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ABSTRACT:Sh,0;-PbO -Zn0O: Dy,0; glasses mixed with three different modifier oxides viz., BaO, CaO and SrO
were prepared. The influence of modifier oxide on the luminescence characteristics of Dy** ions has been investigated.
Using the intensities of various absorption bands of Dy*" ions, the Judd-Ofelt parameters [1,, [, and [g have been
evaluate and tabulated. Together with the J-O parameters and the luminescence spectra, the evaluated various radiative
properties like transition probability A, Total radiative probability At, branching ratio [, the radiative life time [, and
the emission cross-section [1F for various emission levels of Dy** ions have been evaluated and reported. The values of
these parameters were found to be influenced by modifier oxides. Among the three modifier oxides mixed glasses, the
glasses mixed with BaO mixed glasses exhibited the highest luminescence efficiency. The quantitative analysis of
results were analyzed in the light of structural modifications taking place in the glass network with the help of IR spectral
studies.
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I. INTRODUCTION

The rare earth ions of dysprosium (Dy*")
mixed glasses and phosphors are being extensively
used as white light luminescent materials. These ions
are well known and is interesting for ions for
studying  fluorescence properties due to their
prominent emission transitions viz., g — ®His
(forced electric dipole transition) in the blue region
and “Fg, — °Hyg, (magnetic dipole transition) in the
yellow region. The ratio of intensities of these two
emissions viz., (Y/B) of Dy** ion differs from
material to material and plays a crucial role in the
white light emission of this ion.  Additionally,
dysprosium ions also exhibit bands in the NIR region
at about 3.02 um (due to 6H13/2 — 6H15/2 transition)
and at 1.34 um (due to ®Hyy, — °Hygp, transition) that
are useful for fiber amplifiers [1-5].

Among several glass hosts, the non-
conventional antimony oxide (Sh,03) based glasses
(a heavy metal oxide class of glasses) are predicted to
be highly suitable for hosting such longer wavelength
emission lasing ions. These glasses possess high
density, high refractive index, high dielectric constant
(when compared with conventional borate and
phosphate glasses), good photothermal properties and
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exhibit exceptionally good infrared transmission with
low phonon losses [6, 7]. However, Sh,0; is an
incipient glass former and as such does not readily
form the glass. Hence, the addition of modifier
oxides like PbO is necessary to Sh,O3 for achieving a
good glass. Such addition enhances the density and
the refractive index of the material and also
minimizes the phonon losses. Further, Sh,O3; glasses
do exhibit non-linear optical properties. In fact
several studies on non-linear optical (NLO)
properties of these heavy metal oxide glasses were
reported earlier and the non-linear optical effects
were attributed to the displacement of 5s° lone pair of
electrons in the trigonal bipyramidal structure of
Sh,0s. Earlier, we have also carried out a
considerable number of studies on NLO properties of
these glassesand glass ceramics using optical poling
technique and obtained NLO effects were attributed
to such displacement [8, 9].

When lead antimony zinc glasses doped
with rare-earth ions are added with different modifier
oxides, the structural modifications and local
electrostatic field variations near the dopant rare earth
ion take place. The addition of BaO is a well-known
modifier and may enter the glass network by
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transforming two Q3 tetrahedra polyhedron is formed
(as mentioned earlier) when it is surrounded by such
two Q2 and several Q3 tetrahedrons. The addition of
Ca0, can form one CaQ, polyhedron is formed by the
Ca’* ions.The new substructure behaves as a defect in
the host glass network. Though the effect of the new
substructure on the remaining network is smaller, the
influence of the remaining network on the
environment of the calcium cation is very strong.
Higher the concentration of CaO, the stronger is the
degree of disorder in glass network. The degree of
depolymerization of the glass network is however
strongly dependent on the ionic radius of the modifier
ion and its compatibility with the network forming
ions in the glass network. Overall, the variation of
modifier oxide changes the symmetry and (or)
covalency of the glass network at the rare earth ion;
as a result there will be strong variations on
luminescence efficiency of the dopant rare earth ion
in the host glass network. Another, alkaline earth ion
like SrO, It may be noted here even though the ionic
radius of Sr*'ion (1.02 A) is greater than Ca*"and
BaZ*ions, its ionic radius is closer to that of Dy** ions
(1.03 A).

