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El camp central (introduccid)
Estructura per a N electrons

Volem un model a 1 cos (e independents)
La repulsio e-e és important
En separarem una part

v < va WS V()

1 >7=1 Tij 1 >7=1

El camp central

Un model d’electrons independents

=1

{Z (—%V2 + U(fr,)) } v(1,2,...,N)=FE¥(1,2,...
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_ _ ho(7)
Hamiltonians H = H, + H; _ A -
U(’f‘z)
N 9 ' 5 I
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Ho = 2_;( o Vi~ T Ve (i)
N
Hi= ) Vi (ry)
i>j=1

Descomposicio necessaria per al tractament pertorbatiu

Unperturbed  Perturbed Unperturbed Perturbed
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Fig. 6.1. Schematic energy level diagram, contrasting the use of (a) -3 Ze’/4n: r, and
(b) 5 ,U(r) as zeroth-order potentials.
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Model d’electrons independents
ho(2) Y (rsms) = €5 i (rim;)

N
- U(rym, T2, .- .) = | [ wilrim)
.
E = Z&g
i=1

Ho¥(1,2,...,N) = EVU(1,2,...,N)

Ho = Zho(z’)

. < h2
Orbitals monoelectronics <—%V§ + U@.)) Vi (rim;) = &; Vi (rim;)

€ = Enl;
wi(rini> = wniﬁimeimsi(rin’i) = an‘fi (T’L) nzméz(equz) Xmsq;(n’i)

Principi d’exclusié de Heisenberg: un electrd a cada orbital (nfm,m;)

Una capa nf té energia €ne

14 s p d f
Notacio o 1 2 3
Degeneraciéo | 2 6 10 14

Una configuracié {nif1,n2fs,...nnln} té energiatotal £=> e,
=1 5



Diverses receptes per construir el camp central

average
/
U( —_ ¥ Z/d&r@ ‘w’b Tz
Minimitzacio de I'’energia total
Principi d’exclusio de Pauli
\
Autoconsistencia per iteracions fui=1,.... N} g
*’ Iteracio |
U (r) = Ul (r)
(I+1) *
{w f N} lteracio 1+1
U (r) = Ul ™ )(r)
¥

Models: Hartree, Hartree-Fock, Thomas-Fermi



La taula periodica

El camp central U(r) té propietats comunes a tots els atoms
Sequencia energetica de nivells monolelectronics: n + ¢ creixent

A ....
: : 35" 3p 3d .
Nivells molt junts poden alternar-se s 4y Ad af
55 5y 5d 5f 5g
65 6p” 6d
Exemple |
10 N Scl 55[5- I
1 3d ks -
1D - 5|l
T gg 5s
> 10° S —— ::
N % -
i 2 3
Y 2
_—n %
10" ——
—

10°

Fig. 5.1. Comparison of levels of Sc1 (Z=21) and Csl (Z=55). Note the logarithmic
energy scale. (After Z1 76). -



Capes plenes major estabilitat (reactivitat)

capes buides

capa activa

capes plenes

Electrons de valencia i electrons interns (o de core)

Gasos nobles inerts: configuracié ... s?p°

Configuracions semblants implica propietats quimiques semblants
Gasos nobles, alcalins, halogens, ...

La taula periodica (Mendeleiev)
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Legend - click to find out more...
H - gas Li - solid Br - liquid
Mon-hetals . Transition Metals Rare Earth Metals Halogens

Alkali Metals Alkali Earth Metals . Other Metals Inett Elerments



Appendix D

The ground levels and their electron configurations for neutral atoms. (The number of

electrons in each shell is specified in the table.) Appendix D
nl| s 2y 2p Is 3p 3d | 45 4p 4d 4 Ground nif Is | 2s,p | 3s,p.d 45 4p 4d 4f | Ss Sp 5d 5/ S¢ Ground
level level
Z b

I H | Mia 37Rb 2 1 18
2 He 2 1S, 38 Sr 2 6 2 1S,
3Li 1 8 Y 26 1 2 g
4 Be 2 'S, 40 Zr 262 2 F,
5B 2 0 p, , 41 Nb 264 1 °D,
6C full | 2 2 Po 42 Mo 265 1 S,
TN 2 3 ‘Sj 2 43 Tc 26 5 2 "S,,z
80 2 4 *P, 44 Ru 267 1 5F,
9F 3 5 *Pas2 45 Rh full | full full 268 1 o
10 Ne 2 6 18, 46 Pd \ \ \ 2.6 10 'S,
11 Na 1 8,2 47 Ag 2610 1 T
12 Mg 2 'So 48 Cd 2.6 10 2 'S,
13 Al 2 1 Py 49 In 26 10 21 Pp, .
14 Si full full 2 2 *Py 50 Sn 26 10 2 2 P,
15p 2 3 Sy 518b 26 10 23 .
168 2 4 *P, 52 Te 26 10 2 4 P,
17 Cl 2 5 Py 531 26 10 25 p, .,
18 Ar 2 6 'So 54 Xe 26 10 26 1S,
19K 2 6 1 842

20 Ca 26 'S,

21 S¢ 2 6 1 2 ’Dys

2Ti 2 6 2 2 ’F,

BV 2 6 3 2 o

24 Cr 2 6 5 1 i B

25 Mn 2 6 5 2 "S5/

26 Fe 2 6 6 2 D,

27 Co full ful! 2 6 7 2 *Fa3

28 Ni \ \ 2 6 8 2 ’F,

29 Cu 2 6 10 |1 842

30 Zn 2 6 10 |2 1S

31 Ga 2 6 10 |2 1 P

32 Ge 2 6 10 |2 2 *Py

33 As 26 10 2 3 *Ss:3

34 Se 2 6 10 |2 a ’p,

35 Br 2 6 10 [2 s Py

36 Kr 2 06 102 6 'S, 10




"

