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The emission spectra of ScH and ScD have been observed in the 380 nommpectral region

using a Fourier transform spectrometer. The molecules were excited in a scandium hollow cathode
lamp operated with neon gas and a trace of hydrogen or deuterium. Three transitions with a common
lower state, assigned as the grouqdS, ™ state, have been observed in the near infrared and visible
regions. The ScH bands with 0—0 band origins at 5404, 13574, and 20 54¥ lame been
assigned as th® II-X 3%, C13"-X 137", and G MI-X '3 transitions, respectively. A
rotational analysis of the 0—0, 1-1, 1-0, and 2—1 bands oBthH-X 3" system, the 0-0 and

1-1 bands of th€ 3" -X =" system and the 0—-0 band of tee'II-X '3 system has been
obtained. The principal molecular constants for th¥ 3% state of ScH are
AG(1/2)=1546.9730(14) cm', B,=5.425432(48) cm', «,=0.124802(84) cm' and
ro=1.775427(8) A. The corresponding band systems of ScD have also been analyzed. A rotational
analysis of the 0-0, 1-1, and 1-0 bands ofBhHI-X 13 system, the 0-0, 1-1, 0-1, and 1-2
bands of theC '3 "—X 3% system and the 0—0 band of ti@& I[I-X 3% system has been
obtained. The equilibrium molecular constants determined for the ground state of ScD are
we=1141.2650(31) cm, wX,=12.3799(15) cm!, B,=2.787432(41) cm}
ae=0.045 321(73) cm!, andr,=1.771 219(13) A. The ScH assignments are supported by recent
theoretical predictions made by Angladsa al. [Mol. Phys. 66, 541 (1989] as well as the
experimental results available for ScF and the isovalent YH and LaH molecules. Although some
unassigned bands have been attributed to ScH and ScD by previous workers, there have been no
previous analyses of ScH or ScD spectra. 1996 American Institute of Physics.
[S0021-960806)02631-1

INTRODUCTION tified in the spectra of M-type stars; NfMand CrH* have
been seen in the spectra of sunspots.
The electronic spectra of simple transition metal-  The heavier members of the group lIB hydride family,

containing molecules provide the necessary data required {oaH and YH, have been characterized by theoretitahd
understand the role af electrons in chemical bond forma- experiment&r”*“studies. Recently, we have reported the ob-
tion. In recent years, there has been an increasing number gérvation of new transitions of Ldfiand YH* (as well as
theoretical and experimental studies of transition metali aD' and YD") in the red and near infrared regions. These
containing diatomics and several review papers have beegbservations are consistent with the theoretical predictions of
published on the oxidésand the hydride&-® Prediction of pas and Balasubramanfafor LaH and Balasubramanian
the spectroscopic properties of these molecules has beengdd Wang for YH and they support the identification of the
challenging job for theoreticians since they possess a largground state as &5 * state with a low-lying®A state.
number of closely packed electronic states with large spin  There are some previous absorption and emission obser-
multiplicites and large orbital angular momenta. Both rela-yations of ScH and ScD. In 1973 Smithecorded the ab-
tivistic and electron correlation effects need to be taken intaorption spectra of ScH and ScD using a plane grating spec-
account in theab initio studies of these molecules. Severalograph. In this experiment ScO powder was shock heated
recent high levelab initio calculations of transition metal jn hydrogen/argon or deuterium/argon mixtures and absorp-
hydride properties, for example, on F8I&oH," LaH,® YH,®  tion spectra were observed using a flash lamp as the con-
and HfH'® have proved to be very useful in the interpreta-tinyum source. Smithobserved a few complex bands mainly
tion of the complex spectre™*° in the visible region of spectrum. Bernaed al?? also ob-
Transition metal-containing molecules are also of astrogeryed ScH and ScD spectra but they used a composite-wall
physical importance and several transition metal oxides anfly|low cathode lamp and found some additional bands in the
hydrides have been observed in the spectra of the sun aRgay infrared. The most notable new bands were found at
other stars. For example, TiHand FeH®have been iden- 789 74 and 860.35 nm for ScH and 859.6 nm for ScD. No
assignment of the ScH and ScD bands was possible because
dAlso Department of Chemistry, University of Arizona, Tucson, AZ 85721. Of limited resolution, poor signal-to-noise ratios and the
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complexity of these bands. The only other experimental intermined by fitting a Voigt line shape function to each

formation available for ScH is the bond dissociation energyspectral feature.

