Showcasing research from the Colloidal Materials lab at the / .
Institute of Materials Science of Seville (CSIC), Spain. As featured in:

NaY(MoQO,),-based nanoparticles: synthesis, luminescence
and photocatalytic properties Dalton .

Transactions
Undoped and lanthanide (Eu®’, Tb* and Dy*")-doped

NaY(MoO.,), nanoparticles with spherical shape have been
synthesized, which show photocatalytic activity for dyes
decomposition under visible light illumination. Moreover,
under UV illumination, the doped systems, exhibit intense
luminescence whose color is determined by the doping
cation (red for Eu®', green for Tb*" and yellow for Dy*".

See Manuel Ocana et al.,
Dalton Trans., 2021, 50, 16539.

- _
ROYAL SOCIETY
s OF CHEMISTRY rsc.li/dalton

Registered charity number: 207890



Open Access Article. Published on 02 November 2021. Downloaded on 12/4/2025 10:13:04 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

[{ec

Dalton

Transactions

7 ROYAL SOCIETY
PP OF CHEMISTRY

View Article Online

View Journal | View Issue

’ '.) Check for updates ‘

Cite this: Dalton Trans., 2021, 50,
16539

Received 16th July 2021,
Accepted 1st November 2021

DOI: 10.1039/d1dt02365a

NaY(MoO,),-based nanoparticles: synthesis,
luminescence and photocatalytic propertiesy

Nuria O. Nuriez, © Elisabet Gomez-Gonzalez, @ Roxana M. Calderon-Olvera, ©
Ana |. Becerro, & Gerardo Coldn and Manuel Ocafia @& *

We report on a novel synthesis method, which produces NaY(MoOy,), nanoparticles having an almost
spherical shape and hydrophilic character. The procedure is also suitable for the preparation of NaY
(MoO4),-based nanophosphors by doping this host with lanthanide cations (Eu®*, Tb>* and Dy**), which,
under UV illumination, exhibit intense luminescence whose color is determined by the selected doping
cation (red for Eu®", green for Tb®* and yellow for Dy**). The effects of the cations doping level on the
luminescent properties are analyzed in terms of emission intensities and luminescent lifetime, to find the
optimum phosphors. Finally, the performance of these nanophosphors and that of the undoped system

rsc.li/dalton

Introduction

Double rare earth (RE) based molybdates with the general
formula NaRE(MoO,), and scheelite structure have found
in the last years several interesting applications in different
fields such as photocatalysis," optoelectronics,>® temperature
sensing’ and bioimaging.>® In particular, uniform NaY
(M00O,), micrometer sized particles have been shown to be a
capable photocatalyst for organics degradation." When doped
with lanthanide cations (Ln*"), NaY(MoO,), results in an
efficient luminescent material with potential applications as
lasers,” temperature sensors® and for anticounterfeiting
technologies.’ The main advantages of the NaY(MoO,), matrix
over other matrices in Ln**-based phosphors are its high
chemical and thermal stability as well as the high absorption
coefficient of the (MoO,)*” group, which has the ability to
efficiently transfer the absorbed energy to the doping
Ln’" ions, resulting in an important improvement of their
luminescence.”®

For most of the above-mentioned applications, uniform
particles in the nanometer size range are needed. For example,
bioprobes for in vivo applications must be composed of
uniform nanoparticles with a size <100 nm to avoid embolism
and ensure sufficient circulation time.'® In the photocatalysis
field, it is expected that the increase of surface area associated
with the particle size decrease might be beneficial for the cata-
Iytic performance.*
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for the photocatalytic degradation of rhodamine B, used as a model compound, is also analyzed.

Ln-Doped NaY(MoO,), phosphors have been synthesized by
a variety of procedures including hydrothermal/solvothermal
procedures,”®%'>7'® molten salts methods'®*° and the conven-
tional solid state reaction.>® Most of the reported methods
yielded particles with heterogeneous size and shape'’'**72°
or with uniform shape but in the micron size range.
Only Ding et al. have obtained uniform nanoparticles by a
solvothermal procedure in the presence of oleic acid and oley-
lamine as capping agents.>> However, such nanoparticles were
hydrophobic as a consequence of the adsorption of such
organic molecules on their surface, which precludes their use
in some applications, unless they are rendered hydrophilic
through post-synthesis ligand exchange strategies,”*** which
in some cases affect the size, shape and composition of the
particles.”® Therefore, it remains as challenge to develop novel
procedures for the synthesis of uniform Ln-doped NaY(MoO,),
nanoparticles. Among different alternatives, the use of polyols
as solvents in wet-chemical precipitation methods seems to be
attractive, as polyols are known both to limit particle growth
and to confer hydrophilic character to the precipitated
particles.>®

