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The vibration-rotation emission spectra of gaseous CdH > and CdD,
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The vibration-rotation emission spectra of Cdahd CdD molecules have been recorded at high
resolution using a Fourier-transform spectrometer. The molecules were generated in a
furnace-discharge emission source by reaction of cadmium vapor with molecular hydrogen or
deuterium. The fundamental bands for the antisymmetric stretching fagdef CdH, and CdDQ

were detected at about 1771.5 and 1278.3'cmespectively. In addition, the 0029+)—00](2u+)

and 011I14)-01Q1I,) hot bands were observed for Cgt$pectroscopic constants were determined

for each of the 12 observed isotopolog¥CdH,, *'CdH,, *CdH,, *3CdH,, “CdH,, *éCdH,,
11%cdp,, *'cdD,, *%cdD,, *%cdD,, *4cdD,, and *%CdD,. The average Cd-H and Cd-D bond
distances(r,) were determined to be 1.683028) and 1.67916(16) A, respectively. ©2005
American Institute of Physic§DOI: 10.1063/1.1895888

I. INTRODUCTION CdH, from ground-state Cd and -His endoergic by
17.0 kcal/molt®
Many metal dihydrides have been identified at low tem-  In our experiment, we observed the fundamental bands

peratures by matrix-isolation spectroscdgyut only FeH,  for the antisymmetric stretching modes) of CdH, and
BeH,, MgH,, and ZnH have been observed in the gasCdD,, as well as the 0C(29+)—OOJ(EU+) and
phase’™ Recently, we reported briefly on the observation 0f011(Tly)-010Qll,) hot bands of Cdkl Lines from different
gaseous Cdpand HgH molecules The complete analysis isotopologs of Cdi and CdD were fitted separately and
of the vibration-rotation emission spectra of Cdkhd Cd; ~ spectroscopic constants were determined for each of the 12
is reported in this paper. observed isotopologs2®CdH,, *'CdH,, %CdH,, **CdH,,
Barbarast al.” synthesized solid Cdyin 1951 from the ~ **CdH,, *%CdH,, 1*°CdD,, **'CdD,, *4CdD,, ***CdD,, and
reaction of dimethylcadmium with lithium aluminum hy- ‘*CdD,, *%CdD,. The obtainedByy, values were used to
dride in diethyl ether solution, and it was noticed that solidcalculate the average Cd-H and Cdrpbond distances and
CdH, is unstable and rapidly decomposes into Cd atoms anthe averages structure.
molecular hydrogen above -20 °C. It was reported recently
that the reduction of aqueous @d with sodium tetrahy- |I. EXPERIMENT
droborate(NaBH,) leads to formation of both atomic and
molecular cadmium speciéél.oThe molecule formed in the
reduction reaction could be CdHout this has not been con-
firmed yet. The interaction of Cd atoms 1® or 3P excited
states with H or D, in the gas phase was investigated
experimentally*? and theoretically? ™ and it was specu-
lated that bent CdiHHand CdDQ molecules in excited elec-

In our experiment, Cdkland CdDQ molecules were gen-
erated in an emission source with an electrical discharge in-
side a high-temperature furnace, which was the same as in
our previous studies of metal dihydrioeé‘é_’A tantalum boat
containing cadmium granules was placed inside an alumina
tube (5 cmx 120 cn) and heated to 350 °C. About 0.8 Torr

. o . . ) f hydrogen or deuterium gas flowed slowly through the tube
tronic states are reaction intermediates in the formation Ognd a dc discharge was used at a current of about 220 mA.

CdH and CdD or linear Cgiﬂand .CdQ' . . ., The resulting radiation was focused by a Bdéns into the
The only spectroscopic studies on cadmium dihydride

t t f a Bruker IFS 120 high-resolutidR
are the infrared spectra of CdHCdHD, and CdD in argon, entrance aperture of a Bruker IFS 120 high-resolutidR)

d hvd A&7 R . Cd | Fourier-transform spectrometer.
neon, and hydrogen matrices.” Recently, Cdi4 was also The infrared emission spectrum of Cglas measured

observed as a by-product in a few matrix-isolation experi—at a resolution of 0.01 ci in the 1200—2200-cf# region
ments studying the reactions of Cd with QI#HCI, and BO  \ith 5 KBr beam splitter and a liquid-nitrogen-cooled

in a solid argon matrix**° The equilibrium geometry of e qTe(MCT) detector, and the recording time was about
CdH, has ﬁ‘i‘fgﬂ_tzge subject of several theoreticals 1y (ahout 300 scansThe spectrum also contained strong
investigation and values ranging  from gmission lines from impurity CO, which was used for cali-
1.67 to 1.74 A have been obtained for the Cd-H bond dispration, The accuracy of the measured wave numbers is ap-
tance. A high-levehb initio calculation[coupled-cluster with proximately 0.001 crt for the CdH lines.

