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Ultrafast detection of charged photocarriers in conjugated polymers
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Ultrafast measurements of transient excited-state absorption in the spectral region spanning the infrared-
active vibrational activélRAV) modes in the prototypical luminescent polymers, faihenylene vinylene
(PPV) and poly2-methoxy-5¢2-ethyl-hexyloxy-(phenylene vinylend (MEH-PPV), reveal charge carrier
generation within 100 fs after photoexcitation. The photocarrier quantum efficiency in MEH-RR)*i8.1 in
zero applied electric field. There is no correlation between the temporal behavior of the photoinduced IRAV
signals and the exciton lifetime. Thus, carriers are photoexcited directly and not generated via a secondary
process from exciton annihilation. Comparison of the recombination dynamics in MEH-PPV and PPV dem-
onstrates the importance of the strength of interchain interaction on the carrier recombination dynamics. The
qguantum efficiency is the same§~0.1) when the system is pumped either at photon energies well above the
first 7-7r* transition(at 267 nm, 4.7 eYor when pumped into the first-7* transition(at 400 nm, 3.1 eY.
The carrier lifetime, however, increases at the higher photon energy, providing a natural explanation for the
increase in the photoconductivity at photon pump energies above 3 eV.

INTRODUCTION Quite generally, however, photoconductivity is propor-
tional to the product oN.u7, whereN; is the density of
~Although the onset of steady-state photoconductivity co-photoinduced charge carriers,is the mobility, andr is the
incides with the onset of absorption in PPV and its solublecgrrier lifetime® Note thatN = ¢ony, Where gy is the quan-

deriva_tives, it has been kno_vvn for some time that the_re iS fum efficiency(QE) for photogeneration of charge carriers,
large increase in the magnitude of the photoconductive reﬁph:m/hv, | is the incident flux of the pump beam

sponse at higher energiépically above approximately 3 (intensity/cn?), « is the absorption coefficient of the pump
eV). Chandros®t al.” used the separation between the onse eam, andhv is the photon energy. Thus, in order to deduce

of absorption and the onset of this higher energy photocon,-\I one needs to know the detailed behaviorrafnd . at
ductive response to infer an exciton binding energy of ap- ¢ ; K
proximately 1 eV. More recently, Kder et al? presented an various photon energies. Moreovels, u, a”dfafe. all time
experimental study of the steady-state photoconductivity acdependent. Thus, steady-state photocor21duct|_V|ty measure-
tion spectrum coordinated with quantum chemical calculaMeNts such as those reported byt et al” are inherently
tions of the wave functions of higher lying excited states in adifficult to interpret. . _
model oligomer[i.e., states at energies above the lowest We have utilized an approach for directly measuring the

(1B,) excited state They noted two points: density of photoinduced charge carriers in semiconductor
) ) . polymers at subpicosecond time$l00 fs temporal

(1) Their measurements showed that wheg 8 added in  egojution.# This is accomplished by transient photoinduced
quantities of approximately 1:1 per polymer repeat unit,apsorption(PIA) measurements, pumped in the visible and
the magnitude of the sensitized ph_otoconductf\/ngar probed in the 6—1Qum spectral region which spans the in-
the onset of the lowest-7* transition becomes com- frared active vibrationallRAV) modes in conjugated poly-
parable to that observed in the pure polymer at photonners. This approach opens a unique window to the carrier
energies above 3 eV. _ _ generation process since it directly probes the carrier density.

