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LIGAND FIELD THEORY OF LINEAR GASEOUS
MOLECULES INVOLVINGC THE FIRST TRANSITION
' SERIES ELEMENTS
Robert A. Berg and Oktay Sinanoélu
Lawrence Radiation fL.aboratory
University of California
Berkeley, California
ABSTRACT
November 1959
The diatomic and linear triatomic molecules such as the oxides and

halides of the 'iron-group' elements are of importance in high temperature systems.

Although the various high symmetry compounds of these elements, e.g. the solid

. oxides, hydrated complexes, etc., are sufficiently understood in terms of the

~ present ligand-field theory, no semi—quantitfative schemes have been utilized to

understand and predict the speétroscopic and thermal properties of their simple,
gaseous molecules. In this article, the o'bserved dissociation energy vs. atomic

no. curves for the linear gaseous oxides and the halides of the first transition series
are compared with the corresponding energy curves of the solid oxides and the halides
and the similarities are pointed out. It is shown that the double maximum stabilization
curves observed in the gaseous molecules as well, can be understood in terms of

the splitting of the (3d)-shell of the transition atoms in a linear (Coov or Dooh
symmetry) ligand field with two independent splitting parameters one of which is
_s:;'mall; A method for predicting the low-lying molecular spectrai states is

developed. The energies of the states depend on the splitting parameters and

the electron interactions. The parameters are estimated from the first portion
, of the thermal data and used only for these elements. The electron interaction

" energy is obtained from the spectral terms of free atoms (ions). Unlike the case

in the high symmetry applications, this procedure here takes into account
"electronic correlation' (configuration interacfion) effects. The generality of the
treatment is revealed by comparing the results of the simple ionic and covalent
models with those of the molecular orbital method. Calculations of spectral

states are made for ScO, TiO, VO and CrO and experimental data discussed.,.
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Ligand Fleld Theory of Linesr Gsséous Moleculss
ﬁlinvﬁiving tae-rizstiffanaiﬁian.SQriea Elemente

Rebﬁﬁ: A. Berg and Okt.ay sinms}.u

Depa rtmentnoi,e.,Cheml.stm‘@md Laawrénc e’ Radmtlon -Labor atory
Wniversity of Califérnia,, Berkeley, California ;

Distomic and linear triastomic gaseous molecules iavolving
~ metals of the firsb transition series are of chemicel and astro-
 physicel intéi&s‘-bf However there are no ginple ways of pmdi»g;m‘ :

- their speotzmscoyie stabes oY Mssoetaticn energied. The mual

S semi-empiricai molecular orbital methoﬁl hag. been applied to

i e

]’G. Herzberg, Spedt.r#_ of Diatomic ﬁpleeul,.g@ {D. Van Nostrand,
Hew York, 2950)_[%&9. 6

sorrelate spectral data of homonuclear and heteromuclear molecules
of the -.firfst three pericds; by anslogy one cen treat the aﬁates of
similer heavier geseous species when sufficient data exist for
cogparison. The success of this methed has been due to two |
favorable circumstences; first as in the atomic em, light miecules
have fewer low-lying states and have less complicated states than
heavy molecules; second, the light mel_gecmlea have been subjected

* .
Lawrence Radiation Labbratory, Postdoctoral -Fellow 1959-60.
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/ SR " te & great geal of spectral ';nvastig&tion and enslysis. As a resulg
At has beenfgbssihlegto draw'empiriesl'cérrelation disgrams showing

the erousing pointe of the energy 'lav'mla in goins from the 'seperated

/0 atoms” %o the united aton” ednﬁgm‘ations.v Feither of these cir-

L , emtancm obta.ins fer the gaseaua species of the firat transition

series. The spectral da.ta, " 88 is vell‘_.knmm, are quite incomplete

aB Rogen, ed , Bennses %&tmamﬁéuee Concernant I;es Hblécules
Dietomiques (Bermenn and Cie, Peris, 1951)

and many of thé cbserved transitions remain uneualyzed becsuse of
thesr complexity. Even the Md '_aﬁa*éas.of the mplecules are not
¢steblished. The unfilled fnner shells charscteristic of the
émﬁanmn axjatala @ause.»the; greatest difficulty in agplying -3
molesular orbitel model, paztitulsrly in heteromuclesr mblecules
guch aa axides oy halides. _

