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High-resolution visible laser spectroscopy of the B 2B,—X 2A, transition
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The BB 2B;—-X 2A; band of CaNH has been recorded at high resolution with a laser ablation
molecular beam spectrometer. THs?B; state is the last of the low-lying electronic states of
CaNH, to be characterized. The pure precession model, which has previously been used to describe
the spin-rotation interactions in this family of molecules was used to interpret and correctly assign
the spectrum. The detailed analysis of the high resolution spectrum and energy level structure of the
B 2B, state is presented. @998 American Institute of Physid$0021-96068)00121-4

I. INTRODUCTION BaOH product, even though BaO is favored on energetic
) ~ ~ N grounds*® There is a great need for experimental work on
The analysis of thed “B,~X ?A, transition completes  the kinetics and dynamics of the reactions before a good
the high resolution spectroscopic study of the low-lying elecynderstanding of the reaction mechanisms can be achieved.
tronic states of CaNK"? The monovalent derivatives of the The spectroscopy of the high-lying or Rydberg elec-
alkaline-earth moleculedX, M=Mg, Ca, Sr, Bahave an  tronic states of the alkaline-earth molecules has also not been
electronic structure that can be described by a one-electrogytensively studied. Rydberg states of CaF and more recently
hydrogenic picture. This rather unique property is partly re-caOH*1®> and CaODB® have been studied mainly by
sponsible for the many research papers devoted to this familyptical—optical double resonan¢®ODR) techniques. The
of molecules’ The study of the metal-ligand bond is an theoretical calculations of Orfiare in good agreement with
important aspect of modern chemistry and the alkaline—eartthe experimentally observed electronic states. The work of
molecules have given researctiét@mple opportunity 10 pereira and Levy, OODR in a molecular beam detected by
study the metal-halide, metal-oxygen, metal—carbongop| has shown that one excited electronic state3Il”)
metal-sulfur, and metal-nitrogen bonds. Molecules With,a5 4 hent geometry while the next higher-lying electronic
metal—oxygen bonds are important in atmospheric and Comgtate,é 211, is linear®® It is well known that the bonding in

b.L:Stlon bche(;mstr;?,f wg|!e b.mleta'l Tarbc:nMandh mettr?l the low-lying electronic states is predominantly ionic leading
nitrogen bonds are found In biological SySIENTSUCh asthe 4, j;naqy geometries. Further theoretical and experimental

actlv_e s_|tes .Of enzymes, wh||_e metal—sulfur systems haV@vork needs to be done to determine what dictates the geom-
applications in industrial chemical processes. etry in the excited state
While the spectroscopy of the low-lying electronic states We have previously reported the high resolution analysis

of qlkahne—garth molecules is fairly well undgrstood, the '€t the C_X system of CaNk? and this work was preceded
actions which generate them are not. Studies to date have ~T~

been concerned with the reaction of an alkaline-earth atorRY alhlgh resolution analysis of t.m_x system by Marr
with water or alcohols. In the two mechanisms that havett &= Other work on CaNhi has included low resolution

been proposed, the rate limiting step is the insertion of thétUdles in a Broida ovén'®and a moderate resolution study

metal atom into the H—OR bond. This step forms an inter-Using a laser ablation molecular beam spectrorméter this

mediate species such as H—Ba—(R=H, CH,;, C,Hs -*). paper we discusg the spectroscopy of&&l—x 2A; sys-
Different products can be generated from this reaction wherfem and the details of the pure precession model that helped
BaH, BaO or BaOR have all been observed under widelHS O correctly assign the spectrum.

