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on the spectra of highly and vary highly

o

neir impertance in

ionized mol ybdenum etoms;'becauSe of
lokamak and nuclear fusion studies, The spectre of ko I-IJV,
yoN Cyve .IV}énd'XL-KLII are now known in the literature,'althéugh
zsny of them fregmentzrily.
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fiecznt contrivutions zr2 nsde
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Frorx our laboratory, sign
to Mo VI-ZII, The existing information on traznsitions and

energy levels is presented in this rsview togetasr with level

dizgrams,

* york supported by Covneil of scientific end Incustrial

. Reszzrch (C2IR) Indis, Dr, L, Xehimulliah's assisteznece in
the preperztion of ik ;s work is acknowl aged.



introauction

relyplenurm is & herd metel with the following cherzce
terisztics:
R ek O o,n .- )-..,. 0 .
Lelting point 2€10 C; boiling point 3330 “Cj; hesat
of vaporization 123 (I
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(L-cal/g-atom); specific heat 0,061 (cel/z/°C); thermal conduc-

tance 0,35 (cel/cmz/cm/OC/sec); electrical conductance 0,19

. o . . 5 ~ o .
c radius 1,32 4 ionic redius 0.88 (+4) L; stomic

o . -
1.30 4y etomi
volume 2,4 (W

(¥/3d)
and density 10.2 (g/ml).
It is therefors, vseful in a2 veriety of waye for different
metallhrgical and engineesring purposes, It is found in small
abundence in our sun and ophsr sters,
liol ybdenum is used, zlong with Tungston (W) in plasmea
macaines, particularly in Tokamek, as container (Furth 1975,
Group TFR 137Y, 75, Hinov 1978) due to its specific metullie
properties, Ihis fact enhanced the importance of spectroscopic
studies of molybdenum in the form of ionized atoms in the last
decade, In recent yegrs;~tbe-pr05pects of achieving nuclear
fusion as =z great source of ensrgy have brighiesned up; mely-
bdénum is‘a suitabvle meteriel for the pezllets to be used, The
internstional comzission for fusion studies have, therefore,
recommended as-complete and accura;e investigetion of &ll
mol ybdenum spectre, zmong others, as:possible.

Ctudies in these spectrs wre stertsdé by cne of us.in Faris



1233) continued in Lund {zweden, 1288-82) and

( developed
&S g grouv activity at Alizarh since 1932 with ths help
of metericl essistance of Lund University and the

thecrsticel calculations performed zt Loss 4Llamos (U.s.L4.).
In the present review, we dascribe briefly the

present knowledze of various molybdenum spectra,

Zhe First Two spectra of Molvbdenum; Mo I & Mo IT

lglybdenum belongs tc the £né transition pericd of

elements, The spectrum of neutral mclybdenum =ztom &S
described in 4.Z2.L, vol. 3 (lioore 1958) is bassd on the
work of Iiess first zlone, then with HZarvey and finally

zround configuration of this ztom of 42

-~

 with Tfe_e's. Ths
elsctrons iS‘4d5 Ss with (°3 as ground-most level, Lnown
excited éonfiguretions include édo, 46° nl (L =0,1, 2
and n75) , 4d4 55 nl1 (1 =0, 1), 7500 lines of tpis Spec-
'trum heve. been recordsd from 2000 to 11850'2 of which esbout
80% sre classified,

| Singly ionized molybdenum atom (1o II) nss nezturally 41
Aelectrdns,and_iS, therefore, isoslectronic with.neutfal niobium

’ 5

“2tom(¥b I). The ground coafiguration of Mo II is 44 with
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as ground-most level; fourteen of the slxteen expected terms
of Lds are f‘ouncz out. All the known excited configuratlons of
the spectrum are obtained by adding one electron to the parent
configuration kdu. More than 2600 lines of Mo II covering the
spectral region 2000 =~ 6OOOVE are classified by Kiess,

~ No addition to the data reported in A.E.L. Vol. 3(Hoore
1958) on MoI and MoII is known. | |

The Doubly Iénized Holzbdenum Atom (MoIII)

‘A doudbly ionized molybdenum atem is isoelectronic with
Zr I; and contains 40 electrons. The ground configuration is
kd with 5D as ground-most level. The ion is therefore,
diamagnetic (3=0). )

The analysis of Mo III was started by V.R. Rao and
persuade by Rico and Cataldn. Rico has made important additions
to the AE.L. data in 1965. How the stage of knowledge of
thiS'spectrum-is such that the eigbt singlet terms are the only
glaring omission from the‘gr_ound configuration h-d)*. Among the
- excited ones, g3 5s, S5p are known in detail, with some informa-
tion on La> 6s. The presently known data}bn terms end their
levels are collected in Table I and plotted to the scale in
Fig. 1. The line list extends over 500-4800 A.

