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In this paper, we investigate the vibrational FT-IR and FT-Raman spectra of a sasies-dfethyl substituted
oligothiophenes with variable chain lengths (from trimer to hexamer) in the neutral state. The experimental
data support the existence of an effective intramolecular delocalization afdlextrons. Ab initio quadratic

force field calculations, at the RHF/6-31G** level, have been carried out for each oligomer, with the chain
length dependence of the Raman spectra being simulated with remarkable accuracy.

I. Introduction properties of the different classes of polyconjugated systems.
) . ) . The ability to calculate molecular force fields and geometries
Conjugated organic polymers attract considerable attention ;o likely one of the most important developments in computa-

because of their interesting properties. (i) Upon chemical doPingftionaI chemistry over the past decade. Most current calculations
or photoexcitation, these materials encompass a wide range of, . performed within the ab initio restricted Hartréeock
conductivities, from an insulator to a metallic-like electronic (RHF) scheme. At this level, the calculated harmonic force
1,2 (ii i " . ! . .
conductor:© (i) Both oligomers and polymers show fast  qngiants and vibrational frequencies are usually higher than

nonlinear optical responséiii) Some of these materials are o corresponding experimental quantities, due to a combination
electroluminiscent. These molecular and physical properties ¢ ajactron correlation effects and basis set deficiencies.

make conjugated polymers (and especially well-sized 0Iigormrs)NonetheIess, as the errors of these calculations are largely

good candidates for electronic and optical technologfes. systematic, they can be corrected after inclusion of appropriate
Conjugated polymers have, however, the complexities of the scaling factord? Over the years, spectroscopists have used the
‘real” polymers, such as their low solubilities, high contents of gcaled RHF method very successfully in assignments of
structural defects, broad distribution of molecular weights, etc. yjprational spectra of many stable closed-shell organic mol-
Semiconducting oligomers whose conjugation length can be g¢ylests
exactly controlled are being investigated nowadays extensively |, this paper, we report on the experimental size dependence
as model systems to establish the charge transport mechanisnas the infrared, and Raman-active modes of a series of neutral
in conducting polymers$? a0/ -diethyloligothiophenes in the solid state at room temper-
Among the oligomeric materials, oligothiophenes usually ature. A full vibrational assignment is proposed on the basis of
show a well-defined crystal structure in their neutral and molecular symmetry considerations, spectroscopic correlations
oxidized forms, which allows for high anisotropic electronic for related system&16and lattice dynamics calculations for
responses. In addition, the strategy of encapsulating the endpolythiophened?18 As support for the analysis of the experi-
a-positions has proved as a useful procedure to enhancemental Raman spectra, we also present the main results of a
chemical stability and crystallinity, without damaging the quantum chemical study performed on a series of'-
electronic properties of the materfel® This blocking of ther dimethyloligothiophenes. The comparison of the experimental
skeleton further prevents undesidered polymerization reactionsand theoretical spectra reveals that the size ofitadkyl chains
upon doping at the terminal units, with the resulting doped plays a minor role in determining the Raman activity of the
samples standing stable for a long time. 7-conjugated backbone, which may be sufficiently simulated
In this scenario, experimental studies about the chain length by a methyl group.
dependence of the optical and electronic properties of these
oligothiophenes are crucial to elucidate the microscopic mech- Il. Experiment and Computational Details
anisms responsible for the peculiar properties of polythiophene.
In this regard, a number of vibrational spectroscopic studies on
different families of a-linked oligothiophenes have been

The chemical structures of thea'-diethyloligothiophenes
studied in this work are shown in Figure 1. The details of the
ublished so fatl-13 synthesis and purification methods are described elsewhere.
P c ' hemical hod inth " . Infrared absorption spectra were recorded with a Perkin-Elmer

Current quantum chemical methods are in the position to give 46| 1760 X FT-IR spectrometer purged with dry argon.
reliable information about the molecular structure and vibrational p_ o1 scattering spectra were obtained on a Bruker FRA106/S

. . . FT-Raman spectrometer in a backscattering configuration.

