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Abstract

RE-doped (Eff, Sn?*, Dy** or TB") nano-glass-ceramics containing BaGdF
nanocrystals, have been successfully obtained uhdenal treatment of precursor sol-gel
glasses. X-ray diffraction, high-resolution transsion electron microscope images and
energy dispersive X-ray spectroscopy measuremendirmed the precipitation and
distribution of cubic BaGdfnanocrystals (around 10 nm in size) in the glaaim The
luminescent properties, via excitation and emissipectra along with decay curves, were
studied. In order to complete the structural arigjythe luminescent features of Ewand
Snt* ions were also used as sensitive probes, confirifia distribution of a significant
fraction of dopant ions into the fluoride nanocayishe environment. Intense visible
emissions were obtained through efficient energydfer from G&' to RE ions, which
leads to consider these materials as potentiatiagnphosphors for colour converted UV
LEDs.
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1. Introduction

Nano-materials doped with rare-earth (RE) ionsasrémportant class of materials,
for they present a broad range of applicationsh sag temperature sensors, solid-state
lasers, optical amplifiers, lighting and displagsjar cells, labelling, and so on [1-7]. In
particular, RE-doped oxyfluoride nano-glass-ceramihGCs) are currently being
extensively investigated as blue or UV convertingte light emitting diodes wLEDs in
order to replace the traditional phosphors powder@ganic resins, respectively [4,8-15].
This type of materials preserves the mechanicalntal and chemical properties of oxide
glass and shows the low phonon energy of fluorideirenments that prevents non-
radiative multiphoton relaxations [8,16]. MoreoverGCs present a high degree of
transparency due to the much smaller size of ngsetads (NCs) being dispersed in a
transparent matrix (e.g. silica), which is very onjant for their practical applications. In
this regard, RE doped-oxifluoride nGCs containingaivd La based (with similar ionic
radii and valence) NCs have been widely investijg®e 9, 17-24] due to the easy and
homogeneous incorporation of RE ions into the fil®rnanocrystalline phase, which
enhances the photoluminescence efficiency. In @aati, in nGCs containing TiYb**
co-doped YE NCs [2] and Ef-Tb*-Yb®*" co-doped Bz .aF, NCs [17], up-conversion
emissions were studied by D. Chen et al and H. &n Bt al, respectively. Moreover,
authors have confirmed the distribution of a sigaift fraction of Eti" and Sm* ions into
BaYFs nanocrystalline environment, with sizes aroundch@il[18]. They have also studied
the energy transfer (ET) mechanisms it Bpb** [19], C&*-Tb* [20] and SM"-Ev** [21]
under near UV-excitation, in nGCs comprisingsYKYF, and Lak NCs, respectively,
and obtained white light emission in nGCs with®*CEb®**-Eu®" co-doped KYE NCs,
through ET processes [22]. Additionally, white lighas also observed in EvEW** co-
doped Lak based nGCs under UV excitation by S.H. Lee et% and in nGCs
comprising YB*-Er** co-doped LiYk NCs and YB'-Ho*"-Tm**-Ce®* co-doped YE NCs,
under IR excitation, by M. Secu et al [23] and De@ et al [24] respectively.

Among the RE ions, Bi, Sn*, Tb** and Dy" are being used in the development
of WLEDs due to their bright visible emissions [25-27]. Even though these ions exhibit
high luminescence quantum efficiencies when they lacated in low phonon energy

environments, they also present the disadvantagewifg a low absorption strength for



the 4f-4f transitions in the UV to blue region. Bhun principle, it seems that these ions
are not suitable to be used in LED conversion phosp However, this problem could be
solved by incorporating RE ions to &ébased fluoride NCs acting as low phonon energy
hosts (like those based on*tand Y**), but at the same time, as sensitizers for RE. ions
Thus, compared with other fluorides, BaGd@honon energy of 457 ¢h[28]) is
considered an excellent host matrix for down angtapversion processes. As reported in
[29] the up-conversion luminescence intensity dfvaecore/active-shell (BaGafYb®'-
Er*/BaGdR:Yb®*") nanoparticles was much higher than that peNaYF;Yb**-Er**
nanoparticles with similar particle size and themealoping concentration. Moreover, ET
from G&* to RE ions, has been observed and studied by memearchers [27, 30-33]. In
these cases, Gdions can efficiently absorb UV radiation and themnsfer energy to the
RE ions.

