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ABSTRACT: Terbium-doped YVO, has been considered a non-luminescent solid since the first

classic studies on rare-earth-doped phosphors in the 1960s. However, we demonstrate that defect

engineering of YVO,:Tb* nanoparticles overcomes the metal-metal charge transfer (MMCT)

process which is responsible for the quenching of the Tb** luminescence. Tetragonal (Y.

«Iby)VO, nanoparticles obtained by colloidal precipitation showed expanded unit cells, high

defect densities, and intimately mixed carbonates and hydroxides, which contribute to a shift of

the MMCT states to higher energies. Consequently, we demonstrate unambiguously for the first

time that Tb** luminescence can be excited by VO4>—Tb3** energy transfer and by direct

population of the Dy state in YVO,. We also discuss how thermal treatment removes these

effects and shifts the quenching MMCT state to lower energies, thus highlighting the major

consequences of defect density and microstructure in nanosized phosphors. Therefore, our

findings ultimately show nanostructured YVO,:Tb’*can be reclassified as a UV-excitable

luminescent material.

KEYWORDS vanadates; terbium; rare-earth; luminescence; nanoparticles; colloidal

coprecipitation.
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Luminescent rare-earth (RE) oxides have been extensively explored both in terms of theoretical
detailing of 4f-4f transitions and for their unique applicability in lighting, visualization, non-
linear optics, and biolabeling technologies.!-* RE vanadates (REVO,) are chemically stable and
remarkably versatile hosts for lanthanoid (Ln) optical centers with downshift and upconversion
emissions, which enable emerging applications in nanothermometry, sensing, and catalysis.”-
Whilst Eu?*-doped YVOy is an ubiquitous UV-excited red phosphor,'%° the inactivity of Tb3*-
doped YVO, is an intriguing aspect in the chemistry and spectroscopy of vanadate-based
luminescent materials.%!%!! During the search for efficient lamp phosphors in the late 1960s,
many groups reported the complete absence of Tb** luminescence in YVO, as well as the strong
quenching of other Ln?* emissions induced by Tb3"-codoping.'''!> Even though some groups
studied Tb** emissions in lanthanum (LaVO,4)'®2! or gadolinium (GdVO4)?°-2 vanadates, papers
mentioning any luminescence in tetragonal YVO,:Tb3" are scarce,!?2!:2324 and no spectra or
detailed characterization have been reported. The description of the Tb*" luminescence in AXO,
zircon-type solids has been mainly performed for yttrium phosphates (YPO,), phosphovanadates

(YP,.V,0,), and arsenovanadates (Y As;.,V,0,), which are isostructural to YVQ,.0-25-%

The absence of Tb3" luminescence in YVO, was initially explained by an inefficient VO,
—Tb3" energy transfer process, but further observation and the pivotal works of Blasse?$-3* and
DeLosh?’ suggested that the luminescence quenching stems from low-lying metal-metal charge
transfer (MMCT) states. Such states are also termed as intervalence charge transfer (IVCT)

processes,’! in which a Tb3*—V>* electron transfer results in an approximate TbT,-Vy transient

charge distribution, interpreted as a Tb*/V#" couple. Different works??2*3! proposed that the
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quenching rates are reduced when MMCT states are shifted to higher energies, which could be
achieved by increasing the positive charge density on the Tb*" sites or increasing the electron
density of the transition metal center. This has been confirmed by the observation of VO4*-
—Tb3" energy transfer in aliovalent-substituted CaSO,:V>*,Tb3".2° Likewise, Tb*" emission
intensities in YXO4:Tb*" solids (X=V, Nb, or Ta) become detectable and stronger with
decreasing 5 ionization energies of the transition metal [in kJ mol!: 6299 (V)> 4880 (Nb)>
4658 (Ta)], also supporting this proposition.?® However, the MMCT state has not been probed
systematically for Tb3" in tetragonal YVO,, and no evidence of the possibility of tuning the
position of this state via modifications other than substitution of the pentavalent element has
been demonstrated to date. This would be highly interesting for selective activation/deactivation

of Tb3" luminescence for sensing purposes, for instance.??

