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The C 2II,—X 21'[g electronic transition of € has been studied by both one-color and two-color
resonant two-photon detachméR2PD spectroscopy. The one-color spectrum reveals vibrational
structure in the excited anion state. Transitions due to excitations in one of the symmetric stretching
modes as well as the bending modes are observed. Spectral resolution in the one-color experiment
is limited by power broadening; using two-color R2PD, rotationally resolved spectra of the origin
and 3 bands of theC ?IT,—X ZHQI transition are obtained. Molecular constants determined by
fitting the rotationally resolved spectra are generally in good agreement with a grenitio
calculation by Schmatz and Botschwinént. J. Mass. Spec. lon. Prod49 621 (1995].
Perturbations in the 2band are attributed to Fermi resonance interactions inQél,, state.

© 1996 American Institute of Physids50021-960806)00631-9

I. INTRODUCTION of C, has also been investigated. Adamowiczalculated
the vertical excitation energies of several low-lying excited
The properties of carbon clusters have been of intensstates of ¢, finding three low-lying excited doublet states:
interest to chemists for many yedrt.is only recently, how- the A 225, B 223, andC 2Hu states. Recently, Schmatz
ever, that the techniques of high resolution spectroscopynd Botschwin® performed large-scale open-shell coupled
have been successfully applied to these species. In 1986luster calculations on £ and obtained spectroscopic con-
according to the classic review article by Weltner and varstants for the groun¥ °II, state and the three excited dou-
Zee? rotationally resolved spectra had only been measureblet states. Based on these calculations, Botschwina assigned
for C, and G. Since then, rotationally resolved spectra havethe G transition at 2.71 eV to th€ I ,—X 2Hgj transi-
been obtained for several larger linear carbon clusters, pridon.
marily through infrared absorption spectroscdpgmong The matrix value off, for the C 2IT <X 2Hg transition
other things, these spectra show that carbon clusters as largegreater than half of the EA. One can therefore access this
as G exist as stable linear isometdt has been consider- transition in the gas phase using the very high sensitivity
ably more difficult to obtain high resolution spectra of car- afforded by resonant two-photon detachm@2PD), as was
bon cluster ions. Prior to the work reported herg,W@as the  first demonstrated in the study of @y Lineberger? In this
only such species for which rotationally resolved spectra hagiaper, we report one- and two-color R2PD spectra pf C
been measurett? In this paper, we present the rotationally The lower-resolution(0.3 cm 1) one-color spectrum from
resolved electronic spectrum of,btained with resonant 21 600-24 900 cm shows vibrationally resolved structure.
two-photon detachmerfR2PD). Our spectrum is in qualitative agreement with Maier's matrix
C, has been generated in the gas phase by a number t#sults'* However, additional features due to vibrational ex-
methods'® but only a few experiments have yielded infor- citation in the bending modes are observed in our spectrum.
mation on its spectroscopy and structure. Photoelectrohligher resolution(0.05 cmit) two-color experiments show
spectroscopy? of C; indicates that ¢ is a linear anion, rotationally resolved structure in selected regions of the spec-
and that linear ¢ has an electron affinitfEA) of 3.882  trum. Molecular constants are determined for both electronic
+0.010 eV. The linear structure for the anion inferred fromstates by fitting the observed rotational line positions.
the photoelectron spectra is supported by ion chromatogra-
phy experiment$? In a recent mass-selected matrix absorp-; EXPERIMENT
tion study, Maiet* located an electronic transition in,C ) . )
with To=2.71 eV, and assigned it to%hl—X I transition. The ion beam apparatus used n these experiments has
On the theoretical sidab initio calculations of the elec- been described in detail elsewhé?é! Although the instru-
tron affinities of G as well as the geometries of the linear MeNt was originally designed for negative ion zero electron
anion and neutral ground states have been carried out H{jnetic energyZEKE) experiments, it can also measure pho-
Bartletf® and Adamowic2%1” The electronic spectroscopy todetachment cross sections as a function of photon energy,
and this is what is needed for the experiments described here.

