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Controllable synthesis of lanthanide Yb3* and Er3®* co-doped AWO,
(A = Ca, Sr, Ba) micro-structured materials: phase, morphology and
up-conversion luminescence enhancement

Jingbin Huang,®® Qingfeng Li,* Jia Wang,®* Lin Jin,*° Boshi Tian,*¢ Chunyang Li,*¢ Yurong Shi, ®¢
Zhenling Wang*®€ and Jianhua Hao™¢

Lanthanide ions (Yb*, Er3*) co-doped AWO4 (A = Ca, Sr, Ba) up-conversion (UC) luminescent materials have been synthesized
using a hydrothermal method and characterized by various microstructural and optical techniques. The results indicate that
AWOs: Yb%, Er3* samples have an identical body-centered tetragonal scheelite structure with different morphologies,
including CaWOa: Yb3*, Er3* microspheres, dumbbell-like SrWOas: Yb%, Er** and bipyramid-like BaWOa: Yb%, Er¥*. These
samples exhibit visible emissions via UC process under near-infrared (NIR) light (980 nm) excitation. Interestingly, the UC
luminescence properties of AWOa: Yb3, Er3* can be prominently increased after combination with fluorescent carbon dots
(CDs) to form CDs@AWOa4: Yb3*, Er3* composites. Compared to the corresponding samples without combination with CDs,
the UC emission intensities of CDs@CaWOa: Yb3*, Er®*, CDs@SrWO4: Yb*, Er®* and CDs@BaWOs: Yb3*, Er3* composites
increase about three, six and seven folds in green emission area, and two, three and four folds in red emission area,
respectively. The mechanism of UC luminescence enhancement is probably that the loss of non-radiative transitions from
higher energy levels to the lower excited levels could be effectively reduced through the energy capture by CDs energy
levels. The fluorescence enhancement for Yb3* and Er®* co-doped AWO4 through combinating with CDs provides a simple

strategy for tungstate system and other UC luminescent host systems.

1. Introduction

Up-conversion (UC) luminescent materials have the unique
capability to generate ultraviolet, visible or near-infrared
emissions due to the special configuration of 4f electrons in
rare-earth elements under continuous-wave NIR light
excitation.! Based on this special luminescent property, UC
luminescent materials have attracted a great deal of attention
due to their potential applications in a number of diverse fields
such as lasers, optoelectronic devices, displays, bio-detection,
bio-imaging and so forth.24 It is well-known that ideal UC
luminescent host materials should possess low lattice phonon
energy, which is an essential requirement to maximize the
radiative emission and minimize non-radiative losses.?
According to the existing literatures, most of UC luminescent
systems are based on fluoride hosts, such as NaYF4,510 LaF;3,11
YF3, 1213 etc. The reason behind is that many fluoride hosts
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usually exhibit lower phonon energy (about 350 cm) and
higher chemical stability, which can increase the UC emission by
hindering non-radiative relaxation losses.14

Compared with fluoride hosts, the phonon energy of AWO,
(A =Ca, Sr, Ba) matrix is relatively high and generally larger than
500 cm due to the stretching vibration of host lattices, which
results in the lower UC luminescence efficiency when AWQ, is
used as UC luminescent host materials. However, as a self-
activated luminescent material, AWO, (A = Ca, Sr, Ba) with
scheelite-like structures represents an important family of
oxides, and exhibits superior optical, photoelectronic and
chemical stability performances. They have been used as host
materials for a wide range of technologically significant
applications, including phosphors, gas sensors, laser media,
optical fibers and so on.15-20 The previous works about rare-
earth ions doped alkaline-earth-metal tungstates mainly
focused on down-conversion (DC) luminescent materials, such
as CaWOg,: Eu3*/Tb3*/Eu3*, Tbh3*,21-26 SrWOQ,: Eu3*,27-29 BaWOq:
Eu3*, etc.3931 As for Yb3* and Er3* co-doped AWO,; UC
luminescent materials, there are still very limited investigations.
For instance, Xu et al. have synthesized Yb3* and Er3* co-doped
CaWO0, as an excellent optical thermometer.32 Chai and co-
workers have prepared Yb3* and Er3* co-doped MgWO, with
bright emission and researched its
temperature sensing properties.33 synthesized
CaMoxW1-x04: Yb3*, Er3* luminescent materials and explored the
intensity changes of the upconversion luminescence before and
heat treatment.3* It's well-known that the UC
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luminescence has relatively low luminescent quantum vyield,
which limits the further applications of these materials. Hence,
it is necessary to develop a simple and feasible strategy to
improve the UC luminescence performances. Recently, some
attempts have been performed to improve UC luminescence
efficiency, including tailoring the doping level and host lattices
of UC nanoparticles,®35 forming core-shell structure,3637 using
plasmon nanoantenna architecture, etc.8-10 It is noticeable that
formation of composite has proved to be an effective way for
enhancing performance of the luminescent ions in phosphors.38
However, to the best of our knowledge, it has been rarely
reported to combine fluorescent CDs with the class of materials
to form composite and therefore improve the luminescence
properties of UC materials.