In this work, we report a method for the synthesis of
uniform NaY(MoO,), nanoparticles with almost spherical
shape and hydrophilic character by homogeneous precipi-
tation from solutions of proper precursors in ethylene glycol/
water mixtures. This procedure is shown to be also useful for
the preparation of nanophosphors with tunable color by
doping the molybdate matrix with Eu®" (red), Tb*" (green) or
Dy** (yellow) cations, whose luminescent properties are
studied in detail. Finally, the performance of these materials
for the photocatalytic degradation of rhodamine B, used as a
model compound, is also analyzed.
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Experimental

Chemicals

Yttrium(ur) nitrate hexahydrate (Y(NO3);-6H,0, Sigma Aldrich
99.8%), europium(m) nitrate pentahydrate (Eu(NO;);-5H,0,
Sigma Aldrich 99.9%), dysprosium(ui) nitrate hydrate (Dy
(NO3);-xH,0, Sigma Aldrich 99.9%) and terbium(um) nitrate
hydrate (Tb(NO;);-xH,0, Sigma Aldrich 99.9%) were use as
rare earth precursors. Sodium molybdate (Na,MoO,, >98%,
Sigma Aldrich) was used as molybdate source whereas ethylene
glycol (EG, Sigma Aldrich, >99.5%) and Milli-Q water were
used as solvent. Rhodamine B (Sigma Aldrich, <95%) was used
for photocatalytic experiments.

Sample preparation

First, a weighted amount of Y(NOj); was dissolved in EG
(2.5 mL) under magnetic stirring, heating the vial to temp-
eratures close to 80 °C to facilitate the dissolution process.
In a separate vial, Na,MoO, was dissolved in a certain
volume of water and EG was added to complete 2.5 mL of
mixture. The latter solution was added to that containing
the Y precursor, under magnetic stirring, and the mixture
(total volume = 5 mL) was quickly introduced into a tightly
closed test tube and heated in an oven preheated at 120 °C
for 20 hours. The resulting dispersion was left to cool to
room temperature, centrifuged to remove the supernatant,
and the precipitate was washed twice with ethanol and once
with distilled water. Finally, the obtained product was dis-
persed in Milli-Q water or, for some analyses, it was dried at
room temperature.

For the synthesis of the Ln doped nanoparticles, the same
procedure was used but adding the desired amount of the
corresponding Ln nitrates to the Y(NOj); solution in EG,
keeping the rare earth nitrate concentration in all final solu-
tions at 0.02 mol L™". The Ln*" content was varied between 2.5
and 25 mol% to investigate the effect of this magnitude on the
luminescent properties and optimize the performance of the
prepared nanophosphors.

Characterization

Transmission electron (TEM) and scanning electron (SEM)
microscopy analyses were performed in a JEOL 2100Plus
microscope and a Hitachi S4800 microscope, respectively.
Energy-dispersive X-ray spectroscopy (EDS) analyses were
carried out in a FEI Talos high-resolution transmission elec-
tron microscope.

Particle size distributions were estimated by counting
several hundred particles from the TEM micrographs using
free software Image].

X-ray diffraction (XRD) patterns were obtained using a
Panalytical X'Pert Pro diffractometer equipped with an
X-Celerator detector. The determination of unit cell parameters
from the XRD data (collected at intervals of 0.02° 20 with an
accumulation time of 1000 s) was carried out by Rietveld
refinement using the X'Pert High Score Plus software. The
starting parameters were taken from Stedman et al.>® The crys-
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tallite size was estimated from the (2 0 4) reflection (26 = 47.4°)
using the Scherrer formula.

The infrared spectra (FTIR) of the powdered samples
diluted in KBr pellets were recorded in a JASCO FT/IR-6200
Fourier Transform spectrometer.

BET surface area and porosity measurements were carried
out by N, adsorption at —196 °C using a Micromeritics
Tristarll instrument.

