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High resolution Fourier transform infrared emission spectra of MgH and MgD have been recorded.
The molecules were generated in an emission source that combines an electrical discharge with a
high temperature furnace. Several vibration–rotation bands were observed for all six isotopomers in
theX 2S1 ground electronic state:v51→0 to 4→3 for 24MgH, v51→0 to 3→2 for 25MgH and
26MgH, v51→0 to 5→4 for 24MgD, v51→0 to 4→3 for 25MgD and26MgD. The new data were
combined with the previous ground state data, obtained from diode laser vibration–rotation
measurements and pure rotation spectra, and spectroscopic constants were determined for thev
50 to 4 levels of24MgH and thev50 to 5 levels of24MgD. In addition, Dunham constants and
Born–Oppenheimer breakdown correction parameters were obtained in a combined fit of the six
isotopomers. The equilibrium vibrational constants (ve) for 24MgH and 24MgD were found to be
1492.776(7) cm21 and 1077.298(5) cm21, respectively, while the equilibrium rotational constants
(Be) are 5.825 523(8) cm21 and 3.034 344(4) cm21. The associated equilibrium bond distances
(r e) were determined to be 1.729 721~1! Å for 24MgH and 1.729 157~1! Å for 24MgD. © 2004
American Institute of Physics.@DOI: 10.1063/1.1724821#

INTRODUCTION

The first laboratory spectrum of magnesium monohy-
dride was studied in 1926 when Watson and Rudnick1 at-
tempted to identify strong bands appearing in astronomical
spectra. MgH has become an important molecule in astro-
physics, and lines of theA 2P –X 2S1 transition ~green
bands! appear strongly in the absorption spectra of the sun2

and of late-type stars.3 Magnesium has three stable isotopes,
24Mg, 25Mg, and 26Mg, with terrestrial abundances4

78.99:10.00:11.01, but with different ratios in different
stars.5 Lines of theB8 2S1 –X 2S1 transition of MgH have
been found in the spectra of sunspot umbrae,6 and are useful
for the determination of magnesium isotopic abundances.
Due to its importance in astrophysics, the line and continuum
opacities of MgH in cool stellar atmospheres have been re-
cently calculated.7,8

The visible spectra of MgH and MgD have been studied
extensively by Balfour and co-workers9–15 in 1970s. They
used a magnesium dc arc in hydrogen or deuterium to gen-
erate the molecules, and recorded theA 2P→X 2S1 and the
B8 2S1→X 2S1 transitions of all six isotopomers, i.e.,
24MgH, 25MgH, 26MgH, 24MgD, 25MgD, and26MgD, with a
classical spectrograph. This comprehensive analysis led to an

experimental value of 1.27~3! eV for the dissociation energy
of the X 2S1 ground state of MgH.15 Parallel to the experi-
mental work in 1970s, severalab initio calculations were
performed for the ground state and the low-lying excited
states.16–21A nearly complete set of laboratory references to
work prior to 1977 was compiled by Huber and Herzberg.22

Bernath et al. recorded the emission spectrum of the
A 2P→X 2S1 transition of MgH using a magnesium hollow
cathode discharge and a Fourier transform spectrometer.23

They predicted highly accurate vibration–rotation and pure
rotational transition frequencies for theX 2S1 ground elec-
tronic state. The pure rotational transitions of24MgH and
24MgD were then identified in the far infrared spectral
region.24–26 High resolution infrared spectra of MgH and
MgD were obtained by Lemoineet al.27 using a diode laser
infrared spectrometer, and lines from two vibration-rotation
bands,v51←0 andv52←1, were identified. A few years
later, some pure rotational lines of24MgH, 26MgH, and
24MgD were measured with very high accuracy in the
millimeter-wave region.28

We report here the high resolution Fourier transform in-
frared emission spectra of MgH and MgD, containing
vibration–rotation bands in theX 2S1 ground electronic
state for all six isotopomers. The new infrared spectra have
substantially extended the available high resolution ground
state data, and have thus led to improved molecular con-
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stants. We also report a study of the breakdown of the Born–
Oppenheimer approximation, which consisted of a combined
isotopomer analysis of all the vibration–rotation and pure
rotation data for the six species.

