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The ionic conducti vity o f pure KBr and KBr c rysta ls doped with chromate anion has been measured in the temperature 

range o f 200-600 DC. In pure KB r crystals, large contribution to conductivity by cati on vacancies has been observed at 
hi gher temperatures. Ioni c conducti vity measurements are made on pure KBr crystals and KBr crystals doped with 0 .25. 0.5 
and 0.75 mo le % o f chromate anion in as-grown state. Further, the e ffects o f quenching and annealing on conductivit y of 
KBr crys ta ls doped with 0.75 mo le % chro mate ion are measured. The conducti vity versus temperature plo ts show that. as 
concentrati on o f impu ri ty anions increases, the conducti vi ty decreases in cxtrinsic associated region. As the concentration 
increases to 0.75 mole %, the conducti vit y increased to high va lue compared to 0.5 mole %. But, it is less than lhat o f pu re 
c rysta ls. T hc extri nsic un-associated region shows a s light variation in conducti vity but , tends to be same that o f as-grown 
pure KBr c rysta ls. T he variatio n in conducti vity of doped KBr c rysta ls are explained on the basis of fo rmatio n of compl exes 
with background impuriti es, formation of neutra l pairs, introducti on o f fresh dis locations, etc. The variati on in conduc ti vit y 
due to quenching and anneal ing is ex pl ained on the basis o f dissociati ons and aggregati on o f complexes, vanishing of newly 
introduced d islocations, e tc. The correspondi ng ac ti vation energy va lues a rc evaluated. 

1 Introduction 

Most of the recent works have been dea ling with 
latt ice defec ts in a lka li ha lide crysta ls doped with 
d iva lent cations 1.2,} and to a much lesser extent with 
anions45

. The nature of lattice de fects can be studied 
by us ing vari ous techniques like, ionic conductivi ty, 
therma ll y stimul ated de-po lari zati on currents, etc . 
Among these techniques, ionic conductivity is one 
of the convenient methods to provide va luable 
informati on on the state-of- point defects, nature of 
impurity prec ipitate and complexes. 

Ionic conducti vity as a functi on of temperature 
has been carried out by a number of workers on 
a lka li halide c rys ta ls doped with di va lent cation 
impurities I .} and, to a muc h less ex tent, on divalent 
anio ns)!'. The e ffect of quenc hing-induced changes 
on conductivity of cation-doped crysta ls has been 
in vesti gated by a number of wo rkers:l 7x . Specia lly , 
the conducti vity on potass ium bromide c rysta ls 
doped with cati on has been reported by a number of 
workers' 7.". A very little work has been reported on 
KBr c rys ta ls doped with anions£' . Parti cul arl y, KBr 
crys ta ls doped with chromate ion was studied by 
va rious workers on optica l and spectroscopical 
properties Ill. But, no attempts have been made on the 

study of ionic conductivity of KBr crysta ls doped 
with chromate ani on. So, in the present paper, an 
atte mpt has been made to study the e ffect of 
chromate ion 111 KBr crystals usmg 10 lllC 

conductivity method . An atte mpt i. made to 
evaluate the acti vati on energ ies for migrati on of an 
anion vacancy, the formati on o f separate pair o f 
Schottky vacancies or I-V dipo les and, d issolu tion 
of impurity ion in host latti ce. A pl ausible 
mechanism is suggested to ex pl a in the va ri ati on of 
conductivity in the present system. 

2 Experimental Details 

Single c rystal s of pure KBr and KBr crysta ls 
doped with 0.25 , 0.5 and 0.75 mole % of potassium 
chromate were grown by us ing me lt technique in 
air. The starting materi a ls used for the growth of the 
c rysta ls were Sarabha i, Merck analar g rade KBr salt 
and potass ium chromate salt. The weighted sa lts 
were ground separate ly to form fin e powder and 
then mixed to get homogeni zed mi xture . T he mi xed 
sa lt was taken in a platinum cruc ible and kept in the 
furnance in a zone , whe re the temperature is 
uniform. 

