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Chemical diffusivity of BaTiO ;_5: Defect chemical analysis
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The chemical diffusivity of undoped BaTiO ; which was measured in Song and Y[@blid St. lonics120,
141(1999] is analyzed on the basis of the defect structure proposed and Wagner's classic theory of chemical
diffusion. It is confirmed that a maximum of isothermal chemical diffusivity around the stoichiometric com-
position (6=0) is of thermodynamic origin. The combination of the isotherms of both electrical conductivity
and chemical diffusivity enables one to evaluate, without recourse to any assumption at all, the concentration
product of electrons and holek;(=np), as well as the mobilities of electrons and holgs, and u,,
separately.

. INTRODUCTION of a metallic component, say, Ba@g,o), at atmospheric

pressure, one may consider the two external equilibria:

In a previous paperwe have determined by a conductiv-
ity relaxation technique the chemical diffusion coefficient

(D) of “undoped” [meaning not intentionally doped but
containing backgroundacceptoy impurities. BaTiO;_

against oxygen partial pressur@dz), in the widest ever y y NZIAER
range of 10'°<Pg /atm=1 at elevated temperatures of BaO=Bag,+O; +V5i+2Vg; Kg=——"—"—

800, 900, 1000, and 1100 °C, respectively. The regults
00,0 Po, is as shown in Fig. 1. The equilibrium, total con-

ductivity (o) of the same specimens is also shown in Fig. 2. 0=e'+h; K;=np 3)
Upon comparison, it is seen that, over tho-p transition
region ofPo2 across the conductivity minimum on a conduc-

tivity isotherm, the corresponding chemical diffusivity varies
convex upwardly with logyPo,, leaving a maximum ap- along with the charge neutrality condition:

proximately at the oxygen partial pressure where the conduc-

tivity minimum falls. This sort of behavior ob has never
been observed in oxide systems.

In this paper, we will analyze the chemical diffusivity of 1072 . —— l ‘
Fig. 1 in the light of Wagner’s classic theory of chemical t
diffusior? and the defect structutef BaTiO; proposed. The
present analysis consequently enables one to evaluate the
concentration product of electrons and holes., np=K;)
and the mobilities of electrons and holgs,( w,) separately, - 1073 3
without having recourse to any assumption at all. We will
begin by briefly reviewing the defect structure and transport o

1
Oy =V5+2e'+50,(9);  Kr=[VoIn®Pgy, (1)

2

agao

and the two internal equilibria:
0=Vpa+t VE+3V5:  Ke=[VgIVFIIVSE, (@)

N+2[Vea] +4[ V] +[Ac]=p+2[ V5], ®)

| Undoped polycrystalline BaTiO,

secC

properties of the system. g
~—
ZQ 104k
Il. DEFECT STRUCTURE AND TRANSPORT PROPERTIES ‘ Reduction Oxidation
OF UNDOPED BaTiO4 [ 1100°C = o
L 1000°C @ o
A. Defect structure . 900°C & A
The irregular structure elements in undoped BaTiday 107F goo'c v v ¥ 3
be electrons€’), holes 1"), oxygen vacanciesy), cation C ) ' L L
vacancieqVg, andV7{), and acceptor-type background im- -15 -10 -5 0
purities (A), as the possibility of interstitial disorders are 10g10(P02 / atm)

ruled out from a structural viewpoit® In order to calculate

the equilibrium concentrations of these defects as functions FIG. 1. Chemical diffusivity of undoped BaTigainst oxygen

of the thermodynamic variables of the system, temperaturpartial pressure at different temperatures. The solid lines are the
(T), the activity of oxygen QOZE Pozlatm), and the activity best fitted to Eq(24) in the text.
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FIG. 2. Total electrical conductivity of undoped BaTi@gainst
oxygen partial pressure at different temperatyfesf. 1. The solid FIG. 3. Configuration of the majority disorder types depending
lines are the best fitted to E(L8) in the text. on the thermodynamic variables lg®o, andag,c at a given tem-

perature whefiA]>KY? K2, wherem denotes the oxygen par-
where[ | denote the concentration of the irregular structuretial pressure exponent of electronic carrier densities such ghat
elements thereiin=[e’] and p=[h]). The mass-action «Pg andnxP,"(m=0).> A dotted line presents a possible path
law constant of the relevant reaction is denotedkaéj  as observed experimentally along which the activity of a metallic

