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Electric field effects on the Davydov components of a strong intramolecular transition:
a-sexithiophene single crystals
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~Received 16 December 1999!

Low-temperature absorption and electroabsorption spectra of a thin single crystal ofa-sexithiophene reveal
a distinctly different line shape and sensitivity to electric fields of the Daydov components of the first intramo-
lecular p-p* transition. The weak component of very small linewidth responds by a quadratic Stark shift
which is attributed to a molecular polarizability of 900 Å3. The strong Davydov component of much larger
linewidth responds by an additional effect which dominates its spectrum and results in an electroabsorption
spectrum of second derivative line shape. This signal is attributed to coupling of the field to the large transition
dipole of the four molecules of the unit cell. The spectra show no response of a charge-transfer state and no
Franz-Keldysh effect of a band continuum. The data indicate that Davydov components of the same molecular
state are not mixed by the field.
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I. INTRODUCTION

Electroabsorption spectra induced by moderate elec
fields are a valuable tool to study extended electronic sta
The basic effects are the Stark effect, which arises from m
ing of discrete states, and the Franz-Keldysh effect,1,2 which
is equivalent to acceleration of a free particle by the elec
field through a continuum of states.3 The latter effect re-
quires high mobility and large spatial coherence over ten
unit cells4 and has been observed only in cubic semicond
tors and in a few cases of highly ordered chains
polydiacetylenes.5 The Stark effect, on the other hand,
observed in many conjugated polymers as redshift of
fundamentalp-p* transition. Due to the large linewidth o
these transitions, either large field or high polarizability of
excited state is needed to obtain measurable shifts. Sinc
polarizability of an excited state increases with its size, fie
modulation spectroscopy selects extended states and is
suited to studyp-conjugated polymers. Competing wit
electric fields is the perturbation of states by potential fl
tuations due to short-range disorder, which reduces the
of field effects and alters the line shape of the spectra.6 As
shown by the very different spectra of polydiacetylene sin
crystals and polydiacetylene films, short-range disorder
mask the intrinsic properties of the material.7 Significant im-
provement is observed in the spectra of ladder-type polym
where additional bonds restrict torsion of the polym
units.8,9 Charge-transfer excitons respond also sensitively
electric fields best seen again in spectra of single crystal
anthracene and pyromellitic acid anhydride~Ac:PMDA!.10,11

Charge-transfer excitons between identical molecules h
been observed in partially crystallized films of anthracen12

They vanish in absorption spectra under stronger vibro
replica of the intramolecular exciton but are resolved in el
troabsorption experiments because of their much larger s
resulting from a large charge-transfer dipole.
PRB 610163-1829/2000/61~23!/15749~7!/$15.00
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A richly structured electroabsorption spectrum has be
observed in sexithiophene films.13 While the signal at the
optical gap seems compatible with a quadratic Stark shif
the first transition of this large molecule, several strong f
tures at higher energy show no correspondence to deriva
of the absorption spectrum. They have been attributed
charge-transfer excitons predicted also by theoret
models14 or to some residual Franz-Keldysh effect of ba
states. Charge-transfer transitions have also been invoke
cently to explain two features of the electroabsorption sp
trum of regioregular poly-hexylthiophene films with sma
interplane distance (3.8 Å) in nanocrystalline films.15 En-
couraged by the observation that disorder alters the abs
tion spectra even of partially crystallized and orient
samples significantly, we repeated the electroabsorp
study on a single crystal ofa-sexithiophene. More recen
studies show further that a single molecular transition w
vibronic satellites determines the absorption spectrum ov
range of about 1 eV.14,16 Crystal fields split this transition
into two silent and two optically active Davydov componen
of very different strength. This simple scheme of energy le
els thus provides an excellent opportunity to study the in
ence of an electric field on well defined eigenstates o
highly ordered oligomer.

II. EXPERIMENTAL DETAILS

A. Crystal structure

The single-crystal platelet was grown by the sublimati
technique described by Lipsett.17 The crystal structure is
monoclinic ~symmetryP21 /n) ~Ref. 18! and some param
eters are listed in Table I. The unit cell~Fig. 1! contains four
molecules which arrange in two sheets and are related
each other by inversion and a screw axis 2b. The dipole
moment of the fundamental transition 1Bu is parallel to the
long axis L of the molecule, which shows little deviatio
15 749 ©2000 The American Physical Society
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15 750 PRB 61S. MÖLLER, G. WEISER, AND F. GARNIER
from planarity. Dipole interaction splits the molecular sta
into four Davydov components, two of them optically acti
with dipole moments parallel and perpendicular to theb
axis.14,19,20The alignment of the long molecular axis almo
parallel to the ac plane results in a very small oscilla
strength of the excited stateau with dipole moment paralle
b. Its strength is four orders of magnitude weaker than tha
bu with dipole moment in the ac plane and tilted by 25° w
respect to thea axis. Due to the large separation of molecu
in different planes, each of the dipole active transitions
near degenerate with a forbidden stateag and bg ,
respectively.19 If Davydov components are coupled by a
external electric field, such degeneracy should lead to la
effects in the optical spectra.

