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a  b  s  t  r  a  c  t

Tetragonal  phase  NaLnW2O8 (Ln  =  Y,  Yb,  Er,  Tm,  Eu,  Gd,  Ho,  Ce,  and  Sm)  nanocrystals  were  success-
fully  prepared  via  a hydrothermal  method.  It is  found  that  large  ionic  radii  of lanthanide  ions  and  high
reaction  temperature  are  beneficial  for the  formation  of  NaLnW2O8. The  upconversion  luminescence
properties  of  NaYW2O8:Yb3+/Er3+ and NaYW2O8:Yb3+/Tm3+ were  studied  under  980  nm  excitation.  It  is
found  that  the  luminescence  intensity  of 2H11/2 → 4I15/2 is  much  stronger  than  that  of 4S3/2 → 4I15/2 as
well  as 4F9/2 → 4I15/2 in  NaYW2O8:Yb3+/Er3+.  Interestingly,  there  is no  apparent  change  in  the  intensity

2 4 4 4 4 3+

aYW2O8

anthanide ions
anocrystals
ptical properties

ratio  of H11/2/ S3/2 → I15/2 to F9/2 → I15/2 on Er concentration.  By  analyzing  the  Raman  spectrum,  we
suggested  that  the  nonradiative  relaxation  of 2H11/2 → 4S3/2 is  inefficient  in  NaYW2O8:Yb3+/Er3+,  result-
ing in  the  strong 2H11/2 → 4I15/2 emission.  The  CIE  coordinates  of  the  green  luminescence  changed  with
excitation  power.  While  for  NaYW2O8:Yb3+/Tm3+, the  CIE  coordinates  of  the  blue  luminescence  (0.14,
0.10)  is  almost  unchanged  with  excitation  power.  In addition,  the  photoluminescence  of  NaYW2O8:Eu3+

excited  at  different  wavelengths  was  studied  in  detail.
. Introduction

Lanthanide-doped crystalline and amorphous materials have
ecome a specific topic of interest owing to their unique lumines-
ence prosperities [1–3]. Compared with conventional luminescent
aterials, such as organic fluorescent dyes and semiconduc-

or quantum dots, lanthanide-doped materials can present low
hotobleaching, narrow emission bands, and longer luminescent

ifetimes [4–6]. Recently, there has been increasing interest in
he doping of nanocrystalline hosts with ions of the lanthanide
lements because phosphors in the nanoscales can exhibit novel
apabilities, depending on their structure, shape and size, such as
unable wavelengths [6],  high efficiencies [7],  and rapid responsi-
ilities [8].  So far, the luminescent nanocrystals are considered as
otentially useful active components in new optoelectronic devices
nd luminescent labels for biomolecules [9–11].

Double alkaline lanthanide molybdates and tungstates ABM2O8
A: K+, Na+; B: trivalent lanthanide; M:  W6+, Mo6+), which share a
cheelite-like isostructure, show excellent thermal and hydrolytic
tability and are considered to be efficient luminescent host
aterials [12–19].  Especially, the concentration quenching effect
ardly occurs in ABM2O8 doped with lanthanide ions [20]. For
 long period, the investigations on the ABM2O8 compounds
ave been focused on the single crystals as solid-state laser
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oi:10.1016/j.jallcom.2011.11.046
© 2011 Elsevier B.V. All rights reserved.

hosts and their optoelectronics applications [12–19].  In recent
years, the controllable synthesis and luminescence properties of
lanthanide-doped ABM2O8 micro/nanocrystals have also attracted
increasing attention [21–26].  For example, Fan et al. synthesized
NaY(WO4)2:Eu2+ and NaY(WO4)2:Yb3+/Er3+ nanoparticles by a
hydrothermal method and investigated their optical properties
[24]. Kasuya and Isobe synthesized NaEuW2O8 nanophosphors
and Zhou et al. reported flower-like NaY(MoO4)2:Eu3+ microar-
chitectures [25,26]. However, there have been no reports on
NaY(WO4)2:Yb3+/Tm3+ nanocrystals to date.