On the other hand, there are only a few reportsitaplooto-luminescent properties
of gadolinium fluoride based nGCs, where most eihthhave been prepared by a melt-
guenching method [8, 10, 33-38]. In this respedifferent method to obtain nGCs is by
thermal treatment of precursor glasses synthediged sol-gel technique. This method
presents advantages such as its simplicity, low ensl precise control of the final
composition [39] when compared with conventionaltmg methods. Moreover, starting
materials (in particular RE-dopant ions) can beeadiin the sol-gel method at a molecular

level, thus improving the luminescence.

In this work, we present un-doped and RE-doped nGéaining BaGd§-NCs
obtained by a sol-gel method. The presence of cpbase structure BaGg¢RCs was
confirmed by X-ray diffraction (XRD) patterns andansmission Electron Microscopy
(TEM-HRTEM) images. In order to analyse the incogtion grade of the RE dopant ions
in the BaGdENCs, EJ* and Smi* ions were also used as structural optical proflesnt
advantage of the hypersensitive nature of ¥Bg— 'F, and “Gs,— °Hgp transitions
respectively, allowing us to distinguish betweewgstalline and glassy environments for
RE ions. In all cases, an efficient ET betweerf’Guhd RE ions (yielding intense visible

emissions) was demonstrated, and the corresponuahanisms were described.

2. Experimental

Silica glasses with composition 95%t6BaGd:-REFs (x= 0 or 0.02) in mol%,
where RE = Et, Snt*, Dy*" and TB*, were obtained by sol-gel method in a similar way



as the one described in ref. [40]. The solutionteifaethoxysilane (TEOS, 99.999%
Aldrich) Si(OCHCHs),4, used as a source of Sifd ethanol and deionized,8 with acetic
acid (used as catalyst in the hydrolysis and pofiyzagon reaction) was stirred for 1 h.
The molar ratio of TEOS:ethanok&:CH;COOH was 1:4:10:0.5. Ba(GBOO)
(99.999% Aldrich) and Gd(CIHOO)- xH,0O (99.9% Aldrich) were used as sources of Ba
and Gd respectively. The required quantities of B&COO),, Gd(CHCOO):xH,0,
Eu(CHCOO)-xH,O  (99.9%  Aldrich), Sm(CBCOO)-xH,O (99.9% Aldrich),
Dy(CH3COO):xH,0O (99.9% Aldrich) and Th(C¥OO)-xH,O (99.9% Aldrich) were
dissolved in a CEEOOH and HO solution, and slowly mixed with the initial saln. The
molar ratio of metal ions to GEOOH was 1:5. In order to make the solution
homogeneous, it was stirred vigorously for 1 haainm temperature. A highly transparent
gel was obtained by leaving the resulting homogeseolution in a sealed container at 35
°C for several days. The gels were then dried by g€lvaporation for approximately four
weeks to remove residual water and solvents. Fin#llese sol-gel glasses were heat-
treated in an air atmosphere at 650 °C in ordeactoeve the controlled precipitation of
BaGdFks NCs required to produce transparent nGCs.

