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Determinacgdo Teérica da Carga Nuclear Efetiva (Zef)

(Theoretical determination of the effective nuclear charge)
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Aw. Jodo Erbolato 1427, CEP 13066-641, Campinas, SP, Brasil

Trabalho recebido em 17 de janeiro de 1996

As equagdes deste trabalho relacionam os sub-niveis s, p, d, f de um atomo, sem levar em
conta, os valores energéticos dos mesmos, mas unicamente, o nimero de cada um deles;
equivale, em geometria, as relagdes de natureza topoldgica, como V + F = A + 2, que nao
depende da mensuragio do comprimento das arestas ou da 4rea das faces, mas se interessa,
apenas, pelo nimero das diferentes unidades geométricas. A abordagem sob o ponto de vista
topoldgico torna possivel chegar a uma equagao que permite calcular a carga nuclear efetiva
(Zef) dos 4tomos. Embora as idéias apresentadas possam parecer nao usuais e nao ortodoxas,
sua validade é demonstrada pela estreita concordancia com os resultados experimentais.

Abstract

The equations of this work relate the sub-levels s, p, d, f of an atom without taking into
account their energy values but only their numbers. This is equivalent, in Geometry, to
topological relationships such as V + F = A + 2 that do not depend on lengths or areas
of the geometrical objects but only on the number of different geometrical units. This
topologycal approach leads to the derivation of relationship that allows the calculation of
the effective nuclear charge of the atoms, Zef. Even though the ideas presented in this work,
may appear unusual and non-orthodox, their validity is demonstrated by the close agreement
with the experimental results.

I. Introducgao internas.

b) O efeito da penetragdo do elétron no cone eletronico.

A carga nuclear efetiva (Zef) vista (sentida) por um Para avaliar e relacionar esses dois efeitos, propde-
elétron externo de um atomo ndo é igual a 1 (um) ex- se aqui uma equagao que permite determinar, com uma
ceto para o elétron do dtomo de hidrogénio. margem de erro de +1% o valor da carga nuclear efe-

Podemos supor que dois fatos concorrem para‘pisso: tiva (Zef) de um atomo, partindo da sua distribuigao
a) O efeito de cobertura dos elétrons das camadas mais eletronica. A equagdo proposta é:

(Z21-2)
Zls ZI Qnp+1)* nd® nf? .
Zef =[ ) + 2(n-v+np):|' (ns— np)(l/Z-Sl) | I:l— BZ ] 1- ’3|1+s1/(ns-np)’| s
L || J
T I
(@ ®)

' (Eq. 1.1)
(1.1)



294

A parte (a) da equag8o da o valor da carga nuclear
efetiva (vista) sentida pelo elétron externo supondo que
este nao penetrasse o cone eletronico.
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de um atomo no estado fundamental.

«) = idem, se referente a um atomo no estado ex-

citado.

A parte (b) da equagdo, o quanto da influéncia da
ns+ np+2(nd + nf)

penetracao sobre esse valor. a, = (1.3)
Obviamente, isto sé podera ser avaliado, apds a in- 3ns + np

dica¢do do significado das varidveis que a integram. As

variaveis podem ser divididas basicamente em dois gru- ay = a; (1.4)

pos:

a) Varidveis imediatas, cujos valores podem ser obtidos

diretamente da distribuigdo eletronica do atomo. Sao _ 2(np —nf) (1.5)

elas: W= 2(ns + np + nd) — (nd — 1)(nd + nf)
ns = numero de sub-niveis do tipo s
np = nimero de sub-niveis do tipo p
nd = nimero de sub-niveis do tipo d ap=op - (G/no){(sns+1)/[np+(nd+nf)(nd—1)]}
nf = numero de sub-niveis do tipo f
Z1s = numero de elétrons no sub-nivel 1s

b) Varidveis indiretas, cujos valores podem ser ob-

tidos da distribui¢@o eletronica através das seguintes

(1.6)
onde ng é dado pela equagao:

ng = ZIP -2+ ZID (1.7)

equagoes:
_ (np — nd)/5

onde:

ZIP = numero de pares de elétrons no sub-nivel de oy = ag (1.9)
maior energia '

Z1D = nuimero de elétrons desemparelhados no sub- (np — nd)/7
nivel de maior energia METT [(ns — nd)/(ns — np)] (1.10)

@, = grau de atividade (liberdade, separagdo, disso-
ciagdo) dos elétrons do par eletronico localizado respec- of = o (1.11)
tivamente, nos sub-niveis s, p, d ou f de maior energia,

np 1 LI-Sl 2(ns—np)
=4q(1-25! —_—— - = . . . .
] {( Sty + [ns 5 57 (ns —np)?! 251 Ll (1.12)
onde ZIP - ZID
Ll = T (ZIP — ZID)"* (1.13)

sendo nev = numero de orbitais vagos no sub-nivel de maior energia.
_AZID _ZD-7D

S7
2

2

(Eq. 1.14)
onde ZID e ZID igual ao niimero de elétrons desempareihados com spins opostos, localizados no sub-nivel de maior
energia, calculados pela equagdo:

(25)! |Z1D — 1]!
ID = l . - 1. B b
AZ {‘Z D+2 [25 25— 1[1 ZlD ZID] (1.15)
onde S é o momento magnético (spin) total do estado fundamental.
Ji=S8l+ L1 (1.16)

B =2(np+nf —nd)+ (opd - nd!) - [2 — (opd - nd))"~1)]+

opd - nd! + ZId2/10% + ZIf? /14 — 1 (Ll — S1\ P4"¥+7))
(ns — np)? - [(np — nd)!]? J1

(_Ll)opd~nd!+nf)
(ns — np)? - (opd — nd")?

(1.17)
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onde:

Zld= nimero de elétrons do sub-nivel d de maior energia
Zlf = nimero de elétrons do sub-nivel f de maior energia

opd =

operador para a fung¢do nd

7 = (ns — np)nP=nd=2)-(251(1=ni-$)[1=(nf +w) /4 {ni- ZD— 1|7+ 74471}

onde:
nt¢ = nimero de sub-niveis incompletos

w=(1=nf) nf° (1.20)

nf% = nimero de sub-niveis f, internos, com zero
elétrons
Z D = nimero total de elétrons desemparelhados

II. Hipé6teses sobre as possibilidades de ex-
citacao

No célculo de Zef de um elemento pode ocorrer uma,
das seguintes hipdteses, ao cedermos energia em pe-
quena quantidade (excita¢io de baixa energia):

la) Os dtomos do elemento mantém sua distribuigao
eletronica, isto é, permanecem no estado fundamental
(gases nobres, metais alcalinos e H). Calcula-se Zef,
simplesmente aplicando a equagao (1.1).

2a) Os atomos do elemento passam totalmente ao
estado excitado (N, P, As, Sb, Bi e outros). Calcula-se o
Zef unicamente do estado excitado aplicando a equagdo
(1.1).

3a) Parte dos dtomos do elemento permanecem no
estado fundamental e parte passam ao estado excitado
(C, Si, B, Al, metais alcalinos terrosos, etc) estabele-
cendo um estado de equilibrio entre ambos:

A o A,
1-X1 X1

Calcula-se o valor de z; a partir da constante: -

(2.1)

Onde Z é o valor de Zef do estado fundamentale *Z o
valor de Zef do estado excitado, ambos calculados pela
equagdo (1.1), sendo o valor final, Zef (Zf médio) dado
pela equacao:

K, =247 = T
1- i

A :*Z-:c1+Z‘(1—a:1):Zef (22)

4a) Parte dos atomos do elemento permanece no
estado fundamental e parte passam ao estado exci-
tado, formando dois deles, estabelecendo o estado de
equilibrio

|nd — 1]!

1 (1.18)

(1.19)

Calcula-se Z; (Zef médio) entre o estado fundamental
e 0 1° estado excitado como fizemos anteriormente e Z5
(Zef médio) entre o 1o estado excitado (*A) e o segundo
estado excitado (**A) pela equagdo:

ZQZ**Z-:UQ-{-*Z'(:[—IL'Q) (23)
calculando-se x5 pela equagao
Ky =9V"2"Z 1—‘”27 (2.4)
—Z2

e o valor de Zef (Zef médio final) pela equagio:

I+ 7
Zef = % (2.5)
5a) Havendo a formagdo de trés estados excitados
AR ACTS
| I T
Z, I Z3

calcula-se Z; e Z, como fizemos anteriormente e Z3 pela
equacao:
Z3="""7 23+ Z - (1 —z3) (2.6)
sendo x3 dado pela equagio:
Kg=2902m2p? o T3 2.
3 1- 3 ( 7)
e o valor do Zef (médio final) por:

v+ Zy+ 73
3

6a) Havendo a formag¢io de um quarto estado exci-
tado

Zef = (2.8)
A A6GTAGAG™A
Z2 Z3 24

calcula-se Z, e Z3 como fizemos anteriormente e Z4 pela
equagao

Zy=""""7 24+ "7 - (1 — z4) (2.9)
e o valor de z4 pela equacgao:
K4 - 2(“‘.2/“‘ Z)Q — 1‘4 (2‘10)

1—134
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valor de Zef (médio final) por: 2 Z,*Z, 7, ***Z, ****Z sBo valores de Zef, res-
pectivamente do estado fundamental, 1°, 2°, 3° e 4°
Zef = 4yt 23+ 24 (2.11) estado excitado, cada um deles calculado pela equagao
3 (1.1) a partir das suas distribuigdes eletronicas.
OBS.:

1) Z1, Za, Z3 e Z4 séo valores médios de Zef calcu- III. Exemplos das hipéteses apresentadas

lados pela equagdes indicadas.