different experimental conditions. The dynamics of a few

reactions of HO and ROH with alkaline earths have been || EXPERIMENT
studied in detail and they show that the reactivity is strongly ) )

dependent on the electronic state of the alkaline-earth 1he experimental apparatus consists of a source com-
aton?~°and also on the size of the reacting spe&le&2For ~ Partment containing a Smalley-type laser ablation source and
example, ground state Ba atoms react witfOHo give pre- & Second detection chamber. The experimental arrangement
dominantly the BaO product whiléD Ba atoms favor the has been described in previous publicatibfBriefly, a 10
ns pulse of 532 nm radiation from a Nd:YA&ontinuum:

dCurrent address: Division of Geological and Planetary Sciences Californisureme laser is gently focused onto a rOtatl-ng caIC|um.r0d.
Institute of Tech.nology, M/C 170-25, Pasadena, CA 91125. The laser-produced metal plasma reacts with ammonia gas

bAlso: Department of Chemistry, University of Arizona, Tucson, coexpanded with an inert carri¢s% NH; in Ar) which is
AZ 85721. held at 50—60 psi behind a pulsed vali® Hz). The CaNH
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FIG. 3. The 2—1 subband of thB 2B,—X 2A, electronic transition of

EaNHZ. The origins and band gap are evident for FheandF, spin com-
ponents.

FIG. 1. Some of the assigned branches of the 0-1 subband in th
OSB 2B,—X 2A; transition of CaNH. This spectrum corresponds to a
23, —case(b) 2II electronic transition of a linear molecule. Tlkgbranch
lines are not labeled for clarity.

tially in a high temperature sour¢®roida oven*® and later

~with a laser ablation/molecular beam spectromtétesing a
molecules are subsequently probed by the output of a singlgyysed dye laser as a probe.

mode (1 MHz) CW ring dye laseCoherent 699-20about CaNH, is a planar C,,), near prolate asymmetric top
15 cm downstream from the nozzle. Detection of the Ca8NH molecule, and thus the electronic transitions can be classified
species was ca_rried put by _averaging the laser-induced flugyg parallela-type or perpendiculatb- or c-type. TheB-X
rescencéLIF) signal in the time window between 175-205 ansition corresponds to the promotion of an electron from a
us after the laser ablation pulse. This is the time required fobround state metal-centeredype orbital to a predominantly
the_CaNI—i molecules to travel the 15 cm to the detgction metal-centereg,-type orbital(see Figs. 1 and 2 of Ref)2
region. The LIF passes through a 638 nm bandpass filter \\here thep, orbital is perpendicular to the plane of the
and is collimated with a 1.5 in. lens and focused onto gnglecyle. Ap s electronic transition is therefore a c-type
photomultiplier tube wh a 7 in. lens A 5 mm aperture is  perpendicular transition. The spectrum will consist of sub-
used to limit the field of view and it reduces the Doppler54s separated by approximately @A is the largest of the

linewidth to approximately 150-200 MHz. The laser wasihree rotation constaniswhere each subband originates
calibrated by splitting off a small fraction of the beam to

record the LIF spectrum oflin a static gas cefl*%
Y Nw Fl J
15 +
Ill. RESULTS AND ANALYSIS 0 s, 5
The A-—X and C—X band systems of CaNthave pre- b ————
viously been recorded and analyzed at high resolution. A 0 A ————
. . = > .. . 1
detailed analysis oB 2B;—X 2A, transition, which occurs v N F, 0 —01
near 629 nm, has not been carried out. However, the low s. R S 8
resolution laser excitation spectrum has been studied, init1 s, .Y 5 2 58
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FIG. 2. The assigned branches of the 1-0 subband in $8e2B,—X 2A;
transition of CaNH. Note the intermediate cage)—(b) behavior in the
excited statdsee the text for details

FIG. 4. The energy level diagram for the 1-0 subband oBF®,—X 2A,

transition.
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FIG. 5. The energy level diagram for the 0-1 subband oftff8,-X *A;  from a differentK”, value of the molecule. The selection rule

transition. for a c-type transition isAK,= *=1 (AK.=0) giving rise to
(Ka—K3) 0-1, 1-0, and 2-1, etc., subbands. As was found
with the C—X transition of CaNH, the free jet expansion

