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We decorated coated Gd2O3 nanoparticles on MgO nanowires by means of Gd sputtering and subsequent thermal annealing.
The samples were characterized by X-ray diffraction, scanning electron microscope (SEM), and transmission electron
microscopy. The surface roughness observed by SEM was revealed to be Gd2O3 nanoparticles in terms of TEM observation.
The PL spectra exhibited a 2.9 eV-peak, which originated from the MgO nanowires, and thermal annealing produced green
emission at about 2.4 eV, which is directly associated with the Gd2O3 structure. An additional weak peak at 2.0 eV was found
to be related to impurities in the Gd2O3 structure.
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Introduction

Nanometer-scale structures have attracted considerable
attention owing to their contribution to the understanding
of basic concepts and their potential technological
applications [1-23]. The addition of a shell layer to core
nanowires has produced core-shell nanowires. It is
expected that core-shell nanowires will exhibit improved
or unique overall properties by combining the properties
of individual components (e.g., core and shells). 
Magnesium oxide (MgO) is a typical wide bandgap

insulator [24-26] with its excellent thermodynamic
stability, low dielectric constant, and low refractive
index. MgO is an extremely important material with its
application to catalysis, toxic waste remediation, and as
an additive in refractory, paint, and superconductor
products [27-29]. In particular, MgO nanowires possess
a variety of extraordinary characteristics. They have the
unique ability to pin magnetic flux lines within high-
temperature flux lines [29, 30]. MgO nanowires have
also been used as a template material for the epitaxial
growth of thin films and nanowire arrays [30, 31].
Furthermore, the field emission properties of MgO
nanowires have been reported [30]. Therefore, there is
immense interest in preparing MgO 1D nanowires

[29, 32-37].
In the present work, we prepared Gd-coated MgO

nanowires and carried out thermal annealing. We found
that Gd2O3 nanoparticles were generated on the stem
MgO nanowires. Gadolinium oxide (Gd2O3) is a useful rare
earth oxide, which has been extensively studied due to its
optoelectronic, display, data storage, and sensor applications
[38]. It has three polymorphic forms: hexagonal,
monoclinic, and cubic [38]. Gd2O3 nanoparticles have
attracted great attention due to their capacity to enhance
imaging techniques such as Magnetic Resonance Imaging
(MRI) [39]. Furthermore, it has controllable emission
wavelengths through doping of a variety of lanthanide ions
[40]. In the present work, we investigated a Gd2O3

nanoparticle-decorated sample in terms of its structural and
optical properties.
 

Experimental

In a two-step process for preparing the core-shell
structures, we first prepared the MgO nanowires by
thermal evaporation of the pure MgB2 powders in a quartz
tube [41]. An alumina boat was inserted into a horizontal
tube furnace and situated in the middle of a quartz tube. A
piece of p-type (100) Si substrate was placed with the
gold-coated side facing downwards. MgB2 powders were
evaporated to be deposited on the upper substrate. The
furnace temperature was kept at 900ºC for 2 h under a
constant flow of carrier gas consisting of 97% Ar and 3%
O2. The total pressure was set to 2 Torr. 
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Physical sputtering on the as-prepared MgO
nanowires was conducted using a DC turbo sputter
coater (Emitech K575X, Emitech Ltd., Ashford, Kent,
UK). During the sputtering process with a DC current
of 80 mA, we carried out a sputter deposition with a
circular Gd target at room temperature in high-purity
(99.999%) argon (Ar) ambient. The vacuum chamber
was evacuated to a base pressure of 2 × 102 Pa using a
turbomolecular pump backed by a rotary pump. A
sputtering deposition was carried out at a pressure of
2 Pa in high purity argon (Ar) gas (99.999%).
Subsequently, the MgO-core/Gd-shell nanowires were
heated to 500-900 oC for 1 h in O2/Ar ambient.
The products were characterized by X-ray diffraction

(XRD) (Philips X’pert MRD diffractometer with
CuKα1 radiation); field emission scanning electron
microscopy (FE-SEM) (Hitachi, S-4200); and
transmission electron microscopy (TEM) (Philips, CM-
200) with energy dispersive X-ray spectroscopy (EDX)
attached. Photoluminescence spectroscopy (PL) was
measured at room temperature with a 325 nm line from
a He-Cd laser (Kimon, 1K, Japan).

Results and Discussion

Fig. 1(a) shows the XRD pattern of the uncoated

MgO nanowires, while Fig. 1(b) is that of the Gd-
sputtered nanowires. Both the uncoated and coated
samples exhibit diffraction peaks of the cubic structure
of cubic MgO (JCPDS File No. 45-0946). For the
coated sample, it is noteworthy that there are (002),
(110), and (112) reflections of the hexagonal Gd
structure with lattice constants at a = 0.3631 nm and c
= 0.5777 nm (JCPDS: 89-2924). In addition, there are
(321), (411), and (332) reflections of the cubic Gd2O3

structure with a lattice constant of a = 1. 0813 nm
(JCPDS: 12-0797). 
We surmise that not only the Gd but also the Gd2O3

phase was generated by sputtering in an oxygen
containing ambient. 
Fig. 1(c), 1(d), and 1(e) shows the XRD spectra of

