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Electrical conductivity, Seebeck coefficient
and defect chemistry of Ca-doped YCrO,

G.F. Carini II, H.U. Anderson, D.M. Sparlin and M.M. Nasrallah
Ceramic Engineering Department, University of Missouri-Rolla, Rolla, MO 65401, USA

The electrical transport behavior and defect structure of Ca-doped YCrQO; were studied using electrical conductivity and See-
beck coefficient measurements as a function of oxygen activity and temperature. Deféct models derived from the electrical con-
ductivity data were found to adequately relate the concentration of charge carriers to the acceptor dopant and oxygen vacancy
concentrations. Thermodynamic properties were calculated and found to be consistent with the model. Activation energy and
carrier mobility data were also obtained. The analysis of the electrical conductivity, Seebeck and mobility data suggest that the
conduction process in Ca-doped YCrO; occurs via the small polaron hopping mechanism.

1. Introduction

Since the advent of the first solid oxide fuel cells
there has been a continuous effort to improve the
electrical and physicochemical properties of the cell
electrodes and interconnects [1]. These factors are
crucial in determining a fuel cell’s usefulness as a
power generator. Acceptor doped refractory perov-
skites such as (La, Sr, Mg) (Cr, Mn)O; have shown
some promise. However, problems such as hydra-
tion [2,3] or volatilization [4,5] of Cr oxides are
known to diminish the efficiency and longevity. For
this reason, alternative materials with a greater sta-
bility in corrosive environments need to be devel-
oped. One possible option is YCrOj;. It is isostruc-
tural with LaCrQOj; and possesses similar electrical and
thermal characteristics [6-10]. Published works re-
garding the electrical behavior with respect to oxy-
gen activity of YCrO;-based ceramics are virtually
nonexistent. The purpose of this study was to define
the effects of acceptor dopants on the redox behavior
and defect structure of YCrQ,. The electrical con-
ductivity and Seebeck coefficient as a function of ox-
ygen activity were determined experimentally. A de-
fect model was developed and related to the data. An
electrical transport mechanism was proposed.

2. Proposed defect model

Prior to this investigation, documentation con-
cerning the defect structure of (Y, Ca)CrO; was lim-
ited. However, LaCrO; has been extensively studied
and, due to their identical structure, it is expected
that both systems will exhibit similar electrical be-
havior in reducing conditions. Anderson et al. [11],
proposed a defect model for acceptor doped LaCrO;
which successfully predicted the stability of the elec-
trical conductivity and defect structure for various
regions of oxygen activity and temperature. This
method was also found to be appropriate for char-
acterizing other systems including (La, Sr)MnO,
[12], La(Mn, Mg)O, [13], and Li-doped Cr,0O;
[14]. For the (Y, Ca)CrO; system, a defect model
analogous to the one suggested by Anderson et al. will
be adopted. It is assumed that the formation of oxy-
gen vacancies would occur at low oxygen activities
and that the acceptors are then compensated by the
oxygen vacancies rather than by Cr**. A reaction of
this nature could be written as (using Kroger-Vink
notation [15]):

Y,_,Ca Cri Cr.0;
‘iYI - \‘Ca,,\‘CI- l><7.\'+ Zbl'Cr,'\‘—z_l‘(V‘O' )VVO}—}‘ +y/202 >
(1)

where (V) represents oxygen vacancies with an ef-
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fective charge of + 2. In terms of reactants and prod-
ucts only, eq. (1) can be simplified to

Oy +2Cre, =2Cr& + Vo + 10, . (2)

If the defects are assumed to be randomly distrib-
uted and noninteractive, the Law of Mass Action
gives the equilibrium constant for eq. (2) as

K=(a’cxanvyaliy )/ (ao,a’ c,) (3)

where ac.x . dvi. do,. and ac., are the activities of
the respective structure elements, and K is the equi-
librium constant. If it is assumed that the activities
of the various species can be approximated by their
concentrations as mole fractions, then eq. (3)
becomes

K=[(1—=x+21)vPU1/(x=2p)", (4)

where v is the Ca concentration, Vv is the oxygen va-
cancy concentration, and P, is the oxygen partial
pressure. Since both x and y are small compared to
1, eq. (4) can be approximated by

K= (yP7)/(x=2))" . (5)

This expression yields a quadratic equation which
can be solved and rearranged to give an expression
relating the oxygen activity and x to (V),
accordingly