The Three and Four Times Jonized Molybdenum Atom(Mo IV & Mo V)
Mo IV is isoelectronic with neutral Yttrium (YI) with 39

electrons. Tbe A.E.L. data on this spectrum covers fragments

 of three configurations hd3 hF3/2 is the ground state; some -

; v L
information exists on hdz(sF) 5s and %42 (°F) 5p hG, hF, D.
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The work is by the Eliason and is based on 40 lines identifi-
cation between 856 and.21h1 2. 1o additionai information eon -
this spectrum is known-to us. AE.L. data is reproduced in
Table II and plotted in Fig. 2.

4 four times ionized moljbdenum atom (Mo V) is iso-
electronic with Srl; it conteins 38 elecfrons. This spectrum
was worked out by Trawick, in 1935 (H10-2160 Z) and this is
completely reported in AE.L. No additional data is yet
avallable. | _

' The knowledge of Me V is far from being ccmplete. Even
'the ground configuration hd? is known to the extent of triplet
terms, 3p and 3P only. Known excited eonfigurations are all
made up by the addition, to one 4d electron, of a 5s, 5p, 5d
or 5f. Out of these hd5d and 4d4+f configurations are only
‘ partly known. A _

Tbe'energy level data is'repfoduced in Table III from
A &.L.and plotted in Fig. 3 |

zhg Flve Times Ionized Mclzbdenum Atom (MoVI)
| This simple 1-electron Rb I-like spectrum with Ld D3/2

as ground level was first studied by Trawick (1955) and followed
by Charles (1950). &.E.L. reports therefore, sixteen classified
lines of this spectrum combining seven terms in the fange of
260-1595 ) Six of these terms have been confirmed since then
with small improvement in_lenel values; only 6p 2p term is
nrevised by Romanov and.siriganov (1969) who have published a

‘detailed investigation of this spectrum. The spectral region
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of their investigaticn hes been 2200 - 6800 2, and covers 1afge
1 values up to 1 (1 = 6). Edlén applied his‘polarization formula
to connegt most of these levels with the ground term through a |
more accurate ionization potential value (1976,78 and private
communication).

Edlén alse predicted the4unperturbed'positien-of a' number
of unobserved levels of Me VI and hence of the ﬁnobserved'lines
connected with tbem. We have included in Table IV ali,the levels
that have been so far obtained in our laboratory (Singh 1977);
though some of them require confirmation.. All the levels are

plotted in Fig. L,

The Six Times Iodized Molybdenum Atom (MoVIT)

The six times ionized molybdenum atom has Krl-like struc-
ture. In the ground state, all the sub-shells are full hence a
1S°”levelvresults. Most of the excited configurations are made
of the addition of one nl electron ﬁo the parent kps configura~
tion, that gives rise to an inverted term 2P3/2,1/2 only..  The
structure of the_excited configurations shows instead'd§ §g;A1S .
situation, a marked pair coupling particularly in cése éfﬁtheiﬂ
additional electron being s; hpsns obeys to what is called s j
coupling and is the same thing as jj or sk in this case. Theore-
tical calculations predict a dominant pair-coupling also in
- some other casss like,kpsnp, but a cenfused situation prevails
for 1arge~l values of the external electron like nd. Inlthis
last case IS noﬁation are retained as nothing better is

available,
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The'ﬁnsplitted ground ierm'with j = 0 does not naturally
combine with any other exclted level except those for which
J = 1; In case of the excited states discussed above, it has
to be eltber s or d configuration that gives rise to two or
- three resonance transitions respectlvely. The observationvofl
 more than one strong tran51tion in either case is 1tself a
_sufficient indicator to the fact that IS-coupling is not a good
approximation here. 1In fact these resonance transitions are se -
strong that they stand out in dense spectra. Some resonance
transitions have also been dbserved from the internally excited
hshp65p ’3P1 levels. -
o ._Thefstrucﬁure of the next excited states in the coh#entional
IS—couplidg would have been |
wns @5 30 'y
1

