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Electric field effects on the Davydov components of a strong intramolecular transition:
a-sexithiophene single crystals
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Low-temperature absorption and electroabsorption spectra of a thin single cryataleaithiophene reveal
a distinctly different line shape and sensitivity to electric fields of the Daydov components of the first intramo-
lecular m-7* transition. The weak component of very small linewidth responds by a quadratic Stark shift
which is attributed to a molecular polarizability of 90F AThe 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.

[. INTRODUCTION A richly structured electroabsorption spectrum has been
observed in sexithiophene filM&.While the signal at the

Electroabsorption spectra induced by moderate electrioptical gap seems compatible with a quadratic Stark shift of
fields are a valuable tool to study extended electronic stateghe first transition of this large molecule, several strong fea-
The basic effects are the Stark effect, which arises from mixtures at higher energy show no correspondence to derivatives
ing of discrete states, and the Franz-Keldysh efféathich ~ Of the absorption spectrum. They have been attributed to
is equivalent to acceleration of a free particle by the ebctri@harge—}ransfer excitons predicted also by theoretical
field through a continuum of statésThe latter effect re- models* or to some residual Franz-Keldysh effect of band
quires high mobility and large spatial coherence over tens optates. Charge_—transfer transitions have also been mvoked re-
unit cell and has been observed only in cubic semiconducgently to explam two features of t_he electro_absorptlon Spec-
tors and in a few cases of highly ordered chains Off[rum of regpregular pon-he.xyIth|ophene f|!ms yvﬂ:%h small
polydiacetylenes. The Stark effect, on the other hand, is interplane distance (3.8 '8.‘) n nanpcrystallme filimisEn-
observed in many conjugated polymers as redshift of th qouraged by the obsefrvanon Itlhat d|sorﬁ_er gltersdthe _abso(;p-
fundamentalr-7* transition. Due to the large linewidth of lon spectra even of partially crystallized and oriente

h " ther | field or hiah polarizability of samples significantly, we repeated the electroabsorption
these transitions, either large field or high polarizability o anstudy on a single crystal of-sexithiophene. More recent

excited state is needed to obtain measurable shifts. Since 1§ gies show further that a single molecular transition with
polarizability of an excited state increases with its size, field-ironic satellites determines the absorption spectrum over a
modulation spectroscopy selects extended states and is W‘?Hnge of about 1 eW*16 Crystal fields split this transition
suited to studyw-conjugated polymers. Competing with into two silent and two optically active Davydov components
electric fields is the perturbation of states by potential ﬂUC-of very different Strength_ This Simp|e scheme of energy lev-
tuations due to short-range disorder, which reduces the sizgls thus provides an excellent opportunity to study the influ-
of field effects and alters the line shape of the spet#a. ence of an electric field on well defined eigenstates of a
shown by the very different spectra of polydiacetylene singlehighly ordered oligomer.

crystals and polydiacetylene films, short-range disorder can

mask the intrinsic properties of the materi@ignificant im-

provement is observed in the spectra of ladder-type polymers [l. EXPERIMENTAL DETAILS

where additional bonds restrict torsion of the polymer
units®° Charge-transfer excitons respond also sensitively to
electric fields best seen again in spectra of single crystals of The single-crystal platelet was grown by the sublimation
anthracene and pyromellitic acid anhydride:PMDA).1>**  technique described by Lipséft. The crystal structure is
Charge-transfer excitons between identical molecules haveonoclinic (symmetryP2,/n) (Ref. 18§ and some param-
been observed in partially crystallized films of anthrackne. eters are listed in Table I. The unit céfig. 1) contains four
They vanish in absorption spectra under stronger vibronienolecules which arrange in two sheets and are related to
replica of the intramolecular exciton but are resolved in eleceach other by inversion and a screw axis. Zhe dipole
troabsorption experiments because of their much larger shifnoment of the fundamental transitiof81 is parallel to the
resulting from a large charge-transfer dipole. long axisL of the molecule, which shows little deviation

A. Crystal structure
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TABLE |. Lattice parameters ak-T6. L and¢ are the length of
the long molecular axis and its tilt angle with respect to ¢haxis

