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Near-infrared and visible spectra of tA&[1-X*3 ", C*I1,,,~AI1,,,, C’I1,,,—B*3 ", andCI1,,,—X*3 " band systems of the
Bal molecule were recorded by using Fourier transform spectroscopy (FTS). The spectra were produced from the chemilu-
minescent reaction Ba |, and also by using laser-induced fluorescence (LIF) technique in which the laser sources were a
Ti:sapphire single-mode laser, a dye single-mode laser, and ankittimode ion laser. Resolved rotational data, originating
from 19 vibrational levels (3= v = 5 and 7= v = 19) of theA’Il state, 24 vibrational levels (& v = 18 and 20= v =
24) of theX®s, " state, and 8 vibrational levels & v = 2 and 9= v = 14) of theC?II state, were used in the final analysis.
Previously recorded data for tiB>, *—X*3 * andC?*II-X?3 * systems, taken from R. F. Gutterres, J. Verges, and C. Amiot,
J. Mol. Spectroscl96,29-44 (1999) and from C. A. Leach, A. A. Tsekouras, and R. N. Zharglol. Spectroscl53,59-72
(1992), were added to the present work data field. Accurate and improved molecular constant(TartH@’s. *, A’I1, and
C’II states, were derived from a simultaneous treatment of the whole data set Academic Press

Key Words:Fourier transform spectroscopy; laser-induced fluorescenceABalelectronic state; molecular constants.

I. INTRODUCTION E’S XX " at about 374 nm an®?3 "-X*Y " at about 388
nm. Bradfordet al. (12) observed the chemiluminescence

The alkaline—earth monohalidésX (whereM is the metal reaction Ba+ I, and determined that the infrared emission was
andX the halogen) have attracted the interest of theoretical ad,,eq from two unobserved electronic transitiohd1—X23. *

experimental spectroscopists for a long time. These molecugﬁszH_XzE+_ In all previously mentioned works the exper-

are highly ionic compounds and have nine valence electrofifents were unable to resolve the individual rotational transi
outside closed shells. The structure of the ground electrow(gnsy which are very closely spaced, mainly because of the fa

state and the structures of the first excited electronic states &4 the large mass of barium and iodine atoms results in vel
be described by an unpaired electron and a molecular ion CQffall rotational constants

- P z .
consisting of two closed-shell ioMd“" andX™. Theoretically However, since 1981 there has been a high-accuracy sy

it is expected that the electronic structure of these radic%smatic study of theC2TTI-X23 * band system with rotational

should have a behavior similar to the one of the alkali atorq% : 2 25 + .
. ) 2 ) ot ) solution. TheC*II-X°%" (0-0) band has been studied by
The electronic statea” "A, AT, B'X", andC'1I would be using population-labeling optical-optical double resonanc

formed from the excitation of the unpaired electron to the %PLOODR) at first by Johnsoet al. (13) and after that by

low-lying (n—1) states. Different ionic bonding models hav )
been developed to represent the structure of these first exci 83”30[1 and Zare (14). The same band has been studied alsc

states, e.g., thelectrostatic polarizatiormodel (3, 4) and the using selectively detected laser-induced fluorescence (SDLII

ligand-field approach5). From these models, predictions l‘orby lt]oh?sdor;et al (%‘St)h lnBtTe |a|St tr:reengntgarfled works a
both the transition energies and the permanent and transit?&A'ma ed beam of the bal molecule obtained from an ovet
urce was used and the molecular constants fo€the and

dipole moments have been done for several aIkaIine—ea?( + stat determined. It t also b hasized tr
monohalide molecules, including the Bal molecuie 7). states were determined. 1t must also bé emphasize

The first observation of vibrational bands of the Bz~ the molecular constants reported in the last three mentione

