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Rovibrational Spectra of LiH ", LiIHD * and LiD," Determined from FCI Property Surfaces
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Full configuration interaction (FCI) has been used in conjunction with the lithium [6s5p3d1f] (Iron, M. A,;
et al. Mol. Phys.2004 101, 1345) and hydrogen aug-cc-pVTZ basis sets to construct an 83-point potential
energy surface of théA; ground state ofLiH,". Vibrational and rovibrational wave functions of fe

LiH,*, ®LiIHD*, and®7LiD ;™ ground states were calculated variationally using an Eei&ldtson Hamiltonian.

For "LiD,", rovibrational transition frequencies fé¢ = 0, 1, 2 andJ < 10 are within ca. 0.1% of recent
experimental values (Thompson, C. D.; et &l.Chem. Phys2006 125 044310). A 47-point FCI dipole
moment surface was embedded in the rovibrational Hamiltonian to calculate vibrational and rovibrational
radiative properties. At 296 K, with < 4 andJ < 4, the 2, < 3p3 rotational transition in th¢001band was

found to have the greatest spectral intensity with respect to the ground electronic stdtel of, ®’LiHD *,
and®7LiD,". In each case, the most intense rovibrational transitions have been assigned unequivocally using
the J, K,, K¢ assignment scheme.

1. Introduction Huzinage?® Russek et al! have calculated a 120-point HF-
SCF surface for their classical trajectory studies involving the
LiT—D; collision complex. Kutzelnigg et & have highlighted
that the intra electron correlation within the ftagment was
Jot constant for collinear Ifi-H; collisions and so noted that
the PES of Lesté#1%and Russek et ak. may be deficient where
dissociative collisions were possible. Furthermore, Kutzelnigg
et al2*incorporated electron correlation using the paired natural
orbital-independent electron pair approximation (PNO-IEPA)

According to current mechanisms of interstellar radiative
cooling, primordial lithium chemistry was involved in the onset
of the stellar evolution of the univerdéThe ubiquity of atomic
hydrogen throughout the early (and present) universe suggest
that primordial Li and Lt chemistry would be dominated by
formation and decomposition reactions of lithium hydrié€sr
instance, photochemical processes such as

Li + H— LiH + hy ansatz to construct a 300-point PES. Kochal¥skicluded
- - electron correlation via the use of an Epstelesbet partition
Li" +H—LiH "+ hy of molecular Hamiltonians that incorporated a double perturba-
Lit+H — LiH + ho tion scheme. Kochanski also calculated polarization energies
for a number of molecular geometries. As neither of the methods
and similarly employed by Kutzelnigg et &f.or Kochanski® were variational,
Searles and von Nagy-FelsobUkialculated a 170-point PES
LH " +H—L"T+ H, using configuration interaction, which included all single and
double excitations (CISD). More recently, Gianturco and co-
LiH+H —Li + H2+ workers—6 have employed multireference valence bond (MRVB)
and MRCI theory in the construction of a ground state PES, to
LH"+H—L"+H+H elucidate the nature of the reaction dynamics present in the Li

) i . . H, collision complex. Though the electron correlation methods
would be suitable candidates for nascent Hi interactions.  lined here vary, there is common agreement that the ground
Reactions of this nature have been extensively investigated byg|ectronic state of Liki" possesse€,, symmetry, with a bond
Glanturcg and co-workers™® , angle and bond length of approximately °2and 2.0 A,

The Li"—H; collision complex is produced from the aniso-  ragpactively. No full configuration interaction (FCI) PES or
tropic interaction betwgen_ Liand F and possesses a binding  inole moment surface (DMS) of the ground electronic state of
energy of ca. 0.28 eV’ It is therefore not surprising that the | ji; .+ has been reported to date, even though such calculations

nature O,f the scattering coII|§|on betwgerf lgnd H has been are now tractable even for methodologies employing large single
the subject of many theoretical investigatiéng?-22 In par- particle basis sets

ticular, such investigations have focused on the potential energy Investigations dealing with the rovibrational structure of

surface (PES) of the ground electronic stat&i] of LiH,™ . I X .
For example, Lesté&?1% has constructed a 150-point ab initio lithium—hydrogen systems are rare. For instance, Gianturco and
PES using HélrtreeFock self-consistent field (HF-SCF) theory co-workers$ have performed calculations to determine the bound
employing the Li and H atomic orbital (AO) basis sets c;f vibrational and rovibrational states of the LiH and Lilground
states as well as frequency and transition intensity data for all
* Author to whom all correspondence should be sent. E-mail: ellak@ POund state transitions. More recently, these workers have
newcastle.edu.au. Faxt-61-2-49216923. Tel++61-2-49215482. extended their study to the L complex, reporting severdl
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Figure 1. Two-dimensional normal-mode projections of the Ogilvie

P(5,5) "LiH ;" ground state potential energy function (in au): (a) bend

mode k-axis) versus breathe modg-#xis); (b) asymmetric stretch

mode &-axis) versus breathe modedxis); (c) asymmetric stretch mode

(x-axis) versus bend modg-éxis). Contours are spaced at 25 kJ mhol
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TABLE 1: Comparison of Theoretical and Experimental
Properties of Li™, 7LiH *, 7LiH and H ,

Li*
IEJeV 1S—35/eV  1§—FYeV  alagd
this worlé 75.566 59.319 61.423 0.166
experimerit  75.640 59.021 61.282 0.192
TLiH*
R/A DédeV ZPE/cnt! ueD
this worlé 2.199 0.136 220.5 0.737
Magnief 2.196 0.130 208.5 0.702
7LiH
Re DdeVv ZPE/cnm! uedD
this work?® 1.601 2.479 697.7 6.012
experiment 1.59 2.515% 697.8 5.88¥
H:
RJ/A DdeV ZPE/cnt
this worké 0.743 4.707 2200.3
Experiment 0.741 4.478 2200.6

a All calculations in this work employed FCI with the Li CVTZ and
H aug-cc-pVTZ basis set8 Reference 355 Reference 369 Reference
37.¢Reference 44 Reference 38¢ Reference 39" Reference 40.

= 0 bound states computed using a multireference PXigo
and Poirief® have recently calculated all bound and resonant
rovibrational states of the weakly bound 1{H,) electrostatic
complex. Also, the cross-sections for rotationally inelastic
collisions of LiH with helium and the vibrational excitation and
relaxation rate constants of the HeiH system have been
computed by Taylor and Hind&:27 Vibrational transition
frequencies and intensities of tde= 0 states of LiH™ have
also been reported by Bulychev et @ who employed a PES
constructed at the MP2 level of theory. Recent rovibrational
measurements of LiPy by Bieske and co-worke#% suggest
that theoretical calculations of the rovibrational spectra ofl'iH
and its isotopomers would be timely.