(3 - 1) Fréncio: &;Fr*>:[Rn]7s’
ns=7,np=5,nd=3,nf=1,ni=181=121L1=0,J]1=12,8S=1/2,Z1s=2,ZID= 1,
ZIP=0,ZD=1,p=0, o, =10/13,Z1=1,y=1, $ = 8,75, ZId = 10, ZIf = 14.

Zef =3,7823 (Eq. 1.1)

(3 - 2) Arsénico: 3;As”
As: [Ar] 4s%3d"%p® > "As: [Ar] 4s'3d"%4p*

a) ‘As:ns=4,np=3,nd=1,nf=0,ni=2,S1=1,L1=1,J1=2,§=3/2,ZID=2, ZIP = 1,
Z1s=2,ZD=3,ZI1d=10,ZIf =0, p=-1/2, o, =0,43,21=2,86,y=1, =4
Zef = 3,3850 (Eq. 1.1)

(3 - 3) Cilcio: ,(Ca*

Ca: [Ar] 4s* & “Ca: [Ar] 4s'3d'

a)Ca:ns=4,np=2,nd=0,nf=0,ni=0,SI=0,LI=0, Jl=0,S=0,ZlD¥0,ZlP=I,
Z1s=2,ZD=0,Z1d=0,ZIf=0,p=1,0,=3/7,Z1=6/7,y=1,B =5.

Z =2,8663 (Eq. 1.1)
b)‘Cains=4,np=2,nd=1,nf=0,ni=2,81=12,1L1=0,J1=12,8=0,ZID=1,

ZIP=0,Z1s=2,ZD=2,Zld= 1, ZIf =0, n =0, o =2/25,Z1=1,y:/2,B =3,0025.
'Z =2,5543 (Eq. 1.1)

K; = 1,8546525 (Eq. 2.1), x; = 0,65, 1-x; = 0,35

Zef:‘z-x, +Z-(1-x)=2,6635 (Eq.2.2)

(3 - 4) Prata: ;,Ag'”

Ag: [Kr] 55'4d" © "Ag: [Kr] 4d°5s* © “Ag: [Kr] 4d'%5s!
a)Ag:ns=5,np=3,nd=2,nf=0,ni=1,81=0,L1=0,J]1=0,8S=1/2,ZID =0, ZIP =5,
Z1s=2,ZD=1,p=1,04=2/25,Z1=4/5.y=1, p=3,7778, ZId = 10, ZIf = 0.

Z =4,1459 (Eq. 1.1)

b)Ag ns=5,np=3,nd= 2 nf=0,n=1,81=0,L1=0,J]1=0,S=172,ZID=0,ZIP=1,
Z1s=2,ZD=1,p=1,a, =2/3,Z1=4/3,y=1,p=4,ZId =9, ZIf =0

Z= 39841(Eq 1.1)

¢) "Ag:ns=5np=3,nd=2 nf= 0,ni=1,81=1211=01J1=12,8=12,ZID=1,
ZIP=0,Z1s=2,ZD=1,u=0, ay =2/3,Z1 =1, y = 0,7071068, B = 3,8675, ZId = 10,
ZIf=0,

*Z =3,0660 (Eq. 1.1)

d) K; = 1,946623 (Eq. 2.1), x, = 0,661, 1-x, = 0,339

Z="Z-x,+Z-(1-x)=4,0389 (Eq. 2.2)

K, = 1,8368644 (Eq. 2.4), x, = 0,647, 1-x,=0,353

Z="2Z-x,+Z-(1-x,) = 3,3901 (Eq. 2.3)

e)Zef—Z;Z = 3,7145 (Eq. 2.5)
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(3 - 5) Platina: ,sPt'”

Pt: [Xe] 65'45d° > Pt: [Xe] 65%4£5d° & *'Pt: [Xe] 4£*5d%s’ & *Pt: [Xe] 6s>5d%4f"
a)Ptns=6,np=4,nd=3,nf=1,ni=2,81=12,L1=2,]1=52,8=1,ZID=1,ZIP =4,
Z1s=2,ZD=2,7ld=9, ZIf = 14, u = 2/15, ay = 2/25, Z1 = 1,64,y = 1,6818, B = 3,9761.
Z =49468 (Eq. 1.1) ‘

b) Pt ns=6,np=4,nd=3,nf=1,ni=1,81=1,L1=3,J1=4,8=1,ZID=2,ZIP =3,
Z1s=2,ZD=2,71d=8,ZIf = 14, u=-1/2, a4 =2/25,Z1=2,48,y=1,B=9,1931.
'Z=4,5899 (Eq. 1.1)
¢)"Pt:ns=6,np=4,nd=3,nf=1,ni=1,81=0,11=0,J1=0,8=1,ZID=0, ZIP=1,
Z1s=2,ZD=2,7ZId=8,ZIf = 14,p =1, o =9/11,Z21=18/11,y=1,B="7.

Z =4,7145 (Eq. 1.1)
d)""Ptns=6,np=4,nd=3,nf=1,ni=1,51=0,L1=0,J1=0,8S=1,ZID=0, ZIP=7,
Z1s=2,ZD=2,Z1d=8,ZIf =14, u=1,0;  =2/35,Z1=4/5,y=1,$=6,7121
'Z=5,5041 (Eq. 1.1)

e) K, = 1,9024418 (Eq. 2.1), x; = 0,655, 1-x, = 0,345
Z="2-%+Z-(1-x)=4,7130 (Eq. 2.2)
K, =2,0187782 (Eq. 2.4), X, = 0,669, 1-x, = 0,331

Z,="Z-x,+"Z-(1- x,) =4,6732 (Eq. 2.3)
K, = 2,3973945 (Eq. 2.7), x; = 0,706, 1-x3 = 0,294
Z="Z x4 Z-(1- x3) =52719 (Eq. 2.6)

f) Zef = _Zx_*%:.i%. = 4,8860 (Eq. 2.8)

(3 - 6) Osmio: 70s'® ,
Os: [Xe] 6s%4£45d° — 'Os: [Xe] 65%4'*5d°6p' « “"Os: [Xe] 41'5d°6s” >

. ©"0s:[Xe] 65?5044 > """ Os: [Xe] 4£*5d°6s' ‘ ‘
a)'Os:ns=6,np=5nd=3,nf=1,ni=28=121=01J=128=21Z7D=1,
ZIP=0,Z1s=2,ZD = 6,Zld =5, ZIf = 14,4 =0, op =0,6942,Z1=1,y=1, p'=8,1875.
Z=3,6286 (Eq. 1.1)
b) Os:ns=6,np=4,nd=3,nf= 1,ni=1,81=0L1=0J1=0,8S=2,ZID=0,ZIP =1,
Z1s=2,ZD=4,Z1d=6,ZIf= 14, u = Lo, =9/11,21=18/11,y=1,=7

7 =4,7145 (Eq. 1.1)
¢)*“Os:ns=6,np=4,nd=3,nf=1,ni=1,81=0,L1=0,J1=0,8=2,ZID=0,ZIP =7,
Z1s=2,ZD=4,Z1d=6,ZIf=14,p =1, o =2/35Z1=4/5,y=1,B =6,7342.

