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In several studies, we have used a technique known as
variable ionization energy mass spectrometry (VIEMS) to
detect methyl radicals that were formed during either the
decomposition of azomethane or the catalytic reaction of
methane with oxygen over metal oxides that promote the
oxidative coupling of methane [1–3]. Gas phase CH3· rad-
icals have independently been shown to be intermediates in
both types of reactions [4–7]. The VIEMS method takes
advantage of the fact that the appearance potential for CH3·
(9.8 eV) is much less than that of CH4 (12.8 eV); thus, CH3·
radicals can be detected in the presence of a large excess of
CH4, provided the electron impact energy of a mass spec-
trometer is adjusted so that CH3· radicals are preferentially
ionized.

Gladky et al. [8], in the accompanying paper, have crit-
icized our interpretation of the VIEMS results shown in
figure 1 of their note (also figure 1 of [3]), and questioned
whether the peak at 15 amu in spectrum (c) results from
methyl radicals. Their interpretation is based on ionization
cross sections for the reactions

CH3·→CH+
3 + e− (1)

CH4→CH+
4 + e− (2)

CH4→CH+
3 + H + e− (3)

They argue that at an electron impact energy of 19 eV,
the ionization cross sections for reactions (2) and (3) would
be so large that one could not detect methyl radicals in a
gas mixture containing 1% CH3· in CH4, as we claim [3].
Furthermore, they conclude that the actual electron impact
energy is close to 19 eV, as indicated by the ratio of the 15
and 16 amu peaks in figure 1(A), spectrum (b).

We disagree with both conclusions of Gladky et al. In
our papers, we were careful to point out that only nominal
electron energies were reported, i.e., the values reported
could have differed from the actual energies by several eV.
Stair and co-workers [4] carried out a similar experiment
on the C1 fragments derived from pyrolysis of azomethane,
and they used the appearance potentials of methyl radicals
and argon to calibrate their system. Although not specifi-
cally stated, we relied on the occurrence of reaction (2) to
calibrate our system. The presence of significant peaks in

figure 1(A), spectrum (c), at 18 and 32 amu, due to H2O
(12.6 eV) and O2 (12.1 eV), respectively, but only a weak
peak at 16 amu due to CH4 (12.8 eV), indicates that the
actual electron impact energy was ca. 13 eV. Methane, of
course, was the major component. Based on the results
shown in figure 2 of [8], one would expect that the cross
section for CH3· radical ionization would be >20 fold that
of CH4 ionization at 13 eV.

The implications of using a nominal electron impact en-
ergy are further apparent when one compares the results of
figure 1 in [8] with those of figure 2 in [2]. In the for-
mer case the nominal energy was reported to be 19 eV and
in the latter case it was 16 eV. At 16 eV the ratio of the
15 amu peak to 16 amu peak was larger, which may indi-
cate a slightly smaller actual impact energy or it may reflect
the fact that the Sr/La2O3 catalyst is particularly effective
in generating CH3· radicals. Nevertheless, in both cases,
the ratio of the 15 amu peak to the 16 amu peak was large.
The nominal electron energy that was required to produce
acceptable signal levels with a large mass 15-to-mass 16
ratio increased slowly with usage of the mass spectrom-
eter, presumably due to the formation of a carbonaceous
residue on the filament. The argument of Gladky et al. that
the electron impact energy cannot be as small as 13 eV is
based on their interpretation of figure 1(A), spectrum (b).
Since the amplitude of the peak at 15 amu is about 80% of
the amplitude of the peak at 16 amu, they conclude from
the cross sections shown in their figure 2 that the impact
energy must actually be about 19 eV. They fail to recog-
nize, however, that there is a significant background peak
at 15 amu, of unknown origin, when no CH4 is present
in the system. The intensity of this peak, shown in spec-
trum (a), is comparable to that in spectrum (b), but it is
small compared to the peak at 15 amu of CH3· radicals in
spectrum (c). The contribution at 15 amu in spectrum (b)
is, therefore, a result of this background contribution and
is not an indication of a large impact energy.

Finally, the case against the detection of CH3· radicals
by this method is unsupportable based on chemical evi-
dence. The reaction of CH4 and O2 over these catalysts
has definitively been shown by us and other investigators
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to produce CH3· radicals. The radicals have been detected
using matrix isolation electron spin resonance techniques
[6,7,9] and photoionization together with mass spectrom-
etry [5]. Under the conditions used in the studies under
consideration, gas-phase CH3· radicals would definitely be
formed if CH4 and O2 were passed over these catalysts at
elevated temperatures, and the growth of the peak at 15 amu
in figure 1, spectrum (c), confirms their presence. Accord-
ing to the arguments of Gladky et al., based on ionization
cross sections for CH4, it is not possible to explain why the
intensity of the mass 15 peak would increase dramatically
(spectrum (c)) when the temperature of the catalytic reac-
tor was increased from 25 to 775 ◦C. Moreover, mixtures
of CH4 and CH3· radicals, derived from the decomposition
of azomethane, and CH4 produce the expected results. That
is, one can observe a large ratio for the 15 amu-to-16 amu
peaks, even when the CH3· radicals are diluted in CH4.
Admittedly, the VIEMS method is not highly quantitative,

but it does allow one to detect CH3· radicals and to evaluate
their relative concentrations in a semiquantitative manner.
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