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Ultrafast on-chain dissociation of hot excitons in conjugated polymers
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A model describing field-assisted on-chain dissociation of hot optical excitations in conjugated polymers is
developed. It rests on the notion that excess photon energy is required for the onset of intrinsic charge-carrier
photogeneration. Conversion of this energy into excited vibrational modes within a conjugated polymer seg-
ment leads to temporal overheating. The vibrational heat bath is considered as the main source of the energy
that allows charge carriers to escape from the potential well formed by Coulomb and external electric fields.
Although the quantum vyield of carrier photogeneration strongly increases with increasing external field, it
reveals an anomalously weak temperature dependence in quantitative agreement with experimental data on a
ladder-type poly-para-phenylene and on a polyphenylenevinylene derivative.

[. INTRODUCTION either to the same chain or to different chains. Conjugated
segments of the same polymer chain are separated by topo-
Photogeneration of charge carriers in low-mobility mate-logical defects. The length of segments ranges from 5 to 10
rials is traditionally considered within the framework of the nm depending on a particular material, and is much longer
Onsager theory’ as a two step proces$. Initially a Cou-  than the intersegmental distance of typically 0.6 nm. For a
lombically bound electron-holeeth) pair is generated by an  segment with the length of 5 nm oriented parallel to an ex-
absorbed photon. Subsequently, photogenerated pairs Uggrnal electric field of 19V/cm, the gain of electrostatic en-
dergo Brownian random walk within the potential well ergy is 0.5 eV, i.e., comparable to the binding energy of
formed by a superposition of the binding Coulomb field andgptical excitationsE,,, in these materia%:® Therefore, two
an external field. This random walk results either in reCOom-modes of free-carrier photogeneration are possib|e in Conju-
bination of the carriers or in their full separation. Therefore,gated polymers: an optical excitation can dissociate either
the quantum yield of charge carrier photogeneratigmmust  due to full carrier separation within a single conjugated seg-
be calculated as the Onsager probability for a given geminatgent of a polymer chain or as a result of multiple carrier
pair to dissociate in the course of its Brownian random Wa'k.'umps via different segments. The former process m|ght be
Onsager’s theory is capable of accounting for the yieldconsidered as an example of the one-dimensi¢ha) ver-
dependencies upon the external fiéldthe temperaturd, sion of the Onsager theorlDO),'° while the 3D Onsager
and the wavelength of the exciting lighte,:.>> The two  theory(3DO) is more relevant to the latter mode. One should
former parameters govern the carrier kinetics within the poemphasize that, within the framework of both the 1 DO and
tential well, while the latter is supposed to determine the3pO the field and temperature dependencies afe inevi-
initial intrapair distance o, i.e., the initial Coulomb binding  tably coupled to each other.
energy of a geminate paE{’ . It is normally supposed that  Experimental studies of in conjugated polymers often
the initial separation increases with increasing exciting phoreveal dependencies af uponF, and upon the photon en-
ton energy. Within the framework of Onsager's thearyjs  ergy similar to what is predicted by the Onsager theory,
the only parameter which is sensitive to the photon energwhile an Arrhenius-like temperature dependence is usually
and, therefore, the dependence of the carrier photogeneratiabserved only at higher temperatutést*At lower tempera-
quantum yield upon photon energy is solely determined byures turns out to be practicallf¥-independent. The model