X23* band system was made in 1928 by Walters and Barriyprks were found to be essentially equal to each other. Ne\
(8). Later, Mesnage (9) studied tB3I1-X?3,* bandheads and _ertheless, using a crossed-beam apparatus, SDLIF, and las
more detailed vibrational analyses of this band system wepguced fluorescencs (L”:z)' Zha al. (16) performed a pow-
performed by Patel and Shab) and Ract al. (11). In their €"ful study of theC“I-X*%" (0-0) band in which high-
work, Patel and ShahL0) also recognized that the absorptiofotational levels " up to nearly 500) were observed. From
spectrum in the region of 380 nm observed by Walters aff#S data set, and combining with previous resuli8{15), it
Barratt (8) was caused by two other electronic band syster§S possible for the authors to determine an improved ar
more general set of molecular constants. Using PLOODF

L To whom correspondence should be addressed. E-mail: claude.amids@@chet al. (17) observed and assigned BEI-XY" (8-8)
lac.u-psud.fr. band. Finally, Leactet al. (2) performed a general rovibra-
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FIG. 1. Scheme of the experimental setup. 1, Laser source (Ti:sapphire or
dye single-mode lasers or Krmultimode ion laser). 2, Lambdameter. 3,
Fabry—Perot spectrum analyzer. 4, Oscilloscope recording the transmission
fringes of the spectrum analyzer. 5, Heat-pipe oven. 6, Pierced mirror collect-
ing the fluorescence light backwards with respect to the laser beam. 7, Two 5000 Ti:Sa
meters optical path length Fourier transform spectrometer. Devices 1, 2, 3, and
4 are not used in the recording of the chemiluminescent spectrum and devices
2, 3, and 4 in the experiment using a‘Klaser.

o) X
tional analysis of the BaC*II-X*Y " band system witlv <
12. The observed bands (&v 0), withv = 0, 1, 4, 8, and 12
were recorded by SDLIF and, in addition, the baniig & 0),
withv = 0, 1, 2, and 3, were measured by LIF, in which the
undispersed fluorescence was detected. The obtained data weRy using LIF, generated from a Ti:sapphire single-mode
combined with previous resultsl§, 14, 17) and also with laser, and Fourier transform spectroscopy (FTS), Guttates
microwave measurements of lalt values forv = 0-5 of the al. (1) assigned more than 2400 observed wavenumbers of tl
X?3," state obtained by Téring and 'Pb(18). A set of 31 B?X"-X?3%" band system. The highly congested spectrum o
molecular constants was calculated from a weighted nonlingae B*S *—X?3.* (0, 0) band, obtained from the chemilumines
fit; it reproduced the 5032 observed transition wavenumberent reaction Bat+ |,, was also recorded by using FTS. The
with a standard deviation of 2.37 10~ cm™* and the values spectral data set obtained by Leaathal. (2) was included in a
obtained for these constants by the authors improved the valgghal analysis including both tHgS *~X?%.* and theC?I1-
obtained by Raet al. (11). X?3" band systems. A set of 51 molecular constants wa
calculated and it reproduced both the obser2éd *—X°3*

FIG. 2. Energy level scheme of excited and fluorescence-induced trans
' tions.

TABLE 1
Vacuum Wavenumber o an_d I_Emltted Power P 5 AL O-X(l1) N'=28.5
of the Used Laser Radiation Sources A {D-X(8) N'=166.5
P|Q R
Laser o (cm™) P (W) o (cm™1) P (W) o (em™1) P (W)
i i
Ti:sapphire|  10042.86 0.3 10393.95 0.3 10695.23 0.4 @ r QR
o
10056.79 0.2 10394.52 0.4 10726.83 1.0 g ‘
10100.22 03 10422.82 0.4 10822.36 0.4 z Ai,ml\vmﬂ#‘“‘*
-~ |
10150.27 0.4 10422.89 0.3 10837.34 1.0 = 9540
10200.50 0.4 10436.81 0.4 10869.46 11 <
<
10257.79 0.2 10501.80 0.4 10927.96 1.1
10350.79 1.0 10530.22 0.4 10933.50 11
10372.34 1.0 10558.81 0.4 10977.34 1.1 ;
10372.43 1.0 10652.12 0.4 10977.70 1.1 ﬁwﬁww TP T stk
f T T T -1
dye 17521.00 0.05 17514.27 0.05 17513.80 0.05 9520 9530 9540 9550 cm
17507.51 0.05 - - - - FIG. 3. Part of the A-X LIF spectrum induced by the Ti:sapphire
Ko+ 17594.91 11 B , B N 10 869.46 cm' laser line. Numbers in parentheses are tHevalues of the
transitions.
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TABLE 2 and visible LIF spectra were obtained from the Ti:sapphire an