In this work, we report the synthesis of AWO,: Yb3*, Er3* (A =
Ca, Sr, Ba) UC Iluminescent materials with different
morphologies (microsphere, dumbbell-like, bipyramid-like)
through a hydrothermal process. The as-prepared samples
exhibit UC luminescence (green and red emissions) under 980
nm NIR light excitation, and the emission intensity can be
prominently enhanced through combination with fluorescence
carbon dots (CDs) to form CDs@AWO,: Yb3*, Er3* composites.
The possible mechanism of UC luminescence enhancement for
CDs@AWOg: Yb3*, Er3* composites is discussed in detail. The
luminescence enhancement strategy will provide a novel and
feasible method to improve UC luminescence performance not
only for tungstate host materials, but also for other host
materials, such as phosphates, fluorides, vanadates, oxides, etc.

2. Experimental section

2.1. Preparation of AWO,: Yb3*, Er3* (A = Ca, Sr, Ba) and
combination with CDs

All chemicals employed were used directly without further
purification. Yb(NOs)s; and Er(NOs)s were prepared by dissolving
the Yb,Os; (Analytical reagent, AR, 99.99%) and Er,Os; (AR,
99.99%) in diluted nitric acid, and the excess acid was
evaporated by heating. In a typical synthesis, 1.0 mmol of
nitrates containing A(NOs)2-xH,0 [Ca(NOs)2-4H,0 (AR, 99.0%),
Sr(NOs), (AR, 99.5%), Ba(NOs); (AR, 99.8%)], Yb(NOs); and
Er(NOs)s with a constant molar ratio (A2*: Yb3*: Er3* = 8.9: 1.0:
0.1) were dissolved in 10.0 mL of distilled water to form a clear
solution, then 20.0 mL aqueous solution consisted of 1.0 mmol
of Na;W04-2H,0 (Chemical reagent, CR, 99.0%) was added into
the above solution, and the mixture was continuously stirring
for 10 min. Subsequently, the obtained suspension was
transferred into a 50 mL Teflon-lined stainless autoclave, and
heated at 180 °C for 12 h. After cooling to room temperature,
the precipitates were collected by means of centrifugation,
washed with distilled water and ethanol for several times, dried
under air at 80 °C for 12 h, and finally obtained AWO,: Yb3*, Er3*
(A = Ca, Sr, Ba) samples.

For fabrication of CDs@AWO,: Yb3*, Er3* (A = Ca, Sr, Ba)
composites, the CDs were prepared according to a previous
reported method, using citric acid as the carbon source in the
presence of ethylenediamine.3® The synthesis process of
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CDs@AWOg,: Yb3*, Er3* is similar to that of AWO,: Yb3*, Er3*.
Before the obtained suspension (the reaction mixture consists
of A(NO3)2'XH20, Yb(NOg)g, Er(N03)3 and N32WO4'2H20) was
transferred into a 50 mL of Teflon-lined stainless autoclave, a
certain amount of CDs solution (about 0.25g/L) was added into
the suspension and stirred for a given time, respectively. Then
the mixtures containing CDs were transferred into a 50 mL of
Teflon-lined stainless autoclave and hydrothermally treated,
and the other procedure is similar to mentioned above.

2.2. Characterization

The crystal structures were identified by an Advance X-ray
power diffraction (XRD, Bruker D8) at a scanning rate of 6°/min
in the 26 range from 10° to 80°, with Cu Ka radiation (A =
0.15406 nm), keeping accelerating voltage and emission current
at 40 kV and 40 mA, respectively. The morphology of the
obtained samples was investigated by scanning electron
microscopy (SEM, FEI Quanta 200) with an acceleration voltage
of 25 kV and transmission electron microscope (TEM, JEOL-2100)
with an acceleration voltage of 200 kV. X-ray photoelectron
spectroscopy (XPS) measurements were observed using a
Thermo Scientific Escalab 250 spectrometer (Escalab 250Xi)
operated at 120 W. PL spectra were recorded using an
Edinburgh Analytical Instrument apparatus (FLS920P) equipped
with a 450 W xenon lamp and a 980 nm laser diode as the
excitation sources, respectively.

