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Abstract
Glass sample of yttrerbium zinc lithium sodalimealumino borosilicate(25-

x)8i0,:10Zn0:10Li>0:10Na;0:10K>0:1041,03:10Yb,03:15B:03:xDy,03 (Wherex=1,1.5 and 2 mol%) have
been prepared by melt-quenching technique. The amorphous nature of the prepared glasssamples was
confirmed by X-ray diffraction. Optical absorption,excitation spectrum, fluorescence and raman spectra were
recorded at roomtemperature for all glass samples.Judd-Ofeltintensity parameters Q; (A=2, 4 and6) are
evaluated from theintensities of various absorption bands of opticalabsorption spectra. Using these intensity
parameters variousradiative properties like spontaneous emission probability, branching ratio, radiative life
time and stimulatedemission cross—section of various emission lines have been evaluated
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I. Introduction

Glasses doped with trivalent rare earth doped are very important due to its potential applications in
areas such as optical amplifications,photoelectronic device,optical data storage, andsolid state lasers[1-5].
Among different glasses, silicate glasses have unique properties. They have high refractive index, high
transparency and high thermal stability. Borosilicateglasses possess interesting properties like high
solubility,low melting temperature,lJower phonon energy, high gain densityandnon-linear optical
susceptibilities[6-11].Glasses containing heavy metal oxides exhibits good chemical durability and non-linear
optical properties [12-14].ZnO is also added due to its specific chemical and physical properties.Boric acid acts
as a good glass former and flux material.B,Oj3 glass network could significantly improve different properties like
mechanical strength and thermal stability. The addition of oxide such as Li,O and Al,Oj; are used for improves
the chemical durability of glasses[15-17].The high thermal stability, low glass melting temperature and good
rare earth ion solubility makes the borosilicateglasses suitable candidates for photonic applications[18-
20].Recently Dy*" ions doped glasses found important in the area laser action and Thermionic applications [21-
24].

The present work reports on the preparation and characterization of rare earth doped heavy metal oxide
(HMO) glass systems for lasing materials.I have studied on the absorption,excitation, fluorescence and raman
spectraof Dy**doped yttrerbium zinc lithium sodalimealumino borosilicate glasses. The intensities of the
transitions for the rare earth ions have been estimated successfully using the Judd-Ofelt theory, The laser
parameters such as radiative probabilities(A),branching ratio (p),radiative life time(tr) and stimulated emission
cross section(op) are evaluated using J.O.intensity parameters( Q;, A=2,4 and 6).The network structure of the
formed glass system were studied using raman spectra.

I1.LExperimental Techniques

Preparation of glasses

The following Dy**doped borosilicate glass samples (25-
x)Si02:10Zn0:10Li,0:10Na;0:10K20:10A1,03:10Yb203:15B203:xDy203. (where x=1,1.5 and 2 mol%) have
been prepared by melt-quenching method. Analytical reagent grade chemical used in the present study consist of
Si0,,Zn0,Li,0, Na,0,K>0,A1,03,Yb,03,B203and Dy,0s. They were thoroughly mixed by using an agate pestle
mortar. then melted at 980°C by an electrical muffle furnace for 2h., After complete melting, the melts were
quickly poured in to a preheated stainless steel mould and annealed at temperature of 350°C for 2h to remove
thermal strains and stresses. Every time fine powder of cerium oxide was used for polishing the samples. The

DOI: 10.35629/6734-14091118 www.ijesi.org 11 | Page




Spectral, Thermal and Raman Analysis of Dy** Doped Borosilicate Glasses with Large ..

glass samples so prepared were of good optical quality and were transparent. The chemical compositions of the
glasses with the name of samples are summarized in Table 1.

Table 1.

Chemical composition of the glasses

Sample Glass composition (mol %)

YZLSLABS (UD) 25Si02:10Zn0O:10Li20:10Na20:10K20:10A1:03:10Yb203:15B203
YZLSLABSDY(1.0)24Si02:10Zn0:10Li20:10N220:10K20:10A1:03:10Yb203:15B203:1.0 Dy:0s.
YZLSLABSDY(1.5)23.5Si02:10Zn0:10Li20:10Na20:10K20:10A1:03:10Yb203:15B203:1.5 Dy20:.
YZLSLABSDY(2.0)23Si02:10Zn0:10Li20:10Na20:10K20:10A1:03:10Yb203:15B203:2.0Dy20s.