Here, tetragonal phase NaLnW2O8:Ln3+ (Ln = Y, Yb, Er, Tm,  Eu,
Gd, Ho, Ce, and Sm)  nanocrystals were synthesized by a hydrother-
mal  method. The results indicated that the formation of tetragonal
NaLnW2O8 is closely related to the lanthanide ionic radius. The
larger ionic radius is beneficial for the formation of NaLnW2O8. The
optical properties of NaYW2O8 nanocrystals doped with different
lanthanide ions were studied in detail.

2. Experimental

2.1. Synthesis

Analytical grade Ln(NO3)3·6H2O (Ln = Y, Yb, Er, Tm,  Eu, Gd,  Ho, Ce, and Sm)
(99.99%), NaF, ethanol, and oleic acid were obtained from Beijing Chemical Reagents,
China. All of the reagents and solvents were used as received without further purifi-
cation. Deionized water was used throughout.
Synthesis of NaLnW2O8 nanocrystals: in a typical synthesis, 1 mL of Na2WO4

aqueous solution (0.5 mol/L) and 1 mL  of Ln(NO3)3 aqueous solution (0.5 mol/L) were
added to a mixture of NaOH (1.2 g), ethanol (8 mL), deionized water (4 mL), and
oleic acid (20 mL), and the solution was  thoroughly stirred. Subsequently, the milky
colloidal solution was  transferred to a 50 mL  Teflon-lined autoclave, and heated at

dx.doi.org/10.1016/j.jallcom.2011.11.046
http://www.sciencedirect.com/science/journal/09258388
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ig. 1. TEM images of NaYW2O8 (a), NaYbW2O8 (b), NaErW2O8 (c), NaTmW2O8 (d,
a2WO4 aqueous solution as raw materials).

60–180 ◦C for 24 h. The systems were then allowed to cool to room temperature.
he final products were collected by means of centrifugation, washed with ethanol,
nd finally dried in vacuum at 80 ◦C for 4 h.

Synthesis of NaYF4:Yb3+/Er3+ nanocrystals (see Refs. [27–29]): 0.5 mmol of
n(NO3)3 aqueous solution and 4 mL  of sodium fluoride solution (0.5 mol/L) were
dded to a mixture of NaOH (1.2 g), ethanol (8 mL), deionized water (8 mL), and
leic acid (20 mL), and the solution was thoroughly stirred. Subsequently, the milky
olloidal solution was  transferred to a 50 mL  Teflon-lined autoclave, and heated at
80 ◦C for 24 h. The systems were then allowed to cool to room temperature. The
nal  products were collected by means of centrifugation, washed with ethanol, and
nally dried in vacuum at 80 ◦C for 4 h.

.2. Characterization

The powder diffraction patterns were analyzed by a Rigaku (Japan) D/MAX-
A  X-ray diffractionmeter (XRD) equipped with graphite monochromatized Cu K�
adiation (� = 1.541874 Å), keeping the operating voltage and current at 40 kV and
0  mA, respectively. The size and morphology of the final products were observed
y  using the JEOL-2010 transmission electron microscope (TEM). Samples were pre-
ared by placing a drop of a dilute cyclohexane dispersion of the nanocrystals on the
urface of a copper grid. The down-conversion luminescence spectra were recorded
ith a Hitachi F-4500 fluorescence spectrophotometer at room temperature. For

omparison of the luminescence properties of different samples, the luminescence
pectra were measured with the same instrument parameters (2.5 nm for spectral
esolution (FWHM) of the spectrophotometer and 400 V for PMT  voltage) at room
emperature. The up-conversion luminescence spectra were recorded by using the
pectrophotometer with an adjustable laser (980 nm, Beijing Hi-Tech Optoelectronic
o., China) as the excitation source with a fiber-optic accessory. Raman spectra were
aken by using Renishaw 1000 Micro-Raman spectrometer.

