vacancy sites, as was found in highly defective MgO nanosheets,
may produce magnetic features.13 Furthermore, density functional calculations have suggested that
C or N can be substituted for oxygen in MgO, which form impurity pairs that may interact anti-
ferromagnetically with p-type MgO.14 The nanomaterials exhibit several interesting optical features
stemming from intrinsic Mg and O vacancies or from extrinsic doping. MgO nanograins may
act as host for luminescent transition and rare earth doping affording a wide range of applica-
tions including phosphors, solid electrolytes, and chemical sensors.15 For example, doping with
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Fe3+ affords energy transitions covering both high and low energy regions, with broad tunable
emission/absorption bands.16,17 Incomplete conversion of Mg(OH)2 nanostructures to MgO create
vacancies, which can be used to engineer intermediate nanomaterial with distinct optical bandgap
(3.43 eV for example), which affords the nanostructures novel emission bands in the UV and visible
regions.18

Mg(OH)2 nanostructures are synthesized by several methods, such as electrodeposition,19 sol–
gel technique,20 precipitation,21 hydrothermal,22 solvothermal23 and microwave assisted synthesis.24

The synthesis of MgO nanostructures, on the other hand, may be carried out from Mg(OH)2 by simple
thermal treatment (at 350 ◦C) which releases water molecules. Another procedure that removes water
and hence convert Mg(OH)2 to MgO is calcination at 450 ◦C.25,26

The existence of an intermediate Mg(OH)2/MgO phase with an optical bandgap that can be
engineered gives the opportunity to incorporate its attributes into silicon by creating a nanocomposite
that strongly couples the two materials electronically and optically. In this paper, we use wet treatments
to integrate silicon-based material with Mg-based material in nanocomposite structures. In the process
Mg2+ is reduced on clusters of red-luminescent 2.9±0.1 nm Si nanoparticle (2.2 eV and 3.4 eV
confinement and direct bandgaps respectively), while suffering combustion with water, producing
Mg(OH)2/MgO-Si nanoparticle composite. The nanocomposite exhibit luminescence covering the
entire visible: red, green and blue (RGB). Those optical features are consistent with formation of
an intermediate Mg(OH)2/MgO phase of a low direct bandgap (3.43 eV) with enhanced formation
of charged states of Mg and O vacancies that allow strong electronic coupling and integration with
the 3.4-eV direct bandgap Si-based material, making the two material act nearly as a single hybrid
material. The coupling is enhanced not only by electronic/optical gap matching but also geometrically
by the composite architecture that reduces inter material spacing. Composite architecture affords novel
luminescence for photonic and photovoltaic applications.

II. EXPERIMENTAL

We used ultra-small Si nanoparticles27–31 with Si-H termination. The nanoparticles are prepared
from Si wafers by chemical etching in HF and H2O2 using electrical or hexachloroplatinic acid
catalyst. The nanoparticles are recovered from the treated wafer using an ultrasound treatment into
a solvent of choice, such as isopropyl alcohol using ultrasound. The dispersed nanoparticles may
subsequently be delivered from the liquid on a target using several delivery procedures, including
electrospray, atomization, spin coating, or drop-drying. TEM image of a typical nanoparticle sample
deposited on a graphite grid gives a histogram with counts of 4, 56, 12, 9, and 2 at diameters of 3.5,
2.9, 2.2, 1.7, and 1 nm, respectively, giving an average diameter of 2.65±0.5 nm, with a predominant
diameter of 2.9-nm. This is more of a normal than log-normal distribution.

For magnesium ions Mg2+, we dissolve in water Mg salt such as a chloride, sulfate or nitrate. In
the procedure, 0.5 ml of 1.65×10-3 M MgCl2 water solution is added to 10 ml of Si nanoparticles in
IPA (10 µM).