(Ref. 18.
a (A) b (A) ¢ (A) B L (A) &L
44.708 7851  6.029  90.76°  21.85  65.0°

from planarity. Dipole interaction splits the molecular state
into four Davydov components, two of them optically active
with dipole moments parallel and perpendicular to the
axis1*1®?9The alignment of the long molecular axis almost
parallel to the ac plane results in a very small oscillator
strength of the excited statg, with dipole moment parallel
b. Its strength is four orders of magnitude weaker than that of
b, with dipole moment in the ac plane and tilted by 25° with
respect to tha axis. Due to the large separation of molecules
in different planes, each of the dipole active transitions is
near degenerate with a forbidden stagg and bg,
respectively:® If Davydov components are coupled by an

external electric field, such degeneracy should lead to large

effects in the optical spectra.
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FIG. 2. Survey of(a) the absorption spectra aifl) the electro-

absorption spectrum for fielB||c at 20 K. The low-energy signal

B. Optical measurements

The platelet of about 2 mfnarea and @ thickness was
mounted in a He flow cryostat. Light of a tungsten halide
lamp or of a Xe arc, dispersed by a 0.5-m grating monochro
mator and polarized by a calcite polarizer, was focused into
0.3-mm-wide gap between opaque gold contacts which we

a

FIG. 1. Unit cell of a-sexithiophene.

has been enlarged by a factor of 5.

evaporated onto the bc plane to apply fields parallel tocthe
axis. The spectral resolution was better than 1 meV in the
Qisible range and about 3 meV in the case of the broader

features in the near-uv. A photomultiplier served as a detec-

tor of the transmitted light, which was spatially filtered to
reduce stray light. A digital voltmeter measured the light
intensity, |, while a digital lock-in amplifier recorded simul-
taneously the changal of the transmitted light intensity
induced by a sinusoidal field of about 1 kHz frequency. The
field-induced changé o of the absorption constant is de-
rived from the thicknessl of the sample and the relative
change of the transmitted light intensity:

1Al
d
The signal occurred at twice the frequency of the applied

field and signals at the fundamental frequency were absent,
which is consistent with the inversion symmetry of crystal

and electrode configuration.

@

a=

IIl. EXPERIMENTAL RESULTS

The highly dichroic absorption spectrum ofx
sexithiophene is displayed in Fig(é2. The spectra show, in
agreement with previous studi&#s?>?*two regions of strik-
ingly different linewidth. The peaks near 2.6 eV and 2.8 eV
are relatively broad with a linewidth of about 80 meV. They
are attributed to the strong Davydov componignt which is
polarized in the ac plane blocking all light of polarization
E|c. ForE|b the transition is forbidden by symmetry, which
keeps the absorption sufficiently low to study thjsstate in
a transmission experiment. All features below 2.6 eV have a
much narrower linewidth and are related to the weak Davy-
dov componenta,. The same difference of linewidth is
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TABLE Il. Transition energiesin eV) of the Davydov compo-

T=20K ,"m‘\ I" \f‘\ A a nents of the fundamental molecular excitoB land their vibronic
— 51 o” 5"-, j - v "-,‘ ‘,"\\ /r’ satgllites.O’ andO" are states of Herzberg Teller states of the
g i ,',.“ ,i E//c%\l‘ 5,' exciton.
m\% 5] 04 :," "-,\ ’:’ ~J Transition Exciton Vibronic states
°.l . : ) a, 2273 2312 2355 2431  2.467
N "\ E/lb o’ 2.288 2330 2375 2449  2.486
/ o 2.308 2.348 2.391 2.509
1(5) { l ' ' l b b, 2.593 2.673 2.763 2.800
10 1

quite well with the first derivative of the absorption spec-
trum, which reproduces the positions of all peaks correctly.
We see some deviation in the size of the negative peak of the
first transition. It is not clear whether this is a real effect or
caused by some inaccuracy of the derivative of this very
narrow absorption peak of 3 meV width. The spectrum
shows no signature of the silent Davydov componat

Aa (10‘2cm_1)
<

[
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10 4 — F=23kViem which should be near degenerateaip. As observed for the
------------- g—g-o.SpeV charge-transfer exciton of anthracene-PMDA, such mixing
. . . . . of near degenerate states of different parity results in a linear
225 230 235 240 245 250 Stark effect and in field modulated spectra of very different

line shape®! The fieldF||c in Fig. 3(b) of 23 kV/cm causes

a redshift by 0.3ueV while the smaller field of 19 kV/cm in
FIG. 3. (a) Absorption spectra of the weak, exciton and its  Fig. 4 results in a shift of 0.2eV as expected for a qua-

vibronic satellites.O’ and O” refer to transitions of false origin  dratic field strength dependence. This small shift must result

