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Effects of interchain interactions, polarization anisotropy, and photo-oxidation on the ultrafast
photoluminescence decay from a polyfluorene
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Cavendish Laboratory, Madingley Road, Cambridge CB3 OHE, United Kingdom
(Received 15 November 1999

The ultrafast dynamics of excitons and excimers in an aligned film of(giagtylfluorene (F8) have been
studied by femtosecond time-resolved photoluminescence spectroscopy. The results indicate that the excimer
formed in F8 involves only a small change in intermolecular separation upon excitation and has a limited, but
nonzero, mobility. From changes in the photoluminescence decay upon photooxidation of F8 we deduce that
the exciton diffusion constant is larger than the excimer diffusion constant by a factor=a2,2thereby
explaining why the excitonic luminescence is more strongly affected by the presence of quenching sites than
the excimer luminescence. The decay of excitonic photoluminescence exhibits a significant polarization an-
isotropy, consistent with migration of excitons between regions with different orientation of the polymer
chains. In contrast, excimer migration between such domains is inhibited since the excimer experiences the
domain borders as potential barriers.

I. INTRODUCTION strate which had been coated with a polyimide film and
, " . ) ) , rubbed with nylon cloth to provide an alignment layer. The
Light-emitting diodes incorporating conjugated poly- g fiim was heated in vacuum to 200 °C, annealed for 100 h,

mers as the aclive layer have shown rapid mprovemenéooled slowly to room temperature, then reheated to 205°C

since the discovery of electroluminescence from d hed t it in hiahl iented fil f about
poly(p-phenylenevinyleng' (PPV) with specifications now igo r?;etrr]:i:clfnesg resuft in ughly onented hims ot abou

approaching industrial standartiboreover, the inherent an- ) .
isotropy in these materials results in the emission of strongly We have performed time-resolved photoluminescence
polarized light from films in which polymer chains are ori- (PL) experiments on F8, employing the femtosecond up-
ented preferentially in a particular direction. Various meth-conversion technique. The sample was excited with the fre-
ods have been developed to produce such aligned filmguency doubled output from a mode-locked Ti:sapphire laser
since they are promising candidates for use as backlights isupplying 200-fs pulses at an energy of 3.12 eV. To set the
liquid crystal displaySLCD's) which currently incorporate polarization of the exciting beam, it was passed through a
relatively bulky and expensive polarizetén this paper we /> piate and a Glan-Thompson polarizing prism. Photolu-
address some of the properties of an oriented film of polysinescence originating from the sample was up-converted in
(dioctylfluorens (F8), a high efficiency blue-light-emitting a B-barium-borate crystal using the fundamental laser beam

conjugated polymer. .
Interchain interactions in polyfluorene films have recentlyfrj1t 1.56 eV as a gate. Sum-frequency photons were dispersed

been found to result in the formation of excimers which givel® @ monochromator, and detected via single-photon count-
rise to an additional, redshifted band in the luminescencend. The overall temporal resolution of the system was about
Similar effects have been observed for a variety of conju400 fs. The average power on the sample was 0.5 mW on a
gated polymer films=® Since interchain interactions lead to spot of 107um diameter. A single pulse created an average
the formation of lower-energy excited states coupled onlyexcitation density of 5.8 10 cm™2 (3.1x 10 cm™?) for
weakly to the ground state, they are generally considered tthe exciting beam polarized parallgderpendicular to the

be detrimental to the luminescence efficiency. Another probyjignment direction, the variation being due to the difference
lem associated with F8 is that photo-oxidation affects th&, yefiection and absorption for the two excitation polariza-

excitonic emission more strongly than the excimer emiSSiontions. Since only vertically polarized light could be up-

::heenrggy causing an undesired color change in the Iumlnes(:_onverted, the sample was rotated to detect the luminescence