E! D3 3 3.
Pys Dosi "Sqy “Py 4 09 “D3,0,9

h§5np, (n%5): 135’
. - 1. 1 S
‘Ahp5nd (nok+)s _1P1: Dy, F3’ 3P2,1,0’ 3D3’2,1’ 3Fh’3’2
A T T T S - |
)+p nf. . H D2’ F3’ G)+, 3D3,2’1’ 3Fl+,3’2’ 3G5,)+’3

3,

N i

-
73]

Ls Lp®ns

us_uﬁénf oy 1F3, 3)?2’3’2+

We will give in the Table 5 and Fige 5 concerned notations

more appropriate to the physical situatiob.
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The first work on Mo VII wss due to Charies (1950) who
identified five resonance lines correctly, establlshing L?%a
levels of 5s, 6s and 5d D1 related to the ground level.

Chaghtal extended his work (1969,70) followed by Reader and
Epstein (1972). This established J = 1A1evels of ns (n&10) and
nd (n€6) as given in Table 5 and plotted on Fig. 5.

In our laboratery it is attempted to identify transitions
between ns and n‘p(n, n' = 5-7) configurationé so as to fing out
_ their complete level structure (Singh 1977). These levels are
~ plotted in Fig. 5, although they need confirmation.

Mo VII spectrum has been studied from about 100 to 2500 A.

The Seven Times Tonized Molzbdenum'Atom §MoVIII)

The seven times ionized molybdenum atom is isoelectronic

with the balogen Br I. There is an inverted doublet 2P3/2,1/2
as ground term arising out of the configuration‘hps. Most of
the excited levels are formed of the parent configuration Lpl,
which consists of one inverted triplet and two singlets namely
3P2’1,0, D2, 1S1.in order of increasing energy. The-grqund
levels combine with nd and ns configurations only, but the
internally excited 4s hpé 281/2 level also gives strong reso-
nance tranéitions that become mostvprominent for ionizations

_ greater than two times. In case of kp“

ns, the structure shows
palr coupling eminently, where as 4d structure could retain an
1S or 1IS-like character. |

The first work on Mo VIII was published by Charles (1950) -
who reported the resonance transitions from 4s up6, hpkhd and

hph5s.configurations. ‘His work was revised by Chaghtai(1969,70),



nerizls 4- 750, S¢ cnd 4n° 88, ‘7t have been studisd only by
Y ~int e = P 2 4 ~ ~ - =
Cheghtei st el in our lazberestery (1973), but no work hss besen

reneorted con trensitiond hetween The differeni excited configurs-

<he study of eight times ionized molybdenum ator was
(

initieted by Chazhtai (1252-7) but it was performed in detezil
only et Alizerh mainly by Lhatoon {1976,78,78A,79).~ Yo IX
with 34 electrons i% isoelectronic with e I, The grouad
COQfl"u" tion 49 Drccks up into an inverted triplet 3P2,0,1
and two singlets "Bgp  S55.  The anomelous order of levels in
3P is in accordznes with the Condon and Shortley theory of

served by Chaghtel for the fir:st
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I The ground configursition
. 10 SR . <
is 3d 7 4s end sxcept for 34 4s4p, 38 4p , all the known
. . . ' - L .
excited configurstions ere of the type 3d nl. Alexander et &l,
(1271) were the first ‘o record the spectrum of Mo XIV in the
‘ 0
region 45-380 4 with a2 low inductence sperk; they identified
the strong 4s-5p, 4s-8p, 4p-5s, 4p-5d and 4d-5f transitions,

Py

In 1972, Hinnov et zl, spotted the 4s-4p resonsnce doublet on
the Princeton 5.T. Tokamak machine, |

In July 1277, Curtis et al'publi&hed a2 perer oﬁ o IV
based on Edlén's olé reecscrding., . Tais deegls with
icéentificstion of 4s-7p, 4p~6s, 4p-7s, 4p-3s, &f=Cg, 4f-Cg

and 4d-5p transitions, along with life time determination of

the stestes involved., wavelength azccuracy of this werk is

{2 1]

limited to + 0.5 or + 0.2 4 only, and the reporteé icsntifice-

ané 4f-5z from the paper’
on this =psectrum by Zesder et al, (1979), rresumably because
he spectrum mesasursment Gifficulty thet Curtis et 2l met
with in the longer wavelength region these lines ere situested in,
Iin view of ths zccurste pezsurement of Header et zl.,

a2 -} Tt Aatnd Reta P \ s
we are rapeorting the consolidstsd CGete Trom their paper

