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Transient species such as molecular ions and molecular 
radicals are of considerable interest in chemistry because 
they are believed to play an important role in chemical 
reaction as intermediates. Many techniques have been 
developed to find an ideal environment suitable to produce 
and preserve the radicals for the spectroscopic work.1 Of the 
methods employed, supersonic jet expansion with a large 
amount of inert carrier gases has been proved to be effective 
in the gas phase. However, the nature of high reactivity and 
short lifetime of free radicals has certainly slowed their 
experimental study in free jet.

Among mono-substituted benzyl radicals,2 the xylyl 
radicals have been extensively studied by various methods.3,4 
The assignments of vibronic bands observed in the visible 
region have been carried out to determine the vibrational 
mode frequencies in the ground electronic state. Also, the 
torsional contribution of the methyl rotor has been obtained 
from analysis of the rotational contours of the high 
resolution Fourier transform emission spectra.5

As for halogen-substituted benzyl-type radicals, the 
vibrational modes of fluorobenzyl radicals have been deter
mined using different spectroscopic techniques such as laser 
induced fluorescence (LIF)6,7 and coronal excitation.8-10 
Weakly emitting chlorobenzyl radicals have been recently 
identified from the vibronic emission spectra,11-13 in which 
the sequence of electronic energy of the lowest excited 
electronic state shows a similar tendency to the chloro
toluenes.

Cyanobenzyl radicals are interesting species in spectros
copy. The analysis of the vibronic bandshape of the p- 
cyanobenzyl radical has revealed that the lowest excited 
electronic state is 22B2 which is different from other types of 
benzyl radicals.14 Also, several vibrational modes of the p- 
isomer in the ground electronic state have been determined 
from the analysis of vibronic emission spectrum observed.15 
However, other isomers of cyanobenzyl radicals have not 
been reported in any spectral region due to the weak 
intensity of fluorescence and less symmetry.

In this work, we report for the first time the observation of 
the vibronic emission spectrum of the m-cyanobenzyl radical 
that was generated from the m-tolunitrile seeded in a large 
amont of inert carrier gas He using a pinhole type glass 
nozzle in a corona excitation supersonic expansion. The 

lowest electronic transition from the origin band of the 
visible emission spectrum observed has been measured and 
compared with those of other isomers.

The formation and excitation of the m-cyanobenzyl radical 
in the gas phase have been accomplished by using a techni
que of corona excited supersonic expansion,16-20 of which 
the experimental apparatus is similar to that described else- 
where.21 The m-cyanobenzyl radical was produced and 
vibronically excited in a jet from m-tolunitrile seeded in a 
large amount of buffer gas He using a corona excitation. 
Reagent grade m-tolunitrile purchased from Aldrich was 
evaporated at room temperature under 2.0 atm of carrier gas 
in the sample cell. The concentration of the precursor in the 
carrier gas was adjusted for the maximum emission intensity 
monitored from the strongest band and believed to be about 
1% of the gas mixture. The gas mixture was expanded 
through the 0.4 mm diameter of the pinhole-type glass 
nozzle made in this laboratory according to the method 
described previously.22 The long sharpened stainless steel 
rod acting as an anode was connected to the high voltage DC 
power supply in the negative polarity, in which the axial 
discharging current was about 5 mA at a 1500 V dc potential 
and stabilized using a 150 kQ current limiting ballast resister.

In the original nozzle developed by Engelking,18 the 
coronal electrode sits just behind the nozzle opening on the 
high pressure side which leads to excitation before expan
sion, causing a nozzle-clogging problem when heavy organic 
compounds were employed as the precursor. Thus, we have 
made the metal tip of the anode extend through the nozzle to 
reduce the clogging of the nozzle throat by decomposition 
products and soot deposits of m-tolunitrile. Although less 
than 1.0 mm of the metal tip was exposed outside the end of 
the nozzle capillary, this significantly improved the clogging 
problem by partially allowing excitation to occur after 
expansion.22 The modified Engelking-type nozzle has been 
applied to the generation of many benzyl-type radicals.23

The Pyrex expansion chamber was made of thick-walled 
Pyrex tubes (Chemglass CG-138-02) of 50 mm in diameter. 
The chamber was evacuated by a 800 L/min mechanical 
vacuum pump, resulting in the pressure range of 0.5-1.0 Torr 
during continuous expansion with 2.0 atm of backing pres
sure. The cathode made of a long copper rod was positioned 
to be parallel to the jet direction under the expansion 
chamber to buffer the spectrometer from arching noise.

