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Exam: (double check in Dec/Jan):
Tuesday 20 Jan 2026 

15h15 to 18h15 (AAC 2 31)
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Last week
• Spin - S2 and Sz
• Atomic units
• Two-electron atom and many-electron atom
• Energy of a collection of atoms
• Hartree ansatz and equations
• Spin-statistics connection
• Slater determinants and Hartree-Fock equations
• Pauli exclusion principle
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Auf-bau

One more complexity – spin orbitals
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XPS in Materials
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Composition Analysis
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Hydrogen Molecular Ion H2
+

• Born-Oppenheimer approximation: the 
electron is always in the ground state 
corresponding to the instantaneous ionic 
positions
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Linear Combination of Atomic Orbitals
• Most common approach to find out the ground-

state solution – it allows a meaningful definition 
of “hybridization”, “bonding” and “anti-bonding” 
orbitals.

• Also knows as LCAO, LCAO-MO (for molecular 
orbitals), or tight-binding (for solids)

• Trial wavefunction is a linear combination of 
atomic orbitals – the variational parameters are 
the coefficients:
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How do we find the two coefficients?
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Bonding and Antibonding (I) 
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Formation of a Bonding Orbital
http://winter.group.shef.ac.uk/orbitron/ 
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Formation of a Bonding Orbital

http://winter.group.shef.ac.uk/orbitron/
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Formation of an Antibonding Orbital
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Formation of an Antibonding Orbital
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Bonding and Antibonding (II) 
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More complex molecules: LCAO
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More complex molecules: LCAO
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sp3 hybridization
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sp3 hybridization
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Great gases and liquids

…
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sp2 hybridization
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Carbon compounds
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sp hybridization
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Ethyne (Acetylene)
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Ethene (Ethylene)
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Ethane (saturated)

Goodman et al. Nature (2001)
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Bond Lengths and Bond Energies

MSE 423 Fundamentals of Solid-state Materials - Nicola Marzari (EPFL, Fall 2025)

Homonuclear Diatomic Levels (I)