Y " rat § o Carbon cluster anions are generated in a pulsed dis-
Current address: Ultrafast Laser and Spectroscopy Laboratory, Departme ; ; ;
of Chemical Physics and Material Science Center, University of Gronin-8halrge source which has been described preVI(fasly.

gen, Nijenborgh 4, 9747 AG Groningen, The Netherlands. Briefly, agas mix Qf 3% acetylene, 1% G@ Ne is pU|§Ed
B’Camille and Henry Dreyfus Teacher—Scholar. from a piezoelectric valve and passes through the discharge
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region in which a pulsed electric field is applied just after the 09 2} 22 23

valve opens. The resulting mixture of ions and neutrals

passes through a short clustering chanfdelmm long, 2.5

mm 1.D.) prior to expansion into the source vacuum cham- @ 0.60 ' ' ' ' ' '

ber. To improve stability of the ion signa 1 keV electron € 050 7

beam intersects the expanding molecular beam. The pulsed g 0.0 - -

beam then passes thrdug@ 2 mmdiam skimmer 1.5 cm & a0l i

from the discharge assembly and into the next vacuum re- '@ i 520 .40 )

gion. We found that the distance between the pulsed valve .2 0.20 2050

and the skimmer strongly affects the temperature of the cg 0.10 | J 7

negative ions, with the temperature dropping as this distance © -0.00 |- s

is increased. g 010 . ! . ! . ! .
Negative ions that pass through the skimmer are col- W 21200 22200 23200 24200 25200

linearly accelerated to 1 keV. lons are separated according to
their mass-to-charge ratios a 2 mcoaxial beam-modulated
time-of-flight mass spectrometer. The mass-selected ion
packet is crossed by the laser beams, and all the electronsgg, 1. one-color resonant two-photon detachment spectruny of C
generated via photodetachment are extracted perpendicularly

by a weak electric field and collected by a 40 mm diam

multichannel plat¢MCP) detector. Thg lon signal is. moni- 40 mJ/cm. This laser alone does not detach ground state C
tored by another MCP detector that lies along the ion bear?)ecause it is not resonant with an electronic transition. Pho-

axis about 20 cm downstream from the laser interaction roelectrons generated by the second laser beam are collected

lglon. The electron signal is normalized to the ion signal amiis a function of the wavelength of the first laser beam. We
aselr ptﬂwer. | . i inale | lse i &nd that electron signal intensity changed very little when
n the one-color experiments, a single 1aser puise IS USefq e delay between the two laser pulses is varied from 0

fo excite and photodetach the, Gnions via R2PD. A dye i}o 200 ns. This observation along with the multiphoton de-

Wavenumber (cm™)

!aseq_ﬁur?pe_d byla XeCt:I ?)iﬁ'.m?r laser ":‘ usgd tlrr: thess W45 chment mechanism will be discussed in detail in a related
Itﬁs'd el unlnchra] ement o dlsl;) asder_(sj)t/rs] emis 0 glgrrre‘lqlng 0 aper?® For the spectra reported here, the two laser pulses
€ dye laser. The measured bandwidin Is ca. U.ocime = ¢ separated by 120 ns temporally. The laser beams are also

laser gusia(;\ceJ/usﬁ?c:_ n gt"s “t/ﬁe of e>iper|tr;]1ents IS typ'cfllIgj/spatially separated by 6 mm along the axis of ion beam so
aroun mJicim 10 obtain the wavelength scans reportedy, they interact with the same ions.

here, the following laser dyes are used: Coumarin 460, Cou- In the two-color scans, the intracavity etalon is stepped

marin 440, Exalite 416, and DPS. _in intervals of 0.02 cm? every 80—100 laser shots. A total of

