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Abstract

Glass of the system: (40-x)Bi,03:10Zn0O:10Li,0:10W0O;:10Al,03:20B,05:xH0,03. (where x=1, 1.5,2 mol %)
have been prepared by melt-quenching method.The amorphous nature of the prepared glasssamples was
confirmed by X-ray diffraction. Optical absorption,Excitation, fluorescence and FTIR 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 (A), branching ratio (), radiative life time(
7r) and stimulatedemission cross—section( op)of various emission lines have been evaluated.
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I.  Introduction

Glasses doped with rare earth ions have attracted a great deal of attention because of their applications
in laser fusion, optical fibers, sensors, infrared detectors, marine optical communications, up-conversion lasers,
optical data storage and high density memory storage devices [1-5]. Among different glasses, bismuth borate
glasses have unique properties. They have high transparency,high thermal stability and low dispersion rates
.Borate glasses possess interesting properties like lower phonon energy, high density,high refractive indices,
high gain density, high solubility,non-linear optical susceptibilities and low melting temperature[6-10].Addition
of network modifier (NWF) Li,O to the bismuth borate glasses improves both electrical and mechanical
properties of such glasses[11, 12].ZnO is also added due to its specific chemical and microstructure
properties.Despite, the Bi,O3 is not a classical network former, it exhibits some superior properties like high
refractive index, high optical basicity and large polarizability [13].Moreover, bismuth oxide contained host glass
matrix improves chemical durability of the glass [14, 15].

The present work reports on the preparation and characterization of rare earth doped heavy metal oxide
(HMO) glass systems for lasing materials.| have studied on the Optical absorption,Excitation, fluorescence and
FTIR spectra of Ho**doped zinc lithium tungsten aluminobismuth borateglasses. 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(tg) and stimulated emission
cross section(op) are evaluated using J.O.intensity parameters( Q,, A=2,4 and 6).

I1.  Experimental Techniques

Preparation of glasses

The following Ho**doped bismuth borateglass samples (40-
X)Bi,03:10Zn0:10Li,0:10W05:10Al,05:20B,05:xH0,05 (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 Bi,03,Zn0O,
Li,O, WO;,Al,05,B,0sand Ho,0s. They were thoroughly mixed by using an agate pestle mortar. then melted at
985°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 250°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.
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Table 1.
Chemical composition of the glasses
Sample Glass composition (mol %)
ZLTABB(UD)  40Bi,;03:10Zn0:10Li,0:10W05:10Al,03:20B,0;
ZLTABB (HO1) 39Bi,03:10Zn0:10Li,0:10W05:10Al,0;:20B,0;:1 Ho,03
ZLTABB(HOL1.5) 38.5Bi,03:10Zn0:10Li,0:10W0;:10Al,03:20B,05:1.5H0,0,
ZLTABB(HO2) 38Bi,05:10Zn0:10Li,0:10W05:10Al,05:20B,05:2H0,0,

ZLTABB (UD) -Represents undopedZinc Lithium Tungsten AluminoBismuth Borateglass specimens
ZLTABB(HO)-Represents Ho**dopedZinc Lithium Tungsten AluminoBismuth Borateglass specimens

I11.  Theory
3.10scillator Strength
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation [16].

fexpr. = 4.318 x10[¢ (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 [17], using the modified relation:

1 |

Pri=4.6 x10°x — log —% xAv5(2)
cl |

where c is the molar concentration of the absorbing ion per unit volume, | is the optical path length, logly/l is

optical density and Av,,is half band width.

3.2. Judd-Ofelt Intensity Parameters
According to Judd[18] and Ofelt[19] 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 |4f" (S',L") J> is given by:
2 [(.2 27

sl mev 1 "+ 2) Ixs(3,37) Where, the

3h(2J +1)n |9 ]
@)

line strength S (J, J") is given by the equation

S (3, J) =e* Y, <4(S, L) J|| U ||4£(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, , (A=2,4and 6) are known as Judd-Ofelt intensity.

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 (zg), and laser parameters like fluorescence
branching ratio(Bgr) and stimulated emission cross section (o).

The spontaneous emission probability from initial manifold | 4fN (S, L") I'> to a final manifold | 4N (S,L) J >
is given by:

6am2v3 |n(n?+2)
3h(2]'+1) 9

AL L) 1: (S RS ©

Where, S (I, ) =€ [ || U@ |2+ QU |2+ a]|U® |2

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

B, L)T; (S, L)g= s—a Dl (©)

A[(s"LNJ'(S L]
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SLJ
where, the sum is over all terminal manifolds.

