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SrCHs3

P. M. Sheridan, M. J. Dick,* J.-G. Wang," and P. F. Bernath***
Departments of Chemistry and Physics, Lémsity of Waterloo, Waterloo, Ontario N2L 3G1, Canada

Receied: July 29, 2005; In Final Form: September 17, 2005

High-resolution spectra of the?B;—X?2A; transitions of CaCkland SrCH have been recorded in a molecular
jet/laser ablation source using laser excitation spectroscopy. Transitions arising frétr=ttteand 1 sub-
bands have been observed for both molecules. An analysis of the data é&ingyanmetric top Hamiltonian

has determined rotational and spin-rotation constants for #Ae &ate of each molecule. From the rotational
constants, structures have been estimated for both ga@tHSrCH. The spin-rotation constanty,: = (epp

+ €c0)/2, in the BA; state for both molecules is in reasonable agreement with the value calculated using the
pure precession approximation. For CaCthe K' = 1 levels of the BA; state exhibit a perturbation that
interchanges the energy ordering of the spin-rotation components.

1. Introduction and NiCH?” have been probed using resonant two-photon
. . o . ionization spectroscopy. lon beam studies have been used to
Metal-containing polyatomic compounds are ubiquitous in neaqure the dissociation energies of the reaction products of
science. Th(_ay are use_d in chemlstry, Where. for example theytransition metals with alkanes, such as Cog8tand MnCH, 2
p!ay a S|gn|f|car1t role in cgtalyss and organic synthésim i A variety of laser excitation experiments including fluores-
biology, they exist in the active sites of enzymes whose functions cence depletion (FDS), zero electron kinetic energy (ZEKE)

ar:a v_|taI todl|fe on (;a_artﬁ.kl]n astrophy_s!cs, theg play a ?”t'cal photoelectron, and resonance-enhanced multiphoton ionization
role in un erstanding the gomposmon an spe.ct.ra.er?ergy (REMPI) spectroscopies have been used to characterize ZnCH
distribution of cool stellar objects® Because of their intrinsic nd CACH.3-3 In addition, Ziurys and co-workers have
importance, there has been a large effort to better understan easured pure rotational spectra of many of these species using

the prop_er_ties of these molecules. One approach has _focuseqnillimeter-wave spectroscopy. Their studies have included the
on examining the fundamental components of such species, tha%onomethyls of Li, Na, K, Al, and Ce“2 They also

is, a metal atom bonded to a single ligand. One _SUCh eXampIe'determined the firsto structures for Li, K, and Cu mono-
the metal monomethyls (MG have been the subject of much methylg%42 by recording the spectra of several isotopologues.

research. The alkali, alkaline-earth, group 13, and transition . .
group The main focus of this work has centered on further

metal monomethyls have been studied quite extensively using. S > .
both experimental and theoretical methods. investigations of the alkaline-earth monomethyls. The first

Theoretical studies of metal monomethyl species greatly species to be observed were Cafziid SrCH by the Bernath

. . L . group®? In their work, they recorded low-resolution spectra of
outnumber experimental investigations. A variety of methods he ME_X2 = oo o
- . . e A2E—X2A; and BA;—X?2A; transitions and performed a
have been used to examine the electronic structure, Chem'cat/ibrational analvsis by laser spectroscopy. Subseauently. high-
reactivity, and spectroscopic parameters of many M@idl- Y y P Py d y.mg

i A2 W2 it 4,45
ecules. By far, the monomethyls of the alkali and alkaline-earth resolution spectra of thg AX Alltransmon of CaCh*
metals LiCH,5-° NaCHy 579 KCHa,” BeCh 10 MgCHa 10-13 were measured and rotational and fine structure parameters were

CaCH, 101416 and SrCH and the group 13 metals AIGH determined from them. This study was followed by the detection

and GaCH'® have received the greatest attention. For most of of I\/I~%CH3~\£|a hlgh-r_e_solgtmn Iase_r_excngtlon spectroscopy of
2 A . . the A2E—X?A, transitiorf® and additional investigations of the
the transition metals, investigations have been limited to the

