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A general model for (110) off-center substitutional impurities in alkali-halide crystals is developed. It
assumes a defect with a different mass from the ion it replaces and also with formal core-core short-range
forces between the defect and its nearest neighbors different from those in the pure crystal. An absorption
spectrum was calculated and three parameters, corresponding to the changes of the spring constants between
the impurity and its nearest neighbors, were adjusted in order to fit absorption-band positions observed by
Nolt and by Kirby, Hughes, and Sievers.for RbCL:Ag™ at low frequencies. In a following paper this model has
been used in conjunction with a very simple one-parameter-model version of lattice anharmonicity to predict a

Raman scattering spectrum for RbCl:Ag™.

I. INTRODUCTION

The basic theory for the understanding of the
vibrational aspects of crystals containing substi-
tutional impurities has been developed by many
authors.'™ In these works an important class of
impurity treated is the monoatomic or diatomic
ion, whose center of mass occupies the position
of the host ion it replaces and which has a differ-
ent mass and/or forces connecting it to its neigh-
bors different from those of the replaced ion. The
long-range forces are generally assumed to be un-
changed from those of the pure lattice and the
force changes are assumed to take place in the
short-range terms. .

The problem gets more involved if those defects
have associated with them an electric or elastic
dipole which has preferred alignment directions
in the host crystal. In these cases for a cubic
host crystal the appropriate point group is no
longer the cubic O, group but is changed to some
group of lower symmetry. It has been observed
that in cubic ionic crystals the preferred align-
ment directions for paraelectric and paraelastic
defects are (100),° (111),7® or (110), °~!! having
thus associated with them the point groups with
symmetry C,,, C,,, and C,,, respectively.

The purpose of this paper is to extend the
models mentioned above to this kind of defect and
to compare the properties of the resulting per-
turbed phonons with experiments. We choose
the case of a monoatomic substitutional defect
near a cation site in a NaCl structure alkali-
halide crystal displaced in the {(100) direction and
calculate an absorption coefficient by the method
developed by Klein.'? This method uses perturbed
Lifshitz Green’s functions and only requires com-
putations in the impurity space, i.e., the space
formed by the coordinates of the ions directly af-
fected by the presence of the impurity. In our

model we assume the equilibrium position of the
defect to be known and the force changes to be
restricted to the short-range forces between the
defect and its nearest neighbors. The impurity
space is thus formed by the 21 Cartesian compo-
nents of the displacements of the impurity and its
six nearest neighbors.

To this model system we apply Lifshitz theory
in order to find the perturbed phonon Green’s
functions, a task made possible by the existence
of detailed shell models for the RbCl and RbBr
crystals which we treat. We use the Green’s
functions to calculate an infrared absorption spec-
trum for our model defect-lattice system and
adjust the paranteters of the model so as to fit
observed infrared absorption spectra, insofar as
they are available, and measured values of the
electric dipole moment of the off-center Ag* ions
in RbCl:Ag* and RbBr:Ag*, the specific systems
treated in this study.

Section II A presents the theory of the absorption
of infrared radiation by a defect-lattice system.
Section II B is devoted to a description of the model
used for the off-center defect. Sections IIC and
IID discuss unperturbed Lifshitz Green’s functions
and, in practice, the very important symmetry con-
siderations which simplify actual calculations.
These are described in Sec. III. Section IV pre-
sents the results for RbCl:Ag™ and RbBr:Ag* com-
paring our model for the former system with
observations. Conclusions are in Section V.

II. THEORY
A. Absorption coefficient

The addition of substitutional impurities to
alkali-halide crystals destroys their translational
symmetry and drastically alters their infrared
activity. If the impurity is off-center the defect-
lattice system becomes optically anisotropic and
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the absorption coefficient is given by

A (w)=— 41w Z IMmAY oMoy 1)
noC oa’
where w and ¢ are the frequency and velocity of
the incident light. =, is the index of refraction of
the pure crystal and Ay, is the aa’ component
of the change in the electric susceptibility tensor
of the crystal due to the addition of the impurity.
n, is the a component of the unit vector # which
defines the polarization of the incident light.

For a crystal containing one [110] off-center
defect the number of nonzero components AXyq’
is limited by C,, symmetry. The result is the
tensor .

