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structures énd therhodynamic data for the elements and their compbunds.

Ener~1es of the Blectronlc Conflgurat:ons of the Lanthanlde
and Actinide Neutral Atoms

Leo Brewer -

Inorganic Materials Research Division,
Iawrence Radiation Laboratory
and Department of Chemistry,

University of California,
Berkeley, California 94720

ABSTRACT
The thermodynamlc data for the Janthanide and |
actinide metals have been comblned w1th spectroscopic
'daﬁa’to devglop.a‘method of estimating.tﬁe.energies .
~of the elec%ronic configurations of thefneutrgl‘gaséOus
‘ atoms; Term values are tabulated for thé lowest spec-'

troscopic states of each configuration. Many of the

odd terms of Lal have been reclassified.

INTRODUCTION

The energies of the various eléctronic'configuratidns of the gaseous.

atoms provide important information that can be used to Tix the crystal

1,2,3
Conversely, thermodynamic data can be used to fix the energies of elecé

tronic configurations. In particular, the relationships between lattice
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constants, meltlnv p01nfs, and enthalpies of subllmntlon and the cohe31ve
energles of the metals canvbe used to predlct some’ of the m1s51ng energies
of electrohlc‘conflguratlons of the gaseous lanthanlde.and:actlnlde‘atoms.

| I had been thﬁarted'from working wiﬁh the lanthanides and actinides
earller because of the bellef that v1rtually no spcctroscoplc data were
‘avallable. However, in response to the challengey to apply to the acti-
nides.ghe method° successful for predictlng the behavior of trans1tlon
metals, I dlscovered that sufflclent spectroscoplc 1nformatlon had’ been

added durlng the last decade to allow detalled predlctlons of the metal-

‘1urgical chemlstry of the lanthanides and actlnldes.

Comparison of Melting and Boilingf?oints of ‘the Lanthanides

The use of spectroscopic data to interpret thermodynamic data is

o illustrated by the dilemma . posed by Figure 1 which contrasts the varlationv‘

of" meltlng point of the 1anthanide metals with the varlatlon of enthalpy
d of subllmation, which is closelyvproportlonal to_the boillhg p01nt. . The
relationship-hetween lattice constant and namber of'electronsfased in |
bondlngS'é-establishes that fhe lanthanide metals use.essentially_only
three valence electrOns for bonding.ercept for Eu ahd‘Yb.which_use'onlyv,
two bohdihg.electrons. When bonding is similar in the solid and liquid -
vphases,>the reltingvpoint is.expected tovincrease with~increase of the
strehgth of bonding or the cohesive ehergy; fThus_the'low.melting'points
- of Eu and Yb are clearly related to their bivalent bonding character.

For the trivalent metals, the generallincrease~in meltihg point with in--
crease~ofdnuclear chargeAand corresponding”decrease'in atomlcdradius is

attributed to incrcasing'cohesive‘energy; Howe;er,vthe enthalpieS’of‘_."

subliﬁatibn show a steady decrease from La to Sm in contrast to the.
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._iﬁcréaéé‘in'melting'points. Then there is_ah.gbruptiincfeése in enthalpy‘
of’subliminatibn.fdr:Gd'followed-égain by a’decyeaSe'in-eﬁthalpies of
Sublimation'running contrary to the increasing melting_péints.

