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ABSTRACT

Alkali oxy borate glassesarewell known dueto their variety of applications
in phosphors, solar energy convertersand in anumber of electronic devices.
Transition metal ionsare very interesting ionsto probein the glass network
because they exist in different valence states and influence the physical
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properties of the glassesto a substantial extent. Different concentrations of
Cu? doped (0.1,0.2,0.3, 0.4, 0.5and 0.6 mol %) Li,0-ZnO-B,O, glasseswere
prepared using melting and quenching technique. The prepared material
was characterized by optical absorption spectra and physical, dielectric
properties were measured. From optical absorption spectra the prepared

sample was tetragonally distorted octahedral symmetry.
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INTRODUCTION

Glassisaninorganic solid materid that isusually
clear or tranducent with different colors. Itishard, brittle
and standsup to theeffectsof wind, rain or sun. Alkali
oxy borateglassesarewell known dueto their variety
of applicationsin phosphors, solar energy converters
and inanumber of e ectronic devices. These glasses
arerdatively moistureresistant, posse’shigh mechani-
cal strength when compared with the pure borate
glassed?2. Glasshasbeen used duetoitschemica and
physica-chemical characteristics such asgood behav-
ior during fusion, homogeneity, durability and stability
to severa environmental conditions. In addition, glass
shows an open amorphous structure and can easily be
incorporated with agreat number of elements of the
periodic table. Thesecharacteristicsarealso interest-

ingtotheinertization of galvanicwasteintheglassma-
trix that containsseveral ditierent metalsinitscompo-
stion3,

Transition meta ionsarevery interestingionsto
probeintheglassnetwork becausethey existin differ-
ent valencestates and influencethe physicd properties
of theglassesto asubstantial extent“®. Among various
transitional metal ions, copper ion, whendissolvedin
glassmatrixinvery smal quantities, influencestheopti-
ca property and didlectric propertiesof theglassessg-
nificantly. CuO containing oxideglassesareknown as
semi- conducting glassessincealongtime. It may be
useful to compare the environment of copper ionsin
variousother glasssystemslikeslicates, fluorides, bo-
rate, arsenates etc., with that of the present glasssys-
tem. Thetransition metd ionssuch as copper dissolved
inLi,O-ZnO-B,O, glassmatrix eveninvery smdl quan-
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titiesmakethese glasses col ored and have strong influ-
enceover theinsulating character and optica transmis-
sion of theseglasses”. A study of thephysical proper-
tiesincluding spectroscopic, diectric propertiesetc.,
of theglassesisof considerableimportance because of
theinsght it givesinto thefundamenta process-taking
placein them. In fact, the physical properties of the
glassesaretoalarge extent controlled by the structure,
composition and the nature of the bonds of the glasses.
Theinvestigation of the changesinthephysica proper-
tiesof glasseswith controlled variation of chemica com-
position, doping tc., isof considerableinterestinthe
application point of view!&9,

Theobjectiveof the present investigationisto have
acomprehensve understanding over thetopology and
vaence states of copper ionsin Li,0-ZnO-B,O, glass
network, by a systematic study of various dielectric
properties (dielectric constant €, losstand, a.c conduc-
tivity o, , over amoderately widerange of frequency
and temperature) coupled with optical absorption. In
the present work, different concentrations of Cu?*
doped (0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mol%) Li,O-
ZnO-B,0, glasses were prepared using melting and
quenching technique. The prepared materidswerechar-
acterized by different spectroscopic studies.

EXPERIMENTAL

The chemicalsLi,O, ZnO, B,0O, and CuO were
purchased from Merck Chemicas, Mumbai, India. All
of thechemical reagentsused in thisexperiment were
analyticd grade and used without further purification.
The appropriateamounts of the compoundswerethor-
oughly mixed in an agate mortar and melted in aplati-
num crucible. Theprepared sampleisplaced inapro-
portional-integral-derivative (PID) temperature con-
trolled furnaceat 1000-1050°C for 20 min. till abubble
freeliquidisformed. Resultant melt waspoured on a
rectangular brassmould and annedled at 200° Cinan-
other furnace. Thegpproximatedimensonsof theglasses
used are1 cm x 1 cm x 0.2 cm. Glass samples are
formed andthese samplesareoptically polished, findly
we get copper ions doped Li,O-ZnO-B,0, glasses.

