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To further investigate the Rennefeller effect and barriers to linearity and dissociation in the simplest singlet
carbene (HCF), we recorded fluorescence excitation spectra of the pure bending trangitidhs2= 0—7

and the combination bandg 2 with n = 1—6 and 3 3; with n = 0—3 in the HCF AA" — XA’ system.

The spectra were measured under jet-cooled conditions, using a pulsed-discharge source, and rotationally
analyzed to yield precise values for the band origins and rotational constants. The degtaté parameters

are in excellent agreement with the predictions of ab initio electronic structure theory. The approach to linearity
in the A state is evidenced in a sharp increase in the rotational conitaat first reported by Kable and
co-workers, and a minimum in the vibrational intervals near thiel. A fit of the vibrational intervals for

the pure bending levels yields a barrier to linearity of 630@70 cm! above the vibrationless level. Our
observation of th&, = 1 level of 126 places a lower limit on thé state barrier to dissociation of 8555

cm ! above the vibrationless level.

Introduction co-workers examined the spectra of HCF and DCF under high
resolution, refining the rotational constants of theahd @
bands and using the Zeeman effect to probe the origin of the
perturbing state($-3% The magnetic properties of A"
primarily resulted from interactions with high vibrational levels
of XA, although localized singletiriplet perturbations were
also identifiec?33

Recently, Kable and co-workers reported a study of the
% AIA" — XA’ system under jet-cooled conditions using laser-
"induced fluorescence (LIFY. The energy dependence of the
rotational constanA for the pure bending levels in thelA”
state was determined and modeled. Excitation of the bending
mode produced a dramatic increaséjrand an analysis of the

Simple carbenes are ubiquitous in chemistry; they have an
important role in many organic and organometallic reactiofs,
in combustiof® and the thermal decomposition of small organic
molecules; 1% and in stratospheric and interstellar chemistry.
The electronic structure of carbenes results in low-lying singlet
and triplet states with distinct chemical properéié<lectron-
withdrawing substituents favor a singlet ground stasmd, thus,
the monohalocarbenes and dihalocarbenes (HCX and CX
respectively, where X,¥= F, Br, Cl) have singlet ground states,
with the singlet-triplet gap (AEst) being dependent on the
electron-withdrawing ability of the halogéf.?* As the smallest
carbene with a singlet ground state, HCF is a prototype for .~~~ . ) . .
exploring the spectroscopy, dynamics, and electronic structure\."br""t!Onal intervals provided an est|mate of the bamer o
of singlet carbene®:26 Of particular interest is the Renner linearity, set bet_wgenBtheﬁand Z levels, in agreement with a
Teller (RT) interaction between A" and X!A’, which cor- theoretical predictiof’ .
relates with &A state in the linear configuration. Notably, HCF ~_ We have recently undertaken a detailed study of the
is one of a few RT molecules that exhibit a large barrier to A*A" — X*A’ system, using fluorescence excitation spectros-
linearity in the excited state, and because the RT interaction is COPY, polarization quantum beat spectroscopy (QBS), and
maximal in the barrier region, where the wave functions overlap fluorescence lifetime measureme#itd> We showed that this -
most strongly, HCF is an ideal system for study of the RT System p_rov_ldes a textbook example of lifetime Iengthenlng, in
interaction as the barrier to linearity is approached. that the lifetimes of upper-state levels wily = 1 display an

The singlet-singlet emission spectra of halocarbenes such 0Pvious lengthening with increasing energy, because of the RT
as HCF have been known in flames for many yéarshe interactions® Qur |n.|t|aI polarization QBS studies of this system
AIA" — XA’ system was first observed in absorption by Merer Probed the vibrational-mode dependence of e and *H
and Travis®® who reported a progression in the bending h_yper_flne interaction for the first time, an_d we fqund a striking
vibration. The rotational structure exhibited severe perturbations V|br?<";16t|onal-mode_dependence of tHE spin-rotation constant
at highJ, and rotational analysis was performed only for tf;ez Caa™ In this article, we report our results concerning the