Z.=54978 (Eq. 1.1)
d)*"Os:ns=6,np=4,nd=3,nf=1,ni=2,8=12L1=0J1=12S8=27ZID=1,
ZIP=0,Z1s =2,ZD =4, ZId =7, ZIf = 14, u = 0, o, = 9/11, Z1 = 1, y = 1,1024,
B =5,7703. ._

7 =3,8340 (Eq. 1.1)

e)K, = 2,2035834 (Eq. 2.4), x, = 0,688, 1-x, =0,312
Z="Z-x,+Z-(1- x,) = 4,3756 (Eq. 2.3)
K, =2,3937992 (Eq. 2.7), X3 = 0,705, 1-x; = 0,295
Z=""7 x+"Z-(1- x,)=5,2667 (Eq. 2.6)
K, = 1,4008716 (Eq. 2.10), X, = 0,583, 1-x4 = 0,417
Z=""Z-x+"Z-(1~x,)=4,5278 (Eq. 2.9)

f) Zef =.Zz_+.§£_zi= 4,7234 (Eq. 2.11)
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IV. Tratamento para os elementos do grupo 4A

As seis hipdteses aqui discutidas e exemplificadas
englobam praticamente todas as situa¢des. Entretanto
nos elementos do grupo 4A (C, Si, Ge, Sn e Pb) ocorre
Neste grupo ha que se considerar a
existéncia, para um mesmo elemento, de dois estados
fundamentais, que se distingliem por apresentarem con-
figuragGes eletronicas diferentes. Resolve-se o problema
calculando o Zef para cada estado, pelos procedimentos
Jja indicados e o valor final do Zef pela equagio

Zef =¢-Za+(1—¢)ZB (4.1)

Silicio: 1,Si%®
Estado A

Si: [Ne] 3s23p’ & "Si: [Ne] 3s'3p’
(1] H

a)Siins=3,np=2,nd=0,nf=0,ni=1,SI=1Ll=
Z1s=2,ZD=2,7Z1d=0,ZIf=0,u=1, 0, = 2/5,Z1=

Z=1,7708 (Eq. 1.1)
b)‘Si:ns=3,np=2,nd=0,nf=0,ni =

=4,
Z =1,3587 (Eq. 1.1)
¢) K; = 1,7020582 (Eq. 2.1), x; = 0,63, 1-x;
Zef y=Z - x,+Z-(1-x)=1,5112 (Eq. 2.2)
Estado B:
Si: [Xe] 3s23p2 o 'Si: [Xe] 3s‘3p3

a)Sl ns=3,np=2,nd= Onf O,ni=1,8l=
Z1s=2,ZD=2,7Z1d=0,ZIf =0, p=1,0,= 2/5, Z1 =

Z=3,1875 (Eq. 1.1)

b) ‘Si:ns=3,np= 2,nd=0,nf=0,ni= 281—1/2Ll 0,]1=
05657nev 0, ZI=

Z1s=2,ZD=4,Z1d=0, ZIf=0,p =0, 0" =
*Z=2,4457 (Eq. 1.1)

¢) K, = 1,7020559, x, = 0,63, 1-x,
Zef(B)='Z-xl +Z-(1-x)=2,7202 (Eq. 2.2)

d) Célculo de Zef final
2-nf
= =13 14=2/3
¢ ns'+2(nd +nf’) / A

2,81 =
Z2IP=0,Z1s=2,ZD=4,Z21d =0, ZIf = 0u—-2ap—05657 nev =20, 7] =

S. A. Vieira Martins

onde Z4 e Zp sdo respectivamente o valor do Zef final
para os estados A e B; sendo ¢ calculado pela equagéo

2—nf
¢= ns! +2(nd +nf) (4.2)
Obviamente, para o carbono (ns = 2, nd = 0 e nf

= 0), § = 1 e portanto h4 de se considerar um unico
estado, que, coincidentemente, é o tinico suscetivel de
formagao de orbitais hibridos (sp®, sp? e sp). Para os
demais elementos do grupo, ambos os estados (A e B)
estdo presentes pois ¢ é diferente de 1 (um).

Consideremos o célculo do Zef do elemento Si, como
exemplo.

0,J1=1,S=1,ZID=2,ZIP=0,
2,u=-l,nev=1,y=1,p3=4.

32,L1=0,]1=3/2,S=1,ZID = 3,

3,vy=1,

= 0,37

0,L1=0,J1=0,S=0,ZID=2, ZIP = 0,
2,y=1,Bp=4,nev=1.

Y,8=0,ZID=3,ZIP=0,
3,y=1,B=4.

=0,37 (Eq. 2 1)

(Eq. 4.2)

Zef = - Zef 4, +(1-9)- Zef 5, = 2,3172 (Eq. 4.1)
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V. Distribuicao eletrénica dos estados fundamental e excitados

TABELA I

Grupo O:

2 -He: 1s*

10 - Ne: 1s22s%2p°

18 - Ar: 15%2s%2p°3s%3p°

36 - Kr: 1s225%2p®3s*3p°4s23d'%4p°

54 - Xe: 1522s22p°3s*3p°4s?3d %4p®5s74d'*5p°

86 - Rn: 1s225%2p°3s?3p°4s?3d'%4p®5s%4d ' *sp°6s74f *5d'°6p°

Grupo 1A:

1-H:1s

3 - Li: [He] 2s'
11 - Na: [Ne] 3s'
19 - K: [Ar] 4s'
37 - Rb: [Kr] 5s'
55 - Cs: [Xe] 6s'
87 - Fr: [Rn] 7s'

Grupo 2A:

4 - Be: [He] 2s°

12 - Mg: [Ne] 3s?

20 - Ca: [Ar] 4s? > "Ca: [Ar] 45'3d'

38 - Sr: [Kr] 5s? © “Sr: [Kr] 55'4d’

56 - Ba: [Xe] 6s° <> ‘Ba: [Xe] 6s'4£°5d"
88 - Ra: [Rn] 7s? & ‘Ra: [Rn] 7s'5£°%6d"

Grupo 3A:

5-B: 1s2s2p' & 'B: 1s2s2p* & *B: 1s725'2p’

13 - Al: [Ne] 3s%3p' © ‘Al [Ne].3s'3p?

31 - Ga: [Ar] 45?3d"%p’ «> "Ga: [Ar] 3d"4p'4s’ & “"Ga: [Ar] 45'3d"%4p’ &
o "*Ga: [Ar] 4s'3d°4p’

49 - In: [Kr] 554d°5p' © "In: [Kr] 55'4d'°5p’ © ""In: [K1] 55'4d’5p’ &

(N
© "In: [Kr] 4d'°5p'5s? © *"'In: [K1] 55'4d’5p’
81 - Tl: [Xe] 654£*5d'%6p" «> Tl [Xe] 65'4£'*5d'%p’ > “'T1: [Xe] 65'4f'5d°6p’ &
' (Nt

© "TL: [Xe] 65%4£6p'5d" > ***Tl: [Xe] 65'4f**sd°6p’
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Grupo 4A:
6 - C: [He] 2s%2p’ &> 'C: [He] 2s'2p°

14 - Si: [Ne] 3s°3p> > 'Si: [Ne] 3s'3p’ o
(LA Hibrido A
Si: [Ne] 3s’3p” © "Si: [Ne] 3s'3p° oy
] ] ET Hibrido B

32 - Ge: [Ar] 45s%3d"%4p’ © 'Ge: [Ar] 45'3d"%p’ o
: BER Hibrido A

Ge: [Ar] 4s°3d'%4p’ & "Ge: [Ar] 45'3d'%p’ } ,
| HON [t[F[y] _[HibrdoB
50 - Sn: [Kr] 55%4d'%5p” & "Sn: [Kr] 55'4d"5p’ ,
[T ] Hibrido &
Sn: [Kr] 55%4d"°5p? > "Sn: [Kr] 55!4d"%5p’ 7
PI]] (It ]
. 144105.3 , . ** 2, 41052 —Hibrido B
© Sn: [Kr] 5s'4d "5p” & Sn: [Kr] 55°4d " Sp
A ]
82 - Pb: [Xe] 65°4f'*5d'%p’ < "Pb: [Xe] 65'4f'*5d" 6p° ,
7] ] Hibrido A
Pb: [Xe] 65%4£*5d'%6p? «> 'Pb: [Xe] 65'4'5d%6p° ]
T —Hibrido B
© "'Pb: [Xe] 6s?4*5d'%p” & "Pb: [Xe] 65'4f'*5d'%6p®
] Man

Grupo 5A:

7 - N: [He] 2s%2p® - °N: [He] 2s'2p*

15 - P: [Ne] 3s%3p® — 'P: [Ne] 3s'3p*

33 - As: [Ar] 45°3d"%p’ - "As: [Ar] 4s'3d'%p"

51 - Sb: [Kr] 55’4d'%5p® — “Sb: [Kr] 5s'4d'%5p*

83 - Bi: [Xe] 65%4f'*5d'%p® — "Bi: [Xe] 6s'4f'*5d'%p*

Grupo 6A:

8 - O: [He] 2s22p4

16 - S: [Ne] 3s*3p*

34 - Se: [Ar] 45°3d"%p* .
52 - Te: [Kr] 5s%4d'%5p*
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84 - Po: [Xe] 6s74f'*5d"°6p"*

Grupo 7A:

9 - F: [He] 2s22p° © 'F: [He] 2s'2p°

17 - CI: [Ne] 3s3p° © "Cl: [Ne] 3s'3p°

35 - Br: [Ar] 4523d'%p’ © "Br: [Ar] 4s'3d"%4p°

53 - I [Kr] 5s%4d"5p’ «> 'T: [Kr] 55'4d'*5p°

85 - At: [Xe] 65%4f'45d'%6p’ © "At: [Xe] 6s'4£'*5d'%6p°

Grupo 1B:

29 - Cu: [Ar] 45'3d"® & "Cu: [Ar] 3d°4s’ & "'Cu: [Ar] 3d'%s'

47 - Ag: [Kr] 55'4d" > "Ag: [Kr] 4d°5s” © "Ag: [Kr] 4d'%5s!

