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Composite DFT Methods

• Composite methods = family of efficient, empirically corrected DFT and semiempirical methods that balance 
accuracy and cost, introduced by Grimme and coworkers.

• 3c = 3 corrections:
1. D3 dispersion correction (D3) with Becke-Johnson (BJ) damping;
2. geometrical Counter-Poise (gCP) correction for the basis set superposition error (BSSE) and 

incompleteness;

3. short-range correction (SRB) for covalent bond lengths.

• HF-3c — the original “3c” composite method [1]
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• Compared to semiempirical approaches, HF-3c
method is slower but generally more accurate,
robust, and numerically stable.

• Can be used routinely even on small desktop
computers to optimise systems with hundreds
of atoms; with parallelisation, it can be applied to

system with few thousand atoms.
• Recommended for biomolecular or supra-

molecular simulations.

MINIX basis set: different sets of basis functions for different groups of atoms 
(valence scaled minimal basis set MINIS + the split valence double-zeta basis sets SV, 
SVP, and def2-SV(P) (with effective core potentials (ECP) for heavier elements)). 
Reprinted with permission from Ref. [1].

3c-methods fills the gap between 
semiempirical and DFT methods

Revised 3c-Methods for Solid State Calculations[7] 

• HFsol-3c, PBEsol0-3c, HSEsol-3c, r2SCANsol-3c, r2SCAN0-3c, r2SCANpob-3c (+ r2SCAN-3c).

• Revision of the original composite methods for extension of their applicability to inorganic solids, 
layered systems, and metal−organic materials.

• Original methods not suitable for inorganic solids due to too small exponents in the original molecular 
basis sets.

• Validated on X23 and SS20 datasets.

• Strategy:
1. revision of the basis sets by a simple recipe to increase the smallest exponents

→ SOLMINIX for HFSOL-3c, sol-mSVP for PBEsol0-3c & HSEsol-3c, sol-mSVP or pob-TZVP-
rev2 for r2SCAN-3c variations;

2. XC functionals developed for solids ( i.e., PBEsol and HSEsol);

3. reduction of Fock exchange for a better description of electronic properties (42% → 25%);
4. D3 and gCP refitted on S66X8 dataset.Other 3c Methods

B97-3c[2]

• GGA
• modified, stripped-down triple-ζ basis termed def2-mTZVP
• designed for thermochemistry, structures, and noncovalent interactions; specifically designed for transition 

metal chemistry and other strongly correlated systems

r2SCAN-3c (“Swiss army knife”)[3]

• meta-GGA
• D4, modified triple-ζ basis set: def2-mTZVPP
• designed for thermochemistry, geometries, and non-covalent interactions for both open/closed shell up to Lr

PBEh-3c[4]

• global hybrid variant of the Perdew-Burke-Ernzerhof (PBE) with 42% HF (normally 25%)
• def2-mSVP basis set
• gives geometries roughly of MP2-quality (or even better for non-covalent structures) + applicable in cases 

where Hartree-Fock fails (strongly correlated systems) (up to Pu)

B3LYP-3c[5]

• D3(BJ)-ATM dispersion correction, def2-mSVP
• designed to calculate gas-phase infrared spectra (up to Pu)

ωB97X-3c[6]

• based on ωB97X-V
• tailored and molecule-optimised polarised valence double- ζ (vDZP) basis set (up to Rn)

→ all available in ORCA + good documentation, CRYSTAL23 has HF-3c, B97-3c, PBEh-3c and HSE-3c
(HSE = range-separated version of PBEh)

original 3c-methods are ideal for molecules; revised methods extend 
the same efficiency and accuracy to periodic systems and crystals 
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