the dependence af, upon . The external electric field of disorder-assisted Onsager dissociation of geminate
bends the shape of the Coulombic potential well and reducegsairs>®attributes the lack of the temperature dependence to
the potential barrier which carriers must cross to becomearrier separation by tunneling jumps via localized states
fully separated. Concomitantlyy increases with increasing which belong to the deep tail of the density-of-states distri-
F. Crossing the potential barrier requires an additional enbution. This approach implies a weaker temperature depen-
ergy that carriers can acquire only from the ambient heatlence of the yield in hopping systems with stronger energy
bath. This energy is normally much higher tHah implying  disorder. However, the anomalously wealdependence of
a strong Arrhenius-like temperature dependence),aéspe- 7 is observed both in strongly and weakly disordered conju-
cially at weak and moderate external electric fields. gated polymerd”*8 Therefore, there must be another, more
Conjugated polymers consist of arrays of electronicallyfundamental, reason for the vanishifigdependence ofy
coupled molecular units, i.e., conjugated segments, with rarthan the disorder. We believe that the clue to this phenom-
dom mutual positions and orientations of the units belongingenon is related to the occurrence of extended electronic states
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in the chain segments, implying that the intrasegmental disene or two vibrational modes of the phenyl ring. On a time
sociation can be the dominant mode of carrier separatioscale of less than 100 fs the structural skeleton of that part of
within a short time domain following the photoionization the chain, where the excitation was initially localized, re-
event!® There exists another important experimental obserlaxes into an equilibrium configuration characteristic of the
vation, namely, that the intrinsic photoconductivity in conju- first singlet state, and the excess eneifgy,.=hv—E(S,;)
gated polymers commences at the photon energy typicallwill be distributed among the vibrational modes due to vi-
from 0.5 to 1 eV above th&,« S, 0-0 transition>**172%21  hronic coupling. This generates a vibrational heat bath whose
Remarkably, there is a correlation between the excess phot@ifective temperaturd .4 exceeds that of the ambient tem-
energy,E.,.=hv—hvy (wherehv is the photon energy of perature. Dissociation of the relaxed singlet exciton can be
the inducing light, andhr, is the energy of th&,;«S; 0-0  accomplished in terms of a Boltzmann-like activation pro-
transition) and the temperature dependence of the photogezess wherekT is replaced bykT.;. In view of the rapidity
neration yield. The higheE,,., the weaker thel depen-  with which the polymer chain element returns to the ambient
dence ofz. For instance, typical values of the excess energyemperatureT, the excess energy is only effective on an ul-
are about 0.5 eV in the PPV-type polymers that reveal som&ashort time scale, while the thermal energy is available dur-
residual temperature dependence of the yteldile the ing the whole lifetime of an exciton. Therefore, the total
latter is practically T-independent in methyl-substituted on-chain dissociation probability must be determined as a
ladder-type poly-para-phenylendMeLPPB with E.. sum of the probability of fast exciton dissociation, while the
=1.1eV1’ We shall argue that these notions are a signatursegment is still hot and of the probability of a thermally
of fast intrasegmental dissociation of a hot optical excitationassisted dissociation during the lifetime of the excitation in a
into a pair of separated charge carriers localized on the opegment which is already cooled down to the ambient tem-
posite ends of the segmehi??23 perature. The time dependence of the effective temperature