Xz [110]  AX,,[110] 0
Ax[110]= | Ax,y[110] Ax,,[110] 0 . (2
0 0 Axz[110]

If we consider a sampl,e containing a collection of
defects, randomly oriented in all 12 possible
(110) directions, the crystal is isotropic with
susceptibility given by

A¥xx = AXez=5(2AY,, [110] + Ax,,[110]) , (3)
and absorption coefficient

A(w)=(4Tw/n,c)C Im 5(2A%,, [110]+ Ax,,[110]), (4)
where C is the concentration of defects. We cal-
culate Ay, by following Klein'? and obtain

n2 +2)? e*?
9Nv, [W*(TO) - w?J?

Im Ay,[110]= -

Z sgn(b) sgn(b’)
X —_——— .
1) My, M,
llb,
X Im[ T (lba, 'V )], (5)

where 7., is the high-frequency index of refrac-
tion, N and v, are the number and volume of unit
cells, e* is the shell-model effective charge,

and w and w(TO) are the frequencies of the inci-
dent light and of the transverse-optical phonons
of the pure crystal, respectively. M, is the mass
of ion b and sgnd is a function defined as

+1 for b designating a positive ion,
sgn(b) = . . .

-1 for b designating a negative ion.
T(lba,l'db’a’) are the elements of a matrix T given
by

T=T(I+G,T), : (6)
where I is the perturbing matrix and G, is the
matrix for the unperturbed Lifshitz Green’s func-

tions. These matrices are defined in Secs. IIB
and IIC. 27 indicates that the sum is to be taken
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only over coordinates of ions belonging to the
impurity space, to be defined presently.

B. Perturbing matrix I'

We assume the perturbing matrix I" te be given
by the following model. The impurity is assumed
to occupy a [110] off-center equilibrium pesition
and to have the same electric charge as the ion
it replaces. The long-range Coulomb forces are
assumed to be unchanged and the perturbation
consists in a mass change from the mass of the -
host ion which is being substituted AM and in a
change in the hypothetical short-range spring con-
stants which relate the force on the impurity .
center of mass to the displacements of its nearest
neighbors. We restrict this change by assuming
that it takes place only in the longitudinal part of
the short-range forces which act between the de-
fect and its nearest neighbors. This model de-
fines the impurity space to be the Cartesian coor-
dinates of the impurity ion and its nearest neigh-
bors, see Fig. 1.

The perturbing matrix is given by

L(w?)=A¢ — w?AM. (1)

A¢ is a 21 X21 matrix for the change in the poten-
tial energy of the crystal due to the introduction of
the impurity in the pure crystal. Its elements

can be'calculated by considering the change in

the potential energy which the crystal undergoes
when the ions are displaced arbitrarily. Fer ex-
ample, the change A¢,, in potential energy be-
tween ions 0 and 1 is given in terms of the dis-
placements 1(0) and G(1) by

FIG. 1. Impurity space for an off-center [110] defect
at its equilibrium position. g, ¢y, I3 are unstretched
spring lengths. Ak;, Ak,, Ak are impurity-host
nearest-neighbor spring-constant changes. d is the off-
center displacement distance and 7, is the host-lattice
nearest-neighbor distance.
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Ao, =58k, { (7, —d/V2)[u(1x) —u(0x)]+ (=d/V2)[u(Ly) —u(0y) ]2/ [(ro - d/V2)*+ (d/V2)?] (8)

to second order in [A1,,| = [i(1) = W(0)|. #,, d, and Ak,
are specified in Fig. 1. Since we are only inter-
ested in elements of A¢ which belong to the im-
purity space, we write

Ap=Y Ady, =1,2,3,1,2,3, (9)

where A¢,, is the change in potential energy due
to a general displacement of ion 0 (the defect) and
ions a, which are nearest neighbors of the impur-
ity.

AM is the 21X 21 matrix corresponding to the
mass change introduced in the impurity space by
the defect. It gives rise to diagonal elements in
the perturbing matrix of which only three, involv-
ing coordinates of the impurity are different from
zero. All other terms are zero, since the remain-
ing masses of the ions in the impurity space are
unchanged. The result for I'(w?) in Cartesian com-
ponents is given in Table I where we have used
the following abbreviations:

d 7,

C= ro—d/N2 D= an2
(@+7rieV2r @)’ (@ +72 =V2dry)"?’
vo+d/N2 B a/N2

T@rrieV2dr) 2’ T T @R =V2rd) 2’
0= AR + ARy + ARgA® - W AM
B=2AkB* - wiAM,
y==2Ak,CD + 2Ak,EF + Ak A*

where d is the static off-center displacement of
the impurity, 7, is the pure-crystal nearest-
neighbor distance, and A M is the difference of
mass between the impurity and the host ion it
substitutes.

