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Titanium(IV) dioxide coated CalLa,(MoO,)s and CaLa,(M00O,).:Er/Yb nano core-shells were successfully synthesized using two-step
procedures of the microwave sol-gel and ultrasonic methods. Well-crystallized nano core- shells showed a fine and homogeneous morphology
with particle sizes of 10-20 nm. The degradation efficiency for TiO, coated CaLa,(M0Os), and CaLa, 7(M0O4)s:Er; Yby> nano core-shells
under visible light resulted in the order as 10 wt % > 15 wt % > 5 wt %. Quantum yield of the nano core-shells for the hydrogen evolution
provided the best result for 10 wt % of TiO, coated Cala; s(Mo0O4)4:Erg 05 Yboss with 6.19 %, using Na,S/Na,SOs as the reagent. Under

and a weak 550 nm emission bands in the green region. The Commission Internationale de L’Eclairage (CIE) diagram showed a good

match with yellowish green emissions.

INTRODUCTION

Photocatalysts of TiO, is the most widely used semi-
conductor in control of environmental pollution, energy storage
and conversion, various sensors and photovoltaic batteries, due
to its unique photo-electric properties, high chemical stability,
low cost and safety for human and the environmental appli-
cations [1-3]. The optimization and improvement of TiO- as a
photocatalyst are required for technical applications of hybrid
photocatalysis in the future [4-6]. Upconversion (UC) process
induced by the trivalent lanthanide doped photoluminescence
converts long-wavelength excitation radiation in the infrared
or near infrared region to higher energy emission radiation
from ultraviolet to infrared. These upconversion photolumi-
nescence particles have potential applications in various fields,
including biomedical imaging, owing to their unique upconver-
sion characteristics to overcome many of the current limitations
for future photoluminescence materials [7-9].

Application of upconversion particles as a energy-modifier
may be effective to employ the NIR light for TiO- photocatalyst,
because upconversion particles can efficiently upconvert the
NIR light into UV emission [10-13]. Precise combination of
upconversion particles and TiO, can produce a new type of
hybrid photocatalysts to play an important role under both the
UV and NIR irradiation, improving the utilization range of
solar energy. Quantum efficiency of the upconversion particles

|
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excitation at 980 nm, the upconversion of Cala;,(MoOy)4:Er,;Yby, and Cala; s(MoOx)s:Eryes Ybo s particles exhibited a strong 525 nm |
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can be improved surface coating of a crystalline core-shell
[14-16]. The coated crystallines of upconversion particles
reduces defects on the surface and minimizes quenching of
the excited states of lanthanide ions. In order to reduce these
defects, the growth of crystalline core-shell of a suitable subs-
tance around each nano crystals to form the core-shell struc-
tures should be considered as an effective coating to improve
luminescence efficiency [17-19]. Hydrogen energy is consi-
dered as the most important form of clean and storable energy
[20-22]. Therefore, uniform TiO,coated upconversion lumine-
scence core-shells with desirable morphology and photo-
catalytic activity as well as hydrogen evolution are required
for their future applications.

In this study, TiO, coated undoped Cala,(MoQOy)s and
doped CaLay(MoO,)4:Er**/Yb* nano core-shells were synthe-
sized by two-step procedures using the microwave sol-gel and
ultrasonic methods. Cala, ,(MoQy),:Er**/Yb* phosphors with
doping concentrations of Er’* and Yb** (x = for Er’* + Yb*,
Er*=0.05,0.1, 0.2, respectively and Yb**= 0.2, 0.45) phosphors
were prepared via the microwave sol-gel route. Subsequently,
the TiO, coated CaLay(MoOQ,); and CaLay,(MoOQ,),:Er**/Yb*
particles were synthesized using a single ultrasonic method
under solid state. The catalytic efficiency of the hybrid material
composites was evaluated by photo degradation of methylene
blue dye and hydrogen evolution under visible light. The
synthesized particles were characterized by X-ray diffraction
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(XRD) and transmission electron microscopy (TEM). The optical
pro-perties were examined comparatively using photolumine-
scence emission and Commission Internationale de L’Eclairage
(CIE) chromaticity.

