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The electronic emission spectra of LaH and LaD have been investigated in tine—-300 nm
spectral region using a Fourier transform spectrometer. The molecules were excited in a lanthanum
hollow cathode lamp operated with neon gas and a trace of hydrogen or deuterium. The bands
observed in the lum—-3 um region have been assigned into two new electronic transitions;
AMI-X 3% and d ®®-a 3A. The LaH bands with origins at 4533.588 cm ! and
4430.191613) cm ! have been assigned as the 0-0 and 1-1 bands ohtRe-X 13 transition.

The rotational analysis of these bands provides the following principal molecular constants for the
groundX =7 state,B,=4.080 53480) cm * anda,,=0.077 3910) cm * andr ,=2.031 96920) A.

To higher wave numbers, three subbands of LaH with origins at 5955 8568n 1, 6238.37688)

cm !, and 6306.67515) cm ! have been assigned as th®,—3A;, 3®,—3A,, and 3d,—3A,
subbands of thel *®—a 3A electronic transition. The rotational analysis of the 0-0 and 1-1 bands

of the 3®,—3A, and3®,—2A; subbands and the 0-0, 1-1, and 2-2 bands ofdhe-3A, subband has

been obtained and effective equilibrium constants for the spin componentsafdhand thea 3A

states have been extracted. Magnetic hyperfine structure was also observed i thgte. The
rotational analysis of the corresponding LaD transitions has also been carried out and equilibrium
constants for the ground and excited states have been determined. The singlet—triplet interval
between th& 13" state and tha A state is not known but on the basisaif initio calculation and

by comparison with LaF and YH, we believe that the ground state of LaHYs astate. © 1996
American Institute of Physic§S0021-96066)02517-5

I. INTRODUCTION tronic transitions which they assigned®d@s—3A, *A-1I, and
_ o S —MI1. They were not sure about the nature of the ground

Over the past decade there has been increasing interegictronic state, and based on some erronaugitio cal-
in the theoretical and experimental study of transition metajations on ScH, they suspected that LaH probably b3 a
hydrides because of their importance in various areas of SClround state. There were no theoretical calculations available
ence mpludmg astrophysics, analytical chemistry, and sury; that time for LaH. The electronic spectra of LaH are ex-
face s_uencé.‘. Since hydrogen is the most abundant ele-nactad 1o be very similar to those of YH for which the
ment in the universe, metal hydrides are founq in the sgectraround state has been experimentdlgnd theoretically es-
of sunspats and cool stars. For example, Tithd FeH tablished as & " state. There is also a well-known similar-

?:?\ﬁobr?;\/ne'gigtr:ﬁggég Eziﬁsi(:téi':;tz?(asj;irs;t':'ﬁ and ity between transition metal hydride and fluoride energy lev-
P POIS. els and LaF has & ground staté’

There have been numerous theoretical studies of transi- In recent wor® we have observed the nesv3®—a A

tion metal hydrides in the past decade. These studies focused .. . " :
on the prediction of molecular properties, characterization O$ran5|t|0n of YH and YD in addition to the previously known

1y + 1y + o ;
low-lying electronic states and understanding the metal hy-C 27-X 73" transition. Motivated by our YH and YD

drogen bond. For all of the & transition metal hydrides ©€XPeriments we decided to search for the corresponding
theoretical predictions are availableaH 11 e 12 TaH 13 bands of the isovalent LaH and LaD molecules. We observed

WH, 4 ReH15 OsH2 IrH, Y7 PtH 8 and AuH]. The experi- NeW bands in the 1-@m region which have been classified
' ' : ’ : o +into two transitions,A 'TI-X 3% and d 3d-a 3A. The

mental data on these molecules are much more limited witH? '

electronic spectra of only Laff:**HfH,?> WH,?> PtH?*and  analysis of these transitions will be presented in this paper.

