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ABSTRACT: The N&* doped lithium sodium bismuth borate glasses in the,68B0LiF+10NaF+10BiO; system

with various concentrations of 0.2, 0.4, 0.6, 0.8, 1.0, 1.5 and 2.0 mol% are prepared by melt quenctiingeteiine

structural and elemental analysis is studied using XRD, SEM and EDS spectra respectively. FTIR and Raman Spectral
analysis confirm the glassre earth complex formation and igtass interactions. Optical absorption spectroscopy is
investigatedand JudeDfelt analysis is performed. Radiative rates, branching ratio and lifetime Gghievel of N&*

are determined. NIR photoluminescence spectra show three emission*Bandfs *lo, “l112and *l15, under the

excitation of 808 nm. Amongllathe concentrations of Nt ions, 0.6 mol% N& contained glass samples exhibit
promi nent emi ssion at 1.06 &m. Fr o m* domtanedpglass tsamblesmien e s ¢
suggested for potential NIR luminescent device applications.
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I INTRODUCTION

A special attention has been focused on the rare earth ions doped glasses due to their wide variety of applications in
various fieldssuch as solid state lasers, flat panel displays, planar waveguides, optoelectronic devices and high density
frequency domain optical data storage systems (Shanmugavelu et al., 2014). Among various glasses, borate glasses are
excellent host matrices becauseric oxide (BOs) acts as a good glass former and flux material (Lee et al. 2009).
Borate glasses are structurally more intricate as compared to silicate or phosphate glasses due to two types of
coordination of boron atoms with oxygens (3 and 4) andthueeture of vitreous s consists of a random network of

boroxyl rings and B@triangles connected by-B-B linkages. Moreover, the addition of a modifier oxide causes a
progressive change of some Btiangles to BQ tetrahedra and results in the forioat of various cyclic units like

diborate, triborate, tetraborate or pentaborate groups (Lin et al..2003)

The glass containing heavy metal ions like@iin borate glasses, decreases the host phonon energy and thereby
improves the effective fluorescené®lori et al. 2002)and also the addition of alkali fluoride (NaF) minimizes the
phonon energy of the host glass matrix (Tanabe et al. 2000). Moreover, bismuth oxide contained host glass matrix
improves chemical durability of the glass (Stambuoli et al320Despite the fact that the f); is not a classical
network former, it exhibits some superior physical properties like high density, high refractive index and exhibits high
optical basicity, large polarizability and large nonlinear optical susceptititlebottom et al. 1997). The gence of

two network forming oxides such as classicgDBand the conditional BO; glass former, the possible participation in

the glass structure of both boron and bismuth ions with more than one stable coordination and ility cdpthb

bismuth poyhedral and of the borate structural groups to form independent interconnected networks has gained
importance (Mariappan et al. 2005Nd** doped glasses have been extensively studied for their applications in the
development of solid state laser matesidlhe required properties, for good laser efficienc§FgsY “l11,, transition

of Nd®* ion are long fluorescence lifetime and high stimulated emission-ses®ns. Hence, optimization of the best
ion-host combination is important since the spectpic parameters of the rare earth (RE) ions are strongly affected

by the local structure of the RE ions and their distribution in the host matrix (Arul Rayappan et al. 2012)

In the present work, the structural, optical and luminescence properties*ofoNcdoped lithium sodium bismuth
borate glasses have been studied by using the XRD, SEM, EDS, Raman, absorption and emiss@maneadtnrom
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the absorption and emission spectra, spectroscopic parameters such as-é Juddt | nt ens.,{ &2,4p ar a me
6), spontaneous radiative transition probabilitieg)(A br anchg) ngndat iads ad #revoalculatedf et i m
for various concentrations of Ridin prepared glasses. The stimulated emission @assc t i pp ang efféciive
bandwidthy &) of the*Fs, Y *l112laser transition at 1060 nm obtained from the emission spectra excited at 808 nm.