We extend the previous investigation @fiH,™ by Searles
and von Nagy-Felsobukiand report a FCI discrete PES and
DMS for the ground electronic state éfiH,". Furthermore,
the corresponding analytical representations will be presented
to calculate ab initio vibrational band origins, rovibrational
transition energies, optical vibrational radiative properties, and
rovibrational absorption intensities of théLiH ", 67LiIHD *,
and®7LiD," ground states.

2. Details of Computational Electronic Structure

Unless stated otherwise, ab initio calculations reported below
employed the FCI level of theo#§20 as implemented in the
MOLPRO 2002.6 program systethAll electrons were included
in the FCI wave functions.

In the construction of ab initio discrete property surfaces, it
is necessary to employ large single particle basis sets that
included high angular momentum functions. It is also necessary
to keep the cardinality of these basis sets “modest” due to the
escalating size of the FCI matrix. In a recent st8iwe have
employed an augmented version of the quadrdplere-valence
basis set (denoted CVQZ) for berylliufhlt was shown that
this basis set successfully modeled the atomic properties
(pertinent to helium bonding) of beryllium and its monocation
to a high degree of accuracy with relative efficiency. As such,
the [6s5p3d1f] core-valence triple{CVTZ) basis séf was used
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TABLE 2: P(5,5) OGL Potential Energy Function of the'A; Ground State of 7LiH ,* 2

expansion coefficient

expansion coefficient

(AV?=2.4x 105E,

expansion term numerator denominator expansion term numerator denominator
1 —8.45927025 1.0 p103° + p2p3° —0.48683512 —0.04225458
1+ p2 —0.35389318 —0.04182015 01202% —0.91368539 —0.11574730
03 7.44788829 0.88041016 01203 + p22pa? 0.68407066 0.07702247
012 + p? —0.32568099 —0.05001609 0120203 + p102%03 —0.35578126 —0.04157243
p3° —0.50381694 —0.10126124 010203 —1.02203185 —0.11737412
0102 —0.61305103 —0.06228294 p1° + p2° 0.35384341 0.04218390
p203 + p1P3 2.85791912 0.33864751 03° —0.31153258 —0.03004235
o1+ p2° —0.91065426 —0.09651928 p1%p2 + p1p2* —1.60778172 —0.18455140
03° —2.66822302 —0.25257287 p1%ps + p2*os —0.09777925 —0.00882831
01202 + p1p2? 0.29927973 0.03978290 p103* + p2ps* 0.28490058 0.02591631
p1%p3 + p2p3 0.86255212 0.11253631 p13p2% + p1%p2° 0.85707053 0.10305730
0103% + p2p3? 0.29796945 0.03375714 13022 + pPpa? —1.39616596 —0.17137605
010203 —2.20075520 —0.28352726 p12p3% + pp3® 0.78176183 0.09533249
o1t + p2* —0.86984179 —0.11424443 p13p203 + p1p2°p3 2.23376160 0.26369189
p3* 0.50819733 0.02309842 010203° —1.59243883 —0.19373458
p1%02 + p1p2® 2.48456329 0.29230210 p1202°P3 —1.44860717 —0.17276139
p1%p3 + p2°03 —0.99427325 —0.11856066 01202032 + p102°p3? 0.52513712 0.06628911

aThe OGL expansion variable is defined in the text; see eg4= 0 using SVD analysis.

TABLE 3: Dipole Moment Function of the A; Ground State of ’LiH ,© Employing Internal Displacement Coordinate$

y (Cig = Cji) tx (Cige = —Cii)
term expansion coeffficient term expansion coeffficient term expansion coeffficient term expansion coeffficient
Cooo 5.7600573-01 Ca20 —9.4638212-02 Cioo 1.8861389-01 Csoz —1.1685479-02
Cioo 3.4803935-05 Cooz —1.622603702 Ca0o 2.0762683-03 Csn1 —2.4482756-03
Cooz 1.8903464-01 Ci1z 2.1410803-01 Cio1 —4.7736208-03 Co1z —2.4610882-02
Caoo 4.7606581+01 Cios 2.1318544-03 Csoo —5.2909276-02 Coos 2.7818015-02
Ci1o 4.9100126-05 Cooa 9.5231394-01 Caio —2.4305515-02 Cios —2.7099083-02
Cio1 5.3544358-02 Csoo 8.2285918-10 Con 1.6578283-02 Csoo 1.6355912-06
Cooz —1.1175649-02 Ca10 2.6331849-07 Cioz 6.0458961-02 Cs10 1.6918581-04
Caoo —5.966281703 Cuo1 —3.7634788-05 Cuoo —1.3196973-02 Cso1 —1.5989614-03
Caio 2.7336005-04 Cazo —2.9354169-04 Csio —1.9791243-02 Ca20 —1.1817353-02
Coo1 1.593073%+02 Caoz —3.8223416-02 Csn —1.4452518-02 Cuoz 6.6304732-03
Cin 6.1168562-06 Cs11 —2.739768104 Conn —1.1476566-03 Ca11 —1.7545946-03
Cioz —6.0344463-02 Caos —1.2935224-04 Cooz 1.9868723-02 Can —1.1987818-02
Coos —4.3103153-01 Ca1 4.9197286-02 Cioz 1.0787918-02 Csiz —5.0469816-05
Cio0 —4.4141602-06 Corz —1.093202707 Csoo 2.9653075-03 Csos 1.8401925-02
Cai0 2.4547978-02 Ciis —4.0974165-01 Cu0 —1.0367889-02 Cooa —2.9647557-02
Cso1 2.7332238-02 Cioa 8.7353476-03 Cuion 4.256746703 Cais 1.8879826-02
Conr —1.278477%+05 Coos —2.6951126-03 Ca2o 5.0693164-03 Cios 3.4407226-02

(A2 =5.5x 103
a5.7600573-01 denotes 5.7600573 101,

for lithium, and the augmented correlation-consistent triple-
(aug-cc-pVTZ) basis s&twas used for hydrogen.

To justify the use of the Li CVTZ and H aug-cc-pVTZ basis
sets, atomic properties of tiincluding the first ionization
energy (Ig), electronic transition energies and electric dipole
polarizability () were calculated and compared with experi-
mental values. Molecular properties of LiH, Litiand H such
as the equilibrium geometrrf), dissociation energyD), zero-
point energy (ZPE), and equilibrium dipole momeng)(were

(AY?=19x 107

2GS, — ZPS’ transition energy of Li was 0.003 é¥lower than
the FCI value using the CVTZ basis set.

