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Lead as an impurity in cesium halides gives the usual A, B, and C bands with some differ-
ences, such as the appearance of a doublet structure in the A band and the observation of an
aggregate lead complex band in the visible region, when compared with the results for the
other lead-doped alkali halides. In this paper the peak positions, half-widths, and dipole-
strength ratios of these lead centers in CsCl, CsBr, and CsI are reported. In irradiated
cesium halides containing divalent lead, a new band is observed in the uv region at about 20
nm to the shorter-wavelength side of the A band. This band is interpreted to be due to Pb'
from various optical absorption studies and is found to be stable up to 110'C. In crystals ir-
radiated for a longer time, thi. s Pb' band goes down along with the Pb bands and a new band
is observed which is attributed to Pb . It has been found from conductivity studies that the
binding energy for an impurity-vacancy pair in cesium halides is about 0.48 eV and the pres-
ence of divalent lead in these crystals decreases the conductivity in the extrinsic region.
From the dielectric-loss measurements, the migration energy for a cation vacancy bound to
the impurity is found to be -0.62 eV while the preexponential factor is of the order of 3 && 10
sec '.

I. INTRODUCTION

A considerable amount of work has been pub-
lished on the nature and properties of defect cen-
ters in lead-doped sodium and potassium halides
(fcc structure), but no data are available on lead-
doped cesium halides (bcc structure). Optical ab-
sorption studies of Tl' (another ion of the s
family) in cesium halides have revealed some new

features such as different temperature behavior
of the I3 band and six, instead of the usual four,
bands in alkali halides containing such impurities.
Hence, it was thought desirable to undertake a
study of the behavior of lead centers in such bcc
structures by optical absorption, radiation damage,
electrical conductivity, and dielectric-loss tech-
niques. The electrical conductivity of cesium

halides has been investigated previously ' but the
association region has not been found. It has also
been established that anion vacancies are more
mobile than cation vacancies. The dielectric-loss
studies in bcc structures containing charge-com-
pensating defects have not been studied so far and
the results pertaining to the dielectric-loss mea-
surements of the lead-impurity-vacancy dipole in
cesium halides are presented in this paper.

II. EXPERIMENTAI. METHODS

Some single crystals of pure cesium halides have
been obtained from other research groups, while
some pure and lead-doped crystals were grown in
our 1aboratory by the Bridgman technique. Lead
was diffused into pure crystals by heating the lead
metal and cesium halide crystals together in an
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III. RESULTS AND DISCUSSION

A. Optical Absorption

l. Uncolored Crystals

The absorption bands observed in alkali halides
containing impurities with ns configuration have
been classifi d '~ as the A, B, C„and D bands, in
order of decreasing wavelengths. The transitions
responsible for these bands are

0.0
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

Photon energy (eV)

FIG. 1. Optical absorption spectrum of CsI crystal
containing 100 ppm of lead, at RT (curve 1) and LNT
(curve 2).

evacuated Pyrex glass tube at 500'C for about 36
h. By controlling the temperature and the time of
heating, the amount of lead present in the crystals
can be controlled. The impurity content estimated
from mass spectrometry and the atomic absorp-
tion spectroscopy technique was found to be typical-
ly of the order of 100 ppm. Optical absorption
studies were made at different temperatures on the
Cary-14 spectrophotometer and the radiation dam-
age was effected by a Philips x-ray unit operating
at 35 kV and 15 mA. Electrical conductivity mea-
surements were made in the temperature range
100-450'C by heating the sample in a furnace and
measuring the resistance by a GR 1644-A bridge.
A thin coating of aquadag was applied to the oppo-
site faces of the crystal, and the crystal was put
between two plates made of an alloy of platinum-
rhodium. The temperature of the crystal was re-
corded by a copper- constantan thermocouple. The
resistance was measured across 100 V applied to
the crystal faces after allowing it to stabilize at
the desired temperature. Dielectric- loss mea-
surements at different temperatures were made by
using a GR 1615-A capacitance bridge combined
with a GR 1311-A audio oscillator. For a large
range of the frequency a PM 5100 Philips oscilla-
tor was used in combination with the capacitance
bridge. Just before making the dielectric-loss
measurements the crystal was quenched from 300

C to room temperature after keeping the crystal
at 300'C for 2 h. The crystal was painted on op-
posite faces with aquadag colloidal graphite paste
and was heated in a vacuum in a sample holder
similar to one described previously. The tem-
perature of the crystal was kept constant at any
desired value by using a plastomatic Philips tem-
perature controller.

