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The molecular-beam deposition of quaterthiophéfB oligomer on potassium acid phtalai@01) single
crystals yields thin films exhibiting a peculiar supramolecular organization induced by the interaction with the
substrate. The 4T thin films, which exhibit an extremely large optical anisotropy arising from the alignment of
the 4T molecular axis along thie crystallographic axis of the substrate, allow one to carry out polarized
transmission measurements over the whele* absorption band. The observation of a strong polarized band,
together with very weak unpolarized absorption peaks originating from isolated molecules, is consistent with
the formation of a tilted H aggregate in which the molecular transition moments form a 38° angle with the
substrate surface. The low luminescence quantum yield further supports the formation of this very ordered
structure. Exciton migration and decay paths in the 4T films have been established by studying, with time-
resolved photoluminescence spectroscopy, the emission originating from traps and imperfect aggregates.

[. INTRODUCTION dipole3 r6esides, is small and exciton delocalization can take
place:™

The well-defined conjugation length and chemical struc- One way of carefully controlling the solid state structure
ture of oligothiophenes have allowed, in recent years, a beff oligothiophenes is through organic molecular-beam depo-
ter understanding of the parameters controlling a number o#ition (OMBD) in ultrahigh v_acuun*?: With this technique,
physical properties of interest for applications, such adnolecular thin films are fabricated through repeated stacking
charge transport, linear and nonlinear optical response, dec%monomglecular layers onto a properly selected substrate.
dynamics, etc. X-ray structural characterization of these (_eregultlng Su'pramolecularlorgamzatlon of t.he grown film,
oligomers has shown that the supramolecular organizatiov[ghwh is determined by the orientation pf_the first overgrown
attained in the solid state is a key parameter for controllin yer with respect to the substrate, originates from the bal-
these propertieb. %nce between the molecule-molecule and molecule-substrate

lecul | q Is f llv aff interactions. A proper choice of the substrate properties
In molecular crystals van der Waals forces usually affeCtphemical composition, surface structure, defects, tempera-
only weakly the ground-state properties of the constituenf, e etc), as well as of the evaporation rate yields samples

molecules, which retain their chemical individuality. How- possessing a controlled and reproducible solid  state
ever, certain conjugated moleculgmtably carotenoids and organization.%*° For example, deposition of oligothio-
oligothiophenep exhibit the remarkable property that a phenes on highly oriented pyrolitic graphite yields films with
strong perturbation of the excited-state levels occurs upothe molecular planes parallel to the substrate, while the use
aggregation, because of the interaction between transitiopf fused silica as substrate yields films in which the molecu-
charge densities on neighboring molecules. This effect halar axis is almost orthogonal to the surfdce.

been observed in carotenofdhich, in bad-solvent solu- In this paper, the optical and photophysical properties of
tions, form high-molecular-weight aggregates, whose abunsubstituted quaterthiophe4T) films grown on a single
sorption spectrum exhibits significant bandwidth narrowingcrystal of potassium acid phthalat&AP) are discussed.
and blueshift of about 200 meV. A blueshift of the absorp-This particular substrate has been selected because it is ex-
tion spectrum upon aggregation has also been observed pected that the presence of phthalate conjugated rings surfac-
oligothiophenes of various lengths, when the molecules aring at the cleavage plane can induce, through#the* in-
unsubstituted or end capped, since in these cases the distarieeaction, a specific orientation of the oligothiophene
between the conjugated backbones, on which the transitiomolecules with respect to the substrate. Moreover, it is ob-
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FIG. 1. Absorbance spectrum of a 10-nm-thick 4T film depos- FIG. 2. Absorbance spectra of a 20-nm-thick 4T film deposited
ited on silica(upper curve, shifted upward by 0.1 absorbance units2" (00D single crystal of KAP, taken at 30° incidence witland
for clarity), taken with unpolarized light; absorbance spectra of aP Polarized light. Inset: sketch of the experimental configuration,
10-nm-thick 4T film deposited orf001) single crystal of KAP where the plane of incidence is perpendicular tolirgirection.