No experimental values &, De, ZPE, oru, for ’LiH ™ were
found in the literature. In Table 1 the FCI values for this ion
are therefore compared to the recent theoretical values of
Magnief® and are observed to be in excellent agreement. For
instance, theRe, ZPE andue for 7LiH* differed by 0.003 A,
0.006 eV, 12.0 cmt, and 0.035 D, respectively. Similarly, the
Re, ZPE, andue values of’LiH using FCI compared favorably

also calculated and compared with experiment. These compari-with experiment, differing by 0.005 A —0.1 cnT3and 0.131
sons are given in Table 1. In cases where experimental dataD,3° respectively. The FCI/CVTZ equilibrium bond length and
was not available, results in Table 1 are compared with the mostZPE of H, were also in excellent agreement with experiment,
accurate theoretical data that is currently available in the differing from the respective experimental valffdsy 0.002 A

literature.

From Table 1, the FCI IEand a of Li*™ differed from
experiment® by —0.074 eV and-0.026a0°, respectively. The
FCI 1S —3S; and1Sy — 3P?, transitions of Li- were 0.298 and
0.141 eV higher than the respective experimental vaibidts.
should be noted that the FCI {Bor the lithium atom differed
by —0.013 eV from the experimental val&eand the observed

and—0.3 cntl.

From Table 1 it is also seen that the AGJ value of 'LiH
is 0.136 eV (for the (!S)Li™ + (2S)H} dissociation channel),
0.006 eV higher than that of Magnig&However, the dissocia-
tion energy reported in this work was in closer agreement with
other recent calculations (for instance 0.140,14142and 0.140
eV).*3 For LiH, De calculated using FCI (for th¢(?S)Li +
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Figure 2. Two-dimensional constant dipole projectionsigffor the
“LiH,* ground state using the fifth-order expansion of internal
displacement coordinates: (g (x-axis) versugp: (y-axis); (b)ps (x-
axis) versuso; (y-axis). Contours are spaced at 6<010°2 au.

1.0 1.5

(?S)H} dissociation channel) was 0.036 eV lower than experi-
ment#* The difference between FCl/aug-cc-pVTZ and experi-
mentaf® D, values of H for the dissociation chann€(2S)H +
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Figure 3. Two-dimensional constant dipole projectionsiaffor the
LiH,™ ground state using the sixth-order expansion of internal
displacement coordinates: (g (x-axis) versus; (y-axis); (b)ps (x-
axis) versusp; (y-axis). Contours are spaced at 401072 au.

ansatZ The potential well-depthOe) with respect to thg-
(IS)Lit + (125)H2} dissociation channel was calculated to be

(S)H} was more pronounced, being 0.229 eV. Nevertheless, 0.266 eV. This well-depth agreed favorably with the previously
the Dg(H,) value calculated in this work was in closer agreement calculated values of 0.263 eV (MP2), 0.255 eV (CCStynd
with experiment than recent theoretical calculations of Yang et 0.258 eV (CISDY. With respect to experiment, thgy has been
al.*>who employed a MRCI ansatz using the aug-cc-pV6Z basis measured to be 0.282 0.199 eV8 and so any comparison with

set3446-49 Their calculatedDg(H;) was 4.7105 eV, a value
differing from experiment by 0.232 eV. These workers have
stated that all theoretical values @f((H,) reported in the
literature generally differed from the experimental value by
approximately 6%.

The accuracy of the triplé-basis sets employed here was
also investigated with respect to theH ,™ ground state. Using
FCI, the 7LiH," 'A; ground state was found to have an
equilibrium bond length and angle of 2.027 A and 21.4

the corresponding experimenfa} and these calculated values
would be futile, due to the magnitude of error in the measure-
ment.

Using the all-electron CCSD(T) ansatz (as implemented in
GAMESS?) with the triple< basis sets employed in the present
work, the breathe gasymmetry), bend @@symmetry) and
asymmetric stretch gbsymmetry) harmonic frequencies of the
‘LiH,™ ground state were 488.8, 4281.4, and 708.9%m
respectively. The approximation of uncoupled normal modes

respectively. These values agree well with the recent theoreticalwas also employed to calculate FCI fundamental anharmonic

values of 2.034 A and 21°3which were calculated using the
coupled-cluster with single and double excitations (CCSD)

frequencies ofLiH,". It was found that the breathe, bend, and
asymmetric stretch fundamental vibration frequencies were
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Figure 4. Average equilibrium structures 6LiH,", "LiHD *, and’-
LiD2* in the ground vibrational state, using the OgilA€5,5) "LiH ;"
ground state potential energy function.
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Figure 5. Comparison of ab initio rovibrational spectra at 296 K: (a)
LiH " ground state, 305 transitions shown; {(b)HD * ground state,
514 transitions shown; (¢)iD " ground state, 233 transitions shown.
All transitions are such that < 4,J < 4 and $, = 1.0 x 1030 cm
molecule®. All line positions given in cm?, all line intensities given
in cm molecule?.

487.7, 2058.9, and 486.1 c respectively. The pronounced
differences in the latter two modes were attributed to the
differences in the curvatures of the FCI and CCSD(T) 1D
potential energy surfaces.

Page and von Nagy-Felsobuki

3. FCI Property Surfaces

3a. FCI Discrete Potential Energy Surface and Analytical
Representation.The FCI discrete PES for tHé\; ground state
of "LiH ;" was constructed using an iterative procedure, which
has been documented extensively elsewh&®.The discrete
FCI PES of’LiH,* ultimately consisted of 83 points within
the domains 1.69394, < Ry < 7.03561a,, 0.61825a <
Rii-n < 7.03561a, and 0.50231a; < Ry-n < 5.58752a.
The lower and upper bounds of the PES in this domain were
—8.4592693576 and 6.836949411F;, respectively. The full
discrete FCI PES can be obtained from the electronic arive.
The potential energy function (PEF) was required to predict
physical properties of the molecule and provide chemical
accuracy over the domain of interest. The latter was gauged
using the square root of the residual errgf)¥? of the PEF.
The most satisfactory analytical representation in terms of these
criteria was theP(5,5) Padefunction of the Ogilvie (OGL)
expansion variable, with the singular valug set to zero using
singular value decomposition (SVD) analysis. The OGL expan-
sion variable is defined as

oo _ 2R —R™)
Pi RI + R:aquil

where R and R?q”" are instantaneous and equilibrium bond
lengths, respectivelP. The (?)Y2 value of the OGLP(5,5) PEF
was 2.4x 107° Ey, indicating that this function is of spectro-
scopic accuracy over the domain of interest. By restricting both
nandmto 5, it was possible to ensure that the variationally
optimized term coefficients of the PEF were unique. These
coefficients are detailed in Table 2. Figure 1 shows 2D constant
energy contour plots of the OGB(5,5) PEF in terms of the
three rectilinear vibrational coordinates.

