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1. E. Caldeweyher and J. G. Brandenburg*, Simplified DFT methods for consistent structures and ener-
gies of large systems, J. Phys.: Condens. Matter 2018, 30, 213001. [Ref. 35]
Even though affordable many-body electronic structure methods emerge, we still see DFT as an irre-
placeable tool for (a) the routine calculation of structures and properties of systems with medium size
of about 100 atoms and (b) the electronic structure description of increasingly large systems with well
above 1000 atoms. In this topical review, we presented a set of low-cost methods and mainly focused
on the electronic structure part by combining compact orbital basis sets with semi-classical correction
potentials. Substantial speed-ups of one to three orders of magnitude can be achieved while keeping
the good DFT-D accuracy. This hierarchy of methods is well suited for the every-day calculation on
systems of modest to large size and we expect a significant impact on the crystal structure prediction
algorithms and on large scale material screenings in general.

2. J. G. Brandenburg*, C. Bannwarth, A. Hansen, and S. Grimme, B97-3c: A revised low-cost variant of
the B97-D density functional method, J. Chem. Phys. 2018, 148, 064104. [Ref. 33]
Quantum chemistry meets semi-classical potentials: B97-3c combines a well-established density
functional evaluated in compact orbital expansions with correction potentials yielding excellent molec-
ular and condensed phase properties applicable to hundreds of atoms an a single computer node.
B97-3c completes the hierarchy of “3c” low-cost electronic structure methods and is implemented in
the program packages Crystal, Turbomole, and Orca.

3. L. Iuzzolino, P. McCabeb, S. L. Price, and J. G. Brandenburg*, Crystal structure prediction of flexi-
ble pharmaceutical-like molecules: Density functional tight-binding as an intermediate optimization
method and for free energy estimation, Faraday Discuss. 2018, 211, 275-296. [Ref. 34]
Successful methodologies for theoretical crystal structure prediction (CSP) on flexible pharmaceutical-
like organic molecules explore the lattice energy surface to find a set of plausible crystal structures.
The initial search stages of CSP studies use relatively simple lattice energy approximations as hun-
dreds of thousands of minima have to be considered. These generated crystal structures often have
poor molecular geometries, as well as inaccurate lattice-energy rankings. Here, we explore how semi-
empirical quantum-mechanical methods can generate reasonably accurate but computationally af-
fordable geometries of the crystal structures generated in a search.

4. J. G. Brandenburg*, J. Potticary, H. A. Sparkes, S. L. Price, and S. R. Hall, Thermal expansion of
carbamazepine: Systematic crystallographic measurements challenge quantum chemical calcula-
tions, J. Phys. Chem. Lett. 2017, 8, 4319-4324. [Ref. 29]
Our colleagues from Bristol challenged us by measuring the anisotropic thermal expansion of the
most stable Carbamazepine polymorph, an antiepileptic, antioconvulsant, bipolar disorder treatment
drug. This API is used to demonstrate how the thermal expansion can probe certain intermolecular
interactions resulting in anisotropic expansion behavior. We show that most structural features can be
captured by electronic structure calculations at the quasi-harmonic approximation (QHA) provided a
dispersion-corrected density functional based method is employed.

5. A. Zen, J. G. Brandenburg, J. Klimeš, A. Tkatchenko, D. Alfè, A. Michaelides*, Fast and accurate
quantum Monte-Carlo for molecular crystals, Proc. Natl. Acad. Sci. U.S.A. 2018, 115, 1724. [Ref. 31]
Computational approaches based on the fundamental laws of quantum mechanics are now integral to
almost all materials design initiatives in academia and industry. If computational materials science is
genuinely going to deliver on its promises, then an electronic structure method with consistently high
accuracy is urgently needed. We show that, thanks to recent algorithmic advances and the strategy
developed in our manuscript, quantum Monte Carlo yields extremely accurate predictions for the lat-
tice energies of materials at a surprisingly modest computational cost. It is thus no longer a technique
that requires a world-leading computational facility to obtain meaningful results. While we focus on
molecular crystals, the significance of our findings extends to all classes of materials.
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