Il EXPERIMENTAL STUDIES

Nd** doped lithium sodium bismuth borate (LSBiB) glass samples with compositionsx) (830; +
20LiF+10NaF+10BiO; + xNd,O3 (where x=0.2, 0.4, 0.6, 0.8, 1.0, 1.5 and 2.0 mol.%) are prepared by conventional
melt quenching method using high purity precursor chemical®wt lacid (HBO3), bismuth oxide (BiOs), lithium

fluoride (LiF), sodium fluoride (NaF) and neodiymm oxide Nd,Os) powders About 10 g batches of chemicals are

mixed and grinded in an agate mortar to obtain homogeneous mixture. The mixture is taken into a porcelain crucible
and put into an electric furnace at a temperature range of 1B °C for 45min. Then the mixture is melted and air
guenched by pouring it on a preheated brass plate. These samples are annealed at 300 °C for 3 h in order to remove
strains. For all the glass samples, the physical parameters like density, thickness and reiflésztivare calculated.

The XRD spectral profiles of prepared glassy samples are obtainedERERT 303 TT Xray diffractometer (with

CuKjg line of 1.5405 A), operating at 40 kV and 50 mA anode current. The SEM with EDS spectrum is measured for
these pepared glasses. The FTIR spectrum is recorded using Thermo Nicolet IR200 spectrometer at room temperature
(RT) in the wavenumber range 36800 cm'. Raman spectral profile is carried out at RT in the wavenumber range
1400200 cm' using LabRam HR 800 céoral Raman Spectrometer with Nd: YAG laser source (532.15 nm). The
optical absorption spectra are recorded for afi'Midped glasses using JASCO V570-W5-NIR spectrophotometer.

The emission spectra are recorded by exciting the sample at 808 nnasdthdiode using FL-:880 Edinburgh
instrument.

II. RESULTS AND DISCUSSION

A. X-ray Diffraction (XRD) and SEM with EDS Studies

Figure3.1 illustrates the XRD pattern of lithium sodium bismuth borate glass. The presence of no sharp crystallization
peakandd r oad hump between 20e and 40e confirms the amor
confirms same nature and is shown Big. The EDS spectrum of lithium sodium bismuth bogdessis shown in Fig.

3.3. From this figure the elements tlaae present in the investigated glass are identified.
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Fig. 3.1 XRD profile of the lithium sodium bismuth borate host glass matrix.
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Fig. 3.2 SEM image of 0.6 mol% Rialoped lithium sodium bismuth borate glass matrix.
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Fig. 3.3 EDS spectrum @6 mol% Nd* doped lithium sodium bismuth borate glass matrix.
B. FTIR Analysis

The FTIR spectrum of host lithium sodium bismuth borate (LSBIB) glass is shown iB.4igihe spectrum reveals
the characteristic peaks located at 516 c&96 cm', 1218cm*, 1360 cni, 1546 cn, 1740 cnt, 2341 crit, 3020 cm

1 and 3732 cm. The broad bands are due to combination of several factors such as high degeneracy of vibrational state,
thermal broadening of lattice dispersion and mechanical scattering of théesaime infrared bands are mainly related
to BO; and BQ groups. The FTIR transmission spectrum in the range o5200cm' is assigned to #-B bending
vibrations as well as borate ring deformation. The band centered at 896 assigned to 8 strething vibrations of
tetrahedral BQunits in different borate group$he transmission band at 1218 tis specific principle signature to
the B-O stretching vibrations of BQriangular units with no#bridging oxygen atoms (lvascu et al. 201The bandat
around 1360 crh has been assigned to the stretching of trigonal B@ts in meta, ortho and pyfworate groups
(Elbatal et al. 2011)The FTIR spectral transmission peaks observed in the region of4&ZB@cnT is attributed to
water groups OH streting vibrations.
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Fig. 3.4 FTIR spectrum of the lithium sodium bismuth borate host glass matrix.

