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Abstract: Eu’*-doped GaN (GaN:Eu’" ) nanofibers were synthesized by a facile approach that combined electro-
spinning and ammonification techniques. SEM and TEM images revealed that the nanofibers consist of GaN nanop-
articles with uniform size. XRD result showed that the GaN.Eu®*
phase of GaN (h-GaN) and the average grain size was evaluated to be 7.3 nm. Further Raman characterization
showed that two extra GaN Raman shifts with the peaks of 252 and 422 cm ™' were observed. As was expected,

characteristic strong blue emission from Eu’* ions doped in GaN matrix was observed at 407 nm in the photolumi-

sample predominantly exhibited the hexagonal

nescence spectrum.
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GaN has been considered as one of the most promising

Introduction materials for constructing optoelectronic devices such as
ultraviolet-visible light emitting diodes ( LEDs) and laser

Since nitride-based light emitting diodes ( LEDs) diodes (LDs), as well as high-temperature and high-

were invented by Nichia Chemical Industries''! | III-V power electronic devices, due to their unique properties.
materials, particularly GaN, have drawn much attention. Recently, one-dimensional (1D ) semiconductor nano-
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structures have stimulated great interest due to their
promising applications in nano-electronic and nano-opto-
electronic devices. Thus many devices constructed on 1D
GaN-based nanostructures have made great progress'>*’.

Blue light-emitting material is a key block element
to the three-primary colour system which can construct a
full color display or a white-light emission. Up till now,
blue light-emitting material is still a challenge for practi-
cal applications due to their high cost and low efficien-
cies. To solve this problem, rare earths ( REs) doped
semiconductors have thus been intensively and widely
studied in recent years"'®! | because RE elements pos-
sess rich energy levels and can emit from infrared to blue
light. In view of its band gap, GaN is a promising host
material for REs doping. So far, blue emissions from Tm
doped GaN'"" and AlGaN'"' | as well as GaN based
blue LEDs'"*) have been successfully realized. However,
further more experiments are still need to explore the
blue light emission from other RE elements, such as eu-
ropium (Eu).

Generally, GaN nanowires can be synthesized by
the vapor-liquid-solid ( VLS) growth mechanism using
metal catalyst'". Unfortunately, such process will often
introduce metal impurities into GaN nanowires, which
may restrict their optoelectronic applications. More re-
cently, electrospinning is reported as an emerging tech-
nique to fabricate continuous fibers as requiring neither
catalysts nor templates'*’. In this paper, the GaN:Eu’"
nanofibers were fabricated using electrospinning tech-
nique combined with ammonification method. The crystal
structure and optical properties of the synthesized nanofi-
bers were mainly studied.

b

1 Experimental

GaN:Eu** nanofibers were synthesized by combi-
ning electrospinning with ammonification methods. First,
0.5 g Ga(NO, ), was solubilized in 1.5 mL deionized
water for Ga( NO, ), solution, and 0.25 g Polyvinyl pyr-
rolidone ( PVP, Sigma Aldrich, Mw =1 300 000) was
solubilized in 2. 5 ml ethanol for PVP solution. After
these two kinds of solutions being prepared, 3 g PVP so-
lution was taken to add into Ga(NO; ), solution using as
precursor, followed by strong magnetic stirring for 2 h.
For Eu®* doping, 6 mg EuBr, (about 1 atm % , Alfa Ae-
sar, 99.99% ) powder was added to the obtained precur-
sor solution. Then, the mixture precursor solution was
put into an injector for electrospinning!”’. During the
electrospinning process, the distance between metal nee-
dle tip and collection electrode was 20 em and the volt-
age was 13.6 kV. After collected, the samples were sent
to a tube furnace for in situ ammonification process with

an ammonia (NH,, 99.85% ) flow of 20 ¢cm’/min. The
ammonification process was kept for 2 h at 950 °C. After
ammonification, the furnace was cooled down to room
temperature under the NH, ambience to prevent oxida-
tion.

The crystal structure and morphologies were investi-
gated by X-ray diffraction ( XRD, Phlips X’ Pert Pro)
with Cu Ko (A =0. 154056 nm) source, field emission
scanning electron microscopy ( FE-SEM; Hitachi S-

4800) and transmittance electron microscopy ( TEM;
FEI Tecnai F30). Raman spectrum was carried out on a
Jobin-Yvon LabRam HR80 spectrophotometer at room
temperature using 532 nm line of a 50 mW diode-pumped
solid-state laser as excitation sources. Photoluminescence
(PL) spectra was recorded by a spectrophotometer
(SHIMADZU RF-540) using 325 nm line of 35mW He-

Cd laser (Kimmon) as excitation sources.
2 Results and discussions

Figure 1 shows XRD patterns of undoped GaN and
GaN:Eu’" nanofibers ammonificated at 950°C. The un-
doped GaN and GaN:Eu’" nanofibers predominantly ex-
hibits hexagonal phase of GaN (h-GaN) with the most
intense three peaks at 20 = 32. 41°, 34. 65°, and
36. 81° corresponding to (100), (002), and (101)
planes of h-GaN. Moreover, the other lower peaks can
also be attributed to h-GaN. The average crystal sizes of
the samples can be usually calculated from the intense of
(100), (002) and (101) diffraction peaks using the
Scherrer formula''®’. Here , the average crystallite sizes
of undoped GaN and GaN-Eu’* fibers were estimated to
be 25.6 and 7.3 nm, respectively. In addition, it can
be found that no diffraction lines of other phases can be
observed from XRD spectra. In comparison with GaN
nanofibers , the GaN:Eu’ " nanofibers exhibit better crys-
tal orientation.