In the following, we present results obtained from femto-em'ttejd with pollanz'atlon either parallel or per.pendlcular to
second up-conversion measurements on an oriented samplg€ alignment direction. The sample was held in vacuum at a
We show that significant differences can be found betweeRressure of 10° mbar, and all experiments were conducted
the properties of the excimer and those of the exciton, reat room temperature. To measure time-integrated photolumi-
garding the decay of the photoluminescence, its polarizationescence, the PL was diverted to a double-grating spectrom-
anisotropy, and finally its changes upon photooxidation ofeter (Spectramate 1680and detected with a Si photodiode

the polymer chains. using a lock-in technique. Both time-resolved and time-
integrated spectra were corrected for spectral response. To
IIl. SAMPLE PREPA?QQI—?I\TI&TED EXPERIMENTAL produce photo-oxidized samples, the pressure was increased

by a factor of 1000 te=10 2 mbar, and specific spots on the
Oriented films of polyd,9dioctylfluoreng were produced sample were irradiated with laser light at 3.12 eV and an
by spin-casting F8 dissolved ip-xylene onto a glass sub- intensity of 5.6 W cm?2.
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FIG. 1. Time-integrated photoluminescence spectra for the four 2.0 2.2 24 26 28
combinations of excitation and photoluminescence polarization Photon Energy (eV)
normalized and offsgt the inset shows the chemical structure of . . . .
f=8 ot FIG. 2. Photoluminescence spectra at different times after exci-

tation for (exc||, PL ||). The inset shows the energy of tk@-1)
transition peak vs time after excitatiofZero delay corresponds to
Ill. RESULTS AND DISCUSSION the onset of PL).

In all experiments described below, the polarization of the _ _ ) _
exciting beam was set to be either parafetc|) or perpen- energ|es,_respect|v_ely. As can be seen, the PL intensity at the
dicular (exc L) to the sample’s alignment direction. Simi- three main vibronic peaks decays monoexponentially, ac-
larly, the photoluminescence linear polarization component§ompanied by a redshift in the peak energy of the emission
oriented either parallgPL ||) or perpendicula¢PL L) to the due to SXC.IIQI’] migration to _chams W|t_h longer conjugation
alignment direction were detected, resulting in four possibldengths.” Fitting the sum of five Gaussians to the spectra at
excitation and photoluminescence polarization combinationd Variety of delays reveals that the vibronic peak energy
which we will denote in the following agexc||, PL|), (exc shlfts t_)y 70 meV between 2 and 600 ps afte_r excitation,
1,PLJ), (exc|, PLL), and(excL, PL1). Figure 1 shows wh|c_:h mgimates the presence of.a rglatlvely _W|de range of
the time-integrated photoluminescence spectra of F8 for th§onjugation lengthgsee the inset in Fig.)2Exciton migra-
four polarization combinations. The spectra are of approxi{ion is also responsible for the initial fast3 ps decay of
mately the same shape but differ in amplitude. The photorh€ Photoluminescence at the high-energy (i3 e\) of
emission at 2.85 eV is due to the transition from the lowesthe (0-0) transition, and has been obfserved in a number of
vibrational level of the first excited electronic state to theconjugated polymers other than F8® Monoexponential
lowest vibrational level of the ground electronic sté@e0 fits to th_e depay curves measured at the three main vibronic
transition. Vibronic replicas exist at 2.69, 2.52, and 2.35 eV, Peaks yield time constants between 120 and 130 ps depend-
corresponding to thé0-1), (0-2) and (0-3) vibronic transi- N9 ON whether the curves were taken on the high- or low-
tions, respectively. Below=2.3 eV the photoluminescence €Nergy sides of the vibronic pedk Al delay curves rise
spectrum displays a broad, featureless low-energy tail. Thi¥/ithin the system resolutio400 f9, showing the strong
redshifted emission was reported previously for(R&f. 10
and polydihexylfluoreng.***? Since these redshifted emis- L S B
sion bands were not found for polyfluorene solutiéhand Ko o
their relative intensity seems reduced when the film thick- f“‘i ? &

. T Lo }r'*'.f At rot
ness is decreased below 10 hhihe emission is likely to be MR N
* Wy

caused by the interaction between polyfluorene chains in
close proximity. The fact that no significant difference be-
tween the absorption in solution and in the solid film was
found, as well as the observation of identical excitation spec-
tra at the long-wavelength band and the excitonic band, led
Bliznyuk et al. to the conclusion that the redshifted emission

