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Equilibrium orientations of diatomic-molecular impurities in cubic crystals
determined by a polarized Raman study of the stretching mode
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Polarized Raman measurements were performed on the A
&

stretching mode of static or reorient-

ing diatomic molecular impurities in cubic crystals. The equilibrium orientation(s) of the molecular
axes, most commonly lying along either the (110), (111),or (100) directions, can be determined

by a behavior-type (BT) analysis of the Raman spectra. This approach allows one to establish the
point group of the impurity ion without (i) applying any secondary fields or (ii) studying the experi-
mentally less accessible tunneling sidebands. The correspondence between the polarized Raman in-

tensities and the actual defect symmetry can be obscured when the stretching vibration is strongly
coupled to reorientational degrees of freedom, or, when the anisotropy of its derived polarizability
is relatively small. The BT analysis was tested on the stretching modes of CN in KC1 and KBr,
OD in KC1, and 02 in KC1 and KBr, establishing a C3„, C4„, and D» point-group symmetry, re-

spectively. The C4, symmetry for OH in KC1 and KBr is confirmed and a lower symmetry for
OH in NaC1 is established. The SH defect in KC1 is shown to possess C3, symmetry. A compar-
ison is made between the present Raman results and previous experimental work.

I. INTRODUCTION

Reorienting substitutional molecular defects in alkali
halides have been studied thoroughly over the years. In
order to describe their reorientational motion at low tem-
peratures two different models have been developed: (i)

The Devonshire model' studies the energy levels of a
classical free rotor perturbed by a cubic crystal field and
establishes potential minima along (100), (111), and
( 110) . (ii) More recently, theoretical models were

presented of quantum mechanical tunneling of defects in
a cubic multiwell potential. ' The simplest tunneling
models describe directional states with C4„, C3„and C2,
point-group symmetry (D4„, D3d, and D2t, ) for heteronu-
clear (homonuclear) molecular ions. Narayanamurti and
Pohl and, more recently, Bridges have published exten-
sive reviews of the theoretical and experimental contribu-
tions on this matter.

Several experimental techniques studied the behavior
of the defect under stress or electric fields and allowed
one to deduce the symmetry of the multiwell potential for
OH, OD, CN, and Oz in alkali halides. In con-
trast, Raman scattering has been used to probe the
dynamical properties of (reorienting) defects once the
symmetry was investigated. ' Durand and Liity were
the first to determine the symmetry of the potential wells
through a Raman study of the tunneling sidebands of the
CN defect in KC1.

In the present paper it will be shown that the
behavior-type (BT) analysis of the polarized Raman spec-
tra of the high-frequency stretching mode is a straightfor-
ward method to establish the equilibrium orientations of
reorienting diatomic molecular defects without field-
induced molecular alignment.

The BT method' ' was first applied to study the local
modes of the foreign halogen ( Y ) perturbed H center
[H ( Y )] in different alkali halides' and the Li+-
perturbed H center [H (Li+)] in KCI. ' Subsequently,
the BT method was used to interpret the resonant Raman
spectra of Tl (1) in several alkali halides, ' ' and of In (1)
and Ga (1) in KCl. ' An extension was necessary to ana-
lyze the polarized Raman spectra of the F„(Li+) center
in KC1 and KBr, ' and of the Tl+-unperturbed Tl (1)
center in KC1, KBr, and RbC1. ' The investigation of the
low-frequency resonance of the off-center Li+ defect in
KC1 contributed to the understanding of its anomalous
isotope shift observed upon Li-to- Li substitution.

The equilibrium orientations will be determined from
the polarized Raman spectra of the stretching modes of
OH, OD, CN, and 02 in several alkali halides. For
these defect systems the symmetry was established earlier
by several other experimental techniques. The molecular
axes of OH in KC1, KBr, and NaC1 lie along
(100). The investigation of CN was hampered for
some time by inaccurately interpreted experimental
data, ' but finally, a C3, (111) symmetry was estab-
lished. " Electron paramagnetic resonance (EPR)
measurements on the 02 ion revealed its potential wells
lying along (110). We also establish the C3„sym-
metry for the SH center in KC1.