Luminescent measurements (excitation and emission
spectra and decay curves) were conducted in a Horiba Jobin
Yvon spectrofluorometer (Fluorolog3) equipped with a Xenon
lamp. For measuring the excitation and emission spectra, all
samples were dispersed in water at the same concentration
(0.5 mg mL™"). The decay curves were recorded on powdered
samples. Photographs of the samples deposited on Millipore
filters were taken under daylight and UV (4 = 254 nm) illumina-
tion. The CIE chromaticity coordinates of the emitted light
were calculated from the emission spectra using a 2° observer.

The photocatalytic activity was tested for rhodamine B
(RhB) degradation using samples previously calcined at 400 °C
for 1 h. RhB oxidation reactions were performed using a Pyrex
immersion well reactor using a 200 W Xe lamp with a 420 nm
cuttoff filter. Before each experiment, the catalysts (1 g L)
were settled in a suspension with the reagent mixture for
30 min in the dark. In the oxidation tests, an oxygen flow
(15 mL min~") was used to produce a homogenous suspension
of the catalyst in the solution. Before each photo-experiment,
the catalysts were settled in suspension with the reagent
mixture for 30 min in the dark. The evolution of the initial
RhB concentration (5 ppm in water) was followed by UV-vis
spectrometry through the evolution of its characteristic
553 nm band, using aliquots ca. 2 mL of the suspension pre-
viously centrifuged. The degradation rates were calculated
from the slopes of the conversion plots at the first 60 min of
reaction, and assuming a zero-order kinetics at this stage of
the reaction. In all cases, RhB discoloration proceeds by
chromophore cleavage because no significant shift was
observed in their characteristic UV-vis bands followed by the
photoactivity studies.

Results and discussion
Synthesis and characterization

The synthesis of undoped NaY(MoO,), nanoparticles was first
addressed for simplicity. Initially, the Y(NO;); and Na,MoO,
concentrations in the final solutions were kept at 0.02 mol L™*
and 0.2 mol L™, respectively, whereas the reaction tempera-
ture and aging time were fixed at 120 °C and 20 h. As solvent,
we used pure EG in a first attempt finding that the precipitate
consisted of irregular, strongly aggregated particles (Fig. S17).
However, the addition of water to the EG solution (EG/H,O
volume ratio = 4/1) resulted in the precipitation of dispersed
nanoparticles with a nearly spherical shape (Fig. 1, top) and a
mean diameter of 51 nm (standard deviation, ¢ = 10) (Fig. 1,
bottom).

This journal is © The Royal Society of Chemistry 2021
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Fig.1 TEM micrograph (top) and corresponding size histogram
(bottom) of the particles obtained by aging at 120 °C for 20 h a solution
in EG/H,O (4/1 by vol) solvent containing 0.02 mol L™ Y(NOs)z and
0.2 mol L™ Na;MoO,.

It is important to note that the EG/H,O volume ratio is an
essential factor determining the uniformity of the precipitated
particles since EG/H,O ratios <4/1 as well as pure water ren-
dered irregular particles (Fig. S1t). Likewise, the value of the
Mo0,>7/Y*" molar ratio in the starting solutions was also criti-
cal since ill-defined precipitates were also obtained when redu-
cing the molybdate anions concentration (Fig. S21). Such mor-
phological differences may be attributed to changes in the
kinetics of nucleation and particle growth induced by different
viscosity and dielectric constant of the reaction media accord-
ing to the classical LaMer and Dinegar model.*®

X-ray diffraction indicated that the nanospheres were crys-
talline with tetragonal NaY(MoO,), structure (Fig. 2, top). The
crystallite size obtained using the Scherrer formula was very
similar (47 nm) to the particle size estimated from the TEM
micrographs, suggesting that the nanospheres presented a
monocrystalline character. Finally, FTIR spectroscopy revealed
a high purity for this sample since only bands at about 3420
and 1630 cm™, due to adsorbed water could be detected in
the spectrum (Fig. 2, bottom) in addition to the lattice

This journal is © The Royal Society of Chemistry 2021
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Fig. 2 XRD pattern (top) and FTIR spectrum (bottom) of the sample
shown in Fig. 1.

vibrations modes (bands at <1000 cm™") corresponding to NaY
(Mo00,),.>’