Among various rare earth ions, Dy*" ions are
known due to their prominent emission in the blue
and yellow regions. The antimony lead zinc glasses
possess all the requisite conditions to host such an
interesting rare earth ion. Additionally, by varying
the modifiers in the glass network there will be a
strong variation on intensity ratio of Y/B of Dy** ion

silica cruciblesin the temperaturerange1400-1450 °C
in a PID temperature—controlled furnace for about 30
min.until  bubble-free  transparent liquid was
formed,then the resultant melt liquid was poured in a
brass mould and subsequently annealed at 350 °C.The
synthesized lead antimonate glasses (free from
traditional glass forming oxides) are found to be
perfect transparent. The amorphous nature of the
samples was confirmed by X-ray diffraction.Finally,
the samples were polished toobtain smooth,
transparent and uniform surface slabs for optical
measurements to the average dimensions of 1.0 cm x
1.0 cm x 0.2 cm. The density dis measured by
Archimedes’ principle using o-xylene as the buoyant
liquid.

The refractive index, n, is measured on
Abbe refractometer using sodium wavelength
(589.3nm) using 1-bromonapthalene as a contact
liquid. The optical absorption spectra were obtained
by using the JASCO UV-vis-NIR spectrophotometer
in the wavelength range 200 — 1800 nm for Dy**
ions, respectively. Fluorescence spectra were
recorded at room temperature using Thermo
Scientific (Lumina) Luminescence spectrophotometer
in the wavelength region 200-900 nm. Infrared
transmission spectra were recorded at room
temperature by using Shimadzu IR Affinity-
1Sspectrophotometer with resolution of 4 cm™ in the
wavelength range 400—2000 em™

I11. RESULTSAND DISCUSSION

which plays a crucial role in the white light emission
of this ion. The objective of the present investigation
is to characterize the optical absorption and the
fluorescence spectra of Dy*" ions in Sh,0s;—PbO —
ZnO glasses mixed with three interesting alkaline
earth modifier oxides, viz. BaO, CaO and SrO and to
throw some light on the relationship between the
structural modifications in the glass network and
luminescence efficiency.

From the measured values of samples are
exhibits average density d and molecular weight Mof
Sb,0;-PbO -ZnO-MO (M= Ba, Ca, & Sr): Dy,0;
glasses, various other physical parameters such as Dy*'
ion concentration N;, Dy3+ ion separation r;, in Sh,Os—
PbO -ZnO-MO (M = Ba, Ca, & Sr): Dy,03 glass samples
are computed using the
conventional formulae and are presented in Table 1.
Table 1 Physical parameters of Sb,05-PbO-ZnO-MO

(Ca0,SrO & Ba0) :Dy,0; glasses.

1. EXPERIMENTAL
The details of chemical composition of the samples T T v y— S —
used the study are as follows: o e e e |
SrShZDy: 59Sb,0;—10 PbO— 20ZnO — 10SrO o fea o2
—Dy;03
CaShZDy:595b,05—10PbO—20Zn0—10CaO—1Dy g T T T —
203 il ool Y :
BaShZDy:59Sb,03—10PbO—20Zn0—10BaO—1D —y 1%
y203 DSy BIX £ 0 ¢ G

The glasses were prepared by suitable
chemical compounds  viz.,PbO Sh,0,, CaO
SrO,BaOand Dy,03 powders (99.99 % pure) were
thoroughly mixed in an agate mortar and melted in
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The optical absorption spectra(Figs. 1 (a) and 1
(b))of Dy** ion doped Sb,0;PbO -ZnO-MO
glasses recorded at room temperature in the
wavelength range 200-2000 nm, exhibited the
following absorption bands, all from the ground
state 6H15/2.
*Hise— *Guuz +*Mar, *lisp, “For, Fu, °Far (UV,
visible region) and °Fgj, °Fi10+ ®Hg, (NIR
region)
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Fig.1 (a) Optical absorption spectra of Sh,Os—PbO —
ZnO-MO (M= Ba, Ca, & Sr): Dy,0;
glasses recorded in the visible region.
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Fig. 1(b) Optical absorption spectra of Sh,O3;—PbO
ZnO-MO (M= Ba, Ca, & Sr): Dy,0;glasses recorded
in the NIR region.

Among these, the absorption band due to
®H,5, —°F 1), transition is observed to be predominant
in the spectra of all the three glasses. The pattern of
the absorption bands for the three different modifier
oxide mixed glasses remains the same; however, the
area under the given peak is observed to vary with
the change in modifier oxide. The comparison of
three spectraindicated the highest intensity of all the
bands in the spectrum of BaO mixed glasses when
compared with that of other two glasses.
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The oscillator strengths (OS) of the electric
dipole transition between two states have been
calculated using the standard Judd-Ofelt (JO) theory,
with the conventional equation [10, 11],

_ 81T2mcvx

fa = S 2a=246 N v S,
LI 0 LN, S’ LY
where m is the electron mass, c the speed of

. . , _ (n?+2)
light, h is the Planck’s constant, y = Tthe local

field correction, n is the refractive index, and the bra-
and ket-vectors (fN[y,S,L]J Il U* II fN[y,S",LT)
stands for the initial and final states, respectively,
with all necessary sets of quantum numbers in square
brackets. ||U?|| are the reduced matrix elements of the
unit tensor operators.The ||U*|| reduced matrix
elements have been additionally evaluated, using
recent reference data for the Dy*" Hamiltonian
parameters [12].

