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Crystals are periodic, (x +R) = (x)
k-points
A simple hint: think about the size of Hamiltonian, Density Matrix, etc.

Hap (k) ==>Hag(0), so for a supercell 2x2x2 is equivalent of 8 k-points. So, if we
have a molecule in a unit cell with 10 basis functions, we will have 80 BF for the
supercell.

Periodicity has a drawback: all defects are periodic (including charged), all
excitations are also periodic.

as a result: many periodic codes with HF and DFT.
local MP2, local CCSD, etc.
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Main advantage: all molecular codes are compatible with the cluster model
Main disadvantage: significant border effects, any calculation needs thinking and
complicated setup

Larger cluster means even larger amount of border atoms

Different strategies for ionic systems and for covalent systems
What is wrong with QM/MM?
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PCM-like model for bio-organic systems
Mixing of different basis sets

Covalent bonds are strong and directed
Termination by H-atoms

Ideal solution: a mono valent hydrogen atom with a size (and electronegativity) of
carbon / silicon etc.

Artificial model potentials
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Reference: a periodic calculation. Charges are  1.48.

With increase of clusters the central part becomes similar to periodic. With point
charges the convergence is faster.

The "“buffer’ atoms near the border are expensive: they are in large numbers and
they have basis set functions

A layer between Quantum part and charges - is also needed.

| MgsOs | [MgOg] © | [OMgg]*™® | [MgOsMgis]*?® | [OMggOsg] *
+1.18 -1.18 | -0.42 -1.60 | +1.95 -1.67 +1.33 -1.67 +152 -1.55
+1.71 -1.71| 4139 -1.90 | +1.93 -1.60 +1.36 -1.56 +1.45 -1.55

BC
PC
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Group Function Theory
McWeeny, R. ReV. Mod. Phys. 1960, 32, 335.
Huzinaga Cantu equation
Huzinaga, S.; Cantu, A. A. J. Chem. Phys. 1971, 55, 5543.

Zoila Barandiaran
Jonas Joos
Luis Seijo
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R. McWeeny Rev. Mod. Phys. 32 (1960) 335

The whole system wave function is an antisymmetric product
h i
=M A R S:::  ( =Rr;Ss;::):
R;S;::: denotes electronics groups, whose electronic states r;s;::: are represented by
R, S ::: antisymmetric group functions of Nr, Ns, ::: electrons respectively.

M normalization factor
A the inter group antisymmetrizer
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The group functions should fulfil strong orthogonality conditions
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The group functions should fulfil strong orthogonality conditions

Orbital sets!

The condition can be achieved if R and § are constructed with different and

orthogonal spin-orbital sets.
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If strong orthogonality condition is fulfilled then the energy associated with the total
wave function is partitioned as

> > h i
E= HR@m)+ IRS(rr;ss)  KRS(rr;ss)
R R<S
The following terms
> h i
ER =HR(r)+ IRS(rr;ss)  KRS(rr;ss)
S(&R)

stand for the energy of R electronic group under the interactions with the other
electron groups.
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8 9
< X 7 > h =
AR = ~r? ———+  J5) RS(i;iY

i Rj

The operators J3(i) and KS(i;i’) are the Coulomb and exchange operators for an
electron in the effective field due to the electrons of group S.
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Cornplemnentary
charges

Supergell
AlIMPs
C

v

Ernst D. Larsson, Marek Krosnicki, Valera Veryazov, A program system for self-consistent embedded potentials
for ionic crystals, Chemical Physics, 562 (2022) 111549

G. L. Manni et al The OpenMolcas Web: A Community-Driven Approach to Advancing Computational
Chemistry J. Chem. Theory Comput. 19 (2023) 6933-6991
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Hartree-Fock equation:

£ = ij i
in AIMP the Fock operator, f, is replaced by

<
AMP = 2 ] kih

For details see:

L. Seijo and Z. Barandiaran, The ab initio model potential method: A common strategy
for effective core potential and embedded cluster calculations, in Computational
Chemistry: Reviews of Current Trends, Vol. 4, edited by J. Leszczynski, (Wold
Scientific, Singapur, 1999), pp. 55-152.
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Representation of core potentials
P

e K
\?AIMP(r) — k “k .
coul 7I’ )
AIMP > X > ) _
exch — J amiAvaph pimj;
I m= 1 ab

where j ami =] alj#(l;m)i; j ai corresponds to the radial primitive basis and
J#(1; m)i the spherical harmonics. Aj.gp is related to the exact exchange operator,

exch, Via

A=S ks 1 (1)
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SCEPIC: https://gitlab.com/ErnDLar/scepic

INPUT
12 Caion in CaF2 OUTPUT

Cubic cell CaF2 environment
Ca 0.00 0.00 0.00+2sp .
Ca 0.00 2.76 2.76 Basis

prototypes ECP-like library

F 138 4.14 1.38 -1sp + converged § forCaandF in

F 138 414 4.14 e Calcium Fluoride
Hamiltionian /

#Origin 0.00 0.00 0.00

#Vectorl 5.52 0.00 0.00

#Vector2 0.00 5.52 0.00 U

#Vector3 0.00 0.00 5.52 F eln I CaF2
environment

Input: extended (MOLCAS) XYZ formatted file. Extra - atomic exponents and
Hamiltonian (to compute an ion in a crystal environment). Output: ready to use library

Larsson et al. Chem. Phys 562 (2022) 111549
Manni et al. J. Chem. Theory Comput. 19 (2023) 6933-6991
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https://gitlab.com/ErnDLar/scepic