The varietion vith stomic number of the heats of dissociation
of the gaaw transitien-mem cempounds also shows 1nterestimg
features (Fige. 1 and 2). 3 1f bonding occurs among the outer

%fe“@r Leo Brewer, privete communicaticn

~ ‘electrons of the at_ém one would expect for either covalent or

ienic bonding a smooth, sontinuous veriation in heats. In all



(24

K'u .

- rweémem I

.o I : . IR N
S S L B B - L
, . .ﬁ, . . - o E

; .

5‘. M‘Vi& w ”1 miﬁhm; 30 mh M &‘f& ﬁ, “ ,: 3

. L. s. Gmei, a. mm m¢ (hm% %36 (wﬁa}: . 3

R, 4. P. W8 sg b1, 3192

b

ok orgel, 0. e, phys. gz, sm (19555 |

?‘" e grietym, 3 Jaorg. asd m g Oems %, 5 xcisssz

- he

we e



L

s M,

Y

[ad N

[

-

. .
A

3

be w&mﬁﬁe& m nmm ﬁhree W‘nﬁsﬁ :7 :

b N 9 ",
= ."'_v.v.. ,;1,

8&:?' 4»%%#

net el T

."

: ﬁgx& @h@ %m%m M Qw@ ﬂiiﬁlw e o
oo Wm“ “ *’“ 2 "‘m fm& apmamg. in mma the . F

' ,.mam aplm;wg i,s "

vtew Bmitiw m ﬁﬁe va&m er a. 4o for Sxmple, , 2
y 4 an ?ﬂmlc wleum -~ wad ﬂ% w.ﬁ Wrx m

werwtave :

t



6’7 mimé. a.bave‘-'fé -

Caniiey 44 qum amxaag tnat ke mhmmmm o Anissn mida
R vezﬂy smm, b@t& in, mgnmm amt vari;a,tm with z, to Wae
. obsawved for the dorresponting smm apecies tn Fge. 3 snd 2.
Ny ma mmmr night suggest e}m fu. batn cnse# ﬁhe stamumm‘f
- za m ta e anmtially abamm quﬁntity m&h as g*, as 15 ﬁhe ) .
_ et ﬁ 7 mxm then £ o Wty Sepende it 1sgent ﬁm "
@n th% athm m, we m&m Wi ";-: _ - set. aai&e thu pm,aibi}.w
_' and msmz meaw ths mna m mscamm mrs;l.oa af tﬁe




| ‘,m shatl t aﬂditm midar m{

a va&eme«-w p&a‘&mﬁ of these mmauxas sad mﬂm ﬁm fj“
"‘="_I’hewwn the: m'imﬁ Wﬁen. N 2
iﬁtmﬁm givaammﬁmdam"?f 16 sach &

fiw mmw Mlztg) mmw ia .

| s Saia of tho owl e fma

#4a1; mw e amumt&m Prons wwm wu
 types of Bondin eral ile
gmmﬁ tmeats, ﬁe aspume ; far the mmnz ﬁm tm m
fa gonty (m*"'a’“‘) ond the dgtnd. mxa seam by the (YaY" eubstell-
f -_15 a@awab:m :!.n ammh m hhw s.n tm m&m. ha ﬁaﬁmg ami
 Ltngst triet
'4 L‘wwls ar m mm am Wil apm; tute g mmm s :l.n ﬁ‘ig‘ 5.

ana mm: the: Mua.t afa ‘genersl miled 2

'}‘ T
N Rt

outs polecules (snmstry o G 00 DY) m S Lyl

ke




( %a) m nhasss &mi‘m& alans the ms 'Azf,‘m
” m@m ‘brﬂ.nsim $hé charge ema mmam vith enotuer etom .
R gﬁm@ ttae imemuaiesx {e) axis f.m ‘m mwumm m’ s msaﬁ :
" ‘w&h stnbie é-erbs.’cala, 4& a wi}.i ml nme sumgiy tm mnwib o
T m#u?lsmu aaa s & resily 1‘&. norgy mn intresse. 4.2 _,ma g
L | awwul ba least aﬂem by m ’j‘_.'l’,'_._j_fee of zmauve f v

