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Comparative analysis of the luminescent properties of nanocrystalline LaPO4:Ce,Tb and YVO4:Eu

luminescent materials with macrocrystalline analogues, commercially produced by Philips, has

been performed under excitation by pulsed vacuum ultraviolet (VUV) synchrotron radiation,

ranging from 3.7-40 eV. Special attention was paid to VUV spectral range, which is not reachable

with commonly used lamp and laser sources. Our results clearly show distinct difference in the

excitation spectra for nano- and macrocrystalline samples, especially at energies, when the spatial

separation of electron-hole pairs is comparable with sizes of nanoparticles. Differences in the

region of multiplication of the electronic excitations are also demonstrated and discussed. VC 2011
American Institute of Physics. [doi:10.1063/1.3634112]

I. INTRODUCTION

Oxide luminescent materials LaPO4 and YVO4 doped

with lanthanide ions have been extensively studied as pro-

spective materials in the fields of high-resolution optical

devices, such as color television cathode ray tubes, high-

pressure mercury lamps, electroluminescent and field emis-

sion displays, or as nanophosphors for biological labeling

and bifunctional magnetic-luminescent nanocomposites.1–16

These phosphors are characterized by their high energy-

conversion efficiency, purity in spectral colors, and high

thermal stability. They have the advantage over the currently

used sulfide phosphors in stability in vacuum and absence of

corrosive gas emission under electron bombardment.17

One of the materials discussed in this paper is YVO4:Eu.

Since Levine and Palilla1 in 1964 developed the Eu3þ-doped

YVO4 as a red phosphor for the commercial applications in

color television cathode ray tube displays and high-pressure

mercury lamps, there has been extensive study on this mate-

rial doped with different lanthanide ions, such as Er3þ,

Sm3þ, and Dy3þ. Luminescence properties of YVO4:Eu3þ

crystals and related materials have been studied for more

than three decades.1–3,6,7,15,18–21 The absorption spectrum of

YVO4 shows strong and broad bands in the ultraviolet (UV)

region. The absorption transition involved is a charge trans-

fer from oxygen 2p to the vanadium 3d states, forming

excited (VO4)3� molecular complex. Considerably small

Stokes shift of the emission from such (VO4)3� vanadate

group leads to favorable conditions for thermally activated

energy migration. Thus, bulk YVO4:Eu3þ shows strong red

emission under UV illumination due to efficient energy

transfer from excited (VO4)3� complex anions to Eu3þ

activator ions. Quantum yields as high as 70% are reported,

providing the bulk YVO4:Eu3þ material as one of the most

important phosphor compounds.

In 1998, Hasse and Riwotzki first applied the hydrother-

mal method in the synthesis of lanthanide-doped YVO4

nanocrystalline powers, which were weakly dispersed as an

aqueous colloid.3 In 2000, Huignard et al.6 gained the con-

centrated colloidal solutions of well-dispersed YVO4:Eu3þ

nanoparticles by precipitation reactions at room temperature.

Later, they synthesized colloidal YVO4:Eu3þ nanoparticles

with a diameter of � 8 nm,7 and in the colloids, the

YVO4:Eu3þ nanoparticles also have a relatively high quan-

tum efficiency and brightness in comparison with the other

rare-earth doped nanophosphors.3,6,7 Consequently, the lumi-

nescence properties of YVO4:Eu3þ nanoparticles have

aroused great interest. Among the different host materials

researched, much attention has been given especially to

YVO4:Eu3þ also, because it can be crystallized at low tem-

peratures to obtain much smaller nanocrystals more easily.

Nevertheless, YVO4:Eu nanoparticles have still comparably

low (about 20%) quantum yield,3,4,21 which is much lower

than the quantum yield for bulk YVO4:Eu. One of the possi-

ble reasons of low luminescence efficiency in YVO4:Eu

nanoparticles could be surface loss processes. In order to

suppress them, it was suggested to apply core shell layers of

YF3 around YVO4:Eu nanoparticles.22 Comparison of lumi-

nescence properties for bulk, nano, and core-shelled nano

YVO4:Eu will be extremely useful for the understanding of

surface loss processes, as well as it could help modify nano-

sized YVO4:Eu in order to get nanopowders with high quan-

tum yield.