AuH?® molecules available. The visible electronic spectra of ~ There have been several theoretical calculations of the

LaH have been known since 1975 when Bernard, Bacis, angpectroscopic properties of the 11IB group of transition metal

Zgainskf® observed several bands in the 660—450 nm spediydrides. A very complete calculation of the properties of

tral regions. These bands were classfifddto several elec- the low-lying states of ScH has been published by Anglada
et al?® Recently Langhoft al?® and Balasubramanian and

dAlso: Department of Chemistry, University of Arizona, Tucson, Arizona Wan§ have pre@cted the spectroscopic propgrnes of the
85721. low-lying electronic states of YH. These calculations clearly
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predict ground states éB* symmetry for ScH and YH. The TABLE I. The correspondence between the labels for the LaH transitions
only theoretical work on the spectroscopic properties of théJsed by Bernard and BaciRef. 2]) and the labels adopted in this paper.
low-lying electronic states of LaH has been by Das and

. ) - Bernard and Bacis Present work
Balasubramaniah: They have predicted the energies and — - -
spectroscopic propertiesT{,r ., wq,ue,De) Of many low- 3$4‘3§3 3$4—a 323
lying electronic states of LaH using the complete active 1A3_1H2 3(;_2 ™

- 2~ 1

space self-consistent field MCSEFASSCH with second- s+ 1qp 0*—a?3A,
order configuration interactiofSOCI) and relativistic con-
figuration interaction(RCI) calculations. This calculation
predicts a'> " state as the ground state of LaH with a low-
lying 3A first excited state.

Bernard and Bacfs did not observe any transitions hav-
ing a'S" state as the lower state. Instead they apparentl
observed two singlet transition@ssigned as>—'11 and
'A-M1) having a common lower state. As will be discussed
below, their'll state is in fact théA, spin component of the

. 3 & -
low-lying °A state. Das and Balasubramarifaied t0 reas- o' \vavenumber scale is expected to be better thar®01
sign the transitions observed by Bernard and Badsit cm L. The LaH lines have varying widths because the hy-

these new assignments were also not correct. Much of thge fine spjitting changes with so that the measurement pre-
confusion resulted because all of the transitions observed b

& invol . | . ¥ision also varies from+0.001 to +0.003 depending the
Bernard and Ba S invo ved excited electronic states.+We extent of blending and line broadening.
report here the first measurements on the grobntt,

states of LaH and LaD.

contained La and Ne atomic lines. The La atomic lines have
a characteristic hyperfine structure because'fiiea atom

has a large nuclear spin and a large nuclear magnetic mo-
ment (1=7/2, u=2.783 nuclear magnetonsThe spectra
were calibrated using the measurements of Ne atomic lines
made by Palmer and Englem#nThe absolute accuracy of

IIl. OBSERVATION AND ANALYSIS

Il. EXPERIMENT . .
The electronic spectrum of LaH is expected to be very

The spectra of LaH and LaD molecules were observed isimilar to that of LaF and to that of the isovalent molecules
a lanthanum hollow cathode lamp. The cathode was preparescH and YH. The most recent experimeftaland
by inserting a 0.13 mm foil of lanthanum metal into a hole intheoretical* work on YH confirms that the ground state of
a copper block. The thin, brittle foil made poor contact with YH is of 3" symmetry and that the first excited state is of
the inner cathode walls but LaH and LaD were detected. Th8A symmetry. For LaH Bernard and Batisdentified sev-
lamp was operated at 230 V and 430 mA current and a slowral electronic transitions in the visible region and they as-
steady flow of 2.3 Torr Ne and about 70 mTorr of 6f D,  signed two transitions as ti@;—>A, and*®,—®, subbands
was maintained through the lamp. of a3®—3A transition. The third subbandp,—3A,, was not

The spectra were recorded using th m Fourier trans- identified. In addition they identified two additional transi-
form spectrometer associated with the McMath—Pierce Solaions (*3—1 and *A-1I) with a common'II state as the
Telescope of the National Solar Observatory. The spectra ifower state. Our work shows that thill state is in fact the
the 3500-14 800 cit spectral region of LaH were re- 3A; spin component of their lowetA state which we have
corded in two experiments. The 3500—9150 ¢region was ~ denoted as tha A state(Table ). This means that none of
recorded using InSb detectors, cold green uranium glass fithe transitions observed by Bernard and BHdisvolve the
ters and silicon filters with 10 scans coadded in about 70 mimground'S* state.
of integration. For the 9 100—14 800 cfnregion the spec- In the present work we have observed two new elec-
trometer was operated with a red pass fitRG719 and tronic transitions in the infrared; one has®" lower state
Si-diode detectors. A total of 10 scans were coadded in 5%hich we have assigned as tAe'II-X 37 transition and
min of integration. In both of these experiments the specthe other has 3A lower state which we have assigned as the
trometer resolution was set at 0.02 chand a CafFbeam- d *®-a 3A transition. The lower state of this transition is
splitter was used. Since there were no prominent moleculahe same as the lower state of the—2A transition of Ber-
features in the 9 100—14 700 crregion in the LaH experi- nard and Bacid! A schematic energy level diagram of the
ment, we decided to record only the 3 500—9 150 tspec-  electronic states of LaH is provided in Fig. 1. The states
tral region of LaD. This time 12 scans were coadded in 80marked by the solid lines represent the observed states. The
min of integration. We note that the Cabeam splitter has a dashed lines represent states that have not been observed yet.
poor modulation efficiency above 10 000 ¢h The position of these unobserved states and the singlet—

