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ABSTRACT: Ytterbium zinc lithium sodalime magnesium borophosphate glasses containing Er'* in (25-
x):P,05:10Zn0:10Li,0:10Ca0:10Na,0:10Mg0:10Yb,05:15B,03:xEr,0; (where x=1, 1.5,2 mol %) have been
prepared by melt-quenching method. The amorphous nature of the glasses was confirmed by x-ray diffraction studies.
Optical absorption, Excitation, Raman and Fluorescence spectra were recorded at room temperature for all glass
samples. Judd-Ofelt intensity parameters Q; (A=2, 4, 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.

KEYWORDS: YZLSLMBP Glasses, Raman spectra, Judd-Ofelt Theory, Rare earth ions.
I. INTRODUCTION

Transparent glass ceramic as host materials for active optical ions have attracted great interest recently due to their
potential application in solid state lasers, display devices, optical detector, lasers technologies and optical fiber
amplifiers [1-5].0xide glasses are the most stable host matrices for practical applications due to their high chemical
durability and thermal stability. Amongst many other glasses the P,Os based glasses find wide spread applications in
optical data transmission, detection and laser technologies .Phosphate glasses are very well known for their suitable
mechanical and chemical properties, homogeneity, good thermal stability, and excellent optical properties phosphate
glasses show an enhancement of rare earth radiative emission properties due to their variety of sites available for the
doping ions [6-11]. Phosphate glasses have excellent transparency, good mechanical and thermal stability.
Borophosphate glass has low phonon energy, chemical and thermal stability. Addition of ZnO improves chemical
durability and thermal stability of the glasses [12]. Due to low melting point and glass transition temperature,
preparations of borophosphate glasses are comparatively easier than other glass families [13-15].

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, Raman and emission properties of Er’* doped
ytterbium zinc lithium sodalime magnesium borophosphate 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(tg) and stimulated emission cross section(c,) are evaluated
using J.O.intensity parameters( €2;, A=2,4 and 6).

II. EXPERIMENTAL TECHNIQUES
Preparation of glasses

The following Er’* doped ytterbium zinc lithium sodalime magnesium boro phosphate glass samples (25-
x):P,05:10Zn0:10Li,0:10Ca0:10Na,0:10MgO: 10Yb,05:15B,05:xEr,0; (where x=1,1.5,2) have been prepared by
melt-quenching method. Analytical reagent grade chemical used in the present study consist of P,0Os, ZnO,
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Li,0,Ca0,Na,0,MgO,Yb,0;, B,O;and Er,0;. 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 1072°C, for preparation of ytterbium
zinc lithium sodalime magnesium borophosphate glasses, for two hours to ensure the melt to be free from gases. The
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 to100°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 %)
YZLSLMBP (UD) 40P205 10ZnO: 10L120 10A1203 10Sb20320B203
YZLSLMBP (ER 1) 39P,05:10Zn0:10Li,0:10A1,05:10Sb,05:20B,05:1 Er,O3

YZLSLMBP (ER 1.5) 38.5P,05:10Zn0:10Li,0:10A1,05:10Sb,05:20B,0;: 1.5 Er,04

YZLSLMBP (ER 2) 381)205 10ZnO: 10L120 10A1203 10Sb20320B203 2 Er203

YZLSLMBP (UD)—Represents Ytterbium Zinc Lithium Sodalime Magnesium Borophosphate glass specimen.

YZLSLMBP (ER) -Represents Er ** doped Ytterbium Zinc Lithium Sodalime Magnesium Borophosphate glass
specimens.

III. THEORY
3.1 Oscillator Strength
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation [16].

foxpr- = 4.318 x10°fe (v) d v (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, using the modified relation [17].

1 1
P.=4.6 x10°x — log —% xAv;» @)
cl I

where c is the molar concentration of the absorbing ion per unit volume, I is the optical path length, logly/I is
absorbtivity or optical density and Av,, is half band width.

IJIRSET©2023 |  AnISO 9001:2008 Certified Journal | 10916


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬁ”‘!g‘ .“1 |e-ISSN: 2319-8753, p-ISSN: 2320-6710] www.ijirset.com | Impact Factor: 8.423] A Monthly Peer Reviewed & Referred Journal |

IJIRSET || Volume 12, Issue 8, August 2023 ||

| DOI:10.15680/IJIRSET.2023.1208052 |

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 | 4f" (S, L) J> level and the terminal J' manifold
|4fN (S.L") J'> is given by:

ST mco 1 (n2 + 2)2
3h(2J +1)n| 9

xS(7,J°)

(3)
where, the line strength S (J, J') is given by the equation
S, ) ="y <4t NS, L) T UP |4 (s, LyI>2 (@)
A=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.
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 (o).

