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Abstract: Nd*- doped cadmium borate glasses were prepared amdotérized optically. The oscillator strengths dandd-
Ofelt parameters for the glass containing 0.1,ah@ 0.5 wt% of NgD; were computed. Density, refractive index and @ptic
absorption spectra were measured. The values df figlt parameters suggested an increase in tedof asymmetry the
local ligand field at N& sites. The optical band gap energy and physicarpeters was calculated for all glass samples. It
was found that with increasing the concentratioNldfO; contents, the values of the optical band gap grdegrease.
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earth ions are strongly dependent on host matefiiaiks host
glass materials should have high refractive indék wood

In recent years an increasing interest in rarehedgoped Cchemical and thermal stability along with low mei
glasses is due to their spectroscopic propertied affmperature of heavy metals in order to become more
technological applications in various fields aresetved [1- practically usgful industries. Many potential haosaterials
8]. Ever since the first solid state laser was destrated in OF rare earth ions have been developed. One gbrttierred
1961 by Snitzer in N doped glasses, a lot of efforts arehost materials is oxide glqsses which are chenym:h_]fable,
being done for the development of laser glasses [St]hermal_ly stable, and optically transparent at ¢eitation
Neodymium doped glasses have attracted attentioihegs nd lasing wavelength [11]. _ .
act as key element for optical amplifier aroundutrBand for !N this paper we have taken cadmium borate glass wi
higher power laser applications around 1.05um. éthe 4f different concentrations of neodymium ion have wide

shell is efficiently shielded by the closed 5s &pdshells, the aPplications as laser materials and luminescenir sol
ligand environment has only a weak influence on thgoncentrators [12]. We have calculated Judd-Ofalameters,

electronic cloud of the rare earth ion. Althoughawethis ©Ptical band gap and various physical propertiesNdi"

perturbation is responsible for the spectral finacture. The d0oPed cadmium borate glasses.
absorption spectra of rare earth ions doped imtgleicrystal ] ]

show groups of many fine lines, resembling an atomi2. Experimental Details
spectrum. In solutions and glasses, the line ttiansi within

one group have been broadened to one hand. Howleser |
line width of this band is stil much smaller than (Table 1) were prepared by melt quenching techninom
absorption spectra of transition metal ions. Thekpeosition e2gents of analytical grade in 10 gm batches [N8O;
of the spectral lines reveals the electronic stmectof a part)y 2dded to the host glass was 99.99% pure. The glatavials
of the 4F configuration. The crystal field spliting gives Were mixed in an agate pestle mortar for two haum were

information about the symmetry of the rare earte sind thermally treated for 4 hours in a platinum crueibk 900 *

about the shape of the coordination polyhedron. THRS’C in electric furnace. Homogeneity of the melt was
intensities of spectral transition reflect also fheeraction €nsured by stirring the melt with a platinum rodnfrtime to

between the rare earth ion and its environment [10] time. The melt was quenched by pouring it into asgular

In general, the optical and spectroscopic propexferare Shaped steel moulds placed on a preheated’¢300eavy
steel plate. The glass specimens so prepared alkse away

1. Introduction

Cadmium borate glasses of the composition (in wt%)
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after 24 hours and annealed for three hours al256 as to € =nf
remove stresses and to give them thermal stabdlitg
strength. Samples of the size 20x15x1.5°mwvere cut and
polished on all sides to make the faces flat analigh for

optical measurements. p(dt/dp)= €-1) = (n? - 1)

where p=refractive index
2) Optical dielectric constant

Table 1. Compositions of various undoped and {4®) doped cadmium 3) Reflection losses
borate glass specimens.

Dopant ions R=[(ne1)/(nit1) P

S. No. Composition of Glass Specimens (wt%) (Wi%%)

4)  Molar refractivity

1 69B,05-27.2Li,0-1.5AL0;-2.2CdC} Undoped

2. 69B,0;-27.2Li,0-1.5A,L,0;-2.2CdC} Nd,0(0.1) —[(n2 2,

3. 69B,05-27.2Li,0-1.5AL,0;-2.2CdC} Nd,05(0.3) Ri= [(ng-1)/( ny™+2)] M/D
& EEE 02T 2 L0l B O ZETT) A2 00 Where, M=average molecular weight