(Ref. 14. (b) Electroabsorption spectrum féijc and comparison  from coupling of thea, exciton to higher excited states of

with the first derivative of the absorption spectrum. different parity?* We assume that the electrons are local-

found in the field modulated spectruta [Fig. 2(b)]. The ized to a single molecule so that the shift corresponds to the

signal of all transitions increases quadratically with the fieldMolecular polarizability of the &, state from which the

strength without change of the spectral shape. It is quite re2@vydov component derives by combining the four molecu-
markable that despite their small linewidth, all transitions/@’ €XCitons to eigenstates of the crystal. Assuming further
below 2.5 eV give a much smaller electroabsorption signajat them electron system is strongly polarizable only along

than the broader transitions at higher energy. The signal 4f'€ long molecular axis, only the field component parallel to

3.45 eV is attributed to the second intramolecular transitior}’® Molecular axis leads to the redshift

2B, polarized along the short axig of the T6 moleculé?! It

will not be considered since it does not derive from the mo- AEg = E(F cosé)?. 2)
lecular 1B, exciton. uo2

Figure 3 shows the spectra of the sharp transitions in more
detail. The first absorption peak at 2.275 eV belongs to the e 1oKV/em
exciton of the weak Davydov componeat, followed by 104
vibronic satellites of 39, 82, 158, and 194 meV. Although
forbidden, it appears also in the spectrum ffc, which
suggests some imperfection of the crystal. Herzberg-Teller
coupling® of the a, exciton to a higher molecular state,
probably the state at 3.45 eV, gives rise to two excit@ns,
andQ”, shifted by 15 meV and 35 meV with respectpto
higher energy. They appear in both polarizations although
stronger forE|lc and are also accompanied by a series of
vibronic states*%22 The transition energies are listed in
Table II.

These narrow transitions respond to a figlgt by a com- : . : .
mon guadratic Stark shift to Iower. energy supporting their 225 230 235 240 2.45 250
assignment to the same electronic excitation. Figui® 3 Energy (V)
shows the spectrum fd&||b, but as shown in Fig. 4 the same
common shift of all features is observed ffc although the FIG. 4. Electroabsorption spectrum at low energy for polariza-
latter spectrum is much more noisy due to the low level oftion of light E|c in comparison with the first derivative of the
transmitted light. The electroabsorption spectrum agreeabsorption spectrum.

Energy (eV)

------------- shift AE=0.2peV

W
A

Ao (10%cm™)
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the region of the strong transitions. This derivative is used to
produce the second derivative of the absorption spectrum at
higher energyFig. 5(c)].

This second derivative describes the position of all peaks
in the range of thé,, state and reproduces with a common
scaling factor the amplitudes of the electroabsorption spec-
trum within a factor of 2. This agreement is quite satisfactory
in view of the uncertainty to distinguish at low light level
absorbed and scattered light. Scattered light reduces the
negative peaks near 2.6 eV and 2.8 eV of the experimental
spectrum, which are observed at the peaks of the absorption
spectrum and contributes significantly to the deviation to the
second derivative spectrum in that range. The electroabsorp-
tion spectrum thus can be described as an expansion of en-
ergy shifts to second order:

o
: da 1 é%a 5
| Aa= &EAEer 5 aEZ(AE) . (3)
01 F=23kviem i i
757 T=20K i} . % 7.510%VY The first expression corresponds to the shiftAfz, due
E//b 4 . L. . . .. .
—_ s e to the molecular polarizability, which is sufficient to explain
24 26 2.8 3.0 32 the spectrum of the weak Davydov componapt The sec-
Energy (eV) ond term dominates the spectrum of the strong compdngnt

but the energy shifAE is not related to the molecular po-
FIG. 5. (a) Electroabsorption spectrum of both Davydov com- |4yizapbility because the square AfE, is negligibly small.

ponents. The spectrum of the strobgexciton at higher energy is  Thg gcaling factor which matches the second derivative and
reduged in size to fit into Fhe scaléh) First d_erlvatlve of the ab- electroabsorption spectrum yields the large energy shift by
sorption spectrum assuming the same shift by ©0e3 for the AE=0.4 meV for a field of 23 kV/cm, which applies to all
strongb, and the weala, excitons. The thick line represents the transitilons between 2.6 eV and 3.4 e\} but not toahetate
first derivative after Fourier-filteringc) Comparison of the second . . ) " o
derivative of the absorption spectrum with the electroabsorptio T_he uniform scaling suggests again a common _electronlc orl-
spectrum of the stronf, exciton and its vibronic satellites. Note gin of all t_hese features. It should be e_mphaS|zed that this
the different scales of the ordinate. rgsult dgwaﬁes fror_n the electroa_bsorptlon spectrng@f