3. Results and discussion
3.1. Phase structure and morphology of Yb3* and Er3* co-doped
AWO, (A = Ca, Sr, Ba)

The crystal structures of the as-prepared Yb3* and Er3* co-
doped AWO, (A = Ca, Sr, Ba) samples were characterized by
XRD, as shown in Fig. 1. All diffraction peaks of the as-prepared
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Fig. 1 XRD patterns of (a) CaWO,: Yb3*, Er3+, (b) SrWO4,: Yb3+, Er3+,
(c) BaWOg: Yb3*, Er3* and the corresponding standard data for
bulk CaWO, (JCPDS No. 41-1431), SrWO, (JCPDS No. 08-0490)
and BaWO, (JCPDS No. 43-0646) powders.

Yb3* and Er3* co-doped CaWO,, SrWO4 and BaWO, samples (Fig.
1a, b, ¢) can be ascribed to a pure body-centered tetragonal
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phase of bulk CawO, (JCPDS No. 41-1431), SrWO, (JCPDS No.
08—-0490) and BaWO, (JCPDS No. 43-0646), respectively. There
is no other impurity peaks in the XRD patterns of Yb3* and Er3*
co-doped AWO, (A = Ca, Sr, Ba) samples, indicating that the
doped Er3* and Yb3* ions can be diffused into the AWO, host
lattices. AWO, belongs to scheelite structure and has tetragonal
phase with space group /41/a and point group symmetry Cg,.40
In this scheelite structure, the W®* ions are within tetrahedral
O—ion cages consisted of four oxygen atoms and isolated from
each other and the A?* ions are surrounded by eight oxygen
atoms in the form of tetrahedral and dodecahedra,
respectively.*%-42 The site symmetry of AZ*, W% and O2 ion is S,
Tq and Cj, respectively.*®> When Yb3* and Er3* ions were doped
into the AWO, hosts, since the ionic radius of Yb3* (0.0985 nm)
and Er3+ (0.1004 nm) are slightly smaller than that of Ca2* (0.112
nm), Sr2* (0.126 nm) and BaZ* (0.142 nm) with eight

coordination number, they could adapt to the S, site symmetry
environments of A2+ ions and occupy the AZ* site in AWO, host
lattice. Thus, trivalent lanthanide ions (Yb3*, Er3*) provide a
particularly favorable situation for substitution in A2* sites with
isostructural replacement.**

N

Yb3+, Er3*, (b) SPWOa: Yb3*, Er3+,
(c) BaWOg4: Yb3*, Er3* and (d) a schematic illustration of
bipyramidal BaWO,: Yb3*, Er3+,

Fig. 2 shows the representative SEM images of AWOQO,: Yb3*,
Er3* (A = Ca, Sr, Ba) samples. It can be seen from Fig. 2a that
CaWO,: Yb3*, Er3* samples are composed of homogeneous
microspheres with an average diameter of about 6 um. In order
to clearly observe the surface microstructure of CaWOg,: Yb3+,
Er3* microspheres, the low-magnification TEM image (Fig. 3a)
displays a single CaWO,: Yb3*, Er3* microsphere and there are
many floccules on the surface of microsphere. The high-
maghnification TEM image (Fig. 3b) taken at a border of this
microsphere (marked by red oval in Fig. 3a) indicates that these
floccules on the surface of the microsphere are composed of
lots of nanosheets with the thickness of about 30 nm, and these
nanosheets are disorderly arranged on the surface of the
CaWO,: Yb3*,Er3* microspheres. The SEM image of SrWO,: Yb3*,
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Er3* (Fig. 2b) shows a dumbbell-like morphology with a short
axis, and the average size is about 4 um. The TEM images (Fig.
3¢, d) show that the dumbbell-like morphology has smooth
surface, and the width of pileus and length of axis are about 3.1
um and 0.62 um, respectively. The BaWO,: Yb3*, Er3* sample has
bipyramidal morphology, as shown in Fig. 2c. The well-defined
bipyramidal morphology is characteristic of single-crystalline
tetragonal BaWO, crystals bound by 8 planes of {11/}, such as
{111} and {112}, and elongated along the c axis,*> as shown in
the schematic diagram (Fig. 2d). The corresponding TEM images
are shown in Fig. 3e and f, and it also indicates that the surface
of these BaWO,: Yb3*, Er3* bipyramids are relatively smooth.

