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Abstract

Glass of the system:(40-x)Bi»03:10Zn0:10Li,0:10Mg0:10V»05:20B,03: X Pr,03 (where x=1, 1.5,2 mol %) have
been prepared by melt-quenching method. (where x=1,1.5 and 2 mol%) have been prepared by melt-quenching
technique. The amorphous nature of the prepared glass samples was confirmed by X-ray diffraction. Optical
absorption, Excitation, fluorescence spectra have been recorded at room temperature for all glass samples. Judd-
Ofelt intensity parameters Q, (=2, 4 and 6) are evaluated from the intensities of various absorption bands of
optical absorption spectra. Using these intensity parameters various radiative properties like spontaneous
emission probability, branching ratio, radiative life time and stimulated emission cross—section of various
emission lines have been evaluated.
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I. Introduction

Rare earth ions doped in different ceramic glasses to achieve favorable potential applications in a variety
of optical devices such as optical, liner, lasers, fiber amplifiers, frequency-conversion materials, laser action and
laser action [1-5]. Rare earth doped bismuth borate glasses are of increasing interests in various optical
applications, because of their high refractive index, high density and good physical and chemical stability and
high transparency. The performance and relatively low cost of borate glasses make them attractive for most of the
ordinary laser applications [6-10]. Borate glasses have excellent properties such as low phonon energy, thermal
stability, chemical durability and optical stability. The high gain density in borate glasses is due to high solubility
of rare earth ions in borate network. Borate glasses exhibit good mechanical property. The up-conversion of borate
glasses is also compressed because of their relatively large phonon energy[11-15].Pr3* doped glasses have
attracted much interest due to their important optical properties used in lasers, optical amplifiers, photonic devices
and as infrared sensors [16-19].

The addition of network modifier (NWF) Li-O is to improve both mechanical electrical and electrical

properties of borate glasses. With the presence of property modifying (MgO) with B,Os glass network could
significantly improve different properties like mechanical strength, chemical durability and thermal stability [20-
22].
In this work, the spectroscopic properties of Pré* -doped :(40-x)Bi,03:10Zn0:10Li,0:10Mg0:10V,05:20B,03: X
Pr,03 (where x=1, 1.5,2 mol %) glasses were investigated. | have studied on the Optical absorption, Excitation,
fluorescence spectra and DTA thermogram of Pr* doped zinc lithium magnesium vanadium bismuth borate
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 (B), radiative life time(tr)
and stimulated emission cross section(cp) are evaluated using J.O. intensity parameters( €, A=2,4 and 6).

I1. Experimental Techniques

Preparation of glasses

The following Pr3* doped zinc lithium magnesium vanadium bismuth borate glass samples :(40-
X)Bi203:10Zn0:10Li,0:10Mg0:10V205:20B,03: x Pr.0s (where x=1, 1.5.2) have been prepared by melt-
quenching method. Analytical reagent grade chemical used in the present study consist of Bi»0s3,Zn0O,
Li.0,Mg0,V:0s, B20sand Pr.0s. All weighed chemicals were powdered by using an Agate pestle mortar and
mixed thoroughly before each batch (10g) was melted in alumina crucibles in silicon carbide based an electrical
furnace.

Silicon Carbide Muffle furnace was heated to working temperature of 970°C, for preparation of zinc
lithium magnesium vanadium bismuth borate glasses, for two hours to ensure the melt to be free from gases. The
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melt was stirred several times to ensure homogeneity. For quenching, the melt was quickly poured on the steel
plate & was immediately inserted in the muffle furnace for annealing. The steel plate was preheated
t0100°C.While pouring; the temperature of crucible was also maintained to prevent crystallization. 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 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 %)

ZLMVBB (UD):40Bi203:10Zn0:10Li20:10Mg0:10V205 :20B,03

ZLMVBB PR (01): 39Bi»03:10Zn0:10Li20:10Mg0:10V20s :20B,03:1Pr,03
ZLMVBB PR (1.5): 38.5Bi,03:10Zn0:10Li>0:10Mg0:10V>05 :20B,03:1.5Pr203
ZLMVBB PR (02): 38Bi»03:10Zn0:10Li,0:10Mg0:10V,0s :20B,03:2Pr,03

ZLMVBB (UD)-Represents undoped Zinc Lithium Magnesium Vanadium Bismuth Borate glass specimen.
ZLMVBB (PR) -Represents Pr3*Zinc Lithium Magnesium Vanadium Bismuth Borate glass specimens.