T N F cools all of the orthdodd K}) rotational levels intaK} =1
X : . :
0 5, = and the pargevenK}) levels intoK}=0. But, unlike the
5. = 3 .
1o, parallelC—X transition, where all of the subbands are over-
0 4 — 5 lapped due to thaK,=0 selection rule, the subbands of the
0 3 . B—X transition are separated by approximately 26 ém
: ;: +25 Therefore, the high resolution analysis of this band system is
12, ", somewhat simpler than the spectrum of e X transition.
Y New F, B'B, The appearance of the high resolution spectrum can be
‘1’ 3a Tas related to analogous transitions of a diatomic or linear mol-
S + " ecule. The 0-1Fig. 1) subband has the appearance of a
! e =35 23, —[Hund’s caseb)] 2I1 transition while the 1-QFig. 2)
"Ry
0 ;ﬂ 25
1 2 T agl
0 2 15 ' .
1 g, m— e TABLE |. The spectroscopic constants for CapNid cm™2.
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FIG. 6. The energy level diagram for the 2—1 subband oBt8,—X 2A,
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TABLE II. Line positions of theB 2B,—X 2A; of CaNH, (cm™?).

Ax107® J
Observed Observed
J” PPy 0-1 Subband QQ,, AX107°
15 15871.919 95 —341 15 15 872.509 62 -33
2.5 15 871.336 22 —610 2.5 15 872.518 63 —58
35 15 870.764 15 —-350 35 15 872.534 08 -74
45 15870.198 76 —59 45 15 872.556 09 -78
5.5 15 869.643 38 591 5.5 15 872.584 75 - 67
6.5 15 869.082 53 48 6.5 15 872.620 16 —42
7.5 15 868.542 62 946 7.5 15 872.662 39 -3
8.5 15 867.997 24 636 8.5 15872.711 48 42
9.5 15 867.451 08 —424 9.5 15 872.767 46 83
10.5 15 866.928 17 159 10.5 15 872.830 29 102
115 15 866.401 14 —364 115 15 872.899 85 74
125 15 865.890 78 71 125 15 872.975 91 —43
135 15 865.382 10 -50
RRu QQll
2.5 15 874.378 32 -172 15 15 872.537 90 83
35 15 875.005 42 —689 2.5 15 872.560 41 96
45 15 875.644 20 —685 35 15 872.589 22 99
5.5 15 876.297 98 166 45 15 872.624 32 89
6.5 15 876.951 77 358 5.5 15 872.665 78 69
7.5 15 877.607 22 45 6.5 15872.713 68 40
8.5 15 878.272 68 53 7.5 15 872.768 15 8
9.5 15 878.944 81 35 8.5 15 872.829 34 -24
10.5 15 879.621 95 —189 9.5 15 872.897 43 —46
115 15 880.310 76 32 10.5 15 872.972 61 —54
125 15 881.004 57 15 115 15 873.055 08 —40
12.5 15 873.145 05 2
PI:’22 PQlZ
25 15870.714 12 —-510
35 15 870.132 05 70 15 15871.345 21 91
45 15 869.548 31 —154 2.5 15 870.771 80 110
5.5 15 868.971 25 —356 35 15 870.204 59 117
6.5 15 868.405 86 —42 45 15 869.643 65 112
75 15 867.848 80 445 5.5 15 869.089 06 97
8.5 15 867.290 08 95 6.5 15 868.540 91 74
9.5 15 866.743 04 233 7.5 15 867.999 32 46
10.5 15 866.195 99 -324 8.5 15 867.464 45 19
115 15 865.663 96 —-86 9.5 15 866.936 49 1
RRzz FaQ21
15 15 874.304 94 —500 15 15 873.702 30 —42
2.5 15 874.920 36 —233 2.5 15 874.307 24 -72
35 15 875.540 79 —-105 35 15874.918 71 -92
45 15 876.169 56 207 45 15 875.536 76 —101
55 15 876.803 33 361 55 15 876.161 47 -96
6.5 15 877.440 44 180 6.5 15 876.792 94 -74
75 15 878.087 55 319 75 15 877.431 22 —41
8.5 15878.741 34 435 8.5 15 878.076 37 -1
9.5 15 879.393 46 —321 9.5 15 878.728 40 36
10.5 15 880.068 93 537 10.5 15 879.387 27 50
11.5 15 880.736 05 -177 115 15 880.052 87 17
1-0 Subband
QF’21 FaRzz
2.5 15 894.691 98 97 0.5 15 895.879 46 162
35 15 894.375 09 221 15 15 896.149 65 69
45 15 894.048 20 -39 2.5 15 896.413 17 405
55 15 893.721 30 173 35 15 896.660 00 152
6.5 15 893.384 41 —286 45 15 896.896 83 -64
7.5 15 893.050 84 —231 55 15 897.123 66 —305
8.5 15892.717 28 —-131 6.5 15 897.343 81 —-320
9.5 15 892.390 38 545 7.5 15 897.557 29 —200
10.5 15 892.053 38 -1 8.5 15 897.763 91 —64
115 15891.723 11 —201
QQZZ
SRy, 15 15 894.696 43 304
15 15897.343 81 342 2.5 15 894.377 56 135
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TABLE Il. (Continued).