The spectral line positions were extracted from the ob-riplet splitting (2800 cm'%) are estimated from calculations
served spectra using a data reduction program called P@®n LaH! or LaF?"3?Note that we have no direct experimen-
DECOMP developed by Brault. The peak positions were detal evidence that our ne¥® " state is in fact the ground state
termined by fitting a Voigt line shape function to each of LaH. However, on the basis of the calculation of Das and
spectral feature. Balasubramanidh and by comparison with the Y4 and

In addition to the LaH and LaD bands, the spectra alsd.aF?"*>*®molecules, our assignment is plausible.
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AL b 5600-6500 crm’ region have been classified into three tran-
y 2A sitions with the 0-0 band origins at 5955.8%68) cm 3,
6238.3768) cm !, and 6306.67515 cm ' These have
been assigned &®,—A, 3®;—3A,, and®®,—2A; subbands
0l___ v X'T* of a 3®—2A transition. The analysis of these two transitions

will be described separately.

FIG. 1. A schematic energy level diagram of the electronic states of LaH.
Dashed lines are predicted energy levels and the singlet—triplet splitting is

not reliably known. 1. The A 'TI-X 3% transition
Each band of this transition consists of a sinfle a

The branches in the different bands were picked out usg,ingle P-, and a singl@)-branch with na(}-doubling as ex-

171y + " ;
ing an interactive color Loomis-Wood program running on ahected for all- %" transition. The lowd lines are much

. der because of hyperfine structure. For example the
PC computer. The different branches were then matched tlar.oa .
find theR andP branches belonging to the same band. Oncé’v'dths of theQ(1), Q(2), Q(3), Q(4), and Q(5) lines are

the R,P pair is identified thel numbering in these branches approximately 0.090, 0.080, 0.065, 0.050, and 0.045 'tm

was established by adjusting theassignment until the band respgctively, in the 0-0 banq. The width of the lines is ap-
origin matched thgorijgin ofgth@-bragch. proximately 0.042-0.001 cm?® from Q(5) to Q(12) and

then slowly starts increasing again asncreases. At1=20
the width is approximately 0.075 crhand the lines start to
appear to have flat tops or even to be split into two compo-
The 4000-6500 cim' region of the LaH spectrum con- nents. A compressed part of the spectrum of this transition
sists of two groups of bands. In the 4000-4600 ¢megion, has been provided in Fig. 2. THe branch lines are weaker
two bands with origins at 4533.55@ cm ! and than theR-branch lines and th®-branch is the most intense
4430.191613) cm ! have been assigned as the 0-0 and 1-lbranch. There is a combination defect observed in the com-
bands of theA IT-X 3" transition. No off-diagonal bands bination differences betweddandQ andQ andP branches
were observed so that the vibrational intervals could not beonsistent with &I1-S* assignment. The lines in the 1-1
determined. To higher wave numbers, bands present in theand are much weaker than in the 0-0 band. The rotational

A. Spectrum of LaH

TABLE |I. Spectroscopic constantin cm™) for the A 1TI-X '3+ system of LaH.

X3t Al
Constants v=0 v=1 v=0 v=1

T, 0.0 a 4533.559 380) a+4430.191613)

B, 4.041 83762 3.964 443878) 3.876 65063) 3.798 39879)
10°xD, 1.338 121) 1.333 9423 1.281 9421) 1.248 §27)
10°XH, 3.1221) 3.5522) —1.6624)
10°Xq, 1.145 216) 1.119 431)
10PXqp —3.14483 -1.9323)
10°Xqy, 0.2511) —2.3242)

aUndetermined.
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lines could be followed up t&(21), P(22), andQ(26) in the 13 10 7
0-0 band and up t&(19), P(14), andQ(21) in the 1-1 band. o f
. . fe
No rotational perturbations were observed these two bands. l ' ‘ } )
The observed line positions were fitted with the follow-
ing customary energy level expressions B [Eq. (1)] and
11 [Eq. (2)] states,

F,(J)=T,+B,J(J+1)—D,[JJ+1)]?