1. THEORY

3.1 Oscillator Strength
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation [23].
foxpt. = 4.318 X109 (v) d v ()

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, using the modified relation [24].

11,

Pn=4.6 x10°x Cl 1og | xAvy, )
where c is the molar concentration of the absorbing ion per unit volume, I is the optical path length, loglo/l is
absorbtivity or optical density and Avs, is half band width.

3.2. Judd-Ofelt Intensity Parameters

According to Judd [25] and Ofelt [26] 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") J*> is given by:

8I1’mco 1 (n? +2)°
3h(23 +1)n| 9

where, the line strength S (J, J') is given by the equation
S, J) =2y u<af NS, L) T[[u® |4t (S, L) I>2 (4)
r=2,4,6
In the above equation m is the mass of an electron, c 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, 4 and 6) are known as Judd-Ofelt intensity parameters.

x5(3,3")

®

3.3.Radiative 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 | 4fN (S', L") I*> to a final manifold | 4N (S, L) J >|
is given by:
. _ 6am?vi n(n2+2)2 ,

Where, S (', J) = €2 [Q | U@ ||2+ Qu|[U® |2+ Qs|U®@ ||7

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

B[(S’,L‘)J';(S’L)J]:Z#I/’L()g]m ©
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SLJ
where, the sum is over all terminal manifolds.
The radiative life time is given by
Traa =3, A[(S', L) 5 (S,.L) ] = A7gcar ()
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 | 4 (S, L) J >| is expressed as
% royr I,
ap(lp)z[W]XA[(SrL)]v(ErL)Z] (8)
where, 1, the peak fluorescence wavelength of the emission band and 42 is the effective fluorescence
line width.

3.4 Nephelauxetic Ratio (B) and Bonding Parameter (b'?)
The nature of the R-O bond is known by the Nephelauxetic Ratio (B'") and Bonding Parameters (b*?), which are
computed by using following formulae [27,28]. The Nephelauxetic Ratio is given by

pr=:2 ©
where, v, and vg refer to the energies of the corresponding transition in the glass and free ion, respectively. The
values of bonding parameter h'/2 are given by

b7 = |12 (10)

IV. Result and Discussion
4.1. XRD Measurement
Figure 1 presents the XRD pattern of the samples containing show no sharp Bragg’s peak, but only a broad diffuse
hump around low angle region. This is the clear indication of amorphous nature with in the resolution limit of
XRD instrument
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Fig.1: X-ray diffraction pattern of ZLMVBB PR (01) glass.

4.2 Thermal Properties

Fig. 2 depicts the DTA thermogram of powdered ZLMVBB sample show an endothermic peak
corresponding to glass transition event followed by an exothermic peak related to crystallization event. The glass
transition temperature (Tg), onset crystallization temperature (T), crystallization temperature (T.) were estimated
to be 520°C, 580°C and 598°C respectively. From the measured value of T4, Txand Te, the glass stability factor
(AT =Tx-Tg) has been determined to be 60°C indicating the good stability of the glass.
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Fig.2: DTA thermogram of powdered ZLMVBB PR (01) sample.

Obtained results indicate that by increasing the amount of mol% Pr,Os, the Tg4 of the samples also
increases, the small increase of Tgin these glasses shows that the structure is strongly and progressively modified.
The thermal stabilities AT of the ZLMVBB reference glass and Pr*3doped ZLMVBB glass has been evaluated
from their Tg, Tcand Tcvalues, the results are listed out in Table 2. Hruby’s parameter also calculated by using eq.
(11), the greater values of the Hruby’s parameter indicate higher glass forming tendency, the values of H in glasses
increased with the addition of the Pr.0s.Eqs. (12) and (13) present the GS parameter of Weinberg [29]and Lu and
Liu [30], respectively.