The detailed compositions of the prepared
samplesare
o C,:30Li,0—10Zn0 - 60 B,0, (pure)
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e  C,:30Li,0—997n0-60B,0, 0.1CuO
e  C,:30Li,0—982n0-60B,0,0.2Cu0O
e  C,30Li,0—97Zn0-60B,0,03CuO
e  C,:30Li,0—962n0-60B,0, 0.4CuO
e  C.:30Li,0—957n0-60B,0, 0.5Cu0O
[ ]

C,:30Li,0—9.42Zn0O-60B,0,: 0.6 CuO
Optical absorption spectrumisrecorded at room
temperature on JASCO V-670 spectrophotometer in
thewavelength region of (300-1100 nm). Bruker FT-
IR Spectrophotometer isused for recordingthe FT-IR
spectrum of the prepared samplein theregion 1600 -
400cm™. Physical properties of the prepared sample
were calculated.

RESULTSAND DISCUSSION

Physical and dielectric properties
Somephysica parametersuseful for characteriza-
tionLi,O-ZnO-B,0,: CuO glasses are estimated from
the measured value of density (d) and theaveragemo-
lecular weight), , using the following Egs.[*!
Thetransition metal ion concentration (N,) could
be obtained from:
N, (10%Zions/cm?®) =N, M (mol%) d/ p 1)
From the N, values obtained, the polaron radius
(rp) andinter-ionic distance (r,) of transition meta ions
could beevauated:

1 1/3
Inter -ionicdistancer, (&)= [N_] 2
. HERD
Polaronradiusr (&)= AN ©)

From themeasured vaues of thedensity and aver-
agemolecular weight M of the samples, various other
physica parameters such astransition metal ion con-
centration N, inter-ionic distancer;, polaronradiusr
for dl theglass sampleswereevauated and presented
inTABLE 1.

Figure 1 showsacomparison plot of thetempera-
ture dependence of ‘e’ for Li,O-ZnO-B,0, glasses
doped with different concentrations of CuO measured
at 1kHz. Therateof increase of ‘€ withtemperatureis
found to bethe highest for the glass containing the 0.3
mol % of CuO and thelowest for the glass containing
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TABLE 1: Physical propertiesof Cu* doped Li,0-ZnO-B,0O, glasses
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Conc. CuO | Density | Avg. mol. wt | Conc.Cu ions | Interionic
Glass Ni(x 102! distance of
(mol%) | (g/em?) M ions/em?) Cu ions ry(A%)
Co 0 2.5040 58874 0 0
C1 0.1 25174 58.872 0.257547 33.8622
C2 0.2 2.5206 38.870 0.525766 26.8647
Cs 03 2.5228 58.869 0.774337 23.4615
C4 04 2.5264 58.867 1.03396 213059
Cs 0.5 2.5295 58.864 1.2941 19.7702
Cs 0.6 2.533% 58.863 1.55565 18.5936
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Figurel: A comparativeplot of variation of dielectricloss(1
KHz) withtemperature

0.6 mol %. Figure 2 shows the temperature depen-
dence of tand for the glasses doped with different con-
centrations of CuOmeasured at 10 kHz. Thetempera
ture dependence of dielectric loss tan d of pure and
Cu* doped Li,0-ZnO-B,O, glasses have exhibited
distinct maximaand withincreas ngtemperaturethefre-
guency maximum shiftstowards higher frequencies, in-
dicating the dielectric relaxation character of dielectric
lossof Li,O-ZnO-B,0,: CuOglasses. Withtheincrease
inthe concentration of CuO upto 0.3 mol% therelax-
ationintensity isobserved to increase.
Thedielectricparametersviz., ‘€’, tandands__are
foundtoincreaseand the activation energy for ac con-
ductionisfound to decrease with theincreaseinthe

KHz) with temperature

concentration of CuO up to 0.3 mol %, indicating an
increasein the concentration of Cu?* that act asmodifi-
ersinthisconcentration range. The high temperature
part of theconductivity isexplained onthebas sof ran-
dom citemodel whereasthe quantum mechanical tun-
neling model seemsto be appropriatefor thelow tem-
perature part of the conductivity. Variation of tan 6 with
temperaturehasexhibited dipolar relaxation effects; the
gpreading of rel axationwith the set of relaxation timest
has been observed with the doping of CuO. Therelax-
ation effectsareattributed to theassociation of divalent
copper ions. TABLE 2 shows the data on dielectric
lossof Li,O-ZnO-B,O,: CuOglasses.