(2) Quantum chemical calc_ulatlon_s for thg model oligomergce N, is known, the mobility in the subnanosecond re-
showed that there are higher lying excited st&és-5.6  gime (and its dependence on temperature, external field, etc.
eV) in which there is a higher probability of finding the -5n pe determined from the photoconductivity.
electron and hole separated by a few phenyl rings. These \wnen introduced onto the backbone of a conjugated poly-
states correspond to excitations polarized in the plane gfer ejther by chemical doping or photoexcitation, charged
the 7~ network with strong contributions perpendicular to cqrriers (solitons, polarons, or bipolarondreak the local
the chain axis. The more “delocalized” character of symmetry and thereby transform the even parity Raman-
these higher excited statewith higher probability of  active vibrational modes into odd-parity infrared-active
intrachain spatial separation between the electron a”Fhodes(lR vibrational modeg®® Consequently, the IRAV
hole than in the B, statg was identified as being of modes are distinguished from the “normal” IR-active modes
principal importance. Their model is based on the com+y peing in 1:1 correspondence with the strongest Raman-
parison of these calculations with the photoconductivityactive modes of the polymer backbone, as observed in reso-
action spectra of MEH-PPV and heavily dopednant Raman scattering. Because the IRAV modes are
MEH-PPV/G, composites; both systems exhibit an in- turned on by local charges, the strength of the IRAV absorp-
crease of the photocurrent at photon energies above ton provides a probe for the carrier density generated either
ev. by chemical doping or photoexcitation.
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On the contrary, since neutral bound states of an electrofine MEH-PPV and the MEH-PPV/§g composite’
and a hole have zero net charge at any point, photogeneration |n doped conjugated polymers, the strength of the IRAV
of neutral excitons do not lead to photoinduced IRAV modes is proportional to the doping level. Upon photoexci-
modes. Indeed, as discussed in the next section, there is cle@ation of pure semiconducting polymérsthere is a one-to-
experimental evidence that neutral excitons do not contributgne correspondence between the photoinduced IRAV modes
to the IRAV signals. (steady-state and transig¢rand the doping-induced IRAV
Using transient, photoinduced IRAV mode absorptionmodes of the same polymét€! Thus, the strength of the
measurements, pumped in the visible and probed with 100 fghotoinduced IRAV modes is directly proportional to the
temporal resolution, we demonstrate a relatively large quandensity of photogenerated charge carriers on the polymer
tum efficiency for photogeneration of charged carriers inchain. These experimental observations in conjunction with
MEH-PPV, ¢¢~0.1. Although the initial quantum efficien- the detailed theoretical work of Horovitz and othidtfave
cies for charge generation are approximately the same igstablished the mechanism by which charged carriers gener-
PPV and MEH-PPV, the carrier decay rate is much faster imte the IRAV modes.
MEH-PPV, implying thatr is sensitive to the strength of the ~ Based upon this detailed theoretical understanding of the
interchain coupling. We find that the initial density of pho- origin of the IRAV modes, one concludes that neutral exci-
togenerated carriers is insensitive to the pump energy; thens do not generate IRAV absorption because electron-hole
quantum efficiency is the samey¢~0.1) when the system bound states have zero net charge everywhere. Experimental
is pumped either at photon energies well above the firstesults are consistent with this observation. In MEH-PPV,
m-* transition(at 267 nm, 4.7 ey or when pumped into  for example, we find that the lifetime of the photoinduced
the first w-7* transition (at 400 nm, 3.1 eY The carrier |RAV modes and the exciton lifetime are different; the
lifetime, however, increases at the higher photon energy. IRAV lifetime is more than an order of magnitude shorter
These findings indicate that charged carrigussitive and  than the lifetime of the neutral excitons as inferred from the
negative polaronsare primary photoexcitations, and suggestphotoluminescence decay time.
a simpler alternative explanation for the increase in the pho- \When mixed with acceptors such ag,Cconjugated poly-
toconductivity at high photon energies: From the point ofmers(e.g., PPV, MEH-PPV, etcundergo ultrafast photoin-
view of a conjugated chain in a higher excited state, neighduced electron transfer with an associated increase in the
boring chains appear as “acceptors.” The situation is similalPIA  (both, steady-state and transiént and the
to the photoinduced electron transfer from a conjugateghotoconductivit§ signals, and with an associated decrease
chain in the first excited state to a nearby, @oleculé®In  in the photoluminescenceAs expected for photoinduced
this case, however, the specific conjugated chain excited to@lectron transfer, the strength of the photoinduced IRAV
higher level acts as a “super-donor” to the neighboringmodes is proportional to the concentration of,Qn
chains. As a result, ultrafast interchain charge transfer is sigsolymer/G, composites. These observations provide direct
nificantly enhanced at high photon energies, leading t@xperimental evidence that neutral excitons do not generate
longer carrier lifetime and thereby to the observed increas¢RAV mode absorption. If excitons did generate IRAV mode
in the photoconductivity above 3 eV in PPV and its solubleabsorption, addition of & would reduce the strength of the
derivatives'? Thus, while the onset of enhanced photocon-photoinduced IRAV modes, since the exciton density is
ductivity above 3 eV has a natural explanation in terms ofquenched by efficient photoinduced electron transfer. In con-
reduced carrier recombination because of interchain chargeast, a significant increase in the IRAV mode PIA signal is
separation, the onset of the photogeneration of charge cariineasured upon addition ofyg
ers coincides with the onset of the lowest7* interband We conclude that the strength of the photoinduced IRAV
absorption. mode absorption provides a direct, all-optical, ultrafast probe
Finally, we note that the observation of photoinducedto the charge carrier density at the short-time scales (
IRAV at 100 fs after photoexcitation confirms the ultrafast <100 fs) typical of carrier thermalization in disordered
formation of polarons predicted nearly 20 years ago by Sgemiconductors.
and Schrieffep.