_Ix-Ty

(11)

(12)

(13)

Table 2: Thermal parameters determined from the DTA traces of ZLMVBB (PR) glasses.

Sample Name % Pr,0; T,°C Tx°C T °C AT H Kw K

ZLMVBB (PR 1.0) 1 520 580 598 60 3.333 0.1003 0.5188
ZLMVBB (PR 1.5) 15 521 582 600 61 3.389 0.1017 0.5192
ZLMVBB (PR 02) 2 524 586 604 62 3.444 0.1026 0.5195

4.3. Absorption spectra

The absorption spectra of ZLMVBB (PR) glasses, consists of absorption bands corresponding to the
absorptions from the ground state 3H4 of Pr3* ions. Eight absorption bands have been observed from the ground
state 3Hq to excited states 3Fz, °Fs, 3F4, 1Gq, 1Dy, 3Po, *P1 and 3P, for Pr3* doped ZLMVBB (PR) glasses.
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Fig.3: Absorption spectra of ZLMVBB PR (01) glass.
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The experimental and calculated oscillator strengths for Pr3* ions in zinc lithium magnesium vanadium bismuth
borate glasses are given in Table 3

Table 3. Measured and calculated oscillator strength (P™ x 10*%) of Pr¥*ions in ZLMVBB glasses.

Energy level Glass ZLMVBB Glass ZLMVBB Glass ZLMVBB

3H, (PRO1) (PRL.5) (PRO2)

Pexp. PcaI. Pexp. Pcal. Pexp. Pcal.

°F, 453 3.77 3.65 3.02 2.55 2.08

3F, 6.90 5.96 5.85 4.99 4.84 411

3F, 4.38 3.78 3.44 3.13 2.53 2.57

G, 0.49 0.31 0.36 0.26 0.25 0.21

D, 243 1.07 1.99 0.89 1.39 0.73

3P, 4,58 1.31 3.69 121 2.58 1.06

3P, 473 2.38 3.89 2.13 2.83 1.82

3p, 12.75 3.54 11.65 2.96 10.33 245
R.m.s.deviation 3.6172 3.3021 2.8835

Computed values of Slater-Condon, Lande’, Racah, nephelauexetic ratio and bonding parameter for Pr3* doped
ZLMVBB glass specimens are given in Table 4.

Table4. Computed values of Slater-Condon, Lande’, Racah, nephelauexetic ratio and bonding parameter
for Pr®* doped ZLMVBB glass specimens.

Parameter Free ion ZLMVBB PROL ZLMVBB PR15 ZLMVBB PRO02
Fo(cm™) 322.09 300.00 300.01 300.00
Fy(cm™) 44.46 44.26 44.26 44.26
Fo(cm™) 4.867 44116 44123 44116
E(cm) 741.00 858.40 858.52 858.48
El(cm?) 4728.92 4450.84 4451.02 4450.84
E%(cm?) 24.75 22.01 22.01 22.01
E¥(cm?) 478.10 454.72 454.71 454.72

FdF; 0.13804 0.14753 0.14753 0.14755
FolF 0.01511 0.01471 0.01471 0.01471
EYE? 9.8911 9.7881 9.7887 9.7882
E?/E 0.0518 0.0484 0.0484 0.0484
B 0.88865 0.88868 0.88865
b 0.235960 0.23918 0.23596

The values of Judd-Ofelt intensity parameters are given in Table 5.

Table 5. Judd-Ofelt intensity parameters for Pr®* doped ZLMVBB glass specimens.