The synthetic methodology has not generally been considered in the investigation of the Tb3*
inactivity in YVO,. The classic literature concerning this solid mostly comprises materials
prepared by conventional solid-state syntheses!!"!> or coprecipitations'® followed by high
temperature annealing.”® Solid-state methods not only may lead to incomplete reaction of
precursors, and eventually to misleading conclusions (i.e., observation of luminescence due to
residual oxides),'>?* but also the high temperature conditions inevitably cause irreversible
aggregation of particles, and crystallite growth. Structural and compositional nanoscale effects
on the luminescence of Tb*" in YVO, have not been discussed to the best of our knowledge. We
herein demonstrate that Tb?' shows surprisingly intense luminescence in pristine YVOyu
nanoparticles produced by colloidal synthesis even at high doping concentrations (ca. 40%) or

after moderate (<500 °C) thermal treatments.
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Details about the synthesis®*-37 of the Y, Tb,VO, particles and general characterization (Fig. 1)

are discussed in the Supporting Information (Section 2, p.S6-S7). The strongly basic conditions

oNOYTULT D WN =

in which particles were generated resulted in high amounts of non-crystalline hydroxides and

10 carbonates®>¢ mixed in a very intimate level to the 30 nm tetragonal vanadate crystallites.
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43 Figure 1. (a) Powder X-ray diffractograms, (b) Raman spectra, and (c.d) linear correlation
47 between Tb** molar fractions (xrps+) and (c) cell volumes and (d) symmetric [v; (A;,)] and
50 antisymmetric [vsz (Eg + Byg)] stretching frequencies of the VO4* group in the Y Tb,VOy,

nanoparticles (x = 0, 0.05, 0.20, 0.40, and 1). Representative (e,f,g) transmission electron
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microscopy images and (h) particle size distributions of Y 95TbgsVO, nanoparticles. The scale

bars in (e), (f) and (g) correspond to 20, 100 and 50 nm, respectively. (i) Room temperature UV-

Vis absorption spectra of the Y TbsVO,4 nanoparticles. The color pattern in (a) is the same in

(b), (¢), (d) and (D).

We therefore conclude that the chemical composition of the particles showed a positive deviation
of the RE:V molar ratio, and a general formula RE(VO4);.0.66x-033y(CO3)<(OH), better describes
the solids obtained. Even though the presence of COs* and OH- groups resulted in a non-
stoichiometric RE:V molar ratio, these impurities resulted in minor adjustment of the oxidation
states of V and Tb in the Y, Tb,VO, particles (Fig. 2). X-ray near edge absorption spectra
(XANES) at the Tb Ly edge (Fig. 2a,b) demonstrated Tb*" is the dominant terbium species both
at low (5%) and intermediate (20%) concentrations, confirming ground state Tb*" contribution is
very low for the as-prepared Y,.,Tb,VO, particles (Fig S5). The position of the V pre-edge peak
(K edge, Fig. 2d,e) is nearly identical for both Tb*" concentrations (i.e. 5% and 20%) and
suggests a mean oxidation state of 4.8 for V these solids. This agrees with the occurrence of
partially reduced vanadium sites [i.e., Vy (V*") or Vy (V3')] that generally compensate surface
and bulk oxygen vacancies (vg) and hydroxides (OHg). These reduced vanadium species were
also probed by X-ray photoelectron spectroscopy (XPS, Fig. 2g-1), which showed broadened
V2p signals due to the presence of V3* and V#' at the surface (Fig. 2i). In addition, the Y3ds,

and 3d;,, signals are clearly doubled, and approximately 25% of the RE cation sites at the surface
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are estimated to occur at the vicinity of oxygen vacancies (Fig. S6). XPS results also indicate a

high deviation from the RE:V=1:1 stoichiometry at the surface, where an approximate RE:V

oNOYTULT D WN =

ratio of 3.4:1 was found for (Y.95Tbgos)VOs, and (Y60 Tbo40)VO,4 nanoparticles (Fig S7). The
10 components at ~293.5, 292.0 and 290.2 eV in the Cls spectra clearly confirm the carbonatation
of the particles (Fig. 2h), where the CO;2//OH- species occur not only at the surface, but also
15 occluded in the inner volume of the (Y 95Tbg05)VOy structure (Fig. 1). These results confirm that
17 the partial carbonatation of primary vanadate grains in the colloidal synthesis culminates in

vanadium-deficient solids.
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Figure 2. Tb Lyj-edge (a-c) and V pre-K-edge (d-e) XANES spectra of (a) Tb**/Tb* and (d)

V#/V3+ standards, (b,e) as-prepared Y;,Tb,VO, nanoparticles (x=5% and x=20%), and (c,f)

