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INTRODUCTION

An implementation of density functional embedding theory (DFET), within the
frozen density embedding (FDE) formalism[, using Gaussian basis functions is
presented.

MOLECULE-in-MOLECULE (WFT-in-DFT) EMBEDDING
A

7 Acetone in water .

9 A v,

j Comparison of the first excitation energies obtained L

v
\ < /?( using second-order approximate coupled cluster
Vol AN />
a )

The implementation is coupled with real-time time-dependent DFT (RT-TDDFT)!

singles and doubles (CC2) with and without DFET
and wavefunction theory (WFT) methods to perform RT-TDDFT-in-DFT and WFT-in-

. System/Method cc2 C€C2-in-DFT CC2-in-DFT -
DFT, respectively. Supermolecular freeze-thaw Acrolein in water
Highlights: Molecule-in-molecule, molecule-in-periodic and periodic-in-periodic r- ~ é A . Y 478 eV 488 eV Ece‘:';
embedding within the TURBOMOLE program package!®! - JS A Acrolein+water 4,10 eV 4.10 eV 4.20 eV KEDF: LC94
i X Basis: cc-pvVDZ
. MCP+water 5.15eV 5.12eV 5.26 eV
DENSITY FUNCTIONAL EMBEDDING THEORY (DFET) oty

b '\ CC2-in-DFT <10% of COMPUTATIONAL COST!!!
Methylenecyclopropene (MCP) in water

PERIODIC-in-PERIODIC EMBEDDING

Neoprene 1D periodic chain.
Labelled atoms treated as
cluster.

region3 The central idea of DFET with a

molecule attached to the surface

of a nanostructure.

Total energies (Hartrees) obtained using
periodic KS-DFT and DFET

System/Method DFT DFET

Region 1 (cluster) is the region of
interest embedded in region 2
(environment).

Details:

+ 1D Periodicity
« Basis: def2-SVP
* PBE-in-PBE DFET
* with Projection

Polyethylene
(gamma)

-78.3875751502  -78.3875735082

* Density Functional Embedding Theory
E[p] = E[p] + E[o] + EM[pe, o]

Polyethylene -78.4571146741  -78.4571160584

(32 k-points) operatorand
Density partition: Total Ener supermolecular basis Polyethylene 1D
Y p 8y Rz 6149728903786 -614.9728912891 . s freee-thaw cycles periodic chain.

Labelled atoms treated
as cluster.

ptot _ pclu + penv E[ ptot] _ E[ pclu] + E[ penv] + Eint[ pd", penv]

The embedding procedure is similar to the implementation of Chulhai et al. using PySCFI®l,
However, in contrast to their implementation, the KS matrices here are calculated in real space.
Furthermore, the Coulomb contributions are calculated using highly efficient density fitting and
the continuous fast multipole methods!®!,

The key quantity in DFET is a DFT based embedding potential Uemb which can
be defined in an approximate or exact manner as

Embedding potential (Approximate)

s [, 5™, 2] () = o) + [ 2 ) g 4 SBEAP™] 1, o] () RT-TDDFT-in-DFT
[r—7| op*t(r)
. _ e 6ded act .env oT. tot oT. act
:{nh pon add|'t|\|/e vT[p"’“,pe“"] (ry =2 [Pt P _ :[:’ ] _ s[i’ ] Benzene-Fulvene
inetic potentia 5p*(r) 5p*(r) 5p*(r) oo RT'TDD;TTfiT';gg: Dimer at 4 Angs. sooo|  RT-TDDFT-N-DFT s
d separation RTTODFT ==
where T is evaluated using approximate kinetic energy density functional (KEDF) g .
oo LI
Embedding potential (Exact) o
) __ ~yyenv env m ¢
In matrix form Vemb - Vnuc elec + Xnadd + PB 5 40 45 50 55 o 65 70 75 = 0 45 50 o 65 70 75 8o

energy ()
* using Projection Operator (5

5
energy (o)
T e e (S TEB L * using nadd KEDF (5 freeze-thaw cycles),

with Projection operator :

Py = MSABDBSBA with = 100

freeze-thaw cycles),
supermolecular basis and
updating embedding potential

frozen to the ground state density
while the cluster was evolved in

supermolecular basis and updating
embedding potential

time.

CONCLUSION & OUTLOOK

MOLECULE-in-PERIODIC EMBEDDING

_ w00 - [C)(,:D(T) €CSD(T)-DFET much closer to regular CCSD(T) * DFET (KEDF), coupled with WFT methods (WFT-in-DFT), offers reasonable

E 200 ‘\‘\ —— DFET at just 10% of COMPUTATIONAL COST!!! accuracy for adsorption energy and excitation energies of weakly interacting

5400 “:\ systems with a significant reduction in computational cost.

200 \“\“ & H, (molecule) * Supermolecular DFET (Projection) coupled with RT-TDDFT () offers great

§ 200 \\‘t\ accuracy, even for strongly interacting systems, and can play a crucial role in

gloo \\‘\\‘ Colored atoms are treated as cluster studying excitation energy transfer(’l.

2 o \\*1 * Periodic-in-periodicembedding paves the way for exact cluster-in-periodic RT-
e L e e TDDFT/WFT calculations.

150 175 2.00 225 250 275 3.00 325 3.50
distance (Angstroms)

H,, (1D periodic chain)
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I'm a physicist specializing in computational material science with a PhD in Physics from Friedrich-
Schiller University Jena, Germany. | write efficient codes for simulating light-matter interactions at
atomic scales. | like to develop Physics, DFT, and Machine Learning related apps and software from time
to time. Can code in most of the popular languages. | like to share my knowledge in Physics and
applications using this Blog and a YouTube channel.
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