In the present paper we develop a model of intrasegmerin the course of the vibronic energy dissipation can be writ-
tal dissociation of hot optical excitations into pairs of freeten as
carriers. The model rests on the notion that, after relaxation
of a Franck-Condon state through a vibronic progression, the Tei(t)=T+TO(1), (€N)
excess photon energy is transferred into intrasegmental vi-
bronic excitations. Before this energy is dissipated into thevhereT, is the temperature jump &t 0, and the function
ambient equilibrium phonon bath, the optical excitation re-®(t) describes dissipation of the vibronic energy into the
mains within a hot segment that makes it easier to acquire @quilibrium phonon bath®(0)=1 and® () =0. It is worth
portion of energy sufficient for carriers to escape from anoting that the concept of the effective temperature can be
Coulombic potential well and become completely separatedntroduced only if the time of excess energy dissipation, i.e.,

Dissociation of optical excitations within hot molecular the characteristic time of th@(t) function, is not shorter
segments after relaxation of a Franck-Condon state was cotthan the time of the electron-phonon interaction. Otherwise,
sidered earlief® neglecting the effect of the ambient tem- an excitation, occupying a still hot segment, has no chance to
perature. This approximation can be justified if the characobtain any additional energy from the ambient phonon bath.
teristic time of the vibronic energy dissipation into the Under this condition, the ambient phonon bath cannot con-
equilibrium phonon bath is much shorter than the charactertribute to the effective temperature of the hot segment, and
istic time of the electron-phonon interaction. Under suchthe first term in the right-hand side of E(l.) vanishes, im-
conditions the equilibrium phonon bath cannot assist chargeplying a complete lack of the temperature dependence of the
carrier separation within still hot segments and, concomidissociation probability.
tantly, the photogeneration yield must be literally indepen- This model leads to an equation describing the dependen-
dent of the ambient temperature as in MeLPPP. However, igies of the on-chain carrier photogeneration quantum yield
many conjugated polymers, e.g., in PPV-type polymers, theipon the fieldF, the temperature, and the excess photon
yield does depend upon temperature although the obsé@rvedenergy as
dependence is much weaker than predicted by the Onsager
theory. The main goal of the present work is to incorporate 1 ®
the effect of ambient temperature into the model of on-chain 7(F,T,To)= VOJ dzf dt

. . .. . . . Zmin(F) 0

hot exciton dissociation. The model of hot exciton dissocia-

tion is shown to be able to describe quantitatively dependen- Ep e eFz |2
ci_es_on the field, tgmperaturg, ar_ld photon energy of the in- X Bol KTen(t) KTeg(l) | 4mmege
trinsic charge carrier generation in two chemically different
conjugated polymers, namely, in a PPV-type polyifi&eV- y t J’tdt’ Bol Ep

; ; exp ———v ol T=—+
aming and in MeLPPP. Topt %o KTer(t')

e eFz \1?
II. INTRASEGMENTAL DISSOCIATION — | , (2
OF HOT EXCITONS KTer(t') | 4eoe

Optical excitation into the manifold of vibronic states, where 7, is the lifetime of optical excitationsy, the
built on either the first or higher singlet states, occurs on thattempt-to-jump frequencye the elementary charge, the
premise of the Franck-Condon principle.4abonded conju-  permittivity of vacuum, ande the dielectric constant. The
gated polymers, the predominant vibronic coupling involvesfunctions Bolfy) andz.,,(F) are defined by



PRB 61 ULTRAFAST ON-CHAIN DISSOCIATION OF HO . .. 8209

1, y<0 aligned polydiacetylene a value between 5 and 7 parallel to

Bol(y) = exp—y). y>0 (3)  the chain has been reporté&t.

€ Ill. EXPERIMENT

Zmin(F):COSQmax:m, (4)

We have performed electric field and temperature-
with ¥, being the maximum value of the aperture cone ofdependent steady-state photoconduction experiments on
the dissociating segment, ahdhe segment length. Deriva- films of a substituted PPV derivative, polgmethylim-

tion of Eq. (2) can be found elsewhef@.One should also ino-1,4-phenylene-1-phenyl-1,2-ethenylene-2,5-dimethoxy-1,
take into account that in extendedconjugated polymers the 4-phenylene-2-phenyl-1,2-ethenylene-1,4-phenyle(iPV-
high-frequency dielectric constant is anisotropic. For a fullyamine,

TH3 OCHj
——N—@—C=_CH CH=C—-©>——
H3CO
) “n
and (MeLPPB,
R": -n-CeH1 3
R: -1 '4-C6H4'n'C1OH21

The route by which the PPV-amine was synthesizediar-  tion, and all data were recorded in a pointwise manner. In
antees a high level of purity inaccessible with standard PPVorder to minimize space-charge effects, the samples were
Therefore, defect-sensitized bulk photocarrier generation ishorted after each measurement, irradiated with red light
expected to be less important. In the MeLPPP the rigidity of650 nm) for 10 s, and kept in the dark for another 5 min
the polymer backborf results in reduced disorder effects before the next data point was taken immediately after turn-
compared to the PPV-amine, and the methyl-groups prevei?d on the light. Dark currents were of the order of

the formation of aggregates possible in ordinary LPPP. 10" '°Alcm?, typically one order of magnitude lower than
Both investigated materials were deposited on top of afh€ lowest photocurrent considered for data evaluation. This

indium-tin-oxide covered glass slide by spin-coating from arather low value of the dark current testifies as to the purity
chloroform solution. Before completing the sandwich struc-Of OUr samples.
ture by evaporating a semitransparent Al top electrode of

