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The role of intrachain processes in ultrafast charge photogeneration has been investigated in solid state for
two dialkoxy PPV derivatives, characterized by an open-chain and a closed-chain substitution, respectively. In
spite of the different strength of the intermolecular interaction induced by the chemical structure of substitu-
ents, similar relaxation dynamics are observed in the first few ps. Two main relaxation pathways are individu-
ated. Upon excitation, single-photon absorption processes generate singlet excitons, whose relaxation dynamics
is initially governed by intrachain diffusion. Two-step absorption processes are responsible for generation of
high-energy excited states, which decay towards intrachain charge-transfer states on a time scale faster then our
temporal resolution. Ultrafast charge recombination is then observed in the first hundreds of fs.
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[. INTRODUCTION description of the excitation dynamics occurring in the inves-
tigated material, in order to distinguish between charged and
The availability of highly fluorescent conjugated poly- neutral species and to recognize the relationship between
mers has opened the way to a large number of applications itnem. From this point of view, poly-phenylenevinylene
optoelectronics, including light-emitting diodesoptically-  (PPV) is one of the most studied materials among conjugated
pumped laser$;® transistor$;” and photocell§. The im-  polymers. The investigation of photoexcitation dynamics in
provement of polymeric devices and the development of neW?PV has been performed via ordinary pump—probe
optoelectronic components are based onto the understandisgectroscopy* polarization anisotropy measurement
of photophysics in such materials. Among the numerous isthree-beam transient spectroscpy infrared active vibra-
sues addressed in this field, particular attention has been dional mode (IRAV) spectroscopy™® fluorescence decay
rected towards the photogeneration of charged species measurement$®® and  fluorescence  line-narrowing
conjugated polymers. According to some authors, photocaﬁharacterizatioﬁ(.) Charge-transfer processes in PPV have
riers are directly generated upon photoexcitatf@with the  been studied both theoreticallyand experimentally through
same quantum efficiency at low or high pump energy; thephotocurrent spectfa and pump—probe measureméht’
carrier recombination rate appears to depend strongly o@®wing to its detailed characterization, we have chosen the
pump energy and interchain distance. For strong interchaiRPV structure as a test material, with the aim of single out
interaction, charge separation is more likely to take placethe role of intrachain processes in the photocarrier dynamics
resulting in a longer recombination time. A different model of conjugated polymers. For this purpose we present the
of charge photogeneratibnassumes that excitons are the measurements of transient transmission chang/T) in
only primary photoexcitation initially created by the pump two PPV derivatives. The first oi®MB—-PPV) has an open
pulse; charged species are secondary excitations generatethin substitution; the second derivatii@DA—-PPV) has a
via intensity-dependent processes or dissociation. Such getosed chain substitution. The chemical structure of the sub-
eration channels are individuated in Auger processes involvstituents is tailored to give a different strength of the inter-
ing exciton—exciton annihilation, in the decay of biexcitonschain interaction for the two polymers in the solid state. The
generated by two-photon absorption or in dissociation mediinhibition of intermolecular processes induced by the closed
ated by electron-trapping sites. Both the two models assign éhain substitution, allows to attribute the relaxation dynam-
central role to interchain interaction. In this framework theics in BDA—PPV mainly to intrachain processes. Neverthe-
contribution of intrachain processes to carrier dynamics idess the strong similarity observed in the initial decay dy-
disregarded or is considered of minor importance with rehamics of the two polymers, claims for initial intrachain
spect to interchain processes. Nevertheless this approaelvolution also in DMB—PPV. Analysis oAT/T measure-
leaves some issues open, concerni@y:the role of intrac- ments has revealed two different relaxation pathways in both
hain processes in carrier generation @mdthe electron-hole the polymers: the first one is associated to exciton decay,
dynamics before the occurrence of charge separation on adhereas the second process is intensity dependent and is as-
jacent chains. Answers to these questions need a detailedibed to charge photogeneration and recombination. On the
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ture. The laser system, which has been described
elsewheré’ consists of a Ti:sapphire laser with chirped-
Energy (eV) pulse amplification, which provides 150-fs pulses at 780 nm
(1.59 eV}, with energy up to 75Q.J at 1-kHz repetition rate.
The white-light supercontinuum, ranging form 1.6 to 2.7 eV,
generated focusing a portion of the laser beam in a thin sap-
phire plate, was used as a probe; the second harn(drii8
eV) of the laser pulses, generated in a 1-mm-thick J0B
g[ystal, was used to pump the investigated samples. Pump
ulse duration(180 f9 was measured by self-diffraction

