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1. i Z Chagh ta i and Tauheed Ahmad 
D e p a r t inert of P h y s i c s , A . k . r . , A l i g a r h - 2 0 2 0 0 1 , 

fi 

A b s t r a c t 

A good amount of e ^ e r i m e n t s l d a t a has p o u r e d i n the 

l a s t few years on t h e s p e c t r a o f h i g h l y and v e r y h i g h l y 

i o n i z e d rnolybdenuE a t o m s , because of t h e i r i m p o r t a n c e i n 

I'okamak and. n u c l e a r f u s i o n s t u d i e s . The s p e c t r a of Ko I-XXV, 

XXX-XXXIV and' XL-XLII a r e now known i n t h e l i t e r a t u r e , a l t h o u g h 

many of them f r a g c e n t a r i l y . 

From o u r l a b o r a t o r y , s i g n i f i c a n t c o n t r i b u t i o n s a re made 

t o Ko V I - X I I . She e x i s t i n g i n f o r m a t i o n on t r a n s i t i o n s and 

e n e r g y l e v e l s i s p r e s e n t e d i n t h i s r e v i e w t o g e t h e r w i th l e v e l 

d i a g r a m s . 

* Work s u p p o r t e d by Counc i l of s c i e n t i f i c and I n d u s t r i a l 
- R e s e a r c h ' (CaIR) I n d i a . Dr . K. Rah imul l ah 1 s a s s i s t a n c e i n 

t he p r e p a r a t i o n of t h i s work i s acknowledged . 



i n t r o a u c x i o n 

Hclybdentim is. s h e r d m e t a l wi th toe . f o l i o w i n g cher ' ac -

t e r i s t i c s : 

b e l t i n g p o i n t 2610 °C: b o i l i n g p o i n t 5550 °C; h e a t 

of v a p o r i z a t i o n 123 ( K - c a l / g - a t o m ) ; h e a t c f f u s i o n 6 . 6 

( K - c a l / g - a t o m ) ; s p e c i f i c h e a t 0 . 0 6 1 ( C £ l / g / ° C ) ; t h e r m a l conduc-

t a n c e 0 . 3 5 ( c a l / c m ^ / c m ^ C / s e c ) ; e l e c t r i c a l c o n d u c t a n c e 0 . 1 9 

( m i c r o h o m s ) " 1 ; e l e c t r o n e g a t i v i t y 1 . 3 ( P a u l i n g ' s ) c o v e l e n t r a d i u s 
o o o 

1 . 3 0 A*, a t o m i c r a d i u s 1 . 3 A i o n i c r a d i u s 0 . 5 3 (-*4) A; a t o m i c 

volume 3 . 4 (W/d) ; t h e f i r s t i o n i z a t i o n e n e r g y 155 ( i ; - c a l / g - m o l e ) 

and d e n s i t y 1 0 . 2 ( g / m l ) . 

. I t i s t h e r e f o r e , u s e f u l i n a v a r i e t y of ways f o r d i f f e r e n t 

m e t a l l u r g i c a l and e n g i n e e r i n g p u r p o s e s , . I t i s f ound i n s m a l l 

abundance i n our s u n and o t h e r s t a r s . 

Molybdenum i s u s e d , a l o n g w i t h T u n g s t o n (W) i n p l a sma 

mach ines , p a r t i c u l a r l y i n Tokamali, as c o n t a i n e r ( F u r t h 1975 , 

Group TFR 19*7^, 7 5 , H i a i o v 1976). due t o i t s s p e c i f i c m e t a l l i c . 

p r o p e r t i e s . I h i s f a c t e n h a n c e d t h e i m p o r t a n c e of s p e c t r o s c o p i c 

s t u d i e s o f molybdenum i n t h e •form of i o n i z e d atoms i n t h e l a s t 

d e c a d e . I n r e c e n t yea r s , t h e p r o s pe c t s o f a c h i e v i n g n u c l e a r , 

f u s i o n as a g r e a t s o u r c e of e n e r g y have b r i g h t e n e d u p ; m o l y -

bdenum i s a s u i t a b l e m a t e r i a l f o r t h e p a l l e t s to be u s e d . The 

i n t e r n a t i o n a l commission f o r f u s i o n s t u d i e s h a v e , t h e r e f o r e , 

recommended as comple t e and a c c u r a t e i n v e s t i g a t i o n o f a l l 

molybdenum s p e c t r a , arnong o t h e r s , as p o s s i b l e . 

s t u d i e s i n t h e s e s p e c t r a wre s t a r t e d by one of u s - i n P a r i s 
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(1?"5S) c o n t i n u e d i n Lund { - w e d e n . 1953-53) end d e v e l o p e d • 

as a group a c t i v i t y a t A l i g a r h s i n c e 1953 wi th t h e h e l p 

of m a t e r i a l • a s s i s t a n c e of Lund U n i v e r s i t y and t h e . 

t h e o r e t i c a l c a i c u l a t i o n s • p e r f o r m e d a t Loss Alamos C C . s . A . ) . 

I n the p r e s e n t r e v i e w , we d e s c r i b e b r i e f l y t h e 

p r e s e n t knowledge o f v a r i o u s molybdenum s p e c t r a . 

The F i r s t Two s p e c t r a o f I-iolvbdenumi Mo I & 'Mo-I I 

Molybdenum b e l o n g s t o the . 2nd t r a n s i t i o n p e r i o d o f 

e l e m e n t s . The s p e c t r u m of n e u t r a l molybdenum atom as 

d e s c r i b e d i n A . E . L . v o l . 3 (Moore 1958) i s based on t h e 

work of H i e s s f i r s t a l o n e , t h e n wi th H a r v e y and f i n a l l y 

w i th T r e e s . The ground c o n f i g u r a t i o n o f t h i s atom of 42 
5 7 

e l e c t r o n s , i s 4d 5s w i th c>2 as g r o u n d - m o s t l e v e l , iinovn 
6 5 / 

e x c i t e d c o n f i g u r a t i o n s i n c l u d e 4d , 4d n l ( 1 = 0 , 1 , 2 
4 and n7/5) , 4d 5s n l Cl = 0 , 1 ) . 7500 l i n e s of t h i s s p e c -

o 

trum have been r e c o r d e d from 2000 t o 11850 A o f which a b o u t 

80/» a r e c l a s s i f i e d . 

s i n g l y i o n i z e d molybdenum atom (Mo I I ) has n a t u r a l l y 41 

e l e c t r o n s , and i s , t h e r e f o r e , i s o e l e c t r o n i c w i t h . n e u t r a l n iob ium 

atom(Kb I ) . The ground c o n f i g u r a t i o n o f Mo I I i s 4d wi th 
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as ground-most l e v e l ; fourteen of the sixteen expected terms 
5 

of i+d are found out. All the known excited configurations of 

the spectrum are obtained by adding one electron to the parent 

configuration ^d • More tban 2600 l ines of Mo I I covering the 

spectral region 2000 - 6000 2. are c l a s s i f i e d by Kiess . 

No addition to the data reported in A.E.2.. 3fal. 3(Moore 

1958) on Mol and Moll i s known. 

The Doubly Ionized Molybdenum Atom (MoIII) 

A doubly ionized molybdenum atom i s i soe l ec tron ic with 

Zr I; and contains U-0 electrons . The ground configuration i s 

bat* with 5d0 a s ground-most l e v e l . The ion i s therefore, 

dianagnetic (J=0). 

The analys is of Mo I I I was s tarted by V.R. Eao and 

persuade by Rico and Catalan. Rico has made important additions 

t o the A.E.L. data in 1965. How the stage of knowledge of 

t h i s spectrum i s such that the e ight s ing le t terms are the only 
if 

glaring omission from the ground configuration . Among the 

exci ted ones, bd-* 5s, 5p are known in d e t a i l , with some informa-

t ion on ^d^ 6 s . The presently known data on terms and t h e i r 

l e v e l s are co l l ec ted in Table J and plot ted t o the scale in o F i g . 1. The l ine l i s t extends over 500-if800 A. 

She Three and Four Times Ionized Molybdenum Atom(Mo IV & Mo 7) 

Mo IV i s i soe lec tronic with neutral Yttrium (YI) with 39 

e l e c t r o n s . The A.E.L. data on th i s spectrum covers fragments 

of three configurations ^d^ ^ 3 / 2 i s ground s ta t e ; some 

information e x i s t s on *fd 5s and ifd A ) 5p V F, D. 
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Tbe work i s by the Eliason and i s based on l i n e s i d e n t i f i -

cation between 856 and 21M No addit ional information on " 

t h i s spectrum i s known to us . AJS.L. data i s reproduced in 

Table I I and p lo t t ed in F ig . 2. 

A four times ionized molybdenum atom (Mo V) i s i s o -

e l e c t r o n i c with Sr i ; i t contains 38 e l e c t r o n s . This spectrum 
o 

was worked out by Trawick, in 1935 (VI0-2160 A) and th i s i s 

completely reported in A.E.L. No addi t ional data i s yet 

a v a i l a b l e . 

The knowledge of Mo V i s far from being complete. Even 

the ground configuration i s known t o the extent of t r i p l e t 

terms, % and ^P only . Known exci ted configurations are a l l 

made up by the addit ion, t o one k-d e lec tron , of a 5s, 5p> 5d 

or 5f» Out of these *+d5d and ^d^f configurations are only 

part ly known. 

The energy l e v e l data i s reproduced in Table I I I from 

A «E.L. and p lo t t ed in F i g , 3 , 
The Five Times Ionized Molybdenum Atom (MoVI) ' 

2 
This simple 1 -e lec tron Hb I - l i k e spectrum with U-d D3/2 

as ground l e v e l was f i r s t studied by Trawick (1955) and fol lowed 

by Charles (1950). A.E.L. reports there fore , s ixteen c l a s s i f i e d 

l i n e s of t h i s spectrum combining seven terms in the range of 

260-1595 I . S i x of these terms have been confirmed since then 

with small improvement i n l e v e l va lues; only 6p ^P term i s 

rev ised by Bomanov and. Striganov (1969) who have published a 

d e t a i l e d i n v e s t i g a t i o n of t h i s spectrum. The spectral region 
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of t h e i r inves t igat ion has been 2200 - 6800 A, and covers large 

1 values up to i (1 = 6) . Edlen applied his polarization formula 

t o connect most of these l eve l s with the ground term through a 

more accurate ionizat ion po ten t ia l value (1976,78 and private 

communication). 

E.dlen a l so predicted the unperturbed "position of a number 

of unobserved l e v e l s of Mo VI and hence of the unobserved l ines 

connected with them. We have included in Table IV a l l the l eve l s 

that have been so far obtained in our laboratory (Singh 1977); 

though some of them require confirmation. All the l eve l s are 

p lo t t ed in F i g . b. 