C. Unperturbed Green’s function G
The elements of the unperturbed Green’s-
functions matrix are given by?®

1
Go(lba, b’ o’ |w2) =W
b7 b

X2 ZrE)

-ik [Rup) -RG "’
x e~ ik [RGD) (b)]’ (10)

where w? is an independent variable and all other
quantities can be determined from a shell model
for the perfect crystal. N is the number of unit

cells in the crystal, M, is the mass of ion b, and

K is the wave vector for the pure crystal vibrating
at frequency w(kj), where j is the branch index.
The phonon polarization vectors e, (b[kj) are
chosen so as to form a complete orthonormal set.®
The elements of matrix G, must reflect the sym-
metry of the pure lattice, which is O, , and their
nonzero distinct elements are given in Table II,
where a stands for G,(0x, 0x), b for G,(3x,3x), ...,
etc., in a notation defined in Table II.

D. Symmetry considerations

The introduction of an off-center defect in a
pure crystal, besides destroying the translational
symmetry, also reduces the point group from
cubic (general alkali-halide crystal) to some
other group of lower order. For a [110] off-
center defect the symmetry point group is C,,.
The basis functions of a reducible representation
of the C,, group spanned by the impurity space
are given by the Cartesian components of the
amplitudes of the displacements of impurity space
ions from their equilibrium positions. These
amplitudes we represent by a 21-dimensional
column vector x(f), whose components can be ex-
pressed in terms of Cartesian or symmetry
coordinates. The symmetry coordinates are
formed by the basis functions of the irreducible
representations of the C,, group. They are ob-
tained by standard projection methods and yield
seven symmetry coordinates of the type A,, three

TABLE I. Perturbing matrix in Cartesian coordinate
form. Listed are nonzero elements I'(ai, bj) =T (bj,ai)
=T'(bi,aj), where a,b=0,1,1,2,2,3,3; i,j=x,9,2.

T'@x,3x)=-T@x,0x)=T@x,5y)=-T'(8x,0y)=
—-I'(0x,3x)=—-T(0x,3y)=T(3x,3x)=T(8x,3y)=
I'(3y,39)=-T@y,09)=T(0y,39)=T(3y,3y) =3 A kgA®

T'(x,32)=-T(3x,0z)=T(0x,32)=-I'(3x,32)=
T'(3y,32)=-T@3y,02)=T(0y,32)=—T(3y,32) = AksAB/Y,

I'(2x,2x)= - [ (@x,0x) =TTy, Iy)= - [y, 0y) = Ak, F?

T (@x,%y)=-T(@x,09)=TAx,Ty)= - T (Ix,09)= AREF
I(Tx,Ix)= - T @x, 0x)= T @x,%y) = - [, 0y) = A by 2
I(ix,1x)= - T(0x, 1x)= T'(2y, 2y) = — T'(0y, 2y) = A%, C?

I'(2x,2x)=—T(0x,2x)=T(1y,1y)=—I'(0y,1y)= Ak D?

T'(0x,1y)=T(0x,2y)=—(lx, 1y5= -T'(2x,2y)= ARyCD
I'(8z,32)= - T8z, 02) = — T(0z,32) = T3z, 32) = A%, B?

T'(0x,0x)=T(0y,0y)=a

T'(0z,02)=p

T'(0x,0y)=Yy
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TABLE II. Symmetry reduced form of the unperturbed Lifshitz Green’s functions in the imnpurity space.