FIG. 1. (a) Photoluminescence spectra of DMB—PPV in film
(solid line) and solution(dashed ling (b) Photoluminescence spec-
tra of BDA—PPV in film(solid line) and solution(dashed ling the
chemical structures of the two polymers are shown as inset.

basis of experimental results, we argue that charge gener
tion take place through the excitation of an even-symmetr . .
high-energy state, which decays into a charge trar(&f@) technique.AT/T measurements were performed in both

state. On-chain recombination of the CT state occurs on thgpectral and temporal dom_alns. Itis w_orth hoting that the
time scale of hundreds of fs. pump photon energy used in our experiments is well above

the absorption edge of PPWhich is around 2.2 e%?).

Il. EXPERIMENT
Ill. RESULTS

Two alkoxy-substituted PPV have been synthesized,
namely  poly2,5-big2-methylbutoxy-1,4-phenyleneviny-
leng] (DMB—PPV) and poly2,15-dioxabicyclfl4.2.Jicosa- Figure 2 shows thAT/T spectra measured in DMB—PPV
1(19),16(20),17-trien-17,19-ylenevinylede (BDA-PPV),  for different pump—probe delays at an excitation fluence of
which were preparedia the Stille cross-coupling reactidi. 0.5 mJ/cri. Three positive bands are observed at 1.9, 2.2,
They have similar degree of polymerization and polydisperand 2.4 eV. From a comparison with fluorescence and ab-
sity indexes’® The chemical structure of DMB—PPV is re- sorption spectrd we can ascribe the first band to stimulated
ported in Fig. 1a) as inset. The BDA-PPV has a closed emission(SE) from the 0-1 replica of the B,— 1A, exci-
chain substitution consisting of a 2,5—(@@H,);,—0 bridge, tonic transition and the third band to photoinduced bleaching
as shown in the inset of Fig(ld). Thin films were prepared (PB). The band at 2.2 eV is a superposition of PB and SE
by spin coating the polymer solutions onto a fused silicafrom the 0-0 replica of theB,— 1A transition. A negative
substrate, obtaining a thickness-e800 nm. The cw photo- band is observed around 1.65 eV, according to the literature,
luminescencéPL) spectrum of DMB—PPYV, displayed in Fig. this band is mainly ascribed to photoinduced absorpti#)

1(a), shows a pronounced redshift passing from the solutiorirom the 1B, — kA, transition® The blue tail of a second PA

to the film. This behavior is ascribed to strong interchainband!’ peaking around 1.1 eV, is also present in this region.
interactions in the solid state. A small shift is observed in theThis contribution to the absorption comes from thg,1

cw PL spectrum of BDA-PPV, as shown in Figbl We  —mA, transition, occurring in very short conjugated seg-
ascribe this difference to the reduction of interchain interaciments of the polymer chain. Following the evolution of the
tion induced by the closed chain with respect to the opem\T/T spectra, we observe a similar decay of the PA and PB
chain substitution. This assumption is also supported by Pbands. The SE band at 1.9 eV initially shows a formation,
efficiency measurements; the ratip between efficiencies in  followed by a decay, slower then that observed in other spec-
flm and in solution is higher in BDA-PPY¥ (p tral regions. Both SE and PB bands present a spectral relax-
=0.55-088) with respect to DMB—PPY{-0.29). ation, which is attributed to exciton diffusion towards longer

Measurements of transient transmission chanye/T) conjugated segment$®We also observe a relaxation of the
were performed using a conventional pump—probe configuisosbestic point around 1.8 e\¢orresponding t&AT/T=0).
ration. The samples were kept in vacuum at room temperaigure 3 shows thAT/T spectra measured in DMB—PPV at