Powder XRD patterns of the samples were recorddd avPhilips Panalytical X'Pert
Pro diffractometer equipped with a primary monoohator, a Cu l§;, radiation source,
and an X'Celerator detector. The XRD patterns vwaléected with a step of 0.016° in the
20 angular range from 15-90° and an acquisition tih2 h. Furthermore, the diffraction
pattern of LaB was used as an internal standard to calibratepdrameters of the
instrumental profile. TEM-HRTEM images and energgpérsive X-ray spectroscopy
(EDS) were obtained by using a JEOL 2010F microscoperating at 200 kV and
equipped with a Field Emission Gun, which allowesl to achieve a point-to-point
resolution of 0.19 nm. Samples were prepared bgedssng fine powder, obtained by
grinding the samples in acetone and dropping themo carbon-coated copper grids.
Selected areas of the HRTEM images were mathergtitiéered by means of Fast
Fourier Transform (FFT) analysis, resulting in Pov@@ectra patterns, corresponding to
the eigen-frequencies of the observed NCs. Furthexnthe relevant frequencies were
selected in order to filter the noise in the zoonaedas of the HRTEM images and to
produce higher contrast images of the atomic plai¢ke observed NCs. Moreover, the
presence of BaGdFin the nanocrystalline environment can be confaniey EDS

measurements.



Luminescence measurements were carried out by BdihtaMaster spectrometer
controlled by Felix32 software. For the steadyestaeasurements, samples were excited
with light from a 75 W Xe arc lamp whose beam wasedaded through a 0.2 m
monochromator and detected with a 0.2 m monochmmmwith a R928 photomultiplier.
For time-resolved photoluminescence measuremeniermn flash lamp was used as
excitation source and the signal was detected avitigital storage system controlled by a
PC. All spectra were collected at room temperaamd corrected by the instrumental

response.

3. Results and discussion
3.1 Structural characterization

Structural characterization has been carried outX®D and TEM-HRTEM
measurements. The XRD patterns of nGCs with cortipns®5SiQ-5BaGdk un-doped
and Ed*-doped, heat-treated at 650 &@ shown in Fig.1 along with a precursor sol-gel

glass.

For the precursor sol-gel glass, a broad diffractiand around 22° is observed,
corresponding to amorphous SiHowever, for both nGCs, superposed to this broad
band, diffraction peaks at 25.6, 29.7, 43.2, 56204, 69.3, 77.5 and 83.2° can be clearly
observed, which can be related with the succegshdipitation of BaGds-cubic phase
(JCPDS File N° 24-0098, space grdam-3m and cell parameter a=6.023A) (see Fig.1).
No second crystalline phase was detected, indigatihigh degree of purity. By using the
FullProf software [41], the experimentally calceldtcell parameter for the un-doped nGC
is 5.990 A. This value is comparable with that oi#e in RE-doped BaG@ANCs with
sizes around 10 nm (5.866 A) [42] and with thosgesponding to pure and RE-doped
BaGdFR NCs (5.884 and 5.828 A respectively) with sizesiad 18 nm [43].

The XRD patterns of nGCs doped with ¥mDy** or T (not shown), also
present similar characteristics, i.e. locationatieé intensity and broadness of the XRD
peaks, pointing out that the RE doping level does significantly affect the phase
structure. By using the strongest peak@t25.6° and the Scherrer equation, the calculated
mean NC size for the nGCs is around 10 nm, whictmaller than those obtained by K.
Biswas et al [34] (around 12 nm), W. Zhang et §i(§8ound 10-20 nm), P. Karmakar et al
[44] (around 8-12 nm), Q. Wang et al [45] (arourgiZB nm) and S. Huang et at [35]



(around 18-27 nm), in BaGdRGCs. It is worth mentioning that all nGCs presgiitigh
degree of transparency due to the fact that ptetgal NC sizes are smaller than the

wavelength of the visible light.