79 - Au: [Xe] 65'4£45d" > *Au: [Xe] 6s'5d"%f* &> "' Au: [Xe] 4£*5d'%s’

Grupo 2B:

30 - Zn: [Ar] 3d'%s? & ‘Zn: [Ar] 473"

48 - Cd: [Kr] 55%4d" &> "Cd: [Kr] 4d"5s

80 - Hg; [Xe] 4£45d'%s” > ‘Hg: [Xe] 6574f'*5d"

Grupo 3B: ‘
21 - Sc: [Ar] 453d" & "Sc: [Ar] 3d%4s' ¢ "'Sc: [Ar] 3d'4s’
39 - Y: [Kr] 5s%4d' © "Y: [Kr] 4d%5s' © "'Y: [Kr] 4d'5s°

Grupo 4B:

22 - Ti: [Ar] 4s3d* <> 'Ti: [Ar] 3d%4s’ © "Ti: [Ar] 3d°4s'

40 - Zr: [Kr] 55%4d © ‘Zr: [Kr] 4d’5s* & “'Zr: [Kr] 4d°5s'

72 - HF: [Xe] 6s%4£*5d% o> 'HF [Xe] 6s%4f45d'6p' > "HE: [Xe] 4£*5d°6s” >

*he

© ""HF: [Xe] 6s*5d%4f"

Grupo 5B: :

23 - V- [Af] 4553 = “V: [Ar] 45'3d* © "'V: [Ar] 3¢°45” > "V: [Ar] 4s"3d%dp’

41 - Nb: [Kr] 5s'4d* — Nb: [Kr] 4d*5s’ «> ““Nb: [Kr] 55'4d’5p' > “"Nb: [Kr] 4d°5s°
73 - Ta: [Xe] 624£45d° - "Ta: [Xe] 4f*5d°6s” & “'Ta: [Xe] 6s'4f*sd’6p' &

*5%

<> Ta:[Xe] 6s’sd’4f™ -

Grupo 6B:

24 - Cr: [Ar] 45'3d° — ‘Cr: [Ar] 4s'3d"4p’ & “'Cr: [Ar] 3d°4s' & “Cr: [Ar] 3d*4s?

42 - Mo: [Kx] 55'4d° — "Mo: [Kr] 55'4d'Sp' > “"Mo: [Kr] 4d’5s' ¢ *"Mo: [Kr] 4d*ss?
74 - W: [Xe] 65%4£45d" > "W: [Xe] 4£45d%6s” © *"W: [Xe] 4f*5d°6s' >

[ 2 1

© "W [Xe] 6s*5d*4

L1 1]

Grupo 7B:

25 - Mn: [Ar] 4533d° — "Mn: [Ar] 3d%4s' & “"Mn: [Ar] 3d4s* & *"Mn: [A1] 4s*3d*4p’
43 - Tc: [Kr] 55'4d® — "Tc: [Kr] 4d°5s’

75 - Re: [Xe] 6s%4£45d° — Re: [Xe] 4f1*5d°6s? « “'Re: [Xe] 6s'4f*5d°6p’ >

301
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© "'Re: [Xe] 6s25d°4£

Grupo 8B:

26 - Fe: [Ar] 453d® & ‘Fe: [Ar] 3d%4s?

27 - Co: [Ar] 4s’3d’ & °Co: [Ar] 3d4s? <> **Co: [Ar] 45%3d%p"
28 - Ni: [Ar] 45’3d® « "Ni: [Ar] 3d%s? < “'Ni: [Ar] 4s%3d"4p’

44 - Ru: [Kr] 5s'4d” - "Ru: [Kr] 55'4d%5p < *“Ru: °5s% " "Ru: 24d°sp!
s Koy oo ] p [Kr] 4d°5s° & Ru: [Kr] 55°4d°5p’ «>
45 - Rh: [Kr] 5s'4d® - ‘Rh: [Kr] 55%4d” < “'Rh: [Kr] 55'4d75p! «
« R [Kr] 4d’5p'Ss! &> “**"Rh; [Kr] 4d%s!
46 - Pd: [Kr] 55°4d" © °Pd: [Kr] 4d°5s! > *'Pg: [Kr] 5s'4d*5p! & *"Pd; [Kr] 55°4d"°
76 - Os: [Xe] 6s’41*5d° — 'Os: [Xe] 6524£*5d’ 6p' © Os: [Xe] 4F*5d%s? <>
> Os: [Xe] 65’5d°4f™ & ***'0s: [Xe] 4f'*5d76s!
77 - Ir: [Xe] 65°4£5d” — “I: [Xe] 485865 < "Ir: [Xe] 4£'5d76s?
© "Ir: [Xe] 6s25d745™*
78 - Pt: [Xe] 65'4'45d” ¢> "Pt: [Xe] 65245 < “Pt. [Xe] 4£5d%s?
© "'Pt: [Xe] 6525d%4*

TABELA I

Observaciio:

Na tabela, as colunas indicadas correspondem as seguintes varidveis:
Zef(1) = Zef, "Zef, “Zef, " Zef, "' Zef (Eq. 1.1)
Zef(2)=21,25,23,2,(Eqs. 2.2,2.3,2.6¢2.9)

Zef(3)= Zef (Eqgs. 2.5,2.8e2.11)

Zef(4) =Zef (Eq. 4.1)