‘Xf’%
—+—2.15¢eV ]
151. \‘\'\2‘% ——235 :v

—v—2.55eV

PL Intensity (arb. units)
o

is due to the formation of excimers rather than physical A
dimers. In the following we will show that our results are ___2:93 oV
compatible with the low-energy emission being caused by 0.01 . . . .
excimers that require only small changes in the intermolecu- T 0 100 200 300 400 500 600
lar separation upon formation, resulting in a fast formation delay (ps)

and a limited, but nonzero, excimer mobility.
Figures 2 and 3 show the photoluminescence spectra at FIG. 3. Photoluminescence decay at various photon energies for
various delays and the PL decay curves at numerous photaexc||, PL|).
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electron-phonon coupling commonly observed in conjugatedhas in fact been observed in pyrene crystal3he rapid
polymers. (<400 f9 initial rise we find in the excimer luminescence
At energies lower than 2.35 eV the temporal behavior ofindicates that this is also the case for F8, at locations where

the photoluminescence changes significantly: The PL spectif#€ Polymer chains are in close proximity. These findings are

at 100- and 600-ps delayBig. 2) converge with decreasing cc_>nf|rmed by_ the fact that the sgcondary rise becomes s!ower

photon energy when plotted on a semilogarithmic scale'Vith decreasing photon energy: Maktal. observed a simi-
hich indicates an increasing excimer lifetime with decreas-'ar delayed rise in the low-energy region of the photolumi-

w 9 _-nescence from a polgpara-phenylene-type polymer

ing photon energy. These trends are supported by singlé; ppp ang attributed it to the migration of excitons to sites

exponential fits to the photoluminescence decay curves: Ayith small interchain separation which support the formation

2.35 eV the photoluminescence decays with a time constamf excited dimers. However, the probability for an exciton

of 321+ 8 ps, which increases to 51115 ps at 2.15 eV. to find a site where excimer formation can occur should not

When the spatial separation between two monomers igepend on the excimer transition energy at that site. This
reduced, the intermolecular interaction will result in a split-means that if the delayed rise was caused solely by exciton
ting of the exciton state into two nondegenerate states. It hagigration to excimer sites, the rise time should be indepen-
been shown that in the case of parallel orientation of thelent of the excimer transition energy, which is not the case
molecules, the lowest of the two excited states is opticallyin our experiments. We therefore suggest that the excimers
dipole forbidden due to like parity, and therefore acts as aetain some mobility, enabling them to migrate to sites where
trap!’® However, recent theoretical calculations have re-the interchain separation is small and a lower-energy excimer
vealed that the large electron-phonon coupling encounterechn be formed. Since excimers are formed via a two-step
in m-conjugated systems changes the symmetry of th@rocess, in principle their migration would have to involve
excited-state wave functions, resulting in a finite transitionan energetically unfavorable dissociation, so excimers are
probability for the lower of the two staté$? Quantum- generally expected to be trapped at the site of their forma-
chemical calculations performed by Coret al'® indicated  tion. Fischeret al, on the other hand, showed that excimer
that geometrical changes due to lattice relaxations, which imigration can occur if, at the intermolecular distance of the
m-conjugated systems occur within hundreds of femtosectwo molecules in their ground state, the excimer interaction
onds after excitation, are located mostly on a single monois already strong enough to provide an overall attractive po-
mer. Excitation of one monomer therefore causes the dimer'gential once the pair is excitéd.In this case a relatively
geometry to be asymmetric with respect to the two chainssmall amount of activation energy will be sufficient to trans-
resulting in a relaxation of the optical selection rules and &er the excitation to adjacent molecules. The fact that we
transfer of oscillator strength to the lower of the two excitedobserve migration therefore confirms that the two molecules
states. As the separation between the chains is decreased, theheir ground electronic state are at an interchain separation
emission redshifts increasingly with respect to the emissiorlose to the equillibrium separation in the excimer state.
of the isolated chain, and the amplitude of the transition diiNote that the possibility of excimer migration also means
pole moment between the ground state and the lowest exhat excimers can to a limited extent be excited diretitly.
cited state decreases because the wave functions becomie distinction between a physical dimer, whose interchain
more and more symmetric. These calculations therefore linkeparation does not vary upon excitation, and an excimer
the lifetime of the lowest excited state of two interactinginvolving only small changes in the interchain separation is
conjugated polymer chains with the energy of the state: theot always easy, and is sometimes avoitfed. The excimer
lower the energy of the transition the longer the lifetime ofshould show an almost negligible direct absorption and a
the excited state will be, which is exactly what we observe inlimited amount of mobility, both of which should be depen-
our measurements. dent on temperaturé.

