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The electrical transport properties of BaTi03 are discussed against the background of recent defect-
chemistry investigations and in the light of the small-polaron nature of the charge carriers. Seebeck-effect
measurements and chemical investigations on highly doped BaTiO,:La ceramics are also reported. It was
found for BaTiO, that the dissociation energy required to set the conduction electrons free from their donor
centers and also the kinetic-energy term of the small polarons contributing to the thermopower can be
treated as negligible quantities.

I. INTRODUCTION

As in the case of most low-mobility materials,
it has been debated for many years whether the
charge carriers in n-type BaT'iO, are small polar-
ons" or band electrons. ' Whereas it seemed at
first that the optical and electrical properties
could be interpreted either way, investigations
in recent years"4" have revealed that the nature
of the charge carriers cannot be explained consis-
tently either in terms of band conduction or in
the small-polaron picture. ' In particular, the
discussion is centered around the occurrence
of. a conductivity- dependent optical- absorption
maximum at about 0.5 eV favoring small-polaron
formation, the drift mobility of about 0.1-0.5 cm'/
V sec being assumed to be too high for thermally
activated small-polaron hopping, and the equiva-
lence of drift and Hall mobility, which supports
band conduction.

Explaining the electrical properties in terms
of band conduction requires the assumption that
the optical-absorption maximum is caused by
electron excitation from donor levels (oxygen-
vacancy levels as proposed by Berglund and
Braun') being about 0.3 eV below the conduction-
band edge. However, extensive defect-chemistry
investigations reported by several authors"'
give no indication of defect or impurity levels
being in this range (see also the discussion in
Ref. 6). On the other hand, when small polarons
are assumed, the optical-absorption maximum
gives a thermal activation energy for a small-
polaron hop which is too high con1pared with
the drift-mobility data given by IJ. ~ T' ' exp(-s/
kT).' The drift mobilities are known at" 200—
300 K and' 14VO K; they are about equal to the
measured and extrapolated Hall mobilities known
between 200 and 1000 K.'

However, from the standpoint of small polarons,
the available drift-mobility data are often called
into question because the evaluation of the num-

ber of charge carriers necessary for determining
the drift mobility from the dc conductivity (p, =o'/
ne) requires several assumptions about the See-
beck effect and defect chemistry from which the
charge-carrier densities were deduced. In the
defect-chemistry investigations it was assumed
that there is complete ionization of the donors
and a negligible kinetic-energy term was taken
for the Seebeck coefficient. Both assumptions
are under discussion from the viewpoint of small
polarons as well as from that of band conduction.
Debate centers in particular on the choice of the
kinetic-transport term, which does not. need to be
zero even for small polarons (see Sec. III), and
which was deduced to be about 2 to 3 in the case
of band conduction (Berglund and Baer').

In this paper, after discussing the small-polaron
situation in BaTiO„we will present a compre-
hensive and critical recapitulation of the published
drift-mobility investigations concerned with the
small-polaron nature of the charge carrier and
against the background of the recent defect-
chemistry investigations on n-doped Bar'iO, ."'
We shall then report on our electrical experi-
ments (Seebeck effect, conductivity) and chemical
experiments (determination of the charge carrier
by chemical analysis) on lanthanum-doped BaTiO,
ceramics, the results of which confirmed the
known drift-mobility values. We were also able
in these experiments to determine the kinetic-
energy term of the Seebeck coefficient and the
dissociation energy required to excite an elec-
tron from the donor (lanthanum) neighborhood into
an unbound small-polaron state; both quantities
were found to be about zero, which provides
additional support for the assumption of small
polar ons.

II. SMALL-POLARON SITUATION I~:0 BaTiO~

As was said at the beginning, the electrical
conduction cannot be explained consistently either
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in the band model or in the small-pola, ron model.
However, it was sug'gested in a preceding paper'
that the results of the electrical and optical ex-
periments are comparable if one assumes the
existence of a smal1. -polaron drift mobility which
is enhanced with respect to the results of Hol-
stein's nonadiabatic small-polaron hopping the-
ox'y .

