PHYSICAL REVIEW B 68, 045203 (2003

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 conjpgatiedylene
vinylene molecules functionalized with hydrogen-bonding groups. The results indicate that in soidtion,
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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[. INTRODUCTION stacking of these molecules results in a delocalization of ex-
citons across more than one oligomer, ensuring efficient ex-
Conjugated polymetsand moleculésare finding increas-  citon diffusion along the stacking direction. We explore elec-
ing use as materials in optoelectronic devices. Each syste#fonic processes in these model systems on the molecular
offers distinctly different advantagesr-conjugated oligo- lengthscale and find that in solution, the stacks have opto-
mers with well-defined chemical structure and conjugatedglectronic properties strikingly similar to those encountered
length allow a precise ordering into crystalline layers within thin films of conjugated polymers. However, the advan-
high charge-carrier mobility. Conjugated polymers, on thetages of these stacks I_|e in the reversibility of the assemb_ly
other hand, are easier to synthesize and process into a devi@gd the easy construction of supramolecular complexes with
structure. One major drawback of conjugated polymer filmssPecific functionality.
is the energetic and positional disorder of its chromophores
induced by_structural Qefects and entgnglemept of the ex- Il EXPERIMENT
tended chains. Such films often contain domains of aggre-
gated chains which constitute low-energy trapping sites with The synthesis of MOPV4 has been described elsewiere.
a diminished luminescence efficienty.Much effort has All data shown were taken for solutions of MOPV4 in an-
been devoted to reducing the extent to which such aggreéiydrous dodecane at a concentration o215 * mol I~ 2.
gated domains form, e.g., through means of bulky sideThe solution was held in a Spectrosil cuvette mounted in
chains attached to the polymer backbther the introduc- a temperature-controlled holder. All time-resolved photo-
tion of disorder via cis linkageSHowever, increasing the luminescence measurements displayed were conducted using
spacing between chains reduces the average overlap betwetie femtosecond up-conversion technique. MOPV4 was ex-
their respectiver orbitals, resulting in a trade-off between cited with the frequency-doubled output from a mode-locked
charge-carrier mobility and electroluminescence efficiency irli: Sapphire laser supplying 200-fs pulses at an energy of
conjugated polymer film&.0One solution to this problem is 3.06 eV and a repetition rate of 76 MHz. To set the polariza-
offered by the use of supramolecular chemistry to build well-tion of the exciting beam, it was passed through/2 plate
defined extended structures through self-assembly of molnd a Glan-Thompson polarizing prism. At the excitation
ecules, thus combining high molecular order with ease opower of 0.7 mW a single pulse created an average of 1.7
processing:*® Prime examples of such systems are discoticx 10> excitons per MOPV4 molecule within the solution
liquid crystalline materials which organize into columnar region from which luminescence was measured. Photolumi-
stacks with a high charge carrier mobility along the stackingnescence emerging at a right angle to the exciting beam was
direction™~1° Alternatively, hydrogen-bonding motifs have collected with a pair of off-axis parabolic mirrors, and up-
been employed to construct reversible, self-assembling polyeonverted in g8-barium-borate crystal using the fundamental
mer systems®~*8In monothiophene and bithiophene bisurealaser beam at 1.53 eV as a gate. Sum-frequency photons
compounds hydrogen bonding between urea groups wagere dispersed in a monochromator, and detected by a
shown to cause the formation of lamellar fibres with efficientcooled photomultiplier tube using photon counting tech-
intermolecular charge transpdft?® Recently, m-conjugated  niques. The overall resolution of the system was approxi-
oligo(p-phenylene vinylene molecules with chiral side mately 350 fs. Since only vertically polarized light could be
chains and hydrogen-bonding ureidotriazine ugit®PV4) up-converted, the excitation polarization was rotated to mea-
were found to assemble into chiral supramolecular stacks isure luminescence polarized either parallel or perpendicular
an apolar solverft! In this paper, we demonstrate that the to the polarization of the exciting light. To take time-
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(a) (b)