The Six Times Ionized Molybdenum Atom CMoVU) 

The s i x times ionized molybdenum atom has KrI-l ike struc-
t u r e . In toe ground s t a t e , a l l the. sub-she l l s are f u l l hence a 
1 S 0 . l e v e l r e s u l t s - Most of the exci ted configurations are made 

of the addition of one n l e lectron to the parent configura-
p 

t i o n , that gives r i s e t o an inverted term 1*3/2,1/2 only-« 

structure of the exci ted configurations shows instead of the LS 

s i t u a t i o n , a marked pair coupling part icular ly in case of >the 

addit ional electron being s ; ifp^ns obeys to what i s ca l led s j 

coupling and i s the same thing as j j or sk in th is case. Theore-

t i c a l calculat ions predict a dominant pair-coupling a l so in 

some other cases like.^p^np, but a confused s i tuat ion prevai ls 

for large 1 values of the external electron l ike nd. In t h i s 

las t case IS notation are retained as nothing be t ter i s 

ava i lab le . 



The unspl i t ted ground term with j = 0 does not naturally 

combine with any other exci ted l e v e l except those for which 

J = 1. In case of the excited s ta te s discussed above, i t has 

to be e i ther s or d configuration that gives r i se to two or 

three resonance t rans i t ions respec t ive ly . The observation of 

more than one strong trans i t ion in e i ther case i s i t s e l f a 

s u f f i c i e n t indicator to the fact that IS-coupling i s not a good 

approximation here. In fact these resonance trans i t ions are so 

strong that they stand out in dense spectra. Some resonance 

t rans i t i ons have a l so been observed from the internal ly exci ted 

Wfp%p 1 ^ l e v e l s . 

The'structure of the next exci ted states in the conventional 

IS-coupling would have been 

1 i+p^ns Cn?/5): 

^p^np (n7/5): 

ifp^nd (nVf ) s 

jtp^nf. : 

U-s. l+p^ns : 

*fs b-p^ np : 

ifs Ap^ nd : 

*fs A p 6 n f : 

3 p 2 , 1 0 > ' P 1 

P. 

1 p i ' 1 d 2 , ; 3 S 1 ' 3 p 2 , 1 , 0 ' 3 d 3 , 2 , 1 . 

1D2 , 1 F 3 , 3 ? 2 > 1 > 0 , 3 d 3 ,2 ,1» \ , 3 , 2 

S ' V ' ^ 3 , 2 , 1 ' \ , 3 , 2 , ^ , 3 

3 p 

o»1 ,2 

3 d 1 , 2 , 3 2 , 3 ^ 

We w i l l give in the Table 5 and F ig , 5 concerned notations 

more appropriate t o the physical s i tua t ion . 
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the f i r s t work on Mo VII wss due to Charles (1950) who 

i d e n t i f i e d f i v e resonance l ines correct ly , establ ishing ^"p,. 
3 

l e v e l s of 5s , 6s and 5d D-j related t o the ground l e v e l . 

Chaghtai extended his work (1969,70) followed by Header and 

Epstein (1972). This establ ished J = 1 l e v e l s of ns (n^lO) and 

nd (n^6) as given in Table 5 and p lot ted on F ig . 5® 

In our laboratory i t i s attempted to i d e n t i f y trans i t ions 

between ns and n'p(n, n' = 5-7) configurations so as to f ind out 

t h e i r complete l e v e l structure (Singh 1977). These l eve l s are 

p lo t t ed in Fig . 5» although they need confirmation. o Mo VH spectrum has been studied from about 100 t o 2500 A« 

The Seven Times Ionized Molybdenum Atom (MoVIH) 

The seven times ionized molybdenum atom i s i soe l ec tron ic 

with the halogen Br I . There i s an inverted doublet ^ 3 / 2 ? 1/2 

as ground term ar is ing out of the configuration Ifp5. Most of 

the exci ted l e v e l s are formed of the parent configuration ^p^j 

which cons i s t s of one inverted t r i p l e t and two s ing le t s namely 
3 1 -1 

1 * 2 , 1 , 0 , i>2» Ŝ  in order of increasing energy. The ground 

l e v e l s combine with nd and ns configurations only, but the £1 2 

internal ly exci ted *fs ifp° S-j/2 l e v e l a l so gives strong reso-

nance trans i t ions that become most prominent for ionizat ions 

greater than two times. In case of ifpSss, the structure shows 

pair coupling eminently, where as ^d structure could retain an 

IS or IS- l ike character. 

The f i r s t work on Mo VIII was published by Charles (1950) 
who reported the resonance t rans i t ions from *+s ifp^, ^pVd and 

l ifp 5s conf igurat ions . His work was revised by Chaghtai(1969,70), 
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f o l i o wed by 21:berg e t a l (1972) . The h i g n e r c o n f i g u r '£ t i o n s 

na.r.iel 4 A • 
"DC 

A 
., Sd and 4 p " 5s , 7s ha ve been s t u d i e d o n l y b y 

Chagn t a i e t c ! i n o u r l a b o r a t o r y ' ( 19 75) v b u t no work nas been 

T< 2 ~ 0 v 
OC w on t r a n s i t i o n s b 3 t we en t h e d i f f e r e n t e x c i t e d c o n f i g u r a -

t i o n s 1 1-. The o b s e r v e d e n e r g y l e v e l s a r e as s embled i n Table 5 . 

and the d i f f e r e n t c o n f i g u r a t i o n s a r e p l o t t e d i n F i g . 5 . 
o 

The s t u d y . o f Ko V I I I covers t h e w a v e l e n g t h r e g i o n 100-475 A. 

The Hi n th S p e c t r a o f Molybdenum (Ho IX) 

The s t u d y o f e i g h t t imes i o n i z e d molybdenum atom was 

i n i t i a t e d by C h a g h t a i (1969-70) b u t i t was p e r f o r m e d i n d e t a i l 

o n l y a t A l i g s r h m a i n l y by I lha toon ( 1 9 7 5 , 7 3 ,78A , 7 9 ) . Ko I I 

w i th 34 e l e c t r o n s i s i s o e l e c t r o n i c w i t h s e I . The ground 
A ° 

c o n f i g u r a t i o n 4D" b r e a k s UD i n t o an i n v e r t e d t r i p l e t ~PP n T 
* 1 1 * * ' 

ana two s i n g l e t s ^Q* The anomalous o r d e r o f l e v e l s i n 
o 
T i s i n a c c o r d a n c e w i t h t h e Condon and S h o r t l e y t h e o r y of 

mixed c o u p l i n g : i t h a s been o b s e r v e d by C h a g h t a i f o r t he f i r s t 

t ime i n t h e s p e c t r a ITI -Ko XI (19 7 3 , 5 9 , 7 0 ) . E x c i t e d c o n f i g u -

r a t i o n s s t u d i e d a re 4 d , 5 d , Sd , and 5 s , 5 s , 7s w i th t h e common 
^ a 2 2 

p a r e n t t e rms 4pw ( "^3 /2^ " ^ 1 / 2 ^ 1 / 2 , 3 / 2 ^ * 

I n t e r n a i l v . e x c i t e d l e v e l s -> .-> and "Si a r i s i n g o u t o f 

4s 4 p ° have been e s t a b l i s h e d by Heade r and Acqu i s t a ( 1 9 7 6 ) . A l l 

the s t u d i e s of Ko III a r e ba sed c-n t h e i d e n t i f i c a t i o n of i r a n s i -o o 
t i o n s t o t h e ground l e v e l s from 92 A-354 A. 

Observed e n e r g y l e v e l s of Ko I Z a re ' a s s e m b l e d i n Tab le 7 

and p l o t t e d i n F i g . 7 . 

'T - 0 rr> „ — i-, ^ ^ ~ p -of 1-. 'rsT <: 

The As 1 - 1 i k e tar '̂J Ct - Ui;i 0 i. Ko K v,"i t h 33 e T 0 « t r o ns was s t u d i e d 

f o r 
/ 

t h e f i r s t t ime a t Al i g a r h ( Rah i s iUll ah c-t 13 f'O , (S Khatcon • 
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i ? ? ? } : t n e ground c o n f i g u r a t i o n 4pw of t h i s i o n s p l i t s up 
4 2 

i n t o " 2 / 2 ' 5 / 2 ' / 2 . 3 / ? t a ' 3 £ e l e v e l s combine 

v?i th t h o s e , o f 4 p ~ n c , n s . I n c i t e d c o n f i g u r a t i o n s 4p^nd have 
been s t u d i e d f o r n = 4 - 5 and 4p* ns f o r n = 5 - 7 . As t he 

s I 1 Z. 
s t r u c t u r e o f pw i s ? ^ 2 , . D 9 , , t h e r e r e s u l t , 
2 2 '. ' 2 J and - wern& f o r e s c n p n s : a l l t h a s e t e x a s and t h e i r 

l e v e l s a r e found o u t f o r t h e r e p o r t e d 4p*ns c o n f i gu r a t i o n s . 
2 I n e s s e o f 4p n d , r a t h e r a l a r g e number of t e rms r e s u l t , a l l 

c f which have n o t been d e t e r m i n e d so- f a r . Header and 
2 3 2 Acquis t a (X?2l ) c o n f i r m e d our 4s 4p - 4s "4p 5s a n a l y s i s and addec 

• 4 

t o i t r e s o n a n c e t r a n s i t i o n s from 4s4p c o n f i g u r a t i o n , e s t a b l i -

s h i n g a l l t h e e i g h t l e v e l s . o 

The s t u d i e s of i-ic X cove r t h e w a v e l e n g t h r e g i o n 3 2 - 4 7 4 A. 

A l l t h e o b s e r v e d e n e r g y l e v e l s a r e a s s e m b l e d i n t a b l e S and 

p l o t t e d i n F i g . 8 . 

The Ten Times. I o n i z e d Molybdenum Atom (ko XI) 

Ko XI w i t h 32 e l e c t r o n s i s i s o s l e c t r o n i c w i t h n e u t r a l Ge 
a n d , t h e r e f o r e , g e n e r a l l y e x h i b i t s a s i m p l e t w o - e l e c t r o n s s p e e -

ch 

tram w i t h 4pw as g round c o n f i g u r a t i o n . The d e t a i l e d - s t r u c t u r e 

o f t h i s s p e c t r u m can be e a s i l y g u e s s e d f rom t h e above d e s c r i b e d 

s i t u a t i o n s and hence i s n o t r e p e a t e d . 

The s p e c t r u m i s s t u d i e d e x c l u s i v e l y a t A l i g a r h by R a h i m u l l a h 

e t a l ( 1 9 7 5 , 7 8 ) . The knowledge o f t h e ground c o n f i g u r a t i o n r, o 1 1 
4 s"4p ( W F 0 i b 2 » fig) and t h e e x c i t e d c o n f i g u r a t i o n s 4p 4d 

and 4p5s i s comple te e x c e p t f o r t he l e v e l c f 4p4d t h a t does 

n o t combine w i t h ground l e v e l s . and "i-, l e v e l s o f the 

i n t e r n a l l y e x c i t e d 4s 4pw c o n f i g u r a t i o n a r e a l s o e s t a b l i s h e d . 
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n • 0 
l e n g t h s a r e c o m p r i s e d i n zhe r e g i o n lc?-Sc;j . A. 