Yo.05Tbg s VO, particles annealed at different temperatures. (g-1) XPS spectra of Y.95TbgosVO,

particles (g,h,i) before and (j,k,1) after annealing at 500 “C monitoring the (g,j) Y 3d and Tb 4d

signals, (h,k) C Is and (i,1) V 2p and O 1s signals. Experimental data are shown by points, and

the red and dotted grey lines denote cumulative fits and backgrounds, respectively. The color

legends for Voigt peaks are shown on the top.
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Owing to their complex microstructure, the as-prepared Y, Tb,VO, particles surprisingly

showed the characteristic >D4—’F; Tb3* emissions at 25 °C both under excitation at VO4*- groups

oNOYTULT D WN =

(Aexc=270 nm) and direct excitation at the 3Dy level (A =488 nm, Fig. 3). As the excitation

bands remained at the same energies regardless lattice constriction or expansion by substitution
16 with Sc3* or La’"*® we concluded that VO, —Tb3" energy transfer was the only operative
18 mechanism to afford the broadband excitation in the UV. Additional details and discussions are

20 found in SI (Sections 6-7, p.S17-S19).
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Figure 3. Photoluminescent properties of the Y xTby,VO, nanoparticles (x = 0, 0.05, 0.20, 0.40,

and 1). (a-e) Excitation (A, = 543 nm) and (f-j) emission (A = 270 nm) spectra acquired at 25

°C for the Y Tb,VO, solids: (a,f) x=0, (b,g) x=0.05, (c,h) x=0.20, (d,i) x=0.40, and (e,j) x=1.

(k) Tb3* 3Dy decay curves (Aexe = 270 nm and A, = 543 nm) for the Y, Tb,VO, (x = 0.05, 0.20,

and 0.40) solids. The inset shows average lifetimes obtained by bi-exponential fits of

experimental decays as a function of the Tb** concentration. (I) Emission spectra of the Y.

Ib,VO, (x = 0.05, 0.20, and 0.40) solids under direct excitation on the D, level of Tb3*

(Aexc=488 nm). (m,n) Photographs of the Y95Tbg05VO, powder under (m) white light and (n)

UV excitation (Aexc = 270 nm) at 77 K. The same color pattern for (a-j) was kept in (k) and (1).
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The Tb3* SD4;—7Fj transitions [488 nm (J=6), 544 nm (J=5), 583 nm (J=4), and 622 nm (J=3)]
under Ae=270 nm are superposed on the VO,43*- broadband emission (°T;,—!'A), and lower
Tb3* concentrations led to stronger relative intensities of the f~f emissions (Fig. 3f-j). No signals
arising from the °D; were detected even at 77 K (Fig. S9). This is due to cross relaxation (i.e.,
SD;+’Fg—°D4+7F) induced by the moderately high (>5%) Tb*' concentrations and due to the
energy position of the °D; state, which is always above the MMCT quenching states.
Nevertheless, the D4 emissions interestingly remain detectable even at high doping
concentrations (40%) where MMCT quenching should be more pronounced because of the
higher probability of Tb*'-V*" intervalence states (Fig. 1i). The (Y(95Tbgos5)VO4 powder
particles showed a slight decrease of 7% in emission intensities after 1 h of continuous UV
irradiation in air at 25 °C (Fig. S9). Photobleaching of Eu*" emissions in colloidal REVO,
nanoparticles has been observed due to UV-induced redox activity,>® which in our case can be
correlated to a partial oxidation of vacancies caused by irradiation in air. The reduction in the
amount of oxygen defects shows a negative outcome on luminescence intensities of Tb*' in

YVOy, as discussed further.

The D4 decay curves (Fig. 3k) fitted bi-exponential functions, confirming the occupation of
multiple sites at surface and lattice, as also observed for other Ln*" ions in YVO, or different
host lattices.”*? The 3Dy lifetimes decreased at higher Tb*" concentrations, in agreement with the
Tb3*-Tb3" concentration quenching indicated by the emission spectra. Finally, literature reports
that direct excitation in the D, emitting state is ineffective in generating Tb*" luminescence in

YVO0,4.2° In our case, excitation at A.,=488 nm (Fig. 31) clearly yielded the characteristic Tb*

emissions in the Y, Tb,VO, nanoparticles, which also demonstrates the deactivation pathways

ACS Paragon Plus Environment
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generally reported for Tb3* in YVO, were modified by microstructure and defect chemistry of

the solids prepared herein. Hence, our results confirm not only that the VO4**—Tb*" energy

transfer is operative to sensitize the Tb3' luminescence in YVO,, but also concentration

quenching is more significant for the depletion of the Dy excited state than the Tb*/V*MMCT

states.

