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Diamagnetic susceptibilities Z~ have been calculated for all positive ions, neutral atoms, 
and negative ions up to Krypton. I t  is pointed out that the electrons in the outermost orbitals 
give the maximum contribution to Za. 

Die diamagnetische Suszeptibilit~t %, sind ffir alle positiven Ionen, neutrale Atome und 
neg~tiven Ionen bis zum Krypton (Z = 36) bereohnet worden. Dabei zeigt es sich, dab die 
~iuBersten Sehalen den grSBten Beitrag liefern. 

Les susceptibilit6s diamagnetiques Za ont 6t6 caleul6es pour tousles  ions positives, les 
atomes neutres et les ions n6gatives jusqu'au Krypton (Z = 36). On montre que les couches 
@lectroniques exterieures donnent la contribution la plus importante. 

Theoretical Development 
All a tomic  sys tems and molecules, regardlees  of  whe ther  or not  t h e y  are para -  

magnet ic  (i.e., t h e y  have  pe rmanen t  magne t i c  dipoles),  show d iamagne t i c  effects. 
The molar  d iamagne t ic  suscept ib i l i ty  is c o m p u t e d  f rom the  usual  expression given 
b y  vAx VL~CK [16], 

= - x .0  I Y J 5, ( l )  
i 

where N is Avogadro ' s  number ,  ~ is the  fine s t ruc ture  cons tant ,  % the  Bobr  
radius,  ri is the  d is tance  of the  i - th  e lect ron f rom the  nucleus (in a.u.) and  ~/i is the  
electronic wave funct ion  of  the  a tomic  sys tem under  considerat ion.  Hence,  once 
the  wave funct ions are avai lable  Za can be ca lcu la ted  ve ry  easily.  

Sn)w~,Lr. and Hv~sT [12] have reported the ga for some first row atoms and ions, which 
they evaluated using the analytical Hartree-Fock (HF) functions of Roo~trAA~, SAcus and 
W~Iss [9] for He, Li, Be, and Be +, and ALLE~'S [1] self-consistent-field (SCF) functions for 
F, F- ,  and Ne. 

B_~NYAI~D [2] calculated the diamagnetic susceptibility of Ne using the H~ function of 
WO~SLEY [17]. STRAZ~D and BON~Ag [18] have obtained an approximate analytical expression 
for the I-IF potential of neutral atoms by fitting the radiM electron density of analytical HF 
functions; using these expressions they calculated ga for all the neutral atoms up to Krypton. 
More recently SAxEwa and Nagasz~A~r [11] have reported the diamagnet/e susceptibilities 
for all the rare gas atoms using the single-determinsnt Hartree-Foek-Slater (HFS) functions 
of H~MA~ and SKILLMXIff [6]. 

* This work has been supported in part by the National Research Council of Canada. 
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I n  a previous paper  of this series [7], the values of the nuclear  magnet ic  

shielding constants  a for a, large n u m b e r  of atomic systems were reported. I n  this 

paper  the values of the diamagnet ic  susceptibilities of neut ra l  a toms (up to Z = 36, 
and  also Z = 42, 54) and  their  positive and negative ions (up to Z -- 36) are pre- 
sented. These values have been calculated using the H F  funct ions of CLEME~I 

[4], M~LLI and  Roo~I~A~ [8], I~OO~I~AN and SYNEK [10], SY~EK [14], and  SY~E~ 

and STU~-GIS [15]. 

Results and Discussion 

Tab. I presents the diamagnet ic  susceptibilities of all the neut ra l  a toms up to 
Z - - 3 6 ,  and  also for Z = 42, 54; this table also includes, for comparison, the 
results of previous workers. 

Our results agree to within 0.5% with the values calculated by  S T ~ D  and  
B O ~ A ~  [13] for neu t ra l  atoms, up to Z -- 10. This implies t ha t  the analyt ical  fit 
to the H F  potent ia l  achieved by  S ~ n ~ D  and  B o ~  using only a few parameters  

is excellent for these light atoms. However,  i t  can be seen tha t  this fit is not  so 

Table 1. Diamagnetic susceptibilities (Za" 1O 6) /or the groundstates o] neutral atoms 
(in cm s. mole -~) 

This Other This Other 
Z C~lculation~ Calculation s Z Caleulation~ Calculation b 

2 1.878 1.9 2t 42.126 48.0 
3 14.764 15.2 22 39.760 44.0 
4 13.724 i4A 23 37.671 41.0 
5 12.556 12.7 24 30.tt3 38.0 
6 10.930 11.0 25 34A35 36.0 
7 9.565 9.6 26 32.593 34.0 
8 8.846 8.9 27 31.221 32.0 
9 8.t10 8A 28 29.982 30.0 