. . S 7
comprehensive work of Bauschlicher and co-work&rswhich rovibronic structure and bonding in this molec&leé’ The pure

metal-carbon bond dissociation energies as well as geometrieert‘r"t'.on""I spectra of the main isotopologues .Of thfe§e three
. i species, as well as BaGHhave been measured using millimeter-
for all of the first- and second-row transition metal monomethyls

" ' .
and their positive ions were calculated. Only a few theoretical wave spectrascoplf. > Also, hyperfine structure in CaGhhas

studies exist for individual transition metal species, for example, E:Seonn;):s:r\(lgg'\gééhs) ptzgnhpr{iprﬁ?ggerzi?{gvzz\éi:%tlijcnigoouusble
ZNnCHs 222 NiCHs, 2% and FeCH.24 a P

Th | hvis h o b died b id studies, the BA; state has not yet been examined at high
e metal monomethyls have also been studied by & Wide o) tion for any of the alkaline-earth monomethyls. To further
array of experimental techniques. Mass spectrometric studies

h b d 1o detect alkvl alumi ; ; h investigate the low-lying states of the alkaline-earth metal
ave been used to detect alkyl aluminum fragments suc asmonomethyls, we initiated a high-resolution study of tRa B-

25,26 i i i ~ . -
AICHa. The electronic and vibrational structures of CriCH X2A, electronic transitions of CaGHand SrCH. From our
. analysis of the high-resolution spectra, rotational and fine
* Corresponding author. Phone: 519-888-4814. Fax: 519-746-0435. structure parameters have been determined for~ﬂﬁq Btate
E-mail: bernath@uwaterloo.ca. . . . .
t Department of Chemistry. for the first time. A comparison of the structure of these alkaline-

* Department of Physics. earth monomethyls in their low-lying electronic states and of
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Figure 1. Overall high-resolution spectra of thé—X?A; transition 30 25F,
of SrCH; (top panel) and CaCHbottom panel) plotted on a relative )
wavenumber axis for comparison. Both spectra have the appearance 20 i3
of parallel transitions. For SrGthe rotational structure appears more 10 15
condensed than in CaGldue to the smaller rotational constant. Near 00 82 F
the origin, a larger gap is observed in the spectrum of Ca@&h that BRI
for SrCH;. Figure 2. Energy level diagram of th = 0 sub-band of the B\;—

the fine structure constants in thé/g state in terms of the
pure precession approximation will be presented.
2. Experimental Section

SrCH; and CaCH were synthesized using the laser ablation/
molecular jet source of the Bernath grod¥Ihe third harmonic

X2A; transition of CaCland SrCH. The rotational energy levels are

labeled by the symmetric top quantum numbeér&, andJ. Each level
is split into two fine structure components by the spin-rotation
interaction and labeled ass FJ = N + ;) and B (J = N — ).

Transitions arising from the six possible branches are shown and

identified by the branch notatio®'AJrr- (i = 1, 2;j = 1, 2). The

structure of this sub-band resembles a Hund's caséXk} Hund’s
case (by= transition.

(355 nm) of a pulsed (10 Hz) Nd:YAG laser (10 mJ/pulse) was term in the linear limifS this pattern is expected. At first glance,

used to vaporize either a calcium or strontium metal target rod. gach spectrum has a similar appearance with well-defined P and
Using a gas mixture of 1% tetramethyltin in Ar, at a backing R pranches. However, upon closer examination, the origin area
pressure _of 100 psi, a free jet expansion was formed fol]owing appears different between the two spectra; in Ca@Harger

the reaction of the hot metal atoms with the gas mixture. ga; is observed, suggesting the Q branch transitions have been

Rotationally cooled (46 K) CaCH; and SrCH molecules were
interrogated by a probe lasefl5 cm downstream. The resulting

laser induced fluorescence was collected using a photomultiplierb

tube, with the plasma radiation from the ablation source
attenuated using band-pass filteds20 nm). The signal was
sent through a preamplifier (180current) and then processed
by a boxcar integrator.