+H,[JI+ )T, 1)

Fo(3)=T,+B,J(J+1)—D,[I(JI+1)]2+H,[IJ JL.
+1) 1P+ 1/2{qI(I+1)+qp[I(I+1)]? - ‘ o
+au[I3+1) 1%} ) 2925 5945

Wavenumber(cm™)

The wave numbers and the assignment of the rotational lines

are available from PAP or from the authors upon request. FIG. 3. A portion of thed *®,-a *A; subband of LaH near th@-head.
The constants obtained for the ground and excited states ob-

tained from this fit are provided in Table II.

s 5 B The subband with an origin at 6238.3788cm ! has
2. The d “®~a “A transition been identified aS®,—A,. In this subband the intensity of

Each subband of thd 3®—a 3A transition consists of the R-branch is similar to th&-branch and thé-branch is
the 0-0 and 1-1 bands. The 2-2 band of fd&,—3A, sub-  much weaker. The first lineRR(2), Q(3), and P(4) in the
band has also been identified and rotationally analyzed. Thieranches can be picked out easily in our spectra confirming
higher vibrational bands in the other subbands are muctheQ-assignment. Th@-splitting of the®®;—A, subband is
weaker in intensity and no off-diagonal bands were observedesolved for lines with)”>14 and the doubling is much
in our spectra. Each of these bands ha¥eQ, and R smaller than that in th&b,—>A; subband. Several local per-
branches and th@-doubling is also resolved in thi&,—*A;  turbations have been observed in the0 andv=1 vibra-
and3®,—3A, subbands. No satellite branches were observetional levels of thed 3®, spin component. The perturbation
so that the relative location of the spin components could noin thev =0 vibrational level affects only the-parity levels at
be determined. J'=16 while the perturbation in the=1 vibrational level

A part of the3®,—3A; subband showing some lod  affects both the parity levels of the excited stateJat9.
Q-branch lines is provided in Fig. 3. TH@-splitting in this ~ Several lines in the vicinity of the perturbation were ex-
subband is fully resolved for lines with">4. In this sub- cluded from the fit.
band theP-branch lines are weaker in intensity than the  The next subband to higher wave numbers with an origin
R-branch lines and th@-branch is slightly stronger than the at 6306.67575) cm %, has been assigned as the,—3A,
R-branch. The splitting in the rotational lines arises mainlysubband. The lowR-, Q-, andP-branch lines are broadened
from the largerQ)-doubling in the lowerPA, state. No rota- by hyperfine structure and the lines slowly decrease in width
tional perturbations have been observed in the 0-0 and 1-Wwith increasingJ. In fact the hyperfine structure is nearly
bands. completely resolved in thR(3), R(4), andR(5) lines of this

TABLE Ill. Spectroscopic constantén cm™?) for thed 3®—a A system of LaH.

asA; asA, asA,
Constants v=0 v=1 v=0 v=1 v=2 v=0 v=1
B, 3.784 3914) 3.711 74838 3.844 48229) 3.769 4219) 3.692 9%17) 3.849 64058 3.769 70%68)
10*°xD, 1.145 174) 1.128 G22) 1.272 0771) 1.276 175) 1.201 755 1.222 411) 1.153 §11)
10°xH, 3.6(12) 3.90251) 5.7384) 2.42167) —2.50546)
10°xq, 2.08012) 1.28021)
1% qp, 1.17334) 1.68979) —0.072 126)
d 3, d 3D, d3d,
Constants v=0 v=1 v=0 v=1 v=2 v=0 v=1
Tyow 5955.856816) 5833.408(29) 6238.37683) 6125.443421) 6011.804133 6306.675715) 6194.012833)
B, 3.614 2914) 3.542 07996) 3.635 80030) 3.560 6%20) 3.482 7218) 3.692 85760) 3.612 36473
10*xD, 1.329 375) 1.327 130) 1.252 5274) 1.269 975) 1.150 362) 1.364 111) 1.317 311)
10°xH, 9.7(12) 9.9337) 2.89453) 4.9684) —9.7329) 4.32567)
10X qp, -1.1619 —0.8927) —3.92226)
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FIG. 4. A portion of the lowJ R-branch lines of the 0-0 band of FIG.6. Aportion of thed *®3-a °A, 0-0 subband of LaD near tfR-head.

oot 3 5
d 3®,—a 3A, subband of LaH showing resolved hyperfine structure. Son|1(e (;)verlapplng lines of thet “®,—-a A5 0-0 subband have also been
marked.