255

Ti:Sapphire Single-Mode Laser Vacuum Wavenumbers o, dye single-mode laser excitations and from a Knultimode

Quantum Numbers v’, J’, and Energy E’ for the A’Il Excited jon laser excitation. Previously recorded data for @dI—
Levels, Quantum Numbers v”, J’, and Energy E” of the Lower  x25* and B3, *—X23,*, taken from Gutterrest al. (1) and

Levels in the Ground X*3* State.

Leachet al. (2), were added to the present work data field.

olem Y| v 7 Elem )| o Jn E"(em=1) Av Resolved rotational data, originating from 19 vibrational levels
2 . .
< < < <
10042.86 2 142.5 10811.27 1 141.5 768.41 1-5 (0 =V= 5 and 1=v= 19) 20f EheA H State_’ 32_V|brat|0nal
. Isis — . - 540 o levels (0= v = 31) of theX®X " state, 24 vibrational levels
' ' ' ' ) (0=v =19, 21=v =19 andv = 26) of theB*X " state, and
30 T8 1058397 2 195 5111 06 12 vibrational levels (= v = 4 and 8= v = 14) of theC’I1
2 925 10503.84 1 93.5 460.98 -5 state were used in the final analysis. Accurate molecular col
3 52.5 10648.07 2 52.5 605.21 16 stants, for theX®S ™", B2 ", A%, and C%Il states, were
10056.79 1 129.5 10587.64 0 199.5 530.85 04 derived from a simultaneous treatment of the whole data se
2 52.5 10360.76 1 52.5 303.97 1-5
Il. THE EXPERIMENT
10100.22 4 254.5 12204.11 2 255.5 2103.89 1-7
5 2825 12714.61 3 2815 2614.39 3-8 The experimental configuration and techniques used wel
10 89.5 11593.44 8 90.5 1493.22 713 similar to those previously reporteﬁi)( The production of the
10 134.5 11847.91 8 134.5 1747.69 6-14
9 149.5 11812.78 8 149.5 1712.56 5-12
C|/z —A,
10150.27 3 204.5 11499.55 1 204.5 1349.28 1-6
7 82.5 11014.06 5 81.5 863.79 3-10 ‘1/2(13)_A|/1(17) N’=68.5
2 254.5 11946.70 0 254.5 1796.43 1-4
7 40.5 11024.54 5 40.5 874.27 3-10
7 38.5 11018.19 5 38.5 867.92 3-10 ‘E
4 200.5 11890.01 2 200.5 1739.74 1-7 i
10257.79 8 235.5 12384.91 4 234.5 2127.12 4-10 E
N
10 83.5 11567.16 7 83.5 1309.37 7-13 .E
10 435 11438.17 7 4.5 1180.38 7-13 ® ‘ J
10 60.5 11483.16 7 60.5 1225.37 7-13 il WH’
10350.79 13 149.5 12355.57 9 149.5 2004.78 9-17 ‘ ‘
10422.82 7 166.5 11686.49 3 166.5 1263.60 3-10
9 52.5 11324.50 5 52.5 901.61 5-12
9 29.5 11274.55 5 28.5 851.66 5-12
CI/Z - BI/Z
10422.89 9 52.5 11327.17 5 52.5 904.28 5-12
C,,(13)-B(10) N’=69.5
10436.81 17 145.5 12852.64 12 145.5 2415.83 12-22 Q Pl T T T 777 'R!
19 64.5 12693.98 14 63.5 2257.17 14-24 i

Note.Range of observed values in theX’S* state.

and theC?II-X*3 " band systems spectral data, with a stan
dard deviation less than 223107 cm ™. The several observed
transitions withAv # 0 have permitted the solution to the pure
vibrational terms of the Hamiltonian used by Leattal. (2) to
reproduce the observed transitions.

