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Aromatic vinyl polymers such as polj{vinylcarbazole) (PVCz)
have received much attention as an organic photocondtetud, 04 PR
the acceptor-doped PVCz film has actually been utilized in '

[
photocopy machines. For carrier generation in organic photocon- % ! g 0.06
ductors, geminate ion pairs (IPs) play an important role. Many 2 ' 2
models have been proposed for the carrier generatfobut there g 03 s o004
is no united view so far. The point at issue is the mechanism of ; ! ‘g 0.02
the initial separation between the negative and positive ions, which £ ' 2 500
correspond to electrons and holes, respectively. It seems that the g 02t B 600 640 680 720
electric field dependence of the charge recombination yield and 2 g L Wavelength / nm
the escape probability are understood by the long-range jump of % ' 6 sites
the hole based on the Onsager thebtyhe estimated interionic S 01H
distance 1) of the separated IP ranges from 0.7 to 3.0 nm and 2 5 sites

depends on the models. Ultrafast hole dynamics directly detected
by optical spectroscopic studies has been interpreted by both a long- 0.0 A A A

. . . 7S
range jump and stepwise hops of the Hel&ecently, on the other 0 20 40 60 80 100
hand, we confirmed the distant IP by time-resolved electron Magnetic Field / mT
paramagnetic resonangdyut the generation mechanism of the
distant IP is not totally clear yet. Therefore, to clarify the primary Figure 1. Magnetic field effect on the CT fluorescence of TCNB-doped
process in the photoconductive organic amorphous solid, we havePVCz films plotted as a function of magnetic field. The closed circles

. - indicate experimental data. The solid and broken lines are SLE simulation

studied the magnetic field .ef‘felct (MFE) on the charge-transfer (CT) as based on the stepwise hops and the long-range jump, respectively.
fluorescence of a PVCz film in which 1,2,4,5-tetracyanobenzene |nset: CT fluorescence spectra measured in the absence (dashed line) and
was doped as an acceptor (Ayhe MFE experiment is one of the  presence (solid line) of the external magnetic fi@d< 10 mT). The spectra
most powerful techniques to understand the radical IP dynamics. Were observed by CT excitation with= 620 nm.

The inset in Figure 1 shows the time-integrated fluorescence
spectra detected by a pulse laser irradiation with a waveleiyth ( hyperfine interactiori for A— and PVCz (~2.4 mT). Hence, the
of 532 nm corresponding to the selective excitation of the CT MFE observed in the low field is ascribable to the hyperfine
complex® The observed fluorescence spectrum with a peak at 620 mechanism (HFMY,which arises from the distant IPs rather than
nm is assigned to the emission from the excited CT complex that the contact IPs. On the other hand, the dip in MFE around 46 mT
can be regarded as the contac4®Thus, the CT fluorescence s interpreted in terms of the level-crossing mechanism (LEM),
is accompanied by a charge recombination between the acceptofvhich is caused by the radical IP having an exchange interaction
anion (A") and the hole. The CT fluorescence decayed with the (|J|) of 23 mT (4x 1(° rads™1). This|J| value is greater than that
apparent time constant of 9 ns. It can be considered that the of the distant IP0 rads 1) with rq > 1 nm? but it is much smaller
total intensity almost reflects the recombination yield of the than areasonable value for the contact¥.Q*2 racts™) reported
geminate pairs rather than the free pairs, the so-called cage producin the literaturé:! Because PVCz prefers a helical structure in which
yield 8 When the external magnetic fielB)of 10 mT was applied, the nearest neighboring Cz molecules are partially overlapped with
the CT fluorescence increased in intensity by 12%. The enhance-a face-to-face arrangemeftwe can set the intermolecular separa-
ment in the geminate recombination yield by the external magnetic tion at 0.3-0.4 nm. From the estimated| value, therefore, the
field means that the radical IP was created from the singlet CT radical IPs giving the MFE due to the LCM might havergwalue
state. in the range of 0.40.9 nm.

Figure 1 shows the magnetic field dependence of the CT  To quantitatively analyze the radical IP dynamics, we performed
fluorescence intensity(B)) observed at = 620 nm. The MFE is the simulation of the observed MFE on the CT fluorescence on
defined byR(B) = [I(B)— 1(0))/I(0). In the low field range of less  the basis of the stochastic Liouville equation (SEE)We adopted
than 10 mT, the CT fluorescence intensity steeply increases with a model of the spin-conservative stepwise hole hops (Scheme 1)
increasingd. The MFE decreases around 30 mT and then increasesfor the radical IP dynamics.

above 50 mT. The MFE become nearly constd&{Bf ~ 0.10) in It is assumed that the hole hops to the nearest carbazole (Cz)
the high field range of more than 80 mT. A similar MFE was also units with a same rate constant lof and that the recombination
observed by monitoring the CT fluorescence at 600sh < 720 occurs only from the contact IP (site-1) by a rate constark.df

nm. From the MFE observed in the low field, tiBg, value at should be noted that the hopping and recombination processes
which the MFE reaches one-half of the maximum was estimated maintain the spin multiplicity. On the other hand, the spin state of
to be 3 mT. This value is comparable to the mean value of the the radical IP evolutes with the time according to the spin
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Scheme 1. Radical IP Dynamics on the Stepwise Hole Hops also necessary, even in the long-range jumping model, for a hole
site-1  site-2  site-3 site-n to undergo a close IP to recombine. The long-range jumping model
i ki K kn ke K could not sufficiently simulate the experimental results.
@ 2@2@?—2@->@ The MFEs on the geminate recombination yield indicated that
hVNkf ion pair free ion thPT spin-consgrvative stepwise _hole hops among the nearest Cz
units. Therq distances for the site-5 and -6 are estimated to be

about 2 nm from the conformation of the PVCz wire. Tiydor
the distant IP with the longest separation corresponds to the
boundary distancery) used to distinguish the hole being able to
recombine from the positively charged carriers. When the holes
hop out of ther, radius from the A center, they behave as free
ions. It is noteworthy that the boundary distance determined by
the stepwise hopping model almost agrees with the interionic
distance estimated on the basis of the Onsager theory. The
agreement of these distances means that the Onsager analysis may
The notations have their usual meanings. When we take into be a good approximation only for the critical distance, which is
accountn sites of the radical IPs, the SLE for their dynamics is long enough for the hole to escape from the attractive Coulomb
expressed using the density matrixgén(t)): interaction due to the anion, even in amorphous organic solids.

| 50 = kp(L)ss

site-O
@ CT complex

Hamiltonian (:|(n)) consisting of the exchangé,j, hyperfine @),
and ZeemandugB9 interactions as described below.

N 1 .. an R
H(n) = _Jn(E + 2812522) + Z Ai,jsli + IZ gi:uBBSz (1)
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