500 nm 200 nm
| |

Fig. 3 Low- and high-magnification TEM images of (a, b) CaWO,:
Yb3*, Er3+, (c, d) SrWO4: Yb3*, Er3+ and (e, f) BaWO,: Yb3*, Er3+,

3.2. CDs@AWOg,: Yb3*, Er3* (A = Ca, Sr, Ba) composites

In order to explore a feasible strategy to improve the UC
luminescent performance of AWOg,: Yb3*, Er3* samples, the
fluorescent carbon dots (CDs) were combined with AWO,: Yb3+,
Er3* to form CDs@AWO,: Yb3*, Er3* composites. The fluorescent
CDs were prepared using citric acid and ethylenediamine as the
raw materials, and the TEM image of the as-prepared CDs (Fig.
S1) displays an uniform and good dispersed spherical particles,
with the average diameter of 1-3 nm. After the CDs were
combined with AWO,: Yb3+, Er3* samples, the scheelite phase
structure of the CDs@AWO,: Yb3*, Er3* composites remains
unchanged, as shown in Fig. S2. The SEM images of CDs@AWO,:
Yb3*, Er3* composites were given in Fig. 4, and it can be seen that
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the morphologies of CaWO,: Yb3*, Er3* microspheres, SrWO,:
Yb3*, Er3* dumbbells and BaWO,: Yb3*, Er3* bipyramid are mainly
remained after combined with CDs, while there are still some
changes on the surface of these samples. CDs@CaWO,: Yb3+,
Er3* samples are

Er3t, (b)

Fig. 4 SEM images of (a) CDs@CaWO,: Yb3+,
CDs@SrWO04: Yb3*, Er3* and (c) CDs@BaWOgj: Yb3*, Er3+
composites.

composed of uneven microspheres with diameter of about 7
um (Fig. 4a), which is slightly larger than that of CaWOQ,: Yb3+,
Er3* samples. It can be seen that there are a lot of nanosheets
on the surface of dumbbell-like CDs@SrWO,: Yb3*, Er3* (Fig. 4b)
and CDs@BaWO,: Yb3*, Er3* composites (Fig. 4c). To further
investigate the surface microstructure of CDs@AWO,: Yb3*, Er3*
samples, Fig. 5 (a, ¢, e) show the low-magnification TEM images
of CDs@CaWOg4: Yb3*, Er3*, CDs@SrWO;: Yb3*, Er3* and
CDs@BaWO,: Yb3*, Er3* composites, and the morphologies of
these three samples are microsphere, dumbbell and bipyramid,
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respectively. The high-magnification TEM images taken at the
border of a single microsphere, dumbbell and bipyramid are
shown in Fig. 5 (b, d, f), as denoted by red oval in Fig. 5 (a, c, e).
It indicates that the surface of these three CDs@AWO;: Yb3+,
Er3* (A = Ca, Sr, Ba) composites is composed of numerous
disordered nanosheets. However, it can be clearly observed
that the amount of nanosheets on the surface of CDs@CaWO;:
Yb3*, Er3* composites (Fig. 5a) is slightly decreased in contrast to
CaWO,: Yb3*, Er3* sample (Fig. 3a).

Fig. 5 The low- and high-magnification TEM images of (a, b)
CDs@CaWOg,: Yb3+, Er3*, (c, d) CDs@SrWO,: Yb3+, Er3+ and (e, f)
CDs@BaWOg: Yb3*, Er3* composites.

To investigate the combination of CDs with AWO,: Yb3*, Er3+,
the chemical compositions of the representative CDs@SrWO;,:
Yb3*, Er3* composites were analyzed by XPS spectra, as shown in
Fig. 6. The XPS spectrum (Fig. 6a) shows the presence of O, N, C,
Yb, Er, Sr and W elements. From the corresponding high-
resolution XPS spectra, it can be seen that the peaks at 530.65
eV can be assigned to the binding energy of O 1s (Fig. 6b). The
Yb 4d and Er 4d peaks (Fig. 6e) can be observed at 186.08 and
168 eV, respectively. The result well matches the previously
observed peak features of Yb 4d and Er 4d.*¢47 The high-
resolution XPS spectrum of Sr 3d (Fig. 6f) has two peaks: the
peak around 133.1 eV corresponds to Sr 3d, and the other peak