In this work a spectroscopic study of th&’Il is pre-
sented. TheAl,—X>3", Cl,,~A2l,, Ci1,,B%", and
C’I1,,,—X*>" band systems were investigated by using LIF
and FTS. The spectra of both components AGII-X?3*

arbitrary units

| |
' "LWWM\W«WWAWMMwM',If

8000

8010 cm

FIG. 4. Part of theC—A (on top) andC-B (below) LIF spectrum induced

(0-0) subband, produced from the_ Chemiluminescent_reaCtmhe 17 594.91 cnt Kr* laser line. Numbers in parentheses arevthealues
Ba + |,, were also recorded by using FTS. The near-infraretlthe transitions.
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TABLE 3

Dye Single-Mode Laser and Kr* Multimode lon Laser Vacuum
Wavenumbers o, Quantum Numbers v’, J’, and Energy E’ for the
C’II Excited Levels, Quantum Numbers v”, J”, and Energy E” of
the Lower Levels in the Ground X*%* State

a(em™)| v AJ' AFE'(em™)  |v"]  AJ” AE"(em™) | Av*| Ad®
17514.27| 1 |168.5-197.5|18804.48-19085.69| 3 | 169.5-198.5{1290.21-1571.42| 0-1 | 0-2
17521.00{ 2 | 165.5-190.5|18924.02-19158.09| 4 | 166.5-191.5/1403.02-1637.09| 1-4 | 1-3
17594.91] 9 |255.5-256.5(21008.62-21021.78| 11| 256.5-257.5(3413.71-3426.87| 7-13 | -
10{199.5-200.5/20494.15-20504.48| 12| 200.5-201.5{2899.24-2909.57| 8-14 | 7-8
10| 299.5 21758.02.48 12| 298.5 4163.11 8
10| 306.5 21865.60.48 12|  305.5 4270.69 8
11|133.5-137.5/20061.01-20088.98| 13| 134.5-138.5| 2466.10-2494.07| 10-17| 8-13
11| 2255 20920.51 13 2245 3325.60 - 7
11]231.5-232.5/20979.05-20990.90| 13| 230.5-231.5| 3384.14-3395.99 7-11
12| 62.5-65.5 |19848.93-19859.01|14] 63.5-66.5 |2254.02-2264.10 8-16 | 9-12
12120.5-130.5|20119.21-20183.82| 14| 119.5-129.5|2524.30-2588.91| 8-17 | 9-14
13| 57.5-77.5 |19977.09-20047.69[15] 58.5-78.5 |2382.18-2452.78] 9-18 | 9-15
13|203.5-210.5/20961.59-21035.54| 15| 204.5-211.5|3366.68-3440.63| 9-17 | 9-15
13|228.5-233.5(21237.95-21296.94| 15| 229.5-234.5|3643.04-3702.03| 9 | 9-15
14/ 130.5-133.5|20469.36-20489.63| 16| 129.5-132.5|2874.45-2894.72|10-19| 11-16

limit ranging from 0.005 to 0.02 cit. The wavenumbers were
calibrated relative to a fixed frequency reference line (Xe
atomic transition near 3.om) used to monitor the path dif-
ference of the interferometer. The absolute measurement u
certainty varied from 1xX 107 cm™ for the strongest lines to
5 X 10°° cm™ for the weakest ones.

I11. RESULTS

As observed in the spectra of tB& *—X*3 " band system {1
the recorded spectra presents high complexity. ARH ;,—
X?3*, C?1,,-A%ll,, C’II,,~B*S", and CII,, X"
band systems involve two doublet states; each vibrational bar
contains several observed rotational branches (six for tt
ATL,,—X*S", six for the C?II,,,—A%ll,, four for the
C’I1,,,-B*>", and four for theC’II,,,—X*3"). In addition,
the large mass of barium and iodine atoms results in sma
rotational constants and consequently the spectra are higt
congested. Figure 2 shows an energy level scheme of t
involved electronic states in the excitation and the observe
fluorescence transitions.