3b. FCI Discrete Dipole Moment Surface and Analytical
Representation. A 47-point FCI discrete DMS of théA;
ground state ofLiH," was constructed and is available from
the electronic archive! The molecule was held in the Eckart
framé” for all points on the discrete grid. The origin of the
dipole moment function was placed at the center-of-mass of
the molecule. Thug, was coincident with the (positive) vector
from the origin to the Li nucleus, and, was necessarily
identically zero. At the equilibrium geometry, was found to
be 0.5750 au. The discrete DMS included points within the
domains 2.5350hy < R; < 5.97269ag, 0.61825a; < R, <
5.49285ay, and 5.39577 < 6 < 91.05387. The minimum
values of theuy andux components of the dipole moment over
this region weret+0.0667 and—0.2372 au, respectively, and
the maximum values were 1.1973 and 0.2048 au, respectively.

In fitting the discrete DMS, power series expansions of
internal displacement coordinates = R, — R%" andps =
0 — 0= were employed in the manner described by Gabriel
et al®® As is the case with the analytical PEFs, the analytical
representation of a discrete DMS must provide chemical
accuracy in the dipole moment value, while predicting physically
realistic properties of the molecular system over the domain of
interest® An appropriate DMF would thus be expected to show
little electrical anharmonicity in the immediate neighborhood
of the equilibrium geometry. The most satisfactory representa-
tions of the discret@y andux DMS components were the fifth-
and sixth-order power series expansions, havi®yt’ values
of 5.5 x 1072 and 1.9x 1079 au, respectively. In both cases,
no artifacts (that is singularities, etevere visible in the dipole
moment throughout the integration domain, and so no further

)
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Figure 6. Comparison of ab initio rovibrational spectra at 296 K: (a)
SLiH ;™ ground state, 302 transitions shown; fb)HD * ground state,
507 transitions shown; (€LiD,* ground state, 215 transitions shown.
Al transitions are such that < 4,J < 4 and $, = 1.0 x 10%°cm
molecule’®. All line positions given in cm?, all line intensities given
in cm molecule?.

SVD analysis of the DMFs was necessary. By restricting the
expansions to fifth- and sixth-order in the respective dipole

J. Phys. Chem. A, Vol. 111, No. 20, 200%483

HYR — B[S0 + 2AGIL2 + B2 + SCO 2+ 2D

ij_iqux zqy 2@22@
A A A i L
(LI, + TLIL) + A FGIT, (2)

wherekE; is the vibrational energy of statelH are the overlap
integrals of states andj, andIl, (o. = X, Yy, 2) are the total
angular momenta operators defined in the molecular coordinate
system. The rotational constant matrices are defined as

A = ity 5 B = il i) [CE = i 0 DG = a0
3)

These matricesA—D) are symmetricF represents the Coriolis

coupling such that
R 9 9 D
|'zz(t3 at, 2 atB)“

.

wherel, is the inertial tensor angd,s is the inverse ofl .
The elements ofF are such thatF[ = —[F[. The full
rovibrational wave function was composed of a linear combina-
tion of pure vibrational wave functions and symmetric top
eigenfunctions Ry, Here H/" was subsequently diagonal-
ized in theR%,, basis. By usingRy,, basis functions, it was
ensured that the corresponding matrix elements were real. The
explicit form of these rovibrational functions has been detailed
elsewher#® and as such will not be discussed further in the
present work.

The potential energy integrals were determined using the
Harris, Engerholm, and Gwinn (HEG) quadrature schétidée
1D vibrational eigenfunctions (i.e., the solutions of the 1D
Schrainger equation for a singkecoordinate) were determined
numerically using a finite-element meth&d.The full 3D
eigenfunctions were then expanded as linear combinations of
these 1D wave functions. In solving numerically the 3D
vibrational Schrdinger equation, the expansion of the Watson
operato?! was truncated to third-order. The configuration weight
of a particular vibrational state was calculated using the
configuration coefficientsi.5°

The low-lying vibrational band origins (VBOSs) of the ground
states of’LiH," , "LiHD*, and’LiD,*" are given in Table 4.
The 1D domains used in the 3D integration ware= [—1.76
ap, +5.0 ag], to, = [—0.648ay, +4.0 ag], andtz = [—4.0 ao,
+4.0 ag]. All 1D eigenvectors included in the configurational
basis set decayed appropriately in the classical forbidden region
of the potential.

The 3D vibrational wave functions were constructed using
n(ty) x n(t;) x n(ts) configuration basis sets. Comparison of

4)

moment components, it was possible to ensure that the termthe |owest ten eigenvalues fot{H,*,7LiD»" ) using the 10x
coefficients of the expansions were uniquely defined. The term 10 x 10, 15 x 15 x 15, and 18x 18 x 18 vibrational

coefficients of the analyticaly andux DMFs are given in Table
3. Two-dimensional constant dipole projections of the analytical
uy and ux DMFs are shown in Figure 2 and Figure 3,

configurational basis sets with those calculated using the 20
20 x 20 basis set yielded standard deviations of (46.9%m
43.3 cnm?), (14.9 cnt, 13.5 cntt) and (4.4 cm?, 6.5 cnTY),

respectively. The contour spacing shown in Figures 2 and 3 respectively. Such a comparison suggests that the vibrational
were chosen so that good indications of the topology of the eigenvalues calculated using the 2020 x 20 basis set have

DMF over the integration domain were obtained.

4. Ab Initio Rovibrational States

4a. Vibrational Band Origins and Rovibrational Transi-
tion Energies. The Cy,, coordinate rovibrational Hamiltonian
of Carney et a?® was employed for the calculation of vibrational
states. Using matrix notation, this Hamiltonian is of form

converged to within the residual error of the fitted potential
energy function. Hence the vibrational states®dfiH " %
LiHD*, and®7LiD ;™ were calculated using the 20 20 x 20
basis set. Thus each vibrational wave function was composed
of an 8000 term configuration interaction. AlLi data are
available from the electronic archivé.