EXPERIMENTAL

Preparation of CaLa,(Mo0Q,), and CaLa,(MoOy,), phos-
phors: For the preparation of CalLa;(M0Q,),, Cala; s(M0O,),:
Ery», CalLa; 7(Mo0Qy,)4:Er ;1 Yby, and CalLa; s(MoQOy)4:Eroos Ybo.s
compounds with doping concentrations of Er’* and Yb** (Er**
=0.05, 0.1, 0.2 and Yb* = 0.2, 0.45), available amounts of
Ca(NOs),-4H,0 (99 %, Sigma-Aldrich, USA), La(NO;);-6H,O
(99 %, Sigma-Aldrich, USA), (NH4)sM07024-4H,0 (99 %, Alfa
Aesar, USA), Er(NO3);-5H,0 (99.9 %, Sigma-Aldrich, USA),
Yb(NOs);-5H,0 (99.9 %, Sigma-Aldrich, USA), citric acid
(99.5 %, Daejung Chemicals, Korea), NH,OH (A.R.), ethylene
glycol (A.R.) and distilled water were used. To prepare
Calay(MoQ,),, 0.4 mol % Ca(NOs),-4H,0 and 0.4 mol %
(NH4)sM070,4-4H,0 were dissolved in 20 mL of ethylene
glycol and 80 mL of 5 M NH,OH under vigorous stirring and
heating. Subsequently, 0.8 mol % La(NOs);-6H,O and citric
acid were dissolved in 100 mL of distilled water under vigorous
stirring and heating. The molar ratio of citric acid to total metal
ions was 2:1. Then, the solutions were mixed together under
vigorous stirring and heating at 80-100 °C. At the end, highly
transparent solutions were obtained and adjusted to pH=7-8
by the addition of NH4OH or citric acid. In order to prepare
Cal.a; (M00Oy),:Erg,, the mixture of 0.72 mol % La(NO,);-6H,0
with 0.08 mol % Er(NO;);-5H,0 was used for the creation of
the rare earth solution. In order to prepare Cala;;(M0Q,),:
Ero1Ybo,, the mixture of 0.68 mol % La(NO;);-6H,O with
0.04 mol % Er(NOs);-5H,0 and 0.08 mol % Yb(NOs);-5H,O
was used for the rare earth solution. In order to prepare
Cal.a,; 5(Mo00Qy)4:Ero 05 Ybg s, the rare earth containing solution
was generated using 0.6 mol % La(NO3);-6H,O with 0.02 mol
% Er(NO;);-5H,0 and 0.18 mol % Yb(NO;);-5H,0. The
transparent solutions were employed into a microwave oven
operating at a frequency of 2.45 GHz with a output-power of
1250 W for 30 min. Finally, the light yellowish transparent
sols were dried at 120 °C in a dry oven to obtain black dried
gels. The dried gels were ground and annealed at 900 °C for
16 h with 100 °C intervals between 600-900 °C. Finally, white
particles were obtained for CalLa,(MoOy)s and pink particles
for doped compositions.

Preparation of TiO, coated CalLa,(MoQO,), and
CaL.a,«(M0Oy)4:Er/Yb: The obtained undoped CalLay(Mo0O,)4
and doped CaLa, (Mo0O,)4:Er/Yb were further decorated with
TiO, nanoparticles by the ultrasonic method. 2 mL of TNB
(about 6.5 x 10° mol) was used to add in 10 mL ethanol
solution, followed by magnetic stirring for 5 min. 10 mL
distilled water was added dropwise into the solution with
constant stirring. Then as-prepared CaLa,(MoO,)s and
CalLa,«(MoOy)4:Er/Ybof 0.1 g, 0.2 g and 0.3 g were added
with 30 mL ethylene glycol into the solution, respectively.
The solutions were constantly stirred and ultra-sonicated with
a power of 750 W using Ultrasonic Processor (VCX 750,
Korea) for 4 h. After completion, the black solution was filtered
and washed 3 times with deionized water and ethanol. The

obtained samples were dried at 120 °C. Finally, the samples
were heated at 600 °C for 1h. The weight ratios of CaLa;(Mo0Os4),
and CaLa,«(MoO,)s:Er/Ybto TNB were approximately 5 %,
10 %, 15 %, respectively.