* Corresponding author: Faxt+34 952 132000. E-mail: teodomiro@ Infrared spectra were recorded as solid samples embedded
N niversi i d KBr pellets. Th f 20 scansh wi cnt

t Universidad de Miaga. in presse r pellets. The means of 20 scansh &i cnt

* Matsushita Research Institute. spectral resolution, were accumulated in all the experiments.
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\ TABLE 1: Distribution of the Normal Modes in the Various
/ \ S / Symmetry Species for the Oligomers with an Odd Number
CH5™ N\g W s CoHs of Thiophene Rings
mode symmetry optical activity DETT DEQqT
In-Plane Modes
A (IR, Raman pol.) 32 46
B (IR, Raman dep.) 18 25
Out-of-Plane Modes
Az (Raman dep.) 18 25
B, (IR, Raman dep.) 31 45

TABLE 2: Distribution of the Normal Modes in the Various

/ \ / \ Symmetry Species for the Oligomers with an Even Number
CHsw S S S\~ CoHs of Thiophene Rings
s s
\ / \ / \ / mode symmetry optical activity DEQtT DESXT
DEQqT In-Plane Modes
Ag (Raman pol.) 39 53
Bu (IR) 38 52
/ \ /
CH;™ Mg ® s s / s \ s CaHs Out-of-Plane Modes
\ / \ 7/ \ / Au (IR) 22 29
Bg (Raman dep.) 21 28
DESxT
Figure 1. Chemical structures of the seriesatx'-diethyl end-capped symmetry point group, while those having an even number of
oligothiophenes. The nomenclature denotes DE@Jo'tdiethylter- rings be|0ng to th€&o, symmetry point group. The Correspond_

thiophene), DEQILT d,o'-diethylquaterthiophene), DEQqTo'-di-

ethylquinguethiophene), and DESXE ¢diethylsexithiophene). ing normal modes distributions and optical selection rules are

summarized in Tables 1 and 2, respectively. Probably, the
thiophene rings at both ends of the oligomer chain display a
sligtht bend relative to the inner rings least-squares plane (of
about 3.8 in a,a’-dimethyl end-capped quaterthiopheh&hus,
the strict Cy, or Cp, molecular symmetries may be partially
broken. However, in what follows, we will assume that the
whole series of molecules displays internal symmetry in the
solid state.

Although the optical selection rules predict a very large
) e ! opulation of bands in the infrared and Raman spectra, the actual
used the 6-31G** basis sétwhich includes a set of six second- gpgctra are fairly simple. This seeming discreppancy between

order (d-type) Gaussian primitive functions for_ the descrl_ptlo_n theoretical predictions and experimental observations needs to
of each heavy atom and a single set of Gaussian p-polarlzatlonbe accounted for

fur_lrcglons ];?]r lthe (glydroge;s.l_ thioph th dcally i (i) Since the two end-caps at theo’-positions are relatively
€ metnyl end-capped oligothiophenes theoretically INVES- ¢, apart, no mechanical coupling is expected to occur between

tlga}ted c(cj)ntamecli ;2‘2 untl_ttg. Ggometry ofpttémllzatlons v;/erfeth their characteristic vibrational modes. Therefore, we expect that
performed on 1solated entities. because ot the large cost of ey, in-plane and out-of-plane motions are degenerate and do

calculations, only t_he all-anti planar conformations were tr(f.-gted not show any splitting in the spectra.
throughout. Cartesian force constants were evaluated analitically (ii) Local vibrational modes could also be scarcely coupled

within the same theoretical scheme used for the geomelry it their neighbors. Thus, the wavenumbers should be rather

ohptimiz_aticl)?. Wef_ ulsaed the oftfen-prac_ticeﬂ_ aﬁjﬂSt;nent of 'ghe independent of the phase angle and approximately equal to that
t eoret|lca:j ((j)rce 1€ _fs to lexgerlmfents |n]1/v Ic th? k:er?uertl)mes of an isolated oscillator. This is expected to be the case for the
are scaled down uniformly by a factor of 0.9, which has been stretching and bending modes of the-B bonds.

recommended recently by Scott and Rad®riihis approach (iii) Some normal vibrations of the outermost rings may be

;s_\iery attrlactlve n (Ijarge-?(aal;e_ StUd.'eS be?ause dl't avo'd_sl_l;[hetopologically highly localized and fully decoupled from the
airly complex procedure of defining internal coordinates. The . qiiqng of the inner rings so that their wavenumbers should
accuracy of the method is often enough to disentangle Serious, - lesce

experimental misassignments. All quoted vibrational frequencies (iv) As .resonance is approach&thnly a few Raman modes

reported throughout the paper are thus the scaled values. should gain appreciable intensity relative to the remaining