YZLSLABS (UD) -Represents undopedYttrerbium Zinc Lithium SodalimeAlumino Borosilicate glass
specimens.

YZLSLABS (DY)-Represents Dy3*dopedYttrerbium Zinc Lithium SodalimeAlumino Borosilicate glass
specimens.

II1.Theory

3.10scillator Strength
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation [25].

Soxpt. = 4.318 x10”fg (v) dv (1)

where, ¢ (v) is molar absorption coefficient at a given energy v (cm™), to be evaluated from Beer—Lambert law.
Under Gaussian Approximation, using Beer—Lambert law, the observed oscillator strengths of the absorption
bands have been experimentally calculated [26], using the modified relation:

A
P=4.6 x10°x — log — xAv12(2)
cl 1
where c is the molar concentration of the absorbing ion per unit volume, I is the optical path length, loglo/I is
optical density and Avi.is half band width.

3.2. Judd-Ofelt Intensity Parameters
According to Judd[27] and Ofelt[28] theory, independently derived expression for the oscillator strength of the
induced forced electric dipole transitions between an initial J manifold | 4fN (S, L) J> level and the terminal J’
manifold | 4fN(S', L") I'> is given by:
- 2
8T mcv 1 (n2 + 2)
3027 +1)n| 9

xS(J,.J)

3)
Where, the line strength S (J, J') is given by the equation
S (J, I =€ Yu<4f N(S, L) J[|UD [|4£Y(S, L')I>2 (4)
rA=2,4,6
In the above equation m is the mass of an electron, ¢ is the velocity of light, v is the wave number of the
transition, h is Planck’s constant, n is the refractive index, J and J' are the total angular momentum of the initial
and final level respectively, Q) (A=2,4and 6) are known as Judd-Ofelt intensity parameters.

3.3Radiative Properties

The Q) parameters obtained using the absorption spectral results have been used to predict radiative properties
such as spontaneous emission probability (A) and radiative life time (tr), and laser parameters like fluorescence
branching ratio(Br) and stimulated emission cross section (op).

The spontaneous emission probability from initial manifold | 4N (S', L") I'> to a final manifold | 4N (S,L) T >|
is given by:

64 w2v3
3h(2)'+1)

A[(S, L) T (S.L)T]= R ER) 5)

DOI: 10.35629/6734-14091118 www.ijesi.org 12 | Page



Spectral, Thermal and Raman Analysis of Dy** Doped Borosilicate Glasses with Large ..

Where, S (J, )= €2 [R[[ U@ |2+ Qu|[U® |2+ Q| U® ||

The fluorescence branching ratio for the transitions originating from a specific initial manifold | 4N (S, L) I'>
to a final many fold | 4fN (S,L)J > is given by

B[(S‘,L')J';(S’L)”:z% ©)
SLJ

where, the sum is over all terminal manifolds.

The radiative life time is given by
Ta =2 A[S, L) 5 (S.L) ] = Atgral(7)

SLJ
where, the sum is over all possible terminal manifolds.The stimulated emission cross -section for a transition
from an initial manifold | 4fN(S', L") J™> to a final manifold

| 46 (S,L)J >| is expressed as

% I 7INT!. (C TNT]
o,(%,) = [m] X A[(S',L)]'; (S, L)]] (®)

where, 4, the peak fluorescence wavelength of the emission band and A,z is the effective fluorescence line
width.

IV. Result and Discussion
4.1XRD Measurement

Figure 1 presents the XRD pattern of the sample contain —SiO, which is show no sharp Bragg’s peak, but only
a broad diffuse hump around low angle region. This is the clear indication of amorphous nature within the
resolution limit of XRD instrument

Intensity (arb.units)

20 30 40 50 60 70 80
20 (degree)
Fig.(1): X-ray diffraction pattern of YZLSLABS DY (1.0) glass.

4.2 Thermal Property

Differential thermal analysis checks the heat absorbed by glass samples during heating or cooling. Fig.
2 depicts the DTA thermogram of powdered YZLSLABS DY (1.0)sample. The glass transition temperature
(Tg), onset crystallization temperature (T.), crystallization temperature (T,), melting temperature(Tr,), thermal
stability (Ts),Balaji Parameter (Bp),Hurbe’s criterion (Hg) and reduced glass transition temperature(T,;) were
calculated. Shankar’s parameter also calculated by using eq.(12). All the determined thermal parameters are
given in table 2.
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Table 2: Thermal stability parameters obtained from DTA curve of Dy**ions in YZLSLABS glasses.