B. Optical measurements

The platelet of about 2 mm2 area and 9m thickness was
mounted in a He flow cryostat. Light of a tungsten hali
lamp or of a Xe arc, dispersed by a 0.5-m grating monoch
mator and polarized by a calcite polarizer, was focused in
0.3-mm-wide gap between opaque gold contacts which w

TABLE I. Lattice parameters ofa-T6. L andj are the length of
the long molecular axis and its tilt angle with respect to thec axis
~Ref. 18!.

a (Å) b (Å) c (Å) b L (Å) j(L,c)

44.708 7.851 6.029 90.76° 21.85 65.0°

FIG. 1. Unit cell ofa-sexithiophene.
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evaporated onto the bc plane to apply fields parallel to thc
axis. The spectral resolution was better than 1 meV in
visible range and about 3 meV in the case of the broa
features in the near-uv. A photomultiplier served as a de
tor of the transmitted light, which was spatially filtered
reduce stray light. A digital voltmeter measured the lig
intensity,I, while a digital lock-in amplifier recorded simul
taneously the changeDI of the transmitted light intensity
induced by a sinusoidal field of about 1 kHz frequency. T
field-induced changeDa of the absorption constant is de
rived from the thicknessd of the sample and the relativ
change of the transmitted light intensity:

Da52
1

d

DI

I
. ~1!

The signal occurred at twice the frequency of the appl
field and signals at the fundamental frequency were abs
which is consistent with the inversion symmetry of crys
and electrode configuration.

III. EXPERIMENTAL RESULTS

The highly dichroic absorption spectrum ofa
sexithiophene is displayed in Fig. 2~a!. The spectra show, in
agreement with previous studies,14,21,22two regions of strik-
ingly different linewidth. The peaks near 2.6 eV and 2.8 e
are relatively broad with a linewidth of about 80 meV. The
are attributed to the strong Davydov componentbu , which is
polarized in the ac plane blocking all light of polarizatio
Eic. ForEib the transition is forbidden by symmetry, whic
keeps the absorption sufficiently low to study thisbu state in
a transmission experiment. All features below 2.6 eV hav
much narrower linewidth and are related to the weak Da
dov componentau . The same difference of linewidth i

FIG. 2. Survey of~a! the absorption spectra and~b! the electro-
absorption spectrum for fieldFic at 20 K. The low-energy signa
has been enlarged by a factor of 5.
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PRB 61 15 751ELECTRIC FIELD EFFECTS ON THE DAVYDOV . . .
found in the field modulated spectrumDa @Fig. 2~b!#. The
signal of all transitions increases quadratically with the fi
strength without change of the spectral shape. It is quite
markable that despite their small linewidth, all transitio
below 2.5 eV give a much smaller electroabsorption sig
than the broader transitions at higher energy. The signa
3.45 eV is attributed to the second intramolecular transit
2Bu polarized along the short axisM of theT6 molecule.21 It
will not be considered since it does not derive from the m
lecular 1Bu exciton.

Figure 3 shows the spectra of the sharp transitions in m
detail. The first absorption peak at 2.275 eV belongs to
exciton of the weak Davydov componentau followed by
vibronic satellites of 39, 82, 158, and 194 meV. Althou
forbidden, it appears also in the spectrum forEic, which
suggests some imperfection of the crystal. Herzberg-Te
coupling23 of the au exciton to a higher molecular state
probably the state at 3.45 eV, gives rise to two excitons,O8
andO9, shifted by 15 meV and 35 meV with respect toau to
higher energy. They appear in both polarizations althou
stronger forEic and are also accompanied by a series
vibronic states.14,19,22 The transition energies are listed
Table II.