R o " slong the Mm, ma.a L and awvm Wr&enee wamt@ N
R L ,mpulsion. Za ﬁﬁq m the mm Mﬁn bf ﬂn mnww o
| - ,'éaam msmm ia 2‘13. 5 m T
| 3 Jooslized Ja-orbitals el mf,_?'
dstined chove v agsussd, Yo 34 blevels .
mpma by wy other énergy MM iu the mém&a M me




e ot S L

tiy W& t’hw m m m&% ma )

_ the W% om,m 'T'if‘" :
“for ,"xaelw‘émt e q@m@}gz or 7 ad. mw m w&mﬂm
orbitals m thm. ame ean be mmm omm:ed a0 aa th m« %«u
some mnmw z'em% ey pnd fleld npli%ﬂ.ng
a4t one m the shape of the

ous gpecies ie 8

gesph of dissocistion energise A
tuterested 1n Alasociations of the type

h we ave uwitibstely



7. We ignore th geaction .

f'w, pmua m m. 1. AR f

& suml‘y néaatim quiveture seross ‘the ms@ tm:w@n Bﬂﬂeg;\ .

singe. khiﬂ will vm:y- uamw with 5.-. m%hem 33 %hﬁfk, _ 'g

B Ch
bucause 105 effect 43 constant
or ths : até mlmm.es, g e gq_.e (x.) is. tha 4
mmwmmw:mmmmbmmmw&m |
éata irmsente& i:n mgs 1amd 2. p repre 3 Lk mm.s
msm mw mo«é (&“b“)mm; a

:
Ty
- ;

Brly a;é uth

Inthemm mﬂ,emwmm»mmmmmwm
Eaa %4 myaunbammasmmmmmmm
whexeesd m effeet of &:Mpp bording my bé incoiporeved img

fiela eplitting we expect & mme-awa cuizve with smlie. J@? A ‘\u_{
(™) ama *‘7@@") 208 wtatn st P0e™), é’(m“} emd a“‘iﬂsﬁfﬁ SR
%‘omhe mMs mgs 3| mmay aﬁahgdrﬁhaplﬁtﬂhg?mﬂ't m*éﬂmmt’maxima '

- e a -
-9. o e Vo . . . Vo . - T .o . N
¥ oty s w o oo ; " - . g I S

B . . R o . . v (R B .f‘ T .




dee . .UCRL-8968°

va.t a} ané &g. m aw ape not smmmr mma to musm‘&e .‘_ o
thiy mﬁm«a ‘éﬁemcma;hwwtkmwm contrs- i '
ddetion m%he éa‘sasha mz mmptwa. % cennot hﬁpe te a‘mluﬁ-ﬁe
ai,%ma%mmmmmmm@mmw

‘Em'wame, m:m.mn mms thnt even in &a cotahelral ﬁam

"ln J. ?mmam. g5 ton aeaé, 125 {;9581}1%}_:; !

qmgle apli%ing pwmm ia m% emtmt m m t&e Wﬂi&m
' astals, ﬁmr '«e aan sttempt ® rough ton of 8y m:m
€8, 6o, and'Ph potnte snd of A from ¥.aud Cr poists. he ligasd’
mmapmmmmmaswammmmmm

: Qﬂm"’ﬁ m m L
” » AS ~ 58 Kce,l

e value ef%mwabtaim& fmmwmpam; "‘1’
‘t;we indepandsnt Mffem&ea, fe. abau& mm, 50 ‘Gt %im

vwiamn af Spn%mg parwemrs betwesn me ﬁ.rst few ueigh

eimenta 18 apparen‘bly mllo mmm, m apli‘b‘biﬂs Wterﬁ
 widch have besn spprovimeted frem the fh niade dnta: for m
mwfmﬁmmmenmmvzubewmwmmww

species. Binee 4 1o mmall the 1igend ﬁsm result bisd been

" to. essentxally one' independent para‘i’ﬁeter for the fu‘Bt fe\ir wansitlon elements
R S
as in the octahedral



