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Experimental data for the absorption coefBcient of p- and n-type I.aCo03 are presented for wavelengths
between 3 and 14 p, for the temperatures T» -—290'K, T2 ——200'K, T3=77'E, T4=4.2'K, and four different
dopant concentrations. At high temperatures, the absorption coeKcient has a minimum at il p,. The fre-
quency dependence and the absolute magnitude of the optical absorption cannot be explained by a Drude-
Zener-type carrier absorption. At T4=4.2'K considerable structure is seen in the absorption. This structure
cannot be ascribed to localized modes due to the dopant atoms. The data at T2 and T3 show the gradual change
of the absorption from high- to low-temperature behavior. The data at T» and T4 can be consistently ex-
plained using the high- and low-temperature versions of the small-polaron theory. The agreement between
theory and experiment is quantitative for T» and for T4 in the region between 3 and 8 p. For higher wave-
lengths the agreement is only qualitative because of the incomplete knowledge of the lattice properties
which is needed in order to explain the two-phonon structures in the polaron absorption.

I. IHTRODUCTIOH

'N two recent papers" expressions for the frequency
~ - dependence of the optical absorption due to small
polarons have been presented for the cases of high and
low temperature. The underlying physical picture and
the results of the theory can be summarized as follows.

The polaron transitions are accompanied by the
emission and absorption of optical phonons. For all
light frequencies co one gets contributions to the optical
absorption by all possible energy-conserving processes.
Consider a particular light frequency and a particular
energy-conserving process. Characterize this process
by the total number f of phonons involved, that is, by
the sum of the number of phonons emitted and the
number of phonons absorbed. Furthermore, characterize
the electron-phonon interaction by the average number

g of optical phonons (average frequency ~) that con-
tribute to the buildup of the polarization around a
localized polaron. (In contradistinction to t', the number
ri is not necessarily an integer. )

Let us now consider the high-temperature case. Here
the theory says that for all light frequencies the
main contribution to the optical absorption is from pro-
cesses with values .of l close to g. This means that for
a&(q&o, the difference processes with t = ri will contribute
more than the sum processes with l (g, which are less
likely to occur. For co=geo, the main contribution is
from sum processes in which g phonons are emitted and
no phonon is absorbed. For co&geo, energy-conserving
processes are only possible for l )q. Because these are
increasingly less likely to occur, the optical absorption
will decrease if the light frequency is further increased.
This is plausible because the light cannot do better

' H. G. Reik and D. Heese, J. Phys. Chem. Solids 28, 581
(1967).

s H. G. Reik, Z. Physik 203, 346 (1967).
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than totally strip the polarization of the polaron in a
hopping process.

Let us now turn to low temperatures. For high
frequencies cv~&geo, where even at high temperatures
the contribution of the sum processes prevails, and the
optical absorption is independent of the temperature.
At frequencies co& gco, however, the difference processes
with l =g die out and only the sum processes t'(p
survive. In this frequency range the absorption is de-

creased with decreasing temperature. Furthermore,
phonon structures will make their appearance in the
absorption, which, for a suSciently small spread in the
electronic energy, are completely determined by the
phonon-dispersion laws.

In this paper we present measurements of the optical
absorption in p- and n-type lanthanum cobaltite for
wavelengths between 3 and 14 p for the temperatures
Ti——290 K, T2——200 K, T3——77 K, T4=4.2 K, and
four different dopant concentrations. It is shown that
the results of the small-polaron theory for high and low

temperatures allow for a consistent interpretation of the
optical data taken at T» and T4 for one connnon set of
parameters of the theory. The data taken at T2 and T3
show the gradual change in the character of the optical
absorption and in particular the appearance of phonon
structures with decreasing temperature.

