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The A2S1 4 X2P Transition of CF Starting from Highly Excited Vibrational States

The first detection of the fluoromethylidyne radical, CF, was reportedand ;31 150 cm21, respectively, and as expected from the predissoci
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exactly half a century ago (1) and ever since it has been topic of inte
spectroscopic research. Accurate constants for theX2P ground state ar
available from a series of microwave, submillimeter, and infrared studie
are summarized in Ref. (2). Transitions to the electronically excitedA2S1,
D 2P, B2D, anda4S2 states have been reported in previous studies (3–9). The

2S1 4 X2P electronic system was observed in emission (3–5), REMPI (6),
nd direct absorption experiments (7). Accurate information on the grou
tate vibrational progression (up tov0 5 12) is available from REMPI expe

ments on theD 2P 4 X2P electronic system (6, 8). TheB2D 4 X2P system
was studied in emission (9) and the weak and spin-forbiddena4S2 4 X2P
was reported in Ref. (10). Recent studies on CF were triggered by the ro
this radical in industrial plasma etching processes (7, 11), i.e., under condition
where vibrationally excited states are expected to be of interest. Here we
for the first time about the observation of transitions starting from h
excited vibrational states (9# v0 # 14) in theA2S14 X2P electronic system
The CF radicals are generated by discharging a 0.2% CHF3/He mixture in a

ultilayer pinhole geometry prior to the actual supersonic expansion. S
ource allows spectroscopy of vibrationally excited, but rotationally col
adicals (for more details see Refs. (12, 13)). The CF radicals are detected
ecording the CF1 mass signal in a time-of-flight setup after resonant ion-

tion using a one-color (11 1) REMPI scheme. For the excitation, the ligh
a pulsed dye laser is used that is frequency doubled in a KDP c
(bandwidth> 0.10 cm21). I2 spectra are recorded simultaneously for lin-
ization and absolute frequency calibration.

For the (v9, v0) 5 (0, 9), (0, 10), (1, 11), and (1, 12) bands, rotation
resolved spectra of the lower spin–orbit component (A2S1 4 X2P 1/ 2) were
ecorded. In Fig. 1 the rotationally resolved (0, 9) band is shown.
otational labeling is given as well. One should note that due to the abse

measurable spin–rotation splitting in the upper electronic state s
ranches coincide. The intensity profile corresponds to a rotational tempe
f about 10 K. The second spin–orbit component is not populated at th

emperature because of large spin–orbit splittings in the electronic groun
A0 ranges from 77 to 70 cm21 for v0 5 0 to 12 (6)). The observed lin
ositions are listed in Table 1.
The (1, 13) and (1, 14) bands were observed with band origins a

9 465 and 28 425 cm21, respectively, but S/N ratios are approximately
times smaller than observed for the bands given in Table 1. This prohib
unambiguous assignment. The poor signal strength, even when using a
ing lens, cannot be explained by a decrease in Franck–Condon factor on
is due to a lower ionization cross section with respect to the bands giv
Table 1. As the adiabatic ionization potential for CF1 (X1S1) 4 CF (X2P)
amounts to 9.11 eV, the maximum excess energy for a (11 1) REMPI

xcitation fromv0 5 13 or 14 (X2P) throughv9 5 1 (A2S1) is not sufficien
to reach thev0 5 1 level in theX1S1 electronic ground state of CF1 (14).
Consequently, ionization must occur through thev0 5 0 level of the ion which
is expected to be much weaker than the diagonal (1, 1)X1S1 4 A2S1

ionization step. To study transitions starting from the latter or higher v
tional levels, a two-color (11 19) REMPI scheme will be required to surp
the energy threshold of the CF1 (v0 5 1) level.

Transitions to thev9 5 2 excited vibrational level in theA2S1 state hav
een observed as well. The (2, 12) and (2, 13) bands were recorded at;32 220
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character of thev9 5 2 level (7, 15), only unresolved spectra were obtain
The transitions listed in Table 1 have been fitted, using a standard H

tonian for a2S 4 2P transition (16) and fixing the vibronic constants, ap
rom the band origin, to the available numbers for the electronic ground (6) and
electronically excited state (3). This yields an rms better than 0.055 cm21 for
the individual fits and accurate values for the band origin positions tha
listed in Table 2. A simulated spectrum that is based on these values is
in Fig. 1. The resulting band origin positions are compared to the v
calculated from Refs. (3, 6). These are systematically off by20.2 to 20.5
cm21, which is probably due to the increasing anharmonicity for hi
ibrational levels.
Clearly, highly excited vibrational levels of CF can be studied in a su

FIG. 1. The (v9, v0) 5 (0, 9) band of CF in theA2S1 4 X2P electronic
ransition recorded by REMPI spectroscopy in a supersonic plasma
upper trace) and a simulated spectrum (lower trace). The intensity p
orresponds to a rotational temperature of;10(3) K.
0022-2852/01 $35.00
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TABLE 1

342 NOTE
sonic plasma with subsequent mass selective detection using REMPI sp
copy. Even higher vibrational levels are expected to be spectroscop
accessible, when a two-color (11 19) REMPI scheme is employed.

Observed Line Positions [cm21] of the
for 9 < vv( < 1

a Observed minus calculated, using the const

TABLE 2
Experimental and Predicted (vv*, vv() Band Origin

Positions [cm21] for A2S1 4 X2P

Note.Constants from Ref. (3) are taken forv9 5 0, 1 and
from Ref. (6) for 9 # v0 # 12.
Copyright © 2001 by
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lly
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