Glass samples T°C) | TLC) | T,C) | Tu(°C) [ TC) | Bx(°C) | Hr(°C) | Ks(°C) T(°C)
YZLSLABS DY(1.0) | 376 508 547 636 132 3.385 | 0.742 34.251 0.548
YZLSLABS DY(1.5) | 380 511 549 688 131 3447 | 0.740 33.702 0.552
YZLSLABS DY(2.0) | 382 512 555 693 129 3.000 | 0.713 33.693 0.551

The thermal stability of the glass samples can be calculated by difference between onset crystallization
temperature and transition temperature [29].

Thermal stability (Ts) =T.-T, ©
Balaji Parametercan be calculated using [30].

Balaji Parameter (Bp) = [(Tc-Tg)/(Tp-Te)

Hruby’s criterion is calculated using the Hurby’s relation [31].

Hruby’s criterion (Hr) = [(Tp-Tc)/(Tm-Tc)

Reduced glass transition temperature is given as [32]. 1o

Reduced glass transition temperature (Trg) =T¢/Tm (11)
Thermal stability parameter can be calculated using formula.

Thermal stability parameter (Ks) = [(Tm-Tc) X (Te-Tg))/ T (12)

Heat flow (mW)

-150

360 480 600 720

Temperature (°C)
Fig.(2): DTA curve of YZLSLABS DY (1.0) glass.

4.3 Raman spectra

The Raman spectrum of Yttrerbium Zinc Lithium SodalimeAlumino Borosilicate (YZLSLABS DY-1.0) glass
specimens is recorded and is shown in Fig. 3. The spectrum peaks located at 600, 795 and 1206 cm™'. The band
at 600 and 795cm! assigned to Si—-O-Si symmetric stretching and bending vibration, respectively. The band at
1206 cm™ assigned to Si—O—Si asymmetric stretching.
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Fig. (3): Raman spectrum of YZLSLABS DY (1.0) glass.

4.4 Absorption Spectrum
The absorption spectra of Dy*'doped YZLSLABSDY (1.0)glass specimens have been presented in Figure 4 in
terms of Intensityversus wavelength.Thirteen absorption bands have been observed from the ground state

°H,spto excited

states

Hizp,  “Hip,

SHon+OF 11/2,"H72+Fo2,9F7/0+H35/2,F 512,F312,°F o012, 1152, G 112,

F70+1132,°M90+4(P,D)30and*Go,+°P3for Dy**doped YZLSLABSDY (1.0) glasses.
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Fig. (4): Absorption spectrum of YZLSLABSDY (1.0)glass.

The experimental and calculated oscillator strength for Dy**ions in YZLSLABS glasses are given in Table 3.

Table 3: Measured and calculated oscillator strength (P,,x10%°) of Dy**ions in YZLSLABS glasses.

Energy level from Glass Glass Glass
*Hisp YZLSLABSDY(1.0) YZLSLABS DY(1.5) YZLSLABS DY(2.0)

Pexp- Pcal- Pexn~ Pcal- Pexu~ Pca1~

*Hi3p 4.25 3.29 4.22 3.27 4.18 3.24
*Hiin 3.25 3.49 3.20 3.46 3.15 3.42
“Hop+°Frin 12.25 12.36 12.15 12.28 12.08 12.22
*Hy+°Fop 7.05 6.78 6.98 6.74 6.92 6.70
*F75+°Hs) 6.02 6.27 5.96 6.21 591 6.15
°Fsp 3.05 3.23 2.98 3.20 2.93 3.16

Fsp 1.96 0.61 1.92 0.60 1.87 0.60

Fo 2.01 0.49 1.98 0.48 1.92 0.48

*Lisn 2.25 1.26 221 1.25 2.15 1.23
‘Giin 1.25 0.11 1.20 0.11 1.16 0.11
*Frnt*isn 5.85 5.42 5.80 5.38 5.72 5.33
“M9n+4(P,D)3/2 9.15 9.84 9.11 9.82 9.06 9.81
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4Gopt°P3p 3.75 3.36 3.68 3.33 3.62 3.30
r.m.s. deviation 0.8038 0.7880 0.7645

*Low r.m.s.deviationvalues clearly indicate the accuracy of fitting.
The values of Judd-Ofelt intensity parameters are given in Table 4.