The radiative life time is given by
Tag =2 Al(S, L) I (SL) 1 = Arga(7)
SLJ

where, the sum is over all possible terminal manifolds. The stimulated emission cross -section for a transition
from an initial manifold | 4fY (S', L") I'> to a final manifold
| 46" (S,L)J>| is expressed as

05 (15) = [z | X ALGS', L5 5, D)) ®

where, 4, the peak fluorescence wavelength of the emission band and AA 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'/2), which are
computed by using following formulae [20, 21]. The Nephelauxetic Ratio is given by

B =340)

where, v, and vy refer to the energies of the corresponding transition in the glass and free ion, respectively. The
value of bonding parameter (b'/2 ) is given by

_l/2
pie= L (10)

IV. Result and Discussion
4.1XRD Measurement
Figure 1 presents the XRD pattern of the sample contain —Bi,O3 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.

T
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26 (degree)
Fig. 1 X-ray diffraction pattern of ZLTABB (HO) Glasses.

4.2 FTIR Transmission spectra
The FTIR spectrum of ZLTABB (HO 01) glass is in the wave number range500-2500cmis presented in Fig.2
and the possible mechanism bands are tabulated in Table 2.
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Fig. (2) FTIR spectrum of ZLTABB HO (01) glass.

In the studied glasses, the IR features located below 600 cm™ are attributed to BiObonds in [BiOg] so
the band observed at 510 cm™' is attributed to BiO bonds in BiOg[22]. The observed band around at 702 cm™ is
due to the bending vibration of B-O-B linkage in borate network[23]whereas the band at 1025 cm™ is due to
asymmetric stretching vibrations of the B-O bonds in BO, units [23] and the broad band at 1335 cm™ is
attributed to the B-O bonds due to stretching vibrations of trigonal BO3 units in the borate network [24].The
observed band around at 2350 cm™ is attributed to water groups OH stretching vibrations [25].

Table2. Assignment of infrared transmission bands of(ZLTABBHO 01) glass.

Peak position(cm™) Band Assignment

~510 Bi-O bonds in BiOg Units

~702 Bending vibrations of B-O-B linkage

~1025 B-O Stretching vibrations of BO, tetrahedral
~1335 B-O Stretching vibrations of the trigonal BO3 units
~2350 Presence of hydrogen bonding

4.3 Absorption Spectrum

The absorption spectra of Ho**doped ZLTABB glass specimens have been presented in Figure 3 in
terms of optical density versus wavelength.Twelve absorption bands have been observed from the ground state
*|gto excited states °ls, °ly, °Fs, °Fs, °Fs, *Kg, G, °G,>G)s, °G4, °G,, °G3, and’F4for Ho®* doped ZLTABB glasses.

Intensity (a.u.)

GLASS SPECIMEN
ZLTABB HO (01)

GROUND STATE-"I,

I
300 350 400

450

500 550 600 650

700 750 800 850 900

Wavelength (nm) ——»

Fig. (3) Absorption spectrum of ZLTABB HO (01) glass.

The experimental and calculated oscillator strength for Ho*"ions in ZLTABB glasses are given in Table 3.

Table 3:Measured and calculated oscillator strength (P,x10*°) of Ho**ions in ZL TABB glasses.

Energy level from Glass Glass Glass
®lg ZLTABB(HOO01) ZLTABB(HOL1.5) ZLTABB(HO02)
Pexp- F’cal- Pexp- Pcal- Pexp- Pcal-
®ls 0.42 0.24 0.38 0.24 0.35 0.23
®l, 0.05 0.02 0.04 0.02 0.03 0.02
°Fs 3.62 2.78 3.58 2.70 3.52 2.67
°F, 4.58 4.32 4.52 4.21 4.48 417
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°F3 152 2.39 1.48 2.34 1.42 2.32
°Kg 1.38 1.98 1.32 1.90 1.28 1.88
*Gs 26.68 26.70 22.96 22.98 23.23 22.28
(¢G.%G) 3.72 1.70 3.68 1.63 361 1.60
G, 0.06 0.61 0.05 0.58 0.04 0.58
°G, 5.76 5.63 5.72 4.95 5.68 482
°Gs 1.46 141 1.42 1.33 1.38 1.31
°Fs 1.32 4.17 1.27 4.00 1.22 3.94
r.m.s. deviation +1.0984 +1.1006 +1.0986

Computed values of F,, Lande’ parameter (E45), Nephlauxetic ratio(p') and bonding
parameter(b"/%) for Ho**ions in ZLTABB glass specimen are given in Table 3.

Table 3: F,,& B' andb**parameters for Holmium doped glass specimen.
Glass Specimen F, ” ] b2
Ho* 358.82 1258.16 0.9337 0.1821

In theZinc Lithium Tungsten AluminoBismuth Borateglasses (ZLTABB)Q,, Q, and Qsparameters decrease with
the increase of x from 1 to 2 mol%. The order ofmagnitude of Judd-Ofelt intensity parameters is Q,>Qg>Q,for
all the glass specimens. The spectroscopic quality factor (€4/€) related with the rigidity of the glass system has

been found to lie between 0.597 and 0.617 in the present glasses.
The values of Judd-Ofelt intensity parameters are given in Table 4.