Slowl y, the temperature of the furnancc was 
increased abo ve the me lting po int of the host 
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material. The melt was kept at a temperature of 100 
to 125 DC above the melting point, for four to five 
hours, to ensure a steady temperature. The 
temperature of the melt brought to below 50 DC of 

melting point of host material, at the rate of 5 DC 
per hr and further the temperature decreased at a 
rate of 50 DC per hr. The samples were ground once 
and the growth process was repeated. When the melt 
was brought to room temperature, small cracks were 
observed and the sample broke into pieces. A fine 

shape of the crystals of about 2 x 2 x 0.4 cm 
dimensions were achieved. They were annealed at 
600 DC for four to five hours and cooled to room 

temperature at the rate of 20 DC per hr. After 
annealing of the crystals, the presence of potassium 
chromate was analysed by chemical reaction 
method. The optical absorption spectra showed 
similar peaks as reported earlier 'o. 
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Fig. I - Conductivity versus temperature plots of pure and 
(Cr04l-doped KBr crystals of different concentrations 

The dc conductivity of samples was measured in 
the temperature range 200 to 600 DC. For measuring 
the conductivity, a two-probe conductivity ce ll was 
used. The cell consists of two copper electrode~ . The 
sample mounted in between the electrodes are kept 
in a furnace . For measuring the current, a potential 
difference of 1.5 volts (dry battery) applied in 
between the electrodes . The current was measured 
by using a cary 40 I e lectrometer. The temperature 
of the sample was measured with a chromel- alumel 
thermocouple. The samples were annealed at hi gh 
temperature of 600 DC for 3 hr and suddenly 
quenched to room temperature by pouring the 
sample on metal plate. Further, the quenched 
samples were once again annealed at 500 DC 
temperature for 2 hr and brought to room 
temperature slowly by decreasing the te mperature at 
the rate of 30 DC per hr. The conductivity of 
quenched and annealed samples were measured at 
identical conditions. 

3 Results and Discussion 

The results of the ionic conductivity of pure KBr 
and KBr crystals doped with chromate ion, in 
different percentages are shown in Fig. I. These are 

plotted as log crT versus 10"'/T. The domains of 
conductivity plots of intrinsic and extrinsic regions 
have been marked as regions J, JT, III and fY 
according to Drefus & Novick3.5·7. In the present 
study, the plots show only regions II, 11I and fY. 
Neither for grown crystals nor for quenched or 
annealed samples the region I is shown. 

In the present study, when the KBr crystals 
doped with 0 .25 , 0.5 mole % of chromate ion , the 
conductivity decreased in extrinsic associated and 
un-associated regions. When the dopant 
concentration increases from 0.5 to 0.75 mole % the 
conductivity increases in extrinsic associated and 
un-associated regions. Particularly, in un-associated 
region, the conductivity tends to be same as that of 
the pure KBr crystals. 

Fig. 2 depicts the conductivity of KBr: (Cr04f 
crystals of 0.75 mole % of as-grown crystals, 
quenched from 600 DC and annealed at 500 DC for 2 
or 3 hr. From the plots, it is clear that, as the 
samples are quenched from higher temperature, the 
conductivity increases compared to as-grown 
crystals. The annealed crystals conductivity lies in 
intermediate state of pre-quenched (as-grown) and 
quenched crystals in extrinsic associated region . The 
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conductivity also varied in extrinsic un-assoc iated 
region. But, as the temperature of the sample 
increases, the conduct ivity tends to be same as that 
of the pre-quenched samples. The corresponding 
activati on energies, of each regton of diffe rent 
samples are shown in Table I . 

Tab le I - Activation energies o f pure KBr and 
doped KBr crystals 

Sample 

KBr (Pure) 
KBr +(CrO.j)2 (0.25 mole % ) 
KBr + (CrO.j)2. (0.5 mole % ) 

KRr +(CrO.,f (0.75 mole %) 
Quenched 
Annealtx l 

Activation energies for 
diffe rent regions (ev) 

II III IV 

0.1\6 1.03 
0.9 1 1.17 1.9X 
I.lg 1.35 I.X 
I. I I 1.23 2. 14 
0.91 1.11 2.47 
1.00 1.111 2.57 

In alkali halide crystal s, ionic conducti vity is 
mostly due to the mi grati on of cation vacancies at 
lower te mperatures. At high temperatures, the 
conducti vity is due to mi grati on of cations as we ll as 
ani ons. The mobi lity of anions are lesser than the 
cati ons due to higher ionic radius. The mobility of 
anion is neglig ible at lower te mperatures . 

