AlIP  Appiied Physic\ \V \U

Enhanced luminescence of Tb3+/Eu3+ doped tellurium oxide glass
containing silver nanostructures
Luciana R. P. Kassab, Ricardo de Almeida, Davinson M. da Silva, Thiago A. A. de Assumpc¢éo, and Cid B. de

Araujo

Citation: J. Appl. Phys. 105, 103505 (2009); doi: 10.1063/1.3126489
View online: http://dx.doi.org/10.1063/1.3126489

View Table of Contents: http://jap.aip.org/resource/1/JAPIAU/V105/i10
Published by the AIP Publishing LLC.

Additional information on J. Appl. Phys.

Journal Homepage: http://jap.aip.org/

Journal Information: http://jap.aip.org/about/about_the journal
Top downloads: http://jap.aip.org/features/most_downloaded
Information for Authors: http://jap.aip.org/authors

ADVERTISEMENT

AIP

Explore AlP’s open access journal: - Rapid publication
Article-level metrics

Post-publication rating and commenting

Downloaded 11 Jul 2013 to 186.217.234.138. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jap.aip.org/about/rights_and_permissions


http://jap.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/932441298/x01/AIP-PT/JAP_CoverPg_0513/AAIDBI_ad.jpg/6c527a6a7131454a5049734141754f37?x
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Luciana R. P. Kassab&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Ricardo de Almeida&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Davinson M. da Silva&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Thiago A. A. de Assump��o&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Cid B. de Ara�jo&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Cid B. de Ara�jo&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3126489?ver=pdfcov
http://jap.aip.org/resource/1/JAPIAU/v105/i10?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://jap.aip.org/about/about_the_journal?ver=pdfcov
http://jap.aip.org/features/most_downloaded?ver=pdfcov
http://jap.aip.org/authors?ver=pdfcov

JOURNAL OF APPLIED PHYSICS 105, 103505 (2009)

Enhanced luminescence of Tb3*/Eu®* doped tellurium oxide glass
containing silver nanostructures

Luciana R. P. Kassab,' Ricardo de Almeida,? Davinson M. da Silva,?

Thiago A. A. de Assumpg&o,? and Cid B. de Araujo>?

'Laboratério de Vidros e Datagdo, Faculdade de Tecnologia de Sdao Paulo (FATEC-SP), CEETEPS/UNESP,
01124-060 Sdo Paulo, Sdo Paulo, Brazil

Departamento de Engenharia de Sistemas Eletronicos, Escola Politécnica da USP, 0550-900 Sao Paulo,
Sdo Paulo, Brazil

3Departamento de Fisica, Universidade Federal de Pernambuco, 50670-901 Recife, Pernambuco, Brazil

(Received 2 March 2009; accepted 2 April 2009; published online 20 May 2009)

We report on energy transfer studies in terbium (Tb**)—europium (Eu**) doped
TeO,-Zn0O-Na,O-PbO glass containing silver nanostructures. The samples excitation was made
using ultraviolet radiation at 355 nm. Luminescence spectra were recorded from ~480 to ~700
nm. Enhanced Eu®* luminescence at ~590 nm (transition 5D0—7F1) and ~614 nm (transition
D,y -F,) are observed. The large luminescence enhancement was obtained due to the simultaneous
contribution of the Tb**—Eu** energy transfer and the contribution of the intensified local field on

the Eu** ions located near silver nanostructures. © 2009 American Institute of Physics.

[DOLI: 10.1063/1.3126489]

I. INTRODUCTION

Nonradiative energy transfer (ET) processes involving
rare-earth (RE) ions in solids have been widely studied be-
cause of the special optical properties of the RE ions and
their photonic applications. In principle ET processes may
favor particular applications (such as the operation of anti-
Stokes emitters'?) but it may be detrimental as in the case of
RE based lasers because interactions among the active ions
contribute for the increase of the laser threshold.'? In par-
ticular the study of ET processes in glasses having frequency
gap in the visible region deserves large attention because
when doped with RE ions some glasses may present efficient
visible luminescence.'™"?