' ""132‘". - " UGRL-8968

%A&@Qm

wam A de the emevey aﬂ‘ﬁmca betwoen fne aa ilavels 1o .
f_'; flalt, ;ms.s corresponds M%mwwmsmm
T £ cm@mkla an mmwm Unaer the r@swicwwn that Ca, m,

m n mast shm iwm mm amilimwmn azx;y é-emm sputtmg

_aeimu mm@a t!m ﬂ.ret sublevels 5&.2% &cp‘mwed fwm thme a:“ ke

‘the. m a’bﬁm b;r Wm‘ww the m mew wil.l show emm
stabilizations in the firet pew.m of each Bap. The fleld . "
'smumz»m 1n the halldes are lese than i %he cxdlda, whieh

| }.& 1’& ammut with the axmctmenmical series. Intemmugg
ma e,ftea% an an. soxuc model, for ampueity, one can mgma

i that in thg mmes emar ate ks»alee'tmn zs transferred to m

_umxa 1mmmmm1ﬁnnmmtemmma«m&m
mmzww | "

o awtmmugmammmmmwmmm

- ratimlmmg ﬁhe bahaviar of the aiasee&atﬂ:na energies, &b

' wmwmmmmwmmmtmm

seewns warbiid
er&e»r M’ emtmu mam in the mmula, 85 was svggestaeﬁ
ofrlier in the introductic

‘e ground anleaular mae is Mﬁemimd by the order of
muab&e matalﬂ in the ligand 1’1&1&. ‘.!n the general mlecular
‘érbital trestme 4 nentioned mm it 18, fma that the mamg




-12- UCRL-8968

'arbimls (s anﬁ II) are ﬁlhd By the vahrm el.e@mns ux@cwm |

with the uama (wm) end the eu'm &a mu of the mut.wn}; o
ated, m ?m% crbivals availsble for M-eweem axd o growp

: ndin amma e!‘ &aa.iwtm, &, ﬂ, 833!3 o E’heaa:,:_ff_”
_ags.mata, in part, from 34 whomic msels and aerrea@awi in |
easi@amism mﬁ relativa ama T bhe 5&4@1&%3.: msang !":am :

‘m xim:ple ugazm 1634 truatment Gepitsm in m. 3. So lsng as

| the 3d-orbivals are essem;iau,y localized on the trensition ﬁeta.l,
the mrsy h‘.val @rﬂar ﬂll rmin in spite ef ahar@e %ranﬂﬁer in -

the, w‘her aﬁme m&bala. Wiﬁeally w semg m a" Wﬁl

| .mieculm' mital pietm fca L étme‘tw stuch as ﬁa @ @r |

m a ﬁha order er the imser ad-e}.eatron Levez.a will aot o '; o
, é’)t wae, in gaing fron & %ematea stons” to a mited
| gton" framevork. tha smergy lsvels Will eross in unprecuetable vaya., ‘
e apeetr& @f the transition metel hyamdes con be desoribed by -
mlow '&e é. MM a‘&mol flowever i’ﬁ&' tlm emm and *halazdes
thad hfm tue ligend is assumed to Yo sui'ﬂaunﬁiy . frem the. metal
a.w that the m&emﬂar Orb’ﬁ.tals have 'not tltsm frod thse sepmm

am ma. Ms ;Ls a restatement of Our pirevigus mmpt&on of

| _‘,maum 3-orbitals.

mum M 1: go amnmt to usn an 1en1c m&al for
poses. ef amarijptm we will relste the mlcwm or‘bimu af

the gmm mlmule f.o the fonic atm&tm &e " Mm, it
Wmmehatmresut 16 not Mte&tomimic mm:t. |



B - UCRL-8968 .....