. : electronic spectroscopy of the HCFIA' — XIA’ system,
ando(g_ bands. The large change in bon_d angle_(opemng by focusing on the RT effect and excited-state barriers to linearity
~25° in the excited state) led to prominent axis-switching

transitions, in addition to those obeying the normal selection and dissociation.

rules for a perpendicular transitiéh Subsequently, Hirota and ) .
Experimental Section
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mixture of CHF, (Aldrich, 99.9%) in argon that was premixed 1
in a stainless-steel cylinder. The typical backing pressure was 08 | Ka'= 0K,"=0
~1 bar. The discharge was initiated by an 800 V pulse with a
duration of 10-50 us, with a current-limiting 10 & ballast
resistor. The timing of the laser, nozzle, and discharge firing 0.4
was controlled by a digital delay generator (Stanford Research 02
Systems, model DG535), which also generated a variable-width
gate pulse for the high-voltage pulser (Directed Energy, model
GRX-1.5K-E). The laser system consisted of an Etalon narrowed 0.2 |
dye laser (Lambda-Physik Scanmate 2E) operating on Coumarin =~ 4

0.6

il
0 "r,lH

Intensity

307 dye, pumped by the second or third harmonic of an injection K, = 0cK,”= 1

seeded Nd:YAG laser (Continuum Powerlite 7010). For access 06

to wavelengths 0f<430 nm, the fundamental dye output was -0.8 1 K= 1K,”= 0

mixed with the Nd:YAG fundamental in a BBO crystal. The A ‘

laser beam was not focused, and typical pulse energies were 19250 19300 19350 19400 19450

~500 1J in a~3-mm-diameter beam. A quartz window was
used to direct a portion of the dye laser fundamental into an
Fe—Ne or Fe-Ar lamp for absolute wavelength calibration
using the optogalvanic effect. When the frequency mixing
scheme was used, the Nd:YAG fundamental frequency (9397.44
cm™1) was determined by optogalvanic measurement of both 1.2
the dye fundamental and sum frequency. Pol) Q) RotY)

These measurements utilized a mutually orthogonal geometry I e T T
of laser, molecular beam, and detector, where the laser beam
crossed the molecular beam at a distance-0 mm down-
stream. Fluorescence was collected by a two-leit.4) 0.4
condenser assembly and filtered via an appropriate long-pass
cutoff filter (Corion) prior to striking a photomultiplier tube
detector (Oriel) held at a potential of typically600 V. In
acquiring fluorescence excitation spectra, the photomultiplier
tube (PMT) signal was terminated to 18kand digitized by a 04 |
fast oscilloscope (Hewlett-Packard model HP 54521A), and a
“fast scan” mode was typically used, where 10 laser shots were

photon energy in cm™

Figure 1. Experimental (top) and simulated fluorescence excitation

spectrum of the éband. The sub-band assignments are marked, and
the rotational temperature is 20 K.
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o

i
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averaged in the baseline and 30 laser shots on the peaks. 0.8
Transition frequencies were determined by fitting isolated
lines to a Gaussian line shape function, using a nonlinear least- . ‘ ‘

squares fitting routine in PSIPlot software. The transition 19325 19335 19345 19355

frequencies were then fit to a standard asymmetric top Hamil- o
tonian, using a least-squares routine in the AsyrotWin program photon energy in cm
package of Judge and Clouthfincorporating the well-known Figure 2. Expanded view of the spectrum in Figure 1, showing the
ground-state rotational constaR#s30:40 region of theKy = 1 — KJ' = 0 sub-band. Rotational assignments

and perturbation patterns are indicated, and the experimental spectrum
] ) lies at the top.
Results and Discussion