The high photon fluence in the one-color experiments '3_5 such scans are summed. Wavelength calibrations are
required in order to achieve sufficient detachment. Unfortu-

telv. this level of i wurates the bound—bound aerformed immediately after the scans are taken. Absolute
nately, this level of fluence saturates the bound-—boun exc'avelength calibration is obtained by taking the absorption
tation transition and results in power broadening of the spec;

i Thi bl . ved b X tat | spectrum of a Fe—Neon discharge lamp. Relative calibration
rum. This problem IS Solved by carrying out a two-color 5, wavelengths between the observed neon lines is obtained
R2PD experiment. In the two-color experiment, the first laser

: . . by recording the fringe spectrum of a solid state monitor
pulse, which has weak photon fluence, excites the ion fronétalon with a free spectral range of 0.67 ¢m

its ground state to the excited electronic state. The second
laser pulse, with smaller photon energy but much higher
photon fluence, then detaches the electron from the excitegl RESULTS
anion. During the experiment, the frequency of the excitation
laser pulse is tuned while that of the photodetachment pulse The one-color R2PD spectrum of,Cfrom 21 600 to
is fixed. 24 900 cmtis shown in Fig. 1. The peak positions, spacings
In the two-color experiments, the excitation laser pulseand assignmentsee below are given in Table I. The spec-
comes from the same excimer-pumped dye laser used in theum appears to consist of a single electronic band, the origin
one-color experiments. However, in order to obtain rotation-of which is at 21 872 cm®. The most prominent feature of
ally resolved spectra, a solid state intracavity etalon is usethis band is a vibrational progression of four peaks with a
to obtain a narrower bandwidth of 0.04—0.07 ¢mThe ex-  spacing of ca. 750 cit. In addition, there is a broad peak
citation laser fluence is kept around 1 mJfct reduce lying 450 cm! to the blue of each member of the main
power broadening. No detectablg @ns are detached with progression. Each peak consists of several partially resolved
this amount of laser fluence. The second laser beam, eithéeatures.
from a YAG-pumped dye laser or the second harmonic out- Higher resolution two-color R2PD scans were taken at
put of a YAG laser, is used to detach the photoexcited ionsthe origin and at the next strong transition at 22 630 tm
The wavelength of the second laser beam is fixed at eitheFhe resulting spectra are shown in Fig. 2. Rotational struc-
588 or 532 nm. Typical laser fluence of this laser beam is caure is well resolved in these spectra, particularly for the
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TABLE |. Peak positions, relative energies, assignments, and vibrational frequencies from one-color resonant
two-photon detachment spectrum of Be’TT ,— X 2l'Ig transition in G .

Frequenciegcm %)

Peak position Peak position Relative
(nm) (cm™ energiesicm™Y) Assignment Expt. Calc.
457.2 21872 0 origin
448.2 22311 445 FS m, 223 250
441.9 22630 750 2 oy 750 77
433.4 23073 1198 52
428.0 23 364 1490 (2)2
422.6 23663 1792
418.8 23878 2005
414.8 24108 2234 &

@The calculatedr, frequency at UHF/6-31% level usingGAUSSIAN 92

From Ref. 18.

origin scan; typical peak widths are 0.1 ¢ There are two
prominent band heads, labelBg;, andR;,,, toward the blue

end of each spectrum. The separation between the two band

IV. ANALYSIS AND DISCUSSION

A. One-color spectrum

heads is noticeably smaller in the origin scan than in the  The one-color spectrum in Fig. 1 clearly corresponds to

higher energy scan: 1.5 vs 6.4 chn

the matrix absorption spectrum assigned by Méies C; .

We also attempted to look at the transition near 22 320The origin band in our spectrum occurs 24 cto the red of
cm™ ! with two-color R2PD, but were unable to resolve indi- that in matrix spectrum, indicating a relatively small matrix

vidual rotational lines in this band.
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shift, and a four-peak vibrational progression with a 750
cm ! characteristic spacing is seen in both spectra. Schmatz
and Botschwin® calculate the electronic term energy of the
C 21, state to be 22 600 cht and one of its totally sym-
metric vibrational frequencies, the, symmetric stretch
mode, to be 777 cim. By comparison, we assign the struc-
tures in our spectrum to th@ *I1,— X °Il, electronic tran-
sition of G, and the main progression to thg Rrogression,

in agreement with Maier's assignment. Franck—Condon ac-
tivity in the », mode is consistent with the calculated
geometrie® which predict that the central C—C bond length-
ens by 0.15 A upon excitation of ti@ *I1,—X °I1, transi-
tion.

