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APPENDICES
Appendix A Synthesis of Polybenzoxazine

Polybenzoxzazine can be synthesized via a solvent method proposed by
Ishida (1996) through the Mannich condensation reaction of phenol, formaldehyde,
and amine, having water as by-product. Figure AL shows the synthesis reaction and
thermal polymerization of polybenzoxazine.

0
I / \
R: OH + H—C—H * R-—NH, —> R —0Q  + H,0
&
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—_>
A N
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Figure AL Synthesis reaction of polybenzoxazine.
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Appendix B Peak Positions and Assignments in the FTIR Spectrum of
Benzoxazine

The chemical structure of the benzoxazine, main-chain type benzoxazine
polymer derived from bisphenol A, formaldehyde, and triethylenetetramine (teta),
was confirmed by FTIR technique. The intensity of trisubstituted benzene ring at
1504 cmr1 and out-of-plane bending vibrations of the benzene ring at 936 cmu
confirmed that the main-chain type benzoxazine precursor was successfully obtained.
After the precursors were fully cross-linked, the intensities of these two hands
significantly decreased, indicating that the ring-opening of oxazine ring took place.

Table Bl Peak positions and assignments in the FTIR spectrum of resulting
benzoxazing precursors

Frequency Benzoxazine Poly Carbon
(cm Q) Assignments precursors benzoxazine  xerogels

1230 asymmetric stretching of C-0-C y X

1185 asymmetric stretching of C-N-C y y X

1325-1328  CH2wagging of oxazine ring y y X

1504 trisubstitute bezene ring y T X

out-of-plane bending of benzene ring
936 to which oxazine ring is attached y T X

Notes: == peak was detected, x= peak was not detected, and \h= peak was
decreased
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Appendix ¢ Peak Positions and Assignments in the 'H-NMR spectrum of
Benzoxazine

The chemical structure of the benzoxazine, main-chain type benzoxazine
polymer derived from bisphenol A, formaldehyde, and triethylenetetramine (teta),
was confirmed by 'H-NMR technique. The 'H-NMR spectrum indicates the oxazine
ring formation, as can be seen from the characteristic peaks at 4.82 ppm (O-CHz-N)
and 3.94 ppm (Ar-Cff-N), representing the protons of methylene bridge in oxazine
ring. The peak at 1.55 ppm corresponds to the protons of methyl groups in bisphenol-
A. Moreover, the proton resonance belonging to aliphatic amine is found at 2.86 ppm
and the resonance at 3.70 ppm represents the protons of -CHz- of the opened oxazine
ring, indicating that MCBP(BA-teta) was in a partially-cured state.

Table Cl Peak positions and assignments in the 'H-NMR spectrum of resulting
benzoxazine precursors

Peak position (ppm) Assignments

4.82 0 -CH-N

3.94 Ar-CH2N

155 -CH3 in Bisphenol-A
2.86 aliphatic amines

3.70 -CHz- of opened oxazine ring
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