0.07 cnt, the samples were kept in a vacuum chamber at a IV. RESULTS AND DISCUSSION
pressure of=10 ®mbar at 295 K for 12 h to remove re-
sidual solvent. The transmittance of the Al contacts was de- A. Theory

termined by a Perkin Elmer Lambda 9 UV/VIS/NIR spec-  Not knowing the explicit time dependence of the vibra-
trometer using quartz blank samples which were placedional energy relaxation, we assume that, to a first-order ap-
directly beside the polymer films during the Al evaporation proximation, the decay of the effective temperature is expo-
procedure. The stationary photocurrent measurements werential, i.e.,

performed in a temperature-controlled cryostat. The devices

were irradiated through the semitransparent Al electrode by

using a calibrated xenon lamp as a light source and quartz Ter(D)=T+T, exp( _ S) , (5)
optics. Lock-in techniques were employed for signal detec- Tdis
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Field (Vicm) FIG. 2. Temperature dependence of the dissociation probability
FIG. 1. Field dependence of the dissociation probability calcu-c@/culated from Eq(2), parametric in field strength in comparison
lated from Eq.(2), parametric in the initial excess thermal energy, With predictions of 1D and 3D versions of the Onsager theory. The
compared to 1D and 3D Onsager curves parametric in the initiainitial excess thermal energy and the initial sepgratlon of carriers
separation. The following set of parameters has been used in EG€KTo=0.1€V andro=1.5nm. The set of material parameters is
(2): 1=6 nm, Ey=0.5eV, £=5, 745=10"12s, andr,,=10"%s, € sameasin Fig. 1.
The ambient temperature is 300 K.
tum yield was calculated by averaging the dissociation prob-
where 7455 is the characteristic time to dissipate the excessypjlity over all possible directions of segments. While both
intrasegmental vibrational energy into the equilibrium pho-1po and 3DO predict Arrhenius-likey(T) dependencies,

non bath. , the present model leads to a much weakatependence of
Complementary to Onsager's theory, the present model i,q yiie|d with the latter remaining nonzero >0 due to a

aimed at describing the dependencies of the carrier photog%-nite probability of charge carrier separation in a hot seg-

neration quantum yield upon the field, temperature, and phor'nent even at zero ambient temperature. Comparing T

ton energy. The most important dilference between the twg urves calculated from the model of hot exciton dissociation

approaches is the role of the excess photon energy. Accord? .
ing to Onsager’s theory, this parameter determines the initiaf[fv'th thos;e obtaln(_ad from 130 prq}[/r?s thatr,] e\t/et:_n at thﬁ.l room
separation of carriers within a geminate pgjr, while the emperature, carrier separation within a short ime while ex-

effect of the dissipated excess photon energy on the |0Cé:|ited s_egme_nt_s are still h_o_t gives the main contribution to the
temperature is neglected. The probability for the carriers td0t@l dissociation probability. _ o
cross the potential barrier in the course of subsequent The dependence of the quantum yield upon the initial ex-
Brownian random walk increases with increasing and, Cess thermal energy is illustrated in Fig. 3 hys T, curves
therefore, the quantum yield rises with increasing photon enplotted for different electric fields. These curves approach
ergy. The present model is based on the assumption thatraight lines in they2vs T, axis at sufficiently high values
carriers are delocalized within a conjugated segment, presf To, implying an almost quadratic dependence of the yield
venting diffusive intrasegmental motion of carriers. Underupon the excess photon energy, in good agreement with ex-
these conditions, the concept of the initial carrier separatioiisting experimental dati:'’ Another important parameter of
becomes also irrelevant. Instead, the effect of the excess phtike model is the exciton binding ener@y, . Together with
ton energy is attributed to local and temporal heating of thehe external field this parameter determines the relative
excited segment after relaxation of a Franck-Condon statéheight of the potential barrier carriers must cross to become
The effect of the excess photon energy on the field deperfree. At variance with the excess photon energy this is a
dence of the yield is illustrated in Fig. 1 in comparison with material sensitive parameter which is affected neither by the
results of 1DO and 3DO theories. Thevs F curves calcu- field nor by the photon energy. In Fig. 4 the temperature
lated from Eqgs(2)—(4) are parametric in the initial excess dependence of the yield is presented as parametric in the
temperatureT,, while 1DO and 3DO curves are plotted for exciton binding energy. Although the dissociation probabil-
different values of . ity increases with decreasing binding energy, all thes 1/T