C. Raman Studies

The Raman spectrum of host lithium sodium bismuth borate (LSBiB) glass isledcand is shown in Fig. 3.5. The
spectrum reveal theharacteristic peaks located at 444, 747, 984 and 1273 The broad band 36800 cm' is
assigned to vibrations of BDi Bi band of BiQ octahedral units. The band at 747 tis due to vibrations of chain
type metaborate group. The band at 984 @rtue to vibrations of orthoborate groups. The bands centered at 1273 cm

relate to the BO stretching vibrations in various borate groups (lvascu et al. 2011, Elbatal et al. 2011)
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Fig. 3.5 Raman spectrum of the lithium sodium bismuth borate hostrgéss.

D. Optical absorption Spectral Analysis

Optical absorption spectra of various concentrations 6f Noped lithium sodium bismuth borate glasses are recorded
in the region 40850 nm and are shown in Fig.6. As can be seen, the spectra corsid bands N& ion due to
transitions from the ground stati, to various excited state®,,, 2Da+°Go, ‘Got?Kiza “Gria *Gsiz, 2Hivz “Forz,
*F1+"Sy, and *Fs+°Hgp appear at 417, 476, 511, 524, 583, 624, 680, 745 and 80@speactively. The spectral
intensities both experimental.{) and calculatedfy) of different absorption bands of Ridare obtained using the
formulae given irthe cited reference (Carnadt al. 1968. These values are presented for 0.6 mol% of'Mdped
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glass matrix in Tabl8.1. “ls,Y “Gs;, is the hypersensitive transition for Ndon (Xue et al. 2015)It follows the
selection rules &J02, @&L0O2 and @&S=0. The position
the enviroment of the rare earth ion. From Tal3d, it is observed that the hypersensitive transitfd)g)z‘f 4G5,2)
centered at 17153 ¢h§583 nm) is the most intense one among the observed absorption bands. This band also exhibits
large values of double reducethtrix elements. The accuracy of fit between the experimental and calculated spectral
intensities is given by root mean square (rms) deviations. It is noticed from the table that the experimental intensities
are in good agreement with the calculated vafaemost of the transitions indicating the validity of Ju@telt theory.
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Fig. 3.6 Optical absorption spectra for various concentrations Sfdéged lithium sodium bismuth borate glasses.

Table 3.1. Transition assignments, experimentalfe,, x10°) and calculated fca, x10°) spectralintensities of 0.6
mol% Nd** doped lithium sodium bismuth borate glass matrix.

The three Jud®f e | t

Transition 0.6 mol%

I9/2Y fexp 1:(:al
Dyt Dasp 9.14 10.31
P, 0.71 1.13
Dy +°Dojn 1.49 0.52
Gyt K132 2.88 3.25
‘G 4.95 6.30
Gy 23.64 23.54
Hy1p 0.25 0.24

For 1.16 0.87

Fri+*Sar2 10.94 11.17

Fs/+Hop 9.97 9.41
Urms +0.84

i nt ensi t parameder ia nelated evithhyperdersitve gansition anddkialency

degree of RED bonds Ramachari et al. 2014% h @a rqdgintgnsity parameters indicate the rigidity of the material

(J1l assi et

a l¢ parathéet Qives infavh@aiion bhgt electeprphonon coupling intensity between the
RE* ion and anion ligands (Atul et al. 2013)i g h gparanteter indicates strong interaction between 4f and 5d

orbitals. This strong electrgphonon coupling also enlarges the emission band widths (uirggat al. 2015). In the

present work, the Judd f e | t

p a b, asme tdg arpsobtdingd for 0.6 mol% of Riddoped glass matrix and are

presented in Tabl82. From the table, it is observed that among all glass matrices, 0.6 mdvgdfrbd lithium
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sodium bismuth bor atw@lueg®.62s8° cnf)anticating highea asymmetry bf Ndsites and

strong covalency of the N@ bonds (lvascu et al. 201X)n t he ot h e pararhetenislalso high é5.12x10

cn?) for 0.6 mol% Nd* doped lithium sodium bismuth borate glass matrix indicating strong eleggtrmmon coupling

of the ligand field (Takebe et al. 1994) and direct influence on luminescence intensitymfttel 1, transition. The

ma g ni t uhae skpamdmeters are higher when compared with the other reported glasses such as borate (Zou et al.
1996), phosphate (Compbell et al. 2000), tellurite (Hufner. 1978) and silicate (Dieke. 1968).