=R,B,S,i), which may be represented as component is kept constant.
0 AH; One can, then, simplify, without loss of generality, the con-
Ki=Kyexq =15 (6)  figuration of Fig. 3, neglecting the exclusivefytype re-

gimes (1,A’"), only with two disorder regimese(,Vy) and
where K? is a preexponential factor antiH; the enthalpy (A’,Vy. The defect concentrations of present interest in

change of the relevant reactipn each regime are calculated by using E@s. (3), (4), and(7)
At a given temperature, seven majority disorder regimess follows:
can thus be distinguished depending &g, and Po, as (i) In the regime €’,VQ),

shown in Fig. 3 It is noted that whefiAl]— 0, the regimes

(h',Ag) and (A:,V9) shrink to a point and a vertical line, (V)= E:<ﬁ) 1/3P’1’6 6)
respectively, rendering the regimegd,Vg,) and (V5,VY) 2 4 O -
to directly neighbor with each other. In the intermediate
range ofPo, (between then-type andp-type regimel one (i) In the regime A’,VJ),
finds the three ionic disorder regimé¥g,|~[V4al, [Ac] )
~2[V{], and 2V 1~[V{] in turn asag,go increases. In all V)= E (9)
these regimes, the oxygen vacancy concentration is essen-
tially fixed and the concentrations of electrons and holes vary
with Po, asnePg ** andpP; " as can be shown by solv- Po,|
ing Egs.(1)—(4) in association with each of these limiting n=vK; E ' (10)
neutrality conditions. It, however, has never been unam- 2
biguously determined which type is really predominant in P\ +14
the Po_ region where the electronic conductivity varies as _ Oz
2114 3.4 . p= \/K( P_o> ; (11
fo RS P02 .>* Furthermore, none of the exclusiveprtype 0,

regimes, b',A¢), (h,Vg), and (,V4)) have ever been
revealed themselves for the system of BafiOp to
Po,=latm. For simplicity, we thus introduce the effective

concentration of monovalent acceptorfA’](=2[Vg 00 =
+4[VY1+[AL]), to rewrite Eq.(5) as 2

wherePO02 is such than=p=K? or

2Kg |2
[A'JKi) (12

) . These defect concentrations are plotted against oxygen par-
n+[A"]=p+2[VJ]. () tial pressure, e.g., at 1000 °C in Fig. 4.
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21 ' ) L - O'el,mzze\/l"n:“p\/?i, (15
- Undoped polycrystalline BaTiO,
20+ 4 ZKR )Z(MH)Z
-1/6 ° Po.=\ x| | = 16
A 19 s respectively, wherg., is the mobility of holes.
= The ionic conductivity by oxygen vacancies,,, can be
2 18r 7 expressed due to the Nernst-Einstein equation as
= 170 e n 4e[VIDy, an
= Tion=—— =,
%0 1 6 .................. P _ 1/4\' g 1/4 I k T
Vol Pl whereDy_ is the diffusivity of oxygen vacancies. It is re-
15k (1 garded as constant in thigp mixed regime becaudd/] is
o practically fixed by the effective acceptdrd’] at a given
) Po, " temperature.
1‘320 _1'5 - _1'0 s 0 The total electrical conductivityo) may then be repre-
sented as
log,, (Po, / atm)
1 [ Po,
FIG. 4. Defect concentrations against oxygen partial pressure 9= On OpT Tion= Telm COS Zln px | |1 Tion-
for undoped BaTi@ at 1000 °C. For the calculation the following Oz 18
values were usedK;/cm 6=2.72x10%, Kg/cm °atm“?=3.98 (18)
X 10", and[A’]/cm™3=9.34x 10'®in accordance with the present
analysis. C. Chemical diffusivity

When oxide ions and electrons are mobile in Baglie

B. Electrical conductivity chemical diffusivity is given in accordance with Wagnef as

It is reported that the self-diffusion coefficients of O and

Ba are 4.5& 10 *?and 5.2& 10 cnv sec %, respectively, 5 Dytel [ aIn[Vg]\| 2

e.g., at 1000°C(the former in an atmosphere Py, D=-—— (m) (19
=0.5atm and the latter presumably in air atmosph&fend z

that the migration enthalpy of Ti ions is about 5 times largeror, due to Eq(17),

than that of Ba ions.We may thus assume that the cations,

Ba®" and Ti*", are practically immobile compared with the ~  KkTojnte| Vol !

oxide ions at temperatures of present interest and regard only D=- 8e2 \gln po2 ' (193

oxide anions & (or, equivalently,Vy) and electrongor,
equivalently,e’ andh’) as the mobile, charged components Wheret (= o¢ /o) denotes the electronic transference num-
(or, equivalently, structure elementdVe may further as- ber. We call the factor within the parentheses a thermody-
sume that the mobilities of these charge carriers are indepefamic factor. In order to evaluate the chemical diffusivity,
dent of oxygen partial pressure. The total conductivitys ~ one has first to identify, and the thermodynamic factor in
then given in each of the defect regimes in Fig. 4 as followseach defect regime.