Ln-Doped (Ln = Eu, Tb or Dy) NaY(MoO,), nanoparticles
(Ln:NaY(MoO,),) were synthesised using the same protocol as
that succeeded for the synthesis of the undoped system, which
was only modified by introducing the desired amounts of Ln
precursors into the starting solutions. It was found that the
morphology of the particles was not affected by the doping
procedure, irrespective of the selected Ln*" cation (Eu’”, Tb**
or Dy**) (Fig. S3, S4 and S51). However, a decrease of mean
particle diameter (in most cases <40 nm) was detected for all
systems when compared with the undoped sample (51 nm),
which was more marked for the Eu doped samples (Table 1).
This behaviour has been previously observed for other Ln-
doped systems synthesised by wet chemical methods and it
has been tentatively justified based on the effects of Ln’*"
cations on the energetic barriers involved in the precipitation
event.®

Dalton Trans., 2021, 50, 16539-16547 | 16541
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Table 1 Mean diameter (nm) and standard deviation (in parenthesis) of
the NaY(MoO,), nanoparticles doped with different amounts of Ln**
cations

Doping cation Eu** Tbh** Dy**
2% 40(7)
5% 42(9) 47(9) 42(8)
10% 26(6) 38(12) 42(7)
15% 25(5) 36(9) 41(11)
20% 26(6) 33(10)

25% 24(11) 24(4)

XRD patterns of all doped samples displayed exclusively the
reflections corresponding to tetragonal NaY(MoO,), (Fig. S6t)
indicating the purity of the samples. Elemental distribution
maps obtained by EDS showed the homogeneous distribution
of the Ln doping cations into the NPs (Fig. S7t). The incorpor-
ation of such cations into the NaY(MoO,), crystal structure
forming a solid solution was confirmed by unit cell parameters
measurements. Thus, a progressive increase of the unit cell
volume with increasing Ln** doping level was observed for all
three dopants (Fig. 3), which suggests the substitution of Ln**
cations for Y*" in agreement with the higher ionic radii of Eu**
(1.066 A), Tb*" (1.040 A) and Dy*" (1.027 A) when compared
with Y*' (1.019 A). The differences in ionic radii also justify
that the observed increase in cell parameters was higher for
the Eu®" system and almost negligible for the Dy** doped one.

Luminescent properties

The excitation spectra of all Eu** doped samples were similar
to that shown in Fig. 4a, which corresponds to 5% Eu’"
content. In agreement with previous reports,'’ it consisted of
several weak and narrow bands mainly in the 350-400 nm
wavelength region, corresponding to the direct excitation of
the Eu®" cations from the ground state to the higher energy
levels labelled in the figure, along with a much broader band
centred at 285 nm, which evidences the presence of an energy
transfer (ET) process from the molybdate anions to the Eu*"

NaY(MoO,),
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Fig. 3 Unit cell volume of the Ln-doped NaY(MoQO,), samples as a
function of the doping level.
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cations."" The much higher intensity of this band when com-
pared to those corresponding to the direct excitation indicated
that the ET process is the most convenient excitation path for
this system.

The emission spectra of the Eu-doped samples were conse-
quently recorded by excitation through the ET band (Fig. 4b).
As expected, all spectra were similar to each other and dis-
played the bands corresponding to the characteristics *Dy-"F;
(j =1, 2, 3, 4) transitions of the Eu®*" cations."* The highest
emission intensity was detected at 616 nm. This band gave rise
to the emission of intense red light (Fig. 5a), whose chromatic
coordinates are shown in Fig. 5b. Such coordinates were the
same for all essayed Eu®" doping level.