Characterization of phase identification, upconversion
properties, photocatalytic activity and hydrogen evolution:
The phase compositions of the synthesized nano core shells
of TiO, coated CalLa,(Mo0O4)s, Cala,s(M00O,)s:Erga,,
CaLal,7(MOO4)4ZEI‘0.1Yb0,2 and CaLal,5(M004)4:Ero,05Yb0,45 were
identified using XRD (D/MAX 2200, Rigaku, Japan). The
microstructure and surface morphology of the nano core shells
were observed using TEM (JEM-2010, JEOL, Japan). The
photoluminescence spectra of the CalLa,(M0O.)s and doped
Cala,«(Mo00Oy)4:Er/Yb were recorded using a spectrophoto-
meter (Perkin Elmer LS55, UK) at room temperature. The
colour coordinates of the phosphors were evaluated by the
CIE chromaticity diagram.

Photocatalytic activities of the samples were evaluated
by the degradation of methylene blue solution under irradiation
of visible light (8 W, Fawoo, Lumidas-H, Korea, A =420 nm).
In an ordinary photocatalytic test performed at room tempe-
rature, 0.05 g photocatalyst was added to 50 mL of 2.0 x 107
mol/L methylene blue solution [23], which was hereafter
considered as the initial concentration (co). The mixture was
sonicated for 10 min and stirred for 120 min in the dark in
order to reach adsorption—desorption equilibrium. The first
sample was taken out just before the light was turned on in
order to determine the dye concentration in solution after dark
adsorption, which was henceforth considered as the initial
concentration (C.s). Samples were then withdrawn regularly
from the reactor by an order of 30, 60, 90 and 120 min, imme-
diately centrifuged to separate any suspended solid. The clean
transparent solution was analyzed by using a UV-visible
spectrophotometer (Optizen POP) at wavelength from 250 to
800 nm. The concentration of methylene blue in the solution
was determined as a function of irradiation time from the
absorbance change at a wavelength of 664 nm.

For the hydrogen evolution, the photocatalyst powder 50
mg as-prepared samples were dispersed by magnetic stirrer,
in 150 mL aqueous solution containing 0.1 mol L™ Na,S and
0.04 mol L™ Na,SO; and 20 % methanol as a sacrificial reagent.
UV light source having 356 nm in wavelength was used at a
distance of 20 cm from the glass reactor. After 20 h, the amount
of hydrogen gas evolved was detected by Minimax (X13010683)
XP H. sensor.

RESULTS AND DISCUSSION

Fig. 1 shows the XRD patterns of (a) JCPDS 29-0351
data of CaMoO, and the synthesized (b) 5 wt % TiO, coated
CaLa,(MoQy,),, (¢) 10 wt % TiO, coated Cala,(MoQy),, (d)
15 wt % TiO, coated CalLa(MoQO,), nano core-shells. The
crystal structure of CaLLa;(Mo0Q,), is not present in the JCPDS
data. However, the XRD peaks in Fig. 1 are similar to the
phase based ones on the tetragonal CaMoO, with a scheelite-
type structure of space group I4,/a. Secondary phases were
detected at 25.5°, 46.5°, 52.5° in Fig. 1(b), (c) and (d). The
foreign reflexes marked with an asterisk in Fig. 1(b), (c) and
(d) were identified to the TiO, as anatase phases.
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Fig. 1. X-ray diffraction patterns of (a) JCPDS 29-0351data of CaMoO,
and the synthesized (b) 5 wt % TiO, coated CaLax(MoOs)s, (c) 10
wt % TiO, coated CaLa,(MoOy)s, (d) 15 wt % TiO, coated
Calay(Mo0Qy)s nano core-shells