subbandFig. 4). By comparingR andQ lines with the same

J" value it was found that the hyperfine splitting was presentVith h=[aA +(b+c)2]=(2a+b-+c) for a *A; spin com-

in the lower statea A, spin component, not in thd °,  ponent. The value of the hyperfine constanivas found to

state. The lower state combination differences obtained fror€ +0.053 cmi*. For the lines which show hyperfine split-

the bands of this subband agree well with the correspondinind. the average line positions were used in the fit with

values from the data of Bernard and Batisonfirming that ~ feduced weights.

the same lower state is involved. No rotational perturbations ~ The observed wave numbers of the different subbands

have been observed in any of the analyzed bands. were fitted separately by treating each spin component as a
The hyperfine structuréFig. 4) shows a typical “flag”  Separate Hund's cade) state. The term energy expression

pattern characteristic @ coupling®* In this case the hy- for a Hund's cas¢c) state is the same as for thid state[Eq.

perfine energy leveté are given by the expression, )]
The observed transition wave numbers of different sub-
E(J)=[(aA+(b+c)X]Q[F(F+1)—I(I+1) bands are available from PAPSor from the authors. The
—JA+ D)2+ 1)] perturbed transitions were excluded from the final fit. The
rotational constants obtained from this fit for ta€A and
=[h2]Q[F(F+1)—1(1+1) d 3® states are provided in Table Ill. Tref parity assign-

ment has been chosen arbitrarily by putting ¢éhgarity level

-JIJ+1)]/[IT+1 3 . ) . )
( M )] @ for a givenJ higher in energy than the parity level for the
3A, and ®A; spin components. The unusual observation of
Q-doubling in the®A and 3® states is consistent with the
3, - A, Hund’s case(c) tendencies of the excited states of LaH.
There are both local and global perturbations in the rotational
3(13’2-3A1 H 3<I>4-3A3 9 P
[ ] M
QR QR QR TABLE IV. Spectroscopic constantgn cm™?) for the A 1II-X 3% sys-
bl || Lo tem of LaD.
X1zt Al
Constants v=0 v=1 v=0 v=1
i ‘ T, 0.0 a 4547.596@6) a+4472.749942)
\ ‘ ‘ ‘\}/‘ i 0 f B,  2.05169489 2.024008 1.96659788)  1.9511Q14)
A M m,“,w\‘“‘“,!\‘“‘{‘]‘ A AT 10°xD,  3.48320) 3.4 3.95519) 7.64989)
‘ - : 1PxH,  0.08Qq14) 0.07% 0.28713) 4.3414)
' 300 10PXq, 0.810 749 2.82826)
6000 1 6 10°Xqp —0.78914) —8.0617)
Wavenumber(cm™) 10°%a, 0.34094) 8.31(29)
FIG. 5. A portion of the compressed spectrum of th&b—a 3A transition aUndetermined.
of LaD. bFixed values, see text for details.
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TABLE V. Spectroscopic constants cm™?) for thed 3®—a °A system of LaD.

asA, asA, asA,
Constants v=0 v=1 v=0 v=1 v=2 v=0 v=1
B, 1.933 78%30) 1.907 89091 1.949 84%53) 1.923 34270 1.896 8119) 1.952 09451 1.925 2815)
10°x D, 3.050 131) 3.10832) 3.23411) 3.27416) 3.367144) 3.166 965) 3.21323)
10°XH, 0.80132) 0.46673) 0.84(11) 2.56357) 0.30224) 0.6211)
103><qu 0.975 536) 1.163 376)
10X 0p, 1.34245) 1.5815)
d 3o, d3d, d3d,
Constants v=0 v=1 v=0 v=1 v=2 v=0 v=1
T 6006.543715) 5934.979819) 6267.093912) 6186.825216) 6106.329723) 6340.503120) 6260.37781)
B, 1.833 10030) 1.810 21493) 1.841 82856) 1.816 49476) 1.791 9919 1.857 95653) 1.830 3115)
10°xD, 3.035433) 3.04432) 3.04Q14) 3.19920) 2.78245) 3.333 666) 3.41%24)
10°x H, 0.19212) 1.4933 —2.6013 6.0921) 0.39024) 0.80(12)
10'2xL, 3.33748) —2.1510)

energy levels and th@-doubling constants are effective val- tion is also available from PAP3or from the authors. The

ues that empirically account for some of the energy leveimolecular constants obtained are provided in Table IV.

splittings. The new bands observed to higher wavenumbers have
been classified into three subbands with 0-0 band origins at
6006.543715), 6267.093912), and 6340.503R0) cm 1.