Table 4 also lists the assignments, irreducible representations
and expansion densities of the dominant configuration compo-
nents, and the vibrationally averaged equilibrium structures for
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TABLE 4: Low-Lying Vibrational Band Origins, Their Respective Assignments, and Vibrationally Averaged Equilibrium
Structures for the Electronic Ground States of LiH ,*, 7LiHD *, and 7LiD ,*

tatots symmetry expansion density VBOP R—A R—pA [®ldeg
TLiH,*
1000 & 0.80 0.0 2.089 23.4
1000 & 0.52 487.9 2.053 24.0
0010 b, 0.67 738.8 2.093 24.6
|2005)100 & 0.29,0.22 1003.7 1.956 24.5
|1010]0010 b, 0.49,0.10 1305.9 2.063 24.9
|200)3005) 50000 Y 0.26, 0.15, 0.09 1550.8 2.200 24.6
1002310121 & 0.48,0.10 1586.1 2.089 25.1
20110101 b, 0.18,0.34 1891.3 1.925 25.4
1300140006001 & 0.28, 0.09, 0.09 2124.8 2.122 25.0
10211201 a 0.42,0.08 2234.0 2.098 25.4
13012010 b, 0.21,0.19 2486.4 2.180 25.2
LiIHD*
1000 a 0.79 0.0 2.100 2.096 20.6
|1000 a 0.47 390.9 2.147 2.155 20.1
10010 a’ 0.58 640.9 2.116 2.113 194
|2005) 100 a 0.23,0.22 805.1 2.179 2.180 19.9
1010 a’ 0.34 1067.1 2.141 2.138 19.2
|2005) 300550000 a 0.30, 0.10, 0.08 1248.3 2.203 2.195 19.9
1002310121 a 0.39, 0.08 1367.2 2.093 2.125 18.9
|2010)11010] a’ 0.18,0.16 1532.3 2.163 2.151 19.2
130055100 a 0.29, 0.05 1714.1 2.224 2.211 19.8
1021121 a 0.22,0.05 1837.1 2.115 2.131 18.9
20130101 a’ 0.20,0.10 2021.5 2.183 2.167 19.2
LiD ;"
1000 & 0.79 0.6 2.094 20.6
110050000 Y 0.46, 0.10 357.6 2.158 20.1
10010 b, 0.62 486.3 2.113 194
[2005)2005)4000 Y 0.26, 0.20, 0.08 722.0 2.194 19.8
|1015]0010 b, 0.37,0.15 880.3 2.152 19.3
0020 & 0.45 1007.7 2.105 18.8
120051300 & 0.33, 0.07 1108.0 2.213 19.7
1101520100 by 0.26,0.19 1285.3 2177 19.2
1102310021 & 0.32,0.10 1455.6 2.139 18.8
|300] 1400051000 Y 0.30, 0.09, 0.09 1515.7 2.227 19.7
0030010130 b, 0.31,0.12,0.10 1591.3 2.089 18.5

aReference 55? All values given in cm®. ¢7LiH,™ zero-point energy= 2679.4 cm. 47LiHD* zero-point energy= 2324.8 cm™. ¢7LiD ;"
zero-point energy= 1918.0 cn.

each vibrational state. The vibrational Hamiltor¥ais fully 1515.7, and 1591.3 crhhwere more delocalized, the major terms
anharmonic and so includes operators that couple the vibrationalin these configurations being 0.26 |100C+ 0.20 x |20000+
t coordinates. Therefore, vibrational states within the same 0.08 x |400C] 0.30 x |300C+ 0.09 x |40000+ 0.09 x |5100)
irreducible representation may mix. Gy, symmetry, a bound and 0.31x |003H 0.12x |001H 0.10 x |013Jrespectively.
vibrational state is of bsymmetry if it includes odd quantain  Using the multireference PES of Martinazzo et*@ieske and
the asymmetric stretch mode. Otherwise, all bound vibrational co-workerg® calculated the intermolecular stretch and bend
states are ofiassymmetry. Similarly, inCs symmetry all bound frequencies ofLiD," to be 365 and 503 cm, respectively.
vibrational states belong to theé mreducible representation, The corresponding values calculated in the present work were
except those with odd quanta in the asymmetric stretch mode.comparable with these values, differing by ear and —17

In the case ofLiH 2" configuration mixing was observed for cm™%, respectively. For comparison, these same frequencies
several low-lying vibrational states. For example, the vibrational calculated by Bulychev et 8F were 329.8 and 447.2 crh
states with VBOs at 1003.7, 1305.9, 1586.1, 1891.3, 2234.0, Comparison of the lowest excited vibrational energie4 dfl ;"
and 2486.4 cmt were primarily composed of two configura-  calculated here with those calculated by Bulychev et al.
tions. In addition, the gvibrational states with VBOs at 1550.8 showed a similar trend. For instance, the energy of the lowest
and 2124.8 cm! were primarily composed of 0.26 [200C+ excited a vibrational state ofLiH," calculated here was ca
0.15x |300H 0.09 x |500Cand 0.28x |300H 0.09 x |400]1 88 cnt! higher, and the energy of the lowest excitedstate
+ 0.09 x |600configurations, respectively. As anticipated from calculated here was ca. 150 chhigher. For the ground state
the 1D vibrational calculations, low-lying bound vibrational of 7LiD,*, the vibrationally averaged BD bond length was
states were composed mainly of linear combinations of 1D calculated to be 0.749 A. This value is in excellent agreement
eigenfunctions in the; andtz excited normal modes. with the D—D bond length calculated on the MRCI PES of