single and double and perturbative triple excitations Tphe spectrum of CdPwas measured at a resolution of
CCSOT)] showed that the overall reaction to form gaseousy 01 ¢t in the 800—1600-civ region with the same beam
splitter and detector, and the recording time was about 9 h
dElectronic mail: bernath@uwaterloo.ca (about 500 scans The calibration of this spectrum was
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«~—pP R—> the interaction of the OQZg+) state with the nearby
O R SRR ERRAREARRRRERRRIL ZOCIE,;) state(see below. The CdD spectrum was much
. - ko weaker than the Cdjfspectrum, and we only observed the
¥ 001(%,")—-000%,") fundamental band for six out of the
. % . * eight isotopologs of Cdp
. . In the spectra of CdiHand CdD, we also observed the

vibration-rotation spectra of CdH and CdD. Cd atoms in both
1P and 3P excited states can react with, b produce CdH
* and CdH.***°In our experiment, Cd atoms are excited to
' several electronic states such 4 and 3P by the dc dis-
charge and then react with,Ho generate Cdkimolecules.
However, because th# state is metastable, the reaction of
Cd atoms in the’P state with H is assumed to contribute
more to the generation of CgHn our experiment than the
reaction of Cd atoms in other electronic states. The dissocia-
FIG. 1. An overview of the infrared emission spectrum of Gadetorded at tion ene_rgles of |§| a_nd _CdH are 103.3 and 15.6 kca”rﬁal'_
a resolution of 0.01 ci. The base line was corrected with the Brukevs ~ respectively, which indicates that the CdH+H asymptote lies
software and the absorption lines are due to atmosphey@ Vhpor. The gt 87.7 kcal/mol above the ground-state Cd+Hrhe
marked lines with a 3:1 intensity alternation are from the 001-000 band an%round—state reaction (C]CB)+ H,(g) — CdH,(g) was pre-
the unmarked lines are from the 002-001 and 011-010 hot bands. . s 2\9 29 1S pre
dicted to be endoergic by 17.0 kcal/m8IThe first dissocia-

. . tion energy of CdH to make CdH+H is 70.7 kcal/mol,
based on 13 lines that were common with the Gaigec- much larger than the second dissociation energy of

trum. The accuracy of the measured Gdiihes is of the
15.6 kcal/mol t ke Cd+H.
same order, 0.001 cth as the CdH lines. cal/mol to maxe

1650 1700 1750 1800 1850

Wavenumber (cm™)

We had no problem in the rotational assignment of the
OOJ(EJ)—OO(IEJ) fundamental band of CdfHbecause we
lll. RESULTS AND DISCUSSION observed the first lines for both tHe and R branches. The

Figure 1 shows the overview spectrum of GdiHat we ~ assignments were confirmed by small perturbations)’at
obtained, which confirmed the predicted linear structure off12-17, which are due to the interaction between the
CdH,.*® Cadmium has eight naturally occurring isotopes,001(X,") and 03QII, or ®,) levels. Thev; and v, funda-
06cqd (1.25%, '%%cd (0.89%, %Cd (12.49%, *'cd  mental bands are observed in an argon matrix at 1753.8 and
(12.80%, 1%Cd (24.13%, *3Cd (12.22%, *4Cd (28.73%), 601.7 cm?, and were calculated to be 1790 and 574tm
and 11%Cd (7.49%.2* The observed series were assignedusing the CCSDT) method:® respectively. Three times the
to ooj(zu+)_oong+), oog(zg+)_oo](2u+), and matrix value foru, is 1805 cm?, which is close to ours
011(I1,)-01QI1L,) bands for six of the eight possible isoto- value of 1772 cmt. The 3:1 intensity alternation from
pologs of CdH. Figure 2 shows an expanded view of the nuclear-spin statistics also helped to confirm our assignment
CdH, spectrum. Lines from the 0@29+)_00](2u+) hotband for the fundamental band. Combination differences were
have smaller isotopic shifts as compared to lines of thalsed to determine the absolut¢ assignment of the
001(3,,")-0003,,) and 011I1,)-01Q1,) bands because of 002%4)—-001%,") hot band of CdH For the
011(I1gy)-01QII,) hot band, the assignment was based on
perturbations at)’=9-13 of thee component, which is