(lower curvey, taken with linearly polarized light along the direc- ) . )
tions of thea andb axes of the KAP crystal lattice. measured with a SPEX 270M monochromator equipped with

a liquid-nitrogen-cooled charge-coupled device detector by
tained by cleavage along th@01) or ab lattice plane! exciting_ with an Af_* laser and a monochromated Xe Iamp,_
which ensures good surface quality, with the additional ad¥espectively. Polarized PL measurements were performed in

vantage that it is a single crystal and is transparent up téhe backscattering configuration by exciting with the 363 nm
4 eV. line of an Ar" laser, using a polarizing prism and a sheet

polarizer to change the incident and emitted light polariza-
tion.
Time-resolved PL measurements were realized by using a
4T oligomers have been synthesized according to a starsynchronously pumped Coherent 700 dye laser at 700 nm
dard chemical procedure described elsewh&rEhe com-  with 5 ps pulse duration and 76 MHz repetition rate. Second-
pound was repeatedly purified by vacuum sublimation. harmonic generation in a barium bord®BO) crystal pro-
Thin films of 4T were grown by OMBD at 1 duces the excitation beam at 350 nm with an averaged power
x 10" ° Torr pressure at a rate of 6 A/min. After a slow heat- of the order of 0.1 mW, which was focused onto 0.2 mm spot
ing ramp up to the deposition temperature of about 175 °Con the sample. The photoluminescence was dispersed by a
the 4T source was kept within less than 1°C around théSPEX 1680 double monochromatdrnm spectral resolution
evaporation temperature during the whole deposition prowas usefland detected by a Hamamatsu M 1955 streak cam-
cess, while the effusion orifice of the cell was maintainedera apparatus with a time resolution of 30 ps and a time
8 °C above that temperature to avoid condensation of the 4Window of 1.5 ns. The sample was placed in a bath cryostat
molecule. Both fused silica and freshly cleav@®l) ori- in order to vary and control the temperature down to 80 K.
ented KAP single crystals were used as substrates to demoAll the PL spectra were corrected for the optical response of
strate how they influence the structural and optical propertiethe different equipments.
of the films. Both substrates are transparent slabs with opti-
cally polished surfaces, giving rise to negligible light scatter- Il RESULTS
ing; deposition of ultrathin layers of 4T produces a pale yel- '
low color when the films are thicker than 15 nm. The film  Typical absorption spectra of 4T films deposited on the
thickness was monitored by a quartz oscillator mountedwo different substrates are shown in Fig. 1. The upper spec-
close to the substrate and several films from 10 to 30 nntrum refers to a film deposited on amorphous silica and is
thick were grown. taken with unpolarized light, while the lower two spectra
Absorption measurements at normal and oblique incitefer to a film deposited on KAP and are taken with light
dence were performed in the spectral range from 1.5 to 6.5nearly polarized along thé anda lattice axes of the sub-
eV with resolution better than 10 meV using a Perkin-Elmerstrate. To be able to deduce the orientation of the 4T molecu-
Lambda 900 spectrometer. Measurements were also pelar axis in the film, oblique-incidence measurements were
formed with linearly polarized light using Glan-Taylor cal- also performed; in this way, possible absorption of light po-
cite polarizers. Low-temperature absorption measurementarized perpendicularly to the substrate surface can be de-
were performed down to 70 K using a continuous-flow statictected. Figure 2 reports two spectra, takers @endp polar-
cryostat(Oxford Optistat. ization with light impinging on the sample surface with 30°
Photoluminescencé&L) and PL excitation profiles were angle of incidence with the plane of incidence perpendicular

Il. EXPERIMENT
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FIG. 4. Low-temperaturg1l3 K) PL excitation profile of the
2.37 eV emission measured in the 2.8-5 eV range and &pec-

