Kvantova mechanika atomu
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Laplacetiv operator a reseni pro H
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8x2+8y2+822

Interpretace: gradient toku — viz rovnice pro vedeni tepla

Ve sférickych souradnicich: moment hybnosti
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Dosledek (separace proménnych):

P(r.0,¢0) = R(r)©(0)P ()

ReSeni: E, to samé co Bohr (n=1,2,...)
Viastni funkce: v =, ;,,,, [ =0,1,...,n -1, m=—I,...,l
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Priklad: ¢1,o,o = uig = const eXD(—T/CLo), ag = TL—24ZQ€0 = 0.52918 A
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Grafické znazornéni orbital@i: http://www.falstad.com/gmatom/
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s-orbitaly — ¥ (r) tg1
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s-orbitaly — prob(r)
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Orbitaly




Orbitaly o
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Atom hélia

_ _ . e2 1
H = Hy + Hy +
4dmeqTio

Hledame zakladni stav; H; jsou s Z = 2

@ Aproximace 0:
, 2
— zanedbame ;&1
7T€O7a12
— zanedbame korelace ¥ = u15(1)u15(2)

1 7 3/2
uy, = ﬁ(ao> exp(—Zr/ag)

3 2
E = (Y|H|Yp) = 2Z7E14 yodik = —4E}
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Atom helia

@ Aproximace 1:

2
< e 1
nezanedbame AreoT1s

5
E=-7°+ o7 = —275E,

@ Aproximace 2 (variani metoda; Hartree):
7' = odstinény efektivni naboj

N 3/2
L= 1 <Z> exp(—Z'r/ag)

ulS — ﬁ CI/O
: /2 P
E=m|n{Z — 27 —|——Z}
Z! 38
p 27
= J = 1—6' E = —-2.84765625E}

Aproximace 0—2 = orbitalni (zanedbavaji korelace)

@ Piesné: E = —2.906F,
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Nerozlisitelnost castic

¥(2,1)]* = [¥(1,2)|°

N w(2,1) = +¢(1,2) bosony (celoCiselny spin)
(2,1) = —(1,2) fermiony (polociselny spin)

Experiment: elektrony jsou fermiony, s =

¢ N

Interpretace: Castice se spinem s se nezméni po rotaci o 360°/s,
Pauliho vyluCovaci princip:

VInova funkce elektronl je antisymetricka

VvOCi zaméné Castic

To ovSem v = u14(1)u14(2) neni. ..
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Spin elektronu Stqf

Vlastnf funkce operatoru spinu S;: S.a = 2a,5.8 = -1

lef] = [|B]] = 1.{x[B) = O

Zakladni stav vodiku: ¥ = u15(7¥)a = 1s(1)a(1l) (nebo 1s(1)6(1))
Zakladni stav hélia:

Y1 = 1s(1)a(l), 2 = 1s(2)B(2): ¢ = ¥1(1)¥2(2) nevyhovuje!
Slateruv determinant:

1
V(l,2) ~ —

V2| ¥1(2) ¥2(2)

P1(1) Po(1) |

Pro zakladni stav hélia:

1 | 1s(1)a(1) 1s(1)8(1)

1 (1) 1( 4 (D)B(2) — a(2)5(1)
W12~ V2| 1s(2)a(2) 1s(2)3(2) |_ Ls(1)1s(2) V2

— zakladni stav jsme pocitali dobre (zde Hartree = Hartree—Fock)

@ Je to singletni stav
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Hélium — excitované stavy 1s-}2s tq1

Singletni stav | (nenormalizovany):

[1s(1)25(2) 4 25(1)1s(2)] [a(1)58(2) — a(2)5(1)]

Tripletni stavy 11T (I=1)

[1s(1)2s(2) — 2s(1)1s(2)] (1)B(2) (m = -1)

[15(1)2s(2) — 2s(1)1s(2)] [a(1)B(2) + (2)8(1)] (m =0)

[15(1)2s5(2) —2s5(1)1s5(2)] a(1)a(2) (m=1)

Hundovo pravidlo: E(17) < E(7])
Dévod: ¥(17) ma antisymetrickou r ¢ast = vlnova funkce =~ 0 pro
™ ~ 7> (prfi stejném |¢|) = mensi repulze elektrond
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Ilustrace Hundova pravidla ol

Y1 = exp(—z?), o = zexp(—z?)
Y1 (x)Y2(y) 271/2[h1 (x) 12 (y) — w1 (y)ba ()]




Hartree—Fock L

¢1(1)a(1) ¢1(1)B(1) ... ¢,,2(1)5(1)

1 | $1(2)a(2) ¢1(2)B(2) ... ¢,/2(2)B(2)
¢(1,2,...,n)=\/—n_! | . | /2 :

p1(n)a(n) ¢1(n)B(n) ... ¢,/5(n)B(n)

kde ¢;, 1 =1,...,n/2 FeSi rovnici

- f
<—2 Vi+ Ve Wi)) i (7)) = €;0;(7)
e

kde Vz.eff(fF;;) je efektivni sféricky symetricky potencial zprdmeérovany pres
vsechny elektrony 4+ potencial jadra

@ hledame self-konzistentni Feseni
@ = n,lm,ms jsou ,dobra kvantova cisla“
@ Pauliho vyluCovaci princip: elektrony maji alespon 1 Cislo r@zné

@ Koopmans: ¢; jsou ioniza¢ni energie; cf. HOMO, LUMO



Vystavbovy princip
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Hundovo pravidlo: E(11) < E(1])

Stinéni — vnitrni elektrony stini efektivnéji
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Periodicka tabulka 5.15

tql
- Main-group elements 5
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Periodicita 40 t1

@ Ionizacni  potencial
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