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Brief Communications

15N Isotope-selective infrared multiphoton dissociation of nitromethane
by a free electron laser
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Successful experiments on the isotope-selective infrared multiphoton dissociation (IR
MPD) of nitromethane molecules in the region of stretching vibrations of the NO, group
have been performed for the first time under IR free electron laser (FEL) irradiation in a
mixture with the natural content of the 15N isotope of 0.4%. The content of the !N isotope
in the products of NO dissociation varies within 0.1—1.6% as a function of the laser

radiation frequency.
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We have previously reported! on the first successful
attemnpt at using IR free electron laser (FEL) radiation
for isotope-selective multiphoton dissociation (MPD) of
formic acid. Varying the wavelength of FEL radiation in
the region of stretching vibrations of C=0, we were able
to increase the contents of *C and 30 from 1.1 to 22%
and from 0.2 to 1%, respectively, in the CO formed due
to the dissociation. In this work, we performed nitrogen
isotope-selective IR MPD of nitromethane molecules by
resonance excitation of the stretching vibrations of the
NO, group. The absorption bands of these vibrations
appear in the region of 6.3 um and have high intensities
and sufficiently great spectral shifts for nitrogen isotopes
4N and BN (~25 cm™).

Experimental

Experiments were carried out on a Marc 1II free electron
laser (Duke University, N. C., USA). The radiation was varied
within 6.0—7.1 um and consisted of macropulses with fre-
quency 10 Hz, energy 4~—8 mJ, and duration 1—1.5 us. Each
macropulse was a sequence of micropulses with duration
1—2 ps separated by an interval of 350 ps. The radiation was
focused by a BaF, lens with a 90-cm focus distance to the
center of a glass cylindrical cell with diameter 1.2 em and
length 12 cm. The cell was directly attached to a quadrupole
mass spectrometer for analysis of the dissociation products.
The MeNO, pressure in the cell was varied from 0.25 10 6 Torr
in different experiments. The irradiation time was varied from
10 to 30 min, and conversion was within 2—6%. The compo-~
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nents of the gas mixture were separated using a low-tempera-
ture trap before mass spectral analysis.

Results and Discussion

In early works on the study of the mechanisms of
thermai®*® and photochemical® decomposition of nitro-
methane, the authors suggested that the following reac-
tion with a dissociation barrier of 60 kcal mol™! is the
primary elementary act:

MeN02 - Me + N02 (1)

The complexity and variety of secondary chemical
processes in this system were mentioned. In the later
works,5—7 the authors considered the isomerization of
excited molecules

MeNO," — MeONO* )

with a barrier of 47 kcal mol™! 3 followed by the disso-
ciation

MeONO™* — MeO + NO. 3)

In our experiments, NO and MeONO are the main
products (Fig. 1). C,H,, CH,, and C,H, are also formed
in minor (an order of magnitude lower) amounts. The
absence of NO, means that no dissociation of the ex-
cited nitromethane molecules (1) occurs under the MPD
conditions, and isomerization (2) with the formation of
excited MeONO molecules, which are then decomposed
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Fig. 1. Dependences of the partial pressure (p) of NO (1) and
MeONO (2) on the irradiation time (pressure of MeNO,
1 Torr, laser radiation frequency 1580 cm™!, and macropulse
energy 8 mJ).
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Fig. 2. Dependences of the yields of NO (7) and MeONO (2)
on the initial pressure (p,) (irradiation time 20 min, laser
radiation frequency 1580 cm™!. and macropulse energy 8 ml).

partially to NO and the MeO" radical and partially
stabilized upon collisions with nitromethane molecules,
is the main primary process. When the nitromethane
pressure increases, the collision frequency increases and,
hence, the fraction of MeONO molecules increases
(Fig. 2). This scheme is confirmed by the calculations
(performed according to the RRCM theory) of the
lifetime of the excited MeONO molecules.

Estimates of the radical concentration show that the
gas-phase reactions between the dissociation products
can be neglected under the conditions of our experi-
ments. Therefore, the MeO " radicals have time to dif-
fuse to the cell wall, where C,H, and other by-products
can be formed due to reactions of particles adsorbed on
the surface.

The isotope selectivity of MPD of nitromethane was
studied by measurement of the ISNO/“NO ratios in the
decomposition products using the mass spectral lines
with m/z =31 and m/z = 30, respectively. All experi-
ments were carried out with samples with the natural
content of *N (0.365%).

