Hydrogen-Like Orbitals rage 1 ol 1

B5.1

The electron orbitals presented here represent a volume of space within which an electron would
have a certain probability. For example, in a simple lowest-energy state hydrogen atom, the
electrons are most likely to be found within a sphere around the nucleus of an atom. In a higher

energy state, the shapes become lobes and rings. With the exception of the n = 1 orbital, all

orbitals in the top row are cutaway to show the concentric spheres. For more details and a larger

i

collection, see http:ffww.a]bany.netf~cprimu’§ self/orbtable.htm

Some hydrogen orbitals | What's in a Star? | ChemConnections
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HYDROGEN ATOM

Radial Probability Function forn =1, =0
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PROBLEM: FIND THE MOST PROBABLE DISTANCE
OF ELECTRON FROM NUCLEUS IF THIS
ELECTRON 1S IN THE STATE OF A8 SWYHMETRY

FOR ATOMS WITH
Z=14,2,3,4,59, 400
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RADIAL PROBABILITY B3.3
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CONCLUSIONS:

— HYDROGEN ORBITALS HAVE TO B MODIFIED TO BE USED
FOR THE DESCRIPTION Of MANY ELECTRON SVYSTEM
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— WHAT 1 <5 °



Radial Probability Function forn =2, [ =0 834
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HOHEMOEK: SOLVE THE PREVIOUS PROBLEM
FOR
wZS
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The Quantum Numbers

_name I symbol | values

Principal Quantum any integer from 1 to
B ” .
___Number infinity

'_Aziml_huthal Quantum
___Number

any integer from 0 to n-1

Magnetic Quantum any integer from -L to
T

Sp : F-12

for the Worksheet

Generating a Table of Atomic Orbitals

Begin with the lowest value of n (n=1). Calculate all allowable values of L (in this case L =0, only).
Name the orbital with the number of "n' and the letter which corresponds with "L.," according to
the table below:

The orbital referred to above is the 1s orbital.

Orbitals are filled, lowest energy level first. The energy level of the orbital is approximated by
adding the n and L values together and ordering the orbitals according to their n+L values. If n+L
values are equal, orbitals with r''n'" values are filled According to the Pauli Exclusion
Principle, no two electrons may have all four quantum numbers the same.

mg

[+1/2, -172]|
|[+1/2, -1/2]|

+1/2, -1/2
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5

atomic
number |
lq 252 2p or He ZS 2p |
C 6 1s” 287 2p, 2p or He 2s2 Zp Zp (”< see Hund's Rule
o Below U LU TR — "
T 152 252 2p, llp 2p or He 25 prl Zp, 2p
O 8 1s 2s 2p22p12p or]leZs 2p22p 2p
F o [is?2s 2p22p22p 0rHe2s 2p22p22p
Ne 10 152 252 2p, 22[;1 22p or He 2 2q “2p 22pv2 2p !
Na 1 is*2s?2p 22p 2 2p, p.23s1 or Ne3s'
Mg 12 152 252 2p22p22p233 orNc3%
Al 13 |[1s22s 2p22p22p23'¢ 3p'
Si 14 |1s*2s22p 22p 22p,% 3 3p, 13p or Ne 3s? 3p ‘3p
1s% 2s 2px2 Zpy2 2pz2 3s 3pxl3py13p? or Ne 3s? 3p“i
P 15 ‘
) 1 1
3p 3p, _ B
152 252 2p 22py2 2p, 2 342 3p, 23p 13]) or Ne 3s? 3p
S 16
B3p.13p. 1
B i B
* T 1% 22 2p 2 2p - 2]:;22 3s2 3px23p 23pz1 or Ne 3s2 3px2
Cl 17 5 g 2
3p 3p
152 252 2p, 22p 2 2pz2 3s 3px23p 23p or Ne 352 3px
Ar 18 B "
3pY 3pz
2452 2 2 2.2 2 2 2 4.1 1
K 19 1s” 28" 2p 2])y 2p, 3s” 3p, I.*)p‘[r 3p,”4s or Ards

! I I |
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ELEéTRON CONFIGURATIONS
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€ (CRBITAL ENERGY)
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COUPLING OF ANGULAR MOMENTA
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EXAMPLE: np n' { :
Lzl $L& Wytly

2 <L4&y
L=2,3 Y4
TERMS: 1D 3D
5=0 L=2 S=1L=2
J=2 J= 1,2{,:5
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ARE ALL THESE VALUES OF TOTAL S AND L DEFINE
ATOMIC TERMS ¥ penemeer: SLATER DETERMINANT |
FUNCTION OF GOOD SYMMETRY: |3 SMgLM.) = |smyblmy)



) | I.16
PERMUTATIONS — IF ALL PARTICLES IN A &YSTEM ARE
THE SAME (1DENTICAL), THE HAMILTONIAN

15 INVARIANT UNDER |INTERCHANGE. OF POSITION OF ANY
TWO PARTICLES
N ~ A e
Q : OPERATOR OF PERMUTATION it INTEGRAL OF
KV " OF pARTICLES K. AND L pkuH Hpm., MOTION
SYMMETRY CONDITIONS
EXAMPLE : TWO PARTICLES )
A P2 =1 pt=p-!
RIZ ’L;J(liQ) = WL\JC“.Z) \ ’
R

"\ R P p=p"" P=p*
e EAL EIGENVALUE
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P2 W(h,2)= N2 W(1,2)
W)= AW (4h2) = A =+
A
P12 W, (1.2) = Ws(112) SYMMETRIC FUNCTNON
ﬁlz o (1,2) =- Wa(1,2)  ANTISYMMETRIC FUNCTION

FOR ARBITRARY NUMBER OF IDENTCAL PARTICLES: THE WAVEFUNCTION
HAS TO BE OF THE SAME SYMMETRY WITH RESPECT TO THE INTERCHANGE
OF ANVY PAIR OF PARTICLES) THE SYHMHMETRY OF THE WAJVEFUNCTION
CANNOT BE CHANGED B¢ AN EXTERNAL PERTURBATION

NORMALIZED
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CONCLUSION: ELECTRONS, PROTONS,

NEUTRONS
BASIC POSTULATE:

INDISTINGUISHABILITY OF IDENTICAL PARTICLES



I
ANTISYMMETRIC FUNCTION (IDENTICAL FERMIONS)
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MATRIX ELEMENTS
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