A. Ultrafast relaxation dynamics in DMB —-PPV
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FIG. 3. Transient transmission chang@AT/T) spectra in ) )
DMB-PPV for different pump—probe delays, measured at a pump FIG. 5. Normalized pump—probe traces in DMB—PPV at probe
fluence of 1.7 mJ/ch energies of 2.38 e\(PB), 1.91 eV(SE), and 1.65 eV(PA), mea-

sured on a long time scale at an excitation fluence of 0.5 nfJ/cm

a higher excitation fluencél.7 mJd/crd). The PA and PB
bands measured at lower pump fluences are still present;tame constant corresponding t@. The lack of ther, com-
faster decay is observed in both the two spectral regions. Thgonent accounts for the slower decay of SE with respect to
band at 1.9 eV shows a different behavior from the previoushe PA band, as observed XiT/T spectra. On a longer time
case: a strong PA appears at early time, turning into SE aftegcale the PA at 1.65 eV decays according to an exponential
250 fs. This difference with respect to the spectral shapéaw, with a time constant.,=250ps, as shown in Fig. 5.
reported in Fig. 2 is an indication of a strong intensity- Numerical fittings show that the measurement at 1.91%%/
dependent process acting in the sample. region can be modeled as the overlap of a long-lived ab-
The ultrafast relaxation dynamics in DMB—PPV was alsosorption and an exponential decay with time constant
characterized in the temporal domain. Figure 4 shows th&Ve relater,, to the exciton lifetime, in agreement with val-
normalized pump—probe traces, measured at different probges reported in literatur®. The long-lived absorption ob-
energieq1.65, 1.91, and 2.38 @yfor a pump fluence of 0.5 served in the SE region could be due to polarons generated
mJ/cnf. The observed dynamics cannot be described iy interchain charge transf&r.Note that the PB signal at
terms of single exponential decay. In order to single out the2.38 eV presents correspondingly a plateau, thus indicating a
contributions coming from different processes, we have pernot completed recovery of ground state. In order to under-
formed a time-constant analysis. Measurements at 1.65 estand the role of nonlinear effects on the relaxation dynam-
(PA region and at 2.38 eMPB region present a fast rise, ics, we have also performed pump—probe measurements at
limited by the pulse duration. Fittings show similar initial 1.65 and 1.91 eV for different pump fluences. The experi-
decay, characterized by a fast relaxation with a time constamhental results corresponding to 1.91 eV are reported in Fig.
7,=270-300fs, followed by a slower decay, which can be6. One can see that, upon increasing the excitation fluence, a
fitted with two exponential components with time constantsfast absorption signal develops, followed by gain formation.
75=1.2ps andr3=8 ps; the decay at 1.65 eV shows a The risetime of this nonlinear absorption ({A cannot be
higher weight of ther; component. The analysis of the

pump—probe trace at 1.91 eV reveals that the formation time — ————
of SE equals the fast decay time of PA and PB. The initial r
decay of SE can be fitted by an exponential component with o /05,175
@ T
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FIG. 4. Normalized pump—probe traces measured in DMB-absorption at 1.91 e\filled dotg and at 1.65 e\(filled triangles as

PPV at probe energies of 2.38 €¥B), 1.91 eV(SE), and 1.65 eV  a function of pump fluence; dashed lines report square dependence

(PA) for an excitation fluence of 0.5 mJ/ém on fluence; errors are within symbol dimensions.
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FIG. 7. Transient transmission chang€T{/T) spectra in BDA—

