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DielecLr ic eon,LanL C. los> L<l n 0 <Ie conducLi v iLY 0 . or LiF-PhO-B ] O \ gla~se~ wi Lh increa~ i ng con ceillrat ion 0 1 PhO ( in Lhe 

r,lIlgc () -(,() III 0 I 'I; In s L e p~ or 20 mol';', I <I re sllld ieLi in the rrequcncy 1';lI1 ge I () 2~i 07 Hz and in the temperaLure range .1 1)- il J() 

C. The de conduct i v iL Y and dielcct ri c hrcakdown ~ Lrength Il r Lhese g l<lsses <Ire al so mcasured. The valuc~ or c. La n O. ():Il' and ()d,' 

<lrc rou nd III increas<..: w ith inCl'e<lse in the concerlll'<l ti on or PhO. AC Li v<lL ion energy I'm ac conducti e,n. de conductio ll ;1Ilt! till' 

v,Liue or di clectric hreakdown strength arc round to decrease wi th increase in the coneentr;llion or PhO. With the help or inl'r;lIn l 

spectr;1. inCl'eas<..: in the va lues or £ ;lI1d L;1Il 0 w ith rrequency ;lI'Id temperature are identiried due to ~ pace charge pol ;lI· iz; llion. A ll 

aLLempL h <l ~ heen made to ex pla in ac condu ct ion phenoillenon on the h<l ~ i ~ or quantu m mechanica l tunneling model ': QMT)/[;Ir­

rie r-h;IITier hopping model. 

Introduct.iol1 
The stud y or di elec tri c properties such as d ie lectric 

Cll il stant E, loss tan~e nt tan O. <.IC cO llducti vit y (jal' over a 
ra n~e or rrequencies and tem perat mes, de conduct i vit y 
and t he di e lec tri c break dow n strengt h oI' t he glasses hel p 
in assess in g their in sul at ing character. Work al ong these 
lines was ca rried ou t in recent yea rs on a va riety o r 
inor~anic glasses by a num ber or resea rchers yie ldin g 
\';tiuable inrormati on l

,' . 

Lithiulll riuoroborate g lasses arc we ll known due to 
the ir var iety or app li cati ons in phos ph ors and so lar 
energy converters and in a number or e lectronic cle­
\ iccs.cx ten.sive studies on various phys ical propert ies 
lik' ESR 'lUdies andtherllloluillinescence properties or 
lithium riuorobora te glasses doped with diffe rent tran­
sition and rare e;Lrth Illetal ions an.: available(\·'. Quite 

recentl y the authors have reported the res ults of studies 
on v;Lriou s c last ic and S()ll1e i nsu I at i ng propert ies or 
LiI-'-B/) \ g la sses doped with ce rt ai n rare ea rth ionsK'I

. 

These studi es have yielded valuabl e information regarcl ­
in ~ th e mec hani c,ti and insul at ing strength or these 
gl;tsses. It i.s ex pected tha t when the mod ifi er PbO ent ers 
thl' glass net'vvork' it rortn~ th e stab le glass c1 uc to it 's 
dua! ro le. one as mod i fier (i I' PbO is ion ic) and the ot her 
<I\, ~I;L~' rormer ( i I' PbO is covalent ) and in turn bri ngs 
In terest in g changes in the insulat iLl g character of these 
glasse" . T() ha ve a comprehensive understanding over 
the inriuence or thc modifi er PhO 011 the insulatin g 
char;Lctc r or lith iUIll fiuo roborate glasses , thc auth or" 
hel ve undertaken a sys ternat ic in vest ig:at ion on d ie lectric 

constant (E) loss tan 0 and <lC conducti vi ty (j in the 
freq uency range 1()~_107 Hz and in the temperature 

ran ge ]0- 30()°C. de conductiv ity in the temperatu re 

range ] O-3()() DC and also the dielectric bre;Lkdo \\ II 

strength in the ai r med ium at room temperature. 