These narrow transitions respond to a fieldFic by a com-
mon quadratic Stark shift to lower energy supporting th
assignment to the same electronic excitation. Figure 3~b!
shows the spectrum forEib, but as shown in Fig. 4 the sam
common shift of all features is observed forEic although the
latter spectrum is much more noisy due to the low level
transmitted light. The electroabsorption spectrum agr

FIG. 3. ~a! Absorption spectra of the weakau exciton and its
vibronic satellites.O8 and O9 refer to transitions of false origin
~Ref. 14!. ~b! Electroabsorption spectrum forFic and comparison
with the first derivative of the absorption spectrum.
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quite well with the first derivative of the absorption spe
trum, which reproduces the positions of all peaks correc
We see some deviation in the size of the negative peak of
first transition. It is not clear whether this is a real effect
caused by some inaccuracy of the derivative of this v
narrow absorption peak of 3 meV width. The spectru
shows no signature of the silent Davydov componentag ,
which should be near degenerate toau . As observed for the
charge-transfer exciton of anthracene-PMDA, such mix
of near degenerate states of different parity results in a lin
Stark effect and in field modulated spectra of very differe
line shape.10,11The fieldFic in Fig. 3~b! of 23 kV/cm causes
a redshift by 0.3meV while the smaller field of 19 kV/cm in
Fig. 4 results in a shift of 0.2meV as expected for a qua
dratic field strength dependence. This small shift must re
from coupling of theau exciton to higher excited states o
different parity.24 We assume that thep electrons are local-
ized to a single molecule so that the shift corresponds to
molecular polarizability of the 1Bu state from which the
Davydov component derives by combining the four molec
lar excitons to eigenstates of the crystal. Assuming furt
that thep electron system is strongly polarizable only alo
the long molecular axis, only the field component parallel
the molecular axis leads to the redshift

DE1Bu
5

p

2
~F cosj!2. ~2!

TABLE II. Transition energies~in eV! of the Davydov compo-
nents of the fundamental molecular exciton 1Bu and their vibronic
satellites.O8 andO9 are states of Herzberg Teller states of theau

exciton.

Transition Exciton Vibronic states

au 2.273 2.312 2.355 2.431 2.467

O8 2.288 2.330 2.375 2.449 2.486

O9 2.308 2.348 2.391 2.509

bu 2.593 2.673 2.763 2.800

FIG. 4. Electroabsorption spectrum at low energy for polari
tion of light Eic in comparison with the first derivative of th
absorption spectrum.
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15 752 PRB 61S. MÖLLER, G. WEISER, AND F. GARNIER
From the anglej565° between the molecular axis and fiel
we obtain a polarizabilityp5915 Å3 of the 1Bu exciton
which is larger than that derived from measurements on fi
where the relative orientation of molecule and film w
neglected.13 The large polarizability is consistent with th
assumption that the 1Bu state extends over the full molecul

Figure 5 show the electroabsorption spectrum of
strongbu exciton. Since this state originates also from t
1Bu molecular exciton, it should show the same quadra
Stark shift as theau exciton. However, the first derivativ
with a shift by 0.3 meV reproduces the electroabsorpt
spectrum only up to 2.5 eV and fails completely to descr
the position and size of the peaks at higher energy. The
perimental response above 2.5 eV is an order of magnit
larger than the predicted signal and its spectral line shap
different. It is obvious that a stronger effect of different spe
tral line shape occurs and masks the Stark shift due to
molecular polarizability. In order to check whether this r
sponse of the strong transitions resembles a second de
tive of the absorption spectrum, we eliminated the sharp
tures of the first derivative by Fourier filtering, whic
otherwise would dominate the second derivative spectr
The full line @Fig. 5~b!# displays the first derivative afte
smoothing, which eliminated successfully the narrow fe
tures of theau exciton and its satellites while maintaining th
correct shape and size of the derivative at higher energ

FIG. 5. ~a! Electroabsorption spectrum of both Davydov com
ponents. The spectrum of the strongbu exciton at higher energy is
reduced in size to fit into the scale.~b! First derivative of the ab-
sorption spectrum assuming the same shift by 0.3meV for the
strongbu and the weakau excitons. The thick line represents th
first derivative after Fourier-filtering.~c! Comparison of the secon
derivative of the absorption spectrum with the electroabsorp
spectrum of the strongbu exciton and its vibronic satellites. Not
the different scales of the ordinate.
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the region of the strong transitions. This derivative is used
produce the second derivative of the absorption spectrum
higher energy@Fig. 5~c!#.