2p=x— (P /4K) [(8xKPG, P +1) 2 =11.  (6)

This expression gives y=0 at high oxygen activities.
At low oxygen activities, eq. (6) yields a limiting
expression of

(x=y)/x=PL3}/(2xK)'/+. (7

An extension of this model can be applied to pre-
dict the behavior of the electrical conductivity. For
this case 1t is assumed that the small polaron hop-
ping transport is dominant and that the formation of
oxygen vacancies directly compensates the acceptors
thereby decreasing the conductivity. This assump-
tion is reasonable provided that there are no signif-
icant changes in the carrier mobility. Thus, the con-
ductivity of (Y, Ca)CrO; is expected to remain
constant throughout the high P,,, region, and to de-
crease proportionally to the amount of liberated O»
at low P,,. If it is assumed that the conductivity is
independent of any scattering or trapping eftects, then
the previous relation between V5, and P.,, can be

used to calculate the relation between conductivity
and P,,. The electrical conductivity will be directly
proportional to the product of the carrier concentra-
tion and mobility, as represented by

g=epup . (8)

where o is the electrical conductivity, ¢ is the charge
of an electron, p is the concentration of holes, and u
is the mobility. Since p is equal to x—2y, eq. (6) can
be combined with eq. (8) to vield

o= (euP /4K [ (8xKP,) =+ 1) —1]. (9)

In the high P, region. [V ;] =0. and the hole con-
centration is dominated by the concentration of Ca.
Thus, y=0. p=x and eq. (9) reduces to

G=CUN . (10)

For the low P, region, the oxygen vacancy concen-
tration provides a significant compensation for the
Ca dopant, and the concentration of holes will be re-
duced. In this region, the term 8xKP5)" > 1. and
the neutrality condition becomes p=[Ca']—

2[V,]. Eq. (9) will then reduce to
a =eu (V/2KY2PLY (1

Therefore. o' will have a P/J;' dependence after the
clectrical compensation changes from electronic to
lonic, provided that the mobilities in both regions
are assumed to be nearly equal (#=u'). i.e., the mo-
bility 1s independent of oxygen concentration. In this
case

o Ja=PN ] (2Kx)'2 (12)

With this assumption, K can be evaluated from a plot
of o' /o versus P

3. Experimental

Ca-doped YCrO, powders were synthesized using
a modified liquid mix technique [16]. Composi-
tions of 5, 10, 15, and 20 at% Ca in YCrQ; were pre-
pared. The Ca ions occupy the Y site
(Y,_.Ca,CrO;). Carbonates and nitrates were com-
plctely dissolved into solutions of ethylene glycol.
citric acid, nitric acid and de-ionized water. The so-
lutions were then slowly evaporated at 150°C with-
out forming precipitates. Further decomposition of
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the resulting organics occurred at 400°C. In order to
completely pyrolize the remaining organics and form
the oxides, all samples were calcined at 950°C for 12
h. This yielded fine-grained (~1 pm), homogene-
ous powders of the desired composition. X-ray dif-
fraction analysis confirmed the absence of any meas-
urable secondary phases, suggesting complete solid
solution of the dopants into the compounds.

Electrical conductivity and Seebeck samples were
formed by dry pressing at 7000 kg/cm? and then sin-
tering the compacts at approximately 1750°C and
10~'% atm for 24 h, followed by annealing in air at
1550°C for 48 h. Bulk densities of about 96% of the-
oretical (5.55 gm/cc) were obtained. Rectangular
specimens, usually 3 X 3 12 mm?, were cut from the
annealing discs. To reduce the effects of barrier lay-
ers and nonohmic contacts, Pt paste was applied to
the contact faces of the specimens.

Four-wire dc electrical conductivity and Seebeck
measurements were performed using a computer-
controlled apparatus that has been described in de-
tail elsewhere [17]. The specimen was held between
two Pt blocks in an alumina lined specimen holder.
Two type-S thermocouples (Pt versus Pt—-10% Rh)
were employed to monitor the temperature, one at
each end of the specimen. The furnace atmosphere
was controlled by flowing gas mixtures of N,-O, or
CO,-forming gas at a linear flow rate of 0.5 cm/s.
Oxygen activities were determined directly from
thermodynamic calculations using the known flow
ratios. These calculations were verified by pre- and
post-sampling the gas mixtures using a Y,O; stabi-
lized ZrO, oxygen sensor maintained at 1000°C. The
Seebeck coefficient was determined by applying a 25—
30°C temperature gradient along the length of the
specimen and measuring the temperature difference
and then the EMF through the common leads of the
thermocouples. Seebeck values were corrected for the
thermoelectric power of Pt [18]. The electrical con-
ductivity was determined using a 4-wire, two point
contact Kelvin technique. Data acquisition cam-
paigns of 8 to 10 days for each sample consisted of
conductivity and Seebeck data retrieval at three dif-
ferent isotherms (1000, 1100, and 1200°C) as a
function of oxygen activity. Checks for reversibility
were made in all cases.

