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The laser-induced fluorescence (LIF) spectrum of Bi#l,. ,—X'S, system of By was recorded by Fourier transform
spectroscopy (FTS). The LIF spectra were obtained by using continuous-wave dye laser excitation in the spectral region
16 800-18 000 cnt. About 1800 rotationally resolved lines were recorded in 96 fluorescence progressions, originating from
the 10= v’ = 22 vibrational levels of th&°Il,., state and involving the 2 v’ = 29 levels of theX'S,; ground state of
the three isotopomers of bromir@Br,, ®'Br,, and"**'Br,. These data, together witfBr, data from a previous FTS absorption
study [S. Gerstenkorn, P. Luc, A. Raynal, and J. Sinzéll&hys. (France}8, 1685-1696 (1987)], were analyzed to yield
improved Dunham constants for the ground state. A Rydberg—Klein—Rees (RKR) potential energy curve was computed for the
X'S, state ¢ = 0-29). Theequilibrium bond length was found to BR(X'S ;) = 2.2810213(20) A. e 2000 Academic Press

I. INTRODUCTION same time, Mulliken 11-13 established the'lly. —X'S
) _ _ electronic assignment for the main visible system of. Br
The diatomic halogens and interhalogens have been thefier these early studies, the spectroscopy of the visibl

subject of numerous spectroscopic and kinetic studies. O”estectrum of the molecular bromine seems to have lanquish

the main potential applications of halogens is as visible Ias%rr about 30 years. The one exception was the vibrationall

sources. In this context, molecular bromine has received CQBzolved work of Darbyshire in 1937 offi®Br, (14). He
siderable attention and is one of the halogens that has lased, <o mainly on the “extreme re@®IT,,—X'3 ;yster;1 but
1u g 1

The absorption spectrum of bromine in the visible region (tgso recorded the near-infrared bands of the niil
. - otu™
the red of 5100 A) consists of two band systems, a mo ¢ system, involving the 4= V' = 14 and 0= v' = 12

: 3 1\ + 3
IQ};QS)GT%ZGS $eg?(;; c)(: Ego)f tgadna valazk ?rs Osr'zgnﬁ(i?xell vibrational levels. In the 1960s interest in the absorption spec
o P by o1 =9 Y g_um of Br, was renewed, with the 1967 work of Horsley and

documented, and we will give a detailed history of the spe ”
troscopic studies concerning this system. There are also ¢ r?_rrow (15). They recorded separately tf&r, and “Br,

1§ + . .
siderable data available on the radiative and collisional dynafp-1to:v =X 24 spectra in the 5,100_6200” A region and fOta'
ics of theBI1,., state (e.g., Refs1(5); see also Ref.6) for tionally analyzed bands involving thef® v’ = 3 and 9= v
a very good review). Lasing of the*I1,. X3 system was = 19 vibrational levels. They also studied severatO bands

. +u g

demonstrated by Wodarczyk and Schlossb@)guéing a fre- involving v’ Ievel_s immediately below the dissociation_ limit.
quency-doubled Nd:YAG laser as a pump. About the same tlmg, Qlyne and Coxdlb) recorded a wbrg-
Since the first tentative vibrational analysis by Kuhn in 192¢0nally resolved emission spectrum of Hormed by atomic
(8) of the bromine visible bands, numerous studies have be@&gombination.
devoted to the improvement of the spectroscopic knowledge In 1971, Coxon17) recorded at high resolution 11 ,—
The first consistent analysis of the main absorption systemXf2, absorption system ofBr, in the range 6350-7700 A.
Br, was given by Brown in the early 19309,(10. He He derived a set of accurate rovibrational constants for thi
performed first the vibrational analysi§)(of the bandheads isotopomer from the analysis of 28 new bands witke " =
involving the 0= v’ = 5 and 4= v’ = 48 vibrational levels, 9 and 4= v" = 10. He subsequently used his experimenta
correcting the previous assignment by Kut8).(Then he data to calculate RKR potential energy curves for ¥i&
rotationally analyzed1(0) a group of bands (with 2 v” = 4 andB°ll,., states {8), as well as Franck—Condon factors and
and 7= v’ = 13) of the main™*Br, isotopomer. About the r-centroids for theB°Il,. ,~X'S, system 19). In 1974, Bar-
row et al. (20) published a quite complete (including rotational
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vibrational levels involved were & v’ = 10 and 0= v’ = involving thev’ = 0—76vibrational levels of **Br,. Finally,

55 for the "Br, isotopomer and 0= v’ = 3 andVv’ = 9, in 1997, Franklinet al. (24), in addition to their absorption
11-13, 16, 19, and 39-54 for tf&Br, one. measurements, used a pulsed dye laser to excite the fluor
The work of Barrowet al. (20) remained the reference studycence of theB®I1,.,—X'X; system of **Br,. They measured

until the mid-eighties when Gerstenkoehal. recorded a very 102 vibrational bands with & v’ =< 27 and 15= v’ = 21
good Fourier transform absorption spectrum @8r, in the but did not resolve any rotational structure. A more detailec
region 11 600—-19 600 cm, which they published in the form discussion of the last two studies will be given in Section IV.
of an atlas 21). Gerstenkornet al. (22) later undertook an Some other workers have studied the laser-induced fluore
extensive analysis of these data, obtaining very good molecutance of thé8—X system of By, using either an argon ion laser
constants for theé8°Il,. ,—X'3, system (with 0= v’ = 14 (33-36 or a krypton ion laserd7, 3§. However, they did not
and 0= v' = 52). Gerstenkorn and Lu@) also used these perform a spectroscopic analysis and limited their studies to tf
data to study the long-range potential ‘@r, in the B’I1,., identification of the rovibrational levels involved.
state. The Brwork of Gerstenkorn, Luc, and their co-workers We report here a laser-induced fluorescence study on tt
is not well-known by the spectroscopic community becausB’ll,. ,—X'%, system of By. Using a cw dye laser to excite
for example, Franklinet al. (24) recorded a second Fourierthe fluorescence of the natural bromine and a Fourier transfor
transform absorption spectrum of th8r, B*I1,.,—X'X; sys spectrometer to record it, we were able to observe about 18(
tem and performed an analysis of bands including " = 5 rotational lines in 96 fluorescence progressions, involving th
and 6= v’ = 39. In our opinion, however, the analysis o2 = v” = 29 and 10= v’ = 22 vibrational levels. An
Gerstenkorret al. (22) provides the most reliable high-resolu-extended characterization of tXéX. ; ground state of the three
tion data for theB°I1,. ,—X'3; system of By and their con Br, isotopomers was achieved up\6 = 29.
stants will be used extensively in the present work. Our work
will focus on theX'S,; ground state and spectroscopic infor 1l. EXPERIMENTAL DETAILS
mation concerning this state could also be derived from the
AT, —X'S ; extreme red systen®(14, 16, 25-2B However, A Coherent 599-01 cw linear dye laser, pumpgd®hV visible
the X'X; information derived from the study of thA—X radiation from a Coherent Innova 70 argon ion laser, was used
system was always less extensive than that derived from theite the fluorescence of t&11,. —X'S; system of By. We
study of the “main"B—X system. used Rhodamine 6G and Rhodamine 110 dyes to cover fi
Since the early works of the 1930s, the very complex afi6 800—18 000 cit spectral region. The bandwidth of the dye
pearance of the visible absorption spectrum of bromine hiaser was narrowed (triple-mode operation, FWEM).18 cm*)
been remarked. This complexity is due to the fact that natutal placing a thin"&lon inside the cavity, in order to excite a
bromine contains two isotopic specié®r and®'Br, of nearly smaller number of transitions in the very delseX spectrum of
equal abundance (50.69 and 49.31%, respecti&3d)).(Con- Br,. The dye laser power was typically in the range 0.5-1 W
sequently, the rotational analysis of the visible spectrum dépending on the spectral region.
natural bromine turns out to be very difficult (in spite of the The laser beam was focused in the center of a 15-cm lon
intrinsically simpleP-R structure of the'll,. ,—X'X, transt  3-cm diameter glass cell containing the,Bapor. We did not
tion), because three closely overlapping isotopic bands arge isotopically pure Bri.e., we had the three Bisotopomers
present, due t&°Br,, **Br,, and®Br, (with a 1:2:1 intensity "°Br,, "**Br,, and®*Br, with their natural abundance in the cell.
ratio). Accordingly, most studies were carried out using sarthe bottom part of the cell was dry-ice cooled (at abou
ples of isotopically puré®Br, or *Br,. —55°C) to obtain a Brvapor pressure of about 1 Torr in order
Another effective method to overcome the spectral congds- prevent the quenching of the fluorescence by collisions
tion would be to use the selective resonance fluorescerttempts to record the Brfluorescence with the cell at room
technique. Several authors have already used this techniquetéonperature were unsuccessful. We performed a prelimina
the study of theX'X,; ground state of Br In 1964, Rao and visual search for strong fluorescence signals by adjusting tt
Venkateswarlu30) used a bromine atomic line to excite mo-birefringent filter of the dye laser. A total of 36 favorable laser
lecular bromine in the vacuum ultraviolet region. They rdine positions were selected in this way in the 16 800—-18 00
corded aP-R doublet series from 1565-1865 A involving thecm™* spectral region. At each of these laser positions sever
X'3,4 ground state of**Br, up tov” = 36. Their data were (usually between two and four) molecular transitions were
used by Le Roy and BurnsS3Y) to obtain an RKR potential excited, due to the very high degree of congestion ofBh¥
curve for the ground state up td' = 36. However, the spectrum of By in this region.
rotational assignment of Rao and VenkateswaBQ) (was Once a laser line was selected, the Bell was placed in
erroneous, as noticed by Coxoh7f from a comparison with front of a Bruker IFS 120 HR Fourier transform spectromete
his improved rotational constants. This assignment wémodified to record double-sided interferograms), and the cer
changed by Venkateswardi al. (32) in 1982, when they used tral region of the cell was focused on the entrance aperture. W\
four atomic bromine lines to record 12 fluorescence seriased either a photomultiplier tube or a Si photodiode to recor
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FIG. 1. Two P-R doublet fluorescence progressions, belonging#r, (originating from thev’ = 12, J’ = 34 rovibrational level) and'Br, v’ = 12,
J’ = 26) simultaneously excited by a laser line placed at 16 883.908.cFhe experimentally observed vibrational levels of theX'S.; ground state are also
indicated.