Another material discussed in this paper, lanthanum

phosphate (LaPO4), also known as monazite, has been widely

used as a phosphor and proton conductor, as well as in sen-

sors, lasers, ceramic materials, catalysts, and heat-resistant
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materials. This is due to its interesting properties, such as very

low solubility in water, high thermal stability, high index of

refraction, and so on.23–27 Rare earth orthophosphates as host

matrices—and LaPO4 in particular—also exhibit quite a good

ionizing and particle radiation as well as photochemical stabil-

ity. This is why LaPO4 has been also suggested as a prospec-

tive waste form for high-level nuclear waste.28,29

In recent years, LaPO4 has been also shown to be a use-

ful host lattice for lanthanide ions to produce phosphors that

emit in a broad range of colors.23,27,30–32 Even in 1963, it

was already known that LaPO4:0.01Ce3þ is a “short lumines-

cence delay time phosphor” and emits ultraviolet (UV) light,

which peaks spectrally at about 340 nm, when excited with

cathode rays, and its luminescence decay time is about 24

ns.33 Doping with different types of rare earth ions (Eu3þ,

Ce3þ, Tb3þ, Nd3þ, Er3þ, Pr3þ, Ho3þ, Yb3þ, Tm3þ) in

macro- as well as nanosized LaPO4 has been frequently

reported in the literature. Among all these phosphate-type

phosphors, trivalent cerium (Ce3þ) and terbium (Tb3þ)

co-activated LaPO4 (LaPO4:Ce,Tb) bulk powder is known as

most efficient because of the high-efficiency energy transfer

between Ce3þ and Tb3þ.23,27,30–32 Bulk LaPO4:Ce,Tb is also

intensely used as an excellent green emitting phosphor for

fluorescent lamps.27,34,35 Nowadays, LaPO4:Ce,Tb is known

as one of the most promising highly luminescent green phos-

phors which is one of the best candidates for biomedical

applications, such as fluorescence resonance energy transfer

(FRET) assays, biolabeling, optical imaging, or

phototherapy,36–38 where green emission from Tb3þ is

highly important. However, under UV excitation (for

instance, under 254-nm radiation of mercury discharge

lamps), only forbidden f-f transitions of Tb3þ in LaPO4

could be excited and, therefore in this case, Tb3þ emission is

not efficient. On the other hand, allowed f-d transition in a

Tb3þ ion lays at much higher energies, i.e., at VUV spectral

range. Thus, in order to effectively absorb relatively low

energy UV light, a sensitizer should be used. In LaPO4 phos-

phor, Ce3þ ions with effective 4f-5d absorption behave as

the sensitizer, whereas Tb3þ ions act as the luminescent cen-

ter. Indeed, under UV excitation of Ce3þ ion, a 4f1! 4f05d1

transition occurs. After energy transfer from Ce3þ to Tb3þ, a

green Tb3þ emission resulting from 5D4 ! 7FJ relaxation

takes place. Despite luminescence properties of bulk

LaPO4:Ce,Tb, as well as energy transfer processes between

Ce3þ and Tb3þ ions, which have been intensively studied

before,34,39–42 we have recently suggested alternative mecha-

nism of energy transfer via the so-called impurity trapped

exciton states in nanosized LaPO4:Ce,Tb43 by analogy with

some other wide bandgap materials.44–46

Most of the studies reported in the literature were per-

formed using laser or ultraviolet lamps as an excitation sour-

ces, while, for instance, LaPO4 belongs to the class of

wideband-gap materials, and its experimental bandgap was

reported to be around 8.0 eV.47,48 To extend the excitation

energy range, in this paper, we use the pulsed synchrotron

radiation, which, due to its broad and continuous spectrum,

is a very useful tool for the investigation of optical and lumi-

nescence properties of wideband-gap materials,49–54 where

UV and VUV excitations are dominant.