Table32. JuddOf el t par,amaheysxdo®cm)and spectroscopi cd i ty fa
mol%Nd>* doped lithium sodium bismuth borate glass matrix.

Glass a2 a4 Qs G Reference
0.6 mol% 5.62 5.03 6.12 0.82 Present work
Borate 2.67 3.31 3.98 0.83 [20]
Phosphate 2.90 3.30 3.80 0.90 [21]

Tellurite 2.13 3.29 3.83 0.85 [22]

Silicate 4.23 1.04 0.61 1.70 [23]

E. Photoluminescence taidies

Figure 3.7 shows the NIR photoluminescence spectra of th& dabed lithium sodium bismuth borate glasses with

varying NdO; concentration in the region, 88600 nm with excitation wavelength 808 nm. The spectra exhibit three

emi ssion bands at 893, 1060 and 1326 Ry g0, and 18,9 , 1.0
transitions, respectively. Among theethree bands, the band at 1060 nm attrlbutéE3tp/ I110transition is a potential

transition with higher intensity than the rest of the bands. The intensifff.e¥ *l,1,, transition increases with
increasing NglO; concentration up to 0.6 mol% artieh decreased with the increase of®iconcentration showing
quenching due to the enhanced interaction betweéhitius and host defects leading to energy transfer through-cross
relaxations between the active ions (Sontakke et al. 20h@)absorptionexcitation, emission mechanisms and cross
relaxation channels are shown in F&8 along with the possible crosslaxation channel of N& doped lithium

sodium bismuth borate glass matrix.
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Fig. 3.7 Emission spectra for different concentrations of Mdped lithium sodium bismuth borate glasses.
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Fig. 3.8 The absorption, excitation, emission mechanisms and cross relaxation channel.

Using the JuddDfelt intensity parameters, different radiative parameters such as radiative transition probghilifies

emi ssi on

emission transitions are calculated and presented for 0.6 mol%’béldfmed glass matrix in TabB3. In general, the
stimulatedemission cross e ¢ t i) @srindepeindent onthe@ par amet er s

crdsansdedbdtriammchi O rati gp

a by ¢ a)p oftihe abbeavgde ¢ b me

and e fgfobthet i v e

emission bands. From the table, it is observed that among the three emission trafBitEnY, , o transition shows
higher Ayvalues (1957 Y than other transitions. From tat8e, it is also observed that the 0.6 mol% of'Ndoped
glass matrix shows higher branching ratio (71%) for the translegs¥ *l11/
important parameter in predicting the potentéser transition and its value signifies the energy extraction from the
lasing material. From tab3, it is observed that 0.6 mol% of fidloped lithium sodium bismuth borate glass matrix

at

The emi ssi odiisanr os s

b (5dxE? cmf) value for the transitiodFs,Y “l11, than the remaining transitions. Hence in the

1.06 &m.

shows

present work, Nt doped lithium sodium bismuth borate glass matrix with 0.6 mol% &f kédrecommended as a
suitable host for |l asing emission

Table33.Emi ssi on b andnmpefsfiddtoinse (g, cnd?),

(Ag, s1), Peak stimulated emission cross e ¢ t i poxh°cnf)(,
branching ratios of *F, state of 0.6 mol%Nd"* doped lithium sodium bismuth borate glass matrix.

