Atomos Polieletronicos

Particulas 1dénticas
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Em cima: Uma seqiiéncia de dez quadros de um filme de dois elétrons se movendo em uma
caixa, segundo a fisica clissica. Se rotuldssemos suas imagens no primeiro quadro, nao ll:_wﬂlﬂ
ambigllidade na atribuigio dos mesmos rdtulos ds imagens ¢m qualquer quadro subsequentés
embora sefa necessirio usur grande ampliagio e *‘cdmera lenta”, Embaixo: Lima superposias
ampliada de todos os dez Quadres, mostrando as trajetorias dos clétrons.



Wrotar = P (ry). ()
Particulas quanticas idénticas tem que ser indistinguiveis.

orbital-spin: Y (ry)a e Y(r,)p

| |

funcao de onda de spin,m;=+% e m,=-%

Wiotar = Ya (r1). Yp(ry) + Pp(r). g (ry)

ou

Yiotar = wa(ﬁ)-lpﬁ (ry) — wﬁ (). Yq(ry)



Funcdes de onda simétrica e anti-simétrica sob permutacao.

Ws = o (). Yp(ry) + Pp(ry). g (ry)

L

Ve (r2). Yp(r) + Ppry). g (ry)

Was = Yo (r). Ypry) — Yp(r). g (ry)

L

Pe (7). p(r) — Pp(ry). e (ry)



TABELA 9-1 Caracterfstica de Sime tria de Vérias Partfculas.

g

Particula Simetria Nome Genérico  Spin (5)

34701 Anti-simétrica Férmion 1/2
Pésitron Anti-simétrica Férmion 1/2
Proton Anti-simétrica Férmion 1/2
Néutron Anti-simétrica Férmion 1/2
Muon Anti-simétrica Férmion 1/2
Particula a ' Simétrica Boson 0
Atomo de hélio

(estado fundamental) Simétrica Bdson 0
Méson 7 Simétrica Boson 0
Foton Simétrica Bdson 1
Déuteron Simétrica Boson 1




Pauli principle:

When the labels of any two identical fermions are exchanged, the total wavefunc-
tion changes sign; when the labels of any two identical bosons are exchanged, the
total wavefunction retains the same sign.

Portanto, no caso de funcoes de muitos eletrons:

Was = Yo (). Yp(ry) — Yp(r). g (ry)



Wys = Yq (1'1)-1/},8 (ry) — Vg (r). g (ry)
estado fundamental do He, 1s?
Wys = 154(ry). 155 (ry) — 1sp(ry). 154 (r2)
Se colocarmos os dois elétrons no mesmo orbital-spin?
Wyis = 1s,(ry).1s,(rp) — 1s,(r;).1s,(ry) =0

Pauli exclusion principle:

No more than two electrons may occupy any given orbital, and if two do occupy
one orbital, then their spins must be paired.



Postulados da Mecéanica Quéntica

Postulate 6

All electronic wave functions must be antisymmetric under the interchange of
any two electrons.

v(1,2) = lsa(l)1sB(2) (2, 1) = lsa(2)1sB(1)

w(l1,2) —¥(2,1) = 1sa(1)1s8(2) — lsa(2)1s8(1)

atomo de litio, 1s22s' " 1s,(r1). 155 (1r3). 25, (13)

E preciso uma funcao anti-simétrica
sob permutacéo de pares de elétrons




Determinante de Slater
Por exemplo, He:

lsa(1)1sB(2) — lsa(2)1s8(1)

lsa(l) I1sB(1)
lsa(2) 1sB(2)

= lsa(1)1sB(2) — lsa(2)1sB(1)

atomo de litio, 1522s!:
Isa(1) 1sp(1) 2sa (1)

V= 1sa(2) 1sB(2) 2sa(2)

1
3

lsa(3) 1sB(3) 25a(3)



Calculo da Energia

aproximagcéo orbital: ¥ (r,,r,) = ¢(r,)P(r,)

E = f f dr dr{@* (r ) (£ qs(rl)qb(rz)

1 1 zZ Z 1
[ Vi —=Vi————+ ]
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E = ffdr]drch*(r])cf)*(rz) [—E‘Vf — —sz - — — — 4 —] d(r)e(r,)
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o« f farseweoweo (Y T YD)

= f dr,¢*(r)) ¢(ri>m
‘ 1

+ f dl‘zgﬁ*(l’z) ¢-(rzm
| :
+ f f dr.drqu*(r,)qr»*(rz(r.>¢(r2)



* l 2 Z I
E = fdl’.ff? (r,) [_EV’ - o(r)) 1

1 energia de He*

1 Z
—|—fdr2¢*(r2) [—5 ;- ’_z] @(r,) |2
1
; f f dr dr ()" (1) — ()6 (r,) Ji
"12 integral de Coulomb

E=11+12+‘;12

Hi(r )¢ (r)) = €,/(r))

energia orbital: g =1, + J;, = energia de ionizacao



Ise(l)  1sB(1)  2sa(l)

Determinante de Slater: @ % lsa(2) 1sB(2) 25a(2)
{1sa(3) 1s8(3) 25a(3)

£ = [ o, drdo, @0, 2. . WAGA. 220D

N orbitais ocupados —

E = 221 —I—ZZ(ZJ - K,)
|

i=l j=I

Integral de troca: K, = f f drldrqu;‘(rl)cﬁ'.(rz)ri(b;(rz)c,bj(r])
12
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