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The vibrations of the C, molecule and of the C, ,K, C,, and K, C, crystals are classified by
group theory. In crystals, the intramolecular H, vibrations should split into doublets which are
active in Raman scattering. In addition, bands corresponding to translations of potassium atoms
and to reorientations of C,, molecules should be seen in the Raman spectra and the IR absorption
spectra of K, C,, and K, C,, . Raman spectra of C, and K, C,, films were recorded during
excitation at the wavelengths Ai= 488,5 14.5,647.1, and 1064nm. The K, C,, spectra reveal a
splitting of the H, modes into doublets. These spectra also have some low-frequency bands, which
are assigned to translations of potassium atoms and to reorientations of molecules. In C,, ,the
intensity of the A, modes is determined exclusively by the Franck-Condon factor, while that of
the H, modes is determined exclusively by the Herzberg-Teller interaction. The changes
expected in the internuclear distances in the excited state of C,, are similar in shape to the normal
A, vibration at 1468cm - '.The A, modes have an anomalously low intensity in K,C, in the case
of excitation at A, = 1064 nm. This effect is attributed to an interference of the contributions from
different electronic states. The second-order Raman spectra are discussed.

1. INTRODUCTION

The discovery' of superconductivity in the fullerene
C, doped with an alkali metal ( M = K, Rb, or Cs) has
heightened interest in the spectroscopic and other physical
properties of the new class of high-Tc superconductors with
the general formula M,C,, . It turns out that the superconductivity is observed only at x z 3 , and Tc can reach 33 K
(Ref. 2). At the maximum doping level (x 6), the superconductivity disappears.
For the fullerene C,,, we now have Raman scattering
spectra,'-' IR absorption
neutron-scattering
spectra,14 electron-absorption spectra," and triplet-triplet
' ~ neutron scattering spectral7
absorption ~ p e c t r a . ' ~ .The
and the Raman spectra4.' have also been studied for K, C,, ;
Raman spectra have been measured for M, C,, (Refs. 4, 6,
and 8). All the Raman-active ( 2 4 , 8H,) and IR-active
(4Fl, ) intramolecular vibrations of the C,, molecule have
been observed in the vibrational spectra. Furthermore, the
Raman spectra of K, C,, have a continuum, which has been
attributed to a Raman scattering by low-energy electronic
excitations and also to a Fano resonance of a low-frequency
intramolecular vibration with this continuum.' As the number of alkali metal atoms increases, the high-frequency tangential mode A, softens significantly (Refs. 4 and 6). This
softening has been attributed to a lengthening of the C-C
bond as the result of charge transfer.
The interpretation of the vibration spectra of C, and
M, C,, has so far been based on the isolated C,, molecule.
Although the intermolecular interaction is expected to be
much weaker than the intramolecular interaction in molecular crystals such as the solid fullerenes, it is worthwhile to
determine how the crystal field affects the vibrational properties of these crystals. There is particular interest in the
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observation of intermolecular modes (translations of alkali
metal atoms and translations and reorientations of C, molecules), since they may be responsible for the low values of
T, (Ref. 18) in the phonon theories for the superconductivity of M, C,, (Ref. 19). We have accordingly undertaken an
effort to observe the low-frequency intermolecular modes in
the Raman spectra of C, and K,C,, and also determine
how the crystal field affects the spectra of the intramolecular
vibrations.
The electronic spectra of C,, and M, C,, have received
less study, but electronic absorption spectra of C, (Ref. 10)
and photoemission spectra of C, and K, C,, (Ref. 20) have
been reported. The electronic structure of C,, has been cal~ u l a t e d . ~ ' It
, ~has
' been found that the lowest allowed electronic transition in C, has a wavelength shorter than 350
nm (Refs. 10, 21, 22). In addition, some faint absorption
bands have been observed in the visible part of the spectrum" and have been assigned to symmetry-forbidden electronic transitions in C,, (Ref. 15) .
According to photoemission data,20 the energy distance between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) decreases from 4 eV in a C, film to 1.6 eV when
C, is completely saturated with potassium atoms. Such a
striking change in the energy gap should have an important
effect on the Raman spectra, for when the spectra are excited
in the usual way, by light in the visible region, the energy of
the exciting photons is much smaller than (in the case of
C, ) or greater than (in the case of K,C, ) the energy gap.
In the present study we have investigated the resonant excitation profiles of the Raman scattering in C,, and K, C, in
the region 1.16-2.54 eV in order to identify the mechanisms
for the intensification of the resonant Raman scattering.
Let us briefly outline the paper. In Sec. 2 we present
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midpoint of the bond between two neighboring hexagons
and the center of the molecule [along the C2 axis of the
molecule (Fig. 1) 1. The x axis (like they axis) of the crystal
is either parallel to or perpendicular to this bond. In the
K, C,, crystal, the molecules do not rotate; their orientation
is the same as in K, C,, , except that it is fixed.
2.2. Intramolecular vibrations in the isolated C,, molecule
and in the C,, ,K,C,, ,and K,C,, crystals

