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Fig. 1. Structure of the two-dimensional 6P clusters: (a) Top view; (b) side view along z axis; (c) side view along y axis.
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Fig. 2. Schematic diagram of the electrostatic displacement of two-dimensional 6P clusters: (a) Relative electrostatic shift of the

molecular excitation energies; (b) Frenkel exciton energy band without (red) and with (blue) electrostatic shift of the molecular

excitation energies?!.
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Fig. 3. Excited-state populations P[gis) in clusters vary with photon energy hwo of the laser and pulse length 7, at =2 x
101! s71: (a) In weak fields ap = 5 x 10° ps-V-m~!; (b) in strong fields a, =2.5 x 10 ps-V-m~!.
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Fig. 4. Excited-state populations Pt(ozg) in clusters in long 7 = 1ps (a) and short 7, = 50fs (b) pulsed fields vary with photon

energy hwo of the laser and pulse energy ap, £ =2 x 1011 s71,
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Fig. 5. Molecular excited state populations P, at four dif-
ferent moments in the weak field with short pulses (ap =
5% 10% ps-Vem™! | 7, = 50fs), hwo = 4.2483 eV, Kk = 2x
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Fig. 7. Schematic diagram of selected molecules in two-

dimensional 6P clusters clusters.
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Abstract

Excitation energy transfer is one of the most important factors affecting the applications of para-sexiphenyl
devices. The study of exciton dynamics and exciton coherence effect of para-sexiphenyl clusters under external
field excitation is important in order to improve the performance of molecular devices composed of para-
sexiphenyl and its related derivatives. In this work, the two-dimensional disc-like para-sexiphenyl molecular
cluster is used as the object of study. The molecular system is simplified into a two-level model based on its
structural features and energy level distribution. Within the framework of density matrix theory, the exciton
dynamics and exciton coherence behavior of disk-like para-hexaphene molecular clusters excited by different
pulse fields are analyzed through using the mathematical mean value approximation of the operator. The results
show that when long pulses are used to excite para-sexiphenyl clusters, the single exciton state characteristic
appears and is insensitive to the change of excited external field strength. When the clusters are subjected to
strong pulsed fields with short pulse widths, multiple excitons are excited simultaneously in the cluster, forming
multiple exciton states, with the exciton energy levels shifting toward lower energy and new hybrid states
appearing. In the optical response spectrum, there appear multiple resonance peaks. And as the pulse field is
enhanced, the multi-exciton effect becomes apparent and the hybridization energy level increases. Under short
pulse excitation, the excited states are distributed differently in different energy regions, but all of them show
obvious symmetry. As the highest-energy exciton states of H-type clusters are preferentially excited, we analyze
the exciton state population and the exciton coherence evolution with time in the high-energy exciton state.
With the pulse field increases, Rabi oscillations appear and the exciton coherence effect increases. When the
pulsed field reaches a certain field strength, the exciton oscillation cooperativity disappears in the first 100 fs,
showing the non-local characteristic. The position of the wave trough of the exciton state population
corresponds to the peak in the exciton coherence size. It indicates that when the pulse field is intense enough, a
large number of molecules are in the exciton coherent state during the pulsed excitation, and transient out-of-

domain phenomena occur.
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