A bright blue-green color in the jet was the evidence of the 
presence of the m-cyanobenzyl radicals. The light emanating
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Figure 1. A portion of the vibronic emission spectrum of the jet 
cooled m-cyanobenzyl radical in the Di t Do transition, which was 
generated from m-tolunitrile seeded in a large amount of inert 
carrier gas He using a pinhole type glass nozzle in a corona 
excitation. The peaks marked with an asterisk in the spectrum 
indicate the He atomic transitions. The weak bands at 20172 and 
20744 cm-1 are the origin bands of o- and p-isomers, respectively, 
which were also generated from the impurity of the sample in a 
corona excitation.

from the downstream jet area 5 mm away from the nozzle 
opening was collimated by a quartz lens (f = 5.0 cm) placed 
inside the expansion chamber and focussed onto the slit of 
the monochromator (Jobin Yvon U1000) containing two 
1800 lines/mm gratings, and detected with a cooled photo
multiplier tube (Hamamatsu R649) and a photon counting 
system. During the scans, the slits were set to 0.100 mm, 
providing a resolution of about 1 cm-1 in the visible region. 
The spectral region from 18000 to 24000 cm-1 was scanned 
at the step of 1.0 cm-1 over 2 hrs to obtain the final spectrum 
shown in Figure 1. The wavenumber of the spectrum was 
calibrated using the He atomic lines24 observed in the same 
spectral region as the m-cyanobenzyl radical and is believed 
to be accurate within 0.5 cm-1.

In the m-cyanobenzyl radical, the electronic interaction 
between the CN group and the aromatic ring is undoubtedly 
of second-order compared to that between the methylene 
group and the benzene ring since the molecule has a planar 
structure with seven delocalized n electrons. Thus, the m- 
cyanobenzyl radical should exhibit a close relation to the 
benzyl radical and one may be able to relate the two lowest 
lying electronic states of the m-cyanobenzyl radical to the 
parental benzyl 22B2(D2)and 12A2(D。states.

Figure 1 shows a portion of the vibronically resolved 
emission spectrum of the m-cyanobenzyl radical in the D1 t 
Do transition in the visible region. Most of the strong bands 
are observed with an excellent S/N in the region of 18500
20500 cm-1. They consist of a strong origin band of the D1 

t Do transition at 20324.0 cm-1 (in air), followed by a series 
of vibronic bands at lower energies. Diatomic fragments 
such as CH and CN radicals,25 resulting from the coronal 
discharge of the precursor have been identified with a weak 
intensity at 23200 and 23750 cm-1, respectively. The weak 
sequence bands from He2 at the excited electronic state have 
been observed in the region of 21400-21600 cm-1 as reported 
previously.25 The origin bands of the o- and p-isomers are 

also observed with weak intensity at the frequencies reported, 
which are believed to be formed from the small amount of 
impurity in the sample. The absence of bands with notice
able intensity in the blue of the origin confirms the efficient 
vibrational cooling at the excited electronic state, which is an 
important characteristic of the pinhole-type glass nozzle.26

In summary, the jet-cooled m-cyanobenzyl radical was 
generated for the first time in a jet from m-tolunitrile seeded 
in a large amount of inert carrier gas He and vibronically 
excited using a pinhole-type glass nozzle in a corona excited 
supersonic expansion. The position of the origin band was 
measured from the well-resolved visible emission spectra in 
the Di t Do transition. From the comparison with other 
isomers, it has also been found that the trends are similar to 
those of chlorobenzyls, xylyls, and tolunitriles.
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