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H,: Population Analysis by Robert S. Mulliken
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| R. S. Mulliken,

a— J. Chem. Phys. 1955, 23, 1833

.. plus population analyses by
Roby, Lowdin, Davidson, Jug,
Ahlrichs, and others...
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Simplest Population Analysis for 6,-MO of H,

S S S S
2(1 —+ 812) | 2(1 —+ 812) | 2(1 -+ 512) 12
N——— N—— N—

—0.305 —0.305 —0.390

the two hydrogen atoms share 0.78 electrons
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1dim H-chain: band structure, DOS, COOP

without any doubt (I guess) the icon of solid-state quantum chemistry:
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DFT: Crystal Orbital Hamilton Population, COHP
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Example I: sc Tellurium is Peierls-unstable
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A. Decker, G. A. Landrum, R. Dronskowski,
Z. Anorg. Allg. Chem. 2002, 628, 295



Example II: Phase-change Materials

Sb

“GeSbTe” or “GST” £ with metastable [NaCl] structure
e.g., Ge,Sb,Te, with lots of Ge vacancies (= 20%) — why?

switching mechanism = f(vacancy nature)
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Phase-change Materials: First COHP study

GGsz2T84 Ge; _5Sb2Te4 GeSb2T94
no vacancies 12.5% cation vacancies 25% cation vacancies
Ge 4
Ge-Te
Ge-Te Ge-Te Sb-Te
Sb-Te Sb-Te
EF = EF — EF —
N 4 %
. {
—-COHP —-COHP —COHP

antibonding Ge—Te and Sb—Te interactions in the highest
bands; Ge/Sb vacancies annihilate antibonding states

M. Wuttig, D. Lisebrink, D. Wamwangi, W. Welnic,
M. Gillefsen, R. Dronskowski, Nature Mater. 2007, 6, 122
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Example III: Na,He = (Na*),He(e"), @ 100 GPa
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X. Dong, A. R. Oganov, A. F. Goncharov, E. Stavrou,

S. Lobanov, G. Saleh, G.-R. Qian, Q. Zhu, C. Gatti, V. L. Deringer,

R. Dronskowski, X.-E. Zhou, V. Prakapenka, Z. Konopkova,

chaiat RWNTH I. Popov, A. 1. Boldyrev, H.-T. Wang, Nature Chem. 2017, 9, 440
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Retrieving the Chemistry from Plane Waves

Traditionally: Tight-Binding LMTO-ASA (= densely packed atomic spheres)

ll)(f) _>C1,Cz..._> P, H _»COI{P

LCAO Density and Bonding
LMTO coefficients Hamilton matrix analysis
Modern: countless program packages with plane waves

Y(r) +c?( T
Idea: local auxiliary basis set as template

VASP orbltals7

_____________ ll) s-like 1’b p-like
‘ VASP f template VASP template
e
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LOBSTER performs that...

amorphous|| surface projected
structures || models DOS

N pCOOP
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pCOHP
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auxiliary
basis S

RWTH freely available at www.cohp.de

LOBSTER

Local-Orbital Basis Suite Towards
Electronic-Structure Reconstruction
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Crystal Orbital Hamilton Populations:
The Official Reference Page

n

COHP Theory FAQ Publications Download

Crystal Orbital Hamilton Populations

Chopping band structures into chemical information since 1993!

Welcome to the official (and freshly polished) COHP reference page, brought to you by the Dronskowski
group at RWTH Aachen University, Germany. No matter if you're a first-time user, well experienced
already, or just curious about this project of ours: Welcome on this site!

What is crystal orbital Hamilton population (COHP) analysis, in the first place? Simply speaking, is a
theoretical bond-detecting tool for solids (crystals, amorphous materials, nanostructures... allegedly, it -
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Explicit Chemical-Bonding Analysis of Materials from
High-Performance First-Principles Simulations
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Titanium (hcp): Comparison with LMTO
LMTO New Method
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Chemical Bonding in the Carbon Nanotube
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ABINIT: extended basis sets (e.g, for beryllium)

ﬂ Isosurfaces (in A=) at 65% of

0.0032 the differences between the
O ABINIT-based PAW densities
o and the LOBSTER-projected
densities for the fourth band
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Se,Te, Structure & TEM: Ge-Ge =2.94 A

HAADF STEM Line Profile
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Ge,Se,Te: layers & forces (DFT+dispersion)
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Ge,Se;Te: COHP & Density-of-Energy (DOE)
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M. Kiipers, P. M. Konze, S. Maintz, S. Steinberg, A. M. Mio,
O. Cojocaru-Miredin, M. Zhu, M. Miiller, M. Luysberg, J. Mayer,
ot RWTH M. Wuttig, R. Dronskowski, Angew. Chem. Int. Ed., in press.
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Benchmarking the Plane-wave Guys...

Basis: Bunge

abs. charge spilling (%)

materials \ Interfaces | Espresso | VASP | ABINIT
Diamond 1.11 0.98 1.50
GaAs 0.73 0.88 0.56
Ti 2.01 7.83 3.07
fullerene 1.33 1.16 1.89
carbon-nanotube 1.27 1.10 1.80

execution time (s)

ackage

imulation

materials \ Interfaces | Espresso | VASP | ABINIT
7/_“67hl . Diamond 152 36 92
it ST GaAs 611 170 504
f O )mmmsmess Ti 102 33 105
fullerene 719 519 517
carbon-nanotube 114 332 176
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Correlated Stuff: MnO and MnNCN

GGA GGA+U GGA GGA+U

DOS (1/eV)
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Density-of-Energy: MnO and MnNCN
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Mn-O versus Mn-N bonding
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ABINIT Questions...

With respect to the next development of LOBSTER which
shall include local orbitals from the pseudopotentials
as a basis:

* LOBSTER can only process ABINIT data that are calculated with PPs
from the [TH PAW atomic dataset. How were these PPs in the J[TH
PAW dataset constructed/created?

* Can one construct his own PAW PPs with the ABINIT main binary?

* If not, how can one construct his own PAW PPs to be used for ABINIT
calculations? What are the steps in detail?

Quantum Chemistry
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