Fig.1 XRD patterns of undoped GaN nanofibers and GaN;
Eu** (1 at. % ) nanofibers ammonification at 950 °C
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In order to further investigate the microstructure and
morphologies of the GaN: Eu’" nanofibers, SEM and
TEM results are shown in Fig. 2. Figure 2 (a) is the
SEM image of electrospun nanofibers of Ga(NO, ), with
PVP. From this image, the diameter of the nanofibers is
well-distributed with value of about 100 nm. Figures 2
(b-d) are the SEM and TEM images of the GaN:Eu’"
nanofibers after ammonification process. From these ima-
ges, it can be seen that the nanofibers consist of GaN
nanoparticles with uniform size. In particular, the orien-
tation of GaN:Eu’* nanofibers is better than that of GaN
nanofibers.
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Fig.2 (a) SEM image of the electrospun nanofibers Ga
(NO, ), with PVP, (b) SEM image of the GaN;Eu’* nanofi-
bers, (¢) and (d) TEM images of the GaN:Eu’* nanofibers
2 (a) #HRYIZER &I Ga(NO, ), GIKLT4E SEM
&, (b) GaN:Eu** gik4f4E SEM &, (c) Fi(d) GaN:Eu**
WA ET4E TEM [F
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Fig.3 Raman spectra of the undoped GaN nanofibers
and GaN:Eu** nanofibers prepared at 950 C which ex-
cited by a 532 nm laser
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As shown in Fig. 3, both the undoped GaN nanofi-
bers and GaN:Eu’" nanofibers present the predominant
two Raman shifts which located at 535 and 567 ¢cm ™' on
a broad background, and these two peaks can be as-
signed to A, (TO) and E, (high) of A-GaN , respective-

ly. The E, (high) peak indicates that the structure of the

nanofibers is hexagonal crystal phase'”'. Furthermore,

the peak at 733 ¢cm ™' can be assigned to the A, (LO)
mode, which suggests that the carrier concentration of
the nanofibers is low'"™ . Such results are well in accord
with the analysis derived from the XRD data. Additional-

ly, the appearances of both 252 and 422 ¢cm ™' peaks are
confined by the space group in first-order Raman scatter-
ing. The Raman shift at 252 ¢m ™' stems from surface
191 " and the Raman shift of
422 ¢m ™' results from the vibration of N-rich octahedral
Ga-N, bonds™’ .

Figure 4 presents PL spectra of the undoped GaN
nanofibers and GaN:Eu’" nanofibers excited by a He-Cd
laser using 325 nm at room temperature. In contrast with
the undoped GaN PL spectrum, besides a very weak e-
mission peak of matrix material of GaN band edge emis-
sion, a strong violet-blue emission range from 380 nm to
490 nm can be observed from the GaN:Eu’" nanofibers
with the center at 407.0 nm. Such emission band could
be assigned to transition between levels 4/°5d" and 4f. Tt
is well known that, the transition in Eu’"-doped matrix
system is electron jumping from level 5d° to levels 4f.
Eu’*-based PL peaks often appear in between 580 nm
and 650 nm. In the PL spectrum, GaN:Eu’" nanofibers
do not show any feature emission of Eu’* ions. Accord-
ing to Refs. [10-11], the energy which excites the RE
ions is mainly achieved from the direct band-gap absorp-
tion of GaN host matrix. After absorbed by the host ma-
trix, the energy can be transferred to RE ions. Thus RE
ions can also absorb energy and bound to high levels
which result in radiative transition. Because the electron-
egativities of Ga and RE atoms are different, the RE ions
could lead into charge traps and then can attract an elec-
tron or a hole. Furthermore, the trap could capture an
opposite charge and form a bound exciton. The excitons
recombine transfer energy to intra-4f electron of RE** i-

disorders or finite-size effects
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Fig.4 PL spectra of the undoped GaN nanofibers
and GaN.Eu’* nanofibers which excited by a 325 nm
He-Cd laser at room temperature
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ons and excite them to high levels to generate radiative
transition' >, Besides, a broad green-yellow emission
band ( G-band) in visible light region can also be ob-
served in Fig. 4. According to Nyk et al'®' | the G-band

is due to the lattice defects.
3 Conclusions

In summary, GaN:FEu’" nanofibers have been pre-
pared using electrospinning combined with ammonifica-
tion methods. XRD results showed that the nanofibers
were of hexagonal phase of GaN. Both SEM and TEM
images revealed the nanofibers consisting of GaN nanop-
articles with uniform size. In our results, two extra GaN
Raman shifts were observed with the peaks of 252 and
422 ¢m ™', which are confined in first-order Raman scat-
tering and are attributed to phonon activated by surface
disorders or finite-size effects and vibration mode of octa-
hedral Ga-Ng bonds, respectively. From PL spectra, the

blue characteristic peak of Eu”* ion was observed. This
suggests that GaN nanofibers are proper host material for
REs doping and could be integrated with modern optoe-
lectronics.
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