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Fast exciton diffusion in chiral stacks of conjugatedp-phenylene vinylene oligomers
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The ultrafast dynamics of photoexcitations have been studied in chiral stacks of conjugatedp-phenylene
vinylene molecules functionalized with hydrogen-bonding groups. The results indicate that in solution,p-p
interactions between the molecules give rise to fast exciton diffusion along the stacking axis of the assemblies.
The chiral nature of the assemblies is found to cause a rotation of the dipole moment of excitons propagating
along the stacks as indicated by time-resolved measurements of the photoluminescence polarization anisotropy.
The observed exciton diffusion and energy relaxation dynamics in the molecular stacks are shown to be very
similar to those found in conjugated polymer films. Moreover, it is demonstrated that through changes in the
temperature of the surrounding solvent, the stacks can be dissociated reversibly as shown by a marked reduc-
tion in the diffusivity of excitons.
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I. INTRODUCTION

Conjugated polymers1 and molecules2 are finding increas-
ing use as materials in optoelectronic devices. Each sys
offers distinctly different advantages.p-conjugated oligo-
mers with well-defined chemical structure and conjuga
length allow a precise ordering into crystalline layers w
high charge-carrier mobility. Conjugated polymers, on
other hand, are easier to synthesize and process into a d
structure. One major drawback of conjugated polymer fil
is the energetic and positional disorder of its chromopho
induced by structural defects and entanglement of the
tended chains. Such films often contain domains of agg
gated chains which constitute low-energy trapping sites w
a diminished luminescence efficiency.3,4 Much effort has
been devoted to reducing the extent to which such ag
gated domains form, e.g., through means of bulky s
chains attached to the polymer backbone5,6 or the introduc-
tion of disorder via cis linkages.7 However, increasing the
spacing between chains reduces the average overlap bet
their respectivep orbitals, resulting in a trade-off betwee
charge-carrier mobility and electroluminescence efficiency
conjugated polymer films.8 One solution to this problem is
offered by the use of supramolecular chemistry to build w
defined extended structures through self-assembly of m
ecules, thus combining high molecular order with ease
processing.9,10 Prime examples of such systems are disco
liquid crystalline materials which organize into column
stacks with a high charge carrier mobility along the stack
direction.11–15 Alternatively, hydrogen-bonding motifs hav
been employed to construct reversible, self-assembling p
mer systems.16–18In monothiophene and bithiophene bisur
compounds hydrogen bonding between urea groups
shown to cause the formation of lamellar fibres with efficie
intermolecular charge transport.19,20 Recently,p-conjugated
oligo(p-phenylene vinylene! molecules with chiral side
chains and hydrogen-bonding ureidotriazine units~MOPV4!
were found to assemble into chiral supramolecular stack
an apolar solvent.21 In this paper, we demonstrate that thep
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stacking of these molecules results in a delocalization of
citons across more than one oligomer, ensuring efficient
citon diffusion along the stacking direction. We explore ele
tronic processes in these model systems on the molec
lengthscale and find that in solution, the stacks have op
electronic properties strikingly similar to those encounte
in thin films of conjugated polymers. However, the adva
tages of these stacks lie in the reversibility of the assem
and the easy construction of supramolecular complexes
specific functionality.

II. EXPERIMENT

The synthesis of MOPV4 has been described elsewhe21

All data shown were taken for solutions of MOPV4 in a
hydrous dodecane at a concentration of 2.531024 mol l21.
The solution was held in a Spectrosil cuvette mounted
a temperature-controlled holder. All time-resolved pho
luminescence measurements displayed were conducted u
the femtosecond up-conversion technique. MOPV4 was
cited with the frequency-doubled output from a mode-lock
Ti: Sapphire laser supplying 200-fs pulses at an energy
3.06 eV and a repetition rate of 76 MHz. To set the polari
tion of the exciting beam, it was passed through al/2 plate
and a Glan-Thompson polarizing prism. At the excitati
power of 0.7 mW a single pulse created an average of
31025 excitons per MOPV4 molecule within the solutio
region from which luminescence was measured. Photolu
nescence emerging at a right angle to the exciting beam
collected with a pair of off-axis parabolic mirrors, and u
converted in ab-barium-borate crystal using the fundamen
laser beam at 1.53 eV as a gate. Sum-frequency pho
were dispersed in a monochromator, and detected b
cooled photomultiplier tube using photon counting tec
niques. The overall resolution of the system was appro
mately 350 fs. Since only vertically polarized light could b
up-converted, the excitation polarization was rotated to m
sure luminescence polarized either parallel or perpendic
to the polarization of the exciting light. To take time
©2003 The American Physical Society03-1