x : y z

3 2 1 0 1 2 3 3 2 1 0 1 2 3 3 2 T 0 1 2 3
3 b g h e n g ¢ 0 0 0 0 0 0 0 0 0 i 0 0 0
2 g b h e h c g 0 0 i 0 - 0 0 0 0 0 0 0o 0 0
1 ) h b f d h h 0 i 0 o 0 - 0 i 0 0 0 0 0 -
0 e e f a f e e 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 h ) d f b ) h 0 —i 0 0 0 i 0 —i 0 0 0 0 0 i
2 g ¢ h e ) b g 0 0 —i 0 3 0 0 0 0 0 0 0 0 0
3 c g h e R g b 0 0 0 0 0 0 0 0 0 —i 0 4 0 0
3 0 0 0 0 0 0 0 b R g e g h c 0 i 0o 0 0 —i 0
2 0 0 i 0 - 0 0 h b r f h d h i 0 0 0 0 0 -
1 0 i 0 0 0 —i 0 g h b e c g 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 e f e a e f e 0 0 0 o0 0 0 0
1 0 —i 0 0 0 i 0 g h c e b h g 0 0 0 0 0 0 0
2 0 0 —i 0 i 0 0 h d h f h b ) —i 0 0 0 0 o i
3 0 0 0 0 0 0 0 c h g.e g h b 0 - 0 0 0 i 0
3. 0 0 i 0 =i 0 0 0 i 0 0 0 i 0 b 13 nof h R d
2 0 0 0 0 0 0 0 i 0 0o 0 0 0 —i h b g c g c h
1 X 0 0 0 0 0 —i 0 0 0o 0 0 0 0 g b e c g )
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 f e e a e e f
1 —i 0 0 0 0 0 0 0 0 0 0 0 0 r g ¢ e b g h
2 0 0 0 0 0 0 0 —i 0 0 0 0 0 i h c g e g b h
3 0 0 - 0 i 0 ] 0 - 0 0 0 i 0 d h R f B R b

of type A,, five of type B,, and six of type B,. We
summarize them in Table III.

The use of symmetry coordinates, besides
simplifying our calculations, allows one to dis-
tinguish the contribution to the absorption coeffi-
cient from normal modes belonging to different

symmetries A,, B,, and B,. A, is infrared inac-

tive.

III. COMPUTATIONAL PROCEDURES

The real and imaginary parts of the unpertur-
bed Lifshitz Green’s functions are given by*

ImGo(lba, U'b'a’ |w2) =N_(M—1M_—WE
2’
XY eq(b[kj)eq (b [kj)
ki ’

x cos{k - [ R(1b) - R('0")]}

x 8(w?(&j) - w?) (1)
and
ReG,(lba, I'b' ' |w?)
w2« TAPWIPR :
Lp ImG°(l£f§’_lf,z°‘ 9 g, (12)

0

where P stands for principal value.

The unperturbed eigenfrequencies w(&j) and the
unperturbed polarization vectors &(b [kj) we obtain
from a shell-model calculation. We use model
number 3 of Raunio and Rolandson for RbCl,*® and

RbBr,* and evaluate w(kj)’s and (b [kj)’s for k
vectors at 1686 points in the Kellerman 45 section
of the Brillouin zone.’® This is equivalent to a
total of about 64 000 points in the full Brillouin
zone. Since this number is limited we choose
squared frequency intervals Aw? so as to have
enough unperturbed frequencies in each interval
as to insure that ImG, varies smoothly from inter-
val to interval. The squared frequency w? is de-
fined as the middle point of each Aw? interval. In
the numerical calculations, we divided the squared
frequencies in intervals Aw?= g4z w?, and had
therefore ~10? distinct squared frequencies in
each interval. The resulting elements of G, vary
quite smoothly with w?, being almost linear for
frequencies up to about 60 cm™ for both RbCl and
RbBr. On the other hand this mesh of 7 w? did
not provide enough resolution in order to produce
the sought-for low-lying absorption bands. This
problem we bypassed by performing a linear in-
terpolation on the imaginary part of the Green’s
functions, since they are smoother than the real
parts. The real parts are then found as Hilbert
transforms of the imaginary parts as shown in
Eq. (12). At low frequencies this is a good pro-
cedure due to the almost linear behavior of ImG,.
At higher frequencies, the more complicated be-
havior of ImG, may give rise to the suspicion that
the interpolation is not advisable. But, since we
have divided the spectrum in equal squared fre-
quency intervals, the corresponding frequency
intervals become smaller at higher frequencies,
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thus still ensuring accurate values for the inter-
polation.
3333 =
NN i S IV. RESULTS FOR THE ABSORPTION COEFFICIENT
P =
a7 A. Rubidium chloride doped with silver—RbCl: Ag*
2R R RN DR
~ | glﬁ ~ = . Y :
EXExXE T% The absorption coefficient given by Egs. (4) and
S @ @ @ @ B ';,E" (5) contains four adjustable parameters introduced
SSSS = %> through the perturbing matrix I" into matrix T as
Ty TRy we have seen in Secs. I-III. These parameters
SRR YEE T, are the changes in the spring constants Ak, Ak,
322382 8 Ak and the displacement d of the defect from the
on-center position. The absorption spectrum for
RbCl:Ag"™ has been measured, and this allows us
S to adjust the theoretical absorption curves to the
22 experimental results in this case.
'}g Pl In Fig. 2 we reproduce the experimental curve
=2 32 8 obtained by Nolt!® and Kirby, Hughes, and Sievers.”
N ,é 1EZE= They used a sample containing 164 ppm of silver,
gl = 28885 and obtained three absorption bands at 21.3, 26.5,
g mr333S and 36.5 cm™!. Through electric field dichroism
= x ,;l ,c; Q:‘ a they were able to establish that the absorption oc-
& § magg curring at 36.5 cm™" corresponds to a vibration
g X RR == of the defect in a configuration equivalent to our
E x(B,5) described in Table III. The symmetry of
= = the other two peaks they were not able to identify
- L without ambiguity. These results are consistent
2 a=11 with the results of stress induced dichroism ex-
E 2& 8N periments by Nolt.!®
‘8* A f'é Kal To adjust our parameters we proceed in the
ol & 32k @ following way. We use the observed'® value for
g = ?EE the electric dipole moment of Ag* in RbCl of
g e p=0.78 eA to deduce an off-center displacement
g Eg‘ % :%- of d=0.33 A for the silver ion. This assumes
@ = == that the local field is given by the Lorentz local
= field E, . =[3/(2+¢€)] E and that the charge on the
3 —_ Ag* ion is equal to one- electron charge. By
I §.§ éé’ CRES adjusting the changes in the spring constants we
ﬁ == = T f observed that any increase or decrease of the
~11i1i%% %% effective spring constant (increase or decrease of
s ddSee S
ERxETFEE -—
- lfherE3bl | RbCiAg T=2%
R ER os
TS 23
o i = o4k |
SamdiE e 5
ARARAAERR % %3
XRRIRR == L o3 ]
2 265
g 02
g 3
S|se
2188 ouf 4
- s s
=} g5
2 E%
[} E s ol 1 I 1 L |
a t’%’ 3 5 20 25 30 35 40
é ° Frequency (cm™)
FIG. 2. Absorption spectrum of RbCl:Ag* according to

