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Fig. 1. Schematic diagram of the coupling of two molecular
chains: (a) H—H type; (b) H—1J type; (¢) J—H type.
Jmn is the matrix element of intermolecular coupling ac-

tion.
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Table 1.  Parameter list (see text for details).

Nmol 20
dmol 8D
Enmol 2.6 eV
Bikmol 3 meV
Amol 1.2 nm
Achain 1.5, 2.5, 3.5 nm
Eo 106 — 108 V/m
Tp 20 fs — 2 ps
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Fig. 2. Curves of the total population in the chain Py
varying with the frequency of the excitation field hwgp with
the two molecular chain simultaneously excited: (a) H — H
type; (b) H—1J type; (¢) J—H type. There are 10 identic-
al molecules in each chain, Ape =1.2nm, 7, =2ps,
Fo =5 x 108 V/m . The black solid line is Acpain = 1.5 nm
the red dotted line is Acpain = 2.5 nm and the blue stipple
line is Achain = 3.5 nm.
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Fig. 3. Charge population evolution of excited molecular
with  monomolecular  chain  of  H-type  excited.
Amol = 1.2nm, 7, =20 fs, Eg =5 x 107 V/m.
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Fig. 4. Charge population evolution of molecular excited
states with two molecular chains of H-H type excited simul-
taneously. Amol = 1.21nm, Acpain = 1.5nm, 7, =20fs,
Eo=5x%x10"V/m, wo =2.6¢V.
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Fig. 5. Charge population evolution of molecular excited states with two molecular chains of H-H type excited simultaneously at dif-
ferent resonance levels. Amol = 1.210m, Acpain = 1.5nm, 7, =1000fs, Ey = 106 V/m: (a) wo =2.67eV; (b) wy =2.64¢eV;

() wo =2.61eV; (d) wo=2.58¢eV.
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Fig. 6. Charge population evolution of molecular excited states with only first chain excited in two molecular chains of H-H type.

The spacing of the molecular chains in the first row is Acpain = 1.5 nm ; The spacing of the molecular chains in the second row is

Achain = 2.5 nm ; The spacing of molecular chains in the third row is Acpyin = 3.5 nm ; Column (a) is the chain of molecules that

are excited; Column (b) is the unexcited molecular chain; Column (c) is the total number of the two chains. The 1—5 in Column

(a) and (b) correspond to the 1—5 molecules in the molecular chain. Because the molecular chain is symmetric about the center of

the molecular chain, the dynamic evolution process of only 5 molecules is shown in the figure.
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Abstract

Details of exciton dynamics in dye aggregates and supra-molecular complexes are substantially important
for the functionality of molecular based opto-electronic devices. There are intensive theoretical studies of the
multi-exciton dynamics in quantum dot structures but much less in molecular systems. Multiple excitons can be
produced in molecular chains as well as two-dimensional and three-dimensional aggregates under an excitation
of ultrafast strong laser pulse. According to the dipole arrangements of molecular chains, the coupled molecular
chains are designed as H-H, H-J and J-H types of dipole configurations. In the scheme of density matrix theory,
the dynamic processes of multiple excitons of different configurations are investigated by solving the quantum
master equation through using the approximate dipole-dipole and expectation values of interest. The equations
of motion for expectation values of interest governing the respective density operator are used to describe the
temporal evolution of the multi-exciton states. It is found that the exciton energy band can be formed in the
energy representation, and the multiple excitons are delocalized in the aggregates. The excitons represent
different temporal evolutions excited by different resonant excitations. Compared with single-chain systems,
double-chain systems have different degrees of blue shift or red shift due to interchain coupling. In the H-H type
of aggregate, the electron population is lower if the double-molecule chain is simultaneously excited by the
resonance frequency of a single molecule; the electron population increases to a certain extent if the frequency of
the field is higher than the vibration frequency of a single molecule. The band width and the energy levels of
the multiple excitons vary for different configurations of coupled molecular chains, and the wave packets show
their own characters in these energetic levels. In the H-H type of aggregate, exciton state has priority to occupy
the high-order energy level. The width of the exciton band of H-J type is significantly narrower than that of H
single or H-H double chain configuration, because the Coulomb interaction of the inter-stranded dipole moment
makes the whole energy low. In the J-H aggregates, the exciton states are more stable from the energy point of
view, and the exciton energy band is wide because of the large Coulomb interaction. The energy of exciton state
can be transferred via the interchain coupling, no matter which chain is excited. The transfer period directly
correlates with the nearest interchain coupling.

Keywords: coupled bimolecular chain, approximation of dipole-dipole, density matrix theory, multi-exciton

dynamics
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