The materials and structures are characterized using several procedures including scanning
electron microscopy (SEM), X-ray photoelectron spectroscopy, and imaging and material analy-
sis mapping using Energy-dispersive X-ray spectroscopy (EDS), while the optical properties are
characterized using photoluminescence spectroscopy, fluorescence microscopy, and Fourier trans-
form infrared spectroscopy (FTIR). To obtain the luminescence spectra, we excite particles by
365-, 300- or 254-nm incoherent light. For detection, we use a fiberoptic spectrometer. It uses opti-
cal fibers to extract the emission. We use a holographic grating. It is a near-infrared grating with
groove density of 600/mm with a blaze wavelength of 0.4 µm and with best efficiency in the range
0.25–0.80 µm.

III. RESULTS

Since the nanoparticles exhibit a luminescent band (550-700 nm emission band), we monitored
changes in the nanoparticle formation by monitoring the photoluminescence using UV light excitation.
We monitored the reaction solution aperiodically while being irradiated with UV radiation from
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FIG. 1. (a) Luminescent photos of colloids after interaction of silicon nanoparticles with Mg2+ ions (right) Si nanoparticles
in isopropanol alcohol and Mg2+ in water after seven hours of mixing the components. It clearly shows clustering and
precipitation and a change in color observed by naked eye from the red towards the yellow (left) control solution in the
absence of water where the magnesium salt is dissolved in IPA instead of water. All vials are 15 mm in diameter. (b) Scanning
electron microscope (SEM) images of a thin film made on a silicon wafer by drying a drop from the colloid, showing isolated
nanocomposite structures. The structures consist of a dark core surrounded by a lighter layer. (c) Material analysis (four
frames) using energy-dispersive X-ray spectroscopy (EDX). The inner region is associated with Si, while the outer region is
associated with magnesium and oxygen. The color code is: total composition (black and white), silicon (pink), magnesium
(orange) and oxygen (green). The nanocomposite points to a spatially inhomogeneous architecture with a denser inner material
predominantly made of Si, and a lighter outer layer consisting predominantly of magnesium and oxygen.

a mercury lamp with a wavelength of 365 nm. In control mixtures as shown in Figure 1a (left)
prepared in the absence of water, i.e. both the magnesium salt and the Si nanoparticles are dissolved
in IPA, measurements show no clustering or change in luminescence color. Figure 1a (right) gives a
luminescent photo of the solution of Si nanoparticles in isopropanol alcohol and Mg2+ in water after
seven hours of mixing the components. It clearly shows clustering and precipitation and a change in
color observed by naked eye from the red towards the yellow. Moreover, Figure 1a (right)) shows no
significant luminescence loss (quenching).

A very thin film of the colloid was prepared by dispensing one drop of the suspension on a device
quality Si wafer placed on a hot plate kept at 40 ◦C. Figure 1b presents SEM images of isolated core-
shell structures. They are large enough to be easily observed by SEM. They consist of a dark inner
component surrounded by a lighter lower density component. Energy-dispersive X-ray spectroscopy
(EDX) provided elemental analysis and material mapping. Figure 1c (four frames) shows that the
denser inner material is predominantly made of Si, while the lighter coating consists predominantly
of magnesium and oxygen.

The X-ray photoelectron spectrum given in Figure 2 shows a wide peak having a binding energy
of 51.66 eV, close to that of Mg silicates, which is known to occur at 51.6 eV,32 indicating the
existence of Mg-based-Si nanostructure. The wide XPS band when analyzed shows it consists of
two additional smaller bands at 49.5 and 50.8 eV, which correspond to Mg (2p) core level for Mg,
and MgO, respectively,32 indicating a nanocomposite with an outer layer which contains magnesium,
oxygen, and silicon (silicate). Because the film is a random distribution of the nanocomposite particles,
with an inhomogeneous thickness, while the silicon component is a random cluster of ultra small
H-terminated silicon nanoparticles while the coating is expected to be an amorphous layer of the
oxides, XRD measurements did not show any crystallinity structure.
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FIG. 2. X-ray photoelectron spectrum showing a wide peak having a binding energy of ∼ 51.66 eV. Analysis gives three
components: at 49.5, 50.8, and 51.8 eV typically known for Mg, MgO, and MgSi in silicate respectively. The blue curve is a
re-digitized curve of the experimental data.