Optical abso'rptlon SPeCtrf"‘ were recorded at 00Myhie 2. Various physical properties of Riddoped cadmium borate glasses.
temperature using a Hitachi double beam UV-VIS/NIR

spectrophotometer model F-3010 with a resolutiof.6fnm. _Physical Properties LT PR R
The refractive index of the glass specimens werasnmed gz;rgtt:tn&e(;g%(m éigg é'gié %'ggg
on an Abbé refractometer (ATAGO3T). The densitiéshe Thickn)ésst(cm) 0288 0.385 0.258
materials were calculated using Archimede’s prilecipith  Average molecular weight (g) 62.084  62.749  63.414
distilled water as immersion liquid. Optical pa#ngiths of  Dielectric constante] 2408 2439 2.458
the glass materials were measured using digitalireen OPtical dielectric constant (pdt/dp 1.408 1.439 1.458
calipers. Molar \_/olume Vm (g/cm3) 12.613 10.047 8.584
Reflection losses (R) 4.679 4.812 4.892
Molar Refractivity (Rm) 3.887 3.493 2.807

3. Results and Discussion _ _ N
It is clearly observed in table 2 that refractivedex,

Various physical properties of cadmium borate glfmss density, average molecular weight, dielectric canstoptical
different concentration were determined as folldwesn the dielectric constant and reflection losses increasns
experimental data [14] and are listed in table 2. increasing N& concentration. But molar volume and molar
1) Dielectric constant refractivity decreases by increasing *Ndoncentration. As

we can see thickness first increases then decreases
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Fig. 1. Absorption spectra of Cadmium borate glass malexidth different concentration of Ridion.

The absorption spectra of cadmium borate glasses weerms of Ry, which represents the number of classical
measured in the range of 350-1850 nm at room teatyrer  oscillators present in one ion, more commonly refito as
and shown in fig. 1. These absorption spectra shbarp the probability for absorption of radiant energyascillator
peaks at 354, 428, 472, 525, 583, 623, 681, 74 and 868 strength. In the case of absorption band, it igid5] by
nm. The intensities of absorption transitions aeasured in
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Pexp= 2303 mé/ Nn € [e dv
band
Pexp= 4.318x 10°x [e y 0y
band
Pexp =4.6X 10° X €X A ¥y

wheree is the molar absorptivity of a band at the enefde
molar absorptivity at a given energy is computemhirthe
Beer-Lambert law 4=1/cl (log /I )}

Pexp = 4.6 X 10 x (1/cl) log (K1) x Avyp, (1)

Where, ¢ is the molar concentration of the absaorlxdm
per unit volume, | is the path length and log/l)lis the
absorptivity or optical density antiv,,, is half band width.
However, for a solid material it is generally exgsed in
terms of line strength g which is related to oscillator
strength B,by

Pexp = {87°m v/ 3h (23+1)} (1/n) [(A+ 2§/ 9] Sy (2)

wher€'v is the average energy of the transition in'cmh is

the total angular momentum of the initial levek flactor ( A

+ 2 ¥/ 9 represents the local field correction for am i
embeded in a dielectric medium of refractive indexunder
the tight binding approximation and the other sylaliwave
their usual meaning.
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The oscillator strength, (R, of these transitions may be
due to electric dipole, magnetic dipole or electiimdrupole
or contribution from more than one of these modésis the
oscillator strength of the observed absorption bigngiven

by
Pexp = Ped+ Pmd + Peq

Where Ry Png and Ryrefer to oscillator strengths due to
electric dipole, magnetic dipole and electric qugpadie
transitions respectively. The values of P~ 10™) and Ry
(~ 10°) are very small in comparison withdP~10°).

It is interesting to note that f -f transitionscibnsidered as
magnetic dipole transitions, are parity allowed amdR-S
coupling scheme they follow the selection ruleq{16

Al=0,AS=0AL=0,A)<1,(3J=0_ J'=0)

Similar selection rules are followed by electriadrupole
transitions. Since both these modes have very srahies of
oscillator strength, it is clear that the contribatis mainly
from electric dipole mode. However, for true elacttipole
transitions the initial and final levels should kadifferent
parity, whereas no parity change is involved irtriahsitions.
Hence for f-f transitions, though electric dipolartsitions
are forbidden, both magnetic dipole and electriadjuple
transitions are allowed ones. Considering the ofeskr
intensities of these bands it is proposed that ititeiced
electric dipole transitions may be operative.

Table 3. Measured values of wavelength, oscillator strengtig experimental and calculated line strengthdldt* doped cadmium borate glass materials

along with their matrix elements.