PHOTOINDUCED IRAV MEASUREMENTS: DETAILS
PHOTO-INDUCED IRAV MODE MEASUREMENTS: A OF THE EXPERIMENTAL METHOD
DIRECT, ALL-OPTICAL, ULTRAFAST PROBE

OF THE CHARGE CARRIER DENSITY An amplified Ti-sapphire laser system, equipped with an

optical parametric amplifigfOPA), was used to produce 100

The utilization of photoinduced IRAV modes for measur- fs pulses at a repetition rate of 1 KHz. The modified Spectra
ing photocarrier density was reported by Mizrattial. for Physics OPA systertshown in Fig. 1, pumped by the am-
MEH-PPV/Gy,.*° With a temporal resolution on the order of plified oscillator atw,,m, generates idler and signal beams
100 ps, they demonstrated PIA with the spectral signaturewith photon frequenciesw; and wg, where wp m= o
of the IRAV modes, identical to those observed in steady-+ ws. These two beams were mixed in a nonlinear crystal
state experiments. We have extended this initial work by(AgGaSe) to generate a beam @l ope= ws— ; 2 tuned to
probing the photocarrier density via PIA measurements irthe desired probe beam frequen@ygsy in the 6—10um
the IRAV spectral region with significantly higher temporal range. The probe pulse bandwidth was approximately 0.02
resolution (100 fg, by measuring the photoinduced IRAV eV, consistent with that expected from the Fourier transform
signals in pristine samples of PPV and MEH-PPV, and byof the short pulses. For the pump beam, we used the funda-
determininge, from the ratio of the signals obtained in pris- mental laser beam at 800 nm, its second harmonic at 400 nm,
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and its third harmonic at 267 nm. Thus, the QE for photogeneration of charge carriers in the
The probe pulse was tuned to the IRAV frequencies asemiconducting polymer can be determined from the ratio of
determined by Mizrahet al!° for MEH-PPV/G, Although the photoinduced IRAV signals from MEH-PPV and
the intrinsic bandwidth of the 100 fs puls€sx~1 um, for =~ MEH-PPV/Gs,. Additionally, by comparing the photoin-
\ between 6 and 1@m) prevented accurate determination of duced IRAV signals in PP\@here there are no side chains
the IRAV spectrum, the PIA signals resulted from photoin-and MEH-PPV(where the side chains introduced for im-
duced enhancement of the IRAV bands; see Ref(taGe-  proved solubility reduce the strength of the interchain hop-
solve the sharp features in the IRAV spectrum requires pulsging interaction, we demonstrate the sensitivity of the rate
widths >1 p9. In our experiments, PIA was detected only Of carrier recombination to the strength of interchain interac-
when wp,qe Was tuned to the IRAV mode@round 7 and 9 tions. . _ .
um); there was no detectable signal when probed in the IR In stretch-aligned PPV samples, the photoinduced infra-
but well away from the IRAV modege.g., at wavelengths red absorption(in the IRAV spectral rangeis polarized
shorter than 5um). along the chain axis as expected for photoinduced IRAV
Measurements were taken on free-standitum thick) modes. Because of the complete absorption of light polarized
stretched-aligned PPYfraw ratio of 1/3=4), on films of perpendicular to the orientation axis in the thick PPV
MEH-PPV (40 um thick) and on two MEH-PPV/g, blends ~ samples(15 um thickness the photoinduced IRAV absorp-
(10% and 50% G, by weight with thickness of 2 and 32m,  tion is independent of the polarization of the pump beam.
respectively. The MEH-PPV and MEH-PPV/g films were ~ When pumped at 800 nm, the dependence of the PIA
prepared by drop-casting onto KBr substrates. In order t&ignal strength on light intensity) in stretched aligned PPV
produce more homogeneous MEH-PPyy6lends, we used IS quadratic, as shown in the inset of Fig. 2. Since the exci-