The dependence of the quantum yield upon the ambierturves are practically parallel to each other, implying that
temperature is illustrated in Fig. 2 together with 1DO andslopes of such curves yield no information on the binding
3DO curves parametric in the electric field. The 1DO quan-energy of the optical excitation.
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FIG. 5. Field dependence of the photocarrier generation yield in
FIG. 3. Dependence of the dissociation probabilityipon the  MeLPPP measured at variable photon ener@iess and calculated
initial excess thermal energy parametric in the field strength. Thésolid, dashed, and dotted lindsom Eq.(2) for different values of

set of material parameters is the same as in Fig. 1. the initial excess thermal energy and for the following set of mate-
rial parameters:1=6.5 nm, E,=0.35 eV, ¢=7, 74=3.5
B. Experiment X10 s, and7,,=10""s. The inset shows the correlation be-

. . . . . tween the photon energies and excess thermal endc@iessed to
First we consider photogeneration iar-conjugated .. )
fit the experimental data.

MeLPPP, which has been characterized spectroscopically in

detail. It is known to be the least disordered material, thoughyeryed while the field dependence is strong, as shown in Fig.
still amorphous, as evidenced by the unusually small inhog  Those data have been analyzed in terms of the present
mogeneous width of the well-resolved vibronic baﬁﬁ‘yjr-. theoretical approach. It turns out that at a photon energy of
tually no temperature dependence of the photocurrent is oly g gy (i.e., Aexe=250nm) the field dependence as well as
the absolute value of the photogeneration efficien@are in
excellent agreement, assuming an exciton binding energy of

B | F = 5x10° Viem 0.35 eV, and a dissipation timey=3.5x10"1*s. Thergies

i 0.3eV should be identified as the time within which the excess en-
\ ergy[Eec=hv—E(Sp)], confined to a chain element com-

| parable to the size of the exciton, i.e:1.4 nm, and equiva-
lent to three phenylene rings, is spread out in the adjacent
chain segments.

Discrepancies between theory and experiment as far as
the n»(F) dependence is concerned are notedFat3

; 05 eV X 10°V/ecm. They may be a signature of extrinsic interior
\ photogeneration. An optical excitation generated in a seg-
ment next to an extrinsic electron scavenger may dissociate
102 | 066V into a geminate pair, with one of the carriers b(_aing capturgd
- ' by the deep trap. The released energy may facilitate crossing
\ the intrasegmental potential barrier by the other carrier.

Trap-assisted dissociation requires carrier jumps from ex-
cited segments into those localized states. The localization
radius for such jumps is normally much shorter than that for
carrier jumps within a segment. Therefore, only relatively
short jumps are possible within the lifetime of optical exci-

1000/T (K™) tations, with the typical jump distance being much shorter
than the length of conjugated segments. Under these circum-

FIG. 4. Temperature dependence of the dissociation probabilitptances one may still consider trap-assisted dissociation as a
parametric in the exciton binding energy. The set of material pa-lD process. From the mathematical point of view this prob-
rameters is the same as in Fig. 1, and the field>sl8® V/icm. lem is very similar to the above-described model. The differ-

3
N
'S
©
<

Dissociation probability
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any threshold effect invoking, for instance, the second ex-
cited singlet state atv=4.3 eV. It is worth noting that for
hv<4.3eV the initially generated excited state is a Franck-
w A Condon state of5; parentage. Therefore, it is vibrationally
hot already once the chain skeleton has relaxed into its new
configuration.

