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Figure 1  Molecular structure and polymerization of 2,3-disubstituted benzoxazines
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Table 1 Free volume of polybenzoxazines

EEY V (A V, (AH FEV (%)
Poly(P-ddm) 12438.1 7935.7 17.1
Poly(2-Me-P-ddm) 13867. 4 8608. 9 19.3
Poly(2-iPr-P-ddm) 16116. 1 9947. 1 19.8
Poly(2-Ph-P-ddm) 17556. 3 10807. 9 20.0
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Figure 2 Hydrogen bond structure in polybenzoxazines
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Table 2 Ratio of hydrogen bonds in polybenzoxazines at 298K

REW OH--0 (%) OH-*N (%) B
Poly(P-ddm) 5.4140.0 68.1+2.6 73.5+2.6
Poly(2-Me-P-ddm) 16.1+1.8 60.04+1.3 76.1+2.4
Poly(2-iPr-P-ddm) 20.042.3 50.941.8 70.943.0
Poly(2-Ph-P-ddm) 0.040.0 62.4+1.9 62.4+1.9
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Figure 3 RDF of the four polybenzoxazines: (A) RDF between H in phenolic hydroxyl group and N in the system;
(B) RDF between H in phenolic hydroxyl group and O in the system
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Figure 4 Structure analysis of four polybenzoxazines: (A) C—N bond length, (B) C—N-—C bond angle
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Table 3 T, and B of polybenzoxazines

oY) T, (°C) B (ppm)
Poly(P-ddm) 218.3 77.0
Poly(2-Me-P-ddm) 224.1 61.1
Poly(2-iPr-P-ddm) 213.5 77.9
Poly(2-Ph-P-ddm) 242.0 55. 2
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Table 4 Density of benzoxazine monomers and polymers (298K)

LRVN B (g/cm®) REY B (g/cm®)

P-ddm 1. 1940 Poly(P-ddm) 1. 1590
2-Me-P-ddm 1. 1525 Poly(2-Me-P-ddm) 1. 1047
2-iPr-P-ddm 1. 0760 Poly(2-iPr-P-ddm) 1. 0684
2-Ph-P-ddm 1. 1683 Poly(2-Ph-P-ddm) 1.1101
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Influences of 2-Substituent on Hydrogen Bonds and Properties of
Polybenzoxazine Resins

WANG Yan, ZHANG Hai-jun, DENG Yu-yuan™ , XU Xin-yu, SI Wei-wei

(School of Petrochemical Engineering » Liaoning Petrochemical University » Fushun 113001, China)

Abstract: Based on typical 3-substituted benzoxazines, methyl, isopropyl and phenyl groups were introduced at the 2-
position, respectively. Influences of 2-substituent on hydrogen bonds and properties of polybenzoxazine resins were studied
by molecular dynamics simulation. Cross-linking structures of the four polybenzoxazines were established, and the free
volume fraction, hydrogen bond. glass transition temperature. thermal expansion coefficient and density were calculated.
The results show that the 2-substituent increases the free volume of polybenzoxazines and decreases the proportion of OH:+-+
N intramolecular chelating hydrogen bonds to a certain extent. The proportion of OH++ O hydrogen bonds in methyl-
substituted and isopropyl-substituted polybenzoxazines is increased, while phenyl substituted polybenzoxazine is difficult to
form OH:++-O hydrogen bonds. The radial distribution function verifies the formation of hydrogen bonds. Steric hindrance,
free volume and hydrogen bond affect the glass transition temperature and thermal expansion coefficient of

olybenzoxazines. Polybenzoxazine substituted by the phenyl group at the 2-position has the highest glass transition
temperature at 242. 0°C , while the glass transition temperature of polybenzoxazine substituted by the isopropyl group is the
lowest at 213.5°C, which is lower than that of unsubstituted polybenzoxazine.

Key words: Polybenzoxazines; Substituent; Hydrogen bond; Molecular dynamics simulation
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