- c - - - ~ 2
150 from thers, These tranciticas lie in the speselirzl region
~, "Qﬂ o i}

/O - CW AO
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“rree giditicnel paners heave arpeersd In the last two
¢
. =T c 3 - e PP I e = = s ~2
yeers conh lic IV tTrensitions observed in Wie O0-24 4 rsziong

- . . 3 e Tare micim e s PR o Al Lo mim s -
they ere suthered by Zurithzlter et z1 (128)), Ilenicch =t &

e ol S T e, - - e 2, s 2 o 3 b e
{1981} and Wyert st al (1281), ©The transitions involved have
2

AC 4 222 1o, 24

~ — J
4n=33"4p end

the cround conficuration consists

of 211 closed subshells up to 2&, hence 2 *
t

r

o & ground level,

of the excited configurations will zrise ocut of the

N

elevation of & 36 electron to a highzr level, resulting in
3801 for verious possible values of n and 1., AleXander et &l
their zforementicned rpeper reported ths three transitions

from the 3p 4r configurstilon (J=!) thet can combine with the

e m

. o s [
linzs frco thes DIZE Tokamak.

] T e . =
from 33%4p and 28 4f; Scawitzer et al {1281) also reported
. 9.
tham with “he addition of those from 3¢ 5f, ryart et 21 (1921)
el
confirmed the transiticns from 34°4p, but Zuritheltsr et &
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of the resonsnces trensiticn 34874F "2, FLan¢field &% &l
- =
P e A . -~ RV - ~ - =r
forng It lying in the oY - 3874: vend cof Mo X1l

ce s . . . : 5..2
<his is & Co I-like ion with 27 electrons, 3p 3d° as

2 P
ground configuretion and "Dz p a¢ the lowest level, 3zZdlan
first to ideantify thz rescnance transitions Zp 34

5,410 2

D- 33

was the
2 . N 5 =

F in e vecuun spark spectrum; Alexender et al
{1271) measursd them, Then schwob et a2l (1977) classified

. . . ) 9 RS .
three lincs a8 Yo XVI transitions 33 =~ 3¢ 4p, 4f without

:

assigning terms and levels, .

Hansfield et 2l in their detziled paper of 1278 icdentifisd
transitions from 3d845, 4p, 4, of lo X1, confirming further
‘Zdlent's identificetions., It was folldwed;by the“paper of
Btr:halter et el {198@)in which they established 54 energy
levels cf o VI belonging to the configurations 3p 34 ,

5..10 .8 8 ~
Sp 347, 34 4p and 3¢74f, The speciram for this study was

produced in &z low inductance vacuum spark and a laser generated
plasme, This peper confirms ezrlier identificetions except

those concerninz 3¢ 4, end mates a rich Sontribution of its

OV,

° < < e S 2 T - -0 Tl s o 2
ziven ia table 12 end pletted in Fig, 18, 1he spesctrunm is
Stuoisld iz BSUTR 0 wavelzsncsth reocion
STuclel 1n ths cz-/p &£ VaeVelznglld TSELOI.

. .- .~ s - P -
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tion heve bzen £twudisd by zZogCeameviche et al (1280) =

“the excited confiz suration have besn esteblished, Thrze
the former and two of ths letver ere frashly

f
v the 1aﬁer authers; othcrwise the two lists egree wit

e
+3

0
H

ior to these pepers, kansfield et 2zl (1978) were

first to ildentify trensitions in this spectirum involvin

ravised

hin

the

g the

. 7 : . :
ground and -the 3d 4p confvcu ione, 1Ihe lzstter one hss 2ot

& myllce 2d structure because of ths three holss 'and one

elecuron involved, 1Ine grounc structurs heving bzen ds

in the above mzntioned two papers, we could dGetermine level
elt

veluss of 8d74p from this third peper, 1ouvh it revo

termined

rts

2 lot of blbnded groups of lines. Levels ( E) , (7 =) Id,

thzt could not be rssolved bscause they are surposed o

rise to zn unresolved structure extendinz from £2.08 to

e . « a2 1N Rt Vsl 3 2 .Y -]
Snsrgy levels of ke ZVII are given in teble 14 and
3 - Pl
ln Fls. lt.
- - hiaie ¢
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4
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(%) ®py, (%6, 5/0a and (%Fyp o) ere the only ones

sive
plotted
(1220)
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Trurm by schwob et gl elso. The reporisd transitions
de net leed to ény level detzrminetion and ars listec in
Table 20.