2 Experimenta l Methods 
For the presen t in vesti gati on the foll ow ing cOl11po.si­

rions of the LiF-PbO-B 20 1 (a ll in mol (ir ) are chosen: 
Glass A : 20 LiF-80 8201, Glass B : 20 LiF-20 PhO-fl() 
B]O I, Glass C : 20 Li F-40 PbO-40 B20 , and G lass I) 

20 LiF-60 PbO-20 8 ]0 1. 
Appropriate amounts or Anal ar grade reag:e nts 1) 1 

PbO, LiF and H, BO, were thoroughl y Ill ixed and Ille lt l'd 

in a platinul11 crucible at l) ()( ) °C for ahou t 2 hL until ;L 
bubhle rree liquid was fort1ll:d. The resultan t melt \\;L ' 
th L.: n cast in a brass mould and subsequent ly annealed ;Lt 

]()O dc. The amorph ous stat e or the glasses was checked 
by X-ray diffraction spectrum recorded on S IEFE RT 
Dirfractometer Model SO DEB YE FLUX- 20m filled 
with copper target and ni cke l rilt er operated ;tt 4() kY , 
30mA. The sa mpl es were then g:round and fi ne ly pol­
ished. The final dimensi ons of the sa mples were ;Lb()ut 

I cm x I cm x 0.2 C 111 . The density d of the gla sses \\';L, 
cietermi ned to an accuracy of o .()() I by standard pri nl' i pk 
.0 1' Arc hi meLies usi ng xy lene (L)l). L)l)(k pure ) a.s the hu()) ­
ant I iquid . A th in coat ing o f ~. i I vcr pai nt was app l ied (t() 
the larger area faces) on e ither s ide of the S;Llllpb, to 
serve as e l ec t rode~. The di e lec tric Lllea " ure llle llt ~ werL' 
made on LCR Meter (Hewlett-Packard Model-4263B ) 
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in the frequency range 10"_ 10' Hz and on Radart Q-Me­
ter in the frequency range 1O'i_ I07 Hz. The di electric 
brea kdown strength for all the glasses was determined 
at room temperature in air medium using a hi gh ac 
voltage breakdown tes ter (ITL Mode l AAH-55 ) oper­
ated with an input vo ltage of 250 Vat a frequency of 50 
Hz. It was ensured that all the glasses used for thi s study 
wereofid enti cal thicknesses . The dc conductivity meas­
urement s for these gla sses were made on Keithl y Elec­
trometer Model 236, whi ch can measure the current up 
\0 an ~I ec uracy of pico Ampere. 

3 Results 
From the measured values of the density d and ca lcu­

lated average molecular we ight NT vari ous physical pa­
rameter.s .such as Pb2

+ ion concentrati on Ni , mean Pb2
+ 

ion separation di stance Ri, and the fi e ld strength Fi which 
arc useful for understanding diel ec tri c properties of 
these gb sses are evaluated and presented in Table I. 

The die lectri c constant (E) of pure lithium flu orobo­

rate glasses (2() :SO 11101 Cj, of Li F-B20 ;) at 30 °C and at 
lot' Hz is found to be 11 .26 and is almost independent 

n" frequency: when PbO is added into these glasses, E 
values at room temperature arc found to increase gradu­
all y at <Ill \ ' frequency with increase in the concentrati on 
of PbO and found to decrease with increasing frequency. 

The dielectri c loss (ta n 8 ) vari ati on with frequency at 
room teillperature fo r a ll these glasses has a lso exhihited 
a silllil ;II' heha viour. 

T he variati on of di elec tric constant and loss ,vith 
ll: lllperature ,It diffe rent frequencie s for all the glasses 

show that £ and tan 8 values increase co nsiderabl y at low 
frequencies and in hi ~ h ICinner;Jlllre re!! ion . Fi ~. 1 nre-

30 I 
I 

( 

20 f 

sents the variation of dielectric constant with tempera­
ture at different frequencies for glass C. The compari son 
of variation of a dielectric constant with temperature for 
lithium fluoroborate glasses at I kHz is shown Fig. 2. It 

is observed that the va lue of E (at a fi xed temperature) 
increases with increase in the concentration or PbO. The 
variat ion of dielec tri c loss with temperature has als() 
exhibited a simi lar behaviour; hence a pl ot is not pre­
sent ed. F ig. 3 presents the variation of die lec tri c loss 
with temperature at different frequencies for gb~ ., 13 . 
The summary of data on the dielectri c constant alld 
dielec tric loss for all the glasses is presented in T,lh le 2. 

