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Uniform YOF nano/micro-crystals with nanospheres and micro-rods morphologies have been synthesized by simply modulating the pH
values of the initial solution through a facile hydrothermal route without using any morphology controlling agent. The possible formation
mechanism of the micro-rods has been proposed on the basis of a series of time-dependent experiments. XRD, FT-IR, TG-DTA, Raman
spectra, SEM, TEM, as well as down-conversion (DC) luminescence (photoluminescence, cathodoluminescecne) and up-conversion
(UC) luminescence spectra are used to characterize the resulting YOF samples. The results of DC and UC luminescence properties prove
that the as-synthesized YOF are excellent host lattices for rare earth luminescence. Among the different morphologies, YOF with micro-
rods morphology presents the strongest luminescence intensity which may be due to the larger size and the fewer quenching sites,
confirmed by the results of morphology-dependent luminescence intensity.
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(UC) luminescence due to the high ionicity, low phonon energy,
1. Introduction good optical transparency over a wide wavelength range, high
chemical and thermal stability.**** Till now, YOF nano/micro-
crystals with various morphologies have been successfully
synthesized by several techniques such as solid state reaction, sol-
gel method, molten salt synthesis, thermolysis method and
electrospinning process.**** However, these approaches suffer
from drawbacks such as large crystallites, harsh reaction
conditions, high environment loads and complicated processes,
which severely hamper their potential application.
Herein, we demonstrate a facile hydrothermal method without
organic surfactants to prepare YOF nano/micro-crystals with
highly uniformity for the first time. Micro-rods and nanospheres
could be easily obtained by simply tuning the pH values of the
e initial solution. The growth mechanism of micro-rods has been
proposed on the basis of series time-dependent experiments.
Moreover, a systematic study on the morphology-dependent
luminescence properties of the photoluminescence (PL),
cathodoluminescence (CL) of YOF: Tm®*/Tb**/Eu*" and up-
conversion (UC) luminescence of YOF: Yb*, Er''/Tm*"/Ho*"
samples have been investigated and discussed.

Recently, rare earth ions (Ln’") doped nano/micro-luminescent
materials have aroused fast growing interest because of their X
fascinating optical characteristics arising from the intra 4f
transitions, such as narrow emission bands, long-lived
luminescence, large Stokes or anti-Stokes shifts.'® Generally, the
luminescence types can be categorized as down-conversion (DC)
and up-conversion (UC) luminescence. DC is typical stokes
emission process under ultra-violet (UV) or electron beam (high
energy) direct excitation, while UC is well known as anti-stokes
emission process under near-infrared (NIR) or infrared light (IR)
(low energy) excitation.”'> The former is widely applied in
modern lighting and display fields such as white-light emitting
diodes (WLEDs), plasma display panels (PDPs), field emission
displays (FEDs) and so on.”*!7 The later is important for
applications in areas as diverse as photonics, biomedicine,
biological imaging and therapeutics.'®?' Hitherto, the use of
shape-control agents during the crystallization process is a typical
and efficient strategy to control the morphologies and sizes, in
3s which the functional groups of the agents can selectively adsorb
on crystal facet and achieve to modulate the kinetics of the crystal
growth.?* However, the obtained samples always suffer from
the unavoidable surface contamination due to the residual organic 2.1 Materials
surfactants, which would affect the physical and chemical
properties of the final products.”*?® Thus, it is challenging to
establish an efficient method to synthesize size and morphology
controlled nano/micro-luminescent materials without the use of
organic surfactants.”’

Lanthanide oxyfluorides have attracted much attention for
ss applications in the down-conversion (DC) and up-conversion
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2. Expermental

The starting materials were commercial RE,O; (Ln =Y, Eu, Tm,
Yb, Er and Ho) and TbsO; (99.999 %, Science and Technology
Parent Company of Changchun Institute of Applied Chemistry)
and other chemicals were purchased from Beijing Chemical
Company. All chemicals were analytical grade reagents and used
directly without further purification.
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2.2 Preparation