4. Results and discussion
4.1. Temperature dependence

Previous investigations have suggested that Ca-
doped YCrO, [7] and several of the La perovskites
(LaFeO; [19], LaCrO; [8,9], and LaCoO; [20])
conduct electricity via the small polaron hopping
process. In order to confirm that this conduction
mechanism is active in (Y, Ca)CrO; a number of
criteria must be satisfied. It is known that the mo-
bility of a small polaron is strongly affected by the
lattice distortion associated with the charge carrier.
Karim and Aldred [9] state that a conduction pro-
cess can occur by a thermally activated small pola-
ron hopping transport provided that the number of
charge carriers is constant or slowly varying, but the
mobility is exponentially dependent on temperature.
For an adiabatic small polaron hopping mechanism,
Goodenough [21,22] has expressed the mobility as

u=(1—-x)(ea’v,/kT) exp[ —En/kT], (13)

where x is the fraction of sites occupied, ¢ is the unit
charge, a is the intersite distance, v, is the optical
phonon frequency, E,, is the mobility activation en-
ergy, k is the Boltzman constant, and 7 is the ab-
solute temperature. If adiabatic small polaron hop-
ping is suspected to be the principle conduction
mechanism, then a plot of log u7 versus 1/7 should
yield a straight line whose slope is proportional to
the activation energy. Many investigators consider
this activated character to be the main identifying
aspect of small polaron conduction [9,23,24]. Be-
cause of the strong lattice to carrier interaction, the
magnitude of the mobility would be expected to be
relatively low. Goodenough suggested an upper limit
of the mobility to be 0.1 cm?/V s for small polarons.

It is expected that the charge carrier concentration
should remain constant with temperature for a ther-
mally activated mobility. It is known that the sign
and magnitude of the Seebeck coefficient can be use-
ful in determining the type and concentration of
charge carriers. For the constant carrier density, de-
generate energy state, small polaron hopping mech-
anism, the expression for the Seebeck coefficient Q,
was derived by Heikes [25] to be

0=+ (k/e)[In((1-x)/x)+AS"/k], (14)
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where A /e has the usual meaning, x is the fraction of
hopping sites occupied and AS” is the vibrational en-
tropy associated with the local distortions around the
polaron. The plus and minus sign refer to hole and
electron carriers respectively. In this case, small po-
laron hopping should lead to a temperature-inde-
pendent Seebeck coefficient. Therefore, the Seebeck
coefficient of a polaronic, acceptor doped, p-type
semiconductor would be expected to decrease with
increasing dopant concentration. The dimensionless
AS’"/k term. which according to Austin and Mott
[26] 1s approximately equal to 0.1-0.2, is usually
neglected. Goodenough [27] points out that the AS’/
k term normally contributes less than 10 pV/K to Q
and can be ignored in cases where the absolute value
of the Seebeck coefficient is relatively large. He also
states that the magnitude of the Seebeck coefficient
should exceed 100 pV/K for small polaron conduc-
tors. If this is true, then the entropy term can be re-
garded as insignificant and the small polarons as non-
interacting.

In a broad band semiconductor, conduction oc-
curs by thermal activation of carriers from the donor
level into the conduction band (#-type), or the ac-
ceptor level into the valence band (p-type). and their
subsequent transport within the band. If the electri-
cal conductivity can be attributed to a single type of
charge carrier where a broad band conduction mech-
anism predominates, the Seebeck coefficient is then
given by [26]

Q=T (k/e)[(AE/KT)Y+ 1] . (15)

where AFE is the energy difference from the Fermi
level to the transport level, and 4 is a dimensionless
transport constant which can be 0-4 depending on
the type of scattering mechanism. Compared to
Heikes formula, this equation predicts a Seebeck
coefficient that is strongly dependent on tempera-
ture. Therefore, a measurement of the Seebeck coef-
ficient as a function of temperature can serve as a
stringent test for small polaron transport.