The ac conducti vity cr IS calcul ated at different te lll ­
peratures using the equati on 

cr = CD Eo E tan 8 ... ( I ) 

(where Eo is the vacuum dielectri c constant ) ford iiTerenl 

frequencies and the pl ots of log cr against l i T are .shown 

Properl y Cia" 13 GI :I" C C ia" I) 

Densily d (g/C I1l 1) :H,7(, 4 .:2 :l (, 4.:)'»); 

Average molecul ar weigh l /VI () 1.59 122:l () 1) ,02 

Ph2+ ion concentralion -un X. 34 I () .x.~ 
Ni ( I ()2' ions/c ill ') 

Inleri nn ic d islance n l' U () I .llll () ()7 

,Ph2+ ions I?i ( A ) 

I'ol aron rad iu s 1<" ( A ) OS ! () .5(, ll.h-l 

Field sll'c nglh F; ( 10 1
(, Clll- c) 'U I () . ~5 -I.XI> 

;7l 
"10 kH~ 

....w-:!.t 
I 

10 "'''' / ••••••••• II • II • .... ____ ••••.• 1IolI· ... ·~if+ ... ~iI·n • .. 
100 kHZ 

o 
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Temperature ~C 

Fig 1- Vari :llion () r dic leclr ic ClH1Sl:11 1I IL) wilil le lll per:ll lire for gl:ISS C al dillercill rrequcncics 



14X INDIAN J PURE & APPL PHYS. VOL :IX. FEBRUARY 2000 

in Fig. 4 for glass B. Fro m these pl ots the activation 
energy for ac conducti on in the hi gh temperature region 

over which a near- linear dependence of log cr with liT 
could be observed, is ca lculated and presented in Table 
3. This activat ion energy is found to be hi ghest for pure 
Li F- B ~O, glasses and decreased with increasing PbO 
concentration. 

The die lectri c break dow n strength for pure glass 
(g lass A) is determined to be 22 .5 kY/cm ; the value of 
breakdown strength dec reases from glass A to 0 (Ta­
ble 3). 

The temperature variation of dc conductiv ity for a ll 
the glasses was studied under a dc field I () Y Icm. Fig . ."i 

shows the variation of dc conductivity with I IT for 

LiF-PbO -B20 , glasses. The conducti vity is found to be 
lowest for glass A and hi ghest for glass D. The ac ti vat ion 
energy for dc conduction too found to be lowest for g l <\.~s 

o and hi ghest for glass A (Table 3). 

4 DisclIssion 
The properti es of glasses depend not on ly upon it s 

comoos ition. but also to a considerable degree upon its 
45 ~------------------------------------------~ 

o 
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Fig. 2 - Comparison plot or £ versus temperature at I kHz ror LiF-PhO-B20 1 g lasses 
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structure. Deep and important chan ges in the properties 
of glass can occur as a resu It of structural transforma­
ti on" '. LiF-PbO-B20 , glasses have compl ex composi­
tion and an admixture network formers and mod ifi ers. 
B20 , is a well-known network former with BOI struc­
tur<.tiunits. The presence of BO~ units is also ev ident in 
these glasses. This is confirmed from the study of the I R 
spectra of these glasses. The infrared spectra of LiF­
PbO-B20 , glasses , reco rded at room temperature in 
2()()-4()()() CI11-

1 range by an infrared spectro- photometer 

(Perkin-Elmer Model-283B ) uSIng KBr tec hnique i ~ 

shown in Fig. 6. In the absence of PbO three groups of 
bands are observed: (i) in the region 1200- 16()() cm l

. 

due to stretching relaxation of the B-O bond of the 
tri gonal BO I units, (ii ) in the region 800-12()() cm- I