Copyright to IARSET

nadiative tra;sitignepmobabilities
experdgymeartdlr sybi at i v

Transition Parameters 0.6 mol%
o 893
P 3 367
Ar 1767
Up 1.87
Dexp 0.09
FarY g br 0.07
o 1060
P2 240
Ar 1957
4F3/2V 4I11/2 dp 5.12
Bexp 0.48
br 0.71
www.ijarset.com

2726

b

C


http://www.ijarset.com/

ISSN: 2350-0328
| nternational Journal of Advanced Researchin Science,
Engineeringand  Technology

Vol. 3, Issue 9, September 2016

o 1326

o 2 198

AR 351

*FarY *lian dp 1.52
Pexp 0.43

br 0.22

F. DecayAnalysis

The fluorescence lifetime is an important parameter for the characterization of laser gain needited. at 808 nm
laser diode and monitoredh e e mi s s i ,dhe deaay prdfiles006 N arenmeasured and calculat&igure3.9
shows the decay curves lithium sodium bismuth borate glasse#h different doping concentrations of neodymium
ion. As seen from figure, the decay curves resolved with single exponential function at lower ratiocen{0.2, 0.4

and 0.6 mol%) and changed into-exponential function for higher concentrations (>0.6 mol%). The lifetimes are
obtained by e folding times for the studied glasses. The obtained lifetimes are found to be 91, 83, 69, 45, 36, 31 and 28
¢ sor (.2, 0.4, 0.6, 0.8, 1.0, 1.5 and 2.0 mol% of Ntbped lithium sodium bismuth borate glasses respectively. It is
obviously observed that the decay times show the regular decfsasan be seen from the magnitudes of lifetimes,
the 0.2 mol% N& dopal sample had the longest decay time and 2.0 mol% daped sample had the shortest decay
time. The higher lifetime ofF5, level indicates the higher population inversion between upper laser 1Eygl énd

lower laser level(1,), possibility ofattaining stimulated emission. With the rise in dopant concentration, decay time
values gradually decreased. It is expected that, with an increase in ¥himMNdoncentration, the decay time should
decrease as a result of concentration quencHihg. test results of N& emission intensities and decay times are
consistent with the phenomenon called concentration quenching. Thexponential nature of the decay curves at
higher concentration indicate existence of cross relaxation channels in betwéémtddts which is caused by the
relatively higher doping level in the lithium sodium bismuth borate glasses.
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0.8 mol%
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1.5 mol%

osd &
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Time (ps)

Fig. 3.9 Decay profiles for various concentrations of Nibped lithium sodium bismuth borate glasses.
IV. CONCLUSIONS

Nd** doped lithium sodium bismuth borate (LSBiB) glass samples with compositionsx) (830; +
20LiF+10NaF+10BiO; + xNd,O5 (where x=0.2 mol.% , 0.4 mol.%, 0.6 mol.%, 0.8 mol.%, 1.0 mol.% , 1.5 mol.% and
2.0 mol.%) are prepared by conventional melt quenchiethod. XRD pattern and SEM of lithium sodium bismuth
borate glass confirms the amorphous nature of the prepared glass. The spectral intensities both expegrardal (
calculated f(,) of different absorption bands of Ridare obtained for Nd doped lithium sodium bismuth borate
(LSBIiB) glasses. Among all glass matrices 0.6 mol% "Ntbped lithium sodium bismuth borate glass matrix has
hi g hyevalue €5.62x18° cn) indicating higher asymmetry of Nidsites and strong covalency of the-Rdbond.
Among three emission bands, the band at 1060 nm attributéfe,f6 “l,,/, transition is a potential transition with

Copyright to IARSET www.ijarset.com 2727


http://www.ijarset.com/

ISSN: 2350-0328
I nternational  Journal of Advanced Researchin Science,
Engineering and  Technology
Vol. 3, Issue 9, September 2016

higher intensity than the rest of the bands. Intensity’fafY “l11,, transition increased with increasing Xd
concentration up to 6. mol% and then decreased with the increase gbNdoncentration showing concentration
quenching. Magnitudes of lifetimes, the 0.2 mol% Nibped samples had the longest decay time and 2.0 mof% Nd
doped sample had the shortest decay time which isnazsérom decay profiles. 0.6 mol% of Riddoped lithium
sodium bismuth bor at e p(812d6°cnnvalde tharxthe semaining cohcengrdii@ns for dhe
transition®Fs,Y “l11, Hence, 0.6 mol% glasses is suggested for lasing emssion 1 . 06 & m.
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