II. EXPERIMENT

A. Nanophosphors synthesis

Both types of luminescent LaPO4:Ce,Tb and YVO4:Eu

nanopowders were produced via a microwave-accelerated

synthesis in ionic liquids. This method was described in

detail elsewhere.22,55–57

The crystallinity of as prepared LaPO4:Ce,Tb is proven

by powder x ray diffraction (PXRD) pattern55 as well as by

high-resolution transmission electron microscopy (HRTEM).

Both types of method—as expected—indicate the nanopar-

ticles to crystallize with the monazite type of structure. With

the assumption of spherical particles, a mean particle diame-

ter of 8–10 nm is calculated using Scherrer’s equation. This

value agrees with that determined by electron microscopy.55

The dopant concentration of 45 mol. % Ce3þ and 15 mol. %

Tb3þ is quite common for LaPO4:Ce,Tb phosphors.34 Due to

the similar radii of the three-valent rare-earth ions, phase

separation does not occur.34,35 The composition and the

amount of dopants are confirmed by energy-dispersive x ray

analysis (EDX). Pressed pellets of the as-prepared nanopow-

der show values of: 39 (1) mol. % La (expected 40 mol. %),

46 (1) mol. % Ce (expected 45 mol. %), and 15 (1) mol. %

Tb (expected 15 mol. %). Commercial macroscopic LaPO4:-

Ce,Tb powder with the same dopants level was also used in

the current study as a reference material in the luminescence

measurements.

The details of the synthesis procedure of YVO4:Eu

nanopowders, as well as the result of the sample’s character-

izations by means of electron microscopy, energy loss spec-

troscopy, infrared spectroscopy, dynamic light scattering

(DLS), and x ray diffraction analysis (XRD), have been

reported in Ref. 22. According to electron microscopy, DLS,

and XRD, the presence of uniform and highly crystalline par-

ticles, 12–15 in diameter, is validated. As-prepared particles

turn out to be non-agglomerated and redispersible. Commer-

cial bulk YVO4:Eu powder (with particle size several

microns) from Phillips was also characterized by means of

UV-VUV luminescence spectroscopy for comparison. The

dopant level in nanosized YVO4:Eu was 15 mol. %, whereas

bulk YVO4:Eu was typically doped with 5 mol. %. In order

to minimize possible surface-related losses, YVO4:Eu nano-

particles have been covered by a nonluminescent 1-2 nm

thickness YF3 layer, as was described in Ref. 22. Such a

sample is denoted in the paper as YVO4:Eu@YF3.

B. Luminescence characterization

In the present study, luminescence properties of nano-

phosphors in the UV-VUV spectral range were studied with

pulsed synchrotron radiation from the DORIS III storage

ring of the Deutsches Elektronen-Synchrotron DESY (Ham-

burg, Germany). The Superlumi experimental station of

HASYLAB was used for the measurements of emission and

excitation spectra.58 The excitation spectra were recorded in

the 330-30 nm (3.7-40 eV) spectral range with a spectral re-

solution of 0.3 nm. Excitation spectra of sodium salicylate

were normalized to equal synchrotron radiation intensities

impinging onto the sample. Luminescence spectra in the UV
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and visible/infrared range were recorded with a monochro-

mator (SpectraPro-308i, Acton Research Corporation)

equipped with a liquid nitrogen-cooled CCD detector

(Princeton Instruments) and a photomultiplier (HAMA-

MATSU R6358P). The spectral resolution of the analyzing

monochromator was typically 11 nm. Emission spectra were

corrected for the spectral response of the detection system.

Powders were slightly pressed into pellets and installed onto

the sample holder of a flow-type liquid helium cryostat.