• dlle 
to B-O bond stretching of the tetrahedral BO~ unit s and 
(iii ) a band at 710 cm- I due to the bendin g of B-O- H 
linkages in the borate network. When PbO is introduced 
into the glass network , an additiona l weak but definite 
band around 550 cm- I is also observed. Th is is indica ti \Ie 
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Tahle 2 - Summ~ry of data on dielect ri c constant and loss 

£ at I kH 7. 100kH z tan 8 at 10 kH 7. ( x 10-.1) 

Glass R.T 100 DC 2S0 °C R.T 100 °C 2S0 °C R.T 100 °C 250 °C 

Glass A I I. 2() I UO IS.:lO I I . 10 I I. IS 11.20 1.1 1.3 3.0 

Glass B 12 00 12. 10 I X.20 II.S2 II.SO 12. 10 1.6 1.7 'i .X 

c.;las~ C 12.20 12.:W 2 1.S0 I I.SO II .SO 12. 20 4 .4 4.() 6.:1 

Glass D 2S .30 26.10 3X.20 22.S0 22.70 2S. IO 4.6 4.7 7.() 

.. 
Tah le :1 - Data on ~ IC co nduc ti vity or LiF-PhO-B20 , glasses 

GI ~ l s~ N( h :) in ( 10]°. e V- I fcm.l) A.E (eV) Breakdown A.E (e V) 
According to rrom strength fl'O lll 

Austin Butcher Polak S ex p 0 ,,,: ~£ (kV fcm) 0dl' 

& Mott & Hyd 

A (UX 0.37 22.S0 ~)~ 

II 3.60 I.SO 3.6) 0.9 1 O.l4 O. 3l 2 1HZ 0.119 

C 5.6S :2.~ () S.7~ O.X7 OT2-'- (l.l l IX.S4 OAX 

J) (, AX :UO ()5X O.X5 O.ll (UO IS. It) OA() 

~ 
° 

2200 1800 1400 1000 600 200 

Wave number (cm-1) 

Fi g. 6 - In frared transmission spew'a o f LiF-PhO- B20 , glasses 

01 the presence of PbO-l-uni ts in the Li F-PbO-B20 , glass 

network III'. With the increase 01 PbO into the network , 

the intensity ol ll nd group of bands slowly dimin ished 

and shifted towa rd s s li ghtl y hi gher frequencies. Inten­

sit y of the band due to Pb04 unit s also reduced with 

increas ing PbO concentrati on (Fig. 6) and peak pos ition 

01 thi s band is a lso shifted towards s li ghtl y lower fre­

qu c nctes . 

Further, lithium can a lso occ upy both tetra hedral s ites 
(substitution al or network formers) and octahed ra l s ites 
(interstitial or network mod ifiers) in these glasses . Thc 
modifier, PbO enters the glass network by break ing up 
tetrahedra l bonds (the oxygen of PbO break the loca l 
symmetry while Pb2

+ ion occu py interst iti a l pos ition) 01 
B04 units and introduces coordinated defects known cI S 

dangling bonds in these glasses. Thi s is ev idenced from 
fR spectra as di scussed above. 

~ 

\. ... 
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The dielec tric constant of a material is due to elec­
tronic , ionic, dipolar and space charge polarizati ons. 
Among these, space charge contribution depends on the 
purity and perfecti on of the glasses. Recollecting data , 

the slight increase in £ and tan 8 observed at room 
temperature for these glasses may be ascribed to the 
defects prod uced in the glass lattice, which contribute to 
I I I 

. . 1-1 
t le space c large po anzatlon . 

Variation of £ and tan 8 with temperature is highest 
for glass D. in whi ch the modifier PbO is present in 
larger quantities. This indicates an increase in the latti ce 
distortion in LiF-B20 , glasses with increase in PbO 
concentration, thus resulting in the enhancement of the 
space charge polarization, which ultimately causes 

larger increase of £ and tan 8 values as observed in the 
present measurements. 

