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Preparation and Judd-Ofelt (JO) analysis of Dysprosium
doped sol gel silica glass is reported. The calculated
values of the JO parameters are utilized to evaluate ,
various radiative parameters such as electric dipole line
strengths (Seq), radiative transition probabilities (Arap),
radiative lifetimes (trap), fluorescence branching ratios
(Br) and the integrated absorption cross sections (ca) for
stimulated emission from various excited states of the rare
earth ion. The analysis reveals the potential of *Foro—>"Hiap
and “Foo — °Hiso transitions of Dy3+ ion for optical
applications.
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InTRODUCTION

ilica glasses containing rare earth ions as luminescent centers are of great deal of
interest for their unique optical properties [Maria et a/ (2009), You et al (2014)]. Rare earth
ions have number of efficient and narrow emission lines in the visible and NIR wavelength
region whose position is insensitive to their matrices due to the shielding effect of 5s and 5p
electrons. Most often, research efforts have concentrated on fluoride, tellurite and
chalcogenide glass systems because of their lower phonon energies compared to oxide
glasses. On the contrary, oxide glasses are more suitable for practical applications due to their
high chemical durabilities and thermal stabilities. In oxide glasses, silicate glasses are one of
the most popular glass hosts for making optical fiber lasers and amplifiers. The potential
advantage of the sol-gel method for preparing optical materials includes obtaining new
chemical compositions, better purity and more convenient processing conditions [Coasta et al
1996, Jeena et al 2013, Paulose et al 2002, Thomas et al 1992, Vinoy et al 2005]. Recent
studies of rare earth ions in different environments indicate that Dy’* doped systems are
known as a two primary color (yellow/blue) luminescent materials [Joanna 2010]. In
comparison with other rare earth ions, number studies on Dy’" ions in sol-gel glasses is
limited. In this context, optical analysis of Dy’ ions doped sol gel glass deserves special
attention and importance.
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EXPERIMENTAL

ilica sols containing 2 equivalent mol% Dy,0; were prepared from
tetraethylorthosilicate (TEOS) (Flukapurum grade), Dy(NOs);.6H,0 (Merck), doubly distilled
deionised water and high purity HNO; and NH4,OH. The desired amount of Dy(NO3);.6H,0O
dissolved in deionised water in the presence of HNO; was poured in TEOS under stirring at
room temperature. The TEOS/H,O/HNO; molar ratio was 1:14:0.01. The pH of the sols was
adjusted to a value of 3 by adding NH4OH. The sols were cast in petridishes. The gels were
aged for one week at room temperature. Transparent crack free dried monolithic gels were
obtained after drying for 14 days in air oven at 60° = 2°C. The gels were heated at different
temperatures ranging from 200-900°C in a programmable furnace with the rate of 3°C per
hour. Transparent crack free and bubble free gels (diameter 30-35 mm, thickness 2-2.5 mm)
were reproducibly obtained. The following equations give the simplified mechanisms leading
to the gelation of the precursor solution

= Si-OC,Hs +H,0 — =Si —-OH +C,H;OH .. (D)
= Si—OH + HO-Si — =Si —-O- Si= + H,0O .. (2
=Si—OH + H;sC,0-Si=—-»=Si -0O-Si= + C,H;OH ... (3

Mechanism (1) represents hydrolysis reaction and mechanisms (2) and (3) represent
condensation reactions. Simultaneously a cluster-cluster aggregation process takes place as the
sol converts to gel. The rare earth nitrates become increasingly entangled and ultimately
trapped within the growing clusters, which make the dopant ions disperse in the derived gel at
a molecular level. Optical spectra of the gels and heat treated samples were recorded with UV-

VIS (Schimadzu 5401) spectrophotometer.

REsuLTSs AND DISCUSSION

igure.l shows the typical absorption spectra of 2mol% Dy,0; doped silica gel fired at
900°C. Figure 2 shows the energy level diagram of Dy’" in silica matrix. All the spectra of
rare earth ions arise from the intra-configuration transitions within the 4f shell [Thomas et al
2005]. The electronic transitions of the trivalent lanthanides can be electric dipole, magnetic
dipole or electric quadrupole in nature [Jayasankar et al 1997]. Neglecting higher multipole
mechanisms such as electric quadrupole transitions, oscillator strength (f) can be regarded as a
sum of the electric dipole (f.,) and magnetic dipole (f,,,) contributions, i.e.,
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Fig. 1. Optical absorption spectra of Dy*" in silica matrix
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Figure 2. Energy level diagram of Dy*"ions [31]

It is well known that for rare earth ions, the intermanifold line strength of magnetic dipole
(md) transitions is much less than the line strength of electric dipole (ed) transitions
(S}}d, << ng,) . The experimentally measured oscillator strengths of various absorption
transitions of Dy’ ion in the present glassy systems are found to be in good agreement with
that of other oxide systems (Table 1). Oscillator strength (f) can be expressed in terms of the

molar extinction coefficient (€), and the energy of the transition in wave number (v) by the
relation [Gijo et al 2006].