. . . The well-resolved Py and 'Ry branches of th&ky = 1 —
that|onal Analys_ls of the Pure Bending Bands (g). W.e . KJ'" = 0 sub-band reveal obvious perturbations that affected
obtained and rotatlﬁ)na_lly analyzed fluorescencie excitation upper-state levels;2 415 and 54 (see Figure 2), each of
spectra of the levelsgaith n = 0—7. Because thegzand § which is apparently perturbed by a single background level.
bands were previously measured at room temperature and unde(ysing the formulas that result from two-level perturbation
higher resolutiorf?% our work did not improve on the fit  theory under the assumption th3tcrries all of the oscillator
parameters. Below, we describe in detail our results for the strength, and incorporating the predicted positions for these

higher-energy bands. levels determined from the global fit, we derive coupling matrix
Figure 1 displays a spectrum of the prominent sub-bands elements of 0.36, 0.18, and 0.22 chrespectively, for these
observed in the 2transition and a simulation of theK = +1 levels.

sub-bands, whereas Figure 2 displays an expanded view of the We conducted Zeeman quantum beat experiments to aid in
Ka = 1< Ky' = 0 sub-band. Scattered perturbations were identifying the perturbing level(s), the full details of which will
observed in sub-bands wit' > 1.34 A total of 39 transitions be given elsewhere. As discussed by Hirota and co-workets,
were included in the fit, and Table 1 lists the determined fit the Zeeman effect in the Astate can result from the RT
parameters. Our value for the rotational constar2.462(69) interaction with high-lying levels of ¥A" and/or spir-orbit
cm™1, is consistent with, but more precise than, that of Schmidt interaction with levels ofi?A". Their analysis of apparently

et al.3® who estimatedA from the 9Qy—"Q, separation. This unperturbed transitions in theg ®and revealed excited-state
method works well for the lower-energy baftisut is unreliable Lande g-factors @ay) of ~0.005-0.0103% However, some

at higher energies, where the strong RT interaction typically perturbed lines exhibited much larger Zeeman effects, up to
leads to a splitting of th&; = 1 <— K’ = 0 sub-band@*3° 1.Qug, which were attributed to singletriplet interactions$?!
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TABLE 1: Fit Parameters for the HCF(A *A") Bands Measured in This Worl@

band T(cm™?) A(cm™) B+ C)/2 (cnm?) (B—C)/2 (cnm?) Ax NP o°

o 17282.027(16) 25.686(8) 1.1337(12) 0.0296(12) 0.0434(9) 57 0.019
2! 18303.848(74) 29.606(32) 1.1324(20) 0.144(3) 52 0.073
3t 18551.784(63) 25.80(12) 1.1267(70) 0.0171(70) 0.090(29) 36 0.050
2% 19313.785(37) 32.462(69) 1.1328(29) 0.0238(29) 0.624(17) 39 0.039
2t3! 19567.057(68) 29.05(10) 1.1215(38) 0.0322(38) 0.183(23) 49 0.067
2 20305.737(60) 38.919(89) 1.1337(32) 0.0299(32) 0.918(21) 39 0.057
23 20562.330(62) 35.54(9) 1.1180(33) 0.0294(33) 0.646(22) 44 0.066
112! 21051.100(51) 26.445(72) 1.1302(30) 0.0319(30) 0.114(17) 36 0.049
2 21279.326(37) 51.8(5) 1.1290(18) 1916 13 0.028

233 21545.38(13) 41.12(22) 1.1216(52) 0.433(52) 36 0.11
1122 22024.298(82) 29.94(12) 1.1291(71) 0.0400(71) 0.175(28) 27 0.069
2 22242.795(32) 72.5(5) 1.1316(12) 1950 14 0.028

1§ 2 22981.395(77) 37.32(14) 1.129(11) 0.023(11) 0.785(33) 32 0.056
2 23196.83(20) 126.73(33) 1.132(22) 5.05(7) 27 0.16
12 23922.661(69) 49.87(2) 1.1300(31) 1916 20 0.052

2% 24150.225(53) 1.1345(27) 12 0.039
1128 24847.116(60) 1.1283(31) 10 0.041
1128 25757.800(70) 1.1303(36) 9 0.047

aThree standard errors given in parenthe8&&umber of transitions included in the fit Standard deviation of the fit.Fixed in the fit.