FIG. 3. Normalized cw PL spectra taken at two temperatures offum measured with unpolarized light of a 30-nm-thick 4T film
a 20-nm-thick 4T film deposited of001) single-crystal KAP. In-  deposited or{001) single-crystal KAP.
set: cw PL spectra taken at 82 K by exciting at 3.4 eV with the
laser beam linearly polarized along thexis of the KAP substrate a5 expected, since the 4T film is very thin.
and collecting the emission polarized parallel and perpendicular to  The decay time of the PL has been measured in steps of 5
the b axis (full and dotted lines, respectively nm; typical PL decays af=85K are reported in Fig. (8

for two different emission energies close to those of states |
to theb axis direction, as sketched in the inset. The spectrand Il (2.34 and 2.43 eV, respectivelyin fact, the PL emis-
of the same samples taken at 70(hot shown with unpo-  sion of the phonon replica of both state | and state Il shows
larized and polarized light at normal incidence and with po-a very similar time evolution with respect to the correspond-
larized light at oblique incidence do not show any differ-
ences from the corresponding spectra taken at room
temperature and reported in Figs. 1 and 2.

In Fig. 3 the cw photoluminescence spectrum of a 4T film
deposited on KAP is reported at two different temperatures
for 3.42 eV excitation. The room-temperature spectrum
shows three broad bands at 2.45, 2.27, and about 2.07 eV,
with a shoulder at higher energy. At low temperature, four
new bands peaked at 2.56, 2.37, 2.18, and 2.00 eV dominate
the spectrum, and the bands observed at room temperature
sharply narrow, displaying a behavior very similar to that
observed in sexithiophene thin film$!* Both the high-
temperature and the additional low-temperature bands dis-
play a well-defined energy separation of 0.18 eV, suggesting
that they are associated with two vibronic progressions with
origin at 2.56 and 2.45 eVstates | and I, respectivelyOn
decreasing the excitation energy down to 2.75 eV, no change
in the spectral shape and position of the PL spectrum was
observed.

Polarized cw PL measurements show an anisotropy of

about 2 in the emission after exciting with polarization par-
allel to theb axis of the KAP substratésee the inset in Fig.
3). A smaller anisotropy of about 1.2 is measured on exciting L
with the light polarized parallel to tha axis of KAP. The -
spectral shape is insensitive to the exciting and emission po-
larization directions.

In Fig. 4 the PL gxcitation profile of the 2.37 eV emission g5 5 (a) Time decay(dashed linesof the 2.43 and 2.34 eV
peak of a 30-nm-thick 4T film eros'ted on KAP measuredgmission peaks of a 20-nm-thick 4T film deposited(601) single-
at 13 K is reported together with the-IT spectrum taken  ¢rystal KAP measured at 85 K; solid lines represent the exponential
with unpolarized light, where the sharp absorption edge ofit. The inset shows the residuals on a linear scale as dots and
KAP is visible above 4 eV; the excitation profiles of all other crosses for states | and 11, respectivelyb) Spectral shape of the
PL peaks show the same spectral shape. As for the sampi@w (solid line) and fast(dashed lingcomponents of the PL spec-
reflectance, it is constant and less than 4% over the wholgum. Dots are the experimental data, lines are drawn as a guide for
visible spectrum, originating mainly from the KAP substratethe eye.
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emission is dominated by the PL of the 2.53 eV component
and its two phonon replicas. Note that the two emission com-
ponents are overlapped due to their inhomogeneous broaden-
ing; however, the time-resolved measurements allow a clear
discrimination due to the very different decay kinetics, which
also point out the different physical natures of the two emit-
ting states. Finally Fig. 6 shows the presence of a redshift of
the high-energy progression for increasing delay after exci-
tation; the dynamical Stokes shift is of the order of 30 meV
after 1 ns delay.

