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Synopsis. The Raman spectra of a highly conductive
molecular complex of the title were measured. The I~
symmetric stretching band and its well-known overtones
were observed, indicating that the formula for this complex
should be written as (TTM-TTF)(Ls)oss. A brief discus-
sion is given comparing the spectra of the present complex
with those of TMA-I-TCNQ and (BEDT-TTF).I; com-
plexes.

Organic conductors containing trihalide ions have
attracted the attention of many workers" since the dis-
covery of the ambient pressure organic superconduc-
tor, 8-(BEDT-TTF),I,.» The intermolecular interac-
tions through the sulfur atoms of BEDT-TTF(he-
reafter, ET) may, of course, be important in endowing
this crystal with high conductivity. However, the role
played by I,™ ions should not be overlooked, since
some similar ET complexes containing similar halide
ions have been found to become superconducting.”

The structure and various properties of the iodine
complex of TTM-TTF, tetrakis(methylthio)tetra-
thiafulvalene, were previously reported.? TTM-TTF
has eight sulfur atoms, similarly to ET. The iodine
complex, (TTM-TTF)lL,,;,, is metal-like at room
temperature, but becomes insulating at low tempera-
tures below 100 K. The iodine atoms were found to
make a fairly ordered sublattice which is incomensu-
late to the TTM-TTF lattice. However, the structure
of the iodine sublattice has not yet been clarified.

In this note, we report on the Raman spectra of
(TTM-TTF)l,4;. The results comprise essentially
the typical resonance Raman spectra of I;~ ions.”
Thus, the formula for the present complex should be
written as (TTM-TTF)(I5)oss. The frequencies and
the band structures found for the I,~ bands of the pre-
sent complex are significantly different from those of
the ET-complexes.” A brief discussion is given re-
garding the vibrational state of I;™ ions.

Experimental

Black thin plate crystals of (TTM-TTF)I,.; were obtained
by previously described methods.” These were apparently
bundles of needle crystals. The crystal b axis is known to
correspond to the needle axis.”

The Raman spectra were measured with a SPEX 1403
monochromater equipped with a Hamamatsu R-649
photomultiplier. Data were recorded with a convensional
photoncounter in combination with a personal computer.
An Oxford DN1704 cryostat was used between 89 K and
room temperature. The samples were mounted in a nit-
rogen atmosphere. The 501.7 nm line from an NEC GLG-

3201 Ar-ion laser was used as the excitation source with a
grazing angle of about 20°. The Raman light was collected
in the direction perpendicular to the incident light. To
avoid any decomposition of the sample by the local heating,
the incident light was attenuated to a power below 3 mW for
measurements at low temperatures and below 1 mW at room
temperature. The sample temperature was estimated with
an alumel-chromel thermocouple which was placed near the
sample surface.

Results and Discussion

Figure 1 shows the wide-scan spectrum at 89 K with
the incident-light polarization parallel to the b axis
and a spectral resolution of 1.8cm™. A series of
bands (No. 1—5) are seen with almost the same
separations of about 108 cm™'; the wavenumber of
each band is listed in Table 1. For bands 1 and 2,
solid curves were drawn for eyes guides. Some strong
and sharp bands observed in addition to bands 1—5
are the plasma lines coming from the Ar-ion laser.

Bands 1—5 can obviously be assigned to the fun-
damental and overtone bands of the symmetric
stretching mode of I,” ions.” The unusually strong
intensities of the overtone bands, and the fact that
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Fig. 1. Raman spectrum of (TTM-TTF)I2.47 complex
at 89 K.

Table 1. Raman Frequencies of the Fundamental

and Overtone Bands (cm-?)

(TTM-TTF)I,,, (89K) 107.0 216., 324 432 =538

109.7

TMA-I-TCNQ (15K)"» 110 218 327 435 544
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only the I;” bands and no TTM-TTF band was
observed, are attributed to the resonance Raman
effect.”> The fact that the spectra were observed with
b-polarized incident light and not with the polarization
perpendicular to this, indicates that the I,™ ions exist
with their molecular axis parallel to the b axis. This
is because the intensity is enhanced by resonance with
the electronic transition g,~*¢,*.” These results are
in accordance with the result of the X-ray analysis.?

Details of band 1, measured with a spectral resolu-
tion of 0.6cm™, is presented in Fig. 2. Band 1
apparently comprises two substructures. By assuming
Lorentzian shapes, their frequencies were estimated to
be 107.0 and 109.7 cm™', respectively, and the appa-
rent width of either substructure to be 2.8 cm™'. One
possibility of the cause of this splitting is a factor-
group splitting due to intermolecular interactions be-
tween I,” ions in the iodine sublattice. However, the
polarization behaviors of the above substructures are
almost the same, and we could not obtain any ex-
perimental evidence of this possibility. The fact that
the structure of the iodine sublattice is inferred to be
complicated, with 16 I,™ ions in the unit cell and in-
commensurate to the TTM-TTF sublattice,” also ex-
cludes the above possibility of a simple factor-group
splitting. Another possibility is that there exist
roughly two kinds of I;™ ions in the crystal, although a
variety of environments of I~ ions must exist owing to
the incommensuration. The relative ratio of the in-
tensities of the substructures is about 2.5. This is not
a ratio simply related to the structure of the iodine
sublattice, and might manifest slightly different reso-
nance effects for the different I,™ ions.