nd

4
l-

L. M. HERZ et al. PHYSICAL REVIEW B 68, 045203 ~2003!
FIG. 1. ~a! Chemical structure of MOPV4
comprising a tetra(p-phenylene vinylene! deriva-
tive ~marked by a rectangle! with homochiral side
chains and end chains conferring soluability, a
a ureido-s-triazine unit~marked by an ellipse!. ~b!
Schematic representation of helical MOPV
stacks formed from dimerized MOPV4 mo
ecules.
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integrated photoluminescence spectra the vertical polar
tion component was selected using a second Glan-Thom
polarizing prism and dispersed in a double-grating spectr
eter~Spectramate 1680! after which it was detected with a S
photodiode using a lock-in technique. Both time-resolv
and time-integrated spectra were corrected for spectra
sponse. To measure the decay dynamics of MOPV4 in do
cane at long~.4 ns! times after excitation, time-correlate
single photon counting was implemented. The MOPV4 so
tion was excited with a pulsed~20 MHz, 70-ps full width at
half maximum! diode laser at a wavelength of 407 nm~Pi-
coQuant LDH 400! and the luminescence detected with
microchannel plate photomultiplier~Hamamatsu! coupled to
a monochromator and time-correlated single photon coun
~TCSPC! electronics~Lifespec-ps and VTC900 PC card, Ed
inburgh Instruments!. A decay curve was taken at 2.21 eV f
a solution temperature of 14 °C, and the decay time was
tracted from the curve by a monoexponential fitting with
the time range of 4–10 ns.

III. DISCUSSION

Figure 1 displays the chemical structure of MOPV4 co
prising a tetra(p-phenylene vinylene! derivative with homo-
chiral side-chains and end-chains conferring solubility, an
ureido-s-triazine unit. Schenninget al. have conducted a de
tailed study of the associative properties of MOPV4 in s
vents with varying degree of polarity.21 They showed that in
chloroform and dodecane, MOPV4 molecules dimerize
quadruple hydrogen bonding between ureidotriazene u
Moreover, in the apolar solvent dodecane a combination
solvophobic effects andp-p interactions between th
MOPV4 molecules lead to stacking of MOPV4 dimers in
supramolecular columns. In these stacks, a helical arra
ment of chromophores was found to be induced by th
chiral sidechains@see Fig. 1~b!#. Small angle neutron scatte
ing experiments performed at 10 °C on a solution of MOP
in deuterated dodecane (4.131023 mol l21) have indicated
the existence of columnar structures with a minimum len
of 200 nm and a radius of approximately 3.0 nm.22 The
stacking of MOPV4 dimers was demonstrated to be
versible: with increasing temperature the assemblies be
to dissociate, as deduced from changes in circular dichro
luminescence and absorption spectra. Most of the chan
occurred within a temperature range of approximat
610 °C about a ‘‘transition temperature’’Tc indicating the
existence of two phases for MOPV4 in dodecane: supra
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lecular assemblies at low (!Tc) temperatures and dissolve
monomeric and dimeric species at high temperatures.21 The
transition temperature was found to increase with increas
MOPV4 concentrationc; the results presented here were o
tained forc52.531024 mol l21, for which a transition tem-
perature of approximately 65 °C should be expected.22 In
Fig. 2~a! the time-integrated photoluminescence spectra
MOPV4 in dodecane solution are given for a range of te
peratures. The molecules were excited with 200-fs la
pulses at an energy of 3.06 eV and only the luminesce
component polarized parallel to the polarization of the ex
ing light was detected. With decreasing temperature
pramolecular stacks begin to form and the average energ
the emitted photons shifts to the red while the spectra
integrated photoluminescence intensity decreases. Prev
measurements have indicated that with decreasing solu