FIG. 1. The C,, molecule and some of the symmetry axes.

structural data and the results of a group-theory analysis of
the vibrations in C, and K, C,, . The experimental Raman
spectra are discussed in Sec. 3. Here the experimental procedure is described (Subsec. 3.1 ), the intramolecular and intermolecular vibrational spectra are reported (Subsec. 3.2),
the mechanisms for Raman scattering in C,, and for resonant Raman scattering in K,C, are studied (Subsets. 3.3
and 3.4), and the second-order Raman spectra are discussed
(Subsec. 3.5).
2. GROUP-THEORY ANALYSIS
2.1. Structural data

The C,, molecule has icosahedral symmetry I,.All 60
carbon atoms lie on the surface of a sphere about 7 A in
diameter, forming 12 pentagons and 20 hexagons (Fig. 1) .
The carbon atoms occupy sites characterized by the symmetry point group C, .
Table I shows structural parameters of the crystals.
While the C, and K, C, crystals have anfcc lattice, K,C,
has a bcc lattice.
At room temperature, the molecules in a C,, crystal are
rotating freely.26As the temperature is lowered (below 260
K ) , a transition occurs from an isotropic rotational diffusion
to hops of molecules between symmetry-equivalent orientat i o n ~ . ~According
'
to other data,28the molecular reorientations cease as the temperature is lowered.
In the K, C,, crystal, the orientations of the C,, molecules are statistically disordered in two dimensions, in such a
way that the z axis of the crystal always passes through the

Knowing the symmetry group of the free C,, molecule
and the positional symmetry group of the carbon atoms, we
can easily determine the vibrational representation for the
isolated C,, molecule by the method of positional symmetry:29

In this representation, one Fluvibration and one F,, vibration correspond to the translation and rotation, respectively,
of the molecule as a whole. The other vibrations are intra8H, are Raman-active, while
molecular; of them, 2A,
4Fl, are IR-active. The same vibrational representation was
derived previously, by a more complicated method, involving projection operators of icosahedral symmetry.30
The primitive cell of the C,, , K, C,, , and K, C,, crystals contains only one C,, molecule (Table I). We would
thus not expect a dynamic interaction of the molecules, so we
would not expect a Davydov splitting of the intramolecular
vibrations. However, the positional symmetry group of the
molecules in the crystals (Table I ) is lower than the symmetry of the isolated molecule, I,. We would thus expect the
degeneracy of certain degenerate vibrations to be lowered by
a static crystal field ( a Bethe splitting). This effect can be
analyzed by means of the correlation of irreducible representations of the point groups of the crystal and the positions.
It follows from this analysis that the Raman-active,
quintuply degenerate H, vibrations should split into Raman-active doublets (Eg F2, in C,, and K, C,,; E, F,
in K, C,, ) . The nondegenerate Raman-active A , vibrations
and the IR-active F,, modes do not split. The crystal field
should thus cause the eight bands of symmetry H, in the
Raman spectra to be replaced by eight doublets, whose components differ in symmetry. The distance between the components of a doublet can serve as a measure of the strength of
the crystal field.

+

+
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TABLE I. Structural parameters of the fullerene crystals.
grysta

I

Symmetn
space group

z

zp

Positional symmetry group

1.1

C,, molecules( K atoms

I

8

Ceo

I 1 1 1
I

F n j m (Oh5)

I

I

j

Source

1231

Notation. Here z, and z, are the number of formula units in the unit cell and the primitive cell,
respectively, and a is the lattice constant.