films which in the high-energy region could not be fitted to a

] ] combination of first and second derivativés.
From the angl€=65° between the molecular axis and field,

we obtain a polarizabilityp=915 A® of the 1B, exciton
which is larger than that derived from measurements on films
where the relative orientation of molecule and film was A. Polarizability and charge-transfer states

neglected® The large polarizability is consistent with the — p absorptions peaks below 2.6 eV respond to an electric
assumption that theB,, state extends over the full molecule. fig|g with the same shift, which indicates a common elec-
Figure 5 show the electroabsorption spectrum of theronic origin, namely the weak Davydov component of the
strong b, exciton. Since this state originates also from the1|3u exciton with transition dipole parallel to the long mo-
1B, molecular exciton, it should show the same quadratidecular axis, which presumably is also the axis of large po-
Stark shift as thea, exciton. However, the first derivative larizability. The fieldF couples the B, exciton to all states
with a shift by 0.3 meV reproduces the electroabsorptiorof even parity resulting in an energy shift given by
spectrum only up to 2.5 eV and fails completely to describe
the position and size of the peaks at higher energy. The ex- (,Zelf)Z p 5
perimental response above 2.5 eV is an order of magnitude AElBuzze E- g p(Fcosd” (4)
larger than the predicted signal and its spectral line shape is By e
different. It is obvious that a stronger effect of different spec-Frequently one of the states of energy Bt dominates,
tral line shape occurs and masks the Stark shift due to th@hich allows us to derive the dipole momeng betweerje)
molecular polarizability. In order to check whether this re-and 1B, from the observed Stark shift. The redshift proves
sponse of the strong transitions resembles a second derivehat the strongest coupling state lies at higher energy and we
tive of the absorption spectrum, we eliminated the sharp feaexpect it to be below or near the transitioB 2at 3.45 eV,
tures of the first derivative by Fourier filtering, which which is sufficiently far above theB,, to ignore exchange of
otherwise would dominate the second derivative spectrunoscillator strength with respect to the ground state, which
The full line [Fig. 5b)] displays the first derivative after would distort the derivative line shape of the electroabsorp-
smoothing, which eliminated successfully the narrow feation spectrunf* For an estimated energy difference in the
tures of thea,, exciton and its satellites while maintaining the denominator of 1 eV, the redshift of the weak transitions
correct shape and size of the derivative at higher energy irequires the large dipole moment @f=5.6 eA correspond-

IV. DISCUSSION
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ing to a dipole of approximately a quarter of the length of thechange coupling. Large spatial overlap between the transi-
T6 molecule. Such significant redistribution of charge is postional equivalent molecule corresponds to a large transfer
sible only if the electronic states are delocalized over thdntegral resulting in a wide free-carrier band and significant
molecule. transfer of oscillator strength from exciton to continuum
While the electroabsorption spectrum of the weak Davy-states. None of these consequences is supported by model
dov componeng,, and its vibronic replica can be explained calculations or optical spectra. Furthermore, an excited state
by the polarizability of the B, molecular state, this inter- Where a pair of molecules exchange charge does not comply
pretation fails completely in the case of the stronger DavyWith the inversion symmetry of the crystal. Charge-transfer
dov componenb, at 2.593 eV although it is derived from €xcitons which obey this symmetry could be built up as even
the same molecular state. The response to the field of th@nd odd combinations of charge transfer to molecules in op-
state and of the transitions above is much stronger and tHeosite directions resulting in two eigenstates of different
line shape agrees with a second derivative of the absorptiop@rity: If they are near degenerate, an electric field will
spectrum. The same line shape applies to the transitions g@dlstnbute_ the oscillator strength and both states .WI|| _spl|t
higher energy and the common scaling factor supports thefPart by a linear Stark' effect. In the case of a small linewidth,
assignment to vibronic states of thg exciton. The transi- the exchange of oscillator strength dominates the spectral
tion energies are listed in Table Il and within experimental“”e_ShaPe as observed_ln electroreflectar_wce spectra of the CT
accuracy the vibronic frequencies are the same as for th@xciton in Ac:PMDA single-crystals, which cannot be de-
weak a, transition. It is quite puzzling that transitions in- scribed as secpnd derivativeln this case the eIectroreerc-_
volving the same molecular states show such a difference iftnce signal disappeared already at 30 K below the noise
spectral line shape of the absorption and electroabsorptiot§ve! due to thermal broadening, which mixes the two states
spectra and in the size of their response to an electric field®f different parity too, thereby diminishing the field effect.
Similar failure to correlate the electroabsorption spectra Evaluation of dipole sums in the crystal predicts that the
of the strong transitions to derivatives of the absorption specPu €Xciton is near degenerate with an even-parity Davydov
trum was observed fof6 films!® These spectra show a set Componenb,.™ Considering just the parity of the states, a
of strong oscillations above 2.8 eV, which were attributed tofi€ld should mix these Davydov components resulting in a
charge-transfer transitions after ruling out Franz-Keldysh oslinear Stark effect. The opposite shift of the mixed states
cillations. We exclude the Franz-Keldysh effect also becaus6auses broadening of the absorption spectrum if the spectral
it is very sensitive to disorder and should be much strongelinewidth is larger than the energy splitting and results in a
in a single crystal where the spectrum above 2.6 eV Ca,lin_e_shape similar to a second derivative. However, the same
clearly be assigned to tHe, exciton and its vibronic states. Mixing of Davydov components should apply to the degen-
Band structure calculations show only small bandwfdth, €ratea, anda, states, which do not show a significant con-
and coherent acceleration of free carriers through band stat&foution of second derivative line shape. We exclude, there-
is incompatible with mobilities below 1 cifiv s.1° fore, that Davydov components of the same molecular state
The most striking property of the electroabsorption spec@'® mixed by an elec.trlc fleld.' This result is not surprising
trum of the strong transition is its second derivative lineSince the corresponding matrix _gleme(rhtg|qu|bu> van-
shape, which can be observed in some cases of charg@hes because it describes transitions between the same mo-