Morbi et al.

Ax10°® J’
Observed Observed
J” PPy 0-1 Subband QQ,, AX10°°
2.5 15 898.204 41 171 35 15 894.052 39 —49
35 15 899.058 33 -192 45 15 893.722 81 —200
45 15899.912 25 —225 5.5 15 893.390 80 —266
55 15 900.766 18 -70 6.5 15 893.058 36 —-193
6.5 15901.616 77 —-202 7.5 15 892.727 42 74
75 15 902.467 36 —418 8.5 15 892.399 75 578
8.5 15 903.324 44 -192
OPlZ QQll
25 15901.196 48 844 15 15904.151 77 —45
35 15900.375 91 626 25 15904.519 93 46
45 15 899.585 36 286 35 15904.918 51 57
5.5 15 898.824 84 - 165 45 15 905.346 15 —-138
35 15 905.346 01 —581 5.5 15 905.801 04 —685
45 15 905.803 01 -1012
5.5 15 906.283 33 —2133 PQ.
6.5 15 906.823 51 -220 15 15 895.881 06 295
7.5 15907.373 94 —153 2.5 15 896.154 50 121
35 15 896.421 63 - 66
PPy 45 15 896.684 33 —222
25 15902.991 05 568 55 15 896.944 59 —293
35 15902.770 90 562 6.5 15 897.204 40 —224
45 15902.574 10 247 75 15 897.465 67 37
5.5 15 902.400 64 —243 8.5 15897.730 21 538
6.5 15 902.257 21 -100
75 15902.127 12 - 857 PP,
2.5 15 892.914 08 184
RR11 35 15 892.000 11 336
0.5 15904.772 28 602 45 15 891.069 47 -87
15 15 905.736 28 349
25 15 906.726 97 123
35 15907.741 00 —276
45 15908.778 39 -705
5.5 15 909.845 62 -381
6.5 15910.933 01 —142
2-1 Subband
PPy °PYY
35 15937.145 61 36 35 15 934.757 29 -315
45 15936.902 11 32 45 15 933.920 04 -85
5.5 15936.671 95 —223 5.5 15 933.096 14 —104
6.5 15 936.468 47 607 6.5 15 932.290 03 73
75 15 936.275 01 860
8.5 15 936.094 88 871
9.5 15935.921 43 -19 QR
1.5 15938.936 85 —-219
25 15939.291 54 —-218
RR{Y D 35 15 939.664 02 -19
15 15940.131 01 -80 45 15 940.045 39 -511
25 15 941.085 00 253 55 15 940.454 56 199
35 15 942.049 00 -2 6.5 15940.871 52 115
45 15943.033 01 160 75 15941.305 15 129
55 15944.033 71 414 8.5 15941.751 02 —-194
6.5 15 945.044 41 93 9.5 15942.219 12 153
75 15 946.075 12 205 10.5 15 942.695 00 —267
8.5 15947.119 17 90 115 15943.189 79 -328
PP(Y opg)
35 15937.190 08 -56 35 15 934.836 23 14
45 15936.977 71 29 45 15934.032 34 —-202
55 15 936.785 36 —227 5.5 15 933.250 69 —535
6.5 15 936.628 58 736 6.5 15 932.495 72 —-538
75 15 936.475 14 —-302
1.5 15938.961 31 —42
RR{Y 25 15939.339 35 24
15 15940.141 01 164 35 15 939.737 40 —246
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TABLE Il. (Continued)

