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Polarization dependence of the ultrafast photoluminescence of oriented pdly-phenylenevinyleng
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The ultrafast dynamics of excitons in stretch-oriented f@ighenylenevinylene(PPV) are studied by
femtosecond time-resolved photoluminescence spectroscopy. It is shown that the total luminescence intensity
at 1 ps after excitation is the same for excitation either parallel or perpendicular to the stretch direction. Thus
the number of intrachain excitons initially generated is independent of the polarization of the excitation light.
This indicates that direct interchain photogeneration processes are not important in PPV. A small polarization
ratio is measured at very early times after excitation, and is consistent with the localized excitons having
appreciable off-axis transition dipole moments. The confinement of the excitons places constraints on the
maximum possible anisotropy of the luminescence. Significant differences between the luminescence rise and
decay times are observed for different excitation and detection polarizations. These results are explained by a
combination of nonradiative decay at quenching sites, whose strength depends upon the polarization of the
excitation pulses, and exciton migration procesg86163-18207)09831-1

I. INTRODUCTION diative species is close to 1. However, recent results suggest

. . . ._that the origin of the controversy is the result of sample
Organic semiconducting polymers have been the subjeditrerences between the relevant research gréups.

of intense research in recent years because of their interest- T presence of disorder in conjugated polymers, such as
ing semiconducting properties and due to their potential apconformational defects or impurities, leads to the localization
plication as the active layer in electroluminescent devices.of the electronic wave function onto regions of the polymer
More recently, the intrinsic anisotropy of these materials haghain consisting of a few monomer repeat units. To describe
been exploited, enabling polarized emission from light-the localization the polymer chains are often treated as a
emitting deviceLED’s) to be achieved? Polarized LED's ~ series of smaller chain segmentsThe effective conjugation
could be used to provide the backlighting for more efficient!€ngth of a particular chain segment depends upon the con-
liquid-crystal displays. In pokip-phenylenevinylene(PPV) formation of the polymer chain. Due to the disordered nature

; L . of conjugated polymer films they are often modeled as an
and its derivatives the strong carbpporbital overlap along . inhoméggeneouglyybroadened de)r/15ity of states of chain seg-

) . . , ) ) "Wents of differing effective conjugation lengths. For PPV the
gives these matengls their quasgone—dlmenslqna' electronig ssian widthr of the density of states has been measured
and Opt|Ca| pl’OpertIeS. HOWeVer, In most eXpeI’ImentS on Orfrom the absorption Spectrum to béo meVELl An effect of
ganic semiconductors the films are produced by spin coatinguantum confinement of the excitons is that those excitons
or solution casting the polymer onto a suitable substrate, thugat are located on short chain segments have higher energy
obscuring the inherent anisotropy of the polymer chains. Acompared to excitons weakly confined on longer-conjugated
thorough understanding of the anisotropic properties of PP\éegments. In many experiments the initial generation of ex-
caused by the different strength of interchain versus intracitons occurs on short-conjugated segments located high up
chain interactions is needed to understand the photophysisgthin the density of states. Energy relaxation of the exci-
of these materials, and to aid the development of LED’s. Irfons, from short-conjugated high-energy segments to longer
order to investigate the anisotropic properties of conjugate§onjugated lower-energy segments, can occur prior to their
polymers, highly oriented films must be prepared and thiglecay through migration processes, such asrstéo
can be done in a variety of wafsin our experiment the transfer. _ ,
polymer chains were aligned by stretching a film of a pre- 1 iS paper presents a series of femtosecond time-resolved
cursor polymer of PPV prior to thermal conversion. photoluminescence measureméﬁtshlch probe the anisot-
The luminescence produced after either charge injectioﬁOpy (.)f photogenerafuo.n, energy relaxqtlon, gnd subsequent
or photoexcitation is attributed to the radiative decay of in_radlatlve and nonradiative decay of excitons in PPV. In Sec.