RE(NO;); (0.5 M) stock solutions were obtained by dissolving
the corresponding metal oxides in HNOs; solution at elevated
temperature with agitation. In a typical procedure, stoichiometric
amounts of Y(NOs); and KF were added to 40 mL of deionized
water. The mixture was stirred for 15 min. Then, certain quantity
of NH;3-H,0 was introduced rapidly into the vigorously stirred
solution until pH = 9. After additional agitation for 10 min, the
as-obtained solution was transferred to a 50 mL autoclave, sealed,
and heated at 180 °C for 12 h, then cooled naturally to room
temperature. The resulting precipitates were collected by
centrifugation, washed three times with ethanol and deionized
water and then dried at 85 °C in air for 12 h. The final YOF
products were retrieved through a heat treatment of the precursors
at 600 °C in air for 3 h with a heating rate of 1 °C/min. Other
samples were prepared by a similar procedure, except for
different F~ sources as well as different pH conditions. The doped
YOF samples were prepared by introducing proper amounts of
RE(NO;); instead of Y(NOs); to the solution as described above.

[

s

@

20 2.3 Characterization

Power X-ray diffraction (XRD) measurements were performed
on a D8 Focus diffractometer at a scanning rate of 10°/ min in
the 20 range from 20° to 70°, with graphite monochromatized Cu
Ko radiation (A = 0.15405 nm). Fourier transform infrared
spectroscopy (FT-IR) was performed on a Perkin-Elmer 580B IR
spectrophotometer  using the KBr pellet technique.
Thermogravimetric and differential thermal analysis (TG-DTA)
data were recorded with Thermal Analysis Instrument (SDT 2960,
TA Instruments, New Castle, DE) with the heating rate of 10°/
somin in an air flow of 100 mL/min. The morphology and
composition of the samples were inspected using a field-emission
scanning electron microscope (FE-SEM, S-4800, Hitachi)
equipped with an energy-dispersive X-ray (EDX) spectrometer.
Transmission electronmicroscopy (TEM) were recorded using a
35 FEI Tecnai G2S-Twin with a field-emission gun operating at 200
kV. Images were acquired digitally on a Gatan multipole CCD
camera. PL excitation and emission spectra were recorded with a
Hitachi F-7000 spectrophotometer equipped with a 150 W xenon
lamp as the excitation source. CL measurements were carried out
win an ultrahigh-vacuum chamber (<10® Torr), where the
phosphors were excited by an electron beam, and the emission
spectra were recorded using an F-7000 spectrophotometer.
Raman spectrum was collected wusing a micro-Raman
spectrometer (Renishaw) with a laser of 532 nm wavelength. The
45 luminescence decay curves were obtained from a Lecroy Wave
Runner 6100 Digital Osilloscope (1 GHz) using a tunable laser
(pulse width = 4 ns, gate = 50 ns) as the excitation (Contimuum
Sunlite  OPO). Up-conversion (UC) emission spectra were
obtained using 980 nm LD Module (K98D08M-30W, China) as
so the excitation source and detected by R955 (HAMAMATSU)
from 400-700 nm. All the measurements were performed at room
temperature (RT).
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3. Results and discussion

3.1 Phase and Morphology.
ss Figure 1 shows the XRD patterns of the JCPDS card (no. 71-

2100) for YOF, Y(OH), ¢ F¢os, as-prepared precursor sample,
YOF annealed at 600 °C and Ln*" doped samples, respectively.
The diffraction peaks of the precursor sample bsaically agree well
with the Y(OH)z_OzFo_gg.
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Fig. 1 (a) The XRD patterns of the standard data of YOF (JCPDS
No.71-2100), Y(OH), 0,Fg9s (JCPDS No0.80-2004), as-prepared
precursor samples, YOF annealed at 600 °C, Ln*" doped samples.
(b) Crystal structure of the rhombohedral phase YOF.
90
However, after calcinations at 600 °C for 3h, well-defined
diffraction peaks appear, which can be assigned exactly to the
rhombohedral phase of YOF (R-3m space group, a =0 =3.79 A,
¢ =18.89 A). The Y*" ions are coordinated by four oxide and four
fluoride anions in a bicapped trigonal antiprism arrangement and
all ions (F, O and Y*") occupy the six-fold 6c Wyckoff
positions with the same Cs, site symmetry.*****' Considering the
similar valances and ionic radius, the doped Ln’" ions are
efficiently dissolved in the YOF host lattice by replacing the Y**,
100 thus, no obvious shifting of peaks or other impurity phase can be
detected which confirmed by the XRD results.*?
The FT-IR spectroscopy was conducted for both the precursor
and YOF, as shown in Figure 2a and 2b. The broad absorption
band located at 3424 cm™ and 1636 cm™ can be assigned to the
10s O—H vibration of absorbed water on the sample surface.*® The
broad peaks at 1360 cm™ are due to the bending mode of O-H.’
The intense and sharp band at 3641 cm™ and 750 cm™ are
assigned to the stretching and bending vibrations of Y-OH.* #°
After calcinations the precursor at 600 °C for 3 h, two strong
absorption band at 505 cm™ and 450 cm™ are present, which
indicates the well defined crystallization of YOF, as displayed in
Figure 2b.***® The EDX spectra further confirm the presence of
Y, O and F elements of the precursor sample and YOF as shown
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in Figure 2c and 2d. After calcinations, the atomic ratio of Y/O/F
is determinedto be 0.342/0.355/0.303 (Figure 2d), which is much
closer to the theoretical YOF atomic ratio (1/1/1). From the DSC-
TG curves of the as-prepared precursor sample shown in Figure
3, three stages of weight loss are observed. The first mass loss
occurs around 45 to 200 °C, which seems to be the loss of
occlusion water.***” A great mass loss occurs between
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Fig. 2 FT-IR spectra of (a) as-prepared precursor samples and (b)
YOF obtained by calcining precursor at 600 °C. EDX spectra of
(c) as-prepared precursor samples and (d) YOF obtained by