. Results and discussion

.1. Crystal structure and morphology
Figure S1(a–e) in the Supporting Information shows the XRD
atterns of NaLnW2O8 (Ln = Y, Yb, Tm,  Er, and Eu) with 1 ml
f Ln(NO3)3 aqueous solution and 1 mL  of Na2WO4 aqueous
d NaEuW2O8 (f) prepared at 180 ◦C (1 ml  of Ln(NO3)3 aqueous solution and 1 mL  of

solution as raw materials prepared at 180 ◦C for 24 h. These patterns
are in agreement with the tetragonal NaYW2O8 (JCPDS 48-0886),
NaYbW2O8 (25-0887), NaErW2O8, NaTmW2O8, and NaEuW2O8,
respectively. No other impurity peaks were detected. In addition,
the peaks of NaEuW2O8 shift a little to the small diffraction angle
in comparison with those of NaYW2O8, NaYbW2O8, NaTmW2O8,
and NaErW2O8. It is imperative to point out that the XRD pat-
terns of NaErW2O8, NaTmW2O8, and NaEuW2O8 could not be
found in the JCPDS database. Figure S1(f, g) in the Support-
ing Information shows the XRD patterns of NaYW2O8:Eu3+ and
NaYW2O8:Yb3+/Er3+, which are similar to that of NaYW2O8. The
corresponding TEM images of the as-prepared nanocrystals are
shown in Fig. 1. The shape of NaYW2O8 and NaErW2O8 nanocrys-
tals is almost rectangular, while those of NaYbW2O8, NaTmW2O8,
and NaEuW2O8 are rhombic.

When the reaction temperature is 160 ◦C, only tetrago-
nal NaEuW2O8 nanocrystals can be synthesized, as shown in
Figure S2(f) in the Supporting Information. The other patterns in
Figure S2(a–e) in the Supporting Information could not be found
in the JCPDS database. We  suggest that the formation of tetrag-
onal NaLnW2O8 must be closely related to the lanthanide ionic
radius, and larger ionic radius is beneficial for the formation of
NaLnW2O8. To prove the correctness of the judgment, we  have
synthesized several samples with larger lanthanide ionic radius
under the same reaction conditions, such as Gd3+, Ho3+, Ce3+, and
Sm3+. As expected, tetragonal NaGdW2O8, NaHoW2O8, NaEuW2O8,
NaCeW2O8, and NaSmW2O8 were successfully prepared when the
reaction temperature is 160 ◦C (Figure S3 in the Supporting Infor-

mation). We  also studied the products with 2 mL of Ln(NO3)3
aqueous solution and 2 mL  of Na2WO4 aqueous solution as raw
materials prepared at 160 ◦C, as shown in Figure S4 in the Sup-
porting Information. In comparison with the XRD patterns in
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ig. 2. TEM images of the samples with different Na2WO4 contents as raw materia

igure S2 in the Supporting Information, no obvious change have
een observed. Fig. 2 shows the TEM images of the samples with dif-
erent Na2WO4 contents as raw materials prepared at 160 ◦C. Here,
he Y(NO3)3 content is 2 mL.  The nanoparticles observed from TEM
mages tended to aggregate.

.2. Green UC luminescence of NaYW2O8:Yb3+/Er3+

Fig. 3a shows the UC luminescence spectra of the as-prepared
aYW2O8:Yb3+/Er3+ under different excitation powers. The spec-

ral peaks correspond to the following transitions: 4F7/2 → 4I15/2
∼490 nm), 2H11/2 → 4I15/2 (∼521 nm), 4S3/2 → 4I15/2 (∼543 nm),
nd 4F9/2 → 4I15/2 (∼653 nm). It is surprising to observe that
he 2H11/2 → 4I15/2 emission of NaYW2O8:Yb3+/Er3+ is always the
trongest, which is different from that of NaYF4:Yb3+/Er3+, as shown
n Fig. 3b. For NaYF4:Yb3+/Er3+, the 4S3/2 → 4I15/2 emission is the
trongest at low laser power and the 2H11/2 → 4I15/2 emission is
he strongest at high laser power. It is known that the emission
ntensities and ratios of the various emissions are influenced by
he doping levels, excitation power, and preparation tempera-
ure. Here, there is no apparent change in the intensity ratio of
H11/2 → 4I15/2 to 4S3/2 → 4I15/2 on Er3+ concentration and prepa-
ation temperature. We  suggest that the nonradiative relaxation
f 2H11/2 → 4S3/2 in NaYF4:Yb3+/Er3+ is more efficient than that in
aYW2O8:Yb3+/Er3+. Since the nonradiative relaxation is closely