(i) In the regime €',Vy), becausen>p and un>puy (i)_ In the regime €',V), Eqg. (8) yields the thermody-
(whereu, and uy, are the mobility ofe’ andVy, respec-  Mamic factor as
tively), the total condu.ct.ivity in this regime is essentially the PIAYA 1
same as the conductivity of electrons’), o, or, due to _—=—— (20
Eq. (8), Jdln P02 6
o~a,= ne,un=e,un(2KR)1’3P521’6. (13) %r;dfg?;l due to Eq(13). Equation(19) thus takes a famil-

(i) In the regime A',VY), the partial conductivities of
electrons and holesr, ando,, may be represented, due to
Egs.(10) and(11), as

ﬁwSDVO. (21)

(i) In the regime A’,V), by substituting Eqs(10) and
—1/4 +1/4 (12) into Eqg.(7), one obtains

o :a'el,m P_Oz :a'el,m E (14) a

"2 \Py) T 2P LA 1 A1 —_ (1 Po,
[VO]Z T+ E(n—p)z T— K;sin ZInP_O .

where og i is the minimum of the electronic total conduc- O,

tivity o¢(=0,+0p) and sz the corresponding oxygen par- (22)

tial pressure such that,= o,= o /2. These are given % Thus the thermodynamic factor takes the form
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TABLE |. Parametersge m, ojon and sz, as evaluated from 1.0
the isotherms of total electrical conductivity.

T/°C10G1o(Telm/Q ~1em) 10g; oo/~ Lem ™) log; (P /atm) 0.9

800 —(4.401+0.008) —(4.463-0.089) —(8.174+0.020)
900 —(3.756:0.008) —(4.155-0.065) — (6.400+0.020) 0.8
1000 —(3.191+0.010) —(3.681+0.083) —(4.772+0.025)
1100 —(2.740:0.015)  —(3.272:0.100) —(3.447+0.041) -

® 07 .
®  1100°C
aln[vgl\ Tt 2[A'] X 06F o 1000°C 1
iinPg | 1 Po,\’ @39 L A 900°C
VK; cos Zln?—éz 0s5L v so0°C i
Undoped polycrystalline BaTiO,
Even if [V{] is practically fixed by acceptor impurities or 04 1'5 1'0 5 0
[Val~[A"]/2inthisPo, region, itsPo, dependence is given ) ) )
as that of the difference between the minority carrier concen- log,,(Po, / atm)
trations,n—p.
Accordingly, due to Eq(19) or (19a, FIG. 5. Electronic transference number against oxygen partial
pressure at different temperatures. The solid lines are the best fitted.
- D%, e
D= — TP (24 B. Chemical diffusivity
cos 1“’1—002 Substituting the values fdg, in Fig. 5 into Eq.(24), one
4 Po2 can evaluate the chemical diffusivity in timeto-p transition
regime or @’,VY). In order first to see the variation &f vs
where log Po, schematically and the effect of the mobility ratio
b(=un/up), the normalized diffusivityd/D° is plotted for
~o_ KToign ) the cases ofl@ b>1 (or P§ > sz), (b) b=1 (or Pg,
D 262K, @5 Pg,), and(c) b<1 (or P5 <P, respectively, in Fig. 6.
It is clearly seen that the chemical diffusivity varies convex
upwardly for the giverg in Fig. 5, and its maximum falls to
lll. RESULTS the left of P whenP2 <P% and to the right o3 when
2 2 2 2
A. Electronic transference number P’62< Pooz. Whenb=1 in particular,P’(‘)Z: sz and the mini-

The equilibrium total conductivity of undoped BaTjO mum of o or t; and the maximum oD concur exactly at
has been repeatedly reproduced as shown in Fig. 2: it varidbe (electronig stoichiometric composition whemre=p and
aso« szl"‘, P521’4, P521’6 asPo, decreases from 1 atm at the [V5]=[A']/2. It is pointed out that wheh+ 1, a chemical

temperatures of interest, which is in accordance with the dediffusivity isotherm becomes asymmetric about its maximum
fect structure in Fig. 4. The conductivity data around the@nd can be even distorted locally if the minimum valuetfpr
minimum at each temperature that obviously belong to thet Po, is much smaller than the present one.

