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Diode-Laser Spectroscopy of Alkali Halides:
The Lithium Bromide Molecule
C. R. BRAZIER,N. H. OLIPHANT,AND P. F. BERNATH
’
Department of Chemistry, Universiiy of Arizona, Tucson, Arizona 85721

The vibration-rotation spectrum of the lithium bromide molecule has been recorded using a
tunable diode laser. A total of 1004 lines for all four isotopic combinations 6Li79Br, 6Li*‘Br,
‘Li”Br, and ‘Li8’Br in eight Au = 2 overtone bands were observed. The lines were fitted to
Dunham and mass-reduced Dunham parameters. ~11989 Academic PW.. IX.
INTRODUCTION

The alkali halides were studied extensively during the 1950sand 1960sby microwave
spectroscopy ( Z-4) partly because of their very large dipole moments (5- 12 D) and
reasonable vapor pressures at moderately elevated temperatures. Since that time, there
was no rotationally resolved work on any of the alkali halides until very recently. The
advent of high resolution Fourier transform spectrometers and diode lasers has made
possible the observation of infrared vibration-rotation spectra of the alkali halides.
Much of the work has been performed by Maki and co-workers (5-8) who studied
all of the lithium halides except LiBr as well as potassium fluoride. Very recently,
Jones and Lindenmayer (9) have made further observations on LiCl while Horiai et
al. (20) have studied NaCl. As part of the present study, the spectrum of NaF was
recorded by Douay et al. ( 11) .
The early microwave work on lithium bromide (1-3) gave very precise values for
the rotational constants, which were extremely useful in assigning the present measurements. This work also provided information on the hyperfme interactions and
more extensive hyperfine measurements were made by Ramsey and co-workers (12).
While the vibrational frequency was obtained only indirectly from the microwave
data, the value obtained of w, = 563.5 f 2.2 cm-’ for 7Li79Br(2) compares favorably
with the value of 562.283 cm-’ determined in our work. Predictions of the vibrational
frequency were also available from the low resolution infrared studies of Klemperer
and co-workers (13, 14). Their value of we = 563.2 + 0.2 cm-’ was also very close,
although outside of their rather small error limits. These estimates of the vibrational
frequency were very useful in determining where to search at high resolution.
The visible and UV spectra of the alkali halides consist of continua and fluctuation
bands (IS). Only for sodium iodide have discrete rotationally resolved spectra been
observed (16, 17). The continuum absorption for LiBr was described by Davidovits
and B&head (18), and the fluctuation bands by Berry and Klemperer (19).
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The first ionization potential of LiBr has been determined by Potts and Lee (20)
and Berkowitz et al. (21) to be 9.3 eV by photoelectron spectroscopy. A value of 4.4
eV for the bond dissociation energy has been found from thermodynamic (22) and
flame photometric (23) measurements.
Theoretical calculations on LiBr have so far been made only at the SCF level (24,
25). The results of Matcha (24)) as part of a systematic study of the alkali halides,
are fairly good for the main spectroscopic parameters, but the higher order constants
(which were previously unmeasured) do not compare well with the current experimental results. Lithium bromide, along with the other alkali halides, has been the
subject of numerous (26-32) empirical calculations using various formulations of the
Rittner potential (3.3). Other types of potentials such as the ionic Kratzer-type potential
have also been used (34).
EXPERIMENTAL

DETAILS

Lithium bromide vapor was produced in a stainless steel heat pipe oven. This consisted of a l-m-long, 50-mm-diameter tube with a gas inlet at one end and pump
outlet at the other. BaF2 windows on each end of the tube allowed transmission of
the infrared radiation. The LiBr vapor was prevented from reaching the windows by
pressurizing the tube with 5 Torr of argon. About 100 g of LiBr was placed on stainless
steel gauze in the center part of the tube and heated by a cylindrical furnace to about
1100 K resulting in about 5 Torr of LiBr vapor. The ends of the tube were water
cooled and this, together with the argon, helped contain the LiBr vapor to the center
0.5-m region of the cell. The oven acted as a heat pipe and could be repeatedly heated
and cooled over a period of weeks without adding fresh LiBr.
The output from a lead salt diode laser (Laser Analytics) was multipassed eight
times through the oven, using external White cell-type optics. The beam was then
passed through a 1/3-m monochromator to select a single longitudinal mode of the
laser and was focused onto a liquid nitrogen cooled Hg-Cd-Te detector. Absolute
calibration of the spectrum was obtained by placing a 20-cm cell containing ammonia
in the beam path. The 14NHs lines were observed with a cell containing 200 mTorr
of NH,; “NH3 lines were observed in natural abundance at a pressure of 5 Torr. The
lines were compared with the published spectrum of NH3 (35). A part of the beam
was picked off with a beam splitter and passed through an air-spaced germanium
etalon, with a 0.03 cm-’ free spectral range, to provide relative frequency calibration.
Several Au = 2 bands of LiBr were measured between 1030 and 1120 cm -’ by
frequency modulating the diode at 4 kHz and recording the signal with a lock-in
amplifier at twice the modulation frequency. The molecular signal and the etalon
markers, recorded using l-f modulation, were output simultaneously on a two-pen
chart recorder.
RESULTS