Table4: Judd-Ofelt intensity parameters for Dy>*doped YZLSLABS glass

specimens.
Glass Specimens Q,(pm?) Q,(pm?) Qs(pm?) | Q4/Q Trend Ref.
YZLSLABSDY (1.0) 3.987 1.017 2.721 0.3738 Q> Q6> Qy P.W.
YZLSLABSDY (1.5) 3.945 1.027 2.689 0.3819 Q,> Q> Qy P.W.
YZLSLABSDY (2.0) 3.913 1.038 2.657 0.3907 Q> Q6> Qy P.W.
ZLACSLBB (HO) 5.939 1.345 2.187 0.6150 Q,> Q6> Qy [33].
ABSPLP (DY) 11.930 2.130 2.620 0.8130 Q,> Q6> Q, [34].
BBGG (DY) 7.390 1.329 1.468 0.9053 0> Q6> Q4 [35].
LBWB (DY) 5.603 0.851 1.674 0.5084 Q,> Q6> Qy [36].

4.5Excitation Spectrum

The Excitation spectra of Dy**doped YZLSLABSDY (1.0)glass specimens have been presented in
Figure 5 in terms of Excitation Intensity versus wavelength.The excitation spectrum was recorded in the spectral
region 315480 nm fluorescence at 575nm having different excitation band centered at 322,353, 365, 385, 425,
454 and 473 nmare attributed to the °Pspn, *P7p,*P3,*1132,° G112, 1152 and*Fo transitions, respectively. The
highest absorption level is #1132 and is at 385nm.So this is to be chosen for excitation wavelength.
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Fig. (5): Excitation spectrum of YZLSLABS DY (1.0) glass.

4.6 Fluorescence Spectrum

The fluorescence spectrum of Dy**doped in yttrerbium zinc lithium sodalimealumino borosilicateglass
is shown in Figure 6. There are four broad bands observed in the Fluorescence spectrum ofDy>**dopedyttrerbium
zinc lithium sodalimealumino borosilicateglass. The wavelengths of these bands along with their assignments
are given in Table 6. The peak with maximum emission intensity appears at 485nm, 575nm665nm and 752 nm
and corresponds to the(4F9/2—>6H15/2),(4F9/2—>6H13/2), (4F9/2—>6H1]/2) and 4F9/2—>6H9/ztransition.
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Fig. (6):Fluorescence spectrum of YZLSLABS DY (1.0) glass.

TableS: Emission peak wave lengths (Ap),radiative transition probability (Arad),branching ratio
(B),stimulated emission cross-section( op) and radiative life time( Tr)for various transitions in Dy** doped

YZLSLABSglasses.
Transition YZLSLABSDY(1.0) YZLSLABSDY(1.5) YZLSLABSDY(2.0)
Amax Apnd(s™) B [ A Tr(ps) Apa(s™) B o, Ana(s™) i} a(107° (1070
(nm) (102 em?) (102 TR (Us) cm?) cm?)
cm?)
*Foo—"Hisn 485 137.94 02249 0.243 136.76 0.2248 0.235 135.59 0.2244 0.227
‘Fon—"Hyzn 375 405.20 0.6606 1.480 163.04 401.19 0.6606 1.408 164.37 399.20 0.6608 1.352 165.53
‘For—*Hy1n 665 40.61 0.0662 0.181 40.29 0.0662 0.175 40.05 0.0663 0.169
*Fs2—"Hy 752 29.60 0.0483 0.179 29.42 0.0484 0.152 29.28 0.0485 0.147

V. Conclusion
In the present study, the glass samples of composition (25-
x)Si02:10Zn0:10Li20:10Na20:10K20:10A1203:10Yb203:15B203:xDy203. (where x =1, 1.5and 2mol %)
have been prepared by melt-quenching method. The thermal stability parameter for prepared glass samples are
very large. The large thermal parameter indicates that the glass could be easily drawn in to fiber. The value of
stimulated emission cross-section (op) is found to be maximum for the transition (4F9/2—6H13/2)for all
glassspecimens. Thisshows that (4F9/2—6H13/2) transition is most probable transition.
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