EXPERIMENTAL DETAILS

The high resolution emission spectra of MgH and MgD
were recorded with a Fourier transform spectrometer in the
course of our work on MgH2 and MgD2.29,30MgH and MgD
were generated in an emission source that combines an elec-
trical discharge with a high temperature furnace. About
20–50 grams of magnesium metal was placed inside the cen-
tral part of an alumina tube~120 cm long and 5 cm in diam-
eter!, and heated to 550 °C– 650 °C by a CM Rapid Temp
furnace. Two stainless steel tube electrodes were placed in-
side the water-cooled ends of the alumina tube, which were
sealed by BaF2 or CaF2 windows. A mixture of argon and
hydrogen or deuterium with a total pressure of 1–2.5 Torr
flowed through the cell, and a dc discharge~3 kV, 333 mA!

was applied between the stainless steel electrodes. The emis-
sion from the source was focused onto the entrance aperture
of a Bruker IFS HR 120 Fourier transform spectrometer, us-
ing BaF2 or CaF2 lenses.

Several high resolution emission spectra of MgH and
MgD were recorded in the 11 000– 23 000 cm21 ~visible! re-
gion using a visible quartz beamsplitter and a silicon photo-
diode detector. The visible spectra contain many vibrational
bands of theA 2P→X 2S1 and theB8 2S1→X 2S1 transi-
tions of all six isotopomers. Analysis of the visible spectra is
in progress, and will be published separately. In addition, we
have recorded and analyzed the infrared spectra of MgH and
MgD in the 800– 2200 cm21 region, and these results are
presented in this paper.

The first MgH infrared spectrum was recorded at 650 °C
with 1.6 Torr of argon and 0.9 Torr of hydrogen. A CaF2 lens
and windows were used with a CaF2 beamsplitter along with
a HgCdTe~MCT! detector. The instrumental resolution was
0.01 cm21, and the spectral region was limited to

FIG. 1. An overview of the infrared emission spectrum of MgH. The ab-
sorption lines are from atmospheric water vapor.

FIG. 2. An overview of the infrared emission spectrum of MgD after base-
line correction.

FIG. 3. An expanded view of the MgH spectrum showing the spin splitting
in P-branch lines.

FIG. 4. An expanded view of theR-branch head in thev51→0 band of
24MgD.

10003J. Chem. Phys., Vol. 120, No. 21, 1 June 2004 Infrared spectra of MgH and MgD

Downloaded 11 May 2004 to 129.97.47.16. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



1200– 2200 cm21 by the CaF2 beamsplitter and a
2200 cm21 long-wave pass filter. In order to improve the
signal-to-noise ratio, about 550 scans were co-added during
8 hours of integration. The second MgH infrared spectrum
~550 scans! was recorded at 550 °C with;1 Torr of pure
hydrogen. A BaF2 lens and windows were used with a KBr
beamsplitter and a HgCdTe~MCT! detector. The instrumen-
tal resolution was again 0.01 cm21, and the spectral band-
pass was set to 800– 1700 cm21 by the detector response, the
BaF2 optics, and a 1700 cm21 long-wave pass filter. The
infrared spectrum of MgD was recorded at 600 °C with
;1 Torr of pure deuterium. All other conditions were the
same as in the second MgH experiment, and in this case
1200 scans were co-added during 18 hours of integration.
The spectra contained atomic and molecular emission lines,
as well as blackbody emission from the hot tube and absorp-
tion lines from atmospheric water vapor. The signal-to-noise
ratios were about 180 and 120 for the strongest MgH and
MgD lines, respectively.

