ELSP Al Mater.

Article | Received 22 July 2025; Revised 27 August 2025; Accepted 2 September 2025; Published 18 September 2025
https://doi.org/10.55092/aimat20250013

Supplementary material

Crystallographic insights into the hydrogen barrier mechanism of
polyethylene furanoate (PEF) for high-pressure storage applications:
comparison with polyamide 6 and polyethylene

Zhen Liu®¥, Yaolin Guo®1*, Bin Gu3, Nianxiang Qiu"’*, Xiaojing Bai®, Yifan Li®, Zheyu Hu’,
Muhammad Adnan® and Yajie Zhang?

I Ningbo Key Laboratory of High Performance Petroleum Resin Preparation Engineering and Technology,

Ningbo Polytechnic, Ningbo 315800, China

Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo
315201, China

3 The First Aircraft Institute, AVIC, Xi’an 710072, China

Yangtze Delta Region Institute (Huzhou), University of Electronic Science and Technology, Huzhou
313001, China

School of Materials Science and Engineering, Anyang Institute of Technology, Anyang 455000, China
College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin
150001, China

School of Materials Science and Engineering, China University of Petroleum (East China), Qingdao
266580, China

University of Chinese Academy of Sciences, Beijing 100049, China

T These authors contributed equally to this work.

* Correspondence authors; E-mails: guoyaolin@nimte.ac.cn (Y.G.); qiunianxiang @csj.uestc.edu.cn (N.Q.).

S1. The fitting process of CVFF parameters

The CVFF parameters for furan rings are fitted to the DFT results with basic numerical optimization

methods. The 4 equations for the bond length, bond angle, dihedral torsion and out-of-plane (oop) are

as follow:
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Ey = Ky[1+cos(ng¢ —xs)] (3)
Ey =Ky[1+cos(nyy —xy)] 4)

where r,0, ¢,y represent the bond length, bond angle, dihedral angle and improper dihedral angle,
respectively. Figure S1 shows the labels of atoms near furan rings and the fitted parameters are shown in
Table SI.
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Figure S1. (Color online) Molecular structure of a PEF monomer with atom labels near the
furan ring.

Table S1. Fitted results for CVFF parameters.

Order Label Equation K X(1.0,6.%) n
1 c’-c5 A.l 280.9 1.528 -
2 c5-op A.l 420.0 1.356 -
3 c’-c5-c5 A2 59.0 127.40 -
4 c5-c5-op A2 35.0 110.50 -
5 c’-c5-op A2 58.9 125.53 -
6 c5-¢’-0’ A2 79.8 122.11 -
7 0-c’-c5 A2 106.5 112.56 -
8 c5-op-c5 A2 75.0 105.28 -
9 c’-c5-op-c5 A3 8.43 180.0 2
10 c’-c5-c5-op A4 12.68 180.0 2
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