II. EXPERIMENTAL DETAILS

The CN vibration was studied in KCl and KBr crys-
tals containing typically 0.5 wt. %%uoof KCNadde d to the
melt. KC1:OD was doped with 0.6 rno1% OD . The
KC1:SH samples were grown under a HzS vapor pres-
sure of 3 Torr. The measurements on 02 were per-
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formed on KCl, KBr, and NaCl crystals containing about
1 mo1% of the corresponding alkaliperoxyde. The Ra-
man spectra were excited with an Ar+ laser (514.5 and
488.0 nm) and a Kr+ laser (530.9 nm) at temperatures be-
tween 8 and 14 K. Details about the Rarnan setup can be
found in Ref. 12.

symmetries (Table VI in Ref. 12}. The polarized Raman
intensities are designated by I~ &

in which a and P
represent the polarization directions of the incident and
the detected scattered light, expressed in the reference
frame of the crystal (100) directions. The Raman inten-
sities equivalent to those of set 1 of optical geometry
pairs (OGP) (Table XI in Ref. 12) yield the s/q ratio:

III. BEHAVIOR-TYPE METHOD

A. General idea

I„y =I„,:—I,=s,

Iyy ——q,

(2a)

(2b)

The BT method developed for the analysis of polarized
Rarnan spectra of randomly or preferentially oriented de-
fects in cubic crystals allows one to determine within
clearly spelled-out limits the defect symmetry and the ir-
reducible representation of the studied vibrational mode.

The symmetry related form of the second-rank Raman
tensor is known from group theory The observed polar-
ized Raman scattering intensity is obtained by a discrete
average over all the equivalent orientations of the molec-
ular defect. The BT method shows that the information
about the defect syrnrnetry, contained in the Raman ten-
sor, is not completely washed out by this space average,
such that the symmetry of the directional states of the
molecular axis can be distinguished (see Sec. III C).

The essential point of the method' is the characteriza-
tion of an observed dynamical mode by a set of indepen-
dent intensity parameters (IP) deducible from the polar-
ized Raman spectra obtained in the traditional perpen-
dicular scattering geometry. The IP's are interrelated by
some simple arithmetical expressions, depending on the
Raman tensor of the mode and on the defect distribution
among its possible orientations. These relations, which
have been listed in Ref. 12, define the behavior type (BT)
of the mode. The following limitations are intrinsic to
the BT method (i) Only 25 representatiue dynamical
modes can be distinguished, and (ii) the observed BT may
exhibit a higher symmetry than the actual BT. This case
is called "accidental degeneracy" throughout this paper.

B. Behavior-type method for randomly oriented defects

In the BT method the measured Raman intensities are
expressed in terms of the IP. For randomly oriented de-
fects in cubic crystals, three independent IP's called s, r,
and q can be determined. These IP are functions of the
components of the second rank Raman tensor T:

(2c)

From OGP set 3 one can determine the s/q and r!q
values:

xy, z =
xy, zI =I =s

I„„=—,'(q+r )+s,

I„„„=—,'(q r) . —

(3a)

(3b)

(3c)

C. Behavior-type analysis of stretching
vibrations of molecular defects

Nonresonant Raman scattering is an instantaneous
process. Consequently, the polarized Raman spectra of
the stretching vibration reflect the low symmetry of the
directional states along ( 110), ( 111),or (100), and not
an averaged cubic symmetry resulting from the reorienta-
tional motion between these equivalent directional states.