RESULTS AND ANALYSIS

The infrared spectra of MgH and MgD contained
vibration-rotation bands of all six isotopomers. An overview
of the second MgH spectrum, recorded with the 1700 cm21

long-wave pass filter, is shown in Fig. 1. The strongest emis-
sion lines in the overview spectrum are from thev51→0
fundamental band of24MgH. In addition, three hot bands of
24MgH, i.e., v52→1, 3→2 and 4→3, were found and ro-
tationally analyzed. Due to the low natural abundances of
25Mg ~10 %! and 26Mg ~11 %!, only thev51→0 to v53
→2 bands were observed for25MgH and 26MgH. A few
vibration-rotation bands of24MgH2 and impurity CO were
observed in the first MgH spectrum, recorded with the
2200 cm21 long-wave pass filter.29 Five vibration–rotation
bands, fromv51→0 to v55→4, were found for24MgD.
For the minor isotopomers25MgD and 26MgD, only the v
51→0 to v53→2 and a fewR-branch lines ofv54→3
were observed. In addition, a very weak band of24MgD2 was

found and analyzed.30 An overview of the MgD spectrum is
shown in Fig. 2. In order to display the bands clearly, the
baseline of the MgD spectrum in Fig. 2 was corrected using
the Bruker OPUS program.

The ground electronic state of MgH is a2S1 state, in
which thee (F1) and f (F2) spin components are split by
the spin–rotation interaction. AllP-branch lines were
doubled in the MgH and MgD spectra, while the splitting
was observed for only some of theR-branch lines. An ex-
panded view of the MgH spectrum in Fig. 3 shows the split-
ting of the lines corresponding toe and f parity levels. The
v51→0 band head of24MgD is shown in Fig. 4.

Line positions in the spectra were determined using
WSPECTRAprogram31 written by M. Carleer~UniversitéLi-
bre de Bruxelles!. Impurity CO lines were used to calibrate
the first MgH spectrum (1200– 2200 cm21), and MgH lines
were used to transfer the calibration to the second spectrum
(800– 1700 cm21). Both MgH spectra were needed for our
data analysis: the first spectrum was used for lines above
1450 cm21, while the second spectrum had a higher signal-
to-noise ratio below 1450 cm21. The MgD spectrum was
calibrated using several atomic lines common to the MgH
and MgD spectra. The absolute accuracy of calibrated line
positions is better than 0.001 cm21, and an experimental un-
certainty of 0.001 cm21 was assigned to strong unblended
lines of 24MgH and 24MgD. For very weak bands, i.e.,v
54→3 band of24MgH, v55→4 band of24MgD, and the
lines from minor isotopomers, an uncertainty of 0.002 cm21

was used. Assignment of the bands was facilitated using a
color Loomis–Wood program.

The available diode laser infrared spectra27 contain lines
from the v51←0 andv52←1 bands of MgH and MgD
with an experimental uncertainty of 0.002 cm21, and there is
no systematic discrepancy between those lines and our cali-
brated line positions. We included the diode laser infrared
lines and all pure rotational lines24–26,28in our data set. We
removed the hyperfine structure of the pure rotational lines
by using the rotational and spin–rotation interaction con-
stants reported in Refs. 26 and 28 to compute the hyperfine-

TABLE I. Spectroscopic constants~in cm21) for the X 2S1 ground state of24MgH ~all uncertainties are 2s!.

v Tv Bv 104 Dv 109 Hv 1012 Lv 102 gv 106 gD,v

0 0.0 5.736 5078~4! 3.543 234~130! 14.537~38! 21.38(3) 2.638 97~11! 25.77(10)
1 1431.977 78~18! 5.555 2881~5! 3.557 26~14! 13.197~35! 21.81(3) 2.524 80~11! 25.79(10)
2 2800.6770~4! 5.367 5658~79! 3.601 13~53! 11.07~12! 22.60(8) 2.401~5! 25.8(1)
3 4102.3284~5! 5.169 804~15! 3.6895~13! 6.91~38! 23.6(4) 2.273~8! 26.0(3)
4 5331.3869~10! 4.956 662~30! 3.8506~22! 22.8(5) 2.126~20! 26.0(10)