Tne Ivc-Iftk w-cc t r . - r c f Ilc-l "bde nun: A tor: (Ko I'll I ) 

The s p e c t r i n of e l e v e n t i n e s i o n i s e d molybdenum atom i s ' 

j e I - l i k e end i s , t h e r e f o r e , i n p a r t a 1 - e l e c t r o n s p e c t r u m and 

i n p a r t a 3 - e l e c t r o n s y s t e m . As the I o n i z a t i o n i n v o l v e d i s 
O 

h i g h , t h e i n t e r n a l l y e x c i t e d 4s4p and 4 p u c o n f i g u r a t i o n s , which 
2 

oe long t o t h e s a a e s h e l l as t h e ground s t a t e 4s -ip, de scend so 

much t h a t ' t he f c r m e r becomes t h e lcwe.r-mos t e x c i t e d c o n f i g u r a t i o n 

and the l s f r e r one n o t t o e h i g h l y p l a c e d , 
ho XII i s a n a l y s e d i n c u r l a b o r a t o r y o n l y C l h a t o o n , 1973) , 

e x c e p t f o r i d e n t i f i c a t i o n s of two 4p -5d l i n e s by A l e x a n d e r e t a l . 
2 p P 

(19 7 1 ) . .The e round term '4s 4p "*?-,/.- and the e x c i t e d 4s~4d j./ ^ , o/ i, 
P 2 

^ 3 / 2 , 5 / 2 a r e ft-estaolished. The 4s4p c o n f i g u r a t i o n i s 
a 2 2 

known t o t h e e x t e n t o f T , a , r terms , which a r e f u l l y ' 

d e t e r m i n e d . _0ther c o n f i g u r a t i o n s and t h e i r t e r n s , whose s t u d y 
3 ^ 2 2 P 2 

i s a t t e m p t e d a r e 4p ( "o , D, F) and 4s"5d D, bu t t h e y n e e d 

to be conf i rmed . . 
o 

The s p e c t r u m has been s t u d i e d f rom 233 t o 439 A. The 

o b s e r v e d l e v e l s a re a s s e m b l e d i n Tab le l o and p l o t t e d i n F i g . l O . 

The s p e c t r a o f Ko X I I I 

I n t h i s s p e c t r u m , A l e x a n d e r e t a l (1971) were t h e f i r s t t o 

r e p o r t f i v e t r a n s i t i o n s : two of them p e r m i t t e d us to d e t e r m i n e 
1 P l 

t h e 4s4p , w r - l e v e l s w i t h r e s p e c t t o t h e ground 4 s " £>0 l e v e l \ 
t h e t r a n s i t i o n has a l s o been t r a c e d ' i n lokamak e m i s s i o n 

° 1 
by Kinnov (1975) . ' Burkh a l t e r e t a i . (1980) r e p o r t e d two r e s o n a n c e 

n P 2 - r- -I 
t r a n s i t i o n s . S d " " " ^ " - 3d"^s op . i-^ and Wyart e t a l c o n f i r m e d 

thsm ( 1 9 8 1 ) . 
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Th e d e r i v e d f i v e l e v e l s a re a s sembled i n t a b l e 12 

and p l o t t e d i n F i g . 12 . The few o t h e r r e p o r t e d l i n e s , n o t 

u s e f u l i n t n i s r e s p e c t , a re g i v e n i n t a b l e 20 . ' . 

F o u r t e e n t h - r . e c t r u m c f I.ol rbdenum (Mo XIV) 

A t h i r t e e n - t i m e s i o n i z e d molybdenum atom has. 23 e l e c t r o n s 

and " is i s o e l e c t r o n i c wi th Cu I ( 2 = 2 9 ) . The ground c o n f i g u r a t i o n 
10 9 9 2 

i s 3d , 4 s and e x c e p t f o r 3d 4 s 4 p , 3d 4p , a l l t h e known 

e x c i t e d c o n f i g u r a t i o n s a r e of t he t ype 3 d 1 0 n l . A l e x a n d e r e t a l . 

(1971) -were t he f i r s t t o r e c o r d t h e s p e c t r u m o f 1-io XIV i n t he 
o 

r e g i o n 45-350 A w i t h a low i n d u c t a n c e s p a r k ; t h e y i d e n t i f i e d 

t h e s t r o n g 4 s - 5 p , 4 s - c p , 4 p - 5 s , 4p -5d and 4 d - 5 f t r a n s i t i o n s . 

I n 1972 , Hinnov e t al . . s p o t t e d t h e 4 s - 4 p r e s o n a n c e d o u b l e t on 

t h e P r i n c e t o n s . T . Tokamak m a c h i n e . 

I n J u l y 1977 , C u r t i s e t a l p u b l i s h e d a p a p e r on loo XIV o ' ( 3 5 - I S 4 S) b a s e d on S d l e n ' s o l d r e c o r d i n g . , This d e a l s w i t h 

i d e n t i f i c a t i o n o f 4 s - 7 p , 4p -Ss , 4 p - 7 s , 4p-Ss , 4 f - 5 g , 4 f - 6 g 

and 4d -5p t r a n s i t i o n s , a long wi th l i f e t ime d e t e r m i n a t i o n o f 

the s t a t e s i n v o l v e d . Wavelength a c c u r a c y of t h i s work i s 
o 

l i m i t e d t o + 0 , 5 o r + 0 . 2 A o n l y , and the ' r e p o r t e d i d e n t i f i c a -

t i o n d i f f e r i n case o f 4 d - 5 p , 4 f - 5 g and 4 f - 6 g f rom t h e p a p e r ' 

on t h i s s p e c t r u m by Header , e t a l . ( 1 9 7 9 ) , p r e s u m a b l y b e c a u s e 

of t h e s p e c t r u m measurement d i f f i c u l t y t h a t C u r t i s e t a l n e t ' 

w i t h i n t h e l o n g e r w a v e l e n g t h r e g i o n t h e s e l i n e s a r e s i t u a t e d i n . 

I n view of t he a c c u r a t e measu remen t o f Header e t a l . , 

v;s a r e r e p o r t i n g t he c o n s o l i d a t e d d a t a from t h e i r p a p e r 

( T a b l e 1 1 , F i g . l l ) and have borrowed t h i s r e v i e w of Ho XIV 

a l s o f rom t h e r e . These t r a n s i t i o n s l i e i n t h e s p e c t r a l r e g i o n 

70 - 530 
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Three a d d i t i o n a l p a p e r s have a p p e a r e d i n t h e l a s t two 
o 

.years on Ko t r a n s i t i o n s o b s e r v e d i n the 5 0 - 5 4 A r e g i o n : 

t h e y a r e a u t h o r e d by B u r k h a l t e r e t a l (1980) , K l a p i s c h e t a l 

(1921) and ' J y ^ r t e t a l (1931)-. The t r a n s i t i o n s i n v o l v e d have 

f i n a l l y b e e n ' i d e n t i f i e d as 3 d 1 C 4 s - 3 a 9 4 s 4 p , 3 d l 0 4 p - 3 d 9 4 p 2 and 

3 d ~ ° 4 s - 3 d l 0 7 p . This has l e d t o d e t e r m i n e H l e v e l s of t he 
3 9 2 1 0 

c o n f i g u r a t i o n 3d 4 s 4 p , 10 of 3d 4p and 2 of 3d 7 p , i n c l u d e d 

i n t h e same t a b l e . 

The s s e c t r a o f Ko 

Ko XV i s H i I - l i k e ; t h e ground c o n f i g u r a t i o n c o n s i s t s 

o f a l l c l o s e d s u b s h e l l s up to 3d , hence a "^Q as ground l e v e l . 

Kos t of t h e e x c i t e d c o n f i g u r a t i o n s w i l l a r i s e o u t o f t he 

e l e v a t i o n o f a 3d e l e c t r o n t o a h i g h e r l e v e l , r e s u l t i n g i n 

3 d 9 n l f o r v a r i o u s p o s s i b l e v a l u e s o f n and 1 . A l e x a n d e r e t a l 

i n t h e i r a f o r e m e n t i o n e d p a p e r r e p o r t e d t he t h r e e t r a n s i t i o n s 
9 

f rom t h e 3p 4p c o n f i g u r a t i o n (J=L) t h a t can combine w i t h t he 
3 1 

g round l e v e l . Two o f t hem, namely t h o s e from Eh and Pn_ 

have been c o n f i r m e d s i n c e then by i chwob e t a l (1977) and 

K l a p i s c h e t a l ( 1 9 7 3 ) . The l a t t e r a u t h o r s have r e p o r t e d tvo 

a d d i t i o n a l ( A j = 2 , E l e c t r i c Quadrupo le ) t r a n s i t i o n s from 

3d 9 4s l e v e l s , t i a n s f i e l d e t a l (1978) a l s o r e p o r t e d t h e s e 

l i n e s from t h e UITS Toksmall. 
I n 1950 B u r k h a l t e r e t a l i d e n t i f i e d r e s o n a n c e t r a n s i t i o n s 

from 3d9 4p and 3 d 9 4 f ; S c h w i t z e r e t a l (1931) a l s o r e p o r t e d 
q 

them w i t h t h e a d d i t i o n of t h o s e from 3d" 5 f . V/yart e t a l (1981) 
Q 

c o n f i r m e d the t r a n s i t i o n s from 3d w 4p , b u t B u r k h a l t e r e t a l 

and h a n s f i e l d e t a l b o t h are u n c e r t a i n abou t the i d e n t i f i c a t i o n 
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o. 2 

o f t h e r e s o n a n c e t r a n s i t i o n 3d"'4f D-, Kant f i e l d e t a l 

f o u n d i t l y i n g i n t h e 3 p c - 3d"4p band of Ko XIX. 

D e r i v e d e n e r g y l e v e l s a re g iven i n t a b l e 12 and 

p l o t t e d i n F i g . 12 . 