This second derivative describes the position of all pe
in the range of thebu state and reproduces with a commo
scaling factor the amplitudes of the electroabsorption sp
trum within a factor of 2. This agreement is quite satisfacto
in view of the uncertainty to distinguish at low light leve
absorbed and scattered light. Scattered light reduces
negative peaks near 2.6 eV and 2.8 eV of the experime
spectrum, which are observed at the peaks of the absorp
spectrum and contributes significantly to the deviation to
second derivative spectrum in that range. The electroabs
tion spectrum thus can be described as an expansion o
ergy shifts to second order:

Da5
]a

]E
DEp1

1

2

]2a

]E2
~DE!2. ~3!

The first expression corresponds to the shift byDEp due
to the molecular polarizability, which is sufficient to expla
the spectrum of the weak Davydov componentau . The sec-
ond term dominates the spectrum of the strong componenbu
but the energy shiftDE is not related to the molecular po
larizability because the square ofDEp is negligibly small.
The scaling factor which matches the second derivative
electroabsorption spectrum yields the large energy shift
DE50.4 meV for a field of 23 kV/cm, which applies to a
transitions between 2.6 eV and 3.4 eV but not to theau state.
The uniform scaling suggests again a common electronic
gin of all these features. It should be emphasized that
result deviates from the electroabsorption spectrum ofT6
films which in the high-energy region could not be fitted to
combination of first and second derivatives.13

IV. DISCUSSION

A. Polarizability and charge-transfer states

All absorptions peaks below 2.6 eV respond to an elec
field with the same shift, which indicates a common ele
tronic origin, namely the weak Davydov component of t
1Bu exciton with transition dipole parallel to the long mo
lecular axis, which presumably is also the axis of large p
larizability. The fieldF couples the 1Bu exciton to all states
of even parity resulting in an energy shift given by

DE1Bu
5(

e

~mW eFW !2

E1Bu
2Ee

5
p

2
~F cosj!2. ~4!

Frequently one of the states of energy atEe dominates,
which allows us to derive the dipole momentmg betweenue&
and 1Bu from the observed Stark shift. The redshift prov
that the strongest coupling state lies at higher energy and
expect it to be below or near the transition 2Bu at 3.45 eV,
which is sufficiently far above the 1Bu to ignore exchange o
oscillator strength with respect to the ground state, wh
would distort the derivative line shape of the electroabso
tion spectrum.24 For an estimated energy difference in th
denominator of 1 eV, the redshift of the weak transitio
requires the large dipole moment ofme55.6 eÅ correspond-

n
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PRB 61 15 753ELECTRIC FIELD EFFECTS ON THE DAVYDOV . . .
ing to a dipole of approximately a quarter of the length of t
T6 molecule. Such significant redistribution of charge is p
sible only if the electronic states are delocalized over
molecule.

While the electroabsorption spectrum of the weak Da
dov componentau and its vibronic replica can be explaine
by the polarizability of the 1Bu molecular state, this inter
pretation fails completely in the case of the stronger Da
dov componentbu at 2.593 eV although it is derived from
the same molecular state. The response to the field of
state and of the transitions above is much stronger and
line shape agrees with a second derivative of the absorp
spectrum. The same line shape applies to the transition
higher energy and the common scaling factor supports t
assignment to vibronic states of thebu exciton. The transi-
tion energies are listed in Table II and within experimen
accuracy the vibronic frequencies are the same as for
weak au transition. It is quite puzzling that transitions in
volving the same molecular states show such a differenc
spectral line shape of the absorption and electroabsorp
spectra and in the size of their response to an electric fie

Similar failure to correlate the electroabsorption spec
of the strong transitions to derivatives of the absorption sp
trum was observed forT6 films.13 These spectra show a s
of strong oscillations above 2.8 eV, which were attributed
charge-transfer transitions after ruling out Franz-Keldysh
cillations. We exclude the Franz-Keldysh effect also beca
it is very sensitive to disorder and should be much stron
in a single crystal where the spectrum above 2.6 eV
clearly be assigned to thebu exciton and its vibronic states
Band structure calculations show only small bandwidth25

and coherent acceleration of free carriers through band s
is incompatible with mobilities below 1 cm2/V s.16

The most striking property of the electroabsorption sp
trum of the strong transition is its second derivative li
shape, which can be observed in some cases of cha
transfer excitons. Theoretical calculations predict fora-T6 a
charge-transfer transition of weak oscillator strength nea
eV, above thebu exciton.14 Partial charge transfer to a neigh
boring molecule creates a transfer dipolemCT, which causes
a linear shift in an electric fieldF by DE5mCTF. Inserting
this shift into Eq.~3! leads to a second derivative line sha
of Da because the term linear inDE disappears since due t
the inversion symmetry of the crystal, charge transfer in
posite directions must have the same probability. Evalua
of the data in Fig. 5~c! yields for charge transfer alongc the
smallest dipole momentqc51.7 eÅ, which corresponds to
transfer of 28% of an elementary charge to the next m
ecule, which seems a reasonable value for charge-tran
excitons. Nevertheless, an interpretation by charge-tran
excitons must be dismissed for several reasons.