The peaks lying 446 cit to the blue of the members of
the 2 progression were not seen in the matrix spectrum.
These most likely involve double-quanta excitations in one
of the low frequency bend modes of ti&?II, state. The
bending frequency thus obtained, 223 ¢mis in good
agreement with thab initio v(m,) frequency of theC 21,
state, calculated by us at the UHF/6-31{&vel to be 250
cm 1 (only frequencies for the totally symmetric modes were
calculated in Ref. 18 We therefore assign these peaks to the
2053 progression.

The additional features seen in our spectrum but not in
the matrix spectrum are most likely due to saturation effects
in the one-color R2PD spectrum. The bound—bound excita-
tion transition is considerably stronger than the bound-free
photodetachment transition, so the high laser fluence needed
to achieve sufficient photodetachment signal begins to satu-
rate the excitation transition. This is evident from the power-
broadening seen in the one-color experiments. Under such
circumstances, strong vibrational transitions within the elec-

FIG. 2. High resolution two-color resonant multiphoton detachment spec—tron'c band are more “kely to saturate than the weaker ones,

trum of G, .

and the intensity of the weaker transitions would be greater
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than would be predicted based on Franck—Condon factors J
alone. Transitions involving double excitation in nontotally
symmetric modes are allowed by symmetry but are normally 9/2 %
much weaker than transitions involving excitation in totally
symmetric modes. The appearance §B;Aransitions in our 7/2
spectrum but not in the matrix work is therefore most likely
due to saturation of the bound—bound transition in our ex-
periment. 3/2
1/2
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Before analyzing the high resolution data, a brief discus-
sion of theC ?IT,—X I, transition in G is in order. Al- p R
though the spin—orbit coupling constant of @& not known,
one would expect it to be close to that of @Gnd G . The Q
spin—orhit constants are known for te®I1, states of G —
and G from ZEKE spectroscopy of these two negative ions P
and are found to be 26 and 29 cihn respectively’®?* The 72 T
rotational constant of Lis calculatedf to be around 0.16
cm %, which is much smaller than the spin—orbit splitting.
Therefore, the rotational fine structure of Ghould belong 32 T
to Hund'’s casda). Because the molecular orbital configura-
tions of the X °II; and C °II, states are ..#ylmy and
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state should be lower-lying than th@=1/2 state. In a

?I1,+I1, electronic transition, if both electronic states be- 32 s

Iong to Hund s case(a), each of the aly,—2Tl,y, F

2[1,,,—2I1,,, manifolds should have six branchésvo P,

two Q and twoR). However, due to nuclear spin statistics, ;5 3 Energy levels of thi 2I1, andC 2I1, states G . The six possible

one A-doublet level is missing for eachlevel. As a conse- transitions originating fromd”= 712 are shown.

quence, one member of each pair of branches will be miss-

ing, resulting in only oneP, one Q and oneR branch for

each spin—orbit manifold. resolvedQ4, branch is aided by the molecular parameters
Figure 3 shows the first few rotational levels for &, estimated from fitting the peaks in tieand R branches.

and2Hg states. The rotational levels are labeled by the total The same six branches are expected for theahd, but

angular momenturd. The F; and F, manifolds correspond only the P5, and R;, branches could be assigned through

to the 215, and 2I1,,, spin—orbit states, respectively. The combination differences; the,,, branch is too weak to pick

dashed lines represent the levels that are not populated duedat individual transitions. The assigned peaks in this band

nuclear spin statistics. The/f parity labeling for each)  are also listed in Table II.

level is determined using a scheme suggested by Kopp and Once the peak assignments have been completed, the