Configuration mixing was observed also in the low-lying Martinazzo et al% the latter being 0.751 A.
vibrational states ofLiD,". For example, the vibrational states As with 7LiH," and 7LiD,", several low-lying excited
with VBOs at 357.6, 880.3, 1108.0, 1285.3, and 1455.6%cm vibrational states ofLiHD ™ were composed of two primary
were composed primarily of two configurations. Thedbate configurations. Exceptions were found to be the lowest to a
with VBO at 486.3 cm! and the astate with VBO at 1007.7  states, each ascribed to a single configuration, and'te@te
cm! were found to be comprised mostly from a single with VBO at 1248.3 cm!. The latter was found to consist
configuration. Conversely, those states with VBOs at 722.0, mostly of a 0.30x |2000+ 0.10 x |3000+ 0.08 x |500
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TABLE 5: Rotational and Coriolis Matrix Elements of For instance, the Coriolis matrix elements were generally found
‘LiH ", "LIHD *, and "LiD ;" # to be of the order of 10*:—1077, 10-14—10716 and 1011
ij YAAG 1,Bl 1Y,[CY 1,Df FG 10 Y cm 1 for “LiH,", LIHD *, andLiD ", respectively. The
LiH,* largest Coriolis matrix elements (in magnitude) for these
11 6.27H01 258900 2.455-00 1.55711 —2.198-17 respective species were calculated tdlBg, = —1.384 cnt?,
2 1 555401 3.679-01 3.332-01 —6.499-12 5.159-12 [Fld, = 9.888x 10t cm%, andFld= —9.420x 101 cmL.
2 2 614301 250900 2.38400 1.373-11 —5.358-17 The di el ts &F t least 1 order of itud
31 575211 —2.275-12 —2.244-12 —1.602+00  6.280-02 e diagonal elements giwere at least L order ol magniuge
3 2 6.873-11 —3.783-13 —5.629-13 —1.152-01  9.739-01 smaller relative to those off the diagonal in all cases, which
33 721501 261700 2.449-00 —5.592-11  7.116-17 was also anticipated.
4 1 1.03300 —7.696-02 —7.072-02 4.263-12 —4.479-12 .
42 -1460-00 —4.955-01 —4486-01 583212 —6.830-12 The values of the ground state rotational constants and
4 3 -1.993-11 329713 3.966-13 —2.340-01  3.317-01 asymmetry parameters)(for ‘LiH,™, 7LiHD ™, and "LiD,"
4 4 2.833%0% 5.490150g 2.3g&02 1'3215?_31 —3;-7?—(1)7 were as anticipated. For instance, from Table 5 can be seen
5 1 —6.973-12 —6.570-13 —5.707-13 —1. 1 .735-01 ;
52 530911 —9.321-13 —1.055-12 —1.475+00  4.756-03 that [!BQ qnd [CLj were in close agreement for the Iowest'
5 3 249200 353201 3.13+-01 3.850-12 —1.441-11 five vibrational states. These values manifested themselves in
5 4 —7.67711 —1.376-12 —1.003-12 2.273-01 —1.384+00 « values of ’LiH,", 7LiIHD™*, and "LiD,", which were cal-
55 696401 257500 241500 —5.096-11  3.135-17 culated to be-0.996,—0.987, and—0.994, respectively. The
LIHD* rotational constant8A\{;, BJ;, and[Cl{; of “LiD ;" calculated
11 468501 2.10H00 1.815-00 2.933-00 5.019-16 i 71D .+
in the present work for’'LiD I mpared favorabl
2 1 —-3.186-01 2.142-01 230501 —3.242-01 —1.078-04 ith ethp ese 0 d(') t2 tha S0 qu.bp.a ed ta otaby ¢
2 2 468901 2.044-00 1.761%00 2.946-00 —6.629-15 with those corresponding to the equilibrium  structure o
31 172700 1.824-01 355702 1.173-00 —3.000-02 Martinazzo et al?, differing by +1.4, —0.2, and—0.2 cni?,
3 2 —2.206+00 —4.504-02 —2.955-02 —1.195-01 —7.195-01 respectively.
33 528A01 212500 1.789-00 3.386+00  2.613-14 Lo . L
41 757802 —5932-02 —5165-02 —1.032-02  7.270-03 Several rovibrational transition frequencies in the-D
4 2 —1.162-01 —3.042-01 —3.114-01 3.083-01  8.788-02 stretching band of’LiD,™ (occurring at 2917.6 cmi)
21 i i-éfiggf —‘;-‘(1)5117;83 -—11-%‘;83 é-égzgé —11-;%5}—21 calculated in this work have been compared with recent
E ] —2445(00 2.889-03 324903 —294L02 —2042-01 exp_erlmental dat& This comparison is glven_m.TabIe 6, for
52 167600 151601 1.063-02 1.15800 —5.159-02 K'=10, 1, 2 andJ = 10. From Table 6 it is observed
53 160501 1.853-01 2.169-01 —4.451-01  1.787-01 that the agreement between these theoretical and experimental
g g é-g‘?‘igg g-?gigg ?-;gigé —?é-zzég;gg g-ggg(ﬁ transition frequencies was better than ca. 5 trfor the
’ ‘ ‘ : : K = 0 and 1 manifolds, whereas for tle= 2 manifold the
LDyt _ . )
11 311401 1.586-00 1.492-00 —5.314-11 —3.340-17 igg:ier%en.t was b:atter thar;)lca. 7d'émU|smg the datﬁ Ir;:CI
21 3460-02 —2.031-01 —1.812-01 —5.7954-12 1.843-11 able 6, It was also possible to directly compare the
2 2 3.08301 152100 1.434-00 -5.019-11  2.221-19 PEF via the rovibrational level spacings. It was observed that
g % —1-326—10 —l-géglg —l-éés:lg g-gél—g% —2-4%%—83 the spacing of all rovibrational levels in the-ID stretching
—4,065-11 —1.699-12 —1. 1 687 .469-01 7Nny — < ;
33 352301 157900 1467400 409411 928717 band ofLiD" for K = 0, 1, 2 andJ =< 10 were in good
4 1 —3.797-01 4.423-02 4.006-02 1.19-12 -5.589-12 agreement with experlmental data, with all the rovibrational
4 2 —2.879-01 —2.751-01 —2.450-01 —4.255-13  2.289-11 transitions being larger than experiment. To summarize this
Z‘ 2 *23-‘(‘)%1‘;& *11%%45;3(2) 'i-ﬂgég *%-gggﬂ 1-2213_2% comparison, the largest differences in the= 0 manifold for
51 123311 311914 103913 121201 —-1121.01 the R a_nd P branches were calculated to be 0.7 and 075, cm
52 100210 1.82513 —2.389-13 —7.715-01 —1.859-02 respectively. The largest differences here arose from the highest
5 3 429801 196401 1.722-01 —4.849-12  9.728-12 J values considered, vizhe A(9 9 < 80,8 10 10— 9.9 and
5 5 3.42A01 1546-00 1.44H00 3.741+11  8.296-17 ’ o '

observed in the comparison of the level spacingskor 1.
_ 2 All values given in cm®. A, B, C, D, andF matrix elements defined For theK = 1 R, P, and Q branches respectively, the largest
in egs 3 and 4. 6.27401 denotes 6.27k 10- deviations in rovibrational level spacing from experiment were
0.7, 0.5, and 0.2 cm, respectively. Within thé = 2 manifold,
configuration. Single excitations in thél@end mode were more  the largest difference in the R branch level spacings was 1.0
prevalent in the low-lying vibrational levels @&fiHD T, because cm™L, and for the P branch the largest difference was 0.6'cm
the a_states with VBOs_at_1367.2, 1714.1, and 1837.T&m Rovibrational energies (fOD < 10 andJ < 10) and their
each included such excitations.

The vibrationally averaged bond angle of ftuéH ,™ ground
state was calculated to be 2.[rger than the FCI optimized
value. This has been ascribed to the presence of theerd
mode of vibration in the overall vibrational Cl. Isotopic i offLiH ", SLiIHD *, and®LiD,* are also available from
substitution in the HH molecular subunit had only a minor the electronic archive
effect with respect to vibrationally averaged equilibrium struc- o T
tures. The effect of such substitution ThiH»* is depicted in 4b. Radiative Properties.The approach of Sudarko and von
Figure 4 for the ground vibrational state. Nagy-Felsobuk?® has been employed to calculate the radiative