Grupo 0
Z | Simb. | ns np|nd| of | ni | nev] S [ZIP|ZID[ZD[Zid| ZIf| ZIs | ZU a SLIL| u B Zef(1) | Zef(2) | ZeR(3)
2 He 1/0/0]0{0j 0 0 1 0010 O 2 2/3 {03333/ 0] 0 1 1,0000 | 1,3333
10 Ne 2(1]010[0} O 0 3 00| 0! 0 2 2 [03333{ 0] 0 1 3,0000 | 2,5000
18 Ar 3/2{0[0]0] 0 0 3 010]0}O0 2 12/5 [0,4000] 0 | O 1 5,0000 | 3,2250
36 Kr 413 1{0}l0} 0 0 3 00110/ 0 2 9/4 10,3750{ 0 | O 1 4,8750 | 4,0268
54 Xe 514]2]0]0] 0 0 3 0|l0[10]0 2 12/5 [0,4000] 0 | O 1 5,8750 { 4,7008
86 Rn 615131 1j0/0 {013 ,0[0/10][14] 2 | 1255 0,4000/ 0 | © 1 | 8,93755,3047
Grupo 14
Z | Simb. |ns np | nd | nf{ni|nev| S |ZIP[ZID]|ZD|ZId] ZIf | Z1s | ZI o Sl n B Zef(1) | Zef(2) | Zef(3)
1 H 1/0{0]0]1 0 |1/2] 0 1 1 0] 0 1 1 0,3333(1/2] 0 0 1,0000 | 1,0000
3 Li 210 0[0}1 0 |1/2] 0 1 1 00 2 1 0,3333|1/2] 0O 0 1,0000 | 1,2500
11 Na 3 110101 0 [12] 0 1 1 002 1 0,4000{1/2| O 0 3,0000 | 1,8403
19 K 412 0(0l1]o0 1201 (1flo0o]oO] 2 1 10,4286/ 1/2] 0 0 | 5,00002,2710
37 Rb S|3j1joj1]Joj12loi1[1]10]01 2 1 10,5555/1/2] 0 0 | 5062527639
55 Cs 614210111 0]12]0 111100/ 2 1 10,6363[1/2] 0 0 | 58750/3,1876
87 Fr 7iS513]t1]1jof12l ol 1f1]10]14] 2 1 10,7692{1/2| © 0 | 8,7500 | 3,7823
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TABELA I
Grupo 24
Z [ Simb. [ns{np[nd| nf|ni|nev| S |ZIP|ZID|ZD|Zid  Zif | Z1s | ZI o (St{LI| p B Zef (1) | Zef (2) | Zef (3)
4 Be 2{0[0]0[0] O 0 1 0{0] 0|0 2 2/3 10,3333/ 01 O 1 1,0000 | 1,6499
12 Mg 3/l1][]0}]0]0] O 0 1 0|0 0] O 2 4/5 {0,4000{ 0 | O 1 3,0000 | 2,2274
20 Ca 412101010} 0 0 1 0,001 0 2 6/7 [0,4286/ 0 | O 1 5,0000 | 2,8663 | 2,6636
20 *Ca 412]110]12] 4 0 0 1 211 0 2 1 {0,0800{1/2| O 0 3,0025 {2,5543
38 Sr 5013 110/]0[ 0 0 1 0]0j10] 0 2 10/9 [0,5555| 0 | O 1 5,0000 | 3,6821] 3,2307
38 *sr {si3{2/0}l2}j4j0}0]1]2[1]0} 2 1 10,0800|1/2{ O 0 | 4,3333 }2,9727
56 Ba 6|4 2]|0]0] 0 0 1 00101 0 2 |14/11/0,6363] 0| O 1 6,0000 | 4,4681 | 3,6950
S6| *Ba | 6| 4!3[0]2] 4]0 0]1(2]1]0} 2 1 [0,0800}1/2! 0 0 | 6,5807 |3,2264
88 Ra 715{3[1]ojo]Jol 1] o[o0o[10}/14] 2 [20/13/0,7692; 0| O 1 9,0000 | 5,3981] 4,3471
88 *Ra 7/5]4]112] 4 0 0 1 121 1]14] 2 1 |0,0800(1/2] 0 0 10,7222 { 3,6931
Grupo 34
Z | Simb. [ns [np | nd [ nf | ni{nev| S [ZIP|ZID|ZD|Zid| Z) | Z1s | ZI [ SI|Li| p 1] Zef (1)| Zef (2)] Zef (3
) B 21101 0]1 2 {12 0 1 10| 0 2 1 [0,33331/2] 0 0 3,0000 | 1,9485 1,4555
5 *B 2{1]0(1012 1 {1/2] O 2300 1 2 {1,00000 1] 0 -1 3,0000 | 1,12501 1,6574]1,5564
5 **B 2/1/]010]2 1112 0 2130/ 0 2 2 |1,0000{ 1} 0 -1 3,0000 | 1,8750
13 Al 3i2jio0oJol1{2]Jirlo |t |1j0i0] 2 1 10,4000]1/2{ 0 0 | 5,0000 {2,3059]1,9688
13 *Al [ 3}2lo0fjo0o{2[1}1/21 0] 2i3{0]01} 2 2 |06928{ 1) 0| -1 | 50000]1,7708
31 Ga 41311 |of1lt2f12l0( 1t ]1}10j071 2 1 103750|1/2| 0 0 | 52500 |2,7668] 3,8060
31| *Ga | 4|3 1joJ1l o121 ]o]1{10/ 0] 21 6/506000 00 1 5,0000 | 4,1715|2,70812,6391
31 [ **Ga |41 31|02 1 |12 0 231010 2 2 {05408/ 1| 0 -1 5,2500 | 1,7773| 1,4030
31 [***Ga| 4 [ 3|1 [0{3]0jl2[]0]3}|5!9]|01} 2 3 [0,4725(3/2] 0 | -2 | 52025 |1,1409
49 In 51412101 2 {121 0 1 1]10] 0 2 1 10,4000{1/2] 0 5,5000 | 3,2187 2,3772
49 *In 51412]0]2 1 (121 0 213|100 2 2 104804 11 0 -1 5,5000 | 1,8070] 2,6916
49 **In 5141203 1 112] 1 1 31910 2 |1,898/0,4490|1/2| 0 0 5,5475 | 3,0510] 4,8741 | 3,2385
49 | ***In| S| 4] 2! 0|2 1 (12} 1 01390 2 126/19/0,6842} 0 | O 1 6,0000 | 5,25463,0112
49 [****In| 5 {41 2| 0}3] 0 ]12] 0 3|59} 0 2 3 10,4490{3/2] 0 -2 5,5475 | 0,8039
81 Tl 6|s|3|1]t]2]|12]0 1 1{10]14] 2 1 [04000[1/2] 0 8,0000 | 3,6424 ] 2,5833
81 *Tl 6| 53112 1 11/2] 0 213 |10]14] 2 2 [0,5609{ 1| O -1 8,0000 | 1,8351 | 2,9056
81 **T]1 | 6 5|3 |13 1 112] 1 1 30 9114] 2 [1,99{04951]1/2] 0 8,0475 | 3,3261 | 6,6508{3,9875
81 | ***T1| 6 | 5| 3 111 0 {1/2] 5 0 1/10]14f 2 [1,000(0,100001 0| O 1 8,8025 | 7,0450] 3,8103
8l (****Ti| 6531301l o3 159 i14] 2 [3000/04951{3/2| 0 | -2 | 80475 | 05885
TABELA 11
___Grupod4 _
Z | Simb. | nsinpind of | ni{nev| S [ZIP|ZID|ZD|ZUd{ZH | Z1s | Z) a StjLd| p 8 Zef (1)| Zef (2)| Zef (3)| Zef (4)
6 [} 21101071 1 1 0 212|010 2 2 (03330{1] 0 -1 3,0000 | 1,8750; 1,8164
6 *C 2/ 1]010[2; 0 1 [ 3({4]010 2 3 10,6660/3/2| 0 -2 | 3,0000 | 1,7862
14(a)] Si 3{2(0]0¢1 1 1 0j]2]2[0]0 2 2 |04000[ 1] 0 -1 | 50000 |1,7708{1,5112]1,5112
14@)] _*si | 302 |0 o l2l0o 1013 alof0of 2] 3 [05657/32 0] -2 150000 13587 ___|_.__123172
140b)| Si 3]2]0i011 1 0 0 212040 2 2 10,4000 0 5,0000 | 3,1875] 2,7202 | 2,720
14(b)| *Si 3{2/0]l0[2]l0[0] O 1 /4/]010 2 3 10,5657|112} O 0 5,0000 | 2,4457
32(a)) Ge 4131110111 1 0j2j2j10|0 2 2 {03750/ 110 -1 | 5,2500 {1,7773}1,39021 1,3902
32)] *Ge | 4 3| L]ol2 0 l1 [0 3 a1l ol 2] 3 1o4m25[32] 0] -2 52500 L1417} _______13,039
320) Ge 413j1]0j1 1 0 0] 2]2(10]0 2 2 (03750 0| O 5,2500 | 4,062513,1769] 3,1769
320) *Ge [ 4[3{1/0]2] 0[]0} 0314|100 2 3 104725/1721 0 0 5,2500 | 2.6095
50(s){ Sn 514(2(0]1 1 1 0] 2]2{10|0 2 2 |04000] 1[0 -1 | 5,5000 | 1,8070] 1,2264|1,2264
[sow] *sn_| 5 42 012l 0ol1fol3 al10] 0] 2| 3 10449013210 -2 55000 07990 ___| __._
S0(b)] Sn sl4]210]1][1 0/ 0j2]2{10]0 2 2 |0, 0|0 1 5,5000 | 5,0195 13,8313 3,6682
SO(b)| *Sn s|4}210}2 1 0 1 1]12]10] 0 2 | 1,898/0,44901122] O 0 5,5000 |3,0518]2,5161 3,7083
S0() **Sn | 5| 4] 2] 012] 0 0|03 410/ 0] 2] 3 |04490/12] 0] 0 | 55000]22195/47774
SOb) ***Sn ! 5 [ 41201 1 010} 21210/ 0 2 2 104000/ 0! O 1 5,5000 | 5,0195
82(a)) Pb 61513 1] 1 1 1 0 22]10014} 2 2 {04000/ 1| O -1 8,0000 | 1,8351]1,1405] 1,1405
(2] P _| 6.5 |3 1 [2[o[1[ol3 4[io]14} 2 | 3 o491}z 0| -2 | 8000005833, ______
82(b) 615131111 1 0 0 212(10]14] 2 2 |o4000/ 0] O 8,0000 | 6,0058 | 3,7006 4,4098
82(b); *Pb 6|s5|3/1[2] 0 0 [] 31411014 2 3 104951112 0 0 8,0000 | 1,8354| 5,0799| 4,4188
82(b)| **Pb | 6 | S | 3 1{1 1 0 0 2 (2({10{14] 2 2 040001010 1 8,0000 | 6,0058 | 4,4760
82(b) ***Pb | 6 | 513 [ 112 1 0 1 1 21014 2 1,99 [0,4950{1/2| 0 0 8,0000 13,3263
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TABELA T

Grupo 54
2 | Simb. | ns np|nd| of | ni[nev] S [ZIP[ZID]ZD|Zid| Zif | Zis | ZI a SLIIA| n 1) Zef (1)| Zef (2)| Zef (3)
7 *N 2jtioflof270 (321213006 2 3 |0,5000{ 1] 1 -1 | 2,0000 |2,0625
15 P 3|21 0]0{2]01]32] 1 213]0f0 2 | 2,98 [0,4900] 1 1| -2/3 | 4,0000 |2,6276
33 *As 413110 [2]01032]1 2 [134110]0 2 | 2,86 [0,4300] 1 1 | -1/2 | 4,0000 | 3,3850
51 *Sb S14l2]0([2{01]32]1 2 3(10]{0 2 | 2386 [04300] 1 1] -2/5 | 6,2500 {3,9836
83 *Bi_ 6115|3111 21 0032112 3110]14] 2 2,906104530) t | 1 | -1/3 | 9,1111 |4,3776

Grupo 6A
Z | Simb. |ns [ np|nd]| nf | ni|nev] S | ZIP|ZID| ZD|Zid| Zif Zis| Z1 a SII | B Zef (1)] Zef (2)| Zef (3)
8 0] 21 1/0[0)1 0 1 1 22010 2 8/3 10,3330{ 1| 1 -1 2,0000 | 2,0000
16 S 3({2/10{01}1 0 1 1 212{0]0 2 14/5 10,4000] 1 11 -2/3 | 4,0000 | 2,6141
34 Se 413/ 110{1]0 1 1 21 2(10]0 2 11/4 10,3750{ 1 1 [ -1/2 | 4,0000 | 3,4063
52 Te 514/ 2(01]1 0 1 1 2 ]2110]0 2 14/5 10,4000{ 1 1 | -2/5 { 6,2500 | 4,0625
84 Po 61513111 0 1 1 2 1 2110/14] 2 14/5 {04000 1| 1 | -113 91111 {4,7126