PPV for different pump—probe delays, measured at a pump fluence F|G. 8. Transient transmission chang€T{(T) spectra in BDA—
of 0.85 mJ/crf PPV for pump—probe delay of 0 ps, measured at different pump
fluences. Inset: amplitude of nonlinear absorption-&t9 eV (filled
resolved with our temporal resolution. The decay ofPAs  triangles as a function of pump fluence; empty dots show absorp-
very fast, with a time constant equal 1g. tion amplitude at 1.65 eV after subtraction of nonlinear contribu-
tion; solid (dashedl line reports lineafsquarg dependence on flu-
B. Ultrafast relaxation dynamics in BDA—-PPV ence; errors are within symbol dimensions.
Figure 7 shows thAT/T spectra measured in BDA-PPV ics at 2.70 eV presents a very fast initial relaxation, charac-
for different pump—probe delays at an excitation fluence oferized by a combination of time constants and
0.85 mJ/crA. In spite of the conjugated structure similar to followed by a slower decay, which can be fitted with two
DMB-PPV, BDA-PPV shows some peculiar CharaCteriStiCSexponentia| Components with time Constamﬁsand T - A
A PA band is still observed around 1.6 eV, extending up to Z/ery different behavior is measured in the SE region at 2.25
eV (at zero time delay thus we assign it again to photoin- ey, where initially we observe gain formation with a time
duced absorptiofPA) from the excitonic transitions. A posi- constant corresponding tq. The initial gain decay is char-
tive band extends from 2 to 2.7 eV; from a Comparison Withacterized unique|y by an exponentia| Component with time
fluorescence and absorption speéfrae ascribe it to over- constantr,, . Figure 10 reports the pump—probe traces mea-
lap of photobleaching and stimulated emission. A detailedsyred at different probe energies on a longer time scale. Mea-
analysis of the spectra at long pump—probe delays, allows tgurements present an exponential decay with a time constant
recognize two small shoulders around 2.1 and 2.3 eV, which =230 ps= 7, thus similar to the value determined for
are assigned to SE from the 0—1 and 0-0 replica of excitonigMB—PPV; this component is ascribed again to exciton
transition, respectivelff Following the evolution of the |ifetime.
AT/T spectra, we observe a similar decay of the PA and PB
bands. A spectral relaxation of the isosbestic point around 2
eV is observed; we ascribe it to the presence of exciton dif- IV. DISCUSSION
fusion towards longer conjugated segments and to decay of The experimental results exposed previously show that
different species affecting this spectral region. In order toe relaxation dynamics is substantially similar in the two

investigate the role of nonlinear processes, pump—probppy derivatives we considered. The differences between
measurements were also performed at higher pump intensity.

Figure 8 showsAT/T spectra recorded at zero pump—probe

1

delay for different pump fluences. In spite of the featureless 1or :‘\\
structure of the spectra, occurrence of nonlinear effects is A N 2258V
evidenced by the blue shift of the isosbestic point as fluence & 05F ! 270eV el
is increased. =

The ultrafast relaxation dynamics in BDA—-PPV was also ; 0.0 b
characterized in the temporal domain. Figure 9 shows the & BDA-PPV
normalized pump—probe traces, measured at different probe = 0.8 mJ/cm?
energies, at a pump fluence of 0.8 mJcrs previously a 05F
seen for DMB—PPV, the observed dynamics cannot be de-
scribed in terms of a single exponential decay. A time con- 10k . . . 1

stant analysis reveals a slower relaxation dynamics with re- 1 o 1 2 3
spect to DMB-PPV. Numerical fits performed on
measurements at 1.68 eV show a PA formation with a time
constantr;~100fs, followed by an initial decay, which can FIG. 9. Normalized pump—probe traces measured in BDA—PPV
be fitted with three exponential components with time con-at probe energies of 2.70 e¥B), 2.25 eV(SE), and 1.68 eMPA)
stantsr;=500fs, 7,=2 ps, andr;=20ps. The PB dynam- for an excitation fluence of 0.8 mJ/ém

Time delay (ps)
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FIG. 10. Normalized pump—probe traces in BDA—PPV at probe State
energies of 2.70 eYPB), 2.25 eV(SE), and 1.68 e(PA) measured (@)

on a long time scale at an excitation fluence of 0.8 m3/cm ’
XA, _‘er
time constants determined by numerical fitting, can be ex- iN(;pf
plained in terms of small influence of the chain substitution
on the physical properties of the polymer. This is also evi- 1'B, ——— Polarons
denced by the small difference in the spectral shapes of pho- 0 Polaron Pairs
toluminescence detected in solution, as shown in Fig. 1. It is
worth noting that the longest observed time constant which is Ground
related to the exciton lifetime,,, is essentially the same in State  ——
the two materials and is interpreted as a signature of the (b)
common backbone structure. As mentioned previously, the
closed-chain substitution allows to reduce the interchain in—C
‘e.rac“on .W'th rgspect to the open-chain one. On the .baS'S cfﬁmsition contributing to pump—probe signal; empty arrows, relax-
this _con5|derat|on,'we assume that the |r!|t|al relaxatlon dYétion pathways.(b) Energy level scheme for two-step excitation
namics observe_d in BDA—PPV_ is assoma_tepl tp mtrachalrbrocess; CDf: interchain charge diffusion.
evolution of excited species. Owing to the similarity between
dynamics in the two derivatives, we infer that there is a o
predominant intrachain contribution to initial dynamics alsoSlightly affected by diffusion; on the contrary, pump—probe
in DMB—PPV, in spite of the stronger intermolecular inter- Meéasurements are strongly affected by diffusion on band
action observed in this material. In the following we addresdails. Measurements in the SE region were performed near
in more detail the contribution of linear and nonlinear pro-the gain peak in both the two material; for this reason diffu-
cesses observed in the two polymers in the first few ps andion has small influence on these temporal decays. On the
we present an interpretation of the experimental results.  other hand, the blue tail of theBl,— mA, band affects mea-
surements in the PA region for both the two polymers. Thus
A. Linear processes temporal decay of PA is strongly affected by diffusidron
this basis, we ascribe the time constan{r,), observed
only in the PA decay, to exciton diffusion. This assumption is
consistent with the spectral relaxation dynamics clearly ob-
served in DMB—PP\(see Fig. 2 The process is less evident