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

64 2v3 n(nz+2)2

AL, LI5S, ) 1 =5 s M sy )

Where, S (J', 1) = * [ [[UP ||?+ Qu[[U® ||*+ Q]| U@ ||*1

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

B[(S',L')J';(S’L)JFZ% ©

SLJ
where, the sum is over all terminal manifolds.

The radiative life time is given by

Taa =L A8, L) I3 (SL) 1 = Afota O
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 | 4N (S, L) J >| is expressed as

o) = [ | ¥ AL EEDN ®)
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where, 4, the peak fluorescence wavelength of the emission band and A4, is the effective fluorescence line width.
3.4 Nephelauxetic Ratio (p') and Bonding Parameter ("%

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 [20, 21]. The Nephelauxetic Ratio is given by

=2 ©)

Va

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

b1/2=[1_Tﬁ,]1/2 (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.

T

15%Er] 7

T

——1.0% Er| -

Intensity (arb. units)

—Ref ]

20 30 40 50 60 70 80
26 (degree)

Fig.1: X-ray diffraction pattern of YZLSLMBP (ER) glasses.

4.2 Raman spectra

The Raman spectrum of Ytterbium Zinc Lithium Sodalime Magnesium Borophosphate (YZLSLMBP) glass specimens
is recorded and is shown in Fig. 2. The spectrum peaks located at 397 and 779 cm™. The band at 397 cm-1is is related
to the bending motion of phosphate polyhedral PO, units with cation like ZnO as the modifier. The broad band at
779cm is due to symmetric stretching of (P-O—P) bridging oxygen bonds in (P,05), units.
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Fig.2: Raman spectra of YZLSLMP ER (01) glass.

4.3. Absorption spectra

The absorption spectra of YZLSLMBP (ER) glasses, consists of absorption bands corresponding to the absorptions
from the ground state *I,sp, of Er** ions. Nine absorption bands have been observed from the ground state *Lisp to
excited states 4111/2, 419/2, 4F9/2, 4S3/2, 2H1 1725 4F7/2, 4F5/2, 41:“3/2, 2H9/2 and4G1 12 for EI'3+ dOpCd YZLSLMBP (ER) glasses.

0.8
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YZLSLMBP ER (01)
0.7+ GROUND STATE - ‘H,,,

0.6

Optical Density (0.D.) ——»

300 400 500 600 700 800 900 1000 1100

Wavelength (nm) ——»
Fig.3: Absorption spectra of YZLSLMP ER (01) glass.

The experimental and calculated oscillator strengths for Er’* ions in ytterbium zinc lithium sodalime magnesium
borophosphate glasses are given in Table 2
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Energy level Glass YZLSLMBP Glass YZLSLMBP Glass YZLSLMBP
S (ERO1) (ER1.5) (ER02)

Pesp. Pear Pesp. Pear Peyp. Pea.

Tin 0.88 0.68 0.86 0.69 0.83 0.68

Lo 0.47 0.15 0.45 0.15 0.43 0.15

*Fopn 245 1.49 2.42 1.48 2.39 1.47

Ssn 0.35 0.62 0.33 0.62 0.31 0.62

*Hyip 6.46 2.37 6.42 2.37 6.39 2.37

*Fin 5.36 2.16 533 2.16 5.30 2.15

*Fsn 0.68 0.79 0.66 0.79 0.63 0.79

*Fan 0.32 0.49 0.30 0.49 0.28 0.48

Hy)y 1.66 0.93 1.63 0.93 1.60 0.92
*Gyip 4.86 6.79 4.83 6.79 4.79 6.78

R.m.s.deviation 1.7995 1.7857 1.7771

The various energy interaction parameters like Slater-Condon parameters Fy (k=2, 4, 6), Lande’s parameter &4 and
Racah parameters E* (k=1, 2, 3) have been computed . The ratio of Racah parameters E'/E* and E/E’ are about 10.35
and 0.049 respectively. Computed values of Slater-Condon, Lande, Racah, nephelauexetic ratio and bonding parameter
for Er’* doped YZLSLMBP glass specimens are given in Table 3.

Table3. Computed values of Slater-Condon, Lande, Racah, nephelauexetic ratio and bonding parameter for Er**
doped YZLSLMBP glass specimens.