elated to the phonon energies of the hosts, the Raman spectra

f the NaYW2O8 and NaYF4 were studied, as shown in Fig. 4. For
he NaYW2O8, six Raman bands centered at ∼132.6, 203.2, 332.8,
01.6, 814.7, and 916.7 cm−1 were observed. While for the NaYF4,
ix Raman bands centered at ∼146.7, 266.5, 396.1, 518.9, 639.8, and

ig. 3. UC luminescence spectra of (a) NaYW2O8:Yb3+/Er3+ and (b) NaYF4:Yb3+/Er3+

xcited with a 980 nm laser.
ared at 160 ◦C (the Y(NO3)3 content is 2 mL): (a) 2 mL, (b) 1 mL, and (c) 0.5 mL.

797.9 cm−1 can be observed. The peaks at ∼146.7, 266.5, 396.1, and
518.9 cm−1 of NaYF4 are similar to those of the NaYF4:Yb3+/Er3+

reported by Güdel and co-workers [30]. For the peaks at ∼639.8
and 797.9 cm−1, it is noted that the NaYF4 was coated by oleic acid.
And thus, the two peaks could be attributed to the vibrations from
the organic surfactants. Similar results have also been reported by
Shan et al. [31]. The energy separation between 2H11/2 and 4S3/2
levels of Er3+ ions in NaYF4:Yb3+/Er3+ is about 518 cm−1 [32]. One
phonon with ∼518.9 cm−1 or two  phonons with 266.5 cm−1 in
NaYF4:Yb3+/Er3+ can match the energy separation between 2H11/2
and 4S3/2, resulting in the effectively nonradiative relaxation of
2H11/2 → 4S3/2 in NaYF4:Yb3+/Er3+. Consequently, the nonradiative
relaxation of 2H11/2 → 4S3/2 in NaYF4:Yb3+/Er3+ is more efficient
than that in NaYW2O8:Yb3+/Er3+. It is noted that there is little shift
in the position of the green emissions between NaYF4:Yb3+/Er3+

and NaYW2O8:Yb3+/Er3+.
Fig. 5 shows the normalized UC luminescence spectra of

NaYW2O8:Yb3+/Er3+ with different Er3+ concentrations. From the
bottom to the top in Fig. 5, the concentrations of Er3+ ions are 5%,
10%, 30%, and 70%, respectively. There is no apparent change in
the intensity ratio of 2H11/2/4S3/2 → 4I15/2 to 4F9/2 → 4I15/2 on Er3+

concentration, which is also different from that of NaYF4:Yb3+/Er3+

reported previously [32]. For NaYF4:Yb3+/Er3+, when the Er3+ con-
centration is high enough (70%), the 4F9/2 → 4I15/2 emission is the
strongest [32]. In addition, the emission intensities increased with
Er3+/Yb3+ concentration and preparation temperature. The concen-

tration quenching effect was not observed.

The CIE chromaticity coordinates were calculated from the UC
luminescence spectra of NaYW2O8:Yb3+/Er3+ (10%) under differ-
ent excitation powers, as shown in Table 1. The CIE coordinates of

Fig. 4. Raman spectra of (a) NaYW2O8 and (b) NaYF4 (the laser excitation wave-
length was 633 nm).
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Fig. 5. Dependence of UC luminescence spectra (normalized to 2H11/2 → 4I15/2

transition) of NaYW2O8:Yb3+/Er3+ on Er3+ concentration (20% Yb3+): (a) 5%, (b)
10%,  (c) 30%, and (d) 70%. Inset shows the CIE 1931 chromaticity diagram of
NaYW2O8:Yb3+/Er3+(10%) under different excitation powers.

