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ARTICLE INFO ABSTRACT

Handling Editor: P. Vincenzini A way to control the desired shape and microstructure of YPO4:Eu>t nanoparticles through the precipitation
method followed by a hydrothermal treatment is reported. This method is useful for achieving very high control
over the YPO,:Eu®" formation process with the selection of appropriate synthesis parameters. In detail, the
autoclave processing time allows control of the shape and size of nano-needle-shaped particles independently in
both directions, as confirmed by X-ray powder diffraction, FT-IR Spectroscopy and Electron Transmission Mi-
croscopy. In order to analyse the effect of the nanoparticles’ surroundings on the excitation and relaxation
processes of luminescent ions, Eu>" ion was used as a dopant, whose specific properties allow the study of
changes in their local surroundings by analysing emission spectra. As additionally shown, the shape and size of
the nano-needles were correlated with the luminescence properties of the particles, which are particularly
influenced by the presence of water and by its effect on emission processes from dopant ions located in the near-
surface zone of the nanoparticles. These results proved that the shape of particles influenced the distance be-
tween Eu®* ions in the phosphor, such distance affected the specific emission properties, i.e. the lifetime of
excited levels of Eu®* ions.
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1. Introduction

In principle, it is now impossible to imagine our world without all the
benefits provided by inorganic luminescent materials. Intriguing for
centuries and used since modern times, they now accompany us not only
in the creation of suitable lighting, but also in almost every aspect of
modern technology. These materials are now used in every form, from
large-scale crystals, glasses and ceramics used to build high power lasers
and supersensitive scintillation devices, to nanomaterials used in
biotechnology, e.g. high-resolution imaging and theranostics. However,
consistently, in the design of new photoluminescent solid state mate-
rials, it is first of all necessary to adhere to the well-known criteria of
molecular engineering to obtain a substance that emits light of a specific

colour and to ensure maximum efficiency in the conversion of excitation
radiation into emitted one. High-quality phosphor materials, obtained
by doping with ions with specific emission properties, require a host
crystal structure exhibiting, on the one hand (1) a one-site crystal
structure of the host cation substituted by the dopant ion, limiting un-
desirable energy transfers between energetically unequal the same
excited states of ions of the same dopant, (2) characterised by a similar
ionic radius to the dopant and thus charge to avoid the need for
compensation, and, on the other hand, (3) by the lowest possible phonon
energy, limiting the radiationless quenching phenomenon. A class of
crystalline hosts that have been gaining much interest, meeting the
above criteria for doping with lanthanide ions with excellent thermal
properties and high chemical stability, is rare earth orthophosphates
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[1-6]. These compounds have the general formula REPO4 where RE=,
Ln, Gd etc. and can be organised in four different crystalline forms:
Xenotime (REPO4) with a tetragonal structure (I41/amd) similar to
zircon, Monagzite (REPO4) with a monoclinic structure (P21/n), Rhab-
dophane (REPO4 ¢ 0.8H,0) with a hexagonal (P6,22) and Churchite
(REPO4 e 2H,0) with monoclinic structure (C2/c) [7,8]. The most
interesting among the rare-earth orthophosphates for luminescent ap-
plications is YPOy4 for its chemical and thermal stability, for its ability to
incorporate dopant ions in high quantities, for its high luminescence
yield, and high refractive index [9-14]. Anhydrous YPO4 is mainly ob-
tained with a tetragonal structure, which is made up of two types of
polyhedra, POy tetrahedral, and YOg dodecahedral connected to each
other through each vertex of the polyhedra. In PO4 tetrahedra, four O
atoms surround the P atom, while in YOg polyhedra eight O atoms
surround the Y atom. Each oxygen atom connects two Y atoms and an
atom of P, while each atom of Y or atom of P connects exclusively ox-
ygen atoms [5].