It is necessary to note that both materials belong to the

class of radiation-resistant oxide materials in which radiation

damage occurs via particles elastic collisions only; that is not

the case for 3.7-40 eV photons.59,60

III. RESULTS AND DISCUSSION

A. LaPO4:Ce,Tb

Let us start with demonstration of distinctions in lumi-

nescence properties (especially in the VUV range) between

bulk and nanosized LaPO4:Ce,Tb. Emission spectra of Tb3þ

and Ce3þ ions for both bulk and nanosized LaPO4:Ce,Tb are

demonstrated in Fig. 1. The spectra were excited by 250-nm

photons, which correspond to a 4f1 ! 4f05d1 transition in

the Ce3þ ion. From Fig. 1, it is clearly seen that a significant

discrepancy between emission spectra for bulk and nano

samples takes place. Detailed analysis of the emission spec-

tra was done in Ref. 54, taking into account fine structures of

both Ce3þ and Tb3þ emission bands. It was suggested there

that a strong perturbation of the crystal field of rare-earth

ions due to a small nanoparticle size leads to the changes in

the emission spectra.

The excitation spectra for both Ce3þ and Tb3þ emissions

are depicted in Figs. 2(a) and 2(b) for the bulk and the nano-

sized LaPO4:Ce,Tb samples, respectively. The excitation

spectrum of Ce3þ emission in the 4.0–6.5 eV range for the

bulk LaPO4:Ce,Tb (Fig. 2(a)) ordinates due to 4f-5d transi-

tion in Ce3þ ion in LaPO4 matrix. This spectrum is com-

posed of five bands peaking at 4.46 eV, 4.76 eV, 5.2 eV, 5.8

eV, and 6.05 eV, which are due to the transition from the

ground state 2F5/2 (4f1) to the five crystal-field split levels of

the 2D (5d1) excited state in the LaPO4 lattice. These bands

are similar to those observed for cerium-doped LaPO4 and

reported before in Ref. 61.

The low energy part of the excitation spectrum of Tb3þ

emission, where f-f transition in Tb3þ occur (4.0–5.6 eV), is

very close to the excitation spectrum of Ce3þ emission (Fig.

2(a)). Note, according to Ref. 61, such intensive excitation is

practically negligible in the excitation spectrum of Tb3þ

emission in terbium-doped LaPO4. Taking into account that

f-f transitions of Tb3þ emission are not effective in this spec-

tral range, it is naturally concluded that the intensive excita-

tion of Tb3þ emission in the 4.0–5.6 eV range appears due to

energy transfer from Ce3þ to Tb3þ. On the other hand, f-d

transitions in Tb3þ ions become dominant at energies higher

than 5.6 eV and, therefore, Tb3þ emission can be excited

directly, i.e., without energy transfer via Ce3þ states. A

crystal-field splitting is responsible for a prodigious structure

of the Tb3þ excitation spectrum at energies higher than 5.6

eV (Fig. 2(a)). In this case, the transitions from the ground

state 7F (4f8) to the lowest 7D (4f75d) and to the lowest 9D

(4f75d) term leads to formation of ten bands in the Tb3þ

excitation spectrum (Fig. 2(a)) in the 5.6–7.7 eV range.

These bands are described in detail in Ref. 12 for terbium-

doped bulk LaPO4.

The excitation spectrum for Ce3þ emission in nanosized

LaPO4:Ce,Tb has intensive bands in the 3.5–6.5 eV spectral

range (Fig. 2(b)), which are qualitatively similar to the corre-

sponding excitation obtained for bulk LaPO4:Ce,Tb in Fig.

FIG. 1. (Color online) Emission spectra of Tb3þ and Ce3þ ions (inset) in the

macroscopic and nanosized LaPO4:Ce,Tb under excitation in the Ce3þ

absorption band (250 nm) at 10 K.