0.25 our spectra. Second, we do not observe any of the other sub-
020 bands expected for thé} 3] transition. Third, if we assume an

A constant similar to that (derived below) fo@,:ﬁ fit of this
0.15 sub-band yields a vibronic origin of 20 311.865(42) ¢npwhich
is only 32 cn! above the origin of @ This band should occur
0.10 ~115 cntt higher, based on the position of2 predicted from
our vibrational analysis (see below) and the reported ground-
0.05 state G-F stretching frequencdt We therefore conclude that
) T L the two sub-bands result from the (perturb&d)= 1 level of

=

2

2

E

[0

2 0.00 ; " R ) .

g 2,, and the large splitting implicates the RT interaction.
8 -0.05 Support for this hypothesis comes in the drastically lengthened
E fluorescence lifetimes for these sub-bands compared to that for
i -0.10

the Ko = 0 level of 3 and in the hyperfine structure
determined from our polarization QBS measureméhighich

0.15
reveals very smal®F and'H hyperfine constants for the higher-

0.20 energy sub-band (upper panel of Figure 4), diagnostic of the
RT interaction3®
0.25 Following the pattern of the lower-energy bands, k=
21310 21330 21350 21370 0 — K3' = 1 sub-band of ?Was unperturbeé?, and a fit of
photon energy in cm™ this sub-band yielded the band origin and effective rotational
Figure 3. Experimental (top) and simulated fluorescence excitation Constant (see Table 1). To determine the VaI,LlQ,(We 'nClL,{ded
spectrum of the 2band, showing the region of the/ = 1 — K" = in the fit two unperturbed transitions in th& = 2 — Kg" =
0 sub-band. 1 sub-band and fixed the centrifugal distortion tekpat 1.16

cm~1, which is a value obtained from a linear extrapolation of

The two components dRy(1) transition of 3 display Lande  the constants for the lower-energy bands. The fit yielded

g-factors of 0.406(10) and 0.267(5), which is consistent with 51.8(5) cn* (see Table 1). We emphasize that kg = 2 —

the ALA"— #3A" interaction. a' = 1 sub-band was also extensively rotationally perturbed
For the 2 band, we again find that all sub-bands witk > but was not split in the manner of the& = 1 — Ka" =0

1 show some perturbations. As previously discussed, transitionsSUb-band.

were assigned using combination differences, and any perturbed Turning to the lower-energ{y = 1< Kg" = 0 sub-band in

levels were excluded from the fit, which included a total of 39 23, we assigned splitting patterns in tHe, and'Ry branches

transitions (see Table 1). The derivédvalue is 38.919(89)  using ground-state combination differences. Every upper-state

cm1, revealing the expected increase with bending excita- level is perturbed; however, the:3 4.3, and 34 levels each

tion 34,35 appear to be perturbed by a single background level. Following
For all levels above 2 sub-bands witlK; > 1 are severely  the procedure described previously, we derive coupling matrix

perturbed. To illustrate, Figure 3 displays the region of the elements of 0.50, 0.37, and 0.31 Threspectively. Again, the

Ka = 1K' = 0 sub-band of  which actually consists of  large Zeeman effect ar®F and'H hyperfine constants observed

two sub-bands, one of which is severely rotationally perturbed. for transitions in the lower-energy sub-band (Figure 4) implicate

The higher-energy band can be conclusively identified as a Spin—orbit mixing with levels of thea®A" state.