For the presentation of our results we proceed as
follows: The results of the small-polaron theory for
high and low temperatures are summarized without
derivation in Sec. II. In Sec. III a short description of
the experimental techniques is given. In Sec. IV the
optical data are presented and discussed. Their analysis
in terms of the small-polaron theory is carried out in
Sec. V.
703
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II. SUMMARY OF SMALL-POLARON-THOERY
RESULTS

In the frequency range under study, the absorption
coefFicient K(rp, T) is the sum of two contributions, the
carrier contribution and the lattice contribution.

E((o,T) =E..„.((o,T)+E&.i,(rp, T). (1)

In the range of small dopant concentrations the carrier
contribution is directly related to the real part of the
electrical conductivity:
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Here ep is the dielectric constant of the vacuum (ep
=8.86X10 "A sec/V cm) and n is the index of refrac-
tion. The theoretical expressions for the real part of the
electrical conductivity will now be summarized. '
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I'IG. 1. ReQectivity of LaCo03, T4 ——4.2'K.

(3), the measured dc conductivity can be taken because
of the fact that in LaCo03 no diagonal (banding) con-
tributions are present.

A. The High-Temyerature Case

In this case Reo.(cp,p) with p= 1/kT is given by the
following equations:

Re(r(rp, P)= o(rd=0, P)
p. The Case of Low Temperatures (Ii ~pe)

and High Frequencies (pp) 2to)

In this case, Reo (pp, p ~pe) is given by the following

equation:

sinh(-,'hips) exp[—rpsrsr(co)$
X 3

Reo(rp p ~pe ) ~QJ2r32e2+rrll2$ 3ppss 2— —

X (cp/pp) t "~"+3~'&rf~~" exp(cp/rd); (10)

This equation contains the same parameters as before.
Suppose that a successful 6t of the high-temperature
optical absorption has been carried out, using the ex-

perimental values of the dc conductivity. From this
6t the values of q and u are known. The frequency de-
pendence of the low-temperature formula (10) is

therefore completely determined. In order to get a
consistent picture of the optical properties of the carriers
for high and low temperatures one proceeds as follows:
One must first show that Eq. (10) gives a quantitative
explanation of the frequency dependence of the optical
absorption at low temperatures with the values of q
and co determined from the high-temperature fit. One
then determines the electronic-resonance integral J from.

a Gt of the absolute magnitude of the optical effects.
Finally, using (4) and (S), one has to show that this
value for J is consistent with the high-temperature dc
data that have been used for the fit of the high-tempera-
ture optical absorption and with the inequality (9).
Note that the frequency dependence of Reo. (rp, p) in the
high-temperature case, Eqs. (3) and (6), and in the
high-frequency —low-temperature case, Eq. (10), has a,

simple structure. In particular, the frequency de-

pendence in both cases is completely determined by
the values of the two parameters g and Fo. This simplicit;y
is due to the fundamental assumption of suKciently
large dispersion of the optical phonons that has been
made in the derivation of Eqs. (3), (6), and (10)

From the practical point of view there is only one
important parameter, q, free for a fit. The average
frequency co corresponds to a wavelength in the high-
frequency reststrahlen band of the substance under
study. The possible values of co are therefore rather
restricted, as shown by Fig. 1. Furthermore, in Eq.

3 This refers to only the nondiagonal contributions to Reo (co,T),
which, in LaCo03, are the only important ones given. For the
general case, where nondiagonal and diagona1 contributions are
important, see Ref. 2, Sec. 3.

srh&op [1+((prh)2jiI4
()

o(rp=0, p) =1Vep(pp=0, p), (4)

p(re=0, P) =2JsasePr2ri~sI3 sexp[ —
rl tanh(~hipP)$, (S)

r(cp) = (2/perh) ln(eire'+ [1+(eire') 'j'")
—[2/(pprhsj{ [1+(p3rd) 7 1), (6)—

6= 2677 ~ (7)
r'= [Sinh(-,' K&p) $/2(psst . (8)