FIG. 1. (a) Chemical structure of MOPV4
comprising a tetrg{-phenylene vinylenederiva-
tive (marked by a rectanglavith homochiral side
chains and end chains conferring soluability, and
a ureido-s-triazine unitmarked by an ellipse (b)
Schematic representation of helical MOPV4
stacks formed from dimerized MOPV4 mol-
ecules.

i_ntegrated photoluminescence spectra the vertical pOIariZElécular assemblies at lowqT.) temperatures and dissolved
tion component was sglected using a second G.Ian'ThompS(?ﬂonomeric and dimeric species at high temperattirahe
polarizing prism and dispersed in a double-grating Spectromy »<ition temperature was found to increase with increasing

eter(Spectramate 168@&fter which it was detected with a Si S
photodiode using a lock-in technique. Both time-resolvedMOPV4 concentratior; the results presented here were ob-

. _ _4 _l . .
and time-integrated spectra were corrected for spectral réglned forc=2.5x10"" mol"*, for which a transition tem-

sponse. To measure the decay dynamics of MOPV4 in dogderature of appro?dmately 65°C shoqld be expecfeth
cane at long>4 ng times after excitation, time-correlated F19- 2@ the time-integrated photoluminescence spectra of

single photon counting was implemented. The MOPV4 soluMOPV4 in dodecane solution are given for a range of tem-

tion was excited with a pulse@0 MHz, 70-ps full width at  Peratures. The molecules were excited with 200-fs laser
half maximum diode laser at a wavelength of 407 r(i®i- pulses at an energy of 3.06 eV and only the luminescence
coQuant LDH 400 and the luminescence detected with acomponent polarized parallel to the polarization of the excit-
microchannel plate photomultipligHamamatsjicoupled to N9 light was detected. With decreasing temperature su-
a monochromator and time-correlated single photon countin§famolecular stacks begin to form and the average energy of
(TCSPQ electronicgLifespec-ps and VTC900 PC card, Ed- 1€ emitted photons shifts to the red while the spectrally
inburgh InstrumentsA decay curve was taken at 2.21 eV for integrated photoluminescence intensity decreases. Previous
a solution temperature of 14 °C, and the decay time was eJneéasurements have indicated that with decreasing solution
tracted from the curve by a monoexponential fitting within

the time range of 4—10 ns. Photon Energy (eV)

1.8 2.0 22 24 2.6

Ill. DISCUSSION

Figure 1 displays the chemical structure of MOPV4 com-
prising a tetraf-phenylene vinylenederivative with homo-
chiral side-chains and end-chains conferring solubility, and a
ureido-s-triazine unit. Schennirgg al. have conducted a de-
tailed study of the associative properties of MOPV4 in sol-
vents with varying degree of polarify.They showed that in
chloroform and dodecane, MOPV4 molecules dimerize via 0.01
quadruple hydrogen bonding between ureidotriazene units.

PL Intensity (arb. units)
134

Moreover, in the apolar solvent dodecane a combination of g 1t

solvophobic effects andw7r interactions between the E

MOPV4 molecules lead to stacking of MOPV4 dimers into g

supramolecular columns. In these stacks, a helical arrange- ’g

ment of chromophores was found to be induced by their >

chiral sidechaingsee Fig. 1b)]. Small angle neutron scatter- |

ing experiments performed at 10 °C on a solution of MOPV4 2 s

in deuterated dodecane (410 3 molI™1) have indicated - B o 19°C
the existence of columnar structures with a minimum length (b) W%;%?i%%
of 200 nm and a radius of approximately 3.0 ffThe 0 100 200 300 400 500 600
stacking of MOPV4 dimers was demonstrated to be re- Delay (ps)