TABLE II. Spectroscopic constants~in cm21) for the X 2S1 ground state of24MgD ~all uncertainties are 2s!.

v Tv Bv 104 Dv 109 Hv 102 gv 106 gD,v

0 0.0 3.000 9455~3! 0.961 742~130! 1.989~15! 1.381 73~11! 21.49(17)
1 1045.8446~3! 2.933 3697~27! 0.962 51~12! 1.787~12! 1.338~4! 21.46(15)
2 2059.3940~4! 2.864 344~4! 0.966 80~13! 1.532~12! 1.288~8! 21.2(3)
3 3039.5181~5! 2.793 330~7! 0.976 18~22! 1.23~2! 1.233~9!
4 3984.7236~8! 2.719 587~13! 0.991 72~50! 0.76~5! 1.19~2!
5 4893.041~6! 2.642 114~44! 1.0156~8!
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free line positions. A complete list of all line positions used
in the analysis have been placed in Electronic Physics Aux-
iliary Publication Service~EPAPS!.32

A Hamiltonian operator that includes rotation and spin-
rotation terms,

Ĥ5BN̂22DN̂41HN̂61LN̂81N̂•Ŝ~g1gDN̂2!, ~1!

was used to obtain analytical expressions for the energy lev-
els. The experimental data forv50 to 4 of 24MgH and v
50 to 5 of 24MgD were fitted to the analytical energy ex-
pressions derived from Eq.~1!, using the program DParFit,33

and the usual band constants of Tables I and II were deter-
mined. For more than half of theR-branch lines, thee and f
splitting was not observed in our spectra, and for these lines
the spin-rotation interaction part of the Hamiltonian, Eq.~1!,
was set to zero. Thev55→4 band of 24MgD was very
weak, and only 12 unresolvedR-branch lines were observed.

Therefore, we were unable to determine the spin–rotation
interaction constants for thev55 level of 24MgD. To mini-
mize the number of digits required to accurately reproduce
the data, the fit to determine the constants of Tables I and II
applied the sequential rounding and refitting procedure,34

starting from the highest order parameter of the highest ob-
served vibrational level.

The new band constants for thev50 levels of24MgH
and 24MgD are compared with the constants previously de-
termined from the diode laser infrared27 and pure rotational
spectra,26,28 in Table III. Note, however, that we have deter-
mined a set of band constants for thev50 to 4 levels of
24MgH and thev50 to 5 levels of24MgD, while the previ-
ous diode laser infrared data included only thev50 to 2
levels.

The spectral line positions of all six isotopomers were
also fitted to a Dunham-type energy level expression. Taking

TABLE III. A comparison of24MgH and24MgD constants forv50 ~all values are in cm21, and all uncertainties are 2s!.

Molecule B0 104 D0 109 H0 1012 L0 102 g0 106 gD,0

24MgH This work 5.736 5078~4! 3.543 234~130! 14.537~38! 21.38(3) 2.638 97~11! 25.77(10)

Ref. 28 5.736 507 83~15! 3.542 85a 2.637 855~40!
Ref. 27 5.736 5089~36! 3.544 27~164! 16.0~22! 2.638 85~100! 25.819(136)
Ref. 26 5.736 5069~12! 3.542 861~554! 14.01~73! 2.638 85~36! 25.827(53)

24MgD This work 3.000 9455~3! 0.961 742~130! 1.989~15! 1.381 73~11! 21.49(17)
Ref. 28 3.000 945 74~36! 0.961 965~511! 1.381 753~89! 21.53(16)
Ref. 27 3.000 9462~22! 0.962 12~62! 2.25~60! 1.3776~26! 21.34(34)

aFixed to the value taken from Ref. 26.

