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Shannon entropy of 1-normalized electron density 
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The calcul ations of the !-normali zed Shannon entropy of Hanree-Fock electron densi ty, and its '.vith the number of 
electrons, are reported for He-Xe atoms in the ground states. TheN variation is shown as related to the Fukui function of the 
densi ty functi onal theory and it becomes identicall y equal to zero if the electron density in N-electron system ;s described by the 
homogeneous electron gas. 

During the recent years, the Shannon information Table I - The results of 1-r.orm;: li sed Shanno!'l entropy, S,
1 

and its 
e ntropy of e lectronic d e ns ity, p(r), defined as derivat ive with res pect to N for He - Xe using HF densiti es. All 

quantities in a.u. 
S =- J p (r) In p ( r ) dr .. . ( I) z Atom State s as,

1 
taN p 

'1 
2.0 He 2.698 0.713 
3.0 Li 2S 3.701 1.703 

has been u sed in the analysis of several chemical and 4.0 Be IS 3.624 0.990 
physical phenome na1- 10 • Substituting in Eq.( I) , p (r ) I N, 5.0 B 2p 3.405 0.776 

6.0 c lp 3.1 06 0.5 15 ins tead of p ( r ) d efines the ! -normali sed e ntropy, S
11

, 7.0 N 4S 2.802 0.485 
which is related to S P according to 8.0 0 ' P 2.550 0.415 

9.0 F 2p 2.299 0.298 
(S/N) +InN .. . (2) 10.0 Ne IS 2.055 0.32 1 

The quantity S is u sual ly pos iti ve. In thi s communi- 11.0 Na zs 2.330 0.722 
'1 12.0 Mg IS 2.395 0.565 

cation we re port on a n interesting property of the de- 13.0 AI 2p 2.446 0.529 
rivative (CJS

11
/CJN)z for N -e lectron syste ms . On diffe re n- 14.0 Si ' P 2.419 0.403 

tiating S
11 

with respect -to N , we obtain 15.0 p 4S 2.359 O. :i73 
16.0 s l p 2.299 0.328 

[{)S,/()N]z = -( 1/N2) SP -(1/N) J(()p/()N)z lnp (r )dr ... (3) 17.0 Cl 2p 2.222 0.260 

For a homogene ous electron gas, [op/CJN]z = p ( r)/N 
18.0 Ar IS 2. 134 0.261 
19.0 K 2S 2.302 0.476 

which re duces Eq. (3) to [ClSiCJN]z = 0. 20.0 Ca IS 2.363 0.399 

The quantity [8p( r )\8N]z in equa ti o n (3) defines the 
21.0 Sc zo 2.298 0.290 
22.0 Ti ' F 2.2 19 0.257 

Fukui function 11 - the chemical reactivity parame te r in 23.0 v 4F 2.1 .35 0.258 
the de ns ity functional theory 12• Thus, Eq. (3) provides a 24.0 Cr 7S 1.956 0.269 
connection between an important reacti v ity pa ramete r 25.0 Mn 1.963 0.199 

and the Shannon e ntropy of e lectron density. 26.0 Fe 50 1.882 0.210 
27.0 Co 4F 1.800 0.210 

We have used a modified Hartree-Foc k 86 code u and 28.0 Ni 'r 1.71 8 0. 2 10 

obtained the numerica l HF wave functions for H e -Xe 29.0 Cu zs 1.5 63 0.299 
30.0 Zn IS 1.556 0.267 

atoms in the ground s ta te. These wave fun c ti o ns have 3 1.0 Ga 2p 1.574 0.278 
been used to calculateS , S and (CJS !oN) as g iven b y p '1 '1 z Contd .... 
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Table I -The results of !-normali sed Shannon ent ropy, S
11 

and its 
derivati ve with respect to for He- Xe using HF dens ities. A ll 

quanti ties in a.u. (Contd .. . ) 

z Atom State s'l as'l taN 

32.0 Ge .l p 1.568 0.230 
33 .0 As 1.550 0.222 
34.0 Se 3p 1.534 0 .205 
35.0 Br 2p 1.5 11 0 .1 74 
36.0 Kr 'S 1.48 1 0. 176 
37.0 Rb 2S 1.576 0.286 
38.0 S r 'S 1.62 1 0.252 
39.0 y 2D 1.6 14 0.206 
40.0 Zr .l F 1.595 0. 186 
41.0 Nb (, D 1.525 0. 19 1 
42.0 Mo 7S 1.49 1 0. 179 
43.0 Tc "S 1.508 0. 168 
44.0 Ru ; F 1.43 1 0. 166 
45 .0 Rh 4F 1. 396 0. 160 
46.0 Pd 'S 1.305 0. 155 
47.0 Ag 2S 1.324 0.202 
48.0 Cd 'S 1.331 0 .1 85 
49.0 In 2p 1.352 0. 192 
50.0 Sn .l p 1.357 0. 175 
5 1.0 Sb •s 1.355 0. 16 1 
52.0 Te 3p 1.353 0. 15 1 
53 .0 I 2p 1. 347 0. 143 
54.0 Xe 'S 1.336 0. 135 

Eqs( I )-(3), respective ly. In each case, we calcul ated S
11 

corresponding to N ± 0 .1 and estimated the deri vati ve 
(as /oN) as numerical difference. The e lec tron occupa-

'1 z 
ti on was changed in the outermost orbital for each atom. 
Our results are presented in Table I . Inte restingly, the 
isonuclear variation with N of S attains a minimum at 

1"\ 
the halogen atoms. Within the local plasma mode l 14 Ho 
et a!. 15 have shown that S can be used directly to esti -

P 
mate the mean exc itati on energy in the cases of H-Ar 
atoms. The present calcul ations can be used to carry out 
simil ar calcul ati ons in the cases of K-Xe atoms. 
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