defect regime A’,VY) have earlier been fitted to E(L8) as Upon comparison with the variation of the conductivity
depicted by the solid lines in Fig. 2 and the resultg,,, isotherms in Fig. 2 and the defect structure in Fig. 4, the
sz and o, reported elsewhereNevertheless, the latter diffusivity data in the regions of lag(Po, /atm)< — 13,

are reproduced in Table | for immediate reference. —11, and—10 at 900, 1000, and 1100 °C, respectively, in
By using the values forr,,, in Table I, one can readily Fig. 1 may be regarded as belonging to a transition towards
calculate the electronic transference numbet,=1 the defect regime ofg,Vy). They can, thus be fitted to
— 0ion/a) in the regime of A’,VY). Outside this regime, neither Eq.(21) nor Eq. (24). In addition, the two data in
obviouslyte~1; see Eq(13). The resultte vs logoPo, is  109(Po,/atm)>—1 at 800 °C in particular appear far off the
as shown in Fig. 5, where the solid lines are the best fitte@xpected from the major trend of variation. It may be attrib-
[see Eq.(18)]. These best-fitted values will be employed uted to the trapping effect by acceptor-type disorders, as sug-
later on. As is seen, the electronic transference number at tigested by Biegeret al'® and Clauset al'* for acceptor-
minimum conductivity decreases$i.e., t,=0.8—0.55 at doped SrTiQ or to the majority type of disorder already
1100-800 °¢ with decreasing temperature. It is noted, how-being in transition to another regime, say,Q’) [i.e., no
ever, thatt, at 800 °C appears to be somewhat too smalllonger in the regime of A",V ]. Those data are thus pre-
compared to what would be expected from the trend at theluded, and the rest of the data that obviously belong to the
higher temperatures. n/p mixed regime A’,VY) are the best fitted to Eq23).



PRB 61 CHEMICAL DIFFUSIVITY OF BaTiO;_: DEFECT ... 3979
1.0 e ———r 1.0 e - e
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FIG. 6. Normalized chemical diffusivityl§/D°) against oxygen partial pressure at 1000 °C for the casés bf>1 (or P’52> POOZ), (b)

b=1 (or P& =P2), and (c) b<1 (or P& <PQ), respectively. The dashed and dotted lines are electronic transference number and a
2 2 2 2

Poz-dependent part of thermodynamic factor, respectively.

The results are as depicted by the solid lines in Fig. 1. The 5y 1100 1000 T/ Cspo 800
fitting parametersP® and PO02 are listed in Table Il and
plotted against reciprocal temperature in Fig. 7 and 8, respec- $
tively. In the latter, the values fdP§_such thato,= o, are - 24 / \E
2
TABLE II. ParameterD® and P, as evaluated from the iso- NE a5t $
therms of chemical diffusivity. Z‘é
TrC log,o(D%cnP sect) logyo(Pg,/atm) g 26f { )
800 —(2.590+0.038) —(9.269+0.151) Undoped polycrystalline BaTiO,
900 —(2.446+0.019) —(6.934+0.080) 75 80 85 90
1000 —(2.364:0.016) —(5.140£0.072) 1047/ K !
1100 —(2.484+0.015) —(3.725+0.066)

9.5

FIG. 7. Evaluated values @° at different temperatures.
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T/°C T/°C
2 1100 1000 900 800 05 1100 1000 900 800
—0— P07*
. " . 0of
T 4r \ e Po <
= o s AH,, =1.524£0.0leV
N o _‘5') -0.5¢
£ 6} \ S
) o =
s .\ .00
& )
(=3
g -8 o of)o_ E
2 S -15¢ -, 1
Undoped polycrystalline BaTiO, @ Undoped polycrystalline BaTiO,
10 L L L L 2.0 L L L L
70 75 80 85 90 95 70 75 80 85 90 95
1041 /K 10%1/K!
FIG. 8. logg P’éz and sz vs reciprocal temperaturef?g2 and FIG. 9. loggoion T Vs reciprocal temperature. The solid line is

P, are the oxygen partial pressures correspondingte o, and the best fitted with the datum at 800 °C rejected.
n=p, respectively.