The s ixteenth Spectrum of Kclvbdenum (Kr? XVI) 

This i s .a Co I - l i k e i o n w i t h 27 e l e c t r o n s , 3p°3d 9 as 

g round c o n f i g u r a t i o n and "D5/2 ss t h e l o w e s t l e v e l . Bd len 
5 9 was t h e f i r s t t o i d e n t i f y t h e r e s o n a n c e t r a n s i t i o n s 3p 3d" 

t^ 5 To 2 
WD - • 3p Sd - ^ P i n a vacuum s p a r k s p e c t r u m ; A l e x a n d e r e t a l 

(1271) m e a s u r e d them. Then schwob e t a l (1977) c l a s s i f i e d 
9 ^ 

t h r e e l i n e s as Ko XVI t r a n s i t i o n s 3d - 3 d ° 4 p , 4f w i t h o u t 

. a s s i g n i n g te rms and l e v e l s . 

r i a n s f i e l d e t a l i n t h e i r d e t a i l e d p a p e r o f 1978 i d e n t i f i e d g 

t r a n s i t i o n s from 3d 4s , 4 p , 4 f , of Ko XV I , c o n f i r m i n g f u r t h e r 

S d l e n ' s i d e n t i f i c a t i o n s . I t was f o l l o w e d by t h e p a p e r of 

Burkh a l t e r e t a l ( 1 9 8 ^ i n which t h e y e s t a b l i s h e d 54 e n e r g y 6 9 l e v e l s o f I'jd XVI b e l o n g i n g t o the c o n f i g u r a t i o n s 3p 3a" , 
5 10 8 g 

3p 3d , 3d 4p and 3d 4 f . The . spec t rum f o r t h i s s t u d y was . 

p r o d u c e d i n a low i n d u c t a n c e vacuum s p a r k and a l a s e r g e n e r a t e d 

p l a s m a . This p a p e r c o n f i r m s e a r l i e r i d e n t i f i c a t i o n s e x c e p t 

t h o s e c o n c e r n i n g 3d^4s , and makes a r i c h c o n t r i b u t i o n of i t s 

own. 

The r e s o r t e d and d e r i v e d e n e r g y l e v e l s o f Ko ]" / ! a r e 

g i v e n i n t a b l e 13 and p l o t t e d i n F i g . 13. The s p e c t r u m i s 

s t u d i e d i n t h e 32-78 1 w a v e l e n g t h r e g i o n . 

Tne S e v e n t e e n t h - r ^ c t r u n c f Kolybdenurr. (Ko XVID 

Th i s i o n of molybdenum i s i s o - e l e c t r c n i c wi th n e u t r a l 
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i r o n atom ( ? e I ) wi th 26 e l e c t r o n s . Ihe ground c o n f i g u r e - ' 
o 

t i c n 3d" hso - p r a c t i c a l l y a 2 - e l e c t r o n s t r u c t u r e . By 

i n t e r n a l e ^ c i t ? t i e r , r e s u l t s t h e i n t e r e s t i n g c o n f i g u r a t i o n D w »' 

3p 3d wi th two n o l e s : t r a n s i t i o n s be tween t h e s e two c o n f i g u r a -

t i o n have been s t u d i e d .by Bogdanov ichsne e t a l (33SO) snd 

Header e t al ( 1 9 8 1 ) . A l l t he n i n e l e v s i s c o n s t i t u t i n g the 
^ 3 1 • 1 1 

f i v e ground terms T , F , D, u , a and t h e 12 l e v e l s o f 

the e x c i t e d c o n f i g u r a t i o n have been e s t a b l i s h e d . Three 

l e v e l s o f t h e f o r m e r and two of t h e l a t t e r a r e f r e s h l y r e v i s e d 

by the l a t t e r a u t h o r s ; o t h e r w i s e the two l i s t s - ag ree w i t h i n 

t h e i r e x p e r i m e n t a l e r r o r s . 

• P r i o r to t h e s e p a p e r s , " b a n s f i e l d e t a l (1978) were t h e 

f i r s t t o i d e n t i f y t r a n s i t i o n s i n t h i s s p e c t r u m i n v o l v i n g t h e 
7 

g round and t h e 3d 4p c o n f i g u r a t i o n s . Ihe l a t t e r one has g o t 

a c o m p l i c a t e d s t r u c t u r e because o f t h e t h r e e h o l e s 'and one 

e l e c t r o n i n v o l v e d . The ground s t r u c t u r e h a v i n g been d e t e r m i n e d 

i n t h e above m e n t i o n e d two p a p e r s , we cou ld d e t e r m i n e l e v e l 
v a l u e s o f 3d^4p from t h i s t h i r d p a p e r , a l t h o u g h i t r e p o r t s 

.2 <3 9 -5 
a l o t o f b l e n d e d grour>s o f l i n e s . L e v e l s ( H) ( "F) w 
( 2 ? ) " 3D 3 , ( 2 G 9 / 2 i 3 / 2 ) 4 ^ d ( 2 F 7 / 2 , 3 / 2 > a r s t h e o n l y ones 

t h a t c o u l d n o t be r e s o l v e d because t h e y a r e s u p p o s e d t o g ive 

r i s e t o an u n r e s o l v e d s t r u c t u r e e x t e n d i n g f rom 4 2 . 0 3 to 
o 

4 2 . 1 4 

E n e r g y l e v e l s o f lie XVII a r e g i v e n i n t a b l e 14 and p l o t t e d 

i n F i g . 1 4 . 

l-lo XVIII -XXV 

I n t h e above m e n t i o n e d a p e p e r c f i s u r i - n a l t e r e t a l (1980) 
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ijb s l s c i n c l u d e s f o u r r e s o n a n c e t r a n s i t i o n s r e p o r t e d l y c f 
5 ^ - 7 

Kc X V I I I , v n i c h i s e. Kn I - l i k e i o n w i t h Sp oo. a t g rouna 

c o n f i g u r a t i o n , A group of u n r e s o l v e d l i n e s i s a t t r i b u t e d t o 

t h i s s p e c t ram by t> chwob e t a l a l s o . T he r e p o r t e d t r a n s i t i o n s 

do n o t l e a d to any l e v e l d e t e r m i n a t i o n and a r e l i s t e d i n 

Tab le 2 0 . 

- chwob e t a l i n t h e i r 1977 p a p e r s have a l s o c l a s s i f i e d 

some l i n e s o f Tokamak r a d i a t i o n as t r a n s i t i o n s i n s p e c t r a 

Ko XIX - X X V . These l e d as to d e r i v e t h e few l e v e l s o f 

Ko XXIV and Ko XXvT g i ven i n t a b l e 19 ana t r a n s i t i o n s a r e 

a s s e m b l e d i n t a b l e 20 . 
Ko XXX 

The t h i r t i e t h s p e c t r u m o f Ko i s i s o e l e c t r o n i c w i t h Al I . 

The i o n c o n t a i n s 13 e l e c t r o n s and w i l l g i v e r i s e t o a o n e - e l e c t r o n 

s p e c t r u m d o m i n a n t l y , due t o t h e e x c i t a t i o n o f t h e o u t e r mos t . 

3p e l e c t r o n from t h e ground s t a t e . A p a r t o f t h e s p e c t r u m c a n , 

h o w e v e r , have a t h r e e - e l e c t r o n s t r u c t u r e , a r i s i n g o u t o f t h e 

e x c i t a t i o n o f erne 3s e l e c t r o n . 

A number of t r a n s i t i o n s i n t h i s s p e c t r u m have been - . reported 

by B u r k h a l t e r e t a l (1977) and Hans f i e l d e t a l ( 1 9 7 3 ) . R e j e c t i n g 

t h e a p p a r e n t l y i n c o n s i s t a n t i d e n t i f i c a t i o n s , we have d e r i v e d 

from them t h e e n e r g y l e v e l s r e p o r t e d i n t a b l e 15 — • — . t n e 
2 t h r e e 3s3p l e v e l s have n o t been d e s i g n a t e d ; t he d e r i v e d 

e n e r g y l e v e l s a re p l o t t e d i n f i g . 1 7 . The s p e c t r u m i s s t u d i e d 
o 

i n t h e 15 -17 A w a v e l e n g t h r e g i o n . 
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Tw o p a p e r s e x i s t on t h e expe r i m e n t a l obs e n ' s t i o n s c f t h i s 
2 1 

i-g 1 - 1 i k e s p e c t r u m ( g r o u n d s t s t e 3s - q ) ; lp® f i r s t - n o t e o f • 

Surkh a l t e r e t . a l (1377) was f o l l o w e d by a r a t h e r d e t a i l e d p a p e r 

by L s n s f i e l d e t a l ( 1 3 7 8 ) . We t r i e d t o d e r i v e the e n e r g y l e v e l s 

f rom t h e t r a n s i t i o n s r e p o r t e d ^ i d e n t i f i e d by t h e s e a u t h o r s 

ana n e t w i t h some s u c c e s s . Ten c o n f i g u r a t i o n s c o u l d be worked 

o u t i n p a r t . As t h e r e p o r t e d s p e c t r u m c c n s i s ' t s o f a number o f 

u n r e s o l v e d s t r u c t u r e s , t h e term a n a l y s i s i n v o l v e d c e r t a i n . 

a s s r o x i m a t i o n s . L e v e l s o f 3p3d c o u l d be r e a c h e d from t h e g round 2 
l e v e l v i a 3s3d o r Sp . The two s e t s o f v a l u e s t h u s o b t a i n e d 

shoved g r o s s i n e o n s i s t e n c i e s and t h i s cas t e d h e a v y shadow o f 

d o u b t on t h e r e p o r t e d i d e n t i f i c a t i o n s . We a r e , t h e r e f o r e r e c r o -y 
d u c i n g t h e r e p o r t e d t r a n s i t i o n s i n t a b l e 2 0 , i g n o r i n g t h e l e v e l 

s t r u c t u r e . 
Ko XXXII 

This i s Na I - l i k e s i m p l e one e l e c t r o n s p e c t r u m wi th 
2 

3s - 1 / 2 g round l e v e l . I n t e r e s t i n t h i s s p e c t r u m was a r o u s e d 

by the o b s e r v a t i o n i n Tokamak r a d i a t i o n o f two Ko XXXII 

t r a n s i t i o n s by Kinnov (1975) and t h r e e o t h e r s by 6chwob e t a l 

( 1 9 7 7 ) . • B u r k h a l t e r e t a l (1377) came up w i t h an a n a l y s i s of 

t h i s s p e c t r u m e s t a b l i s h i n g 17 l e v e l s on t he b a s i s o f 22 t r a n s i -

t i o n s o b s e r v e d i n a l a s e r p r o d u c e d p l a s m a . M a n s f i e l d e t a l 

(13 78) improved upon t h e i r measurement s and added., some new 

t r a n s i t i o n s which y i e l d e d two more l e v e l s . 

He a r e r e s o r t i n g e n e r g y l e v e l s d e r i v e d f rom t h e 1 after, a u t h o r s 1 

p a p e r . ( T a b l e 1 5 , F i g . 1 5 ) . The s t u d i e s cove r the- w a v e l e n g t h r e g i o n 

10 - 177 A. 
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i n s s t u d y of t n i s lie I - l i l r e i c n ( g r o u n d l e v e l 2s~2p w " X J 

began w i t h A g l i t s i c i i e t a l (1975) yno r e p o r t e d s'i:: resonance-

t r a n s i t i o n s ; B u r l : h s l t e r e t a l f o l l o w e d t h e e (1377 and 13 78) w i t h 

10 and 17 r e s o n a n c e l i n e s . r e s p e c t i v e l y . . A g l i t s l i i i ha s r e c e n t l y 

(19 79) improved measuremen t c f f i v e t r a n s i t i o n s r e p o r t e d by him 

e a r l i e r . E n e r g y l e v e l s i n t a b l e 17 a r e d e r i v e d from t h e b e s t 
o 

r e p o r t e d m e a s u r e m e n t s , t h e s p e c t r u m h a v i n g been s i t u a t e d 3 - 5 A. 