If a temperature-independent Seebeck coefficient
(carrier concentration) and thermally activated mo-
bility are expected for the small polaron model, then
according to eq. (8), a thermally activated electrical
conductivity should also result. In this case, the elec-
trical conductivity g can be expressed as [28-31]:

o=(4"/T)exp(—E./KkTY) . (16)

where 1’ 1s both a charge carrier and material de-
pendent constant, and E_ is the activation energy for
hopping conduction. Similar to the mobility, a plot
of log oT versus 1 /T should yield a straight line whosc
slope 1s proportional to the activation energy. pro-
vided the adiabatic case is valid.

Direct current electrical conductivity measure-
ments were performed on Ca-doped YCrOj; in ox-
ygen over a temperature range of 25 to 1200°C. Fig.
1 is alog a7 versus 1 /7 plot of these data. The linear
behavior observed for each composition is consis-
tent with the adiabatic small polaron model ex-
pressed by eq. (16). Activation cnergies (F£.) were
calculated as 0.17+0.01,0.18 £0.01,0.18 £0.01, and
0.18+0.01 eV for 5 at%, 10 at%., 135 at%, and 20 at%
Ca-doped YCrO,, respectively. Both the magnitude
and activation energies of the electrical conductivity
were in good agreement with those of Weber et al.
[7]. where E.=0.20 ¢V for Ca-doped YCrO, was re-
ported. In comparison, the activation energies for the
(La, Sr)CrO; system were reported by Karim and
Aldred [9] to vary from 0.11 to 0.19 ¢V.

Scebeck measurements were made on Ca-doped
YCrO, in oxygen over a temperature range trom 300
to 1200°C. A plot of the Seebeck coefficient versus
temperature is shown in fig. 2. It was found that the
sign of the Seebeck coefficient was positive for all
compositions, which would indicate a p-type con-
duction process. The magnitude of the Seebeck cocf-
ficients for all compositions were in excess of 100
uV/K which is consistent with Goodenough’s cri-
terion for low concentrations of small polarons. The
ncarly temperature independent behavior and pro-
portional decrease of  with Ca dopant appears 1o
support the small polaron model proposed by Heikes.
To test the applicability of the Heikes equation, the
average Seebeck coefficient for each dopant concen-
tration was plotted as a function of In[ (1 —x)/x] as
shown in fig. 3. An experimental value of Boltzman’s
constant k, was calculated from the slope using the
least squares method. The AS'/k term 1n eq. (14)
was not expected to contribute significantly to the
analysis and was excluded. The experimental value
k.=7.18x107%eV/K was found to agree within 17%
of the accepted theoretical value of 8.62x 10" *eV/
K.
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Fig. 1. log ¢T versus reciprocal temperature for Ca-doped YCrO;.
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Fig. 2. Seebeck coefficient versus temperature as a function of Ca content in YCrOs.

The mobilities in this study were determined by
combining the Seebeck and electrical conductivity
data. The electrical conductivity for hole conduction
is represented by [13,19]

o=(A,/Vu)peu, - (17)

where A, is Avogadro’s number, V,, is the molar vol-
ume, p is the molar fraction of holes per mole of

Y,_.Ca,CrOs;, and u is the hole mobility. The See-
beck coefficient for holes (from eq. (14)) can be
represented by

Q=(k/e)[In(N,V/AP)], (18)

where N, is the density of states. It should be noted
that the entropy term AS’/k was neglected and that
the states were assumed nondegenerate. By combin-
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Fig. 3. Seebeck coefficient versus In[ (1 —.x)/x] for Ca-doped YCrO,. The dashed linc displays the theoretical slope.
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Fig. 4. log uT versus reciprocal temperature for Ca-doped YCrOs.

ing eqs. (17) and (18), and solving directly for u,
the mobility becomes

f=(0/N.e) exp(Qe/k) . (19)