Fig. 4c displays a plot of the integrated area of the emission
spectra as a function of the Eu®*" content. The emission inten-
sity increased with increasing Eu doping level from 5 to 20%
as a consequence of the increase in the number of emitting
centres. However, the emission intensity remained practically
unaltered when the Eu content was raised to 25%. This obser-
vation suggests the presence of the well-known concentration
quenching effect, produced by cross relaxation processes
among emitting centers (Eu’" ions in this case) which are
located close to each other in the NaY(MoO,), crystal struc-
ture.”® To shed more light on the presence of such a phenom-
enon, we analysed the dynamics of the luminescence by
recording decay curves for all Eu-doped samples at the domi-
nant emission wavelength of Eu*" (616 nm, °D, — ’F, tran-
sition) (Fig. 4d). Although very similar to each other, a close
observation of the curves allows observing that they became
progressively shorter with increasing Eu content. To quantify
the luminescence decays, the curves were fitted using a bi-
exponential temporal dependence of the form:

I(t) = Ioy exp(—t/71) + Loz exp(—t/73) (1)

where I(t) is the luminescence intensity, ¢ is the time after
excitation and 7; (i = 1, 2) is the decay time of the i-com-
ponent, with intensity I,;. Bi-exponential decays are typical of
lanthanide-doped nanoparticles. The long-lifetime com-
ponent is generally assigned to the intrinsic decay time of
emitting lanthanide centres in the interior of the nano-
particle while the short-lifetime component is related to the
decay of lanthanides near the surface, which are influenced
by quenchers such as surface defects, ligands or solvent
molecules. The corresponding fitting parameters are sum-
marized in Table 2 together with the average decay time, (r),
calculated as:

= (11°Ip1 + 722102)/(‘51101 + 721p2) (2)

The (z) values progressively decreased with increasing Eu**
content (Table 1), which indicates that concentration quench-
ing is taking place already at low Eu doping levels.

From these data it can be concluded that the 5% Eu-doped
sample is the most efficient nanophosphor, as it shows the
highest lifetime value. However, the sample doped with 20%

This journal is © The Royal Society of Chemistry 2021
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(a) Excitation spectrum of the Eu(5%):NaY(MO,), nanophosphor monitored at 616 nm; (b) emission spectra obtained on excitation at 285 nm

for the Eu:NaY(MO,), nanophosphors having different Eu content; (c) integrated intensity of the Eu** emissions plotted as a function of the Eu
content; (d) decay curves for the °Dg — F, transition of Eu®* obtained for the samples having different Eu content.
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(a) Photographs of the powdered Ln-doped NaY(MoO,), nanophosphors deposited on Millipore filters taken under daylight and UV (1 =

254 nm) illumination. (b) CIE-1931 x—y diagram showing the chromaticity coordinates of the luminescent light under UV excitation.

Eu®" seems more appropriate for applications as it showed the
highest emission intensity. This apparent discrepancy must be
ascribed to a partial compensation of the emission intensity

This journal is © The Royal Society of Chemistry 2021

decrease due to the concentration quenching effect by the
intensity increase expected from the increasing number of
emitting centres.
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Table 2 Lifetime values (r; and ) of the lp; and /o, components and
average lifetimes values ((z)) obtained for the Ln:NaY(MoO,), nanopho-
sphors from the °Dg — “F, (Eu®*), D4 — 7Fs (Tb>*) and *Fs;» — ®Hyz)»
(Dy**) transitions, after pulsed excitation (1ex = 385 nm) as a function of
the Ln content

% Ln o1 (%) 71 (ps) Ios (%) 75 (ps) (7) (ps)
5% Eu 25 435 75 895 830
10% Eu 22 439 78 828 777
15% Eu 22 456 78 799 751
20% Eu 16 390 84 766 732
25% Eu 10 459 90 738 719
5% Tb 28 163 72 682 638
10% Tb 32 141 68 634 587
15% Th 36 153 64 617 560
20% Tb 45 141 55 560 489
25% Th 56 126 44 514 421
2% Dy 22 49 78 249 238
5% Dy 22 58 78 232 221
10% Dy 21 49.6 79 207 198
15% Dy 23 28 77 156 149

The excitation spectra of the Tb*" doped samples (Fig. 6a)
resembled that of the Eu®>" doped ones, showing several weak
bands in the 350-400 nm region due to the f-f electronic tran-
sitions within the Tb®" levels (labelled in the figure), along
with a similar ET band at 285 nm, in agreement with previous
reports."" When excited at the later wavelength, several bands
in the green region characteristic of the °D,~"F; (j = 6, 5, 4, 3)

View Article Online
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Th>" transitions were detected (Fig. 6b), with the highest emis-
sion at 543 nm, responsible for the green colour of the emis-
sion (Fig. 5a), as observed in the chromaticity coordinates plot
(Fig. 5b), which were invariant with the Tb content. The inte-
grated intensity of the emission spectra became higher with
increasing the Tb doping level from 5 to 15% and decreased
for higher Tb contents (Fig. 6¢). This behaviour clearly revealed
the presence of concentration quenching, which is more pro-
nounced than in the Eu-doped system, in agreement with pre-
vious reports.>”"*