b3

mmfs atmetnm, m,wwmerﬂ pro@imedinu 83@%&

erionlly aymetrm state Wa m sentribution to mh i

ss.nea & #pt
mmmér sginva aea iﬂmtify the mﬂ&rmﬁm
aesmum of the tmitm mtai arbm.u in the G npu;c-'.-
scheme es those of the wxem ‘orbitels of the meme mleﬁuh |
We ave apeeiﬁaallar intérested in the 54 transiticn metal ommh’ |
R&eﬁul&t swtes are obtained by asﬁgnim the d-eamtms

to the wwex ﬁ-sub ovels ei’ Fig. 5. We épreseat the emmn
? wnfimatm as in the fe!.lmag M [ m smt 2+ *3*

: reﬁars to th& mﬁmtion vith two &-eleﬂmae i.n ] orhma.la
| with sngular nogente cpmaed and apm pmws m resultant -
| state is 5 I.u this vay, the deeign&tims of all possible lév- o
" iying ataten e&a h& @htained. ’ | ‘
m am:% mhlem is to srrange ﬂw molmulw stataea m omesx‘
ﬂf m:xz- eneﬁgies. mmre are two aayarate e@n&r&butwm to tha
enargy of a stﬂ?:m a I:Lga.nd field mg &nd the emex‘gy of &leetm
_ mm:‘mtién, cm@n.ly ealled pairin,g mergy n&.ishwgh m'.rietly a.ﬁ o
ineludes tem in addition to these due to alec%m spin gurmg
!.'he ligsmd field energy is givea in terms of ﬁ. Ve asswm 'ehat
the' eleetrén interaction, ar pairin@ energy is apgpmxim&tely tha
_samaa inthefmm (m) e.mimbe obiained from the free

atem (ima) terms. 12 ere is no m~t9«om tzemsmndenée Yetwaen
mc £. mm, Awg«; Eneg' g;g {nmoml Bureau of Etandax@s,



el - . © . AUCRL-8968

‘ | .v‘,',s%e:ﬁaﬁ ﬂr atm ana crf moleculm witvhl m m mmbez‘ at aaei‘etfﬁw»mo
o ':nny one mull,j.‘?“[_l Erg Me wm Mauimm a&@m nowentun AM&M
R | all these. amc Kﬁ'w iom) Mes of the- saue smn %hat haw .
o mmt éf sngular ‘m;mﬁmu% a-A m yairam W AR
| ‘ Fre; cﬂ butm m mmw sbam of contigur 10m. (Bﬂ) '15 i
. teken 8. t—m a&mmm m azm-gy bew«;en the meat mm (iwxc)
. :<3d}n wm vith m m spm aadﬁx', resyee%iwly. Sm- mltiplet
‘at@mie semm "Bhe een%r of énergy 13 taxea. , | B

‘ Ma dzviae mmnda to a calénlaﬁ&m of cenﬁgnxatim

. s.nisemﬁm wong a.u. atates of ﬁhe mlaenlu ﬁtﬁ the seme | | -

mtm &esigmtien A m asme ai%:\mswa ekcaine m' m f@ee ion |

aaﬁ m wsulia cﬁf i:hl! wmwmg salcuz.atm &s, mﬂaed, gim |

3 -.‘.A

«by the zeisamtm af ﬂ'!e ien:lc tem va,luas. Mhmm » sm »
'éif&reme in :;mﬁ,a t;am gzves mta anly the spaln pauiﬂg aneray ’7
Pt 8 complote elaetm in riion guergy of (ﬁ)n Mlﬁdias @Iectmn

o ﬂfmes.atson. A |
S e, mmfmum 3 mmmen, mm Fosults Trém She Givect

reia‘e&en baWam ﬁhe mmular/) and a& of th& etom, 1s not pod
in oatamami oF mmm ﬁeias. Por thnn eam, maiﬁaum,
d Bnd easmtialiy

' cau:wnb and exchame intagmls must ‘m deter

Migumti@n m%era.etﬁ,ﬂn negiama , , _

m results of eal.eul.atabm of 1w—1y1ng mole«mlar at.s&ea e-t zrm
.éiammi@ gaaeeus mm are g:tma {n "@&bﬁ:a x We hevs aﬁtm;ted t@



