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HCBr possesses three low-lying electronic states, the ground X!  1A′, a very low-lying a!
3A″ and the A!  1A″. The first and last are connected by an allowed electronic transition
that leads to a band system extending from the near-infrared through the visible region of
the spectrum; this is analogous to the well-known singlet band system of CH2. We have
previously reported high-resolution measurements4,5,6,7 of the origin and several other
near-infrared bands of the singlet band system in HCBr and DCBr. Here, we describe
new measurements of hot bands involving the bending vibration in HCBr and DCBr that
provide insight into the position of the triplet state of the radical. The experimental work
is complemented by extensive ab initio calculations of the electronic potential energy
surfaces combined with dynamical solution of the vibrational problem to estimate
anharmonic frequencies and vibronic transition moments as an aid to understanding the
observed spectra.

Spectra were recorded in absorption using a frequency-modulated, single-frequency
diode or Ti:sapphire laser system and transient heterodyne detection as described
previously.6,7 The bromomethylene radicals were produced by 193 nm photolysis of
bromoform (CHBr3) heavily diluted in inert gas in a slow flow through a Herriott-type
long pathlength absorption cell. Calculations were performed using the MOLPRO 2000
program package.8

Analysis of spectra of both HCBr and DCBr has established the positions of the lowest
few bending levels in the ground state and these are shown in Table I for the 79Br
isotopomer. Also shown are the corresponding calculated levels from a dynamical
calculation of the vibrational frequencies based on a scaled cc-pVTZ MRCI potential
energy surface.9 The experimental results for DCBr are broadly in accord with theory,
although the calculated anharmonicity is smaller. However, for HCBr the experimental

anharmonicity is large and
opposite in sign to that
expected (and calculated).
There are no possible
perturbing vibrational levels
in the ground electronic

state, and we believe this is strong evidence for an interaction with the expected triplet
state of the radical which would therefore lie just below the expected position of the v2 =
2 level in HCBr. Computationally the triplet is calculated to lie at 1833.1 cm-1, in
excellent accord with the experimental result.

The potential energy surfaces for the three electronic states of HCBr were obtained by
performing a CASSCF calculation involving the twelve valence electrons and nine
valence orbitals followed by an IC-MRCI calculation of the three target states at each
point of a direct-product discrete-variable representation (DVR) grid in CH–Br Jacobi
coordinates. The resulting two singlet surfaces yielded stretching frequencies that were

v2 2v2 – v2

Observed Calculated Observed Calculated

HCBr 1117.9 1126.7 1193.3 1115.0

DCBr 832.8 835.8 803.9 828.5

Table I. Comparison of experimental and calculated bending
levels in the X 1A′ state



slightly (ca. 6.5%) lower than those observed experimentally (2768 vs. 2948 cm-1 for CH
and 643 vs. 681 cm-1 for CBr in the ground singlet state). The CH and CBr distances
were therefore scaled by a common linear scaling factor on all three surfaces according to
the relation10 CX CX CX CX CX( )e eR R R Rα′ = + − , where X is H or Br and the prime indicates
the scaled coordinate, to achieve better agreement with the experimental stretching
frequencies. The optimum scale factor was 0.9328±0.0041 for CH and 0.9442 for CBr.
This scaling preserves the global freatures of the potential energy surfaces such as the
degeneracy of the two singlet surfaces for all linear HCBr geometries. The three surfaces
are shown in Fig. 1 along a cut at constant RCH = 1.111225 Å, the calculated equilibrium
value in the X!  1A′ state. The T0 value for the singlet-to-singlet transition is calculated to
be 12451 cm-1; the experimental value is 11972.8 cm-1. Further details about both the
experimental and theoretical results will be presented at the conference.

Fig. 1. Potential energy surfaces for the three
lowest-lying electronic states of HCBr from the
scaled ab initio MRCI calculation with the cc-pVTZ
basis described in the text. Here R is the distance
from the center of mass of the CH moiety to the Br
atom, and γ is the angle between R and the r, the C-
to-H distance. Note the intersection of the X 1A′ and
a 3A″ surfaces at intermediate values of cos γ, and
the degeneracy of the two singlet surfaces at all
linear configurations (cos γ = −1) as the two
components of a 1∆ state.
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