CHEM 103 Exp 9: Atomic Orbitals
4 quantum numbers n, l, m, ms
l=0, s: 
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Aufbau Principles

1) Orbitals are filled lowest energy to highest energy

2) Pauli exclusion principle: electrons are spin paired in each non-degenerate orbital

3) Hunds rule: degenerate orbitals are filled to obtain a maximum total spin.

Example Chlorine cation: 16 electrons  1s2 2s2 2p6 3s2 3p4 or [Ne] 3s2 3p4

                                          highest occupied atomic orbital (HOAO)  3p

                                          lowest unoccupied atomic orbital (LUAO) 3p
Charge, Spin and Multiplicity
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Ionization Energy(IE), Electron Affinity(EA), and Electronegativity(EN)
Cl0 [Ne] 3s2 3p5 → Cl+ [Ne] 3s2 3p4  + e-      IE = E+ - E0 = -E3p = -EHOAO
Cl0 [Ne] 3s2 3p5 + e- → Cl- [Ne] 3s2 3p6       EA = E- - E0 =  E3p =  ELUAO
The reaction to form chemical bonds requires electron donation and electron gain 
½ H2 + ½ Cl2 → H+−Cl-
This polar covalent bond with the shared electron (−) is polarized towards the more electronegative atom.
Mulliken reasoned that the tendency of an element to attract electrons in a bond should be the average of its ability to accept (-EA) and to donate electrons (IE)
EN = (IE – EA)/2  (Pauling scale/250 kJ/mole)

Pauling chose the scale to make the most electronegative element EN(F)=4 and hydrogen EN(H)=2.1

Solving Schrödinger’s equation H n = En n (SPARTAN)
The wavefunction  and its nodal pattern contain all of the information that can be known about a quantum system.  SPARTAN is a program that solves Schrödinger’s equation for atoms and molecules and graphs the wavefunction’s nodal pattern.  Spartan approximates the solution as a linear combination of hydrogen atomic orbitals (LCAO):

n = C1 1s + C2 2s + C3 2px + C4 2py + C5 2pz + C6 3s …

Ci2 represents the probability of finding the electron in the hydrogen like orbital i 

You will use two methods developed by John Pople (1998 Nobel prize):
1. Semi-empirical method (MNDO) A quick approximate method that uses empirical Zeff values to calculate energies (En = -RH Zeff2/n2).  The answers are in electron volts (eV):
1 eV = 1.602 x 10-19 J/atom = 96.48 kJ/mole
2. Density functional (B3LYP) A slow but accurate method.  The answers are in atomic units of a Hartree:  1 Hartree = 2 RH = 4.36 x 10-18 J/atom = 2625.5 kJ/mole

Exp9: Lewis Structures
Covalent bonds involve two or more atoms sharing electron pairs so that each atom tends to hold eight electrons (octet rule) in its outermost or valence shell.
Example: Nitrite  NO2−

	Example
	Method
	Description

	VE’s =5 +2(6) +1 = 18
BP’s = 18/2 = 9
	Count the bonding pairs:
	Valence electrons plus negative charge or minus positive charge
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	Form a skeleton:
	Usually place the least electronegative atom in the central position.
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	Add sigma bonds
	Draw single bonds from the central atom to the surrounding atoms.
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	Add Lone Pairs
	Complete the surrounding atoms octet by distributing the remaining bonding pairs as lone pairs on the periphery atoms so that each periphery atom has 4 pairs of electrons to obey the octet rule.
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	Add multiple bonds:
	If the octet rule isn't met for the central atom, try moving non-bonding pairs of electrons from adjoining atoms to form double or triple bonds.
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	Determine Resonance:
	Resonance structures differ only in the arrangement of electrons, not in the atom skeleton.
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	Add formal charges:
	FQ = VE – ½ BP – LP

The normal number of bonds that a neutral second row atom forms is related to eight minus the group number (8-n rule).
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	Determine Hybridization
	The angle between electron pairs determines hybridization:
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Charge = +1


Total Spin S = ½ + ½ = 1


Multiplicity M = 2S+1 = 3
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