The stretching mode of a free diatomic molecule be-
longs to the totally symmetric representation of C„„.
When expressed in the frame (x',y', z'} with z' along the
molecular axis, its Raman tensor has the following form:

a 0 0
C„„(A,): 0 a 0 (4)

0 0 a3

In the cubic lattice the form of the Raman tensor of
the stretching mode depends on the orientation of the
molecular axis. For heteronuclear diatomic impurities
oriented along (100), (111), and (110), the Raman
tensors, expressed in the crystal reference frame with
x

~[ [100],y ~([010],and z
~~
[001]are the following:

s =8kNIp( T ]p +T]3 + T23 }

r =8kNIp( T]
& T22+ T)]T33+ Tp2 T33 ),

q = 8kNIp( T
~ ] + T2p + T33 ),

(la)

(lb)

(lc)

a 0 0
C4(A):0 a 0

0 0 a3

a' b' b'

(Sa)

in which k is an instrumental ei.ciency factor, Io is the
intensity of the exciting light beam, and X is proportional
to the defect concentration.

The ratios s/q and r/q characterize the defect symme-
try and the irreducible representation of its vibrational
modes. For randomly oriented defects, seven different
sets of IP relations, i.e., seven different BT's can be dis-
tinguished (Table VIII in Ref. 12). The observed BT cor-
responds to a set of possible dynamical modes and defect

C~„(A, ): —c'
0

b'
a'

—c' 0
h' 0
0 a2

(Sb)

(5c)

Following the notations of Ref. 12 the symbols used in (5)
stand for
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TABLE I. The four observed behavior types (BT's), which can possibly be derived for the totally
symmetric mode of randomly oriented defects. The BT's are defined by the arithmetic relations be-
tween the q, r, and s intensity parameters (IP's) and are numbered according to Ref. 12. The actual
symmetries for diatomic impurities are indicated.

BT number

13
39
50
60

Symmetries

C3„[111],D3d [111]
C4„[100], D4g [100]

C,g(010), C)g(110), C2„[110],D,p[110]

a =—,'(x'x'+y'y'), a, =z'z',

a'= —,'a+ —,'a3, b'= ,'(a3 —a—), (6b)

h'= —,'(x'x'+z'z'), c'= —,'(z'z' —x'x'), a2 ——y'y' . (6c)

It has to be noted that the expressions (6c) for the com-
ponents of the Raman tensor (Sc) have been corrected in
comparison with Ref. 12. The Raman tensors (5) also ap-
ply to homonuclear molecular impurities.

Since we are studying the stretching vibration, i.e., a
totally symmetric mode, the number of different BT's,
which can be derived from the polarized Raman data,
reduces from seven to four. These four BT are listed in
Table I.

tion angles is not valid when s/q is close to zero and r/q
is close to unity. This is the case for the CN ion in KC1
and KBr. For this center we have evaluated the errors by
simultaneous measurements on CN and a "sensitive"
defect, e.g., SH, and by testing the reproducibility of the
values for CN

Some representative spectra are shown in Figs. 1-3. A
set of calibration measurements on liquid CC14 is includ-
ed as a reference for the experimental accuracy.

Equations (2) and (3) permit the calculation of the s/q
and r/q values from the polarized Raman data. The re-
sults are presented in Table II.

B. Analysis of the polarized Raman data

IV. EXPERIMENTAL RESULTS

A. Accuracy, sample orientation, and
calculation of the s/q and r/q ratios

Table II contains the s/q and r/q values for several vi-
brational stretching modes. It illustrates the importance
of very accurate polarized Raman measurements.
Without a precise knowledge of the accuracy it is impos-
sible to distinguish between an IP being zero (one) or be-
ing very close to zero (one). Therefore, we have very
carefully tested the alignment of the laser beam and of
the polarization directions on the polarized Raman prop-
erties of the totally symmetric mode of CC1~, (at 460
cm ) in the liquid phase. We have measured the intensi-
ties analogous to those of OGP set 1 [see (2)]. The
breathing mode of CC14 is characterized by a zero s/q ra-
tio, ' or equivalently, a zero depolarization ratio p.
Moreover, the equality in (2c) should hold for any mode,
when the experimental setup is accurately aligned. In
our reference measurements on liquid CC14 we systemati-
cally achieved values for s/q and Iy yz/I, of the 460-
cm ' mode, better than 0.008 and 0.99, respectively (see
Fig. 1).

