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“Modeling new materials properties”
Theoretical background:

Some Applications:

* (excite state dynamics and energy store/harvesting)
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X

* Optimal control of bond-breaking and
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Theoretical Framework
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Fully interacting system Non interacting system

Hohenberg-Kohn >

Theorem

Same
Ground-State
density n(r)

What about excited-state properties: electron-
lon dynamics, spectroscopies

DFT Success “~chemical accuracy”
AN
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EXACT ALTERNATIVE:
Time Dependent Density Functional Theory

One-to-one correspondence between the time-dependent
density and the external potential, v(r,t) <------ > p(r,t)

ih%qp:Hcp = ih%(pi:HKS[[(ijwi, i=1,---N

+ Vexternal T Vhartree T V

exchange correlation
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Ehrenfest's dynamics (non-adiabatic)

Electron dynamics Multicomponent (TD)DFT: work in
progress, way to describe the non-
adiabatic processes

=

Surface hopping (Tully and Preston)
See review by N.L Doltsinis and D. Marx, J.Theo.Comp.Chem 1, 319 (2002)
and the book on TDDFT Springer Lecture Notes in Physics Vol 706 (2006)
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TDDFT formulation for BO-MD dynamics: fictitious
dynamics as in Car-Parrinello dynamics

The equation of motion without external field for simplicity

0 — R .
lﬂaqjl |:2m v +Vion+VH+ch (lji MIRI:_V/E[(IJIR]

J.L. Alonso, X. Andrade, P. Echenique, F. Falceto, D. Prada, AR PRL (2008), JCTC (2009), NJP (2010)
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Physical interpretation

Electronic time
d d
=
dt  d(t/p)

Two time scales: real for ions and fictitious for electrons.
Maximum time step

ﬂ.t”m.;-(;.i) = ﬁ-!'-At'.rmL.r(f-f- — l)

Scaling of electronic excitation energies

wi(p) = Pak
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TDDFT Lagrangian formulation for BO-MD dynamics:

fictitious dynamics: performance
| 7 T o

Throughput [teraflops]
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lllustration: Some applications

Optical properties of nanostructures and biomolecules
(excite state dynamics and energy store/harvesting)
Molecular level alignment

Optimal control theory: High-harmonic generation

Nanosolvation????
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Charge Transfer

excitations
Photovoltaic Hybrids: Gratzell cells
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LEVEL ALIGNMENT, Dispersion forces VdW

Thygessen et al (2009)
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Photo-excitation of the light-harvesting
carotenoid-porphyrin-C60

Comparing HOMO and LUMO energies

molecules erovo €V)  erumo (€V)
[3-carotenoid -4.47 -3.49
Diaryl-porphyrin -5.135 -3.31
pyrrole-Cgo -5.89 -4.42
Triad -4.51 -4.38
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Photo-excitation of the light-harvesting
carotenoid-porphyrin-C60

Triad {Experimént}

Triad (theory)
Carotene (theory)
Porphyrin (theory)
Fullerene (theory)
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Photo-excitation of the light-harvesting

carotenoid-porphyrin-C60
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Carotenoid-porphyrin-Cé60 photodynamics
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Simulation of the Time resolved spectra

The carotene feature around 523 nm oscillates both in intensity and
energy, the porphyrin feature red-shifts from about 540 nm to 573 nm
and decays almost completely within the first 100 fs after phtoexcitation
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Towards the color of plants:
The real Chlorophyll molecule

AAY:
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Towards the color of plants:
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Towards the color of plants:

Challenge: proper treatment of the whole environment, including
dissipation for very long simulations from fs to miliseconds and more......
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Optimal control theory

Key question:  What is the laser pulse that drives the system into
a predefined goal?

Procedure: Define a target operator O and at the end of the
laser interaction (t = T) maximize the functional

J1 V] = W(T)] O (T } = (T |Pg

O =|P><d | - target state

W. Zhu, J. Botina, H. Rabitz, JCP 108, 1953 (1998)
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What makes experimental “ control” possible

*Existence of laser sources, since the 1960's.
eFemto-second laser sources, which allow for fast processes
(avoiding decoherence), and extending the band-width.
*High-intensities.

o|_aser shapers.
oL_earning-loops algorithms.

Applications:
Sel ective bond-breaking
High-harmonic generations
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Design of bond-breaking laser pulses

THE JOURNAL OF CHEMICAL FHYSICS 127, 200101 (2007)

Coherent control of bond breaking in amino acid complexes with tailored
femtosecond pulses

T. Laarmann,® I. Shchatsinin, P Singh, and N. Zhavoronkoy
Mo Born Taennaie .r}n.-- Nanlinenr r.;'lrl.'.'c'\ il Sharr Pulse .ﬁlluc'r'.'.'w'\c'p.l..'-_r, Mx-Borg-Sre 2a, 212489 Berlin,
Ciermuany

M. Gerhards

Iy Tl i |-l|"lf'l'|r'|l.'|'tlr'|. T Kaiserslawtern, Erain-Schrddinoeritralle 52, DAO7660 Kaiverslaiorn,
Crermiinny

C. P. Schulz

Mee Born Instite for Nentinear Optics and Shart Pulse Spectroscopy. Max-Born-Ste 2a, D-12489 Berlin,

Germay

1. V. Hertel
M Born Instiite por Nondinear Qpfics and Short Pulse Spectroscopy, Max-Boru-5ie 2o, D-12489 Berdin,
Erermipiny i .ch'IIJ||.'|'J.'.':'J.'.' rrllll Pllll'|"-|c"-_ Free {".l.'.'.'.:'."\lu'_r af Beelin, Arlmallee 14, D14105 Reslin,

Uiermany

(Received O Avgust 2007, accepted 15 October 2007; published online 30 November 2(H7)