In contrast to nanosized semiconductor (quantum size-effect) and
metallic (plasmonic properties) materials, optical luminescent nano-
materials based on dielectric materials are being developed not to obtain
new physical properties, but primarily for their use in specific solutions
where the use of ultrafine material particles is beneficial. Examples
include their dispersibility in a variety of media allowing them to have
specific properties while maintaining their optical transparency (size
much smaller than the light wavelength) or their use after appropriate
surface functionalization for specific binding to biomaterials (nano-
theranostics). For this reason, it is critical to develop methods for their
synthesis that enable them to be obtained in a form that is as morpho-
logically homogeneous as possible and at the same time characterised by
the lowest possible number of defects associated with their small size.
Therefore, at present, many methods have been developed to prepare
these materials in nanosize, for example: the sol-gel method allows to
prepare spherical particles with variable size from a few tens of nano-
meters up to a few hundred [15,16]; the precipitation gave irregular
spheroidal particles with dimensions between 20 and 80 nm [17,18],
solid state reaction gives particles with irregularly shape between 500
nm and 1 pm [19,20], hydrothermal method give needle-shaped parti-
cles about 20-40 nm long and about 10 nm wide, or particles with a
shape similar to rice grains about 50 nm large [21-24]; combustion
produces irregular spherical particles of about 20-50 nm [25]. Micro-
wave assisted synthesis was also used to obtain well-dispersed uniform
spheres (~0.7-1.5 pm in diameter) [7,26].

However, the simple and efficient synthesis of YPO4 nanocrystals
having a narrow particle size distribution and uniform morphology re-
mains still an objective to be achieved. This result can be important to
properly control and modify the optical properties, since they depend on
various factors including the degree of crystallinity, the presence of
defects in the lattice, the shape and size of the particles. Zou et al. [27]
and Li [28] gave an overview of the YPO4 features at different conditions
in autoclave. Since the hydrothermal synthesis is the most promising for
the scale-up and the control of the shape, the goal of this work was to
investigate the effect of the time of hydrothermal treatment on the YPO4:
Eu nanophosphors formation, not yet investigated. Eu>" was chosen as a
dopant because it emits in the visible range and has a characteristic
emission spectrum with narrow and easily recognizable bands. These
bands are associated with the two most typical emission transitions: the
>Dg—’F, hypersensitive transition, associated with the electric dipole
whose intensity strongly depends on the local symmetry, and °Dy—"F;,
associated with the magnetic dipole which is negligibly affected by
changes in local symmetry. These Eu®" characteristics allow correlating
optical properties with structural and morphological features.
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2. Experimental part
2.1. Materials

Y(NO3)306H50 (Aldrich, 99.8%, CAS 1394-98-9); Eu(NO3)3e5H50
(Aldrich, 99.9%, CAS 63026-01-7); KH2PO4 (Sigma, >98.0%, CAS 7778-
77-0); KOH (Carlo Erba, 85% min, CAS 1310-58-3); HNO3 (Aldrich, 70%
wt A. C. S. reagent, CAS 7697-37-2); Deionized H20 (conductibility
<1.5 pS/m).

2.2. Synthesis of YPO4:Eu nano-needles

The synthesis of the YPO4:Eu nanopowders of nano-needle shape was
carried out by phosphate precipitation followed by a hydrothermal
treatment in an autoclave. The scheme of the synthesis is reported in
Fig. 1.

10 mL of aqueous solutions of KHyPO4 (0.2 mol/L), Y(NO3)3e6H,0
(0.2 mol/L) and of Eu(NO3)3e5H>0 (0.01 mol/L) were prepared, so that
the moles of europium were equal to 5% with respect to the moles of
yttrium. The two metal nitrate solutions were stirred using a magnetic
stirrer and, once the salts were completely solubilized, were combined
together. After that, the solution containing the phosphates was added
to the nitrate solution. The formation of a white suspension was rapidly
observed according to the following reaction:

Y(NO3); (aq) + KHoPOy (aq) — YPOy | (s) + KNOs (aq) + 2HNO; (aq)