001 - 000: R(5) *1 002-001: R(6) caused by the interaction between the @) and
16 114 113 112 111 110 0402, Aq,0rI'y) levels, and was confirmed by fitting to-
gether theP andR branches of both the andf components
116 0111'4011103’ fl‘;si" 110 of the 011I1,)-01QII,) transition.
We did not observe any perturbations in the Gaipec-
001 - 000: R(6) trum. The rotational assignment of the (DE;!,*)—OO(IEQJ')

116 114113 112 111 110

fundamental band of CdDwas based on the mass relation-
ship between th8,,5s of CdH, and CdD, and was aided by
the 2:1 intensity alternation of CdDines.

Lines from different isotopologs were fitted separately.
The customary energy-level expression for linear triatomic
molecules

1806 1808 1810 1812

Wavenumber (cm™) E(J) = G(vy,15,15) +BIJ+ 1) - D[J(JI + 1)]2 (1)

FIG. 2. An expanded view of the infrared spectrum of Gdhear ~ Was used for the vibration-rotation levels of the @Q) and
1808 cn?. Six out of the eight isotopologs of Cdhivere observed and the 001(2u+) states of CdR. In Eq. (1), G(vy,v5,v3) is the vi-

numbers on the top of the lines refer to the mass numbers of the cadmiu ; ; _
atom. The interaction between the 002 and the 200 vibrational levels mak;[gratlonal energy of thévl,vz,vg) state relative to the zero

the isotopic splitting of lines from the 002-001 band very snfadle the  POINt energy(Z-PE), G(O,O,@- The constants thained_ TOI’
text). CdD, are provided in Table |. The observed line positions
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TABLE |. Spectroscopic constant® cm™t) for CdD, (all uncertainties are

Spectra of CdH, and CdD,
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deperturbation of the 00%,") state and from the relation-

1o). ship involving o1 Be @5, andws (see below?’
Level G,-ZPE B, D, ./ 10° _ The pertL_erations in the OQEJ) s_tate are small, and
using the ordinary energy expression in EL), a reasonable
%cdp, 000 0.0 1.4842006)  7.91120) fit of the 001X,")-000%,") band could be obtained for
. 001  1279.0823B8 147226715  7.94419) each CdH isotopolog by deweighting the perturbed lines.
'CdD, 000 0.0 14841928  7.91023 The perturbation in the 00%,") state could be caused by
12D 88(1) 1278'%8;‘ 61) 1'2;42, §§§g;) ;Ziﬁg either the 030(I1,) or the 030(®,) levels. The 00(,")
2 : ' ' rotational levels haves parity and only interact with the
001  1278.690029)  1.472 31710 7.99212) 1 .
“5cdD, 000 0.0 1.484 24@.4) 7.97424) 03'0(11,) or 03°0(®,) _statee parllty levels. The 0%(I1,) and -
001 1278498 4B9)  1.472 32913 7.99021) 03%0(®,) Ievglg also m_teract with gach other a_nd the detguled
4cgp, 000 0.0 1.484208(86)  7.93510) th(za;)ry of their interaction was derived by Maki, Jr. and Lide,
001  1278.311628) 1.472 294 699) 7.95511) Jro" This interaction depends on the separation between the
1%cdD, 000 0.0 1.484 2438) 7.98819) 03'0(I1,) and 030(d,) levels. Because we do not have in-
001  1277.943066)  1.472 35519 8.02919) formation on this separation, we ignore this interaction. To

find which state, 0%)(I1,) or 0F0(d,), causes the perturba-
tion in the 0013 |) state, we performed two different fits for
and the output files of the least-squares fits are provided ithe 001%,")-000%,") band. If the 030(®,) state is as-
the supplementary tables S1-S6, which have been placed fumed to cause the perturbation then we cannot fit the
the Electronic Physics Auxiliary Publication Service 001(X,")—000% ") band, but we can easily fit this band if
(EPAPS.%® the 030(I1,) state is assumed to cause the perturbation. In