~chwob =t &l in their 1377 papers have elso classified
some lines ¢f Tokamall rsdietion as transitions in spectrs
tio XIX -2V, These led as to derive the few levels of
Cantatd .

Mo 2OV and lo IZU given in tzble 19 and traasitions are

assemoled in tabdle 20.

e
The tnirtietn'Specfrum of lio is isoslectronic with Al I,
Tne ion conteins 13 elscironSand will zive rise to a one=-clectiron
spectrum dominently, cue to the excitetion of the outer most .
3p electfon from thz ground state, 4 pert of the spectrum can,

‘however, have & thrze-elecirorn siructure, erising out of the

exycitetion of one 38 elzctron.

.

L numper of tresnsitions in this spectrumr heve besen:reported’
by Burkhelter et a1l (1977) 2nd lansfield =zt a1l (127R). Rejectiing

the apparently inconsistant identifications, we heve dsrived

from *them the casrgy levels reporitsd in tevle 15 the
three & 3p2 lsvels hezve not besen designeted; the cerived
snerzy lesvels zrs plotted in fiz, 17, The spectrom is studied
in the 15=17 2 wevelength region,
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e
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e fdades

fwo pezrers exist nn tne experimentel observetion: cf this

. o 1
e T "-T"Q o +7'o| e ~ o G o ':"Lé ) e T i £ '-‘t T -
el A= lAnT npuCu-.A_. \OI’Oun“ = uc VT Ow "O,.l viie I4rs noves o1
T, - N Ay . . ~ e e~ Fin o~ a P
Durknelter et 2l (2277) wss followed b rzther Getailed peper
- Y . PN X A P 7 3.7 : 5 S s -~ - -
vy mznsfielc et &l (1278), We tried to derive tas ensrgy levsls

g
from the treansitions reportedly identified by these authors
and met with some success, Ten configurstions could be worked

cut in pert, 4s the reported spectrum consists of & number of

3

unresclved structures, the term anzlysis invelved certain.

aprroximetions, Levels of Ep3d could be rezched from the grouand
: 2

L=

level via 3s3d or &p . 'Tne two sets of values thus obteained
showed gross inccnsistencies zné this caéted heevy sihadow of
doubt on the renortsd identifications. We are, therefore repro-
ducing the reported transitions in table 20, ignoring the level

structure,

to XTI

This is Ka I-llke simple one electron spectrum with
3s 2~7':L/2 ground levsl, Interest in this spectrum was aroused
by the cobservetion in Tokamak radistion of two ko ZTUI
transitions by iinnov (19765) end three others by schwob et
(1277),  Burknezlter et al (1977) came up with an analysis of
this spectrum estzblishing 17 lsvels on the basis of 22 transie

tions observed in & les=r produced plasma, Iliznsfisld et al
im

@
f)‘
| 4]
O
13
m
e
m

proved urcn their meesuremsnts znd add

itions wnich yielded two more levels,

Yie zre renortinz snergy levels derived from the lafter autzorst
~ - ~ . - - P -~ } . yqr ~ b o o~ "
nzper, (istle 13,Fiz,15), The stucies cover the wevelenzin regiol
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The ztedy of tanis Fe I-1ile lcn (zround lsvel 2s8%2pY To))

)
begen with Azlitskii et al (12785) wio recerted siz rescasnce
trznsitions; Zurknszlter et &l folleowed them (1977 2nd 187) with
10 and 17 resconaace lines recpectively. .~3zlitslkii nas recentls
(1972) improved messurement of five tranSitions reported oy him
garlier, idnergy levele in table 17 zre derived from the best
reportzé messSurements, the Spectrum having been situsted 3-5 2.

it bl ¢ d

¢~JA.J.
AN

This Fl1 iI-like ion (zround level 4p

work of Zoilke =t 21 (127R) wio ide

their (1978) peper, Quoted many times

out two of these treg aSltlona. Levels

ntified

er sroduced rlasma, EZurkhelter et el

3/2) is known through
4

.~
<G

(@]