Raman-active vibrations (i.e., those modes having a nonvan-
ishing projection along the deformation coordinate describing
A. Molecular Structure and Selection Rules.No experi- the equilibrium geometry changes in going from the ground to
mental X-ray or electron diffraction data are available for the the excited electronic state involved in resonant excitation).
o,0'-diethyloligothiophenes. Supposedly, as shown by the X-ray When the molecular symmetry does not change from the ground
structures of some related compounds (such as the unsubstitutetb the excited state, only totally symmetric vibrations are
a-oligothiophene® and thea,o’-dimethyl end-capped tetra-  resonantly enhanced.
thiophen@), it can be assumed that sulfur atoms are located in ~ B. Infrared Spectra. The FT-IR spectra of then,o'-
an all-anti configuration with respect to the long molecular axis diethyloligothiophenes are shown in Figures 2 and 3; while
and that the whole molecule retains a coplanar conformation Table 3 summarizes the wavenumbers and relative intensities
of the aromatic units. With such a structure, the'-diethyl- measured in the IR spectra, together with their tentative full
oligothiophenes with an odd number of rings belong toGhe assignments.

Raman spectra were collected at room temperature for pure
solids in sealed capillaries. We used a radiation excitation of
1064 nm from an Nd:YAG laser with the power adjusted to
100 mW. To increase the signal/noise ratio, 500 scans with a 2
cm™® spectral resolution were added.
Ab initio calculations, at the restricted HartreEock (RHF)

level of theory, were carried out with the Gaussian 94 progtam
using SGI Origin 2000 and CRAY-YMP supercomputers. We

Ill. Results and Discussion
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Figure 3. FT-IR spectra over probe energies of 16@M0 cnt?! of
neutralo,o’-diethyloligothiophenes.

arise from the antisymmetric and symmetric stretching modes
of the methylene groups;y(CH,) and vs(CHy), respectively.
Finally, the band around 2870 crhmust be assigned to the
DETT g-type first overtone of the antisymmetric in-plane bendings of
the methyl groupg®

The 1556-1350 cnT? region is overwhelmingly dominated
by two sharp bands at about 1526500 and 1445 crt. These
infrared absorptions have been assigned to the antisymmetric
and the symmetric stretching modes of the aromatO®onds,

rrrryrTTYTTTTYTTTTrT Ty
3200 3100 3000 2900 2800 2700

Wavenumber / cm™ v4(C=C) andv{C=C), respectively?131"The wavenumbers
Figure 2. FT-IR spectra over probe energies of 32@F00 cnt? of measured for the,(C=C) mode are as follows: 1521 (DETT),
neutrala,o-diethyloligothiophenes. 1514 (DEQLT), 1508 (DEQQT), and 1504 ch(DESXT). Thus,

we observe that this normal mode largely downshifts as the
From the observation of the spectra, there are good reasonshain length increases. The chain length dispersion for the
to think that the oligomers certainly have a nearly planar v{(C=C) mode is however much more modest: 1446 (DETT),
conformation in the solid state. Evidence for twisted structures 1443 (DEQtT), 1441 (DEQQT), and 1441 ci(DESXT). We
can only be derived from the IR/Raman spectra when the torsionhave also identified in this energy region a few weak absorp-
is large?* tions, assignable to(C=C) modes with different phases, at
In the high-energy region, all the oligomers show character- the following positions: 1490 and 1456 cin(DETT), 1489
istic bands about 30888060 cnt?, assignable to the aromatic  and 1459 cm! (DEQtT), 1455 cmi! (DEQQT), and 1458 cmt
v(C—H) stretchings, and five well resolved peaks below 3000 (DESXT)13
cm1, corresponding to the aliphati¢C—H) stretching modes. The infrared spectra of the shorter compounds display a weak
The intensities of the bands due to the aromefie—H) modes peak around 1375 cm, which becomes almost undetectable
monotonically increase with respect to the aliphatic ones as thefor the longer members of the series. This band probably arises
number of oscillators augments. from an antisymmetrie(C—C)ing mode~13.17.250n the other
The single and broad absorption at 3061 (DETT), 3062 hand, the absorptions measured at 1325c(DETT), 1326
(DEQtT), 3059 (DEQqT), and 3060 crh(DESXT) is due to cm! (DEQLT), 1316 cm! (DEQQT), and 1314 crm (DESXT),
the stretchings of the €H bonds attached at thepositions whose intensity largely decreases with increasing chain length,
of the inner rings. The longer oligomers of the series show have been assigned to the wagging vibration of the @idups,
different multiplets at the high-energy side of this band, which «(CHy).
are assignable to(Cs—H) vibrations with different phases and The bands appearing between 1280 and 1230 tiave been
mostly localized on the outermost rings. assigned as antisymmetric in-plad$C—H) deformationg!-13
Five minor absorptions are still observable in this energy In view of the spectra, we can conclude that these normal modes
range. Among them, the bands measured around 2960 and 293@display a very weak infrared activity for all the oligomers
cm! have been assigned to the antisymmetric stretchings of studied. The corresponding symmettigC—H) modes have
the two methyl groups;s(CHs). The corresponding symmetric  been measured between 1070 and 1020¢fAr13.17.2526The
mode,v{CHs), has been attributed to the absorption at 2915 precise wavenumbers for each oligomer are as follows: 1069,
cm L. We also believe that the peaks at 2885 and 2845'cm 1061, and 1024 cmi (DETT); 1071, 1065, and 1028 crh
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TABLE 3: Wavenumbers Correlation between the Infrared