The vibrationally averaged rotational and Coriolis matrix Properties of’LiH,*,®LiIHD ¥, and®LiD>*. This method uses
elements spanned by the lowest five vibrational states werethe quadrature scheme of HEG to construct the vibration
calculated for’LiH,*, 7LIHD*, and’LiD,* and are given in  transition moment integrals. Assuming that (o = X, y, 2)
Table 5. It is to be expected that element$-aofould be small can be expanded as a power serietscoordinates, the vibration
using an EckartWatson Hamiltonian. This was generally the transition moment integrals are expressed in terms of the
case for the three isotopomers considered in the present work expectation value of the HEG quadrature points. As a result,

respective assignments (in termsJpiK,, Kc) of the 87LiH ™,
67iHD*, and®7LiD," ground states are available from the
electronic archivé? The vibrationally averaged rotational and
Coriolis matrix elements spanned by the lowest five vibrational
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TABLE 6: Comparison of 7LiD ,* Rovibrational Transition Frequencies® for the D—D Stretch Band at 2906.1 cm? for J < 10

R branch P branch Q branch
transitior? experiment thiswork A transitior? experiment  thiswork A transitio®  experiment  thiswork A
K=0
Lo1 < Oop 2917.7 2920.6 29 R~ 1os 2911.5 2914.5 3.0
202 101 2920.8 2923.7 29 oh— 20 2908.4 2911.4 3.0
303 202 2923.8 2926.9 31 02 303 2905.3 2908.4 3.1
dos— 303 2926.9 2930.0 3.1 03— 4os 2902.2 2905.4 3.2
505 < 404 2929.9 2933.2 3.3 &~ 505 2899.1 2902.4 3.3
60,6 — 505 2932.9 2936.4 35 o —6os 2896.0 2899.5 3.5
To7< 6o 2935.8 2939.7 39 &% 7oz 2892.9 2896.7 3.7
80— 707 2938.8 2943.0 4.2 of~— 8os 2889.8 2893.9 4.1
9.9 8os 2941.6 2946.4 48 & o 2886.7 2891.3 4.6
100,10 Qo9 2944.5 2949.9 54 @ 1010 2883.6 2888.7 5.1
K=1
21— 111 2919.4 2922.3 29 b2 2907.1 2910.3 32 14— lio 2913.3 2916.1 2.8
211 Lio 2919.6 2922.5 29 k2, 2907.3 2910.2 29 b1 2913.5 2916.3 2.8
313 212 2922.4 2925.4 30 2312 2903.9 2906.9 30 2211 2913.0 2916.0 3.0
312— 211 2922.7 2925.7 30 12— 313 2904.2 2907.2 30 12— 212 2913.6 2916.5 2.9
dig— 313 2925.4 2928.5 31 33— 43 2900.8 2903.9 31 3312 2912.7 2915.8 3.1
A3 312 2925.8 2928.9 31 13— 444 2901.2 2904.3 31 33— 313 2913.9 2916.9 3.0
515 414 2928.4 2931.6 32 145, 2897.6 2900.9 33 b4, 2914.3 2917.4 3.1
514 413 2928.9 2932.1 32 1455 2898.1 2901.4 3.3
616 515 2931.3 2934.8 35 565 2894.5 2898.0 35
615 514 2931.9 2935.4 35 566 2895.0 2898.5 35
717 616 2934.2 2938.1 39 6B 76 2891.3 2895.1 3.8
716~ 615 2934.9 2938.8 39 G717 2892.0 2895.8 3.8
818 717 2937.1 2941.4 43 16— 817 2888.2 2892.4 4.2
817 716 2937.9 2942.2 4.3 14— 813 2888.9 2893.1 4.2
99— 818 2939.9 2944.8 49 18— 93 2885.1 2889.8 4.7
918 817 2940.9 2945.8 49 18— 919 2885.9 2890.5 4.6
10110 910 2942.7 29483 56 19— 10,50  2882.9 2888.1 5.2
1010 918 2943.8 2949.4 5.6
K=2
32— 21 2918.8 2922.4 36 22— 31 2900.3 2903.9 3.6
31— 220 2918.8 2922.4 36 22— 32 2900.3 2903.9 3.6
dhs— 32 2921.8 2925.6 38 R4 2897.3 2901.0 3.7
dyo— 31 2921.8 2925.6 3.8 B 43 2897.3 2901.0 3.7
54— 423 2924.8 2928.9 41 A 553 2894.2 2898.2 4.0
523 422 2924.8 2928.9 41 A5 2894.2 2898.2 4.0
625 524 2927.8 2932.3 45 H— 634 2891.1 2895.4 4.3
624 523 2927.8 2932.3 45 K635 2891.1 2895.4 4.3
726 625 2930.8 2935.8 50 £H— 725 2888.0 2892.8 4.8
725 624 2930.8 2935.8 50 £ 726 2888.0 2892.8 4.8
827 726 2933.7 2939.4 5.7 26— 85 2884.9 2890.3 5.4
86— 725 2933.7 2939.4 57 26— 87 2884.9 2890.3 5.4
95— 827 2936.6 2943.1 6.5
97— 86 2936.6 2943.2 6.6
100 923 2939.5 2947.1 7.6
10,6 — 927 2939.5 29471 7.6

a All values given in cm. Experimental data from reference 28lransitions assigned using tdeK,, K. scheme.

the transition integrals may be calculated at points on the HEG fixed frame. The corresponding spectral line intensity is
quadrature grid in the same manner as the potential energygiven by?

integrals.
The vibrational band origins, square dipole matrix elements, 872 CaNa Orsi 3 3
Einstein A and B coefficients, band strengths, and radiative Sab=%Q Q %-'Uab [e hefakT _ g hCEb'kT]RabZ (6)
V<R

lifetimes of the’LiH ,™, 7LiIHD *, and’LiD »* electronic ground

states are presented in Table 7. These radiative properties were ) ) ] )
also calculated for théLiH,*, 6LiHD+, and 6LiD,* ground whereC, is the molecular isotopic abundanggsiis the nuclear

states, the results of which are available from the electronic Statistical weight of stat¢al) vap is the transition frequency

archive®* (cm™1) of the V, — V,, vibrational transitionE, andE;, are the
The rovibrational transition probability between an initial energies (cm') of the respective rovibrational states, aQd
rovibrational statgalJand a final stateéblis given a&® and Qg are the vibrational and rotational partition functions,

respectively. Heréa, h, ¢, R, T, andk are defined here in the
3
Rabz - g ; |mlvaJaKaMJﬂSF'lIIVb‘]beMhl:uz (5) usual manne? s . . . o
T o Rovibrational transition frequencies, spectral line intensities
and their respective assignments of ¢{eiH ,™,6LiHD *, and
whereWy, s« IS the rovibrational wave function of stafal) 67LiD ;" electronic ground states were calculated:far 4 and
andusris the dipole moment operator transformed to the spaced-J < 4 andT = 296 K. It should be noted that thkeselection
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TABLE 7: Vibrational Band Origins vz, Square Dipole Matrix Elements R?, Einstein Coefficients @;, B;), Band StrengthsS;,
and Radiative Lifetimes z of the 7LiH ,*, 7LiHD *, and 7LiD ,* Ground States? Calculated at 296 K