The activation energy for ionic conductioAH,,,, has been
also plotted for comparison. It is noted tifa§ >P¢ atall  reported as 1.1 eV for undoped Bagi®'® The present
temperatures of examination indicatibg-1 upon compari- Value of 1.52 eV is somewhat higher; however, the magni-
son with Fig. 6. tude of thg ionic conductivity itself is pomparable to that

reported® in the temperature range of interest.

IV. DISCUSSION

One can recognize that the classic theory, @§) or Eq. B. Electronic excitation equilibrium constant

(24), describes quite satisfactorily the measuigdin the Equation(25) is rewritten as
n-to-p transition region OPoz- Referring to Fig. 6, the varia-

tion of the chemical diffusivity WitrPo2 is clearly attributed

to that of the thermodynamic factor, E@3): A maximum K=
of chemical diffusivity stems from the fact that the thermo-

dynamic factor becomes maximum at the stoichiometric

composition where=p. Beckeret al? have first reported o )
on the system of-Ag,S that its chemical diffusivity be- BY substituting the numerical values fef,, (Table ) and
comes maximum at the stoichiometric composition and atD® (Table Il), one can evaluate the equilibrium constint
tributed it to the thermodynamic factor becoming maximumfor intrinsic electronic excitation reaction, E@). The result
there. A similar behavior has later been reported on the syds shown in Fig. 10. It is again seen that the value at 800 °C
tem of a-Ag,Te t0023 Such behavior ob has actually been is hlghe.r than the expected from the main trend of variation
predicted for the system of BaTi@nd SrTiQ in the light of ~ &t thoe higher temperaturésue to the higher vaolue afion at
ambipolar diffusion theory” but has never been observed 800 °O- Rejecting this specific datum at 800° K;; is best
experimentally. The present result is the first observation iffStimated as

oxides in general.

Oion kT 2

2e2D0

(25)

The parameterB® andPY _in Table II, which have been T/°C
_ 2 ) 36 1100 1q00 900 spo s
evaluated fromD, now enable one to develop further in- . K
sights into the defect structure of undoped Bafi®or this 35l . G' 2 1l
purpose, we need beforehand to have a close look at the sl &
ionic conductivity evaluated from Fig. 2. & 34k AH; =3.252003eV 14 sa
:
A. lonic conductivity o 37 8 ;SN
The ionic conductivity values in Table | are plotted %09 20 o _a1ss0s9 J9 g“
. . . . . 2 ;=3.15£0.3%V :
against reciprocal temperature in Fig. 9. It is observed that N
the value at 800 °C is appreciably off the main trend of varia- 31t $
tion. Rejecting this particular datum, the ionic conductivity Undoped polycrystalline BaTiO,
may be best estimated as 0o 75 80 s 90 95

1091 /K
TionT/Q tem 1K=(2.78+0.16 X 10°
FIG. 10. logoK; and logo 03, vs reciprocal temperature. The

Xexr{ _ 1.52£0.01 e\)) (26) solid lines are the best fitted with the datum rejected at 800 °C for
kT ' Ki.
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TABLE Ill. Comparison ofK; values reported on undoped BaEiO

Author(s) K;/cm™® Measurement Ref.

Song and Yoo 3.15e Conductivity This work
1.06x 10“Sexp(— T V) Chemical diffusivity

Kim et al. 290e Conductivity 3
6.80% 10449XF<* KT V) Thermoelectric Power

Seuter

A5e Conductivity 16
Thermoelectric Power

3
3.96x 1046exp(—

Nowotny and Rekas . 29le Conductivity 17
8.55x 10" exp — KT Thermoelectric Power
3.15+0.39¢ *
—6_ 36. 5 _ o)
K;/em ®=(1.06"3%9 x 10¢ exp( T V) b= M _ 55 28)
(27) Hp 0,

and, by combining Eqs(15 and (25), the product of the
in the temperature range 980/°C=<1100. The band gap is mobilitiyes: 9 Eqsi1s) @9 P

often evaluated from the temperature dependence of the elec-

tronic minimum conductivity due to Eq15) or ~0\ 2
_ eO'eLmD 29)
) MnMp= ok T (
_ Telm 15,)
i_4e2,un,up’ ( Only with use of the experimental parameters given in

Tables | and Il, can one thus determine the two mobilities

disregarding the temperature dependence of the mobilitie gparately. The results are listed in Table IV and plotted in

ftn and sz, For the present system, the values dogy in b|g. 11. (‘Ij'he _fﬁpatratg determination tc_)f th(;:n r|r|10b|I|t|es has
Table | yield a band gap of 3.250.03 eV as shown in Fig. een made without using any assumption at ail.