Glass Specimen Q,(pm?) Q,(pm?) Qs(pm?) Q4/Qs
ZLMVBB PR(01) 2.827 1.848 5.379 0.3436
ZLMVBB PR(1.5) 2.130 1.706 4.441 0.3848
ZLMVBB PR(02) 1.221 1.494 3.659 0.4083

4.4 Excitation Spectrum

Excitation spectra of ZLMVBB PR (01) glass recorded at the emission wavelength 395 nm is depicted
as figure 4. The excitation spectra consists of three peaks corresponding to the transitions from the ground state
3H, to the various excited states 3P, 3P; and 3P, at the wavelengths of 448, 465 and 486 nm respectively. Among
these, a prominent excitation band at 448 nm has been selected for the measurement of emission spectrum of Pr3*
glass.
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Fig.4: Excitation Spectrum of ZLMVBB PR (01) glass.

4.5. Fluorescence Spectrum

The fluorescence spectrum of ZLMVBB PR (01) doped in zinc lithium magnesium vanadium bismuth borate
glass is shown in Figure 5. There eleven broad bands (*Po—°Hs), (3Po—3Hs), (:D2—°3Hs) (Po—>Hs), ((Po—°F2),
(®(P1—3%F3), (:D2—3Hs), (3Po—3F4), (*G4—3Hs), (*G4—3Hs) and (*Gs—3F4,°F2) respectively for glass specimens.
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Fig.5: Fluorescence spectrum of ZLMVBB PR (01) glass.
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Table 6. Emission peak wave lengths (Ap), radiative transition probability (Arad), branching ratio (Br),

stimulated emission crosssection (op), and radiative life time (t) for various transitions in Pr®* doped
ZLMVBB glasses.

Transition ZLMVBB (PR) ZLMVBB (PR) ZLMVBB (PR)
Amax | Arad(sD) | B Op | R(US) | Aw(sh) | B Op(10- | TR (u8) | Ama(s?) | B Op w®
(nm) (1020 Wem?) (102 | (1020
cm?) cm?) cm?)
Pr—3Hy 485 1088.55 | 0.1094 0.416 976.60 0.1196 0.445 §24.67 0.1409 0.446
3p;—3H;s 532 2094.85 | 0.2106 0.448 1816.65 | 0.2225 0.412 1488.12 0.2542 0.356
D, —*Hy 599 523.94 0.0527 0.222 439.07 0.0538 0.192 347.08 0.0593 0.166
*Py—3Hs 602 460.55 0.0463 0.268 383.36 0.0470 0.241 301.74 0.0515 0.216
3Py—F; 643 2081.63 | 0.2093 2.146 100.54 | 1592.10 | 0.1950 1.879 122.48 924.86 0.1580 1.301 170.82
3p1—7F; 676 3078.99 | 0.3096 1.788 2431.35 | 0.2978 1.529 1553.13 0.2653 1.056
1Dy—3Hs 685 5.542 0.0005¢ | 0.0066 4.840 0.00059 | 0.0064 3.991 0.00068 | 0.0061
3pg—3Fs 730 201.08 0.0202 0.162 180.40 0.0221 0.154 152.34 0.0260 0.138
1Gs—3Hs 1350 | 250.21 0.0252 0.874 208.67 0.2556 0.746 163.52 0.0279 0.598
1G;—*Hs 2025 | 14296 0.0144 5.512 116.79 0.0143 4.680 85.07 0.0145 3.626
1G4—3F, 3F2 | 3555 | 18.272 0.0018 3.745 14.54 0.0018 3.080 9.490 0.0016 2.078

V. Conclusion
In the present study, the glass samples of composition :(40-

X)Bi203:10Zn0:10Li»0:10Mg0:10V,05:20B,03: X Pr.03 (where x =1, 1.5, 2 mol %) have been prepared by melt-
quenching method. The stimulated emission cross-section (cp) has highest value for the transition (*G4—°3Hs) in
all the glass specimen doped with Pré*ion. This shows that (:G4—°3Hs) transition is most probable transition and
it useful for laser action. Large thermal stabilities (AT) shows that the prepared glass samples is useful for
Thermionic Applications.
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