TABLE IV. Dunham and Born–Oppenheimer breakdown constants~in cm21) for the X 2S1 ground state of
24MgH and24MgD ~all uncertainties are 2s!.

Dunham 24MgH 24MgD Born–Oppenheimer breakdown

Y1,0 1492.776 34~720! 1077.297 606 d1,0
H 0.8092~87!

Y2,0 229.846 82(800) 215.521 1147 d2,0
H 0.058~8!

10Y3,0 23.0481(390) 21.183 86 10d3,0
H 20.2086(270)

102 Y4,0 21.580(84) 20.389 659 102 d4,0
H 0.284~32!

103 Y5,0 24.642(67) 20.907 448
Y0,1 5.825 5229~82! 3.034 343 576 d0,1

H 0.007 6044~31!
10Y1,1 21.772 981(270) 20.666 066 03 10d1,1

H 20.001 17(2)
103 Y2,1 21.229(28) 20.333 0008
104 Y3,1 24.8579(1200) 20.949 654
105 Y4,1 3.70~24! 0.521 845
106 Y5,1 29.232(180) 20.939 419
104 Y0,2 23.545 57(34) 20.962 4685 104 d0,2

H 20.0132(2)
106 Y1,2 1.140~92! 0.222 855
106 Y2,2 21.4237(690) 20.200 798
107 Y3,2 1.80~18! 0.183 162
108 Y4,2 25.758(160) 20.422 725
108 Y0,3 1.5126~65! 0.213 336 d1,0

Mg 20.018(2)
109 Y1,3 21.253(130) 20.127 501 d0,1

Mg 0.000 273~8!
1010 Y2,3 2.10~78! 0.154 172
1010 Y3,3 21.507(100) 20.079 822
1012 Y0,4 21.26(4) 20.0925
1013 Y1,4 21.6(7) 20.084 75
1013 Y2,4 21.4(3) 20.053 501
102 g0,1 2.693 18~33! 1.401 884
103 g1,1 21.061(9) 20.398 46
105 g2,1 24.1(5) 21.1109
106 g0,2 25.78(10) 21.566
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the spin–rotation interaction into account, additional terms
were added to the customary Dunham expansion. The fol-
lowing energy expressions:

Ev,N
e 5(

l ,m
Yl ,mS v1

1

2D l

@N~N11!#m1
1

2
~N!

3(
l ,m

g l ,mS v1
1

2D l

@N~N11!#m21, ~2!

Ev,N
f 5(

l ,m
Yl ,mS v1

1

2D l

@N~N11!#m2
1

2
~N11!

3(
l ,m

g l ,mS v1
1

2D l

@N~N11!#m21 ~3!

were used fore (J5N1 1
2) and f (J5N2 1

2) parities, re-
spectively. In Le Roy’s formulation of Born–Oppenheimer
breakdown parameters,35 the Dunham constants of each iso-
topomer,a, are related to those for a chosen reference isoto-
pomer (a51) by the following equation:

Yl ,m
(a)5H Yl ,m

(1)1
DMMg

(a)

MMg
(a) d l ,m

Mg1
DMH

(a)

MH
(a) d l ,m

H J S m1

ma
D m1 l /2

.

~4!

Here,MMg
(a) andMH

(a) are the masses of the Mg and H atoms
in isotopomera, m8s are the reduced masses, andd l ,m

Mg and
d l ,m

H are the Born–Oppenheimer breakdown correction pa-
rameters for the Mg and H atoms. In the present work24MgH
was chosen as the reference isotopomer (a51). There is
also an analogous simple reduced mass scaling relationship
between theg l ,m constants of different isotopomers:

g l ,m
(a)5g l ,m

(1)S m1

ma
D m1 l /2

. ~5!