Fig. 2 shows TEM microscopy images of the (a) 5 wt % TiO,
coated CaLay(M0OQy),, (b) 10 wt % TiO, coated CaLay(M0OQy),,
(¢) 15 wt % TiO, coated CalLa,(M0QO,),nano core-shells. The
morphological features are almost similar showing the outer
phases of TiO, and black core phases of CalLa,(M0O,).. The
agglomerates are observed in the case of (a) 5 wt % TiO, coated
CalLay(Mo0O,)s and (c) 15 wt % TiO, coated Cala,(MoQOy),
nano core-shells. The core-shell structures are clearly observed
in (b) 10 wt % TiO, coated CalLa,(MoQ,)s and (c) 15 wt %
TiO, coated CalLa(MoQy)s with diameters of 10-20 nm. TiO,
coated CalLa,(MoOQOy)s nano core-shells were successfully
synthesized using two-step procedures of the microwave sol-
gel method for the core-cell of Calax(MoO,)s and ultrasonic
method for the outer phase of TiO..

The characteristic UV/visible absorption intensity of
methylene blue at 664 nm decreased on increasing the time
interval [23] for TiO, coated updoped CaLa>(M0Os), in Fig. 3
and TiO; coated doped CaL.a; 7(M00Q4)4:Ero,; Ybo, in Fig. 4. The
degradation efficiencies of the 5 wt % TiO, coated CaLa;(M0O,)s,

CaLa, (MoQy),

50 nm

TiO,

Fig. 2. Transmission electron microscopy images of the (a) 5 wt % TiO, coated Cal.a,(MoOs)s, (b) 10 wt % TiO, coated CalLa;(MoOs)s, (c)

15 wt % TiO, coated Cala,(M0QO,),nano core-shells
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10 wt % TiO, coated CalLa,(M0Q,)s and 15 wt % TiO, coated
Cala,(M0Oy)s nano core-shells are shown in Fig. 3(a-c). The
controlled experiment for the degradation of methylene blue
over as-prepared samples was also carried out. The results are
depicted in Fig. 3(d). From the results of Fig. 3(d) it is clear
that the degradation efficiency increases with the introduction
of TiO, in the samples [20]. The overall catalytic efficiency of
TiO; coated undoped Cala,(MoOs), is in the order of 10 wt % >
15 wt % > 5 wt %. The degradation efficiencies of the 5 wt %
TiO, coated CalLa; ;(Mo0Qs)s: Erp1Ybgz, 10 wt % TiO, coated
CaLa1,7(MOO4)4:Er0,1Yb0,2 and 15 wt % T102 coated
CaLa,; 7(Mo00Qa)s: ErgYbo, nano core-shells are shown in Fig.
4(a-c). The overall catalytic efficiency of TiO, coated doped
Cala; 7(M0O4)4:Ero1 Yby, is also same as the case of the TiO,
coated undoped Cala,(M0QOy)sin the order of 10 wt % > 15
wt % > 5 wt %. These results clearly show that most of the
methylene blue was degraded by the 10 wt % catalyst over the
period of 150 min, concluding that the 10 % catalyst exhibits the
highest synergetic effect between TiO, and the CaLa>(M00O.),
and Cala;7(Mo0Ou)4:Ero1Ybg,. Light irradiation produces
electrons (e7) in the conduction band (CB) and holes (h*) in
the valence band (VB) of TiO, in the nanocomposite. Mean-
while, the generated electron was transferred to the conduction
band of CalLa;(Mo0Oy)s and CalLa; 2(M0Qs4)4:Erg; Yby.,, thereby

increasing the number of electrons as well as the rate of
electron-induced redox reactions. The CalLax(MoQOs), and
CaLla; 7(Mo00Os)4:Ero Ybo, supported by TiO, system shows
enhanced catalytic activity due to high charge separation
induced by the synergetic effects of CaLa,(MoOu4)a,
CalLa,; 7(M00,)4:EroYbos and TiO,. This enhancement of
catalytic effect is attributed to the incorporation of TiO, in the
Cala,(Mo0Oy)s and Cala; 7(M0Oy)4:Ero1Ybo, system.