the 10 532—21 000 and the 800015 798 taepectral regions, a common {’, J') rovibrational level of theB°Il,., upper
respectively, at an instrumental resolution of 0.1 &riWe also  state and ending on different (v, J’ = J' — 1) and (", J"
tried to record the fluorescence spectrum ofBil,. —X'S; = J’ + 1) (for RandP lines, respectively) levels of th¢'S,
system of By in the near infrared (at wavenumbet®9000 lower state. An illustration of such a spectrum is given in Fig
cm™) using an InSb detector, but our attempts were unsut, which displays two progressions, belonging to two differen
cessful. The use of a Ge photodiode detector in this regimotopomers?*Br, and*Br,) and originating from the =
would be more effective, but such a detector was not availaldle, J’ = 34) and ¢ = 12, J' = 26) upper levels,
to us. We must emphasize that the, Bluorescence is very respectively, which are simultaneously excited by the laser lin
weak (for example, compared to thefluorescence39)) and placed at 16 883.908 crh As one can easily see in Fig. 1, the
we had to coadd 100 scans in about 3 h of observation in ord®efR doublets corresponding to sonaé doublets are missing,
to get a good signal-to-noise ratio. in agreement with the Franck—Condon factors for the ¢")
The line positions were measured by fitting Voigt lineshaggands of theB*I1,. ,~X'X ] system 19, 23. It should be noted
functions to the experimental lines in a nonlinear, least-squataat the By fluorescence spectra were strictly resonant, i.e., n
procedure. The precision of our measurements is estimateddeational or vibrational relaxation has been observed in th
be about+0.005 cm* for strong, unblended lines. The air-to-upper state.
vacuum conversion of the wavenumbers was done using El-To have a closer look at tte-R doublets corresponding to
den’s formula @0, 4]). Some details about the calibration ot givenv” vibrational level of thex'S; lower state, Fig. 2
the spectra and the absolute accuracy of our line positions vdlkplays an interesting situation where no less thanmgixJ')

be given in the next section. rovibrational levels of theB’Il,., upper state were simuka
neously excited by the laser line situated at 17 078.171'cm
1. ANALYSIS Notice that all three isotopomers of Bare present in the

spectrum displayed in Fig. 2, each of them with tReR

doublets. Although the assignment of spectra such as the o
The fluorescence spectrum of tB&ll,. ,—X'S; system of presented in Fig. 2 might seem difficult, it was quite straight:

Br, consists of progressions Bf-R doublets, originating from forward, as can be seen from the description given below.

1. Assignment of the Fluorescence Progressions
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FIG. 2. An expanded portion of a fluorescence spectrum of Bfil,+ ,—X'S; system of Bg. The P-R doublets corresponding to the six’( J')
rovibrational levels of theB®Il,:, upper state (simultaneously excited by the laser line situated at 17 078.17) ama displayed. For each doublet, the
isotopomer, the\(', v”) vibrational assignment, as well as tRe(J” = J' + 1)-R (J” = J' — 1) rotational assignment, are indicated.

In the assignment of the fluorescence series, we started vatveral vibrational levels of the ground state (usualk 3),
a visual inspection of the spectra, looking for clearly definedlie to the relatively low temperature of the cell.
progressions such as the ones displayed in Fig. 1. Once suchW/ith these preliminary estimates of andJ’ (or, equiva-
progression was identified, the next step was to assign it wigntly, J”) quantum numbers, we proceeded to assign ou
v andJ quantum numbers. One can obtain a rough estimatefiforescence series by using the DSParFit program develop
the J’ quantum number by taking into account the fact thaby Professor R. J. Le Roy at the University of Waterloo
neglecting centrifugal distortion, the separation between tliustrative applications of this program can be found in Refs
P(J’ + 1) and theR(J" — 1) lines belonging to &-R (42—48§). At this stage of the work, the very good rovibrational
doublet for a giverv” is expressed by the approximate relatiorconstants derived by Gerstenkatal. (22) from their absorp-
tion study of theB31'[(,+u—X129+ system of By were of great
Avp g = Vriy-1 = Vpy+y = AF () = 4B, (I + 3). help. The DSParFit program is able (among other features) |
fit directly the fluorescence series while varying only the lowel
[1] state spectroscopic constants and the energies of the varic
excited state levels. The energy of the upp€r, (') rovibra-
At this stage of the work we can use a typical valueBgr(say tional level (common to all the transitions belonging to a giver
0.08 cm") regardless of the actual' and of the isotopomer fluorescence progression) is varied in the fit, but is represente
involved in the progression, as our goal is to get only a rougts just an energy valug, without concern about the particular
estimate of)’. In addition, a guess of the’ number can be quantum numbers associated with it. The Gerstenlatral.
obtained from the difference between the position ofA® (22) Dunham constants accounting for tie = 0-14 X'S 7
doublet considered and the position of the laser line. Tistate of “Br, were introduced into (and held fixed by) the
vibrational constant for thex'>; lower state is about 325 program. The corresponding constants for the two other isotc
cm™, and the laser excites only molecules found in the firpomers were automatically calculated by the program using tf
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customary dependence on the reduced masses, assuminggésaerally used one isotopomer at a time (for instafi@, in
the Born—Oppenheimer and first-order semiclassical approttie case of Gerstenkoet al. (21-23 or Coxon (7), or "Br,
mations are valid. Several trial assignments were automaticadlyd®'Br, (separately) in the case of Barrawal. (20)) in order
generated for the progression around tidg (') values esti- to reduce the congestion of the absorption spectrum. Th
mated in the manner described above, for all three isotopomsitsiation gives us the opportunity to test the validity of the
of Br,. In this way one set of data was tested by several tensBbrn—Oppenheimer and semiclassical quantum number scalil
“trial” sets of (v’, J’, isotopomer) numbers, but after runningapproximations for Br on a consistent set of data recorded
the program only one of these assignments (the correct osahultaneously. Note, however, that the major part of the dat
was consistent with th¥'S,; constants. Of course this agreesummarized in Table 1 belong to th&'Br, isotopomer: 1182
ment was better fov” = 14 and slowly deteriorated as werotational lines in 59 fluorescence progressions, compared
went higher inv”, but the correct assignment still had a mucB57 lines in 16 progressions fdfBr, and 345 lines in 21
smaller standard deviation than the other trial ones. In additiprogressions fof'Br,.
to this procedure, we alternatively used a PC program devel-Once the assignment of the fluorescence lines was cor
oped by one of us (H.L.) to aid in the assignments. Theted, we could proceed to the absolute calibration of th
program used the constants of both upper and lower st2@gs (wavenumber scale. In the absence of atomic lines, we decid
in order to find a match between the experimental line positiotts calibrate our spectra against,Bme positions calculated
and the calculated ones. The results obtained by the twsing the constants of Gerstenkatral. (22). We used lines of
programs were the same, giving us a positive test for thige three isotopomers in the range 13 000—17 000'cin-
validity of our assignments. volving the vibrational levels” = 2—-14 andv’ = 10-22, for

In this way we were able to assign 96 fluorescence progreghich the constants of Gerstenkahal. (22) are very reliable
sions involving all three isotopomers of BiSeveral of these and reproduce our data very well. Unfortunately we did no
progressions were excited twice (by very close positions of thave the list of Gerstenkoret al's assignments, but we still
laser line), so only 85 of them are distinct. A listing of these 8&ould compare the result of our calibration with the lines giver
fluorescence excitation transitions is given in Table 1, togethiar their atlas (without the assignments) for th@r, isoto-
with the range i, V'mad Of the ground state vibrational levelspomer. Several tens of common lines were identified for thi
observed, the assignment’( J') < (v’, J”) of the line isotopomer, and the difference between our calibrated wav
excited by the laser and its position calculated from the Garumbers and theirs (Gerstenkaal. (21, 22 calibrated their
stenkornet al. (22) constants. The Gerstenkoet al. (22) Br, data against the molecular lines of iodine) was less tha
constants describe very well thé = 0-14 and the’ = 0-48 0.01 cm*, which provides a good estimate of our absolute
regions of the potential curves of tb(ézg andB®Il,., states, accuracy.
respectively, and, as one can see from Table 1, our excitation

lines involved only the vibrational levels’ = 0-3 andv’ = 5 | east-Squares Treatment: Determination of the Dunham

10-22. ) o . Parameters
Several remarks can be made about the information listed in

Table 1. First of all, the rangg” = 0-14 covered by the  The experimental lines were fitted in an iterative, least
high-resolution absorption study of Gerstenketral. (22) has squares procedure using the DSParFit program mentione
now been extended te},. = 29. We have two kinds of above. Each datum was weighted with the square of the reci
fluorescence progressions: the “long” ones, wiffy, up to 29, rocal of the estimated uncertainty. The major part of the line
and the “short” ones, with’,,, up to 14, corresponding to thewere assigned a weighting factor of 0.01 ¢grwhile some of
spectra recorded with the Si photodiode (which extended dowrem (the weaker ones) were deweighted to 0.03 or 0.05.cm
to ~9000 cm™) or the photomultiplier tube (which extendedTo improve the fit, thé°Br, ground state term values for thie
only to ~13 500 cm™), respectively. The range of rotational= 0-14,J” = 0-100were calculated using the constants of
levels covered by our measurements & 4-109) iscom- Gerstenkorret al. (22) and introduced in our set of data as a
parable to that of Gerstenkoet al. (22). As the B, molecules fluorescence series originating from a “virtual” energy level
were at relatively low temperature, it might seem curious thsituated at 20 000 cm (one can choose any other value, of
among the 85 excitation lines listed in Table 1, only three aburse). These data were weighted at 0.002'¢in agreement
them have/” = 0 as lower state, while most of them originatavith the precision estimated by Gerstenkatal. (22). This
from thev” = 2 vibrational level. As already noted by Coxorprocedure has the effect of constraining our derived spectr
(19) and Gerstenkorret al. (22), the qg,,, Franck—Condon scopic constants to reproduce the results of Gersterdtoah
factors have very small values, with a maximum arouhd= (22), but the resulting statistics need to be interpreted with car
30 (and this spectral region, at wavenumbers higher th&he final data set was made up of a total of 3299 data: 178
19 000 cm*, was not accessible with our laser). experimental lines in 96 fluorescence progressions belongir