trachain polaron-excitons. In recent years there has been coH’-the preparation of the samples is described, along with the

siderable debate as to the efficiency of generation of intragxperimental technique. Following this the results of the ex-

chain excitons after photoexcitation® In particular it has peri_ments_ are presented in Sec. ”.I' Sect_ion IV'is devoted to
been proposed that “spatially indirect” excitons are formed? dl_scussmn of our results, and, finally, in Sec. V, our con-
with high quantum yield with only a small fraction of the clusions are presented.

incident photons generating intrachain excitdfiS. This
contradicts measurements of the photoluminescence quan-
tum efficiency and the photovoltaic response of a
photocelt® which suggest that the fraction of absorbed pho-  Highly oriented films of solution-cast PPV were prepared
tons that create intrachain excitons compared to other nonrdy stretching a film of a soluble precursor polymer with a

Il. SAMPLE PREPARATION
AND EXPERIMENTAL TECHNIQUE
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FIG. 1. Room-temperature photoluminescence spectra measured FIG. 2. Normalized photoluminescence spe¢aa300 K mea-
at 1 ps after excitation for all four excitation-luminescence combi-sured at 1 ps after excitation for thex|-lumi) and (ext-lumil)
nations. Pardperp corresponds to the excitation or luminescence configurations. Also shown is the absorption edge for an unoriented
being paralle(perpendicularto the stretch direction. PPV film.

tetrahydrothiophenium leaving group at a temperature Ofhe four possible excitation-luminescence combinations. It
100 °C. This Was4performed under a dynamic vacuum ofan pe seen immediately that the shape of the spectra are
approximately 10" mbar to minimize oxidation of the yery similar for the luminescence emitted both parallel and

samples. After stretching, the films were heated at 250 °C iRgendicular to the stretch direction. This shows that the

a converﬁlon ”gp:;o\; 180 h ?]t a_pres;st;re °f_i°'T‘bﬁf tod same emitting species is responsible for the luminescence
convert them fo - Stretch ratios of between eight and t€fgiecteq in both polarizations. The similarity of the time-

were attained. It has been shown from infrared-absorptiopagg|yeq photoluminescence spectra for the oriented film to
measurements that this produces highly oriented fltifls. 01" of the cw emission spectrum for an unoriented film

The films were optically thick for excitation both parallel and shows that intrachain excitons are responsible for the lumi-

perpendiqul?jr to hthfe stretch gireg'ltiodn.l_T#e foriented ﬁ(ljmsnescence for both detection polarizations. It may appear that
were excited with frequency-doubled light from a mode- o, iting perpendicular to the stretch direction generates more

locked Ti:sapphire laser. This produces pulses of approxia,citons parallel to it almost immediately after photoexcita-

mat_ely 200-fs durat?on_at an energy of 3.06 eV. The .pOIar'tion. However, as will be shown below, this effect can be
ization of the excitation beam was controlied using ag,p|ained by taking into account the difference in reflectivity
Yoetween the two polarizations of the excitation beam. For a

articular orientation of the excitation beam it can be seen

d_uring the .experiment_, and st_ored in a gloyebox at othefyat the luminescence is only relatively weakly polarized de-
times. Vertically polarized luminescence emitted from the pite the fact that the samples are known to be highly

samples was upconverted in a nonlinear optical crystal ofianted*24 The luminescence peak near 2.44 eV is due to

p-barium borate using a reference beam at 1.56 eV, alsgq yansition from the ground vibrational level of the first

generated by. the Ti:sapphire Iasgr, tha_t was fir§t p.asse&cited electronic state down to the ground vibrational level
through a variable delay stage. This nonlinear optical intergs iha electronic ground state, and is denoted(€hé) tran-

action (up-conversion acts as a light gate and enables thegjiiqn for the remainder of the paper. Vibronic transitions to