A Coherent 699-29 ring dye laser system was used to obtain

high-resolution spectra of the2B;—X2A1 transitions of CaCkl
and SrCH (line width ~10 MHz). The } spectrum, recorded

simultaneously with the experimental data, was used to calibrate

the line position$* Spectra were typically obtained in 5 cin
segments at a scan speed of 180 sfemith a spectral data
sampling interval of 10 MHz. For CaGHup to four 5 cni?!

scan segments (obtained on the same day) were average

together in order to increase the signal-to-noise ratio. Experi-
mental line widths were-350 MHz, a result of residual Doppler
broadening in the molecular jet.

3. Results

High-resolution spectra of the 2B;—X2A; transitions of
CaCH; and SrCH were recorded using the previous low-
resolution investigatidit as a guide. The overall spectrum for
each molecule is plotted in Figure 1 (Srgéh top; CaCH on
bottom) on a relative wavenumber axis for comparison. The
spectra exhibit a pattern typical for a Hund's case {B)—
Hund’s case (b¥= parallel type transition, with line spacings
of ~2B. Because théA; electronic term correlates to &+

shifted.

SrCH; and CaCH are prolate symmetric top molecules and
elong to theCs, point group. The dipole moment lies along
the a molecular axis (metalcarbon bond); therefore, the
selection ruleAK = 0 results and transitions can be grouped
into sub-bands labeled b, the projection of the rotational
angular momentumN) on the symmetry axis. Rotation of the
molecule about tha axis exchanges the three methyl protons
and gives rise to two nuclear spin states: ortie(3N, where
N is an integer) and par& (= 3N).5® The primary effect of
these nuclear spin states is to enhance the intensity ¢f'the
1 levels beyond what is expected for normal collisional cooling
because para states cannot cool to ortho states or vice versa in

e free jet expansion. As a reslft; = 0 (ortho) andK" =1
para) levels of the A; state are populated in our molecular
jet and transitions originating from both levels are expected to
be readily observed in our spectra. Nuclear spin statistics also
enhance the intensity of the ortho levels relative to the para
levels by a factor of 2 (all else being equal).

Energy level diagrams of th€ = 0 and 1 sub-bands of the
B2A;—X2A; transition are presented in Figures 2 and 3,
respectively. Because of the presence of an unpaired electron,
each rotational energy level is split into two spin-rotation
components labeled by FJ =N+ 1,) and KL (J = N — 1/,).

For theK = 0 sub-band (Figure 2), the selection rilé = AN
= 41 gives rise to two P and R branches akdl= 0, AN =
+1 results in two satellite Q branches. The resulting branch
structure resembles a Hund's case?®)- Hund's case (bj=
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35F, Figure 4. Subsection of the B\,;—X?A; spectrum of SrCkinear the
3 1 25F origin shown with branch assignments. Transitions belonging t&the
2 = 0 sub-band are labeled on top in italics, while those arising from the
2 1 %g K = 1 sub-band are shown below. Individual lines are labeled by their
1' J values. Two different spacings are present in the branch structure
11 0;2 due to the larger spin-rotation interaction in thé\Bstate as compared
Figure 3. Energy level diagram showing the allowed transitions of ¥V'th (tjhe )@Aﬂl] stste.dln thek = 1§Ub#§.rt'.d’ thaN = Ol_branche_s are h
theK = 1 sub-band of the 8\;—X?A; transition of CaCHand SrCH. ound near the band origin, €ach exnibiing an even line spacing as the

Again, each rotational level is labeled by the symmetric top quantum 9 Values increase in the direction away from the origin.

numbersN, K, andJ. Twelve branches are possible, labeledasJg - ~ oo
(i=1, 2;j =1, 2). The structure of this sub-band resembles a Hund'’s CaCH,B'A, - XA,
case (bYI1 — Hund's case (bfII transition.