Our experimental data are simultaneously obtained for &l the three isotopomers, and 1515 synthetic term values for tt
three isotopomers of Br while the previous studies haveground state of thé’Br, isotopomer.
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TABLE 1

Summary of the 85 Distinct Fluorescence Progressions of the B°IL,+,~X'Y,; System
of Br, Observed in the Present Work

vem")  lsotope v v J" VI Vi v(em') Isotope V' v J" Vi Vi
16810.3035 79-81 15 3 P(64) 10 29 170243344 79-81 11 1 P(52) 8 27
168103454 79-81 14 3 R(28) 8 27 170243350 79-81 13 2 R(18) 8 28
168104726 79-81 12 2 R(@E1) 4 26 170322742 79-79 11 1 PB1) 3 13
168475172 79-81 12 2 R(49) 4 28 170323025 79-79 13 2 P(1) 4 14
168614595 79-81 12 2 P@40) 4 26 17032.3239 79-81 14 2 P®B0) 4 14
168616456 79-81 15 3 R(53) 6 29 170323257 79-81 13 2 R(4) 4 12
16861.7123 79-81 13 2 P(74) 4 28 170323865 79-81 11 1 R(3) 3 13
16861.7455 79-79 12 2 R@45) 4 26 17047.0415 79-81 16 3 P(10) 10 28
16877.0095 79-81 12 2 P(33) 4 28 17047.0078 79-81 15 2 P@®1) 7 29
168838578 81-81 12 2 PQ7) 4 26 17047.1167 79-79 14 2 P(B7) 8 27
16883.9293 79-81 12 2 R(33) 4 29 170471453 79-81 11 1 P44 8 26
16899.2020 79-81 12 2 R(23) 4 28 170547587 79-81 11 1 P@1) 3 12
16899.2574 81-81 12 2 R(19) 4 28 17054.8022 79-81 14 2 R(7) 4 14
169059340 79-79 12 2 R(@21) 5 25 17078.0814 79-79 11 1 P@33) 4 9
169059488 79-81 12 2 P(13) 5 25 170781467 79-79 14 2 R(B1) 5 14
16906.0289 79-81 11 1 P(82) 4 23 170782357 81-81 14 2 R(@48) 5 11
16906.0751 81-81 13 2 R(E6) 5 28 170782981 79-81 11 1 P(30) 4 9
16906.1145 79-81 15 3 P@33) 10 29 171003017 79-81 11 1 P(14) 4 9
16906.6507 79-81 15 3 R(36) 6 29 171004463 79-79 11 1 R(@33) 4 9
169066515 79-81 10 1 R(53) 4 27 171004571 79-81 12 1 P@5) 4 9
16906.7612 79-81 16 3 P(66) 6 28 17129.8580 81-81 14 2 P(19) 5 11
16906.7950 79-81 12 2 P(12) 4 12 17129.8857 79-81 15 2 P63 5 11
16906.8078 81-81 12 2 R(8) 4 12 17129.8862 79-81 12 1 P(7) 4 11
169206791 81-81 13 2 R®2) 5 25 171290435 81-81 17 3 P(24) 6 13
169207041 79-81 10 1 P@44) 4 27 171209588 81-81 12 1 R(59) 4 11
169430864 79-81 13 2 P(53) 4 28 171299775 81-81 17 3 RQ7) 6 13
16957.6546 79-81 10 1 R(30) 3 27 171300013 81-81 15 2 P@®B2) 5 11
169585813 79-81 13 2 P48 4 28 171300374 79-81 14 2 R(26) 5 11
169586195 79-79 14 2 R(81) 8 27 171430596 79-79 14 2 R(20) 8 27
16972.5946 79-81 13 2 P@3) 7 25 171431885 79-81 12 1 P(53) 8 25
16973.4060 79-81 16 3 P@48) 6 14 172464885 79-79 15 2 P(23) 10 29
169734837 81-81 10 1 R(8) 310 172465273 79-81 14 1 P(83) 8 28
169734965 79-81 10 1 R(17) 2 12 172465822 81-81 16 2 P(59) 9 29
169735239 81-81 15 2 R(97) 4 10 17882.7249 79-81 15 0 R(25) 3 20
169735452 81-81 13 2 P@41) 4 12 178827393 79-81 18 1 P(14) 4 21
16987.4601 79-81 13 2 P(37) 4 28 17898.0652 79-81 15 0 P(7) 310
169875013 81-81 13 2 P35 4 28 17905.4069 79-79 19 1 P@49) 4 12
16989.6241 81-81 13 2 P(33) 4 12 17905.4773 79-81 22 2 R@7) 5 11
16989.7313 79-81 13 2 P@36) 4 11 179125723 79-81 22 2 R(@23) 5 11
17002.8600 81-81 13 2 P@Q7) 7 24 17912.6564 79-81 19 0 R(107) 3 10
17002.8810 79-81 17 3 P®B7) 9 25 17912.6808 79-79 22 2 P(24) 5 11
17017.0154 79-81 11 1 R(8) 8 27 17912.6911 79-79 21 1 R(85) 4 11
17017.0706 79-79 13 2 P@24) 8 27

The X'X; ground state rovibrational energies were repravhile each of the 88°I1,., rovibrational levels involved in

sented by the conventional double Dunham expangi@j (

1 k
BV, 3) =3 ﬁ,m(v" + 2) [+ 11" (2]

k,m

the fluorescence progressions was fitted as an independ
energy value. The DSParFit code deals with the Dunhar
constants for a selected reference isotopomer (which can |
chosen by the user) and automatically includes the other is
topomers through their dependence on the reduced mass, «
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TABLE 2
Dunham Constants (in cm™) for the X', Ground State of Br, (all uncertainties are 1)
k Yk o Yk 1 Yk 2
793/’2

0 8.210886(15)x107 -2.0995(15)x10®
1 325.314194(320) -3.2057(5)x10™ 8.1(4)x10™"
2 -1.078688(100) -7.775(77)x107 -3.6(3)x10™"?
3 -1.9942(150)x 10" -7.8(5)x10°
4 -1.618(110)x10°° -2.35(10)x10"°
5 -1.1(4)x107
6 -3.52(45)x10°®

79,81Br2
0 8.10951602x107 -2.04798x10°®
1 323.299825 -3.1465182x10™ -7.8523x10™"
2 -1.065370731 -7.58421x107" -3.4683x10™"
3 -1.9573842x107 -7.5615x10°
4 -1.578296x10° -2.26403x10™"°
5 -1,066363x107
6 -3.39123x10°°

81Bf2

0 8.00814605x107 -1.9971x10°
1 321.2728263 -3.0877051x10™ -7.6092x107"
2 -1.052053462 -7.39579x10” -3.3399x107"?
3 -1.9207978x10 -7.3274x10°°
4 -1.539084x10® -2.18019x10°"
5 -1.03335x10°7
6 -3.26564x10°°

Note. The ™Br, values were directly returned by the combined isotopomer least-squares procedure, while the
values corresponding to the two other isotopomers were calculated using their dependence on the reduced mass (see
text).

tionally including terms to account for the breakdown of thare listed in Table 2. The “sequential rounding and refitting’

Born—Oppenheimer approximation. In our case we cit&e procedure of the DSParFit codé3] was used to minimize the

as the reference isotopomer. To the accuracy of the preseamber of digits that need to be reported in order to reproduc

data set, the simple first-order semiclassical mass scaling whes experimental data. Only thg,, parameters for thé’Br,

found to be valid, so no atomic mass dependent correctimotopomer (that we chose as reference isotopomer) were

terms were required. rectly varied by the least-squares procedure, while the cor
To obtain a satisfactory fit, Dunham expansions of orders &ants for the other two isotopomers were calculated throug

4, and 2 were needed for tl&, B,, andD, parameters (i.e., their dependence on the reduced mass

Yo Y1, andY,,), respectively. The 3299 data were fitted to

a total of 111 parameters: 14 Dunham constants, 96 energy

values for the upper levels of the 96 fluorescence progressions, Yim o g~ kr2miz [3]

and one additional energy value, corresponding to the virtual

upper level used to treat the calculated term values oXifg

(v" = 0-14)ground state of°Br, as a fluorescence series (seasing u("°Br,) = 39.4591689500,("**Br,) = 39.9524135583,

above). and w(*Br,) = 40.4581455000, calculated from the isotopic
The dimensionless standard deviation of the fit was of 0.4dasses given in Ref28), and as coded into a subroutine used

and the Dunham constants obtained for ¥i& ; ground state by DSParFit. Note that the sequential rounding and fitting