IV. DISCUSSION

PL Intensity (arb. units)

A. Supramolecular structure

Absorption measurements taken at normal incidence on
the sample deposited on silica with light linearly polarized
along different directions did not show any difference from
the spectrum in Fig. 2, indicating that the film is isotropic on
the substrate surface, while oblique-incidence measurements
showed a slight increase in the peak intensity. Considering
2 2.2 24 2.6 that the transition dipole moment of oligothiophenes is along

Energy (eV) the main molecular axi$these findings suggest some pref-
erential orientation of the 4T molecular axis perpendicular to
the substrate surface, as also reported in the literature for
e%ther oligothiophene films deposited on silfc¥.

In the spectra of the sample deposited on KAP taken un-
der normal-incidence conditions, the main peak at 3.67 eV is

ing dominant line. The main contribution is a decay time offound only in the polarization labeledib,” i.e., with the
the order of 500 ps, which is present over the whole emissioff/€ctric field parallel to thé axis of the KAP crystal lattice.
band[the exponential fits are reported as solid lines in Fig.ThiS means that the transition dipole moments lie in a plane
5(a)], while the rise time is below the instrumental resolu-Parallel to that crystal axis. Spectra taken at normal inci-
tion. The residuals from the fité.e., the difference between dence with light polarized along different directions indicate
the signal and the fits, divided by the square root of thdhat t.he .absorpuon intensity decr.eases as a functlon_of the
signal®) are reported in the inset of Fig(& as dots and p_oIarl_zatlon anglef (measured with respect to the axis
crosses for states | and I, respectively. It turns out that glirection and scales as cb§, as expected. N
single exponential it nicely agrees with the PL emission of _Th€ angle formed by the molecular transition moments
state I, while a second fast contribution is clearly observed ifVith theab plane of KAP(substrate surfagean be inferred
the PL emission at 2.43 eV: in addition, such a fast Comloo1‘_rom the spectr_a taken at oblique incidence wlth polarized
nent is also detected at energies shifted by a vibrationdight after rotating the sample around theaxis (spectra
quantum. In order to evaluate the relative weights of the slovj@ken at 30° incidence are reported in Fig.i@ the oblique-
and fast contributions, we have first performed, for eacHncidence configuration the absorbance values scale very
emission wavelength, an exponential fit of the long exponenWell with the optical path length in the film. The intensity
tial tails and extracted the integrated intensity of the slowfatior=1,/1s between the intensity of the peaks observed in
component. Then the fits have been subtracted from the e4€ S andp polarizations at oblique incidence, corrected for
perimental data and the residuals integrated over a time irfhe polanzatlon—dependent contribution of re_flectance, yields
terval of 100 ps around the PL maximum. The integratedhe tilt anglea between the 4T molecular axis and the sub-
intensity of the slow and fast components, reported in FigStrate surface from
5(b), clearly shows the different spectral compositions of the o
two contributions. The slow decay time is associated with r=si gtarf a, @
the 2.56 eV emission from state | while the fast decay time isvhereg is the incidence angle. The value of the tilt angle is
related to that at 2.45 eV from state Il; as expected, thesstimated agx=37° for the 30° incidence configuration and
phonon replicas of these emissions show the same time eva-=39° for the 45° incidence configuration, this complete
lution. consistency indicating that the paramedecan be used with
Similar information can be extracted directly from the confidence in elaboration of the structural model for the 4T
analysis of time-resolved spectra, obtained by integrating thélm deposited on KAP. In addition, it should be mentioned
decay curve over a 60 ps time windows for each detectethat the optical absorption spectra are independent of tem-
wavelength. The spectra at different delay times with respegberature down to 70 K, indicating that the order and orien-
to excitation are reported in Fig. 6, together with the relativetation of the 4T film are already complete and stable at room
scale factors. The 2.43 eV component and its replica at 2.2temperature.
eV are present only in the early-time emission and disappear On the basis of the above analysis of optical absorption
for delay time longer than 200 ps. In fact, the long-timeand by considering results of x-ray diffraction, measured in