The nanocomposite formation points to a mechanism as shown in the schematic in Figure 3. The
nanoparticles form stable dispersions in isopropyl alcohol (IPA), but being hydrophobic they form
clusters in water, with diameters in the range 100-500 nm. When Si nanoparticles in isopropanol are
mixed with magnesium salt in water, nanoparticle clusters form. Mg2+ and clusters of nanoparticles
are attracted to each other by polarization forces, followed by exchange of holes from Mg2+, which
oxidize silicon.33 The reduced Mg simultaneously suffers combustion with water to produce Mg(OH)2

and hydrogen: Mg(s) + 2H2O(g)→Mg(OH)2(aq) + H2(g). Unlike bulk, Mg in powder or sub-micron
form reacts vigorously with water exothermally.34 Mg(OH)2 is a low-solubility mineral brucite which
could form solid precipitate coating on Si grains. As the photoluminescence showed stability, Si is not
consumed while the shell may have provided protective cladding against luminescence quenching by
water. Bare Si is able to reduce Mg2+ to metal33,35 because the electro negativity of Mg is lower than

FIG. 3. Cartoon of the formation of the nanocomposite structures. Mg2+ and clusters of nanoparticles that form (due to the
hydrophobicity of silicon nanoparticles in water) are attracted to each other by polarization forces, followed by exchange
of holes from Mg2+ to oxidize silicon, while the reduced Mg simultaneously suffering combustion with water to produce
Mg(OH)2 and hydrogen gas.
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that of bare Si, i.e., lower reduction potential (-2.37 V compared to -0.85 V), which favors exchange
of holes.36 In the presence of surface hydrogen on silicon, the silicon’s standard reduction potential
becomes ∼ - 0.45 V, making hole exchange more efficient. Moreover, spatial quantum confinement
and strong surface re-construction in nano Si, considerably reduce electron affinity and make Si-H
bonds become highly polarizable.

We analyzed the molecular vibrations of the structures using Fourier transform infrared spec-
troscopy (FTIR). Samples were prepared on Si as well as glass substrates. Figure 4a displays the
FTIR spectra of the as prepared nanocomposite in the energy range 2500-4000 cm�1. The broad
bands at high frequencies extending from 3400 to 3200 cm�1 are due to the symmetric and asymmet-
ric stretching modes of the hydroxyl group. The peak intensity of the free hydroxyl group (Mg�OH)
stretching mode at 3700 cm�1 appears as a slightly shifted kink at 3633 cm-1. The appearance of
Mg-based system as a kink has been known in the literature.37,38 An exercise of differentiation of
the experimental curve gives a dispersion-like peak near the kink as shown in Figure 4b. This can be
demonstrated using the work of Dhaouadi et al39 shown in Figure 5a (adapted from Ref. 39). In wet
samples, the signature of Mg(OH)2 appears as a significant sharp peak. But under thermal drying to
MgO, as shown in Figure 5a, the peak becomes smaller and smaller with temperature, transforming
into a kink when the temperature reaches 400 ◦C. (A vertical line was drawn through the feature is
used to guide the eye). We simulated the kink feature with a sum of two Gaussians, one wide and
the other sharp (Figure 5b top). The bound (-OH) component was approximated by a Gaussian with
broad width while the free (Mg-OH) component by narrower Gaussians; and the relative positions,
heights and widths are optimized. It shows reasonable display of the feature and agreement with the
experimental spectrum near 3600-3700 cm-1 as shown in Figure 5b bottom. Differentiation of the
theoretical sum of the two Gaussians near the kink feature, would give a smooth line due to the wide
Gaussian while the sharp Gaussian would give a dispersion-like peak. Thus the presence of a kink in
this range points to a small but indeed non-zero presence of Mg-based species. It should be noted that
there are other molecular bonds that may be associated with other features in the FTIR. The bending
modes of the adsorbed water molecules appear as a weak band around 1680 cm�1. The two residual
bands observed in the IR spectra at 2922and 2850 cm�1 can are attributed to the stretching mode
of �CH2 and �CH3 groups of residual organic surfactant, possibly from residual IPA; their bending