It is interesting to find that the nature of variation 01'£ 

and tan 8 with temperature is similar. The variation of £ 

with temperature can be connected to frequency th rough 
mod ifi ed Debye equati on as reported earlier'. A plot of 

log (f1£) against I IT (where f1£) is the difference between 
dielectric constant at any temperature T and that at room 
temperature) at different frequencies for (glass D) is 
shown in Fi g. 7. The plots are st raight lines having about 
the same slope for all the frequ encies. The computed 
activation energy is 0.30 eV. This va lue is practicall y 
the same as the activation energy for ac conduction in 
the same temperature region in these glasses . Thi s seems 
to suggest.t hat the charge carriers responsibl e for change 

in £ and cr with temperature in this temperature range are 
the same. A similar analvsis was also carri ed out on the 

other glasses and found to yield similar resulb . Further, 

thi s activation energy too is found to decrease from glass 

A to 0 (Table 3) . 
In general the ac conducti vity of the amorphous ma­

terial , where charge carriers ex perience an approx i­

mately random potential energy on diffusin g, is fo und 

b h 
. IS 

to 0 ey t e equatIon ' : 

cr(w) = Aw' .. (2) 

with s < I up to the frequency of I MHz. Though var ious 

models have been developed to interpret the ac conduc­

tion mechani ~m in the glasses, the authors have first 

attempted to explain ac conduction in the present Li F­

PbO-B20 , glasses on the basis of quantum mechanica l 

tunneling (QMT) model. 
According to QMT model, only those pairs of carriers 

separated by hopping di stance Ri given by: 

R, = ( 1/2a) I" [~ }i11 
contribute significantl y to conduction. With this. the 

equation for ac conducti vity due to quantum mechanica l 

I· . . b l'i tunne IIlg IS gIven y - : 

11 e
2 

K T [ ]2 - s [ V/'It ]-I cr(w )= 3 -N(EF ) a w 'In-;- . . (4) 

where N(EF) is the density of the energy states near the 

Fermi level, a is the electroni c wave function decay 

constant, Vph is phonon frequency and 11 a co nstant anJ 

its value is given by : 11 = rr. /3 (Ref. 16), = 3.66 rr.216 (ReI' 

17), = rr.4/96 (Ref. 18) . 
The freouencv comoonent s is defined as: 

r--------------------------------------------

w 
<l 

10 

1 

2 .1 

100 kHz 

10 kHz 

2.5 

Fi g. 7 - Variat ion or L',£ w ith l IT ror glass D at dirrcrcn t rrcqu cncics 
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d(lncr) 
s= a ( In 0) 

Substitution of Eq. (4) into Eq. (5) results 
4 

.1"= 1------
In ( I/ O) 't,, ) 

... (5) 

... (6) 

Thus the quantum mechanical tunnelling of a carrier 
through the potential barrier between the sites separated 
hy a distance Ri demands that .I' should be temperature 
independent. 

The plot of log cr (co) versus log co_for (glass C) at a 
temperature of 373 K is shown in Fig. 8. The graph 
obtained is a straight line. Plots drawn for the other 
glasses have also yielded straight lines. These results 
indicate that the exponent.l' is independent offrequency, 
hence it is not fully consistent with Eq. (6) . Perhaps, the 
more accurate model for ac conduction in which s is less 
dependent on frequency (as observed) for ac conduction 
in LiF-PbO-B 2(}\ glasses is the correlated barrier hop­
ping (CBH) model 1x

, in which the height of the potential 
barrier is correlated with inter-site separation . Accord­
ing to this model: 

6KT 
.I' = 1---------

E" - K Tin ( I / co 'til ) 
... (7) 

where Ell is the optical band gap . According to Eq. (6), 
the value of.l' changes by 0.07 for a frequency change of 
102_106 Hz, whereas this change is only 0.003 as per 
Eq . (7) for the same change in the frequency for a fixed 
optical band gap. Hence Eq. (7) can be assumed to give 
more accurate value of .I' than Eo. (6) for the Dresent 

I ........ 