For each of the six isotopologs of CdHwe observed addition, it can be clearly seen from the spectra of the
the 001%,")—-000%,") fundamental band, and two hot 00X(Z,)-000%,") band that the perturbation pushes the
bands, 00 ,")—-001%,") and 011Ily)-01QIL,). Since 0013,") stateJ=12-14 levels to lower energy, and pushes
there is no connection between the (1))-01Q1Il,) band the J=15-17 levels to higher energy, which means the per-
and the other two bands, we fitted the 03)-01QII,) turbation in the 00 ") state is caused by a state with a
band separately. We observed perturbations in théX)0,  smaller By value. UsingByg, obtained from the fit of the
002(2,"), and 011lI1,) vibrational states of Cdj We tried 001(%,")-000%,") band with perturbed lines deweighted,
to consider these three perturbations in our fits, and we su@nd By and gp;o values obtained from the fits of the
ceeded in the deperturbation of the (B]") state, but not in 01X(I1,)-01QI1,) band, we can estimate the effectBeval-
the deperturbation of the O(&J) and 011II,) states be- ues(Bgy) for the e levels of the 030(11,) and 030(d,)
cause the hot band lines involving these two excited statestates™>?° Compared with thd value of the 00X,,") state,
are very weak, and the most perturbed lines are missing. Weéae estimatedB.; value of the 030(I1,) statee levels is
used the energy-level expression, Et), for the OOZEJ) smaller while the estimateB,« value of the 030(d,) statee
state and the usual energy-level expressionfmstates: levels is larger. Therefore, the WRII,) state is believed to

be responsible for the perturbations in the @)1) state.
E(J) = G(vy, vy, u9) + BlIJ +1) =171 - D[II+ 1) - IP]? The following Hamiltonian matrix was used for the in-
+21[qJ(J+ 1) + qp (I + 17, (2)  teracting 00%%,") and 030(I1,) e levels:

0
for the 01111y) and 010I1,) states. In Eq(2), | is the vibra- H :( = OW°1 ) (3)
tional angular momentum quantum numb@e1 for II Wor Ep+Wp

state$, q and qp arel-type doubling parameters; the upper
(lower) sign refers tce(f) parity. The observed line positions

and the output files of the fits for the 0I1,)—01Q11,) band

of the five CdH isotopologs are provided in the supplemen-
tary tables S7-S11. Since this band is relatively weak and
suffers from perturbations, a weight of 0.002 ¢rwas used

where

E2 =G(0,0,1) + Byod(J + 1) — DooJ?(J + 1)2, 4)

EY = G(0,3%0) + Bygio[J(J + 1) - 1]

for most lines and the perturbed excited-state levels were ~Dogio[JJ+1) - 173, (5
fitted as term values. The constants obtained are given in
Table 1. Thel-type doubling parametey is negative in the Wyp= + 0osiod(I+ 1) + Opoatod®d + 1)?], (6)
01X(II,) and 01QII,) vibrational states of Cdj{ so that the " 271050 poso
f parity level lies above the parity level for a given). The

el by ¥ Woy = — kot 33 + DT2. (@)

energy of the bending mode»,) cannot be determined di-
recty from the fit and therefore the value of EE0 is the usual energy expression for2d state and
G(0,1,0-G(0,0,0 was fixed at 0.0 in separate fits of the (E;°+W,,) is the ordinary energy expression fbr (I,=1)
011(IT,)-01Q1I1,) band of each isotopolog of CgHHow-  statee levels. Wy, is the term connecting the 0®,") state
ever,u, has been observed at 601.7 ¢rin an argon matrix  with the 030(I1,) state andk,, is the perturbation constant.
for CdH, and was calculated to be 574 that the CCSDT) We did not observe transitions from the'0dl,) state, so
level of theory?6 Values forv, can also be estimated by the the only constants for this state that we can obtain from
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TABLE II. Spectroscopic constants cm™?) for CdH, (all uncertainties ared).

