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Quantification for the Distribution of Hydrogen Bonding Species
in Phenolic Model Compounds and Polybenzoxazines
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Abstract— To understand the complex hydrogen bonding structure, several phenolic derivatives and benzoxazine model
compounds are synthesized and characterized by Fourier transform infrared spectroscopy (FT-IR). The estimation of molar
extinction coefficients for various types of hydrogen bonding species is systematically carried out by the curve-resolving of
FT-IR spectra. The distribution of hydrogen bonding species in benzoxazine model dimers is quantitatively analyzed. It is
revealed that benzoxazine dimers and BA-a polybenzoxazine are mainly composed of intramolecular interaction rather than

intermolecular interaction.
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Scheme 2. Ring opening polymerization of bifunctional benzoxazine monomer.

Table 1. Structures of the phenolic model compounds

Abbreviations Chemical structures TUPAC chemical names
OoH
(@) Phenol @ Phenol
OoH
'_'3
(D) Benzyl phenol © © 2-benzyl-4,6-dimethylphenol
Gt
OH OH
Hy a4
(D) Phenolic dimer © © 2,2’-methylene-4,4’,6,6’-tetramethyldiphenol
CHy CH
OoH
G
(VI) Methyl-dimer (‘]_b N,N-bis(3,5-dimethyl- 2-hydroxybenzyl)methylamine
O O+
OoH OoH
Hy G4
(V) Aniline-dimer N,N-bis(3,5-dimethyl- 2-hydroxybenzyl)aniline
O+ @ O

R
\

< aB
-O+0)
(VD) BA-a monomer Se %
N

2,2-bis(3,4-dihydro-3-phenyl-
2H-1,3-benzoxazine)propane

R

R = -C6H5
MBI110 FT-IR spectrophotometerS ©]-&3}] A B Ao A] #EE A} = -OH stretching %
th BE A RS AAEHL 2087 AAV|A R W AA = o] B Wil EE TEA
purgedt ¥ 2 cm™9] resolution® & 128 scand}e] 29 FTHR ~FEHL F o] KBr # Alo]d
AATh KBr pelletfol o3 ~AERS A= A4, 2 PR T A F ST col
KBr 2Zuo] 8o o HAs= g9 o 447 10 mM, 20 mM 2 50 mMe] EHE
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Fig. 1. Changes of the hydrogen bonding species in
phenol diluted in CCls. (@) 3 mM and (b) 500 mM.

S=IAdv=3cZ 1)

where, S: area of absorption,

A: absorbance,
: frequency,
: molar absorption coefficient,
: concentration of solution, and
path length of the cell.
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Table 2. Molar extinction coefficients for different hydrogen bonding species in model compounds

Hydrogen bonding species

Frequency range (cm’)

Molar extinction coefficient (I/mole + cm?)

Free -OH 3615 ~ 3611 Efree = 9,559
Intermolecular -OH:--O 3400 ~ 3360 SinteroH-0 = 1,542
Intramolecular -OH:- 1t 3562 ~ 3548 EinwaoH-n = 10,427

Intramolecular -OH:--O

3468 ~ 3467

EintraOH--0 = 38,308
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Table 3. Distribution of hydrogen bonding in benzoxazine model dimers
Hydrogen bonds Free -OH O,H o QH---O QH~~O OH(aI)\I
intra intra inter intra
F
reduency 3615 3559 3467 3364 ~3000
MethylDi (cm™)
mer 1 mM 0.08 0.06 0.11 0.02 0.74
50 mM 0.09 0.14 0.11 0.13 0.53
Frequency 3613 3548 3467 3363 ~3000
AnilineDi (cm™)
mer 1 mM 0.10 0.22 0.01 0.06 0.61
50 mM 0.14 0.31 0.08 0.03 0.44

® Fraction of OH***N intra

1 - [total fraction for Free -OH, OH- -1 intra, OH---O intra, and OH---O inter]

OH OH OH OH
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Fig. 5. Distribution of hydrogen bonds in Methyl dimer and Aniline dimer in CCl, solution; (@) 1 mM
(Methyl dimer), (b) 50 mM (Methyl dimer), and (c) Crystal (Methyl dimer), (d) 1 mM (Aniline dimer), (e)

5 mM (Aniline dimer), and (f) Crystal (Aniline dimer).
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