FIG. 2. Changes in the luminescence spectra and decay dyn
ics of MOPV4 solutions with temperature.~a! Time-integrated pho-
toluminescence spectra.~b! Photoluminescence decay dynamics
2.226 eV. All data shown were taken for copolarized exciting a
detected light.
3-2
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FAST EXCITON DIFFUSION IN CHIRAL STACKS OF . . . PHYSICAL REVIEW B 68, 045203 ~2003!
temperature a low-energy~'2.5 eV! tail appears in the ab
sorption of MOPV4 in dodecane in accordance with the f
mation of molecular assemblies.21 These changes illustrat
that p stacking of MOPV4 in dodecane leads to a deloc
ization of the exciton across more than one molecule, res
ing in a splitting of the excitonic energy levels. The distrib
tion of oscillator strength across these levels depends on
exact stacking geometry, i.e. the angle and the separa
between the dipole moments of adjacent chromophor4

Figure 2~b! displays the decay of the photoluminescen
from MOPV4 in dodecane at 2.226 eV with time after ex
tation ~under the same experimental conditions as outlin
above!. At the temperature of 66 °C MOPV4 assumes to
large extent a dissolved monomeric or dimeric form and
luminescence decays almost exponentially to 1/e of its m
mum value within approximately one nanosecond. Howe
strong changes are evident in the decay dynamics for lo
temperatures. As supramolecular assemblies begin to for
fast ~'20 ps! initial decay is introduced which is followed
by a long-lived decay over a few hundred picoseconds. W
the reduction of solution temperature the ratio of the sh
lived to the long-lived components increases and both de
rates increase. These observations are further illustrate
the photoluminescence spectra of MOPV4 in dodecane ta
at various times after excitation~Fig. 3!. At 19 °C, the pho-
toluminescence from MOPV4 assemblies displays a fast
cay across the whole spectrum, accompanied by a small
shift @Fig. 3~a!#. In contrast, luminescence from dissociat
MOPV4 at 66 °C@Fig. 3~b!# remains almost unchanged du
ing the first one hundred picoseconds after excitation. T
decay dynamics observed for supramolecular assemblie
MOPV4 are reminiscent of those found in thin films of po
(p-phenylene vinylene! ~PPV!, one of the most widely stud
ied conjugated polymers. For such films it was found that
introduction of chemical defects led to a quenching of
luminescence due to charge separation of the exciton.23–25

These defects were formed as a result of carbonyl~C5O!
substitution on the vinyl group which may occur under e
posure of the compound to oxygen. Diffusion and sub
quent trapping of excitons within the PPV films was sho
to cause a temporal decay of luminescence on a times
dependent on the diffusivity of the exciton and the def

FIG. 3. Photoluminescence spectra of MOPV4 in dodecan
different times after excitation,~a! at a solution temperature o
19 °C ~assembled phase! and~b! at a solution temperature of 66 °C
~dissociated phase!.
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concentration.23 At the low excitation density employed fo
our measurements~on average, 1.731025 excitons are cre-
ated per MOPV4 molecule! we can rule out that the fas
initial decay we observe in the luminescence of MOP
stacks is due to bimolecular effects such as exciton-exc
annihilation. This is supported by the identical decay dyna
ics observed when the excitation intensity is changed ove
order of magnitude. We therefore suggest that the fast de
is caused by diffusion-assisted trapping of excitons at de
sites indicating a high mobility of excitons along the s
pramolecular stacks. As the solution temperature is
creased, the dissociation of the assemblies causes a redu
of the effective exciton diffusion length, concomitant with
reduced trapping probability and an increase in the photo
minescence efficiency. These arguments are underlined
our study of the photoluminescence depolarization and
ergy relaxation of excitons in MOPV4 assemblies~Fig. 4!.
Excitation of a stack of MOPV4 molecules using linear
polarized light propagating along the stacking direction w
result in an excitation probability which varies approx
mately sinusoidally along the stacking axis. This is a dir
consequence of the helical nature of the assemblies: as
ing the dipole moment of MOPV4 to be parallel to the lon
axis of the molecule, the transition probability will vary pe
riodically with the angle formed between the excitation p
larization and the orientation of successive MOPV4 m
ecules. Linearly polarized light will consequently create