Absorption Bands in the High- and Medium—Low-Energy
Regions of Neutrala,a’-Diethyloligothiophenes in the
Solid State
DESXT
DETT DEQtT DEQQT DESXT descriptién
High-Energy Region
3095 3087
3084 3076  v(CB—H)
3067 3075 3069 \
3061 3062 3059 3060 DEQqT
2961 2966 2961 2964  v4(CHs) =
2926 2933 2926 2930  v4(CHs) z w
2917 2911 2919 2910  v(CHy) 2
2889 2887 2886 2884  v4(CHyp) =
2871 2875 2870 2874 overton&CHs) DEQ(T
2848 2843 2846 2842  v{(CHy)
Medium—Low-Energy Region
1521 1514 1508 1504  v4(C=C)
1490 1489
1456 1459 1455 1458
1446 1443 1441 1441 v(C=C) DETT
1376 1375 1375  v(C—Cing
1363 1340 1337 v(C—Cing Dy
1325 1326 1316 1314  »(CHy) e
1296 1600 1500 1400 1300 1200 1100 1000
1280 1283 1280 1275
1261 1261 34(C—H) Wavenumber / cm’
1249 1236 1245 Figure 4. FT-Raman spectra of neutralo’-diethyloligothiophenes.
1224 1218 1226 1222 The excitation wavelength was 1064 nm.
1199 1198 1207 1205  ¥(C—C) interring
1193 1194 TABLE 4: Correlation between the Vibrational Raman
1163 1164 1164 1165 Spectra of Neutral o,o’-Diethyloligothiophenes in the
1069 1071 1069 1070 Solid State
1061 1065 0s(C—H) -
1024 1028 1025 1026 DETT DEQtT DEQqT DESXT deSCprtI@n
889 898 903 905 1565 1566 1562 v4(C=C)
878 884 871 v»(C-S) 1548 1536 1527 line A
852 844 840 838 1491 1485 1483 1481 line B
808 813 814 1447 1451 1453 1455 line C
792 796 791 792 y(C—H) 1412
667 669 669 669 Oring 1360 1361 V(C—Cring
481 469 466 462 Vring 1338
aa = antisymmetric; s= symmetric;v = stretching;0 = in-plane iggg ggg
deformation;y = out-plane deformation; w= wagging. 1180
1072
(DEQIT); 1069 and 1025 cnt (DEQQT); 1070 and 1026 cm 1058 1055 1051 1052 line D