FIG. 2. (Color online) Excitation spec-

tra of Ce3þ (340 nm) and Tb3þ (542 nm)

emissions in the macroscopic (a) and

nanosized (b) LaPO4:Ce,Tb at 10 K. The

positions of crystal-field split Ce3þ and

Tb3þ bands in LaPO4:Ce and LaPO4:Tb

obtained in Ref. 61 are demonstrated by

red and blue scale lines for comparison.
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2(a). On the other hand, the excitation spectrum of Tb3þ

emission in the nano sample is drastically changed compared

with the bulk one. Indeed, the part of the excitation spectrum

due to f-d transitions in the Tb3þ ion (5.6 eV and higher) is

significantly suppressed in nano LaPO4:Ce,Tb. This result is

in contradiction to the Tb3þ excitation spectrum in the bulk

sample, where significant contribution of f-d transition in

Tb3þ was detected in the 5.6–7.7 eV range (Fig. 2(a)). It

means that Tb3þ ions practically cannot be directly excited

in nanosized LaPO4:Ce,Tb, but could be excited after energy

transfer from Ce3þ only. We suggest that, due to small nano-

particle size and high impurity concentration, Tb3þ and Ce3þ

ions are closely distributed, i.e., no isolated Tb3þ ions in

nanoparticles. Since a cerium concentration is three times

higher than a terbium one, Ce3þ ions “shield” Tb3þ ions, and

Ce3þ ions’ excitation is very probable.

In fact, the distinctions in the excitation spectra between

bulk and nano samples for both Ce3þ and Tb3þ emissions

are especially well demonstrated in Fig. 3 and Fig. 4. First of

all, it is evident that, exploring the low energy part of the

excitation spectra, a redshift is detected in the excitation

spectra for the nano sample (pointed by arrows on Fig. 3).

This redshift looks the same for both Ce3þ and Tb3þ emis-

sions. As we already mentioned above, Tb3þ emissions are

excited via Ce3þ states at energies below 5.6 eV. Therefore,

it is natural that the excitation spectrum of Tb3þ has similar

peculiarities comparing with the excitation spectrum of Ce3þ

emission in this spectral range. It is supposed that the red-

shift of the excitation spectra is due to perturbation of 5d lev-

els of Ce3þ ions in nanosized LaPO4:Ce,Tb. As a result of

such perturbation, the 5d excited state is slightly shifted and

Ce3þ excitation spectrum in nano LaPO4:Ce,Tb is shifted to

the low energy side, comparing with the corresponding spec-

trum for the bulk sample.

Other significant differences between the excitation

spectra for bulk and nano LaPO4 (Fig. 3) are clearly revealed

in the 6.5-8.5 eV spectral range. Taking into account

bandgap energy of LaPO4 (8 eV), the excitation bands in this

spectral range could belong to excitonic excitation bands

(including self-trapped and/or bound excitons). Optical prop-

erties of excitons are extremely sensitive to nanoparticle

size, due to the increasing role of surface effects. Thus, the

changes in the excitation spectra in the 6.5-8.5 eV spectral

range could be induced by the nanoparticle’s surface on the

excitons in nanosized LaPO4. For instance, the excitation

bands of the bound exciton near Ce3þ are well resolved in

the 6.5-8.0 eV range in bulk LaPO4:Ce,Tb, whereas these

bands are significantly smoothed and suppressed in the nano-

powder (Fig. 3(b)), obviously due to surface influence.

Important information could be retrieved from Fig. 4

examining the excitation spectra at energies higher than 8

eV. In contrast to the bulk material, both Ce3þ and Tb3þ

emissions practically could not be excited in the nanopow-

ders if the excitation energy exceeds the bandgap energy of

FIG. 3. (Color online) Comparison of

excitation spectra of Tb3þ (542 nm) (a)

and Ce3þ (340 nm) (b) emissions for

bulk and nanosized LaPO4:Ce,Tb at 10

K in 3.5–10 eV spectral range.

FIG. 4. (Color online) Comparison of

excitation spectra of Tb3þ (542 nm) (a)

and Ce3þ (340 nm) (b) emissions for

bulk and nanosized LaPO4:Ce,Tb at 10

K in wide spectral range (3.5–40 eV).