FIG. 11. (a) Energy level scheme for one-photon excitation pro-
ss:T, exciton thermalization; Df, exciton diffusion; solid arrows,

As mentioned before, the decay of PA is substantially dif-
ferent from that of SE in both the two polymers: PA in
DMB-PPV presents a fast rise, limited by pulse duration,
followed by a decay, fitted with three exponential compo- , i
nents(time constants, 7,, andrs); SE presents a forma- " BDA—-PPV spectra, owing to their featureless structure.
tion time 7, followed by a decay with time constamg. We Since mterchgm mtclaracpon}s |nh|b|teq in BDA—PPV, we
observe the same behavior in BDA-PPV, except for the dif2SSUume that exciton diffusion is predominantly an intrachain
ferent values of time constarts,, 7, andr,). The lack of ~ Process in this polymer. Moreover the similarity between
decay component with time constan{ ) in SE dynamics values of time constants, and 7, is an indirect evidence
can be explained in terms of diffusion processes. Upon phdthat intrachain diffusion initially occurs also in DMB—PPYV,
toexcitation, short conjugation segments are predominantlin spite of the stronger intermolecular interaction.
excited owing to the high pump photon energy, as shown in The main difference between the dynamics in the two
the scheme presented in Fig.(dl Following photoexcita- polymer is the occurrence of PA formation in BDA-PPV
tion, ultrafast exciton thermalization occuisdicated ag’ in ~ with time constant;. We speculate that this behavior could
the figure. Then excitation diffuses towards longer conjuga-be related to exciton thermalization. The lack of similar ob-
tion segmentgprocess indicated as Dfgiving rise to spec- servation in the PA dynamics measured in DMB—PPV, may
tral relaxation in pump—probe measurements. The effects die due to more efficient energy dissipation with respect to
diffusion on temporal dynamics strongly depend on probeBDA—-PPV, thus providing a faster relaxation, not observable
energy. The decay of pump—probe signal near a band peak\gthin our temporal resolution.
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B. Nonlinear processes recent works! Nevertheless the assignment of such species

Measurements resolved both in temporal and spectral gds still controversial. According to the literature, this could be
main have shown the occurrence of intensity-dependent phéQentlfled with excimers, polaron pairs or polarons generated

nomena in the two polymers. As a matter of fact, the SE andia interchain charge transfer. Excimer is an excited dimer

PA regions in DMB—PPV are affected by nonlinear absorp{hat is dissociative in the ground stafeThe formation of

tion (see Figs. 3 and)6 Numerical fittings have evidenced tiS species depends dramatically on intermolecular
that the time constant observed in the SE formatiep) (s packing® and is more likely to take place in materials with

identical to the initial time constant in PA decay. We interpretStrong _'”t‘ngh?'” Interaction. According to theore_tlcal
calculatiori® excimer lifetime should be longer than exciton

the experimental results assuming that the absorption from fretime: moreover excimer density should be linearly depen-

lnonllr:re]ar spe;:lels (R&) ovfeSrIIeElps,dat sféortzplump;\probz de- dent on pump intensity and should have a noninstantaneous
ays, the spectral region o and PA6-2.1 eV. Accord- formation dynamics. All these consideration are in disagree-

ing to this model, both the SE formation at 1.9 eV and theyant yith our findings: according to measurements, the ab-