2

-
o

. S
nine 2p -2p

phs)

apbove, nave also Spotted

ere given in tevle 18 znd

rlotted in Fig. 17,
lo XL, 201 and JO0IT

Lattly w& r£ust meation the peper of Iurecheck and Iunze
(1275) on the Ze I- and % I-like spectra of Mo XLI and ko ILII,
and thet of Zeisr et 2l (1278) on Yo XL, XZLI. surposing the
identificetions corrsct, we zre reporting from them 9 excited

evels (Teble 12) of these tnoree spectra, obszrved between 0.5

end 0,7 i. The latter perer includes predictions on z number of
not yet obsesrved trzasiticne in le XD and 24l.
Conclusion

Thic surveyr of krowlsdze ¢f tne ctroclure of varicus moly-
tdenum Sspeetre tells uvs, awmerg other tiings, how much room tThirs
is fcr eriginel :tudies of these fpsetra., o 4 and lio II ere wel
Zopwn end very littls can oe adled to tnelr undsriilanéing, (aly
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Lnowledge of resonance transitions of ko VII is elmost
complete, but study of treansiticns between excited configuretions
hss cnly been stertéd in our lavorstory. Complete knowledge of

the structure cof these coanfigurations will be obtzined only when

w

gQ
the present Studies are completed,
" The structure of ns (n = 5-7) and nd (n = 4-B) coafizurstions
of ko VIII-X is zimost well koowa, though Studies of transitions
to the ground levels from them., The internslly excited 4£4pk

(k

6&:5) coafigurziicns .are elso made known likewise, Trznsi-

ticas between excited configurstions have to be studied to

deteraine the structure bf np, af ete, configurations of these
spsctra, |

The study of Mo XI and ko XII has vegun; lio XIV and ko AVI,
XViI are known Juite sufficiently, elong with ko XTI, IKIII.
Sixteen other Mo spectre ere known fregmentarily, namel&
Mo XIII, XV, XVIII-XOV, XXX, 1OGI, O3V, XI-XLII. The res

of Mo spectres are cecmpletely unkaown so fer.
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Table 1: Observed Energy levels of Mo ITII.

Configuration

Terms

E (ex~1)

L

a 5D

O £ w N

-

-t

O - P

v O Wwowm Fow F WDy FoD

0,00
243.10C
669.60

1225 .20
1873.80

- 11273630

12509 .80

- 14357.30

12630.31

13201034

13741.54
13927.76
13947 440
114+295 .85

' .1 5672 925

16143415

16763413

19390.90
19783.28

- 19995 .50

30992450
32292.70
32887.80



Table 1 contde..

ok

a3 Iss

a3 *p)5s

MdB(hF)Ss’

4d3(%6 )5s

443 (2P)5s

ud3(¥F>5p

o VM F ow N

N ow F

- U Fw e

O WM F W F Ww v w n

-~

- 31932450
3214280

32126450
3241 9 oty
328k .04

3345310
3422601

~ 35130410

42405 «50
42665 .90
43462469

L2605 .84

4356261
414656423
46557496
46581403
L8753 445
49052.05

‘7385hf05 }

74725 oSl

7581748

771 14011
78690421 .

- 75973.01

76837.80

7815942



Table 1 contGeeses

a3 *p)5p

?
¢

hd3(hF)6s

~26~

-t

O WM F w

O £ w P F Ww =

F w o o=

F F w o

7773496
78058 +00
7857530
79498.00
8034k 006

7856900
78678.30
79014.90
795009 ol

- 80096.48

79469 .30
8035560
81299.90
8152193
81601480

- 81867.00

82221.00

- 82772.87

8568430
86427 .80
87392.80
83148470
BLSLS 49
131462, 31
1 31826,00
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Table 1 contleeese .

1322%4.79
133056400
134012430
134403.00
135375400
136470.00

6*53?'

F W mF w

- a, b, ¢ z and y. are the parentages in author's notation
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Table 2: Observed Energy levels of Mo IV.

Configurations Designation J E (ex™ )
had WER 3/2 0.0
5/2 : . 78040
7/2 1759.0
| . 9/2 2858.6
4a2 (355 55 UF 3/2 60893 ok
| 5/2 6162441
7/2 62705 +3
9/2 64042 o 6
ka2 (3F)5p 5p “F 32 11175645
- 5/2 11292140
7/2 11461944
| - 9/2 11595647
wa?Grysp 0 5p D 172 115790 ok
3/2 1165843
5/2 117602.3
72 1180765

Mo V(%Z) | Limit - 374180
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Table 3:‘Observed Energy levels of Mo V

Configurations Terms  J "E (em™!)