FIG. 4. Molecular composition using Fourier transfer infrared spectroscopy (FTIR) in the range 2500-4000 cm-1. (a) FTIR
spectra of the Si-Mg(OH)2/Si-MgO samples prepared on substrates. The broad bands at high frequencies in the 3400 to
3200 cm�1 range are due to the symmetric and asymmetric stretching modes of the hydroxyl groups bound or free. The peak
intensity of the free hydroxyl group (Mg�OH) stretching mode, which appears usually as a sharp peak at 3700 cm�1 is very
small. (b) Differential of the spectrum in (a) revealing the presence of peak at ∼ 3700 cm�1.
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FIG. 5. (a) Several FTIR spectra recorded during thermal drying of Mg(OH)2 to MgO, showing that the Mg-based structure
at ∼3700 cm-1 becoming smaller and smaller then turning into a kink (Reproduced with permission from H. Dhaouadi and
F. Touati, Nano-Micro Lett. 3, 153–159 (2011). Copyright 2011 Springer Publishing.) (b) Simulation of kink features with
a sum of two Gaussians. It displays the non-dimensional height H as a function of the non-dimensional frequency x of two
Gaussians, one with broad width and the other with a narrow width. (top) plots of the narrow and wide Gaussians individually
(bottom) plots of the narrow and the sum of the narrow and wide Gaussians displaying the kink feature.

modes �CH2 and �CH3 are expected in the range 1700�1400 cm�1.40 The signature of Si in the FTIR
spectrum falls in the low energy region. Figure 6 gives an FTIR response in the range 600-4000 cm�1

of films prepared on a silicon substrate instead of a glass substrate to allow transmission measure-
ments in the low energy regime as glass does not have good transmission in this region. First we
observe a transmission peak at ∼ 1030 cm-1, which can plausibly be associated with Si-O-Mg. The
absorption band of asymmetric stretching vibrations of Si–O lies typically at 1090 cm-1. However it
has been noted in the literature that in the presence of Mg the band shift to 1040–1024 cm-1; and that
the change of vibration frequency may plausibly be connected with asymmetric vibrations of Si–O
bond in Si–O–Mg bridge groups.41 Secondly we observe additional Mg-based response at 670 cm-1,
which may point to another vibration mode of Si–O–Mg.41

FIG. 6. Molecular composition using Fourier transform infrared spectroscopy (FTIR) of Si-Mg(OH)2 samples prepared on
silicon substrates in the range 600-4000 cm-1.
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We studied the photoluminescence from a thin film, which was formed by drop drying of a certain
volume of the reaction solution on a glass substrate kept at a temperature of 40 ◦C. Luminescent
images were taken under UV excitation. Figure 7a is luminescent photo of the film taken with
excitation at 365 nm. The blue/purple color is caused by scattering of incident ultraviolet (UV); it
shows that the film is not homogeneous. We recorded the photoluminescence spectra from small spots
(1-2 mm across) using a fiber optic sensor with UV excitation at a wavelength of 365 nm as shown
in Figure 7b. It shows a wide spectrum extending over the range 400-700 nm with a band maximum
at 574 nm. We also observe a local blue-green photoluminescence band (500-525 nm) peaking
at 515 nm.

The 550-740 nm red luminescence band of isolated Si nanoparticles is also shown in Figure 7b.
The two spectra give a peak shift from 626 nm (1.98 eV) to 574 nm (2.134 eV), corresponding
to a shift of 0.15 eV. It is to be noted that MgO (or Mg(OH)2) is known to exhibit a weak broad
luminescent band in the UV-blue range of the spectrum as shown in Figure 8a–b. Figure 8a gives the
photoluminescence under 290 nm wavelength excitation, showing hints of sub peaks. Detailed fitting
by the authors gave sub bands at 362, 387, 410, 434 nm.42 Figure 8b gives the photoluminescence
using excitation at a wavelength of 385 nm. The spectrum clearly shows sub peaks at 432, 465, and
495nm.43 Note that luminescence given in Figure 8 is excitation wavelength-dependent. Figure 8b
is generated by excitation at 395 nm, whereas 8a is generated by excitation at 290 nm. The sub
luminescent peaks were attributed to emission from in-gap emitting states, resulting from charged
Mg and O vacancies. By integrating the area under the normalized spectra in Figure 7b (previously
Figure 6b) shows that the blue-green is ∼ 37 percent of the total emission of the nanocomposite,
compared to blue-green of only 7 percent of the total emission in isolated Si nanoparticles.