transfer excitons. Theoretical calculations predictder6 a  lecular state B,.

charge-transfer transition of weak oscillator strength near 3

eV, above thé,, exciton* Partial charge transfer to a neigh-  B. Interaction of the transition dipole with an external field
boring molecule creates a transfer dipplgr, which causes

a linear shift in an electric field by AE— ucF. Inserting The striking difference of linewidth and response to an

. e T electric field of two Davydov components of the same mo-
this shift into Eq.(3) leads to a second derivative line Sh""pelecular excitation cannot be related to properties of the mo-

of A.a bec_ause the term linear IiE disappears since dug to lecular eigenstates. The difference must be caused by a prop-
the inversion symmetry of the crystal, charge transfer in op-

posite directions must have the same probability Evaluationgrty of the eigenstates, andb, of the crystal. Their most
of the data in Fig. &) yields for charge transfer alorgthe bvious difference is their oscillator strength due to packing

. . of the molecules. This transition dipole should also couple to
smallest dipole momemgc=1.7 eA, which corresponds to b P

i for of 28% of | i h o th " Ithe field but experimental evidence for such coupling seems
ranster of o Of an elementary chargeé to the next Mok, 1q exist. The transition dipole can be obtained from the
ecule, which seems a reasonable value for charge-transf

. . : BEcillator strength of the,, exciton, which is not known. We
excitons. Nevertheless, an interpretation by charge-transf%erefore derive the oscillator strength,from absorption

excilthons mt:stbbg dlsmgssetq for sttra]velralkre?sons. d deri spectra of thiophene solutions by applying the sum rule of
€ most obvious objection Is the 'ack of a second derivay, o imaginary part of the dielectric function &)

tive contribution in the spectrum of thﬁ! exciton made up =nac/w, wheren is the refractive index of the solvent and
of the same molecular states. In addition, the large charge: is the velocity of light:

transfer dipole moment is based on the second derivative ocf '

the whole absorption spectrum above 2.5 eV, assuming im-

plicitly that the strongly absorbindp, state is a charge- f:34m802 a(E)dE’ (5)
transfer exciton. Strong absorption requires large spatial he2 N '
overlap of ground and excited states, which is inconsistent

with the interpretation by Davydov components, i.e., mo-N is the concentration of absorbing molecules while the fac-
lecular states coupled by dipolar interaction and not by extor 3 accounts for random orientation of the molecules. Table
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TABLE lII. Oscillator strengthf, transition energye,, and di-  The first-order term disappears but the second-order term
pole moment of the fundamental transition in oligo-thiophenes deremains finite and broadens the transition quadratically with

rived from absorption specti@ef. 26. field strength, resulting in a second derivative line shdgue
(3)]. The transition dipole of 4.2A of the b, exciton and a
Molecule T2 T3 T4 TS T6 field of 23 kV/cm parallelc leads to the large value of
f 14 292 343 304 444 (AE)?=2.25<10"7 (eV)? about 50% larger than the shift
needed to match the second derivative of the absorption and
Eo (eV) 4.06 3.50 3.16 3.0 2.8 the electroabsorption spectrum of the strong transitions in