Hougen?® and Brownet al?® The six transitions from the line positions are fit to the effective rotational Hamiltonian

J=7/2 levels are shown; each of these transitions representerived by Zarest al?’ using a nonlinear least-squares fitting

one transition in each of the six branches. program. The parameters used for each electronic and vibra-
In the origin band of the rotationally resolved, Gpec- tional state werdl,, the electronic and vibrational term en-

trum, shown in the top half of Fig. 2, the sBg, Q3 Rany  €rgy (with Ty of X 2Hg state set to 0 B, andD ,, the rota-

P12 Qo andRy), branches, are all present. However, thetion and distortion constants, respectivefy; and q,, the

Qy, branch, i.e., th& branch of the’Il,,,—I1,,, manifold,  A-doubling parameters as defined in Ref. 27; a#d the

is buried underneath th,,, branch. TheP andR branches spin—orbit coupling constanfln the discussion below;=1

are rotationally resolved; th€,, branch is partially re- refers to they,=1 vibrational level. The appropriate Hund’s

solved. In general the transitions in thle=1/2 manifold are  case(a) matrix elements for AT molecule were taken from

less intense because the cooling achieved in the free jet idNeumarket al?® The above parameters were determined by

source favors the lower enerd¥ly, state. Peaks in th®  a nonlinear least-squares fit based on the method of Mar-

andR branches are assigned using combination differencegjuardt that combines the Gauss method and the method of

The peak positions and level assignments are listed in steepest descefit.

Table 1. The first transition in th®;,, branch is theP(5/2) The origin band and thelzband are fit separately. All

transition, which confirms our assignment of ti&,, state  the lines listed in Tables Il and IIl are included in the fitting.

as the ground state. The assignment of peaks in the partlyine positions were weighted according to their uncertain-
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TABLE IIl. Observed transitions of theg2band of theC 2I1,«X 2II

transition in G from the two-color resonant two-photon detachment spec-transition of G from the two-color resonant two-photon detachment spec-
trum (in cm™1). Numbers in parentheses indicate estimated uncertainty otrum (in cm™%). Numbers in parentheses indicate estimated uncertainty of

last digit. last digit.
Observed (Obs.—Calgx10? Observed (Obs.—Calgx10?
F, manifold (2=3/2) F 4 manifold ((=3/2)
P(25f—f) 21 871.4%2) 1 P(2.5f—f) 22 626.306) -3
A nersoe : 3 T
P(5.56—€) 21870.282) 0 E(ggf’ﬁf) §§2§§§4§) 2
P(6.51—1 ) 21 869.802) 1 (5.5e—¢€) 182)
P(7.5e—¢€) 21869.322) -1 P(6.5f—T) 22 624.663) -1
P(9.5e—e) 21 868.342) 0 P(8.5f—f) 22 623.703) -2
P(10.5f—f) 21 867.803) -2 P(9.5e—¢e) 22623.193) -2
P(11.5e—e€) 21 867.262) -1 P(10.5f—f) 22 622.672) -1
P(12.5f—f) 21 866.783) 2 P(11.5e—¢€) 22622.142) 1
P(13.5e—¢) 21 866.122) -1 P(12.5f—f) 22 621.595) 3
P(14.5f—f) 21 865.582) 1 P(13.5e—¢€) 22 620.984) 1
ﬁgg-gfféﬁf)) gi ggi-ggg 8 P(14.5f—f) 22 620.3%3) 0
P(17.5e—€) 21 863.602) 1 E(15.5,eﬂe) 22 619.722) 0
(16.5f—f) 22 619.012) 1

P(18.5f—f) 21 862.912) 0
P(19.5¢¢) 21 862.212) 0 P(17.5e—¢€) 22 618.382) 0
P(21.5e—¢€) 21 860.783) 1 P(19.5e—¢€) 22 616.972) 1
P(22.5f—f) 21 859.982) 0 P(20.5f—f) 22 616.223) 0
P(23.5e—€) 21 859.192) -1
P(24.5f—f) 21 858.403) 0 R(15e—e€) 22 627.915) 8
P(25.5e—¢) 21 857.615) 3 R(2.5f—f) 22 628.285) 3
P(26.5f—f) 21 856.715) 1 R(3.5e—€) 22 628.464) 2