the soluble derivative of &, 1<3-methoxycarbonypropyl-  tation is via two-photon absorption, thé dependence of the
1-pheny(6,6]Cq;. PIA indicates a linear dependence of the PIA signal on the

carrier density.

Figure 2 shows the PIA wave form as obtained from PPV
when excited at 800 nm and probed auih. The PIA re-
sponse is limited by the system temporal resolutiehQO fs.

Photoinduced IRAV mode absorption in MEH-PPW/C Figure 3 depicts the PIA risetime in PPV, where the solid
confirms charge transfer in less than 100 fs. Ultrafast eleceurve represents a step function convoluted with a Gaussian
tron transfer from the photogenerated excited state of PPWith 100 fs full width at half maximum. A fast initial PIA
(and its soluble derivativeso Cyy occurs because the lowest decay due to mono- and bimolecular recombinatfiioenti-
energy unoccupied state inygies within the energy gap and fied from the variation of the PIA wave form at variolsis
because energy can be conserved in the charge-transfer pfollowed by a longer-lived exponential decay with
cess by promoting the hole left behind to a higher energy=250 ps. While the PIA decay rate might be expected to
state within the relatively broad band of the semiconduct- increase at highet (due to bimolecular recombination at
ing polymer™® Because of the ultrafast charge transfer, thehigh carrier densitiés the peak photoinduced IRAV signal
quantum efficiency(QE) for charge separation and charge observed in our experiments is linear with
carrier generation in MEH-PPV/g approaches unity, con- Figure 4 compares the photoinduced IRAV signal ob-
sistent with the quenching of the photoluminescéfiand tained from MEH-PPV to that obtained from MEH-PP\C
the enhancement of the photoconductivity in blends contain(50% Gso, by weigh) when pumped with identical intensity

DETERMINATION OF THE QUANTUM EFFICIENCY
FOR PHOTOGENERATION OF CHARGE CARRIERS

ing Cso.® at 800 nm and probed at gm. Similarly, Fig. 5 compares
Input
800 nm Ry BS2 Telescope
o N a fal hil
> < -§—3 -
Polarlzer ‘White-Light Generator rW_LR _l ]
— T FIG. 1. Schematic diagram of the modified
Peicope  BS1  N2Pate S | | Detay 1 Spectra Physics OPA system used for generating
WLRS HR4 ~* ,' T HR3 the pump and probe beams for the photoinduced
‘ N ! ' IRAV measurements; the output of an amplified
I v s 1 = L t : Rt Ti-sapphire lasefat 800 nm serves as the input
BBO Crystal b1 : wie ! ¥ to the OPA; AgGagis the difference-frequency
Delay 2 L-== mixing crystal used for generating the probe
D¢ Perlicope  p3 beam; the harmonic generator unit prepares the
Pump beam FE="——=  Hormonic Generator i R2 harmonics of the signal or idler beams, to be used
Harmonic Cutput Residual Ramp

as the pump beam; BS 1,2 are beam splitters; HR
1—4 are high reflectors for 800 nm, WLR 1-3 are
white-light reflectorsp 1—-4 are dichroic mirrors;