The ioni c conductivity of pure KBr crysta ls is 
shown in Fig. I. The conducti vity of pure crystals 

was measured onl y up to 575 °C. The plot ex hibits 
onl y the prominent regions as II , IH and IV regions. 
The conductivity mechani sm of diffe rent regions 
was discussed by various investi gators U 5 .7 . The 

conducti vity plots of log crT versus IOJ/T of 
KB r:(Cr01f ' a lso depicts three regions for pure 
c rysta ls. When the crysta ls are doped with gradually 
increasing concentrati on of dopant , the conductivity 
first decreases and then increases, but always 
remalllS lower than that of pure crystal. The 
va riati on in conducti vity can be explained as 
fo ll ows. 

It is ascerta ined by vari ous in vest igators",lo that, 
impuri ty anion (CrO.jf admixture enters in the KCI 
latt ice, substituti onally, in the CI ' site. In the same 
manner, the c hromate ion enters in the KBr crysta l 
matrix , substituti ona ll y, in the Br- s ite . Due to 
a lo iva lent impurity; the ex tra charged negati ve 
de fec t is introduced to keep the c rys ta l e lectrica lly 
neutral. The negati ve de fect (or) the ani on vacancy 
is favo urabl e in the formation of vacancy not 

exactly in its surroundings". But, in case of divalent 
cation-doped crystals, the cation vacancies are 
favourably formed in its surroundings, 7. '2 Thi s 
anion vacancy effective ly behaves as (]j positive one. 
Similarly, the background impurity li ke Me2

+ (Ca2
+ 

and others) present in the host materia l produces 
positive ion vacancies for charge compensation . 
These positi ve ion vacancies behave effect ive ly as 
negative. These two defects form as a neutral pair. 
These neutral pairs do not contribute to 
conductivity. Further, (CrO.,f ion forms complexes 
with background impunttes of Mc 2

+. These 
complexes are also not invol ved III the 
conductivity5. 
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Fig. 2 - The conduct ivity versus temperature plots or KBr 
crys tals doped with 0.75 mole 0/" or chromate ion or as-grown, 
quenched and annealed crys tals 

3.1 Effect of impurity concentration on 
conductivity 

In genera l, when alkali ha lides li ke, KBr crysta ls 
are doped with impurity admixture, K2CrO,,, the 
impurity admixture appears as a second-order phase 
on the surface of the crystals . When conducti vity 
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was measured at gradua ll y inc reasing tempe rature, 
then, the second-order impurity prec ipitate 
di ssoc iated as cati ons and ani ons and entered into 
the c rys ta l. Due to the moti on of cations and anions, 

a sma ll curre nt fl ows in the crysta l. In the log crT 
versus ( 10' /7) pl ot, it a ppeared as region IV. The 
region IV is ca lled anomalous prec ipitate region (or) 
ex trinsic segregated region. In thi s region, it is very 
diffi cult to expl a in the vari ati on of conductivity with 
the inc rease in pe rcentage of dopant concentrati on 
(or) ani ons because, the formati on of second-o rder 

prec ipita te depends upon the rate o f coo ling . 

With furthe r inc rease in tempe rature, the 
impurity ani on ente rs into the c rys tal matrix and 
substituti ona ll y occupi es in Br s ite. According to 
earli e r d iscuss ion, more and more ex tra negati ve 
defec ts are introduced in crysta l matri x whic h are 
occupy lllg not exactl y JI1 the nearest 
ne ighbourhood II . 

T hese negati ve de fec ts be have e ffec ti ve ly 
pos iti ve . S imil arl y, due to the presence o f 
background impurity like, Me~ +(Cal+ and others) in 

host mate ri a l, pos iti ve ion vacanc ies are produced 
fo r c harge compe nsati on . These pos iti ve ion 
vacanc ies be have as e ffecti ve ly negative. The 
effecti ve ly pos iti ve and negati ve c ha rge carri e rs 
be have as neutra l pa irs due to coul ombic inte raction 
fo rces. These pairs are not in vo lved in the 
conducti v ity, i.e., the concentration of Sc hottky 
vacanc ies are suppressed . As the (CrO~r' 
concentrati on inc reases up to 0 .5 mo le 90 , more and 
more neutra l pairs are formed . Due to thi s, the 
conduc ti vity dec reases in ex trinsic assoc iated region 
(region 1II) as compa red to pure crysta ls. 