The most obvious objection is the lack of a second deri
tive contribution in the spectrum of theau exciton made up
of the same molecular states. In addition, the large cha
transfer dipole moment is based on the second derivativ
the whole absorption spectrum above 2.5 eV, assuming
plicitly that the strongly absorbingbu state is a charge
transfer exciton. Strong absorption requires large spa
overlap of ground and excited states, which is inconsis
with the interpretation by Davydov components, i.e., m
lecular states coupled by dipolar interaction and not by
-
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change coupling. Large spatial overlap between the tra
tional equivalent molecule corresponds to a large tran
integral resulting in a wide free-carrier band and significa
transfer of oscillator strength from exciton to continuu
states. None of these consequences is supported by m
calculations or optical spectra. Furthermore, an excited s
where a pair of molecules exchange charge does not com
with the inversion symmetry of the crystal. Charge-trans
excitons which obey this symmetry could be built up as ev
and odd combinations of charge transfer to molecules in
posite directions resulting in two eigenstates of differe
parity.10 If they are near degenerate, an electric field w
redistribute the oscillator strength and both states will s
apart by a linear Stark effect. In the case of a small linewid
the exchange of oscillator strength dominates the spec
line shape as observed in electroreflectance spectra of th
exciton in Ac:PMDA single-crystals, which cannot be d
scribed as second derivative.11 In this case the electroreflec
tance signal disappeared already at 30 K below the n
level due to thermal broadening, which mixes the two sta
of different parity too, thereby diminishing the field effect

Evaluation of dipole sums in the crystal predicts that t
bu exciton is near degenerate with an even-parity Davyd
componentbg .14 Considering just the parity of the states,
field should mix these Davydov components resulting in
linear Stark effect. The opposite shift of the mixed sta
causes broadening of the absorption spectrum if the spe
linewidth is larger than the energy splitting and results in
line shape similar to a second derivative. However, the sa
mixing of Davydov components should apply to the dege
erateau andag states, which do not show a significant co
tribution of second derivative line shape. We exclude, the
fore, that Davydov components of the same molecular s
are mixed by an electric field. This result is not surprisi
since the corresponding matrix element^bguqrFubu& van-
ishes because it describes transitions between the same
lecular state 1Bu .

B. Interaction of the transition dipole with an external field

The striking difference of linewidth and response to
electric field of two Davydov components of the same m
lecular excitation cannot be related to properties of the m
lecular eigenstates. The difference must be caused by a p
erty of the eigenstatesau and bu of the crystal. Their most
obvious difference is their oscillator strength due to pack
of the molecules. This transition dipole should also couple
the field but experimental evidence for such coupling see
not to exist. The transition dipole can be obtained from
oscillator strength of thebu exciton, which is not known. We
therefore derive the oscillator strength,f, from absorption
spectra of thiophene solutions by applying the sum rule
the imaginary part of the dielectric function Im(«)
5nac/v, wheren is the refractive index of the solvent an
c is the velocity of light:

f 53
4m«0

he2

n

NE a~E!dE8. ~5!

N is the concentration of absorbing molecules while the f
tor 3 accounts for random orientation of the molecules. Ta
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III summarizes oscillator strength and peak positionEo of
the fundamental absorption band by integrating spectra
several thiophenes26 solved in methylene chloride with re
fractive indexn51.4. Similar values are obtained fromT3
and T5 solution spectra published earlier.27 The transition
dipole moment is estimated from the relation

umu25
~e\!2

2mEo
f . ~6!

The delocalization of thep electrons over the molecule i
obvious from the transition energy, which decreases w
increasing size of the molecule. Simultaneously we obse
an increasing oscillator strength of the 1Bu exciton with in-
creasing length of the molecule. Similar large oscilla
strength is observed for the strong exciton in polymeth
chains such as the streptocyanine dyes,28 where each double
bond contributes about one electron. These spectra show
that packing of the molecules has no noticeable effect on
molecular properties.