Black arrows point out the initial stage

of MEE processes.
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LaPO4. This fact clearly indicates that there is no energy

transfer from the LaPO4 matrix to the Ce3þ and Tb3þ ions in

nanoparticles. Processes occurring under high energy excita-

tions could be briefly considered as follows: After high

energy excitations (higher than 8 eV), electrons in the con-

duction band and holes in the valence band are created. In

the bulk sample, after some relaxations, electrons and holes

are trapped by dopants, forming excited Ce3þ and Tb3þ ions,

and their radiative relaxation leads to Ce3þ and Tb3þ emis-

sions. On the other hand, electrons and holes in the nanopar-

ticles could be easily trapped by surface defects, where their

non-radiative relaxation occurs. Such process is a competing

relaxation channel, comparing with the radiative relaxation

(luminescence), and it should be very efficient in nanopar-

ticles, where the role of surface states is dominated. There-

fore, it is suggested that electrons and holes effectively

trapped by the nanoparticle’s surface and such surface-

related loss processes are a main reason of luminescence

vanishing under high energy excitations in nanosized

LaPO4:Ce,Tb. Negligible luminescence intensity of nano-

sized LaPO4:Ce,Tb under high energy excitation definitely

restricts these materials’ utilization in some practical appli-

cations, for instance, as so-called “slow scintillators” for

security applications.

The shape of the excitation spectra in the bulk LaPO4

sample could depend on many different processes and

parameters, which are considered in detail elsewhere. One of

the most interesting processes occurring under high energy

excitations is so-called multiplication of electronic excita-

tions (MEE). MEE processes’ creation means that two or

more luminescence centers are created per one absorbed

photon. For a successful realization of MEE processes, the

excitation energy of the photon must exceed a threshold

energy Eth¼ 2Eg, where Eg is the bandgap energy. MEE

processes in wide bandgap materials were studied in detail in

Refs. 62 and 63; however, such processes could be also suc-

cessfully realized in semiconductor nanocrystals.64,65 It is

clearly seen from Fig. 4 that, for bulk LaPO4:Ce,Tb, the rise

of the excitation intensity for both Ce3þ and Tb3þ emissions

starts at about 15-17 eV. This value is very close to the value

of 2Eg, keeping in mind that Eg in LaPO4 is 8 eV.

B. YVO4:Eu

Emission spectra for bulk and two nano (as-grown and

YF3-covered) YVO4:Eu samples reveal the characteristic

Eu3þ emission lines (Fig. 5), which are well known in the lit-

erature.3,4,22,66 In contrast to the LaPO4:Ce,Tb phosphor con-

sidered above in Subsection III A, the bandgap of YVO4 is

comparably small (Eg � 3.4 eV). It means that, even under

comparably low 300-nm excitation, europium luminescence

could be excited only after energy transfer from the YVO4

matrix to Eu3þ ions with subsequent f-f radiative relaxation

(5D0! 7FJ transitions). Therefore, Eu3þ emission should be

very sensitive to surface-related losses in YVO4 nanopar-

ticles. Surface-related losses mean that electronic excitations

are captured by surface defects and/or imperfections with

subsequent non-radiative annihilation. Under band-to-band

excitation, electrons and holes form an excited intrinsic mo-

lecular complex (VO4)3�. The energy transfer from the

(VO4)3� complex to the activator ion leads to Eu3þ emis-

sion. However, electrons and holes could be also trapped on

the surface instead of the formation of the (VO4)3� complex.

Therefore, surface-related loss could be considered as one of

the competing relaxation channels under band-to-band exci-

tation in nanoparticles.

We did not compare quantum yields for three samples;

however, special experiment conditions were provided for in

order to compare intensities of luminescence for these three

samples. It is clear (Fig. 5) that luminescence intensity drops

down in the nanopowder, comparing with the bulk material.

On the other hand, after surface passivation by the core shell

layer, luminescence intensity could by significantly

increased.

It is interesting to note that, in contrast to the emission

spectra of LaPO4:Ce,Tb depicted in Fig. 1, the fine structure

of Eu3þ emission bands is well resolved even in YVO4:Eu

nanocrystals. It could mean that crystal field symmetry

around Eu3þ ions does not suffer from the nanoparticle’s

surface.