Morbi et al.

AX10°® J’
Observed Observed
J = 0-1 Subband QQ,, AX10°°
2.5 15 941.105 01 -15 45 15 940.158 80 -517
3.5 15 942.095 70 131 55 15 940.612 45 102
45 15 943.106 40 -61 6.5 15 941.084 33 215
5.5 15 944.147 12 414 7.5 15 941.569 78 - 640
6.5 15 945.205 63 339
7.5 15 946.288 60 386 RQGY
8.5 15 947.393 81 341 2.5 15 922.006 01 - 167
35 15922.311 47 —560
epgy 45 15 922.637 51 694
35 15920.243 19 462 55 15 922.952 97 496
45 15 919.959 66 121 6.5 15 923.270 04 86
5.5 15 919.682 80 36 7.5 15 923.594 48 65
6.5 15919.409 28 -108 8.5 15 923.924 81 312
7.5 15919.139 09 -292 9.5 15924.251 11 -134
8.5 15918.878 91 176 10.5 15 924.588 09 232
9.5 15 918.616 51 100 115 15 924.924 51 321
SREY QALY
15 15923.187 81 51 2.5 15921.991 08 610
2.5 15 924.085 10 -108 3.5 15 922.273 22 154
35 15 924.986 83 —237 45 15 922.552 90 -203
45 15 925.896 35 20 55 15922.831 95 —260
5.5 15 926.801 42 -541 6.5 15 923106 17 -416
6.5 15927.714 27 -673 7.5 15 923.383 69 167
7.5 15 928.634 91 —345 8.5 15 923.649 81 44
8.5 15 929.562 22 360 9.5 15923.910 12 -193
9.5 15 930.479 52 -192 10.5 15 924.174 39 466
115 15 924.424 37 232
opgy-1 125 15 924.670 98 237
35 15 920.199 83 665 135 15 924.915 88 690
45 15 919.882 94 14 14.5 15 925.138 36 —436
5.5 15919.569 39 42
6.5 15919.251 39 -12 SR
7.5 15918.932 28 207 2.5 15 924.062 86 -63
8.5 15 918.606 50 167 35 15 924.942 36 —145
9.5 15918.282 94 783 45 15925.817 41 -310
5.5 15 926.688 01 —536
6.5 15 927.557 50 — 464
7.5 15 928.425 88 -68
8.5 15 929.284 25 —205
9.5 15 930.145 96 491

and 2—1(Fig. 3 subbands appear like cag® I1(°A)-23,

constant,e,,, in CaNH, has a similar effect as the spin— a 23 —case(b) 211 transition.
orbit constant AS9) of a hypothetical linear molecule. The

top are approximately given by

E(N,Ka) =AK2* 3e,.Ka+ 3(B+C)[N(N+1)—KZ]

+ ..

whereA, B, C are the rotational constants, alkig andN are
angular momentum quantum quantum numbers. Thus for
subband withk,=0 (0—1 subbandin the B ?B, state, the
excited state energy levels will approximatéX state of a
linear molecule. The value af,, in the ground state is small
because th& state originates from as orbital which does