C band: A& ~ Tyu ( So - Pa).
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FIG. 2. Temperature variation of C band in lead-doped
CsI crystal. Curves 1, 2, 3, and 4 represent the spec-
trum taken at 300, 225, 150, and 77 K, respectively.

Since the singlet-triplet transition is not consis-
tent with the spin selection rule, the C band should
be stronger than the A band; this has been con-
firmed experimentally. The transition assigned to
the B band is forbidden, but this band appears with
a small intensity because of thermal lattice vibra-
tions. The A and C bands are also known to exhibit
structure under certain temperature conditions.

Figure 1 shows the optical absorption spectrum
of lead-doped CsI crystal measured at room tem-
perature (curve 1) and liquid-nitrogen temperature
(curve 2). These curves have been obtained after
subtracting the background absorption which is
very much temperature sensitive. A, B, and C
bands have been observed both at room tempera-
tures (RT) and liquid-nitrogen temperature (LNT),
whereas the D band could be observed only at LNT.
The height of A and C bands increases, and their
peak positions shift to the higher-energy side as
the temperature is lowered. The structure in these
bands is very clear at LNT. The intensity of the
B band is found to be lower at LNT as compared to
that at RT, indicating that the transition responsible
for this band is vibronically induced, just as in the
case of the other lead-doped alkali halides. Fig-
ure 2 represents the temperature variationof the C
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FIG. 3. Optical absorption spectrum of CsBr crystal
containing 100 ppm of lead. Curves 1 and 2 represent the
spectrum taken at B,T and LNT, respectively.

band. It can be seen that as the temperature in-
creases the structure in the A and C bands becomes
asymmetric and the separation between the compo-
nent bands increases. The half-widths of the C
and B bands are found to vary linearly with tem-
perature. Figure 3 shows similar optical absorp-
tion results for lead-doped CsBr crystal. Com-
parison of the structure of the A and C bands in
CsI and CsBr indicates that the structure is better
resolved in Cs Br. This might indicate that the
mass of halogen ions might be playing a prominent
role in determining the separation between the
components in the A and C bands. The important
feature in CsBr doped with lead is that if the crys-
tal is not quenched before taking the measurements,
an intense band appears at 2. 38 eV with a half-
width of 0. 16 eV. At LNT this band becomes sharp
and the half-width reduces to 0. 10 eV, but it ex-
hibits no structure. This band is observed in the
crystal in which the impurity has been introduced
by diffusion mechanism. If such a crystal is
quenched from higher temperature (-400 'C), the
band gradually reduces in intensity and finally dis-
appears, indicating that this is due to an aggregated
lead complex which dissolves when the crystal is
quenched from high temperatures. Such behavior
is found only if lead is diffused for longer periods
of time (more than 12 h). Similar behavior is ob-
served in CsCl, where the band peaks at 2. 46 eV
with half-widths of 0. 17 eV at RT and 0. 11 eV at

LNT.
In order to calculate the half-widths and the

dipole-strength ratios, the observed bands were
analyzed by a curve-fitting method. It was assumed
that each absorption band approximates to a Gauss-
ian curve with an equation

D=D, e xp[(-4loggp2/H ) (E Eo) ],
where D and Do refer to the optical densities cor-
responding to the band energies E and Eo respec-
tively; Eo is the band maxima in eV. II is the half-
width of the bands, which is varied to obtain a best
fit for the experimental curves. The values of D
for different values of E were computed on a Hew-
lett-Packard calculator model 9100-A. The re-
sults regarding the peak positions and half-widths
of the Pb" bands in cesium halides obtained from
the optical absorption studies are summarized in
Table I.