Moreover, in order to confirm the presence of BagNEs in the Eti-doped nGC,
EDS spectra of the glassy matrix and an area gontaglass matrix with several BaGgdF
NCs are presented in Fig.2 (a) and (b), respegtividie EDS spectrum taken from the
glass matrix only shows strong signals from Si d@delements (Cu and C peaks
originating from the copper grid). However, intenBa, Gd and F peaks are clearly
detected in the EDS spectrum from the nanocrys&ldomain. The atomic ratios of
Ba/Gd/F are 1.08/1/4.65, which is in excellent agrent with the theoretical atomic
Ba/Gd/F ratio of 1/1/5 in BaGdFtaking the accuracy of EDS spectroscopy into aeto

In order to investigate the microstructure of tf&Qds, TEM and HRTEM images
were collected. Thus, TEM bright-field micrograpti Bu**-doped nGC, reveals a
homogenous distribution of BaGg¢lBark spherical nanocrystallites (with sizes arotfd
nm) dispersed on the grey background in silicasylamatrix, which agrees with the
estimate by the Scherrer equation in the XRD amalgee Fig.3(a)). It is known that the
nanocrystalline phase formation homogeneously idiged in the glassy matrix is a
crucial aspect in the optical applications of nG@6]. Moreover, the corresponding
HRTEM image shows few nanocrystalline domains, g out the detailed lattice
structure of different BaG@RNCs, squared in red and blue (see Fig.3(b)).ildénse, the
left-top side inset in Fig.3(b) displays the powpectrum obtained from the squared NCs
and direct images filtered by using the frequendetermined from the FFT pattern. The
resolved lattice fringes (an indicator of theirthidegree of crystallinity) present a constant
spacing of 3.37 and 3.01 A that can be ascribéti1) and (200) planes of cubic BaGgdF

respectively.

3.2. Luminescence

We now focus on the spectroscopic study in term®afitation and emission
spectra, along with time-resolved measurementsa@Gdd nGCs un-doped and doped
with EU**, Sn?*, Dy** and TB" ions. These dopant ions have been selected dtreito
multicolored and bright luminescence, related vaithefficient ET from Gt ions, as will
be discussed next.



Excitation and emission spectra of the un-doped @@&Cshown in Fig.4, detecting
and exciting at the indicated wavelengths. The@nkevel diagram of Gt ions is also
included. The excitation spectrum consists in shama structured peaks in the
characteristic UV region of Gtlions, assigned to transitions coming from the geblevel
83,, to the excited levels. The corresponding emissipecsum, exciting at the most
intense excitation peak at 272 nm, shows a uniqusséon peak located at 311 nm, which
corresponds to the transition from the excitedll&Rgto the ground level.

Given that the main absorption bands of differefit iBns (such as E{j Sni",
Dy** and TB") overlap with the’P; -2S;, emission of G& ions at 311 nm, the
luminescence of these RE ions can be improved ygutie Gd* ion as sensitizer,
exciting at 272 nm, where the strongest excitapieak of Gd" ions is located.

In this sense, a luminescent study of 'Edbped nGCsds carried out first, using
Eu®* ions as spectroscopic probe according to its gniengel diagram (see Fig.5). The
excitation spectrurdetecting at 593 nm (correspondingBs— 'F; transition of Ed"* ions)
is shown in Fig.6(a). Sharp excitation peaks caolimerved centred at 248, 272 and 307
nm, corresponding to transitions from fi8,, ground level tdD; ®l;and®P; excited levels
of G&®* ions respectively, suggesting the existence ofrB G&* to EU* ions. Besides,
well-resolved characteristic peaks of’Eabove 350 nm can be assigned to transitions
from the 'Fo ground level to’Ds, °Gy, °L7, °Ls, “Ds, °D- and’D; excited levels. It is clear
that the excitation peaks assigned to*'Eions are much weaker than the ones
corresponding to Gd ions, showing that the sensitization through'Gdns is much more

efficient than direct excitation of Blions.

Fig.6(b) shows the corresponding emission speditaireed by direct excitation of

Eu®* ions at 393 and 464 nm, and exciting through tH& ®ns at 272 nm. The spectrum
obtained exciting at 393 nmMiFp—°"L¢), where all the Eif ions located in the sample are
excited, presents emissions coming frim and Do excited levels, with narrow Stark
components characteristic of Euons in a crystalline host. These emissions areemo
intense (x35) and present a better resolved strutiian the one obtained when exciting at
464 nm (Fo—°D,), which is a forbidden transition for Euions in an environment with
inversion symmetry, similar to the Etions spectra in glassy hosts (see inset in Fi}).6(b

These results suggest that an important fractiorEwf ions are distributed into the



centrosymmetric BaG@RNCs, while the rest is distributed on their sueior remains in
the glass phase.