photoluminescence to be resolved temporally with a time,jgper viprational levels of the electronic ground state occur
resolution of about 200 f5. Spectral resolution was approximately 2.28 eV for th@-1) transition, and 2.1 eV
achieved by dispersing the upconverted light in a monochrofOr the (0-2) transition. Figure 2 displays the normalized
mator, and detecting it using a photomultiplier tube employ'spectra forexi-lumil) and (exL-lumil) along with the absorp-
ing single-photon counting. To investigate the polarization;o eqge for an unoriented PPV film. The spectra are iden-

dependence of the transient photoluminescence, the samplgs,| ot jow energy, whereas, at higher energy, above the
were held with their stretch direction either horizontal Ol absorption edge the relative intensity O&xL-lumlil) is

vertical, and excited with either horizontally or vertically po- ¢4 jjer compared téexi-lumi).

larized light. In Fig. 3 the position of the main luminescence peak as a
function of time is plotted from spectra measured at both 10
K and room temperature. The redshift of the luminescence
In the following we use the notatiofex|-lumll), (exl- peaks with time is due to exciton migration, and will be
lumL), (exL-lumi)), and(exL-lumL) to denote the four com- discussed more fully in Sec. IV. The important feature of this
binations of excitation and luminescence polarization. Fograph is that the redshift of the luminescence peak with time
example,(exL-luml) indicates that the exciting light is po- is smaller at room temperature than at 10 K. Figure 4 shows
larized perpendicular to the stretch direction, while only thethe rise in the luminescence at 10 K at an energy of 2.17 eV,
luminescence polarized parallel to the stretch direction is decorresponding to the cw luminescence peak for all four
tected. Figure 1 shows the room-temperature time-resolveexcitation-luminescence combinations. The initial ratio of
photoluminescence spectrum at 1 ps after photoexcitation fatumi)) to (lumL) measured from the graph at O ps after pho-

ostat under a dynamic vacuum of approximately & @nbar

lll. RESULTS
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FIG. 3. Redshift of the main luminescence peaks with time for ~FIG. 5. Longer-time evolution of the photoluminescence at 10 K
(exi-lumi) and (exL-luml)), both at room temperature and at 10 K. monitored at an energy of 2.17 eV.
Dashed and solid lines are guides to the eye that highlight the in-
creased redshift with time observed at low temperature.

times after excitation. In order for a meaningful interpreta-

toexcitation is 7:1 forexl) and 3:1 for(exL). Similar values ~ tion of these results to be made, the difference in sample
for the polarization ratio were obtained for measurementgeflectivity after(ex) and (exL) needs to be taken into ac-
taken at room temperature and an energy of 2.25 eV whicfount. For a stretch-onented PPV film pre_pared by a similar
corresponds to the cw luminescence peak at this temperatur@€thod to ours, the difference in reflectivity has been mea-
It is observed that the luminescence rise time changes as ti§éred as (¥ R,)/(1—R;)=1.24 at 3.05 eV? Table Il dis-
polarization of both the excitation and the detection is al-Plays the peak luminescence signal measured at 1 ps after
tered. For(exL-luml) the luminescence reaches its peakeXcitation for all four excitation-luminescence configurations
more than 15 ps after excitation. This time scale is far longeft both 10 K and room temperature. The data in this table
than the rise time that has been measured at the cw peak Bve been corrected for reflectivity differences. Also tabu-
the 0-0 transition for unoriented PPV at room temperattire. lated is the total luminescence, that is to $aynil) added to

Figure 5 shows the evolution of the luminescence on a(lurr_u). The most striking feature of the data is that the total
much longer time scale at 10 K. Similar measurements haviiminescence signal is the same for both polarizations of the
also been performed at room temperature. Table | display8Xcitation beam at a partlt':ul'ar temperature. This value is
the rise and decay times of the luminescence measured Eeasured before nonradiative decay processes, whose
2.25 eV (room temperatupeand 2.17 eV(10 K). These re- strength depe_nds upon the excitation b_eam’s polarization,
sults show that the luminescence decay is complicated, arf#@ve any noticeable effect on the luminescence. As the

depends on both the excitation-luminescence configuratiof@mple is optically thick for both polarizations of the excita-
employed and on the temperature. tion beam, our results show that, within experimental error,

the same number of intrachain singlet excitons are generated
for (exL) and (exl). It has been suggested that the direct
formation of spatially indirect excitons is enhanced after