*Of the 12 potassium atoms in the unit cell in the K,C,,, crystal, four are in octahedral 0,sites,
and eight are in tetrahedral T, sites.
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2.3. Intermolecular vibrations of C,, molecules; translational
modes of potassiumin C, ,K,C6,, and K6C,, crystals

The vibrations in the C,, molecular crystal can be classified as either intramolecular vibrations (which we discussed above) or intermolecular vibrations, consisting of
translations and reorientations of C, molecules with respect to each other. In the K, C,, and K, C,, crystals, translational motions of the potassium atoms are added to the
intermolecular vibrations. Intermolecular vibrations can
again be analyzed by the positional-symmetry method.29As
a result, the vibrational representations of the intermolecular modes are found to be

for the C,, K, C,,, and K,C, crystals, respectively. The
index K specifies a mode in which only potassium atoms
participate; the index M specifies C,, molecules exclusively;
and both potassium atoms and C,, molecules participate
where there is no index. These representations include one
triply degenerate acoustic mode (Fluin C, and K, C,,; Fu
in K, C,, ) .
Accordingly, only the one mode F,, (corresponding to
a reorientation of the C,, molecules) is an optical mode in
the C,, crystal, but this mode is Raman- and IR-inactive.
Active in the Raman spectra are one translational mode of
potassium (F ) in K, C,, , four translation modes of potassium ( A + E + 2F;), and one orientational mode of the
C,, molecules ( F r) in K,C,, . Two (three) translational
modes are active in the IR spectra of K, C,, (K, C,, ). These
modes involve both potassium atoms and C,, molecules.

KK

3. EXPERIMENTAL RESULTSAND DISCUSSION
3.1. Experimentalprocedure

The C,, and K, C,, films, =: 1p m thick, were deposited
on substrates of crystalline silicon or glass by the standard
technique." The K,C,, film was sealed-off in an evacuated
glass tube.
The Raman spectra excited at a wavelength A, = 1064
nm were analyzed on a Bruker IFS 88 Fourier spectrometer.' The spectra excited by the lines from the argon-krypton laser (488-647.1 nm) were recorded by a multichannel
spectrometer with a triple reduction of spectral
The
spectral resolution was =:4 cm- I . The laser power did not
exceed 10 mW. The power density reached 100 W/cm2. The
Raman scattering intensity was calibrated on the basis of
Raman scattering lines of calcite. The exciting laser beam
was incident at a grazing angle.
In the case of the C, film, which was exposed to the
atmosphere and thus to the effects of oxygen, the spectra
were recorded after 10-15 min of illumination with the laser
beam (at 514.5 nm), in order to reach equilibrium conditions for the sample.'
3.2. Raman spectra of intramolecularand intermolecular
vibrations

3.2.1. .
,
C Figure 2 shows Raman spectra of a C, film excited at various wavelengths. At Ai= 488 nm we see ten
160
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FIG. 2. Raman spectra of a C,, film. a-Excitation
and c-1064 nm.

W , cm-l

at the wavelength

A, = 488, b-647.1,

bands in the spectrum, two of which (496 and 1468 cm I )
correspond to A, vibrations,, while the eight others correspond to quintuply degenerate H, vibrations. This result
corresponds to the results of the group-theory analysis [see
( 1) 1. The frequencies in the Raman spectra of the C,, and
K,C,, films are shown in Table 11. Their identification is
also shown here, and the experimental results are compared
with the theoretical results. The shapes of the normal vibra. ~ particu~~~~
tional modes are known from c a l ~ u l a t i o n s In
lar, the band at 496 cm- ' corresponds to completely symmetrical radial breathing vibrations of all carbon atoms, and
the band at 1468cm - ' corresponds to a tangential motion of
atoms in the course of which the carbon atoms in the pentagons undergo breathing vibrations along the tangent to the
surface of the sphere. The shapes of the low-frequency H,
vibrations also correspond to radial displacements of the
atoms, while those of the high-frequency vibrations correspond to tangential displacements. In particular, the mode
at 271 cm - ' corresponds to a vibration which deforms the
spherical molecule into the shape of a rugby ball.
The H, band at 271 cm - ' has a significant low-frequency asymmetry, which can be interpreted as an overlap of
components. The other H, bands do not exhibit a splitting.
If there is a splitting here, it is smaller than the width of the
bands. A small splitting is evidence of a weak crystal field.
This situation may be a consequence of a free rotation of the
molecules and also of a weak van der Waals intermolecular
interaction, which determines the strength of this field.
In accordance with the group-theory predictions [see
( 2 ) ] , we were unable to find low-frequency bands
( < 270 cm- ') in the region w>30 cm - '. Such bands might
-
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TABLE 11. Frequencies of the bands (in reciprocal centimeters) in the Raman spectra of C,
and K,C, crystals.