Fig. 5 shows apparent first order kinetics of degradation
of methylene blue under visible light for (A) TiO, coated undoped
CaLay(Mo0OQ,),; (a) 5 wt % TiO, coated CaLa(MoQ,), (b) 10
wt % TiO, coated CalLa,(M0QO,), and (c) 15 wt % TiO, coated
Cala;,(M00Q,), and (B) TiO, coated doped Cala;7(MoQOy)a:
Ero.leo.z; (a) 5wt % TlOz coated CaLal,7(M004)4:E]‘041Yb042,
(b) 10 wt % TiO; coated CaLa; 7(M0O4)4:Ero1 Yby,, (c) 15 wt %
TiO, coated Cala;;(M0Q,)4:Er,;Ybo, nano core-shells. The
kinetics for different photocatalysts can be expressed by the
Langmuire-Hinshelwood model [24]. The photocatalytic
degradation of methylene blue containing different photo-
catalysts obeyed pseudo-first order kinetics with respect to
the concentration of methylene blue.

-dC/dt =Kgppc (1)

Integrating eqn. 1 (with the restriction C = Cyat t =0 with
Co being the initial concentration in the bulk solution after
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Fig. 3. Photo degradation of methylene blue solution under visible light for TiO, coated undoped CaLa,(MoOs)s; (a) 5 wt % TiO, coated
CaLax(MoOy)s, (b) 10 wt % TiO, coated CaLa,(MoQy)s, () 15 wt % TiO, coated CaLa,(M00O.)s nano core-shells and (d) apparent first
order kinetics methylene blue degradation
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Fig. 4. Photo degradation of methylene blue solution under visible light for
TiO, coated doped CaLa; 2(Mo0O.)s:Er1Ybo,; (a) 5 wt % TiO, coated
CaLa; 7(M004)4:Erg1Ybo2, (b) 10 wt % TiO, coated Cala; 7(M0Oy)4:
Ero1Ybys, (¢) 15 wt % TiO, coated CalLa; 7(M00Q,)4:Ery 1 Yby, nano
core-shells

dark adsorption and the reaction time) will lead to the following
relation:

-In (C/Co)=Kppt 2)
where C, and Cyare the reactant concentrations at times t and
t = 0, respectively. Also, K,,, and t are the apparent reaction

rate constant and time, respectively. According to this equation,
a plot of -In (C/Cy) versus t will yield a slope of K,,. The

insert indicates the degradation rate constants of methylene
blue under visible light irradiations of (a)-(c) in Fig. 5(a) and
5(b). The degradation rate constants of methylene blue under
visible light irradiation in Fig. 5(a) are 1.69 x 10~ min™ for
(a) 5 wt % TiO, coated CaLay(MoQ,)s and 1.99 x 10~ min™
for (¢) 15 wt % TiO, coated CalLa,(Mo0QO.)s. The methylene
blue degradation rate const under visible light irradiation for
(b) 10 wt % TiO; coated CaLa,(MoQ,), results in 2.24 x 107
min', which provides much higher value than those for (a) 5
wt % TiO, coated CalLa,(M0QO,), and (c) 15 wt % TiO, coated
CalLa,(MoO,),. The methylene blue degradation rate constants
under visible light irradiation in Fig. 5(b) are 1.66x 10~ min™
for (a) 5 wt % TiO, coated Cala, 7(Mo00O,)4:Ero Ybg,and 1.69x
107 min™ for (c) 15 wt % TiO, coated Cala; 7(M00Q4)4:Ero,; Ybos.
The methylene blue degradation rate const under visible light
irradiation for (b) 10 wt % TiO, coated Cala; ,(Mo0Ox)4:Ero ; Ybo2
results in 3.48 x 10~ min™, which provides much higher value
than those for (a) 5 wt % TiO, coated Cal.a; 2(M0QOs)4:Ery 1 Ybo.
and (¢) 15 wt % TiO, coated Cala; 7(M00Q,)4:Ery;Ybg,. The
methylene blue degradation rate constant of 10 wt % TiO,
coated doped CalLa,; 7(M00O4)4+:Ero;1Yby.is higher than that of
the 10 wt % TiO, coated undoped CalLa,(M0Oy)s.
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Fig. 5. Apparent first order kinetics of methylene blue degradation under

visible light; (a) TiO, coated undoped CaLa,(MoOs); and (b) TiO,
coated doped CaLa;7(M0O4)s:Ero.1Ybo2 nano core-shells