17 . . . .
We will first discuss the relative intensity of the polarized (€XL) compared tdex).” However, if direct interchain pho-

luminescence from the oriented PPV films measured at shofP9€neration processes were to compete with intrachain pro-
cesses, a reduction in the number of intrachain excitons that

are initially generated should be observedir results show

IV. DISCUSSION

500 ‘ ' ' ' that this is not the case, and thus demonstrate that even for
perp-para highly oriented samples direct interchain photogeneration
4001 ] processes are not important for PPV
~ para-para A model for the absorption process was recently devel-
o L 4
2300 TABLE I. Rise and decay times of the photoluminescence at
= room temperature monitored at 2.25 eV, and 10 K monitored at
£ 200¢ ] 2.17 eV, for the four excitation-luminescence combinations.
A= [ Pperp-perp]
100 para-perp oxclum Rise time(ps Decay time(p9
combination T=300K T=10K T=300K T=10K
0%0 | § 12 16
Time (ps) (ext-lumil) 1+0.2 5.0t0.5 60+5 30030
(exL-lumil) 1+0.2 ~17 110+10 35030
FIG. 4. Short-time evolution of the photoluminescence at 10 K(ex|-lumL) 1+0.2 5.0+0.5 605 220+20
monitored at an energy of 2.17 eV for all four combinations of (exL-lum.L) 1+0.2 5.0:0.5 90+10 160+20

excitation and luminescence polarization.
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TABLE Il. Peak time-resolved photoluminescence signal at 1 ps after excitation after correction for
differences in reflectivity. Also tabulated is the total luminescence signal @x#rand (exL).

Polarization and Peak signala.u) Peak signala.u) Total signal(a.u)
temperature (lumll) (luml) (lumll)+(lum.)
(ext)) T=300 K 13910 20+2 159+10
(exL) T=300 K 126+10 34+3 160+10
(ex) T=10 K 434+40 67+6 501+40
(exL) T=10K 370+30 120+10 490+30

oped by Rice and Gartstetfi,and predicts that intrachain direction, a small portion are misaligned; for simplicity we
absorption can occur even though the excitation beam is powill assume that they are oriented perpendicular to the
larized perpendicular to the polymer axis. Consider the ideastretch direction. Misaligned chain segments are preferen-
situation in which all the chains are oriented perfectly alongtially excited after(exL) compared to(exl) because, for
the stretch direction. Absorption parallel to the stretch direc{exL), their dipole moment points in the same direction as
tion, i.e., an intrachain absorption process, can occur evetle excitation beam’s polarization. Thus the initial polariza-
though the excitation beam is polarized perpendicular to ittion ratio is smaller aftetex..) compared tdex|). The frac-
This is because for PPV the polymer axis makes a finitdion of excitons initially generated on aligndthisaligned
angle # with the monomer axis. The absorption at 3 eV ischain segments depends upon the interplay between the
calculated to be 13 times weaker ftexL) than for (ex)); ~ Probability of exciting an alignedmisaligned state and the
however, for samples such as ours that are optically thick fofraction of aligned (misaligned states that exist in the
both polarizations, the only effect is to increase the absorpsample. An estimate of the angtebetween the transition
tion depth for (ex.) compared to(exl). Therefore after dipole moment and the polymer axis can be made by consid-
(exL), excitons are generated much deeper within theering the luminescence polarization ratio aftexl). The
sample. Our results differ from those obtained foans ~ combination of a highly oriented filmias shown from
polyacetylene by Sinclaiet al.'® in which, by orienting the infrared-absorption measureméht§ with photons polar-
polymer, it was suggested that interchain photogeneratioized such that they preferentially excite aligned chain seg-
processes could be “forced” to compete efficiently with in- ments (with an absorption coefficient 13 times greater for
trachain generation processes. aligned segments compared to the misaligned statpso-