From the oscillator strengthf 54.44 of the 1Bu exciton of
T6 in solution, we obtain transition dipole moments
4.7 eÅ and 0.05eÅ for the strongbu and weakau exciton,
respectively, by summing up the contribution of the fo
molecules in the unit cell. The dipole interaction of twobu
excitons in different cells is estimated from the relation

U5mW T

3~mW T•rW !rW2r 2mW T

4p«or 5
, ~7!

which yields about 0.6 eV for next neighbors in thec direc-
tion. Partial screening by polarization may reduce this ene
but the strong excitonbu should be quite mobile due to Fo¨r-
ster transfer, which increases the scattering rate and the
width of the strong Davydov component as compared to
immobile weakau exciton.

The transition dipole interacts with the static electric fie
during its coherent lifetimet. First- and second-order term
of the energy shift of this rapidly oscillating dipole are give
as

DE5
1

tE0

t

mW 0•FW cos~vt !dt,

~8!

~DE!25
1

tE0

t

@mW 0•FW cos~vt !#2dt.

TABLE III. Oscillator strengthf, transition energyE0, and di-
pole moment of the fundamental transition in oligo-thiophenes
rived from absorption spectra~Ref. 26!.

Molecule T2 T3 T4 T5 T6

f 1.4 2.22 3.43 3.94 4.44

E0 (eV) 4.06 3.50 3.16 3.0 2.8

m (eÅ) 1.15 1.55 2.03 2.24 2.45
of

h
e

r
e

lso
e

r

y

e-
e

The first-order term disappears but the second-order t
remains finite and broadens the transition quadratically w
field strength, resulting in a second derivative line shape@Eq.
~3!#. The transition dipole of 4.9eÅ of the bu exciton and a
field of 23 kV/cm parallelc leads to the large value o
(DE)252.2531027 (eV)2, about 50% larger than the shi
needed to match the second derivative of the absorption
the electroabsorption spectrum of the strong transitions
Fig. 5~c!. This deviation is not significant in view of the
uncertainties in obtaining the second derivative of the
sorption spectrum and the transition dipole moment fr
solution spectra. We attribute, therefore, the large electro
sorption signal of the strong Davydov component and
second derivative line shape to coupling of the transit
dipole to the electric field. It is obvious that this effect
absent for the weak Davydov component because it requ
a very large dipole moment.

V. CONCLUSION

The electroabsorption spectrum forFic of the
a-sexithiophene single-crystal differs strongly from those
films,13 which emphasizes the sensitivity of such spectra
disorder. All features can be explained as the response
single molecular exciton and its vibronic satellites to an el
tric field, however with striking difference in line shape o
the spectra of the weak and strong Davydov compone
The weak excitonau of very narrow width responds to a
electric field by a quadratic Stark shift due to the large p
larizability of 900 Å3 of the molecular exciton 1Bu . The
stronger excitonbu of much larger linewidth responds muc
more sensitively to the field by an additional effect of seco
derivative line shape. This additional effect cannot be
plained by charge transfer between molecules since s
contribution is absent in the spectrum of the weak exci
au , which is derived from the same molecular states. I
charge-transfer state exists, its contribution to the spectr
not resolved and hidden under the signal of the strong Da
dov component, which cannot be explained on the basi
molecular eigenstates.

The second derivative electroabsorption signal of
strongbu exciton results from coupling of its large transitio
dipole of 4.9eÅ ~23 D!, which is the combined moment o
the four molecular dipoles in the unit cell. Second-order
teraction of the large transition dipole with the external fie
broadens the exciton resulting in the second derivative
shape of its electroabsorption spectrum. The effect requ
large transition dipole moments to compete with the q
dratic Stark effect due to the molecular polarizability. It mu
be sensitive to packing of the molecules and is theref
expected to be sensitive to disorder. The large transition
pole implies strong coupling to exciton states in neighbor
cells resulting by Fo¨rster transfer in a very mobilebu exci-
ton, which is a possible reason for its large spectral lin
width. None of these effects occurs for theau exciton be-
cause its transition dipole moment is two orders
magnitude smaller.

Consistent with small spatial overlap of molecular stat
the single crystal shows no trace of the Franz-Keldysh eff
which is expected if a wide band of free-carrier states exi
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The spectra show no mixing of Davydov components of d
ferent parity by the field. We conclude that Davydov co
ponents derived from the same molecular excitons are
mixed by electric fields unless the molecular eigensta
show significant spatial overlap. The data thus indicate
a-sexithiophene should be considered as a molecular so
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