Fig. 6 shows photocatalytic H, evolution of (a) 5 wt %
sample, (b) 10 wt % sample, (c) 15 wt % sample for the TiO,
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coated Cala; s(M00Q4)4:Er0sYboss and (d) P-25 dispersed in
100mL aqueous solution containing Na,S/Na,SOsas a sacri-
ficial reagent. The TiO, nanoparticles on the CalLa; s(M00O,)s:
Ero05Ybous surface act as H,evolution centers, as decorated by
the ultrasonicated method. A 356 nm light source was adjusted
so that the maximum area of the sealed container would be
exposed. Quantum yield (QY) was observed using the equation
[25].

n,=txSxQ 3)
QY (%) = nu/n, x 100 4)

where, n, is the amount of incident photons, t is irradiation
time, s is irradiation area in m?and Q is photon flux of the
incident light in eqn. 3. The quantum yield was calculated
from the ratio of the number of reacted electrons during hydro-
gen evolution to the number of incident photons according to
eqn. 4, where ny is the amount of photogenerated H, [21] for
the TiO, coated CaLa; s(MoOs)s:ErosYboss samples and P-25
are shown in Figs. 6 and 7, respectively. The quantum yields
of individual 10 wt % sample were the best with 6.19 %, using
Na,S/Na,SOs as the reagent. In contrast, H, evolution and
quantum yield for P-25 were smaller than those of the TiO,
coated Cala;s(M0Ou)4:ErgosYboss samples under the same
conditions. The decrease in H, evolution and corresponding
quantum yield efficiency may have been attributed to the fast
recombination rate of the excited electrons and holes pair in
TiO, [26]. These results highlight the importance of TiO,
coated Cal.a;s(M0Qy)4:EroosYboss, which is absent in P-25.
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Fig. 6. Photocatalytic H, evolution of (a) 5 wt % sample, (b)10 wt % sample,
(C) 15 wt % sample for the TlOz coated CaLa1 5(M004)42EI'(),05Yb(),45
and (d) P-25 using Na,S/Na,SO; as the sacrificial reagent
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Fig. 7. Quantum yields for hydrogen evolution by (a) 5 wt % sample, (b)

10 wt % sample, (c) 15 wt % sample for the TiO, coated CaLa; s(M0O4)s:
EroosYbossand (d) P-25 with the Na,S/Na,SOs aqueous solution

The sacrificial reagent provided electrons to consume the
photogenerated holes and TiO, acted as a reaction center to
produce H, from water.

Cyclic photocatalytic hydrogen evolution experiments
were carried out to further demonstrate the photostability and
cyclic performance of the 10 wt % TiO, coated Cal.a; s(M0Q,)4:
Ero.0sYbouss. As shown in Fig. 8, the photocatalysts exhibited a
minor loss of photocatalytic activity for hydrogen evolution
under the same conditions after four runs, indicating the
photocatalytic stability of our nanocomposite [27]. The reused
catalyst did not show any noticeable change in quantum yields
efficiency, which emphasizes the excellent chemical stability
of the catalysts and their benefit in practical applications.
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Fig. 8. Cyclic test of (a) Ist, (b) 2nd, (c) 3rd and (d) 4th for the 10 wt %
TlOz coated CaLa|,5(MOO4)4ZEI'0 05Yb0 45 sample USil’lg Nazs/Nast3
as the sacrificial reagent under UV light irradiation