So=4.32x10°[ & (v) dv ()

Table 1. Oscillator strengths (107 and electric dipole line strengths (107" of all the
observed transitions of Dy’" in silica matrix.

Transitions from Pure SiO,
6HIS/Z
fmnes(107%) | Seq (107%) em?

P, 2.94 1.31

°Ps), 231 1.06
*F1 0.984 0.484
s 0.622 0.355
°Fs) 1.13 1.08

°Fy 6.27 6.41

The absorption properties of rare earth ions are best distinguished in the context of Judd-
Ofelt (JO) theory [Judd BR 1962, Ofelt GS 1962]. According to JO theory 4f — 4f transitions
of a rare earth ion can be described as a simple linear combination of the so-called JO
parameters Q; (A =2, 4, 6). The coefficients of each linear combination of Q; are independent
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of the host and are determined by the fundamental nature of the 4f wave functions and the
particular transitions at hand.

According to J-O theory

v 8n2me (n® +2)? ey 0\2
g ] T el o

>

where (2J + 1) is the degeneracy of the ground state, v is the mean energy of the
|\|/J > - |\4/’J '> transition, U” is a unit tensor operator of rank A and U? ’s are parameters

known as J-O intensity parameters. The values of the reduced matrix elements, HU A “, have
been evaluated for the Dy’ ion using the relation

(FVaSLI || ¥ rVars L) = i s s 2

><<fNogSL”U7‘HfoN0L'S’L’> 4

The matrix elements and the 6j symbols required for the analysis have been taken from
the literature [Carnaal ef a/ 1978]. The matrix elements were then transformed from the LS
basis state to the physical coupling scheme prior to being used in the calculation.

|<|U'|I>* represents the square of the matrix elements of the unit tensor operator U’
connecting the initial and final states. The calculated values of JO parameters are given in
Table 2. Once the (), quantities have been determined, they can subsequently be utilized to
calculate the properties of transitions that have not been experimentally measured, including
the radiative life time. The values of the radiative transition probability (4), total radiative
transition probability (A7), radiative life time (t) fluorescence branching ratio (Bz) and the
integrated absorption crossection for stimulated emission are evaluated using the expressions

6426203 n(n2 +2)2
s = w9 | O
where S= > <\,;J“U%H\,;'J'>2 .(6)

tat)

As the coefficients for spontaneous emission equal the reciprocal radiative relaxation
time, we have

d _ —1
A =l ()

1
Yad =S
ZAJJ'
JY

The position of the lines in absorption or emission spectra seems to be independent of the
surroundings. The relative amplitudes of the fluorescence transitions or fluorescence
branching ratio is given by

or

. (8
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Branching ratio is the ratio of the radiative transition probability to the total radiative
relaxation rate. It measures the percentage of emission for a given transition from a state with
respect to all other transitions from this state. The integrated absorption cross-section or
effective cross-section (c,) for stimulated emission is estimated using the Fuchtbauer—
Landenberg equation.

_ A(wJ)

2o ... (10)

“ 8nen
All the calculated values of radiative parameters are given in Table 3. From the table it is
clear that the branching ratio and the stimulated absorption crossection is maximum for the

4F9/2 — 6H13/2 and 4F9/2 — 6H15/2 transitions and these transitions can be utilized for optical
applications.

Table 2. Judd-Ofelt parameters of Dy’ in silica matrices.

Matrix JO parameters ( 1072 cmz) Order
Q, Q, Q4
Si0, 7.07 5.08 3.45 Q050
Table 3. Calculated radiative parameters of Dy’" ion in SiO, matrix
Transition | Energy | Sca(107”* | A | Ars™ | T B 6. (10°cm?)
from *Fo | vem?! cm?) st us
Fin 7283 0.203 1 0.001 0.091
Fan 7845 | 0.104 | 1 0.001 0.115
°Fs) 8649 5.144 8 0.006 0.647
°F1p 10082 3.429 13 0.014 0.777
°Hs), 10892 2.293 7 0.005 0.353
°Hip 11955 | 7.285 | 34 0.027 1.431
®Fop» 12039 3.634 19 1239 807 0.015 0.795
Fl1n 13361 5.133 48 0.038 1.625
°Hy), 13390 4.017 29 0.023 9.797
*H,10 15269 9.03 78 0.069 2.02
H,3 17670 64.59 743 0.599 14.49
*His 21140 12.94 | 258 0.208 3.498
ConcLusions

Ey3+ doped silica matrices were prepared by sol-gel process and the spectroscopic
properties in dried gels and gel glasses were studied. Using the Judd-Ofelt parameters various
radiative parameters such as radiative transition probability (4), total radiative transition
probability (47), radiative life time (t) fluorescence branching ratio () and the integrated
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absorption crossection for stimulated emission were evaluated. From the analysis it is clear
that the *Fo;, — °H,3, and *Fo, — °H; 5, transitions can be utilized for optical amplification.
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