A second important aspect is the evolution of the photo- The second part of this paper deals with anisotropy in the
luminescence at early times after excitation within the enphotoluminescence with excitation and emission polariza-
ergy region of the redshifted band: We find that the phototion. Thin conjugated polymer films, in which all chains are
luminescence shows an initial fast.@00 fg rise followed aligned in one direction, have attracted interest because their
by a slow increase, which peaks at a 25-ps delay for a photopolarized luminescence makes them a promissing replace-
energy of 2.15 e\(not shown. This secondary rise becomes ment for the currently unpolarized backlights in LCD’s. This
slower with decreasing photon energ@fie PL spectrum at would allow the removal of absorptive polarizers, resulting
100 ps crosses the spectrum at 30-ps delayatl5 eV}, and  in the manufacture of thinner and cheaper LCD’s with higher
more dominant with respect to the initial fast rise. An exci- efficiencies. However, two factors limit the degree of anisot-
mer is a physical dimer which is associated in an excitedopy of luminescence polarization which can be achieved:
electronic state and dissociated in its ground staféThat  disorder(or imperfect chain alignmentand the occurrence
is, the formation of an excimer is a two-step process consistf an off-axis transition dipole moment with respect to the
ing of the excitation of one of the two molecules, followed polymer backbone. While the former can be improved by the
by the reduction of the system’s potential energy due to theise of suitable processing techniques, the latter may provide
attractive excimer interaction, accompanied by a change ia final limit to the obtainable degree of polarization. It is
the intermolecular separation. For this reason, the excimaherefore important to be able to distinguish between these
photoluminescence should rise more slowly than the excitwo effects. We will show in the following that disorder in
tonic luminescence. However, if the intermolecular separaan oriented sample leads to an anisotropy in the photolumi-
tion in the ground state of the two molecules is close to thahescence decay dynamics which can be easily identified.
in the excimer state, rapid excimer formation is possible, and The aligned F8 sample used for our experiments displays
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c **
!g’ g These results can be explained by considering that exciton
i migration can take place between regions of the sample
o b: 2.15eV where the chains are parallel to the alignment direction, and
0.1 ; ; ; ; ; regions where the chains form a reasonably large angle with
0 50 100 150 200 250 300 respect to the alignment directiofunaligned regions™
delay (ps) Since the unaligned chains are in the minority, their nearest

neighbors are likely to be chains oriented parallel to the
FIG. 4. Photoluminescence decay for the four excitation/alignment direction, meaning that exciton migration from
photoluminescence polarization combinations at photon energies QInaIigned polymer chains to aligned chains is more likely to
(& 2.74 eV and(b) 2.15 eV. The curves have been rescaled forgccur than vice versa. For this reason, migration effects
better comparison. should be more dominant in the casgekcL , PL|)) than in
the case ofexc|, PL L) which is what we observe. Figure
6 displays changes in polarization ratio with time after exci-
Eltion for the two excitation polarizations. The curves were

a dicroic ratio between the absorption coefficients of
ala, =3.6+0.5 at the excitation energ3.12 e\). We de-

fine the polarization ratio as the ratio between the intensity o
the photoluminescence emitted with the polarization paralle
to the alignment direction and the intensity of the photolu-
minescence with polarization perpendicular to the alignmen io increases with time due to exciton migration to aligned

direction (po=PL/PL,). The polarization ratio of the . .i\ns \vhereas exciton migration causes a reduction in the
time-integrated photoluminescence varies with the polariza-

tion of the exciting light; for (exc ||), r',‘m,=4.1t0.5,

btained by a division of the normalized decay curves taken
t 2.74 eV. When the sample is excited with light polarized
erpendicular to the alignment direction, the polarization ra-

whereas in the case ¢éxc L) we find r$0|=3.2t 0.5. This 14 ' ‘e o 4
can be explained by assuming that some of the chains are not ° /\ 4 /