“15~ | UCRL-8968

detine an},y 1y e groukd it state and first few'-eacnea states. Higher -

; Vexeitation waum fnvelive qrbitaas other’ than mmse of the §d-elaetm

The tabnlatian 3.3 limiteﬁ to the timt ﬁm‘r tmanm neries @xidaa,
3 mch ax-a the amiaa tar which values o‘: t.he splﬁ;hing pmmrs .
By and 4 nave aazeaaay been appmme.tea. 0f course the metkod |
. ecmld mdu:.r be mem&saﬂ to ot.w mbem ef 'alaa msitacn serma
_ m&m and t&) diatmie bal.idea. u’ A'a m-.m availabla for them. ‘!he
states of Be0, with one d-eledtmn are *hha si@lest w &e‘eemiﬁe, o
‘awi the number ana mienty of Jmf-lyina $Mteﬁ mcmaaes ag .’ I
mora a—electma m add;eé. Xewmr, beeme of the selmtien Mes
tor moleculer trengdtious, fev trsasitions ewong the low-iying Igvel

of

T

By ong s;peeies would be p‘aesme. in ma,e i some of the obsmad

‘transitions are lis%u&. m state mae ig yresmbly m ngauné stote
is Mle:abe& by %o In the fallawmg pm'agrapha ve wﬁl @omlém
thage ebaerwtims in nsht of m pmdictiem of the theoz’y develepeﬁ
Aabcve.- .
. ?ar ﬁa@, the obsarmd ﬁi‘l -—->221 transs.tim ney arise from the
- Pirst tvm yreéiwod uxeited a%tea. Emv&ver, in thet case, tm or&ex-
of relative energy is reversed; I vould be lower. gimce the
apmtm is t‘airly eo@liaated and the snalyses are mt camplate
it ia p@ssible that the mmm: order of the states has been
, reverse&. - The differemes batveen aﬁ: »-—-a-en aad 211 ol 22 m
sligﬁ% - difi’erﬁmi: m%atiml lines would be miaaing at tha

%gfmm 1, Chapter 5.




k)

6 UtRteess

pinning of %ha mmmm hmchm Ery th.e two sases. . Aleo 'ehm*e
wgald ‘bu uﬂwences in ralsmve mmmm of the bm@hoa ,,
\_ _Aecmte m&ysis W require h&gh a&smsmn and careful a@
of lew«ls ot m m’susiml q,mam mﬁbe&’ It is masiblg tmt
the 20 — % ﬁmsitim observed in Bﬁ wnd A0, unden e@e

. mst havu unfulad inner ahem, ha#e sem oé nialw&ing elxwa ,in

| .tha msigmm of thu Bob s’peeimu. ,, e
the ’2 —> ' transttion of z:m uny mm& to ths
| first tvo predioted states. Howevér, agatn the order of i ff?”.f;‘ B
Amamm%emamammmmmmamm
 for B0, 5xwammm‘ - |
© The parentmsaa :&n '&‘able II fm' ‘!ﬁlw Mﬂ ét‘ 3¢ Mm

that thew tme aesmsmmzsmwmwm. M\rer, . o
_one af the Aw sorresping o the m«m ground state ﬂJ:s. o T
& quartet Eremsttion (‘t = “n) would aa.swe mpectad. in.

aewmuns to the anax.yus of Ewezm ‘Isn muen m wwl& em‘h
lw-lyma tripla% and ginglet states M‘bh ans 1!1 lﬂ BM

% - Bnucmwerma. | | I
S‘m ti&ese foy marism it e eywmm %ha& at mwn% 'she
apee%rompie &ata m a0t autﬁ.éieamy complm ‘nor are t‘hﬁ
- available ana;.yae,g aufficiently mliab e tpr & mw&uzful ﬁm@aﬂgm



”311"' '

wmn the Maﬁm ot 'e.m poded. p
'm mny Lmitatims ‘ ‘,‘: vert ,lbsa‘ i%.48 m& thet as mm
| : la %’hey M@t serva 88 & ’i‘,_.::f."'
| apﬁmmpia