secondKy = 1 — Ky’ = 0 sub-band and not theg 3] The pattern of the&Ky = 1 — K" = 0 sub-band in 2is

sequence band as previously suggedtefr the following reminiscent of a “doorway” model, similar to that used to model

reasons. First, we have not observed hot bands anywhere irrovibrational interactions in the ground electronic manifold of
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Figure 5. Experimental (top) and simulated fluorescence excitation
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Figure 4. (Upper panel) Zero-field polarization quantum beat spectrum 2 4
for the'Ro(1) transition in the higher-enerd¢,’ = 1 — K4’ = 0 sub- £ 40 4 g (*]
band of % (Lower panel) Similar spectrum for the lowest-energy ; y 8
component of the perturbedRy(1) transition in the lower-energy 20 ]
Ka = 1< Ky’ = 0 sub-band.
0 -
a variety of polyatomic molecules over the past decadt. 0 2 4 6 8
Typically, in this model a bright state is coupled to a “doorway” V2
state by a large (low-order) interaction, which, in turn, is coupled
to a bath of background states via higher-order interactidfts. 1.136
Here, of course, the former is the RT interaction, and the latter 1134 l -
spin—orbit (or Coriolis) interaction. It may seem unusual that n
only the lower-energy member of the RT pair is affected by 11321 = = =
the latter; however, the triplet level density is sparse. We . 118 < o o <.> <
emphasize that our use of the term “doorway” does not imply E 1128 - o
the existence of a unique state that facilitates tha'A-a3A" S 1126
interaction: we have no evidence of this. S
The overall structure of the3dand is similar to that of @ & 1124
in that two sub-bands are apparently observed in the region of T2 o o
theKy = 1— K" = 0 sub-band, shown in Figure 5. However, 112 1
each band is severely rotationally perturbed, and, because of
. . . : 1.118 - o
band overlap, it was not possible to assign the perturbed lines
using combination differences. A tentative assignment of the 1.116
0 2 4 6 8

higher-energy sub-band to thg Z sequence badtican be
eliminated for the previously mentioned reasons. A fit of the
Ka = 0 — Kg' = 1 sub-band yielded the band origin and
effective rotational consta® = %/,(B + C), and the parameters
are given in Table 1. To determine the value of the conséant
we included in the fit two unperturbed transitions in g =
2—Ky' = 1 sub-band, which, again, was severely rotationally
perturbed but not split in the manner of tkg = 1 — K,' =

0 sub-band. The centrifugal distortion terxp was fixed at 1.45
cm1in the fit, which yieldedA = 72.5(5) cnt?.

We identified several unperturbed transitions in &g =
2—Kj'=1andK; =0-—Kg' = 1 sub-bands of2 whereas,
again, two weak and heavily perturbé&d = 1 — Ky = 0
sub-bands were observed. A total of 27 transitions were included

Figure 6. Dependence of the rotational constaft@ipper panel) and
Bert (Beit = (B + C)/2) on quanta of bending excitation for the measured
bands. Legend: ) (0,v7',0), (¢) (1,v2',0), and O) (0,v7,1).

in the fit (see Table 1). For ;2 we were only able to
rotationally analyze th&y = 0— K,' = 1 sub-band, and Table

1 lists the determined band origin and effective rotational
constant.

The dependence of the rotational constafitand By =

(B + C)/2 on bending quanta are shown in the upper and lower
panels, respectively, of Figure 6. Note in particular the dramatic
increase inA with increasing bending excitation, initially
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reported by Kable and co-worketswhich signals the approach  TABLE 2: Derived HCF(A *A") Vibrational Energies and
to linearity35 In contrast,Bes displays a weak dependence on Theoretical Predictions