. . K o . 1.3F \ ® ,
oriented parallel to the alignment direction: while parallel [ /. o /o. ’\‘ \ ®
polarized light(exc|) will predominantly excite chains ori- s 12} .I\.°\.. \..0' | § ¢
ented parallel to the alignment direction, light polarized per- 8 /./ Le L b
pendicular to the alignment direction is comparatively more g 11}k /.. L
likely to excite some of the unaligned chains, leading to a 5 .
reduction of the polarization ratio in the case(@kc ). The 5; 1.0 " .JT.’ d
fact that other groups have found higher dicroic absorbance & u # f'a',“/., ¥\-/ l/\’./*\ﬂ .-,'./'
ratios in aligned F8 sample&*also shows that some amount F 09p L R, i

. . . . . [ I |
of disorder is likely to be present in the samples used in our o PL, /PL, for: |
experiments. 081 _—m— | excitation

The dependence of the photoluminescence decay on the —®— L excitation
polarization of the excitation and the luminescence is shown 0.7, m 100 150

in Fig. 4. While in the region of the excitonic emissi¢h74
eV) significant differences are found, the excimer lumines-
cence(2.15 eV) exhibits an identical photoluminescence de-  FIG. 6. Polarization ratio (RUPL,) vs delay time for excita-
cay for the four excitation/luminescence polarization combi-tion polarization either parallel or perpendicular to the alignment
nations. The changes in the decay of the excitonic PL start tdirection. The decay curves were normalized at 3-ps delay prior to
occur immediately after excitation, as indicated in Fig. 5.division.

Delay (ps)
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polarization ratio with time in the case of excitation with 10F ' T T T T
parallel polarized light. Most of the changes occur within
100 ps after excitation, after which the polarization ratio as-
sumes a constant value. Integration of the curves shown in
Fig. 6 over time indicates that exciton migration leads to an
increase in the overall PL polarization ratio of 25% in the
case of(exc L) and a decrease of 8% in the casg@fc|).
Exciton migration therefore compensates in part, but not
fully, for the variation in the polarization ratio of the time-
integrated PL with the polarization of the exciting light _ unirradiated
(caused by preferential excitation of either aligned or un- f.f ..... after 30 min irradiation
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aligned regions of the sample, as mentioned earlir this
reason, an accurate determination of order parameters solely 0.1 —
from time-integrated photoluminescence measurements, as 20 22 24 26 28 30
attempted by Schartelt al,?® is of limited validity even in photon energy (eV)

hlgl?lyli)rlerrted Sartr:plles. i d fect] isot FIG. 7. Effect of UV irradiation in the presence of oxygen on
all polymer chains were aligned periectly, no anisot- 4, time-integrated photoluminescence of F8.