Copyright © 2000 by Academic Press



LIF OF Br,

TABLE 3
Observed Line Positions (in cm™) for the B*II,+,~X'3, System of Br,

111

798!"2

v’ R P V" R P R P
v'=14, J'=82, E=18141.819(2) v'=12, J'=46, E=17674.075(2) v'=12, J'=22, E=17587.618(2)
8 15002.389(10)  15066.324(-3) 4 16227.724(3) 16212.751(-7) 15956.654(-3)  15949.421(3)
11 14189.992(0) 14164.258(-6) 5 15914.033(7) 15899.117(0) 15027.437(6) 15020.309(-3)
12 13893.868(-18)  13868.264(-38) 8 14986.447(-7)  14971.706(-2) 14118.727(-4)  14111.683(-5)
14 13308.664(9) 13283.284(-5) 9 14681.782(-4)  14667.110(-5) 13820.444(3) 13813.430(3)
15 13019.667(11) 12994.401(0) 11 14079.360(-1)  14064.809(4) 12039.776(-6)  12032.847(2)
17 12448.989(-9) 12423.946(-5) 12 13781.635(2) 13767.151(5) 12080.741(3) 12073.917(3)
18 12167.321(3) 12142.405(0) 15 12902.649(-1)  12888.356(5) 11799.318(0) 11792.537(-10)
20 11611.521(1) 11586.854(-7) 16 12614.428(16)  12600.223(0) 11243.987(-4)  11237.260(-1)
21 11337.414(14) 11312.867(9) 18 12045.355(-1)  12031.271(-3) 10970.121(7) 10963.435(4)
23 10796.986(6) 10772.692(1) 19 11764.509(6) 11750.497(0) 10430.176(10)  10423.579(-14)
24 10530.713(-1) 10506.525(16) 21 11210.376(-2)  11196.468(27) 10164.155(3) 10157.577(-3)
27 9748.022(-12) 9724.234(-3) 22 10937.131(-5)  10923.315(0)
24 10398.424(-9)  10384.745(2) v'=11, J'=32, E=17492.788(3)
v'=11, J' =50, E=17571.747(2) 25 10133.011(3) 10119.416(3) 16133.311(-1)  16122.834(-3)
3 16410.563(8) 16394.231(5) 26 9870.291(1) 9856.772(-2) 14890.593(-3)  14880.277(6)
4 16094.789(0) 16078.520(0) 14585.567(-4)  14575.299(2)
6 15469.928(-28)  15453.770(-6) v'=13, J'=10, E=17687.153(2)
8 14854.009(-1) 14838.003(4) 4 16400.396(4) 16397.014(1) v'=14, J'=62, E=17937.736(2)
9 14549.472(1) 14533.544(-2) 5 16086.059(2) 16082.689(-1) 16131.012(2) 16114.171(0)
10 14231.379(-6) 7 15464.084(3) 15460.742(-1) 15802.986(-5)
12 13649.720(4) 13634.007(-7) 8 15156.481(0) 15153.150(0) 15510.743(-1)  15494.040(0)
9 14851.151(0) 14847.839(-5) 15203.997(1) 15187.366(-2)
v'=13, J'=23, E=17709.968(2) 10 14548.121(-8)  14544.809(0) 14597.364(-1)  14580.875(-2)
8 15146.307(-3) 15138.855(-5) 11 14247.379(4) 14244.094(0) 14297.511(-2)  14281.087(4)
11 14237.630(-1) 14230.266(5) 12 13948.982(-3)  13945.700(5) 13412.012(7) 13395.821(0)
12 13932.022(20) 14 13359.217(6) 13355.981(-3)
14 13349.897(6) 13342.634(8) v'=14, J'=21, E=17821.327(2)
17 12483.646(-4) v'=14, J'=56, E=17959.793(2) 15264.491(-9)  15257.674(-11)
21 11363.047(-1) 11356.023(1) 8 15192.159(-2)  15174.264(-2) 14656.330(7) 14649.574(2)
24 10549.301(-2) 10542.386(-1) 10 14585.820(-6)  14568.070(2) 14355.715(5) 14348.987(1)
27 9752.519(-3) 11 14286.109(-2)  14268.447(-4) 13467.902(2) 13461.261(1)
12 13988.729(6) 12601.541(11)  12594.989(12)
v'=15, J'=22, E=17935.485(2) 13 13693.721(-8)  13676.199(6) 11757.240(11)
10 14767.198(-4) 14760.121(-4) 14 13401.062(2) 13383.639(-4) 10935.672(-4)  10929.315(-7)
11 14466.589(1) 14459.540(5) 15 13110.799(8) 13093.451(7) 10666.993(-8)  10660.678(-20)
13 13872.382(1) 13865.400(1) 17 12537.555(-2)  12520.363(4) 10137.569(1) 10131.313(-3)
14 13578.818(0) 13571.868(-2) 18 12254.590(12)  12237.494(4) 9876.901(3) 9870.686(-8)
16 12998.860(0) 12991.967(5) 20 11696.174(-3)  11679.235(-2)
17 12712.504(7) 12705.655(0) 21 11420.740(2) 11403.894(-5) v'=21, J'=86, E=18831.397(4)
19 12147.193(-9) 12140.397(-3) 23 10877.599(-2)  10860.918(-3) 16963.523(-25)
20 11868.249(6) 11861.494(4) 24 10609.939(-1)  10593.349(-5) 16651.564(-23)  16623.857(5)
22 11317.996(-1) 11311.294(12) 26 10082.606(2) 10066.193(-1) 16341.825(3) 16314.263(0)
23 11046.724(-4) 11040.071(-6) 27 9823.006(-2) 9806.681(-4) 15426.305(1) 15399.098(-6)
25 10512.033(-7) 10505.441(-1) 14800.477(18)
26 10248.675(-5) 10242.126(-6) v'=22, J'=23, E=18605.569(3)
28 9730.120(-5) 9723.639(-2) 5 16971.072(-4)  16963.523(-2) v'=19, J'=48, E=18428.415(3)
29  9474.977(10) 9468.538(7) 6 16659.094(3) 16651.564(16) 16951.451(6)
8 16041.902(2) 16034.456(-5) 16637.891(4)
v'=11, J'=24, E=17468.648(3) 11 15133.231(-1)  15125.870(1) 16342.063(3) 16326.566(2)

4 16144.640(2)
8 14901.338(-2)
9 14596.156(5)

16136.741(-1)
14893.567(-2)
14588.426(-2)

NO~NO®O o

-

15421.448(-3)

16017.490(0)
15406.145(-3)
14506.398(-7)

Note.“Calculated— observed” differences are reported in parentheses, in the units of the last quoted digit. The lines are grouped

in fluorescence progressions and labeled bytlendJ’ quantum numbers of the upper rovibrational level. PH@’ + 1)-R(J’
— 1) lines are listed on the same row for eatfyround state vibrational level observed. The term vaw# each {', J') upper
rovibrational level is also displayed (with respect to ¥i&; (V' = 0, = 0) level for each isotopomer).

procedure applies only to the reference isotopomer and addiThe experimental lines, along with the “calculatedob-
tional digits as indicated by the parameter sensitivity are reerved” differences (in parentheses) are listed in Table 3 (f
quired for the other two isotopomerda, 43. reasons of space, only the lines belonging to the 85 distin
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TABLE 3—Continued

79,81Br2
v’ R P v' R P v R P
v'=12, J'=11, E=17559.499(2) v'=12, J'=32, E=17607.260(2) v'=10, J'=54, E=17458.382(2)
4 16279.029(0)  16275.366(-1) 4 16256.553(-6)  16246.204(-7) 4 15958.854(-3)  15941.512(-1)
5 15966.575(-1)  15962.926(-2) 5 15044.380(-2)  15934.064(5) 8 14725.882(7)  14708.833(1)
7 15348.288(-4)  15344.665(-1) 8 15021.153(-7)  15010.963(2) 9 14423.242(-1)  14406.262(-3)
8 15042.479(-1)  15038.871(3) 11 14118.154(-2)  14108.097(4) 10 14122.862(0)  14105.955(-3)
9 14738.918(0)  14735.329(0) 12 13821.724(4)  13811.723(-2) 13 13235.504(1)  13218.813(4)
11 14138.597(5)  14135.051(-7) 13 13527.587(33)  13517.637(20) 14 12944.383(-9)  12927.757(4)
12 13841.880(0)  13838.335(3) 15 12946.426(3)  12936.558(-2) 16 12369.208(8)  12352.748(4)
16 12659.400(-13)  12649.562(-3) 17 12085.215(10)  12068.839(2)
v'=13, J'=47, E=17787.517(1) 18 12092.516(-5)  12082.768(7) 20 11247.897(4)  11231.749(3)
4 16343.682(-6)  16328.566(-8) 19 11812.705(19)  11803.030(5) 21 10973.755(1)  10957.680(6)
5 16031.884(0)  16016.830(-3) 21 11260.583(-10) 11250.974(4) 23 10433.066(0)  10417.164(-5)
8 15109.804(-3)  15094.934(-3) 22 10988.265(-4)  10978.710(4) 24 10166.580(-1)  10150.753(1)
11 14207.981(-3)  14193.299(-1) 25 10186.717(-5)  10177.314(-1) 25 9902.717(-12)  9886.960(3)
12 13911.950(-1)  13897.334(0) 26 9924.755(5) 9915.402(9) 27 9382.919(5) 9367.363(-12)
14 13326.866(3)  13312.379(4) 28 9408.904(-4)  9399.657(-5)
15 13037.854(1)  13023.432(4) v'=16, J'=65, E=18217.073(2)
17 12466.969(17)  12452.705(-6) v'=15, J'=37, E=17970.182(1) 6 15994.253(-1)  15973.598(-2)
18 12185.169(4)  12170.956(-1) 6 15970.494(-10) 15958.639(2) 8 15383.064(3)  15362.588(-4)
19 11905.807(-1)  11891.660(-4) 8 15357.440(3)  15345.701(-3) 9 15080.849(0)  15060.450(4)
20 11628.920(-12) 11614.825(2) 10 14753.399(2)  14741.754(-2) 10 14780.903(1)  14760.598(-2)
21 11354.504(2)  11340.494(0) 11 14454.793(-4)  14443.193(1) 11 14483.240(6)  14463.019(7)
22 11082.622(4)  11068.682(2) 13 13864.490(-3)  13852.998(-4) 13 13894.876(-10) 13874.826(-1)
24 10546.546(-1)  10532.746(-1) 14 13572.834(-2)  13561.389(1) 16 13029.912(11)  13010.151(4)
25 10282.404(-1)  10268.678(-1) 16 12996.604(2)  12985.260(9) 17 12746.402(-9)  12726.717(0)
27 9762.077(0) 9748.501(-2) 17 12712.076(3)  12700.790(5) 22 11365.646(11)  11346.456(2)
28 9505.959(3) 9492.454(4) 19 12150.306(1)  12139.124(5) 25 10567.686(15)  10548.808(-9)
20 11873.113(-5)  11861.984(1) 26 10306.985(-11)  10288.174(0)
v'=12, J'=24, E=17583.702(1) 22 11328.214(2)  11315.201(2) 28 9793.608(1) 9775.021(-6)
4 16268.040(-13) 16260.230(-8) 23 11056.578(-2)  11045.621(-2)
5 15955.715(0)  15947.941(2) 25 10525.050(2)  10514.211(-2) v'=14, J'=29, E=17832.306(2)
8 15032.052(0)  15024.376(-1) 26 10263.233(-1)  10252.446(1) 8 15260.294(-4)  15251.052(-5)
9 14728.644(-5)  14721.000(-6) 28 9747.635(3) 9736.962(9) 10 14655.904(-5)  14646.735(0)
11 14128.620(-2)  14121.038(2) 29 9493.932(5) 9483.330(0) 11 14357.117(-1)  14347.993(-1)
12 13832.043(2)  13824.498(2) 12 14060.614(17)  14051.548(-2)
13 13537.780(7)  13530.285(-9) v'=13, J'=73, E=17946.933(2) 13 13766.452(10)  13757.421(-3)
14 13238.398(-17) 4 16257.107(-13) 16233.743(-4) 14 13474.630(-3)  13465.622(2)
15 12956.292(2)  12948.845(4) 5 15946.306(-2)  15923.045(0) 15 13185.141(6)  13176.156(28)
16 12669.092(5)  12661.682(5) 8 15027.265(-3)  15004.300(-7) 17 12613.335(-4) 12604.451()
18 12101.906(5)  12094.560(10) 9 14725.420(-11) 14702.556(-19) 18 12331.046(-8)  12322.188(13
19 11821.962(4)  11814.661(-1) 11 14128.540(0)  14105.867(-1) 20 11773.805(-4) 11765.051(3)
21 11269.493(3)  11262.257(4) 12 13833.557(3)  13810.983(2) 21 11498.906(0)  11490.188(7)
22 10997.024(-2)  10989.821(1) 14 13250.602(-1)  13228.234(-5) 23 10956.694(1)  10948.074(-4)
23 10727.097(-7)  10719.918(9) 15 12962.658(3)  12940.389(1) 24 10689.430(2)  10680.857(-3)
24 10459.723(8)  10452.616(-11) 17 12393.946(20)  12371.902(0) 26 10162.760(-7)  10154.268(-2)
25 10194.977(-2)  10187.887(0) 18 12113.252(3)  12091.287(9) 27 9903.399(2) 9894.960(-1)
26 9932.851(2) 9925.807(-4) 19 11834.979(21)  11813.142(5)
28 9416.640(6) 9409.675(-1) 21 11285.956(1)  11264.314(5) v'=13, J'=35, E=17736.835(3)
22 11015.223(1)  10993.692(3) 4 16370.358(0)
v'=11, J'=13, E=17438.394(3) 24 10481.465(5)  10460.163(0) 5 16058.251(1)  16046.994(0)
4 16154.260(0)  16149.958(1) 25 10218.511(2)  10197.317(2) 7 15440.668(-2)  15429.502(-2)
8 14917.763(6)  14913.542(-5) 27 9700.611(-12)  9679.630(4) 8 15135.217(-2)  15124.097(-1)
9 14614.224(0)  14610.012(-1) 28 9445.713(2) 9424.869(-6) 1 14221.436(5)