The values obtained for tH®y— F»/’Do—'F1 asymmetry ratio R (an indicator of
how far the E& ion local environment is from being centrosymmefd@]) are also in
agreement with this interpretation. Thus, R valoé®.78 and 1.53 were obtained by
exciting at 393 and 464 nm respectively.

On the other hand, the emission spectrum underecidiexcitation at 272 nm
(corresponding to the Glions) presents, along with the,—2S;, emission of G ions
at 311 nm, emission peaks corresponding t& Ens with the same features as the ones
obtained by exciting at 393 nm, although much miotense (x 90). This fact indicates that
the EJ* ions involved in these emissions should be incareal into the BaGdFNCs
substituting the GH ions, further confirming that the excitation eiiccy is much higher

for the E4" ions in the NCs by ET from the &dons than by direct excitation.

We then study the luminescent properties in thé*Stoped nGC according to the
energy level diagram (see Fig.5). This also allow$o complete the structural analysis of
these nGCs, for these ions (such a¥"fans) have been frequently used to investigate the
local symmetry around RE ions.

The excitation spectrum detecting at 597 nm (cpoeding to “Gs,—°H7p
transition of Sm' ions) is shown in Fig.7(a). In the UV region, un@®5 nm, several
excitation peaks can be observed, correspondingnsitions from th&S;, ground level
to the excited level®D;, ®1; and®P; of G&* ions. This shows the existence of ET processes
from Gd* to Sni* ions. In addition, we can also observe excitapeaks from 350 nm
ascribed to transitions from tRels, ground level to'Hyzp, *Kisp “Fr and 111, excited
levels of Sm" ions, labelled in the magnified spectrum in Fig)7Similarly to Ed*-doped
nGCs, the excitation peaks assigned to*'Sions are much weaker than the*Gdnes,
revealing that the sensitization through these isngsiuch more efficient than by direct
excitation of Sri" ions.

Fig.7(b) shows the emission spectra obtained bactiexcitation of the St ions
at 398 nm and under indirect excitation (through @&t ions) at 272 nm. Spectra exciting
at 398 and 272 nm present similar features, witin foain emission peaks at 561, 597, 646
and 704 nm, coming from tH&s, excited level, although much more intense (x80¢mvh
exciting through the sensitizer, i.e. Gibns. Thus, taking into account that the transiio



“Gs>—"Hop (at 646 nm) and'Gs,—°Hsp, (at 561 nm) present ED and MD character,
respectively, the asymmetry ratio #&6€,—He/o/*Gsi>—"Hs),) also allows the use of Sin
ions as spectroscopic probe in order to charaetéhiz local environment. In this sense, the
emission spectrum of the Si@lass doped with Sth(see inset in Fig.7b) shows that the
transition*Gs;— °Hgy, is predominant, with an R value of 6.23, indicgtthe dominance
of a non-inversion symmetry associated with a giteeenvironment. On the other hand,
the emission spectra exciting at 272 and 398 nnslaifeed with respect to the glass one
due to the crystal field effect. Moreover, theyganat lower R values of 2.75 and 2.86
respectively, which can be related with an inversgmmetry environment for Stions

in the BaGdENCs.