Here Ã is the dopant concentration and a is the lattice
constant. From a theoretical point of view, the system
of Eqs. (3)-(8) contains three parameters to be de-
termined: the bare electronic resonance integral J, the
average frequency of the optical phonons co, and the
number g, characterizing the strength of the electron-
phonon interaction. The other parameters 6 and v are
determined by (7) and (8). The system (3)—(8) is
applicable, provided that the electronic resonance
energy J (which is proportional to the bare bandwidth)
is smaller than the electron-phonon interaction:
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(see Refs. 1 and 2). The physical meaning and the im-

portance of this assumption will become clear in the
next subsection, where the general low-temperature
expression for Rea (c0,P —&~) is discussed.

v=1

Then Reo(co, P —&~) is given by

Reo.((o P ~~)=2"'J'u'e'Nmh'e ".
Slv

g(M, m, ) . (12)

v=1 v=1

Here the sum over m1 .nz„ is restricted to phonon
combinations satisfying

g m, =e,

C. The General Low-Temperature Case

I et us assume that phonons of r optical branches
contribute to the building of the polarization around a
localized small polaron. Denote by co, the average fre-
quency (first moment frequency) of the optical phonons
in branch v. Further, denote the spread of the phonon
frequencies in branch v around the average frequency
by ~z(i )or„. Finally, i1„ is the average number of phonons
of branch v that contribute to the polaron formation.
Again, p„ is not necessarily an integer. Then from the
dehnitions of q and of g„, it is seen that

We are now in a position to discuss in detail the as-
sumption of suKciently large dispersion of the optical
phonons and the physical implications of this assump-
tion. Suppose that the average frequencies or„of the r
branches involved. in polaron formation are not too
close. Suppose further that the spread of allowed fre-
quencies in each of the different branches is not too
small. Then for light frequencies above a certain limit,
phonon sum combinations of different orders m will

contribute to the optical absorption because of the
overlap in frequency of these diferent orders. The value
of this low-limit light frequency is determined by the
dispersion properties of the optical branches. Roughly
speaking, the value of the limit frequency is the lower
the higher the total dispersion of the r phonon branches
under consideration. For light frequencies above the
limit, the simultaneous contribution of diferent orders
of the absorption leads to a gradual disappearance of
structures due to any individual combination m&. m,
because of the other possibilities with diRerent sets of
numbers. In other words, one gets a good continuum of
endstates for the optical absorption due to multiphonon
processes of diferent orders. This is exactly the situation
described by Eq. (10) of the preceding subsection. Under
condition (11), Eq. (12) must therefore lead to the
same frequency dependence as Eq. (10) for frequencies
above a certain limit, whose value is determined by the
total dispersion in the r branches (and the distribution
of q„voer the different branches under study).

The situation described above is a consequence of the
limit theorem for the distribution of sums of random
variables. We shall come back. to the frequency depend-
ence of Eqs. (10) and (12) under the condition (11) in
Sec. V in connection with the experimental results.

and e is the order of the phonon sum process. The
function g(a&; m„) is a normalized Gaussian

v=1
(15)

The position of the maximum and the width of the
Gaussian are both determined by the particular phonon
sum combination characterized by a particular set of
integers m1 ~ .m„. The number of parameters has in-
creased because each branch v is now characterized by
three parameters i1„2u„and e,i(v). It is seen from (12)
and (15) that for low frequencies the optical absorption
is due to low-order phonon sum combinations. With
increasing frequency the order e of the phonon sum
processes is also increased. For light frequencies m for
which the main contribution is due to orders v~&3,
considerable structure ig. the optical absorption is
expected,

g(o); m„) = expL —-', (s)—Q m, ~„)'/6'(m„) j/
v=1

X (2m)'"&(m, ), (14)

III. EXPERIMENTAL

Samples of about 7)(15X1 mm' in size have been
cut from crystals' and optically polished. After the
data on the bulk reAectivity had been taken, the samples
were further lapped and optically polished down to
thicknesses between 40 and 8.5 p, in order to permit
transmission experiments.