D

not have any spin—orbit coupling. TH& =1 levels behave
(case(b) 2I1) transitions. This is because the spin—rotationas a Hund's caséb) ?I1 state and the spectrum appears like

For the 1-0 subband, the excited state is like an inter-
rotational energy levels of a near prolate doublet asymmetrignediate Hund’s casé)—case(b) ?II state. This is because
the term,|e,q/(B+C)J|<1 (eg;=—7.5cm?) for low J
values(i.e., J<15). The A and B states of CaNHl differ
from the corresponding states of SriHwhere |e,,|
=30 cm L. The splitting of theF; andF, spin components
in the excited electronic state is approximately given by,
€.:K4, so the term|e,,/(B+C)J|>1, even for low
J(=<20) in SrNH,.. Thus theK,=1 levels will approximate
gase(a) behavior in SINH because of the large value &f,

in the A and B states. The transition from pure ca&s
behavior to intermediate cag®—(b) behavior begins at high
rotational angular momentumJ{=50). Some spin uncou-
pling was observed in thé—X and B—X transitions of
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SrNH,, since highJ rotational levels were populated in the PPQZ branch becomeQPTz, since the rotational transitions

Broida oven sourcé® High J rotational transitions were not are relabeled,R;) 2,1 (F3)414, from (F3)350(F2)414in
observed in the cold spectrum of Capkecorded in this Fig. 5 of Ref.1. In the paper of th€-X band system of
work. CaNH,,? we had labeled the rotational levels of the excited
The difference between cage) and intermediate case state in the 1-1 subband using the scheme of Mtal. For
(a)—(b) behavior can clearly be seen by comparing the specconsistency we reproduce the energy level diagram using the
tra of the 1-0(Fig. 2) and 2—1(Fig. 3 subbands. The 2—1 scheme adopted in this papeee Fig. J. The 0-0 energy
subband Corresponds to a C&a}ng_Case(b) 211 transition level diagram depicted in Flg 3 of Ref. 2 does not change
of a linear molecule. The separation betwelep and F,  SinceK,=0 levels approximate &3 states of a diatomic
spin—rotation components in the excited state is roughlylinean molecules. - -
17cm ! (Je,aKa/=15.1cml), while the corresponding The assignment of thB—X spectrum was carried out in
splitting in the 1-0 band #(?Q,,)—»(?Q,,) is 7.1cmL., & using a color Loomis—Wood progrdmto sort the
A clear separation of the band origins of thq and F,  branches, and ground state combination differences were cal-
components is quite evident in the spectrum of the 2—1 subculated with the constants of Maet al. There were, how-
band but is not clearly observed in the 1-0 subband. ever, problems in fitting the assigned lines. There was diffi-
The fine structure of th&,=0 rotational levels arises Culty in simultaneously fitting all the branches with the
from spin—rotation interactions, where the splittings are proinclusion of the highesg lines. It was reasoned that there
portional to3( ey, + €cc). These levels are labelldd, andF,  Were perturbations in the state similar to those found in the
according to the total angular momentun{=N= 3, + for B state of SrNH.2 Here a Coriolis coupling between one
F1, — for F,). In rotational levels witiK,#0, the splitting ~ quanta in thevz Sr—N stretch(a; symmetry of the A B,
of the F, and F, components are equivalent to a “spin— state was found to interact with=0 of the B ?B; state.
orbit” splitting which is proportional toe,,K,. This is be-  Another possibility for a Coriolis interaction is betweep
cause the spin—rotation interactions are dominated by secoriflH bendb, symmetry of the A 2B, state with theB 2B,
order spin—orbit effects rather than first order coupling bestate. The estimated location of the energy levels of the ex-
tween electron spin and nuclear rotation. The second ordejited stretching and bending modes in héB, state were
nature of the spin—rotation interaction allows one to derivefound to be~50 cni' ! away (to the blue and red, respec-
simple formulas (pure precession mod@l, Coriolis  tively) from v=0 of the energy levels of thB 2B, state in
interactiort®) for the spin—rotation parameters. The smallcaNH, This eliminated the possibility of a local Coriolis