fluorescence progressions summarized in Table 1 are displagéthined by the fit for the upper level of each series expresse
in Table 3). Although the’ andJ’ quantum numbers associ-relative to the ground state of that isotopomer. (In fact, the
ated with the upper level of a fluorescence series are mwbgram returns the upper levels relative to the 0, J =
important for the fitting program, they provide a practical labdével of the reference isotopomer and therefore had to b
for the progressions and we accordingly used them in Tablec®rrected for the difference in zero-point energy fétBr, and

Along with v/ andJ’ we also displayed the energy valie °®Br,.) To check the validity of our calibration, we used the
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TABLE 3—Continued

113

79’8131'2

v" R P v” R P V" R P

v'=15, J'=63, E=18099.703(2) v'=15, J'=54, E=18047.417(2) v/ =13, J'=42, E=17764.629(2)
10 14683.221(-1)  14663.529(2) 6 15926.963(-2)  15909.771(-8) 7 15413.272(-5)
11 14385.487(-10) 14365.881(-9) 10 14711.897(-1)  14694.999(-12) 8 15121.361(-6)  15108.050(-4)
13 13796.935(-10) 13777.502(-9) 11 14413.808(-6)  14396.965(0) 9 14818.328(1) 14805.086(-9)
14 13506.158(-4)  13486.818(-8) 13 13824.538(1)  13807.849(3) 11 14219.091(0) 14205.951(2)
16 12931.689(31)  12912.556(-3) 14 13533.410(-1)  13516.792(4) 12 13922.913(0) 13909.832(1)
17 12648.105(-4)  12629.020(3) 16 12058.254(-5)  12941.785(2) 14 13337.532(0) 13324.565(4)
19 12088.169(-2)  12069.232(40) 17 12674.257(4)  12657.876(0) 15 13048.363(4)  13035.462(0)
20 11811.907(-4)  11793.101(-2) 19 12113.574(7) 12097.354(-3) 16 12748.735(-3)
22 11266.895(9)  11248.277(11) 20 11836.938(-2)  11820.783(4) 17 12464.400(2)
24 10732.122(13)  10713.697(12) 22 11291.162(7)  11275.179(1) 18 12195.219(1) 12182.493(0)
26 10207.840(-6)  10189.611(-6) 23 11022.103(-2)  11006.196(-3) 21 11364.069(5) 11351.533(0)
27 9949.684(7) 9931.604(-42) 25 10491.738(2)  10475.998(0) 22 11092.032(0)  11079.556(-3)
29  9441.602(-2) 9423.657(16) 26 10230.508(2)  10214.853(-1) 24 10555.620(-1)  10543.268(2)

27 9971.967(-8) 9956.358(29) 25 10291.307(3) 10279.019(5)

v'=12, J'=34, E=17614.181(1) 28 9716.120(1) 9700.611(24)
4 16253.119(-1)  16242.134(-3) 29  9463.031(3) 9447.633(2) v'=10, J'=31, E=17353.777(1)
5 15940.992(-2)  15930.052(-4) 3 16322.383(-2)  16312.324(-16)
8 15017.888(-2)  15007.083(-3) v'=16, J'=9, E=18012.864(3) 4 16008.006(-4)  15997.969(0)
11 14115.022(0)  14104.356(-2) 10 14893.937(1)  14890.993(-7) 8 14772.521(-2)  14762.651(0)
12 13818.640(2)  13808.019(1) 11 14591.960(7) 9 14469.233(-2)  14459.405(-1)
13 13524.578(1)  13514.005(-1) 13 14003.748(3)  14000.854(-17) 10 14168.206(1)  14158.422(0)
14 13232.843(7)  13222.328(-6) 16 13134.567(-5) 13131.689(-1) 12 13573.013(5) 13563.311(7)
15 12943.475(2)  12932.996(1) 22 11458.658(-1) 13 13278.889(-1)  13269.232(0)
16 12656.475(4)  12646.045(2) 25 10658.873(-12) 10656.100(12) 14 12987.095(0)  12977.481(0)
18 12089.695(1)  12079.363(-1) 28 9877.262(4) 16 12410.584(6) 12401.062(3)
19 11809.955(1)  11799.670(1) 17 12125.920(1) 12116.437(3)
21 11257.900(-1)  11247.715(0) v'=15, J'=32, E=17952.859(2) 19 11563.860(2)  11554.460(11)
22 10985.635(0) 10975.502(0) 10 14762.470(3)  14752.398(-19) 20 11286.518(1)  11277.170(3)
23 10715.919(-2)  10705.835(0) 11 14463.756(-4)  14453.696(5) 21 11011.670(-3)  11002.363(4)
24 10448781(-8)  10438.739(4) 13 13873.222(-3)  13863.263(-7) 23 10469.544(-3)  10460.336(-2)
25 10184.235(-1)  10174.257(0) 14 13581.443(3) 13571.542(-13) 24 10202.327(2)  10193.167(-1)
26 9922.332(1) 9912.411(-3) 16 13005.009(-24) 12995.153(5) 25 9937.731(-19)  9928.593(9)
28 9406.573(1) 9396.756(2) 17 12720.336(2)  12710.559(-2) 27 9416.423(7) 9407.422(-5)
29 9152.784(5) 9143.029(-1) 20 11880.996(8)  11871.347(13)

22 11333.848(12)  11324.309(4) v'=13, J'=52, E=17812.919(1)

v'=10, J'=43, E=17401.418(1) 23 11064.102(-9)  11054.584(10) 4 16330.098(-6)  16313.386(1)
4 15985.909(-2)  15972.063(-4) 26 10270.353(6)  10261.016(-6) 5 16018.458(1) 16001.814(8)
6 15364.296(2)  15350.565(-1) 29  9500.665(-4) 9491.461(6) 7 15401.848(-22) 15385.323(3)
8 14751.569(-2)  14737.956(-8) 8 15096.860(-4)  15080.428(-2)
9 14448.571(-1)  14435.010(-4) v'=12, J'=12, E=17560.737(2) 9 14794.142(-3)  14777.785(-7)
10 14147.838(-1)  14134.335(-3) 5 15966.070(-3)  15962.105(-4) 10 14493.677(12)
12 13553.233(6)  13539.853(-1) 8 15042.001(-9)  15038.078(-4) 11 14195.523(1)  14179.308(-4)
13 13259.407(1) 13246.079(2) 9 14738.432(7)  14734.532(7) 12 13899.659(2)  13883.505(7)
14 12967.911(4) 12954.644(3) 11 14138.151(-12) 14134.266(5) 14 13314.913(3)  13298.912(-1)
16 12392.015(5)  12378.870(2) 12 13841.427(-3)  13837.573(-1) 15 13026.078(-4)  13010.143(-2)
17 12107.663(-3)  12094.576(-3) 15 12065.240(0)  12961.437(4) 18 12173.905(4)  12158.194(4)
20 11269.195(4)  11256.299(1) 16 12677.886(11)  12674.100(15) 21 11343.768(7)  11328.291(1)
21 10994.664(2)  10981.827(4) 18 12110.396(18)  12106.677(-9) 22 11072.079(-3)  11056.668(3)
23 10453.196(-5)  10440.490(-4) 19 11830.311(9)  11826.594(-4) 24 10536.361(2) 10521.117(-1)
24 10186.306(-1)  10173.662(3) 22 11004.910(4)  11001.238(2) 25 10272.410(-2)  10257.237(5)
25 9922.014(14)  9909.458(-3) 24 10467.328(-18) 10463.673(0) 27 9752.470(-7) 9737.467(-6)
27 9401.436(-11) _ 9388.981(6) 25 10202.390(3)  10198.780(-5) 28 9496.542(0) 9481.622(1)