AND DISCUSSION

The lines of the 2-O band of LiBr were predicted using the microwave (I, 2) and
low resolution infrared measurements (14) and a search for the strong P-branch lines
was made near 1070 cm-‘. A very dense spectrum with an R-branch bandhead similar
to that in Fig. 1 was observed. The bandhead was assigned to the 6-4 band of the
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FIG. 1. A section of the lithium bromide spectrum near the 5-3 bandhead. Lines for the ‘Li”Br isotopomer
at the bandhead and also for the ‘Li 79Brisotopomer are indicated. Unmarked lines are from the 2-0, 3- 1,
and 4-2 bands. A single ammonia calibration line is also shown.

‘Li 79Br isotope, but clearly the lines were as strong as for the 2-0,3-l, etc. bands. As
the population of the higher vibrational levels falls by about a factor of 2 for each
level, the transition strength must be increasing with vibration to compensate for this.
A discussion of the relative intensities of the overtone bands will be presented later.
Once the first LiBr lines had been obtained and the intensity pattern understood,
recording and assignment of further lines was relatively easy. The J assignment for
the bandheads could be made using the microwave constants ( 1,2) and the remaining
lines could then be assigned by fitting the lines near the bandheads and predicting the
rest of the spectrum. The upper frequency limit of the diode was 1120 cm-’ which
covered the region near the 2-O bandhead. Measurements were made down to 1030
cm-‘. This covered the Au = 2 bands up to 9-7. Further bands could have been
recorded, but by this point it was found that the line positions could be predicted
almost as precisely as they could be measured.
A section of the LiBr spectrum near the 5-3 bandhead for the ‘Li*‘Br isotope is
shown in Fig. 1. The two isotopes are present in almost equal proportions which adds
to the complexity of the spectrum. The strong transitions absorb about 2% of the
infrared radiation which results in a signal-to-noise ratio of around 50. This should
yield very precise line positions given the 0.005 cm-’ linewidth, but the use of a chart
recorder to record the lines and the lack of sufficient calibration lines limit the precision
of the measurements to about 0.0025 cm-‘.
Nine hundred and fifty lines belonging to the two main isotopic species 7Li79Br
(47%) and ‘Li”Br (45.6%) were recorded and fitted to the Dunham energy level
expression (36). The line positions and errors are given in Table I. Each isotope was
initially fitted separately and the Dunham Y coefficients obtained are given in Table
II. The microwave transitions of Honig et al. (I) and Rusk and Gordy (2) were
included in the fit. The hyperfine free line positions were calculated from the observed
transitions using the published hyperfine constants (1-3, 12). It was found that the
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TABLE I
Observed Lines in the Vibration-Rotation
‘Li”Br

Spectrum of LiBr (in cm-‘)
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TABLE II
Dunham Parameters for ‘Li ‘%r and ‘Li “Br (in cm -‘)

constant

YlO

-

Y20 lo5

we
-up,

y30 -

WY9

Y,, =

weze

Yo, -

Be

'Li"Br

'Li"Br

562.28564 (78)

561.71538 (70)

-3.51011 (27)

-3.50195 (25)

0.014363 (40)
-4.81 (21)

0.014170 (37)
-4.05 (20)

0.55539720 (36)

0.55427796 (42)

-0.00564616 (57)

-0.00562876 (45)

Yll

-

-Q*
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y,,

-

1.

108

Yal

-4.77 (43)

-4.52 (39)
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Y,, - -De

-2.1678 (18)

-2.1634 (17)

lo8

Y,, - -pa

1.144 (19)

1.165 (16)

10"

Y,,

1.94 (75)

1.84 (64)

lOI

Y,, -

3.59 (53)

3.01 (45)

H,

2.4952 (77)

2.4776 (66)
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FIG. 2. A section of the lithium bromide spectrum, showing the essentially random appearance of the
spectrum away from the bandheads. Also shown are two 6Li79Brlines in natural abundance (4%).

measurements of Honig et al. ( I ) did not fit with the other observations to within the
published precision, so they were deweighted by a factor of 6. Small inconsistencies
with the data of Honig et al. ( 2 ) were also reported by Hebert et al. (3) in their work
on 6LiBr.