calcining precursor at 600 °C.

250 to 350 °C which is probably attributed to the decomposition
of the precursors, and the third one should be caused by the
further decomposition of precursors and the formation of YOF at
360-550 °C, basically agreeing well with the above results.*®

It should be mentioned that doping of a small amount of other
Ln*" in the YOF host does not change the phase, crystallization,
and morphology of the YOF products in our present work. So
here we only take YOF without doped ions as a typical example
to explain the morphologies of the products. It is obvious that the
precursor which prepared with KF as F~ source at pH = 9 mainly
consists of numerous monodisperse micro-rods with length
around 15-20 um and diameter about 0.5 pm, as the SEM images
shown in Figure 4a and 4b. After calcinations at 600 °C for 3 h,
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Fig. 3 TG-DSC curves of as-prepared precursor samples with KF
atpH=09.
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the size of the micro-rods shrinks and the surface becomes rough
along with the splitting at the end due to the decomposition of the
precursor and crystallization of YOF, which confirmed by the
SEM images of Figure 4c and 4d. In addition, the fine structures
of YOF were studied by HRTEM technique, in which the
adjacent lattice fringes can be calculated to 0.163 nm, which can
be well indexed as d-spacing value of the (116) plane of YOF.
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Fig. 4 (a, b) Low and high magnification SEM images of the as-
prepared precursor samples and (¢, d) Low and high
magnification TEM images of the YOF obtained by calcining
precursor at 600 °C. Inset of (d) is the corresponding HRTEM
images of the YOF samples.

Generally, successful synthesis of nano/micro-materials in a
solution-based system not only depends on the intrinsic structure
of the target compounds but also requires more fastidious control
of the growth parameters such as temperatures, organic additives,
types of raw materials, pH values and so forth.?% 2+ 2% 4830 Tpe
detailed effects of different F~ sources and pH values on the
morphologies of the final products are shown in the following
paragraphs. As displayed in Figure 5a, the crystalline phases of
the as-prepared products remain unchanged through the
replacement of KF by NHyF, LiF and NaF. Besides, the
morphologies (length and diameter) of the products are a little
different from the KF system due to the different attraction and
ionicity of K, NH,", Li" and Na*, which confirmed by the SEM
images shown in Figure 5b-5d.°' However, things become quite
different when we vary the pH values (pH = 11 or 14) of the
initial reaction solution with the same F” source (KF). When the
pH value was adjusted to 11, the obtained products are composed
of nanospheres with diameter about 500 nm (Figure 5e). With
further increasing of pH value to 14, the products are mainly
composed of well-separated micro-rods with length about 10-15
um and diameter about 0.5 um along with nanospheres with
diameter about 500 nm, as shown in Figure 5f. From the above
results, it seems that pH value plays a critical role in determining
the morphologies of the products, which can be explained by the
complex interaction and balance between precipitation and the
rate of ionic motion. At low pH (pH = 9), the monomer
concentration of the solution is still high after nucleation, mean
while, the rate of the initially formed nuclei motion is high. Thus,
it is beneficial for the anisotropic growth of the final product.>*

This journal is © The Royal Society of Chemistry [year]
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Fig. 6 SEM images of as-prepared precursor samples for different
reaction time: (a) 30 min, (b) 1 h, (c) 3 h, (d) 6h, (e) 12h and (f)

. so 15 h with KF, pH = 9. (g) Schematic illustration for the formation

[ e process of YOF micro-rods.