Figure 6 shows the quantum yielg of intrinsic charge
carrier generation in PPV-amine as a function of the electric
field at 298 K and variable excitation wavelength, while in
Fig. 7 the temperature dependence at constant field (3.25
X 10° V/cm) is plotted. The inset to Fig. 6 illustrates an al-
most linear dependence ©f, upon the excess photon energy
and shows the photoconductivity action spectrum. At low
] excess photon energies the quantum yield remains practically
T=208K independent of the wavelength of exciting light that can be
| explained by trap-assisted dissociation of excitons as dis-
v om' KT, eV | cussed above. This extrinsic contribution to the yield is sub-
a 40000 -oreen 0115 tracted from the data shown in Figs. 6 and 7. Both the field
s 33330 —ooon 0.080 and temperature dependences of the yield can be rationalized
in terms of the parameter setE,=0.42eV,

B Thiss=2.0x10" s, segment lengthi =6 nm, a dielectric
8 9108 2 3 4 56780 constant of 5, and a lifetime of the excitation of £&. This
. implies that in order to achieve satisfactory data fitting one
Field (vVicm) has to invoke a heat dissipation time by a factor of 6 larger

FIG. 6. Field dependence of the quantum yiejdor intrinsic than in MeLPPP. At the momen,t one can only speculate on
carrier photogeneration in a 100-nm-thick PPV-amine film paramet:[he reason. Why both systems QIffer in this r.ESpem' One ob-
fic in the photon energydots, taking into account a built-in volt-  ViOUS suspicion relates to the disorder as evidenced from the
age of 0.6 V due to the difference in work functions of Al and ITO. inhomogeneous broadening of the absorption. While in
The excitation was through a semitransparent positively biased AMELPPP theS,«+ S, 0—0 transitions feature a full width at
electrode at ambient temperature. Lines are calculated fron2Eq. half maximum of 70 meV, the PPV-amine spectrum is struc-
for different values ofkT,. The inset illustrates the correlation tureless, implying an inhomogeneous broadening in excess
between the initial excess thermal energy and the excess phot@f the vibronic spacing, i.es 0.18 eV. Considering its mag-
energy. The following set of material parameters was used for calpitude 745 is likely to be an intrachain property. Therefore it
culations: |=6 nm, E,=0.42eV, =5, 745=2.0x10 3s, 7o, is plausible that dissipation of the excess vibrational energy
=10"%s, andyy=10"s". is impeded by intrachain disorder,which is reflected by the

statistics of the conjugation length. Estimating the number of
ence are thati) only a few segments have deep traps adhtra-segmental excited vibrational modeg;,, that can
nearby neighbors, and only those few segments are availabfare the excess photon energy in MeLPPP and PPV-amine
for the trap-assisted dissociation of optical excitations; andields n,i,~21 for both materials.
(i) the amount of the excess energy does not depend upon
the photon excess energy, implying the occurrence of trap-
assisted dissociation at the absorption edge alréadie 4 ;4.0 "
contribution of the trap-assisted dissociation can, therefore _ Saol F=21x10°Viem  ®
be calculated from Eq2) by adding the relative density of * ®,50 T=208K 3
the trap-related charge transfer centérgp the integrand on g 10
the right-hand side of this equation. The contribution of trap- < %oo
assisted dissociation to the total photogeneration yield is 5530 35 40 45 50
shown by thick lines in Fig. 5. Accounting for this effect photon energy, eV
provides a much better fit of experimental data at weak fields
and low excess photon energies. The inset of Fig. 5 show:

W A OOO~N®X

0 - A
25 3,0 35 40 45 50 m X
Photon energy, eV .'. A

Quantum yield

e 28570 ——0.055+

5

(arb. units

otocurren

F =3.25x10° V/cm

ph

g = -1 .
the variation ofTy with the photon energy. The comparison 1097 [4 v =33330em ‘
between theory and experiment indicates tfig§(0)=T,, 8l —— KkT,=0080eV