T T 7 % 0,7 T T

21
transition. For theK = 1 sub-band (Figure 3), three main —————5"P, . ] Ry ee———
branches P, RQ, andRR) arise from within each Fand R T , 7P, R, f2 | , ,
spin component via the selection ruded = AN = 0, 1. In 15Pq :):g o rRQ 05
addition, six satellite branched = AN; AJ=0, +1; AN = 1.5?,,12 T :szo"m RR210I.5 ' '
0, £1, £2) are possible. The overall branch structure forkhe . ne zzR . J J
= 1 sub-band has the appearance of a Hund’s cas& by P ISR 15
Hund's case (b¥II transition. =0 21

For SrCH;, individual P and R branches were identified in
the spectrum of the B\;—X2A transition with little difficulty.
Each branch was then assigned as arising from eitherjtbe F
F, spin component based on their relative line spacings, which
differed due to the larger spin-rotation interaction in tHAB
state than in the 3\, state. Ground state combination differ-
ences, available from the millimeter-wave wéfkwere used Wavenumber (cm)
to match the corresponding P and R branches across the origirrigure 5. For CaCH, a subsection of thé ;—X2A; spectrum is
and confirm the] assignments. Initially, the P and R branches shown near the origin with branch assignments. Individual lines are
of the K = 0 sub-band were added to the fitting program labeled by theid values. Transitions belonging to the= 0 sub-band
followed by those of th& = 1 sub-band. The remaining satellite ar%'gﬁgtg':g dog ftglfr’é'g $ﬁ'e'fﬁ?] ‘e”‘r‘sd Qg‘i‘r’]e ?nsm‘é('af afgﬁgrggﬁz t:atge
and?Q branches We[(; then pr_e_dlcted, |d_ent|f|ed, and added to a different appearance than that inpt{l@ gsub-band, and each branch
the fit. For the SAl_x A1 transition, 108 lines were mea}sured is shifted to lower wavenumbers. In addition, th&l = 0 branches
and are listed in Supporting Information Table S1. Figure 4 appear condensed wili),, and®P,; exhibiting an uneven line spacing.
shows a short section of the high-resolution spectrum of the
B2A;—X?2A, transition of SrCH with these branch assignments. Main and satellite branch transitions of the= 0 sub-band
Transitions arising from thK = 0 sub-band are labeled on top  were first identified and added to the fit. However, the remaining
in italics, while those from th&k = 1 sub-band are labeled unassigned features did not exhibit a similar spectral pattern as
below. The effect of the larger spin-rotation interaction in the observed for thek = 1 sub-band of SrCH Although these
B2A; state is apparent in the line spacings observed; for example,lines could be grouped into branches, their relative spacings
the PP;; andRR,, branches possess a greater spacing than thedid not resemble those observed in Ke= 0 sub-band, making
PP,, andRRy; branches. Thé\N = 0 branches of th& = 1 assignment of thej/and F, spin components difficult. Also, as
sub-band are found near the origin, each exhibiting an evenly mentioned previously, no clealN = 0 transitions €Q;1, °Qz»,
spaced pattern of lines withvalues increasing in the direction PR, and QP,; branches) were found in the origin region,
away from the origin. although a condensed area of lines was observed at lower

Initially, line assignments of the ,—X2A; transition of wavenumbers. Despite these differences, quantum numbers were
CaCH; were made following the method outlined for Srf€H  finally assigned to the remaining features using lower state

K=1

— 7T T r T T v T T T T T T 1
16009 16010 16011 16012
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TABLE 1: Spectroscopic Constants (in cm?) for the B2A; and X2A; States of CaCH and SrCHj

CaCH SrCH
constarft X2A; B2A, X2A; B2A;
T 0.0 16 010.195 25(60) 0.0 14 787.581 34(64)
A 5.448 3% 5.390 5.309 29(84)
B 0.252 384 873(17) 0.253 254 2(98) 0.193 833 336(16) 0.193 603(14)
Dn 3.544 82(19) 107 2.148 93(11)< 107
Dik 1.995 55(21)x 10°5 1.613 49(51)x 10°5 5.3(1.8)x 10°5
Hi 4.044(23)x 10710 2.920(22)x 10710
Hicn 3.520(21)x 107 3.19(43)x 10-°

0.000 218 7(73)
0.001 852 14(37)

€aa

€be —0.035 77(12)

0.000 884(35)
0.004 128 53(44)

—0.252 2(21)
—0.148 78(11)

2Values in parentheses are $tandard deviations, in units of the last significant diditSixed to experimental valu®. ¢ Fixed to theoretical

value*

combination difference® For the BA;—X2A; transition, 132
lines were measured and are listed in Supporting Information
Table S2. Figure 5 shows a subsection of tHAB-X2A;
spectrum of CaCkl As mentioned before, the structure of the
K = 0 sub-band (labeled on top in italics) appears similar to
that observed for SrCH For theK = 1 sub-band (labeled on

bottom), each branch appears shifted to lower wavenumbers

relative to theK = 0 sub-band. AlIAN = 0 branches appear
condensed, with th€Q,, and QP,; branches exhibiting an
uneven spacing. The red shift of thke= 1 sub-band suggests
a perturbation in th&' = 1 levels of the BA; state as th&”
=1 levels of the XA, statd®52 appear to be unperturbed.