of 205+17 kJ/mol(49+4 kcal/mo).? In addition to the ScH and ScD bands, the spectra also
ScH is the simplest transition metal-containing moleculecontained ScN bands in the 5700—-6500 ¢megion which

so it has been the target of many theoretical calculations ilmave been assigned previously to the!S*—-x 13+

the past decad€2°The CI calculations of Bauschlicher and transition®® The spectra also contained many Sc and Ne

Walsh?* Angladaet al?® and Brunaet al® all predict the atomic lines and the measurements of the Ne atomic lines

ground state of ScH as & " state with a close-lyingA made by Palmer and Englentamave been used for calibra-

state. In addition Chongt al?® have predicted the dipole tion. The absolute accuracy of the wave number scale is

moments for many hydrides of thelZand 4d transition met-  expected to be better than0.002 cm . However, the mea-

als. In a recent paper Angladsa al?® have reported the re- surements of the weaker and blended lines are expected to be

sults of their extensive MRD-CI calculations on the elec-less accurate depending on the extent of blending and line

tronic states of ScH related to thed®s?, 3d?4s!, and broadening, and the signal-to-noise ratio.

3d'4s'4p! configurations of the Sc atom. They have pre-

dicted the spectroscopic properties of numerous excited elec-

tronic states as well as the transition dipole moments beOBSERVATION AND ANALYSIS

tween many of the low-lying states. The spectra of ScH and ScD have been recorded in the
Guided by our recent success with YH and LaH we de-380 nm—2.5.m spectral region. Numerous bands have been
cided to investigate the hlgh resolution spectra of ScH frOﬁbbserved and many are very Comp|ex in appearance. The
the visible to the near infrared. We have observed manynost prominent ScH bands have heads at 5463, 11 620,
bands with complex rotational structure throughout the entire2 290, 13 620, and 20550 ¢t with some weakerQ
region observed. These successful experiments on ScH ampglanches at 12 660 and 16 845 emSome weak ScH/ScD
ScD were preceded by several failures that resulted in thpands near 17 900 cm were also observed by Smitfin
discovery of ScN® The new observations are consistentabsorption. Smithdid not record spectra in the red and in-
with the theoretical predictions of Angladzt al”® In this  frared regions.
paper we report on the analysis of three relatively strong  The band at 558 nrfL.7 900 cm' %) was also observed in
groups of bands near 5404, 13574, and 20 547 'cras-  emission by Bernaret al?? as well as some complex bands
signed as the B'II-X'2*, C'E*-X'*, and in the 780-861 nm region. In this interval the ScH and ScD
G MI-X 3" transitions, respectively. Our assignmentsphands at 860.35 nmll 620 cm?®) and 859.6 nm(11 630
were made with the help of theb initio calculations and the cm™?), respectively, were the most intense and they appear
experimental results for the ScF, YH, and LaH molecules. strongly in our spectra. In our previous studies of YH and
LaH we have observed®—a A transition at 11 500 cit
for YH and 6238 cm? for LaH. The appearance of the ScH
bands near 11 620 cm is very similar to the analogous
The spectra were recorded using th m Fourier trans- 3d®—a 3A transitions of YH and LaH, but more complex
form spectrometer associated with the McMath—Pierce Soldbecause of perturbations and overlapping.
Telescope of the National Solar Observatory. The spectra of Our previous work showed that the bands involving the
ScH and ScD were produced in a scandium hollow cathoda A5 spin components of YH and LaH show significant
lamp. The cathode was prepared by inserting a 0.25 mrhyperfine effects. In fact for thd *®,—a *A; subband of
thick foil of scandium metal into a hole in a copper block in LaH the hyperfine structure is well resolved at 16w Simi-
such a way that there was uniform contact between the scatar broadening of the rotational lines has been observed in
dium foil and the copper walls. The lamp was operated athe bands involving what is presumably thé A ; spin com-
400 V with 570 mA current. A slow steady flow of 1.5 Torr ponent of ScH and ScD. This observation is consistent with
Ne and about 40 m Torr of jbr D, was maintained through the 3®—a 3A assignment for the ScH and ScD transitions