Various suggestions" "have been given to ex-
plain the structure exhibited by the A and C bands;
among these only the dynamical Jahn- Teller effect
seems to explain the observed facts. In the pres-
ent experiment the observed increase in the asym-
metry and splitting between the component bands
with temperature also suggests that the dynamical
Jahn- Teller effect is the underlying cause of the
observed structure. In accordance with earlier
explanations, ' the vibrational modes E~ (tetragonal)
and T2 (trigonal), which exist in the vibrational
modes of a quasimolecule composed of lead ion and
surrounding anions, have linear interaction with
the optically allowed triply degenerate excited state
T,„of the lead ion. These vibrational modes cause
the deformation of the octahedron formed by the
anions around the activator ion. Essentially, the
extra charge of the lead ion will draw the nearest-
neighbor halide ions closer and repel the next-
nearest-neighbor cesium ions, which will make the
T~ distortion easier. Thus linear interaction be-
tween T~ mode and T,„state is mainly responsible
for the instantaneous splitting in the excited state
which appears as a structure in the optical absorp-
tion bands, although the effect of E, mode is also
appreciable. In the present investigation the A
band shows only a doublet structure instead of the
expected triplet, probably because two components
in the A band might have coalesced into one, thus
giving rise to the doublet structure. The quadratic
interaction between the A and B bands through T~
lattice vibrations might be responsible for the
coalescence of two components in the A. band.

The T~ and E~ modes of vibrations probably mix
the forbidden and allowed states, giving rise to the
vibration-induced transition responsible for the B
band, with intensity proportional to absolute tem-
perature. In the present investigation it has been
confirmed (as will be discussed later) that for lead-
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TABLE I. Peakpositions (eV) and half-widths (eV) of Pb bands in cesium halides at room temperature (RT) and liquid-
nitrogen temperature (LNT).

Crystals

CsCl: Pb"

CsBr: Pb

CsI: Pb

Peak
position

Half-
width

Peak
position

Half-
width

Peak
position

Half-
width

4.46

0.34

4.00

0.32

3.32

0.29

RT

5.28

0.27

4.92

0.24

4. 27

0.20

6.20

0.57

5.64

0.54

4.79

0.50

4.35

0.16

3.92

0.14

3.38

0.12

4.48

0.15

4, 01

0.11

5.34

0.26

4.94

0.22

4.30

0.14

LNT

0.18

5.58

0.17

4.77

0.16

C

C2

6.20

0.17

5.74

0.17

4.90

6.32

0.17

5.90

0.16

5.04

0.14

5.77

0.48

doped cesium halides, the B band borrows intensity
from the C band.

In order to get an idea whether the excited state
for the B band is closer to that of the C or A bands,
dipole-strength ratios have been calculated by using
Sugano's formula

4 —2x+ [6—2 (2x —l) ]'i
2+ 2x —[6- 2(2x —i)'j"'

where

x= (&s-&~)/(&c-E~)

E„, E~, and E& are the observed band positions
of the A, B, and C bands expressed in eV, respec-
tively. Thus one can calculate the value of R&„„
i. e. , the dipole-strength ratio from the observed
peak positions of the A, B, and C bands. This
ratio can also be calculated from oscillator
strengths of the observed bands by using the for-
mula

~.». = (fc/f~) (&~/&c),

where fc and f„are the oscillator strengths of the

C and A bands, respectively. However since the
data on refractive indices (at different wavelengths)
for cesium halides are not complete, we were un-
able to calculate the oscillator strengths. As there
is not much difference between Rs„, and R,b, in other
alkali halides containing lead, we can get a fairly good
idea about the value of R. Table II summarizes
our data for R and compares them with other alkali
halides doped with lead.

According to the Sugano theory, ' if the excited
state of the B band is nearer to that of the C band,
then the value of R must be between 2. 0 and 9. 9;
whereas, if it is nearer to the excited state of the
A band, then the value should be larger than 9. 9.
In the present work, as is evident from Table II,
the value of R is smaller than 9. 9, and hence the
excited state of the B band is closer to that of the
C band. In other words, the closeness of the ex-
cited states of the B and C bands favors mixing,
and therefore the appearance of the B band. The
peak positions of the A, B, and C bands plotted as
a function of the interionic distance, give three
corresponding straight lines, thus indicating that
a Mollwo-Ivey relation of the type E =KR" can be

TABLE II. Comparison of dipole-strength ratios between alkali halides (fcc structure) and cesium halide (bcc structure).

Crystal

Free Pb
NaC1: Pb
KC1: Pb"
CsC1: Pb
CsBr: Pb
CsI: Pb

7.983
4.550
4.570
4.459
3.999
3.314

9.792
5.910
5.860
5.275
4.919
4.274

11.820
6. 250
6.230
6.198
5. 635
4. 786

0.471
0.800
0.777
0.510
0.562
0.652

11.2
3.60
3.80

10.54
7.81
5.72

3.2
4. 2

Ref.