Misalignment of the crystal axes in the laboratory
reference frame obscures the actual s/q and r/q ratios.
In Table XIV of Ref. 12 the errors on the polarized Ra-
man intensities are calculated as a function of small-angle
rotations of the sample around the three crystal direc-
tions. It can be verified that improvement of the 45 set-
up, associated with the relation (2c), guarantees the s/q
and r/q values well determined to second order in the de-
viation angles. However, the expansion for small devia-

1. OH

Peascoe et al. ' presented the polarized Raman data
for OH in KC1, KBr, and NaC1. The spectra are con-
ventionally denoted as A

&g T2g and Eg. Starting from
the relations

1

Ixy, z 2 T2g (7a)

(7b)

zy, zy A ]g+ 4Eg+ z 2g (7c)

one can relate the A &, T2g, and Es spectra to the s/q
and r/q values:

S= )T2g )

q= A)g+E

r=A, ——,'Eg .

(8a)

(8b)

(8c)

The s/q and r/q ratios, which we derived from the
spectra and the numerical results of Refs. 8 and 9, are
presented in Table II. For OH in KC1 and KBr, BT 50,
corresponding to the C4, symmetry, is established. The
s/q value of 0.06 for NaCl:OH can be interpreted either
as being definitely different from zero, or as erroneously
different from zero because of inaccurate alignment. We
did not perform any measurements on OH, but we mea-
sured the s/q for KC1:OD . The obtained s/q ratio of
0.00+0.01, clearly pointing to BT 50, convinced us that
accurate polarized Raman measurements do allow one to
deduce unquestionably the zero character of a particular
IP. Assuming that the measurements in Ref. 8 on OH
in NaCI were performed with the same accuracy as those
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TABLE II. Results of the behavior-type (BT) analysis of the stretching mode for several diatomic molecular ions in difterent alkali

halides. Peak positions are given together with the experimentally determined s /q and r /q ratios and the corresponding BT, accord-

ing to Ref. 12. The observed BT symmetry is compared to the actual symmetry as determined by other experimental techniques.
Note the "accidental degeneracy" for NaC1:02

CN

SH

OH s

OD

KC1
KBr
KC1
Kcl
KBr
NaCl
Kcl
KBr
NaC1
KC1

Peak position
(cm- ')

2089
2078
2593
1 149
1 137
1 148
3643
3618
3652
2685

s /q

0.04+0.01

0.04+0.01

0.38+0.03
0.28+0.04
0.2620.07
0.40+0.07

0.02
0.01

0.06
0.00+0.0 1

r /q

0.98+0.03
0.98+0.03
0.97+0.07
0.39+0.05
0.40+0.12
0.95+0.07

0.78
0.75
0.85

BT
number

39
39
39
60
60
39
50
50
60
50

Observed
BT symmetry

C3,
C3,
C3„
D2~

D2
D
C4„
C4„
Cii
C4„

Actual
symmetry

Csv
bC3,,

C3„'
d

Dz„'
Dz~

d

f
C4„

hC4„
C4u s Clb

'From Refs. 1 1, 32, 33, and 34.
bFrom Ref. 33.
'From Ref. 38.
From Refs. 35, 36, and 37.

'Case of accidental degeneracy (see Sec. IV).

'From Refs. 24, 26, 27, 28, and 29.
sRaman data from Refs. 8 and 9: Errors are not estimated for these s /q and r /q ratios.
"From Refs. 24, 26, and 28.
'From Refs. 25, 27, and 28.
'From Ref. 47.

in KCI and KBr, we consider the s/q ratio in
NaC1:OH as being different from zero. The conse-
quences of this assumption are considered in Sec. V.