The Judd-Ofelt intensity parameters of
Q,(A= 2, 4 and 6) for the three glasses (BaDy, CaDy
and SrDy) exhibitedacceptable fitting between
theoretical and experimental values. The J-O
parameters, viz., Q,are found to be in the order of
0> Qs> Q, for all the three glasses (Table 2).0ut of
the three J-O parameters the value of 7, is mainly
connected with the covalence and structural changes
in the vicinity of Dy** ions (connected with the short-
range effect), whereas the other two parameters viz.,
4 and Llg are strongly dependent on the vibrational
levels of various structural units in the glass network.
The comparison of (I, parameter for Dy*" ions
indicates (Table 2) the lowest value for BaO mixed
glasses and the highest for SrO mixed glasses. This
observation indicates the highest covalent nature for
the SrO mixed glasses.

Table 2 The absorption band energies and the
oscillator strengths for the transitions of Dy** ions in
Sb,03-PbO-Zn0O-MO (Ca0,SrO & BaO) glass
system.
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Excitation and emission spectra of the titled
glasses recorded at room temperature are presented in
(Fig. 2) the excitation spectra (monitored at 574 nm)
exhibited an intense band at wavelength of 348 nm
and the same was used for recording
photoluminescence (PL) spectra. The PL spectra of
all the glasses exhibited the following emission bands
originated from *Fqy, excited level:
4F9/2_’4|9/2: 6H15/21 6H13IZs 6Hll/2

Intensity Carb. wits)

450 san 630
Wavelength & (am)

Fig.2 Emission (hexe = 348 nm) spectra of Dy*" doped
Sbh,03-Pb0O-Zn0O-MO (Ca0,SrO & BaO ) glasses.

Out of these, *Fo,—°Hyspp, Yellow emission
transition (with 0 L=2, [JJ=2), is observed to be
hypersensitive. The intensity of all the emission bands
is observed to be the highest in the spectrum of BaO
mixed glasses among the three glasses studied. The
energy level diagram consisting of various absorption
and emission transitions of Dy** ions for the glass
modifier BaD sample is presented in Fig. 3.

By 7100 s ant'y

| ¥

T

Absorption trassitinns

Fig.3 Energy level diagram representing absorption

and emission processes in Dy** doped Sh,05-PbO-
Zn0O-MO (Ca0,SrO & BaO ) glass system.

Emision masitioss

The radiative parametersviz., spontaneous
emission probability, A, the total emission
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probability, A+, the radiative lifetime, (100 [0 (] and the
fluorescent branching ratio (7 of different transitions
originated from “Fg, level of Dy** ions have been
evaluated using the standard relations and presented
in Table 3. The emission cross- section o(X) is
evaluated using

Atay

o) = 8menZMhg 3

and are furnished in Table 3. In Eq. (3), A is
the emission peak wavelength and AA ¢ is its
effective line width, c is the velocity of light and n is
the refractive index. The value of (lis found to be the
highest for BaOmixed glasses when comparedwith
that of other two glasses.

Table 3 Various radiative properties of transitions of
Dy*" ions in Sh,05-Pb0O-Zn0O-MO
(CaO,SrO & BaO ) glasses.

s = A¥ \ S A5 BN Rbrpesis

Among the three intense bands in the
emission spectra, *Egn—Hiap (yellow), magnetic
dipoe transition (MD), exhibited the highest intensity,
whereas “Fgp— ®Hisp (blue) due to electric dipole
transition (ED) exhibited comparatively lower
intensity. The ratio of intensities of MD and ED
bands is a measure of the symmetry of the local
environment of trivalent of 4f ions. From the
emission spectrum Y (I 4F9/2—>6H13/2) B (
|4F9/2—>6H15/2) integrated ratio exhibited the

maximum value for CaO mixed glasses and the
lowest for SrO mixed glasses. The higher value of
Y/B ratio indicates the larger concentration of
dissociated Dy*" ions from Dy-O-Dy bonds in the
glass [13]. Among the three modifier ions, the ionic
radius of Ba®* ion is larger when compared to that of
Sr** ion. As a result, there is a possibility for higher
degree of de-polymerization of the glass network.
Such tendency leads to the observed higher value of
Y/B for this glass.
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Glass Measured Calculated Quantum
(C sec) (CCsec) efficiency =
(Cames) (Or) (oooo 7 . o
BaD 419 571 73.38 g T i =
CaD 376 532 70.67 e a
SrD 325 518 6274 l’
Table 4. Summary of the data on life time z l

measurements of “Fgy, excited level (Aexe= 348 nm)
and (Aemi = 574 nm) .

