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Abstract Doppler-limited rovibrational absorption spectra of the 4311, «— X Z+ electronic tran-
sition of Bry are measured in the 12072-14 249 cm ™! region by a tone burst modulatlon method using
a Ti:sapphire ring laser and Bro with natural isotopic abundance. P-, -, and R-branch lines belonging
to the v/ « v = (2 — 16) « (2 — 8) bands of ™Bry and "#'Bry, and the v « v = (2 -5) « 6
bands of 3 Bry are observed and assigned. A combined-isotopologue direct-potential-fit (DPF) analysis
is used to determine accurate analytic potential energy functions for the A3II;, and X Z+ states from
a combination of our new results with fluorescence data for the X state in the UV and VUV regions,
magnetic rotation spectrum data for the A — X system, and X state term values obtained from FT-IR
results for the B — X system in the VIS region. The A — X electronic isotope shift and centrifugal
Born-Oppenheimer breakdown (BOB) effects in the A 31y, state are also determined from his analysis.
Band constants of the A3II;, state obtained from the recommended analytic potential energy function
are compared with those obtained from a ‘traditional’ parameter-fit analysis.

Introduction: The first observations of the A2%IIy,— X 12; system of the bromine dimer were
reported by Kuhn and Nakamura in 1926 [1, 2]. Since then there have been numerous studies of these
states. In 1982, Venkteswarlu et al. measured fluorescence series transitions into v’= 0 — 76 of the
X Z+ state in the Vacuum UV region [3]. Gerstenkorn et al. observed the B®Iy+,— X Z+ system
using a Fourier Transform Spectrometer and reported an accurate Dunham expansion debCI"lpthIl for the
lower portion of the X 12; state well in 1987[4]. Accurate Laser-Induced fluorescence transitions into
to v”(X)=2-29 were reported by Focsa et al. in 2000 [5], and analogous lower resolution (4+0.27 cm™1)
transitions into v”(X) = 28 — 44 were obtained by Postell in 2005 [6].

For the A3Il;, state, Clyne and Coxon determined the absolute vibrational quantum numbering of
the A 311y, state in 1970[7]. Shortly afterwards, Coxon observed absorption into v’ = 7 —24 of the A 3Ily,,
state in the visible and near infrared regions [8]. In 1999 Boone used Doppler-limited magnetic rotation
spectroscopy with a dye laser [9, 10] to measure some 2975 lines of 55 bands in the A3y, « X 13+

spectrum of "?7?Bry for which 13 < v/ < 37. His highest vibrational level is bound by only 2 Cm_f.
While most vibrational levels of the A state have been Il

measured by then, poor Franck-Condon factors had pre- o0z Function Gen Det. yref.
vented the observation of levels v/(4) = 0 — 6. In the l—mwi@ v Yol
present study, we have measured the absorption spec- ;
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the experimental setup. A Ti:Sapphire ring laser (Co- | TEALOs Laser [aessrssrasss

heren.t7 899-21) was useq to obtain Doppler limited ab- Laser| sweep sio. [Fancion 1.
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was filled with Bry gas containing all three isotopologues Etalon Drive Sig.
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than 0.77um, the absorption lines were measured at room
temperature, while the cell was heated to 150°C when ab- Figure 1: Block diagram of the Ti:Sapphire
sorption lines in the 0.77—0.83 um region were measured. ring laser spectrometer
Tone burst modulation was adopted as a signal detection technique. The laser source having a sideband
was produced using an electro-optical modulator (EOM 191MHz). A Burst signal generated using a
191MHz source and a pulse signal (at 100KHz) generated by a mixer were input into the EOM. The ab-
solute and relative wavelengths of the laser were measured using a wavelength meter (Burleigh WA-1500)
and a confocal cavity (F.P.I) having a free spectral range (FSR) of 0.01 cm ™!

Analysis: A direct-potential-fit analysis may be used to determine the molecular parameters ©. and
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re, and sometimes also long-range inverse-power potential coefficients. In this work, program DPotFit
was used to determine these quantities and the associated potential energy functions from experimental
line positions [11]. Since Bry has three isotopologues and there is A-type doubling in the A 3Ty, state,
the radial Schrodinger equation is:
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where Va(;) (r) is the effective adiabatic potential for the reference isotopologue (a = 1), AVa(;)(T) is the
difference between the effective adiabatic potentials of isotopologue-a and the reference isotopologue,
g'®(r) is the centrifugal Born-Oppenheimer breakdown (BOB) radial function, sga (e/f) is a dimension-

less numerical factor for the e and f levels, and AVJSO[)(T) is the A-doubling radial strength function
[11-13]. The Morse/Long-Range (MLR) form is used for the potential energy functions of the A and X
states:
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where r is the internuclear distance, 3(r) is the exponent coefficient function, y,(r, reer) = F725
o

dimensionless radial variable, C,,, are long range coefficients and D,,,;(r) are damping functions [14, 15].
Results: The data reported by Venkteswarlu et al.,

is a

\ \A‘State:‘l\|=13 ‘p=5 q\:4 Rref—3 3 Boone, Focsa et al., Postell et al. and Gerstenkorn et al.

5 Re=2.704591(20) - were combined with those obtained here, and analysed

\ X’zw De=2147.936(14)cm™! using program DPotFit [11]. This X state data set spans

_ 0 V=7 ¢ C5=3.665(73)x104 cm™1& 99.2% of the ground-state potential well, with the highest

'c \ \V observed level being bound by only 129 cm~'. The ob-
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x De=16056.9307(90)cm’}  the dissociation limit. Figure 2 shows the well depths

-10 \ X‘State:‘ ‘ 1 D, equilibrium internuclear distances r,, and potential

N=11 p=5 q=6 energy curves determined for the A and X states, where

-15 NAFQ Rref=3.12 the integer N is the power of the polynomial defining

the exponent coefficient function 3(r) while p, ¢ and 7ef
are non-physical parameters defining the dimensionless

R[A] radial variables ¥, /4 (7, 7rer). Experimental values for the
Figure 2: MLR Potentials of the A and X long-range inverse-power Cy constant of the A state and
States of Bra, and Potential curve of the A’ for the A— X electronic isotope shift are also determined.
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state reported by Sur and Van Marter [16, 17]. The A’°Tly, state potential is also plotted in this Fig-
ure. The A and A’ state potentials become very close at
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