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Schrddinger’s equation for hydrogenic atoms Hamiltonian

! Hamiltonian

e Hydrogenic atoms = Only one electron. Ej. H He™, Li®* ...

o Hamiltonian
A h H? H? 2 Ze?
A SR (S R S
(y.2) =3 (ax2'+'ay2'+'az2> R
—_—————

r

e Point particles
e Nucleus fixed at the origin of coordinates myycieus > Me

L= MyucleusMe ~m
- — e
Myucleus T Me

o Spherical polar coordinates

m<1a2a)+8wm 2

2u \ r? ar’ ar r

(r 0.0) = 2ur? r
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Schrddinger’s equation for hydrogenic atoms Hamiltonian

! Quantum numbers

o Eigenfunctions = Hiyj m(r,0,0) = Etn 1 m(r, 6, ¢)

wn,l,m(n 97 ¢) = Rn,/(r) Ylm(ey ¢)
—_—— N —

radial angular

@ Origin of the quantum numbers

o Y(r,0,¢) =(r,0+2m,¢)
o Y(r,0,¢) =1(r,0,¢+ 2m)
o lim (r.0,6) =0

@ Discrete values
. N . ye4k222
on=123,... 5 Hy=EY = E=—-551%
e 1=0,1,2,....n—1= 2 =12 = 2= (| + 1)h?
om=—/,—1+1,...,0,....1 =1,/ = [0 = L = L, =mh
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Schrddinger’s equation for hydrogenic atoms Energy levels

Energy levels

TR mmgresmmm st o s e i i i E,=0
= Es= —Ry,/5? = -8.72x 10720
=4 E,= =Ryl = =136 X 10717
n=3 Ey= —Ry,/3? = —242x 1071
Balmer
series
ppimit D sl £ gy SRR S erpn SR A B T Ey= —Ryl2? = —545x 1071 4k2
/.Le ZZ
C =
el
5] RH
Tonization Lyman
series
n=1 E; = —Ryl1? = =2.179 x 107181
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Schrddinger’s equation for hydrogenic atoms Energy levels

Spectroscopy

Excitarion of sample

Detector
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Energy levels
Shells and subshells

@ Subshell degeneracy = 2/ + 1

n—1
@ Shell degeneracy = > (2/+ 1)
1=0
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Schradinger’s equation for hydrogenic atoms [EEANZeIITeReTE T E1H

@ Probability density
[@n1m(r. 0. 0)1* = |Ras(r)? |Y/"(8,0)
—_——— ———

Atomic orbitals

/
o
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/
o

radial angular
o Radial functions
n Rn.i(r)
372
z —Zr/al
1 2(¥) e~ 2r/%
2 1 V4 3/2 2 _ Zr) o—Zr/2a
22\ YA
5 1 (;)3/ 2 7r o~ 21/23,

a = h?/kpe® = apme/
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Schradinger’s equation for hydrogenic atoms [EEANZeIITeReTE T E1H
/ \ - B - -
@ Radial distribution

e Radial distribution function = |R, (r)| r?

b
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Schradinger’s equation for hydrogenic atoms [EEANZeIITeReTE T E1H

Q s orbitals

[ [N [N

Fi
~+——Diistance from nucleus ——=
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(a) s

Adolfo Bastida (Universidad Murcia) Hydrogenic atoms Physical Chemistry | 10/15



Schradinger’s equation for hydrogenic atoms [EEANZeIITeReTE T E1H
p orbitals

2
m |
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Atemic orbitals
’/f\:‘ .
@  and f orbitals
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Schrddinger’s equation for hydrogenic atoms Electronic spin

-' Electronic spin

@ Experimental measurements of energy level splitting

@ Dirac = Relativistic effects = Intrinsic angular momentum
&2 82, &2, &2
ST=5.+S5,+5;

2 bosons = integer

27 2f. —0.1.1.3
SE=sls+1)p7f; s=03,1,3... { fermions = half-integer
S,f = mshf; ms=-s,—s+1,...,s—1s

N
e

oe_:>s:§:>m5:j:;:>{§zgi 5
3 =

¢n,l,m,m5 = wn,l,m(ry 9, ¢) Sms

NI
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Schrddinger’s equation for hydrogenic atoms Pauli exclusion principle

Pauli exclusion principle

q1 = (Xl,)/1,21,ms,1)

.. . . q2 :(X27y27227ms72)
o Indistinguible particles

an = (Xn,)/na Zn, ms,n)

Qb(ql’ qz, .., qi,-qj, - qn) ¢(Q1a a2, qj, -5 qis -y qn)
b {
W(QLCI2,»-»aCIi,~»aCIja<~>qn)|2 = WJ(CILQZ,-»-,Qj>-~7q/',-~,CIn)’2

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

/(/)(q]J q27 KD} qi7 RS} q_]7 ceey Qn) - _¢(q17 q27 oty q_]7 tty qi7 ty qn)
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Schrddinger’s equation for hydrogenic atoms [T FETY WeTalster =115}

Pauli exclusion principle

e Consequence. If the electron e~ 2 has the same spacial coordinates
than electron e~ 1 then

’l/](qlv a1, qiy 95 qn) = _,l/)(q:l? qi;-qiy 545 q”)
¢(Q17 ai, - 4qi,-qj, qn) =0
[¥(q1, 41, Gis . ), -, Gn) |2 =0 = Pauli’s repulsion
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