ropy in the photoluminescence decay should be observed and
the polarization ratio of the time-integrated photolumines- The third and final part of this paper is concerned with the
cence should be independent of the excitation polarizatioreffect of photooxidation on the photoluminescence of F8. It
In this case any luminescence polarized perpendicular to th@as observed previously that UV illumination of p6dy
alignment direction will solely be due to an off-axis transi- hexylfloureng in air results in a reduction of the photolumi-
tion dipole moment, and the angte between the polymer nescence intensity across the whole spectral reffidtis
backbone and the dipole moment can be taken directly frondegradation affects the excitonic luminescence more strongly
the polarization ratio ag= tanfl(ll\/m 2 than that originating from excimers, thereby causing an un-
Another aspect which needs clarification is why the lumi-wanted color change in the emission with illumination time.
nescence decay is isotropic at 2.15 eV. As pointed out eaBliznyuk et al!* confirmed that these changes originate from
lier, the excimer seems to retain some mobility, so that it igphotooxidation of fluorene resulting in the creation of traps
surprising to find that there are no signs of migration effectghat act as quenching centers. We will show in the following
in the polarization dependence of the PL decay. On the othahat the reason why the excimer emission is less affected by
hand, calculations by Cornét al!® showed that as the angle sample oxidation than the excitonic emission can be related
between the chain axes of two molecules sustaining an excélirectly to the smaller diffusivity of the excimers.
mer is increased, the splitting between the lowest two optical Figure 7 displays the time-integrated photoluminescence
transitions decreases because of the reduced overlap betwesggectra of F8 after different durations of UV irradiation in
the wave functions. For this reason, the lowest excited statthe presence of oxygen. The majority of the changes in the
of an excimer located on two chains which are not parallel iPL occur within the first 30 min of UV illumination, after
energetically higher than that for two parallel chains. If anwhich the degradation slows. These changes are most likely
excimer is to migrate from a sample domain where chainglue to chain oxidation, since the degradation is reduced
are oriented in a particular direction to a domain consistingvhen either the air pressure is decreased or the irradiation is
of chains oriented in a significantly different direction, it will conducted through the substrate. Moreover, we observed a
temporarily have to occupy a state of higher energy. For arertain amount of photobleaching upon UV illumination,
excimer, domains of different chain orientation are thereforevhich was previously shown to accompany the photooxida-
separated by a potential barrier inhibiting the migration betion of PPV?32° The photoluminescence decay curves at
tween such domains. 2.74 and 2.15 eV after different UV illumination times are
Finally we wish to comment on the possibility of the gen- plotted in Fig. 8 for the case @éxc|, PL|). It can be seen
eration of interchain excitons, or polaron pairs, where thehat while the shape of the excitonic photoluminescence de-
electron is located on one chain and the hole on a neighbocay at 2.74 eV becomes strongly nonexponential with an
ing chain. We find that throughout the whole spectral regiorinitial fast decay, the excimer emission at 2.15 eV shows
the total number of photons emitted immediately after exci-only a small reduction in the decay time upon increasing
tation per number of photons absorbed is independent of theample oxidation. In order to obain a quantitative analysis
polarization of the exciting light. These results take into ac-we have calculated fits to these data based on the model by
count the changes in absorption and reflectivityl Balagurov and Vak¥ for the survival probability of an ex-
—R,)/(1-R))=1.08+0.01], with the excitation polariza- citon on a one-dimensional walk with randomly situated
tion. It has been suggested that polaron pairs are created fraps. This model was used successfully by Yeral. to
greater quantity for excitation with light polarized orthogo- describe the PL decay dynamics for PPV with varying de-
nally to the polymer axié’ Our results therefore indicate, in grees of photooxidatiof. We have used the asymptotic fit-
accordance with similar measurements performed on stretcling function
aligned PPV by Hayest al,? that in our case the primary ¢ 18 i t
also holds in regions where the chains are close enough to Taits )exr{ 1 +I1exy{ a 7_0)
support excimer formation. (1)

- after 90 min irradiation

excitations are not polaron pairs but polaron-excitons. ThisI . t exr{
0 / _
Tdiff
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T T T T T T TABLE |. Parameters extracted from fits to the decay curves
1000 } a:2.74 eV based on the model of a one-dimensional excit@xcime) diffu-
; sion.
% Irradiation time Tditt Tdift _ D(exciton)
"s:':; (min) (exciton (excime) D™ D(excimer)
o
g 100 30 061001 11.61 19+2
2 60 0.42:001  9.81 23+2
= 90 0.41:001  8.3-1 20+2
Ty !
:l
3 . . . . . Rp is found to be independent of the degree of photooxida-
0 50 100 150 200 250 300 tion, as should be expected. We can therefore extract an av-
erage value oRp=21+2 for the ratio between the exciton
' ’ ’ ' ’ ' diffusion constanD (exciton) and the excimer diffusion con-

10}

PL Intensity (arb. units)

unirradiated

b: 2.15 eV

stantD (excimer). These results explain why the exciton is
more strongly affected by chain photooxidation than the ex-
cimer: while the excitonic lifetime is only=4.3 times lower
than the excimer lifetiméat 2.15 eV emission the excitonic
diffusion constant is larger by a factor B =21 compared
with that of the excimer. Therefore, an exciton is less likely
to recombine radiatively before being trapped than an exci-
mer. The value ofRp we obtain from the photooxidation
measurements confirms the image of the excimer we have
outlined earlier in this paper: While the excimer in F8 is not