. The cdntfadictioﬁ betweén the'frends in mélﬁing and boiling points
is resolved by examining Figure'2 whicﬁ shoﬁs’fhe'energies~of.the'lqwcst
electronic States of.sdme.qf the configurations of the.lanthanides; As’
the 4f eleéfrons do not cdﬁtribﬁte significantly to bonding,-thé divaiént
pr‘trivalent character 6f a given COnfiguration‘isJAétermined by the
number of non-f eleétroﬁs.' In-cohtrasﬁ to the trivalent character of
the lanthaﬁide.ﬁetais'ofher'than’Eu and Yb, the ground électronic'statés
of almost_all'of the gaseous lanthanides are divalent.' As one goes |
~from Ia to Eu, the energyvof’thevdivalent groupd.state.drops'steadily:
relative f§ the trivalent,electrohic configurations. -There is a sudden
Jump invenérgy of the divalent state of Gd followed by éudrop for the
heavier lanthanides;  It is clear that the abnorméiiﬁy'of;the-trend in
boiling points is not to be attributed.to the met;llic'phase, but is due
to &bngrmality ofvthe éas.' The,vapoi'consiéts preddminatelyvof'atoms of
differéﬁt valence character than in the metal.> The‘correct.measure of
the cohesive energy-ié the epthalpy éf.sublimatioﬁ_to_a gaseous atom with-
fhe same électionic configurafién as in the metai. Figure 3 shows
melting pbinﬁ trend again compared now with the cohesive gnergj or the
enthalpy of.suﬁlimation of thevtrivalent metals to.the gasebus atom'in
a trivalent electronic state. For Eu and Yo, a bivalent valénée state
was used. The cohesive energies as measured by the energy required t&
puli apd;t the atoms without change in eléctrdnié\gonfiguration‘are_seéﬁ

to show the same trend as the melting points with the exception of4Ce
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vhich is oomplicated by contributions from several eleotr)nic'configurations

in the liquid state.

Calculation of Enerpgy Differences of Divalent oni Trivalent Stétes-

TIn those instances where the metal is trivalent and 1hé grou9d5state

of the gas is divalent, one can use the’enthalpies‘of sub. imation deter-

mined from vapor pressure measurements to calculate she erergy difference
between the lowest speCtroscopic state of the trival:nt bcnding c0nfigura§

tion and the bivaientvground state for the gaéeous asom. For exampie,

when the electronic configuration in the‘métal can.be fixed as fn'3dsp

2,3

on ‘the basms of the crystal - structure of the metal ard the ground

state of the‘gaseous atom corresponds to the f ‘2s2 configuration,-the

n-3

energy difference beﬁWeen the 1owest'spectroscopic s tates of'the.f dsp
and fné?se oonfigufations is given by ths différohcé betwcen the valehoe
StoteAenﬁhalpy of sublimation or bonding enthaipy;shoWn ir. Figufe 4, and
the experimental enfhalpy of subiimation. The‘methOl.wili be illustrated
by the example of holmium{ The &ariation‘of bon&ing enth:.1py with atoﬁic
nuober is smooth enough and siOW»enough‘so thatvone can fvliably inter-
polate between the known points of Figure 4 for Dy aid Er to obtain a

0

value of 137.5 kecal/gram atom evolved when Ho in the £2%;s 8M25/2

, gaséoussatomic state condensés-fo metallic Ho with hexagoral crystal

“structure. The calculation of the known points of Figure L can te illus- -

trated for Er. The ground electronlc state of gaseous Er is f

I
and from Flgure 2 we sée that the fl dsp M12 state of gaseous EI is

12 2 3H6

22 900 cm l or 6).7 Leal higher in energy. The enthalpy of sublimation

of hexawonal Er at 298°K to the 3H6 ground °tate of the gaseou° atom has

beenidetermlned as 75.8 kcal/gram-atom.7 The bondlng enthalpy of illd°p
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7M12'atoms to form hexagonal metallic Er is then 75.8 + 65.7 = 141.5 keal/

gram atom. The correspoﬁding bonding enthdlpy of hexagonal Dy is 133.5

keal/gram atom. A linear interpolation yields the 137.5 kcal value for

Ho.  The erperimental enthalpy of sublimation of hexagonal Ho metal to

11 2ho
the £ s 115/2vg

obtains 137.5-71.9 = 65.6 keal or 22 900 cm~

aseous ground state is 71.9 kcal/gram atom.7 Thus one .
1 as the energy of the flodsp
state of Ho above the ground state. As one can fix the energy of

10. 2 6

the.flodsP SMZ at 15 200 cm'l‘aﬁove‘the energy of the f ds 117/é.