The Dunham constants of the reference isotopomer
(24MgH) and the Born–Oppenheimer breakdown correction
parameters (d l ,m

Mg and d l ,m
H ) were determined in a simulta-

neous fit to all experimental data for the six isotopomers,
using the programDPARFIT;33 the results are presented in
Table IV. The Dunham constants of other isotopomers (a
.1) are derived from the24MgH constants and the Born-
Oppenheimer breakdown correction parameters using Eqs.
~4! and ~5!. The sequential rounding and refitting
technique,34 starting from the parameter with largest relative
uncertainty, has been applied to the constants of Table IV in
order to minimize the number of digits required to accurately

reproduce the data. The derived Dunham constants for
24MgD in Table IV require more digits, as determined by
parameter sensitivities.34 We do not list the analogous de-
rived Dunham constants of the minor Mg isotopomers
(25MgH, 26MgH, 25MgD, and26MgD) in Table IV, but they
can be calculated easily using Eqs.~4! and~5!. For example,
the explicit form of Eq.~4! for 26MgD is the following:

Yl ,m
Mg(26)D5H Yl ,m

Mg(24)H1S MMg(26)2MMg(24)

MMg(26)
D d l ,m

Mg

1S MD2MH

MD
D d l ,m

H J S mMg(24)H

mMg(26)D
D m1 l /2

. ~6!

These constants are available electronically in the EPAPS
archive.32

Our new equilibrium constants of24MgH and24MgD are
compared with those previously obtained from the diode la-
ser infrared spectra27 in Table V. The newve andvexe val-

FIG. 5. The contribution of Born–Oppenheimer breakdown correction pa-
rameters to the vibrational energies (Gv) of 9BeD, 24MgD, 40CaD, 88SrD,
63CuD, 107AgD, 197AuD, D 19F, and D35Cl in their ground electronic states,
calculated from Eq.~7! and plotted versus the vibrational quantum number
of these species. In all cases, the associated fit used the corresponding hy-
dride as the reference isotopomer.

TABLE V. A comparison of equilibrium constants of24MgH and24MgD ~all uncertainties are 2s!.

Constant

24MgH 24MgD

This work Ref. 27 This work Ref. 27

Y1,0 (cm21) 1492.776~7! 1495.263~4! 1077.298~5! 1078.140~2!
Y2,0 (cm21) 229.847(8) 231.641(2) 215.521(4) 216.1474(5)
Y3,0 (cm21) 20.305(4) 20.118(1)
Y4,0 (cm21) 20.0158(8) 20.0039(2)
Y5,0 (cm21) 20.004 64(7) 20.000 91(1)
Be (cm21) 5.825 523~8! 5.824 80~3! 3.034 344~4! 3.034 18~1!

r e ~Å! 1.729 721~1! 1.729 828~4! 1.729 157~1! 1.729 204~4!
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ues are slightly different from the previous ones because
only two vibrational intervals were observed in the diode
laser infrared spectra. The equilibrium rotational constants
(Be'Y0,1) of 24MgH and24MgD have been determined very
precisely because we included all pure rotational data in our
data set. Using theBe values of 24MgH and 24MgD, the
equilibrium 24Mg–H and 24Mg–D bond distances (r e) are
calculated to be 1.729 721~1! Å and 1.729 157~1! Å, respec-
tively.

DISCUSSION

Several Born–Oppenheimer breakdown correction pa-
rameters for the hydrogen atom (d l ,m

H ) were required in our
combined isotopomer fit. This is not unusual for a diatomic
hydride because of its small reduced mass. A total of nine
vibrational intervals were observed for the major isoto-
pomers,24MgH and24MgD, and we found that nine param-
eters were required to fit the vibrational energy (Gv) of
24MgH and24MgD together. Although we have chosen to use
five Dunham constants (Y1,0 to Y5,0) and four Born–
Oppenheimer breakdown constants (d1,0

H to d4,0
H ) for the vi-

brational energy, a fit with the same quality was obtained
using six vibrational Dunham constants and three Born–
Oppenheimer breakdown parameters. The rotational and cen-
trifugal distortion constants required fewer such correction
parameters.