Appendix D
nl| 1s |25, p| 35, p.d| 4s 4p 4d 4f 5s Sp 5d 5f 5g| 6s | Ground nl | Is | 25, p|3s,p,d|4s,p.d,f| 55 5p 5d 5 5g | 6s 6p 6d | Ts |Ground
level level
V4 Z
55 Cs 2 6 10 2 6 1| 28,, 81Tl 2.6 10 2 1 s
56 Ba \ 2 6 10 2 6 2 |5, 82 Pb 2 6 10 z 2 p
83 Bi full | full | full full [2 6 10 2 3 e
57 La \ \ 26 10 2 6 | 2 | *D,,  84Po 2 6 10 24 P,
85 At 2 6 10 25 Ap. 5
58 Ce 2 6 10 mixed configurations J=4 86 Rn 2 6 10 2 6 'Ss
59 Pr 2.6 103 2 6 > 8 .
60 Nd 2 6 104 2 6 2 | 3y 87 Fr 2 10 2 1 |28ia
61 Pm 2.6 105 2 6 2 | °Hgp 88 Ra 2 10 2 6 2 |'S,
62 Sm 26 106 2 6 2 | F,
63 Eu 2.6 107 2 6 21 %854 89 Ac 2 6 10 2.6 1 2 |’D;,
64 Gd 2 6 107 2 6 1 2 | *D; 90 Th 2 6 10 2.6 2 2 |7F;
65 Th 2 6 10 8 2 6 1 2 | ®*Gya2  91Pa 2 6 10 2 2.6 1 2 [*Kim
66 Dy 2 6 1010 2 6 2| 51, 92U 2 6 10 13 2.6 1 2 (3
67 Ho 2.6 1011 2 6 2 | Misi 93 Np 2 6 10 4 2. 6 1 2 [ ®Laa
68 Er 2.6 1012 2 6 2 | *H, 94 Pu 2 6 10 6 2 6 2 |7F,
69 Tm 26 1013 2 6 2 | %Ki 95 Am full| full | full ful [2 6 10 7 2 6 2 (%85,
70 Yb full | full | full |2 6 10 14| 2 & 2 | 185 96 Cm 2 6 10 7 2.6 1 2 1°Dy
! ! 97 Bk 2 6 10 8? 2.6 12| 2 |%Gsp?
71 Lu 2 6 1 2 [ °Dy,  98Cf 2 6 10 107 26 z | 91,2
72 Hf 2 6 2 2: | 2F; 99 E 2 6 10 11 2 06 2 Mess
73 Ta 2 6 3 2 | *Fys  100Fm 2 6 10 12 2 6 2 | *H,
74 W 2 6 4 2 | D, 101 My 2.6 10 13 2 06 2 | %Fqs
75 Re 2 6 5 2 | °S5; 102 No 2 6 10 14 26 2 |ts,
76 Os 2 6 6 2 | °Dy 103 Lw 2 6 10 14 2 6 1 Q| i o 1
771r 2 6 7 2 | *Fopn :
78 Pt full 2 6 9 1 | *D,
79 Au \ 2 6 10 1] %8,
80 Hg 2 6 10 2 1Se
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Evidencies espectroscopiques

Potencials de ionitzacio
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O ‘Periodicitat’ en Z
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Espectres optics

Electrons de valéncia
Energies eV
Infraroig, visible, UV

Diagrama de termes del Na
de Grotrian

El doblet D del Na
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¥ig. 1.9 Grotrian diugram for sodium, Na I (from Grotrian [1]).
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Espectres de rajos X

Transicions a capes profundes
Energies creixents amb Z
keV

{a) (bl
FIG. 23.7 X-ray absorption and fluorescence. (a) Excitation : (b) deexcitation by fluorescence.

Un process alternatiu es I'emissio d’electrons (Auger)
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(a) (b)
FIG. 23.10 Auger effect. (a) Excitation; (b) by Auger effect.

14



" S

Transicions a capes profundes
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FIG. 23.8 X-ray terms and lines (Kuhn. 1962).
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Espectres d’absorbiment de rajos X

Discontinuitats

DECREASES
AS v-3

ABSORPTION COEFFICIENT

FIG. 23.9 X-ray absorption spectrum.

16



"
Energies de rajos X creixentsamb Z llei de Moseley
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- Variation of characteristic x-ray wavelength with atomic number, as observed by 10
ley [Phil. Mag. 26, 1024 (1913); redrawn here after H. E. White, Introduction to e
McGraw-Hill, New York (1934)]. /
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Diagrama de
Bohr-Coster

"L|-228|,‘
L, = 2%,

.

b Ly =22,
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) diagram of x-ray term values. [After N. Bohr and D. Coster, Z.
), and H. E. White, Introduction to Atomic Spectra, McGraw-Hill,
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Representacio de de Vault
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NUCLEAR CHARGE or ATOMIC NUMBER

3 0 = FI

He O MMg Sl 5 ACeT Clemi ontedh it Me Ru Pa Cd 3n Te Xt Ou Cr Ad Sm Gd mw'ﬂ-_‘r_ﬁ;rrrrn_
Nt BN E N e K e Ve Co e o R Y C e i R e e T el D W 4 Po

19