Table 1
The CIE chromaticity coordinates calculated from UC luminescence spectra of
NaYW2O8:Yb3+/Er3+ and NaYW2O8:Yb3+/Tm3+ under different excitation powers.

Excitation power CIE (x, y) of Er3+ CIE (x, y) of Tm3+

0.240 W (0.24, 0.61) (0.14, 0.11)
0.265 W (0.24, 0.62) (0.14, 0.10)
0.290 W (0.24, 0.62) (0.14, 0.10)
0.320 W (0.22, 0.61) (0.14, 0.10)
0.335 W (0.21, 0.64) (0.14, 0.10)
0.340 W (0.19, 0.68) (0.14, 0.10)
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0.350 W (0.19, 0.69) (0.14, 0.10)
0.365 W (0.18, 0.72) (0.14, 0.10)

he green luminescence were (0.24, 0.61), (0.24, 0.62), (0.24, 0.62),
0.22, 0.61), (0.21, 0.64), (0.19, 0.68), (0.19, 0.69), and (0.18, 0.72)
or 0.240, 0.265, 0.290, 0.320, 0.335, 0.340, 0.335, 0.340, 0.350, and
.365 W,  respectively. Obviously, the CIE coordinate of the green

uminescence changed with excitation power. The intensity ratio
f 2H11/2/4S3/2 → 4I15/2 to 4F9/2 → 4I15/2 as well as 2H11/2 → 4I15/2 to
S3/2 → 4I15/2 increased with excitation power.

For an unsaturated UC process, the emission intensity (If) will
e proportional to some power (n) of the infrared excitation (P)
ower:

f ∝ Pn (1)

here n is the number of infrared photons absorbed per visible pho-
on emitted [33]. To investigate the fundamental UC mechanisms of
aYW2O8:Yb3+ (20%)/Er3+ (5%), the pumping power dependence of

he fluorescent radiations was investigated. Fig. 6 shows the double
ogarithmic plots of the emission intensity as a function of excita-

4 4 2 4 4 4
ion power for the S3/2 → I15/2, H11/2 → I15/2, and F9/2 → I15/2
missions. The corresponding slopes (n) of the dependencies are
isted in Table 2.

able 2
xperimental slopes (n) of the dependencies log(emission intensity) versus
og(excitation power) for NaYW2O8:Yb3+/Er3+ and NaYW2O8:Yb3+/Tm3+.

Transition of Er3+ n (Er3+) Transition of Tm3+ n (Tm3+)

2H11/2/4S3/2 → 4I15/2 2.27 1D2 → 3H6 1.86
4F9/2 → 4I15/2 0.95 1G4 → 3H6 2.50
– – 3H4 → 3H6 1.78
Fig. 6. Plots (log–log) of emission intensity versus pump power density: (a)
4F9/2 → 4I15/2 and (b) 2H11/2/4S3/2 → 4I15/2.

Although it is well known that the population of the
4F9/2 comes from a two-photon process, the value of n for
red emission (4F9/2 → 4I15/2) was  determined to be 0.95 in
the NaYW2O8:Yb3+/Er3+ (10%) nanocrystals. Pollnau et al. [34]
attributed this phenomenon to the “saturation process” due to
the competition between linear decay and UC processes for the
depletion of the intermediate excited states [35]. According to their
report, the value of n for a two-phonon process is ∼2 when the lin-
ear decay of the intermediate state is dominant mechanism, while
n is ∼1 when the UC is the dominant in the Yb3+/Er3+ codoped
system. The intermediate level of the red emission is 4I13/2, and
therefore, the UC is the dominant depletion mechanism for 4I13/2.
In addition, the energy mismatch of Yb3+–Er3+ energy transfer for
re-excitation of the 4I13/2 state is ∼750–1400 cm−1 and the domi-
nant phonon mode of NaYW2O8 is fund to be at ∼916.7 cm−1, and
therefore, the second upward excitation from 4I13/2 to 4F9/2 in Er3+

is possible with the assistance of 1–2 phonon of NaYW2O8 host
[34]. The value of n for green emission bands was determined to
be 2.27. This is in agreement with the formerly reported behav-
ior, where a three-photon process is involved in populating the
2H11/2/4S3/2 levels [35]. The ions in the 2H9/2 may  nonradiatively
relax to 2H11/2/4S3/2 levels, which produce green emissions.

