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Integration Exploration of Polymer Physics Teaching and
Cutting-edge Research on Conjugated Polymers

LI Wei-wei"

(College of Material Science and Engineering, State Key Laboratory of Organic-Inorganic Composites,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Polymer physics, as a core course in polymer science, focuses on the study of the unique physical
properties of polymers. Within the polymer system, conjugated polymers stand out as a significant
category of semiconductor materials widely applied in the field of flexible electronics, serving as a
crucial component throughout the entire polymer system. However, traditional polymer physics courses
often lack coverage of relevant content related to conjugated polymers. Conjugated polymers exhibit
distinct properties compared to traditional polymers, characterized by a semi-rigid structure and strong
7-m interactions, endowing them with unique physical capabilities. This paper integrates fundamental
concepts of polymer physics with research on conjugated polymers, providing a comprehensive
exposition of research findings in areas such as single-chain behavior, solutions, glass transition
temperatures, crystallization, and mechanical properties. A detailed comparison with the properties of
traditional polymers is presented. These research outcomes not only contribute to a deeper understanding
of polymer physics concepts but also stimulate students' interest in innovative research, thereby achieving
the integration of science and education.
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Figure 1 Some typical conjugated polymers
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Figure 2 Schematic diagram of Kuhn length and persistence length, as well as the kuhn length and persistence length of three

types of polymers
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Figure 3 (a) Solubility parameters and Flory-Huggins parameters; (b) The chemical structure of the conjugated polymer PM6;

(c) 3D coordination of solubility parameter to select solvents to dissolve PM6 (Reproduced with permission from Ref. [4];

Copyright 2022 Springer Nature Publishing Group)
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Figure 4 Glass transition temperature of conjugated polymers. (a) DSC measurement for P3HT (Reprinted with permission

from Ref. [5]; Copyright 2004 Springer Nature Publishing Group); (b) DMTA method tests for the glass transition temperature

of polythiophene with different side chain lengths (Reprinted with permission from Ref. [6]; Copyright 2010 American Chemical

Society); (c) Absorption spectra method (Reprinted with permission from Ref. [7]; Copyright 2017 American Chemical Society)
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Figure 5 Single-crystal P3HT, the diffraction patterns and the crystal structures: (a) polarized optical microscopy image

of single-crystal P3HT microwires; (b) scanning electron microscopy images of P3HT wires formed on a silicon substrate;

(c) transmission electron microscopy image of P3HT microwires; (d) selected-area electron diffraction pattern of P3HT

microwires; (e) molecular and crystallographic structures of P3HT; (f) schematic representation of the hierarchical self-assembly

of P3HT chains into single-crsytal microwires (Reprinted with permission from Ref. [9]; Copyright 2006 WILEY-VCH Verlag

GmbH & Co. KGaA, Weinheim)
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Figure 6 The mechanical properties of conjugated polymers. PM6 with different side units and molecular weight, the image

of mechanical test and the stress-strain curves of these polymers (Reprinted with permission from Ref. [11]; Copyright 2022

American Chemical Society)
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