R 1,2 are output reflectors.

mid-IR

Probe Beam
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FIG. 2. The measured PIA wave form in PPV when pumped at FIG. 4. Comparison of the PIA wave form in MEH-PR®)
800 nm via two photon absorption and probed ati; the inset  and MEH-PPV/G, (50% G, by weigh) (A), when pumped at the
shows the quadratic PIA dependence on light intensity whersame light intensity at 800 nm and probed gtm.

pumped at 800 nm. i o )
decay of the photoluminescencenplies that carriers are

) o photoexcited directly and not generated through a secondary
the PIA responses in MEH-PPV and MEH-PPY{Q10%  ,qcess from exciton annihilatide.g., from interaction with

Ceo by weight, when pumped at 400 nm, and probed at 9 rities, defects, etg. Moreover, carrier generation via
pm. L exciton-exciton interaction is not consistent with the linear

The short rise time sets an upper bound of 100 fs for thgjenendence of the carrier density on light intensity.
onset of the carrier generation process in PPV and MEH- o strength of the prompt PIA signal, R, is propor-
PPV and for electron transfer from MEH-PPV tg,C SiNCe  tional to the charge carrier density along the probe beam
the strengths of the IRAV mode signals are proportional t0,ath Thus. at=0: PIAO)=— AT/T~ aN,(0)d for small &
the density of carriers, these short rise times imply ultrafagﬁdevam to pumbing at 800 nm. at which the pump beam
carrier generation and polaron formation at times smaller by,o\erses the sample almost without a reduction in intepsity
more than three orders of magnitude than the exciton lifetime, PIA(O)= — AT/T~oNg(0)/a for large « (relevant to

. . . C

(t~300ps)!* Thus, any branching of the photoexcitations pumping at 400 niy whereN(0) is the carrier density at
into the carrier and exciton channels occurstatl00fs,  _q . is the cross section of the IRAV absorption bandls
most likely before the completion of the thermalization pro-ig e absorption coefficient of the pump beam, afrid the ’

cess. ;
The absence of correlation between the temporal behaviosrample thickness. Thus,
of the photoinduced IRAV signals from MEH-PPYsee PIAO)vien-ppv/PIAO)MEH-PPY I,
Figs. 4 and band the exciton lifetimg¢as determined by the
* Nc(o)MEH-PPV/NC(O)MEH-PPV/QSO- (1)
1o T From the data in Fig. 4, Nc(0)ven.ppv
T INc(O)men-PPVI50% %020.3 and from the data in Fig. 5,
0.08 ’0'6. °* 1 Nc(0)men-ppv/Ne(0)mer-pPv10% ¢, =0.32. Thus, in pristine
%, . :~ . ; MEH-PPV, the initial charge carrier density, photogenerated
0.06 F Cen o . i int<100fs in zero field, is smaller by only a factor of 3 than
< T \.“ .0*0 in MEH-PPV/G;, where the quantum efficiency approaches
5 KA L unity.”®
" o004t ¢ R o? To determine ¢, from the measured ratioR
:N(O)MEH_ppV/N(O)MEH_pPV,CGO, one must correct for the
following: (1) The volume fractiorg of MEH-PPV which
0.02 i was replaced by & in the MEH-PPV/G, composite reduces
1 the number of photons absorbed by the conjugated chain and
obu-#? e thus reduces the carrier densiiy0); (2) The probabilityf
-0.5 0 0.5 1.0 1.5 of electron transfer from the polymer tggthangesN(0) in
Time (ps) the MEH—PPV/QO composite. Including these corrections,
we obtain