This journal is © The Royal Society of Chemistry 20xx
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at 134.6 eV is a satellite peak.*® The peaks at 35.25 and 37.42
eV (Fig. 6g) are assigned to W 4f,/; and W 4f,/5,%° respectively.
In addition, the peaks at 399.9 eV and 284.6 eV are detected,
corresponding to N 1s (Fig. 6¢) and C 1s (Fig. 6d) of CDs.>° The
XPS results provide a clear evidence that the CDs can be
successfully combined with SrWO,: Yb3*, Er3* to form
CDs@SrWO4: Yb3*, Er3* composites.
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Fig. 6 (a) XPS spectrum of CDs@SrWO,: Yb3*, Er3* and the
corresponding high-resolution XPS spectra of (b) O 1s, (c) N 1s,
(d) C 1s, (e) Yb 4d and Er 4d, (f) Sr 3d and (g) W 4f.

To further confirm the combination of CDs with AWO,: Yb3*,
Er3* samples, the PL emission spectra of CDs aqueous solution,
the representative CDs@SrWO,: Yb3*, Er3* composites and
SrWO,: Yb3*, Er3* dumbbells were studied and compared upon
CDs excitation (Aex = 370 nm), as shown in Fig. 7. The emission
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spectrum of CDs solution shows a strong and broad emission
band with peak at 455 nm (black line). The luminescence
photograph of CDs solution exhibited a bright blue light by
naked eyes under the excitation of 365 nm UV light, as shown
in Fig. S3. For CDs@SrWO0,: Yb3+, Er3* composites, the spectrum
shows a broad emission band centered at 425 nm (red line),
similar to the emission band of CDs aqueous solution (black line),
except that the peak position has a certain blue shift. This might
be due to the interaction between CDs and SrWO,: Yb3+, Er3* in
CDs@SrWO,: Yb3*, Er3* composites. For comparation, the
emission spectrum (blue line) of SrWO,: Yb3*, Er3* dumbbells
has no emission band of CDs under the same excitation
conditions. The PL results for CDs@CaWO,: Yb3*, Er3*
composites and CaWO,: Yb3*, Er3* microspheres, CDs@BaWOg:
Yb3*, Er3* composites and BaWOg: Yb3*, Er3* bipyramids systems
are similar to that of CDs@SrWO,: Yb3*, Er3* composites and
SrWO,: Yb3*, Er3* dumbbells system. This also indirectly
indicates that the CDs can be successfully combined with AWO,:
Yb3*, Er3* samples to form CDs@AWO,: Yb3*, Er3* composites.

kex=370 nm
3
s
2
7]
o
[«}]
)
£
400 450 500 550 600

Wavelength (nm)
Fig. 7 PL emission spectra of CDs aqueous solution (black line),
CDs@SrWOy: Yb3*, Er3* composites (red line) and SrWO,: Yb3+,
Er3* dumbbells (blue line) under the excitation of 370 nm UV
light.

3.3. UC luminescence enhancement effect through combination of
CDs

The UC emission spectra of AWO,: Yb3*, Er3* (A = Ca, Sr, Ba)
samples and CDs@AWO,: Yb3*, Er3* composites under a 980 nm
laser excitation are shown in Fig. 8. It can be observed that the
emission spectra of all samples exhibit two green emission
bands and a red emission band of Er3*. The green emission band
between 500 and 540 nm is attributed to 2H11/2—*l15/2 transitions,
and the other one from 540 to 580 nm is assigned to *Ss/> —*l1s5/2
transitions, and the red emission band located at about 640—
680 nm belongs to #Fg/,—*l15/2 transitions. Compared to AWO,:
Yb3*, Er3* (A = Ca, Sr, Ba) samples (black line), the UC emission
intensity of CDs@AWO,: Yb3*, Er3* composites (red line) is
prominently enhanced after
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Fig. 8 UC emission spectra of (a) CaWOg,: Yb3*, Er3* and
CDs@CaWOg4: Yb3*, Er3*, (b) SrWO4: Yb3*, Er3* and CDs@SrWOg:
Yb3*, Er3*, (c) BaWOs: Yb3*, Er3* and CDs@BaWO,: Yb3*, Er3+
under the excitation of 980 nm laser (Black and red lines
represent before and after combination with CDs, respectively).