Grupo 74
Z | Simb. | ns {np | nd | nf | ni|nev] S | ZIP | ZID|ZD | Z1d] ZIK Zis| 21 a SLIL| p B Zef (1)| Zef (2)| Zef (3)
9 F 2 tjojof1jolR| 2110071 2 7/3 |0,3330]1/2] 1 | -2/3 [ 12,0000 | 1,4093 2,2532
9 *F 2{1/010(1 0 |12 3 0lt1|o0]oO 2 2 103330/ 0! 0 1 3,0000 | 2,5000
17 Cl 312J]0f0]1 0 |1/2] 2 1 1100 2 13/5 [0,4000(1/2] 1 | -1/2 | 4,0000 1,3959| 2,9181
17 *Cl 3/2/0101}1 0 |1/2] 3 0 1/ 010 2 12/5 10,4000] 0 | © 1 5,0000 | 3,2250
35 Br 4131110101 0 [172] 2 1 1110]0 2 5/2 10,3750/ 1/2] 1 | -5/12 3,9167 | 1,4637] 3,6957
35 *Br 413 1101 0 (172 3 0 11910 2 9/4 10,3750/ 0| © 1 4,8987 [4,0272
53 1 5141201 0 11/2] 2 1 1110]0 2 13/5 10,4000/ 1/2{ 1 |-11/30] 6,1944 1,5074 ! 4,3725
53 *1 S1412]0(1 0 |[1/2] 3 01190 2 12/5 [0,4000[ 0 | 0O 1 5,8869 | 4,7022
85 At 6{5I311[1]0]12]2 1 1,10]14] 2 13/5 10,4000/ 1/2] 1 | -1/3 | 9,0988 1,551414,9843
85 *At 6153 1|1 0 |12 3 ].0 11914} 2 12/5 {0,4000] 0 | 0O 1 8,9405 | 5,3051

TABELA IT

Grupo 1B
Z | Simb. | ns np|nd| nf | ni |nev| S [ZIP[ZID|2ZD]| Zid] ZIf | Z1s | ZI o Sl 1 Ty B Zef (1) | Zef (2) | Zef (3)
29 Cu 4121101 0 [172] 5§ 0 1110]0 2 4/5 10,0800f 0 | O 1 2,8333 |3,3595]3,2444
29 *Cu 412101 0 [1/2] 1 0|19/ 0 2 8/7 {05714/ 0| 0O 1 3,0000 | 3,1848 12,7458 12,9951
20 | **Cu [ 4/ 2{1]0]1 0 [1/2; 0 1 1110¢( 0 2 1 10,5714/ 1/21 0 0 3,2500 | 2,5085
47 Ag Si1312i01]1 0 [12] 5 0 1)10] 0 2 4/5 10,0800} 0| 0 1 3,7778 | 4,1459] 4,0390
47 | *Ag |5 3 (2o ft1loj1rl1[ol1i9 o] 2 4/3 10,6666| 0 | O 1 4,0000 | 3,9841] 3,3897{3,7143
47 | **Ag [ S| 3 [ 2011 0 [121 0 1 1[110] 0 2 1 10,6666 172 0 0 3,8675 | 3,0661
79 Au 61413 111 0 |12} 5 0 1]10]14) 2 4/5 10,0800{ 0| 0 1 6,8025 | 5,47895,5014
79 *Au 61413 111 0 (12 710 1110] 14} 2 4/5 |0,05711 0| O 1 6,6836 | 5,51264,3269{4,9141
79 | **Au | 6| 4| 3 1 (1 0 11/2] 0 1 1]10] 14| 2 1 10,8182[1/2{ 0 0 6,6670 | 3,6524

Grupo 2B
Z | Simb. |ns | op| nd | of | ni[nev] S [ZIP]ZID[ZD] Zaa] Zif | Z1s | 21 o Si{Ll| p i) Zef (1) | Zef (2)| Zef (3)
30 Zn 421100 0 0 1 0| 0j10] 0 2 8/7 |0,5714] 0| O 1 3,0000 | 3,1848 3,3027
30 *Zn 412]1/0]0} 0 0 5 0] 0]10] 0 2 4/5 [0,0800] 0| O 1 2,8333 | 3,3595
48 Cd S13j210}l0] 0 0 5 0]0j10] 0 2 4/5 10,0800{ 0 | O 1 3,7778 | 4,1459( 4,0390
48 *Cd S|13]2(0[0] 0 0 1 010}110]0 2 4/3 10,6666/ 0 | © 1 4,0000 | 3,9841
80 Hg (6|4 3 ]1/0jJo]Joj1|olo]10]f14] 2 1811 08182/ 0 [ O 1 7,0000 |4,7147| 52429
80 | *Hg |64 (3|1/0[0 0[5/ 0o]ol10.14] 2| a5 0,0800| 0 | O 1 6,8025 | 5,4789

Grupo 3B
Z | Simb. | ns \op|nd| nf | ni|nev| S [ZIP[ZID[ZD]|ZId] ZIf | Z1s | ZI a Sl 1| ] Zef (1) | Zef (2)| Zef (3)
21 Sc 4121110t 0j12] 0 1 1 1 0 2 1 [0,0800{1/2( O 0 3,0025 | 2,5543|2,5533
21 *Sc 4121021010 1 3/ 202 1 10,5714|1/2] 0 0 3,0100 | 2,5528 | 2,9853|2,7693
21 **Sc 141217011 0 j1/2] 1 0|1 1 0 2 8/7 10,5714/ 0 | 0 1 3,0000 | 3,1848
39 Y 513(2i0]1 0 112] 0 1 1 1 0 2 1 10,0800{1/2;{ O 0 4,1150 [3,0118(3,0705
39 Y S13]2]0[2}0]12]0 1 3/27]0 2 0,6666|1/2| 0 0 3,7400 |3,0992|3,7071 | 3,3888
39| Y {si13!2/0(1]0112]1 0 1i1]07 2] 43106666/ 0] 0 1 4,0000 | 3,9841
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TABELA 1L

Grupo 4B
Z | Simb. | ns |np|nd| af [niinev| S [ZIP|ZID|ZD|ZId|Zif | Z1s | 21 o [SI{LI| p B Zef (1) Zef (2) | Zef (3
22 Ti 4|12(1]071 0 1 0 212120 2 2 {00800 1 0 -1 3,0100 | 1,8230] 2,8722
22 *Ti 42| 1j0]1 0 1 1 0|22 0 2 8/7 10,5714} 0 | O 1 3,0000 |3,1848|2,77212,8221
22 **Ti |41 2]1(012]| 0 1 0 1 413 0 2 1 [0,5714]1/2] 0 0 3,0225 | 2,5501
40 Zr s{3(2]0]|1 0 1 0 212210 2 2 [0,0800] 1| O -1 3,7400 | 1,9954 | 3,5856
40 *Zr 5({312(0¢}1 0 1 1 0|22 0 2 4/3 10,6666| 0 | O 1 4,0000 | 3,9841] 3,4700 3,5278
40 | **Zr { 5!3[2]0]2]01110{1({4]3 0] 2 1 ]0,6666(1/2} 0 0 | 3,4472 {3,1936
72 Bf | 6|43 [1[110[1{0[2]2}|2 14} 2 2 10,0800{ 1] 0| -1 [ 6,2400 |2,1255|3,2726
72| *&#f 6|53 (112/01110]112]1/14)] 2 1 |0,6942|1/2] O 0 | 82475 |3,6244|4,3743]4,3029
72| **Hf | 6 {4 | 3 111 0 1 1 02| 2{14] 2 [18/11(0,8182|/ 0| 0 1 7,0000 | 4,7145| 5,2617
72 | ***Hf| 6 | 4 | 3 111 0 1 7 0212 [14] 2 4/5 10,0871 0 | O 1 6,7595 | 5,4907

Grupo 5B
Z | Simb.  ns|np/nd|nf{ni nev| S {ZIP|ZID!ZD ZId | ZIf | Z1s | ZI a (SI|L1} p B Zef (1)| Zef (2)| Zef (3)
23 *v 4121110} 2] 01320 4 S{ 4]0 2 4 10,0800] 21 0 -3 3,0400 | 0,9336 | 2,6951
23 =V |[4]2]1]0]1 0 |32} 1 03] 3 0 2 8/7 (05715 01 O 1 3,0000 |3,1848{2,9249(2,8100
23 | **y 4|31 110}2i0([32/0}1}13{2|0] 2 1 {06814/1/2] O 0 | 50100 |2,7771
41 ) *Nb | 5| 3202 0f52{ 0|1 [5][4{0] 2 1 10,6666{1/2] O 0 | 2,7649 |3,5972]3,3365
41 | **Nb | S| 4 2t0{3[ 0 [52] 0151302 1 0,5392|12| 0 0 | 57275 |3,2010(3,7676] 3,5521
41 |***Nb| 5 | 3| 2] o1 o522 1] 0o]4]4] 0] 2 | 43 [06666I 01O 1 4,0000 |3,9871
73| *Ta | 6| 4131111 0([32] v} 0[3;3]14] 2 {18/11|0,8182) 0| 0 1 7,0000 | 4,7147] 4,0096
73 **Ta | 6 1 5| 3 1]3 0 132] 0 1 5|13 (14| 2 1 [0,6942|1221 0 0 82275 | 3,6258( 5,0897 | 4,5497
73 | ***Tal 6 | 4 | 3 111 0 |32 7 0|33 |14} 2 4/5 10,0571 0 { O 1 6,7556 | 5,4918