*In addition to the frequencies specified here, the spectrum has bands at 30,40(?), 48, 72, and
105 cm-' (see the text proper).

'

have been attributed to intermolecular modes in the C,
film.
3.2.2.K6C6,.The Raman spectra of the K, C,, film (Figs. 3
and 4; Table 11) are quite different from the spectrum of the
C,, film (Fig. 2 ) .
First, several low-frequencybands appear in the K,C,
spectrum: at 33, 48, 72, and 105 cm - '. Of these bands, the
first two can be seen only in the case of excitation at
Ai = 647.1 nm, in which case the parasitically scattered light
is suppressed relatively effectively in our spectrometer. In
addition to these bands, the spectra reveal another, very
weak band near 40 cm- ', which is seen as a slight knee on

the intense band at 33 cm - (Fig. 4). These bands can naturally be attributed to intermolecular modes, since we would
E, + 3F,) in this
expect five intermolecular bands (A,
frequency region according to the group-theory predictions
[see (2) 1. Of these five bands, four (A,
E, 2F, ) should
correspond to translational motions of potassium atoms,
and one (F, ) should correspond to orientational vibrations
of the C, molecules with respect to each other.
We have a few comments regarding the identification of
the bands. We would expect the frequencies of the translational vibrations of the light potassium atoms to be higher
than the frequencies of the orientational vibrations of the
large C, molecules.32 In particular, the band at 105 cm - '
can thus be attributed to translational vibrations of potassium atoms. On the other hand, the intensity of this band

FIG. 3. Raman spectra of intramolecular vibrations of a K,C, film. aExcitation at A, = 488, b 6 4 7 . 1 , and c-1064 nm.

FIG. 4. Raman spectra of the intermolecular vibrations of a K6C6, film.
a-Excitation at Ai = 488, b--514.5, and c-647.1 nm.
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increases sharply with decreasing excitation wavelength
(Fig. 4 ) , i.e., as we approach an allowed electronic transition. Properties of this type are usually exhibited by a
Franck-Condon component of the Raman cross section;
such a component is important only for completely symmetric vibration^.^^ On this basis we assume that the band at 105
c m ' can be attributed to A, vibrations. The preferred assignment of the band at 33 cm- to orientational vibrations
is based on the circumstance that orientational vibrations
are usually intense in Raman spectra.32
The comparatively large width of the 72-cm- band
among the low-frequency bands is interesting. This width
may be a consequence of a strong interaction of this phonon
with charge carriers. If so, we could regard this low-frequency band as one of the ones responsible for the low value of T,
in the superconducting system M, C,, (Ref. 18).
According to the group-theory analysis, the quintuply
degenerate intramolecular vibrations Hg should split into
doublets E, + Fg in the Raman spectra of K, C,, . Indeed,
we see such doublets, at least for six bands (Table 11) with
splittings ranging from 7 to 34 cm-I. The appearance of
these bands is undoubtedly evidence that the crystal field in
K,C, is stronger than that in the C,, crystal. This field
intensification may be a consequence of charge transfer from
potassium atoms to atoms of the C, carbon molecules, as in
the case of intercalated graphite.34 Charge transfer in intercalated graphite is accompanied by a strengthening of the
carbon-carbon bond.34 It has been suggested7 that this
strengthening may be responsible for the shift of the bands
upon the doping of C, . Comparing the spectra of C,, and
K,C,, we find the most noticeable low-frequency shifts for
the following bands (Table 11): 709 (C, ) -.(655-675)
(K6C6,), 772- (726-760), 1250- 1234, 1424- 1386,
1468- 1430, and 1574- (1473-1480) cm- '.