the quanta of bend for the pure bending levels. Vibrational Energy (cm?)
Rotational Analysis of 233(1) Bands. Approximately 250 levek experimental range of theoretical predictiohs
cm ! above 2, we found a series of weaker, unperturbed sub- 0,0,0) 0
bands clearly associated with a single vibronic level. At least  (0,1,0) 1021.8 1006:61037.7
two of these sub-bands were previously observed and assigned (0,0,1) 1269.8 1259:61260.1
to hot-band transition& We assign these as sub-bands of the Eg%% gggé'g %gggjﬁggg'g
3; transition, based on the following evidence. First, the (0.3.0) 30237 2067-43064.2
derived constanm (25.79(12) cm?) is similar to that of 2 but (0,2,1) 3280.3
significantly smaller than that of'2indicating that the bending %211'8) ggg?é ggzgﬁgi;-i
mode is not excited. Second, the derivedand C constants 5013113 42634 ’ ’
(see Table 1) are smaller than those 8fd 2%, which is (1,2,0) 47423
consistent with excitation of the -€F stretch. Finally, the (0,5,0) 4960.8 4835:85006.0
position of this band is consistent with the predictedstate %-g'gg gg?i-g 5719.85935.3
C—F stretching frequenc$f. A total of 35 transitions were (1.4.0) 6640.6 ’ ’
included in the fit (see Table 1). (0,7,0) 6868.2 6564:56834.9
We subsequently recorded and rotationally analyzed spectra (1.5,0) 7565.1
(1,6,0) 8475.8

for other members of the relatively wealg:% progression,
spanningn = 1—3. The derived spectroscopic constants are  *Notation (1,v2,v3), Wherev, is the C-H stretch,v; is the bend,
listed in Table 1. In all cases, the rotational constatosely ~ andvsis the C-F stretch.” Uncertainty of+0.1 cnt*. ¢ From ref 26.
follows that of the corresponding member of the2ogres- 1040 S
sion, as shown in Figure 6. As expected, the effective rotational
constant8Be; = (B + C)/2 are noticeably smaller than those of
the 2 progression (see Figure 6).

Rotational Analysis of 15 2 Bands. Nauta et af® recently
reported the band origins amdrotational constants of a new
series of bands in this system, assigned to @1@8 Progres-
sion. Bands witm = 1—4 were observed, and the assignments
were confirmed via dispersed fluorescence spectrostopth
this information in hand, we observed and rotationally analyzed
the series of bands; 2 with n = 1—6, and the fit parameters
are given in Table 1. The derived valuesAftlosely follow 040 @ —

. . . B Experiment
those of the @ progression, whereas the effective rotational

1020 -

Go (v) =Go (u-1)
©
8

constantsBei = (B + C)/2 are slightly smaller (see Figure 6). | [e—Linearfit
The 1125 level lies above the dissociation asymptote to 920 ¢
CF(IT) + H(3S), which is calculated to lie-7350 cnt! above 0 1 2 3 4 5 6 7 8
the vibrationless level with a barrier to dissociation~af605 vy
cm1.26 Using theA constant determined in this work fof,2 1030 ———— ™ —m
theKy = 1 level of 2% is predicted to lie~353 cn1! below 1020 le

the barrier, whereas th& = 2 level should lie~25 cnT! abave
it. Indeed, we found a very weak and strongly perturkgd= 1010 - .
1 sub-band near 25 837 cf This level showed no evidence

o ; C < 1000

of a reduced fluorescence lifetime, placing a lower limit on the B
barrier to dissociation in the ¥A"" state 0f~8555 cnt! above G 99
the vibrationless level. Despite repeated attempts, we were % 980
unable to observe théZ’ level by laser-induced fluorescence. g |

Vibrational Analysis. As shown in Table 2, where they can 970 -
be compared, the anharmonicstate vibrational frequencies 960 -
determined in this work are in good agreement with the e Experiment |
predictions of a recent theoretical stuRfyMoreover, the 950 ‘l_Quadraﬁcm;
observed vibrational spacings for the pure bending levels 2 040 _‘ S o
show the expected linear dependence on the quanta of bending 17500 19000 20500 22000 23500
excitation up to 2, as shown in the upper panel of Figure 7. 0.5 (G(v)*Glo-1)]