TABLE III
Mass Reduced Dunham Constants for LiBr (in cm-‘)

U10

1427.2689 (12)

U20

-22.6119 (11)

U30

0.23344 (42)

U40

-0.001822 (57)

U01
ALi
01
U11
U21
lo6

3.5784421 (93)
0.314 (29)
-0.0923319 (31)
0.0010327 (16)

u,,

-4.74 (27)

105

u,,

-9.0152 (30)

106

u,,

1.2083 (53)

lo@

u,,

6.21 (89)

lo'@ u,,

9.77 (48)
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TABLE IV
RKR Turning Points for the X ‘2+ State of ‘Li’%r

”

EJ

0

cm-‘)

%,“(Q

%a@)

280.4123

2.07952

2.27301

1

835.7230

2.01957

2.35640

2

1384.1421

1.98124

2.41833

3

1925.7530

1.95174

2.47160

4

2460.6383

1.92737

2.51991

5

2988.8794

1.90645

2.56494

6

3510.5566

1.88803

2.60762

7

4025.7493

1.87154

2.64854

8

4534.5358

1.85660

2.68809

9

5036.9932

1.84291

2.72655

The data for the two isotopic species were then combined and fitted to the mass
reduced Dunham expression including Watson’s Born-Oppenheimer breakdown coefficients ( 3 7). All of the data could be fitted without the introduction of any of Watson’s
coefficients. The microwave lines of Hebert et al. (3) for 6LiBr were then included
and a prediction of the ‘LiBr vibration-rotation lines was made. 6LiBr lines could not
be picked out without this prediction because 6Li is present at only 7.596, in natural
abundance, and the large shift in the vibrational frequency (we = 562.28 cm-’ for
7Li79Br, oc = 603.72 cm-’ for 6Li79Br) meant that only the widely spaced P-branch
lines could be seen in the region observed. Based on the prediction, a total of 59 6LiBr
lines could be picked out from the existing spectra. These were all moderate to high
J-, P-branch lines ranging from the 2-O to the 7-5 bands for both isotopic species,
6Li 79Br and 6Li *‘Br. A typical section of the LiBr spectrum including two weak 6LiBr
lines is shown in Fig. 2.
The ‘LiBr vibration-rotation
lines were then fitted with the rest of the observed
transitions to mas+reduced Dunham coefficients. One of Watson’s g’s (37) was needed
for the Be (Yol) rotational constant for lithium. This was due primarily to the high
precision microwave data available for 6LiBr. The results of this fit are given in Table III.
DISCUSSION

The vibration-rotation
constants were used as input to an RKR
classical turning points are given in Table IV, and the lower part of the
in Fig. 3. The bands observed, up to u = 9, cover the first 15% of the
The equilibrium bond length was calculated to be 2.17043 A.
As was mentioned earlier, the intensities of the hot bands 3-1,4-2,

program. The
curve is shown
potential well.
etc. are higher
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FIG. 3. The potential energy curve for 7Li79Br.The equilibrium constants, from Table II, were used to
calculate the RKR turning points.

than that of the 2-O band. An estimate of the relative intensity of the bands was made
from the diode-laser spectrum. This is difficult to do except where lines are very close
together, because of the variation in diode-laser power. Initially, pairs of lines in a
given band were measured, usually R-branch lines going into and coming out of a
bandhead. From these data, the rotational temperature was found to be 1150 f 50
K. The vibrational and rotational temperatures were presumed to be the same, and
the relative intensities of all the bands 2-O through 9-7 for each isotope were predicted
TABLE V
Variation of the Intensity of Overtone Bands with uc

Band

Measured

Calculated

2 - 0

1.0'

1

3 -1

2.1

3

4 - 2

5.7

6

5 - 3

9.1

10

6-4

13.7

15

7 - 5

18.6

21

8 - 6

30.1

28

9 - 7

34.1

36

a Intensities relative to 2 - 0 - 1.0
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assuming equal strength for each band. The relative intensity of lines from different
bands was then measured and the intensity “enhancement” from the predicted value
was calculated. These were then fitted using a least-squares procedure to yield the
intensity enhancements given in Table V.
There have been several papers recently involving the calculation of vibrationrotation intensities (38-41)) but these generally involve fairly complex expressions
including the dipole moment function for the molecule. The data determined here
are not sufficiently precise to warrant this type of treatment. The relative intensities
are accurate to about 10%. The simple form of the vibrational intensity expression
involving Hermite polynomials yields intensities proportional to (v” + l)(v” + 2).
The intensities calculated from this formula relative to the 2-O band intensity (set
equal to 1) are given in Table V. It can be seen that the agreement with experiment
is good, of the order of the 10% estimated precision.
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