R(4.5f—f) 22 628.685) 2
R(1.5e—¢€) 21 873.083) 0 R(5.5e—e€) 22 628.885) 2
R(2.5f—f) 21 873.313) -1 R(6.5f—f ) 22 629.033) -1
R(3.5e—¢) 21 873.5%2) -1 R(7.56—¢) 22629.193) 0
R(4.5f—f) 21873.782) 0
R(5.5e—€) 21 873.982) 0
R(6.5,f—f) 21874.162) 0
R(7.5e—€) 21 874.322) 0
R(8.5f—f) 21 874.462) 0 ties, typically 0.02—-0.03 cit. The origin band is fit first.
Egbsgr_‘fz ) gi g;jggg (1) Some of the best-fit parameters are shown in Table IV. These
R(11.56—€) 21 874.789) 1 parameters are obtained by simultaneously fitting all the mo-

lecular parameters. In fitting the} dand, the ground state
Q251 —e) 21 872.243) 2 arameters are held fixed at the values obtained from the
Q(35e—f) 21872.162) 1 para e
Q(4.5f—e) 21 872.062) 0 origin band. These two bands both originate from the ground
Q(5.5e—f) 21871.913) 2 electronic state, but many more lines are resolved in the ori-
Q(6.5f—€) 21871.809) —1 gin band and the signal-to-noise ratio is also better in the
F, manifold (Q=1/2 origin band. The differences between the observed and cal-

2 ( )
P(35f-1) 21 869.48) 1 culated line positions are displayed in Tables Il and Ill.
o ' B Table 1V also shows the results of thb initio calculation by
P(4.5e—€) 21 869.065) -3 ¢
P(5.5,f—f) 21 868.683) 2 Schmatz and Botschwirl4.
P(6.5e—e) 21 868.222) 1 The rotational constants are in excellent agreement with
PO5I—T) 21 866.7%6) 4 the ab initio values'® Although theab initio rotational con-
P(10.5e—e€) 21 866.222) 0 : ) gh theat
P(11.5f—f) 21 865.672) 0 stantB, is calculated at the equilibrium geometry, the small
Eﬁ%‘gf*?)) %i ggiég (1) value ofa, for theC 2Hg state indicates th&.=B,, so the
o : comparison betweeB, andB, is valid for theC Il state
P(14.5e—¢€ 21863.9 0 9
P§15.5,fﬂf)) 21 863.2% -1 and probably for the ground state, too.
P(16.5e—¢) 21 862.682) 0 The fitting procedure vyields uncertainties in the
P(17.5f—f) 21 861.962) 0 ) i i o
P(185e_6) 21861272 0 A d_oublmg parametersp,, andq,, and tr_le centrifugal dis
P(19.5f—f ) 21 860.562) 0 tortion constantsD ,, which are several times as large as the
P(20.5e—€) 21 859.843) 1 values of these parameters. For this reason, these parameters
p p

P(215f—f) 21859.012) -1 are not shown in Table IV. Th&-doubling parameters could
R(5.5,f—f) 21 872.482) 1 be determined more precisely if mo€-branch transitions
R(6.5e—¢€) 21 872.633) 1 were measured; this would require higher resolution mea-
gg-gv(‘;—’g)) gi g;g-ggﬁ; _g surements since th€@-branch transitions are so closely

J. Chem.

spaced.
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TABLE IV. Best-fit parameters for . All parameters are in cit. Uncertainties in parentheses are drror

bars.
Parameters Present work Ab initio theory*
X I, state B 0.166 6322) 0.166 1@40)
Ao —399)
C 211, state To 21 871.5267) 22599
Bg 0.156 5125) 0.155 2@40)
Ay —3709)
Between states Bg(X)—Bg(C) 0.010 1213 0.010 9060)
Ag—A —1.5367)
Dy-Dy 1.1(3)x10°°
T, 22 623.9611)
C 211, state: B; 0.156 3426)
(23} level) A, —33(9)
@ 17(16)x10°°
Ag—AL —6.4510)
*From Ref. 18.

