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Abstract

Conducting polymers are promising materials for optoelectronic devices, chemical
sensors, flexible electronics, and energy-conversion technologies because of their
tunable electronic and optical properties. Understanding the relationship between
electronic structure and optical absorption is essential for explaining their behavior
and guiding the development of functional polymeric materials. This thesis
examines the theoretical relationship between frontier molecular orbitals,
electronic excitation energies, and optical absorption in three representative
conducting polymers: polyaniline, polythiophene, and poly(3,4-
ethylenedioxythiophene). Particular attention is given to density functional theory
(DFT) and time-dependent density functional theory (TD-DFT) as complementary
approaches for investigating molecular electronic states and optical transitions. The
discussion emphasizes that the HOMO-LUMO energy difference is a useful
descriptor of molecular electronic structure but should not be interpreted as directly
equivalent to the optical excitation energy. Molecular conjugation, backbone
conformation, oxidation state, and doping can substantially influence the electronic
states responsible for light absorption. Furthermore, finite oligomer models
provide useful molecular-level insights but cannot fully represent the structural and
intermolecular complexity of bulk polymeric materials. The analysis highlights the
importance of combining quantum-chemical calculations with spectroscopic
evidence to obtain a more reliable understanding of structure—property

relationships in conducting polymers.
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Introduction ‘
Conducting polymers combine the processability and structural versatility: of
polymeric materials with electronic properties arising from conjugated molecular
backbones. Their optical behavior is strongly associated with the distribution of
electronic states and the transitions induced by electromagnetic radiation.
Polyaniline, polythiophene, and PEDOT are particularly relevant examples
because their different molecular architectures and responses to doping produce
distinct electronic and spectroscopic characteristics.

Quantum-chemical methods provide a theoretical framework for investigating
these relationships. DFT can be used to examine molecular geometry and frontier
orbitals, while TD-DFT enables the theoretical analysis of excited-state energies
and optical transitions. These approaches help interpret absorption spectra and
investigate how molecular structure influences optical response.

Main Discussion

The electronic structure of conducting polymers is governed by m-electron
conjugation along their molecular backbones. Greater effective conjugation can
modify the distribution of electronic states and the energies of accessible
transitions. However, the relationship is influenced by molecular geometry, chain
length, and the chemical state of the polymer.

In polythiophene, backbone conformation and oligomer length are important
factors in determining electronic delocalization. In polyaniline, oxidation and
protonation states affect charge distribution and optical absorption. In PEDOT,
doping and the formation of polaronic or bipolaronic states can introduce
additional electronic transitions that are not adequately described by a neutral

molecular model alone.
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An important consideration is the distinction between the HOMO-LWMO energy
difference and the optical excitation energy. The former describes the separation
between selected molecular orbital energies, whereas the latter relates te an
electronically excited state. Their relationship depends on the computatiohal_
method and the characteristics of the excited state. Consequently, optical properties
should be evaluated using excitation energies and transition intensities, together
with appropriate experimental evidence where available.
DFT and TD-DFT therefore offer complementary rather than interchangeable
information. Their combined application can improve the interpretation of
ultraviolet—visible absorption spectra, provided that the molecular model, oxidation
state, and computational assumptions are clearly defined.
Conclusion
The electronic structure of conducting polymers provides a fundamental basis for
understanding their optical properties. The comparison of polyaniline,
polythiophene, and PEDOT demonstrates the importance of conjugation,
molecular conformation, oxidation state, and doping in determining electronic
transitions. DFT and TD-DFT can support the interpretation of these effects by
providing complementary information about molecular orbitals and excited states.
Nevertheless, calculated molecular properties should not be directly equated with
bulk optical behavior without considering intermolecular interactions and
structural complexity. Integrating quantum-chemical calculations with
spectroscopic measurements represents a valuable strategy for understanding
conducting polymers and guiding the design of materials for optoelectronic
applications.
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