Nolt, Kirby, Hughes, and Sievers.



the Ak’s) was followed by a shift of the peaks to
higher or lower frequencies as expected. By
analyzing the position of the springs in Fig. 1 and
the normal modes given in Table III it is easy to
recognize that the peak sensitive to changes in
Ak, belongs to symmetry B, which from experi-
ments is known'” to be at 36.5 cm™. We noted
further that the A, peaks are sensitive to Ak, and
Ak, changes while the B, peaks are most sensitive
to Ak, changes. The results we show in Fig. 3.
By choosing, on the basis of Fig. 3, Ak, =-12700
dyn/cm, Ak,=-10200 dyn/cm, and Ak,=—9500
dyn/cm, we get the theoretical spectra of Fig.
4(a). The theoretical absorption band peaks occur
at 21.0, 27.2, and 36.5 cm™'. This is the closest
adjustment possible for the mesh we used for the
frequencies.

We were not able to choose Ak parameters so
as to get theoretical relative peak heights to be
the same as the experimental ones. We investi-
gated the sensitivity of these results to the specific
defect model used by performing a calculation in
which we include also the contribution to the per-
turbing matrix from transverse spring constant
changes. Even with changes of the order of 100%
in the unperturbed transverse spring constants
given by the shell model, the alteration in calcula-
ted infrared absorption was insignificant. The
position of the peaks remained unchanged and the
heights changed by less than 1%.

Figure 4(b) is the absorption spectra calculated
separately for each symmetry, i.e., the contri-
bution to the absorption by the modes belonging
separately to the A,, B,, and B, symmetries.

This allows us to identify the symmetry of the

$

H
kN
T

o
[l
T

Frequency (cm™)

[
N
T

n
@
T

n
ES
T

N s 3
-16 -5 Sia 13 Tz -1 -0 -9 Ak|(l03dyn;Cm)
q 13 <2 =1 =0 -9 -8 = bigli03dyn/cm)

x s Aky(103
5 w5 5 o5 o5 85 75 Tes dyn/crm)

—Increasing effective spring constant—

FIG. 3. Position changes of A, By, and B, absorption
peaks for different nearest-neighbor spring-constant
changes in RbClL:Ag*
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mode associated with each absorption band: the
peaksat21.3,27.1,and 36.5cm™"are of pure B,, A,,
and B, symmetry character, respectively. The
absorption at 98 cm™! is due to contributions of

all infrared active modes, principally B,. The
strong peak at 118 cm™! is due to the restrahl
frequency. At 140 cm™! is another absorption
band, again due to contributions of A,, B,, and
mainly B,.