FIG. 3. Fast PIA risetime in PPV; the solid curve represents a _ _ _ _ .
step function convoluted with a Gaussian with 100 fs full width at R=2¢o/{(1=9)[po+ do(1—F)+f(1-oo)]};
half maximum. thus,
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FIG. 5. Comparison of the PIA wave form in MEH-PR'®), FIG. 6. The PIA signals in MEH-PP, normalized to equal light

magnified by a factor of 3.2, and MEH-PP\W4C(10% Gy, by  intensity, pumped at 400 nf8.1 eV, squargsand 267 ni4.7 eV,
weigh (A) when pumped at the same light intensity at 400 nm andcircles and probed at fm.
probed at 9um.

side chains reduce the interchain interactigh, remains
$o=RI[(1-9)f/2]/[[1-R(1-g)(1-f)]. (2)  large (¢o~0.1), but the photocarrier density decays within

Equation(2) accounts for the contribution to the PIA signal 10-15 ps(see Figs. 4 and)5 Thus, interchain hopping-
tunneling enhances the spatial extent of the wave functions

in the MEH-PPV/G, composite of fractionp, of holes di- b . o
rectly excited along the polymer chain, the remaining frac-and reduces the_ probability qf e_arly time recc_)mblnatlon.
Note that “early time” recombination and “geminate” re-

tion ¢o(1—f) electrons directly excited on the polymer o ) _ . :
chain, which in blends with a relatively small concentration €0Mbination are not the same; e-h pairs which undergo gemi-

of Ceo did not undergo a charge-transfer reaction, and th&ate recombination do not contribute to the current.

fraction (f[1— ¢o]) of holes left on the MEH-PPV chain .These observations are consistent ywth th.e photoconduc-
following the charge-transfer reaction from excited statediVity data. The longer carrier lifetimes in PPV and
which do not yield free carriers. In MEH-PPV/50%Cf  MEH-PPV/G, enhance the photoconductive response. The
~1, andg=0.26. Thus, from the data in Fig. $,~0.1. For fast carrier recombination in MEH-PPV reduces the magni-
the 10% blend,f~0.5 as inferred from the concentration tude of the transient photoconductivity measured at later
dependence of the photoconducti\ﬁtyndg~0 since nearly times(~100 ps when most of the photocarriers have already
all of the 400 nm pump light is absorbed in the polymer.recombinedi'15

Thus, from the data in Fig. 5,~0.1. The two values ob-

tained from samples with different concentrations gf &nd

using two widely different pump frequenciésne involving DEPENDENCE OF ¢, ON THE PHOTON ENERGY
a directar-7* transition and the other involving two-photon . . )
absorption are in agreement. In Fig. 6, we present a comparison of the PIA in MEH-

The relatively large value of, implies significant delo- PPV measured at two different pump wavelengths, 400 nm
calization of the excited-state wave functions. Covalent3.1 €V, into the lowestr-7* interband transitionand 267
bonding and the associated short intrachain bond lengthdm (4.7 eV, into a higher lying excited statand probed at 7
lead to relatively largem-electron overlap integrals and wm. Normalizing the data to equal pump intensity, we find
broads and 7* bands. As a result, even in disordered filmsthat the magnitude of the ultrafast photoinduced IRAV re-
cast from solution, there is a relatively high probability thatsponse is insensitive to the pump photon enetbys 0.1 at
the electron-hole separation in a geminate pair will be suffithe two photon energies. There is, however, a significantly

cient to prevent geminate recombination. longer carrier lifetime when pumped at 4.7 eV compared to
that at 3.1 eV.
INTERCHAIN INTERACTIONS Thus, in contrast to models for the carrier generation that