As shown earlier, even though the PPV film is highly duces a situation where a negligible number of excitons are
oriented, the ratio oflumil) to (lumL) measured at O ps after Ccreated on misaligned segments. Thus it is easily demon-
photoexcitation is only 7:1 forlex|) and 3:1 for (exL). strated, using the measured polarization ratio of 7:1, that
Weakly anisotropic emission from highly oriented PPV films =tan %(1/\7)~21°. Interestingly Uznanski, Kryszewski,
has been observed previously in cw luminescenceind Thulstrup' showed that the transition dipole moment
measurement®. However, from these measurements aloneof transstilbene, which is a model oligomer of PPV,
one does not know whether the small polarization ratio is anmakes an angle of approximately 20° with respect to the long
intrinsic feature of the emission process or is an effect ofaxis of the molecule. A more realistic assumption of a dis-
energy migration of the excitons prior to their decay. It istribution of orientations of the chain segments would
conceivable thatluml) is emitted from poorly ordered re- lead to a smaller value fof being obtained. Polarized elec-
gions of the sample where exciton migration is slower due tdroabsorption measurements have been performed on a
the disorder, whereadumll) comes from crystalline regions derivative of PPV, pol{2-methoxy,5¢2-ethyl-hexoxy-
of the film in which efficient migration of the excitons to p-phenylenevinylene(MEH-PPV) oriented by gel process-
quenching sites can occur. This would cause a small polaing in polyethylené? The large polarization ratio of the lu-
ization ratio to be measured in a cw luminescence experiminescence measured in their experiments indicates that for
ment. The time-resolved photoluminescence measuremertisese sample8is much smallef<5°). This suggests that in
probe the anisotropy of the emission before significant excithe oriented MEH-PPV film the excited-state wave functions
ton migration can occur, and hence show that the small poare delocalized over many repeat units. Our results show that
larization ratio is directly related to the emission process. Ain order to produce highly polarized luminescence additional
plausible explanation for the small anisotropy of the lumi-processing methods must be developed to reduce the disor-
nescence is provided by the strong confinement of excitonder which localizes the electronic wave function.
on short defect states. This confinement gives the excitons There are several further features of the luminescence
sizable off-axis transition dipole moments, and thus makespectra that we will now discuss before concentrating on the
them capable of producing luminescence that is polarizetemporal dynamics of the luminescence. Figure 2 shows that
perpendicular to the stretch direction even if all the chainsabove an energy of approximately 2.35 eV the relative inten-
are oriented perfectly parallel to#l. sity of the luminescencéwith the peak normalized to) is