The assumption of small-polaron hopping in
BaTiG, seems to be reasonable from the estima-
tion of Ref. 6 when the known drift-mobility values
are used (these values are correct, as will be
shown in the following sections). The transfer
integral J was estimated to be 0.015 eV and the
thermal-drift-mobility activation energy e (being
half of the polaron binding energy) to be about
0.023 eV. Although this satisfies the small-polax-
on formation condition'0 J&4c, it does not com-
pletely satisfy the applicability range of the non-
adiabatic small-polaron hopping theory" J'&(ckT/
w)'~'k~, /v for T&400 K and' kar, =0.046 eV [J'
=2.25 & 10"~ 6V', the right-hand side of the in-
equality ranges from 2.3 & 10 ~ 6V~ at 400 K to
4.6 x 10-' eV' at 1470 K]. However, when Emin's"
correlated small-polaron hopping is assumed
(see below), where a comes out to be about three
times larger, the latter condition is slightly im-

p x'oved .
On the other hand, the conditions for adiaba, tic

small-polaron hopping cannot be satisfied because
the applicability condition is then governed by the
above inequality in the opposite direction. " This
reflects the fact, that the small-polaron conduc-
tion in BaTiO, comes close to the so-called
"transition" region" which is between the
VRlldlty of the adiabatic Rnd nonRdlabRtlc
theories.

It was suggested in a previous paper' that the
small-polaron conduction ln 8-type BRTlG, cRn be
understood qualitatively by assuming a drift
mobility enhancement. In BaTiO, the conditions
for a drift-mobility enhancement are fulfilled
because the electron-phonon coupling constant
deduced from the optical absorption, and also
the calculated bandwidth of the longitudinal-optical
phonon modes involved in the small-polaron for-
mation, are both smaller than assumed by Hol-
stein in his small-polaron theory. ' These mate-
rial properties both increase the drift mobility
and lower the thermal activation energy for a
small polaron hop.

de Wit'2 calculated that under these conditions
the small-polaron hop rate is enhanced for quan-
tum-mechanical reasons. He showed that in Hol-
stein's nonadiabatic small-polaron theory the
self-trapped electron has only one chance to tun-
nel to the neighboring site when two neighboring

lattice sites are thermally excited (the "coinci-
dence event") because this favorable ion configura-
tion decays after only one lattice-oscillation period
as a result of a broad dispersion of the longitudin-
al-optical phonons which form the polaron's polar-
ization cloud. However, when the duration of the
"coincidence event" is sufficiently long due to a
small vibrational dispersion, then the probability
of electron tunneling is greater than it is after
the first or the following oscillation periods; this
enhances the hop rate.

A drift mobility enhancement also 1esult8 fx'om
Emin's theory of "correlated small polaron'hop-
ping. ""0 In Emin's model, which describes a clas-
sical mechanism [it seems justified to assume
clRsslcR1 hopping ln BRTlG~ ln the tempex'Rtux'6
range above 400 K; kT»J (Ref. 11)]two succes-
sive polaron hops are correlated with one another
because the electron is able to hop to a third site
before the initially occupied lattice site relaxes.
At the limit of a very small vibrational disper-
sion, the dx'lft moblllty RctlvRtlon 18 x'edUced

roughly to about one-third of the two-site hop
value. Despite the higher energy necessary for a
three- site coincidence, the dx ift activation
energy is lowered because this event yields a
greater hop probability than two two-site
coincidences.

In the correlated hopping model, Hall and drift
mobility need not be far from equal as is usually
the case for uncorrelated small-polaron hopping.
In particular, the ratio of Hall and drift mobility
[p, s/pn ~ exp(E~~„—E„,»)/kT] is proportional to
about exp(c/6kT) for the correlated situation,
which is considerably smaller than the exp(2&/3kT)
of the uncorrelated model" (uncorrelated model:
e =E~«,). For BaTiO„where e is already small
(e —= 0.063 eV deduced from the mobility fit of Ref.
6), this gives an exponential term which is only
1.35 at 400 K and decreases to about 1.09 at 1470
K. %'hereas the exponential term usually gives
xise to the difference in the temperature slopes
of drift and Hall mobilities, this is only of minor
significance in BaTiG, .