at

FIG. 4. Photoluminescence depolarization and energy relaxa
for MOPV4 in dodecane.~a! Normalized polarization ratioR for
MOPV4 stacks~19 °C! and dissolved MOPV4~66 °C! as a fuction
of time after excitation.~b! Average photoluminescence energ
^EPL&. ~c! Polarization-independent decay of the luminescen
from MOPV4, taken as the sum of the copolarized luminesce
component and twice the measured cross-polarized componen
3-3
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L. M. HERZ et al. PHYSICAL REVIEW B 68, 045203 ~2003!
anisotropic distribution of excitations in the MOPV4 stac
and the luminescence emitted immediately after excita
will also be polarized~albeit not fully, due to the random
orientation of the stacks in solution!. However, as excitons
diffuse along the chiral stacks, their dipole moments will tu
about the stacking axis resulting in a depolarization of
emitted luminescence with time. This is indeed what we
serve. Figure 4~a! displays the normalized polarization rat
R for light emitted at 2.226 eV from the solution of MOPV
in dodecane.~Here,R is defined as the luminescence emitt
with polarization parallel to the excitation polarization, d
vided by the luminescence polarized perpendicular to
excitation polarization.! For supramolecular assemblies
MOPV4 ~at 19 °C! the polarization ratio decreases rapid
within the first 15 ps by 36% of its initial value, followed b
a much slower decrease by an additional 8.6% over the
sequent 600 ps~not shown!. At the solution temperature o
66 °C, depolarization occurs to a much smaller extent in
cating that the stacks have largely dissociated. Interestin
the measured depolarization dynamics correlate closely
the shifts occurring in the average photoluminescence en
with time after excitation@Fig. 4~b!#. These values were ob
tained by fitting the sum of four Gaussians to each lumin
cence spectrum taken at a particular time after excitation
extracting the average energy from the energetic position
and areas under the Gaussians~alternative averaging meth
ods gave almost identical results!. The redshift of the photo-
luminescence from MOPV4 assemblies is again reminisc
of those observed in conjugated polymer films. In these fi
energetic disorder is induced by structural defects resul
in the presence of a range of conjugation lengths. Photo
citation of the films is followed by migration of excitons t
chain segments of longer conjugation length and a conco
tant redshift of the emitted luminescence.26–28 In assembled
stacks of MOPV4 energetic disorder may similarly be int
duced by small local variations in the stacking geome
~e.g., the angle and the offset between adjacent c
mophores!. Migration of excitons along the stacking dire
tion will as a result not only cause depolarization but als
redshift of the photoluminescence. The amount by which
luminescence of MOPV4 shifts to the red within the fir
fifty ps ~'30 meV! compares favorably with the value
found for films of typical conjugated polymers under exci
tion conditions well above the localization threshold~30–60
meV!.26,29,30These results therefore show that the energ
disorder resulting from imperfect stacking in MOPV4 asse
blies is lower than or comparable to that encountered in c
jugated polymer films due to structural defects, indicating
effectiveness of supramolecular chemistry as a mean
achieving molecular order.

