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Transient molecules such as molecular ion and radical et Anode
are believed to play important roles in the reaction dynamic:
as intermediatesThus, many experimental techniques have
been employed to produce the short lived species. One of N2 gas

most convenient methods is to transfer the stable precurs
into the highly excited energy states from which the transien Collecting
molecules are formet.

For the generation of transient molecules, a technique ¢
collisional excitation has been developed using metastabl
inert gases as an energy transferring agent. Cossart and C
sart-Magos have observed the emission spectra of highl Quart?
excited CO from the jet collision between the metastable window
Ne atom and CO molecule generated from Geissler-typ Cathode
electric dischargé The same technique has been applied tc —
the generation of CSfrom the collision of metastable He " Pump
atom with long-lived CS radicalRecently, Tokeshét al
employed the ion-molecule collisions to observe the emis
sion spectra (A\-X21) of CH radical produced in collision
of Ar* with aliphatic compoundsVery recently, we have Pump
reported the generation of nitrogen molecular ions using tWerigure 1. The schematic diagram of the jet collision in a corona
different types of nozzles in a corona excited supersoniexcited supersonic expansion.
expansiorf:8

In this work, we have further developed the technique offhe rods inside the nozzles for the nitrogen and helium
jet collisional excitation in a corona excited supersonicgases were used as an anode and a cathode, respectively. The
expansion in which the effectiveness of collisional energydistance between both nozzles was adjusted for the maxi-

Expansion Chamber

He gas

transfer has been substantially improved. mum excitation of the nitrogen molecules by the metastable
helium atomic jet. The quartz lens of 38 mm diameter and
Experimental Section 50 mm focal length was placed at the another arm of the

chamber perpendicular to both nozzles. Both the metastable

Figure 1 illustrates the schematic diagram of the experihelium atomic and the excited nitrogen molecular jets were
mental setup employed in this work which is similar to thosegenerated in a corona excited supersonic expansion.
described elsewhefé. Briefly it consists of two different The chamber was evacuated by two mechanical vacuum
size of Engelking type nozzl&4% a high vacuum expansion pumps (WS Automa model W2V80) of the capacity of 800
chamber and pumping system, and a spectrometer fdr/min, resulting in the pressure of 0.5 Torr during the expan-
observing the vibronic emission spectra of the transient molsion. The backing pressure of the nitrogen gas was kept at
ecules at the excited electronic states. 2.0 atm while the helium pressure was varied from 1.0 to 10

The nozzles were made of thick walled quartz tube of 1ZTorr. for the maximum emission intensity of the nitrogen
mm outer diameter, narrowed one end by flame heating to @molecular ion.
capillary of the desirable pinhole size. Two nozzles perpen- The bright jet was obtained by an electric dc discharge at
dicular to each other were placed inside the chamber to pr&00 V and 10 mA with 150 ballast resister. The emanat-
duce the target and colliding jets. A pinhole type of nozzlesng light from the downstream nitrogen jet was collimated
of 0.2 mm and 0.3 mm opening have been employed for they a quartz lens placed inside the expansion chamber and
generation of metastable helium atomic and the excitedocussed onto the slit of the monochromator (Jobin Yvon U-
nitrogen molecular jets, respectively. The sharpened stairt000) employing two 1800 lines/mm gratings, and detected
less steel rod was inserted into the center of the each nozaléth a photomultiplier tube (Hamamatsu R212UH) and a
tube through the teflon holders and connected to the higphhoton counting system. During the scans, the slits were set
voltage electric dc power supply (Bertan model 210-05R)to 200um, providing effective resolution of 2.0 chat the
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35 following processes.
04 @ N (X state) + e — N;' (C state)
25 + He + e - He (2SS, 19.82 eV)
7 29 The production of a metastable He at thiS2state from
2 151 the ground state by an electric discharge is well-known pro-
10 1 cess'3 On the other hand, the nitrogen molecular ions is pos-
51 sibly generated either from the nitrogen molecules at the
0 . P LJ L . excited state
21000 22000 23000 24000 25000 26000 NZ* (C State) +e. N2+ (B StatE)
160
140 { (®) or from the nitrogen molecules at the ground state.
1201 N2 (X state) +e — N, (B state)
5. 100
B g4 Also, it may be possible to generate the ions from the
2 & nitrogen molecules at the B state. But the most feasible way
40 is from the ground state because of much larger number of
20 - L population at the ground state in the jet. It should be under-
0 L lﬁ stood that in a corona discharge using Engelking type nozzle
21000 22000 23000 24000 25000 26000 with anode inside the nozzle throat, the number of molecules

being excited by electron impact in a jet is proportional to
the difference between production and destruction during the

Figure 2. A portion of the vibronic emission spectra (a) obtained expansion. Thus, the total emission intensity reflects the
from the pure nitrogen jet without collisional excitation in a coron opulation of molecules at the given states.

