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ABSTRACT: This work communicates cavity ring-down spectroscopy (CRDS) of methylidyne (CH) in a
chemiluminescent plasma that is produced in a microwave cavity. Of interest are the rotational lines of the 0-0 vibrational
transition for the A-X band and the 1-0 vibrational transition for the B-X band. The reported investigations originate
from CH-radical research in 1996 that constituted the first case of applying CRDS to the CH radical. The report also
includes recent analysis that shows excellent agreement of measured and computed data, and it communicates CH line
strength data.
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1. INTRODUCTION

Cavity ring-down spectroscopy (CRDS) was introduced by O’Keefe and Deacon in 1988 [1] and has since been
used to an increasing extent for the measurement of weak absorbers or minute amounts of substances in the gaseous
phase. Thus overtone bands [2] and the Herzberg absorption system in molecular oxygen [3] have been analyzed
this way. Jet-cooled metal clusters [4, 5] and trace gas components [6] were probed by CDRS. Additionally, CDRS
has proved eminently applicable for chemical kinetic system analysis, e.g., see Refs. [7, 8], that often involve
transient radicals. Free radicals such as oxymethyl (HCO) in hydrocarbon ames [9] or the methyl (CH3) radical [10]
were studied by this technique. We have applied this method in the form of coherent CRDS [11] to the spectroscopic
analysis of the mehylidyne (CH) radical.

This report communicates selected data records from investigations in 1996. Specically, the CH B-X transition
has been subject research in subsequent years [12-14]. In addition, this report summarizes recent analysis that
utilizes accurate line strength data for CH [15, 16], and provides the CH line strength data for the A-X and B-X
transitions. The line strength files (LSFs) for CH can also be applied for analysis of emission spectra that may be
collected in laser-induced breakdown spectroscopy [17, 18]. The work in this report may have applications in
astrophysics [19-21], combustion studies [22] and diamond film chemical vapor deposition [23].

2. EXPERIMENTS AND COMPUTATIONS

A. Experiment Details

The CH radicals were generated by the oxydation of acetylene (C2H2) using excited oxygen atoms produces in an
inductively coupled microwave plasma (200 W at 2.45 GHz) in oxygen gas bubbled through water. The discharge
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was initiated in argon employing a ow inlet a few centimeters from the cavity mirrors. The flow of argon suppressed
etching of the coating of the reflective mirrors by the flow of radicals. The chemiluminescent reaction leading to the
generation of CH in the CDRS cavity occurred upon mixing the wet oxygen and acetylene via a distributed set of
inlet openings, while the cavity was continuously pumped by two Roots pumps of a total capacity of 500 m3/hour.
This source was previously described by Ubachs et al. [24] The total pressure of the reactive gas mixture (Ar, O2,
C2H2 and water vapor) was kept at 400 Pa (3 Torr), as this provided the optimum setting for the CRDS signals. The
CDRS mirrors had reectivities of R1 =0.993 and R2 =0.997, in the 363-nm to 430-nm range.

B. Diatomic Spectra Computation Details

The computations of the A-X and B-X transitions of CH rely on establishment of accurate line strengths. For
analysis of the measured CH transitions, two sets of line strength files are communicated as supplement to this work.
The development of line strength data is discussed with specific details for the C2 Swan bands, computation of laser-
induced fluorescence- and absorption- spectra [15]. The computation of line strengths for diatomic molecules follows
recently published procedures [16]. Several applications in the analysis of optical breakdown spectra are communicated
[16-18], including data files and the two programs, i.e., Boltzmann equilibrium spectrum program (BESP) and Nelder-
Mead temperature (NMT), for analysis of selected diatomic molecules [25].