J. Chem. Phys. 122, 194301 (2005)

Level Gu-ZPE Boyois Duyps/10° /1072 Up/106  (Koy/1073)P
H10cdH, 000 0.0 29525612 3.187 121)
001  1772.067 482  2.91963%12) 3.199 G21) 4.7514)
030°  1782.479 (63
002  3541.106567) 2.87763912)  3.004 §19)
010 c 2.94572843)  3.25610) -4.358483) 0.8419)
011 c+1759.0851091) 2.91296740) 3.237189) -4.302681) 1.3718
1cdH, 000 0.0 2.952560(88) 3.185 114)
001  1771.9299R4) 2.919632 1) 3.198412) 4.9711)
03'0°  1782.325 153
002  3540.960 182 2.877 565 836) 2.999 413)
010 c 2.94576227) 3.266 §54) -4.346256) 0.5912)
011 c+1758.9490865 2913011300 3.2434972) -4.294162 1.2715
12CdH, 000 0.0 2.952 573(¥8) 3.186 8296)
001  1771.794124) 2.919648779) 3.197 510) 4.9612)
030°  1782.191 455)
002  3540.812222 2.877543635 2.999 (12
010 c 2.94566727) 3.226 147) -4.371753) 1.48993
011 c+1758.8185661) 2.91296427) 3.226550) -4.309754) 1.7010)
1%CdH, 000 0.0 2.952 53695 3.177 113)
001  1771.6602@8 2.919633 (95 3.191 313) 5.0312)
030°  1782.073 63
002  3540.670370)  2.877 47%11) 2.994 116)
010 c 2.94581631) 3.268160) -4.389960) 1.8612)
011 c+1758.6893@4) 2.91308830) 3.2585%60) -4.334262) 2.3312)
H4CdH, 000 0.0 2.952 538(87) 3.179 2199
001  1771.5295@2 2.919 644 879) 3.194 211) 4.9711)
03'0°  1781.919 654)
002  3540.5295®86) 2.877 447 834) 2.996 212
010 c 2.94565922) 3.222238) -4.379945 1.68976)
011 c+1758.5615660) 2.91294623) 3.214343) -4.322Q46) 2.03584)
16CdH, 000 0.0 2.9525446) 3.183 940
001  1771.273884) 2.91967415  3.202732) 5.3913)
030°  1781.649 877)
002  3540.2593%6) 2.87735516)  2.991 540)

*The 011-010 hot band was fitted separately from the 001-000 and 002-001 bands, and the valaes obt
determined from our experiment and was fixed at 0.0. Thealue was estimated to be 594 nirom our
work (see the texjt Also v, has been observed as 601.7°¢rn an argon matrix and was calculated to be
574 cmi! at the CCSIT) level of theory(Ref. 16.

Pperturbation constant connecting the @) state with the 03(I1,) state.

“The vibrational energy of the 63(I1,) state was obtained by the observed perturbation between D3
state and the OQX,,") state withB fixed at 2.931 915 cft, D at 3.3128< 10°° cm™, q=-0.087 598 crm¥, and
0p=3.378x 1078 cmi! for the 030(I1,) state(see the tejt

fitting the perturbed 00%,,")-0002,") band are the vibra-
tional energy and the perturbation constdqt, For all six

used for the perturbed 002;) state, the perturbed lines do
not need to be deweighted because the perturbation of the
isotopologs of Cdh, the Bpzy constant was fixed at 002%, ") state by the 20@, ") state is a global
2.931915 critt calculated by Bogig=Bgoo— 3, With a, interactior?®?® The levels of the 002, and 2003,
=Byoo—Bois the Dgsip constant was set to 3.3128 states do not cross and lines of the @2)-001X,") tran-
X 10°° cm? calculated byDgz10=Dggot+ 38, With 3,=Dgy;,  sition can still be fitted with the ordinary energy-level ex-
—Dgog the Qos1p cONstant was @;,=—0.087 598 crit and  pression for the 0(129+) state to produce effective molecu-
Oposto WaS Dpo1o=3.378x 100 cm L2’ Byyy Boio Doge  lar constants.
Do1o Yo10 @NdQpg1p from the main |sotopoloél4CdH2 were The constants obtained for Cdtdre provided in Table
used in all of the above calculations for the different isoto-Il. The band origins obtained for the 0C,")- OOCXE )
pologs of CdH. The observed line positions and the outputtransition are 1771.529 682 cm™* for M“CdH, and
files of the fits are provided in the supplementary tables S121278.311 6728) cm™* for '“CdD,, which agree well with
S17. The fits are quite good and most lines for these twdahe observed argon matrix values of 1753.8 and 1264.9,cm
bands can be fitted with residuglsbserved-calculated val- and theab initio values of 1790 and 1278 ¢t at the
ues of the order of 0.001 cit. CCSOT) level1® The difference between the band origins of
Although the usual energy-level expressj@i. (1)] was  the 001%,")-000%,") transitions of**CdH, and *“CdH,,
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which is the isotopic frequency shift betweéHCde and TABLE IlI. Spectroscopic constantén cm™) for **4CdH, and **4CdD,.
14CdH,, is 0.264 5932) cmi ! and matches the observed iso-