L« after 30 min irradiation ,' v "y entirely stationary, its mobility is restricted, due to the acti-
v after 90 min irradiation . M vation energy needed to move an excimer, due to geometri-
0.1 1 a ' 2 N 1 . i N 1 N I n H 1 H H
o 100 200 300 200 300 600 cal co stralrjts{the excimer can only_mlgrate to sites where
chains are in close proximity and finally by the borders
delay (ps) between sample domains of different chain orientation rep-

FIG. 8. Photoluminescence decayat2.74 eV andb) 2.15 eV resenting potential barriers to the excimer.

photon energy, before and after irradiation with UV light in the
presence of oxygen. The solid lines represent fits to the data assum-

ing a monoexponential decay in case of the unirradiated sample, We have examined the time-resolved photoluminescence
and an additional loss due to carrier migration along a chain con;

taining randomly situated traps in case of the UV irradiated samplef.rom poly(dioctylfluoreng ('.:8) and founq distinct dlffer-.
[Curves in(b) have been rescaldd. ences b_etween th_e propertles_of the exciton and th_e excimer
formed in F8. While the effective lifetime of the excitons is
where 74i1=[2m2(3/2)%c?D] ! is the characteristic diffu- ~120 ps and is independent of the transition energy, the
sion time,D the diffusion constant of the exciton or excimer excimer lifetime is generally longer and increases with de-
in the absence of traps, ardhe one-dimensional effective creasing energy. Both the short initial rise in the excimer
density of traps. The first part of E¢Ll) describes the diffu- luminescence and the slower, energy-dependent rise indicate
sion of excitons or excimers to quenching centers, modifiedhat the excimer formed in F8 involves only a small change
by the lifetime o of the excited state, while the second partin interchain separation upon excitation, similar to the type
represents the recombination from sample regions far fronof excimer found in pyrene crystals. The excimer therefore
the surface which are largely unaffected by oxidation. Theexhibits a small, but nonzero, mobility, in agreement with
natural lifetimer, was extracted from monoexponential fits our measurements on photooxidized F8 which yield a ratio
to the PL decay from the unoxidized sample as 120 ps aRy=21*2 between the diffusion constaridsof the exciton
2.74 eV and 511 ps at 2.15 eV. For the curves taken at 2.7dnd the excimer. We show that while considerable exciton
eV, |y, 11, andry;;s Were varied, while for those at 2.15 eV migration occurs between sample regions of different poly-
only 74itf and a scaling constant were adjustable, with themer chain orientations, the excimer is confined to its domain,
ratio | /1, taken from the previous fits to the curves at 2.74since it experiences the domain borders as potential barriers.
eV. Table | contains the values obtained fog;; after dif-  All our findings are consistent with quantum-chemical calcu-
ferent irradiation times both for the exciton and the excimerlations performed by Corn#t al’® Our measurements of the
The ratio between the characteristic diffusion timgg; and  polarization anisotropy in the PL decay dynamics exhibit a
the ratio between the diffusion constamsare directly re- strong sensitivity to the amount of disorder in an oriented
lated via sample, and can therefore be used to probe the degree of
order achieved. Suitable model calculations incorporating
exciton migration in partly aligned polymer films provide an
interesting topic for further research, since they could result

IV. CONCLUSION

Tgirf(excimey  D(exciton
Tqirf(exciton)  D(excime)

Rp. 2)
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in the determination of the angle the transition dipole mo-ing centers will show a relative amount of excimer emission
ment forms with the polymer axis, as well as some ordetthat is not representative of the degree of aggregation present
parameter, from the anisotropy found in the luminescencén the sample.
decay dynamics. Finally, we have shown that the changes in

the spectral shape of the photoluminescence from F8 upon
photo-oxidation are directly related to the smaller diffusivity

of the excimer with respect to the excitonic diffusivity. Care  We would like to thank M. Grell from the University of
has to be taken when the luminescence spectra of F8 filmSheffield for supplying a substrate with an alignment layer,
with different processing history are compared: since the inand Cambridge Display Technology for providing F8. We
clusion of traps will reduce the excitonic luminescence moreare grateful to M.A. Stevens for sample preparation and C.
strongly than that originating from less mobile excimers,Silva for helpful discussions. This work was supported by
photoluminescence spectra from samples containing quenckhie Engineering and Physical Sciences Research Council.
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