The smaller polarization ratio aftelexl.) compared to smaller for(exL-lumll) compared tdexi-lumil). We attribute
(exl) can be explained within the absorption model of Ricethis feature to the increased self-absorption that occurs for
and Gartsteit® Consider the situation in which, although higher-energy luminescence aft@xl). As explained ear-
most of the chain segments are oriented parallel to the stretdter, excitons are generated much more deeply within the
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sample aftelexL). Any luminescence that overlaps the ab- decay is much slower faexL) than for(exl). As explained
sorption edge is thus more likely to be reabsorbed by thearlier, the absorption depth is much greater(fot.) com-
polymer before reaching the surface. Therefore, above thpared to(exl). Thus the excitons generated aftexl ) are
absorption edge the spectral line shape depends upon theuch less sensitive to the=E0 defects which act as
excitation conditions. guenching sites. Therefore the luminescence lifetime is
Another feature that requires explanation is that the redarger for(exL) compared tdex|).
shift of the luminescence with time is somewhat smaller at A further observation is that the luminescence decay is
room temperature than at 10 K. We attribute this differencedaster for(exL-lumL) than it is for (exL-lumll). To explain
to the thermal energy present in the system. At low temperathis effect it is necessary to consider the orientation of the
ture, excitons relax by migrating to longer-conjugated sites athains upon which the excitons are initially generated. For
lower energy. As the temperature of the polymer is increasetexL) a sizable fraction of the excitons are generated on
additional “uphill” migration processes can occur. An uphill misaligned chain segments due to their preferential excita-
migration process occurs when an exciton absorbs therméibn. Hence, for(exL), the fraction of the chain segments
energy from the polymer chain, and subsequently migrates tapon which the excitons initially reside that are misaligned
a site which is at higher energy and is thus located higher upxceeds the fraction of the total available sites that are mis-
in the density of states. Uphill migration processes retard thaligned. As exciton migration occurs, the excitons’ polariza-
overall energy relaxation of the excitons. Hof< o, where  tion ratio is expected to approach that of the polarization
o is the Gaussian width of the inhomogeneously broadenethtio of the chain segments. Unfortunately the excitons’ po-
density of states, Monte Carlo studies have shown that thetarization ratio cannot be directly inferred from the polariza-
mally activated hopping processes are unimportas kT tion ratio of the luminescence because of their sizable off-
approachesr [in our casekT at room temperature is esti- axis transition dipole moments. This causes a portion of the
mated to be approximately/2 (Ref. 11)] uphill migration  polarized luminescence to be due to excitons localized on
processes become increasingly important. states lying perpendicular to the direction of measurement.
Time-resolved photoluminescence decay measurements has been shown for a soluble derivative of PPV,
of stretch-oriented PPV were previously presented by Wongoly(p-phenyl-phenylenevinylengthat both interchain and
et al?* and Furukawaet al?® However, due to the temporal intrachain exciton migration is important in determining the
resolution of their experiments it was not possible to distin-relaxation dynamics of the excitoASAny interchain exciton
guish differences in the luminescence rise times. Table | dismigration that occurs will almost always lead to excitons
plays the rise and decay times of the luminescence measureesiding on aligned chain segments oriented along the stretch
at 2.25 eV(room temperatupeand 2.17 eV(10 K). These direction because there are far more available sites that are
energies correspond to the cw luminescence peaks at tlgiented in this direction. Therefore, because of the initial
measured temperature. The decay times are estimated assusnerpopulation of excitons on misaligned segments followed
ing a single-exponential decay of the luminescence. We notby their migration to aligned states, the luminescence is ex-
that due to the observation of spectral relaxation and th@ected to decay more quickly féexL-lumL). Correspond-
presence of competing radiative and nonradiative decaingly the luminescence decay féexL-lumll) is slower be-
channels, a nonexponential behavior is expected, and indeeduse the migration of excitons to aligned chain segments
a small departure from an exponential decay is observed in after their initial formation on misaligned segments retards
logarithmic graph. However our simple analysis is suffi-the overall luminescence decay measured along the stretch
ciently accurate to emphasize the trends in the luminescenadirection. The reverse of this process is expected(éai).
decay as the polarization is changed. We will begin by disHowever, due to the relatively small number of misaligned
cussing the luminescence decay times observed at room tersegments, the effect is smaller.
perature. For all four excitation-luminescence combinations The same effects described at room temperature are ob-
the luminescence decays more quickly compared to an urserved at 10 K. One anomaly is that, although the lumines-
oriented PPV film whose decay time has been measured aence decay time fdiexL-lumll) is larger than the measured
330+30 ps!® We believe that this is due to the more in- decay times for(exl), the luminescence decay fdexL-
volved process required to manufacture stretch-orientetiml) is smaller. This suggests that surface effects may be
PPV. In particular, during stretching the sample is heatedless important at 10 K than at room temperature. This could
albeit under a vacuum. During this procedure significantbe because at low temperature the excitons have lower mo-
photo-oxidation of the sample may occur. The additionalbility or because the absorption depth at 3.06 eV is greater.
guenching sites thus created during stretching increase thehe difference between the photoluminescence decay time
luminescence decay rate by providing more efficient nonrafor (exL-lumL) and (exL-lumll) is again explained by exci-
diative decay channels. It has recently been shown that then migration from misaligned to aligned chain segments.
presence of €O groups is inversely correlated to the pho-  Further evidence of the initial overpopulation of excitons
toluminescence decay time and efficied®yFollowing the  on misaligned chain segments followed by their migration to
model of Harrisoret al.® we suggest that the concentration aligned states is obtained by comparing the photolumines-
of C=0 defects has an inhomogeneous depth profile whoseence rise times at low temperature. Kexl-lumil), (exl-
detailed shape depends upon the penetration depth of theml), and(exL-lumL) the luminescence reaches 90% of its
light generating the defects and the diffusivity of oxygen intopeak value within 1 ps, and continues to rise slowly for a
the polymer. The concentration 090 defects is maximum further 4 ps. At a first glance these results suggest that the
near the sample’s surface and diminishes as the depth imxcitons migrate to very-long-conjugated chain segments
creases. It can be seen immediately that the luminescenedgthin 1 ps. However, these results are complicated because
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the photoluminescence at 2.17 eV is due both to excitons V. CONCLUSIONS
located on long-conjugated chain segments decaying via the The femtosecond time-resolved luminescence measure-
(0-1) transition and to additional photoluminescence that is X .
degenerate in energy caused by excitons located on ver nents OT stretch-oriented F.)PV that we performed provide
short-conjugated segments that decay throughQF® tran- nsights into the photophysics of conjggated p_olyme_rs. Our
sition. The slower rise that takes 4-5 ps reflects the actudfSUlts show that the same number of intrachain excitons are
migration time of the exciton® Beyond 5 ps the number of generateq af_ter excitation .parallel_ or perpendlcul_ar to. the
excitons migrating into the spectral window at 2.17 eV isstretch dlrectlon_for an optically thick _f|Im. Thus direct in-
smaller than the number of excitons decaying through radiat-erChaIn ab§orpt|on processes are not important fo_r PPV. The
tive and nonradiative processes. RexL-lumi) the signal small polarization ratio for these highly oriented films sug-