initial PA decay at 1.6 eV are explained as the decay qfiPA gorption P4, induced by the considered species appears
with a time constant equal te, . To enforce this picture, we  jithin the pump pulse and has a quadratic dependence on
report in the inset of Fig. 6 the amplitude of fAat 1.91 eV excitation density; this absorption is detected also in BDA—
as a function of pump fluencéilled dotg; PAy. was ex- PPV, which shows low intermolecular interaction; finally the
tracted by numerical fits from pump-—probe traces at thislecay of PA, is very fast, so it is not compatible with ex-
probe energy. One can see thatyPAyrows according to a cimer lifetime. These considerations allow to discard the hy-
square law, reported as dashed line. To prove that nonlinegothesis based onto excimers generation.
absorption occurs also in the PA region, we display in the On the basis of similar considerations, the assignment of
same plot the\T/T peaks at 1.65 eV as a function of pump the investigated species to polarons or polaron pairs gener-
fluence(filled triangles. The nonlinear dependence on inten- ated by interchain charge transfer is unsatisfactorily, because
sity is clear even in this case. It is worth noting that thewe should observe a lack of RAin BDA—PPV. This con-
risetime of pump—probe traces at 1.65 eV is always limitedsideration comes from the assumption that interchain charge
by laser pulse duration; same observation can be done whdransfer requires a strong intermolecular interaction, that is
considering the risetime of the absorption at 1.91 (8¢e inhibited in BDA—-PPV. Moreover the very fast relaxation
traces at high pump fluence in Fig).6According to the dynamics is not compatible with long-distance charge sepa-
experimental results, the RA signal appears instanta- ration, because we would expect in this case a very long
neously; thus the nonlinear species responsible for this signalecay time constant associated with recombination
must be generated within the pump pulse. processes! It is worth noting that the nonlinear phenomena
The occurrence of nonlinear absorption is also observedbserved by Krabeel and co-workers in phenylene-based
in BDA—-PPV, as evidenced in Fig. 8 by the blueshift of theconjugated polymers, which are assigned to positively
isosbestic point, at zero pump—probe delay, as fluence irsharged polarons, show the opposite dynamics we measured:
creases. Assuming the crossing point at lowest pump asia AT/T spectra they observe a blueshift of isosbestic point
referencegcorresponding te-1.9 eV), we have extracted the as time advances, which is interpreted as generation of po-
AT/T values at this probe energy as a function of pumplarons by diffusion of charges towards adjacent chain, result-
fluence; the experimental results are reported in the inset dfig in growing of absorption. On the contrary, we observe a
Fig. 8 as filled triangles. The pump—probe signal grows acfast redshift of isosbestic point in both the two derivative
cording to a square law, as evidenced by the dashed line. Wsee Fig. 2, 3, and)7thus corresponding to a fast decay of
argue that this behavior is again ascribed to a nonlinear sp@&bsorption from the nonlinear species.
cies which absorbs from 1.6 to 2.2 eV. As further confirma- According to the previous considerations, we ascribe the
tion of this assumption, we show in the same insetARéT PA. signal to the generation and subsequent fast decay of
signal at 1.65 eV after subtraction of the contribution mea4ntrachain charged species by means of an intensity-
sured at 1.9 eMempty dot. This quantity shows a linear dependent mechanisms. Figurd)ishows the scheme pro-
dependence on the pump fluen@e indicated by the solid posed for this nonlinear process: a high-energy even-
line), so we argue that this is the absorption component insymmetry statgindicated asx 1Ag) is excited by two-step
duced by excitons. photon absorption; such process could either occur by se-
Some detailed considerations must be reserved to the dguuential absorption through the intermediate excitation of the
namics of the intensity-dependent species observed in both !B, state or directly by two-photon absorption. The first
the two polymers. As previously mentioned, the initial fastmechanism appears more likely to occur; nevertheless it's
relaxation measured in the PA region is characterized by thevorth noting that in both cases the high energy state would
same time constant observed in SE formation. This result ibe generated within the pump pulse. Following excitation,
interpreted assuming that a photogenerated species, differethte x lAg state quickly relaxes to a charge-transfer sfate
from singlet exciton, absorbs in a broad spectral region rangdicated as CT in Fig. 1b)]. The term “charge transfer state”
ing from 1.6 to 2.1 eV, overlapping both PA and SE excitonicis considered here as an excited state with a finite probability
bands. The presence of a nonexcitonic species, responsibdé¢ finding electron and hole separated by few phenylene
for competition between SE and PA, is a well-known findingrings on the chain. We ascribe the transient absorptigg PA
in PPV studies, as testified by both edH$®?*and more in the spectral region overlapping the PA and SE bands, to