The pH of the suspension, which was initially equal to 1.2, measured
by a pH meter (HANNA pH211) was adjusted up to a final pH value of 7,
by adding an aqueous solution of 3 mol/L of KOH and a few drops of
HNOj3 0.1 mol/L. The suspension thus obtained was brought to a volume
equal to 50 mL with deionized water and kept under magnetic stirring
for 30 min while continuing to monitor the pH to ensure a constant value
of ~7 over time. The suspension was then placed in an autoclave inside a
borosilicate glass liner with a maximum capacity of 70 mL, occupying
approximately % of the volume in order to comply with the correct
safety-loading limit of the autoclave. The temperature range was set,
starting from room temperature, according to the ramp 50-100-150-
200 °C for various times (2, 4, 6, 8, 12, 18, 24, 32, 48 h) and an
autogenous pressure of 10 mbar. The products, obtained following the
hydrothermal treatment, were filtered by gravity on a Whatman
Schleicher & Schuell 5 paper filter (Cat No 1005 070) with a diameter of
70 mm and porosity of 2.5 pm, and washed several times with deionized
water, in order to remove the K™ and NO3 ions which can be adsorbed
on the solid precipitate, and place in an oven for 24 h at temperature of
70 °C. The percentage yield falls between 74 and 123% and it is influ-
enced by the autoclave treatment time (Figure SI1 of Support Informa-
tion, SI). Yields greater than 100% could result from the adsorbed water
from the samples, as reported in the literature by Garrido-Hernandez
et al. [29]. All the obtained YPO4:Eu white powders, illuminated with
a LED lamp, show the typical emission of the Eu®>" ion and visible to the
naked eye as red colour light.

Methods of Characterisation. X-ray diffractometry (XRD), Raman
Spectroscopy, Fourier transform infrared spectroscopy in attenuated
total reflectance (ATR-FTIR), Transmission electron microscopy (TEM)
coupled with energy dispersive X-Ray spectroscopy (EDS) and Select
Area Diffraction (SAED) techniques were used to evaluate the structural
and morphological properties of the powders. The luminescence prop-
erties were determined by standard luminescence spectroscopy (emis-
sion (PL) and excitation (PLE) spectra) and additionally by luminescence
lifetime measurements.

XRD patterns were acquired by a Bruker D8 Advance diffractometer
in the Bragg-Brentano geometry using Ni-filtered Cu Ko radiation (A =
1.54056 A) in the 20 range 5-80° with a step of 0.008° and a time for
step of 5 s. The phase identification was performed by using the X’pert
HighScore® Software. In order to obtain information about phase
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Fig. 1. Scheme of the synthesis of the YPO4:Eu nanopowders.

composition, the cell parameters and the crystalline size of the phases,
the XRD patterns were analysed according to the Rietveld method by
using the MAUD software [30,31]. The agreement between the experi-
mental data and the fit was evaluated through the curve of residues and
the parameters Ry, (<6%), and Ry, (<5%).

Raman spectra were acquired in back-scattering geometry by using a
Renishaw inVia Raman microscope (equipped with a confocal DM 2500
Leica microscope with length 20x magnification and and thermo-
electrically cooled CCD camera as a detector). An argon ion laser
(Renishaw plc, Wotton-under-Edge, UK) of wavelength 514 nm (around
9 mW at sample) was used as an excitation source. Each spectrum was
accumulated 5 times with exposure time 50 s.

FT-IR ATR spectra were acquired through a VERTEX 70V Bruker
spectrophotometer equipped with a Platinum ATR unit with diamond
crystal (n = 2.4) operating in the spectral range between 4000 and 400
cm ™}, a spectral resolution of 2 cm™!, and 120 scans. Spectra were ac-
quired at a pressure of 2 hPa. In all spectra a baseline correction of
scattering was made. Data analysis was performed using the OPUS 7.5®
software.

Scanning Electron Microscopy (SEM). SEM micrographs were acquired
using a scanning electron microscope (Nova NanoSEM 450, FEI Com-
pany) operating at different voltage values. Specifically, some micro-
graphs were collected using secondary electron detectors (ETD and LTD)
at acceleration voltage between 10 and 30 KV, while higher resolution
micrographs were collected using the STEM detector (in TEM mode) at
30 KV voltage.