Note.Range of observed values in theA’Il andB®S* state.
2 A’ state.
®B?3" state.

Bal molecules was ensured by a heat-pipe oven. This molec-
ular source was proposed by Vidal and Coofd&)(@nd it has
been largely used in experimental studies of alkaline—earth
monohalides such as BaQ(Q—23), BaBr (24), BaF (25, 26),
CaF (27), and Bal (1). In the recording of the LIF spectra a
mixture of a few grams of Ba metal and Bgiowder was
heated to 850°C in the presence of 12 mbar of argon buffer gas.
In the chemiluminescent spectrum obtention the same com-
pounds were heated to 1200°C in the presence of 60 mbar of
argon buffer gas. The obtained emission in both cases (LIF and
chemiluminescent spectra) was focused onto the entrance iris
of a 2-m optical path length Fourier transform spectrometer. A
scheme of the experimental setup is shown in Fig. 1.

The excitation of the Bal molecules was done using nine
laser lines provided by a Ti:sapphire single-mode laser (Co-
herent 899-21), two laser lines provided by a dye single-mode
laser (Coherent 599-21, Rh 6G), and one laser line provided by
a Kr" (Coherent Innova K 3000) multimode ion laser. The
stability of the lasers, in both intensity and frequency, was
sufficiently high during the recording time of the spectra (about
2 h). Table 1 shows the spectral characteristics, vacuum wave-
numbers, and emitted power of all used laser lines.

arbitrary units

arbitrary units

FIG. 5.

A,—X,

(1-1) head (0—0) head [|iin

cm

9915

Part of the chemiluminescent spectrum of theX (0, 0) band

The fluorescence spectra were recorded in the region B@sem for theA?IT,,,—X23* (on top) andA?Il4,—X2S* (below) subbands.
tween 9000 and 12 000 crhwith an unapodized resolution The noise level in the spectrum is also depicted.
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TABLE 4 C—B band system
Hamiltonian Energy Matrix for the C*I1 400.5
and C’II Electronic States
A
sy R A s
T+A/24 (B+A)(X ~ 1) - BX\/2 42X/ 20057 o ) a
My, - DI(X - 1)2+ X] —HXVAEXT4 X +1) + Agy X2 5 o
O
+H[(X — 1)+ X (38X - 1)] +(@/2X A1 (X 4+ 1)) £ o
c
+ (Asa/DBX = 12+ X]+ (4/2)X — (p/a)x2 e 0%% 2 v 15
T - A/2+ (B+ A7)(X - 1) % C vibrational quantum number
=
- DX +1)* + X] =3 C—A band system
T 4005
My s sym. +H(X+1)2+X(3X+1)] ol
~ (s /DX + 17+ X] g
F(a/2IX 1 2F 20X 1 )Y © g
+ (/D[ (X + DY) 2057 89 °
Note. X = (J +1/2)? — 1. Matrix elements are calculated using an e/f parity basis ce °
and are written e over f. °© '
0.5 ; ’
0 5 10 15

C vibrational quantum number

A. The LIF Spectra FIG. 6. Schematic representation of the data set used in the reduction

The LIF technique permits the selection of a small numb rslvenumbers to the molecular constants for@r® band system (A) and for
the C-A band system (O).

of coincident laser and molecular line transitions. Conse-

quently the spectra are less congested than those obtained by

the classical emission, where a great number of upper excitggited from av” = v/ + 2 vibrational level of thex®> "
levels are involved. Therefore the assignment of quantujiound state. Figure 4 shows a part of the recorded LIF spect
numbers to the observed transitions is relatively simpler thandn the C?I1,,,—~A’I1,,, and C*I1,,,—B°S" subband systems.
the classical case. Thermal emission relative to tha*I1,,,—X*5" and B%, *—