10 7.429 7.4~ 29 26.304 28.0 
1i 21.500 18.1 30 27.687 27.0 
12 23.45t 22.2 31 32.421 3L0 
13 26.518 24.6 32 32.946 33.0 
t4 25.559 24.9 33 32.529 34.0 
15 23.985 24.2 34 32.586 34.0 
t6 23AI0 23.2 35 32.095 34.0 
17 21.894 22A 36 3L3i5 33.0 ~ 
18 20.626 20.9 d 42 44.770 
19 40.569 52.0 54 44.846 43.93f, g 
20 44.833 53.0 

Evaluated using the HF functions of CLE:~ENTI [4], M•LLI and ROOTEAASr [8], I~OOTHAAN 
and SYNEK [10], SY~EK [14],and SYNEK and STU~GIS [15]. 

b Evaluated by STaA~rD and BO~-HA~I [13], except for Z = 54. 
c SIDWELL and HURST [12] give a value of 7.475, SAXE~A and NA~ASlM~A~ [11] a value of 

7.09, and BANYARD [2] a value of 5.8. 
SAXE~A and NARASI~m~r [11] give a value of 19.17. 

e S~tXEN~ and Nn-RAS~HAN [11] report a value of 29.06. 
Reported by SAXENA and N~_~SI~EA~r [11]. 

g The experimental value of 45.54 4- 0.70 was reported by B~TE~, IKEISENm~I~E~ and 
S~EVE~SO~ [3]. 
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Table 2. Diamagnetic susceptibilities (g ~" 10~) ]or groundstates (in cm a. mole -~) 

positive negative positive negative positive negative 
Z ions~ ions b Z ions~ ions b Z ions~ ions b 

3 0.706 69.673 15 16.605 38.568 26 15.940 69.894 
4 5.203 16 1 6 . 4 8 7  34.049 27 15 .471  65.755 
5 6.299 3L529 17 t6.392 30.335 28 15A33 38.517 
6 6.388 20.830 18 t6.034 29 1 4 . 6 7 3  60A04 
7 6A38 t7.665 19 ~ 5 . 4 7 2  i26.428 30 17.90t 
8 5.802 14.845 20 24.761 3i i9.998 66.4i8 
9 5.604 12.638 2i 18A57 88A96 32 22.876 51.296 

10 5.352 22 17.646 86.203 33 24A84 48.524 
11 5.078 78.27~ 23 1 7 . 1 4 7  82.273 34 24.730 45.331 
12 ~t~.208 24 ~ 6 . 4 9 6  78.606 35 2 5 . 2 6 9  42.204 
~3 ~ 3 . 8 2 2  58.777 25 16.320 73A54 36 25.374 
14 ~6 .042  43A65 42 29.744 

Evaluated using the HF functions of CLI~,i~EIgTI [4] and I:~OOTnAAN ~nd SYsEI~ [10]. 
b Evaluated using the HF functions of CLE~aEXTI [g]. 

satisfactory for heavier atoms. For  atoms from Z = l i  to Z = 18 their  results 
differ from ours by  as much as 14'~/o, for Z = i t ,  the  difference decreasing gradual ly  
unt i l  i t  is only i . 5 %  for Z = t8. At  Z = 19 the m a x i m u m  difference is observed, 

i.e., 33o/0 . The difference decreases from tha t  point  on un t i l  i t  is only of 2.5% for 

Table 3. Partial contributions (%) to Xe /rom 
the various shells in Xenon 

Shell Electronic Contribution 
Population~(%) (%) to g~ 

ls 3.7 0.0038 
2s 3.7 0.065 
3s 3.7 0.427 
4s 3.7 2.240 
5s 3.7 ~5.040 
2p ~1 A 0A36 
3p l lA  L176 
4p 1t A 7A34 
5p 1i .I 58.470 
3d 18.55 L589 
4d 18.55 13.712 

Referred to the total number of elec- 
trons in the atom. 

Z = 30. At  Z = 31 there is once more an 
increase in  the disagreement  (4.5%), and  
this difference remains  constant  up to 

Z = 36. 
For  Z = 54 the value of Za calcul- 

uted by  SAXENA and  NA~AStMHAM [11] 
differs from ours by  only 2%, our value 
agreeing perfectly with the exper imental  
value of BARTER~ ~/[EISEI~HEIMEI~ and 
STEV~SO~ [3] within the limits of the 
experimental uncertainty. As SAXENA and 
NAaASIMHA~ [11] used the HFS func- 
tions for rare gases, it appears that those 
functions give an accurate description of 
the outermost orbitals, because these or- 
bitals make the largest contribution to Za- 

Tab. 2 collects the Za for the positive 
and negative ions for atoms up to Z = 36. 