Furthermore the small-polaron situation in

BRTiO, is close to the transition region where the
Hall mobility is smaller than in the nonadiabatic
region, as was discussed by Emin and Holstein"
(in the adiabatic region the Hall mobility can
become even smaLLer than the drift mobility
at higher temperatures, or at J & kT,"as is the
case in BaTiO, ). Thus, the assumption of com-
pRlRble HRll Rnd dl lft mobllltles ln BRT1O3~ which
has been the strongest argument for band
conduction in this material, need not be in
contradiction with the assumption of small
pol Rx'ons ~
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III. PROBLEM OF EVALUATING THE DRIFT MOBILITY

IN n-TYPE BaTiOS

In one of their first papers on the polaron nature
of electron conduction in n-type BaTiO3, Gerthsen
et al. ' deduced the drift mobility in the room-tem-
perature range from conductivity- and Seebeck-
effect measurements on differently conducting
BaTiO, polycrystals (ceramics) which were free
from grain boundary resistivi. ties. The charge-
carrier density was derived from the Seebeck
coefficient 8, which is given by" "

Here k denotes the Boltzmann constant, e is the
electron charge, N, is the (effective) polaron state
density, n is the charge-carrier density, and
A is the transport term, which is the energy per
kT transferred by a small-polaron hop between
the lattice sites involved.

Gerthsen et a/. ' put N, equal to the titanium den-
sity of 1.55 & 10" cm"'. This is a reasonable
choice because, as can easily be seen from band-
structure considerations, ""the small polarons
are localized at the titanium sites. The lowest
conduction bands originate from the ionic Ti'*
3d' levels and have their band minimum at the
I' point. However, an uncertainty arises because
owing to the spin degeneracy, '~'" one cannot ex-
clude a priori a double occupation of the potential
small-polaron site. In general, when a second
(additional) electron is localized at a titanium
site (chemically speaking, a quasi Ti" state} the
Coulomb repulsion is reduced owing to further
polarization of the lattice. This double occupation
can be definitely discarded in the case of BaTiO,
because the energy gain of about 0.25 eV, 2 6 due
to the small-polaron binding, is too small com-
pared with the Coulomb repulsion (Hubbard inter-
action), which is expected to be of the order of
some electron volts at the titanium site.

However, somewhat more attention must be
paid to the assumption of a vanishing transport
term A. , because A=0 holds only for the idealized
case in which no account is taken of nonlinear
electron-phonon interactions, anharmonicity of
the lattice vibrations and changes in the force
constants in the transition from the empty to the
occupied state. " For a general case Austin and
Mott" estimated A to be about —,", c/kT, where e

denotes the thermal hopping activation energy of
the small polaron. From the optical absorption
we obtain an upper limit of approximately 0.13 eV.
Thus A is about 0.22 in the room-temperature
range. This estimate, however, is based on
Holstein's small-polaron model, and a treatment
for the enhanced small-polaron hopping assumed

to exist in n-type BaTiO, may yield different re-
sults. For example, in his correlated small-
polaron hopping model, Emin" deduces an energy
transfer even opposite to the carrier hop, because
energy in his model is "absorbed primarily at the
final site and emitted at the initial site." If we
take A =0.22 as an upper limit, then the charge-
carrier densities given by Gerthsen et al. ' have
to be multiplied by e, which is about 1.25. This
correction, however, does not significantly alter
the result that the drift mobility is about 0.5 to
0.6 cm'/V sec in the room-temperature range
and equal to the Hall mobility measured on the
same samples. Negative A values, on the other
hand, provide smaller charge-carrier densities,
and hence drift mobilities higher than the Hall
mobilities. Such a situation can occur in the case
of adiabatic small-polaron hopping. "

Later on, Gerthsen et al.~ extended their in-
vestigations on n-type BaTiO, polycrystals for
which the charge-carrier density was deduced
from thermogravime tric measurements. Treat-
ing undoped BaTiO, samples under different re-
ducing conditions they obtained differently con-
ducting samples. Every oxygen vacancy provided
by this treatment contributed just one electron to
the conduction, as was also found in the defect-
chemistry investigations reported by Long and
Blumenthal. ' The plot of the electrical conduc-
tivity versus the oxygen vacancy density deduced
from weighing (from about 6 x 10" to 1V && 10"
cm"3) then yields a. drift mobility of 0.6 cm'/V sec.

Because of experimental uncertainties, the
authors could not definitely exclude the existence
of a dissociation energy for the ionization of the
oxygen vacancy. Taking into account, for exam-
ple, an ionization energy of 80 meV, we estimate
a donor exhaustion of about 80/o for an oxygen
vacancy concentration of 1 && 10"cm"', and this
delivers smaOer effective charge-carrier den-
sities and hence a drift mobility even higher than
0.6 cm'/V sec, that is to say higher than the Hall
mobility.