The reQection and transmission spectra have been
measured with a Grubb-Parson S3 spectrometer
equipped with NaC1 and. KBr prisms. The instrument
had been calibrated by recording the spectra of gases
which have been measured with considerable accuracy
on grating instruments. 5

For the experiments at low temperatures a metal
Dewar cell was used. , which had been designed. for
both reQectivity and transmission measurements.
Because of the small thicknesses of the samples used
in the transmission experiments, the specimen was im-
mersed in a He-gas atmosphere which provided the

4 P. Gerthsen, Z. Angew. Physik 15, 301 (1963).
5 A. R. Downie, M. C. Magoon, T. Purcell, and B. Crawford,

J. Opt. Soc. Am. 43, 941 (1953).
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thermal contact with the cooling liquid within a
temperature difI'erence less than j. K. A more detailed
description of the experimental techniques is given in
Ref. 6.

From the reflection and transmission spectra, the
values of the index of refraction e and the absorption
coeKcient E have been obtained by means of the
following formulas:

X 3

FREQUENCY ~ 10 SEC"i

39 2521 1.7

T2= 2004K

1+R (1+R)s

I= + —(1+4')
1—R (1—R)s

k = (1/4s.)KX,

—t/2

(16)

K d rE '"—h (1 R)'/2RT+l"R5 (18)

where E. is the reAectivity, T is the transmission, and
d is the sample thickness. Equation (18) includes the
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FIG. 3. Absorption coefFicient of p-type Laco03 for different
dopants, Ts=200'K. (For the dopant concentrations for curves
a-c, see Fig. 2.)
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This implies that for the analysis of the absorption
spectra the simple relation (2) can be used.

IV. RESULTS

The optical data have been obtained for wavelengths
between 14 and 3 p which correspond to orders g
between 2 and 10 for the different possible sum combi-
nations to be described below. Figure 2 gives the absorp-

FREQUENCY ld 10~i SEC i

22 2.0 1.8 1,7 1.6 1.5 1.4

14 fl A.

8 10 12

WAVELENGTH X [MICRONS]

FrG. 2. Absorption coeKcient of p-type LaCo03 for diferent
dopants, T1 ——290'K. Full curves a—c: experimental data; dotted
curves a—c: theoretical values for IC„„(co) according to Eris.
(2)-(8); dashed curves coincide with dotted curves for P (9
microns. (a) 0(0)=12[0cm) ', Sr dopant: 1 mole %; (b) 0(0)
=6.5[ii cmj ', Sr dopant: 0.5 mole %,' (c) o(0) =2.2[0 cm] ',
Sr dopant: 0.2 mole %; (d) KI«e(co); (e) K rr(eoerade)(et&) ~ &(0)
=12[0cm] ' rD=3&(10 'e sec.

effect of multiple reAection but neglects interference
effects which could be avoided for the most part by
keeping the condition Kd & 1.The reflection and absorp-
tion spectra used as entries in Eqs. (16)-(18) are given
in Ref. 6 and will not be reproduced here. The results
for the absorption spectra are given in Sec. IV. For all

the data taken the following inequality holds:
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~ R. Miihlstroh, dissertation, Technische Hochschule Braunsch-
weig, Hraunschweig, Germany, T967 (unpublished}.

Fzo. 4. Absorption coeKcient of p-type I,aCo03 in the range
8&X&14 N for different dopants, Ts=77'K. (For the dopant
concentrations for curves a—c, see Fig. 2,)



OPTICAL ABSORPTION BY SMALL POLARONS 707

c 6.0 5.010c

I
X 2
Lsl

O
LL
LL.

g10 -——
O

o
I 5-——--
fL
CL'o
lh
CO

2-

PREOUENCY UI [To SEC j
4.0 3.5 3.0

T3*774K

absorption has a minimum at 11 p. No structure is seen
in the frequency dependence except for some small
indications occurring between 8 and 11 p, .