Parameter Free ion YZLSLMBPERO1 YZLSLMBP ER1.5 YZLSLMBP ER02
Fy(cm™) 441.680 433.880 433.994 433.899
Fy(cm™) 68.327 67.048 67.047 67.047
Fg(cm™) 7.490 7.040 7.041 7.041
E(cm™) 2369.400 2414815 2414.777 2414777
E'(cm™) 6855.300 6661.485 6661.876 6661.875
E’(cm™) 32.126 31.335 31.338 31.338
E’(cm™) 645.570 643.691 643.685 643.685

F,/F, 0.15470 0.15453 0.15452 0.15452
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F¢/F, 0.01696 0.016225 0.016227 0.016227

E'/E’ 10.61899 10.345 10.350 10.350

E%/E’ 0.049764 0.04868 0.04868 0.048686
B' 0.99548 0.99555 0.99555
b 0.047517 0.047169 0.047168

Judd-Ofelt intensity parameters Q; (4 = 2, 4 and 6) were calculated by using the fitting approximation of the
experimental oscillator strengths to the calculated oscillator strengths with respect to their electric dipole contributions.
In the present case the three Q; parameters follow the trend Q, < Q, < Q.
The values of Judd-Ofelt intensity parameters are given in Table4.

Table4. Judd-Ofelt intensity parameters for Er’* doped YZLSLMBP glass specimens.

Glass Specimen Q,(pm?) Qu(pm?) Q¢(pm°) Q4/Q%
YZLSLMBP (ERO1) 0.8421 0.3214 0.9850 0.3263
YZLSLMBP (ER1.5) 0.8443 0.3151 0.9855 0.3197
YZLSLMBP (ER02) 0.8449 0.3136 0.9792 0.3203

4.4 Excitation Spectrum

The Excitation spectra of Er**doped YZLSLMBP (01) glass specimen has been presented in Figure 4 in terms of
Excitation Intensity versus wavelength. The excitation spectrum was recorded in the spectral region 300—600 nm
fluorescence at 550nm having different excitation band centered at 350,365, 381, 425, 455, 470 and 518 nm are
attributed to the *K;s, *Gop, ‘G111, *Gopa, “Fap, “Fspp and *H,yj, transitions, respectively. The highest absorption level is
4G] 1pand is at 38 1nm.So this is to be chosen for excitation wavelength.
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Fig.4: Excitation Spectrum of YZLSLMBP ER(01) glass.

4.5. Fluorescence Spectrum

The fluorescence spectrum of Er’*doped in ytterbium zinclithium sodalime magnesium borophosphate glass is shown
in Figure 5. There are six broad bands (‘F;p—"Iis2), CHy12—"Tis) (*S30—T152), (‘Fo—"Lis2), (Ty12—T15) and
(4113,2—>4115/2) respectively for glass specimens.
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Fig.5: Fluorescence spectrum of YZLSLMBP ER (01) glass.
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Table 5. Emission peak wave lengths (1), radiative transition probability (A,q), branchlng ratio (Pg), stimulated
emission crosssection (), and radiative life time (t) for various transitions in Er** doped YZLSLMBP glasses.

Transition YZLSLMBP ER 01 YZLSLMBP ER 1.5 YZLSLMBP ER 02
}"max Arad(s- B Gp TR(HS) Arad(s_l) B Gp( 1 0-20 TR (HS) Arad(s_ B cSp TR
l) sz) 1) ( 10—20
(nm) (107 0™ | ooy
cm?) cm?)
*Fon—'Ts | 485 | 1989.8 | 04111 | 0.5442 1993.08 | 0.4112 | 0.5342 1983.4 | 0.4106 | 0.5073
2 7 7
"Hy1,—1; | 530 | 1191.1 | 0.2461 | 0.3830 1192.82 | 0.2461 | 0.3740 1194.0 | 0.2472 | 0.3630
512 4 2
*S3—'Ts, | 550 | 875.20 | 0.1808 | 0.2651 206.60 | 877.37 0.1810 | 0.2623 206.33 | 873.37 | 0.1808 | 0.2542 | 207.01

2

*Fop—1,5, | 657 | 600.53 | 0.1241 | 0.3189 599.13 0.1236 | 0.3125 596.71 | 0.1235 | 0.3058
2

Tp—"s | 990 | 1013.9 | 0.0209 | 0.3543 1017.36 | 0.0210 | 0.3498 101.24 | 0.0210 | 0.3357
2 1

13—, | 1538 | 82.158 | 0.0170 | 1.2377 82.366 0.0170 | 1.2261 81.96 | 0.0170 | 1.1869

2

V. CONCLUSION

In the present study, the glass samples of composition (40-x):P,05:10Zn0O:10Li,0:10A1,05:10Sb,0;:20B,03:xEr,04
(where x =1, 1.5, 2 mol %) have been prepared by melt-quenching method. The value of stimulated emission cross-
section (o,,) is found to be maximum for the transition (“Lizp—"1,5) for glass YZLSLMBP (ER 01), suggesting that
glass YZLSLMBP (ER 01) is better compared to the other two glass systems YZLSLMBP (ER1.5) and YZLSLMBP
(ER02).
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