2. CN

We have interpreted the s /q value of 0.04 in both
KC1:CN and KBr:CN as nonzero. The reproducibili-
ty of this ratio in six independent experiments and in
crystals with different CN concentrations, together with
the measurements on KCI:OD (see Sec. IV B 1), support
this interpretation. Consequently, the observed BT of
CN in KC1 and KBr corresponds to the C3„point
group The s/. q value of 0.04 originates from the relative-
ly small anisotropy of the deriued polarizability (See Sec.
V).

For all investigated molecular impurities a comparison
was made between the s /q and r/q ratios calculated with
peak height intensities and integrated areas. Both ways
gave identical results except for CN ~ The integrated
intensities provide evidence for sidebands only in the
T2g spectrum as was established earlier by Durand and
Luty.

3. 02

The polarized Rarnan spectra of Oz in KC1 and KBr
possess a BT 60, corresponding to the D 2jlI symmetry.
The similarity of the data in KC1 and KBr contrasts with
the measurements on 02 in NaC1 (Table II). Clearly,
there is a strong inhuence from the surrounding ions.
The r /q ratio, which is in NaC1 very close to unity, re-
veals a BT 39, associated with a D3& [111]symmetry.
This is at variance with the EPR measurements on
02, establishing the D 2& symmetry in KC1, KBr,
and NaCl. However, BT 39 is consistent with BT 60
(Table X in Ref. 12). This "accidental degeneracy" illus-
trates one of the major limitations of the BT method.

The large experimental errors, mainly statistical errors
due to the relatively weak Raman signals of 02 in NaC1,
make a distinction between the BT 60 and the BT 39 im-

possible. Smaller error bars on the r/q ratio could lift
the accidental degeneracy. We note that the s/q value of
0.26 for 02 in KBr is in strong disagreement with the
earlier reported 0.04 value. '

4. SH

For SH in KCl, BT 39 is established corresponding to
the C3„symmetry. This is in disagreement with results
by Chi and Nixon obtained with the infrared absorption
technique: A "reasonably good fit" was found with the

simple Devonshire model for equilibrium orientations
along ( 100). Bron and Dreyfus also interpreted their
paraelectric resonance spectra in terms of a ( 100) orien-
tation for the SH axis. Otto's infrared measurements,
which do not decide upon the actual symmetry, agree
with our Andings in the sense that they also exclude the
C2„symmetry. This is useful in giving up any doubts
about a possible accidental degeneracy. The C3, symme-
try derived in this paper agrees with the result from uni-
axial stress measurements.

The observed BT 39 together with our observation that
one cannot create a nonrandom distribution of the SH
impurities with [ 110]-polarized uv light, indicates that
SH in KC1 is reorienting among eight equivalent poten-
tial wells along ( 111), while it performs its own vibra-
tional stretching mode.

V. DISCUSSI(3N

A. Anisotropy of the molecular ion

The expressions (5) and (6) show that the s/q ratio for
C3 and the r /q ratio for the C4„point group are directly
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related to the anisotropy of the free molecular ion, i.e.,
the ratio a3/a. For C2„ this correspondence is not
present, since the orthorhombic symmetry introduces a
third independent component in the Raman tensor.

For CN in KC1 and KBr the small s/q ratio reflects
the small difference between the derived polarizabilities
parallel (a3 ) and perpendicular (a ) to the molecular axis.
In the limit of zero anisotropy the A, mode of C4, is
detected as a T:A mode. ' Small anisotropy of the de-
rived polarizability tensor of the stretching mode may
yield the observation of a higher symmetry than the actu-
al defect symmetry: It is a typical case of accidental de-
generacy, one of the major restrictions intrinsic to the BT
method.