Using the lattice parameters taken from ref. [7], the
density of states N, was calculated to be 1.84x 1022
cm—*. Fig. 4 is a log uT versus 1/7T plot of the mo-
bility data for Ca-doped YCrO,. The mobilities were

calculated from eq. (19) using the Seebeck coctfi-
cient and electrical conductivity values from figs. |
and 2. The linear behavior observed is consistent with
the argument for small polarons. Due to the nearly
temperature independent Seebeck coefficient, the
activation energy for conduction may be interpreted
as the mobility activation energy [9]. Activation
energies calculated from fig. 4 were identical to the
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activation energies for conduction (E,,=E.). Fig. 5
is a plot of electrical conductivity versus the Ca do-
pant concentration for various temperatures at 1 atm.
If [Vo]=0 then the concentration of holes is equal
to the Ca dopant concentration. An average value of
the mobility can be calculated from the slope of the
plot (fig. 5) and eq. (8). The calculated mobilities
from this method were on the order of 0.03 cm?/V
s which compared well with mobilities calculated
from eq. (19), which varied between 0.03 and 0.05
c¢m?/V s for the same temperature range. The mag-
nitude of the calculated mobilities fall below the up-
per limit of 0.1 ¢m?/V s set by Goodenough for small
polarons. The low values of u indicate a high degree
of localization by the charge carriers, which is an im-
portant characteristic of small polaron transport.
Optical phonon frequencies v, were calculated from
the mobility data using eq. (13). The magnitude of
v, for Ca-doped YCrO; was on the order of 1.3x 10"3
Hz which is reasonable for adiabatic small polarons
[9].

From the above results, it would appear that Ca-
doped YCrO; exhibits the characteristics of p-type
conduction by hopping. The thermally activated be-
havior of the electrical conductivity and carrier mo-
bility and the temperature independence of the See-
beck coefficient present strong evidence for the small

polaron model. The good agreement between the
conductivity and mobility activation energies for Ca-
doped YCrO; follows from the temperature inde-
pendence of the measured Seebeck coefficients. The
magnitudes of the Seebeck coefficient and carrier
mobility were compatible with Goodenough’s cri-
teria for small polaron hopping conduction. It is
therefore concluded that Ca-doped YCrO; can be
considered a good example of an adiabatic small po-
laronic conductor.

4.2. Oxygen activity dependence

dc electrical conductivity measurements, for Ca-
doped YCrOs;, were made as a function of oxygen
activity at 1000, 1100 and 1200°C. Typical results
are displayed in fig. 6. The electrical conductivity was
found to be independent of oxygen activity in the high
Py, region. However, as the reduction progressed,
the conductivity decreased as a function of Py, to
the one quarter power. This behavior appears to be
in full agreement with the expectations predicted by
the model. The solid lines in fig. 6 were obtained from
eq. (9) using the equilibrium constants calculated
from eq. (12). Each line is a prediction from the
model and represents the best fit solution of the re-
spective data set to the equilibrium expression, eq.

20 T T
© 1000 °C
4 1100°C
16 O 1200°C

18

Conductivity (S/cm)
S

s g -

6 4
[ -

4k 4

) Y1.xCaxCrO3

O‘i L L 1 L ]
0 5 10 15 20 25

% Ca Dopant

Fig. 5. Conductivity versus Ca-dopant concentration at various temperatures.
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Fig. 6. Log conductivity versus log £, for Y, 3Ca,, ;CrO; al various temperatures.

(9). The fit between the model and the observed data
1s good (within 10%): however a small deviation ex-
ists at the “transition knee”, which is the inflection
located between the high and low P, regions. This
maybe due to defect clustering or complex forma-
tions that are assumed to be negligible in eq. (3)
[32]. Although the model is oversimplified by as-
suming dilute solution conditions, it nevertheless de-
scribes the overall behavior quite well.

For the high P,,, region, the carrier concentration
is controlled by the acceptor content (p=[Ca’]) and
clectronic compensation predominates. Any tem-
perature dependence of the electrical conductivity is
therefore determined by the mobility. It can be seen
from the plots that the conductivity increases pro-
portionally with both dopant concentration and
temperature as predicted by egs. (10) and (17). In
the low P, region, oxygen vacancies compensate for
the Ca ions present (p=[Ca’']—2[V;]) and a de-
crease in the electrical conductivity is observed. This
is verified by the P, dependence of the Seebeck
coefficient as shown in fig. 7. In this case, the Sce-
beck coefficient is inversely dependent on the carrier
concentration. In accord with the electrical conduc-
tivity, the Seebeck coefficient remains constant until
the low Py, region is reached. At this point, the See-
beck coefficient rapidly increases at the transition