1. The AII,,—X*3" subband system.Several triplets oP,
Q, Rlines can be observed in Fig. 3, which shows a part of the

C—A band system
recorded LIF spectra of tha’IT,,—X’S " band system. Each

300.5

line is surrounded by collisional-rotational relaxation lines, o © ©oo
t_heir intensities_ decreasing regularly and ra_pidly. _T_he intensi- 20051 000 ococ® B8
ties of theQ lines are stronger than the intensities of the li‘il
relativeP andR lines, and the six possible branch@®s (Q,— 8C0gcegB880pe000
R.; andP,,—Q1—R;,) of this subband system were observed. & 100.51 ST LI
Much fainter thermal emission appears at the background of &
H g H H c
the LIF spectrum. This emission is also noted in most parts of ¢ 05~ s o e 20
the LIF spectra. 2 A vibrational quantum number
Several fluorescence progressions have been observed. Ta- 3

. , o A-X band system
ble 2 lists the quantum numbed$, v’ and the term energy S 3005
valuesE’ of the involved AI1,, levels together with the 2 s A°
quantum numberg”, v" and the term energy valu€s of the © 2005 A A A
lower levels in the groun&®X " state. This table also shows ' A A
the range of observed vibrational levels in & * state. All A £a 4 A
the line wavenumbers were assigned to transitions involving 1005+ SN s A N
vibrational levels up to’ = 19 in theA’Il,,, state and up to A A g A ”
V" = 24 in theX*Y " state. 051 ; ; ,

0 5 10 15 20

2. The CII,~A11,,, CI1,,~B°%*, and CII,,—X*3" sub A vibrational quantum number
ban,d systems. Each laser Im_e of the_dye and Kfasers has FIG. 7. Schematic representation of the data set used in the reduction
excited several and successive rotational levels ofdH&,, wavenumbers to the molecular constants for@he band system (O) and for

state and always the vibrational levels of the same state weteA-X band system (A).
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the Global Data

TABLE 5
Molecular Constants in cm™ for the X" Electronic State
Determined in the Analysis from a Nonlinear Least-Squares Fit of

Set

GUTTERRES, VERGBE, AND AMIOT

coeff. X2xtle) X2E+) X5+
T. (0] [0}
B, x 10+? 2.68040167(704) 2.6805603(479) 2.6805878(8)
D, x 10%° 3.30413(229) 3.32258(449) 3.3288(10)
H, x 10%16 -1.932(145) -1.422(171) -1.272(80)
ap x 10%° 6.63379(102) 6.6637046(989) 6.6342(3)
Bp x 108 3.3739(283) 3.5181(563) 3.397(32)
vp x 10+ 8.78(156) 6.26(138)
ap x 10112 1.6117(554) 1.4659(523) 1.31(29)
we 152.163052(101) 152.163530(490)
WeZe 0.2726604(221) 0.2726923(204) -
Weye x 1014 2.36840(546) 2.37572(490)
¥ x 102 2.53321(192) 2.53721(328) 2.53204(36)
yg x 10H0 -3.581(173) -4.051(220) -3.82(11)
¥y X 107° -0.9774(439) -0.9994(437) -1.124(11)
Yoo X 1017 -1.089(278)

is only about 10 cm' and the overlap in the spectrum of the
band systems with the sam®v is severe. In addition, the
doublet structure of the involved states has, as a consequen
the splitting of each vibrational band in 12 overlapping rota-
tional branches.

Numerous other bands than t#€II-X’X " (0—0) were
observed in the chemiluminescent spectrum. Their small intet
sities and strong overlaps prevent the inclusion of the corre
sponding spectral data in the global calculations.

