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Introduction

Aromatic vinyl polymers have been the focus of considerable research and development
during past several decades especialy on their application for the hole transport materials in
organic photoconductor, OLED etc. On the hole transfer (HT) process in poly(N-
vinylcarbazole) (PVCz) and other aromatic vinyl polymers, we have studied its dynamics and
mechanisms by means of picosecond transient absorption spectroscopy and dichroism
measurement™?. The HT dynamics in PVCz was well described by one-dimensional random
wak model along the polymer chain with the HT rate constant, kwr, of 2.0 x 10° s in 1,2-
dichloroethane solution. 1t can be mentioned that the hole transfer reaction is endothermic,
since the increase in the inter-ionic distance reduces the Coulombic attractive interaction in
the ion pair. The activation energy predicted for the model reaction of the initial hole escape
reaction, A'Dy'D1—>ADoD;", by the standard theory of ET reaction is >> 10kgT and the
corresponding rate constant of HT in the order of 10°~10° s* even in rather polar solution of
1,2-dichloroethane. Therefore, experimentally observed such a large hole migration rate
constant in the order of 10°s* could not be accounted for within the framework of usual ET
theories assuming very weak interaction in the reactants. It has been suggested that the
delocalization® of the cationic state takes an important role in such rapid hole transfer (HT)
process. Delocalization process decreases the Coulombic attraction in the ion pair and
suggested to be dependent on the polarity of the solvent. To clearly eucidate this
delocalization process and its solvent polarity dependence, we have studied femtosecond
dichroism dynamics of PVCz-TCNB (electron acceptor) in solution phase. On the basis of
the present results and previous investigation in picosecond time region, the molecular motion
leading to the rapid HT and delocalization will be discussed.
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The fast decay of the Cz* can be Fig.1la



attributed to the delocalization process of the cationic state of Cz* over several Cz moieties.
The bold solid line is the curve based on the HT scheme obtained in the ps measurement. The
extrapolated value of the bold line at t=0 in Fig.1b can be termed as absol ute anisotropy value,
which was used to estimate the delocalization size as Song(0). In is important to mention here
that such fast decay of the anisotropy was not observed for monomer and dimmer model
system.

The Song(0) value was used to estimate the delocalization size in the following manner.
In the monomer model, ethylcarbazole-TCNB system this valueis-0.14 i.e., hole is localized
in one carbazole unit. In the dimer model, di-carbazolylcyclobutane-TCNB system, this value
is-0.11 i.e., hole is delocalized amost within 1.3
Cz moieties. On the other hand, in the polymer
system, this value is -0.07 (t=0) and -0.04(t=20ps)
respectively. This means that hole is delocalized
over 3-4 Cz moietiesin the polymer system.
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as delocalization size VSong(t=0), which is
shown in the Fig.1b.

The energy required, for the separation of hole from distance r; (A'D;'D....) to 1o (A’
...D1...Di"....) can be termed as
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This energy, W isindependent of the solvent polarity, however Sqng(t=0) is dependent as
i USong(t=0). Therefore, the following relation can be satisfied,

Slong (O) = Stotal (O)_ 472.(2028W X k

From this relation, the calculated energy can be obtained in the range of 0.2 ~ 0.3 eV
and this value is comparable with the stabilization enthalpy of cation radical in the polymer
system. Actually, the delocalization of the cationic state prepares the conditions for the fast
HT to take place; decrease in the Coulombic attraction between the anion and the cation via
the increase in the inter-ionic distance and the reduction of the outer reorganization energy.
The anisotropy values in several solvents after the fast decay of Cz" shows smaller value for
the system with larger HT rate constant. This result indicates that the degree of the
delocalization is dependent on the solvent polarity. On the basis of these results and previous
one, we will discussthe HT dynamics at the conference site.
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