knee because of its inverse relation with the carrier
concentration. In agreement with ¢q. (12). the lo-
cation of the transition knee shifted to a higher
P, with increasing dopant concentration and tem-
perature in both the Seebeck and electrical conduc-
tivity data. It should be noted that in eq. (12). the
mobility was assumed to be independent of oxygen
activity. This is an important feature of the mode] if
the calculated equilibrium constants are to be re-
garded as correct. To validate this assumption. the
mobility as a function of P,, was determined by
combining the electrical conductivity data in fig. 6
with the Seebeck data found in fig. 7 and eq. (19).
Typical results of the calculated mobilities for Ca-
doped YCrO, can be found in fig. 8. Although the
uncertainty in the Seebeck (+6%). electrical con-
ductivity (*+2%), and the log P, measurements
(+0.2) may seem small, they translate 1o uncer-
tainty in the mobility as high as +0.01 cm~/V s in
the high P,,, region and as high as £0.02 cm*/V s
in the low P,,, region. Within this error range, the
mobilities exhibited in fig. 8 can be considered in-
dependent of oxygen activity.

Table 1 lists the equilibrium constants derived
from the electrical conductivity data and the asso-
ciated thermodynamic parameters. The equilibrium
constants from this study are very similar to those
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Fig. 8. Mobility versus log Py, for Yq3Ca, ,CrO; at various temperatures.

derived by Flandermeyer et al. [33] for Mg-doped
LaCrOs;. Fig. 9 is an Arrhenius plot of log K versus
1/T for the 5, 10, 15 and 20 at% Ca-doped speci-
mens. The linear behavior and similar slopes exhib-
ited by all of the compositions suggest that the free
energies of formation are relatively constant with Ca
dopant. The thermodynamic parameters, the partial

molar enthalpy of formation oi oxygen vacancies A,
and the partial molar entropy AS, were calculated
from this plot using the following equations:

K=exp(—AG/RT) (20)

and
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Table 1
Table of thermodynamic values for Y, _ Ca, CrO;.

Ca E.=FE, Temp. LogkK
(at%) (eV) (°C)
5 0.17 1000 —6.85

1100 —-6.31 AH=189%15kJ/mole
1200 —-35.79 AS=18J/mole K

10 018 1000 —6.66
1100 —6.14 AH=196%15kJ/mole
1200 —5.57 AS=25J/mole K

15 0.18 1000 —6.48
1100 —5.98 AH=203%15kJ/mole
1200 -5.34 AS=35]/mole K

20 0.18 1000 —6.29
1100 —5.81 AH=242%18kJ/mole
1200 —5.11 AS=67J/mole K

AH=AG+TAS (21)

where AG is the Gibbs free energy, R is the gas con-
stant, and T is the absolute temperature. It is inter-
esting to note that eqs. (4) and (20) predict an in-
crease in the oxygen vacancy concentration with
increasing temperature at a given Py,. This obser-
vation was consistent with the trends found in the
data and the model. It is therefore evident that both
temperature and Ca content have a profound influ-
ence on the P, range over which the electrical con-

ductivity and Seebeck coefficient can be expected to
be invariant. A composite cxpression for the equi-
librium constant given by eqs. (4) and (20) for Ca-
doped YCrO; was calculated to be

K=1(92.1)exp(—AH/RT) . (22)

where AH=208* 16 KJ/mole which, from eq. (3).
is the enthalpy of formation of oxygen vacancies. This
1s comparable with Flandermeyer’s value of 2721 16
KJ/mole for Mg-doped LaCrO, [33,34].

5. Conclusions

Ca-doped YCrO; showed p-type electrical con-
ductivity and high stability towards reduction. The
data obtained from the electrical conductivity ex-
periments support the proposed defect model for the
oxidation-reduction behavior. In the high P, re-
gion, the conductivity is controlled by Ca content
with little P,, dependence, at low P,,,, the conduc-
tivity is controlled by the formation of [V ;] and has
an approximate 1/4 power dependence on P,,. The
Py, at which the conductivity starts to decrease
(transition “‘knee”) increases with the increase of
either temperature or Ca content. Mobilities were
calculated by the combination of Seebeck and con-
ductivity data and were found to be very small (003-

-3.5

Log K

Y‘].xCaxCro3

o 5% Ca

A 10 % Ca

o 15 % Ca
20 % Ca

0.7 08

1000/T (1/K)

Fig. 9. Plot of log equilibrium constant versus reciprocal temperature for Ca-doped YCrOs.
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0.05 cm?/V s) indicating a localized nature for the
charge carriers. Analysis of the data suggest that con-
duction occurs via the small polaron hopping process.
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