H H H H 7 1 ) I R ! . L L R 1
implying that the ambient heat bath does not contribute to 3 4 s 3 7 s 5 10
the exciton dissociation. The experimental evidence for this 1000T (K)

is the lack of an appreciable temperature dependence, al-

though the field dependence is strong. Conceptually, this is & g, 7. Temperature dependence of the intrinsic photogenera-
result of the fast dissipation of the excess endege Sec. )l tjon yield # in a 80-nm-thick PPV-amine film for different excita-

relative to the coupling between the mostly low-energy in-tion wavelengthgdots. Lines are determined from E¢g) for dif-
termolecular mode comprising the ambient heat bath and theerent values of the initial excess thermal enekJy. The set of

intrachain modes which promote dissociation. Although datanaterial parameters is the same as in Fig. 6. The inset shows the
are sparsel varies smoothly withe,,.. This argues against action spectrum of photoconductivity.
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V. CONCLUSIONS respect, as well as in the mechanism of dissociation of excess

A model to treat field-assisted ultrafast on-chain dissociay'braltlonal energy, is beyond the scope of the present paper.

tion of optical excitations in conjugated polymers is Sug_Suffice it to say that disorder appears to increase the dissipa-
gested. The excess photon energy abovéiheS, 0-0 tran- tion time and, concomitantly, renders dissociation more effi-

sition is considered to be transferred into intrase menta(fiem'
. . ; T gr The process of photogeneration must become more com-
vibronic energy and establishes, while dissipating, an impor-

tant additional source of energy required for carriers to cros licated if the length of a segment of a conjugated polymer
. . gy req o Secreases, for instance due to excessive disorder or by poor
the potential barrier and to separate within the segment.

Similar to Onsager’s theory, the external electric field lowers”, overlap among the repeat units. In this case a metastable
) g€ Y, | . . “electron-hole pair at the ends of a segment is no longer es-
the potential barrier for carrier separation and, thus, asss&

the dissociation of otical excitations. Different from Onsa _%blished. Instead, dissociation must involve interchain cou-
\ p SN . . 9 ling inside the Coulombic well. Asymptotically, the classic
er's treatment, the rate determining step is of the intrachai

type, not involving diffusive motion inside the Coulombic nsager treatment should be obeyed in the case of a dense

otential. Predictions of the model are compared with ex erigrray of small molecules. Dissociation due to the excess en-
P : ; P  €XP ergy of optical excitation is also involved in that case, but the
mental data on the field and temperature dependencies of tI{u

Lo . ) ; fermalization process is completed before the geminate pair
Intrinsic carrier photogenerayon quantum yield a I:’Pv'typeescapes from this mutual Coulombic potential. Onsager-type
polymer as ngl as weakly disordered MeLPPP. . . .rPhotogeneration and hot exciton dissociation in an elongated

The essential system parameters are the e_x0|ton bindi &)njugated polymer are, thus, complementary limiting pro-
energyEb, the excess t.emperatu.W% .Of the cham element cesses depending upon the size of the uninterruptegs-
occupied by the e_xute_\tlon, the dissipation timgss of the tem. Real materials will often fall into an intermediate range
average excess vibration enerky,, and the length of a

chain segment comparable with if not identical to the conju—and escape rigorous analytical description.
gation length of the excitation. For PPV-amine and MeLPPP,
E, turns out to be 0.42 and 0.35 eV, respectively. It is com-
parable with previous estimates on noncrystalline as well as
crystalline polydiacetylene, and confirms a recent measure- We are grateful to Professor H.-H. "Hwld and S.
ment in similar compounds employing scanning tunnelingPfeiffer at the Friedrich-Schiller Universit{dena for plac-
microscopy® Importantly, E,, is not given by the threshold ing PPV-amine at our disposal. The MeLPPP was kindly
photon energy above which photoconduction increaseprovided by Dr. U. Scherf from the Max-Planck-Institute for
rapidly?° Data fitting requireskT, to be in the order of Polymer ResearctMainz). This work was supported by the
(3—4)T at room temperature. It is given by anharmonic Deutsche Forschungsgemeinscli&ftant Nos. SFB 383 and
coupling between thatthose vibrational modés) which 436 Rus 113/931)4and by the Fond der Chemischen Indus-
controls) optical absorption and the modes which establisHrie. V.I.A. acknowledges financial support from the Alex-
the excess vibrational heat bath of an excited chain eleme@nder von Humboldt Foundation. E.V.E. is grateful to Ku
needed for dissociation. Further theoretical reasoning in thikeuven for financial support.
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