Furthe r inc rease in concentra ti on of chromate to 
0.75 mo le %, the conduc ti vity lies in between that 
o f pure KBr c rysta ls and 0 .5 mo le % c hromate­
doped c rysta ls. The inc rease in conducti vity o f 0.75 
mole % of (CrO,,)"' in KBr is ma inly due to 
introducti on of fres h di s locati ons in the c rysta ls as a 
result o f hi gher ioni c radiu s (3A) of (CrO,,) ]' that 
produces certa in loca l stress in its surroundings. 
These fresh di s locati ons possess a prope rty to attract 
the so lute a tomsl ' I~. These so lute atoms can eas il y 

move and settl e down in a pos iti on o f lo w pote ntial 
ene rgy. As the tempe rature increases, more and 
more so lute a toms prefe r to move to a pos iti on of 
low pote nti a l e nergy, due to increase in the rma l 
energy and attracting di s locati ons. Due to thi s, the 

conducti vity graduall y inc reases , in ex trin sic 
assoc iated region o r region III . He re, the poss ibili ty 
of other mechani sm is, as the tempe rature inc reases, 
the di s locations a lso try to move in the c rys ta l 
matri x. Due to moti on of these di s locations, 
conducti vity may e nhance furthe r. 

3.2 Effect of quenching and annealing on 
conductivity 

The therma l treatme nt of c rysta ls pl ays a vita l 
ro le on the ir e lec tri cal and mechani ca l prope rti es. [n 
the present studi es, (CrO.I )"· o f 0.75 mo le % doped 

c rysta ls were que nc hed from 600 DC in a ir. T he 
conducti vity of these c rysta ls are g reater than as­
grown crysta ls . The inc rease in conducti vity is 
expl a ined on the basis of di sso luti on o f Me2

. ­

(CrO~f complexes. 

Whe n (CrO~f doped KBr c rysta ls a re annea led 
at hi ghe r tempe rature , the Ca1+ (CrO,,)"" (o r) Me~+­

(CrO"f compi exes a re d issociated as M e2+ and 
(CrO"f ions. These ions are ra ndoml y di s tributed in 
the sample, when the c rysta ls were quenc hed 10 

roo m temperature, the (CrO"r ' is unabl e to j o in wilh 
the impurity ion, due to sho rte r time ava il abl e to 
move to the nearest ne ighbour pos ition of M e"+ s ite. 
Due to fo rmati on of iso lated Me~+ and (CrO,,)2., the 

concentration of cati on vacanc ies a nd ani on 
vacanc ies IS inc reased . Due to Inc rease in 
concentrati on of cati on vacanc ies, the conducti vity 
inc reases in ex trins ic assoc iated region (region III)' . 

In case o f ex trin sic un-associated region at low 
te mpe rature range, the conducti vity a lso va ri es. Thi s 
is ma inly due to the rma l I y-gene rated vacanc ies, 
whic h are frozen in the fo rm o f c luste rs. These 
c lu sters are di ssoc iated w ith inc rease in temperature 
and destroy the mselves and ma inta in the vacanc ies 
conce ntrati on of as-grown c rys ta ls. So, the 
conducti vity te nds to be same as that of as -grown 
samples in region-ll (Refs. 5,7). 

The quenc hed sampl es a re, once again , annea led 

at 600 DC and the conducti v ity is shown in F ig. 2. 
The conducti vity of annealed sample li es in 
inte rmedi ate sta te of as-grown a nd quenc hed 
c ryslal s states. This IS ma in ly att ributed 10 

associati on of complexes with background impurity 
like Ca2+ ions, once again . Due to fo rmati on or 
compl exes, concentrati on of cati on vacancies 
dec reases and conduc tivity is suppressed in extrins ic 
assoc iate region (region III ). 
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In ex trinsic un-associated region, the 
conductivit y is mainl y due to thermall y-generated 
vacancies and it is independent of impurity dopant 
conce ntrati on. The conducti vity remains as that of 
grown crys tals. 
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