EXPERIMENT

the lamp. near 11 620 and 11 630 crh respectively. Work on this
The spectra of ScH in the 3500—26 000 ¢mange were  transition is still in progress.
recorded in three experiments. The 3500-9150 tragion The bands observed with heads at 5463, 12 290, 13 620,

was recorded using InSb detectors, cold green uranium glassid 20 547 cm® were not reported by Smittor by Bernard
filters with ten scans coadded in about one hour of integraet al?> The band withR head at 5463 cim' (origin at 5404
tion. For the 9100—17 000 cm region the spectrometer was cm™ ) has a strond branch and has been assigned as the
operated with Si-diode detectors and a red pass filteb—0 band of theB II-X '3 * transition. The rotational
(OG570 while for the 15 000—26 000 cnt region a CuSQ  structure of the 12 290 ¢t band is complex and most prob-
filter was used. Again ten scans were coadded inabduof  ably triplet states are involved. The structure of the band at
integration in both of these experiments. The spectrometet3 620 cm® of ScH s, in fact, relatively simple but appears
resolution was set at 0.02 crhfor all experiments. to be complex because of perturbations. The corresponding
The spectral line positions were extracted from the ob-spectrum of ScD is also perturbed but not as extensively.
served spectra using a data reduction program cated Each band consists of a singkeand a singleP branch. We
pECOMP developed by Brault. The peak positions were de-have assigned this transition as hé3 *—X 13 transition
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FIG. 1. A schematic energy level diagram of the singlet electronic states ofOrrespondingh I-X '3 * transition of LaH. The nuclear

ScH. Dashed lines are predicted energy levels. hyperfine structure is thus observed to be smaller for ScH
than for LaH. We have identified rotational lines up to
R(20), P(22), andQ(22) in the 0—0 band.

on the basis of theoretical calculations and by comparison

with YH and ScF. The C '3*—X 3+ transitionn of ScH

A schematic energy level diagram of the singlet elec- The bands with the origins at 13 574 and 13 396 &m
tronic states of ScH is provided in Fig. 1. The states markeq, .« peen assigned as the 0-0 and 1-1 bands of the
by solid lines represent the observed states discussed in thy Iy +_x I+ transition. The 1—1 band has about 40% of

paper. The positions of the other states have been taken frome intensity of the 0—0 band. The lodR and P branch
theoretical calculation® The band with an origin at 20 547 lines of this transition are easily picked out using a color

—1: +
le lanOI\{eSthhe same lower state as mén__x 'x" and Loomis—Wood program. In the 0—0 band of this transition,
g 1%_;()(12% trr?nst;tlons findl :js als,S|gne(;j_ _asggthethere is a strong perturbation at=12 and theR(11) and

. on the basis of Angladat al.s prediction P(13) lines are pushed to higher wavenumbers by 80.42
(Fig. D). cm L. The lines corresponding td’ =10 and 11 are also
The B TI-X '3 * transition of ScH affected by these perturbations. The hibiperturbed lines
were picked out using the predicted combination differences
derived from the unperturbed lowR andP lines. The 1-1
band of ScH is perturbed dt =9. A compressed part of the
ScHC '3 7—-X 13" transition is provided in Fig. 3 in which
the R heads of the 0—0 and 1-1 bands have been marked.
The lines observed to higher wave numbers beyond the 0-0
head are the perturbed highR lines of this band.

In our recent study of LaH we have observed a
MI-X '3 * transition near 4533 cnt consistent with the
theoretical predictions of Das and Balasubramafidie
theoretical work of Angladat al?® predicts an analogous
ScH II-X '3 * transition near 7420 cit and we found
this transition near 5404 cm. Although the calculated tran-
sition moment is relatively small0.2 a.u) compared to the
other transitions discussed here, the intensity of this transi- .
tion is comparable to the others. The maximum signal-to}rhe G "II-X "X wansition of ScH
noise ratio of theQ-branch lines is about 12:1. The band with an origin at 20 547 crh consists of a

The four bands with origins at 5404, 5220, 6767, andsingle R, a singleP and a singleQ branch. TheR and P
6536 cm ! have been identified as the 0—0, 1-1, 1-0, ancbranches are much weaker than tebranch and no other
2-1 bands, respectively, of tle'II-X '3 transition. Ini-  vibrational bands were observed for this transition. We have
tially the lines of this transition were overlooked because ofassigned this band as the 0-0 band of GéIl-X 137
strong overlapping atomic lines. In fact the 1-0 band headfransition. This band is also extensively perturbed at both
which is about 50% of the intensity of the 0—0 band, waslow J’' and highJ’ values fore and f parities. There are
first identified in our spectra because it has less extensiveeveral triplet and singlet states predicted to be present in the
overlapping by atomic lines. The structure of each band convicinity of the G II state which could be responsible for
sists of oneP, oneQ, and oneR branch as expected for a perturbations. The ground state combination differences
HI-1s* transition. Part of the 0—0 band is presented in Figfrom this band match very well with the combination differ-