When the excitation power is higher than 0.1 W,  the UC lumi-
nescence deviates from a linear relationship. Gudel et al. attributed
the decrease of the slopes at higher laser powers to a change in the
main depopulation mechanism of the excited states [36]. Accord-
ing to their reports, in the low-power limit, the population of the
state (Er3+) should occur through energy transfer from Yb3+, and
the depopulation should occur through relaxation to all lower-
lying states of Er3+. While in the high-power limit, the term related
to upconversion to any other state (Er3+) is dominant compared
to the emission to the lower-lying states (Er3+). The processes of
infrared excitation and UC emission were drawn in the energy level
diagrams of Er3+ and Yb3+ ions, as shown in Fig. 7.

3.3. Blue UC luminescence of NaYW2O8:Yb3+/Tm3+

Fig. 8 shows the UC luminescence spectra of the as-prepared
NaYW2O8:Yb3+/Tm3+ nanocrystals under different excitation
powers. The spectral peaks correspond to the following tran-
sitions: 1D2 → 3H6 (∼363 nm), 1D2 → 3F4 (∼454 nm), 1G4 → 3H6

3 3 3 3
(∼475 nm), F3 → H6 (∼689 nm), and H4 → H6 (∼795 nm). It
is found that the 1G4 → 3H6 emission of NaYW2O8:Yb3+/Tm3+

is always the strongest. The emission intensities increased
with Tm3+/Yb3+ concentration and preparation temperature. The
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Fig. 9. Plots (log–log) of emission intensity versus pump power density: (a)
ig. 7. Energy-level and UC schemes for the Yb3+–Tm3+ and Yb3+–Er3+ systems.

oncentration quenching effect was not observed. The CIE chro-
aticity coordinates were calculated from UC luminescence

pectra of NaYW2O8:Yb3+/Tm3+ under different excitation pow-
rs, as shown in Table 1. There is no apparent change in the CIE
oordinates (0.14, 0.10) of the blue luminescence.

Fig. 9 shows the double logarithmic plots of the emission inten-
ity as a function of excitation power for the 1D2 → 3H6, 1G4 → 3H6,
nd 3H4 → 3H6 emissions. The corresponding slopes (n) of the
ependencies are listed in Table 2. The population of the states 1D2,
G4, and 3H4 (3F3) should come from four-photon, three-photon,
nd two-photon UC processes, respectively. The pump light excites
nly the Yb3+ ions, and three successive energy transfers from Yb3+

o Tm3+ populate 3H5, 3F2, and 1G4 levels. The 1D2 level of Tm3+ can-
ot be populated by the fourth photon from Yb3+ via energy transfer
o the 1G4 due to the large energy mismatch (about 3500 cm−1)
etween them [32,34].  The cross-relaxation between Tm3+ ions
ay  alternatively play an important role in populating 1D2 level.

he decrease of n for 1D2 level is also attributed to the “saturation
rocess” [37]. The processes of infrared excitation and UC emission
ere drawn in the energy level diagrams of Tm3+ and Yb3+ ions,

s shown in Fig. 7. Similarly to that of NaYW2O8:Yb3+/Er3+, the UC
uminescence deviates from a linear relationship in higher excita-

ion power range, which can be attributed to a change in the main
epopulation mechanism of the excited states [36].

ig. 8. UC luminescence spectra of NaYW2O8:Yb3+/Tm3+ excited with a 980 nm
aser. Inset shows the CIE 1931 chromaticity diagram of NaYW2O8:Yb3+/Tm3+.
3H4 → 3H6, (b) 1G4 → 3H6, and (c) 1D2 → 3H6.