i i vilem™t Re/a? Ajlst Bi/10% cnPerg * & Si/cm molecule? /s
TLiH,* b
1 0 487.9 2.3401 8.54+02 4.42+03 3.8715 6.42-04
2 0 738.8 3.58-01 4.54-03 6.76+03 9.6+15 1.91-04
3 0 1003.7 2.3300 7.39+02 4.39+02 8.66-16 2.06-04
4 0 1305.9 1.7301 1.21-04 3.25+03 8.39-15 3.55-05
5 0 1550.8 3.4901 4.09+02 6.58+01 2.02-16 7.76-05
6 0 1586.1 2.7300 3.42+03 5.14+02 1.66-15 4.40-05
7 0 1891.3 1.36:00 2.75+03 2.45+02 9.15-16 1.3705
8 0 2124.8 4.5402 1.3#02 8.56+00 3.60-17 3.66-05
9 0 2234.0 8.5901 3.00+03 1.62+-02 7.15-16 1.1+05
10 0 2486.4 9.1101 4.39+03 1.72+02 8.44-16 7.38-06
LiHD* ¢
1 0 390.9 1.8801 3.52+02 3.54+03 2.15-15 1.02-03
2 0 640.9 3.1501 2.6103 5.94-03 6.66-15 3.03-04
3 0 805.1 3.86-00 6.22+02 7.16+02 1.03-15 3.18-04
4 0 1067.1 7.89-00 3.01-03 1.49+03 2.89-15 9.39-05
5 0 1248.3 4.1601 2.50+02 7.72+01 1.76-16 1.25-04
6 0 1367.2 6.7F00 5.42+03 1.2#03 3.18-15 5.21-05
7 0 1532.3 5.7801 6.52+-02 1.09+02 3.05-16 3.61-05
8 0 17141 4.2602 6.63+01 7.91-00 2.48-17 6.11-05
9 0 1837.1 3.3401 6.50+02 6.29+01 2.12-16 2.44-05
10 0 2021.5 2.0801 5.38+02 3.9101 1.45-16 1.78-05
LiD,* ¢
1 0 357.6 1.76:01 2.53+02 3.32+03 1.65-15 1.17-03
2 0 486.4 2.4301 8.69+02 4.53+03 3.36-15 6.75-04
3 0 722.0 1.36-00 1.6H02 2.57+02 3.03-16 4.63-04
4 0 880.3 1.0701 2.30+03 2.02+03 2.95-15 1.45-04
5 0 1007.7 1.9601 6.10+02 3.58+02 6.03-16 1.82-04
6 0 1108.0 1.2903 5.49-01 2.42-01 4.50-19 2.19-04
7 0 1285.3 4.6601 3.06+02 8.66+01 1.8716 5.9705
8 0 1455.6 3.7601 3.58+02 6.9701 1.7+16 4.72-05
9 0 1515.8 2.2504 2.46-01 4.24-02 1.08-19 1.13-04
10 0 1591.3 3.1800 3.92+03 5.84+02 1.56-15 5.35-05

22.34+01 denotes 2.34& 10 P 7LiH," zero—point energy= 2679.4 cm*. ¢LiHD* zero-point energy= 2324.8 cm*. ¢7LiD," zero-point

energy= 1918.0 cm™.

rules can be disregarded here, because valuBg/olfiave been
calculated exactly (that is, using the “full” rovibrational wave
function and the spatially transformed DMF). These rovibra-
tional transitions and line strengths are shown in Figures 5 and
6 for theLi and 8Li species, respectively, using a line intensity
threshold of 1.0x 1073° cm moleculel. The 305, 514, and
233 transitions are shown for theiH ,*, "LiIHD *, and’LiD»*
ground states, respectively, and $hiH ,*, 6LiIHD *, and®LiD ;™

302, 507, and 215 transitions are shown.

It was observed that th&.iH " ground state possessed the
most intense rovibrational transitions of the thfeespecies,
the most intense of which has been assigned to ghe23p3
transition of the|0010band (ar= 754.1 cm?, Syp = 2.12 x
10717 cm molecule?). The’LiHD* and’LiD," ground states
also exhibited their most intense bands for thg 2 3g3
rotational transition in th#01band. These transitions occurred
at 651.8 and 495.4 cm with spectral line intensities of 1.47
x 10720 and 3.72x 10725 cm molecule?, respectively. From
Figure 6 it can be seen that among the species,fLiH "

5. Conclusions

Ab initio vibrational and rovibrational energies and radiative
properties of th&7LiH,", 87LiHD *, and®7LiD ;* ground states
have been calculated. Rovibrational energies were calculated
using a FCI PEF embedded in an Eckaffatson molecular
Hamiltonian®® The radiative properties, including the rovibra-
tional transition intensities, were calculated using a FCl DMF
transformed to the space-fixed frame. The single particle basis
sets used in the construction of the discrete PES and DMS
reliably reproduced the properties off.iLi, “LiH ", 7LiH, and
H,. In all rovibrational calculations, molecular integrals were
calculated using an adapted HEG schéfiEhe rovibrational
states and transitions have been assigned using a scheme
described previousl§® Molecular parameters and low-lying
rovibrational energies ofLiD,* were observed to be in close
agreement with both recent theband experimert® Addition-
ally, rovibrational transition frequencies in the-D stretch band
of 7LiD," calculated using this method were in excellent
agreement with experimentally observed valtfels.is hoped

possessed the most intense rovibrational transitions. The mosthat the calculated rovibrational transition frequencies and their

intense transition ofLiH," was assigned to they2<— 3p3

rotational transition in the0010band, for whichwa, and Sy

were 856.8 cm! and 8.43x 1018 cm molecule?, respectively.
This transition was also found to be the most intenséLfibD *

andSLiD,". For the 3, — 3p3 transition in the|001band of
SLIHD*, way= 653.4 cnT, S;p=1.71x 1021 cm molecule?,

whereaswap and Sy for the 2y, < 3p3 transition in the|0010
band of 6LiD,* were 496.3 cm! and 6.59 x 10726 cm

molecule’l, respectively.

respective spectral line intensities will provide an aid to the
experimental detection of the’'LiH ", 67LiIHD T, and®LiD "
ground states.
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K¢ assignments are also available. These data consist of 120(84.

rovibrational levels for each species. The vibrational band

origins, assignments, and vibrationally averaged structures of

6LiH,™, SLIHD *, and®LiD ,*, as well as the rotational constant
matrices, vibrational radiative properties, and the rovibrational

states and assignments for the lowest 10 vibrational and
rotational levels are also available electronically. This material ¢
is available free of charge via the Internet at http://pubs.acs.org.
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