Fig. 5 (a) The XRD patterns of samples prepared with the

25 replacement of KF by (NH,)F/LiF/NaF. The SEM images of the morphology of the product is associated with the intrinsic nature
YOF samples prepared at pH = 9 with different F~ sources, (b) of lattice symmetry of the hosts. Thermodynamically, the product
(NH,)F, (¢) LiF and (d) NaF. The SEM images of YOF prepared s would take the morphology with lowest energy.*® ® % On the

20 |

with KF at different pH conditions, (¢) pH = 11 and (f) pH = 14. basis of the above experimental results and analysis, a schematic
illustration for the formation of YOF micro-rods is presented in
30 However, the movement of the nuclei is restricted to some extent Figure 6g.

by increasing the pH value to 11, which results in the formation

. . 56, 57 . . _ ) ) )
of isotropic products.”™ " Further increasing the pH value (pH =" '35 1o conversion and Up-conversion Luminescence

14), higher OH ion concentration means more nuclei, which may Properties.
greatly reduce the monomer concentration in solution and reduce

35 the rate of ionic motion. So, the products consist of the mixture of In order to further investigate the dependence of luminescence
micro-rods and nanospheres. Besides, in hydrothermal synthesis intensity on the morphologies, the excitation and emission spectra

3 ;
process, the obtained product would take different morphologies of the as-prepared YOF: Ln’" samples under different pH
so as to decreasing the surface energy in different pH 5 conditions have been measured as shown in Figure 7. Here it

conditions.™®"  Thus, choosing an optimal pH value is should be mentioned that all the experimental conditions were
w0 prerequisite to synthesize YOF with micro-rods (pH = 9) or kept identical in order to avoid the experimental errors. It is
nanospheres (pH = 11) morphologies. obvious that all the three samples share the identical spectral

In order to understand the growing mechanism of the YOF pattern 31’Vith distinct difference in intensity. As for YOF:
micro-rods, time-dependent experiments have been carried out by 0 0.01Tm™" (Figure 7a), the excitation spectrum shows sharp peaks

keeping other reaction parameters unchanged (KF as F~ source, at 262, 275 and 360 nm which are ascribed to ‘P, —’Hs, P,
4s pH = 9). At the early stage of the hydrothermal reaction for 30 —’He and 'D, —Hg transitions of Tm’" ions. The major
min (Figure 6a), a fast nucleation process occurred and a large emission peak of YOF: 0.01Tm’" is at 454 nm corresponding to
numbers of irregular and aggregated nanoparticles were obtained. the transitions 'D, — °F, under excitation with 360 nm
Prolonging the reaction time to 1 h, some micro-rods with 105 irradiation.® The excitation spectrum of YOF: 0.03Tb*" shows a
uniform morphology were formed; meanwhile, most of the strong broad band (A,.x = 240 nm) with a weak host absorption
s irregular nanoparticles were consumed, as displayed in Figure 6b. band at about 210 nm, monitored with the wavelength of 545 nm.
The size of the micro-rods had grown larger in all directions and Under 240 nm UV radiation excitation, the YOF: 0.03Tb*" gives
the uniformity was greatly improved as the reaction continued (3 green emission peaks at 495, 545, 585, and 621 nm, which

66

>

and 6 h). However, with further increasing the reaction time (12 "o belongs to the °Dy— "F; (J =6, 5, 4, 3) transitions, respectively.
and 15 h), dissolution and splitting began to appear at the end of As displayed in Figure 7c, the excitation spectrum of YOF:

3 . . .

ss the micro-rods (Figure 6e and 6f). On the one hand, the crystal 0.07Eu’" shows a strong bar.1(.1 with m;lznmum i‘i 252 nm ascrllbed
growth rate would increase due to the enhancement of pressure to the charge tran.sfer transition of O° — Eu™, together with a
under high temperature in aqueous solution. Kinetically, splitting weak host absorption band at about 212 nm and some sharp peaks
is related with fast growth rate.®** On the other hand, the 11s beyond 300 nm due to f—f transitions of Eu® within its 4f°

configuration. Under the excitation of 252 nm, YOF: 0.07Eu*"