Transmission Electron Microscopy (TEM). TEM micrographs were ac-
quired using the last generation high-resolution scanning/transmission
electron (S/TEM) microscope (Thermo Scientific™ Talos™ F200S)
equipped with energy dispersive X-Ray spectroscopy (EDS) and oper-
ating at 200 kV accelerating voltage. Samples were homogeneously
dispersed in bi-distilled water (Millipore) by sonication for 10-15 min. A
drop of each suspension was deposited on a copper grid of 200 mesh
coated with a transparent polymer (Formvar/carbon) and then dried.
Subsequently, specimens were carbonated (Carbon Coater - Balzers
CED-010) for TEM investigations.

Photoluminescence emission (PL) and excitation (PLE) spectra were
measured using the FLS980 Fluorescence Spectrometer from Edinburgh
Instruments. As an excitation source, the 450 W Xenon lamp (for PL and
PLE) was used. The R928P side window photomultiplier tube from
Hamamatsu was used as a detector. Both the excitation and emission
300 mm focal length monochromators were in Czerny Turner configu-
ration. The excitation arm was supplied with a holographic grating of
1800 lines/mm, blazed at 300 nm, while the emission arm was supplied
with ruled grating, 1800 lines/mm blazed at 500 nm. The scanning
range was from 250 nm to 680 nm for PLE spectra and from 460 nm to
820 nm for PL spectra. The lifetime measurements were carried out
using the same instrument while a 150 W Xe pulsed lamp was used as the
excitation source.

3. Results and discussion
3.1. Structure and morphology

The XRD patterns of samples treated at various times are shown in
Fig. 2.

As can be seen, the crystallinity of the samples gradually increases
with the treatment time. On the contrary, the amorphous fraction de-
creases with time, as reported by the Rietveld results in Figure SI2 of SI.
The XRD patterns of the samples treated between 2 and 8 h show a
widening of the XRD peaks which may be due both to the presence of an
amorphous phase together with the crystalline phase and to the reduced
size of the crystallites, which affects the peak width. The transformation
from amorphous to the stable phase tetragonal occurs completely with
12 h of treatment (Figure SI2 of SI). The XRD pattern of the samples
treated between 12 and 48 h show very narrow XRD peaks indicative of
samples totally crystalline. The XRD patterns showed that the nano-
powders are constituted by the tetragonal crystalline phase Xenotime-(Y)
of yttrium orthophosphate YPO,4 (JCPDS: 00-011-0254). No diffraction
peak of any secondary phases was observed. The cell parameters a and c,
obtained for each sample, through Rietveld refinement analysis, are
given in Fig. 3.

The cell parameter a increases as the treatment temperature in-
creases, while the cell parameter ¢ decreases up to a treatment of 18 h.
These results indicate that the time in autoclave influences the crystallite
growth by modifying both directions of the lattice and probably the
shape of the particles. It is probable that after 12 h a balance will be
reached whereby the aforementioned parameters remain constant even
for longer treatments.

The Raman and IR spectra of samples treated at various times are
shown in Figs. 4a and Fig. 5, and SI3, respectively. Seven of the ten
characteristic Raman modes were observed [32]. It can be noted that
increasing the treatment time, the observed Raman modes become more
distinct and more characteristic of the crystal structure which is
confirmed by XRD data. In detail, for the time lower than 6 h, most of the
bands are wide and not clearly defined, which is most likely due to
structural imperfections. It is worth noting that short processing times
are characterised by a significant shift of the corresponding modes
compared to the literature data for the crystal structure (Fig. 4b). The
most characteristic changes can be observed for the internal modes
corresponding to the POy stretching mode with a maximum at 998 cm ™},
which becomes sharper with increasing synthesis time. The same situ-
ation is observed for the rest of the observed modes. The E; mode at
1024 cm™! appears only after 12 h. With further processing, it becomes
more pronounced. The shoulder with a maximum at around 975 cm™!
disappears and is not detected for powders with a synthesis time of more
than 24 h. A similar situation was observed when comparing the Raman
spectra of powders and bulk structures, and the powders were charac-
terised by an asymmetric broadening of the peak [33]. The presence of a
shoulder band at 995 cm™' is associated to the presence of
non-integrated Eu®" ions in the YPO, matrix.