predict that the quantum efficiency should depend upon the
Comparison of the temporal evolution of the photoin- photon energye.g., the Onsager modgP~8the data in Fig.
duced IRAV signals in PP\Y{Fig. 2 and Fig. 3and MEH- 6 show that varying the pump photon energy from 3.1 to 4.7
PPV (Figs. 4 and preveals that the initial decay depends oneV does not changeé,. We interpret the longer lifetime for
the strength of the interchain interactiihere are no func- carriers photogenerated at 4.7 eV as arising from the higher
tional groups to separate the main chains in PPhhe 7 probability of interchain charge separation when the photo-
~250ps decay time obtained for oriented PPV is similarcarriers are generated at a sufficiently high energy that the
to that deduced from transient photoconductivity specific conjugated chain excited to a higher level acts as a
measurement.In disordered films of MEH-PPV where the “super-donor” to the neighboring chains. As a result, ul-
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trafast interchain charge transfer is significantly enhanced andicate that carriers are directly photogenerated. Compari-
high photon energies, leading to enhanced carrier delocalizaon of the recombination dynamics in MEH-PPV and PPV
tion and to longer carrier lifetime. The enhanced carrier dedemonstrates the sensitivity of the initial carrier recombina-
localization is expected to result in an increase in the carrietion processes to the magnitude of interchain interactions:
mobility when pumped at 267 nm as well. higher carrier lifetime is correlated with higher probability

The data in Fig. 6 imply a straightforward explanation for for interchain hopping.
the increase in the photoconductive response above 3 eV in The quantum efficiency for carrier generation in MEH-
MEH-PPV. Since the steady-state photoconductive respondePV is the samed,~0.1) when the system is pumped ei-
is proportional to the ¢ou7) product, the data in Fig. 6 ther at photon energies well above the fitstz* transition
imply that this increase originates from the dependence ofat 267 nm, 4.7 eY or when pumped into the first-7*
the carrier lifetime and possibly the mobility, rather thag, transition(at 400 nm, 3.1 e}, The carrier lifetime, however,
on the photon energy. Such an increase of the carrier lifetimecreases at the higher photon energy, providing a simple
and mobility when pumped at higher photon energies is conexplanation for the increase in the photoconductivity when
sistent with the observation that the increase in the steadypumped at photon energies above 3 eV. The longer lifetime
state photoconductivity above 3 eV seen in MEH-PPV perarises from interchain charge separation and indicates the
sists also in MEH-PPV/50%¢g > a system for which the important role of interchain coupling on the carrier recombi-
charge carrier QE approaches unity. nation dynamics.

The sensitivity of the rate of recombination of carriers to  The relatively large quantum efficiency for photogenera-
the probability of interchain hopping is consistent with thetion of charged carriers measured in zero applied field, the
larger carrier lifetime found in PPV compared to that inindependence of the quantum efficiency on photon energy
MEH-PPV. Thus, the onset of enhanced photoconductivityabove 3 eV, the independence of the quantum efficiency on
above 3 eV has a natural explanation in terms of reducetemperature, and the ultrafast photogeneration process are all
carrier recombination because of interchain charge separ&consistent with the predictions of traditional exciton-based
tion. models of carrier generation that have been proposed for

conjugated polymerge.g., the Onsager modellhe data in-
CONCLUSION dicate that charged carriers are primary photoexcitations.

Ultrafast photoinduced IRAV absorption measurements
have enabled direct determination of the initial quantum ef-
ficiency for photogeneration of charge carriers. The data re-
veal photogeneration and thermalization of charged carriers We are grateful to Professor E. W. Van Stryland and Dr.
and the formation of polarons, and confirm the ultrafastD. McBranch for providing us with the AgGagerystal, and
(<100 f9 electron transfer in MEH-PPV/g blends. The to Jian Wang for assistance with sample preparation. Dr. D.
initial quantum efficiency for photogeneration of chargedMcBranch pointed out the importance of the different time
carriers in MEH-PPV,¢o~0.1, is comparable to the quan- scales observed for carrier decay and exciton decay. This
tum efficiency for photoluminescence. The absence of correresearch was supported by the Air Force Office of Scientific
lation between the fast photogeneration of charge carrierResearciHCharles Lee, Program Offigeander F49620-99-
(<100 fg and the exciton lifetime £.,,~300 ps), and the 1-0031 and by the National Science Foundation under
linear dependence of the carrier density on pump intensitypMR9812852.
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