Mo ZIXXIV o This F1 1 - l i k e ' i o n ( g r o u n d l e v e l 2 p u z z / 2 ) i s known t h r o u g h 
5 A 

t h e work of Bo i k e -11 a l (1978) who i d e n t i f i e d n i n e 2p - 2 p 3d 

t r a n s i t i o n s u s i n g a l a s e r p r o d u c e d p l a s m a , B u r k h a l t e r e t a l i n 

t h e i r (1978) p a p e r , q u o t e d many t i m e s a b o v e , have a l s o s p o t t e , d 

o u t two o f t h e s e t r a n s i t i o n s . L e v e l s a r e g i v e n i n t a b l e 13 and 

p l o t t e d i n F i g . 1 7 . 
I«o XL, £11. and X I I I 

L a s t l y we mus t m e n t i o n t h e p a p e r o f l u r e check and Ilunze 

(1975) on the He I - and H I - l i k e s p e c t r a o f Mo XLI and Mo X L I I , 

and t h a t o f B e i e r e t a l (1378) on Mo XL, XLI. s u p p o s i n g the 

i d e n t i f i c a t i o n s c o r r e c t , we a r e r e p o r t i n g f rom them 9 e x c i t e d 

l e v e l s ( T a b l e 19) o f t h e s e t h r e e s p e c t r a , . obse rved be tween 0 . 5 
o 

and 0 . 7 A. The Istfcer p a p e r i n c l u d e s p r e d i c t i o n s on a number o f 

n o t y e t o b s e r v e d t r a n s i t i o n s i n Mo XL and XLI. 

C o n c l u s i o n 

This s u r v e y of knowledge of the s t r u c t u r e c f v a r i o u s moly-

bdenum s p e c t r a t e l l s u s , amen g o t h e r t h i n g s , how much room t h e r e 

i s f o r o r i g i n a l s t u d i e s of t h e s e s p e c t r a . Mc I and Mo I I a r e v e i l 

known and v e r y l i t t l e can bs added to t n e i r u n d e r s t a n d i n g . Only 
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th r ee c o n f i g u r a t i o n s o f - t n e 1 io I I I a r e 1-iown i n some d e t a i l 

and a f o u r t n - o n l y - f r a r e m e n t a r i i y . 1-e IV i s o n l y b r - re ly known. 

Ih s s i t u a t i o n of .Ko V i s s l i g h t l y b e t t e r , bu t i t s s t u d y can 

a l s o be t h o u g h t to be i n i n i t i a l s t a g e s . W o r k . i s go ing on 

i-o VI in o u r l a b o r a t o r y . ' 

Knowledge of r e s o n a n c e t r a n s i t i o n s of Ko VII i s a l m o s t 

c o m p l e t e , b u t s t u d y of t r a n s i t i o n s be tween e x c i t e d c o n f i g u r a t i o n s 

has o n l y been s t a r t e d i n o u r l a b o r a t o r y . Complete knowledge of 

t h e s t r u c t u r e o f t h e s e c o n f i g u r a t i o n s w i l l be o b t a i n e d o n l y when 

t h e p r e s e n t - s t u d i e s a r e c o m p l e t e d . 

Ihe s t r u c t u r e o f ns ( n = 5 -7 ) and nd ( n = 4-5) c o n f i g u r a t i o n s 

c f Mo V I I I - X i s a l m o s t w e l l known, though s t u d i e s o f t r a n s i t i o n s 
k 

t o t n e ground l e v e l s f rom them. The i n t e r n a l l y e x c i t e d 4s4p 

Ck = 6<x5) c o n f i g u r a t i o n s . a r e a l s o made known l i k e w i s e . T r a n s i -

t i o n s be tween e x c i t e d c o n f i g u r a t i o n s have t o be s t u d i e d to i 

d e t e r m i n e t h e s t r u c t u r e o f n p , n f e t c . c o n f i g u r a t i o n s of t h e s e 

s p e c t r a . 

The s t u d y of Mo XI and Mo XII has begun; KG XIV ana Ko XVI, 

XVII a r e known q u i t e s u f f i c i e n t l y , a l o n g w i t h Ko X2XII , XXXIII . 

S i x t e e n o t h e r Ko s p e c t r a a r e known f r a g m a n t a r i l y , name ly 

Mo X I I I , XV, XVIII-XXV, XXX, XXXI, XXXIV, XL-XLII. The r e s t 

o f Ko s p e c t r a a r e c o m p l e t e l y unknown so f a r . 
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(Madr id) [a"} 3 1 . 103. 
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F i g . 4 . Obse rved e n e r g y l e v e l s of Mo V I . 
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p a i r - c o u p l i n g n o t a t i o n s . . 

F i g . 5. Obse rved l e v e l s . o f Mo V I I I : L e v e l s of nd and as c o n f i g u r a t i o n s 

b e a r d i f f e r e n t n o t a t i o n s . . 

F i g . 7 . Obse rved e n e r g y l e v e l s o f Mo IX; For nd l e v e l s , a , b and c 
2~ 2 

r e f e r t o p a r e n t c o n f i g u r a t i o n s , "E and P r e s p e c t i v e l y . 

•Fig. S . Mo X e n e r g y l e v e l s : nd l e v e l s a r e r e p r e s e n t e d w i t h t h e i r 

p a r a n t a g e s . " « 
F i g . 9 . Observ ed ene rgy l e v e l s . 

F i g . 10 . Energy l e v e l s o f e l even t imes i o n i z e d 

F i g . U . Obse rved e n e r gy - lev. e l s of Mo XIV. 

F i g . 12. E n e r g y l e v e l s o f Mo X I I I a n d . t o XV. 

F i g . X2 • E n e r g y l e v e l s of Mo XVI. 

F i g . 14 . E n e r g y l e v e l s o f to •<.nr-r -V i4i « 

F i g . 15. E n e r g y l e v e l s o f to •lEiTT j I . 

F i g . 15 . Ene rg y l e v e l s o f to 

F i g . 17 . Energy l e v e l s of i--0 a - . - - C uî woJ. V c 
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Table 7: Observed Energy L e v e l s of Mo IX (en ) 

Configuration Terms J E (cm"-') 

a 'D 0 0..00 

1 2^3*10 

2 669.60 

3 1225.20 

^ 1873*80 

a h 0 11273-30 

1 12509.80 

2 1V357 . 30 

a ^H If 12630.31 

5 13201 .3^ 
6 

a % 2 13927.76 

3 139^7.^0 

if 1^295.85 

a ^G 3 15672.25 

if 161^3.15 

5 16763.13 

a 3D 3 19390.90 

2 19783.28 

1 19995.50 

b 2 30992.50 

1 32292.70 

0 32887.80 



-28-

Table 1 contd . . . 

b 

• a % 

lfd3CIfF)5s a 

l f d 3 ( S ) 5 s c F̂ 

ifd3(2G)5s b 3s . 

ifd3C2P)5s c 3P 

ifd3 ( S ) 5 p z 5G° 

if 31932.50 

3 321^2*80 

2 32126.50 
1 3 2 ^ 1 9 ^ 

2 3 2 ^ . 0 ^ 

3 33^53.10 

b 3^226 .01 

5 35130.10 

1 if2*f05«50 

2 if 2 6 6 5 . 9 0 

3 if 3^62.69 

2 lf2605.81f 

3 if 3562.61 

1+ M+656.23 

3 

if ^6557.96 

5 ^ 6 5 8 1 . 0 3 

0 -

1 W 5 3 . ^ 5 

2 ^ 9 0 5 2 . 0 5 

2 7 3 8 5 ^ . 0 5 

3 7if725.5^ 

^ 7 5 8 1 7 . ^ 8 

5 7711^»11 

6 78690.21 

1 75973-oJ 

2 76837.80 

3 7 8 1 5 9 . ^ 2 
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Table 1 contd 

i f d 3 ( S ) 5 p 

? 

? 

i + d 3 ( S ) 6 s 

2 5F° 1 7773^•96 

2 78058.00 

3 78575.30 

b 79^98.00 

5 803ifif.06 

z V 0 78569.00 

1 78678.30 

2 7901*+.90 

3 7 9 5 0 9 M 

if 8 0 0 9 6 A 8 

z 2 79^69.30 

3 80355*60 

if 81299.90 

y 5 s° 0 81521.93 

1 81601 .80 

2 81867.00 

3 . 82221.00 

if 82772.87 
5 o z ?P 1 8568if .30 

2 86if27.80 

3 87392.80 

3 f ° p if 8311+8.70 
2 f ? i+ 8if5^5 •1+9 

6s ^F 1 131^62.31 

2 1 318-26,00 
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T a b l e 1 c o n t d 

6 s % 

3 13229^.79 

^ 133056.00 

5 13^012 .30 

2 13Mf03*00 

3 135375.00 

if I36if70.00 

a, t>, c 2 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 (cm ) 

ifd3 l fd 3 3 / 2 0 . 0 

5 /2 780.0 

7 /2 1759-0 

9/2 2858.6 
i fd 2 ( 3 F)5s 5s S 3 /2 60893.^ 

5/2 6162^.1 
7 /2 62705.3 

9 / 2 6 ^ 0 ^ 2 . 6 

i fd2(3F)5p 5P ^ 3 /2 ' 111756.5 

5 /2 112921.0 

7 /2 11^619.^ 

9 /2 115956.7 

Vd2(3F)5p 5P S 1 / 2 115790.b 

3 /2 11658^.3 

5 / 2 117602.3 

7 /2 118076.5 

Mo V(%2) l i m i t - 37l+lflO 
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Table 7: Observed Energy Levels of Mo IX (en ) 

at 

Configurations Terms J £ Ccm" 1) 

^ d 2 

ifd(2D)5s 

ifd(2D)5p 

lfd(2D)5d 

3F 2 0 .00 

3 1585 

if 3359 
3P 0 11165 

1 11812 

2 13M3 
1D 2 83971 
3D 1 92381 

2 • 93113 

3 9^837 
1F 3 1V1150 
1P 1 1^7209 
3D 1 1^8950 

2 151212 

3 153^1 
3p 2 1503^6 

3 151196 

if 155033 

2 151760 

3p 0 157060 

1 156616 

2 157852 
1D 2 21 2620 
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Table 3 contd 

3D 3 2138^0 

2 21V671 

1 21 ^ 786 
1P 1 21587V 

VdC^Vf 3? 2 23172V 

3 23V886 

V 2V1112 

Vd(2D)5d % 2 . 23671V 

3 239071 

b 2V210V 

Vd(2D)Vf 3G 3 2^3665 

if 2M+8V1 

5 2V5830 

Mo VI (2D3/2) Limit - V93360 



-31-

Table Observed Energy Levels of Mo "71. 