Tellurium oxide glasses are very good candidates for
these studies because they accept large concentration of RE
ions, exhibit large transmittance window (from the visible
to the infrared region), have low cutoff phonon energy
(~700 cm™'), present high refractive index (~2.0) and
show large chemical stability. Luminescence properties of
tellurium oxide gasses doped with RE ions were reported by
various authors.' %13

Recently nucleation of metallic nanoparticles (NPs) in-
side tellurium oxide glasses was re:ported.m’18 In all cases
studied the presence of NPs contributes to enhance the ma-
terial’s luminescence efficiency either due to ET from the
NPs to the RE ions or by influence of the large local field on
the RE ions positioned in the vicinity of the NPs. Indeed the
presence of silver nanostructures in TeO,—PbO-GeO, glass
improved the luminescence efficiency of Pb** clusters.'* En-
hanced Stokes and anti-Stokes luminescence were observed
in Pr’* doped TeO,-PbO-GeO, glass containing silver
NPs.">'® More recently, experiments with TeO,—PbO-GeO,
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glass doped with Eu®* and containing gold NPs (Ref. 17) and
Tb>* doped TeO,—ZnO-Na,0—PbO glass with silver NPs
(Ref. 18) were reported. However, experiments with tellu-
rium based glasses containing metallic NPs and codoped
with two different RE species were not reported.

In this work we present the first luminescence study of
Tb**/Eu** doped TeO,-ZnO-Na,O—PbO glass containing
silver NPs. In the experiments we excited the samples using
ultraviolet light with frequency larger than the frequency
band gap of the glass. The wavelength used was 355 nm
which is possibly in resonance with a Tb** transition origi-
nating from the ground state. Luminescence bands from
~480 to ~700 nm were observed due to radiative transitions
associated to the RE ions. The contribution of ET processes
and the intensified local field due to the NPs allowed obtain-
ing enhanced luminescence in the orange-red spectral region.

Il. SAMPLES PREPARATION

Samples having compositions 85.4 TeO,—-6.97 ZnO
—4.43 Na,0-3.20 PbO (in wt %) were prepared using the
melt-quenching method. The doping species were 2.0 wt %
of Tb,O,, 1.0 wt % of Eu,03, and 4.0wt % of AgNO;. The
high pure reagents were melted in a platinum crucible at
750 °C for 2 h, quenched in air in a heated brass mold,
annealed for 2 h at 270 °C, and then cooled to room tem-
perature inside the furnace. Afterwards the samples were
submitted to different heat-treatment times at 270 °C in or-
der to reduce the Ag* ions to Ag® and to nucleate silver NPs.
Samples doped with Tb** and Eu** without AgNO5 and two
samples containing only Eu** (1.0 and 5 wt %) were also
prepared to be used as references. Heat treatment during time
intervals 7,=2, 17, 32, 47, and 62 h were performed.

A 200 kV transmission electron microscope (TEM) was
used to investigate the nucleation of NPs. Also electron dif-
fraction measurements and energy dispersive x-ray spectros-

© 2009 American Institute of Physics
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FIG. 1. (Color online) Absorption spectra of the samples heat-treated during
different times. The broadband centered at ~490 nm is due to the SP reso-
nances in the metallic nanostructures.

copy were employed to determine the composition of the
NPs. Isolated NPs with a variety of sizes and shapes, and
aggregates with dimensions from 10 to 30 nm were ob-
served. The EDS analysis showed the presence of silver, Te,
Zn, and Pb in the NPs. For the optical experiments the
samples had dimensions of 10X 10X2 mm?,

lll. RESULTS AND DISCUSSIONS

Figure 1 shows the absorption spectra from 350 to 700
nm obtained using a commercial spectrophotometer. Transi-
tions originating from the ions ground state are observed at
480 nm (Tb**: 'F¢—°D,), 465 nm (Eu**:'F,—°D,), and 395
nm (Eu**:"Fy—°L¢). The broadband centered at ~490 nm,
observed in the samples heat treated for times longer than 2
h, is attributed to surface plasmon (SP) resonances. Its am-
plitude increases for longer heat-treatment times due to the
increase of the NPs volume fraction. The large SP bandwidth
is attributed to the variety of shapes and sizes of the NPs and
the presence of aggregates of NPs.

Photoluminescence was excited using a 15 W xenon
lamp (pulses of 3 us at 80 Hz), followed by a 0.2 m mono-
chromator to select the wavelength at 355 nm. The lumines-
cence spectra in Fig. 2, exhibit bands due to 4f-4f transitions
associated to Tb** and Eu** ions. Results for different values
of 7, are shown and it is observed that the luminescence in
the orange-red region is enhanced while increasing the vol-
ume fraction occupied by the NPs. No luminescence signal
in this spectral range was detected when the samples contain-
ing only Eu** were excited under the same conditions. More-
over, previous studies with tellurium oxide glasses indicated
that the symmetry around the RE ions does not change with
the heat treatment.'”'® Therefore the results indicate that the
simultaneous presence of Tb** and Eu®* ions is essential to
observe the strong luminescence in the orange-red region.