4. Analysis

The data recorded for the2B;—X2A; transitions of CaCkl
and SrCH were fit using an appropriate effective Hamiltonian
to model eaclA; state of the forrff:50.57

Hest = Hrot T Hep + Hsr (1)
In the above expressiokire describes the rotational motion,
Hcp contains centrifugal distortion terms, aH@g accounts for
the spin-rotation fine structure interaction. The energy separation
between the lowest rotational levels of each state is given by
T. Using the fitting program developed by Pick&tta least-
squares fit of the experimental data to the Hamiltonian in eq 1
was performed. For SrCithe data set included all lines arising
from theK = 0 andK = 1 sub-bands) < 10.5) and the pure
rotational dat&° which was included to obtain proper experi-
mental errors. The two data sets were weighted according to
their experimental uncertainties: for the optical transitions, 0.003
cm~1was employed, while, for the pure rotational data, a value
of 60 kHz was used. Values of the spectroscopic constants
determined in the final fit for the B\, and XA, states of SrCHkl
are listed in Table 1 (note that. = (epp + €c0)/2).46 The ground
state XA; parameters in our fit differ slightly from the
millimeter-wave work because we chose todit and fix the
centrifugal distortion constariDx and the spin-rotation cen-
trifugal distortion constant®nks and Dys to zero. These

TABLE 2: Structural Parameters for Alkaline-Earth
Monomethyls

state parameter CaGH SrCH;?
X2A, rv-c (A) 2.348 2.487
re-wb (A) 1.102 1.104
} On-c-+ (deg) 105.3 105.8
AZE I'vm-c ( 2.342
re-w° (A) 1.102
B On—c—n (deg) 106.2
B2A; v-c (A) 2.348 2.492
re-wb (A) 1.102 1.104
On-c-1 (deg) 106.6 107.0

aValue of A in ground state fixed to theoretical valtfe ” Fixed to
theoretical valué? °Fixed to ground state value.

For CaCH, transitions arising from only th& = 0 sub-
band were included in the final fit using the same weighting
factors as those used for SrgH\Il attempts to include data
from the K = 1 sub-band failed because of the perturbation.
The pure rotational transitions of Cagfiwere included in the
final fit. The spectroscopic parameters derived from the fit of
the data for the BA; and YA, states of CaCHlare also listed
in Table 1. The ground state constants are in good agreement
with those reported in the PPMODR wotkThe A rotational
constant was fixed to the experimentally determined value in
the analysis of the ZE—X?2A; transition?* For the BA; state,
only B and e, could be determined from the limited data set.

5. Discussion

A. Structure and Bonding. The structures of CaCHand
SrCHs in the B?A; states can be estimated using the rotational
constants derived in this study. Table 2 contains the known
geometric parameters for the?X;, A%E, and BA; states of
these molecules. Unfortunately, no relevant isotopologue data
are available for these species; therefore, at least one structural
parameter was assumed in each state. Because-thebond
length should exhibit the smallest change upon electronic
excitation, as in CaOC#P° this parameter was fixed to the
ground state theoretical value in each state for each molecule.
For SrCH,, an additional assumption was made by using the
theoretical value of thé rotational constant in the 24 ; state.

changes produced residuals better than those previously reportedfor CaCH, no additional assumptions in the?® and A

and are similar to the changes made in the refit of the millimeter-
wave data of CaCHlin the subsequent PPMODR stidyf

this molecule. In addition, th& rotational constant in the ground
state was fixed to the theoretical valtfeFor the BA; state,

the values of th@® rotational constant, the centrifugal distortion
constanDyk, and the spin-rotation constast were determined.
Because transitions from thé= 1 sub-band were included in
the fit, the A rotational constant (actuallhA) as well asea,
could be ascertained.

states were necessary, Awvas determined experimentally in
the previous optical analysis. In the?, state, the metal
carbon bond length was fixed to the ground state value, since
A could not be determined.