The IR absorption spectrum of nitromethane Me!*NO,
contains the bands of symmetrical and (1384 cm™') and
antisymmetrical (1582 cm™! ) stretching vibrations of the
NO, group (Fig. 3). The corresponding absorption bands
of Me!SNO, are not seen in the spectrum due to the low
concentration. The position of the band of the antisym-
metrical vibration of the Me!SNO, molecule (1557 cm™),
whose isotope shift was calculated from the published?
data, is shown by the dotted line in Fig. 3. Both a
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Fig. 3. a. Region of the absorption spectrum of Me*NO,
containing bands of stretching vibrations of the NQ, group (I)
and the band of the antisymmetrical vibration of the Me!’NO,
molecule (2). 5. Dependence of the 'SN isotope content in NO
formed during dissociation on the laser radiation frequency.
Solid line indicates the natural content of the !*N isotope. The
total pressure is 1 Torr.

decrease and an increase in the content of the ¥N isotope
as compared to the natural content is observed when the
frequency of the laser radiation changes. The maximum
enrichment coefficient o that was achieved (determined
as the ratio of SNO/!NO to the natural content of *N)
was a little higher than 4. The transition point, i.e., the
laser radiation frequency for which the probabilities of
MPD of the both isotopic varieties were equal, was at
1550 cm™!. Me!*NO, molecules dissociate predominantly
when the radiation frequency is lower than the transition
point, and Me!"NO, dissociate at a higher frequency. If
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Fig. 4. Dependence of the enrichment coefficient of NO in the
15N isotope () on the pressure of nitromethane vapor (p) at
the laser radiation frequency of 1460 cm™L.

the MPD probability is proportional to the absorption
coefficient in the IR spectrum, the transition point would
be in the middle between the vibration frequencies of
M &*NO, and Me®NO,, ie., at 1570 cm™). Since the
maximum MPD yield is usually observed at frequencies
lower than the absorption maximum in the normal spec-
trum (bathochromic shift), the transition point is also
shifted to lower frequencies. The shift is 20 cm™!, which is
a typical value.®!® IR MPD is also characterized by the
dependence of the enrichment coefficient on the initial
pressure of nitromethane: the selectivity increases as the
pressure decreases (Fig. 4).

The comparatively low IR MPD selectivity with re-
spect to nitrogen isotopes in methane is explained, first,
by the considerable spectral width (AMA = 1072) of the
FEL radiation, which is ~20 cm™!, being a little lower
than the isotope spectral shift (25 c¢cm™!), and second,
by the fact that the same region contains deformational
vibrations of C—H of the methy! group (v, = 1488 cm™,
v, = 1449 cm™!, and v,, = 1413 em™")," which
can contribute to the processes of IR multiphoton ab-
sorption and dissociation despite their low intensity. Since
the frequency of the C—H vibrations only slightly changes
on going from one nitrogen isotope to another, this
contribution of the C—H vibrations to MPD is not
selective. Preliminary experiments on IR MPD of
nitromethane with tuning of the FEL radiation to the
region of stretching vibrations of C—H (~3 pm) showed
that multiphoton dissociation with the formation of the
same products takes place, but its yield is not higher than
1% because of the low intensity of the absorption bands
of these vibrations.

Thus, selectivity of the IR MPD dissociation with
respect to nitrogen isotopes was observed for the first
time for a nitromethane molecule.

The authors are grateful to Professor Yu. N. Molin
for discussions and fruitful remarks.
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Phenyltetrafluorotelluromethoxide —
a new fluorinating reagent for olefins
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Phenyltetraftluorotelluromethoxide fluorinates olefins to form 1,2-difluorides. The reac-
tion with styrene afforded 1-fluoro-4-phenyl-1,2-dihydronaphthalene as the main product.

Key wards: electrophilic addition, fluerination, olefins.

Phenylchalcogenopentafluorides are soft difluorinating
reagents for olefins.! We found that, like the above-
mentioned pentafluorides, frans-phenyltetrafluoro-
telluromethoxide (1) (which has been synthesized previ-
ously? by the reaction of an equimolar amount of
trimethylsilyl methoxide with phenyltelluropentafluoride
(Scheme 1)) is an electrophilic fluorinating reagent.

Scheme 1
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The reactions of compound 1 with trans-stilbene and
indene afforded the usual products of difluorination
(Scheme 2).

Scheme 2

21%, threo : erythro=1:2

Co -~ O

17%, trans : cis = 4.7 : 1
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