We believe the emergence of the three features: strong blue-green luminescence, which is
normally weak in isolated Mg-based systems; the band (500-525 nm) peaking at 515 nm in the
spectrum; as well as the strong shift are related to the effect of coupling of magnesium-based system
(MgO/Mg(OH)2/Mg/Mg silicates) to the silicon system. In fact, the appearance of the 500-525 nm
band with a peak at 515 nm in the overall spectrum shows the finger print of the Mg-based being

FIG. 7. Photoluminescence of a thin film on a glass substrate formed by drop drying at a temperature of 40 ◦C. (a) Luminescent
image taken under UV excitation under 365 nm excitation. The blue/purple color is caused by scattering of incident ultraviolet
(UV). (b) Normalized photoluminescence spectra for the nanocomposite structures, and isolated silicon nanoparticle colloid,
taken using UV excitation at a wavelength of 365 nm. (c) Difference between the normalized nanocomposite and the isolated
nanoparticles spectra. The negative difference has been inverted to a positive spectrum for display.
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FIG. 8. Photoluminescence from Mg(OH)2/MgO (a) using 290 nm wavelength excitation, showing hints of sub peaks at
362, 387, 410, 434 nm. (Reproduced with permission from Kumari et al., Ceramics International 35, 3355–3364 (2009).
Copyright 2009 Elsevier Publishing.) (b) using 385 nm wavelength excitation, clearly showing sub peaks at 432, 465, and
495nm. (Reproduced with permission from Balamurugan et al., J. Nanotechnol. 2014, 1. Copyright 2014 Hindawi Publishing
Corporation.)

imprinted on the core shell photoluminescence, which may indicate strong energy transfer. For illus-
tration of the blue band, Figure 7c gives the difference between the normalized core-shell and the
isolated nanoparticles spectra. The negative difference has been inverted to a positive spectrum for
display.

IV. ANALYSIS AND DISCUSSION

The luminescence and the proposed energy transfer may now be discussed with the aid of the
schematic of the partial energy level diagram of Si nanoparticles, and Mg(OH)2/MgO depicted in
Figure 9a. The figure gives also charged states of Mg2+ and O vacancies, which create radiating
impurity states in the gap at 3.1 -2.34 eV. Those are known to exist in Mg-based systems. The direct
bandgaps of the two are shown at ∼ 3.4 eV. A phase with low bandgap (3.43 eV) equal to that of
Si (3.4 eV), with UV/blue photoluminescence was previously observed in incomplete conversion of
Mg(OH)2 to MgO. Also shown is the confinement gap of the silicon nanoparticle at∼ 2.1 eV. Because
the shell is not spherical and most probably of a wide size distribution, we are unable to assign a
confinement gap for the Mg-based system. The figure also shows photoexcitation at three wavelengths
in the UV, blue and green at: 382, 487, and 546 nm respectively produced by an Hg mercury lamp.
The spectral content of the light at the three wavelengths is given in Figure 9b. Figure 9c shows the
bandgap diagram of amorphous MgO (a-MgO), crystalline MgO (c-MgO) and the Mg(OH)2/MgO
phase.

The Mg(OH)2/MgO phase was related to charged states of Mg2+ and O vacancies, which create
radiating impurity states in the gap at 3.1-2.34 eV. We also sketch in Figure 9a some known impurity
states in the gap due to Mg2+ or O vacancies.44–52 The band from which the emission emanates from
the Si nanoparticles is over the range from 530-700 nm. Si nanoparticles or the Mg-based shell can
absorb UV photons directly from the ground state into the conduction band states (above the band
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FIG. 9. (a) Partial energy band diagram of Si nanoparticles, and the Mg(OH)2/MgO phase, showing direct bandgaps at
∼ 3.4 eV for both. Also shown is the quantum mechanical confinement bandgap of the silicon nanoparticle at ∼ 2.1 eV and the
band from which the emission emanates from the Si nanoparticles. We also show some impurity states in the Mg(OH)2/MgO
gap due to Mg2+ or O vacancies. (b) Spectral distribution of the light used to excite sample using UV, blue and green light
excitation. Those are shown as vertical arrows in (a). (c) The band energy diagram of a-silicon, c-silicon and Mg(OH)2/MgO
(d) wavelength-dependent imaging using a fluorescence microscopy, exciting a small area of the dried film, and showing
images of clusters under UV, blue and green light at 382, 487 546 nm. Those are schematically labelled on the partial energy
diagram in (a), and their spectral range are given in (b).