In order to illustrate the effect of these correction terms,
we calculated the contribution of Born–Oppenheimer break-
down parameters to the vibrational energy of24MgD using
the equation,

dGv
BOB~24MgD!

5(
l

H Yl ,0
Mg(24)D2Yl ,0

Mg(24)HS mMg(24)H

mMg(24)D
D l /2J S v1

1

2D l

5(
l

H S MD2MH

MD
D d l ,0

H S mMg(24)H

mMg(24)D
D l /2J S v1

1

2D l

, ~7!

where thed l ,0
H parameters are defined with24MgH as the

reference isotopomer. This correction function is plotted ver-
sus the vibrational quantum number (v) of 24MgD in Fig. 5.
Similar plots for 9BeD, 40CaD, 88SrD, 63CuD, 107AgD,
197AuD, D 19F, and D35Cl in their ground electronic states
are also presented in Fig. 5, using the Born–Oppenheimer
breakdown constants (d l ,0

H ) of 9BeH, 40CaH, 88SrH, 63CuH,
107AgH, 197AuH, H 19F, and H35Cl from literature.35–39In all
cases, the hydride was the reference isotopomer in the asso-
ciated fit, and the zeroth order~electronic energy! correction
d0,0

H is set to zero. The analogous contribution of Born–
Oppenheimer breakdown parameters to the rotational con-
stants (Bv) have also been calculated for these molecules
using the equation,

dBv
BOB~24MgD!

5(
l

H Yl ,1
Mg(24)D2Yl ,1

Mg(24)HS mMg(24)H

mMg(24)D
D 11 l /2J S v1

1

2D l

5(
l

H S MD2MH

MD
D d l ,1

H S mMg(24)H

mMg(24)D
D 11 l /2J S v1

1

2D l

, ~8!

and the associated plots are presented in Fig. 6.
Due to the high quality of the data for all isotopomers,

two Born–Oppenheimer breakdown correction parameters
for the magnesium atom (d1,0

Mg andd0,1
Mg) have also been de-

termined here. Although the relative magnitudes ofd1,0
Mg and

d0,1
Mg are small, their presence implies that the reduced mass

ratio relationship is not exactly correct forve andBe , even
for the 24MgH, 25MgH, and 26MgH isotopomers. On the
other hand, no correction was required for the spin–rotation
interaction constants (g l ,m), and Eq.~5! was satisfactory.

The MgH/D constants presented in Tables I, II, and IV
are suitable for the lower half of theX 2S1 ground state
potential well. In future work, we will combine these data
with our data from theA 2P –X 2S1 and theB8 2S1 –X 2S1

transitions, which span almost the whole ground state poten-
tial well. An analytical potential energy function including
the spin-rotation interaction term will be obtained for the
X 2S1 ground state of MgH/D by a direct-potential-fit to all
experimental data. We expect that an improved value for the
dissociation energy of ground state MgH/D will be deter-
mined.

FIG. 6. The contribution of Born–Oppenheimer breakdown correction pa-
rameters to the rotational constants (Bv) of 9BeD, 24MgD, 40CaD, 88SrD,
63CuD, 107AgD, 197AuD, D 19F, and D35Cl in their ground electronic states,
calculated from Eq.~8! and plotted versus the vibrational quantum number
of these species. In all cases, the associated fit used the corresponding hy-
dride as the reference isotopomer.
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CONCLUSION

High resolution Fourier transform infrared emission
spectra of MgH and MgD were recorded, and vibration–
rotation transitions were observed in theX 2S1 ground elec-
tronic state. The new data were combined with existing diode
laser infrared27 and pure rotational data,24–26,28and spectro-
scopic constants were determined forv50 to 4 of 24MgH
andv50 to 5 of 24MgD. In a combined fit of the six isoto-
pomers, the Dunham constants and the Born–Oppenheimer
breakdown correction parameters were obtained, and the
equilibrium 24Mg–H and24Mg–D bond distances were de-
termined.
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