| 25/2
state, the lovest trivalent level, by methods to be described below, the
difference in energy bétWeeh the lowest divalent and trivalent states of

12 odse, respectively, is 7 700 em L.

b and fl
Similar calpulations can be carried out for most of the other ianf
thanides and actinides. However, for Eu, Yb, Md, and No, whiéh are
bivalent,fpr'La, Gd, Iu, Ac, Cﬁ,tand.hr, which are trivalent, and for

Th, which is tetravalent; fbr both the metal and the ground state of the
gas, no information can bé obtained from the heat of sublimation concern-
ing the energy difference between electronic states of différént valency.
For Ce, the:gas and most §f its metallic forms are trivalent, but to the
vextént that the dense face-centered cubic form of Ce can be considered
tetravalent, information concérning the energy difference between tri-
and tetra-valent states of Ce can be éstimated. For all other lanthanides
and actinides, excepting Pa, U, and Np, the heats of sublimation are |
directly related tovthe promotion energy required to raiée.the ground
divalent electronic state to a trivalent state.. Thé ground states of

Pa and U are trivalent and the ground state of Np is divalent, but the

~a.

metallic states use valencies of four and higher and the heats of
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suﬁiimatipﬁ ﬁil; bé rélated o the fel&tive'énergies ofvseverél,Vaiéﬁée
le?els.'_Fbrvthése metals with different valéncies-in the métai aﬁd gas,
~ the pfométion energy between the gaseous states of different Valency is .
givén by the equatibn: Promotioﬁ Energ&’: Bonding Energy minus Energy of
Subliﬁatidn. Where the subiimationvenergyvis not known, but thevpromotion
énergy is know, the sublimatioﬁ energy cén b¢ predicted by the reverse

calculation;t

'éiedictionidf Enefgigs of Eléctrqhic configufatiéns
“The éroblem of esﬁimating the é;exgies of the varibus electrdnic con-
figuratiohs inthé gaSeous_atoms can be divided into ﬁwo,parté.> The first
is the determination of the relative energies of states of a,given étdm of
different valency or with different numbers of f electrons. The second
is the detérmination'df‘the energy differences between different'glectronic
cbnfiguraﬁions with the same-Valenéy or with‘the ééme number of f elec-

_ 8 _ - S ‘ o S
trons. Racah had suggested methods of estimating energy differences be-

tween states of different valency and Caﬁus9 and’Fi-edlo have presented plots N

which could be‘interpoléted or extrapoiated to obtain estimates. I have
combined thesé'methods with values obtained through use of heats of subli-

mation as deséribed above to obtain the values of Figure 5 for the energies

of the lowest electronic state of the f§-282 cbnfiguration compared to the

n-3. 2

lowest}elecﬁronic state of the f “ds~ configuration for all of the lanthanides.

and actinides. In addition the energies of theleWest electronic state of
the t7~*a2s?
lanthanide for which a tetravalent value can be given is cerium for which

the}dQSe 3F2'state is estimated to lie 36 000 cm'l<aboVe the ground

f&s? :}Gﬁ state.

s~ configuration are given for the actinides Th to Pu. The only

e e e e v e A ke




=T-
The second purt ofvtbe‘pfOblem of the energies of different con-
figurations of the same valency depends upon considering the variations:
of'the'relative energies as a function of atomic number in terms of the.
relative*nﬁclear shielding by. f electrons of the s,p, and d clectrons.