Design B Ccm"1) S n -n Calculated £ 
CELdlen, 76) 

U-d 3 / 2 

5 /2 

5s % 1 /2 

5p 2P 1 /2 

3 /2 

^f 5 /2 

7 /2 

5d 2D 3/2 

5 /2 

6s 2S 1 /2 

6p 2P 1/2 3 /2 

5f h 5 / 2 

7/2 

6d 2D 3/2 

5 /2 

2583 

119725T 

182b- OifT 

187331T 

267038° 

267M+5° 

282819T 

283606T 

313803' 

3^0571 

3^2563 

376*+11+ 

E 

B 

376571 

386166 B 

2583 

>+927 

i+07 

787 

1992 R 

157 

387' ,B 

386553 
B 

1 . 3 3 1 8 

1.3256 

1.9870 

1.7^3*+ 

1.7216 

0.295^ 

0.2928 

1 . 1 8 9 5 

1.181+0 

1.9521 

1.7077 

1.6866 
0.295^ 

0.2933 

1.1613 

1.1558 

2582 

119725 

182^+0*+ 

187332 

267036 

267M+6 

28281*+ 

283600 

31 3800 

3>+056i+ 

3^2556 

386158 

3865^5 
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Table V contd®. • • . 

5g 2G 7 / 2 , 9 / 2 3951 72 0*0268 395113. 
7s 1 /2 V00768 1.9373 (V00700)£ 

7p 2P 1 /2 MV850R 1.6889 

M6O55E 

1205R 

3 /2 M6O55E 1.6659 ifl606l 

7d 2D 3/2 V39V60R 

228R 

1.1^98 V39V58 

6f ^P 
5 /2 if39688R 1.lMf3 V3968V 

6f ^P 5/2 MfH83 

111R 

0.1059 Mf1179 

7/2 Wn 29^ 0.1031 Mfl29^ 

6g h 7 / 2 , 9 / 2 M+3738 0.0386 M+3710 

8p 2P 1 /2 

3 /2 

V5306V 

^53155 

91 

1.7716 

1.7689 

7g 2G 7 / 2 , 9 / 2 V73200E 0.0V59 V73198 

7h 2H 9 / 2 , 1 1 / 2 lf7V062E 0.0093 i*7V068 

8g % 7 / 2 , 9 / 2 V92377 0.0511 V92379 

8h 9 / 2 , 1 1 / 2 V9302VE c .0096 V93021 

8 i 2 i 11 /2 ,13 /2 ' V9311VE 0.0038 V93119 

Limit Vp6 lfd 2I>3/2 - Vp6 1SQ = 55^900 + 200 cm"1 

(evaluated by B. Bdlen) 

Original ly estimated by 

T = Trawick 
C - Charles 
B = Homanov and Striganov; tbey report s p l i t t i n g of 6g and 7g l e v e l s 

by 2.73 and 3.07 cnr1 r e s p e c t i v e l y . 
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Table 5: Observed Energy Levels of Mo VII 

C o n f i g u r a t i o n s Terms E (cnf1 ) 

lfp? i+d 

lfp^ 5s 

^p 5 6s 

ifp5 6d 

7s 

b j 8s 

ifp5 9s 

ifp^ 10s 

ifs U-p 5p 

1S 

3P 

3 d 

1P 

(3/2, 1/2) 
(1/2, 1/2) 

3, * pP 

'5 

(3/2, 1/2) 
(1/2, 1/2) 

3 d 

(3/2, 1/2) 
(1/2, 1/2) 
(3 /2 , 1 /2 ) 

(1/2, 1/2) 
(3/2, 1/2) 
(3/2, 1/2) 

3p 

0.00 

305563 

3^1 711 

if17538 

502930 

658992 

689779 

710061 

732563 

795520 

8l6*fi3 

8393^2 

87^998 

898093 

910830 

93^536 

780390 

789696 
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Table 7: Observed Energy Levels of Mo IX (en ) 

Configurations Terms J E (cm'1) 

i f s 2 btf1 2P 3 /2 0 .0 

1 /2 23276 

>+s l+p6 2S 1 /2 23383O 

1+s2 (3P) S 5 /2 . - 308699 

" S ) 3 /2 309938 
M * * 3 /2 335663 

" S 5 /2 3379^1 

" '1/2 336936 

" ^ 3 /2 339525 

« S 5 /2 3^6215 

%• 5 /2 357811 
2 P 3 /2 ^21559 
2 P 1 /2 ^30969 
2D 5/2 1+26778 
2D 3/2 W 8 7 6 

(1D) 2P 3/2 3W832 

» 2P 1/2 330800 

» 2D 5 /2 3531^8 

" 2D 3 /2 3^1362 

» 5 /2 3713^1 

» 2S 1/2 ^11512 

( 1 s ) 2D 5 /2 1+01+903 

" 2D 3/2 39^5^5 
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Tab le 6 con td . 

V s 2 Vp^ 5d 

V s 2 Vp^ 6d 

( 3 P 2 ) " P 1 / 2 7 3 0 ^ 7 2 

II 5 / 2 7M+258 

fl 3 / 2 7 V 1 5 5 2 

" P 5 / 2 7 V 8 1 6 1 

ft ^ p 3 / 2 7 V 5 1 6 5 

( 3 P 1 ) 2 f 5 / 2 7 V 9 5 3 1 

tt 2 P 3 / 2 7 5 0 9 3 7 

( 3 P 0 ) 
2D 5 / 2 7 3 3 3 7 2 

II 2D 3 / 2 7 3 1 0 7 3 

0v2) % 1 / 2 7 5 9 1 1 2 

rt 2 P . 3 / 2 7 6 1 9 V 1 

« 2p 1 / 2 7 7 0 3 7 0 

ii 2D . 5 / 2 7 6 3 0 1 5 

« 2D 3 / 2 7 6 7 1 6 7 

n 2 p 5 / 2 7 6 V 7 7 0 

( 1 s 0 ) 2D 5 / 2 8 0 0 3 5 1 

II 2D 3 / 2 7 8 9 7 8 1 

2I» 5 / 2 89083V 

II h> 3 / 2 8 9 1 9 9 9 

C3PN) 5 / 2 9 0 7 5 3 V 

II ^P 3 / 2 9 0 6 6 0 8 

C ^ ) 5 / 2 9 0 9 8 8 9 

II 2 P 3 / 2 9 1 0 2 2 0 

( 1 D 2 ) 
2 

S 1 / 2 9 2 0 V 2 8 

II 2 P 3 / 2 9 2 1 0 6 8 

ti 2D 5 / 2 9 2 3 7 V 7 



Table 6 c o n t d . . . . 

C''D2) 2 P 
2 

" D 

( oQ) D 

k 2 » ^ ^s ifp ns 

( 3 P 2 , V 2 ) 

( 3 P C , 1 / 2 ) 

C3Pn ,1/2) 

( b 2 , 1 / 2 ) 

( 1 3 O J 1 /2 ) 

-36-

1/2 92Vi 05 

3/2 927660 

3/2 961+373 

& 6s 2s 

5/2 .5211+61 789751+ 916631+ 

3/2 527389 791823 91915b 

1/2 538732 806611+ 928921 

3/2 5^3336 810363 932812 

1 /2 5^8923 81227^ 93^3^ 

5/2 518812 825687 9*+8l29 

3/2 559813 8 2571 if 9*+8i53 

1 /2 595829 862803 98201+1+ 
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Table 7: Observed Energy Levels of Mo IX (en ) 

Designation E (cm"'') 

I f s 2 VtA 
3P 2 0 
3 P 0 1 6 5 8 9 

20576 . 

1>a 3567V 
1So 72885 

Ifs ifp5 

3P2 233122.9 V 2V6113.0 

h r 0 256536.7 
1P 295 62V.1 

Vs2 Vt>3 nd Vd Id 6d . 

b 3D1 3V7777 797355 987579 

b 35CMV 800579 990382 

b % 3 353696 - -

b 3G3 362277 82253V 101V603 

c 1D2 381528 828728 1016860 

c 3I>., 380383 825266 • 1015585 

c fy 388801 830915 10181V8 

c h 2 39263V - -

c 395360 - -

c 396711 - -

c . V02590 839507' 102V196 

c '3P2 V0568V 839713 1025122 
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Table 7 contd. 

;1 b 

b 

fe 1F. 

b 1P, 

a D-

b 

a 

if 1671+6 

1+19123 

If 21+ 009 

1+2091+7 

1+311+98 

1+33^+5 

M+1012 

a represents ( S) 
b represents (^D) 
c represents (2P) 

81+06 51+ 

81+51+71+ 

81+3565 

81+7507 

81+8809 

1033227 

1031317 

101+0059 

a M+7509 865366 1056382 

b 1D2 1+56111 869633 1057289 

b 1 f 3 1+66718 - -

c 1P1 1+87905 866605 10651+91 

1+s2 l+p3 ns i s 6s 2s 

a 571798 875565 1025701+ 

a V 582355 88o8if2 10287lf3 

b V 601679 905858 1055312 

b 6021+55 9062^9 1055089 

b ^ o 609235 9121+77 1062162 

b v 61339^ 91550*+ 1061+357 

0 V 62861+9 933385 1082lf 63 

c 630391 93^288 108311+2 
„ 5» 0 61+1+120 9 W 1 7 109701+0 

• V " 61+753^ 95061+9 1099^12 
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"i'sble S. Cbse rved e n e r g y L e v e l s of Lo II. 

• =>•* , { C E • 

9 . 

2r-

3 / 2 

C fO W/ i-l 

5 / 2 

1/2 
3 / 2 

0.00 
2583 6 

35522 

w w 

70544 

^ 4?* 
4_ 

2-« 
2t 

2 2 j ks 4o nd 

( 3 F ) . 4D 

(£?) 2-r-

( 2 G 

i v •» J 

5 / 2 

3 / 2 

1/2 
3 / 2 

5 / 2 

1/2 
3 / 2 

1/2 

3 / 2 

5 / 2 

3 / 2 

7 / 2 

5 / 2 

224333 

239891 
r-. a a z~ f. 

I 

— OO / O 
OQ "1 SO; 

314504 

31S423 

341542 

4d 

37713B 

3B3475 

404? 73 

403337 

41 SO 34 

5d 

330 202 

BBS324 

Sd 

1036993 

1102750 
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con 

o Wr 
/ 

* 

v - ; 

2 d 
2 d 
2 d 
2P 

( S ) 2P 
2P 

mi 

2 p 

2n 

I 1 , ) 

4 ? 2 ns 
A 
•P 
4 -* 

2p 

4 -r 
2r a 
2D 

"J 
2. 