The unusual luminescent behavior of the particles obtained in this work stems from the shift of
the MMCT Tb*-V#" state to higher energies in comparison to YVO, samples prepared by
conventional solid-state synthesis. So, in our case, photon absorption leads to the formation of
the D, state by both VO4>*—Tb*" energy transfer or f-f absorption, and radiative decay takes
place instead of the Tb3*—V>* electron transfer. The shift in the MMCT state is caused by the
nanostructural character of the Y, ,Tb,VO, particles, and by oxygen defects and RE:V non-
stoichiometry induced by COs*/OH- species. We therefore investigated the impact of thermal
treatment on the structural and optical properties of the as-prepared particles to describe how
annealing correlates to the deactivation of Tb** luminescence in YVOy, (experimental details are
described in the Supporting Information). Firstly, the Y;,Tb,VO, particles maintained the
typical tetragonal structure of YVO, upon heating up to 500 °C (Fig. S11), and a progressive
decrease in the amount of OH- and CO;? groups was also detected (Fig. S12). The elimination of
COs* at 500 °C was also detectable by the reduction of peak intensities of oxidized carbon
species at high binding energies in the Cls XPS spectra (Fig. 2k). Refinement of lattice
parameters against XRD data (Fig. S13) confirmed the as-prepared Y95TbosVO, particles

displayed expanded unit cells with a low axial ratio (c/a) of the tetragonal structure, as a

ACS Paragon Plus Environment
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consequence of the nanosized crystalline coherence length, high strain, and increased number of
dangling bonds at the surface.”*'#> Thermal treatment of these particles promoted the
constriction of unit cells and decrease of the tetragonal anisotropy (i.e., c¢/a ratio closer to 1) with
the reduction of unit cell dimensions in the [100] and [010] directions. Tb Ljj-edge XANES
spectra of Y(95TbgosVO, (Fig. 2¢) after heating at 500 °C in air suggest formation of minor Tb*"
amounts, as indicated by the shoulder at 7528 eV in agreement with the Tb*" standard (i.e,
perovskite-type BaTbOs, Fig. 2a). Although Tb*' is per se a luminescence killer for Tb3*,* the
progressive quenching of Tb3" emissions upon heating cannot be ascribed to the presence of
these minor amounts only. The V K-edge spectra (Fig. 2f) of the Y(95TbgosVO, retained the
profile of the as-prepared sample, and a slight displacement of the pre-edge peak from 5468.57
eV (25 °C) to 5468.62 eV (500 °C) suggested the increase in the average oxidation state of
vanadium from +4.80 to +4.86 (Fig. S5). Hence, annealing in air of the Y ,Tb,VO, particles
slightly decreased the amount of electron rich vanadium sites due to oxygen abstraction. These
results are also supported by V2p and Y3d XPS spectra (Fig. 2j-1, Fig. S6), which confirmed not
only the oxidation of V3 and formation of more V> sites, but also a decrease in the amount of
Y?3* sites bound to oxygen defects at the surface. In summary, annealing the Y, Tb,VOy, particles
up to 500 °C in air induced two opposite trends concerning the density of defects. On the one
hand, oxygen vacancies (v ) are generated upon heating due to condensation of OH groups [

20Hy — 0% + vy + HyO(g)] or evolution of molecular O, [0§ — vg + 2¢' + 1/204(g)],’ both

compensated by reduced vanadium species (Vy). Decomposition of COs* species into COx(g)

nrr

further generates oxygen (vg) and vanadium (vy") vacancies [i.e., Cy + 208 — 2vy + vy +
COy(g), assuming carbonates occupy vanadate-like sites]. At the same time, the thermal

treatment in air induces oxygen abstraction [1/20,(g) + 2¢' + vg — 0F], as well as crystallite

ACS Paragon Plus Environment
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growth and decrease in the tetragonal anisotropy. The balance of these effects results in the

decrease in the number of electron-rich metal sites and in the reduction of unit cell volumes.