The dynamics of the luminescence depolarization m
also be compared to those encountered in conjugated p
mer films. Anisotropic films have shown luminescence de
larization within the first picosecond after excitation29; how-
ever, this is largely due to a relatively small correlati
between the orientations of dipole moments on adjac
chromophores. The situation in MOPV4 stacks may hence
more similar to that in films whose chains are partly orien
and for which the polarization ratio was found to decay o
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a timescale of one hundred picoseconds.30

Figure 4~c! shows the polarization-independent decay
the photoluminescence from MOPV4 in dodecane at 2.2
eV ~given by the sum of the copolarized component a
twice the measured cross-polarized component!. The fast ini-
tial decay of the luminescence from MOPV4 stacks~at
19 °C! indicates that the decay of the copolarized lumin
cence~shown in Fig. 2! is not solely due to depolarizatio
but is also caused be quenching due to exciton diffusion
nonradiative traps.

In the following we aim to give a more quantitative d
scription of the decay dynamics in the helical assemb
formed by MOPV4. Incoherent transfer in random media h
often been described by a stretched exponential form, i.e

I ~ t !5I 0expS 2F t

t GbD , ~1!

which has proved to be the output of a variety of theoreti
models within certain temporal regimes of the trans
process.27,31,32 While stretched exponentials provide th
asymptotic solutions to the survival probability of excitatio
on a lattice containing randomly distributed traps,31,32 they
may, under certain conditions, also adequately describe
trapping of excitations in systems with energetic disorder
the latter case the stretched exponential decay dynam
are related to the dispersive nature of the diffusion proce
as the system relaxes energetically, the diffusivity and c
sequently the trapping probability decreases.28 In order to
investigate whether stretched exponential behavior may
play a role in the exciton dynamics in MOPV4 assembli
we have displayed the photoluminescence intensityI (t) in a
double-logarithmic plot of ln@I(0)/I(t)# versus timet after
excitation ~Fig. 5!. In such a Kohlrausch-Williams-Wat
~KWW! representation, the stretched exponential form giv
in Equation 1 should yield a straight line with slopeb allow-
ing an insight into the nature of the dispersive exciton tra
fer. In Fig. 5 three regimes can clearly be identified: at ea
times~regime I! a fast initial decay of excitations is observe

FIG. 5. Photoluminescence decay dynamics at 2.226 eV i
KWW plot together with fitting curves based on a model for on
dimensional diffusion and trapping of photoexcitations~see the
text!.
3-4
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FAST EXCITON DIFFUSION IN CHIRAL STACKS OF . . . PHYSICAL REVIEW B 68, 045203 ~2003!
~corresponding to a fast increase in the KWW representa
of the data!. This behavior is followed by a stretched exp
nential decay~regime II! with an exponentb approximating
1/3 up to a solution temperature of 50 °C. Finally, in the th
regime a transition occurs to a stretched exponential be
ior whose exponent depends strongly on the solution t
perature: as the temperature is increased, the exponent v
from b'1/3 at 19 °C to an almost exponential form~b&1! at
66 °C. We have also investigated the excitation dynamics
fourth regime between 4 and 10 ns after excitation, us
time-correlated single photon counting~not shown!. At these
delay times the photoluminescence~PL! decay is found to be
monoexponential~b51! with a lifetime of 2.94 ns indepen
dent of the solution temperature. We therefore attribute
value to the natural lifetime of the energetically fully relax
exciton which is largely immobile due to its location in
minimum of the potential surface of the disordered mediu
and consequently evades encounter with non-radiative tr
This observation bears resemblence to the exponential~b51!
decay found at the low energy end of the photoluminesce
from poly~phenylphenylenevinylene! ~PPPV! for times>0.8
ns after excitation27 for which these excitons can be assum
to be localized. In thin films of conjugated polymers the
quenching dynamics due to exciton migration to nonradia
traps has often been described successfully33,23,30 using the
model developed by Balagurov and Vaks for the survi
probability of an exciton on a one-dimensional walk wi
randomly situated traps.31 The success of this description h
been surprising considering that while a single polyme
chain may well be viewed as a one-dimensional system,
citon migration in a polymeric film is expected to be dom
nated by interchain transfer~i.e., three-dimensional pro
cesses! due to the larger electronic wavefunction overl
between closely packed conjugated segments of adja
chains.34 The model by Balagurov and Vaks31 yields the fol-
lowing asymptotic solution for the exciton survival probab
ity W(t) on a one-dimensional lattice:

