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HYDROGENIC ATOMS

|.A. Hamiltonian
ot e | I

= Hydrogenic atoms = Only one electron. Ej. HHe ™, Li*T ...

m Hamiltonian

A 2
H()C,y,Z) — =

7£<a2+32+32> L Ze

2 2 2 2]

p\ox> dy* 0z \/ 2492+ 2
* Point particles ~ e g

* Nucleus fixed at the origin of coordinates mcleus > Me

_ Myucleuse |
M= = me
Mpucleus + Me

e Spherical polar coordinates

2 72 2
A h<13#3>+L®¢) Ze

H(l",97(|)) — T 5




|.LA. Hamiltonian: quantum

Eigenfunctions = Flwn,ljm(r, 0,0) = EV,, | m(1,0,0)

Wn,l,m(raea(l)) — Rn,l(r> Ylm(eaq))
— e N —

radial  angular

Origin of the quantum numbers
¢ W(rve7¢) — \|I(7‘,9—|—27€,¢)
y \l"(ne?(l)) — W(ne?(l)—'_zn)
. r11_>nc}oql(r,6,q)) =0

m Discrete values

A 412 52
. . __ uetk z
n=1,23,... > Hy=Ey = FE = Y )

« [=0,1,2,....n—1=LPy=L%y=L[?>=1(I+1)k?
em=—1,—1+1,...,0,...,1—1,l = Ly=L,y = L, =mh



HYDROGENIC ATOMS

|.B. Energy levels
orryarooen sore . 3

n=>5 Eg= —Ryl5* = =872 X 10720
- E,= —Ry/4? = —1.36 X 107197
#imig Ey= —Ry/3? = -242Xx10719]
Balmer
series ¢ 2 -19 4 2
T T XY B =R 2= 545X 10719 ‘ue k Zz
" bn=""9>5 2
2 &h,_/
g
3 Ry
Tonization Lyman
series
L] E = —Ry1?=-2179 X 10718]

n=1



|.B. Energy levels:

HYDROGENIC ATOMS

spectroscopy

~( # Excitation of sample

B Detector
E, n; C
B
E; g
Wavelength g
(a)
White light
source
Detector
E; I \/‘
Sample ﬂ
E "y

Wavelength o

(b)

m Emission

= Absorption



f |.B. Energy levels: shells and

subshells

m Subshell degeneracy = 2/ + 1

n—1
= Shell degeneracy = Y (2/+1)
[=0



HYDROGENIC ATOMS

|.C. Atomic orbitals
oy s | B

= Probability density

Wi m(10,0) = |Ry 1 ()2 |Y/"(6,0)]*

radial an&ﬁlar
m Radial functions
n | Rn’l(r)
3/2
10 2(6%,) / e Zr/
o0
3/2 /
1 (Z _Zr)\ ,~Zr/2a
2 0 22(%) (2 aé)e ’
o 1 1 (22,72,
216 \ 4 g

a, = hz/k,ue2 = ape /U



|.C. Atomic orbitals: radial

= Radial distribution function = [R,, ;(r)|*r?

b

P(r € (a,b)) = / |Rn,l(”>‘2r2dr
a
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| : 0 1|5
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.D {'J | | | | O |




) |.C. Atomic orbitals: s orbitals _ -




HYDROGENIC ATOMS
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= |.C. Atomic orbitals: d and f

orbitals




HYDROGENIC ATOMS

|.D. Electronic Spin _.

m Experimental measurements of energy level splitting
m Dirac = Relativistic effects = Intrinsic angular momentum

282, 2, 2

S =58+5y+5;

82 o 2,0 «_113 bosons =- integer
Sf=str DS 5=0.213. { fermions = half-integer

S.f=mshf; mg=—s,—s+1,...,s—1,s

_ S.o= Lot
m e :}S:%:}mszi%j{s‘zﬁ_zlﬁ
IF— 2

Vi l.mmg = \Vn,l,m(rv 0, q)) Sy



"% |.D. Electronic spin: Paull

T . .
A, exclusion principle _ .

,
q1 = (x1,¥1,21,M 1)

= Indistinguible particles < ?2 = (02,2, 22,M52)

L 9n — (xna)’nyznams,n)

W(QDQZ? cs iy 4 7qn) W(Q17qza e jy s gy 7611’!)
! | 2
‘W(QI7QZ7---7Qi7---7Qj7---7qn)‘2 = |W(Q17QZ7---7Qj7~~-7Qi7---7qn>|

m The state function of a system of electrons (fermions) must be
antisymmetric with respect to the exchange of any two electrons.

W(Q17Q27 e iy g, 7qn) — _W(Qquza e jy s qi 7ql’l)



|.D. Electronic spin: Pauli

m Consequence. If the electron e~ 2 has the same spacial coordi-

nates than electron e= 1 then

w(QI7Ql7---7Qi7-"7Qj7---7qn) — _\V(QIaQIa---7%’:---an7---7%@)
W(QI7Q17---7Qi7---7Qj7---7QH) =0
V(G115 Gis-r G nqn)]* =0 = Pauli’s repulsion