topic splitting of 0.25 cmt in the matrix-isolation experi- e, Hcap,
ment and theab initio value of 0.27 cri.'” However, the g, 2.952 538 677) 1.484 208 496)
difference between the band origins of the (E)QZ) rol A 1.683 034 (22) 1.679 171 (54
-001(3,") transitions of *°CdH, and ‘CdH, is only 0.006 88023)
0.018 1@64) cm™t, which is much smaller than the isotopic @: 0.032 89411) 0.011 91414
splitting in the 001%,")-000%") transition (Fig. 2). The Yoo -0.043 79945)
change in the isotopic splitting in the 0Q2,")-001(%,") vo(m) 598
band is caused by the mixing of 0@2,") and 20Q%.;") vi- §3("”) 1_717215562890%;) 1278'3}1 68
brational leveldv; and v; were calculated to be 1790 and xzz 1264 8265

1794 cm? at the CCSDT) level'].
The 030(ll,) state vibrational energie§G(0,3',0) o 1oty B0 L ol i of e (B9 sae s pertrbed
~G(0,0,0=3w,+ 15+ 5X1o+ 3X3+Upo (Ref. 29] of the by the 2003,.") st:te(see the text ) 7 Pert
six CdH, isotopologs were used to estimaig[G(0,1%,0) ’
_G(0,0,szz“' 3X22+ %X12+%X23+922 (Ref 29] for CdH2
Because we do not have information @3, X5, X12, andXys,
we estimatedw, by using »,~[G(0,3',0-G(0,0,0]/3,
and an average value of 594 thwas obtained fot,. The
value of v, can also be estimatéd?® using thel-type dou-
bling constantgyy;q Using

topologs with the same Cd atom. The averagéond dis-
tance is determined to be 1.675239 A, with two
standard deviation errors enclosed in parentheses. Again, the
error was computed from the six possible Gdkhd CdDQ
pairs. Bothry andrg bond distances are reasonably close to
the theoretical r, values, which range from
25§<1 Aws ) 1.67 to 1.74 Ab**1%212%0r convenience, Table Il lists the

2_ 2/ (8)  equilibrium constants obtained for the main isotopologs,

G 14CdH, and*“CdD,. Since the 00, ") vibrational ener
2 2 @g ) ay
In Eq. (8), equilibrium constants are required but are notlevel obtained from our fit is perturbed by the nearby
available soByy, 1, and v; were used instead. Thay,o 20(12;) state, the value of —1.264 885) cm * obtained for
Booo @andG(0,0,)-G(0,0,0 constants from different iso- the CdH X33 equilibrium constant is not reliable.
topologs of CdH were used to calculate, for each isoto- In conclusion, the vibration-rotation emission spectra of
polog, and values ranging from 614 to 640¢mvere ob- gaseous Cdbland CdD were recorded. The antisymmetric
tained. The average value fos, estimated from Eq(8), is  Stretching modéu;) of CdH, and CdD, as well as two hot
632 cm?, which differs by about 38 cn from the esti- bands of CdH, was rotationally analyzed and their spectro-
mated value of 594 cm from [G(0,3%,0-G(0,0,0]/3.  scopic constants were determined. The predicted linear struc-
The v, value is very sensitive to the value gf;o and, for ture of CdH was confirmed and the average Cd-H and
example, the'CdH, qq;o value is —0.043 79@5) cmt  Cd-D bond distances(ro) were determined to be
(Table 1l). A value of 622 critt was obtained fow, if a value ~ 1.683 02810) and 1.679 16(116) A, respectively.
of —0.043 799 cm* was used for,, and values of 625 and
(-0.043 799 cmt minus or plus its & uncertainty were
used forgyy, respectively. We therefore prefer the value of ~ Funding for this work was provided by the Natural Sci-
594 cm! from [G(0,3',0)-G(0,0,0]/3, which is closer to  ences and Engineering Research Coun®ISERQ of
the argon matrix value of 601.7 ¢fand theab initio value ~ Canada.
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