The optical absorption at T~=200'K is given in
Fig. 3 for the same samples. As is expected from the
small-polaron theory, the absorption has decreased and
the aforementioned structures between 8 and 11 p
are more pronounced. The relation between E(oi,P) and
the dopant concentration is still a linear one.

The optical absorption at T3= 77 K is given in Figs.
4 and 5 for the same samples. The absorption is further
decreased, and considerable structure in the absorption
is found between 8 and 13 p, whereas no structure could
be detected for shorter wavelengths. The apparent

10
3
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Fro. 5. Absorption coefBcient of p-type LaCo03 in the range
3&'k&8 p for di6'erent dopants, T3=77'K. (For the dopant
concentrations for curves a-c, see Fig. 2.)

tion coeScient E as a function of the wavelength for
Tt——290 K and three samples of p-type LaCoOs with
different dopants. For each frequency the relation
between E and the dopant concentration S is linear.
The extrapolation of this linear relation to S—+ 0 gives
the lattice contribution to the optical absorption
ET«i(OI,P) (Fig. 2, curve d).' The absolute magnitude of
E(OI,P), as well as the frequency dependence, is strik-
ingly different from that expected for a Drude-Zener
gas of free electrons. The Drude-Zener behavior for a
dopant corresponding to curve a is given in curve e. Ke
can, therefore, from the start, exclude a free-carrier
optical absorption of the well-known type. The optical
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Fro. 6. Absorption coefFicient versus Sr dope (mole /~) for
absorption peaks at the following wavelengths: (a) 8.6 p, (b) 9.2 p, ,
(c) 9.9 p, , corresponding to Figs. ,4 and 7.

'This rather unusual procedure had to be used because the
stoichiometric samples did give nonreproducible absorption
spectra because of native imperfections. This behavior of the
stoichiometric and nearly stoichiometric samples also dictates the
high dopant concentrations used in our experiments.

Fxo. 7. Absorption coefricient of p-type LaCo03 in the range
8&&&14 p, for diferent dopants, T4 ——4.2'K. Full curves: ex-
perimental data. (For the dopant concentrations for curves
a—c, see Fig. 2.) Dotted curve: theoretical values for E„„(u)
according to Eels. (11)—(15) fitted for a Sr dopant of 0.5 mole %.

structures in curve c of Fig. 5 between 7 and 8 p are
from residual interference effects. The relation between
E(GI,P) and the dopant concentration is still a linear one
as shown by Figs. 6(a)—6(c) for the wavelengths 8.6,
9.2, and 9.9 p, which correspond to the positions of the
three most important absorption peaks in Fig. 4.

The optical absorption at T4=4.2 K is shown in
Figs. 7 and 8 for the same samples. The absorption
pattern in general has not changed very much in
between 77 and 4 K. A bit of the thermal background
at 77 K has disappeared and the structures have further
sharpened. The relation between E(oi, P —+eo) and the
dopant concentration E is no longer a linear one as
shown by Pigs. 6(a)-6(c). The absolute magnitude of
the absorption coeKcient between 8 and 14 p is much
larger than the lattice absorption which is of the order
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and absorption spectra have been given using the same
theory with 7.= 2.68&(10 "sec, where, however, cur has
been put equal to zero for simplicity. Comparison of
Figs. 2 and 1 of Ref. 9 shows that a better agreement
between theory and experiment is obtained for the
realistic finite value of cov used in this paper.

B. Low-Temperature Case 74=4.2'K
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FIG. 8. Absorption coefFicient of p-type LaCo03 in the range
3(X(8 p for different dopants, T4 ——4.2'K. Full curves: experi-
mental data. (For the dopant concentrations for curves a—c, see
Fig. 2.}Dotted curve: theoretical values for IL„„,(cu) according to
Eqs. (11)—(15). Dashed curve: theoretical values for X,. (cu)

according to Eq. (10}.Theoretical curves are fitted for an Sr
dopant of 0.5 mole '%%uo.

