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Abstract�2,4,6-Tris(3,5-di-tert-butyl-4-hydroxybenzyl)resorcinol in the crystal and in solution has a
similar steric structure, favorable for its performance as peroxyl radical scavenger.
DOI: 10.1134/S1070363206060247

The antioxidative performance of polymer stabi-
lizers is largely determined by their structure. There-
fore, elucidation of the steric structure of polyphenolic
stabilizers is an urgent problem.

2,4,6-Tris(3,5-di-tert-butyl-4-hydroxybenzyl)resor-
cinol (I) is an effective stabilizer for many polymers
[1, 2]. The previously performed single crystal X-ray
diffraction study showed that the molecule of I has a
�basket� structure with the resorcinol ring plane as a
�bottom� and 3,5-di-tert-butyl-4-hydroxybenzyl frag-
ments as �walls� [3]. Similar steric arrangement of
sterically hindered hydroxybenzyl fragments is also
observed in the molecule of 1,3,5-tris(3,5-di-tert-
butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene [4].
It is believed that such a structure ensures high anti-
oxidative activity of this stabilizers, because the �bas-
ket� edges act as a trap for capture and deactiva-
tion of peroxy radicals [5].

In addition to X-ray diffraction data, it seems ur-
gent to examine compound I by IR spectroscopy and
elucidate the relationships of the IR characteristics of I
with the structure and properties of the molecules not
only in the crystal phase, but also in solutions, since
the solutions are more interesting from the practical
viewpoint.

The IR spectrum of a crystalline sample of I is
consistent with its structure and contains the following
characteristic absorption bands, cm�1: 3631/3551
(�OH); 2954, 2924, 2872, 1395, 1363 (CH3, CH2);
3071, 3005, 1609, 1480 (Ar); 1350�1000 (�>C�O,
�>C�C, �Ar) [6].

Of most interest for us is the region of �OH. The
pattern observed in the IR spectra of KBr pellets and
CCl4 solutions of I is qualitatively similar. As in the
spectrum of the crystal, the spectrum of the solution
contains a narrow peak at 3645 cm�1 and a broadened
band with a maximum at 3517 cm�1 (see figure).
As for the nature of these absorption bands, the wave-
number of the high-frequency component, 3645 cm�1,
virtually coincides with the value given in the litera-
ture for �OH(free) of sterically hindered cis-hydroxyl
in the o-tert-butylphenol molecule [7]. From the inten-
sity of this band, it is possible to estimate the number
of free OH groups in the molecule of I. For this pur-
pose, the molar extinction coefficient in the maximum
of the band at 3645 cm�1 in the spectrum of a solution
of I, 750 mol�1 cm�1 l, was compared to that of the
band at 3640 cm�1 of (3,5-di-tert-butyl-4-hydroxyben-
zyl)thiourea [8] chosen as reference (one free OH
group in similar environment), 280 mol�1 cm�1 l. The
ratio of 750 to 280 is 2.7, i.e., the intensity of the
band at 3645 cm�1 corresponds to three free OH
groups in the hydroxybenzyl fragments of I. Certain
differences between the frequencies in solution
(3645 cm�1) and in the crystal phase (3631 cm�1) are
quite natural and are due to the effect of the medium.

The low-frequency band at 3517 (in CCl4) or
3551 cm�1 (in KBr) should be assigned to resorcinol
hydroxyls of the �basket bottom.� As the solutions are
diluted from 10�4 to 10�5 M, the positions of the
maxima and the ratio of the peak intensities of the
bands at 3645 and 3517 cm�1 remain essentially un-
changed, suggesting that the hydroxy groups in I are
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Fragments of the IR spectra of I in (1) KBr and
(2�5) CCl4. cI, M: (2) 9.0 � 10�4, (3) 2.4 � 10�4,
(4) 1.3 � 10�4, and (5) 3.1 � 10�5. Cell thickness, cm:
(2, 3) 2 and (4, 5) 4.

not involved in the self-association. The significant
low-frequency shift of the resorcinol hydroxyl fre-
quencies in the spectra of I (64 cm�1 for the crystal
and 98 cm�1 for solutions) relative to �OH(free) of
2-methylresorcinol [9] should be attributed to an intra-
molecular hydrogen bond. The asymmetry of this band
suggests certain structural nonequivalence of two re-
sorcinol hydroxyls, which is consistent with the X-ray
diffraction data [3] on the distortion of the molecular
symmetry in the crystal.

The IR data allow us to estimate the contribution
of hydrogen bonds to the energy of I. We estimated
the hydrogen bond energy by the Iogansen intensity
rule [9]:

��H = 12.12�A 1/2,

where �H is the hydrogen bond energy, and �A 1/2 =
A1/2

� A 0
1/2 is the difference between the square roots

of the integral molar intensities (104 cm mmol�1) of
the absorption bands �OH of the hydrogen-bonded (A)
and free (A0) OH groups.

By measuring the area S of the peak at 3517 cm�1

(in the optical density scale), we obtained A for the
solution of I in CCl4: 1.14, or 0.57 per OH group. As
A0 of �OH(free) we took the value of 0.4 given in [10]

for the band at 3615 cm�1 of a solution of 3,5-dime-
thylphenol in CCl4. This value well agrees with the
value we obtained for the band at 3615 cm�1 of 2-
methylresorcinol in CCl4 (per OH group): A0 0.37.
Thus, the energy of the intramolecular hydrogen bond
in I is 1.48 kJ mol�1 per OH group, or 2.96 kJ mol�1

for two resorcinol hydroxyls in I. The value of
1.48 kJ mol�1 is close to the energy of the OH����

intramolecular hydrogen bond in 2-benzylphenol
(1.38 kJ mol�1 [7]), which suggests that the H bond
in I is of similar type. This assumption is confirmed
by the presence of short contacts between the resor-
cinol hydroxyl protons and carbon atoms of the aro-
matic rings of the hydroxybenzyl fragments in the
crystal of I [3].
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The preservation of the intramolecular OH����

bonds in the solution of I suggests that the conforma-
tion realized in the liquid phase is largely similar to
that in the crystal (�basket�), with somewhat higher
mobility of the fragments (as follows from the shift
and broadening of the low-frequency �OH band).

Our results show that the IR spectra of compounds
of type I allow estimation of the structure and proper-
ties of molecules of these compounds in different
media. The structure of I is favorable for its antioxi-
dative performance in stabilization of both solid poly-
mers and liquid organic media.

EXPERIMENTAL

The IR spectra were recorded on a Bruker Vector-
22 Fourier IR spectrometer in the range 4000�
400 cm�1 with 1 cm�1 resolution. Samples were pre-
pared as KBr pellets and CCl4 solutions. Solution
concentration 9 	 10�4

�3 	 10�5 M, cell thickness 2
and 4 cm.

2,4,6-Tris(3,5-di-tert-butyl-4-hydroxybenzyl)resor-
cinol was prepared by the procedure described in [1].
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