The drift mobility at 1470 K in lanthanum-doped
BaTiO, was deduced to be about 0.1 cm'/V sec.'
This value was derived from conductivity investi-
gations of differently doped polycrystals as a func-
tion of the oxygen partial pressure. In a distinct
oxygen pressure range, the conductivity of the
samples was found to originate solely from the
conduction electrons contributed by the lanthanum
donors. A plot of this conductivity versus the nom-
inal lanthanum content delivered the drif t mobility
of 0.1 cm'/V sec, which is about the value obtained
from the extrapolation of the high-temperature
Hall mobilities' (see also Fig. 1 in Ref. 6). How-
ever, the assumed complete ionization of the
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lanthanum donors holds only if the dissociation
energy is of the order of some tenths of an elec-
tron volt. This choice for the dissociation energy
and, hence, for the value of the drift mobility,
is reasonable because it made it possible to ex-
plain the high-temperature conductivities and the
defect chemistry of undoped and doped BaTiG,
over several ranges of magnitude of oxygen partial
pressures. '

From the equivalence of Hall and drift mobility
at high temperatures, we conclude that in the
room-temperature range, too, the drift mobility
will not exceed the Hall mobility (in the adiabatic
case p„/p~ is a monotonic function of tempera-
ture"). With this conclusion we deduce from the
thermopower measurements (see the discussion
above) that we can reject negative A values not
close to zero (small negative-transport terms
cannot be excluded because of the scatter of the
experimental data); furthermore the dissociation
energy of the oxygen vacancies can also be as-
sumed to be small.

Summing up, we conclude from the foregoing
discussion that the mobility values obtained from
the investigations described really represent the
actual drift mobilities.

IV. ELECTRICAL AND CHEMICAL INVESTIGATIONS

ON La-DOPED BaTio&

This section reports thermogr'kvimetric, wet
chemical, ther moelectrical, and electrical mea-
surements on lanthanum-doped conducting BaTiG,
ceramics which were carried out in order to ob-
tain further confirmation of the results presented
above and to elucidate the question concerning the
dissociation energy required to separate an elec-
tron from its original lanthanum-donor site.

The thermogravimetric measurements were
carried out at 1470 K at various partial pressures
of oxygen on powder materials having La concen-
trations on the Ba sites of Up to 10 j(;. From the
results of x-ray-intensity measurements on re-
lated perovskites such as" Sr, „La„TiO, and"
Pb, „La,TiG, we deduced that in BaTiO„ too, the
big La ions only enter the Ba sites of the perov-
skite lattice. A detailed description of the thermo-
gravimetric measurements can.be found else-
where, " so that here only the results of these
investigations are briefly reported.

At distinct partial pressures of oxygen (depend-
ing on the temperature and the La concentration
of the sample) the stoichiometric composition of
the La-doped perovskite BaTiO, :La corresponds
to the chemical formula Ba, La,"(Ti, ,~'Ti,")O .
The "Ti'"' has only to be interpreted in a stoichio-
metric sense, because one cannot define at this point

TABLE I. Measured and calculated specific electrical con-

ductivities. u„„.„.= GiR, G is the geometrical factor;

~c ili ~elcctricule +I)

Sample No.

(see Fig. 1)
f11cas

(n 'cm ')

4.0
25.5
41.0

10.4
36.5
70.0

where the electron is localized. This formula
has already been reported by Eror and Smyth. "
With increasing partial pressure of oxygen, the
La donors are more and more compensated by the
formation of electron-trapping vacancies on Ba
sites (about 1.5 eV below the band edge) and there-
fore decreasing concentrations of the Ti" are
found. With decreasing partial pressure of
oxygen, on the other hand, singly ionized oxygen
vacancies are formed and the number of Ti" ions
will increasingly exceed that of the incorporated
La '.

The concentrations of Ti" in the BaTiG, :La was
determined gravimetrically and was put equal to
the carrier concentration at 1470 K. A theoretical
electrical conductivity was then calculated using
the drift mobility of Daniels and Hardtl' at 1470
K (p. =0.1 cm'/Vsec).

The electrical conductivity measured at 1470 K
on the same material under the same oxygen pres-
sure then proved to be nearly identical with the
calculated conductivity over more then six ranges
of the oxygen pressure. Thus we may conclude
that at higher temperatures (1470 K) the numbers
of the chemically determined Ti" and those of the
charge carriers are identical.

