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Abstract—The quantum-chemical calculations of the hydroxymethyl radical *CH,OH were performed for
the first time and a theoretical EPR spectrum of this radical was constructed. The formation of the hydroxym-
ethyl radical in the reaction of methanol oxidation is thermodynamically favorable. The shape and parame-
ters of the constructed spectrum differed from those for radicals experimentally detected in the catalytic oxi-
dation of methanol using the matrix isolation method. However, they are consistent with the spectrum
ascribed to the EPR spectrum of *CH,OH observed in the direct photolysis of methanol. This result allows
one to refine the identification of the nature of radicals formed in the catalytic reaction of methanol oxida-

tion.
DOI: 10.1134/S0023158409040168

As reported previously [1], methoxyl and methyl
peroxide radicals are formed in the reaction of metha-
nol oxidation on a mixed-type catalyst (Pt + silica gel)
at 450—720°C. These radicals were detected using the
matrix isolation method with EPR spectra recording
[2]. Analogous spectra of radicals (Fig. 1 shows the
typical shape of an experimental spectrum) were
observed in a study of the reaction of methanol oxida-
tion on pure silica, as well as alumina and mixed plat-
inum-containing catalysts on these supports (the
resulting spectra had the following parameters: g =
2.030, g, =2.008,and 4, = 8.7 G) [3].

In all of our experiments, we failed to detect OH " or

HO; radicals. This was likely due to the strong adsorp-
tion of radicals on the support surface, which was
dehydroxylated under pretreatment conditions.

However, the formation of the hydroxymethyl rad-
ical ‘CH,OH along with the radicals CH,05, OH", and

HO); has been usually considered in publications on
combustion chemistry and atmospheric physics [4—7]
because its formation is thermodynamically more
favorable than the formation of the methoxyl radical

CH;0":

Reaction AH,, kcal/mol

CH,OH + M = CH; + OH" 92.2
CH,OH + M ="CH,OH + H 98.0

CH,OH + M = CH,0" + H 104.1
CH,OH + M = "CH, + H,0 91.8.

We performed quantum-chemical calculations for
the hydroxymethyl radical and constructed its theoret-
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ical EPR spectrum. The equilibrium geometry of the
radical in a vacuum (Fig. 2) was calculated using the
hybrid electron density functional (UB3LYP with the
6-311g(3df,3pd) basis set) in GAUSSIAN-98 [8]. The

Fig. 1. EPR spectra of matrix isolated radicals (/) before
and (2) after photolysis. Tieqction = 325°C.
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Fig. 2. Geometry of the radical ‘CH,OH calculated using the GAUSSIAN program. Bond lengths (A) are specified.

resulting atomic coordinates were subsequently used
to calculate the parameters of the EPR spectrum
(g tensor and HFI tensors) using the ADF-2005 pro-
gram [9] (relativistic scalar/spin—orbit ZORA
method; QZ4P basis).

The molecular coordinate system was chosen as
follows. The x axis coincided with the direction of the
O—C bond; the y axis was directed from H3 to H2; and
the z axis was the vector product xy. The following val-
ues were obtained for the main g-tensor components
and the Euler angles o, Bg, and yg, which specify the
orientation in the molecular coordinate system: g, =
2.0050, g, = 2.0036, g; = 2.0021; ag = 312.8°, B =
3.7°, and yg5 = 342.4°. The table summarizes the iso-
tropic HFI constants (4,,,), the main components of
HFT tensors (A4, , A,,, and A;3), and the orientation (.,
B, and v) of HFI tensors with respect to the main axes
of the g tensor of the radical.

Note that HFI tensors can be calculated not only
using the ADF program but also in the GAUSSIAN
program. The corresponding control calculation
(UB3LYP method; EPR-III basis) gave the orienta-

tions of HFI tensors almost identical to those shown in
the table. In this case, the main values of HFI tensors
differed from those calculated using the ADF program
by no more than 10%.

Figure 3 shows the spectrum of the radical "CH,OH
simulated by the ESR1 program [10] with the use of
the above parameters for several values of the width (A)
of an individual line of the EPR signal at a Gaussian

line shape:
fix) = Lexp{— x—j
A2n 2A

A comparison between the experimental and cal-
culated spectra indicated that they are different in
both the numbers of components and splitting values.
At the same time, the theoretically constructed spec-
trum for width parameters of 2—5 G is consistent with
the EPR spectrum of the hydroxymethyl radical
shown in Fig. 4. This EPR spectrum was registered by
Garibyan et al. [11] in the direct photolysis of metha-
nol frozen at 77 K (where an asymmetric doublet with
a splitting of 132 G is ascribed to the formyl radical).

Theoretically calculated HFI constants (MHz) and the orientation of HFI tensors (degree) with respect to the main axes

of the g tensor for the protons of the radical ‘CH,OH

Proton Aiso Ay Ay Asz o B Y
H1 -9.7 —24.8 —17.5 13.3 6.0 86.0 83.6
H2 —38.7 —74.3 —35.7 —6.2 305.1 78.3 89.7
H3 —46.9 —82.1 —44.6 —14.0 358.2 99.1 86.8
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Fig. 3. EPR spectra of the hydroxymethyl radical constructed based on the results of quantum-chemical calculations performed
for the following widths (A) of individual Gaussian lines: (/) 2, (2) 5, (3) 6, (4) 7, and (5) 7.5 G.
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Fig. 4. EPR spectrum of the radicals ‘CH,OH and CHO' according to published data [11].
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The above consideration allowed us to identify the
experimental spectrum obtained by freezing the radi-
cals in the catalytic reaction of methanol oxidation as
the superposition of methoxyl and methyl peroxide
radicals.

It is likely that, in gas-phase oxidation, the cleavage
of the weakest C—H bonds is the primary event. This
leads to the formation of *CH,OH radicals, whereas,
under catalytic reaction conditions, the catalyst can
affect the activation mechanism of the methanol mol-
ecule or cause the isomerization of the primarily
formed hydroxymethyl radical into the methoxyl rad-
ical. This approach allows us to explain the absence of
the thermodynamically preferable hydroxymethyl
radical from the experimental spectrum.
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