1 /2 419351 89 5722 110?C27 

3 / 2 420327 90 52 74 i - -j A 7 

1/2 427439 - -

3 / 2 429585 907395 -

5 /2 439 591 914555 1125585 

3 / 2 445970 -

5 / 2 443827 915223 1130 575 

1 / 2 452929 - . -
5 / 2 458418 916122 1149555 

3 / 2 452530 ' 929938 1151535 

1 / 2 . AC. O i. 93403 5 1153504 

7 / 2 453252 934593 -

3 / 2 487294 939535 • 1165710 

5 / 2 489003 963415 1172871 

7s 

1 / 2 £33 399 989394 1160553 

3 / 2 S54947 993292 1171183 

1 / 2 550981 100257S 1173765 

5 / 2 554258. . . 1003523 1175753 

3 / 2 55=948 1003269 1130003 

5 / 2 592 £50 1032354 12059 72 

3 / 2 695263 1034200 120 579 5 

1 / 2 723115 1055433 1233175 
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lable 9: Observed Energy Levels of Mo XI. 

Configurations Terms J E (cm"1) 

Ifs 2 Vp2 3P 

1 

0 0 
JP 1 17590 
3P 2 27136 
1D 2 5V719 

0 8V808 

Vs Vp3 3S 1 335.178 

1 362196 

Vs 2 Vp Vd % 2 380832 

3F 3 390018 
1D 2 V15602 

3p 1 V2Mf00 

3p 2 V301V5 

3P 0 V35558 
3D 1 1+V1686 

3d 3 M+V196 

3d 2 M+5333 
1 F 3 V75300 
1 p 1 V82661 

^ s 2 Vp 5s 3 P 0 - 707202 

3p 1 709077 
3P 2 735196 
1P 1 739589 
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Table 7: Observed Energy Levels of Mo IX (en ) 

Configurations Terms J E ( c m ) 

b s 2 Vp 2P 1/2 0.00 

3 /2 28359 

Vs2 Vd 2D 3/2 V19709 

5/2 V25986 

Vs Vp2 2S 1/2 306175 
2P 1/2 325507 

3/2 332029 

^P ' 1/2 191028 

3/2 200337 

5/2 2lMf82 

Vp3 ^S 3 /2 V959V6 
2D 3 /2 527661 

5 /2 535296 
2 P 1 /2 558108 

3/2 573V86 

Vs 2 5d ^ 3 /2 81V820 

5/2 820V89 
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Vc-le 11. Observed E n e r g y Leve l s c f i-lo ^ . V . 

r e s i g n a t i o n J ' • L ( e n " 1 } 

1 /2 ' 0 . 0 0 

4D " P 1 / 2 2 3 6 0 5 5 
o 

3 / 2 257 532 

4d 2D 3 / 2 649976 

3 / ^ oo 
2 

4f F 5 /2 10 33350 

7 /2 1033958 

5s % 1 /2 1089591 

5p ' 1 /2 1192036 

3 / 2 1205254 

5d 2D 3 / 2 1372413 

5 / 2 1374830 

5f 2 F 5 /2 1 540440 

7 /2 1 540 574 
- 2„ 
=>g ^ 7 / 2 , 9 / 2 1577545 

Ss 2 i 1 / 2 . 1579705 

5p % 1 / 2 1633515 

3 / 2 1 6400 46 2_ 5f F 5 / 2 IS18244 

2r 
7 / 2 ISIB317 

7 / 2 , 9 / 2 1841005 

7 / 2 , 9 / 2 ' 2000101 
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iVole 11 c o n t d . . . 

^ i 
D e s i g n a t i o n J E (cm 

3<f'4$4p 1 2 b / ? ) " F 1 / 2 1333400 

( 2 D , ° T ) ~ ? 1 / 2 1393000 

( 2 D , 3 F ) 4 D 1 / 2 1905750 

C 2 ! ) , 1 ? ) 2 ? 1 / 2 19 63 9'30 

( 2 D , 3 P ) 4 P " 3 / 2 1861340 

3 / 2 1874940 

( 2 D , S P ) 2 D 3 / 2 .. 1385S20 

( 2 D , 3 P ) 2 P 3 /2 . 1395720 

( 2 D , 3 P ) 4 D 3 / 2 1914770 

C ^ , 1 ? ) 2 ? 3 / 2 1945520 

3 / 2 , 1 / 2 ) 2 >3 /2J 3 / 2 1987 500 

3 d 9 4 p 2 ( 2 D , 1 D ) % " 1 / 2 2143950 

C 2 ^ , 3 ? ) 2 ? 1 / 2 2190700 

C ^ , 1 ^ 2 ? 3 / 2 • 2143940 ? 

c 2D 3 /2 2158450 

. ( 2 D ? 3 p ) 4 F 3 / 2 2171 600 

( 2 d ? 1 d ) 2 d 3 / 2 2130320 

( 2 D , 3 P ) 2 ? 3 / 2 2194530 
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I ' s c l e 11 contd , 

( , ° P ) 5 / 2 2190210 

C 2 : ; , 1 ^ 2 ? . 5 / 2 2208210 

( 5 / 2 2220830 

3d l 07f3 1 / 2 1874730 

2t 3 / 2 1878710 
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Ts.ble 12, 2ns rg v l e v e l s of Vx> Zli I and Lo r / . 

C rv r . f i su r - t i o r . I ' s r a ii ( c c ") 

1 r\ i 

1 

'w • w V'" 

5p 1126510 

1 F 1 113 5110' 

3 d 3 4 £ 2 4 p 1 F 1 1843390 

^ 186? 380 

Mo ICV 3d 1 C 0 . 0 0 

3d 9 4s 3 D 2 1599730 

1 D 2 1725520 

3d 9 4p ^ 1952480 

1 P 1 1382240 

2003450 

3Di 2773239 

1_ 
r'l 2827420 

3d^5f ( 5 / 2 , 7 / 2 ) 1 3353 540 

( 3 / 2 , 5 / 2 ) - 3394570 



-47-

I 'eble 15.. E n e r g y l e v e l s c f Lo II7I . 

-i 
C o n f i g u r a t i o n Te r r J 2 ( ccj~") 

. ^D 5 / 2 C Q O Ow O '-̂a 

^D 3 / 2 27000 

3 p ° 3 d 1 0 2 P 3 / 2 131S000 

o 
• ? . 1 / 2 1464000 

>dS4s ( ° F . , l / 2 ) • 7 / 2 IS49400 

[ ° F 0 , 1 / 2 } 7 / 2 1370000 

( , 1 / 2 ) 7 / 2 1925300 

( 1 G 4 , l / 2 ) 9 / 2 1925700 

3d S 4p ( 3 F 4 , l / 2 ) 7 /2 2089300 

C 3 F 3 , l / 2 ) 5 / 2 2112500 

( 3 F ^ , 1 / 2 ) 7 / 2 2115300 

( 3 F 2 , l / 2 ) 5 / 2 2117700 

( 3 F 2 , l / 2 ) 3 / 2 2119300 

( 3 F 4 , 3 / 2 ) 7 / 2 2134500 

r*. 
v f o • ^ 1 «->/ — o • 

( 3 F ^ , 3 / 2 ) 5 / 2 2135000 

( 3 F 2 , 3 / 2 ) 1 / 2 
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"•£ble 13 c o n t d . . . 

( ~ r 9 . l / 2 ) 

( 3 F 3 , 3 / 2 ) 

C 3 F . , 3 / 2 ) 

( ^ . 1 / 2 ) 

( 3 F 2 , 3 / 2 ) 

( 3 F 2 , 3 / 2 ) 

( S F 2 , 3 / 2 ) 

( 1 D 2 , l / 2 ) 

( 3 F L - , L / 2 ) 

C 1 S 4 , l / 2 ) 

( 3 F 0 A / 2 ) 

( 1 D 2 , l / 2 ) 

C 3 F- 2 , 3 / 2 ) 

( 1 D o , 3 / 2 ) 

( dp 1 / 0\ 

("^Dg , 2 / 2 ) 

5 / 2 

3 / 2 

5 / 2 

7 / 2 

1/2 

7 / 2 

5 / 2 

3 / 2 

5 / 2 

3 / 2 

7 / 2 

1/2 

3 / 2 

5 / 2 

1/2 

7 / 2 

3 / 2 

5 / 2 

2147 500 

2147500 

2151300 

2155500 

2157500 

21 50 500 

2154900 

.2163000 

2172300 

2173000 

2173400 

2173900 

2130900 

2183400 

219 0 500 

2195800 
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O— ^ /ry\ 

» * r <-7 

( 3 F l . 3 / 2 ) 

C 3 F l , 3 / 2 ) 

( 1 D o , 3 / 2 ) 
C* 

( ^ , 3 / 2 ) 

( 3 P 2 , 3 / 2 ) 

( S p ^ S ^ ) 

("^G^ , 3 /2 ) 

( ^ , 2 / 2 ) 

C ° F 4 , 7 / 2 ) 

( 3 F 4 , 7 / 2 ) 

( 3 ? c , 7 / 2 ) 

( 3 P 2 , 5 / 2 ) 

( 3 P 9 . 5 / 2 ) 

- r\ 
/ ry 

Ct 

W»t- r- / .— I r 2 } .'/<:; 

3 / 2 21? ?• 200 

5 / 2 2 2 0 4 2 0 0 

1 / 2 2 2 0 5 4 0 0 

3 / 2 220S300 

7 / 2 

5 / 2 2213000 

3 / 2 

1 / 2 2222500 

7 / 2 2222500 

1 / 2 2274000 

3 / 2 2308500 

7 / 2 • 2941200 

5 / 2 2941200 

5 / 2 2958200 

7 / 2 2975200 

5 / 2 2980 300 

5 / 2 2984800 

7 / 2 ' 2 9 9 5 0 0 0 
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xg.cie i o c o r n . a , . . . 