The excitation spectra for Eu3þ emission in the three

samples studied are depicted in Fig. 6–the low energy part is

shown in detail in Fig. 6(a), whereas the whole spectra are

demonstrated in Fig. 6(b). These spectra are normalized for

better comparison. At least three peaks could be resolved in

the excitation spectra for all samples studied: at 4 eV, 5 eV,

and 6 eV (Fig. 6(a)). Similar peaks were observed before for

bulk YVO4:Eu in Ref. 67 (dashed line in Fig. 6(a)). Taking

into account that similar excitation spectra are observed for

YVO4:Eu samples, which were produced by different meth-

ods, we can conclude that the structure of the excitation

spectra in the 3.5–7.0 eV spectral range has intrinsic nature.

For instance, we suppose that the density of states of vana-

date bands is responsible for the structure of the excitation

spectra.

The most significant distinction in the excitation spectra

between bulk and nano YVO4:Eu is observed in the high

energy part (Fig. 6(b)). The excitation spectrum for bulk

YVO4:Eu has a strong rise at energies higher than 10 eV,

reaching maximum at 30 eV. It is necessary to note that the

intensity of the excitation peak at 30 eV is very close to the

most intensive peak at 4 eV. Such strong intensive excitation

FIG. 5. (Color online) Emission spectra of Eu3þ ions in the macroscopic,

nanosized, and nanosized YF3-covered YVO4:Eu at 10 K.
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of Eu3þ emission with photons with energies near 25 eV

could have a practical application, for instance, in helium

discharge lamps, taking into account the first ionization

potential 24.581 eV of helium gas. Unfortunately, the origin

of the intensive excitation in the 10–40 eV range in bulk

YVO4:Eu is unclear so far, and further investigation is

required.

Exploring the excitation spectra for nanosized YVO4:Eu

and nanosized core shell-covered YVO4:Eu, we can con-

clude that MEE processes are strongly suppressed there.

Indeed, intensity of the excitation peak at 30 eV in nanosized

YVO4:Eu is about 30%, but in nanosized YVO4:Eu@YF, it

is about 10%, comparing with the bulk sample. The degrada-

tion of the excitation spectrum in nano YVO4:Eu could be

explained by an analogy with LaPO4:Ce,Tb, considered

above, i.e., by charge carriers trapping by surface defects

with subsequent non-radiative relaxation. On the other hand,

it is surprising that surface passivation by the nanoparticle

covering in the YVO4:Eu@YF sample does not increase the

intensity of the excitation peak in the 10–45 eV range. More-

over, the intensity of this peak even decreases. It was

expected that surface covering should passivate the surface

defects, which are responsible for surface losses’ processes,

but in reality, we got the opposite result. It is necessary to

note that the main difference between excitation spectra for

nano YVO4:Eu and YVO4:Eu@YF3 samples starts at ener-

gies higher than 10 eV (Fig. 6(b)) Taking into account that

the bandgap energy of YF3 is about 11 eV,51 it is supposed

that the YF3 layer around the YVO4:Eu nanoparticles works

as a “shield”, partially absorbing the excitation energy

intended for the YVO4:Eu core.

IV. CONCLUSION

Detailed investigation of luminescence properties of

nano and macro-sized LaPO4:Ce,Tb and YVO4:Eu phos-

phors has been done in a wide spectral range, including the

vacuum ultraviolet spectral range. It was demonstrated that

nanoparticles’ surface can drastically change emission and

excitation spectra of nanopowders, comparing with corre-

sponding bulk materials. Especially significant distinctions

between excitation spectra for nano and bulk materials were

observed under relatively high energy excitation (exceeding

10 eV). It was suggested that surface-related loss processes,

namely electron-hole pairs’ non-radiative annihilation at the

surface, are responsible for the suppression of energy trans-

fer processes from the host lattice to impurity ions and, sub-

sequently, for rare-earth emission degradation under high

energy excitations in nanosized materials.
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