The luminescence decay curves recorded for the Th*":NaY
(MoO,), samples at the characteristic emission of Tb**
(540 nm, °D, — 'F5) showed shorter curves with increasing Tb
content (Fig. 4d). Indeed, the average lifetime values obtained
after fitting the curves to a bi-exponential function, as in the
case of the Eu-system shown above, showed a progressive
decrease with increasing Tb doping level (Table 1), which
reveals the presence of concentration quenching at the studied
Tb content range. In summary, also in this case, the lifetime
values indicate that the most efficient nanophosphor is that
doped with 5% Tb while the highest emission intensity was
recorded for the sample doped with 15%, which is therefore
the most adequate nanophosphor for applications.

Finally, the excitation spectra of the Dy-doped samples
(Fig. 7a) displayed a set of narrow bands due to the f-f elec-
tronic transitions within the Dy** cations (from 330 to

a) z = b) 050, - TFg =
285 nm(MoO,™ ET Thb™) 50,-Tr s
>
m %o, -r, k7
’5 5 7, g
s ) °p, - 'F5 £
2 5% 7B
g —i20% 75
0 P
g 75% 7
70% 7%
- y . i
, , : I Il m v i
250 300 350 400 450 " 495 540 585 630 675
Wavelength (nm) Wavelength (nm)
c) d) 1o ; :
o + 5%Tb
201 + 10% Tb
S 10° + 15% Tb|
* 1.8 = > + 20% Tb
= g 25% Tb
3 T
< [ u 2107 " 4
E 1.6 &
z : ~
£ 1.4 £ 10" ]
g : i
c a —
12— : : , . 10° . .
5 10 15 20 25 0 2000 4000 6000
Time
Tb>* (mol%) (ps)

Fig. 6

(a) Excitation spectrum of the Tb(5%):NaY(MO,), nanophosphor monitored at 543 nm; (b) emission spectra obtained on excitation at 285 nm

for the Tb:NaY(MO,), nanophosphor having different Tb content; (c) integrated intensity of the Tb*>* emissions plotted as a function of the Tb
content; (d) decay curves for the 540 nm, °D, — Fs transition of Tb>*, obtained for the samples having different Tb content.
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(a) Excitation spectrum of the Dy(5%):NaY(MOQO,), nanophosphor monitored at 573 nm; (b) emission spectra obtained on excitation at 285 nm

for the Dy:NaY(MO,), nanophosphors having different Dy content; (c) integrated intensity of the Dy** emissions plotted as a function of the Dy
content; (d) decay curves for the 540 nm, *Fy> — ®Hi3,» transition of Dy** obtained for the samples having different Dy content.

400 nm) and a broad ET band (285 nm)"? similar to that
observed for the Eu and Tb-doped systems here considered.
Irrespective of the Dy*" doping level, all spectra showed the
bands corresponding the characteristics *Fo,—°H; (j = 15/2, 13/
2, 11/2) transitions of the Dy*' cations (Fig. 7b), the most
intense one appearing at 573 nm, which resulted in a yellow
luminescence (Fig. 5a) whose chromaticity coordinates are
plotted in Fig. 5b.

The emission concentration quenching effect was also
observed for these nanophosphors, the sample with the highest
emission intensity being, in this case, the one doped with 5%
Dy (Fig. 7c), which is a much lower value than that associated
with the Eu and Tb-based systems. In agreement with this
observation, the lifetime values of the Dy-doped samples,
obtained from the bi-exponential fitting of their decay curves
recorded for the *Fo;, — °H,3,, transition (Fig. 7d), decreased
progressively with increasing Dy content (Table 1). This result
reveals the presence of cross relaxation processes among Dy’"
ions which are close together in the NaY(MoO,), crystal struc-
ture, giving rise to the concentration quenching effect observed
from the emission spectra. In this case, therefore, the most
efficient nanophosphor is the 2% Dy-doped sample while the
most appropriate for applications is that doped with 5% Dy, as
it shows the highest emission intensity.