E 
u 

E 
..c 10- 8 0 
----u 
bO 

1000 

glasses and the CBH model can be assumed to be morc 
appropriate than the QMT model for ac conduction in 
these glasses. However, further analysis on ac conduc­
tion for these glasses is carried out on the basis of QMT 
model for the lack of accurate value of optical band gap 
Eo at different temperatures. The experimental values of 
s obtained for these glasses are presented in Table. :\ 
along with the other important data on ac conduction . 

Considering 

as valid at least for low frequencies, the value of a is 

determined by plotting log cr against the hopping dis­

tance; the average value of the a obtained is l.sA - I. 

Among various mechanisms for conduction (like 
band conduction, conduction in extended states, con­
duction in localized states near the band edge and con­
duction in the localized states near the Fermi level) in 
the amorphous materials, the conduction in the local ized 
states near the Fermi level occurs when ac . conducti vity 
is near! y temperature independent and varies Ii nearl y 

with frequency. The conduction in present LiF-PbO­
B20 , glasses in the low temperature region (up to 40{) 

K) can safely be attributed to take place by this mecha­
nism. The value ofN(EF), i.e. the density of energy states 
near Fermi level, for a frequency of 104 Hz and at 373 
K, taking a equal to 1.5A -I and Vph _ . 5 x 1012 Hz is 
calculated using Eq. (4), with value of numerical con­

stant 11 suggested by different investigators and pre­
sented in Table 3. The value of N( ~r:) is found to increase 

10000 

FrequencY,Hz 
100000 

Fig. 8 - Variation of a", with frequency for glass C 
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from glass B to·D. Further, the range of N(Ed va lues 

obtained "" 1020 ey- I/cm' . Such va lues of N(Ed suggest 
the locali zed states near the Fermi l eve ll ~. The increase 
in the conductivity from glass B to D can be understood 
due to the increase in the density of these energy states. 

When the dielectric is placed in the electric field , the 
heat of di electric loss is liberated . If the applied fi eld is 
an alternating fi e ld , the spec ific dielectri c loss, i. e. the 
loss per unit vo lume of the di electric is given by"): 

, 1 
PI = E- co EEo tan 0 W 1m .. . (9) 
This equati on indicates that the higher the values of 

E tan 0 of the glass at a given frequency, the higher are 
the losses. In a dielectric across which the voltage is 
applied , heat is liberated, the temperature of the dielec­
tric then rises and the loss increases still further. The 
dielec tric breakdow n strength is in fac t inversely pro­
portional to the spec ific dielectric loss represented by 
Eq. (Y). 

Recollectin g the data on breakdown strengths of LiF­
PbO- B20 , glasses , as seen earl ier, the rate of increase of 

E tan 0 with temperature is hi ghest for glass D and 
minimum for pure glass (g lass A). Though the break­
down strengths are actually determined at room tem­
perature, the heat liberated during the breakdown raises 

the temperature of the glass and hence raises the E tall 0 

value. Since the rate of increase of E tan 0 with tempera­
ture is hi ghest for glass D, the breakdown strength is 
lower when compared with the other glasses. Thus the 
ex periments on the di electric breakdown strength of 
LiF-PhO- B20 1 glasses revea l that there is an increase 
in the concentrati on of defects (such as dangling bonds 
and point defects ) in the glasses with increase in the 
concentrati on of Pb2

+ iOlls . It may be noted here that 
though there is a poss ibility for Pb2

+ to take part in the 
network formin g positi ons and as a result there should 
have been an increase in the activation energies for ac 
conducti on, which is not observed in thi s study. 

The characteri sti c variati ons of dc conductivity with 
temperature for LiF-PbO-B 20 , glasses follows the typ i­
cal semi - conduct in g beha viour. Several factors such as 
coordinati on number of mod ifier ions, character of the 
neighbouring oxygen li gands or the state of the polar­
isability of oxygen anions, whether the modifier metal 
ion beha ves as a network former or a network modifier 
and valence state of modifier metal ion as governed by 
ox idation reducti on nature of glass and the melting 
conditi ons etc., are considered to affect the conducti vit y 
of LiF-PbO-B 20 1 glasses. As menti oned before , the 

. modifier PbO enters the g lass latti ce network by break-

ing up the random network thus introducing coordinated 
defects in the network which are nothing but simple 
dangling (broken) bonds . These dangling bonds may he 
under coordinated or sometimes may be over coordi­
nated or fl oating bonds. These bonding defects give ri se 
to electron states withi n the band gap of the mate ri al and 
these will therefore be locali zed in that region. 