Intense femtosecond laser pulses, judiciously tilored in an adaptive, optimal contral feedback loop
were used 1o break preferentially the acyl-N (“peptide™ bond of” Ac-Phe-NHMe that may be
regarded as a dipeptide model. We show that coherent excitation of complex wave packets in the
strong-field regime allows to cleave strong backbone bonds in the molecalar system preferentially,
while keeping other more labile bomds intact, These results show the potential of pulse shaping as
a powerful complementary analvtical wol for protein sequencing of large biopolymers in additon w
the well-known mass spectrometry and chemucal analysis, © 2007 American Instifuie of Phvsics,

o

K
FIG. 1. {Color online) Optimal tailoring of intense femtosecond light can be

used to preferentially break peptide bonds, such as the indicated NI1-C3
bond in the amino acid complex Ac-Phe-NHMe,

K. Kriger, A. Castro, E.K.U. Gross, (unpublished)
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Design of bond-breaking laser pulses (ll)

@ If the AB bond is breaking,

r'ea - Fg >

gy - Fy, < 0
:}.
'pa - Fg —I'pa - Fa >
pa - Fpa > 0

(Fpa = Fg — Fa)

ﬁ; Modeling Photo-induced dynamical processes in massive parallel architectures
ImagineNano, HPC 2011 (High Performance Computing), Bilbao Exhibition Centre, 14-April 2011

del Pais Vasco Unibertsitatea Spectroscopy Facilit

Universidad Euskal Herriko European Theoretical



Design of bond-breaking laser pulses (lll)

@ Bond-breaking target:

Ir —1lo,

T . 3 \
J[P] = / dr(W(7)||rsa || Fpal(r) (1 + I'pa 'FBA(T}> (1)) .
i

@ Within TDDFT, F4 is a local density operator: the necessary expectation
values can be written as simple density integrals.

F,q(f) = /L'ljf ??(l‘j \_]‘.,: '-‘[(5(1'. f] .

@ During the time of the pulse, the nuclei are fixed. The photo-reaction
occurs afterwards, driven by the excited electronic system.
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Design of bond-breaking laser pulses (IV)

@ Case study: selective photo-dissociation of H into H, and H™.

@ For this case, we used a gradient-free optimization scheme, which only
necessitates forward propagations.

@ The field is expanded as a Fourier series:

T L

]

e(r) = Z (n \ % cos( ?nr) + b, \% sin( 7 nt)

n=1

r i
Nj2
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TDDFT is a powerful tool to “predictive” describe
the combined dynamics of electron/ion in response
to external electromagneticiftelds of large scale
nanostructures, biologiedal molecules and extended
systems spanni " me scales
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Free standing porphyrins

28 AvcusT 2009 Vorume [3] Numser 8

LUMO+1

& B
JOURNAL OF

CHEMICAL
PHYSIES

AMERICAN LDA GGA B3LYP GW Expt UPS

Expt UPS: Ghosh, Theor Chem Acc 97, 143 (1997); Dubois, Chem Phys Lett 75, 434 (198(

Journal of Chemical Physics 131, 84101 (2009)
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Nano solvation

Spectroscopic Probe for Characterizing Solvent-Mediated Folding in Dicarboxylate Dianions**
Torsten Wende, Marius Wanko, Ling Jiang, Gerard Meijer, Knut R. Asmis and AR (2010)

Modeling Photo-induced dynamical processesin massive parallel architectures QI'/\SE
ImagineNano, HPC 2011 (High Performance Computing), Bilbao Exhibition Centre, 14-April 2011

European Theoretical
Spectroscopy Facility

UnlverS|dad Euskal Herriko
del Pais Vasco Unibertsitatea ESH:




Microsolvation of the Suberate Dianion
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Symmetric Mode: Intensity Drop upon Folding

e intensity drop due to S n=12 (linear) o
folding is theoretically ' [ oY
reproduced

- for n=12...16 N =12 (olded

- for different minimum
energy configurations

— common feature

n=14 {linear)

intensity

n=14 (folded)

P L
R YLVLY T
2l W x

v

N=16 (linear)

0.6 % 1.2 UEE.EE% B __Irl=15|:|-l:r|ded]l
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— — wavenumber (1/cm)
color code enhanced by factor 2

ﬁ; Modeling Photo-induced dynamical processes in massive parallel architectures
ImagineNano, HPC 2011 (High Performance Computing), Bilbao Exhibition Centre, 14-April 2011

0 N . European Theoretical
del Pais Vasco Unibertsitatea Spectroscopy Facilit

Universidad Euskal Herriko




Folding Energy

I(sym) / (I{sym)+I{anti))

o
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2.
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e
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=2
=
=
m
L

L L B B B N LI LI B I A B

10 15 20 25 0 5 10 15 20 25
number of water molecules number of water molecules

Modeling Photo-induced dynamical processes in massive parallel architectures
ImagineNano, HPC 2011 (High Performance Computing), Bilbao Exhibition Centre, 14-April 2011

Universidad  Euskal Herriko European Theoretical
del Pais Vasco Unibertsitatea Spectroscopy Facilit




	Página 1
	Página 2
	Página 3
	Página 4
	Página 5
	Página 6
	Página 7
	Página 8
	Página 9
	Página 10
	Página 11
	Página 12
	Página 13
	Página 14
	Página 15
	Página 16
	Página 17
	Página 18
	Página 19
	Página 20
	Página 21
	Página 22
	Página 23
	Página 24
	Página 25
	Página 26
	Página 27
	Página 28
	Página 29
	Página 30
	Página 31
	Página 32
	Página 33
	Página 34
	Página 35
	Página 36
	Página 37
	Página 38
	Página 39
	Página 40