The par t ia l  contr ibut ions  of the different electronic shells to Za are analyzed in  
Tab.  3, which collects the results for Xe. I t  can be seen t ha t  the largest contr ibu- 
t ions come from the shells 5p and 5s, the former being the most  impor tan t .  These 
are the two outermost  shells, and  b y  contras t  i t  can be seen t h a t  the innermos t  

shells make the smallest contr ibut ions.  

These results are very  satisfactory from the following point  of view, The 
predominant  impm~ance of the outer shells implies t ha t  when calculat ing the 
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Table 4. Diamagnetic susceptibilities (Z~" t 06) for some excited states o/neutral atoms~ 
(in cm a" mole -1) 

Atom State Atom State 

He b 1S 18.156 p 2p 25.190 
sS 20.358 S 1/) 23.398 

C 1D tt.354 1S 23.925 
1S 12.153 Cr 5D 35.827 

N ~D 9.918 Cu 2D 28.784 
~P t0.175 Ge 1D 33.911 

0 ~D 9.008 As 2D 33.304 
1S 9.264 2p 33.895 

Si 1D 26.404 Se 1D 32.969 
~S 28.028 1S 33.574 

P ~D 24.676 

Evaluated using the HF functions of CLEMENTI [4] and MALLI and ]~OOTKAAN [8]. 
b These excited states correspond to the electronic configuration (is) (2s), as determined by 

FlCAGA and BI]CSS [5]. 

d i amagne t i c  suscept ib i l i ty  for heavier  a toms  there  is no need to  include the  
re la t iv is t ic  effects, which are d o m i n a n t  in the  inner  shells. Bu t  i t  mus t  be emphasis-  
ed t h a t  the  funct ions to be used for such calculat ions mus t  p rovide  a fa i r ly  accura te  
descr ip t ion  of the  ou te r  shells. As the  expe r imen ta l  value for Zr for Xe  is in excel- 
lent  agreement  wi th  the  theore t i ca l ly  p red ic ted  value  ca lcula ted  in th is  pape r  
using H F  functions,  one can conclude t h a t  these funct ions describe adequa te ly  
the  electronic dens i ty  at  large d is tances  from the  nucleus. 

I n  pape r  I of th is  series [7] i t  was not iced  t h a t  the  inner  shells give the  mos t  
i m p o r t a n t  con t r ibu t ion  to  the  nuclear  magne t ic  shielding cons tan ts  (~; and  as 
mos t  of  the  wave  funct ions  used satisfied the  cusp condi t ion exact ly ,  i t  means  
t h a t  t h e y  are ve ry  accura te  near  the  nucleus.  Therefore the  wave funct ions used 
in th is  series of  calculat ions provide  a ve ry  sa t i s fac to ry  descr ip t ion  of  the  elec- 
t ronic  dens i ty  near  the  nucleus as well as a t  large d is tances  f rom it.  

Tab.  4, 5, and  6 presen t  the  Za values  for some exci ted  s ta tes  of  neu t ra l  a toms,  
posi t ive  and  negat ive  ions, wi th  the  same electronic configurat ions as the  corres- 
ponding  g rounds ta tes  p resen ted  in  Tab.  i ,  and  2. The only  except ion  is t h a t  of 

Table 5. Diamagnetic susceptibilities (g~" 106)/or some excited states o/positive ions~ 
(in cm ~. mole -1) 

Atom State Atom State 

N 1D 6.267 S 2p 16.913 
1S 6.490 C1 1/) 16.512 

0 3p 6.026 1S 16.704 
2D 5.932 As 1D 24.499 

F 1D 5.666 ~S 25.034 
1S 5.767 Se 2D 25.055 

P 1D 16.883 2p 25.289 
1S 17.838 Br ~D 25.439 

S 2D t6.762 1S 25.710 

Calculated using the HF functions of CLEIVIENTI [~]. 
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Table 6. Diamagnetic susceptibilities (Z~" ~0~)/or some excited states o] negative ions~ 
(in cm ~. mole -~) 

Atom State A~om State 

]3 ~D 40.898 Si 2p 5i.353 
1S 29.t26 P 1D 40.173 

C 2D 23.315 1S 42.([03 
2p 25.481 Ga ~D 79.381 

N ~D i8.5~1 Ge ~D 55.622 
~S 19.992 ~P 59.792 

A1 ~D 73.830 As ~D 50.216 
~S :i22A87 ~S 52A6i 

Si ~D 47.449 

Evaluated using the HF functions of CLEMENTI [4]. 

the 1,3S excited states of He, with the configuration (is) (2s), de termined by 

FI~AGA and  BI~SS [5]. 
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