combinating with CDs. Fig. 8a shows the UC emission spectra of
CaWOy: Yb3*, Er3* and CDs@CaWO,: Yb3+, Er3* composites, and
the emission intensity of CDs@CaWO,: Yb3*, Er3* composites is
more than three folds higher than that of CaWOQ,: Yb3*, Er3*
microspheres in green emission band, and increases two folds
in red emission band. The emission intensity of CDs@SrWO,:
Yb3*, Er3* composites is six and three times stronger than that
of SrWOg,: Yb3*, Er3* dumbbells (Fig. 8b) in green and red
emission band, respectively. The CDs@BaWO,: Yb3*, Er3*
composites have seven and four folds enhanced UC
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luminescence in contrast to BaWO,: Yb3*, Er3* bipyramids in
green and red emission areas, as shown in Fig. 8c.

3.4. UC luminescence enhanced mechanism

The proposed possible UC
mechanism in CDs@AWO,: Yb3*, Er3* system is schematically
depicted in Fig. 9. Firstly, the sensitization process is formed
through the Yb3*—WO0,2~ system, and it includes the ground
state absorption (GSA) and excited state absorption (ESA)
processes.>! The ground state of Yb3*—WQ,2~ system is marked
by [2F7/2, 1A1], the intermediate excited state by [2Fs/,, 1A4], and
the correlative higher excited states by [2F7/2, E(1T1)], [2F7/2,
1E(1T,)] and [2F72, 1B(1T2)], respectively.>2 The Yb3*—WQO,2-
system is excited to the [2F7/2, 1B(1T;)] level by GSA ([2F7/2, *A1]
— [2Fs/2, 1A1]) and ESA ([2Fs/2, 1A1]—[2F7/2, 1B(1T2)]). The excited
energy at [2F7/2, 1B(!T2)] level could either transfer to [2F7,,,
1E(1T2)] level through non-radiative (NR) transition process,
which might result in the low UC luminescence efficiency of Yb3*
and Er3* co-doped tungstates. At the same time, the excited
energy at [2F;/, 1B(1T2)] level could be effectively captured by
the energy level of CDs, and then transferred to [2F7/2, 1E(1T2)]
energy level, which might effectively reduce the loss of non-
radiative transitions from higher [2F;/,, 1B(1T,)] energy level to
the lower [2F7/,, 1E(1T;)] energy level in the Yb3*—W0,2~ system.
This will lead to increased population in [2F7/,, *E(1T2)] energy
level. The 4F;, energy level of Er3* ions can be populated
through energy transfer process (ET) from [2F7,, 1E(1T>)] state of
the Yb3*—WQ0,2~ system to the #F7/; energy level of Er3*. And then,
the two relatively stable levels of 2H11/, and %Sz, are populated
by the non-radiative transition from 4F7, to the 2H11/> and 4Ss/,
lower levels. Finally, the 2H11/>—*l15/2 and 4S3/>—*l15/> transitions
of Er3* will produce

luminescence enhancement
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Fig. 9 Schematic diagram of UC luminescence enhancement
mechanism in CDs@AWOg: Yb3*, Er3* (A = Ca, Sr, Ba) system
under 980 nm laser excitation (ET: energy transfer; EC: energy
capture; NR: non-radiative).

enhanced green emission processes. For the red UC emission,
the #Fq/; energy level can be populated by further non-radiative
transition from 4Ss/; to #Fg/2, and the increased red UC emission
corresponding to #Fg/,—*l15/2 transitions of Er3* can be observed.

This journal is © The Royal Society of Chemistry 20xx



4. Conclusions

In summary, UC luminescence AWO,: Yb3*, Er3* (A = Ca, Sr, Ba)
materials were successfully synthesized by a simple
hydrothermal method. The as-prepared AWO,: Yb3*, Er3*
samples have a body-centered scheelite structure with various
morphologies including microspheres (CaWOas: Yb3*, Er3*),
dumbbells (SrWOg4: Yb3*, Er3*) and bipyramids (BaWO,: Yb3+,
Er3*). The UC luminescence of AWO,: Yb3*, Er3* samples can be
prominently enhanced through combining with CDs to form
CDs@AWOg,: Yb3+, Er3* composites. The mechanism behind
observing UC probably
attributed to the energy capture by CDs, which can effectively

luminescence enhancement is
reduce the losses of non-radiative transitions from higher
energy levels to the excited energy The
investigation develops a novel and feasible strategy to improve

lower level.

the UC luminescence property not only for tungstates but also
for other host systems.
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