Then, once the incorporation of RE ions was cordatnwe studied the luminescent
properties in NnGCs doped with ¥tor Dy** ions, due to their interesting emissions in the
visible range (see Fig. 8). Thus, Fig.8(a) showstation and emission spectra of *th
doped nGCs, detecting and exciting at the indicatadelengths. The excitation spectrum
detecting at 543 nm, corresponding to the mosn#eeD,—'Fg transition of TH" ions
(see energy level diagram in Fig.5) presents tvwmugs of signals clearly distinguished,
similarly to EG* and Sni*-doped nGCs. On one hand, the characteristic ¢iritpeaks
of Tb** ions from the ground staf&s to the labelled excited levels in the 350-400 nm
range. On the other hand, a group of more intersgaéion peaks located at 248, 272 and
307 nm, which correspond to transitions from i8g, ground leveto the®D; °; and®p;
excited levels of Gt ions, and points out the existence of ET front'Gd Tb*" ions. Fig.
8(a) also shows the emission spectrum excitingugiitahe Gd ions at 272 nm. Intense
emissions from 480 to 650 nm can be observed, soraling to transitions from tH®,
to 'F; (J=6,5,4,3) levels of Thions, where 542 nm is dominant, yielding an inéegeeen
emission that is visible to the naked eye. Morepiteshould be noted that comparable
emissions coming from theD; excited level to théF; (J=6,5,4,3,2) are also observed
below 475 nm, which can be associated with lowresaxation (CR) processes between
Tb** ions at this doping level [30,35] and low phonoregfiency of BaGdF

nanocrystalline host [28].

Fig. 8.(b) shows the excitation spectrum of*BDgoped nGCs, detecting at 597 nm,
corresponding t8Fs;,—°H131, transition of DY' ions. Direct excitation peaks assigned to
transitions from groundHisy, level to excited level8Liop, *“Masi, *Pr, “111s2, *lisr and

o of DY** ions are observed, along with much more intensitation peaks of Gd



ions at around 250 and 272 nm. These correspotrdrsitions from th&S;,, ground state
to °D;, °1; and®P; excited levels, as it was previously analysed. §theng sensitization in
Dy**-doped nGCs can be observed in Fig.8.(b), whereethéssion spectrum under
indirect excitation through Gtions at 272 nm is presented. Four intense emigmaks
(479, 573, 662 and 751 nm) that correspond t3" Dyansitions appear along with the
intense peak (311 nm) assigned to%Re- 8F,, transition of Gd" ions.

The overall emitted colour for the studied nGCs loamepresented by a point in the
CIE standard chromaticity diagram [48]. The colocwordinates on this diagram
correspond to the chromaticity seen by the nakesl &fyer a correction to sensitive
receptors of the eye. In this sense, Fig.9 (a) shawossible tuneability as a function of
the selected RE dopant ion, giving rise to a réddisinge colour, with coordinates values
of (0.53; 0.38) for Ef or Sni*-doped nGCs. For BY (0.37; 0.40) and TH-doped (0.31;
0.42) nGCs, relatively closer values to equal epevgite light illumination point (0.33;
0.33) are obtained. These results suggest thatdeguate combination of these ions and
doping level, this single-phased material mighah@omising candidate for applications in
UV-converting white LEDs.

Finally, in order to confirm the ET from Gdto RE dopant ions, time-resolved
luminescence measurements were carried out inttloked BaGdE nGCs (see Fig. 9(b)).
In all cases, luminescence decay was analysed digrexthe transitior?S;,—°l, (at 272
nm) and detecting the emissibRs,—°S;» (at 311 nm) of GH ions. The results were

guantified in terms of effective lifetimet= obtained from the area under the curve
through the expressian;; = foool(t)dt/l(O). The obtained values indicate the

luminescence decay lifetimes related with the sdidransition. Thus, a value of 7.4 ms
was obtained for the un-doped nGCs, while for #& of the RE-doped nGCs, shorter
lifetimes with values around 4.4 ms @uSnt* and T ions) and 5.4 ms (BY ions)
were obtained. These values can be related with Bfie efficiency, through the

TRE-doped

expressiony,,.. =1 — ), WhereTyn.doped@nd Tre-doped @re the effective lifetimes

Tun—doped)

for the un-doped and RE-doped nGCs, respectivdlycadlculated values are included in
the inset of Fig.9(b). showing similar efficiencglves for S, E** and T" ions, while

a relatively lower one for OV ions is obtained, confirming in all cases the &xise of an

ET mechanism from the Gtito the RE ions used as dopants.