In detail, the IR peak at about 990 cm™! corresponds to the anti-
symmetric stretching of the P-O bond, the two peaks at 638 cm ™' and
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treatment time.

521 cm ™! to the antisymmetric bending of the O-P-O and the peak at
430 cm ! to the symmetrical bending of the O-P-O (Fig. 5). A band at
710 cm ! attributable to the stretching of the P-OH group which is
found mainly on the surface of the particles can also be observed. In
these cases, the splitting of the P-O band is also favoured [34-36].
The stretching at 3200 cm™! and the bending at 1640 cm™! of the
O-H groups are evident in the samples treated up to 24 h, while in those
at 36 and 48 h these bands are only slightly hinted at, indicating the
presence of adsorbed or interstitial water and not of coordination water.
Furthermore, the intensity of these signals decreases as the treatment
time increases. In addition, the intensity of the asymmetrical stretching
and bending bands of the phosphate increases as the treatment time
increases, which indicates an increase in the degree of crystallinity, in
accordance with XRD data. No significant shift is observed. A doubling
of the band relating to the asymmetrical stretching of the P-O bond is

observed with the time increasing, due to the water content decreasing,
which influences the band shape, the crystallinity and decreases defects.

It can therefore be stated that the precipitate treated in autoclave
progressively evolves from an amorphous system to the tetragonal
crystalline phase of yttrium phosphate and that during this process there
is also the gradual loss of adsorbed water. This mechanism explains why
the samples treated between 2 and 8 h show a yield greater than 100%
(see previous paragraph and Figure SI2 of SI), which decreases as the
treatment time increases and falls below 100% only after 12 h, time for
which only the crystalline phase is obtained. In addition, the presence of
OH- ions on the particle surface acts as a quencher to the luminescence
intensity which can be significantly enhanced after removing OH- ions
by a heat treatment (discussed in the paragraph 3.2).

The morphology and particle size of samples obtained by the hy-
drothermal method were investigated both by SEM and TEM analyses.
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From the SEM micrographs it is clearly observable that the nanopowders
obtained after 8 h and 18 h are made up of aggregates in needle-like
clusters, while those obtained after 48 h are aggregates in spheroidal
clusters (Figure SI4 in SI).

Some representative TEM micrographs with different magnification
of the YPO4:Eu nanopowders obtained after 8, 18 and 48 h are reported
in Fig. 6. The relative histograms of distribution of the observed particle
sizes are reported in Figures SI5-SI7 of SI. The YPO4:Eu nanopowders
obtained after 8 h of treatment are constituted by nanoparticles having
a so-called rod shape whose average size is about 42 nm in length and 11
nm in thickness, in accordance with the morphology reported by Wu
et al. [37] which obtained similar YPO4:Nd particles by hydrothermal
synthesis at pH = 6, 180 °C for 24 h. The YPO4:Eu nanopowders ob-
tained after 18 h are constituted by nanoparticles having a rod shape
whose average size is about 38 nm in length and 12 nm in thickness, in
accordance with the morphology reported in the literature [37]. The
YPO4:Eu nanopowders obtained after 48 h are constituted by nano-
particles with a so-called rice scar shape whose average size is about 24
nm in length and 14 nm in thickness, in accordance with the morphology
reported in Vanetsev et al. [7], which obtained similar particles of YPO4
by microwave-assisted hydrothermal synthesis at pH = 9 after 4 h of
treatment. The EDS spectra (not reported) acquired on the particles
show the presence of yttrium, phosphorus, oxygen, europium and po-
tassium at the maps of elements (Figure SI9 of SI) indicate that these
elements are homogeneously distributed in the particles and that there is
no segregation of the dopant. Potassium comes from the reagent
KH3PO4. SAED patterns acquired on these particles indicate that the
particles have a crystalline structure with a spacing between planes
corresponding, in both images, to 2.7 A of the (211) plane of the Xen-
otime- (Y) tetragonal phase (Figures SI9 and SI10 of SI).