4 | Journal Name, [year], [vol], 00-00 This journal is © The Royal Society of Chemistry [year]
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45 Fig. 7 Representative photoluminescence excitation and emission
spectra of (a) YOF: 0.01Tm*", (b) YOF: 0.03Tb** and (c) YOF:
0.07Eu®" with different morphologies.

samples show linear peaks centered at 594, 613 and 631 nm,
so which are ascribed to the *Dy — 'F; and D, — 'F, transitions,
respectively.®* * Comparing the luminescence intensity of all the
samples displayed in Figure 7, it is apparently that the micro-rods
samples (pH = 9) show the strongest emission intensity, the
nanospheres products (pH = 11) take the second place and the
ss samples prepared at pH = 14 present the weakest emission
intensity. Generally, the surface area of the materials increases
with a decrease in the size. The larger surface area means a larger
number of defects into the phosphor body, which would provide

50 ] A, =78.06,7, = 1.103
100 25 ] t=1.01 ms
0

105

nonradiative recombination routes for electrons and holes in hosts,

s thus, decrease the luminescence intensity.m’ 8 Therefore, the
micro-rods samples present the strongest emission intensity. On
the other hand, monodisperse spherical structures will lead to
high packing densities, low scattering of light, high brightness
and high resolution.”” As a result, the luminescence intensity of

s nanospheres sample (pH = 11) is stronger than the mixture of
micro-rods and nanospheres (pH = 14).

084
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Fig. 8 Raman spectra of YOF: 0.07Eu®" samples with different
morphologies, (a) micro-rods, pH = 9, (b) nanospheres, pH = 11
ss and (¢) mixture micro-rods and nanospheres, pH = 14.

To further reveal the effects of the phonon energies on
luminescence intensity of the different morphologies, Raman
spectra have been inspected, as shown in Figure 8. It can be seen

o that the lines at 137 ecm™), 308 cm™ and 467 cm™® are due to A
modes. Meanwhile, the E, modes are observed at 241 em’, 375
cm! and 478 ¢cm™.>* In addition, the comparison of the Raman
spectra of the prepared samples also indicates that the phonon
modes basically don’t change under different pH conditions,
however, the intensities vary from each other. Due to the smaller
size and larger surface area, the nanospheres possess a poor-order

9.

a

100

1 I= A exp(-t/t)+A exp(-t/t)) (a)
75 4

A, =36.84, 7, = 0.305
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Fig. 9 Decay curves of the SDy—F, emission of Eu®" (A = 252

nm and Ay, = 613 nm) in YOF: 0.07Eu®* samples with different

11s morphologies, (a) micro-rods, pH = 9, (b) nanospheres, pH = 11

and (c) mixture micro-rods and nanospheres, pH = 14.
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in structure and wider distribution of phonon energies.®” In
common, smaller size means much more defects, which could
affect the distribution of phonon energies and act as quenching
sites, leading to nonradiative recombination and luminescence
quenching, basically agreeing well with above results.'®

The decay kinetics behavior of different morphologies of YOF:
0.07Eu** have also been investigated, the corresponding decay
curves for the luminescence of the Eu** ions (Ay = 252 nm and
Aem = 613 nm) are displayed in Figure 9. All the curves can be
well fitted into a double exponential function as [ = A exp(—t/t))+
Asexp(—t/1,), and the lifetimes are determined to be 1.01, 0.958,
and 0.948 ms for micro-rods, nanospheres and mixture of micro-
rods and nanospheres, respectively. The lifetime sequence is
consistent with the variation tendency of the luminescence
intensity of the three samples, which is attributed to the increase
of nonradiative transition rate caused by surface defects.”® !

The CL properties of as-prepared YOF: Ln®" (Ln = Tm, Tb
and Eu) samples have also been investigated in detail considering
their potential application in FEDs. Under low-voltage electron
beam excitation, the CL spectral profiles of YOF: Ln*" are similar
to their PL spectra, which shows the characteristic transitions of
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Fig. 10 Typical CL spectra of (a) YOF: 0.01Tm*", (b) YOF:
0.03Tb*" and (c) YOF: 0.07Eu®" with different morphologies,
under low-voltage electron beam excitation (accelerating voltage
ss= 3 kV, filament current = 88 mA). The insets are the
corresponding CL digital photographs of micro-rods samples. (d)
The CIE chromaticity diagram for YOF: 0.01Tm’*, YOF:
0.03Tb*" and YOF: 0.07Eu®>" with micro-rods morphology.