Table4:Judd-Ofelt intensity parameters for Ho®* doped ZL TABB glass specimens.
Glass Specimen Q,(pm?) Q(pm?) Qs(pm?) Q, Qs Ref.
ZLTABB (HOO01) 5.911 1.210 1.962 0.6167 P.W.
ZLTABB (HO15) 4.958 1.155 1.917 0.6019 P.W.
ZLTABB (H0O02) 4.785 1.134 1.901 0.5965 P.W.
TFB(EV) 4.76 1.09 3.09 0.353 [26]
ZABS(EU) 5.253 1.446 2.750 0.526 [27]
LCASO(HO) 5.606 1.175 1.981 0.593 [28]
LLBP (TB) 3.339 1.179 2.462 0.479 [29]
BBFB(ER) 3.302 0.845 1.09 0.775 [30]

4.4Excitation Spectrum

The Excitation spectrum of ZLTABB (HO 01) glass has been presented in Figure 4 in terms of
Excitation Intensity versus wavelength.The excitation spectrum was recorded in the spectral region 325-525 nm
fluorescence at 545nm having different excitation band centered at349,419, 452, 473and 486 nmare attributed to
the °Gs,(°G, *G)s,’Gs, *Ksand®F; transitions, respectively. The highest absorption level is °Gs and is at 452nm.So
this is to be chosen for excitation wavelength.
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Fig. (4) Excitation spectrum of ZLTABB HO (01) glass.

4.5 Fluorescence Spectrum

The fluorescence spectrum of Ho**doped in zinc lithium tungsten aluminobismuth borate glass is
shown in Figure 5. There are eleven broad bands observed in the Fluorescence spectrum ofHo**dopedzinc
lithium tungsten aluminobismuth borateglass. The wavelengths of these bands along with their assignments are
given in Table 5. The peak with maximum emission intensity appears at 2035nm and corresponds to the
(°1;—°1g) transition.
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Fig. (5). Fluorescence spectrum of ZLTABB HO (01) glass.

Table5:Emission peak wave lengths (1), radiative transition probability (Arg),branching ratio
(B),stimulated emission cross-section( o) and radiative life time( tg)for various transitions in Ho*" doped
ZLTABB glasses.

Transition ZLTABE (HO 01) ZLTABE (HO 13) ZLTAEB (HO 03)
- Ansl(sT) B Op r(us) Ansls) B Oy Au(s) | B a,(10% (107
(nm) (10 cm?) (10 T (us) cm?) cm?)
cm?)

Fi—l 435 4831.78 0.2482 0.601 473430 0.2489 0.583 469958 0.2491 0.368

Fa—Ts 501 7679.50 0.3945 1.249 7496.45 0.3941 1.203 7431.59 0.3940 1.162

38,—Ts 555 2014.67 0.1035 0436 197337 0.1039 0424 1961.67 0.1040 0416

Fs—Ip 652 2190.07 0.1125 0.741 2129.90 0.1120 0.714 2107.18 0.1117 0.696

8,1, 761 1528 83 00785 1.136 1498 21 00788 1106 1487.01 0.0788 1.079 330199

Fs— 1, 995 31350 0.0264 1229 5136.68 49359 0.0260 1163 525751 48769 0.0259 1130

Te—°Ty 1032 | 23487 00121 0.706 22959 00121 0683 22776 0.0121 0.666

38,—T; 1195 | 26889 00138 1227 26197 00138 1181 25973 0.0138 1151

8= 1310 | 7151 0.0037 0.633 70.00 0.0037 0.610 69.48 0.0037 0.392

I—Ig 2035 | 106.88 0.0035 | 4732 103.93 0.0035 4568 103.02 0.0035 | 4437

Li—I- 2025 | 27.32 0.0014 3928 2640 0.0014 3753 26.13 0.0014 3.678

V. Conclusion

In the present study, the glass samples of composition (40-
X)Bi,03:10Zn0:10Li,0:10W05:10Al,05:20B,05:xH0,05 (Where x =1, 1.5and 2mol %) have been prepared by
melt-quenching method. The value of stimulated emission cross-section (o) is found to be maximum for the
transition (°F,—°lg) for glass ZLTABB(HO 01), suggesting that glass ZLTABB (HO 01) is better compared to
the other two glass systems ZLTABB (HO1.5) and ZLTABB(HOO02).The large stimulated emission cross
section in bismuth borate glasses suggests the possibility of utilizing these systems as laser materials. The FTIR
of glasses revealed the presence of characteristic bonding vibrations of different functional groups.
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