The overtone frequencies are almost multiples of
that of band 1. However, these frequencies are slight-
ly larger than the multiples of the frequency of the
main substructure of band 1. Bandrauk et al.®
observed a regular sequence of overtone frequencies of
I;~ bands for TMA-I-TCNQ with a slight indication
of anharmonicity (Table 1). In their case, the higher-
order Raman processes could be assigned to multi-
quantum excitations in the same vibrational mode.
However, for explaining the frequencies of our over-
tones, we must assume that not the main substructure
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Fig. 2. Detail of band 1 with the resolution of 0.6
cm~!, Solid lines are the assumed substructures.
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of band 1 but the smaller substructure gives the
second-order band, or that the second-order process
involves both the two modes which give these two sub-
structures, respectively. Note that the peak frequency
of band 2, 216.7 cm™', is comparable with the sum of
107.0 and 109.7 cm™', the frequencies of the substruc-’
tures of band 1. An example, in which the peak of a
second-order Raman band is located at a frequency
higher than twice the most prominent fundamental
band, is found for crystalline iodine.” In this case,
the apparent shape of the second-order band is inter-
preted by a double phonon generation on the factor-
group-splitted two phonon branches in the whole area
of the Brillouin zone. In our case, the vibrations par-
ticipating the higher-order Raman processes might not
be those arising from the factor-group splitting.
However, it is very likely that these processes involve
the vibrations on different molecules or the vibrations
delocalized over the molecules.

Figure 3 shows the temperature dependences of the
frequencies of bands 1 and 2. As the temperature is
raised, both bands decrease their frequecies almost
monotonically within the experimental error. Such
temperature shifts of low-frequency intramolecular
vibrations are considered to occur by a coupling with
the lattice vibrations and sometimes seen for molecular
crystals. It has been inferred in connection with the
metal-insulator transition around 100 K that the de-
gree of the charge transfer would be slightly changed
depending on the temperature.” The present Raman
results do not answer this problem, but we can say
that the vibrational states are not greatly affected by
the temperature change.

The frequency of the fundamental band observed
here is slightly smaller than of I;™ in solution® or in
TMA-I-TCNQ,? but it is not unusual as compared
with other semicondutive iodine complexes.” Recently,
the corresponding frequencies of the ¢ and 8 forms of
ET-iodine complexes were found to be 117 and 122
cm™', respectively at 80 K.® These are remarkably
larger than those of other I,” complexes, and consi-
dered to manifest a tight crystal field around the I~
ions in these complexes.
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Fig. 3. Temperature dependences of the frequencies
of bands 1 and 2.
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Fig. 4. Structure of the side bands accompanying
band 1. Solid line is the assumed band shape of band
1, and closed squares are the difference spectrum
giving the side bands.

Two side bands appear at the tail of band 1 (Fig.
1). This feature 1is very similar to that of
TMA-I-TCNQ.® Similar side bands were also
observed for the ET-complexes, and were attributed to
the coupled excitations between the stretching and li-
brational modes of I~ ions.® These assignments are
plausible since the separations of the bands from the
fundamental band are almost the same as the low-
frequency bands appearing around 30 cm™' in their
spectra. In the cases of (TTM-TTF)I,,, and
TMA-I-TCNQ, the separations of the side bands
from the fundamental band are much smaller.
Details of the side bands of our complex at 89 K are
presented in Fig. 4, in which the spectrum is decom-
posed by assuming a Lorentzian shape for the fun-
damental band. The frequencies of these side bands
were estimated to be 94 and 123 cm™', respectively.
Then, the separations from the main substructure of
band 1 are 13 and 16 cm™', respectively. No band
appears in the 30cm™ region in both the
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(TTM-TTF)I,4+ and TMA-I-TCNQ spectra. Thus,
it is very likely that the librational frequencies of I~
ions in these complexes are as small as 15 cm™', much
smaller than those in the ET-complexes. This indi-
cates a large difference between the crystal fields in
these two types of complexes.

The superconduction mechanism in the ET-
complexes has not yet been clarified. However, it is
likely that the Coulomb field produced by the halide
ions or their large polarizability play important roles
in the superconduction. Thus, it is worth noting that
the frequencies of the optical phonons involving I~
ions in the ET-complexes are much larger than those
in (TTM-TTF)I,,, or TMA-I-TCNQ, which are in-
sulating at low temperatures.
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