'

3.3. Mechanismsfor resonant Raman scattering in C,,

When the Raman scattering of the C,, film is excited by
the lines of the argon-krypton laser, the spectra are resonantly intensified, since the exciting light falls in an absorption
region,'' although the band of the allowed electronic transition is at A < 350 nm. In this case it is convenient to expand
the Raman polarizability in a Taylor series in the internuclear coordinate in order to analyze the mechanisms for the
. ~ ~ first two terms of this expansion
resonant ~ c a t t e r i n g The
determine the basic components of the Raman intensity. The
first term corresponds to the Franck-Condon component,33
and the second to the Herzberg-Teller intera~tion.~,
The Franck-Condon component is important only for
completely symmetric vibrations (for the A, vibrations in
C,, ). It increases dramatically as we approach an allowed
. ~ ~ Herzberg-Teller interaction beelectronic t r a n ~ i t i o nThe
comes important when the exciting light falls in a weak elecThe Herztronic band near a strong electronic tran~ition.~,
berg-Teller component differs from the Franck-Condon
component in that it may determine the Raman intensity for
both completely symmetric and asymmetric modes. To determine the possible Herzberg-Teller components of certain
modes of C,, or others, we must resort to group theory.
For this analysis we make use of the circumstance that
the intense absorption band in C,, corresponding to an al162
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lowed electronic transition has the symmetry F l u ,while the
weak bands in the visible region, which correspond to symmetry-forbidden transitions,I5 can have a variety of symmeThe only ones which are important for an analysis
of the Herzberg-Teller component of the Raman scattering
are odd representations (I;;,, G , , and H, ), since only these
representations can lead to even representations which are
active in Raman scattering in direct products with Flu.
These products are

It can be see from ( 3 ) that the expansion of direct representations has no completely symmetric representations A,, but
there are some Raman-active, quintuply degenerate H , vibrations. In the Raman spectra of the C, molecules, the
major components of the Raman scattering (the FranckCondon and Herzberg-Teller components) are thus separated in such a way that the Franck-Condon component is
seen only in the completely symmetric A, modes, and the
Herzberg-Teller component only in the asymmetric H,
modes. With these thoughts in mind, we turn to the Raman
spectra of the C,, film for the various excitation wavelengths
(Fig. 2).
Among the completely symmetric vibrations in the C,,
spectrum are the bands at 496 and 1468 cm - '. While the
intensity of the 1468-cm- ' band increases substantially with
decreasing A,, that of the 496-cm ' band remains essentially
the same. The intensification of the 1468-cm- band is determined exclusively by the Franck-Condon factor, which
depends on the overlap of the vibrational wave functions in
the ground and excited states. This overlap is at a maximum
when the deformation of the molecule in its excited state
follows the shape of this vibration. It can thus be concluded
that the shapes of the normal vibrations at 1468 cm - correspond closely to those changes in the internuclear distances
in the C,, molecule which are manifested in the excited
state.
Among the asymmetric H, vibrations, those which intensify most noticeably with decreasing A, are the bands at
709, 1434, and 1574 c m '. Since the intensification of these
modes is a consequence of the Herzberg-Teller interaction,
it can be suggested that the changes in the potential energy
are greatest (i.e., d V / d R is a maximum) in the case of these
vibrations. These changes in the potential energy determine
the effectiveness of the Herzberg-Teller mechanism.

'

3.4. Resonant Raman scattering in the K6C6, crystal

In the case of excitation at A, = 1064nm, the intensities
of the A, bands at 500 and 1430 cm - in the Raman spectra
of K,C,, are anomalously low (Fig. 3). In the case
Ai= 647.1 nm, in contrast, these bands are very intense;
with A, = 488 nm they are of about the same intensity. We
believe that this unusual behavior of the A, bands stems
from an interference of the partial scattering amplitudes determined by the components corresponding to each of the
nearest electronic levels in the resultant amplitude for Raman scattering.37 Our reasoning here is that an additional
electronic level E, appears near 1.6 eV in the K,C,, crys-

'
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3.5. Second-order Raman scattering spectra in C,, and K,C,,
crystals

tal,,' distinguishing this crystal from the C, crystal. The
component corresponding to this electronic level may interfere with the component from the allowed intramolecular
transition E, (at A < 350 nm in C,, the relation El > E2
holds). In this case the resultant amplitude for Raman scattering is, for the Franck-Condon component,