Tables I and II communicate excerpts of the set of line strength data applicable for analysis of recorded CRDS
data. These data files can be conveniently utilized with BESP and NMT, see Ref. [25]. For computation of emission
spectra in the analysis of laser-plasma, only the wave number, upper term value, and line strengths are needed. For
computation of emission spectra [18], MATLAB [26] source code[27] has been made available recently. However,
for computation of absorption spectra, the lower term values are required. The collated CH data files in Tabs. I and
II also show standard designations for diatomic molecules [28]: J’ upper and J” lower total angular momentum
quantum number (nuclear spin not included); P

ij
, or Q

ij
, or R

ij
, line designation based on J’, J”, F

J’
 , F

J”
; v’ upper and

v” lower vibrational quantum number; p’ upper and p” lower parity designations, the +  total parity eigenvalue is
followed by the e/f parity; N’ upper and N” lower total orbital angular momentum quantum number; F

J’
 upper and F

J”

lower term value computed from model Hamiltonian, cm-1;  vacuum wavenumber,  = F
J’
 - F

J”
, cm-1; S

J’ J”
 Hönl-

London term, unitless; S
n’v’J’n”v”J”

 line strength, stC2 cm2 (1stC = 3.356 x 10-10 C).

Table I. First two dozen of 1384 lines for the  line strength table.
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Table II. First two dozen of 261 lines for the  line strength table with column headings (identical to the ones
in Table I).
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FIG. 1. Computed CH A-X spectrum,   = 0.05 nm, T = 3.0 kK.

FIG. 2. Computed CH B-X spectrum,   = 0.05 nm, T = 3.0 kK.
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III. RESULTS AND DISCUSSION

An overview plasma emission spectrum for CH A-X illustrates the wavelength range of the available line strength
data. Figure 1 shows  = 0 transitions for v’ = v” = 0, 1, 2. An instrument resolution,   = 0:05 nm is selected,
and the equilibrium temperature, T, is set to 3.0 kK. Fig. 2 displays computed CH B-X spectra for v = 0; +1 transition,
i.e., v’ = v = 0, 1, and v’ = 1 to v” = 0.

For cavity ring-down experiments, a Continuum model-TDL60 Nd:YAG-pumped dye laser was employed. The
A-X transition access was accomplished with Coumarin 120 dye

FIG. 3. Comparison of measured (bottom) and fitted (top) CH A-X spectra,  = 0.005 nm, T = 1.47 kK.

that shows a gain maximum of 440 nm. The B-X transition was reached by frequency doubling the output using
Styryl 7 dye that shows a gain maximum at 720 nm, or frequency doubled at 360 nm. The available output power
ranged from 5 to 15 mJ per pulse, but it was attenuated with diaphragms for CRDS. Overview spectra were initially
observed in emission using a low resolution Jobin-Yvon grating spectrometer. Methylidyne A-X bands were noticed
near 430 nm that were stronger than the B-X bands near 390 nm, see Figures 1 and 2. In addition, C2 Swan bands
were observed near 470 nm, 520 nm, and 560 nm, e.g., see Ref. [25]. Figure 3 illustrates comparison of measured
and fitted absorption spectra.

Figure 4 displays CRDS data of normalized absorption in the wavenumber range of 23160 cm-1 (431.779 nm) to
23320 cm-1 (428.816 nm). For completeness, Fig. 5 illustrates computed emission spectra in the same vacuum
wavenumber range as for Fig. 4. As expected, there are subtle differences for comparisons of absorption spectra,
see Fig. 3, or for comparison of CRDS data (Fig. 4) with spectra (Fig. 5) that are seen in emission from plasma.
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FIG. 4. Recorded CH A-X spectrum using CRDS.

FIG. 5. Computed CH A-X emission spectrum,  = 0.1 cm-1, T = 1.5 kK.

Figure 6 displays a recorded B-X CH spectrum, and Fig. 7 shows an emission spectrum for the same vacuum
wavenumber range of 27400 cm-1 (364.964 nm) to 27470 cm-1 (364.033 nm).

IV. CONCLUSIONS

This work communicates a convincing comparison of recorded cavity ring-down spectra and of computed CH A-X
absorption spectra using line strength data. Higher resolution for
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FIG. 6. Recorded CH B-X spectrum using CRDS.

FIG. 7. Computed CH B-X emission spectrum,  = 0:1 cm-1, T = 1.5 kK.

the investigated CH B-X transition than for the CH A-X transition also confirms reasonable accuracy of measured
and computed line positions. Emission spectra of CH A-X and BX were observed but focus of this work was the
application of CRDS for the CH radical. However, the provided line strength data are expected to be useful in
emission spectroscopy of plasma that contains hydrocarbons.
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