IV. ANALYSIS

The obtained available spectroscopic data of Af#l,,—
X?%*, C°I1,,,~A%1l,,,, andC?II,,,—B*S " band systems, eb
tained from the LIF spectra and the thermal emission spectrul
(0-0 band), were combined with previous results Z) and
reduced by using a nonlinear least-squares method. Both €
ergy term values of thB*S, " andX®S * electronic states were
described by standard Hund’s case {B) formulae:

T=T,+B,N(N+ 1) —DJ[N(N+ 1)]2
+ H[N(N + 1)]° +

Note.Numbers in parentheses represent two standard deviations in units of
the last figure quoted.

2 This work.
® Gutterreset al.

@).

¢ Leachet al. (2).

TABLE 6
Molecular Constants in cm™ for the B*%* Electronic State
Determined in the Analysis from a Nonlinear Least-Squares Fit of
the Global Data Set

. . . (2)
X?3,* subband systems is also observed in this part of the® e BI+®
spectra_ T. 10427.02254(52) 10427.02214(43)
The observed fluorescence progressions are given in Tables3x 10+ 2.61129134(792) 2.6114569(480)

which summarizes the quantum numbéfsv’, and the term  j, , s
energy valuee’ of the involvedC?Il,,, level together with the . 10+6
quantum numbers”, v’ and the term energy valug’ of the ’
lower level in the groun&?®s. * state. This table also shows the
range of observed vibrational levels in tAéIl,,, andB?S "  fsx10%
states. All the line wavenumbers were assigned to transitionsx 10+
involving vibrational levels up t&’ = 14 in theC?I1,,, state o, x 10+
andv” = 19 or 16 in theA’I1,,, or B*S " states, respectively. bp x 10+

ap x 10

We

B. The Thermal Emission

Wele

The spectrum of th&*II-X*X,* (0, 0) band, obtained from w.y. x 10+
the chemiluminescent reaction Ba I,, is highly congested ., g+
and the typlcal separation between the observed lines is Iower  10+10
than 0.01 cm'. A part of the recorded spectrum can be seen in
Fig. 5. "

This observed high-spectral density is a consequence of both* o+

x 105

3.51124(239)
-3.138(148)
7.24114(118)
4.9673(838)
12.99(235)

2.2733(652)

141.951364(324)
0.2896297(272)
3.10480(729)
-56.41361(371)
116.719(528)

8.5331(777)

3.53151(454)
-2.510(173)
7.24092(131)
4.8150(592)
13.56(221)
2.4777(913)
-0.2728(546)
141.951647(316)
0.2748075(534)
3.10879(674)
-56.40837(416)
116.816(513)
8.4308(763)

-1.535(450)

the similar potential curves of the two states involved in this

observed transition (thé’Il and X°3 " states) and of the

Note.Numbers in parentheses represent two standard deviations in units
the last figure quoted.

doublet structure of the same states. The separation of therhis work.

vibrational bands with the sam¥y (for low-vibrational levels)

® Gutterreset al. (1).
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TABLE 7 tional dependence of the parameters was taken into account
Molecular Constants in cm™ for the A’IT and C’II, Electronic  a “Dunham-type” variation. For example,
States Determined in the Analysis from a Nonlinear Least-Squares

Fit of the Global Data Set T, = To+ 0V + 1/2) — oXv + 1/2)?

. Azqyla) ~217(a) 27(6) ayle)
coe AT c*n CI cn +(1)eye(V+1/2)3+"'
T. 9605.422059(835)]  18188.50676(38)| 18188.49572(32) 5
B, x 102 2.5046007(842) | 2.6726404(207) | 2.6727975(489) |  2.672800(17) A=Act AV + 1/2) + Aplv + 1/2)%+ - - -
D, x 1049 3.44677(380) 3.04976(271) 3.06861(462) |  3.0726(14) B,=B.— ag(v+1/2)+ Bg(v+1/2)2+ ... [2]
H, % 1018 -3.069(201) -1.722(146) -1.191(172) -1.032(80) D,=D.+ ap(v+1/2)+ - - -
v
ap % 1018 7.0507(322) 6.35882(101) 6.362327(968) | 6.3610(22)
p=p.+pv+1/2)+pI(I+1)+---
g % 1018 3.5418(459) 2.6955(411) 2.8178(373) 2.50(5)
2
ap x 10412 2.579(117) 1.9218(581) 1.7532(547) 1.603(205) +pul(v+1/2)°+ - -
Ap x 10+ - rl - - 1.06(22)
. . . . . .
Ao | essessmasyy | rocossessien)| rseoseirina) rseossn D the final analysis th&S.* electronic states were described in
PN 47.636(101 0344163 020 terms of Eq. [1].
¥ -37.65 -4, -4.042 3: -4.07 . . . .