:um. Evantwm,&.}' i*t m %ﬁ! Wﬁible %

gt to corvelate

&

UCRL-8968 -

¥

 Sotads ths m‘hmm*"“ emergies a&ona this mmm srtes ,
T Agm the splimmg zﬁw a’a%aiwd tmn m Wm B |

D

end tms have 5 m.ns ter ' iﬁg aa& ﬁmmg w m‘;ﬂaina

‘ themdic d,a%a- -

We are maama % oweesem Lo Brewer mamza Piteer | -
for halpm d&aewsim dm'ms the Wﬁé ar ma m ";;;-
meeamkrmrm amepmmmmammmﬁ@. B
1end 2 priar to publleaﬁm. ’;!hﬂ.s work vas wﬁed m Wr .

the guspieafa of the U. 8. Atemic mm‘gy Commisston.



.18‘ UCRL-—H8968 R

ey
Pivet few pmd;itkw& states of distouic exides qmi their eoeviglos

é,,—electm ‘S"tl&tsa' - ' :S@r@
"j""tian %simtim mm (w )

st By ~w,eee | i

QA
%
o
%
>
* e s |
.20l bW ame
PO
hﬂ
hA
EA
%y
%

Yo% aname
vo ot . gt x."" - 0.0
| s A 4
(ea “g)en ~LT08 x
ot e
| | ‘(22 “rm w,m
P 1 % « 000 x
-1t oty 8, - Alqﬁ.« | A'(Mﬂ%,@@@) o
te .1t Cp. M aabm0a X
* ' s (%u.? A)u&'_*ulf?':,%@% S x
gt 1ot O '(5p S’ alb VO
2 oete -1 M 5n)~A i, 000-4
ot .2 -1l (. %)a w00
Saetro M (- bl w39,0000
a‘&l@etmn interection energms are obtained from the obaamd

m+ m+&‘}
[ I
2 A v ki)
+
] o
»
1
ot
+
o
L3

§

term veluss of the free iouns, Mo,



-19- ~ UCRL-8968
. | A . W o v:':'.l R ]
. feble II

First. few observed transitions in the oxides®
S o T : L @bamad
Molecule © - Observed Transitioms Eaerm mt’!’&mnce {em )

‘I | 2 : " ' RS
s .. «w ngz , 15500

nex 4:-’:"-’ % . ‘n,sse

i‘m B | Mgie{;- sms-es ah};‘y; S : - « .
N BT e R
e’n ~Q-~e=- xf'n o | w.m
Cw (Azmx(a) s

S S ¢ e 2% = S 16,600

""g azms from Rosen, aé.-, Wm Bpeami;i'
es} (nazfaann nd- exe, Paris, 19533

bsae slso M. mlnamiya, 3. rhys. goc. J&m 8@9 (1955)



-




800

DISSOCIATION ENERGY

(keal) o |

600 |-

500

700 -

L L

A‘ .

B =

I

1

)
)

Mel; (s) —> Me™ (g)+2 | (g) _
)

| Me|2 (g) — Me (g +2.1(g) _

R B R B

_MeCl (s)-’Me (g +2C|(g)_1
-MeCl »(9) = Me™ (g) + 2Cl(g) _|

CaScTi

V Cr

Mn Fe Co N| Cu Zn
;z(



DISSOCIATION ENERGY .

700

600

— S .

. I v‘ o/¢/$\ty | '_ﬁ

- : ‘ N | 3 m

500

B A ) y . 5 . - I l"‘»_' B ___J

—

.

o MeO(s) = Me™ (g) + 0(q) _
¥ MeO(g) —*Me*f(g)«f 0 (q) _
A means."less than" _

[ A R O U NN N PN S N B

"CaSc Ti V Cr Mn Fe Co Ni Cu Zn

Fp T



ehe

SIXD (Z) 4D9|oNnuJajul

0} }oadsau yjim P|9!} iDBUIT]  WO4D d84 4
wnjuswow Jpo|nbuy Ax
) % N>lmxn

v/ |

Y P

M P
ev 2hp

0 Y