FIG. 6. Time evolution of the PL spectrum of a 4T film depos-
ited on (001 single-crystal KAP, measured at 85 K in the first
nanosecond after excitation. Dots are the experimental data, lin
are drawn as a guide for the eye.
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respect to the direction normal to the substrate, this optical
effect would produce a shift much lower than on silica,
where oligothiophenes are known to stand almost perpen-
dicular to the substrate!® while the experimental spectra
show only a small difference. In addition, it is interesting to
observe that the spectra reported in Fig. 2 show a slight
blueshift of the main peak from 3.67 to 3.70 eV between the
s and p polarized spectra, where the latter is the one corre-
sponding to the component of the transition dipole moments
perpendicular to the substrate. Only this small shift as a func-
tion of polarization can be related to the mentioned optical
effect, the large blueshift detected with respect to the spec-
T trum of isolated moleculegabout 1 eV being much more
\ \\\s\\\i\\\\\\\\\\\\\\\g\\\\ likely related to excited-state molecular interactions. Indeed,
. following the molecular exciton modéf;**the close packing
SIS S of the H aggregates formed by the 4T molecules in films
FIG. 7. Sketch of the structure of the 4T film deposited@ps) ~ deposited by OMBD can lead to exciton formation, with a
single-crystal KAP(ab lattice plang, where the molecules form Subsequent energy increase of the transition of the first al-
tilted H aggregates along the growth direction; the three stacks ar®wed collective excited state.

lying at different positions along theeaxis of KAP, as illustrated by On this basis we distinguish two different contributions in
their different gray color. the optical absorption which differ in their polarization prop-
erties.

the Bragg-Brentano geometry and with synchrotron radia- (& The polarized main peak at 3.67 eV is assigned to a
tion, a structural model was drawhwhich is in agreement collective exciton k=0) state delocal_lz_ed over the crysta_l.
with all experimental data and exhibits some similarity with 'S PlueshiftA, with respect to the position of the 0-0 transi-
the 4T phases observed $h11] Ag.2® It consists of a tri- tion of the |soIaF9d molec_u_le, depends on Fhe mtgracuon be-
clinic crystal with lattice parametersa=7.21A, b tween the transition densitigg, andpg on neighboring mol-
—6.32A, c=9.56 A, «=90.5°, 8=91.0°, andy=90.5°, €cules ai andB,
with one molecule per unit cell, and with 1.26 g cfrden-
sity. As for the molecular arrangement on the substrate, this . -
structure results in a card-pack arrangement of the 4T mol- A_f f Pa(r)pe(ra)(ro=ra))~*drydr,, @)
ecules, which form an H aggregate along the growth direc-
tion with the molecules tilted by 38° as shown in Fig. 7 and increases with reduction of the intermolecular distance.
(where the three stacks lie on different planes alongahe As a matter of fact Cornil and co-workers have performed a
axis direction, displaced with respect to each other by moreorrelated quantum chemical calculation on close-packed su-
than 6 A). The tilted H aggregate mentioned consists of onepramolecular structures of thiophene-based oligomers show-
stack, where each 4T molecule faces the nearest-neighborifigg a strong absorption peak at 3.61 eV as a result of the
molecules with a distance between the mean moleculagxcited-state interactions between translationally equivalent
planes of 4.47 A. transition dipole$>2°
A strong blueshift of the absorption spectrum has been
observed even in aggregates in solutiamd the shift has
been accounted for by strong excited-state interactions be-
The main peak detected in all the absorbance spectra ¢fveen neighboring molecules within the aggredatée lack
thin films is located at 3.67 e\6ee Fig. L This corresponds of vibronic replicas also confirms this interpretation. As a
to a large blueshiftabout 1 eV with respect to the spectrum matter of fact solid state thedty’ and physical intuition
of quasiplanar 4T molecules electronically decoupledsuggest that, when the excitation is delocalized over a region
through inclusion in a proper matri§2.79 eV, as measured comparable in size with the wavelength of the lighe., an
at 80 K on 4T included in perhydrotriphenyléfle or 4T  exciton statg interaction with intramolecular vibrations—
molecules in frozen solutioh?® peculiar to the isolated molecular states—is weak and no
A blueshift of the absorption of a thin film is predicted to vibronic progression is observed. Of course, interaction with
occur by the Fresnel formulas when the dipoles are perpercollective phonon stategsuch as low-frequency acoustic
dicular to the film thickness with respect to the behavior of aphononsis likely and this accounts for some of the observed
film with the same dipole species aligned parallel to thebroadening of the 3.67 eV peak. Other sources of broadening
film.32122Thus, it has been argugthat the blueshift of the include the activation ok+0 exciton states due to selection
absorption maximum observed in thin films of oligothio- rule relaxation. This band is also completely polarized along
phene evaporated on quartz substrates with respect to tliee orientation axis, indicating that it originates from a regu-
absorption of films deposited on other substrates might b&ar assembly of transition dipoles.
related to the molecular arrangement in which the molecular (b) The unpolarized structured low-energy baridelow
axis (and therefore the molecular dipolas perpendicular to 3.2 e\) originate from trapgisolated molecules, misaligned
the substrate surface. Since in the present case the 4T maholecules at the grain boundanieand/or imperfect aggre-
ecules deposited on KAP are inclined by more than 50° withgates and therefore, because the excitation is localized and