2. The lines of this transition have a typical width of 0.031 ences from theB II-X 'S* and C '3 *-X 3% transi-
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FIG. 3. A portion of the compressed spectrum of the 0-0 band of the )

C 3 *_X 3 * system of ScH. The dashed lines are strong atomic lines tha IClE. 4. ?n+expanded portion of the spectrum of th_e 0-0 band of the
are off scale. The arrows mark the 0~0 and 1—1 band heads. Notice that ti 11—X "= system of ScD near the head. The asterisk marks a strong
perturbation has pushed the higlines to higher wave numbers beyond the atomic line near the head.

R head.

obtain a satisfactory ﬂt_ of the observed line positions. from a simultaneous fit of the line positions are provided in
In order to determine the molecular constants, the fol-

lowing customary energy levels expressions ¥ir and the Table I.
IS+ states were used
+1/2{qI(I+1) +ap[II+ D) *+qu[II+1)]? Three ScD bands of thag T-X 'S* system are
g [I3+ )T, 1)  Ppresentin the 5000-6500 crhregion. The bands with ori-
al W @) gins at 5432, 5303, and 6419 cirhave been assigned as the
F,(3)=T,+B,J(J+1)—D,[JJ+1)P+H,[IF+1)]® 0-0, 1-1, and 1-0 bands, respectively. Several*$bhinds

LI+ 1) @ have also been observed in the 5700-6400"cragion and

v ' the ScN lines frequently overlap the ScD molecular lines.
The observed line positions were weighted on the basis ofhe weaker 2—1 ScD band is, in fact, buried under the dense
the signal-to-noise ratio and the extent of blending. The lineand relatively strong 2—2 band of ScN and could not be
involved in perturbations were excluded from the fit, al-identified.
though the corresponding ground state combination differ-  Part of the 0—0 band of thiB TI-X '3 transition is
ences were included. As mentioned earlier, the ground stajgrovided in Fig. 4 and somR lines near the head have been
combination differences of the three transitions agree verynarked. A fewR lines near the head are overlapped by a
well with each other to better than0.002 cmi’. The line  strong atomic line which produces extensive ringiRigy. 4).

TABLE |. Spectroscopic constantm cm™?) for the X 1%, B 11, C 13, andG I states of ScH.

X1zt B I cist Gm

Const? v=0 v=1 v=0 v=1 v=2 v=0 v=1 v=0

Tv 0.0 1546.973 A4) 5404.185 712 6767.239 110) 8083.272 625) 13574.253 715) 14 942.691 ®0) 20546.916 &35)

B, 5.363 03124) 5.238 22980) 4.915 09950) 4.772 05157) 4.631 7513 4.797 5831) 4.601 6531) 6.431 0%90)
1(}3>< Dv 0.252 8312) 0.268 6§14) 0.299 8343 0.309 6471) 0.310 320 0.51316) 1.22716) 6.251(45)
10°XH, 0.000 95219) 0.015 0987) 0.003 2714) —0.004 1134) ~0.007 412) -0.03727) ~1.20827) ~2.43279)
107 X Lu —0.004 3918 —0.002 63515) —0.001 35853) —0.000 6%23) —0.13215) 0.10615) 6.02446)

qd, 0.033 88447) 0.033 41630) 0.033 88%66) 1.233 716)
10PX qp, ~0.001 14858) ~0.000 44332) ~0.001 47797) ~1.952989)
10X qy, 0.000 22222) ~0.000 523678) ~0.000 22933) 3.57415)
10°%qy, —0.000 126 425) ~2.734 890)

aNumbers in parentheses are one standard deviation in the last two digits.
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FIG. 5. An expanded portion of the spectrum of the 0—0 band of the
C 13 *-X 13" system of ScD near the band origin.

