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Embedding potentials for variational QC methods

Embedding potential for methods such as HF, MCSF, Cl (embedded «interacting wavefunction»)
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Note that we take a particular perspective on the relation
between the wave-function-based methods and density-
functional theory. A multideterminantal wave function is
considered in this work as an auxiliary quantity used to ob-
tain the approximate solution of Eq. (1) and the correspond-
ing electron density by means of variational calculations,
whereas the relevant density functionals are considered to be

exact in the derivation of the basic relation.




FDET in capsule: variational method to obtain embedded wavefunction ¥,

1) Constraint for the total
density (pg - is arbitrary)
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3) Euler-Lagrange equation
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2) Energy as the functional of p; and ¥,
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4) Functional for the local embedding potential
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FDET: What we gain?

The theory underlying any QM/MM method using local embedding potentials.

Instead of empirical parameters coupling QM with MM systems, FDET uses one
descriptor pg

Fully self-consistent expressions for:
/) optimal energy (E..,[pgl), /) embedded wavefunction, /i) embedded density.

Possibility to combine QM descriptors (W,) with any physical theory yielding electron
density (nano- and macroscale)

FDET: What is the price?
Assured is only that (E, ,[pgl= E,)

The embedding potential depends on p, (state)

Pandora’s box of challenges concerning approximations for the functional
E.."29[pa,pg] and the functionals :
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Figure 1: CASCI iteration cycles with regard to p 4 updates.




(a) Distinction of pep-
tide units

So — | Character of excitation
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So a(N) — Tring

Sg 19 (O) — 7'('5l< (CO)
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S4 1 (N) — ﬂ-ring

(b) U1 (c) U3 (d) U4

Table 3: Wavefunction overlap matrix elements of self-consistent states.
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Table 16: Wavefunction overlap matrix elements of self-consistent states.
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Character of excitation
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Table 21: Wavefunction overlap matrix elements of self-consistent states.
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Partial conclusions (1):

As a result of the p,-dependence of the embedding potential,
the other than lowest energy solutions of the Euler-Lagrange
equation in FDET are not orthogonal to the lowest-energy solution.

Is 1t important?
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Partial conclusions (2):

1) Linearization (in p,) of the FDET energy as proposed in
[Wesolowski, J. Chem. Phys. 140 (2014) 18 A530] leads to

- excitation energies remarkably insensitive to the choice of p,"f

- practically identical energies conventional FDET results (non-linearized)

2) The orthogonality of all embedded wavefunctions is assured by construction without

destroying the self-consistency between: energy, embedded density, and embedded wavefunctions
(all come from the same Euler-Lagrange equation)

3) One embedding calculations for ALL electronic states

4) Linearized FDET can be applied for any approximation for E . [pA,Pg]
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A very good approximation for evaluation of excitation energies (total energy differences) .

Higher than linear (in p,) terms in the energy functional are almost constant (around 0.1 eV).




Conclusions:

1) p,-dependency of the embedding potential is an undesired feature of
FDET leading to non-orthogonal embedded wavefunctions

associated to different electronics states and the need to one calculation for
each state.

2) Orthogonality is respected in linearized FDET
[Wesolowski, J. Chem. Phys. 140 (2014) 18 A530], in which:
- excitation energies remarkably insensitive to the choice of p ™
- practically identical energies as the ones obtained using
conventional (non-linearized) calculations,
- one calculation for ALL states,
- linearized FDET can be made with ANY approximation to E, [P A,05]

3) Linearization preserves the structure of FDET
(Euler-Lagrange equations, local embedding potential).

4) The use of expectation value of the embedding potential is a very good

approximation in evaluation of excitation energies due to the small variation of
the higher-than-linear in p, terms in the FDET energy functional (typical magnitude 0.1 eV).
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