9

Camus”, Nir'®, and other authorslhave noted that there werc indications’
of smoéth Vériation of relétiVe energies of diffefenf configﬁrationsv
with atémic number. - Eﬁdugh data are now available to demonstréte that
quite accﬁrate predictions can be made for many configﬁrationé and the -
'ability'tb'éredict_is repidly increasing as more data become a#ailabie.
To cﬁeck*on the acéﬁracy of my methods of prediction,'l prepared .
tables iﬁdiCating the estimated vaiues‘forvthe various configurations
along withllimits*of.uncertainty. The.table for a given element was
distributed among the spectroscopists ﬁho had published recently oﬁ-that _
;element. Altogether I reéeived thirty eight newly determined experimental
“values. Of these only thirty one 'ﬁere checks of my estimates;;theother

seveg ;valués that I had listed'wefe based on approximate values re-

ported-in.fhe literature that must have been based on preliminary measure-
mentS«as‘they were very cloée to.the accurate_experiﬁental'valués. |
Virtually everY new tésplt was within the 1imits.0f3uncertaiﬁﬁy that I
had iistgd. Of.the nine checks of'my estimates of fn'zsp or fn-3dsp |
energies relafive tb £-2g2 aﬁd_fn-3dse, iespectively,'the differences
between the experimental and estimated energies varied from less than  ’
106 to 900 e~ with an avefage deviation of 350 em™L. For the fn'eds,
',fn~3d23, and fp-hdss configuratidns relative to the éorrespopding 2

1

configurations, the average deviation was 750 cm ~. For the configura-

tiohs_pe,'dp, dep,.and s2p relative to 32 and dse, respectively, the

average deviation was 3000 gm-l. The average deviation»for the d3‘con-

figurations was 2600 em Y. The average deviation of the energy difference
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betweeﬁ divalent and trivalent states was'166Q ¢mflvand,with"one excep-
tidn;thé average deviation for éstimaﬁes.df’the ehergyldifference'betﬁéén .
trivalent and tetravalent states was 2500 cm l. Wifh the inclusioh of ~
these new data, the uncertalnty of the remaining estlmates has been con-
51derab1y reduced. -

The one serious dlscrepancy in the estlmatlon of the energy of the
.tetravalent states of Pu has 1mportant,conseqpences in regard to'lnter-
pretation of-the bonding of plutonidﬁ metal and ﬁill,be‘diSCussgd in moré
detail in a fbrthéoming»paper, but a brief discussion is appropriaté“v‘

here. The energy of the fhde 2 7M6 state of Pu has been recently fixed Z

at 36 051 em™ from which the fhd3s 9M5fstatecan be fixed at 42 500 gm-l.
I had first estimatedh the energy of.tﬁeifhd3S'state as >> 21 000 et
from which T drew the conClusion_thaﬁ'ﬁlutonium metal can not be using

more than three non—f electrons in bondlng. This conclusion is now

;flrmly fixed by the 5pectroscop1c data. However, the use of only threé
non—f electrons led to dlfflcultles in regard to the role of Sf elec-

trons in ‘bonding as | " the internuclear distance and heat of sub-
1imati0niof'Pu indicafed more than three bonding electrons. dﬁ the other
hand, one éanvacCount for the internuclear distances and heats of:sub_
limétiqn.bf the lanthanides and heavier aciinides withéut any substantial
conﬁribution of . £ electrons to‘tﬁe bondiﬁg._ The decisive argument
against use of f ‘electrons in bonding was the heat of sublimation of Pa -
ﬁhich wés smallerithan one would expect with usé“of the fd3s configﬁrétion .y
aésuming no cqntribution to'thé f electron.. On this basis I revised my
estimate of the tetravalent states of Np and Pu downwards. It now appears

that the heat of sublimation of Pa is in error to the extent of at least
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five kilocalories per moie-and»one must allow for significant contribe-
tien>of vaelectron boﬁding for tﬁe metals Pe,‘U, NP, and Pu. I.haye
also increaSed"m&‘esﬁimatee ef'the tetfavaleﬁt states of Np and'Am{to be
consistent with the new Pu data. = | |

'Ali ef“the_newly'determined daﬁa have been incorporated in Figures
6 and'7‘Which present the energies of the lowest spectr05copic states of:
the divaient configurations'of‘the lanthanides and actiﬂides,'respectiVely,
relative to a reference zero for the lowest state ef'the f-r_l'gs2 config-.
uration and iﬁ Figures 8 and 9 which present the corresponding values for
the trivalenf-configurations relative to a reference zero for the lowesf

state of the £ 5

as® configuration.