2
2
2

This work
This work
This work
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TABLE III. Values of constants n and K of M-I type
relation forcesiumhalides containing divalent lead.

—1.50
1 ~ 13

—1.30

27. 35
20.05
28. 25

found. The relevant parameters are given in
Table III.

2. Colored Crystals
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The effect of radiation damage in CsBr con-
taining 100 ppm of lead is shown in Fig. 4, where
curves 1, 2, 3, and 4 represent the spectra of the
lead-doped crystal irradiated for different lengths
of time. It can be seen from curves 2 and 3 that as'
irradiation continues, the Pb" bands reduce in in-
tensity and a new band at 4. 22 eV starts appearing.
The reduction in the intensity of Pb" bands indi-
cates that some charge conversion takes place
dunng irradxatzon. Recently electron paramagnetic
resonance (EPR) due to Pb"' ions in KCl crystals,
formed on irradiating the crystal at LNT and then
warming it up to 273 K, has been reported. How-
ever in the present investigation no EPR signal
other than that of the E centers (not shown in Fig.
4) could be detected, even if measurement is made
at LNT, while irradiation is done at RT. There-
fore, the possibility of the formation of Pb'" seems
remote. Further, three optical bands were found
to be associated with the Pb"' centers, while we
found only one band (at 4. 22 eV) appearing after

radiation damage. Thus, it seems that the Pb" ion
is converted to the monovalent state associated with a
bandat4. 22 eV onirradiationat RT (TableIV), which
is in accordance with the earlier results' ' for
lead-doped alkali halides (fcc structure). This Pb'
band has a half-width of 0. 25 eV at RT, and on

lowering the temperature (curve not shown in Fig.
4) this band becomes sharp. The intensity of this
band increases up to an irradiation time of 90 min,
beyond which it starts reducing again, showing
thereby that Pb' starts converting to Pb for longer
irradiation time. In the case of long irradiation
the large number of electrons provided readily
convert Pb" to Pb, obviously through Pb'. Thus
the band observed at 5. 82 eV (curve 4) can be as-
cribed to Pb on the basis of its temperature depen-
dence. The temperature dependence of the bands ob-
served at 5. 82 and 4. 22 eV are very different, which
indicates that they are due to different centers. While
the band at 5. 82eV is stable up to 500 C and above,
the band at 4. 22 eV is stable only up to 110 'C, be-
yond which it reduces rapidly. Efforts to obtain a
paramagnetic signal due to such Pb' ions have not
been successful possibly because of the large E band

present in the crystal or the large spin-orbit cou-
pling of the lead ions.

8. Transport Properties

l. Electrical Conductivity

Previous work on conductivity measurements
in alkali halides of NaCl structure has led to an
adequate model for the defect nature in these salts,
but detailed studies have not been made on the
CsCl structure. It has been shown' ' that Schottky
defects are prominent defects in cesium halides,
but in contrast to alkali halides (fcc structure), the
anion vacancies are more mobile. Electrical con-
duction in doped cesium halides has been reported
previously, ' but the results regarding the associ-
ation region are not consistent. Therefore, in the
present study, the conductivity in lead-doped cesium
halides has been measured in the low-temperature
region (100-450 'C) in order to get an idea about
the binding energy for the impurity bound to the
cesium vacancy.

Figure 5 shows the electrical conductivity results

TABLE IV. Peak positions and half-widths of Pb' band
in cesium halides at room temperature (RT) and liquid-
nitrogen temperature (LNT).

I I

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
1 hotan energy (eV)

FIG. 4. Results of radiation damage in CsBr crystal
containing lead. Curve 1 is for an uncolored lead-doped
CsBr crystal. Curves 2, 3, and 4 are obtained for the
irradiation time of 45, 90, and 300 min, respectively.

Crystal

CsCl
CsBr
CsI

RT LNT

4.77
4. 22
3.54

4.80
4.26
3.57

Peak position (eV)

RT LNT

0.20
0. 19
0.19

0.26
0.25
0.23

Half-width (eV)
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cation vacancies created for the charge compen-
sation which indicates that the conductivity is not
anionic in nature at low temperatures. Thus re-
gions II and III correspond to E, and E,+ & 8"„re-
spectively. From the conductivity results at higher
temperatures and by using previous' diffusion data
(in order to get the contribution of anion vacancies),
we have obtained a value for the formation energy
of Schottky defects which agrees well with the pre-
vious results. The energy parameters obtained
from conductivity measurements are tabulated in
Table V.