gap edge at 3.4 eV). This is followed by dephasing electronic relaxation into lower states in the gap
of Si nanoparticles followed by radiative recombination to produce the red band. Absorption by the
Mg-based shell of the UV photons may also directly take place from its ground state into conduction
states above the band gap edge (3.4 eV). Photoexcited holes may relax to singly ionized oxygen
vacancies in Mg(OH)2 states just below the bandgap edge (near-band-edge (NBE) emission) where
they radiatively recombination with an electron occupying the oxygen vacancies. Also, relaxation
may proceed to the lower blue-green emitting states where recombination produces emission bands at
410, 432, 465, 495, and 534 nm (deep-level (DL) emissions). We note that the two systems are strongly
coupled due to proximity made possible by the nanocomposite geometry. Moreover, because of near
resonance of the edge state of the conduction bands, and some overlap of the emitting states of the
two systems (see energy diagram), strong energy transfer can take place allowing strong absorption
in Si to find its way to populate the strongly emitting states of the Mg-based shell enhancing the blue
green emission.

Because hole attraction by the O-site is expected to be strong, photo excited holes diffuse to the
side of Mg. The barrier to hole diffusion outside the silicon core limits such diffusion to the highest
lying photo excited holes. Since the luminescence from the low-lying states is responsible for the
red wing of the 500 to 800 nm luminescence band and falls well below the emitting states of the
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Mg-system, the red wing of the emission band will be inhibited, resulting in a sizable blue-shift of the
luminescence band. The large shift in the nanoparticle luminescence of 0.15 eV confirms the strong
coupling and strong energy transfer processes between the shell and core electronically, effectively
making them act as a single material of 3.4 eV bandgap. Moreover, the very small vibration signal
of the free –OH group indicates that the present procedure converts Mg(OH)2 to MgO without a
high-temperature thermal treatment or calcination.

We conducted wavelength dependent imaging using a fluorescence microscope. We excited a
small area of the dried film using excitation at 382, 487, 546 nm excitations shown in Figure 9d.
Under UV radiation, the red and green-blue bands are expected to be emitted and the sample appears
as white (Figure 9d top). The slight purple is due to direct scattering of the UV. Under 487 blue
light only the MgO can be excited directly and the cluster may look green (Figure 9d middle). Under
546 nm green light only the nanoparticles are excited and the cluster appears red (Figure 9d bottom)
gives the images of clusters.

Finally, since Mg(OH)2 and MgO can be converted into each other by either hydration procedures
makes the hydroxide (Brucite) a flame-retardant filler in composite materials.52 Future studies will
focus on H2 release due to reduction of Mg2+ in water by Si grains or Si-radical defects in silicates.

V. CONCLUSION

In conclusion, we integrated red-luminescent Si nanoparticles with Mg-based wide-bandgap
insulators, forming strongly coupled, spatially inhomogeneous Mg(OH)2/MgO–Si nanoparticle com-
posite of “core-shell” geometry, nearly acting as a single material of a bandgap of 3.4 eV. The
nanocomposite exhibit blue-green photoluminescence as well as red luminescence, covering most
of the visible range 400-700 nm. Those features are consistent with strong energy transfer between
the Si component and the Mg-based component due to formation of an intermediate Mg(OH)2/MgO
phase, with a direct bandgap of 3.43 eV that matches the silicon bandgap with enhanced formation
of in-gap emitting states of charged Mg and O vacancies. With wide-bandgap and UV-visible lumi-
nescence, the nanocomposite architecture affords good luminescent material for photonic and PV
applications.
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