| The'energy required'to promote an s- electron to.a p  state can be
examined in terms of the sp-sQ, dsp- dse, dp- ds, and dep—dgs -energy dif-
ferences.‘ The first two promotions involve low’ levels whlch are less
mixed with other conflguratlons and show a very simple behav1or, The
two ep-sa cuiVes for the lahthanides and actinides and the twe dsp-sds2
curves-all_fall almost one en another with'onlyeslightlyvgreeeer (5-20%)
promotion energies for the actinides than for thejianthanides. There
is a slow linear increase of promotion energy with etomic number'uetilv>
'the. f shell is half-filled and a faster rate of increase fOrethe'secend'
half of ﬁhe.»f shell' fer example, 2‘60'cm"l per &7 for sp—s? up to Eu. i
and L60 cm-l ‘per AZ beyond Eu compared to lOO em L per'AZ for dep-dse
up to Gd and 480 cm } per JAV/S beyond Gd. The rate of 1ncrease of promo-
tlon energy with 2 ;s 2.3 to 2.7 times fastervfor the actinides-thanv'
for theilahthanides.. All of tﬁese results are those to ﬁe ekpceted on

the‘basis'df:thc p electron being better shielded from the nucleus by
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the £ elcctrons then erejthe s electrone. 'The'dpeds and dep-dgs

promofion energies‘varyvin e similaf but less regular waj»as tbése more .

exc1ted states interact more w1th other configurations. e | -
N & mlght have been expected that the curves of Figures, 6 9 would be

'vfmuch less regular and therefore less useful for maklng accurate predlct-

‘7v; 1ng'of mlss1ng values because ofrconflguratlon 1nteract10ns. The pro-

'"*chdurevused:here takes advantage of the fact that these interactions can

W-berexpected to-vary reasonably smoothly from element to element. The
_llowest state of each conflguratlon is used rather than the center of
”zgrav1ty because the energy of the lowest state is more useful for pre-
'edlctlng thermodynamlc propertles of metals. It_ls also often the least
perturbed'state, at least for low lying configuratiens,

~ The promotion of‘an s. or p electron to a .d' electron shows a more complex
behavior. As 2 is increaeed, the 4  electron fifst drops_in.energy as in the |
transition_metel series and theu starts to rise as the £ electrons.be;
come‘mbre effectiuefshieldere of the nuclear charge. The'inifiel drcp
and the subsequent increase is.mOre rapid fof the.ectinides fuan for the
lanthanides. . By consideration.of thesevvarious shielding effects, it
is poSsible to.fill in the‘miesing peints between the experimental'valuee,
‘which’are shown as circles in Figures 6-9, and to extrapolate beycnd the
experimenﬁglvpoinfs ae‘indiCated by dashed extensions ef the curves.
.Interpolated poinfs'cf-well behaved curves euch as the sp or dsp.curves
could be flxed w1th1£ an uncertalnty of lOO to 300 . cm 1."The values.from
the extrapolated-eurves obviously become less certain the greater the
extrapolatlon. A similar set of more poorly defined curves.wes also

prepared for the tetravalent ctates of the actinides.
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The relatlve energles of the various connguratlonu of a glven valence
cah then be comblned wlth the energy dlfferences given in Flgure 5 between
levels of different valence‘to obtain the spectrpscoplc term values. The
i most striking feature of Figure 5fis the more rapid.étabilizationvof the
divalenﬁvsfate relaﬁive'to the trivalent'sfate'fﬁr the first‘half.of the
lanthanides than for the first half of the actinides due to the'slowér
stablllzatlon of the f electrons for the actlnldes and the reverse be—
havior after the 1 subshell has been ‘half-filled. This variation accounts
for the greater volatility of the llghter lanthanldes coﬁparéd to the lighter:.
~actinides and predicts that the second half of fheaactinides.will be moré-’
volatilefthén the corresponding lanthanidés. 'TheAcontrasf in‘volatility
betwéen fhe first half of the lénthanides with the corresponding actinides
is enhanced by the use of tetravalent and higher valences by the actinides
from Th- to Np, A paper to be submitted to a metallurglcal Journal will:

detail the many métallurgical-applications of spectroscopic data.