205205-6



INTRACHAIN CHARGE GENERATION AND . . . PHYSICAL REVIEW B64 205205

this CT state. The observed decay of thg,Paignal is then  bination would lead to generation of an intermediate excited
interpreted as a very fast geminate recombination of thétate, ground state recovery would not take place and the PB
charged pair in the CT state. Such recombination accountgould be insensitive to the process; its decay would be
also for the fast initial recovering of the bleaching signal.slower with lack of ther;(7;) time constant. It must be
Our assumption is supported by theoretical models and me#ointed out that the CT state considered here is an intrachain
surements of photocurrent spectra in PPWhich show that ~ species; thus the charged pair in this state undergoes gemi-
CT states can be excited at 5.5 and 7 eV, corresponding tdate recombination. On the other hand, exciton generation in
the so called Il and V absorption bands of PPV. In ourpolymeric electrically pumped devices takes place from the
experimental conditions, the CT state responsible for the lIrecombination of interchain nongeminate pairs. Thus the
band can be reached by two-step photon excitatinich  strong difference between the two situations does not allow a
corresponds to a total absorbed energy of 6.4 ®Wlowed  stringent comparison of charge recombination processes.
by energy relaxation. The difference between the absorbed
energy and the energy of the CT stdthich amounts to V. CONCLUSIONS
~0.9 eV) could be dissipated through phonon emission in
the ultrafast decay from 1Ag to CT: nevertheless, a certain The ultrafast relaxation dynamics in two PPV derivatives
amount of the excess energy could also be dissipated throudtas been investigated both in spectral and temporal domain.
the fast thermalization of the 1B, state, before the absorp- The first derivative has open chain substitutidbMB—
tion of the second photon. Both the two mechanisms ar@PV), which allows interchain interaction; the second de-
possible; anyway the risetime of the fAsignal is limited  rivative has closed chain substitutidBDA—PPV), which
by pulse duration, so we infer that dissipation of the exces#hibits interchain interaction. The occurrence of linear and
energy must take place on a time scale shorter than our tenintensity-dependent processes were observed in both materi-
poral resolution. According to our model, following photo- als. We propose two photoexcitation mechanisms to explain
excitation a considerable fraction of generated charges urpur observations. Upon excitation, single-photon absorption
dergoes recombination; if the intermolecular interaction isprocesses generate singlet excitons, whose relaxation dynam-
sufficiently strong, the surviving pairs undergo separatioriCs is then governed by intrachain diffusion in the first few
and charge diffusion to neighboring polymer chdipscess Ps. Two-step absorption processes are responsible for genera-
indicated as CDf in Fig. 1b)]; in this way a certain amount tion of high-energy even-symmetry excited states'A).
of polaron or polaron pairs is generated, depending on th&hese states decay towards intrachain charge-transfer states
strength of the intermolecular interaction. Such species corfCT) on a time scale faster then our temporal resolution.
tribute to long-lived absorption signal in the SE—PA spectralUltrafast charge recombination is then observed in the first
region of PP\M! A long-lived absorption is actually observed hundreds of fs. The strength of intermolecular interaction
in DMB—PPV around 1.9 eV and correspondingly a long-governs the probability of charge diffusion among adjacent
lived bleaching is present at 2.38 ésee Fig. 5, because in  chains before recombination has completed. Initial dynamics
this polymer charge transfer among adjacent chains is moref the two above-cited relaxation mechanisms has small de-
likely to take place. Smaller long-lived component of absorp-pendence on chain substitution, with a slower behavior in
tion and bleaching are observed in BDA-PRée Fig. 15 = BDA—PPV. The occurrence of higher long-lived component
where charge transfer towards adjacent chains is inhibitedd DMB—PPV, which is ascribed to polarons, is an indication
On the basis of this model, we assume that the closed chathat charge separation and diffusion is more probable for
substitution in BDA—PPV forces an almost complete recom-Open-chain substitution.
bination of the CT states generated at high pump intensity.
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