DISCUSSION

The C S*— X '3+ transition of ScD There has been .controversy in the past over the nature of
the ground electronic state of ScH. 3 ground state was

The bands of ScD are generally stronger than the corresyggested by Bernamt al? on the basis of some primitive
sponding bands of ScH. For ti@*% " —X *X " transition of  calculations carried out by Scott and Richafésowever,
ScD we have identified the 0-0, 1-1, 0-1, and 1-2 bandge observed ground states for the isovalent YH and LaH
with origins at 13 603, 13 485, 12485, and 12385 CM molecules areX 3 *. In addition we have noticed a close
respectively. The ' =0 vibrational level of theC '3 state correspondence between the electronic states of transition
is also perturbed, but at a highgéwalue than in ScH. Inthe qetg] fluoridege.g., CoR® and the corresponding hydrides
0-0 band, the effect of perturbations is apparent for Iineqe_g_ CoH?d. ScF has &3+ ground state, suggesting that
with J’=16. The obs.—calc. deviation changes sign atscH also has one. AS " ground state has also been pre-
J'=22 when this deviation jumps from6.24(atJ’=21)to  gjicted by several recertb initio calculations including the
75.12 cm! (at J'=22). The lines of this transition have aytensive MRD-CI study by Angladet al?® These authors
been identified up t&(34) andP(35). As in ScH, the per- haye calculated the spectroscopic properties of a number of
turbed lines were not included in the final fit, although thegjnglet and triplet electronic states below 4.0 eV in addition
corresponding ground state combination differences up tg, the transition dipole moments for the most likely transi-
J"=34 were included and found to fit with average residualgjons. Angladeet al?® calculate that the ground state of ScH
of £0.002 cm . Part of the expanded spectrum of the 0-0js 415 * state arising from thed7o? electron configuration.
band of theC '3 —X 'S transition is provided in Fig. 5. The first excited state is predicted to bé& state arising
The detection of the first lingR(0) andP(1)]in the strong  from the 1570°8c configuration at about 0.33 eV¥2700
bands confirms oufX " ~*%* assignment. cm 1) above the ground state. Anglada al?® have also
predicted the strengths of many allowed transitions terminat-
ing on the low-lyingX %%, A'A B 11, a A, andb *II
. electronic states. Allowed transitions connecting to the
The G 'II-X "X* transition of ScD ground X 3" state are predicted to be the'm-X 3%,

We have observed only the 0-0 band of the ScD2!3"-X 13 2I-X 3%, and 3MI-X 3" at 7420,
G MI-X '3 transition. The ground state combination dif- 15 160, 18 160, and 23 330 cthwith the transition dipole
ferences match very well with those obtained from themoments of 0.2, 1.42, 1.58, and 0.77 a.u., respectively. The
B I-X 13" andC '3 "-X 137 transitions. Bothe- and  calculated transition moments provide only a qualitative
f-parity levels of the excited state are involved in perturba-guide for the observed intensity of these transitions. In our
tions similar to those in ScH. Part of the 0—0 band of thisspectra the first three of these transitions have been observed
transition is provided in Fig. 6 and some lovQ-branch  at 5404, 13574, and 20 547 ¢t respectively, and have
lines have been marked. been assigned as tHe II-X 3%, C 13 7-X 137, and

The observed line positions of the SADTI-X 3%, G MI-X 37 transitions. Of these, th&€ 37 -X 137
CI3*-X13* andG TI-X '3 * transitions are available transition is the most intense and the fourth transition
from PAPS? or from the authors upon request. The molecu-(3IT-X 1=*) has not yet been detected. Anglaeteal 2°
lar constants for th& 3%, B 11, C 'S *, andG II states also predict that several other allowed transitions terminating
of ScD are provided in Table 1. on the A *A, B I, anda 3A states will be observed in

J. Chem. Phys., Vol. 105, No. 7, 15 August 1996
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TABLE II. Spectroscopic constantin cm™?) for the X 1%, B 11, C 13, andG 1I states of ScD.