Wavele U Matrix Experimental O.S. (Ry)10°  Line Strengths
Absorption _ngth 0.1% 0.3% 0.5%
levels (nm) ”U2”2 ”U4| |2 ”U6”2 0.1 % 0.3% 0.5% Sexp Scal Sexp 10 Scal Sexp Scal
1020 1020 20 1020 1020 1020
*Fapp 868 0.0000 0.2239 0.0549 0.245 0.285 0.65 0.14 0.042 0.162 0044 0.342 0.118
2Hyp, *Fsiz 798 0.0102 0.2439 0.5124 0599 0.621 1.24 0.314 0215 0324 0218 0599 0518
*Friz, *Saro 747 0.0010 0.0449 0.6597 0.644 0.661 1.75 0.316 0.311 0323 0315 0.781 0.748
*Foiz 681 0.0009 0.0092 0.0417 0.0758 0.076 0.142  0.033 0.013 0.034 0.013 0.058 0.314
S2Hus; 623 0.0001 0.0027 0.0104 0.049 0.051 0.059  0.020 0.003 0.021 0.003 0.022 0.008
*Gs12.2Grp2 583 0.9736 0.5941 0.0673 2.05 21 3.4 0.785 0.748 0.801 0759 1.194 1.141
*Gupz, Kaars, *Gop 525 0.0664 0.2180 0.1271 0437 0439 1.21 0.150 0.136 0.151 0139 0.384 0.298
4
zgi’iei“’z’ 472 0.0010 0.0441 0.0364 0237 0260 0.251  0.073 0.009 0.080 0.009 0.071 0.024
2Py, 428 0.0000 0.0367 0.0000 0.093 0.097 0.213  0.026 0.009 0.027 0.01 0.055 0.027
4 4
i'g; Dy "Daz 55, 0.0050 0.5257 0.0479 0.344 035 0.860 0.080 0.008 0.081 0081 0.188 0.222

The measured values of wavelength, oscillator gtren
and experimental and calculated line strengths galeith
their matrix elements were given in table Bhe band
intensities, defined in terms of line strength (8), the
absorption spectra of different specimens verytduge use
of different glass formers, modifiers, and intermages. This
variation of the line strength is reflected in thalues of
Judd-Ofelt parameters, which are a function of tatyield
parameters, inter configurational radial integratel energy
separation between the"4fonfigurations of opposite parity.
The angular part of 4f wave function is sensitvedvalence
changes. However, these effects are small. Thedarffect

of composition o), values arises through their dependence
on the odd order terms in the expansion of loadtifat the
rare earth site. Small highly charged ions polarthe
neighbouring oxygen ions more strongly, which irrnfu
increase the field at the rare earth ions. Theskl-Mfelt
parameters are computed [17,18] for each specimarsing
partial regression and least square method [19hdalnto
consideration all the absorption peaks observed.

Judd-Ofelt intensity parameter€2f Q, and Qg) and
optical band gap of Nd doped cadmium borate glass
materials have been given in table 4. These pasmmshow
the general tendendy, < Q< Q,.
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Table 4. Judd-Ofelt intensity parameters and optical bang dar Nd3*
doped cadmium borate glass specimens.

Dopent % 20 20 20 Eopt
oo 0,102 Q,(10%)  Qi10%)  Q,/Q (V)
0.1% 0.5860692 0.1190949 0.2765977 0.43057 0.99
0.3% 0.5932213 0-1231657 0.279902 0.44003 0.98
0.5% 0.7366358 0.3555333 0.6598081 0.53884 0.97
The absorption coefficient a(w), for amorphous

semiconductors, glassy materials and thin filmselkeved to
obey the following power law:

a(w) = (Bho)(ho - E)"
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glasses have been analyzed on the basis of Judidti@fery.
Ten absorption bands have been observed in thélevisi
region. Judd-Ofelt parameter increases on incrgasin
concentration of N¥ ion. JO parameters show the general
tendencyQ, < Qg < Q,. In the Physical properties, Optical
dielectric constant, density and reflection lossase
increasing on increasing Ridoncentration whereas molar
refractivity decreases. Optical band gap was caledl for
different concentration of neodymium doped cadmborate
glasses. Increasing Ridions concentration the value of E
decreases.

where B is assumed to be a constant in the opticé}‘CknOWIedgementS

frequency rangeho is photon energy and n signifies the
nature of electronic transitions associated withticap
processes and normally takes a value in range 1<Bs3
which is defined as the optical energy gap, wilkmally
takes a values greater than the energy band gt afame
material in crystalline form, and this difference direct
consequence of disorder in solids [12].

The absorption coefficients;,, were determined near the
edge for the whole range of glass compositions toed
results are displayed by plotting the quantithe)*? as a
function ofhe (fig 2) [12].

The values of Edetermined from fig. 2 by extrapolating
the linear parts of the curves teh(p)"? = 0 lie within close
limits between 0.97 to 0.99 eV. From table it isazlthat on
increasing rare earth ion concentration value dicapband
gap decreases. Similar trend has been found inyndach
doped borophosphate glasses. [12]
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Fig. 2. Optical band gap of Cadmium borate glass matengith different
concentration of N& ion.

4. Conclusion

In this paper we have -calculated various physic
properties of cadmium borate glass with differe
concentrations. The absorption spectra of'Ndns doped

o
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