000
1585
3359

11165
11812
13413
83971
92381
93113
‘94837
141150
147209

- 148950
151212
153041
150346
151196
155033
151760
157060
1 156616
| 157852
va(®p)5a p 2 212620

4g° 3

O F w N

n N -

kd(zD)5s p

W
o
-t

ba(®p)5p I

LY
o
- - W w n

O N F L PN W N

[\ V]



Table 3 contdeecese

hd(2D3kf
4d (2D)54
4d (PDIuE

Mo VI (293/2)

Limit

-

W Fw FwnoFwN

213840
214671
214786
215874
231724
234886
2&111;
236714
239071
242104
243665
24181
245830
493360
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Table 4: Observed Energy levels of Mo VI.

Design: J E (ex™ 1) B n-n* Calculated E
~ (Edlen, 76)
44 2p 3/2 0 142318
2583" |
5/2 25837 1.3256 2582
58 % 1/2 1197257 1.9870 119725
5p 2P - 1/2 182k 04T 1743 18240k
B 49277
3/2 187331° 1.7216 187332
ke F 572 267038° 042954 267036
o 4o7°
7/2 267445° 042928 267446
54 > 32 282819 1.1895 282814
7877 )
5/2 - 2836067 141840 283600
6s %5 1/2 3138037 1.9521 313800
ép 2P 1/2 " os71R 147077 - 340564
| 1992° |
3/2 }42563% 1.6866 }#2556
5¢ 2F 5/2 376414 04295k
| 157
- 7/2 376571 02933
6d 4D 3/2 - 3861 663 141613 386158
3878 |
5/2 3865537 1.1558 386545
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Table l'l‘ contdeeses

5S¢ 26 7/2,9/2 395172  0.0268 395113
78 %5 1/2 400768 o 1.9373 (4007004300
7% 12 L14850° 11,6885 14846
| | 1205% -
3/2 © 416055° 146659 416061
7a% 32 439460 1.1498 439458
| 208 | | |
5/2 439688% 101443 13968k
6 F 572 441183 | 041059 T 441179
114°
7/2 k129 041031 1204
6g G 7/2,9/2 443738 040386 413710
8p 2 1/2 453064 1.7716
91
" 3/2 453155 147689
7g %G 7/249/2 h?szooB 040459 473198
7 2 9/2,11/2  bo62™ - 0.0093 474068
8g %6 7/2,9/2 492377 0.0511 492379
'8h 2B 9/2,11/2  49302kT 0096 493021
81 %1  11/2,13/2 u493114E © 040038 493119

Idmit hpé L% | 2D3/2 - hpé 18 = 554900 + 200 cm -1
' (evaluated by B. Bdlén)

Originally estimated by

T = Trawick
C = Charles -
R = Romanov and Striganov, they report splitting of 6g and 7 levels

by 2.73 and 3.07 cm-1 respectlvely.
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‘Table 5; Observed Energy levels of Mo VII

Configurations -  Terms J E (e )
Cup® DR 0 0400
CupS ke B 1 305563
35p 1 31711

| p 1 417538
4p? 55 (3/2, 1/2) 1 481294
s /2, 1/2) 1 502930
4psd 3p 1 658992
- 3D , 1 66904¢
_ 3 ‘ 1 689779
L*ps bs - : (3/2, 1/2) 1 710061
) (1/2, 1/2) | 1 732563
wp?6a .3 o 795520
wp® 75 (3/2, 1/2) 1 816413
| (1/2, 1/2) 1 8332
4p? Bs (3/2, 1/2) 1 874998
(172, 1/2) 1 898093
kp® 9s | (3/2, 172) 1 910830
4p° 10s (3/2, 1/2) 1 93536
bs 4p® 5p - dp 1 780390

3 1 789696
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Table 6: Observed Energy Ievels of Mo VIIT.

Configurations Te rms J E (em™ 1)
bs? hp? %p 3/2 0.0
1/2 | 23276
s 4p® 25 1/2 233830
452 bp* ba (3p) Y 5/2 308699
w4 3/2 309938
o M 3/2 335663
n by 5/2 337941
s TR 336936 -
no p 3/2 339525
- 5/2 36215
52 357811
2p o 3/2 421559
2p 1/2 430969
2p 5/2 426778
2p 3/2 L7876
(‘py 2p 3/2 348832
2% 42 330800
n  2p 5/2 353148
n  9p 3/2 341362
w % 5/2 371341
n s 1/2 411512
sy %d 572 404903
n 2p 3/2 394545



Table 6 contd.