versible: with increasing temperature the assemblies began
to dissociate, as deduced from changes in circular dichroism, F|G. 2. Changes in the luminescence spectra and decay dynam-
luminescence and absorption spectra. Most of the changes of MOPV4 solutions with temperatur@) Time-integrated pho-
occurred within a temperature range of approximatelytoluminescence spectréb) Photoluminescence decay dynamics at
+10°C about a “transition temperaturél. indicating the  2.226 eV. All data shown were taken for copolarized exciting and
existence of two phases for MOPV4 in dodecane: supramadetected light.
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FIG. 3. Photoluminescence spectra of MOPV4 in dodecane at 213} [ 1.9°C

different times after excitation(a) at a solution temperature of '
19 °C (assembled phasand(b) at a solution temperature of 66 °C 1l
(dissociated phage 27
temperature a low-energy=2.5 e\) tail appears in the ab- £ g
sorption of MOPV4 in dodecane in accordance with the for- s
mation of molecular assembliésThese changes illustrate
that 7 stacking of MOPV4 in dodecane leads to a delocal-

ization of the exciton across more than one molecule, result- 0 10 20 30 40

ing in a splitting of the excitonic energy levels. The distribu- Delay (ps)

tion of oscillator strength across these levels depends on the

exact stacking geometry, i.e. the angle and the separation FIG. 4. Photoluminescence depolarization and energy relaxation
between the dipole moments of adjacent Chromoph‘bresfor MOPV4 in dodecane(a) Normalized polarization ratidR for
Figure 2b) displays the decay of the photoluminescenceMOPV4 stacks(19 °C) and dissolved MOPV466 °C) as a fuction
from MOPV4 in dodecane at 2.226 eV with time after exci- ©f time after excitation.(b) Average photoluminescence energy
tation (under the same experimental conditions as outlineErv): (©) Polarization-independent decay of the luminescence
above. At the temperature of 66 °C MOPV4 assumes to afrom MOPV4, takgn as the sum of the copolar!zed luminescence
large extent a dissolved monomeric or dimeric form and thé@MPonent and twice the measured cross-polarized component.
luminescence decays almost exponentially to 1/e of its maxi-

mum value within approximately one nanosecond. Howeverconcentratiorf> At the low excitation density employed for
strong changes are evident in the decay dynamics for lowesur measurement®n average, 110 ° excitons are cre-
temperatures. As supramolecular assemblies begin to form,ated per MOPV4 moleculewe can rule out that the fast
fast (=20 p9 initial decay is introduced which is followed initial decay we observe in the luminescence of MOPV4
by a long-lived decay over a few hundred picoseconds. Wittstacks is due to bimolecular effects such as exciton-exciton
the reduction of solution temperature the ratio of the shortannihilation. This is supported by the identical decay dynam-
lived to the long-lived components increases and both decaigs observed when the excitation intensity is changed over an
rates increase. These observations are further illustrated lyrder of magnitude. We therefore suggest that the fast decay
the photoluminescence spectra of MOPV4 in dodecane takeis caused by diffusion-assisted trapping of excitons at defect
at various times after excitatioffrig. 3). At 19 °C, the pho- sites indicating a high mobility of excitons along the su-
toluminescence from MOPV4 assemblies displays a fast dgaramolecular stacks. As the solution temperature is in-
cay across the whole spectrum, accompanied by a small redreased, the dissociation of the assemblies causes a reduction
shift [Fig. 3(@]. In contrast, luminescence from dissociatedof the effective exciton diffusion length, concomitant with a
MOPV4 at 66 °C[Fig. 3(b)] remains almost unchanged dur- reduced trapping probability and an increase in the photolu-
ing the first one hundred picoseconds after excitation. Theninescence efficiency. These arguments are underlined by
decay dynamics observed for supramolecular assemblies ofur study of the photoluminescence depolarization and en-
MOPV4 are reminiscent of those found in thin films of poly ergy relaxation of excitons in MOPV4 assembligsg. 4).
(p-phenylene vinylene(PPV), one of the most widely stud- Excitation of a stack of MOPV4 molecules using linearly
ied conjugated polymers. For such films it was found that thgoolarized light propagating along the stacking direction will
introduction of chemical defects led to a quenching of theresult in an excitation probability which varies approxi-
luminescence due to charge separation of the exé%oh. mately sinusoidally along the stacking axis. This is a direct
These defects were formed as a result of carbd@yO) consequence of the helical nature of the assemblies: assum-
substitution on the vinyl group which may occur under ex-ing the dipole moment of MOPV4 to be parallel to the long
posure of the compound to oxygen. Diffusion and subseaxis of the molecule, the transition probability will vary pe-
quent trapping of excitons within the PPV films was shownriodically with the angle formed between the excitation po-
to cause a temporal decay of luminescence on a timescalarization and the orientation of successive MOPV4 mol-
dependent on the diffusivity of the exciton and the defectecules. Linearly polarized light will consequently create an
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anisotropic distribution of excitations in the MOPV4 stacks
and the luminescence emitted immediately after excitation