Gerstenkorret al. (22) constants to calculate the term values afm™) to well within the estimated uncertainty of Gerstenkorn
the observed levels of tH8°l1,., state. Very good agreementet al. (22). The “Br, X'3; (V' = 0-14,J" = 0-100)term
(to within a few 10° cm™) was observed between tEevalues values introduced in the fit were reproduced by our constan
returned by the fit and the calculated term values. In the casensthin the estimated uncertainty of 0.002 cmHowever, a
the "Br, ground state term values used in the fit, the positisystematic deviation was observed between the “input” and tr
of the virtual level (20 000 cit) introduced for the sake of “output” term values, but this deviation was always much les:

data compatibility was found by the fit (20 000.00001(2%han 0.002 cri'.
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TABLE 3—Continued

798Gy,
v’ R P v’ R P v” R P

v'=17, J'=66, E=18323.886(2) v' =19, J'=108, E=18845.209(3) v'=12, J'=39, E=17633.276(2)

9 15177.539(0) 1561566.833(1) 3 16966.658(1) 16932.161(-2) 4 16243.556(-2) 16230.988(-10)
10 14877.638(-2) 14857.022(-2) 4 16655.706(1) 16621.342(4) 5 15931.548(-5) 15919.026(-9)
12 14284.721(-6) 14264.275(3) 6 16040.441(2) 16006.372(-6) 8 15008.791(1) 14996.421(0)
13 13981.736(-5) 13971.389(-2) 9 15134.398(-16) 15100.739(-1) 9 14705.675(11) 14693.356(12)

15 13392.649(7) 10 14836.893(23) 11 14106.287(1) 14094.086(-10)
16 13126.930(-3) 13106.860(-2) 12 13810.020(9) 13797.873(-2)
19 12283.780(4)  12263.998(3) v'=15, J'=62, E=18093.510(3) 15 12935226(9)  12923.234(5)
21 11734.041(-5) 5 16209.543(5) 16189.769(-15) 16 12648.345(18) 12636.413(9)
22 11462.949(-5) 11443.450(3) 7 15593.652(2) 15574.023(1) 19 11802.232(-9) 11790.447(3)

23 11175.040(-22) 8 15289.057(0) 15269.506(2) 21 11250.428(1) 11238.789(-18)
24 10928.456(7) 10909.174(-2) 10 14686.643(-1) 14667.262(-2) 22 10978.300(-3) 10966.702(-4)
25 10665.133(2)  10645.947(-1) 11 14388.853(3)  14369.557(1) 25 10177.310(-6)  10165.889(-6)
26 9915.548(-8) 9904.168(14)

V'=12, J'=62, E=17754.061(2) v'=15, J'=80, E=18219.729(2)
4 16181.372(5)  16161480(12) 7 15495.478(-21) V'=13, J'=19, E=17691.975(2)
8 14949611(«4)  14930.058(1) 8 15191.807(-3) 8 15156.783(-6)  15150667(-1)
9 14647.268(-3)  14627.798(2) 10 14616226(-2)  14591.295(0) 9 14853.296(-3)  14847.216(-7)
12 13763.938(-11)  13734.711(4) 11 14319.296(-3)  14294.472(2) 11 14253.134(-1)  14247.102(-2)
15 12862.552(-1) 13 13732.390(4)  13707.785(2) 12 13956.488(1)  13950.487(-5)
19 11751.740(12)  11733.128(23) 14 13442444(3)  13417.960(-2) 13 13662.124(36)
22 10930.349(3)  10912.025(2) 16 12860.688(9) 12845 439(-5) 14 13370.153(11)  13364.209(2)
25 10131.965(1)  10113.927(-2) 17 12586.930(1)  12562.779(3) 15 13080.520(2)  13074.603(-8)
26 9871.096(-3) _ 9853156(-7) 19 12004 801(9) 17 12508.362(14)  12502.501(3)
20 11753.333(7)  11729.538(1) 18 12220.094(-21)
v'=13, J'=36, E=17740.501(2) 21 11480459(4)  11456.768(13) 21 11393.271(3)  11387.514(1)
4 16368439(10)  16356.830(-4) 22 11210.127(:-3) 24 10583277(-2)  10577.602(1)
5 16056.379(-13) 16044.797(-7) 23 10942.351(1)  10918.906(3) 25 10318.441(:3)  10312.803(-7)
8 15133.403(5)  15121.971(-5) 24 10677.178(-4)  10653.858(-2) 27 9796693(7)  9791.111(6)
9 14830.225(-7)  14818.838(<) 26 10154.737(0)  10131.672(-5) 28 9534.320(-7)
11 14230674(-2)  14219.387(-1) 27 9897.552(-9)  9874.601(-3)
12 13934.3326)  13923.091(10) 29 9391.386(-3)  9368.723(-27) v'=12, J'=50, E=17684.310(1)
14 13348.642(-1)  13337.507(-3) 4 16217.557(-4)  16201.484(-1)
15 13050313(2)  13048.229(0) Vv'=11, J'=89, E=17613.816(2) 8 14984.067(-3)  14968.252(-4)
17 12487.809(6)  12476.823(8) 8 14837.517(0)  14818.903(0) 9 14681.275(-6)  14665.533(-3)
18 12205678(2)  12194.743(5) 9 14535.055(0)  14516.520(0) 11 14082.523(4)  14066.912(4)
21 11374.035(2)  11363.255(4) 10 14234.854(7)  14216.419(-13) 12 13786.588(0)  13771.055(2)
22 11101.809(11)  11091.094(6) 12 13641.349(4)  13623.053(6) 13 13492.988(-10) 13477.515(-4)
24 10565.061(0)  10554.453(2) 13 13348.073(1)  13329.866(-5) 15 12912.792(0)  12897.462(3)
25 10300.573(2)  10290.016(5) 15 12768.538(22) 16 12626.251(7)  12610.995(5)
27 9779.549(-1)  9769.102(6) 16 12482370(-5)  12464.399(1) 18 12060.421(-6)  12045.295(5)
28 9523.082(-5)  9512.690(3) 17 12180.686(8) 19 11781.143(7)  11766.105(4)
19 11638.294(1)  11620.579(6) 21 11230.063(-3)  11215.161(5)
v'=11, J'=40, E=17514.690(2) 20 11361.850(5)  11344.233(-3) 22 10958.288(-1)  10943.465(2)
3 16432.937(-1)  16419.992(-2) 22 10816.498(2)  10799.058(-7) 23 10689.067(-3)  10674.323(-3)
4 16118.761(-2)  16105.867(-2) 23 10547.639(2)  10530.276(4) 25 10156.392(-2)  10143.798(1)
5 15806.765(7) 26 9756686(7)  9739.608(-3) 26 9897.003(-2)  9882.487(2)
6 15496.989(2)  15484.207(6) 27 9481.378(-11) 28 9382.284(3)
8 14884.101(:2)  14871.416(-1)
9 14581.020(-1)  14568.391(-2) v'=11, J'=29, E=17474.412(3) v'=22, J'=28, E=18606.343(3)
10 14280.200(6)  14267.635(-5) 4 16138.029(3)  16128.634(2) 5 16962.163(13)  16953.126(9)
12 13685.436(5)  13672.976(-1) 8 14902.394(2)  14893.160(-6) 8 16038.712(1)  16029.790(-6)
9 14599.074(-6)  14589.864(2) 11_15135.494(-11) _15126.676(-8)

IV. DISCUSSION

Also we did not need to add, parameters in order to repro
duce our data to within the experimental precision. Howevel

Looking at Table 2 it is interesting to note that although owe did need to use a higher order (by one unit) expansion f
data extended to” = 29, we needed shorter (by one unitthe G, parameters. It should be noted, though, that the centri
expansions foB,’s, andD,’s than did Gerstenkorat al. (22). ugal distortion constants (CDCSs) in the study of Gerstenkorn
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TABLE 3—Continued

7881p;,
v’ R P v’ R P v” R P
v'=11, J'=51, E=17567.533(2) v'=11, J'=43, E=17527.851(2) v'=12, J'=52, E=17694.902(2)
8 14859.449(3)  14843.337(-4) 8 14878.004(-3)  14864.384(-4) 8 14978.846(-6)  14962.409(0)
9 14556.701(-1) 14540.651(-1) 9 14575.002(0) 14561.442(-2) 9 14676.138(-16) 14659.766(-5)
10 14256.212(4) 10 14274.266(4) 14260.766(0) 11 14061.280(7)
12 13662.124(-4) 13646.281(-3) 12 13679.674(-2) 13666.281(3) 12 13781.646(-2) 13765.487(8)
13 13368.536(7) 13352.770(1) 13 13385.843(-1) 13372.503(10) 13 13488.105(-3)
16 12501.937(-9) 16 12518.442(11) 12505.295(10) 15 12908.056(1)
17 12202.310(34) 19 11672.655(3) 11659.698(-2) 16 12605.731(3)
18 11920.781(-39) 20 11395.632(0) 11382.737(-4) 21 11225.756(2)
19 11656.943(-16) 22 10849.093(-5) 10836.318(-1) 22 10954.052(7) 10938.653(2)
20 11364.903(3) 23 10579.628(-4) 10566.918(1) 25 10154.402(-11) 10139.222(2)
22 10834.165(8) 26  9786.826(-3) 9774.330(-14)
23 10564.981(6) 10549.964(-11) v'=14, J' =82, E=18128.771(2)
26 9773.027(12) 9758.247(-7) v'=15, J' =26, E=17935.324(2) 8 15100.851(-5) 15075.089(-6)
27 9514.371(-5) 3 16926.311(3) 16917.845(-6) 10 14500.332(6) 14474.799(-3)
4 16611.849(-4) 16603.407(-4) 11 14203.517(-1) 14178.088(-3)
v'=18, J'=13, E=18220.830(2) 5 16291.145(12) 12 13909.010(-3)  13883.691(-2)
4 16936.701(-5) 6 15989.451(35) 15981.120(-6) 14 13326.998(3) 13301.908(0)
5 16624.258(-3) 8 15376.002(-5)  15367.701(-7) 15 13039.550(-8)  13014.566(-1)
6 16314.018(-1)  16309.755(-4) 10 14771.498(1)  14763.268(-2) 17 12471.821(3)
7 16005.993(3) 16001.755(-8) 11 14472.659(3) 14464.461(3) 18 12191.606(1) 12166.978(3)
9 15396.661(-1) 15392.449(-2) 13 13881.902(-5) 13873.778(-6) 20 11638.573(8) 11614.172(22)
10 15095.375(3) 15091.184(-1) 14 13590.007(0) 13581.921(-3) 21 11365.821(2) 11341.553(4)
12 14499.663(5)  14495.507(3) 16 13013.309(0) 23 10827.947(5)  10803.930(3)
13 14205.276(0) 14201.129(7) 17 12728.528(14) 12720.564(-1) 24 10562.898(0) 10539.006(-2)
15 13623.508(1) 13619.406(-1) 20 11880.969(5) 26 10017.075(-5)
16 13336.168(6)  13332.095(-6) 27 9783.642(-1) 9760.136(-4)
18 12768.703(6) 12764.666(-4) v'=14, J'=59, E=17966.126(2) 28 9529.309(-4)