Comparison of absorption and emission spectra of undoped YVO, and Y 95Tbg0sVO,4 samples
provides additional insights on the effects of the annealing on the electronic structure of the
particles (Fig. S14-S15, Fig 4a). Undoped YVO, showed a red shift of the UV absorption edge,
which is generally ascribed to V4" sites and lattice vy defects.”#1424445 Although the amount of
V#* defects probed by XPS is approximately constant (Fig. 2 and Fig. S6), the constriction of the
unit cell favors more covalent V-O bonds, which culminates in a general decrease of the energy
of the V-centered states. This is also consistent with the red shift of the 3T, ,—!A; emissions of
VO,* in undoped YVO, with increasing annealing temperatures (Fig. S15). The Y.95TbgosVOy4
particles showed an additional low energy band in the absorption spectra (Fig. S14), which is due
to the MMCT state. Deconvolution of the absorption spectra confirmed a progressively larger
spectral contribution of this MMCT state (Fig. S16, Table S3), which becomes lower in energy
with increasing calcination temperature. Consequently, the SDy;—7F; transitions in the emission
spectra (Fig. 4a) become less intense with respect to the 3T;,—'A; emissions of VO,* for

calcined samples due to the quenching of the D, emitting level by the Tb**-V4" MMCT state.

Heat-treatment in N, atmosphere of Y(95TbgosVO, particles induced elimination of CO5>/OH-

species and formation of oxygen vacancies without competitive abstraction of O,. Indeed,

absorption spectra of Y95TboosVO,4 particles annealed in N, (Fig. S17) revealed increased

contribution of the V#/oxygen defect band at lower energies. Interestingly, the barycenter of the

Tb*-V# MMCT state of the particles annealed at 500 °C was higher in energy for particles

ACS Paragon Plus Environment
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annealed in N, (Table S3) in comparison to the particles annealed in air. Consequently, the

’D4—"Fj transitions in Yg.95TbgosVO4 were stronger when the samples were annealed in Ny, but

oNOYTULT D WN =

10 further treatment in air led to a more prominent quenching of the Tb?" emissions (Fig. 4b). It is
worth noting that even if Y95TbgosVO, powder annealed in N, showed intensified D4—7F;
15 transitions in comparison to the treatment in air, these peaks are significantly lower in

17 comparison to as-prepared Y95TbgosVO, particles. Therefore, the quenching efficiency of the

20 D, level by the Tb*-V+ MMCT states depends on the opposite effects of the density of vg

23 defects and of the structural alterations (Z.e. cell constriction) induced by the thermal treatment.
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Figure 4. Emission spectra (Aexc = 270 nm) of the (a) Yo95TbosVO, solid obtained at room

52 temperature (25 “C) and after heat-treatments at 100, 300, and 500 “C under air atmosphere. (b)

55 Emission spectra (Aexe = 270 nm) of a Y05TbgpsVO, sample heat-treated at 500 “C under N,
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atmosphere (blue), and of the same sample re-annealed at 500 °C in air (orange). Spectra in (a)

and (b) were acquired at 25 °C. (¢) Variation of the total decay rate of the D, state calculated

from luminescence decay curves (Fig. S18) as a function of the energy separation (AE) between

the barycenter of the Tb*-V+ MMCT state (Table S3) and the minimum of the 3Dy state (20492

cm™). (d,e) Illustration of the mechanisms involved in the emissions of the Tb3*-doped YVO,

solid: (d) as-prepared and low-temperature treated particles show D, emissions due to the high
value of AE (>~3000 cm!); (¢) the luminescence is quenched via the heat-treatment through to
elimination of CO;%/OH- species and decrease of cell volumes, making the MMCT state to lie at

lower energies. The asterisk in (b) refers to a ’Dy—7F, line owing to a minor Eu** contamination

in the Y(95TbgosVO,4 annealed in N».

We demonstrated that the energy of the barycenter of the MMCT states (Fig S16, Table S3)

probed by the absorption spectra can be directly correlated to the quenching of the D, emitting

state in the Y, Tb,VOy, particles (Fig. 4c). Considering the total decay rates of the Dy level in

Yo0.95TboosVO, calculated from luminescence lifetimes (Fig. S18), the energy difference (AE)

between the minimum of the Dy, emitting level (ca. 20492 cm™') and the barycenter of the Tb*"-
V4 MMCT state must be larger than ~3000 cm™! to overcome the quenching induced by this
charge transfer process. Therefore, the luminescence of Tb*" in YVO, appears to be quenched

when the MMCT states lies at energy differences lower than 3000 cm™!' with respect to the Dy