the sputtered nanowires annealed at 500 oC, 700 oC,
and 900 oC, respectively. The XRD patterns annealed at
500-700 oC are similar to those of the as-sputtered
ones, being comprised of reflections of the cubic MgO,
cubic Au, hexagonal Gd, and cubic Gd2O3 phases. On
the other hand, Fig. 1(e) reveals that the XRD pattern
of the 900 oC-annealed sample exhibits several peaks
of the monoclinic Gd2O3 structure (JCPDS: 42-1465)
in addition to the cubic MgO, cubic Au, hexagonal Gd,
and cubic Gd2O3 phases. We reveal that the cubic
Gd2O3 structures have been transformed to monoclinic
Gd2O3 structures at a higher temperature of 900 oC. 
Fig. 2(a) shows a SEM image of the pristine MgO

nanowires, while Fig. 2(b), 2(c), and 2(d) shows those
of the annealed core-shell nanowires at 500, 700, and
900 oC, respectively. All the samples exhibited 1D
morphology, regardless of thermal annealing. The
upper-right inset of Fig. 2(b) shows that the 500 oC-
annealed sample has a rough surface. It is noteworthy
that the surface roughness of the nanowire tends to
increase with increasing annealing temperature, exhibiting
the agglomerated nature of the Pt nanoparticles at 900 oC.
In order to investigate the structure and crystallinity

of the Pt nanoparticle-decorated branched nanowires,

Fig. 1. XRD patterns of (a) pristine MgO nanowires, (b) sputtered
MgO nanowires, and (c-e) core-shell nanowires annealed at (c)
500 oC, (d) 700 oC, (e) 900 oC. 

Fig. 2. SEM images of (a) pristine MgO nanowires and (b-d) core-
shell nanowires annealed at (b) 500 oC, (c) 700 oC, (d) 900 oC. 
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we performed a TEM analysis. Fig. 3(a) shows a low-
magnification TEM image, and Fig. 3(b) is the
corresponding enlarged image. The resolved spacing
between the parallel fringes is about 0.79 nm,
corresponding to the (101) lattice plane of the
monoclinic Gd2O3. The lattice-resolved image reveals
that the stem part is comprised of a cubic MgO structure
(Fig. 3(c)). 
Fig. 4(c) shows a typical TEM image of a 900 oC-

annealed nanowire, while Fig. 4(b), 4(c), and 4(d) are the

elemental maps of the Mg, Gd, and O elements,
respectively, indicating the presence of these elements.
Fig. 4(e) and 4(f) shows the EDX spectra of the
particle and stem region of the nanowires in Fig. 4(a).
The atomic percentages of the Gd element of the
particle and stem region of the nanowires were 3.76
and 0.59%, respectively. 
In order to investigate the optical properties, we

carried out a PL analysis. To investigate the PL
properties in more detail, a Gaussian fitting analysis
was performed. Fig. 5(a) shows the PL spectrum of the
pristine MgO nanowires, exhibiting a main peak at
around 2.85 eV. A similar blue peak at 2.81-2.84 has
been previously observed from MgO nanowires
[42, 43], MgO branched nanostructures [44], MgO
nanowires [42], and MgO nanoplates [45]. It is well
recognized that the blue emissions originate from
defects in MgO, such as oxygen vacancies [25, 44, 45].
 In Fig. 5(c), we observe that there is a weak peak at

2.4 eV. By increasing the annealing temperature up to
700-900 oC, the relative intensity of the 2.4 eV-peak

Fig. 3. (a) TEM image of the core-shell nanowires annealed at
900 oC. (b) Enlarged TEM image of the surface nanoparticles. (c)
Lattice-resolved TEM image of the core MgO nanowires. 

Fig. 4. (a) Typical TEM image and EDX elemental maps for the
(b) Mg, (c) Gd, and (d) O elements. EDX spectrum taken from the
(e) nanoparticle region and (f) stem region of the 900 oC-annealed
composite nanowires. 
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was significantly increased. Furthermore, at 700-
900 oC, a weak peak at around 2.0 eV appeared in the
PL spectra (Figs. 5(d)-(e)). 
The emission at 2.4 eV is related to the generation of

the Gd2O3 phase. Goldys et al. reported that the PL
spectrum of the Gd2O3 nanoparticles synthesized by the
hydrogen flame pyrolysis method [46] exhibited a
broad emission peak at 2.4 eV. 
However, it is not clear what the exact origin of the

weak 2.0 eV-peak is. Previous work has reported the
appearance of a 2.0 eV-peak from the Eu-doped Gd2O3

nanoparticles [46, 47]. It is possible that the 2.0 2V-
peak in the present study is associated with the
impurities in the Gd2O3 nanoparticles. 
In the present study, the results show that a high-

temperature fabrication process can include various
impurities from the ambient and/or furnace, contributing
to the observed emissions. However, further detailed
study is necessary. 

Conclusions

In summary, we have sputtered MgO nanowires with
a Gd sputtering target for the first time. Subsequent
thermal annealing produced Gd2O3 nanoparticles. The
XRD patterns revealed that annealing at 500-700 oC
produced a cubic Gd2O3 structure, whereas the
nanoparticles annealed at 900 oC corresponded to the
phase of the monoclinic Gd2O3. SEM images indicate
that the surface roughness of the nanowires increases

with increasing annealing temperature. TEM analysis
confirms that the nanoparticles of the 900 oC-annealed
nanowires exhibit a monoclinic Gd2O3 structure. TEM-
EDX elemental maps confirmed the presence of Gd in
addition to Mg and O elements. The PL spectra
exhibited a blue peak at 2.9 eV. The thermal annealing
produced a green emission at about 2.4 eV, which is
directly related to the Gd2O3 structure. The weak peak
at 2.0 eV resulting from the 900C-annealing is likely to
be associated with impurities in the Gd2O3 structure.
This finding contributes to potential applications of
coaxial 1D nanostructures to a variety of future
nanodevices. 
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