Fig. 5(c). This deviation is not significant in view of the
uncertainties in obtaining the second derivative of the ab-
sorption spectrum and the transition dipole moment from
solution spectra. We attribute, therefore, the large electroab-
oforption signal of the strong Davydov component and its
second derivative line shape to coupling of the transition
dipole to the electric field. It is obvious that this effect is
absent for the weak Davydov component because it requires
a very large dipole moment.

w (eh) 1.15 1.55 2.03 2.24 2.45

[l summarizes oscillator strength and peak positien of
the fundamental absorption band by integrating spectra
several thiophené$ solved in methylene chloride with re-
fractive indexn=1.4. Similar values are obtained from8
and T5 solution spectra published earlfrThe transition
dipole moment is estimated from the relation

(eh)?
2_

(6) V. CONCLUSION

The electroabsorption spectrum foF|c of the
The delocalization of ther electrons over the molecule is @-S€xithiophene single-crystal differs strongly from those of

obvious from the transition energy, which decreases witH!Ms,”~ which emphasizes the sensitivity of such spectra to

increasing size of the molecule. Simultaneously we observéisorder. All features can be explained as the response of a
an increasing oscillator strength of th&exciton with in- single molecular exciton and its vibronic satellites to an elec-

creasing length of the molecule. Similar large oscillatortric field, however with striking difference in line shape of
strength is observed for the strong exciton in polymethingn€ Spectra of the weak and strong Davydov components.
chains such as the streptocyanine dffeshere each double 1he weak excitora, of very narrow width responds to an
bond contributes about one electron. These spectra show al§#ECtric field by a quadratic Stark shift due to the large po-

. oy 3 .
that packing of the molecules has no noticeable effect on thifizability of 900 A* of the molecular exciton &,. The
molecular properties. stronger excitorb,, of much larger linewidth responds much

From the oscillator strength=4.44 of the B, exciton of ~ More sensitively to the field by an additional effect of second
T6 in solution. we obtain transition dipoleu moments of derivative line shape. This additional effect cannot be ex-
4.7 eA and 0.05eA for the strongb, and weaka, exciton plained by charge transfer between molecules since such
respectively, by summing up theucontributionu of the f’ourcontribution is absent in the spectrum of the weak exciton
molecules in the unit cell. The dipole interaction of typ ~ &u» Which is derived from the same molecular states. If a

excitons in different cells is estimated from the relation charge-transfer state exists, its contribution to the spectra is
not resolved and hidden under the signal of the strong Davy-

dov component, which cannot be explained on the basis of
L 3(pr ) —rpg molecular eigenstates.
U=spr——F, (7 The second derivative electroabsorption signal of the
strongb,, exciton results from coupling of its large transition
dipole of 4.9eA (23 D), which is the combined moment of
which yields about 0.6 eV for next neighbors in thelirec-  the four molecular dipoles in the unit cell. Second-order in-
tion. Partial screening by polarization may reduce this energyeraction of the large transition dipole with the external field
but the strong excitob,, should be quite mobile due to Fo  broadens the exciton resulting in the second derivative line
ster transfer, which increases the scattering rate and the linghape of its electroabsorption spectrum. The effect requires
width of the strong Davydov component as compared to thgarge transition dipole moments to compete with the qua-
immobile weaka,, exciton. dratic Stark effect due to the molecular polarizability. It must
The transition dipole interacts with the static electric fieldbe sensitive to packing of the molecules and is therefore
during its coherent lifetime-. First- and second-order terms expected to be sensitive to disorder. The large transition di-
of the energy shift of this rapidly oscillating dipole are given pole implies strong coupling to exciton states in neighboring
as cells resulting by Fister transfer in a very mobile, exci-
ton, which is a possible reason for its large spectral line-
.o width. None of these effects occurs for thg exciton be-
AE= ;fo to: F cogwt)dt, cause its transition dipole moment is two orders of
®) magnitude smaller.
Consistent with small spatial overlap of molecular states,
(A E)2=£f7[ﬁ0' = cog wt)]2dt. the_single crystal s.hows.no trace of the Fran;—KeIdysh eff_ect,
TJo which is expected if a wide band of free-carrier states exists.

41reor®
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