The ratio a3/a is calculated for the Raman tensors (Sa)
and (Sb) from the experimental s/q and r/q ratios in
Table II. The two possible solutions of the quadratic
equation are presented in Fig. 4. We favor the upper
branch of the solutions as the physical one, since the
change of sign of a3/a for the isoelectronic impurities
OH and SH in the same host lattice does not seem
realistic. Moreover, one can argue, following Peascoe
and Klein, that in OH and SH mainly the bonding o
electrons will be influenced by the stretching vibration, in
contrast with the nonbonding n. electrons. Therefore, a
ratio a3/a larger than unity is more likely. It is also in-

teresting to note the different behavior of the molecular
(ion) polarizability and its derivative to the stretching
mode: In Fig. 4 it is shown that the anisotropy of the de-
rived polarizability is small for CN and larger for OH
a situation which is apparently reversed for the polariza-
bility itself.

The s/q and r/q ratios of 02 do not permit an inter-
pretation in terms of x'x'/z'z' and y'y'/z'z' of (5c) and
(6c). The set of coupled quadratic equations yields four
solutions for the ratios x'x'/z'z' and y'y'/z'z' with
different magnitudes and signs. Elimination of one of
these solutions is not obvious, since it is difBcult to esti-
mate the influence of the A

&
mode on the bonding m elec-

trons.
The r/q ratio of approximately 1 for the Oz vibration

in NaC1 suggests a trial solution of the coupled quadratic
equations of z'z'/x 'x ' =z'z '/y 'y ' = 1. However, these tri-

al values are not at all compatible with the s/q ratio of
0.40. For 02 in NaC1 the accidental degeneracy, i.e.,
the observation of the D3d point group for a defect with

D2& symmetry, is clearly not related io the small anisot-
ropy of the derived polarizability.

B. Coupling of the stretching vibration to the tunneling motion

Tunneling sidebands of the stretching mode, originat-
ing from Raman transitions between the ground-state
tunneling multiplet and the one in the excited vibrational
state, possess polarization properties different from those
of the stretching peak. When not completely resolved,
these sidebands contribute to either the A ]g the T2g, or
the Eg spectra of the stretching mode, which quantita-
tively influences the s/q and r/q ratios.

Both the intensity and the splitting of the tunneling
sidebands are larger for a larger overlap between the
wave functions of different rotational states in the ground
and the excited vibrational state. This yields the for-
tunate situation that for systems with poorly resolved
tunneling sidebands, the influence of the latter on the s/q
and r/q ratios is comparatively small.

For the CN defect in KC1 (tunneling splitting 1.2
cm ') Durand and Liity" have detected sidebands of the
stretching mode permitting the determination of the C3„
symmetry of the equilibrium orientations of CN . With
a less powerful laser and samples with a relatively high
CN concentration —which washes out the sideband fine
structure —we obtained evidence for these tunneling side-
bands, albeit only in the T2g spectrum. This is demon-
strated by comparing the integrated areas of the polar-
ized Raman intensities of several measurements, yielding
an s/q value of 0.057+0.008, which was systematically
larger than the one derived from the peak heights
(0.036%0.007). In contrast, the r/q values are equal
within experimental error for both ways of calculation.
The expressions (8) illustrate the difl'erent behavior of
these two IP ratios: The s/q value displays the Tzz tun-
neling sidebands of the stretching mode in the integrated
spectrum. We deduce a sideband intensity in the yz spec-
trum to be 1%%A of the yy intensity of the stretching peak
in agreement with the earlier results. " No such effect
was observed for 02 in different host lattices, in agree-
ment with the much smaller tunneling splitting (=10
cm ') of this center.

6-
KCL. SH

3
2- z ~

NaCl OH
KCl CNk ~

0
I

15

g 0
KBr OH

Kt:L OH
~ 0

a
8' s

?5 5.5

FIG. 4. Representation of the molecular anisotropy a3/a for
defects with C3„and C4„symmetry as a function of the
difference d between the two solutions for a3/a of the quadratic
equation with parameters s/q and r/q (see Table II).

C. Interaction with the host lattice

Table II shows that in KCl and KBr the s/q and r/q
values of the stretching modes of 02 and OH are rath-
er similar. However, in NaCl the smaller lattice parame-
ter yields quantitatively different polarized Raman inten-
sities.

