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Luminescence Behavior of Er’" in Oxyfluoride Borosilicate Glass
Ceramics Containing Ba,L.aF;Nanocrystals”
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Abstract; Spectroscopic properties of Er*" doped transparent oxyfluoride borosilicate glass

ceramics containing Ba,laF; nanocrystals are systematically investigated. The formation of

Ba, LaF;nanocrystals in the glass ceramics was confirmed by X-ray diffraction. According to the

Judd-Ofelt theory, the intensity parameters 2, (i=2,4,6) is calculated and the decrease of (2,

suggests that rare earth ions are incorporated into Ba,laF; nanocrystals. Compared with the

precursor glass, significantly increased upconversion luminescence is observed in the transparent

glass ceramics. This is attributed to the low phonon energy of fluoride nanocrystals, when Er*" is

incorporated into the precipitated Ba,lLaF; nanocrystals. And the emission mechanism can be

described as a two-photon mechanism.
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0 Introduction
( RE)

upconversion luminescence are attractive for

three-

Rare-earth doped materials for

realizing the solid-state lasers and

dimensional displays in addition to their

application in telecommunications. The
upconversion efficiency depends largely on the
structure of the energy levels of RE ions and their
local environments. The key technique to design
upconversion luminescence materials was to
situate the RE ions in low-phonon-energy
environment. Recently, oxyfluoride  glass
ceramics have widely been investigated as host
materials for active optical ions because they have
not only comparatively low phonon energies due to
fluorides, but also high chemical and mechanical

stabilities related to oxides™ ™,

RE doped
characterized by the low phonon energy and the

oxyfluoride nanocrystals,
large transfer coefficient between the RE ions,has
been revealed to be a suitable host to achieve laser
and upconversion”™™. However, there are few
reports of upconversion luminescence of rare earth
ions in oxyfluoride borosilicate glasses and glass
paper, an Er'’

oxyfluoride  borosilicate  glass

ceramics. In this doped

transparency
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ceramics containing Ba,LaF; nanocrystals was

prepared and the change of wupconversion

luminescence was discussed.

1 Experiment

The precursor glass with the molar
composition 59.5 Si0,-15B,0;-16Na, O-5BaF,-
41.aF;-0. 5ErF; was prepared. The mixed materials
were melted in an alumina crucible at 1 400 ‘C for
about 0.5 hour. Then the glass was quenched into
a brass mold. The quenched sample was annealed
at a temperature 450 C for 2 h and cooled slowly
to release the thermal stress associated with these
glasses during the quenching process. The DTA
result of the oxyfluoride borosilicate glass shows
that the transition temperature was 500 C, and
no obvious crystallization peak was observed.
Four different temperatures, 560 ‘C, 580 C,
600 C and 620 C, were selected to carry out
heat-treatment for 2 h to form transparent glass
ceramics, and the fabricated samples were named
as GC560, GC580, GC600 and GC620,
respectively. The samples were cut and polished
into 10X 5X2 mm?® size.

2 Results and discussions

The XRD patterns of Er'" doped precursor
glass and the sample GC620 were shown in Fig. 1.
The precursor glass is completely amorphous with
no obvious diffraction peaks, meanwhile the
sample GC620 show intense diffraction peaks,
which are easily assigned to the Ba,LaF;
nanocrystal (JCPDS Nos. 48-0099).
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Fig. 1 XRD patterns of the parent glass and heat-treated
at 620 C sample

From the peak width of XRD pattern, the
size of Ba,lLaF; nanocrystals in obtained glass
ceramic was calculated to be about 20 nm by using
Sherrer’s equation

D=Ka/B cos 6 (1)
Where D is the crystal size at the vertical direction
of (hkl), A is the wavelength of X-ray, @ is the
angle of diffraction, B is the full-width at half
maximum (FWHM) of the diffraction peak and
the constant K determined by B and the
instrument. Due to much smaller size of
Ba, LaF;
wavelength of visible light the Er’" doped glass

precipitated nanocrystals than
ceramics remain excellent transparency.