In the case of excitation with A, = 514.5 and 488 nm,
the second-order Raman scattering spectra in C, and
K, C, are comparatively intense (in terms of peak intensity,
they are weaker than the fundamental bands by a factor of
only 10-50). The explanation apparently lies in the resonant
nature of the spectra (Fig. 5). At A, = 1064nm these spectra
are very weak, because they are remote from electronic transitions. At A, = 647.1 nm they fall in the region of the triplet
luminescence of C, and also in a region in which our spectrometer is relatively insensitive.
The bands in the second-order spectra are not broad.
The reason is that the dispersion of the intramolecular
modes is only light.'^^",^^ The peaks observed in the region
1500-3 100 cm - ' can thus easily be assigned to various sum
and overtone combinations. Interestingly, all the sum and
overtone combinations of the H , modes which might fall in
the frequency region of interest are seen in the spectra. This
is a consequence of the sequential interaction of two Herzberg-Teller processes for each H, mode in the given combination.
The overtones of the completely symmetric modes
( 2 4 , ) and also the sum combinations involving A, modes
( A , + A , and A, + H , ) turn out to be weak. The reason
may be that the Franck-Condon component of the intensity
of the two-phonon scattering is very small. That the FranckCondon component is negligible is also demonstrated by the
absence of overtones of IR-active modes. It seems that the
Franck-Condon component is slightly greater in the K,C,
spectra, in which combinations involving A, modes can be
seen more clearly. As we go from A, = 488 to 514.5 nm we

where the matrix elements 8 , and 0,characterize the overlap of the vibrational wave functions. If 8 , and 0, differ in
sign, as they may in the case of the Franck-Condon mechanism for completely symmetric modes,37 there may be a destructive interference of the components from the E, and E,
levels under the condition b,
< E, ,and a will have extrema
near El and E, . This behavior of a(@,) provides a qualitative explanation for the observed resonant profile of the excitation of Raman scattering for the completely symmetric
modes in the K, C, spectra. This behavior also explains why
the A, bands in K, C, are much weaker than those in C, at
an excitation wavelength A, = 1064 nm (Figs. 2 and 3 ) .
In the Raman spectra of K,C,, we find that the intensities of doublets (267-280, 419-426, 655-675, 726-760,
1091-1 118, and 1473-1480 c m ') vary with the excitation
wavelength. These variations may be a consequence of the
different symmetries of these components, since they appear
as the result of a static splitting of the quintuply degenerate
intramolecular H, vibrations into doublets E, + F, in the
crystal field of symmetry T, for the local site of the C,
molecule in the K, C, crystal.
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FIG. 5. Second-order Raman spectra of ( a ) K,C, and ( b ) C, films, excited at A, = 488 nm.
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see a tendency toward some increase in the intensities of
these combinations. This increase agrees with the interference properties of the Raman intensities as discussed above.
On the other hand, these intensities are slightly lower in the
spectrum of C,, at A, = 5 14.5 nm, as we might expect for the
Franck-Condon factor in the C, crystal.

4. CONCLUSION

The vibrations of the C,, molecule and the C, , K, C,, ,
and K,C,, crystals have been analyzed by group theory. It
has been shown that the intermolecular vibrations (translational vibrations of potassium atoms and reorientations of
C, molecules) are not active in the Raman or IR absorption
spectra of the C, crystal, but they do become active in the
K, C, and K,C,, crystals. Some low-frequency bands observed in the Raman spectra of K,C,, here for the first time
have been attributed to translational motions of potassium
atoms and to reorientations of C,, molecules. It has been
found that the quintuply degenerate intramolecular H , vibrations should split into doublets in the crystal field in all
these crystals. This splitting, however, turns out to be very
slight in the case of the C,, crystal, since the crystal field is
weakened by the dynamic reorientation of molecules. In the
spectra of K, C,, we find a doublet splitting of the H, bands,
with a separation between the components ranging up to 34
cm-'.
Analysis of the symmetry of the electronic states has
revealed that the mechanisms for the Raman scattering are
different for the A, and H , vibrations. While the intensity of
the A, bands is determined by the Franck-Condon component, that of the H , bands depends on only the HerzbergTeller interaction. This conclusion is supported by the second-order Raman spectra. The excitation profile of the Raman spectra for the A, bands in the C,, crystal reveals that
the expected changes in the internuclear distances in the excited state of the C,, molecule should be close in shape to the
normal vibration at 1468 cm - of symmetry A,. The anomalous behavior of the intensities of the A, bands as a function
of the excitation wavelength, on the one hand, and the very
low intensity of the A, modes at A, = 1064 nm in K, C,, , on
the other, are attributed to an interference of the contributions from the allowed electronic transition in the C, molecule and the new electronic transition near 1.6 eV, which
appears when C,, is doped with potassium atoms.
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