Grupo 6B
Z | Simb. | ns{np[nd| nf| ni{nev| S |ZIP|ZID | ZD|ZId | ZIf | Z1s y4] a S| L1 B 8 Zef (1) Zef (2)| Zef (3)
24 *Cr 413 11013 0 3 0 1 6| 4|0 2 1 10,6814]1/2] O 0 5,0400 | 2,7757]| 2,6215
24 **Cr [ 4| 2|1l0|2]0 |3/ 0| 1]|6|510] 2 1 105714/121 0 0 | 3,0625 |2,5420!3,0084!2,8149
24 [***Cr| 4| 211 ]011 0 3 1 01615 0 2 8/7 10,5714 0 | O 1 3,0000 { 3,1848
42 *Mo 51 4(210]3!0 3 0 1 6| 410 2 1 [0,5392{1/2} © 0 5,7100 | 3,2023 | 3,3836
42 [ **Mo| 5[3]2]0(2]0 (3|01 61501 2 1 10,6666|1/2{ 0 0 | 29178 [3,4716]3,8309]3,6072
42 |***Mo) 51312102l o0o]3{1]0]6]5{0] 2| 4306666 0|0 1 4,0000 | 3,9841
74 *wW 6| 4|3 11 0 2 1 044 |14] 2 {18/11]08182/ 0| O 1 7,0000 | 4,7145 | 4,0896
74 "W | 6413 11270 2 0 1 6| 5S|14| 2 1 |0,8182|1/2{ O 0 6,1227 | 3,7528| 5,0990| 4,5943
74 *™*W | 6| 4|3 1]1 0 2 7 041414 2 4/5 10,0571{ 0 { O 1 6,7500 | 5,4934

TABELA I

Grupo 7B
Z | Simb. |ns [np|nd| nfi{niinev| S |ZIP|ZID|ZD ZId| Z)if | Z1s | Zi a SIILI| u B Zef (1)| Zef (2) | Zef (3)
25 *Mn [ 4|2 1]0}2]0}52]| 0 1 51640 2 1 |0,5714|1/21 O 0 3,0900 | 2,5367|2,9806
25 | **Mn | 4121101 0 1521 0|5 510 2 8/7 |0,5714| 0 | O 1 3,0000 |3,1848 | 2,9240| 2,9523
25 | ***Mn! 4 | 3 1102|0521 0 1 51! 4 0 2 1 0,6814/1/2| O 0 5,0400 | 2,7757
43 *Tc s|3[2}j0}21l0/([52]0 1 5160 2 1 10,6666(1/21 O 0 2,7149 | 3,6452
75 *Re 6|43 111 0 152] 1 0lS| Si{14] 2 |18/11]08182/ 0} O 1 7,0000 | 4,7147]4,0114
751 **Re [ 6 { S {3 [ 13052/ 01 7[5114] 2 1 [0,6942]1/2} © 0 | 81875 |3,6286]5,0930|4,5522
75 | ***Re | 6 | 4 | 3 1|1 0 |52 7 0|55 141 2 4/5 10,05711 0 | O 1 6,7429 | 5,4954

305
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TABELA I
Grupo 8B

Z | Simb. {ns inp nd| nf | nilnev] S [ZIP|ZID]|ZD| Zid M| Zis| 2 a S1| L my 4] Zef (1)) Zef (2)| Zef )
26 Fe 4(2]1]10¢}1 0 2 1 4 (4160 2 1104/25/0,0800| 2 | 2 -3 2,5000 | 0,8074] 3,0398

26 | *Fe 1412/ 1]0/170]271]01al6[0] 2] 870574 0] 0] 1 3,0000 | 3,1848

27| Co | 4121 1011]01/32[2 31370/ 2 [83/250,0800]3/2] 3| -5/2 | 22092 0,5431]3,1402 _
27 *Co 1412110711 0 (32} 1 0|l3]|]7]0 2 8/7 [0,5714] 0 | 0O 1 3,0000 |3,1848)2,9148/3,0275
27 { **Co | 4 { 3 11 0]2] 0 1{32] 0 1 51610 2 1 10,6814|1/2] 0 0 5,0900 | 2,7735

28 Ni 41211101 0 1 3 2{2}8]0 2 162/2510,0800] 1 { 3 | -32 2,1700 | 0,8187(3,0352

28 *Ni 412111011 0 1 1 012/8|0 2 8/7 {05714] 0| © 1 3,0000 | 3,1848] 29139|2,9746
28 **Ni | 41371/0]2]0 1 0! 1 4170 2 1 [06814/1/2{ O 0 5,1225 {2,7721

44 *Ru 514121031 2 2 0 114610 2 1 {0,4000[1/2] 0 0 5,6600 | 3,2060( 3,7382

44 | **Ru | 5 1312017021046 0] 2| 43 [06666] 0] 0 1 4,0000 |3,9841 | 3,4988 ] 3,6740
4 |***Ru| 5| 4| 21021 2 2 0 1 61 5] 0 2 1 10,5392{1/2| O [ 5,6875 | 3,2039( 3,7851

44 |%%*Rul 513121011 0J27 1[0 460 2] a3 [06666] 0] 0 1 4,0000 | 3,9841

45 *Rh 5/312({01]1 0 132 2 3131710 2 183/2510,0800(3/2] 3 | -8/5 | 4,3439 1,05681 2,7136

45 | **Rh | S|4 2|0 (3] 2132 0 1 5{710 2 1 1053921121 0 0 5,6275 |3,2085 | 3,2085 | 3,6904
A5 [***Rh| 514203 213”1 0 1 51710 2 1 ]10,6842/1/2) 0 0 5,6275 |3,2085] 5,1491

45 [****Rh| S {3 2(0 (2] 0 [arl o 113/810 2 1 10,6666]1/2 0 0 1,9806 | 5,4188

46 Pd 4132|011 0 0 5 0|0]|10] 0 2 2/3 10,0666f 0 | O 1 3,1111 [5,1056{ 3,8457

46 *Pd Si312}0i2]01!0 0 1121970 2 1 ]0,6666]172! 0 0 4,1333 13,0082 3,1447/ 3,9060
46 | **Pd [ 5{ 4| 20131 0 0 0 114810 2 1 10,5392]/1/2] © 0 5,5900 | 3,211414,7277

46 | ***Pd | 4 /3 {201 0 0 5 0]10]10] 0 2 2/3 10,0666} 0 | O 1 3,1111 | 5,1056

76 *Qs 6 1 513/112]0 2 0 11615114 2 1 10,6942{1/2] 0 0 8,1875 |3,62864,3755

76 | **0s | 6413 |1]1 0 2 1 0146|147 2 [1811]08182] 0| 0 1 7,0000 | 4,7145] 5,2667|4,7232
76 ***0s| 6 141311 [1]0[2[7]0[4]6]14] 2| 45 [00571[0] 01 1 6,7342 |5,4978] 4,5270

76 |****0si 6 |4 |3 111210201 4] 7 14l 2 1_10818211/2] 0 | 0 [ 57703 |3,8340

774 *r |6 4[3]1/2] 0132 0] 1 3|8 1a] 2 1_[08182]1/2] 0 [ 0 | 52361 |3,9917]4,4832

77 *r {643 11 1] 0 {321 0137 ]14] 2 [18/11{08182] 0] 0 1 7,0000 [4,7147] 5,2688 | 4,8762
77| ¢k 1 61 4131111013207 037 14] 2] 45 [00571] 0] 0] 1 6,7239 | 5,5007

78 Pt 61 413[112}10 1 4 11219114 2 [41/25[0,0800]1/2] 2 | 215 3,9762 | 4,9468] 4,7129

78| *Pt 6 4;3[1[1[0f[1[ 322 8 [14] 2 [6225[00800] 1] 3| -1/2 9,1931- [ 4,5899] 4,6733| 4,8860
78 **Pt | 6431111 0 1 1 0128114 2 [1811/08182[ 0 O 1 7,0000 |4,7147|5,2717

78 | ***pt 61431110 1 7 0128 /14] 2 4/5 [0,0571{ 0| 0 1 6,7121 | 5,5041
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6 - Potencial de lonizacéo (l) dos elementos (em eV)