21 11935.860(4) 11931.873(4) 4 16422.057(0) 16403.133(-1)
5 16091.827(-2) v'=13, J'=5, E=17674.100(2)
v'=11, J'=81, E=17774.947(2) 6 15801.495(2) 4 16400.804(-4)  16399.049(-2)
4 15987.893(8) 15962.037(-16) 7 15494.542(1) 15475.849(1) 5 16088.317(-2)  16086.566(5)
8 14759.678(-7)  14734.225(-7) 8 15189.827(0) 15171.214(-1) 7 15468.238(-3)
9 14458.225(-1)  14432.889(-9) 9 14887.365(0) 14868.834(-4) 8 15164.126(5) 15162.408(0)
13 13275.383(-3)  13250.467(10) 10 14587.175(-3)  14568.717(0) 9 14860.540(1) 14858.831(-6)
20 11296.724(7) 11272.628(9) 11 14289.267(-1)  14270.890(0) 11 14260.166(-1)  14258.458(6)
23 10485.927(-6)  10462.178(12) 12 13993.659(5) 13975.364(5) 12 13963.409(4) 13961.716(3)
14 13409.451(-5)
v'=10, J'=18, E=17319.327(2) v'=11, J =54, E=17584.106(2)
2 16654.557(22) v'=14, J' =58, E=17960.236(2) 3 16398.340(-7)  16380.923(-1)
3 16337.832(-8)  16331.902(5) 4 16425.392(-1)  16406.780(3) 4 16084.574(0) 16067.234(0)
4 16023.247(-2)  16017.352(-1) 5 16113.970(0) 16095.439(-2) 6 15463.653(-3)  15446.455(-2)
6 15400.664(0) 15394.821(-3) 7 15497.778(-14) 15479.384(1) 8 14851.617(-3)  14834.558(0)
8 14786.955(-6)  14781.144(7) 8 15193.013(-3)  15174.709(-1) 9 14548.965(0) 14531.983(0)
9 14483.455(-1)  14477.681(0) 10 14590.277(0) 14572.129(2) 10 14248.581(4) 14231.677(-2)
10 14182.222(0) 14176.475(-1) 11 14292.334(-2)  14274.267(-2) 12 13654.693(6) 13637.937(-1)
11 13877.528(18) 13 13685.436(28) 13 13361.233(-5)  13344.530(11)
12 13580.906(9)
v'=22, J'=24, E=18597.063(3) v'=12, J'=64, E=17767.102(3)
v'=15, J'=6, E=17902.585(4) 5 16969.075(1) 16961.301(2) 4 16174.534(0) 16154.023(1)
3 16943.151(6) 16941.073(4) 6 16658.965(1) 16651.225(0) 8 14943.102(-2)  14922.932(-2)
4 16628.489(-1)  16626.418(-1) 8 16045.420(-7)  16037.739(-2) 9 14640.835(5) 14620.755(0)
10 14786.931(-9) 11 15141.979(1) 15134.398(3)

al. (22) are actually calculated in a self-consistent manner fro@erstenkorret al. (22, 23 for the firstk’s of the Y, ,, expan

a corrected RKR (Rydberg-Klein-Rees) potential energy curgens (see Table 2 of the present work, Table V of R28),(

and not directly fitted to the experimental data. This couland Tables VII, VIII, and IX of Ref.23)): for instance, th&/, ,

explain the small systematic deviation observed between the.,) parameters agree within 10~* cm™, and theY,; (B.)

“Br, X'3; (V" = 0-14,J" = 0-100) ground state term parameters agree within3 10" cm™*. However, for highek

values computed using the two sets of constants. values k = 5 form = 0 ork = 2 form = 2) this agreement
Our constants are in very good agreement with those adteriorates, although the corresponding values remain of tf
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TABLE 3—Continued

79,81Br2

v’ R P v’ R P v” R P

v'=12, J'=56, E=17717.359(2) v'=16, J'=47, E=18118.452(2) v'=14, J'=27, E=17826.573(3)
4 16200.487(1) 16182.513(2) 6 16053.233(0) 16038.240(-1) 5 16186.687(2) 16177.964(1)
5 15888.988(5)  15871.094(-1) 8 15440.739(-3)  15425.866(0) 7 15568.781(4) 15560.134(-2)
7 15272.639(1)  15254.889(-2) 9 15137.855(0)  15123.047(1) 8 15263.174(-1)  15254.556(1)
8 14967.813(-2)  14950.133(0) 10 14837.242(0)  14822.497(1) 10 14658.710(-1)  14650.165(1)
9 14665235(0)  14647.629(2) 11 14538.911(1)  14524.236(-4) 11 14359.888(1) 14351.389(-6)
11 14066.916(-9)  14049.451(4) 13 13949.170(5)  13934.620(4)

14 13643.323(-5)
81Br2

v" R P V" R P v" R P

v'=12, J'=20, E=17565.588(1) v'=12, J'=26, E=17580.002(2) v'=13, J'=67, E=17892.561(2)
4 16271.831(-6)  16265.384(-9) 4 16264.992(10) 16256.683(-17) 5 15971.989(-1)  15950.885(-4)
5 15961.349(-3)  15954.924(-2) 5 15954.614(-5)  15946.307(-1) 8 15057.557(-11)  15036.708(-8)
8 15043.015(-4)  15036.672(-7) 8 15036.530(3)  15028.329(3) 9 14757.164(1) 14736.410(-3)
9 14741.326(-11) 14734.997(0) 11 14138.436(-8)  14130.334(-3) 11 14163.152(-6)  14142.578(-12)
11 14144639(2)  14138.372(4) 12 13843.564(8) 13835.510(0) 12 13869.552(-9)  13848.041(11)
12 13849.696(0)  13843.458(0) 13 13551.034(-32) 13542.975(1) 14 13289.244(-6)  13268.883(45)
13 13557.032(3)  13550.818(6) 16 12972.797(-7)  12964.840(-5) 15 13002.561(14)  12982.361(-4)
15 12078.637(4)  12972.484(2) 16 12687.174(13)  12679.266(2) 18 12156.781(7) 12136.853(-1)
16 12692.948(-2)  12686.814(5) 19 11844.653(-7)  11836.841(-3) 19 11879.654(14)  11859.828(-1)
18 12128.659(6)  12122.582(13) 21 11295.039(30)  11287.326(10) 21 11332.787(-3)  11313.129(7)
19 11850.126(-3)  11844.078(3) 22 11023.983(5) 11016.285(9) 22 11063.066(5) 11043.512(9)
21 11300.364(-11) 11294.364(6) 25 10225.910(2) 10218.342(-8) 24 10531.239(2) 10511.892(-2)
22 11029.176(-1)  11023.221(1) 26 9965.038(0) 9957.500(2) 25 10269.189(-5)  10249.931(3)
23 10760.507(-2)  10754.592(-10) 28 9498.813(9) 9479.894(-9)
25 10230.800(-1)  10224.935(2) v'=13, J'=26, E=17698.998(2)
26 9969.826(-1) 9963.990(3) 7 15451.115(6) v' =13, J'=34, E=17723.584(1)
28 9455.790(2) 9450.019(5) 8 15155.531(-2)  15147.329(-1) 4 16371.450(16)  16360.619(-4)

9 14853.926(-5)  14845.748(6) 5 16061.225(-3)  16050.417(-2)

v'=13, J'=63, E=17866.334(2) 10 14546.394(21) 8 15143.604(-3)  15132.930(-3)
5 15986.109(-3)  15966.246(-1) 11 14257.425(-1)  14249.329(-2) 9 14842.143(3) 14831.514(3)
8 15071.172(-5)  15051.552(-1) 12 13962.566(3) 13954.510(-4) 11 14245.957(2) 14235.423(-3)
9 14770.623(-5)  14751.091(-7) 14 13379.729(2)  13371.737(2) 12 13951.257(2)  13940.767(-1)
11 14176.259(0)  14156.890(3) 15 13091.783(2)  13083.831(0) 14 13368.739(-1)  13358.338(0)
12 13882.485(-1)  13863.206(-4) 17 12522.942(2)  12515.071(-9) 15 13080.953(1)  13070.598(2)
14 13301.826(6)  13282.718(3) 18 12242.087(2)  12234.241(3) 17 12512.420(16)
15 13014.992(1)  12995.969(0) 19 11963.648(-6) 18 12231.754(-9)  12221.533(2)
18 12168.687(-15) 12149.904(6) 20 11679.855(0) 19 11953.463(1)  11943.286(16)
21 11344.113(3)  11325.626(0) 21 11414.066(-2)  11406.330(2) 21 11404.218() 11394.157(1)
22 11074.205(10)  11055.807(10) 22 11142.985(0)  11135.303(-13) 22 11133.317(-4)  11123.301(-2)
24 10542.002(3) 10523.790(4) 23 10874.407(6) 24 10599.054(-1 10589.145(-5)
25 10279.748(6) 10261.641(-2) 24 10608.383(-6) _ 10600.763(-3) 25 10335759(1) 10325.907(-8)