(DESXT). Contrary to the,(C—H) vibrations, thed{(C—H)
modes display an intensity comparable to that oftf{€=C)
Vlb'ltagorr]r;ultiplets of bands at 1224, 1199, and 1163-tm | he absorptions at 808 (DETT), 813 (DEQLT), and 814 tm
(DETT); 1218, 1198, and 1164 crh (DEQIT): 1226, 1207, (DI:TS)§27 were not observed in. the dimethyl end-capped
1193 and 1164 et (DEQqT); 1222, 1205, 1194 (sh), and 1165 SEres->*" This band probably arises also from ¢C—H)
cm~1 (DESxT) are mainly due to inter-ring({C—C) stretchings V|brf31t|on.
with different phase anglé.Quite similar absorptions were Finally, the weak peak around 668 cinand the bands at
observed in the series of neutogtt’-dimethyloligothiophene&:2” 481 (DETT), 469 (DEQtT), 466 (DEQQT), and 462 th
The bands recorded at 889 and 852 &fDETT): 898, 878, (DESXT) sho_uld be c_orrelated with an m-pla_me ring deformation,
and 844 cm? (DEQIT); 903, 884, and 840 CTh (DEQQT); éringy and a ring folding modeyrmg, respectlvel)l.l‘13'17’25v25
and 905, 871, and 838 crh(DESXT) are thought to be due to C. Raman Spectra.The FT-Raman spectra of the neutral
the aromatic antisymmetric or symmetrifC—S) stretch- ~ forms of the variousx,o’-diethyl end-capped oligothiophenes
ings11-13.2526 Among these modes, that located around 840 are shown in Figure 4. Table 4 summarizes the wavenumbers
cm1is the strongest one along the whole series of Compounds_measured for the different Raman lines, together with their
The out-of-plane/(C—H) bending vibrations, the wavenum-  tentative assignments. The calculated Raman spectra of the
bers of which are characteristic of the substitution pattérn, model compounds are displayed in Figure 5, while the calculated
appear in the 908600 cnT! region. We have easily identified ~ €igenvectors for the main Raman-active normal modes (see
the y(C—H) normal modes of the 2,5-disubstituted thiophene below) of the pentamer are plotted in Figure 6.
rings as the very strong peak near 795 énThe band is not A first observation is that the Raman spectra show very few
however splitted into different components, thus indicating that lines, despite the large population of Raman-active normal
the diethyl end-substitution of the oligothiophenes generates amodes predicted by the optical selection rules. This is a
loss of crystal packing and the disappearance of the factor groupvibrational feature common to many other classes of conjugated
splitting previously observed for DMTT and DMQf#:27 organic polymers and oligomers that has been already abun-

aa = antisymmetric; s= symmetric;v = stretching.
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Horovitz et al.3* which turned out to be inapplicable to systems
with complex structures, and (i) the effective conjugation
coordinate (ECC) theory developed by Zerbi ef%aP®> The
discussion throughout this section will be made following the
theoretical foundations of the ECC model.

The Raman enhancement showed by these materials is
associated with the existence of an electrphonon (e/ph)
coupling. This e/ph coupling is largest for a specific totally
symmetric normal mode, usually termedsswhich involves
the collective stretchings and shrinkings of the alternatirg C
C and C-C bonds along the conjugated backbone of the
molecule. Thus, this mode mimics the geometrical changes
occurring in the system when an effective intramolecular
delocalization of ther electrons takes place. However, the extent
of the interactions between the succesiy®bitals, which is
directly related to the effective-delocalization length (ECL)

D
S of the molecule, is at first unknown. Theory indicates that
B molecular vibrations with large contributions by theoordinate
show sizable wavenumber and intensity dispersions with variable
(a) ECL. Experiments carried out on many classes of well-defined
A D oligomers have given further support to the theoretical
predictions'!1218.2830 \We refer the reader to the existing
literature to get a deeper insight on these issues.

The comprehensive analysis of many homologous series of
oligothiophene® has shown that the Raman spectra of these
materials are characterized by the appearance of four main bands
(denoted as lines A, B, C, and D in Table 4) whose wavenum-
bers and intensities are functions of the chain length. The general
behavior of these Raman lines and the precise data for the
dantly discussed in the literatute!2.18.2830 Another spectral ~ compounds studied in this work are as follows.
singularity of thez-conjugated systems is that, from the very (i) Line A is generally weak and shows an unquestionably
few Raman lines experimentally observed, those assignable todispersion toward lower wavenumbers with increasing conjuga-
the aromatic €&C stretchings are overwhelmingly intense. tion length. In addition, its intensity weakens and becomes

Both vibrational features are rather evident in the experimental almost unobservable for relative long chain lengths (i.e., for
spectra of Figure 4. In addition, the chain length dependencethe hexamer). For the,a'-diethyl end-capped oligothiophenes,
of the Raman spectral pattern is nicely reproduced by the this band disperses 21 cigiving 1548 cnt! (DETT), 1536
theoretical RHF/6-31G** calculations (compare Figures 4 and cm™! (DEQtT), and 1527 cmt (DEQQT). The theoretical
5). This good agreement let us use the calculated atomiceigenvector indicates that line A arises from an in-phase
displacements as a guide for the qualitative assignment of theantisymmetria/(C=C) vibration that is mostly localized on the
relevant Raman bands. outer rings of the chain (see Figure 6).