To extract structural information from the rotational constants
in the excited states of calcium and strontium monomethyl,
second-order spinorbit contributions to these parameters need
to be considered. For throtational constant of the % state
of CaCH;, second-order contributions were found to comprise
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only ~0.35% of its total valué> Similarly, for the A and B CaCH, B7A State Energy Levels
rotational constants of the2B; states of CaCkland SrCH, 15, FNJ P
the effect was calculated to be less than 0.1% of these Ff7 32 75_ F,
parameters. Therefore, differences observed between the rota- 7 ’ 657 F,
tional constants in the excited states of Ca@Hd SrCH are |
due to structural changes. In the structure determination of 7 55
CaOCH;,* second-order contributions to the rotational constants T’E\ 1 665——=—— 656
- — 55

were also found to be negligible. 5104

Although the geometric parameters for Cadhd SrCH 5
listed in Table 2 are based on several assumptions, they provide E 1 5 ‘;g 555
a reasonable estimate of the metedrbon bond length in these W 4 ' 45
low-lying electronic states. For CaGHhe metat-carbon bond _g - 35
length increases-0.006 A from the XA, state (& orbital) to S5 445 24
the A’E state (pr orbital), while, for SrCH, the metat-carbon x | ’
bond length exhibits a small increase (0.005 A) between the 3 %2 gg 3
X2A; and BA; (po orbital) electronic states. For calcium and 1 218 25 2
strontium polyatomic radicals (MOH, MCCH, MNiH and 1 05 112
MOCHS,), the metat-ligand bond length has typically been 0l 032 05 1
observed to decrease by0.01 A upon excitation from the K=0 K=1
ground state to similar low-lying electronic staté§>-%* This Figure 6. Term values of the rotational energy levels of ie= 0

bond length shortening has been rationalized by the effect of and 1 levels of the B\, state of CaCkiplotted on a relative energy
the unpaired electron ¢por pr) being polarized away from  scale. Each level is labeled by the quantum numbeasdJ. In theK’
the ligand in these states, allowing for a greater electrostatic = O levels, the & spin component lies higher in energy than the F
interaction between the metal cation and the anionic ligand. This SPin component (in |taI|c|s), ﬁ;,e"pel‘:tled f?r ahnegatlve ";"“le: ofethe
occurs regardless of the ligand, as the unpaired electron isSp'n'mtat'on. constant. In the = 1 levels, however, the Jspin
located or%J the metal cente?r Using simple Fsnolecular orbital compotr)lent 5 p‘g-Shed jower In energy than thein component by
. ! '@l a nearby perturbing state.
theory, the bond length behavior of these calcium and strontium

polyatomics can be explained. The energy overlap of the metal mental and calculated values most likely arise from the simple
and ligand orbitals that form the bond decreases as one goes assumptions involved in obtaining eq 2. For example, the
from CHs; to CCH to NH to OH. Therefore, among these ynpaired electron in theZ; state is most likely not completely
ligands, the metatcarbon bond in MCH can be considered  p in character; some metal d character is very likely present.
the most covalent in character and the metalygen bond in The pure precession and unique perturber approximations can

MOH the least. In the highly ionic hydroxides, an increase in also be used to derive a similar expression for ¢aespin-
the metat-ligand electrostatic interaction upon excitation is rotation parametet*

expected to have a greater effect in shortening the bond length
than in the more covalent monomethyls. —AANSO