W~ t !;H 12S 4

3p D 3/2S t

td
D 1/2

for t&td

S t

td
D 1/2

expF2S t

td
D 1/3G for t@td ,

~2!

with a diffusion timetd related to the one-dimensional e
fective density of trapsc and the exciton diffusion constantD
through td5@2p2(3/2)3c2D#21. For times much longer
than the diffusion constant the asymptotic solution will
dominated by the stretched exponential and should there
resemble a line in the KWW plot with slope of 1/3. We ha
indicated these asymptotic solutions in Fig. 5 with dash
lines ~using arbitrary time constants selected for ease
viewing!. Up to a solution temperature of 50 °C the PL dec
dynamics in regimes I and II closely match the asympto
solutions, indicating that the fast PL decay within the first
ps can be well described by the model by Balagurov a
Vaks. Within the range of'60–100 ps the decay dynamic
change abruptly over to a much slower decay regime@seen
more clearly in Fig. 2~b!#. We attribute this long-lived emis
sion to excitons located near the energetic minima of
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surrounding potential landscape where their diffusivity
much reduced compared with that of excitons created n
the energetic maxima. Detailed simulations of the survi
probability of excitons in a three-dimensional lattice with
Gaussian energy distribution have shown that the trapp
probability depends strongly on the initial energy of an e
citon undertaking a random walk,28 with a critical energyE
below which excitons may become almost immobilized. T
existence of such a ‘‘localization energy’’ in conjugated po
mer films has been demonstrated repeatedly using
selective photoluminescence spectroscopy.35,36 In the case of
MOPV4 assemblies this effect should be much more p
nounced due to the reduced dimensionality of the system
is therefore likely to be the cause of the PL decay occur
on two very distinctly different time scales. Including a
these considerations given above, we have chosen the
lowing fitting functions to model the PL decayI (t) in
MOPV4 assemplies within the time range of 3.2–600
after excitation:

I 5F I dA t

td
expS 2F t

td
G1/3D1I hexpS 2F t

th
GnD GexpS 2

t

t0
D .

~3!

Here, the first part describes the initial fast decay of hig
mobile excitons created well above the localization ener
while the second term represents the slower decay of m
localized excitons. While the highly mobile excitons are su
ject to fast trapping at nonradiative defects and PL depo
ization, they may also relax sufficiently in energy to contri
ute to the long-lived decay component. However, since
highly mobile and the partly localized excitons cause PL
roughly the same spectral region~as evident from the smal
redshift of the PL observed as a function of time! a transfer
from the former to the latter cannot be observed in the de
dynamics and will therefore be neglected in this very sim
model. Both terms have been multiplied with an exponen
to account for the natural lifetime of the exciton,t0, taken to
be 2.94 ns from the long-lived~.4 ns! exponential decay as
mentioned above. The values determined for the fitting
rameters are given in Table I with the corresponding b
fitting curves displayed in Fig. 5 together with the data.
the temperature of the MOPV4 solution is increased, b
the fast diffusion timetd and the longer timeth increase,
while the relative amplitudesI d /I h of the short- and long-
lived components decrease. These changes can be u
stood considering that an increase of the solution temp
ture breaks the coherence of the stacks inducing fur

TABLE I. Parameters extracted from best fits to the photolum
nescence decay displayed in Fig. 5.