2. Dielectric-Loss Measurements

70
1. 0 2.0 2.5

1000 g-f)
T

(

3.0

FIG. 5. Conductivity results for pure and Pb"-doped
cesium halides. Curve 1 shows the conductivity data for
pure CsI. Curves 2 and 3 show the results for CsI and
CsBr crystals containing 80 ppm of lead.

obtained in lead-doped cesium iodide and cesium
bromide crystals. Curve 1 is for a pure CsI crys-
tal and curves 2 and 3 are for CsI and CsBr crys-
tals containing 80 ppm of lead impurity in the diva-
lent state, respectively. It is evident from the fig-
ure that in the pure CsI crystal, two regions have
been observed. To explain the results it is assumed
that the primary charge carriers are anion vacan-
cies while the divalent anion impurities (like CO~3,
SO4, etc. ) are the dominant "background" im-
purities. On this basis the first region (I) in the
conductivity plot for pure CsI can be considered
as the region of intrinsic conductivity, whereas the
second region (II), being governed by the concen-
tration of "background" divalent anion impurities,
gives the activation energy for the migration of the
anion vacancies (created by the "background" im-
purities), which is roughly of the order of 0. 4-0. 5

eV. This value is large, which indicates that the
effect of "background" divalent cation impurities
can not be ignored. Vfhen divalent lead is added in
CsI and CsBr, a third region (III) is also obtained
as shown in Fig. 5. It is now evident that in the
temperature range 100-350 C the conductivity is
dominated by the presence of divalent lead while
above this temperature, it is intrinsic conductivity.
On addition of divalent lead in the crystals, it is
found that conductivity decreases in the extrinsic
region in accordance with the earlier' results.
This decrease in conductivity is due to the decrease
in the number of free anion vacancies by the law
of mass action and conductivity is dominated by

TABLE V. Energy parameters for Pb"-doped alkali
halides of fcc and bcc structures obtained from conduc-
tivity results. 8'~, energy of formation of Schottky de-
fects; E~, energy of migration of cation vacancies; S'~,
free energy of association of the impurity ion and cation
vacancies. All the energies are expressed in eV.

Crystal

NaCl
KCl
KBr
KI
CsBr
CsI

2.24
2.14
1.84
1.70
1.86
1.84

0.78
0.78
0.68
0.69
0.64
0.63

0.28
0.26
0.27
0.28
0.48
0.46

Ref.

3
3
3
3

Thzs work
This work

In cesium halides each cesium ion is surrounded
by six nearest-neighbor (nn) and twelve next-
nearest-neighbor (nnn) cesium ions and the vacan-
cies created on addition of divalent impurity can
be situated in any of these sites. In the low-tem-
perature region the vacancies form complexes with
the impurity, owing to the electrostatic attraction,
and such a complex has an electric dipole moment.
External electric field would orient these defects
preferentially, and removal of such a disturbing
agency would tend to bring back the normal situa-
tion resulting in relaxation loss. The time taken
for such a return would mainly depend on the radius
of the impurity and host lattice symmetry. The re-
laxation time 7' has been obtained theoretically
as well as experimentally ' for alkali halides of
fcc structure containing divalent impurities, but no
such data exist for bcc lattices. In order to see
the effect of change of host lattice symmetry on 7
and to confirm the presence of lead in divalent form
in cesium halides, dielectric-loss measurements
have been performed on this system.

Typical results on the measurement of the dielec-
tric-loss factor tan5 are shown in Fig. 6. These
results are obtained in the case of cesium iodide
crystals containing 80 ppm of divalent lead and
curves 1, 2, 3, 4, and 5 are the tan5 versus fre-
quency isothermals obtained at 100, 120, 140, 160,
and 180'C, respectively. Each curve shows only
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FIG. 6. Dielectric-loss results for CsI crystal con-
taining 80 ppm of divalent lead. Curves 1, 2, 3, 4, and
5 are tan& vs frequency isothermals obtained at 100, 120,
140, 160, and 180'C, respectively. Inset shows a
straight-line plot of log&of~ vs 1000/T for the determina-
tion of activation energy and frequency factor for lead-
impurity-vacancy dipoles.

one loss peak and the peak frequency f„of the loss
peak shifts to the higher frequencies as the tem-
perature is increased. The inset in Fig. 6 shows
the plot of log, of„vs 1000/T K ' where T is the
temperature of measurement of dielectric-loss
factor in K. Since the plot is a straight line, the
peak frequency can be expressed as

e 8/iver

where fo is the preexponential factor and E is the
activation energy for the jurnp of a cation vacancy
bound to the impurity ion. The slope of the straight
line gives the value of activation energy for the
migration of a bound cation vacancy d,s 0. 62 eV in.