E~,tt, =10' cm '. The absorption coefFicient E increases
with decreasing wavelengths between 8 and 3 p, in con-
tradistinction to the behavior of the lattice absorption.

The absorption peaks between 8 and 13p have nothing
to do with the dopant atoms. This is shown by Fig. 9,
where the absorption coefFicient for n-type LaCo03
doped with Th is presented for T~ and T4. The absorp-
tion peaks at T4 are found at exactly the same positions
as in p-type material doped with Sr. Localized modes
can therefore be excluded.

8 H. G. Reik, E. Kauer, and P. Gerthsen, Phys. Letters 8, 29
(1964).

'H. G. Reik and R. Muhlstroh, Solid State Commun. 5, 105
(1967}.

V. ANALYSIS OF THE ABSORPTION SPECTRA

A. High-Temperature Case T~=290'K

The carrier contribution to the optical absorption
has been calculated using Kqs. (2), (3), (6)—(8) with the
the experimental values for the index of refraction n
and the dc conductivity o(co= 0; l6) for the values of the
parameters q=9.2 and co=1.18&10'4 sec '. The average
frequency u corresponds to ) =16 p and is therefore
consistent with the position of the reststrahlen band
given in Fig. 1. Furthermore, using g and co one gets
from (8) v'=2. 88X10 " sec and therefore 00r=0.34.
The theoretical values for E„„(co,p) are given as dotted
curves in Fig. 2, If the values of E1,11(ol,if)) (curve e,
Fig. 2) and IL"„„,.(ol,p) are added, the dashed curves are
obtained which are in good agreement with the experi-
mental data.

In two short papers ' an analysis of the refIectivity
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Frc. 9. Absorption coeKcient of n-type LaCoO» with a Th dopant
of j. mole 'P& at temperatures Tj. and T4.

1 et us first turn to wavelengths between 8 and 3
p, where no structure is seen in the optical absorption.
In this range no lattice absorption is expected and
Eqs. (2) and (10) can be directly compared with the
experimental values of E(01, p —+~). For the analysis
the experimental data for the index of refraction, the
lattice constant a=3.82 10 ' cm, and the dopant
concentration for the 0.5% sample, Na'=0. 5&&10 ', are
used. Then, for the following values of the parameters of
the theory p=9, co=1.18 10" sec ' and J=0.215 eV
the dashed curve in Fig. 8 is obtained, which is in
excellent agreement with the experiments.

Let us turn next to wavelengths in between 8 and 14
p (see Fig. 7). It has already be mentioned that the
structures in the absorption cannot be due to localized
modes. The absorption peaks at the wavelengths 8.6,
9.2, 9.9, 10.9, 11.5, 11.9, and 12,7 p, can, however, be
explained as two-phonon sum combinations of four
frequency bands in the one-phonon spectrum. The fre-
quencies ol„(F= I, , 4) correspond to the wavelengths
31=17.2 p, )2=19.9 p, , ~3=29.4 p, 34=34.5 p. The as-
signment of phonon sum combinations to absorption
peaks is indicated in Fig. 7. From the position of the
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reststrahlen band (Fig. 1), it seems plausible to attribute
a&~ and ~~ to critical points in the longitudinal and in
the transverse branch of this reststrahlen band. An
assignment of co3 and ~4 is not possible because nothing
is known about the position of the other reststrahlen
bands at lower frequencies.