will also be polarized(albeit not fully, due to the random g O 19°C
orientation of the stacks in solutinnHowever, as excitons 2 2303
diffuse along the chiral stacks, their dipole moments will turn | o 66°C

about the stacking axis resulting in a depolarization of the
emitted luminescence with time. This is indeed what we ob-
serve. Figure @) displays the normalized polarization ratio
R for light emitted at 2.226 eV from the solution of MOPV4
in dodecane(Here,R is defined as the luminescence emitted
with polarization parallel to the excitation polarization, di-
vided by the luminescence polarized perpendicular to the

In(1,/1¢t) )

excitation polarization. For supramolecular assemblies of A Lo
MOPV4 (at 19°Q the polarization ratio decreases rapidly 1 10 100
within the first 15 ps by 36% of its initial value, followed by Delay (ps)

iti 0, -
a much slower decrease by an additional 8.6% over the sub FIG. 5. Photoluminescence decay dynamics at 2.226 eV in a

sequent 600 pgnot shown. At the solution temperature of KWW plot together with fitting curves based on a model for one-

66 ?C’ depolarization occurs to a muph smaller extent indi'dimensional diffusion and trapping of photoexcitatiosee the
cating that the stacks have largely dissociated. Interestinglygyy

the measured depolarization dynamics correlate closely with
the shifts occurring in the average photoluminescence energy timescale of one hundred picosecoffts.

with time after excitatioriFig. 4(b)]. These values were ob-  Figure 4c) shows the polarization-independent decay of
tained by fitting the sum of four Gaussians to each luminesthe photoluminescence from MOPV4 in dodecane at 2.226
cence spectrum taken at a particular time after excitation angy (given by the sum of the copolarized component and
extracting the average energy from the energetic positions Gfyice the measured cross-polarized compondiite fast ini-
and areas under the Gaussidalernative averaging meth- tjg) decay of the luminescence from MOPV4 stacle

ods gave almost identical resylt3he redshift of the photo- 19 °C) indicates that the decay of the copolarized lumines-
luminescence from MOPV4 assemblies is again reminiscerience(shown in Fig. 2 is not solely due to depolarization
of those observed in conjugated polymer films. In these filmgyt is also caused be quenching due to exciton diffusion to
energetic disorder is induced by structural defects resultingonradiative traps.

in the presence of a range of conjugation lengths. Photoex- | the following we aim to give a more quantitative de-
citation of the films is followed by migration of excitons to scription of the decay dynamics in the helical assemblies
chain segments of longer conjugation length and a concomiprmed by MOPVA4. Incoherent transfer in random media has

tant redshift of the emitted |Uminescer‘?éé.28|n assembled often been described by a stretched exponential form, i_e_,