B. Pure Precession in CaCHand SrCHs. It has been shown €2~ E _E. 3)
that the spin-rotation fine structure interaction is composed of A B

two main contributions: a first-order direct interaction and a ] ] - ]
second-order part due to spinrbit coupling®* For molecules whereA is the rotational constant (Btate). In this case, the
containing heavy atoms, the second-order term generally INteracting state is ofA, symmetry; however, this state does
dominates. An expression for the second-order -spitit not arise from either p or d atomic orbitals on the metal. This
coupling contribution has been given by Di¥8for a nonlinear state most likely results from the ligand orbitals which become
molecule. This equation can be simplified using the pure MOre important to bonding at hlgzher enefgyUsing the
precession approximation, in which the interacting electronic €xPerimental valui,\ odaafor SICH, a“A; state is predicted to
states are described by single individual electronic configurations /1€ &t ~37 000 cn1™. Theoretical calculations would be useful
that differ by only one spirorbital. If the unique perturber N confl_rmlng the existence of such a state and in predicting its
approximation is also invoked (a single perturbing state is Properties. Unfortunately, because a valuegicould not be
assumed), then an expression for éhespin-rotation constant ~ OPtained in the BA,; state of CaClj a comparison cannot be

can be derived for the \; state of CaChland SrCH;57 made with SrCH. ] .
C. Perturbation in the K' = 1 Energy Levels in the BA;

State of CaCHs. As mentioned previously, th' = 1 levels

of the B?A; state are perturbed and could not be fitted using
the?A; symmetric top Hamiltonian of eq 1. However, the lines
of the K = 1 sub-band could be assigned quantum numbers
whereB is the rotational constant (Btate),A is the spin- using lower state combination differené®and term values
orbit constant for a linear analogue, akg and Eg are the obtained for theK’ = 1 levels. To investigate the nature of the
energies of the &E and BA; states, respectively. Using the perturbation, these excited state term values foltte 1 sub-

As° values for the corresponding hydroxides (Caf9H§6.2 band are plotted in Figure 6 on a relative energy scale alongside
cm1, SrOHS” 263.5 cn!) and Ex values for CaChf and those of theK = 0 sub-band for comparison. Thé = 0 energy
SrCH:*3 of 14 743.4 and 13 789.5 cm epc is calculated to be levels follow the expected ordering for a state with a negative
—0.0529 and-0.2044 cnt for CaCH; and SrCH, respectively. value of theepc spin-rotation parameter (as predicted by pure
The experimental values are approximately 70% smaller than precession) in which the;Hevels lie lower in energy than the
the calculated values, and in both cases, the signs are inF;levels and their separation increases with increakinghe
agreement with the calculation. Deviations between the experi- K' = 1 levels should exhibit a similar pattern, but this is not

_ 4BA
€pc — EA _ EB (2)
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the case. The relative energies of thelévels do not change
greatly between thg' = 0 andK' = 1 levels; however, theJ
levels are clearly pushed down in energy so much that they are
now below the Flevels. This effect is observed in all of the
rotational levels observed in this study, which suggests that the
perturbation is global in nature and affects primarily théevels
of the B’A; state of CaCHhl

Considering the limited information available on the energy
levels of CaCH, it is hard to identify the perturbing state with
confidence. However, one possibility is that a vibrational level
of the A%E state could be interacting with the8, state AE
= 1267 cntl). The vibrational frequency for the €& stretch
(vg) in the AZE state of CaChlis ~413 cnT1.43 The energy of
three quanta of this vibration in the2Bg, (14 779 cn?) F,
spin component lies very close in energy to fle= 1 level
(~3 cnY) of the BPA; state, while 33 in the A2E,; (14 700
cm™1) F; spin component lies-75 cnT! below theK' = 1 level
of the B?A; state. The location of these levels matches the
observation that the,Hevels are more perturbed. More work
will be necessary to confirm this possibility for the identity of
the perturbing state. It would be very interesting to examine
the BPA;—X2A transition of the CaCPpisotopologue to see if
the perturbation changes as both the location of the electronic
states and vibrational frequencies shift.

6. Conclusion

The B’A;—X2A electronic transitions of CaGHind SrCH
have been rotationally analyzed using high-resolution laser
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have been determined for the!®, states of each molecule.

From the rotational constants, structures have been estimated

for the B?A; states of CaCkland SrCH. The spin-rotation
parameters calculated for the?, states using the pure
precession approximation are in relatively good agreement wit
the experimentally determined values. Finally, kie= 1 energy
levels of the BA; state of CaCHl appear to be perturbed,
possibly by an excited vibrational statevg} of the metat-
carbon stretch of the % state.
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