At room temperature the concentration of Ti"
in the BaTiO, :La was determined in accordance
with a method developed by Arend and Novak. "
For these measurements densely sintered
BaTiG, :La ceramics having La concentrations of
0.5% to 4% on the Ba sites were reduced at 1470 K
and thereafter quenched to room temperature.
During cooling, very slight oxidation of the sam-
ples, which took place particularly at the grain
boundaries, could not be completely prevented. '4

In most cases such prepared samples showed a
too low electrical conductivity due to thin high-
resistiv!ty grain-boundary layers" (see the con-
ductivity discussion at the end of this section and
Table 1). On the other hand, the measurement
of the thermopower of such specimens is not
influenced by nonconducting thin grain-boundary
layers. ~

After the measurement of the thermopower and
the electrical conductivity, the samples were
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crushed to fine powders in an agate mortar. The
powders were dissolved in amounts of 20-200 mg
while stirring in 15 ml 20-vol /p HC1, from which
traces of O, and Cl, had been removed. The dis-
solution of the samples must be carried out in a
protective gas atmosphere.

After complete dissolution of the samples, a
solution containing a small number of Fe" ions
was added. These Fe" ions were immediately
reduced by the Ti" ions dissolved from the re-
duced BaTiO, :La to the corresponding number
of Fe" ions. The concentration of the Fe" ions
was then colorimetrically determined in a dark
room at a wavelength of 510 nm, using the red
complex of the Fe" with 1, 10-phenanthroline in
a buffer, the composition of which has been des-
cribed in Ref. 23. The concentration of the Ti"
in BaTiO, :La could then be calculated from the
concentration of the Fe" ions found in the solution.
The experimental scatter of the chemically anal-
yzed concentration of Ti' in BaTiO, :La was found
to be of the order 1 x 10"Ti"/cm'.

The thermopower was measured at room tem-
perature in two different experimental arrange-
ments. In one arrangement the specimens were
fixed between two sinks in an air environment,
and in the other they were placed in an oil bath
with two heat-insulating chambers which could
be separately heated. No difference was observed
between the Seebeck data obtained from both meth-
ods. Figure 1 shows the chemically determined
concentration of Ti", which we denote by n,„, „„
versus the small polaron density n,' which was de-
duced from the Seebeck effect assuming a zero'
transport term A (see Sec. III). Figure 1 reveals
that the experimental data for densities below
6x 10'0 cm ' are grouped around the bisector of
the coordinates. From this behavior, information
is derived about the magnitude of A and about the
dissociation energy required to separate the elec-
trons from their lanthanum centers where they
originated.

%'e deduce from our chemical considerations
that the density of electrons carrying the elec-
trical current (n„„„„,) cannot exceed n,„, „„
as long as we neglect electrons thermally excited
from energy levels that lie deeper in the energy
gap than the donor levels. The electrons coming
from deeper states are associated with the oxygen
orbitals; they are excited either from the p-type
valence band (3.1 eV and gap) or from the oxygen
orbitals enclosing a barium vacancy (about 1.5 eV
below the conduction-band edge, though we still
may have to take into account a small amount of
barium vacancies due to an incomplete chemical
reduction process). However, considering the
high activation energies of these electrons, it is

m

E
6

t9
,O
E
Cl

C

n, (10 cm )

FIG. 1. Chemically determined charge-carrier den-
sity n~m«al vs the small-polaron density obtained from
the Seebsck coefficient by the use of nos N, exp(-e~ S~/
j'g+A){+~ =1.55 x 10 cm 3, A =0). The experimental
points belong to samples having the following nominal
lanthanum concentration (between parentheses the re-
sulting charge-carrier concentration}: (1) 0.005 (7.8
x10"cm-'}; (2} 0.006 (9.3 x10")~ (3) 0.015 (2.3 x10")~

(4) 0.02 (3.1 x102 ); (5) 0.03 (4.7 x10 ); (6) Q. Q4 (6.3
x10 ). The figure shows that the reduction is not com-
plete in the samples that have a lower lanthanum con-
tent.

obvious that not taking them into account is of no
significance in the room-temperature range of our
investigations. Thus nelec„«al will9 g
be smaller than n,h, „„.Incidentally, we do not
consider the case of the highly doped sample
marked with the numeral 6 in the plot. For this
composition the Seebeck effect yields higher
charge-carrier values than allowed from the
chemi. cal analysis. It is possible that this devia-
tion reflects the fact that in this concentration
range the Seebeck coefficient can no longer be
evaluated with the formula given in Sec. III. This
formula is only valid for a sufficiently low density
of small polarons that are not correlated with one
another. %e can summarize the relations between
the relevant electron densities as follows:

0 0 A+s chemical +el ectrical +s

Here the equality on the left-hand side represents
the experimental results given in Fig. 1. This
relation holds only for A ~ 0. The equality is ob-
tained for A =0, which results in a negligible dis-
sociation energy.