stacks of MOPV4 energetic disorder may similarly be intro-
duced by small local variations in the stacking geometry t
(e.g., the angle and the offset between adjacent chro- I(t)=|oex;< |z
mophores Migration of excitons along the stacking direc-
tion will as a result not only cause depolarization but also avhich has proved to be the output of a variety of theoretical
redshift of the photoluminescence. The amount by which thenodels within certain temporal regimes of the transfer
luminescence of MOPV4 shifts to the red within the first process/332 While stretched exponentials provide the
fifty ps (=30 meV) compares favorably with the values asymptotic solutions to the survival probability of excitations
found for films of typical conjugated polymers under excita-on a lattice containing randomly distributed traps? they
tion conditions well above the localization thresh¢@—-60 may, under certain conditions, also adequately describe the
meV).252°OThese results therefore show that the energetidrapping of excitations in systems with energetic disorder. In
disorder resulting from imperfect stacking in MOPV4 assem-+he latter case the stretched exponential decay dynamics
blies is lower than or comparable to that encountered in conare related to the dispersive nature of the diffusion process:
jugated polymer films due to structural defects, indicating theas the system relaxes energetically, the diffusivity and con-
effectiveness of supramolecular chemistry as a means afequently the trapping probability decreadtsn order to
achieving molecular order. investigate whether stretched exponential behavior may also
The dynamics of the luminescence depolarization mayplay a role in the exciton dynamics in MOPV4 assemblies,
also be compared to those encountered in conjugated polyve have displayed the photoluminescence interigity in a
mer films. Anisotropic films have shown luminescence depodouble-logarithmic plot of Ifi(0)/I(t)] versus timet after
larization within the first picosecond after excitairhow-  excitation (Fig. 5. In such a Kohlrausch-Williams-Watt
ever, this is largely due to a relatively small correlation (KWW) representation, the stretched exponential form given
between the orientations of dipole moments on adjacenin Equation 1 should yield a straight line with slopeallow-
chromophores. The situation in MOPV4 stacks may hence bing an insight into the nature of the dispersive exciton trans-
more similar to that in films whose chains are partly orienteder. In Fig. 5 three regimes can clearly be identified: at early
and for which the polarization ratio was found to decay overtimes(regime ) a fast initial decay of excitations is observed

B

, @
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(corresponding to a fast increase in the KWW representation TABLE |. Parameters extracted from best fits to the photolumi-
of the data. This behavior is followed by a stretched expo- nescence decay displayed in Fig. 5.

nential decayregime ) with an exponenjB approximating
1/3 up to a solution temperature of 50 °C. Finally, in the third T(°C) 74 (P9 ™ (P9 n lg/1h
_regime a transition occurs to a stretched exponential beha\i-9 010:0.02 356-120 036005 1.78-0.13
ior Whos.e exponent depends_ gtrongly on the solution tem; 015-0.03 797204 039-0.07 1.30-0.14
perature: as the tfmperature is increased, Fhe exponent varigs 0220004 117354 062-009 1.32-0.07
from B~1/3 at 19 °C to an almost exponential fo(B=<1) at

66 °C. We have also investigated the excitation dynamics in go 0.35:0.10  1364-71 084012 0.63-0.11
fourth regime between 4 and 10 ns after excitation, usin B 1926:53  0.80-0.02 0(sey
time-correlated single photon countifigot shown. At these
delay times the photoluminesceiiee) decay is found to be
monoexponential3=1) with a lifetime of 2.94 ns indepen-
dent of the solution temperature. We therefore attribute thi
value to the natural lifetime of the energetically fully relaxed
exciton which is largely immobile due to its location in a
minimum of the potential surface of the disordered medium
and consequently evades encounter with non-radiative trap
This observation bears resemblence to the expondgtial)
decay found at the low energy end of the photoluminescenc
from poly(phenylphenylenevinylendPPP\j for times=0.8

ns after excitatioff for which these excitons can be assumed
to be localized. In thin films of conjugated polymers the PL
guenching dynamics due to exciton migration to nonradiativ
traps has often been described successfAR*° using the
model developed by Balagurov and Vaks for the survival