Since no transitions betwedn, andF, manifolds were smaller. The key to determining whether this mechanism is
observed A” and A are highly correlated, and this is the operative in G would be to obtain a high resolution scan of
origin of their large error bars. However, for the origin band,the § band, but we were unable to obtain a rotationally
the difference\ A = (Aj — Ay) is accurately determined and resolved spectrum of this feature at our laser resolution.
found to be approximately equal to the experimentalThus, while the exact nature of the perturbation in the C
Ry—Rs» band head spacing of 1.7 ¢ For the 3 band, C 211, state is unknown, this type of Fermi resonance inter-
no transitions in the&)=1/2 manifold were assigned, so the action is certainly a reasonable candidate.
spin—orbit constanf\; in Table IV is obtained from the Given the spectroscopic constants, the spectrum has
Ry,—Rg, band head spacing of 6.45 chmand the best-fit been simulated by assuming a Boltzmann distribution for the
Ag value of theX state. As shown in Table IV, this yields anion population. The simulated spectrum of the origin band,
effective spin—orbit constants for the=0 andv,=1 levels along with the experimental spectrum, is shown in Fig. 4.
of the C °I1,, state that differ by~5 cm L. Relative line intensities in each manifold are calculated from

Such an effect can occur in a polyatonfEl state
through Fermi resonance interactions with nearby vibrational
levels with the same vibronic symmetry. For example, in the

C °I1,, state, theys=2 level, with two quanta in a degenerate 1 | ' ' ' ' |
bending mode, lies about 300 cMmbelow thev,=1 level 12 L Expt' i
(see Fig. 1 Thevs=2 level is split into several components ’

resulting from a combination of Renner—Teller and spin— 0s | ]
orbit interactions® The differing strengths of interactions '

between the’ll,,, and °I1,, components of the ,=1 level o4l |
with components of the same symmetry in the=2 level '_ |
may be sufficient to change the splitting in the=1 level Yy Al Ah A A L AL LIRS \W

relative to the ground state by the observed amount, 5'cm
Similar but larger effects have been seen inXrdI and

B 2 states of the NCO radicat. For example, in the i
band of theB— X electronic transition, théll,,,—I1,,, and
2[1,,~°I1,, sub-bands are split by 64 ¢t rather than 19
cm ! as would be expected from the differena&—A’ de- i
termined from the origin band. This is attributed to the two -
spin—orbit components of tH&00) vibrational state of NCO -

B 21 electronic state experiencing different strengths of 21861 21864 21867 21870 '212373' 21876
Fermi interaction with the nearb{020 bending levels. In
the NCOB 211 state, the100) and(020) levels are calculated
to lie only 40 cm * apart®? considerably less than the analo-

o 2 ~1
gous spacing in the PC I1, state(~300 cm ); Qn the  fFig. 4. Comparison of experimental with simulated rotational spectrum of
other hand, the magnitude of the perturbation in i€ also  the origin band using fitted molecular constants.

Simulated

Electron Signal (arb. units)

Wavenumber (cm™)
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the product of the line strength, determined bynHd_ondon  vibrational frequencies of the anion ground states. We have

formulas® for a °I1—211 transition and the Boltzmann factor. recently published the results of such an experiment pi®C

A rotational temperature of 35 K and spin—orbit temperatureand the existence of excited states for the larger carbon clus-
of 45 K were used in calculating Boltzmann factors. Peakier anions suggests that these species, too, can be investi-
widths in the simulation at FWHM are assumed to be 0.10gated with stimulated Raman pumping.

cm L, resulting mostly from the laser linewidth combined

with some residual power broadening. Overall, the agreeACKNOWLEDGMENT
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