, 7 /2 ) 

C ^ i ,5 /2 ) 

( G A , 5 /2 ) 

( ^ 1 , 5 / 2 ) 

C"G 4 , 7 /2 ) 

< ^ > 7 / 2 ) 

( 2 2 » 5 / 2 ) 

•t 
( 'ON -Q } ' / <-) 

( ^ O ' 5 / 2 ) 

7/2 2337700 

5 / 2 

3 / 2 

5 /2 

7/2 

1/2 

3 / 2 

5 /2 

7 / 2 

5 /2 

7 /2 

uj'J i 

3023300 

30 35800 

3041800 

30 45700 

30 5 7400 

305 7400 

3115300 

3118700 

3122100 



Sp 

In 

1„ 
•J 

1 

3d 9 3 F 

Op 

r 

o 

2 27030 

2 51000 

0 '53250 

1 70310 

2 77950 

4 82420 ' 

0 175 TOO 

4 12S2860 

2 1281500 

3 1311150 

2 1342300 

1 13520 50 

0 13558 30 

3 1370010 
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l&ble 14 contd. . . . 

wr 

144o570 

1471530 

-U -f 

"P 

4-, 
- 9 / 2 , 3 / 2 ) 

T) 

/ n 
F ) F 

) 

2 

- 1 1 / 2 , 1 / 2 

g7/2,1/2> 

9 / 2 ,*3/2) 

S G 

I p 5 / 2 , 3 / 2 ) 

4^ % 
" 5 / 2 , 3 / 2 ' 

- ' 7 / 2 , 3 / 2 ) 

2-, 

^ 7 / 2 , 3 / 2 ' 

f 3 J) r 

^ 1 / 2 , 3 / 2 ) 

( i D 5 / 2 , 3 / 2 ) 

3 

4 

3 

1 

1553839 

2319110 

2323420 

2340820 

2353490 

2359 550 

2376650 

2382180 

238 5500 

2339420 

2390550 

2392340 

2393350 

2337320 
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^ 1 1 / 2 , 3 / 2 > 5 2410710 

i u . 4 2413420 

(3D) \ ' 1 2412370 

< ^ 1 / 2 , 3 / 2 ) 2 2424230 

< 2 ? l / 2 , 3 / 2 > 1 2 4 2 7 ^ 0 

( 2 " 3 / 2 , 3 / 2 ) ' 5 2435920 

(2P) 2D 1 1 
V 2442030 

C 2 p 3 / 2 , 5 / 2 ) 3 J 

^ 2 f 5 / 2 , 3 / 2 ) 2 2443340 

C % / 2 , 3 / 2 } 3 2451530 

( 2 F ) 1 ? 3 2471340 

^ 5 / 2 , 1 / 2 ) 3 2435300 

{ - D 3 / 2 , 3 / 2 ) 3 2 5 - S 8 0 
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15. ^asrgy li-vsls cf Ko 2ZZI 

JOliii itiic. <-iO:J — - -J ^ tii y 

2 
3s 3p P 1 / 2 0 . 0 0 

r 3 / 2 ^ F o / o 207710 

id • " 2 d 3 / 2 1030700 

"r>5/2 1201300 

4s 2 - l / 2 5732000 

4d 2 ^ 3 / 2 5333200 

2_ 
• J5/2 6429300 

4 f 2 p , 5 / 2 ' ' 5 6 4 7 4 0 0 

2 F 7 / 2 6740300 

3s3p2 ^ l ) 1 /2 3S5350 

( S 2 ) 1 / 2 1033800 

( 3 3 ) 3 / 2 1154900 
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Table 15 . Ene rgy l e v e l s o f Ho XX2ZI. 

D e s i g n a t i o n J 2 (cm ) 

2 p v 3 s 1 /2 .0 .00 

3p 2 F 1 /2 5 550 30 

3 /2 732410 

3d 2D 3/2 1525200 

5/2 1570200 

4s 2S 1 / 2 5530700 

4 P ^ t 1 /2 5363100 

3 / 2 5953000 

4d 2D 3 / 2 7230300 

5 / 2 7250700 

4 f 2 F 5/2 7391300 

7 / 2 7401700 

5p 2 P 3 / 2 9735200 

5d 2D 3 / 2 9869200 

5 /2 9378300 

5f 2 F 5/2 9946200 

7 /2 9 9 51700 
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1'eble 15 c o n t d . . . 

of 5 / 2 11332000 

7 / 2 11335000 



2 s. t i e 1 7 . E n e r g y Leve l cf Lo IZZHZl, 

C - r- ' x =iie vj. Oil 
P. 1 tv 

ECcr;"1) p r-> p. r>V 

r s r * 0 
1 

O o o o 
19220000 is 

t ̂  r v * • /9' r^J 20080000 — 

[ o_0,' 2T • \ 0 
r ? ; * 2/2 ' ' ^ 3 / 2 0 1 20512000 b. 

[ 2 ? 5 ^ 3 / 2 > ^ ( 2 D £ / 2 ) ] 1 20314900 A A 

[2p
5(%1/£)2S(2D,/2)] 1 21 593000 r 

A 

[ 2 s 2 p 5 3 p ( 2 r 1 / 2 ) ] 1" . 22393000 A 

I 2s2p53p(2F3//2)J 1 22534000 ft r. 

i 2 P
5 ( ^ 3 / 2 ) , 4 s ] 1 25970000 5 

1 2 ?
5 C 2 P 3 / 2 ) , 4 d ( 2 D 5 / 2 ) ] 1 25500000 B 

[ 2 ? 5 ( 2 ? 1 / 2 ) .48 ' ] 1 26740000 

1 g p 5 ( 2 ? 1 / 2 ) , 4 d ( 2 D 3 / 2 ) ] 1 ~ 27470000 E 

1 [ 2 ?^ 2 * r "3 /2) , 5 d ( 2 D 5 / 2 ) ] 1 29240000 " 15 

1 1 30120000 6 

g p = ( 2 F 3 / 2 ) , 6 d ( 2 D 5 / 2 ) ] 

2p5(2Fs/2) , S d ( 2 D 3 / 2 ) ] - l 

g P 5 ( 2 ? 3 / 2 ) ^ d ( 2 D 5 / 2 ) ] J 

. 1 
1 
1 

30670000 

31450000 

B 

B 

2p 5 ( 2 P 1 / 2 ) , ? d ( % / 2 ) ] 1 32360000 B 

A; f rom A s l i t s k i i e t a l (19 79) 

B: f rom Burkb a l t e r e t a l (1978) 
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x l e IS . Snersy l e v e l s of Ko ID2JY. 

C o n f i g u r a t i o n Terns J ^ ( ce 

V ' 3 / 2 0 . 0 0 

3p 4 3d ' (%') 2D 3 / 2 21973000 

( 3 F ) 2 F ' -5 /2 22045000 

( 3 F ) 2 L 5 /2 22119000 

( 1 D) 2S 1 / 2 22153000 

( 1D) 2 F 5 / 2 22193000 

( 2 D) 2 P 3 / 2 2 2193000 

C1D) 2D 5/2" 22207000 

{XD) 2 L 3 / 2 22321000 

{XD} 2F 1 / 2 22351000 
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i a b l e 19 . i n e r - v l e v e l s c f L i s c e i l a n e o u s i-X) a o e c t r a . 

i o n ^ r\ y. ** jtm ** o ^ ' Ie rms S (cm"") 

Lc-

J - ^ i . V 

Ko XL 

Lo XL1 

4f 

3TD 

3 c ° 4d 

c> 
l £ " 2£ 

l s 2 s ( S i ) 2 p 

1S2SC1-.) 2p 
I s 2 s 2 p 

2 
i s 

l s 2 p 

p. 2 

h 
rs 

3 / 2 

? 5 / 2 

0 

1 

°I>1 

"1/2 
2 p 3 / 2 
2 P 

^5/2 

} 

o.oc 
4 5 I 1 7 0 C 

0 . 0 0 

5405400 

5552000 

0 . 0 0 

145100000 

145200000 

145800000 

0 . 0 0 

144400000 

145400000 

145500000 

294400000 

Kc : : l i i Is 

2p 

2 
- 1 / 2 
p 3 / 2 

2P 

^'3/2 
2_ 
; 1/2 

0 . 0 0 

149500000 

175200000 
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I's'i?.lc So. Lnovn T r a n s i t i o n s i n Wiener I o n i z a t i o n s of Lo e t o s s . 

— w — e 

i r s n t j . n o n s 

-L- / -i -5 

12 5. 575 t - i 

l̂ o r / I I I 3 3 . 7 - 4 0 . 0 ' 3 d / - 3 d 0 4 p 

55 .544 3 p 5 3 d 7 2H-3p53d£(1C-) 2 F 

S7.144 

547 

57 .8 

2 -

r -

( 3 F ) ^u 

(3P) % 

9 / 2 - 7 / 2 

7 / 2 - 5 / 2 

7 / 2 - 5 / 2 

S . l . s 

" o _ ^ _ » — < 

1 ' •0 -J* • ̂  —> w v 3 d 5 - 3 d 4 4 f _> • — • 

Lo SSI 24 . 5 - 2 o . 2 k T - 3 d ° 4 f ^ • — « 

Lo LXII 23 . 5 - 2 4 . s.i. 
Lo m i l 2 2 . 4 - 2 2 . 9 2 d 2 - 3 d 4 f - i O* — . 

i--o 2 1 . 8 5 4 OQ " j / 2 - 7 / 2 

Lo LLSI 11 .00 

11 .0 
O C Or-v i£5d 1 / 2 1 / 2 - 1 / 2 3 / 2 

11.2Z 

1 1 . 3 2 

w U . 1 / 2 3 / 2 - 1 / 2 5 / 2 . O Q 

1 / 2 2 / 2 - 1 / 2 3 /2 2 - 2 

o 
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"I " X W « -

1 5 . 2 7 

1 — — • w J 

"I ^ OO 

'P 

• 46. 

3s 32 - 3 s 4 d 

1 / 2 1 / 2 - 1 / 2 3 / 2 

-! / r / P . 5 / v . — — M» v W / W W ' 

1/2 1/2-1/2 1/2 
1 / 2 1 / 2 - 1 / 2 3 /2 . 

1 / 2 1 / 2 - 1 / 2 3 /2 

1 / 2 1 / 2 - 1 / 2 3 / 2 

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

0 - 1 

0-1 

1-1 

y — v 

15. 77 ^ 

1 5 . S 4 J 

1 5 . 0 0 3 

1 5 . 0 4 5 

- C _ •-c.̂ .o 

£ l£0 3d -<-P — - a 

Sp - 3 p 4 d 

Sp45 - 3 p 4 d 

3s 3p - 3 £ 4 d 

3d 2 - 3o4d 

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

3s3p - 3 s 4 d 1 / 2 3 / 2 - 1 / 2 3 / 2 

3 / 2 3 / 2 - 3 / 2 5 / 2 

- / ? *3/0 I /O ~ /p i-V v>/ t̂ — w, b w/ C, 

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

~ /2 / " / P ^ / p 

2-1 
2-1 
2 - 2 

2 - 2 

0-1 

1-2 

0-1 

1 5 . 2 3 
1 .C o o 
- i . 'w • O w « 

17-. 330' 

1 7 . 4 4 5 . 

17 .500 

1 —> — « « w 

1 7 . 5 7 3 

1 7 . 3 71 

s l s o 3s 3p - 3 s 4 d 1 / 2 3 / 2 - 1 / 2 3 / 2 1 - 2 

3p -3p4d 3 / 2 3 / 2 - 1 / 2 5 / 2 
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a,b,c refer to parent configurations ^S and ^P respectively. 
They are dropped from ns levels. 
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