Sevgral studies have examined the Vibra.tional. Ieve]s of a Figure 7. Plot of the vibrational intervals for the pure bending states
nqnllngar molecule near and qbovg the 'barrle.r to line4fityy. (0,v2',0) versus quanta of bending excitation (upper panel) and average
Dixon®® showed that the bending vibrational intervals reach a \ipronic energy (lower panel). A linear fit of the data up to (0,5,0) is
minimum at the barrier and increase above it; therefore, a plot shown in the upper panel, whereas the lower panel displays a quadratic
of the vibrational intervals versus the mean vibronic energy fit to the data near the minimum.

exhibits a minimum (“Dixon dip”) at the barri¢.Such a plot

is shown for our data in the lower panel of Figure 7, and a determined from this fit gives a barrier height of 63©0270
minimum is clearly observed around thélgvel. To estimate cm~1 above the vibrationless level, which may be compared
the barrier height, we fit the intervals far,’ = 2—7 to a with the (zero-point-corrected) theoretical estimate of 6777
quadratic functiort® as shown in Figure 7. The minimum cm 126
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TABLE 3: Derived HCF(A A") Vibrational Parameters and Supporting Information Available: Table of observed and
Theoretical Predictions calculated line positions (PDF). This material is available free
range of of charge via the Internet at http://pubs.acs.org.
this work theoretical predictions
parameter (cm™) (em™)? References and Notes
z;ﬁ igggggg;ﬁ) zf(?;;igif (1) Moss, R. A., Jones, M., Jr., EdSarbenesReactive Intermediates

in Organic Chemistry Series; Wileyinterscience: New York, 1973; Vol.

wS?) 1270.8(17) 1259.6-1260.% I. (b) Moss, R. A., Jones, M., Jr., Ed€arbenes Vol. II; Reactive
X12 —36.6(6) Intermediates in Organic Chemistry Series; Witdgterscience: New York,
Xa —7.5(2) 1975; Vol. II.
Xo5 —10.0(10) (2) Kirmse, W.Carbene Chemistry2nd Ed.; Academic Press: New
. York, 1971.
a Anharmonic frequency? From ref 26.¢ Fundamental frequency. (3) Sciano, J. C. InHandbook of Organic PhotochemistnCRC
Press: Boca Raton, FL, 1989; Vol. 2, Chapter 9.
The vibrational frequencies, excluding, 2vere fit using a (4) Carey, F. A.; Sundberg, R. J. Advanced Organic Chemistry, Part

nonlinear least squares routine to a standard anharmonic3 3rd ed.; Plenum Press: New York, 1990. o
potential function of the forf9 (5) Weirsum, U. E.; Jenneskens, L. W. Gas-Phase Reactions in

Organic Synthesjs/allée, Y., Ed.; Gordon and Breach; Amsterdam, 1997;
p 143.
(6) Dean, A. M.; Bozzelli, J. W. IiGas-Phase Combustion Chemistry

Gardiner, W. C., Jr., Ed.; Springer; New York, 2000; Chapter 2.

XgZUIUZ + ngvzvs Q) (7) Bacskay, G. B.; Martoprawiro, M.; Mackie, J. Chem. Phys. Lett.

1998 290, 391.
(8) Sendt, K.; Ikeda, E.; Bacskay, G. B.; Mackie, J.JCPhys. Chem.

wherew! is the frequency of mode ¥{ a diagonal anharmo- A 1999 103 1054.

s 0 _ e (9) Martoprawiro, M.; Bacskay, G. B.; Mackie, J. @. Phys. Chem.
nicity constant, andg a cross-anharmonicity constant. Only 1999 103 3923.

levels with single quanta of excitqtion .inl and vz were N (10) Sendt, K.; Bacskay, G. B.; Mackie, J. €.Phys. Chem. 200Q
observed; therefore, the corresponding diagonal anharmonicity104, 1861.
constants could not be determined, and the derived frequencies (11) Wayne, R. PChemistry of AtmosphereSxford University; Oxford,
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