- B (e HHE08) | SImAR) Figure 6 shows a schematic diagram of the analyzed vibre
Ay x 1042 -14.61(227) 4.6740(531) | 4.7255(438) 7283(31)  tional and rotational data field of the—B and C—A band
4, x 10 -5.24016(309) 1.09677(178) 1.09401(148) | 1.00045(148)  Systems. The spectroscopic data set obtained in this work, a
Ay x 102 0.23218(234) 1.6017(124) 1.6482(108) 1.676(11) the one used by the authors of Ref§, @) in their final
Ay % 1047 1.5664(775) 3.8074(136) 3.7920(115) ss06007)  @nalysis, are complemezrltary. F'QU".e 7 shows the range of tl

% T ——— ——— observedr andJ in the A°II electronic state through tHe-A

- o and A-X band systems.

Hele SImanN| BArRalbm) sy . Tables 5 and 6 summarize the final values of the recorr
weye X 10%4| - 2.4206(141) 2.2177(229) 2.1705(242) - mended effective molecular constants for the ground electron
Pe x 1012 -56.2122(447) 7.03502(479) T02330(431) | 7.0247(39)  state and for thé8’Y " electronic state, respectively, derived
py % 1079 20.13(265) -3.2628(429) -3.1986(362) -3.224(31) from the global analysis described above. The values of th
o % 10%5 6.004192) | 4363077 | a2sisse) | amsso)  molecular constants 'obtalned by Leaattal. (2) and Gutterres

. ! i et al. (1) are quoted in these tables. In the same way, Table
q. x 10% 25.15(168) | -2.006(394) -1.885(341) -1.373(328) . . .
i summarizes the final values of the recommended effectiv
+ ) ’ : )
g1 % 10 12.98(250) 12.53(211) 5.43(398) molecular constants for tha’Il and C*II electronic states,
g X 1049 321.1(640) - - 7.76(183)  derived from the global analysis. Also, the values of the mo

lecular constants obtained by Leaghal. (2) and Gutterrest

Note.Numbers in parentheses represent two standard deviations in unit%qu_f (l) are quoted in the same table. The standard deviation w:
the last figure quoted.

“ This work. less than 2.9< 107 cm™ and a strong similarity between the
b Gutterreset al. (1). three sets of obtained molecular constants forXAE* and
°Leachet al. (2). C’II electronic states can be observed.

Table 8 shows the energy origins obtained in this work fol

the BX ", A’Il, and C’II electronic states, as well as the

+ 1 yN for e-labeled levels, and- 3 y(N + 1) for f-labeled theoretical values for the same constants derived from th
levels, with:

+ 0y v + 1/2)3 + .. Compar_ison_ betw?(lan the Theoretical Values_ of '_Fransition
Energies (in cm™) and Those Calculated in this Work
— —_— 2 CR
BV B Be aB(V * 1/2) + BB(V * 1/2) + [1] State This work } Allouche et al. [6] Térring et al. [3]
D,=D.+ ap(v+1/2)+ - - - AT 9605.422059(835) 9300 9420
¥ = Yo+ YoV + 1/2) + yoN(N + 1) + - - -. Bzt 10427.02254(52) 10003 10160
cn 18188.50676(38) 21528 21220

The used Hamiltonian matrix elements for the isola®&dl Note.Numbers in parentheses represent two standard deviations in units
and A’I1 electronic states are shown in TableThe vibra- the last figure quoted.
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