B. Energy levels and photoexcitation
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X role in the emission process; in addition, the intensity of one

A \ of the PL peaks with its vibronic replica changes strongly as

1B A 2 I a function of film thickness and experimental configuration,
u .

~~ I suggesting that it comes from radiative traps at the substrate/

film interface. This is not the case for the 4T films on KAP,
which show a large Stokes shift, but with fully reproducible,
sample-independent PL spectra. Finally, the peak attributed
- to state | corresponds very well in both spectral position and
line shape to the PL spectrum of 4T included in a maltix.
The energy position of the | PL component is higher than
1 that obtained on polycrystalline films grown on gld%3?but
A, . lower than that reported for films grown on pyrolytic graph-
T S ite or single crystals!32

The two emitting states strongly differ in their decay ki-
netics and temperature dependence, but are coupled to the
FIG. 8. Scheme of the molecular electronic states of the isolate§@Me Vibration at 0.18 eY1450 cmi %), which corresponds

4T molecule and of the H aggregate, with excitation and decay© the intraring G=C stretching also observed in resonant
transitions. Raman spectra. Such phonon coupling indicates that the

states are not due to chemical defects or impurities, but
interacts with the local intra-ring vibrations, shows the stan+ather they should be viewed as arising from molecules pos-
dard vibronic progression. Indeed, many authors have densessing a different organization and short-range order with
onstrated that the low-energy region is more prominent irrespect to the bulk film. This is consistent with the PL exci-
samples obtained with less controlled evaporation techniqudstion spectra, where the bands of isolated molecules are ob-
on nonorienting substrates. This is clearly shown in a recergerved as the most intense oriese Fig. 4. Similarly, pho-
paper on the optical and structural properties of oligothio-non coupling has been observed also for 4T single crystals
phene crystalline film&® and films313334in good agreement with the behavior of