10, which is quite comparable to the present value, 3.15m Itr;i"tthe fen;[|retrrar11ngie 01|‘V\;[empﬁira;urrethofnetﬁaTlr}aﬁoln, thre
=0.39eV. It implies thaj, and u, are very insensitive to 1 ggg g<03 g?’ecAo S 1S ? "f[‘%/.s gne dﬁa' hat 0 I(I)e? 0
temperature in this temperature range. ) =9.05. Amazingly, this range IS In excetien

Up to now only a limited number of data & have been 29'€€ment with the expectatior<b<3 in the literature:'®
I

reported for undoped BaTiQ We compare the present re- As temperature increases from 800 °C, both mobilities first
sult, Eq.(27), with these reported in Table IIl. One can rec- increase: however, considering their error bounds, one may

ognize that the present one is in general agreement with t ! o%a:g tr}ﬁn:h?ss ?é?nctlé:gltﬁrlgd;p:}el;detrr:teo;t/eer;];eéa\t/l;rlﬁeasbc;\g
reported. This fact strongly supports the validity of the : P g¢, 9

— -1 <1 —
present analysis of chemical diffusivity in terms ofWagner’s““_o'lgio'ozcn%V Sec and ~ up=0.081-0.017

2
chemical diffusion theory.

cm?V-tsec. This is why the activation energy afg ,
In the conventional evaluation &€, of BaTiO,, one has has turned out to be essentially the same as the true band gap
| )
had to make assumptions, e.g., on electronic mobilities, derfS

shown in Fig. 10. It further supports the truthfulness of the
sity of states, and othefs%/|t is here emphasized that the

. 0
presentK; has been evaluated only from the experimental oo 1000~ oo 500
~ ) . -0.5 T T T
dataD® and oy, Without recourse to any assumption at all.

Undoped polycrystalline BaTiO,

[ ] T
-1.0F L

C. Mobilities of electrons and holes

By combining Eqs(12) and(16), one obtains the mobil- “Z

ity ratio b as < - f %
=
2

TABLE IV. Numerical values for mobilities of electrons and

holes. . }
1 1 1 1 ¢k
T/°C unlcm?V - tsec pplem?V-tsec 20 , , , ,
70 75 80 85 90 95
800 0.06@-0.019 0.01%0.005 104T /K
900 0.121-0.025 0.065:0.013
1000 0.15%0.036 0.0990.024 FIG. 11. logom, and loggu, Vs reciprocal temperature. The
1100 0.116:0.031 0.086:0.023 solid and dashed lines denote the average values,oénd u,,,

respectively, at temperatures, 90/°C<1100.
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literature values for the band gap of undoped BaJi@hich ~ factor becomes maximum at=0. Combination of the elec-

were evaluated from the electronic minimum conductivity trical conductivity and chemical diffusivity has enabled one

via Eq. (15). to evaluate, without using any additional assumption at all,
It is again of interest to compare the present values for théhe intrinsic electronic excitation equilibrium constaldt

mobilities with the literature values for undoped (=np) as

BaTiO; u,=0.16cntV - tsec?! (by combining the elec-

trical conductivity and thermopowgrin the temperature K. /cm™8=(1.0 36-§)><1045exp< _3.15+0.39 e\/)

range of 908 T/°C<12003 =0.2cnfV !sec? (in the ' Lo KT

same manngrat 1000 K}® »,=0.05cnfV *sec’ (in the d th bilities of el d holes |

same mannerin the temperature range of 98a/°C & the mobilities of electrons and holes in average as

5%6200,3 =0.2 cnfV 'sec! (by Hall measuremep@t 700 11,=0.13+0.02cr?V ! sec L,

pp=0.081+£0.017 cndV ' sect
V. CONCLUSION

. o ) ) ) in the temperature range of 9807/°C=<1100. These results
The chemical diffusivity of “undoped” BaTiQ_s as a  are in fair agreement with those reported.
measure of oxygen nonstoichiome(§) reequilibration ki-

netics is quite well explained by Wagner's classic theory of
chemical diffusion or ambipolar diffusion of oxide anions
and electrons. The isothermal diffusivity exhibits a maxi- This work was financially supported by the Korea Science
mum approximately at the stoichiometric compositiof ( and Engineering Foundation through the Center for Interface
=0), which originates from the fact that the thermodynamicScience and Engineering of Materials.
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