Two main theoretical models have been proposed to account (ii) Line B is always very strong and dominates the whole
for the seeming simplicity of the Raman spectral pattern of these Raman spectrum. While it largely shifts downward in the
materials, (i) the amplitude mode (AM) theory proposed by oligopyrroles and oligofuranes, for the oligothiophenes it is

LI B e e

1700 1600 1500 1400 1300 1200 1100 1000

T T T

Wavenumber / cm™
Figure 5. Theoretical Raman spectra of theao'-dimethyloligo-

thiophenes in the neutral state at the RHF/6-31G** level: (a) dimer;
(b) trimer; (c) tetramer; (d) pentamer.

Line C (1492)

Figure 6. Schematic eigenvectors of the more relevant totally symmetric modes calculated for agutdimethylquinquethiophene at the RHF/
6-31G** level (all the values are in cr).

Line D (1036)
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almost independent of the chain length and quickly meets line as the chain length increases. Thus, the eleetptionon
saturatior?® When the endk or 8 positions of the oligothiophene  coupling along these two vibrations must be rather large. The
are substituted by an electronically inert group, the line theoretical calculations show that the atomic displacements for
experiences a sizable upshift. However, within each class of these two normal modes greatly resemble the molecular
compounds it is almost invariably strong and only slightly geometry changes taking place during thes* electronic
shifted. In the case of our end-capped oligothiophenes, line B transition.
is measured at 1491 crh(DETT), 1485 cn! (DEQLtT), 1483 In addition, we have proposed a tentative assignment of the
cm1 (DEQQT), and 1481 cm (DESXT), downshifting by 10 main spectral features, which is based on molecular symmetry
cm! from the trimer to the hexamer. We also observe that the considerations, previous spectroscopic studies, and force field
intensity of line B, relative to lines C and D, readily decreases calculations. From our work, the following structural information
as the chain length grows longer. can be inferred. (i) The intensity ratios of the “bulk” modes vs
As can be seen in Figure 6, the corresponding eigenvectorbands associated with end modes are apparently proportional
demonstrates that the “bulk” rings effectively contribute to this to the number of oscillators, indicating the existence of a regular
normal mode, which should be described as a fully in-phase ordering along the whole series of oligomers. (ii) The similarity
symmetricy(C=C) vibration spreading over the whole oligo- of the spectral patterns for all the compounds and the absence
meric chain. The motions of the CC bonds are necessarily of infrared absorptions due to out-of-plane bendings efHC
coupled with the in-plane bending of the-El bonds, in which attached to thet positions further confirms that the amount of
the H atoms recoil with a large displacement which opposes misslinkings is negligible.
that of the C atoms. This normal vibration corresponds to the In conclusion, theser,o'-diethyloligothiophenes constitute
collective I coordinate of the ECC Theo#fj. 35 a model series to thoroughly study the saturation with chain
(ii) Line C appears at the lower energy side of line B only length of the nonlinear optical properties, together with the
for the classes ofx or 8 end-capped oligothiophenes. The nature of the charge carriers in doped polythiophé&uether-
wavenumbers for the-diethyl series are 1447 crh (DETT), more, the results of the present studies will contribute optimizing
1451 cm! (DEQtT), 1453 cm?® (DEQQT), and 1455 cnt the electronic or optical dece configurations when one intends
(DESXT). This line becomes stronger with the molecular size to apply to those déces similar conjugated organic polymers
and upshifts by 8 cmt from the DETT to the DESxT. Thus, and oligomers that are potentially useful for the relet
we find that lines B and C show a convergent trend as the chaintechnologies
length increases. The eigenvector indicates that this band should
be described as a collective symmeu{€=C) vibration mostly Acknowledgment. These studies have been financially
localized on the “bulk” rings, but where, opposite to line B, supported by the Directio General de EnSamza Superior
the motions of the outest rings take place in out-of-phase with (DGES, MEC, Spain) through the research project PB96-0682.
respect to the central unit. We are also indebted to Junta de Andé&u@pain) for funding
(iv) Line D appears for all the oligothiophenes as a sharp for our research group (FQM-0159). J.C. is grateful to the MEC
band (sometimes as a doublet) of medium-strong intensity (Spain) for a personal grant.
around 1056-1080 cnt. The wavenumbers for our diethyl end-
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