Photocatalytic properties

We have studied the photocatalytic performance of samples
for RhB degradation under visible illumination, as in a pre-

This journal is © The Royal Society of Chemistry 2021

vious report," for comparison purposes. For this study, we have
used both, undoped and Ln*" (Ln = Eu, Tb or Dy)-doped
NaYMoO, nanoparticles since the photocatalytic properties of
previously reported molybdate-based materials has been found
to be affected by Ln*" doping cations.?® As a case of study, we
selected samples containing the same amount (5%) of doping
cations.

Before performing the photocatalytic experiments, all
samples were calcined at 400 °C for 1 h. After this treatment,
no significant changes either in particle size and shape
(Fig. S8t) or in crystalline structure (Fig. S91) were detected.
The BET analysis of the calcined series (Fig. S107), revealed
that lanthanide incorporation does not affect the isotherm
shape. However, a certain effect on the BET surface area values
can be highlighted. Thus, while undoped NaY(MoO,), showed
a surface area of ca. 30 m* g™, a slight increase of this magni-
tude was noticed for doped systems, the maximum increment
being observed for the Eu-doped system (Fig. S87). This effect
would be in agreement with the smaller size of the doped
nanoparticles when compared with the undoped ones.

The photocatalytic performance of the NaY(MoO,), samples
for the photodegradation of RhB is shown in Fig. 8. From the
evolution of the concentration with irradiation time (Fig. 8
top), it can be observed that all samples show certain photoac-
tivity for dye degradation. This degradation process can be
fitted to pseudo-first-order kinetics, and the values of the
apparent first-order rate constants k,, are equal to the corres-
ponding slope of the fitting line (Fig. 8 bottom). It was also

Dalton Trans., 2021, 50, 16539-16547 | 16545
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Fig. 8 Photocatalytic degradation of RhB over NaY(MoO,), systems:
(top) degradation rate of RhB versus reaction time; (bottom) calculated
Kapp constants.

detected that a 40% degradation was achieved after 240 min in
the case of undoped system, whereas the incorporation of
lanthanide dopants leads to a slight decrease in the photoac-
tivity, whose origin is unknown although it cannot be ascribed
to NPs surface area variations since this magnitude was lower
for the undoped sample. Nevertheless, it is important to
mention that RhB degradation has been achieved in our case
for particles with equiaxed morphology, which had no photo-
catalytic activity according to the previous report," which
might be related to the much higher surface area of our
system. It must be mentioned that the photocatalytic activity
of our NPs is lower than that previously reported for NaY
(M00,), micrometer sized particles with plate-like morphology
(90%) although an exhaustive comparison of both data cannot
be carried out since the operational conditions (especially that
concerning the lamp power) differs substantially in both
cases.' In summary, from these results, we could evidence that
NaY(MoO,), nanoparticles here developed might be also inter-
esting candidates for photocatalytic pollutant degradation.
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Conclusions

Nearly spherical nanoparticles of a rather narrow size distri-
bution consisting of tetragonal NaY(MoO,), have been
obtained by low temperature (120 °C) homogeneous precipi-
tation in an ethylene glycol/water mixture containing
Y(NO3); and Na,MoO,. The solvent composition is a key
factor to obtain uniform nanoparticles since by varying the
ethylene glycol/water ratio, irregular and strongly aggregated
particles were obtained. It is also shown that this procedure
is suitable for the synthesis of lanthanide (Eu®**, Tb®" or
Dy**)-doped NaY(MoO,), nanoparticles with a shape similar
to that of the undoped system and smaller size. Such doped
systems exhibited strong luminescence under UV illumina-
tion, whose colour ranged from red (for Eu*") to green (for
Tb*") and yellow (for Dy’*). The most intense luminescence
resulted for samples doped with 20% Eu, 15% Tb and 5%
Dy, which can be considered as the optimum nanopho-
sphors. It was also found that the undoped NaY(MoO,),
nanoparticles show a significant capability for the photo-
catalytic degradation of rhodamine B under visible light,
although a 5% lanthanide doping slightly decreased the
photocatalytic activity.

In summary, because of the luminescence and photo-
catalytic properties of these NaY(Mo0O,),-based nanoparticles,
they might find interesting applications as nanophosphors for
optical applications and as photocatalysts for the degradation
of pollutants.
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