X3+ B I ciz* Gm

Const? v=0 v=1 v=2 v=0 v=1 v=0 v=1 v=0

T, 0.0 1116.505 @0) 2208.250 825 5432.350 (10) 6418.651 §14) 13 602.680 710) 14 592.529 (21) 20 556.512 445)

B, 2.764 70615) 2.7188 7018) 2.67251962) 2.5201 4421) 2.479 45653) 2.482 46745) 2.432 18%94) 2.908 6728)
10*xD, 0.667 5033) 0.6605 847) 0.641 §31) 0.705 1761) 0.858 360) 0.775 745) 1.00611) 6.57547)
10'x H, 0.013 1919) 0.042 5266) 0.86722) -0.88212) —2.77440) 8.3223
10M%L, ~0.072324) ~5.4519

d, 0.008 837¢80) 0.006 47750) 0.300 2317)
10*x Upy —0.005 6@21) -0.111 379 —6.77549
10'X gy, 0.001 7713) 0.81229) 4.9342
10°X%qy, 43615

N umbers in parantheses are one standard deviation in the last two digits.

emission. We have observed many additional bands which There are strong similarities between the low-lying elec-

correspond to these predicted transitions and we will reporironic states of ScH, YH, and LaH. The grouXd'S, * states

on them in the future. arise from the #?2¢” electron configuration. The observed
The rotational constants for th¥ 'S, B 'II, and ground state vibrational interval of ScHAG(1/2)=1547

C 137 states of ScHTable ) and ScD(Table Il) have been cm %] can be compared with th&G(1/2)=1491.6995(15)

used to evaluate the equilibrium molecular constants whiclem™* for YH.'* For LaH the experimental ground state vi-

are provided in Table Ill. The equilibrium rotational con- brational interval is not known yet but the theoretical value

stants for ScH are B,=5.425432(48) cm' and of Das and Balasubramanfais 1433 cm®. The ground

@,=0.124802(84) cm'. When used in the isotopic stater, values of ScH, YH, and LaH are 1.775 48y, and

relationship®* BL,=p?B, and a.=p3a,, the predictedB,  1.922 76%8), and 2.031 96@0) A, respectively. There is

and a, values of ScD are 2.7742 and 0.0456 Cmrespec-  also a very strong correspondence between the states of ScH

tively, compared to the observed values ofand ScF and we plan to make a detailed comparison in a

B.=2.787 432(41) cm' anda,=0.045 321(73) cm™. The  future publication.

observation of the vibrational intervalsG(1/2) andAG(3/ The observation of th® T1-X 137 transition of ScH

2) for the ground state of ScD provideg=1141.2650(31) at 5404 cm® can be compared with the corresponding

cm ! and wex,=12.3799(15) cm’. When used in the iso- A I1-X 37 transition of LaH® at 4533 cm™. This tran-

topic relations* w.=pw, and wx,=p2wX,, the corre- sition has not yet been identified for YH. Similarly the posi-

sponding calculated values for ScH are 1595.9966 antion of the C 37 state at 13574 cit can be compared

24.2107 cm?, respectively, which predictAG(1/2)  with theC 37 state of YH at 14 295 citt. This transition

=1547.57 cm' [observed AG(1/2)=1546.9730(14) has not been identified yet for LaH. #b—a A transition

cm1]. The equilibrium rotational constants have been usedas also been observed for Lt 6238 cm* and for YH

to evaluate the equilibrium bond lengths of the ground andat 11 500 cm®. This transition of ScH is located at 11 620

excited states of ScH and ScD which are found to bem ! and its analysis is still in progress.

1.775 4278) and 1.771 21@.3) A, respectively. These val-

ues can be compared with the theoretical value of 1.80

predicted for ScH by Angladat al?® The experimentat /&CONCLUSION

values for the B IT and C X" state of ScH are The spectra of ScH and ScD have been investigated in
1.851 70631) and 1.869 04@F3) A, to be compared with the the 2.5um—480 nm spectral region using a Fourier trans-
predictions of 1.92 and 1.89 A, respectively. form spectrometer. The bands with 0—0 band origins near

TABLE Ill. Equilibrium constants(in cm™) for the X 3", B II, andC 3" states of ScH and ScD.

ScH ScDh
Const? X1zt B 11 cist X1zt B I cist
we [15 46.973 (14)]° 1410.073 835) [1368.438125)] 1141.265031) [986.301517)] [989.848823)]
weXe 23.510016) 12.379915)
B, 5.425 43748) 4.987 6510) 4.895 5%38) 2.7874 3741) 2.5404 8835) 2.507 60869)
o 0.124 80284) 0.145 8418) 0.195 9344) 0.0453 2173 0.0406 8857) 0.050 2810)
Ye 0.001 37481) —0.000 25835)
re(A) 1.775 4278) 1.851 70619) 1.869 04873) 1.771 21913 1.855 30813) 1.867 43726)

&The numbers in parentheses are one standard deviation in the last two digits.
PAG(1/2) values.
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