It is known that for the properties of luminescent nanocrystals, an
important material feature is their surface-to-volume ratio (S/V), which
gives some idea of the number of surface defects and dopant ions near
the surface, which can be quenched much faster than ions in the crys-
tallographically well-defined ‘volume’ part of the nanocrystal. For this

[

purpose, assuming a cylindrical shape observed using TEM, the S/V was
calculated as follows: 0.44 for 8 h, 0.32 for 18 h and 0.37 for 48 h. From
these results, it can be seen that first, between 8 and 18 h, there is a clear
decrease in S/V of 30% and then, between 18 and 48 h, a relatively small
increase of around 16%.

3.2. Photoluminescence

In order to correlate the crystal structure parameters and the
morphology of the samples obtained at different times of treatment with
the local structure of the dopant ions, which have a fundamental influ-
ence on their luminescence properties, selective studies by optical
spectroscopy were carried out. PLE and PL spectra, recorded at room
temperature, are reported in Fig. 7 and in Figure SI11 of SI.

From the excitation spectrum we observed narrow peaks assigned to
the intra-4f transitions of the Eu®' from the 7F0 ground level (and
populated at room temperature “F; level) [38,39]. Since the transition
7F0,1 —5Lg¢hasa greater intensity than the others, the emission spectrum
was recorded by excitation at 396 nm. In the emission spectrum, the
characteristic bands of the Eu®"ion are observed in the orange-red re-
gion relating to the transitions 5D0—>7FJ (whereJ =1, 2, 3, 4).

No shift in the positions of the bands is observed between the
nanopowders obtained at different conditions. As shown above, the
morphology of the crystallites is reflected in the change of the deter-
mined lattice parameters, with the parameter a initially increasing
strongly while ¢ decreases as the length is shortened and the cross-
section increases. An additional factor that can quench the lumines-
cence is also the presence of hydroxyl groups, visible in IR spectra up to
the synthesis time of 8 h and whose absorption visibly disappears after
12 h. In order to see how these changes affect the local surroundings of
the dopant ions, the specific properties of the emission transitions of
Eu®" ions associated with the electric dipole (transition *Dg—’F5) and
the magnetic dipole (5D0—>7F1) were used. As it is well known, their
intensity ratio, calculated by integrating the areas of the corresponding
bands, also known as the asymmetry ratio (or simply R-factor), is a

Sze |Bxp |Mag | Spot ze  Fov
4096 |15 120kx |7 200KV 1261pm 5163 nm

Fig. 6. TEM micrographs of YPO4:Eu nanopowders synthesized for 8, 18 and 48 h in autoclave.
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measure of the local symmetry of the Eu®" ion, taking values from below
one for systems with very high symmetry to as much as ten times higher
for systems characterised by very low symmetry (including glassy ma-
terials). In the case studied here, it can be used to determine the degree
of disorder in the surroundings of ions located in the near-surface zone
of grains, whose concentration relative to bulk ions depends directly on
the size of the nanocrystallites.

From the dependence of the R factor on the synthesis time, shown in
Fig. 8, it can be seen that its course corresponds with the S/V value
determined for the selected samples, first, already after 12 h we
observed its rapid decrease and then only slight changes between 18 and
48 h. This relationship should be further interpreted in the context of the
results of IR data, which additionally indicated the presence of hydroxyl
groups in the sample obtained in the 12 h synthesis, further influencing
the structural ordering of the YPO4 structure and whose elimination in
this range is associated precisely with the ‘closing’ of the surface and a
reduction in the S/V value.