It is interesting to notice that the emission excitation pro-matrix-isolated molecules, while it has been ruled out for
file does not reproduce the absorption spectffig. 4). In  single-crystal sexithiophene, due to the different temperature
particular, the PL excitation profile exhibits the most intensedependence observed for the different PL pedkehe ob-
peaks in correspondence with the low-energy, weak, and urservations that excitations with energy below 2.7 eV do not
polarized bands of the absorption spectrum, therefore sugrroduce any emission and that the shape of the emission
gesting them as responsible for radiative decay. Within thespectrum is insensitive to excitation changes within the ab-
molecular exciton the energy absorbed by the colleckive sorption band suggest that the two emitting states are not
=0 exciton states at 3.67 eV is quickly transferred to lower-directly populated by photon absorption, but rather they trap
lying band states and traps, on which radiative recombinatiothe excitation during the process of spectfahd spatial
appears to be more efficient. Figure 4 shows that, if theseelaxation toward the nonradiative bottom of the exciton
trap states are directly excited, quenching originating fromband. Excitation migration also accounts for the large Stokes
the excitation migration is strongly reduced. The attributionshift and the reduced anisotropy of the emission with respect
of the low-energy peaks to isolated molecules is in agreeto that of absorptiorisee Figs. 1 and)3
ment with the spectral position of the absorption and PL The higher-energy statél), which has an energy very
excitation profiles of 4T molecules in solid solutiéf8 or  close to that of the isolated molecule, could be related to
inserted in channel-forming host compourdsyhere the weakly interacting molecules, which do not permit the
isolated molecule states are directly identified and their vifpropagation of the excitation to neighboring sites. The fact
bronic components well resolved. that state | is localized is further supported by the slow,

The results reported above, compared to data on isolategkponential decay of its radiative population and by the
molecules processing a conformation close to that of thetronger exciton-phonon interaction, inferred by the observa-
film, can be used to propose the energy level scheme déion of three vibronic replicas. The spectral redshift of 30
picted in Fig. 8. As discussed above, the position of themeV undergone by the slow component between 80 ps and 1
isolated molecule levels is inferred from the absorption of 4Tns could be explained by assuming that state | consists of a
in solid solutions or in inclusion compounf$®?°where the  ladder of closely spaced levels, among which the localized
molecules posses a quasiplanar conformation, very similar texcitation undergoes spectral migration toward the lowest-
that assumed in the film because of ther interaction. energy level.

Both cw and time-resolved photoluminescence data indi- On the other hand, the state Il at lower energy appears to
cate the presence of two emitting states, one at 2.5V be a collective statépossibly a somewhat disordered aggre-
and the other at 2.45 eVil), accompanied by their low- gate, on which the excitation is rapidly quenched by migra-
energy vibronic progressionisee Figs. 3 and(b)]. A simi-  tion toward nonradiative sites, as detected from the faster
lar behavior of PL, where the contemporary presence oflecay. The temperature dependence of the emission indicates
emission from two different states is observed, has been rdhat at higher temperatures it predominantly arises from state
ported also for sexithiophene, 4T, and end-capped 4T thitl, probably populated by a thermally activated mechanism.
films.**29-34n particular, in the last case a large Stokes shift Both cw and time-resolved emissions from 4T thin films
has been related to structural defects playing a significarriginating from different types of trap states and/or pre-

Isolated molecule H aggregate
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aggregates have been reported by other authors who haead are found to possess a macroscopic orientation coming
studied polycrystalline films grown on highly oriented pyro- from a supramolecular architecture consisting of tilted H ag-
lytic graphite and_ glas¥®3?In the present case the supramo- gregates. Within such aggregates the strong intermolecular
lecular organization of the sample obtained by growing 4Tinteractions resulting from the short interplanar distances
on a highly orienting KAP substratéshown in Fig. 1is  (4.47 A) lead to the formation of molecular excitons, whose
quite different, and relevant differences are also observed ifhigration and decay are investigated by analyzing the cw
both the absorption line shapes and emission positiongng time-resolved photoemission. Two emitting states with

These consid(_arations further support the crucial role of thgjifrerent decay rates and temperature dependence have been
structure(packing arrangement and structural defeofsAT o411y identified. On this basis, a scheme of the modification

films in determining both their cw optical properties and theof the molecular electronic levels upon aggregation in this

dynamics of their photoexcitations. Indeed, for molecule
such as 4T, which can crystallize in different polymorphic

Sunusual supramolecular arrangement is drawn.

structures?® any structural defect can easily act as an effi-

cient trap for PL emission, since exciton mobility is ex-
tremely high within defect-free regions with a molecular
close-packed arrangement.

V. CONCLUSIONS

Highly anisotropic thin films of oligothiophenes can be
grown by vacuum deposition onto a single crystal of KAP
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