reaches 85% of its peak value within 2 ps after excitation. IlgeSt that the excit_ons have §ignificant o_ff-axis_transition di-
then rises more slowly for at least a further 15 ps. This phepOIe moments which we attribute to their confinement. Our
) easurements set an upper limit of 21° on the angle between

nomenon can again be explained by the preferential generﬁ;e transition dipole and the polymer chain axis. The size of

tion of excitons on chain segments that are misaligned wit he anale between the transition dioole moment and the ori-
respect to the stretch direction followed by their subsequen& 9 P

migration to chain segments that are aligned parallel to it. i€ njﬁloglg:irsactt;gr? gr:ig:)?rgmyget[]glﬁ ?ﬁ; E':gnclésngg ttr:laet ?aixl;e
is possible that the initial generation of the excitons aftermchie\l/aed with this sam |2y The complicated temporal dv-
(exL) occurs at very disordered regions of the PPV film, and® pie. P P Y

the rise time represents the time required for the excitons tg?g]l')(;rofﬂt:ﬁ élémgﬂecsﬁg:cssa\:v%iiﬁp;?t'gfsd IEZ ?aggrgf'::rt]'g]
migrate to more ordered sections of the film that are oriente P P 9

along the stretch direction. Beyond 17 ps the net migrationdl"’mve decay at quenching sites and exciton migration pro-

rate of excitons into the spectral window at 2.17 eV is small S8SS€s: Differences in the spectral lineshape of PPV as a

and hence decay processes begin to dominate, leading to’f nction of polarization are explained by self-absorption

reduction of the photoluminescence. These effects are niY ose strength changes according to the excitation condi-
observed at room temperature where the luminescence ri on-

time is about 1 ps for all four excitation-luminescence com-
binations. Our results on oriented PPV films are consistent
with the smaller rise time of the luminescence, measured at This research was supported by the Engineering and
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