Par(rizgmllltys'(t)faatlg dei)r(gg*gnThOensacgggédéT;nslggsérwig(nvxgz these considerations given above, we have chosen the fol-
y situ : u ! Pt lowing fitting functions to model the PL decal(t) in

surrounding potential landscape where their diffusivity is
much reduced compared with that of excitons created near
the energetic maxima. Detailed simulations of the survival
probability of excitons in a three-dimensional lattice with a
Gaussian energy distribution have shown that the trapping
robability depends strongly on the initial energy of an ex-
giton undertaking a random wafk with a critical energyE
below which excitons may become almost immobilized. The
&xistence of such a “localization energy” in conjugated poly-
mer films has been demonstrated repeatedly using site-
selective photoluminescence spectroscp¥in the case of
MOPV4 assemblies this effect should be much more pro-
Sounced due to the reduced dimensionality of the system and
is therefore likely to be the cause of the PL decay occuring
on two very distinctly different time scales. Including all

t
Td

W(t)~

beep surprising cor!sidering that Whi.le a s_ingle pOIymeriCMOPV4 assemplies within the time range of 3.2—600 ps
chain may well be viewed as a one-dimensional system, X fter excitation:
citon migration in a polymeric film is expected to be domi- '
nated by interchain transfefi.e., three-dimensional pro- I 13 £ 10 t
cessep due to the larger electronic wavefunction overlap | = |d\/:eXF< - )+Ihexp< _[_ ) exp{ __)'
between closely packed conjugated segments of adjacent Td Th To
chains® The model by Balagurov and Vaksyields the fol- ©)
lowing asymptotic solution for the exciton survival probabil- fere, the first part describes the initial fast decay of highly
ity W(t) on a one-dimensional lattice: mobile excitons created well above the localization energy,
4\32) {102 while the second term represents the slower decay of more
1_(_> (_ for t=<ry localized excitons. While the highly mobile excitons are sub-
37 Td ject to fast trapping at nonradiative defects and PL depolar-
t )12 t\ 13 2) ization, they may also relax sufficiently in energy to contrib-
(T—) ex[{_(r_) for t>174, ute to the long-lived decay component. However, since the
d d highly mobile and the partly localized excitons cause PL in
with a diffusion time 74 related to the one-dimensional ef- roughly the same spectral regi¢as evident from the small
fective density of traps and the exciton diffusion constabt  redshift of the PL observed as a function of tinzetransfer
through 74=[272(3/2)%c?D] . For times much longer from the former to the latter cannot be observed in the decay
than the diffusion constant the asymptotic solution will bedynamics and will therefore be neglected in this very simple
dominated by the stretched exponential and should therefor@odel. Both terms have been multiplied with an exponential
resemble a line in the KWW plot with slope of 1/3. We have to account for the natural lifetime of the excitor, taken to
indicated these asymptotic solutions in Fig. 5 with dashede 2.94 ns from the long-live@>4 ng exponential decay as
lines (using arbitrary time constants selected for ease ofnentioned above. The values determined for the fitting pa-
viewing). Up to a solution temperature of 50 °C the PL decayrameters are given in Table | with the corresponding best
dynamics in regimes | and Il closely match the asymptoticfitting curves displayed in Fig. 5 together with the data. As
solutions, indicating that the fast PL decay within the first 60the temperature of the MOPV4 solution is increased, both
ps can be well described by the model by Balagurov andhe fast diffusion timery and the longer timery, increase,
Vaks. Within the range 0f60-100 ps the decay dynamics while the relative amplitudes,/I,, of the short- and long-
change abruptly over to a much slower decay regisg=n lived components decrease. These changes can be under-
more clearly in Fig. &)]. We attribute this long-lived emis- stood considering that an increase of the solution tempera-
sion to excitons located near the energetic minima of thdéure breaks the coherence of the stacks inducing further
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disorder and shorter segments over which the exciton cafunction across the molecules and consequently on the exci-
diffuse. As a result, excitons are more likely to become lo-tonic energy levels at this sifeThe nonexponential PL de-
calized in local potential minima and the overall diffusivity polarization dynamics thus indicate that energy relaxation
is much reduced. For models describing the trapping of exshould generally be taken into account when describing these
citations on a lattice with randomly situated trapsit with-  molecular assemblies. For a more complete description of
out consideration of energetic disorfldre exponeng in the  these helical assemblies it will be necessary to include the
stretched exponential form of the asymptotic decay has beegxact stacking geometry, and its statistical variations, into a
linked with the dimensionality of the system with g8 model which relates these parameters to the potential energy
=d/(d+2).%2 Within the framework of this model the decay landscape an exciton will encounter in these systems. Further
behavior we observe therefore implies that the initial diffu-work is currently being undertaken to determine these pa-
sion of mobile excitons is governed by one-dimensional protameters, which are as yet unknown, and to establish a link
cesses while the slower diffusion of partly localized excitonsbetween the geometry of the stacked chromophores and the
is linked to transfer processes of higher dimensionality. Thiscorresponding excitonic energy level structure.