CsI containing divalent lead. Measurements were
performed with different concentrations of lead,
and it is found that the position of peak frequencies
remains the same in all the cases. Table VI shows
a comparison of the behavior of lead-impurity-
vacancy dipoles in different crystals.

In order to remove the possibility of aggregation
of impurity-vacancy dipoles, the crystals have been
given different heat treatments before being
quenched to the desired temperature of the mea-
surements. The results of dielectric-loss mea-
surements show that the loss peak increases in
magnitude for quenching temperature up to 300 'C.

TABLE VI. Activation energies and preexponential
factor for the loss peak calculated from a straight-line
plot of Fig. 6.

Crystal

KC1
KBr
KI
CsCl
CsBr
CsI

E (eV)

0.78
0.69
0.80
0. 64
0. 65
0.62

fo(sec ')

1.3x ].0~~

5.0x 10"
1.4x 10"
5, 2x 10"
8.83 x 10~0

2. 2x 10"

Ref.

4
4

This work
This work
This work

This increase in the height of the loss peak indi-
cates that at ordinary temperature a certain num-

ber of impurity-vacancy pairs exist as larger ag-
gregates which dissociate into simple pairs when

the crystal is heated to higher temperatures. The
magnitude of the peak becomes constant on heating
up to 300 'C, showing thereby that all the aggre-
gates have been dissolved. Therefore, the final
measurements are made on a crystal which is
quenched from 300 C. Measurements were also
made on pure crystals under identical conditions
which showed no relaxation losses; this rules out
the possibility of background impurities playing
any role in the present observations.

According to earlier work by Dreyfus, if the
radius of the impurity ion is considerably smaller
than that of the host cation, one would expect two
relaxation loss peaks, which can be ascribed to the
jump of a vacancy in the nn and nnn sites. How-

ever, in the present work we observed only one
loss peak, although the radii of Pb" (1. 32 A) and
Cs' (1.67 A) are different. As the radius of the
impurity ion increases, the probability for the
occupation of nnn sites by the vacancy decreases,
and hence it will be difficult to observe relaxation
loss due to the jump of vacancy in nnn sites. This
may be a possible reason for the absence of a sec-
ond peak in cesium halides containing the divalent
lead ion. It may also be possible that in the case
of bigger and heavy impurity ions embedded in bcc
lattices, the theory may not be as applicable as
it is in the case of smaller ions like Mn", Co",
and Ni" doped in fcc lattices. Recent experi-
ments" on the reorientation of the impurity-vacan-
cy complexes in KCl containing divalent substitu-
tional ions by the depolarization thermocurrent
method also give results which are difficult to rec-
oncile on the basis of the theory proposed by Drey-
fus. Thus the single peak observed in the present
case is attributed to the dipoles consisting of diva-
lent lead and the nearest-neighbor cation vacancy.
It is evident from Table VI that the values of E and

fo are different from those obtained earlier4 for
lead-doped fcc lattices, which indicates that the
entropy of activation of a cation vacancy depends
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both on the electronic configuration of the neighbor-
ing divalent impurity ion and on the host latttice
symmetry.

IV. SUMMARY

Optical absorption, conductivity, and dielectric-
loss measurements have been made on lead-doped
cesium halides. Except for the few differences,
the lead centers in cesium halides behave identical
to those in alkali halides. The A band in lead-doped
cesium halides exhibits a doublet structure, in
contrast to the other lead-doped alkali halides,
where the A band is of simple bell shape. The for-
mation of Pb' and Pb centers has been inferred
from the radiation damage studies. The conduc-

tivity studies of Pb"-doped cesium halides show
the decrease of conductivity in the extrinsic region
which has been explained by considering the plau-
sible reasons. A single loss peak has been ob-
served in the dielectric-loss measurements; that
peak has been attributed to the jump of a vacancy
to the nn position.
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