" Tabulation of Term Vaiues

Tableé I-XXX present the.tefm Vhlﬁes of the iowest épectroscobic staté o
of each electron conflguratlon llsted for all of the 1anthan1des and ac-
tinldes.v Although the coupllng -cases vary greatly among the electronlc'

: configuratlons of the lanthanides and actlnldes, most_publlcatlons have
usedeS nomenclature for purpoSes of'idéhtifying fhe ievels.and this
practice hag been followed here.v In some iﬁstances the éublishéd work does
not givebLSvidentifications for the repbrtcd ;eQel. in those instances the

actual coupling is tabulated along with a corigsponding LS symbol.

Sl
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‘f"'In‘mahy:instahces it is qund'that the lowest stateiis the state pre-
dicted by ﬁuhd's rule even when LS coupling docs not hold. When the anal-
yseé are.ih¢omplete, it is not.always clear that the lowest réported‘state 

is the lowest energy state of the configuration. - If the lowest 6Bsérved
'state7wa$ in.agreemenﬁ with Hund's Rule, it was acceptéd aé the lowesﬁistate.
Otherwise an atfemﬁt was made to predict the position of the Hund's Rule "
.iowest_state to determine if a lower state had been missed or ﬁhethervHund's’v
Rule was not obeyed. ‘Whénrthq;lowest state does not C§rrespond to Hund's
Rule; tﬁe symbbl'is followed by an asteriSk. in general the'asterigk means
' that the indicated state iS'accepted as the lowest étate;-in & few instances
of very incomplete data, there may bé yet loWef states of the‘configuration.
Whenfthevlowest state has not been established experimentally or by‘theoreticél
calculations, the stdte'symbol is given in‘parentheées and is usually the
biowést state according to Hund's Rulé, whether Hund's Rule is expected to
‘hold or not. When_Hundfs Rule is foﬁnd not‘to work, the estimates of the
energieé are not to be chaﬁged; the state designations are to be changed
as_the thelﬁOdynamic data?for'the'metal will give'thehenergy of thevlowest
state using the procedures described above.

The energies-arevgivén'in tﬁousands of wavenumbers. Since the un-

certainty of the thermodynamic data for the metals is on the_drder of

3

0;3 X lO.-cﬁ'l or larger, none of thé estimatedvvalues are given to.closer
than‘a tenth.of“avunit (1200 cmf;). Unless indicated otherwise, the.un4
certéinty of estimath'should be below 1000 cm-;. Valﬁesiobtaineq‘from
long extrépolations have larger uncertainties which'aré'listedl

| Moore's bibliogréphyle was indispensible for a review of_the literature

and the experimental values given in the tables came from;the references-
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glven by Moore plus a. fcw recent referenccs. Noore 's blbllography will
not be dupllcated here and the numbers in’ parentheses after each table J
heading refer only*to-the»recenturefcrences*and to»those‘older_refcrences
from whicﬁetabulated values were ectually obtained;‘ | |

The values“given in’Tatles I-XXX are'restricted to’thoSe involving
hf, 54, 6s and 6p electrons for the lanthanldes and 5f, 64, 7s and Tp
electrons for the actlnldes., All~d1valent conflguratlons.;nvolv1ng these
electrons have been tabulated. Values are given.for all trivalent coc-v
flguratlons except‘for‘f 3p3 and fn 3dp E which should lie well above
30 000 cm-l for all lanthanides and actinides, and‘only a few estimates are j'
given for fé'3sp2. It is unfortcnate tﬁat_amOngbthe transition metals and
the lanthanides and actiﬁdes, yelues_for the sp2 configuration are known
only for Y, Gd, and Iu as this configuration is expected to be_of metal- -
lurglcal 1mportance. With only these three'data, it is difficult to make
| predlctlons for the remainlng elements.t It is hoped that thevavailability
of the-pred;cted values for yet unan . 'v,configurations will be of-aid to
spectroscopists_in-interpreting and essigning the spectral lines which_are

only 10% assigned for some of the'ianthanides and actinides.