seems plausible considering that the early migration of exci-

tons created close to the energetic maxima of the potential IV. CONCLUSION

surface will be dominated by nearest neighbor interactions.
As the center-to-center distance of the chromophores in a
hydrogen-bonded MOPV4 dimer should be of the order of ?'h

nm, while the separation of the-stacked chromophores on along the stacking axis. The relatively high degree of inter-

one side of the double-stranded helical assemblies is of the ! ; .
o . . molecular order achieved emphasizes the effectiveness of su-
order of a few A, the early migration dynamics of mobile

excitons will occur predominantly on one side of the helix_pramolecular chemistry for the formation of well-defined

T g molecular assemblies. The exciton diffusion dynamics in the
Furthermore, considering the sufficiently largemr overlap

between adjacent molecules, the pitch of the helix cannot bt'\a/IOPV4 stacks are very similar to those encountered in con-

too large, leading to an initial diffusion which is quasi—one—Jugated polymer films. However, one advantage of supramo-

: . : . lecular stacks lies in the reversibility of the assembly, e.g.,
dimensional. In contrast, for excitons partly localized near,

; . X through changes in type of solvent or solution temperature.
the potential minima of the potential surface, Iower-energyMoreover through attachment of specific hydrogen-bonding

sites V.V'” be located much fu_rther away. Diffusion to a suf[- motifs to different categories of molecules the construction
able site may therefore also involve transfer to the other side

of the helix, leading to a higher dimensionality of the diffu- Gf supramolecular complexes becomes viable, which can be

sion process. We should finally point out that while thesetallored to display efficient light-harvesting or charge-

considerations seem very plausible, care has to be tak separating properties. The quasi-one-dimensional nature of

when applving models to these svstems which do not ex "ggﬂe MOPV4 assemblies may also allow their implementation
. ppIyINg € Sy . PG nanometer-scale molecular electronics. Additional effort is
itly take into account energetic disorder. Since the data pre-_ " . X

- ; : required to ensure that the high degree of order present in
sented in Fig. 5 are the copolarized luminescence compa

. {jodecane solutions of MOPV4 can be fully maintained in
nent, the decays are not only governed by trapping o

excitations but also by photoluminescence depolarization aSsO“d films. This work is in progress.

described previously. However, as can be seen in Figs. 4
and 4c), the PL depolarization and the exciton trapping dy-
namics in the MOPV4 assemblies are very similar, allowing This work was supported by the Engineering and Physical
us to model both processes with the same fitting functionSciences Research Coun@PSRQ and the European Com-
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tribution of traps may be expected to describe exciton trapCambridge for support through a Research Fellowship. C.D.
ping in these systems adequately, the PL depolarization dywould like to acknowledge financial assistance from the
namics should rely on a somewhat different mechanismlsaac Newton Trust. C.S. thanks the EPSRC for an Advanced
Here, the nonexponential decay dynamics are most likelfResearch Fellowship. Pascal Jonkheijm and Jeroen van Her-
related to the statistical fluctuations in the angle betweemikhuyzen are acknowledged for synthesizing MOPV4. The
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