ACS Paragon Plus Environment
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state (Fig. 4c-¢). However, contrary to the results reported to date, the position of the Tb*"-V4*
MMCT state in the yttrium vanadate nanoparticles is demonstrated to be tunable with respect to
compositional and structural parameters without mixing vanadium and other pentavalent ions
(e.g. P, As, Nb, Ta). Firstly, larger donor(Tb*")-acceptor(V>") distances increase the energy
barrier for the electron transfer.*® Secondly, the presence of oxygen vacancies (vg) is
compensated by higher electron densities on the cation sites, but this effect is greater for the V>*
ions covalently bound to O?  than for the Tb*" ions with highly ionic interactions. Hence, the

increase in the electron density of the acceptor also raises the energy barrier for the Tb3*—V>*

electron transfer. In our case, as-prepared Y.,Tb,VO, nanoparticles showed expanded unit cells,

high vy densities induced by COs* (i.e., %vg compensating Cy), and high concentrations of
reduced vanadium centers induced by OH- groups (i.e., Vy compensating OHg). In addition,
because Tb¥/Cy pairs are not susceptible to electron transfer, the presence of COs2- in the vicinity
of Tb3* centers further increases the energy barrier for the MMCT state. These factors culminate
in a Tb*-V# MMCT state at particularly high energies (AE~3500 cm!) and in a less efficient

intervalence quenching. Consequently, the Tb3* luminescence becomes active via VO,>—Tb3*

energy transfer in the Y,.,Tb,VO, nanoparticles (Fig. 4d) even at high Tb3" concentrations

(x=0.40).

Thermal treatment of the materials results in unit cell contraction, reducing the donor-acceptor
distances and increasing the probability of charge transfer. The decrease in the tetragonal
anisotropy upon annealing due to the contraction in the [100] and [010] directions and expansion
in the [001] direction (Fig. S13) indicates that the probability of electron transfer is highly

dependent on V-O-Tb moieties with metal-oxygen-metal angles close to 180° (Fig. S19).
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Therefore, thermal treatments remove lattice distortions of the as-prepared Y, TbyVO,

nanoparticles, bringing donor-acceptor pairs closer in the [100] and [010] directions where the
Tb-O-V angle is ~180°, thus decreasing the energy of the Tb*'-V4 MMCT state. This suggests a
significant role of the O bridging anions and bond angles for the Tb>*—V>* charge transfer
process, which is similar to observations concerning the efficiency of resonant energy transfer
from excited VO4* to Ln** ions.*’ Furthermore, annealing in air eliminates the COs>/OH- species
and increases the mean oxidation state of vanadium centers due to oxygen abstraction. Thus,
vanadium centers become better electron acceptors and more oxygen bridges are introduced,
reducing the energy of the MMCT state. Although annealing in N, increases the density of vg
defects, this effect is partially balanced by the contraction of the unit cell, resulting in an

intermediate efficiency of Tb*" emission.

In summary, we described in detail for the first time the luminescence of Tb3" in the YVO, host
lattice. We demonstrated that defect-induced Tb3** luminescence in YVO, is possible for
nanosized particles synthesized at mild conditions. The commonly reported absence of Tb**
luminescence in YVOy, is due to a low-lying Tb*-V4 MMCT quenching of the Dy state, but we
showed that the energy of this charge transfer state can be increased by modifying structural and
compositional parameters of the YVO, lattice without other pentavalent metals replacing
vanadium. The UV-excited luminescence of D, state is detectable even at high Tb*" doping
(40%) and in the presence high amounts of OH oscillators provided the Tb*-V4 MMCT state
occurs at high energies. The results obtained herein demonstrate that the radiative decay of the
Dy state of Tb*" in YVO, will overcome the MMCT quenching if energy separations between
these states are larger than ~3000 cm!. This can be achieved by synthesizing YVO, particles

with expanded unit cells and with high tetragonal anisotropy. Increased densities of oxygen
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vacancies and the presence of CO3;>/OH- impurities also contribute to MMCT states at higher

energies. Further experimental work is necessary to investigate systematically the impact of the

oNOYTULT D WN =

concentration of carbonates/hydroxides on the energy of MMCT states, which can be performed
10 by using uncarbonated metavanadates as precursors to produce intentionally carbonated YVO,
particles with controlled amounts of CO3>/OH- in the reaction mixture. Our results will also
15 motivate the investigation of Tb3" luminescence on YVOQy, particles synthesized via other mild
17 liquid-phase techniques. This opens interesting perspectives to tune YVO4:Tb*" particles aiming
at new applications of the optical and (photo)redox properties of Tb3" for thermal and chemical

22 luminescent sensing.

32 ASSOCIATED CONTENT

Supporting Information. Additional experimental details, X-ray diffractograms, FTIR, XPS, and

40 XANES spectra, DLS distributions of hydrodynamic diameters, additional absorption and

43 luminescence spectra. This material is available free of charge via Internet at https://pubs.acs.org.
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