a
excited supersonic expansion, (b) obtained from the nitrogen je? -3 o
while a metastable helium atomic jet collides with the excited In order to observe the collisional excitation effect on the

nitrogen molecular jet at the right angle. The weak band belongin§itrogen molecular jet, we have taken the vibronic emission
to the nitrogen molecular ions is represented by an asterisk in (a). Spectrum from the target jet in collision with the colliding
jet. The spectrum in Figure 2(b) was obtained from the target
visible region. The spectral region from 18000 to 26000jet while the helium atomic jet collides with the nitrogen
cmr! was scanned in about one hour in 2.0'gteps to  molecular jet at the right angle. For this purpose, the length

Wavenumber (cm"I )

obtain the final spectra shown in Figure 2. of helium atomic jet from the head of nozzle to the collision
point was varied by moving the nozzle horizontally while
Results and Discussion fixing the focusing point to the spectrometer. At the short

length, we have observed very strong emission intensity of

We have focused our attention on the emission intensity afolecular ions while the emission from nitrogen molecules
the bands from the vibronic emission spectra taken from theompletely disappeared as shown in Figure 2(b). The molec-
nitrogen jet upon collisional energy transfer by metastablalar ion exhibits a different bandshape from the molecule.
helium jet. The spectrum(a) in Figure 2 was obtained from th&he strong emission intensity of nitrogen molecular ions
pure nitrogen jet in a corona excited supersonic expansioresults from the energy transfer by the metastable helium
without collisional excitation by metastable helium. This atoms to the nitrogen molecules at the C state since the He
exhibits the vibronic bands belonging to the nitrogen moleenergy (19.82 eV) is enough to produce the nitrogen molec-
cules as well as the nitrogen molecular Bridost of the  ular ions at the excited electronic stét&he excitation pro-
strong bands belong to the nitrogen molecules in the transitioess by collisional energy transfer of metastable helium is
of C3M, — BSMg(second positive systeri)The very weak represented as follows.
band indicated by an asterisk is from the nitrogen molecular . .
ions in the transition of E,* - X2Z;* (first negative sys- Nz (C state) + HB(2¢'S) - N;" (B state) + He
tem)1t The effectiveness of energy transfer from the metastable

The C and B states of nitrogen molecule are 11.05 eV ankelium to the nitrogen molecule was significantly reduced
7.39 eV high from the ground state, respectively. For thewith increasing jet length due to the dispersion of the jet
nitrogen molecular ion, the B state is 3.16 eV high from theflow.14 Also, the increasing backing pressure of helium
ground state. Since the ionization energy of the nitrogemleflects the supersonic jet flow after the collision, which
molecule is 27.10 eV, a total of 19.21 eV and 22.87 eV areleteriorates the optical alignment of the emission to the
required to generate the nitrogen molecular ions at the Bpectrometer.
state from the C and B states of the nitrogen molecules, In summary, we have excited the nitrogen molecule to
respectively? molecular ion by using collisional excitation with metastable

The excitation of nitrogen molecules and helium atoms irHe jet which was generated in a corona excited supersonic
a corona discharge is possibly proceeded according to thexpansion. From the observation, it has been found that the



Notes

collisional energy transfer is very effective with employing

the corona discharge between two Engelking type nozzles$5.

which may be useful for the generation of transient mole-
cules at the excited electronic states.

Acknowledgment This work was supported by the
Pusan National University Research Grant 1995 - 1999.

References

11.

1. Hirota, EHigh Resolution Spectroscopy of Transient Mol-
ecules Springer-Verlag: Berlin, Germany, 1985.

2. Miller, T. A.; Zegarski, B. R.; Sears, T. J.; Bondybey, V. E. 12.

J. Phys. Cherrl98Q 84, 3154.
3. Cossart, D.; Cossart-Magos, Chem. Phys. Lett1996

250, 128. 13.

4. Cossart, DJ. Mol. Spectrosd994 167, 11.

5. Tokeshi, M.; Nakashima, K.; Ogawa, Them. Phys. 14.

Bull. Korean Chem. Sd®99 Vol. 20, No. 4 465

1996,206, 237.
Ha, Y. M.; Choi, |. S.; Lee, S. Bull. Korean Chem. Soc
1997 18, 692.

7. Choi, I. S.; Ha, Y. M.; Lee, S. Bull. Korean Chem. Soc

1997 18, 1285.

8. Lee, S. K,; Baek, D. YChem. Phys. Let1999 in press.
9.
10.

Engelking, P. CRev. Sci. Instrunl986 57, 2274.
Droege, A. T.; Engelking, P. €Chem. Phys. Letil983
96, 316.

Pearse, R. W. B.; Gaydon, A. Ghe Identification of
Molecular Spectradth ed.; Chapman and Hall: London,
U.K., 1976.

Huber, P. K.; Herzberg, ®lolecular Spectra and Mole-
cular Structure Vol. IV. Constants of Diatomic Mole-
cules Van Nostrand Reinhold: New York, N.Y., 1979.
Wiese, M. L.; Smith, M. W.; Glennon, B. Mtomic Tran-
sition Probabilities NSRD-NBS4, 1966.

Miller, T. A. Sciencel984 223 545.




