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Fig. 1 Schematic of a structure-property study framework for polyurethanes using the group contribution method.
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Table 1 Cohesive energy density and its force components of different IPDI-based repeat units.

Repeating Unit CED (J/em?) van der Waals contribution (J/cm?) Electrostatic contribution (J/cm?)
IPDI-PEG1000 206.3 183.0 11.28
IPDI-PTMG1000 258.9 233.6 9.76
IPDI-PTMG2000 265.6 242.5 7.23
IPDI-PPG2000 202.3 183.1 6.35
IPDI-PBA2000 158.7 136.0 8.80
IPDI-PHA2000 172.9 146.1 12.25
IPDI-BDO 172.4 140.9 16.99
IPDI-HDO 199.8 164.0 10.97
IPDI-NPG 133.7 101.0 18.51
IPDI-DMPA 135.6 91.6 30.77
IPDI-TMP 148.6 111.2 23.58
IPDI-EDA 195.8 144.2 35.85
IPDI-IPDA 147.0 110.4 20.96
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Table 2 Cohesive energy density and its force components of different isocyanate-based repeat units.

Repeating Unit CED (J/em?) van der Waals contribution (J/cm?) Electrostatic contribution (J/cm?)
IPDI-PTMG2000 265.6 242.5 7.23
H;,MDI-PTMG2000 250.9 226.4 8.60
HDI-PTMG2000 281.1 257.1 8.00
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Research Article

A Molecular Dynamics and Structural Unit Contribution Analysis of
Waterborne Polyurethane Structure-property Relationships

Jia-yi Jiang'-3, Zhou-yi Wang?, Shi-bo Hong?, Hao Long?, Xu Ji!, Li Zhou'-**
(!School of Chemical Engineering, Sichuan University, Chengdu 610065)
(°Chonggqing International Composite Materials Co., LTD, Chongqing 400082)
(3State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)

Abstract To address the challenges associated with the traditional empirical trial-and-error approach in waterborne
polyurethane research, this study presents an integrated methodology that combines molecular simulation and the
structural unit contribution method. First, a modular design strategy was employed to deconstruct the polyurethane
system, and the key thermodynamic parameters of the components were obtained through molecular dynamics
simulations. Second, a “formulation-property” calculation method was established based on the structural unit
contribution method, enabling a quantitative correlation from microscopic structural units to segmental mobility.
Finally, by integrating the structure-property relationship analysis with experimental validation, a strategy for
regulating the material performance was established. Case studies revealed three typical mechanical behavior
characteristics of polyurethanes: “high strength and high toughness,” “high stiffness and high brittleness”, and
“stiffness-toughness balance” along with their underlying microscopic regulation mechanisms. This study provides a
methodological reference for the optimized design and performance-oriented regulation of waterborne polyurethane

materials.
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contribution method; Structure-property relationship

* Corresponding author: Li Zhou, E-mail: chezli@scu.edu.cn



