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Orbital Eiectronegativity and Electron Affinity of Rare 
Earth Atoms Using Xa-Theory 
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PetersenstraJ3e 20 D-6100 Darmstadt Federal Republic Germany 

Slater 's transition state concept and the relativistic numerical Har t ree-Fock-  
Slater theory has been used to calculate the electronegativity and first ion- 
ization potential  for the rare earth atoms. Based on these results the electron 
affinity has also been estimated. The theory predicts almost constant values of 
the electronegativity as - 2  eV, first ionization potential  as - 8  eV and the 
electron affinity of - - ( 4 - 5 )  eV respectively. 
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In a recent review of the binding energy of atomic negative ions Hotop  and 
Lineberger  [1] have pointed out that almost nothing is known about  the negative 
ions of the rare earth (RE) elements. Binding energy of the negative ion by 
definition gives the electron affinity, EA, of the corresponding neutral atom. 
Zollweg [2] has made  a conservative estimate of E A for the R E  atoms as <0.5  eV. 
The electronegativity, X, defined by Mulliken [3] as equal to (Ip + EA)/2, where I ,  
gives the first ionization potential  of the atom, ranges between 1.1-1.25 eV within 
the R E  series. The purpose of the present  communicat ion is to report  the results 
of calculations of X, Ip, and EA for the RE atoms Ce-Lu,  using the transition state 
(TS) concept [4] within the relativistic Har t r ee -Fock-S la t e r  (HFS) Xo~ theory [5]. 
In H F S - X a  theory, the one electron eigenvalues ei have the significance that 

-e~ = (1) 
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whe re  E deno t e s  the  to ta l  e lec t ron ic  ene rgy  and  nl gives the  o rb i t a l  occupa t ion  
number .  I t  can be  shown using Eq.  (1) tha t  for  the  t rans i t ion  process  where in  the  
ini t ial  occupa t ion  n u m b e r s  in the  orb i ta l s  ~bl, ~bj . . . .  change  f rom n~, nj . . . .  to n I, 
n } . . .  respec t ive ly ,  the  ene rgy  of t rans i t ion  is given by  [4] 

A E  = ~, (n~ - n i ) e  I ~, (2) 
i 

w h e r e  the  tr, e i s d e n o t e  the  X ~ - e i g e n v a l u e s  c o r r e s p o n d i n g  to a t rans i t ion  s ta te  
def ined  by  the  o rb i t a l  occupa t ion  n u m b e r s  (ni + n I ) /2 ,  (n i  + n ~ ) / 2  . . . .  The  p re -  
dic t ive  p o w e r  of the  m e t h o d  to ca lcula te  the  first ion iza t ion  po ten t i a l  [6], the  two 
e lec t ron  one  p h o t o n  X - r a y  t rans i t ion  ene rgy  [7], the  shake  up  t rans i t ion  energy  [8] 
and  the  e l ec t ronega t iv i ty  [9] of a toms  has been  t e s ted  successful ly  dur ing  the  
recen t  years .  W e  no te  he re  tha t  the  TS resul ts  c o r r e s p o n d  to va lues  a v e r a g e d  over  
the  mul t ip le ts .  W e  have  used  the  re la t ivis t ic  numer i ca l  H a r t r e e - F o c k - S l a t e r  
p r o g r a m  [10], wi th  the  op t i on  of no L a t t e r  cor rec t ion .  The  values  of the  exchange  
p a r a m e t e r  have  been  t aken  f rom the w o r k  of Schwarz  [11]. 

F o r  each  a tom two s e p a r a t e  TS ca lcula t ions  c o r r e spond ing  to the  I ,  and  X 
respec t ive ly  have  been  ca r r i ed  out .  F o r  examp le  in the  case of Ce the process  of 
ion iza t ion  can be  desc r ibed  by  the  e lec t ron ic  t rans i t ion  C e ( 4 f  2 6s 2) ~ Ce+(4f  3 6s ~ 

tr tr l ead ing  to  the  TS as Ce~ 25 6s 1). A c c o r d i n g  to Eq.  (2), Ip is given by  2e 6s - -  E 4f. 

Similar ly ,  the  TS c o r r e s p o n d i n g  to the  ca lcu la t ion  of X for Ce is o b t a i n e d  by  
cons ider ing  the  e lec t ronic  conf igura t ion  i n t e r m e d i a t e  b e t w e e n  the  conf igura t ions  
Ce+(4f  3 6s ~ and  C e - ( 4 f  3 6s 2) r e spec t ive ly  i.e. C e ( 4 f  3 6s 1). Us ing  the  Mul l i ken  

def ini t ion of t" and  Eq.  (2) it can be  shown tha t  X for Ce is given by  the quan t i t y  1 /2  

Table 1. Values of the first ionization potential, electronegativity, and electron affinity in eV for the 
rare earth atoms. The two j values of 5/2 and 7/2 are denoted by - and + as the orbital subscripts 
respectively. For the 5d orbital 5d_ denotes 5di=a/2. The atoms Yb and Lu show deviations due to the 
participation of the 5d orbital instead of the 4f 

Ionization potential Electronegativity 
Transition Transition Transition Transition Electron 

Atom state energy state energy affinity 

Ce 4f2_S6s 1 8.73 4f3_6S 1 1.80 --5.13 
Pr 4f3_'S6s 1 8.36 4f4_6s 1 1.84 -4.86 
Nd 4f*_'56s 1 8.10 4fS_6s 1 1.90 -4.30 
Pm 4f5_ 56sl 7.89 4f 6_6sl 1.93 -4.03 
8m 4 ~  '56sl 8.24 4f1+ 6s t 1.96 -4.32 
Eu 4f~ "s 6s 1 8.17 4f2+ 6s I 1.95 -4.27 
Gd 4f2+ "s 6s 1 8.16 4f3+ 6 s 1 2.02 -4.12 
Tb 4/3+'s 6s 1 8.15 4f4+6s 1 2.00 -4.15 
Dy 4fc+'s 6s 1 8.27 4fS+6s 1 2.01 -4.25 
Ho 4f5+ "56s 1 8.39 4[6+ 6s 1 2.03 -4.33 
Er 4/6+ .56s 1 8.49 4f 7 6s 1 2.04 -4.41 
Tm 4f 7"56s 1 8.72 4f8+ 6s 1 2.06 -4.60 
Yb 6s 1"5 6.01 5d~ 1'5 1.85 -2.31 
Lu 5 dl_ "56s 1 2.45 5 d 2 _ 6s 1 3.87 +5.29 
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(e~) .  Due  to the problem of nonconvergence associated with the TS calculation 
the values of Ea  have been obtained according to the relationship Ea  = 2X -Ip.  

The numerical values of X, I,  and E A obtained in the present work are listed in 
Table 1. It is found that the results are in agreement with the experimental 
observation that the X and lp values remain almost constant within the rare earth 
series. The estimate of E A  ~ --(4 -- 5) eV suggests that the negative ions of the rare 
earth atoms are not likely to be stable. The present approach can be extended to 
calculate the group electronegativities using multiple scattering Xo~ theory [12]. 
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