4. Conclusions



RE (EU**, Sn?*, Tb** and Dy*)-doped and un-doped nGCs comprising Bas&dF
NCs were obtained under thermal treatment of psecwsol-gel glasses. By XRD, TEM-
HRTEM and EDS measurements, the precipitation asigittlition of 10 nm cubic sized
BaGdR NCs in the glass matrix was confirmed. Luminesdeatures of EXf and Smi'
ions, as probe ions, lead us to complete the stralcanalysis, confirming the distribution
of a significant fraction of dopant ions into tHedride nanocrystalline environment. In all
cases, intense visible emissions were obtainedighrefficient energy transfer from &d
to RE ions, suggesting that these materials canobsidered as potential phosphor for

colour converted UV LEDs.
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Figure Captions

Fig.1. XRD patterns of un-doped and*EdopednGCsheat-treated at 650 °C. XRD
pattern of a precursor sol-gel glass and standeattgpof BaGd§(JCPDS 24-0098) are

also included for comparison.

Fig.2. EDS analysis of Bitdoped nGC (a) from glass matrix and (b) an aredaioing
glass matrix with several BaGgIRCs.
Fig.3 (@) TEM and (b) HRTEM images of Etdoped nGC. Insets show power spectrum

(FFT pattern) and filtered higher-contrasted imafjeed and blue squared nanoparticles.

Fig.4. Excitation and emission spectra of un-dop&€galC, detecting and exciting at
indicated wavelengths. Energy level diagram of‘Gahs is also included.

Fig.5. Energy level diagrams of &dand RE ions (RE=E{, Snt*, Dy** and TbHY),
showing main excitation and emission transitionsdod down solid arrows) and proposed

ET mechanisms (dashed arrows).

Fig.6 (a) Excitation spectrum of Eudoped nGC, detecting at 593 ntDd— 'F; transition

of EU** ions). (b) Corresponding emission spectra obtaiheough Ed* ions excitation



(393 and 464 nm) and indirect excitation through’Gons (272 nm). Emission spectrum
of SiO,:EU*" glass exciting at 393 nm is also included for carigmn.

Fig.7. (a) Excitation spectrum of Sfrdoped nGC, detecting at 597 nfG{,—°H7;
transition of Smi* ions). (b) Corresponding emission spectra excitatgindicated
wavelengths. An emission spectrum of a Sifass doped with St exciting at 398 nm
has been included for comparison. Emission spéetvae been normalized &bs—°H7/
transition of Sm" ions.

Fig.8 (a) Emission spectrum of ¥bdoped nGC, detecting at 543 n{—'Fs transition

of Tb** ions). Corresponding excitation spectrum, exci@@72 nm (see inset). Spectra
have been normalized #D,— 'Fs transition of TH ions. (b) Emission spectrum of By
doped nGC, detecting at 597 nffrg,—°Ha31- transition of Dy* ions). (b) Corresponding
excitation spectrum exciting at 272 nm (see inset).

Fig.9 (a) Color coordinates in the CIE standarduotaticity diagram of RE-doped nGCs,
under 272 nm excitation. (ligffective lifetime blues of nGCs with compositioBIIO,-
5BaGdFs, un-doped or doped with the indicated RE ions.
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Journal of Alloys and CompoundsBright luminescence of Gd" sensitized RE*-doped
SiO,-BaGdFs glass-ceramics for UV-LEDs color conversion”

¢ We obtained un-doped and RE doped glass-ceramibcubic BaGdEnanocrystals

« XRD, TEM and EDAX confirm the precipitation and gibution of BaGdk
nanocrystals

+ Intense visible emissions by energy transfer fraifi @ RE* ions were obtained

« This material can be considered as potential prarsioin colour converted UV LEDs