We have recorded the decay curves of the
*Fo, excited level of Dy*" ions for all the three
glasses
and presented in Fig. 4.

The life times (Umeas) €valuated from slow
decay part of these curves are presented in Table 4.
The value of [, is observedto be in the following
order: SrD<CaD<BaD. The lower radiative life time
of SrDy samples indicates more covalent
environment around the Dy** ions in the glass
network and it indicates the presence of higher
vibrational frequencies. Relatively, lower decay time
of SrO mixed glasses suggests that the emission is
from clustered Dy** ions. The quantum efficiency
(0 0 0 O hes] [k, defined as the radiative portion of
the total relaxation rate of a given energy level is
found to be the highest for BaO mixed glasses.

Fig.4 Decay curves of Dy** doped Sb,05-PbO-ZnO-
MO (CaO,SrO & BaO) glasses recorded at room
temperature.
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The infrared transmission spectrum of MO
(M=Ba, Ca & Sr)-ZnO-PbO-Sb,0;:Dy*" doped
glasses presented in Fig.5. The spectra of all the
glasses exhibited conventional bands due to the v;
(symmetrical stretching) and v, (bending vibrations)
of ShO, structural groups at about 950 cm ™ and 600
cm ', respectively. The spectra also exhibited weak
double degenerate stretching (v3) and bending (v,)
vibrational bands of SbOj structural units at about
770 and 458 cm—1, respectively [14-16]. This region
may also consist of the band due to the vibrations of
Zn0O, structural units
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Fig 5. IR spectra of Sh,03-PbO-Zn0O-MO (CaO,SrO
& BaO): Dy,03 glass system.

The intensity of bands due to asymmetrical
vibrations is found to be the highest for BaO mixed
glasses. This observation also supports the view point
that there is a higher degree of de—polymerization of
the glass in BaO mixed glasses. It may be noted here
even though the ionic radius of Sr** ion (1.02 A) is
greater than Ca®* and Ba?* ions, its ionic radius is
closer to that of Dy** ions (1.03

A). Hence there is a possibility for cross
linking of these ions with Dy** ions. As a result there
will be more phonon losses hence there is a decrease
in the luminescence efficiency of these glasses.

The chromaticity coordinate values of the
studies were evaluated from the PL studies using the
Commission International de I’Eclairage (CIE)
system. In Fig.6, the CIE plot with color coordinates
of the three glasses evaluated from the PL spectra is
presented. The CIE color coordinates for Dy*" ions
were found to be shifted towards slightly yellow
region for BaO mixed glasses when compared with
the other two glasses.

620

9
4RO
4

004
0.0

ol a2 03 L 0.s 0.6 0.7 LER

Fig. 6 CIE plot. represents color corresponding to
the light emitted due to *Fg,— ®Hss, transition of
Dy** doped Sb,0;-PhO-Zn0O-MO (Ca0,SrO & BaO)

11|Page



http://www.ijera.com/

K. Srinivasa Rao Journal of Engineering Research and Application

WwWw.ijera.com

ISSN : 2248-9622, Vol. 8, Issue 6 (Part -111) June 2018, pp 07-12

glasses. The  coordinates are for BaSbZDy,
CaSbhZDy & SrSbZzDy glasses from top to bottom.

V. CONCLUSIONS
The optical absorption, photoluminescence
spectra of Dy*" in MO (BaO, CaO, &SrO)-PhO-
Zn0O-Sh,0; glasses have been investigated. The
Judd-Ofelt theory is applied to characterize the
optical absorption spectra of these ions for all the
three glass systems. Among the three J-O parameters
(), the value of 1. which is related to the
structural changes in the vicinity of the Dy*" ion is
found to be the lowest for BaO mixed glasses. The
radiative transition probabilities and branching ratios
evaluated for various luminescent transitions were
observed to be the largest for the glasses mixed with
BaO mixed glasses. Comparatively low non—
radiative losses for BaO mixed glasses among the
three glasses are found to be the reason for the high
luminescence efficiency of these glasses. These facts

were explained using IR spectral studies.
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