3.4. Photoluminescence of NaYW2O8:Eu3+

Fig. 10a shows the room-temperature excitation spectra of
NaYW2O8:Eu3+ nanocrystals (monitored at 589, 613, 651, and
700 nm). The positions of these excitation peaks are practically
identical to the characteristic absorption bands for f–f intra-
configuration transitions in trivalent europium[38,39].  The most
intense peak is centered at 465 nm.  Fig. 10b shows the room-
temperature emission spectra of NaYW2O8:Eu3+ nanocrystals
under 394, 465, and 534 nm excitation. It can be observed that
the emission intensities were the strongest when the excita-
tion was  performed at 465 nm.  The 5D0 → 7FJ (J = 1, 2, 3, and 4)
transitions were observed. The 5D0 → 7F1 transition is magnetic-
dipole-allowed and its intensity is almost independent on the local
environment around Eu3+ ions. The 5D0 → 7F2 transition is electric-
dipole-allowed due to an admixture of opposite parity 4fn−15d
states by an odd parity crystal-field component. Therefore, its
intensity is sensitive to the local structure around Eu3+ ions. The
5D0 → 7F3 transition exhibits a mixed magnetic dipole and elec-

tric dipole character. The 5D0 → 7F4 is electric dipole transition. It
is well known that the intensity ratio of 5D0 → 7F2 to 5D0 → 7F1 is
strongly dependent on the local symmetry of the Eu3+ ions. There-
fore, Eu3+ ions are often used as probes to detect local environments

Fig. 10. Excitation (a) and emission (b) spectra of NaYW2O8:Eu3+ nanocrystals.
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Fig. 11. Emission spectra of NaYW2O8:Eu3+ nanocrystals with different Eu3+ con-
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n a matrix. In a site with inversion symmetry the 5D0 → 7F1 is dom-
nating, while in a site without inversion symmetry the 5D0 → 7F2 is
he strongest. In the emission spectra of NaYW2O8:Eu3+ nanocrys-
als, the 5D0 → 7F2 is much stronger than the 5D0 → 7F1 [36,37].
ig. 11 presents the emission spectra of NaYW2O8:Eu3+ nanocrys-
als with different Eu3+ concentrations. The peak positions and the
hape of emissions were not influenced by Eu3+ concentration. The
ependence of the intensity ratio of (5D0 → 7F2) to (5D0 → 7F1)
n Eu3+ concentration indicates that there are no any apparent
hange in the local symmetry around Eu3+ ions with increas-
ng Eu3+ concentration. The concentration quenching effect hardly
ccurs.

. Conclusion

In this study, NaLnW2O8 nanocrystals were synthesized by
 hydrothermal method. The nanocrystals can be produced in
 simple procedure with high yields, and the optical proper-
ies of NaYW2O8 nanocrystals doped with different lanthanide
ons were studied in detail. For the UC luminescence spectra of
aYW2O8:Yb3+/Er3+ with different excitation powers, it is found

hat the 2H11/2 → 4I15/2 emission of NaYW2O8:Yb3+/Er3+ is always
he strongest, which is different from that of NaYF4:Yb3+/Er3+.
specially, there is no apparent change in the intensity ratio
f 2H11/2/4S3/2 → 4I15/2 to 4F9/2 → 4I15/2 on Er3+ concentration.
hese phenomena are related to nonradiative relaxation of
H11/2 → 4S3/2. The Raman spectra of the NaYW2O8:Yb3+/Er3+

nd NaYF4:Yb3+/Er3+ indicate that the nonradiative relaxation of
H11/2 → 4S3/2 in NaYF4:Yb3+/Er3+ is more efficient than that in
aYW2O8:Yb3+/Er3+. The CIE coordinate of the green luminescence
hanged with excitation power. For the UC luminescence spec-
rum of NaYW2O8:Yb3+/Tm3+ nanocrystals, the CIE coordinate of
he blue luminescence was (0.14, 0.10), which is almost unchanged
ith excitation power. For the NaYW2O8:Eu3+ nanocrystals, the
D0 → 7F2 is much stronger than the 5D0 → 7F1. The emission inten-
ities were the strongest when the excitation was performed at
65 nm.  In addition, the concentration quenching effect was not
bserved.
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