The absorption spectra of Er'" doped
oxyfluoride borosilicate glass and glass ceramics in
the range from 350 to 1 700 nm are shown in
Fig. 2. The absorption peaks, corresponding to
the transitions from the ground state 'I;;,, to the
excited states, are marked in the figure. The
Judd-Ofelt theory'®™ is often used to calculate the
which  has been
successfully applied to calculate 4f and 5d

spectroscopic  parameters,

transition intensities of rare earth ions in various
host materials. And the intensity parameters (2,
(i= 2, 4, 6) can be just derived from the
absorption spectra and their values indicate the
variation of the Er'" environment from glass to

glass ceramics.
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Fig. 2 Absorption spectra of Er'" ions in the glass and

glass ceramics

With  the
temperature, (2, decrease gradually, shown in
Fig. 3, which indicated that the matrix field of
Er'" is more ionic in the glass ceramics. This is

increase  of  crystallization

probably owing to the precipitation of Ba,LaF;
nanocrystals. During the nucleation and growth
process of Ba,LaF; nanocrystals, Er®" ions act as
crystal nucleus. Thus the Er*" ions might enter
into the Ba,LaF; nanocrystal phase, and the La®"
ions were partially substituted by Er®" ions.
Therefore, the decrease of (2, suggests that Er*"
had been incorporated into Ba,laF; nanocrystals

after crystallization™ .
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Fig. 3 The change of parameters 2, (i=2,4,6) with the

increase of crystallization temperature

Fig. 4 shows the wupconversion spectra
(excited at 980 nm) of Er'" ions in precursor glass
and glass ceramics in the wavelength range of
400~700 nm. The emission bands can be assigned
to *Hu, — ‘Ls, (520 nm), 'S;, —
'T55,(540 nm), and 'F,, — "I, (656 nm)
transitions, respectively, It can hardly be
observed upconversion emission in the glass.
However, significant upconversion luminescence
of Er*™ can be observed in the glass ceramics and
the emission bands corresponding to the 'S,,, =

'1;5,, and 'F,,,— '1;;,, transitions are split into two

peaks.
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Fig.4 Upconwersion luminescence of Er*" ions in the glass and

glass ceramics

It is well known that upconversion
luminescence of Er'*ions is usually baffled by the

multiphonon relaxation. According to Miyakawa-
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Dexter theory™?, the multiphonon relaxation
probability (Wyp ) depends primarily upon the
energy gap between two successive levels (AE)
and the phonon energy of host matrix(hw).

Wur =W exp(—aAE/hw) (2)

Where the constants W, and « are determined
by host matrix. The smaller the phonon energy of
host matrix is, the lower the multiphonon
relaxation probability is. The maximum phonon
energy in Ba,LaF; is about 270 cm', which is
much lower than that of oxides (the energy of
Si-O and B-O vibration is 1 100 and 1 400 cm™,

)[12]

respectively . So much stronger upconversion

luminescence is expected in Er'"  doped
oxyfluoride glass ceramics containing Ba,LaF;
nanocrystals.

Fig. 5 shows luminescence decay curves of
the 'S,,, state of Er'" in the precursor glass and
GC-620 by monitoring the *S,,,— 'I;,, emission of
Er'". The decay curve of the precursor glass can
be fitted to a single-exponential function, yielding
the lifetime of 47. 88+0. 54 us. The decay curve
of the GC-620 sample was fitted to a double-
exponential function, yielding the average lifetime
of 119. 90 £ 16. 34 ps. The results clearly show
that the lifetimes of 'S,,, state in glass ceramic is
longer than that in precursor glass. It indicated
that Er'" had been incorporated into fluoride

nanocrystals precipitation in the glass host!**/,
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Fig. 5 Luminescence decay curves of the 'S;/,state of Er'"
in the precursor glass and GC-620

In the upconversion processes, there is the
following relation between the emission intensity
I..and the infrared (IR) excitation intensity I,

I,oc(I )" (3

Where n is the number of IR photons
absorbed per visible photon emitted. Therefore, a
plot of log (I.,) versus log (I.) should yield a
straight line with the slope n. In Fig. 6 the slopes
of 520 nm, 540 nm and 656 nm emission are
1.968, 1. 861 and 1. 768, respectively. These
results indicated that the green and red emission
mechanism can be described as a two-photon

mechanism.
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Fig. 6 Log-log plot of emission intensity as the function

of excitation power

3 Conclusions

In summary, the Er'" doped transparent
oxyfluoride glass ceramics containing Ba,LaF;
nanocrystals was affirmed by XRD results were
prepared. The upconversion emission of Er’” ions
in the glass ceramics can be observed to be much
stronger than that in the glass. And the transition
mechanism of the green and red emission can be
ascribed to two-photon absorption process. Due to
its high transparency and strong uponversion
luminescence, the novel Er’" doped oxyfluoride
borosilicate glass ceramics containing Ba,LaF;
nanocrystals may be used as a potential material to
improve the efficiency of solar cell, solid laser and
color displays.
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Preparation process and upconversion luminescence of Er* " -
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