B. Rubidium bromide doped with silver—RbBr:Ag*

There have been no infrared absorption experi-
ments done on the RbBr:Ag* system and we are
not able to adjust our model to experimental data.
We produce a graph similar to Fig. 3 which gives
us the behavior of the peaks under different values
of the spring constants. The value we used for the
displacement of the impurity from the off-center
position is again obtained from the electro-caloric
measurements of Kapphan and Liity® who obtained
for the uncorrected dipole moment 0.95 eA. We
correct this value in the same manner we did for
RbCl:Ag* and obtain for the displacement d =0.41
f\, where we used the value 5 for the dielectric
constant of pure RbBr."

The resulting diagram in Fig. 5 shows that for
RbBr:Ag* we also have three low-frequency ab-
sorption bands. They behave under changes of
the spring constants in a manner quite similar
to that of the low-frequency peaks of RbCL:Ag*.
This indicates that the mass of the nearest-neigh-
bors anion is not important in determining infra-
red absorption frequencies. This would be the

]

Absorption coefficient {cm)

Frequency {em™)
FIG. 4. Theoretical absorption spectra for RbCl:Ag*.

(a) Total absorption spectrum. (b) Contributions to the
absorption from normal modes of different symmetries.
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a2k

38

34t

30

Frequency (cm™)

261

=3 Bk 0dyn/erm)
—2 Aky(103dyn/cm)
= Bky00® dyn/cm)

-6 -15 -4 -13 -2 -1 -0
-14 -3 -2 =1 -0 -9 -?
-B5 -R5 -I5 -105 -95 -85 -75

——Increasing effective spring constant——-

FIG. 5. Position changes of A;, By, and B, absorption
peaks for different nearest-neighbor spring-constant
changes in RbBr:Ag?.

case if the modes corresponding to low-frequency
peaks involved only very small nearest-neighbor
amplitudes compared with the amplitude of the
motion of the impurity. This argument strongly
suggests that the normal modes which induce the
absorptions of RbCl:Ag* at 21.3, 26.5, and 36.5
cm™! are almost purely of the types x(B,6),
x(A,7), and x(B,5) described in Table III since
these are the symmetry|coordinates which in-
volve defect motion.

It is interesting to note that a totally harmonic
theory such as we have used here produces ab-
sorption peaks of nonzero width. Since the theory
is a harmonic one this width is not, properly
speaking, to be ascribed to a lifetime broadening.
It is better thought of as a band of infrared-active
mode frequencies produced by a harmonic pertur-
bation.

V. CONCLUSIONS

The main purpose of this paper has been to
develop a model which might be able to describe
basic features of the lattice dynamics of systems
containing (110) off-center substitutional impur-

"ities. We have developed a model for a [110] off-

center substitutional impurity which assumes the
impurity to have a mass different from that of the
ion for which it substitutes and also that there is

a change in the formal short-range core-core
forces which couple the impurity to its nearest
neighbors. We use the off-center position of the
impurity obtained from electro-caloric experi-
ments of Kapphan and Liity. We are left with three
adjustable parameters: the changes in the spring
constants which connect the impurity to its nearest
neighbors. For RbCl:Ag* we adjust them so as

to fit the position of three observed low-frequency
absorption bands. The theory does not correctly
give the observed relative peak heights. The per-
turbed phonons found in this way will, hopefully,
be useful in the understanding of phenomena in
which the lattice vibrations play a significant role
such as, for example, reorientation processes of
off-center Ag* in RbCl. On comparing the vari-
ation of absorption peak positions due to changes
of the spring constants (Figs. 3 and 5) for RbCl:Ag*
and RbBr:Ag* we were able to conclude that the
low-frequency absorption bands are probably
mainly due to the movement of the impurity. We
predict low-lying infrared absorption bands for
RbBr:Ag*. If they are observed Fig. 5 would help
one to find force constant changes and hence per-
turbed phonons for this system.

In our results we take advantage of the flexibility
offered by theoretical calculations to separate the
contributions to the absorption coefficient of nor-
mal modes belonging to different symmetries.
This enables us to identify, without ambiguity,
the symmetry of low-frequency absorption bands
for RbCl:Ag".

*Work done with the support of NSF Grant No. GP40094.

fPresent address: Institute de Fisica Quimica de Sao
Carlos, Brazil.
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