The variation of dc current with temperature can Ik' 
attributed to ionic drift current, due to electron hoppin~ 
and current due to electrons in the conducti oll bOlld. 
Current due to ionic drift is known to decrease the 
current with temperature, whereas the current due to 
electron hopping, and electron s in the conduction band 
results in an increase of current with temperature. Rec­
ollecting the nature of variation of dc current with tem­
perature for these glasses, it appears that there is nl ) 
contribution to the current due to ionic drift and hence 
the conduction in these glasses is mainl y due tn the last 
two mechani sms. As has been menti oned earlie r. there 
is a localization of structural defects in the band gap of 
the material; these local ized states cannot carry the 
current by themselves. The conducti on in vo lving the 
locali zed states can onl y take pl ace by means of transi­
tion of electrons from the filled states to neighbouring 
empty states with phonon assistance. This type of trans­
fer of electrons between the sites locali zed at different 
positions is known as the current due to hoping, which 
is mainl y responsibl e for increase in the conducti on with 
temperature in these glasses. 

The dc conducti vity of the present g l asse.~ I Dr the 
hoppin g of the polarons in non-ad iabati c regime i" given 
b 20 Y : 

2 2 
v,, /i N i<' R 

<Jd ,= KT C( I -Clcxp(-2a R ilcx p( - WI KT) 

... ( 10) 

where Ni is the concentrati on of Pb2
+ ions, I'ph the 

phonon frequency, C the mole fraction of the sites 

occupied by electron and u the e lectron wave functioll 
decay constant. 

The term ex p( -URi) represents electron ovedap i nlc'­
gral. The activation energy W ca n be expressed as: 

W= WH + ( 1/ 2) WI) forT > 8J)/2 

= WI) for T < 8J)/4 ... ( I I) 

where WH is the polaron hopping energy, WI) the disor­

der energy and eD the Debye temperature. 

When ex p(-uRi) approaches unity the h oppi n~ con­
duction is ad iabatic and mainl y cont ro ll ed by ac ti v~lti ()n 

energy . Then Eq. ( 10) reduces to: 
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? 1 

a"c= VN~~R- C( I-C)exp (-WIKT) ... (12) 

Plot of log adc versus I IT for LiF-PbO-B203 glasses 

shows a linear nature (Fig. 5), indicating that adc in­

creases with increase (n temperature T and also with 
increase in the concentration of Pb"+ ions. The activation 

energy W is independent of temperature and depends on 
Pb"+ ion concentration. The activation energy W values 

are found to decrease with increase in the concentration 
of Pb2+ ions (Table 3). The linear nature of the curves 

also indicates that the conduction is electronic. 

To ex plore the nature of the hopping conduction in 

LiF-PbO-Bl03 glasses a graph between log ad, and W is 
plotted at fixed temperature (510 K) in Fig. 9; the graph 

obtained is a straight line. This indicates that Eg. (12) is 
va lid . From the slope of this curve the value of IIKT is 

obtained and the temperature T is estimated at which the 

graph is drawn . The value of T is found to be - 450 K 

which is closed to the actual temperature. This suggests 
that the hopping is adiabatic and the conduction is 
mainly controlled by the activation energy only as rep-

1 
resented ' by Eg .( 12). 

5 Conclusions 
From the results of various electrical measurements 

on LiF-PbO-B20 1 glasses, it is observed that with in­

creasing the concentration of the modifier PbO in LiF­
B20 , glass network ; there is an increase in the rates of 

increase of £ tan 0, a a, and ad, with temperature and 
decrease in the va lues of dielectric breakdown strength 
and acti vation energy for acldc conduction. The carrier­
barrier hopping model seems to be more appropriate for 

ac conduction and dc conduction is due to adiabatic 

hopping. 
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