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Theory on Photoinduced Absorption from Singlet Excited States
in Conjugated Polymers

YUKIHIRO SHIMOI, V.A. SHAKIN, and SHUJI ABE
Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba 305, Japan

Photoinduced absorption from singlet excited states in conjugated polymers are
theoretically studied by a Pariser-Parr-Pople type model. Full valence-bond
calculations indicate that, when the two possible lowest singlet excited states (the
so-called 2 A, and 1B, sates) are nearly degenerate, absorption from them are
quite similar ‘in their spectral features, in spite of much different characters of
these two states.

Keywords: conjugated polymers; photoinduced absorption;
electron-electron interaction

INTRODUCTION

Conjugated polymers have attracted much attention in the field of photophysics
because of their outstanding optical properties such as large third-order nonlinear
susceptibility and the high efficiency of electroluminescence. Natures and energy
positions of excited states in these systems are much influenced by electron-
electron interaction. Extensive theoretical investigations have shown that, in the
case of strong interaction, the lowest singlet excited state is an optically
forbidden state with the same symmetry as that of the ground state (the so-called
2 A, state), resulting in no or very weak luminescence [1-3]. On the other hand,
it becomes optically allowed (1B, state) in weak interaction regime. The 2A, and
1B, states have mutually different characters: The covalent 2A, state is
characterized by a bound pair of triplet excitations whereas the ionic 1B, state
has excitonic nature [2,4].

Photoinduced absorption (PA) spectroscopy provides information on excited
states. So far, transient PA observed in several conjugated polymers such as
polydiacetylenes (PDAs) has been ascribed to a transition from 1B, excitons
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after lattice relaxation [S]. A recent alternative assignment is a transition from the
24, state for polymers like PDAs and polythienylenevinylene [6], since their no-
or very weak fluorescence suggests that 24, lies below 1B,.

In the present paper, we study theoretically absorption from the 24, and 1B,
states in connection with the aforementioned assignments. We demonstrate that,
despite much different characters of these states, absorption from them has quite
similar spectra when the two states are nearly degenerate. Therefore, it seems
difficult to determine, only from spectral features, which state is responsible for
PA spectra. In final section, we also comment on the effects of the lattice
relaxation of an 1B, exciton on PA spectra,

MODEL

Interacting 7 electrons on a linear polymer chain are described by the following

Hamiltonian.

H= —tz [1 - (_)n 6](Cf C + C:ﬂ.xcn.s)

n,s " n+ls

+U2pn7pnl +2 va.n pn.spm,.r' . (1)

Here, ct creates a @ electron with spin s at n-th carbon atom and p =

c:”cn‘:-I/Z. We assume a perfect dimerization O in the transfer integral
appeared in the first term of Eq.(1) and neglect lattice deformation effects upon
excitation. We use three different functional forms for long-range Coulomb
interaction, V, ,: the Ohno and Mataga-Nishimoto (MN) potentials for the
Pariser-Parr-Pople (PPP) model and the extended Hubbered model where the
interaction is truncated at the nearest neighbor sites. In the PPP models, we take
t=24eV.

In order to describe the 24, state appropriately, it is necessary to take account
of correlation effects sufficiently. Therefore, we solve the Hamiltonian (1)
exactly by means of diagrammatic valence bond basis [7]. We can calculate the
fairly high excited states (the lowest fifty states) in each symmetry spaces, by
diagonalizing a state to already obtained lower excited states and by applying the
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Lanczos method. Our system size N is up to twelve sites with the open
boundary condition.

Results

We change the relative stability between 24, and 1B, by varying the strength of
the dimerization & [3], instead of the electron-electron interaction. In the PPP-
Ohno model with system size N=12, the energy-level crossing occurs at about §
=0.2. At smaller (larger) §, the 2A, (1B,) state is stable. In Fig. 1 we present
calculated absorption spectra from these two singlet states in the PPP-Ohno
model with § =0.1, 0.2, and 0.3. Dashed lines in the figure indicate the position
of the optical gap E,, that is, the excitation energy of the 1B, state from the
ground state. Note that large transition energies are partially due to a finite
system-size effect and partially due to the parametrization of the model.