I. NaCl:Oq

For the 02 ion EPR measurements established a
different electronic structure depending on the alkali
halide host. The molecular axis is oriented along (110)
in every crystal. However, in potassium and rubidium
halides the probability density of the wave function of the
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unpaired pne. lectron is the highest in a I001I plane con-
taining the molecular axis, but in sodium halides this den-
sity is maximum in a I 110I plane. Moreover, in KC1 and
KBr a covalent bond exists between these pm orbitals and
the nearest alkali atoms, which is not the case in NaC1.
Possibly, the different electronic structure of 02 in
NaC1 is rejected in the Raman spectra of its stretching
mode, yielding the surprising result of an observed D3d
symmetry.

2. NaCl:OH

Considering the C&„point group for the NaCl:OH
system, it should be emphasized that the value of 0.06 for
s/q cannot originate from tunneling sidebands [see (8)],
since the only Raman-allowed sideband intensities for
this symmetry appear in the E spectrum. Therefore, the
measured IP correspond to an observed BT 60, associated
with either the Ag mode of the D2„[110]symmetry, or
the A' mode of the C&& symmetry, refiecting a tilting of
the OH axis away from [100] into two equivalent I011]
or I001] planes. This small tilting angle agrees with the
results of Baur and Salzman, ' who calculated the
(100) orientation of the OH axis not to be the lowest-
energy configuration: The potential energy decreases for
a small deviation from the (100) direction towards the
next-nearest-neighbor Cl ion.

VI. CONCLUSION

The BT analysis of the polarized Raman spectra of the
stretching mode is demonstrated to be a new and depend-
able method to derive the equilibrium orientations of
static or reorienting substitutional diatomic molecular
ions in cubic crystals. It is stressed once more that the
Raman tensor of the totally symmetric stretching mode
does refiect the symmetry of the defect. This has not
been appreciated up until the present investigation.
Consequently, the information retrievable from the polar-
ized Raman data of the stretching mode is considerably
larger than traditionally and implicitly accepted.

The experimental results, confirmed by earlier work
and different techniques, underline the general dependa-
bility of the method. Its main advantages are (i) simplici-
ty of the experimental technique, i.e., no secondary field
is needed, and (ii) the possibility of measurements on
strong signals, i.e., on the stretching mode itself and not
on the weak tunneling sidebands. The latter point im-
plies tht; applicability to centers with unresolvably small
tunneling splittings, such as 02 . Application to defects,
which are not paramagnetic, is also possible, making the

Raman scattering technique in a sense complementary to
EPR.

In general, it should be mentioned that the BT of the
stretching mode of a reorienting molecular system is ex-
pected to be temperature dependent. However, at tem-
peratures corresponding to thermal energies below the
height of the multiwell potential barriers, the Raman pro-
cess probes the stretching motion within one orientation-
al potential well.

It could be interesting to investigate the OH defect in

KI, in which the molecular axis is oriented along
(110). ' ' ' A comparison of the anisotropy of the
derived polarizability between OH oriented along
(100) and (110) can give information about the
influence of the host lattice on its molecular properties.
We are planning additional measurements on Oz in oth-
er alkali halide host lattices in order to obtain more de-
tailed information about the vibronic coupling of this
center.

The present study is relevant in the context of the so-
called FH centers, in which the molecular impurity is ad-

jacent to an F center in a next-nearest-neighbor position.
For these defects electron-nuclear double-resonance (EN-
DOR) measurements on the F center have probed the
orientation of the molecular ion. ' It would be interest-
ing to compare the ENDOR data to the Raman data of
both the isolated molecular impurity and its associated
FH center. The FH(CN ) centers are of considerable ac-
tual interest because of their vibrational luminescence un-

der F-band excitation, ' offering perspectives for the
design of infrared lasers. " The Raman technique, to-
gether with the behavior-type method, is certainly a suit-
able approach to study the coupling between electronic
and vibrational states in these systems.
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