B. Spectrum of Lab These bands have been assigned asidhe3A,, *®,—3A,,

The spectra of LaH and LaD are almost identical in ap-and %®,—2A, subbands of the *®—a 3A transition. A part
pearance. The LaD bands in the 4000—4350tand 5600—  of the 3d;—A, 0-0 band near th& head is provided in Fig.
6500 cm?! regions are due to thed II-X 3 and 6, in which some overlapping lines due to thie,—A; 0-0
d 3®—a 3A transitions. A view of the compressed spectra ofband have also been marked. A few Idwines of this sub-
thed 3®—a 3A transition is provided in Fig. 5 where tie ~ band also displayed hyperfine splitting of about the same
and Q heads of the 0-0 bands of different subbands havénagnitude as in LaH. The rotational analysis of the 0-0 and
been marked. 1-1 bands of each subband has been obtained. The 2-2 band

The bands with origins at 4547.59@8) and of the *®;—A, subband was also analyzed. The wave num-
4472.749942) cm ! have been identified as the 0-0 and 1-1bers of this transition are also available from PAPS from
bands of theA TI-X 'S * transition. Again the 1-1 band is the authors. The rotational constants obtained forata
much weaker in intensity than the 0-0 band. There is a globandd *® states are provided in Table V.
perturbation in the =0 vibrational level of the excited I
state which affects the lower lines involving thee-parity
levels. All the lines with]'<19 were deweighted in the final IV. DISCUSSION

fit although the corresponding combination differences for  The recent theoretical calculation of Das and Balasub-
the unperturbe 3" state were included. In the 1-1 band ramaniafh® predicts that the ground and most of the low-
only R andQ branches were identified so therefore the rota1ying excited states of LaH arise from mixed configurations.
tional constants for the =1 vibrational level of theX ' For example the ground state is a mixture of 8686202,
state were fixed. Th@, value was obtained from thB,  goy 102168, and 4% b?17°. According to this prediction
value of LaD and thex, value predicted using the iSotopiC there should be AIT-1S" transition at about 6226 cit
relationship®™ The table of the wave numbers of this transi- consistent with our observation of &l state at 4533 Cr—n‘].i
Similarly a 3®—2A transition is predicted at 7807 crh
which is again consistent with the observation ciastate
at 6238 cm* above theéA state. In addition there are several
other allowed transitions predicted to lie between 10 000—
LaH LaD 20 000 cmX. Some of these have been observed by Bernard
and Bacis and the rest are still to be investigated.
The hyperfine structure observed in #éA; spin com-

Be ‘8008707 53394188) 3;)-9017587275‘51801)) 260357523;) é-gzg ggg ponent gives some information about tlalectroqic co?figura-

e . . . . ; ; : ; +
re ()  2.03196920) 2.07427621) 2.027 52754 2.073 82263) 2?1356'1 ;Tespac;;ns'n:rleczgggzurigg;ai%:?e Erzaﬁl(?a’ld a(rl'l)a

*Fixed value, see text for details. 10°20™d 6%, respectively. Only thé I anda °A states have

TABLE VI. Equilibrium constantgin cm™?) for the X 'S* andA 11 states
of LaH and LaD.

Constants X3+ Al X3+ Al
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TABLE VII. Effective equilibrium constantgin cm™?) for the a °A andd 3® spin components of LaH and
LaD.

LaH LaD

Constants asA, asA, asA, asA; asA, asA,

Be 3.8207116) 3.8823716) 3.88960873) 1.946 73857) 1.9631Q12) 1.96550194)

a 0.0726417) 0.0757732) 0.07993%39) 0.02589%96) 0.0265222) 0.026 8116)
ro(A)  2.00092444) 2.08318143) 2.08124219) 2.08848030) 2.07975664) 2.078 48%50)
LaH LaD
Constants d 3o, d3d, d3d, d3d, d3d, d3d,

B, 3.6504016) 3.6740717) 3.73310476) 1.84454857) 1.8542913) 1.87177996)
% 0.0722117) 0.0765434) 0.08049894) 0.02288698) 0.0249223)  0.027 6516)
re (A)  2.14835147) 2.14142050) 2.12442@21) 2.14555233) 2.139 90675 2.129 88%54)

unpairedso character consistent with a relatively large hy- ACKNOWLEDGMENTS
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