These results are also reflected in the luminescence decay measure-
ments shown in Fig. 9a. As can be seen, essentially all decays except for
the sample obtained at the shortest synthesis times, in particular 2 h, are
characterized by a single-exponential decay, confirming a single site of
the Eu* ion in the YPO, crystal lattice. The non-exponential decay for
the samples with the shortest synthesis times, resulting also in the
shortest fitted luminescence lifetimes (Fig. 9b), is due to disorder in its
closest surroundings resulting most likely from the presence for these
samples of hydroxyl groups and additionally from the dopant surface
sites, favouring the formation of structural defects in their closest sur-
roundings and consequently the growth of non-radiative transitions.
This is also confirmed by the fact that the highest S/V ratio is

1.26 T T T T

1.24 :
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1.20 - .

118 - .

1 1 1 1
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Time of hydrothermal treatment (h)
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Fig. 8. Asymmetry ratio R = iy, (°Do—"F2)/Iin.. (°Do—"F1) as a function of
hydrothermal treatment time.

characterised by samples obtained below 8 h, then for 12 and 18 h there
is a significant decrease in the S/V ratio and a simultaneous decrease in
the content of OH™ groups. It can also be seen that in the case of samples
obtained in synthesis of more than 18 h, for which changes in particle
morphology resulting already in a slight increase in S/V ratio are
observed between 18 and 48 h, such significant changes in the values of
lifetimes as for shorter synthesized samples are no longer observed. This
indicates that the radiative processes of excited Eu>* ions are much
more influenced by the presence of hydroxyl groups and associated
“bulk” defects compared to near-surface defects. We proved once more
that the shape of particles can influence the distance between Eu®* jons
in the phosphor, which affect the fluorescence lifetime or the energy
transfer [40-42].

4. Conclusions

The precipitation followed by a hydrothermal treatment in an
autoclave allows to obtain YPO4:Eu nanoparticles with Xenotype struc-
ture exhibiting typical intense emission in the red spectral region upon
UV excitation. The precipitate treated in an autoclave progressively
evolves from an amorphous system to the tetragonal crystalline phase of
yttrium phosphate with the time of treatment. During this process there
is also the gradual loss of adsorbed water. The first of main results of this
study concerns the definition of the minimum time of treatment neces-
sary to obtain a totally crystalline sample (12 h). Lower time of treat-
ments gave hydrated powders containing an amorphous part together
with the crystalline phase. On the other hand, it was demonstrated that a
time of treatment >8 h modifies the shape and size of particles from
nano-needle to -rice shape, which changes the S/V (surface to volume)
ratio first significantly decreasing it compared to samples obtained at
the shortest synthesis times and above 18 slightly increasing it already.
It is shown that the asymmetric R-factor defined as a ratio of 5Dg—"F,
and 5D0—>7F2 emission transitions, commonly used for determination of
changes in local symmetry of the Eu®* ion, depends on the synthesis
time and corresponds to the S/V value of the samples and is thus related
to the disordered near-surface states of the Eu>" ions. Analysis of the IR
spectrum and the corresponding luminescence characteristics showed
that the disappearance of the presence of hydroxyl groups in the sample
obtained at 12 h and longer synthesis affects the structural ordering of
the YPOy, structure. Luminescence decay measurements confirm a single
site of the Eu®" ion in the YPO4 crystal lattice, and the non-exponential
decay observed for shorter synthesis times is explained by the disorder in
the surroundings caused by hydroxyl groups and dopant surface sites.
The radiative processes of excited Eu>* ions were found to be relatively
more influenced by hydroxyl groups and volume defects than by surface
defects.

The obtained results allow, in the future, to prepare by a simple and
scalable hydrothermal method luminescent RE-doped YPO4 nano-
powders with a morphology that will enable their optimal application,
for example, in the synthesis of glass-ceramics, nanocomposites or
simply as highly dispersive colloidal powders.
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Fig. 9. Luminescence lifetime for samples obtained at different synthesis times (a) and determined lifetimes from single-exponential fitting (b).
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