The PA spectra from 1B, will have a single major peak below the optical
gap, if some broadening is taken into account. The main contribution to this peak
is the transition to the so-called mA_ exciton which has a large dipole coupling
with 1B,. A small absorption peak develops at high energy side of the major PA
peak with increasing 8.

In absorption spectra from 24, oscillator strength is further concentrated on
a transition, resulting in a sharp single PA peak below the optical gap. The final
state of this transition is 3B, in the PPP-Ohno model with N=12. This quantum
number is independent of 3 in 0.1< § < 0.3. In each §, the peak-intensity in the
PA from 24, is about the half of the sum of those from 1B, to mA, and the
states located nearby in energy. As shown in Fig. 2(a), the transition energy
from 2A, to 3B, normalized by the optical gap, [E(B,)-EQA))VE, drastically
decreases with increasing 8, in contrast to [E(mAx)—E(lBu)]/Eg which is only
weakly dependent on 8. The two transition energies coincide near & = 0.2, that
is, when 1B, and 24, are almost degenerate. At this 8, the PA spectra from 24,
and 1B, have quite similar spectral features with same order of intensity, as
shown in Fig. 1. We plot in Fig. 2(b) the normalized transition energies against
the system size N in the PPP-Ohno model. The transition energies depend on N
very weakly. Therefore, the positions of PA peaks against the optical gap are
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FIGURE 1 Calculated induced absorption spectra from the 24, (left) and

1B, states (right) in the PPP-Ohno model with system size ‘N = 12.

Dimerization 8'is 0.1, 0.2, and 0.3 from top to bottom. The dashed lines
indicate the position of optical gap in the linear absorption spectra.

expected to be located in similar energy region even in the infinite system for the
PPP-Ohno model.In Fig. 3, we show absorption spectra in the other two models

with 8 at which 1B, and 24, states are almost degenerate (6 = 0.4 for the PPP-
MN model and § = 0.2 for the extended Hubbard model with U = 3t and V =1).
The absorption spectra from 24, and 1B, are similar to each other also in these

models, although the high energy peak in PA spectra from 1B, fairly develops
in the PPP-MN model. The position of the PA peak depends on the models.
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FIGURE 2 The transition energy between 24, and 3B, which have a

strong dipole-coupling is plotted against the dimerization 8 (a) and against the
system size (b), in the PPP-Ohno model (solid lines). The energy is
normalized by the optical gap. The transition energy from 1B, to mA_ is also

included (dashed lines). N= 12 in (a) and & = 0.1, 0.2, and 0.3 in (b).
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FIGURE 3  Calculated induced absorption spectra from the 2A, (upper

panel) and 1B, states (lower panel) in the PPP-MN model with dimerization

8 = 0.4 and the extended Hubbard model with U = 3¢, V= ¢, and 8 = 0.2.
The system size N = 12. The dashed lines indicate the optical gap in the

linear absorption spectra.
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Concluding Remarks

In conclusion, we demonstrate that theoretical PA spectrum from the 24, state
has a sharp peak below the optical gap. Recently, a large dipole coupling
between 2Ag and a Bu state is also reported within the intermediate neglect of
differential overlap multireference double configuration-interaction (CI)
calculation [8]. The spectra are quite similar between PA from 24 s and 1B,
when they are nearly degenerate. Since the observed transient PA spectra in
PDAs have broad peak, it seems difficult to determine only from spectral
features, the excited state responsible for the observed PA spectra.

Another significant aspect in the PA is the lattice relaxation process, forming
the singlet exciton-polarons. Recently, we also investigated the polaronic effect
on the PA from 1B, exciton state within the single-double CI treatment for a
model which includes both electron-electron interaction and electron-lattice
coupling [9]. In this model, the main PA peaks are located in relatively low
photon-energy region both for relaxed and unrelaxed geometrical configurations.
As demonstrated in ref. 9, the lattice relaxation further concentrates the oscillator
strength on a single peak and increases drastically the double excitation
component in the two-photon excited states relevant to the PA spectra.
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