splitting within each component is due to slight asymmetryinteraction causing the problems in fitting the line positions
in the molecule. of the B 2B,—X 2A, transition. It was found that adding
The energy level diagram for a 1-0 subband is given imjgher order(quartio centrifugal distortion constants to the
Fig. 4, the transitions are labeled according to the recommenit poth rotationa®?” and spin—rotation&’® alleviated the
dations of Marret al,! *NAJggr. There are a total of 12 ifficulties associated with fitting all the branches of each
allowed branches in the 0—-1 and 1-0 subbands and 8 wegtbband simultaneously. Perhaps these high order constants
observed for the 0—1 subband while 11 were observed fotake into account the interactions with distant vibronic levels
the 1-0 subband. In the 2—1 subband 14 of the 24 possiblef the A state.
branches were observed. Energy level diagrams for the 0—1, The molecular constants for trEEZBl andX 2], states
1-0, and 2—-1 subbands are depicted in Figs. 4—6. The labedre reported in Table I. These constants are obtained from
ing of the F; and F, components in a cas@) electronic fitting the data of all three low-lying electronic transitions
state of an asymmetric top molecule can lead to some CorfA 2B,—X 2A;,1 B 2B,—X 2A,, C 2A,;—X 2A,?). A version
fusion. One can choose; andF, according to the sign of of this table was published in tHe—X paper, but since then
€aa [€2a>0 regular casda), €,,<0 inverted caséa)], or, we have investigated the spin—rotation parameters more
the conventional spectroscopic method based on a Hundgarefully. In the pure precession model, the spin—rotation
case (a)—case(b) correlation diagram betweeN and J  parameters can be predicted using a simple formula, for ex-
which leads to the identification of the; and F, spin  ample, the interacting pair of states due to rotation about the
labels?* In the paper by Maret al, they chosem; andF, b axis (B andC state$, gives the following formula for the
based on the sign aof,,, we, however, choose the conven- second order correction te,y, : 2
tional scheme. The choice of the labeling scheme, however,
does not effect the molecular constants or dr@ssignment. @_ . 21(1+1)BA®
For example, fitting the data of Maet al. using our nonlin- €bb ~ T Eg-Ez @
ear least squares program gave identical constants to those in
the published literatureThe differences arise in the label of where the top sign refers to the lower lying electronic state
each rotational levelNy k) and the spin labels;; andF,.  andl=1 for p orbitals. This model also predicts theff)=0
Using the notation adopted here, thgandF, labels for the  for theB 2B, state. In the previous paper, the observed value
assigned branches of the 1-0 and 2-1 subbands in thsf the spin—rotation constants derived from a global fit of the
A 2B,—X 2 A, transition should be interchanged and the dataset aree?®=0.00351cm® and €22°=0.0389 cm*
(andK.) quantum number label should be increased by 1 fowhile the pure precession model predicted the following val-
theF; component and reduced by 1 65, For example, the ues: e(2)=0.0539 cm* and €?=0cm™. At the time of
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publication we believed the large discrepancy between the The pure precession model has been used to describe the
observed values and the predicted values were due to thepin—rotation interactions in the alkaline-earth family of
failure of the pure precession model which assumed that thmolecules’* We have presented a case where the model can
unpaired electron belongs in an pyretype orbital. It was be used to help correctly assign the spectrum of an open shell
suggested to GSthat perhaps the values ef, ande.. could  asymmetric molecule. The utility of this model for other
be interchanged to improve the agreement with the predicpolyatomic molecules with more complex spectra should be
tions of the pure precession model. In terms of fitted con-of considerable interest.
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