27 9817.009(-7) 9807.245(0)

v'=13, J'=40, E=17746.246(2) v'=13, J'=33, E=17720.164(2) 28 9561.604(-1) 9551.902(-1)
4 16359.692(0) 16346.957(0) 4 16373.233(2) 16362.702(-3)
5 16049.586(1) 16036.906(-3) 5 16062.976(-5)  16052.480(-3) v'=12, J'=9, E=17548.716(3)
7 15435.921(-2)  15423.339(1) 7 15448.976(5)  15438.573(0) 4 16279.179(3)  16276.191(2)
8 15132.390(-3)  15119.859(0) 8 15145.287(-1)  15134.922(-1) 5 15968.605(1)  15965.629(-1)
9 14831.073(1)  14818.603(-4) 11 14247.573(6)  14237.344(2) 7 15353.958(29)  15351.048(-14)
11 14235.170(4)  14222.807(-1) 12 13952.856(2) 9 14748.182(-3)  14745.249(1)
12 13940.611(9) 13928.307(-1) 12 13856.244(12)  13853.373(-8)

same order of magnitude. The explanation of this behavior liear new fluorescence data and the existing ground state enelr
in the different orders used in the Dunham expansion, the useels of Gerstenkoret al.

of calculated CDCs by Gerstenkoen al., and in the fact that We also undertook a comparative study between our wor
we expanded the’ range fromv” = 0—14 tov” = 0—-29. Our and that of Venkateswarlet al. (32). Those authors recorded
empirical Dunham parameters are to be regarded as a minih2lfluorescence series (in the region 1500—2000 A) excited t
set of experimentally determined constants that reproduce béghr atomic bromine lines using the 10.7-m vacuum spectrc
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TABLE 3—Continued

81 Brz

v" R P v" R P v’ R P

v' =16, J'=58, E=18163.257(2) v'=14, J' =18, E=17796.186(3) v'=17, J' =23, E=18128.430(3)
9 15113.693(1) 5 16197.739(3) 16191.940(4) 6 16206.053(-1) 16198.717(1)
10 14815.190(-1) 14797.267(-3) 7 15583.260(13) 9 15294.451(-3) 15287.203(2)
11 14518.949(-8) 14501.101(-8) 8 15279.338(-3) 15273.611(-2) 10 14995.023(4) 14987.819(-4)
13 13933.284(0) 13915.588(4) 9 14977.642(-26) 13 14110.327(7) 14103.220(-4)
14 13643.921(-10) 13626.299(-1) 10 14672.461(-10)
16 13072.175(0) 13054.715(7) 11 14380.888(5) 14375.237(2) v'=12, J'=60, E=17730.700(3)
17 12789.842(11) 12772.481(0) 4 16188.573(-1) 16169.569(0)

co

19 12232.410(0)  12215.199(3) v'=15, J'=61, E=18075.650(3) 14963.802(2)  14945.112(-1)

20 11957.337(-1)  11940.204(7) 5 16214.658(3)  16195.418(5) 9 14663.137(-1)  14644.521(0)
22 11414.815(-5)  11397.657(-3) 7 15602.339(0)  15583.265(-8) 11 14050.064(17)
23 11147.014(-5)  11130.141(-2) 8 15200.484(0)  15280.485(-2)
25 10610.476(4)  10602.787(-2) 10 14700.467(-2)  14681.625(0) v'=17, J'=28, E=18140.783(3)
26 10359.616(-4)  10343.005(1) 11_14404.336(-1) __ 14385.571(4) 6 16198.904(-3)  16190.013(4)
28 0847.841(-6)  9831.400(8) 9 15287.538(1)  15278.754(3)
29  9596.003(-9) _ 9579.650(10) v'=14, J'=49, E=17900.838(3) 10 14988.208(-8)  14979.456(-1)
5 16142.178(3)  16126.685(1) 13 14103.755(1)  14095.115(9)
v'=10, J'=9, E=17298.372(3) 7 15529.021(1)  15513.657(-4)
3 16341.588(-13) 16338.569(5) 8 15225.746(-1)  15210.440(0) v'=15, J'=98, E=18361.765(3)
4 16028.844(-5)  16025.851(-2) 10 14625.878(-6)  14610.697(0) 4 16351.849(-8)  16321.001(=2)
6 15400.855(4)  15406.903(-10) 11_14320.304(8) _ 14314.197(3) 7 15435.694(2)  15405.232(1)
9 14497.833(2)  14494.904(2) 8 15134.734(3)  15104.399(2)
10 14198.257(15)  14195.355(0) 10 14539.544(3)

graph of the National Research Council in Ottawa. They Another comparison can be made with the more recer
claimed that their data involved th¢ = 0-76 vibrational fluorescence study of Franklet al. (24). They recorded more
levels of theX'X; ground state of**Br,. The precision of than 100 bandheads which involved tfe= 1-27 levels of
their measurements was about 0.06 trand they based the the ground state of thé’®Br, isotopomer. However, their
assignment of their fluorescence series on whe= 0-10 spectra were only vibrationally resolved, and the vibrationa
rotational and vibrational constants available at that tig®.( constants they reported are much less accurate than ours (
In the 1982 paper they changed the assignment of one fluorestancew, = 323.88+ 0.74 cni* (24) compared taw, =
cence series, previously record@) fromJ’ = 62 toJ’ = 323.2998+ 0.0003 cm™ in our work).

58. Our new high-resolution measurements gave us the opporSeveral authors have calculated RKR potential curves for th
tunity to check the assignments of Venkateswadtal. (32), X'S; ground state of By using various sets of spectroscopic
because among the 12 fluorescence series they reported, 6 ltanstants. Le Roy and Burn81) used the constants of Rao
some common lower levels with fluorescence series that wed Venkateswarlu3Q) (whose rotational assignment was
recorded. We compared th&vg, differences between thewrong) to obtain an RKR potential curve upub= 36. Later,
wavenumbers of th& andP lines for givenv” levels and the Coxon used the data of Horsley and Barrdg)(and his own
agreement was always on the order of their estimated unceata (7) up tov” = 10, and again used the vibrational part of
tainty (a maximum deviation of 0.15 crhwas observed). This the fluorescence data of Rao and Venkatesw&) for v’ =
seems to validate their assignment for these six fluorescedde-36 tocalculate the RKR potential curve for the'S
progressions. However, when we tried to reproduce our daaund state as well as Franck—Condon factorsracentroids
using the rovibrational constants they provide (which are sufor the B*I1,. ,—X'X; system 18, 19. Then Barrowet al. (20)
posed to be valid up ta” = 76; see Table IX of Ref.32)), a used theirimproved constants fdr= 0—10 toderive an RKR
very large discrepancy was observed (the dimensionless rpatential curve for the ground state and Franck—Condon facto
discrepancy with our data was more than 200). The calculateadr-centroids for theB—X system. Finally, in 1987, Gersten-
and observed data are more or less satisfactory atloxalues korn et al. (22, 23 built a corrected RKR (an IPA potential)
(typically v" < 10) but this agreement rapidly deteriorates asurve of the ground state and derived Franck—Condon facto
V" increases, yielding calculateg¢t observed differences of from the analysis of their high-resolution FTS absorption spec
about 15 cm* atv” = 29. In the future we intend to make ourtrum of theB—X system (including the” = 0-14 andv’ =
own independent analysis of the high-vibrational levels of th-52 vibrational levels).

ground state of Brusing a new high-purity Ge detector to As our measurements extend the range of the high-resolutic
work in the near infrared. data available for the ground stateto= 0-29, we decided to
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calculate the RKR potential energy curve of this state, usingthe
(Y) andG, (Y,,) expansion parameters OBr, listed in Table 4.
Figure 3 shows the potential curve we obtained for the ground
state (limited to the observed vibrational levels= 29). For the
common range G V' = 14, our turning points are in excellent
agreement<£3 X 10° A) with those calculated by Gerstenkorn,
et al. (22). The RKR turning points were generated with thei
program of R. J. Le Roy. The equilibrium internuclear distance®
calculated from the usual relationship wigh (50), was found to
be R, = 2.2810213(20) A. Taking into account the ground state
dissociation energyD,) of 15 894.546(10) fof°Br, (23), we can
observe from Figure 3 that this state is now known reliably about
half way to dissociation.
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V. CONCLUSION

R (A)

Thg use of a Fourier transform spectrometer to record the:g. 3. RKR potential energy curve for the'S; ground state of Bt
laser-induced fluorescence spectrum ofBiH,. ,—X'3, Sys  showing the vibrational levels experimentally observed in this work up=o

29.
TABLE 4
The Calculated RKR Turning Points
of the Ground State of Br, tem of Br, extends the high-resolution knowledge of the vi
- — brational levels of theX'; ground state fronv’ = 14 (22,
v Gy (cm™) B, (cm™) Rrmin (A) Rmax (A)  23) to v = 29. We identified 1784 lines in 96 fluorescence
0 162.3803 0.08194837 22317662  2.3344047  progressions involving rovibrational levels of all three natura
1 485.5306 0.08162622  2.1981020  2.3763768  bromine isotopomers, in the range ¥’ = 22, 2= V" = 29,
2 806.5050 0.08130243 21760266  2.4068209 and 4= J’ = 109. These data were merged with previous
3 1125.2909 0.08097696 21587170 24325885  high-resolution FTS data for th€Br, isotopomer 22) in a
4 1441.8750 0.08064974 21441942 24556337  least-squares analysis to characterizexh®, ground state up
5 1756.2437 0.08032069  2.1315544 24768713 toVv’ = 29. Animproved set of Dunham constants was derive(
6 2068.3828 0.07998974 21202952  2.4988059  and they describe the experimental data with a standard de
7 2378.2777 0.07965681 2.1101034 25157528  ation of ~0.004 cm*. The B, (Y,) andG, (Y,) expansion
8 2685.9132 0.07932182 21007684 25339253  parameters were used to calculate an RKR potential enert
9 2991.2737 0.07898467  2.0921403  2.5514755  curve of this state up t8” = 29, about halfway to dissocia-
10 3204.3429 007864527  2.0841085  2.5685170  tion.
1 3595.1037 0.07830351 2.0765881 2.5851373
12 3893.5386 0.07795928  2.0695128  2.8014059 ACKNOWLEDGMENTS
13 4189.6294 0.07761247  2.0628294  2.6173790
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v sworses oo aamer zewsrs  CF S e Bt B o vy v donceors ¥
18 5634.2235 0.07583530  2.0340011 2.6942247
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25 7552 0265 0.07319997 20025216 27980890 3. Kl.ggé)McAfee, Jr. and R. S. Hozack. Chem. Phys64, 2491-2495
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