T(°C) td ~ps! th ~ps! n Id /I h

19 0.1060.02 3566120 0.3660.05 1.7860.13
26 0.1560.03 7976204 0.3960.07 1.3060.14
38 0.2260.04 1173654 0.6260.09 1.3260.07
50 0.3560.10 1364671 0.8460.12 0.6360.11
66 – 1926653 0.8060.02 0~set!
3-5
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L. M. HERZ et al. PHYSICAL REVIEW B 68, 045203 ~2003!
disorder and shorter segments over which the exciton
diffuse. As a result, excitons are more likely to become
calized in local potential minima and the overall diffusivi
is much reduced. For models describing the trapping of
citations on a lattice with randomly situated traps~but with-
out consideration of energetic disorder! the exponentb in the
stretched exponential form of the asymptotic decay has b
linked with the dimensionality of the systemd with b
5d/(d12).32 Within the framework of this model the deca
behavior we observe therefore implies that the initial dif
sion of mobile excitons is governed by one-dimensional p
cesses while the slower diffusion of partly localized excito
is linked to transfer processes of higher dimensionality. T
seems plausible considering that the early migration of e
tons created close to the energetic maxima of the pote
surface will be dominated by nearest neighbor interactio
As the center-to-center distance of the chromophores
hydrogen-bonded MOPV4 dimer should be of the order o
nm, while the separation of thep-stacked chromophores o
one side of the double-stranded helical assemblies is of
order of a few Å, the early migration dynamics of mobi
excitons will occur predominantly on one side of the hel
Furthermore, considering the sufficiently largep-p overlap
between adjacent molecules, the pitch of the helix canno
too large, leading to an initial diffusion which is quasi-on
dimensional. In contrast, for excitons partly localized ne
the potential minima of the potential surface, lower-ene
sites will be located much further away. Diffusion to a su
able site may therefore also involve transfer to the other s
of the helix, leading to a higher dimensionality of the diff
sion process. We should finally point out that while the
considerations seem very plausible, care has to be ta
when applying models to these systems which do not exp
itly take into account energetic disorder. Since the data p
sented in Fig. 5 are the copolarized luminescence com
nent, the decays are not only governed by trapping
excitations but also by photoluminescence depolarization
described previously. However, as can be seen in Figs.~a!
and 4~c!, the PL depolarization and the exciton trapping d
namics in the MOPV4 assemblies are very similar, allow
us to model both processes with the same fitting functi
While random walk models based solely on a statistical d
tribution of traps may be expected to describe exciton tr
ping in these systems adequately, the PL depolarization
namics should rely on a somewhat different mechani
Here, the nonexponential decay dynamics are most lik
related to the statistical fluctuations in the angle betw
adjacent molecules and the variation in the local poten
The former is closely related to the latter due to the stro
effect which the stacking angle between two adjacent ch
mophores has on the delocalization of the excitonic w
ut

04520
n
-

x-

en

-
-
s
is
i-
ial
s.
a

3

he

.

e

r
y

e

e
en
c-
e-
o-
f

as

-
g
.
-
-
y-
.

ly
n
l.
g
o-
e

function across the molecules and consequently on the e
tonic energy levels at this site.4 The nonexponential PL de
polarization dynamics thus indicate that energy relaxat
should generally be taken into account when describing th
molecular assemblies. For a more complete description
these helical assemblies it will be necessary to include
exact stacking geometry, and its statistical variations, int
model which relates these parameters to the potential en
landscape an exciton will encounter in these systems. Fur
work is currently being undertaken to determine these
rameters, which are as yet unknown, and to establish a
between the geometry of the stacked chromophores and
corresponding excitonic energy level structure.

IV. CONCLUSION

In conclusion, we have demonstrated that the assembl
oligo~phenylene vinylene! molecules into chiral stacks usin
hydrogen-bonding motifs leads to fast exciton diffusi
along the stacking axis. The relatively high degree of int
molecular order achieved emphasizes the effectiveness o
pramolecular chemistry for the formation of well-define
molecular assemblies. The exciton diffusion dynamics in
MOPV4 stacks are very similar to those encountered in c
jugated polymer films. However, one advantage of supram
lecular stacks lies in the reversibility of the assembly, e
through changes in type of solvent or solution temperatu
Moreover, through attachment of specific hydrogen-bond
motifs to different categories of molecules the construct
of supramolecular complexes becomes viable, which can
tailored to display efficient light-harvesting or charg
separating properties. The quasi-one-dimensional natur
the MOPV4 assemblies may also allow their implementat
in nanometer-scale molecular electronics. Additional effor
required to ensure that the high degree of order presen
dodecane solutions of MOPV4 can be fully maintained
solid films. This work is in progress.
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