: 2
calculados pela equagdo /. = (Z:{ ) 13,6
TABELA I
Elem.| Z n Zef Ic | P Erro (%)
H 1 1 1,0000 13,600 13,595 -0,034
He 2 1 1,3333 24,176 24 481 1,246
Li 3 2 1,2500 5,312 5,3900 1,322
Be 4 2 1,6499 9,255 9,3200 0,697
B 5 2 1,5564 8,236 8,296 0,723
C 6 2 1,8164 11,218 11,256 0,357
N 1 71 2 3.0625 14,463 14,530 0.461
0) 8 2 2,0000 13,600 13,614 0,103
F 9 2 2,2532 17,261 17,418 0,901
Ne 10 2 2,5000 21,250 21,559 1,435
Na 11 3 1,8403 5,118 5,138 0,389
Mg 12 3 2,2274 7,497 7,644 1,923
Al 13 3 1,9688 5,857 5,984 2,122
5i | 14 | 3 23172 8.114 8.149 0.429
P 15 3 2,6276 10,433 10,484 0,486
S 16 3 2,6141 10,326 10,357 0,299
117 [ 3 29181 12.867 13.010 1.099
Ar 18 3 3,2250 15,716 15,755 0,247
K | 19 | 4 2.2710 4384 4.339 1,037
Ca 20 4 2,6636 6,030 6,111 1,326
Sc | 21 | 4 27603 6.519 6.540 0.322
Ti 22 4 2,8221 6,770 6,820 0,733
\' 23 4 2,8100 6,712 6,740 0,415
Cr 24 4 2,8149 6,735 6,764 0,429
Mn 25 4 2,9523 7,409 7,432 0,309
Fe 26 4 3,0398 7,854 7,870 0,203
Co 27 4 3,0275 7,791 7.860 0,827
Ni 28 4 2,9746 7,521 7,633 1,467
Cu 29 4 2,9951 7,625 7,724 1,282
Zn 30 4 3,3027 9,272 9,391 1,267
Ga 31 4 2,6391 5,920 6,000 1,333
Ge 32 4 3,0394 7,852 7,880 0,355
As 33 4 3,3860 9,745 9,810 0,662
Se 34 4 3,4063 9,862 9,750 -1,149
Br 35 4 3,6957 11,609 11,840 1,951
Kr 36 4 4,0268 13,783 13,996 1,522
Rb 37 5 2,7639 j 4,156 4176 0,479

307
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Elem.| Z n Zef Ic | P Erro (%)
Sr 38 5 3,2307 5,678 5,692 0,246
Y 39 5 3,3888 6,247 6,380 2,085
Zr 40 5 3,5278 6,770 6,840 1,023
Nb 41 5 3,5521 6,864 6,880 0,232
Mo 42 5 3,6072 7,078 7,100 0,310
Tc 43 5 3,6452 7,228 7,280 0,714
Ru 44 5 3,6740 7,343 7,364 0,285
Rh 45 5 3,6904 7,409 7,460 0,684
Pd 46 5 3,9060 8,300 8,330 0,360
Ag 47 5 3,7143 7,505 7,574 0,911
Cd 48 5 4,0390 8,874 8,991 1,301
In 49 5 3,2385 5,705 5,785 1,383
Sn 50 5 3,6682 7,320 7,342 0,300
Sb 51 5 3,9836 8,633 8,639 0,069
Te 52 5 4.0625 8,978 9,010 0,355

I 53 5 4,3725 10,401 10,454 0,507
Xe 54 5 4,7008 12,021 12,127 0,874
Cs 55 6 3,1876 3,838 3,893 1,413
Ba 56 6 3,6950 5,158 5,210 0,998
Hf 72 6 4,3029 6,994 7,000 0,086
Ta 73 6 4,5497 7,820 7,880 0,761
W 74 6 4,5943 7,974 7,980 0,075
Re 75 6 4,5522 7,828 7,870 0,534
Os 76 6 4,7232 8,428 8,500 0,847
Ir 77 6 4,8762 8,982 9,000 0,200
Pt 78 6 4,8860 9,019 9,000 -0,211
Au 79 6 49141 9,123 9,220 1,052
Hg 80 6 5,2429 10,384 10,430 0,441
Tl 81 6 3,9875 6,007 6,106 1,621
Pb 82 6 4,4098 7,346 7,415 0,930
Bi 83 6 4,3776 7,239 7,287 0,659
Po 84 6 4,7126 8,390 8,430 0,474
At 85 6 4,9843 9,385 9,500 1,210
Rn 86 6 5,3047 10,631 10,746 1,070
Fr 87 7 3,7823 3,970 4,000 0,750
Ra 88 7 4,3471 5,245 5,277 0,606

Obs.:
1) Erro= M 100

2) Os valores exp. sdo da tabela I'V.

Exp
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TABELA IV

JONIZATION POTENTIALS
OF THE ELEMENTS
Difterent nwthods have Leen rmplayed to w.russre ictitation potestials  Abbwevia-
tivns of the methods uond for data lted in the {dweing abie are
5. Vervum siveviviet spectremwpr
§l: Rwiace ionisation. swm sjectromeisic
ElL: Elrciren impust with mam snalymsy
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730344
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-3-1-4
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81
g
81 Reproduzido do
5 Handbook of
& Chemistry and
& Physics - 550
£ edition - 1974 -
i : 1975 - CRC
*There sieja by 8 o ““Theve steps by El nictiiod Press.
VII. Conclusao sido possivel calcular o valor de a, (grau de associagao)

para os adnions mas, unicamente, para os cations como

Este trabalho limitou a aplica¢do da Eq.l1.1, aos
por exemplo:

atomos no estado fundamental e excitado. Entretanto,

a equagao proposta também se aplica ao calculo de Zef ns+ 1
R . - . + - -
de ions, o que possibilita a determinagio do 2° potercial [o,]* = 3ns (7.1)
de ionizagao.
A nio inclusao do calculo de Zef de fons neste tra- . dnp+1
[op] (7.2)

balho, se deve, entre outras coisas, ao fato de nao ter " 4(ns + np + nd + nf)
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(gt = (np—nd)/5
ns—nd+1
Nao obstante, para destacar a importancia deste as-

(1.3)

sunto, é mostrada, no esquema a seguir, a aplicagao da
equagdo, ao merciirio.
Zef=5,2427
1=10,383 eV (Exp. = 10,430 eV)

|
I |

Hg: [Xe] 4£5d'%s? «—> ‘Hg: [Xe] 6s%4f*5d"°

Zef =4,7145  Zef=54789
1=8,397eV 1=11,340 eV
Hg': [Xe] 4f'*5d'%s' "Hg': [Xe] 6s4f'*sd’

Zef® = 42092
1=6,693 eV 6,7eV

Zef™ =3,5916
1=4873eVm49eV

Onde:

19) Todos os valores de Zef foram calculados, teori-
camente, pela Eq. 1.1.

2°) Todos os valores de I (potencial) foram calcula-
dos utilizando a equagao

(Zef)?

I= -2

-13,6

para n = 6.

39) O primeiro potencial de ionizagdo é calculado,
usando-se o valor médio de Zef, calculado a partir do
Zef do estado fundamental e estado excitado, utili;ando
as equagoes: Eq. 2.1 e Eq. 2.2, como temos feito.

49) O 29) potencial de ionizagdo é calculado,
somando-se ao valor do 1?) potencial, a energia para

levar o Hg a Hgt e *Hg a *Hgt

1° potencial = 10,383 eV

(8,397 —4,873) eV = 3,524 eV

(11,340 — 6,693) eV = 4,647 eV

2%potencial = 18,554 eV

= (Exp. 18,751 eV)

5% Os valores dos potenciais do Hgt (4,873 eV) e
do *Hg* (6,693 eV) coincidem, praticamente, com os
valores 4,9 eV e 6,7 ¢V, pontos de inflexdo da curva,
na experiéncia de Franck - Hertz, o que nos permite
afirmar que se trata do potencial de ionizagdo dos ions,
Hg* (oriunda do estado fundamental) e *Hg* (do es-

tado excitado).

Fica evidente, pela aplicagdo ao mercurio, a im-

portancia de Zef de ions.

Nao incluo, também, o célculo de Zef das terras ra-
ras, porque ndo foi possivel determinar, precisamente,
a distribuigdo eletronica do(s) estado(s) excitado(s) dos

atomos dos mesmos.

Conforme foi destacado no inicio as hipéteses consi-
deradas neste trabalho, estdo restritas unicamente aos

casos de excitacao de baixa energia, como por exemplo:
Ca:[Ar]4s? « *Ca:[Ar]4s!3d!
Zn:[Ar]3d'%4s? « *Zn:[Ar]4s?3d!? onde, a diferenca
de energia entre o estado fundamental e excitado envol-

vem pequena quantidade de energia.

Sob o ponto de vista pratico, o método exposto
neste trabalho, que emprega uma equagao elementar
de natureza intuitiva para o cdlculo da carga nuclear
efetiva (Zef), é uma alternativa aos métodos propos-
tos por Thomas (1926) - Fermi (1928) e o desenvolvido
por Hartree (1927) - Fok (1930), pela facilidade na ob-
tencdo de resultados bastante precisos e que nao reque-
rem a solugdo da equacdo de Schrédinger (método de

Hartree).
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