Ln** ions and produces bright blue, green and red emissions,

o0 respectively, confirmed by the luminescence photographs and
CIE coordinates displayed in Figure 10. Also, it is apparently that
the samples prepared at pH = 9 present the strongest emission
intensity.

o —pH=9 .YOF: 0.20Yb*,0.04Er*
—pH=11
-~ pH = 14
=! ZHIUI-‘IISQ 4 L)
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Fig. 11 Typical UC emission spectra of (a) YOF: 0.20Yb*',
0.04Er**, (b) YOF: 0.20Yb*", 0.01Tm*" and (c) YOF: 0.20Yb*",
0.01Ho®" samples with different morphologies under 980 nm

1o laser excitations. The insets are the corresponding UC
luminescence digital photographs of micro-rods samples.
Schematic illustration of the transition energy levels for the
Yb*'/Er** (d) and YB*'/Tm*/Ho*" (e) systems.

ns  Under 980 nm NIR laser excitation, the YOF: Yb*"/Er**, YOF:
Yb*/Tm®" and YOF: Yb**/Ho®* samples exhibit red, blue and
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green emissions respectively, as confirmed by the corresponding
luminescent photographs (insets in Figure 11). The UC emission
spectrum of YOF: 0.20Yb**, 0.04Er’" is dominated by a strong
red emission band at about 670 nm due to *Fo,— 1,5/, transition
with some weak bands in the green emission region with maxima
at 530 and 545 nm assigned to the 2H,,,—",55 and *S3,—*55
transitions of the Er’* ions, respectively, as shown in Figure 11a.*
37 The UC luminescence spectrum of YOF: 0.20Yb**, 0.01Tm**
(Figure 11b) consists of two strong blue emission bands centered
at 475 and 485 nm, corresponding to the Tm**: 'G,—’H4 and
1G,-*Hg transition, and two weak emission bands at 653 and 693
nm due to 'Gy—°F, and °F;—’H transition of Tm’",
respectively.” ™ In the case of YOF: 0.20Yb*, 0.01Ho®" in
Figure 1lc, one green emission band at 540 nm and one red
emission band at 650 nm were observed, which were caused by
5S,, SF4—°Ig and Fs—°Ig transition of Ho>", respectively.g’ 74
Figure 11d and 11e show the schematic energy level diagram of
Yb*, Er*", Ho®" and Tm® ions in the YOF: Yb*/Er*/Ho*"/Tm*
systems with detailed description of the up-conversion
luminescence mechanism.> The ranking of the UC emission
intensities is micro-rods (pH = 9) > nanospheres (pH = 11) >
mixture of micro-rods and nanospheres (pH = 14), which is
consistent with above discussion.

4, Conclusions

In summary, YOF with various morphologies have been
synthesized by a facile hydrothermal route without using any
morphology controlling agent. It is observed that pH values play
a determining role in modulating the growth process of YOF to
govern the formation of final morphology. The growth
mechanism of the micro-rods has been proposed on the basis of a
series of time-dependent experiments. Under UV light and low-
voltage electron beam excitation, YOF: Ln** (Tm, Tb and Eu)
samples show the characteristic f-f transitions of Ln*" ions and
give bright blue, green and red emission, respectively.
Furthermore, multicolored luminescence could be confected in a
wide triangle region enveloped by three CIE chromaticity
coordinate points [YOF: Tm*" (0.146, 0.076), YOF: Tb*" (0.265,
0.571) and YOF: Eu** (0.584, 0.398)], which is beneficial to
enhance display quality. In addition, under 980 nm NIR laser
excitation, the Yb*'/Er**, Yb*/Tm*" and Yb*'/Ho**-co-doped
YOF samples exhibit strong red, blue and green UC
luminescence, respectively. Morphology-dependent luminescence
intensity investigation presents that the emission intensity
correlates with the crystallinity and the amounts of surface
defects. The DC and UC luminescence results powerfully
manifest that the as-prepared YOF are excellent host lattices for
obtain efficient luminescence, which may find potential
applications in the fields of solid state light, color displays,
authentication and security in general, anti-counterfeit and
luminescent labels.
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