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110XC Functionals



111Local Density Approximation

- Assumes same density everywhere
- Exact for the uniform electron gas “Jellium”
- Used for materials, deprecated
- Strictly local

- Popular choice: VWN



112Generalized-Gradient Approximation

- Includes local gradient
- “semi-local” nature: gradient tells a bit about close proximity
- Widely used, both for materials and molecules

- Popular choice: PBE



113Meta-GGA

- Next derivative
- Sensitive to numerical integration through Laplacian
- Default settings sometimes not good enough

- Popular choices: SCAN (built on constraints!), M06, TPSS



114Hybrid Functional

- Commonly improved band gaps and relative energies between spin states
- Popular choices: B3LYP, PBE0



115Range-separated hybrid

- Computationally more efficient
- Popular choice: HSE06

- Can be tuned in many cases to specific system based on Koopman’s condition



Post-HF methods



117Post-HF method

- HF only has mean-field limit and only one determinant
- Correlation important for relative energy differences, driving chemistry

- Reaction energies
- Barrier heights

- Correlation: “How does having a single electron here impact all other electrons?”
- Often understood as expansion in excitations

- Different approaches
- Full Configuration Interaction (FCI)
- Perturbative: Moller-Plesset (MPn)
- Truncated: Coupled Cluster (e.g. CCSD)
- Multi-reference Methods



118Full Configuration Interaction

- Expansion in excited determinants of the HF solution
- Find coefficients c* by minimizing energy subject to normalization
- Exact iff all orders are included and we have a complete basis set, 

otherwise upper limit
- Unoccupied orbitals need to be represented well

- Inefficient: number of determinants quickly becomes too large
- Split into two regimes:

- “Dynamic/weak correlation”: c0 dominates, i.e. HF is a good 
approximation

- “Static/strong correlation”: otherwise, requires multi-reference 
methods

- Yields energies, new wave function, variational



119Configuration Interaction

- Finite truncation after first orders
- Here “Configuration Interaction Singles Doubles”

- No size consistency
- E(A+B at infinite separation) != E(A) + E(B)

- Yields energies, new wave functions, variational



120Møller-Plesset Perturbation Theory

- Include correlation as perturbation up to order n
- Zeroth order is Hartree-Fock

- Does not necessarily converge (or behave well)
- Comparably simple method, common for weak correlation
- Higher orders possible, yet much more expensive and not quite better
- Yields energies, no new wave functions, not variational, size-consistent
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