Optical absorption studies
Figure 3 represents the optical absorption spec-
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TABLE 2: Dataondielectriclossof Li,0-ZnO-B,0O,: CuOglasses

Glass  (tan dmax)avg Temper ature region of relaxation (°C) Activation ener gy for dipoles (eV)
C 0.0211 82-162 141
G 0.0200 88-157 1.45
Cs 0.0177 100-152 1.49
Cy 0.0182 108-153 155
Cs 0.0120 148-198 1.56
Cs 0.0171 121-172 1.59
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Figure3: Optical absor ption spectraof Li,0-ZnO-B,0,: CuO
glasses

tra of Li,O-ZnO-B,0,: CuO glasses recorded at
room temperaturein thewave ength region 300-1200
nm. The absorption edge is observed at 424 nm for
glass C, (pure glass). It is observed to shift slightly
to higher wavelength side with increase in the con-
centration of CuO up to 0.3 mol % and beyond this
concentration the edge is observed to shift towards
lower wavelength. The spectrum of glass C, hasex-
hibited a broad absorption band at 750 nhm corre-
sponding to *B, *1?B, transition of Cu*" ions, with
an increase in the concentration of CuO up to 0.3
mol %, theintensity of the band isfound to increase
with a shift in the peak position sightly towards
higher wavelength. Beyond this concentration, the
intensity of the band is noticed to decrease with the
shifting of the peak position towards lower wave-
length. The optical absorption measurementson these
glasses indicate the presence of copper ions mostly
intetragonally distorted octahedral positions*?. The
analysisof thisdatafurther indicateswith anincrease

Figure4: FT-IR spectrum of Li,0-ZnO-B,0,: CuO glasses
TABLE 3: IRdataof Li,0-ZnO-B,0,: CuOglasses

S.No. Band Positions Band Assignments
1 710 B-O-B linkage
2 795 P-O-P Symmetric
3 936 PO,*- BO, units
4 1095 P-O-PAsymmetric
5 1295 PO* units
6 1405 BO; units

in the concentration of CuO (above 0.3 mol%) a
gradual adaptation of Cu?* from ionic environment
to covalent environment.

FT-IR studies

Figure 4 show the FT-IR spectrum of Li,O-ZnO-
B,O,: CuO glassesrecorded at room temperaturein
theregion 400-1600 cnt. The spectrum exhibit bands
characteristic of symmetric and asymmetric stretch-
ing and bending vibrations borate groups, triply de-
generate modes of phosphateion PO,*, P-O-P modes
of vibrations. The band observed at 710 cm™ isdue
to B-O-B linkage. The band observed at 795 cm is
dueto symmetric mode of P-O-P. The band observed
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at 936 cm* is due to PO,*- BO, units*¥. The band
observed at 1095 cmrt isdueto asymmetric mode of
P-O-P. The band observed at 1295 cm™ is due to
PO? units. The band observed at 1405 cm isdueto
BO, units'. ThelR band positionsand their assign-
mentsare presented in TABLE 3.

CONCLUSIONS

Cu* doped Li,0-ZnO-B,O, glasses were pre-
pared using melting and quenching technique. Thedi-
electric parametersviz., ‘e’, tandand s, _arefoundto
increaseand the activation energy for ac conductionis
found to decrease with theincreasein the concentra-
tion of CuO upto 0.3 mol %, indicating anincreasein
the concentration of Cu?* ionsthat act asmodifiersin
thisconcentration range. The high temperature part of
the conductivity is explained on thebasi s of random
citemodel whereasthe quantum mechanica tunneling
model seemsto be appropriatefor the low tempera-
turepart of theconductivity. Variation of tan 6 withtem-
perature has exhibited dipolar rel axation effects; the
spreading of relaxationwith theset of relaxation timest
has been observed with thedoping of CuO. Therelax-
ation effectsareattributed to theassociation of divalent
copper ions. Theoptica absorption measurementson
these glassesindi catethe presence of copper ionsmostly
intetragondly distorted octahedrd postions Theandy-
ssof thisdatafurther indicateswith anincreaseinthe
concentration of CuO (above 0.3 %) agradual adap-
tation of Cu?* ionsfromionic environment to covaent
environment. Finally, theanaysisof theresultsof vari-
ousstudiesviz. optical absorption and diglectric prop-
ertiesof Li,0-ZnO-B,0,: CuO glassesindicatesthat
thereisapossibility of conversion of apart of Cu?*

ions into Cu* ions, leading to decrease in the total
concentration of Cu?* ions (that take part in modify-
ing positions). Asaresult anincreasetherigidity of
the glass network may be achieved when the content
of CuOisgreater than 0.3 mol % inthe glassmatrix.
FT-IR spectra showed the characteristic vibrational
modes of the prepared samples.
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