The foregoing discussion shows that the low-temper-
ature formulas (12)—(15) are applicable in principle
because it is just the optical absorption accompanied by
the emission of phonon sum combinations that they
describe. However, from the practical point of view, an
analysis of the data in this range of wavelengths meets
with great diQiculties. First of all, it is clear that the
lattice contribution to the optical absorption Ki,t&(~,

P —+~) is not negligible. However, apart from the order
of magnitude, nothing is known of the lattice con-
tribution. Again, the stoichiometric samples give an
irreproducible optical absorption (see Ref. 7). Further-
more, the extrapolation procedure for obtaining Ei,~~

(~,P) described in Sec. 4 for the high-temperature ex-
periments is no longer applicable because the relation
between the optical absorption and the dopant concen-
tration is not linear at helium temperatures (see Fig.
6). Further diKculties arise with the evaluation of the
carrier contribution E„(cg,P —+~). With our experi-
mental equipment vre can only detect the coupling
between the polaron and those branches of the optical-
phonon spectrum whose two-phonon sum combinations
make their appearance in the range of wavelengths
betvreen 8 and 14 p, , which are just the ones discussed
above. It is therefore to be suspected that the informa-
tion put into Eqs. (12)—(15) is incomplete and. that an
analysis of the optical data based on it is of a highly
qualitative nature.

This is clearly shown by the dotted curve in Figs. 7

and 8, which has been obtained from Eq. (2), (12)—(15)
with the values of ~give nbefore, eq(v) =0.05 for all

branches, qp= 3.0, g2= 5.0, q3= 1.25, g4= 0.75, and
/ =0.174 eV. As is seen, P„=~4 g,=g= 10, which is close
to the value q=9 used before. In the wavelength range
between 8 and 14 p, the dotted curve describes the quali-
tative features of the experiments. The deviations
between theory and experiment are of the order of
magnitude of the lattice contribution.

For smaller wavelengths (see Fig. 8), the dotted
curve has too much structure, although on the average
it gives the right frequency dependence, in particular
at small wavelengths. After having described the fre-

quency dependence of the optical absorption given by
the dotted curve, let us now proceed to discuss it. Let
us assume for this purpose that vre had available all
the exact information needed for the evaluation of Eqs.
(2), (12)—(15), and in particular that P„~"g„=10.

Looking at the dotted curve from this point of view,
we would say that we had purposely overestimated the
contribution of some of the branches and purposely

neglected the contribution of others under the condition
of constant g. It is now immediately obvious that the
dotted curve must give too little background in Fig. 7
and too much structure in Fig. 8. For all frequencies
where absorption takes place by combinations of

~~, ~ ~, ~4, one overestimates the absorption and conse-

quently underestimates the absorption at other places.
The fact that the structures of the dotted curves gradu-
ually disappear with shorter wavelengths is due to the
properties of the distributions of sums of random vari-
ables, mentioned at the end of Sec. II.The limit theorem
applied to the present case says that the inhuence of
the details of the one-phonon dispersion on the fre-

quency dependence of the optical absorption decreases
with increasing light frequency, that is, with increasing
order of the phonon sum processes. In other words, for
suKciently high frequencies the values of &o„, ez(v), p„are
no longer needed. The two average parameters g and ~
are sufhcient to characterize the frequency dependence
of the optical absorption at high frequenices. The fact
that the dotted curve on the average gives the right
frequency dependence of the optical absorption for
short wavelengths shows that the values of g„given
above are consistent with the value g=9 used in the
evaluation of Eq. (10) which applies in the high-fre-

quency limit. The results of the analysis are also con-

sistent with the dc data. Using g=9, ~=1.18X10"
sec ', and p=2.8&&10 ' cm'/V sec,"we obtain from

Eq. (5) J=0.224 eV, in excellent agreement with the
values taken from the optical data. The condition of
the applicability of the theory, the inequality (9), is
satisfied.

VI. CONCLUSION

The results of Secs. IV and V show that a consistent
interpretation of the optical properties of semiconduct-

ing LaCo03 at high and low temperatures is possible
in terms of the small-polaron picture. One gets quantita-
tive agreement between theory and experiment for high
temperatures.

For low temperatures a quantitative agreement
between theory and experiment is found for wave-
lengths between 3 and 8 p. For X&8 p the agreement is
only qualitative because of our incomplete knowledge
of the lattice properties. The values of the parameters
of the theory ued for the fit of the optical data at high
and low temperatures are consistent with each other.
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