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Abstract
Full Text
Chemistry

L. A. Igonin and S. I. Bass

Infrared Absorption Spectra of Oxybenzylamines
(Presented by Academician V. A. Kargin, April 3, 1958)

According to the work of a number of investigators (1), carried out on model
mono- and disubstituted phenols, in the process of curing phenol–formaldehyde
resins with hexamethylenetetramine, oxybenzylamines are formed—interme-
diate products of the curing reaction. Oxybenzylamines are polynuclear
compounds in which the phenolic nuclei are linked by dimethyleneamine
(—CH2—NH—CH2—)
Fig. 1. Infrared absorption spectra:

a —compound (I)

CH3-substituted phenolic nucleus—CH2—NH—CH2—CH3-substituted phenolic nucleus
(I)

b —compound (II)

H3C-substituted phenolic nucleus—CH2—N(CH3-substituted phenolic nucleus)—CH2—CH3-substituted phenolic nucleus
(II)

and trimethyleneamine (N(CH2—)3) bridges. It is assumed that, during cur-
ing, these bridges, under the influence of thermal action, are converted into
methylene and azomethine bridges.

It was of considerable interest to test the above ideas by using infrared spec-
troscopy methods. Despite the fact that infrared spectroscopy is one of the
few methods that can be used for the structural investigation of infusible and
insoluble curing products, very few works devoted to this question have been
published. In the available works (2), the spectra of

absorption of a number of substituted phenols and of certain novolac and resol
resins. At the same time, there are no works dealing with the study of the
processes of curing phenol–formaldehyde resins under the influence of hexam-
ethylenetetramine.
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In the present communication, results are given for a study of absorption spectra
in the infrared region of certain oxybenzylamines obtained by the interaction of
phenol and its mononuclear derivatives

Fig. 2. Infrared absorption spectra of polynuclear oxybenzylamines:

a —

HO−C6H3(CH3)− [CH2−NH−CH2−C6H3(OH)(CH3)]n CH2−NH−CH2−C6H3(OH)(CH3)

b —

HO−C6H3(C(CH3)3)− [CH2−NH−CH2−C6H3(OH)(C(CH3)3)]n CH2−NH−CH2−C6H3(OH)(C(CH3)3)

c —

HO−C6H3(Cl)− [CH2−N(CH3)−CH2−C6H3(OH)(Cl)]n CH2−N(CH3)−CH2−C6H3(OH)(Cl)

with hexamethylenetetramine. In Fig. 1 are presented the absorption spectra
of two model substances: 2,2′-dioxy-3,5,3′,5′-tetramethyldibenzylamine (I) and
the corresponding trioxybenzylamine (II):

HO−C6H2(CH3)2−CH2−NH−CH2−C6H2(CH3)2−OH (I)

[HO−C6H2(CH3)2−CH2]3N (II)

These products were obtained from 2,4-xylenol by the method described in work
(3).
On the basis of the available literature data (2), it is possible to identify some
of the most intense bands in the absorption spectra of these compounds. Thus,
the absorption band in the region of 11.6 𝜇, present in the spectra of both
compounds, should be assigned to the structure of tetrasubstituted benzene.
The intense band in the region of 8.3 𝜇 is usually

Fig. 3. Infrared absorption spectra of high-molecular-weight oxybenzylamines:
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Fig. 3. Infrared absorption spectra of high-molecular-weight oxybenzylamines:
a —polymer with methyl-substituted phenolic rings; b —polymer with

tert-butyl-substituted phenolic rings.

Figure 1: Fig. 3. Infrared absorption spectra of high-molecular-weight oxy-
benzylamines: a —polymer with methyl-substituted phenolic rings; b —polymer
with tert-butyl-substituted phenolic rings.

assigned to deformation vibrations of 𝑂—𝐻. In addition to these bands, the
fairly intense bands we found in the region of 11.8 and 11.92 𝜇 are of great inter-
est. The first of them is present in the spectrum of dibenzylamine, the second
in the spectrum of tribenzylamine; moreover, both bands are located close to
the intense band characteristic of the structure of tetrasubstituted benzene.

Figure 2 gives the absorption spectra of polynuclear oxybenzylamines. These
oxybenzylamines are obtained by heating to 140—160∘ a thoroughly ground
mixture of the corresponding phenol with hexamethylenetetramine and are com-
paratively low-molecular-weight compounds (4). In addition to the absorption
bands indicated above, corresponding to tetrasubstituted benzene and hydroxyl,
the spectra of polynuclear oxybenzylamines contain intense bands in the re-
gion of 12.2 𝜇, corresponding to a trisubstituted benzene ring—the terminal
groups of these compounds. In the spectra of all oxybenzylamines obtained
on the basis of phenol and its 𝑝-substituted derivatives, there is an absorption
band in the region of 11.84 𝜇, corresponding to the dimethyleneamine bridge
—𝐶𝐻2—𝑁𝐻—𝐶𝐻2—, whereas in the spectrum of the polymer obtained on
the basis of

of o-chlorophenol, an absorption band is observed in the region of 11.92 𝜇, cor-
responding to the trimethyleneamine bridge 𝑁(𝐶𝐻2—)2. These results agree
with the data of a number of authors (1), according to whom p-substituted
phenols react with hexamethylenetetramine with the formation predominantly
of dibenzylamines, whereas o-substituted phenols form predominantly tribenzy-
lamines.

Figure 3 presents the absorption spectra of high-molecular-weight oxybenzy-
lamines obtained by the interaction of phenols with hexamethylenetetramine
in diphenyl solution; these spectra essentially repeat the absorption spectra of
polynuclear oxybenzylamines shown in Fig. 2. In the absorption spectra of
polyoxybenzylamines, the bands in the region of 12.2 𝜇, corresponding to termi-
nal groups, are considerably weakened, but do not disappear completely, which,
apparently, is due to the considerable branching of these polymers.

We see that the absorption bands characteristic of dimethyleneamine and
trimethylene bridges also appear in the absorption spectra of polyoxybenzy-
lamines shown in Fig. 3.

Thus, the absorption bands in the spectra of model oxybenzylamines in the
regions of 11.84 𝜇 and 11.92 𝜇, caused by the presence in them of dimethyle-
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neamine and trimethyleneamine bridges, are also present in the spectra of
polynuclear oxybenzylamines and in polyoxybenzylamines. This makes it possi-
ble to use these characteristic absorption bands for the structural investigation
of curing processes of phenol–formaldehyde resins in those cases where curing
proceeds through the stage of formation of oxybenzylamines.
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