’ Assignment of Lal Levels

As an 1llustrat10n of the use.of Tables I-XXX in as31gn1ng of lcvcls{
the odd terms of Lal w1ll be con51dered. From Table I,'we predict that
all levels below abodt 38 OOO cm -1 must belong to the five conflguratlons‘

'dsp Ouxm stateo), 52p (one state), f32 (one state), d2p (nlneteen_states),

and fds (fifteen states). The nine ‘possible states of the dsp configuration
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havc~been foﬁnd.between 13'260 and’ 25 950 cm-lfandJeighteeh states of
the depvconfiguratiOh have beeﬁ'assigned in the rangevl7 947 to 33 204 em™t
ﬁith only 2P-missing. Of the two Statés sgpeP and fse °p expected afound
15.000 cm;;,:dnly-pne Staté:with subiévels at 15.220 énd l6>280 Cm;l which .
is,attribﬁfed to 2P haé been reported. Mahyuotheriodd’leveis are‘liétedl3
beﬁween 23'221.andv32n518 cm"l thatveither are notvassighed or ére assigned
'tO'the fd?:Configuration‘for'Which we brédict no'statés below about |

38 ooofcm‘l., Two ﬁnassigned'lévels_at'36>722 and 37 732"cm'l are within
the uncertainty of the'38 OOO-_c':m_1 limit and could bélong~to fdz. vOne

can reasSign.the states belbw 3'2"600vcm'l to the fds configuration aé'
shown in Table-XXXI. |

The only levels which have not been located are the % state

o v
| D | 9/2-11/2
which should be around 23 .000 to 30 OOO'cmfl,’a 2Pi/2 level around 27 000

e, the.hH$/2_l3/2 state~which_shou1d be around 30 000 ent ana Hp°

| 12
which should also be around 30 000 cm-l, and 2G which. should be -

, 7/2-9/2
around 28 000 to 30000 cm-l. Four odd levels remain unassigned below
36 700 Cm-lg They are the-v?'zFo ? state, J = 5/2 at 2l 507.89 with

1.159 and J = 7/2 at 25 378.46 with g = 1.13, and the if r 2F° state,

g:
J = 5/2at 31 477.16 with g = 0.92 and J = 7/2 at 32 140.60 cmf; with -
= 1.16. Since the two possible %F° states of the fds configuration have

g
s ’ , 2.0 ~ 20 L ‘ . . :

‘been assigned, the v' F and Uf “F states have no assignment to a con-

figuration hith'an f électrOniunless some of the'levels assigned to the

2 ' g o L , o

dp configu:ation are misassigned and there should be some interchange

,betweén_thé'lévels assigned to the dep and dsf configurations.“"Since'the

configurations cover the ranges 17 947 to 33 204 and 23 221 to 32 500 cm-

respectively‘and since four pairs of states (QP, two 2D, and QF).lie'v'
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wlthin lbOb.um_l of une uuother, there must be cuhsiderable configuru£iun
1nteractlon and some states must be a551gned at least in part to both

' conflguratlons. In addltlon,.between two to four . J values must have :
been misassigned'to.accomodate the fbur'unaésiéncd levels. Around l60
'llnes of the LaI spectrum are unclassified and addltlonal study should

locate the three mlss1ng 2H° l‘Hc,and 2G° fds states and the mlsS1ng '

dep 2Pp state plus the three m1351ng J = 1/2 levels of both configurations.
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© (Table XXXI continucd)
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Note: S’ce:i.nll‘L reports correction of energy of y. 2H3/2 level from 32 ’-L’_LO.'?G

to 32 415.73 and Giacchettil!

32 518 level.

- reports that he cannol confirm the



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights. '
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