A negative transport term A. is compatible with
the existence of a dissociation energy. From the
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defect-chemistry investigations at higher tempera-
tures) a maximum dissociation energy of 0.1 e+
can be presumed' for the lanthanum-doped BBTiG„
this value gives an ionization degree of about 75%
at room temperature for a donor density of 1.55
&& 10" cm '. However, a negative transport term
significantly different from zero can be ruled out
because this would deliver —see Sec. III—a drift
mobility considerably higher than the Hall mobili. ty
i.n the room-temperature range. If a transport
term exists that is different from zero, then we
estimate A from the scatter of the available data
to be in the range of -0.1 ~ A =- 0.1. In particular,
for A = -0.1 the charge-carrier densities evaluated
from the thermopower experiments, assuming
A=O, have tobe multiplied by about 0.9, which
increases the room-temperature drift mobility
by aboiit l0/o. This is c~~p~tibl~ with a dissocia-
tion energy in the range of 50-60 meV.

However, we deduce from our experiments, and
from the analysis of the previously published in-
vestigations, that in neglecting the transport term
and the dissociation energy we obtain a sufficiently
good approximation to the real physical situation
ln conducting BaT1G, .

Having determined the charge-carrier density
of our samples, it should now be a simple matter
to derive the drift mobility from the electrical
conductivity measurements. However, difficulties
arise from the evaluation of the specific electrical
conductivity because, as remarked at the beginning
of this section, the materials are inhomogeneous
owing to some oxidation at the grain boundaries.
We therefore expect the effective measured specif-
ic conductivity of the specimens to be smaller than
the specific conductivity of the conducting phase.
The thermopower nevertheless represents the
electrical properties of the grain interior and is
not influenced by the grain boundary layers. ~

Table I gives a comparison between the specific
electrical conductivities of our samples measured
by a four-contact dc bridge technique, and values
calculated from the thermopower derived charge-
carrier densities and the room-temperature drift
mobility of 0.5 cm'/V sec. As expected, the cal-
culated specific electrical conductivity observed
is higher than the measured value.

V. SUMMARY

that the drift mobility, which is known at 300-400
K and at 1470 K, is correctly given. The thermal
activation energy deduced from these mobility
values on the assumption of "ordinary" small-
polaron hopping was the reason for assuming en-
hanced small-polaron hopping, because the therm-
al activation energy derived from the thermal
mobility slope is considerably smaller than the
activation energy derived from the optical mea-
surements. Furthermore, it mas shown that the
equivalence of the measured Hall and drift mo-
bilities can be understood in the light of the small-
polaron assumption for BaTiG, .

The drift mobility discussion and our investiga-
tions on the lanthanum-doped BaTiG, ceramics
have shown that the kinetic-energy term is a small,
possibly negative, quantity. This also supports the
small-polaron explanation for BaTiG, because in
the band conduction model a kinetic-energy term
of about 2 to 3 had to be assumed. The dissocia-
tion energy required to set a conduction electron
free from its donor site has also to be small. We
conclude that it is good approximation to the phys-
ical reality in n-type BaTiG, to neglect the trans-
port term as mell as a possible dissociation ener-
gy. These results are also of significance for the
investigation of positive- temperature characteris-
tic resistivity (PTC) type BaTio, ceramics that
have grain-boundary resistivities, because the
thermopower detects the electrical properties
in the grain interior. ~ Thus, when the parameters
entering the Seebeck coefficient expression are
known, the thermopomer measurements provide
a simple and convenient method for determining
the charge-carrier densities within the grains of
polycrys tais.

Whereas, generally, the electrical transport
properties cannot be explained by electrical ex-
periments alone, it is a favorable circumstance
in the case of barium titanate that the nature of
the charge carriers can be interpreted in the con-
text of optical and electrical measurements, de-
fect-chemistry investigations, and chemical an-
alyses, performed on various monocrystalline
and polycrystalline materials, doped and undoped.
All these experiments consistently support the
conclusion that the charge current in n-type bari-
um titanate is carried by small polarons having
an enhanced drift mobility due to correlation of
successive polaron hops.

We have discussed in some detail the evaluations
of the drift mobility given in the literature.
Against the background of the recent knowledge
of defect chemistry and the small-polaron nature
of the charge carriers we were thus able to show
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