To understand the spectra of Fig. 2 it is useful to con-
sider the Tb**/Eu’* energy level scheme shown in Fig. 3.
Since no emission in the orange-red region was observed
from the sample that does not contain Tb3*, we assume that
the incident light at 355 nm in not in resonance with Eu**
transitions starting from the ground state. Accordingly, con-
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FIG. 2. (Color online) Luminescence spectra for excitation at 355 nm. The
corresponding heat-treatment time 7, is indicated.

sidering excitation of Tb>* ions, two different pathways for
the absorbed energy may be followed. One pathway is due to
ET from the *D; (Tb**) level to the energy level °Lg (Eu*).
From this level, after nonradiative relaxation, the Eu?* ion
excitation reaches level *D,, from where radiative transitions
to Eu** levels 'F; (J=0—4) occur. Another energy pathway
starts with nonradiative relaxation from level 5D3 (TH3*) to
5D, (Tb**). Then, radiative relaxations from °D, (Tb**) to
Tb** levels 'F; (J=0—6) may occur corresponding to emis-
sions in the blue-red spectral region; also quasiresonant
cross-relaxation (CR) to Eu®* levels °D; (J=0,1,2) occurs,
as indicated in Fig. 3. This efficient CR process was well
characterized for Tb** and Eu’* in different hosts®'*' and
considering the large concentration of RE ions it is very
probable in the present case. Following the CR, radiative
decay corresponding to Eu* transitions *Dy—F; (J=0-4)
takes place. We note that the Tb>* emissions at ~485 nm
(transition *D,—F¢) and ~545 nm (transition *D,—Fs) are
weak. It is important to note that these emissions are weaker
than in the Tb>* doped sample'® because of the ET to Eu®*
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FIG. 3. Energy level scheme of Tb** and Eu** ions. The solid lines repre-
sent radiative transitions. Dotted lines represent phonon relaxation pro-
cesses. Dashed lines represent CR and ET processes.
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FIG. 4. (Color online) Integrated luminescence intensity for Eu** transitions
SDy-"F, and °Dy—F, as a function of the heat-treatment time 7,.

ions. Of course we may not discard possible contribution of
Tb** ions to the luminescence centered at ~590 nm (transi-
tion °D,—"F¢) and ~614 nm (transition D,—Fs). These
Tb** transitions were reported in Ref. 18 and their ampli-
tudes are sensitive to the presence of the metallic NPs. How-
ever due to the efficient CR between Tb** and Eu** ions and
because of the quenching observed for the ~545 nm emis-
sion, we conclude that the emissions at ~590 and ~614 nm
are mainly due to Eu** ions.

The influence of the metallic NPs is clearly seen in Fig.
2. The emissions originating from level D, grows with the
increase of 7, reaching an enhancement of ~100%. As ob-
served in Fig. 1 the SP band overlaps with the D, (Eu’*)
level and then an increase in the Eu** luminescence is ex-
pected due to the enhanced local field in the proximity of the
NPs. Figure 4 summarizes the relative increase of the lumi-
nescence bands at =590 and ~614 nm as a function of 7.
The results indicate that a large number of Eu’* ions are
properly located nearby the metallic NPs. However, if the
distance between the RE ion and the NP (or metallic aggre-
gate) is very small the dipole-dipole interaction between
them may contribute for ET from the RE ion to the metallic
structure and the luminescence band is quenched.22 of
course some ions are not in favorable positions and this may
be the cause for not obtaining a giant luminescence enhance-
ment as in experiments with single emitters placed near a
NP> Finally we note that enhancement of the emission cen-
tered at ~698 nm is also observed. Although this wavelength
is far from the central wavelength of the SP band, the lumi-
nescence enhancement at ~698 nm may be due to aggre-
gates that contribute for SP band tail extending to the red
region as observed in Fig. 1.
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IV. SUMMARY

In summary, we studied luminescence properties of
Tb**/Eu** doped TeO,-ZnO—-Na,O—PbO glass prepared
with and without silver NPs upon excitation of the samples
by ultraviolet light. Europium luminescence due to ET from
excited Tb** ions was identified. Luminescence enhancement
in the orange-red spectral region was observed being con-
trolled by the heat-treatment time of the samples. The present
work reports the first observation of ET between different RE
species in tellurium based glasses containing silver nano-
structures.
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