Fig. 9 shows upconversion photoluminescence emission
spectra of (a) CaLay(Mo0Oy)s, (b) Cala;s(M0O,)4:Er2, (¢)
Cal.a; 7(M0O,)4:Ery; Ybo, and (d) Cala; s(M0QO,)4:ErgosYbo.s
particles excited under 980 nm at room temperature. The upcon-
version intensity of (a) CaLay(MoQOy)s and (b) Cala, s(Mo0O,).:
Ero, were not detected. The UC (c) Cala; 7(M0QO,),:Ero; Ybg,
and (d) CaLa,; s(MoO.)4:Erg s Ybgs particles exhibited a strong
525 nm emission band, a weak 550 nm emission band in the
green region and a very weak 655 nm emission band in the
red region. The strong 525 nm emission band and the weak
550 nm emission band in the green region correspond to the
*Hy1, = “Lisn and “Ss, — “Isp, transitions, respectively, while
the very weak emission 655 nm band in the red region corres-
ponds to the *Fo, —*I,5, transition. The upconversion intensity
of (d) Cala,;s(MoOu)s:EroesYboss is higher than that of (c)
Cal.a; 7(M0QO,),:Ero; Yby,.

Fig. 10 shows CIE chromaticity diagram showing the
colour coordinates of the Cal.a, ,MoO,:Er**/Yb* phosphors.
The inset shows the emissions for the sample synthesized (a)
CalLa,(Mo00Q,),, (b) Cala; 3(Mo00Qy)4:Er,, (¢c) CaLa; 7(M0QOy),:
Ero1Yby, and (d) Cala;s(MoOy)4:EresYboss particles. The
colour coordinates of the samples have a good match with the
standard point of equal energy. The yellowish green emissions
can be found for the samples of (c) CalLa,; 7:(M0QO4)4:Ero;Ybg,
and (d) CaLa;s(Mo00Oy)4:ErgosYbgss particles. This result
provides to achieve the attractive yellowish green upconversion
emissions under considering the potentially active components
in new optoelectronic devices and luminescent devices.
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blue 10 wt % TiO, coated doped Cal.a;;(M0QOy)4:Ero;Ybg2is
higher than that of the 10 wt % TiO, coated undoped
CalLay(M00O,)s. Quantum yield of the nano core-shells for the
hydrogen evolution provided the best result for 10 wt % of
TiO, coated Cala;s(M0Ou)s: EroosYboss with 6.19 %, using
Na,S/Na,SO; as the reagent. Under excitation at 980 nm, the
ucC CaLal,7(MOO4)4ZEI‘0.1Yb0,2 and CaLa1,5(M004)4:Er0,05Yb0,45
particles exhibited a strong 525 nm emission band and a weak
550 nm emission band in the green region. The CIE chromaticity
diagram of the colour coordinates showed a good match with
yellowish green emissions for the samples of Cal.a; 7(MoOy)4:

4
9/2 > 15/2

400 450 500 550 600 650 700
Wavelength (nm)

Fig. 9. Upconversion photoluminescence emission spectra of (a) CaLa;(Mo0O4)s,
(b) CaLal_S(MOO4)4IEr02, (C) C'dL'dl 7(M004)4ZEI'[)_|Yb()2 and (d)
CaLa; 5(M00O4)4:Eros Ybous particles excited under 980 nm at room
temperature
0.9
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Fig. 10. CIE chromaticity diagram showing the colour coordinates of the
CaLa, (MoO,),:Er**/Yb** phosphors. The inset shows the emissions
for the sample synthesized (a) Cal.a;(MoQx)s, (b) CaLa,; s(MoO,)s:Eroo,
(c) CaLa;7(M0O4)4:Ero;Yby, and (d) CaLa;s(M0O4)4:EroosYboas
particles

Conclusion

Titanium(IV) dioxide coated undoped CalLa,(MoQO,), and
doped Cal.a, x(M00O,),:Er/Yb nano core-shells were success-
fully synthesized using two-step procedures of the microwave
sol-gel and ultrasonic methods. Well-crystallized nano core-
shells showed a fine and homogeneous morphology with
particle sizes of 10-20 nm. The degradation efficiency of
methylene blue for the samples for TiO, coated undoped
Cala,(Mo0Q,), and doped CaLa; 7(MoQO.)4:Ero; Yby,nano core-
shells under visible light resulted in the order as 10 wt % > 15
wt % > 5 wt %. The degradation rate constant of methylene

Ero1Ybo, and Cala, s(Mo0Q4)4:Ero 05 Ybgs particles.
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