Ls2 up* 5g

4s2 kot 6a

......

n

(so)

"

°P,)

(3p;)

"

ey

—a
('p,)

f

LS I M)
O w

[\M]
o

)\
(&

S <

o

LAS I \V
o wd

1/2
5/2
3/2
5/2
3/2
5/2
3/2

- 5/2

3/2
1/2
3/2
1/2
5/2
3/2
5/2
5/2
3/2
5/2
3/2

52

3/2
5/2
3/2
1/2
3/2
5/2

- 730472 -
. 7ul258

741552
748161
745165
749531
750937
733372
731073
759112
7619h1,
770370
763015
767167

764770

800351
789781
890834 -
891999
9075 34
906608

909889

910220
920428
921068 .

923747



"Table 6 contdee.

2 ’ \
Ls kp“ ns

ry,1/2)

(3p,,1/2)

| (3p,,1/2)

.(1

35,1/2)

1a
('5451/2)

=36-

1/2
3/2

32 -

5/2
3/2
1/2 .
3/2
1/2
5/2
3/2

172

6s

789754
791823
B066 1k
810363
812274
825687
825714
862803

Zs

916634
219154
928921
932812
93436k
948129

. 948153

982044
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Table 7: Observed Energy levels of Mo IX (ecm™ ')

Designation  E (em™1)
ks? ko'
3p, o
3p, 16589
3p, 20576 .
', 35674
15, 72885
4 bp?
3, 23312249
3, 24611340
3p, | 25653647
B, 295624.1
4s? 4p3 ng bg 54 64
b Sp, - 347777 797355 987579
r, 350k 800579 990382
b F, 353696 - -
> 3oy - 362277 - 82253k 1014603
c Tp, - 381528 828728 1016860
¢ 3p, 1380383 825266 - 1015585
c 3P1 388801 830015 1018148
¢ 3, 392634 - -
c 3Fé - 395360 - -
c 3F2 - 396711 - -
c 3D3 k02590 839507 1024196
405 68L 839713 1025122



Table 7 contdee...

o o v o
o
d
n

» o @
Lo W
S

o o @
-
o
n

¢ P

416746
419123

- 24009

L20947
431498
433445
L1012

‘447509
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Table 9: Observed Energx levels of Mo XI.

Configurations Terms J E (e 1)
ﬁfﬂ?[ 3p 0 0

| - 3p R 17590

3 | 2 7136

) 2 54719

B 0 81808

ks hpd 3 1 335178
| p B 362196

4g? bp kd p 2 380832
. 3F 3 390018

p 2 415602

3p 1 424400

3p 2 430145

3p 0 | | 1»35558

3 1 | 41686

3p 3 L4196

3p 2 445333
p 3 475300

1 1 482661

g2 4p 5$ R 3p 0 .. 707202

3 909077
2 735196

P 1 739589
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Table 10: Observed Energy levels of Mo XII

Configurations Terms J CE (cm‘j)‘
g2 Lp 2p 1/2 0.00
| | 32 28359
| bs? g | 2y - 3/2 419709
5/2 425986
ks hp? 3 1/2 306175
2p 1/2 325507
3/2 332029
“p 1/2 191028
B 3/2 | 200337
5/2 ' - 2144B2
L p> bs 3/2 49596
| 2p 3/2 527661
5/2 - 535296
2, 1/2 558108
/2 573486
ve? 5 I

5/2 820489
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21 °F 5/2 1023350
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56 % 2/2 1272412
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5¢ %7 5/2 1540440
7/2 12540574
5z 2o 7/2 ,2/2 1577545
35 2 1/2 1579705

1341205

2700101
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I»; 4
,(4333?) “p 3/2 2171800
_(2D_,lD) 23 3/2 2130320
2. 3.2 5
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Tzble 18, Znergy levels of lio ZLTITI.

Desiznetion J > (em
5. 2 - ]

2p 3 % | 12 0.00
[ 2 » . 2 L'\"'./" ~
3/2 782410

o s
3d “D . 3/2 1525200
5/2 1570200

9

4s <8 1/2 5530700
4 % 1/2 5368100
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5/2 7250700
ir ép 572 7391200
7/2 7401700
s5p %P 3/2 9735200
58 2D 3/2 9882200
5/2 3878300

= 2 = lp)
5¢ °F 5/2 9946200
7/2 3231700
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Be (21 /0) s2a( %D, p)) 1 . 27470000 B
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