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I1. Hlustration of the physics for nano- and bio structures

Seeing bond breaking and formation!!!

Nanostructures; -small metal and semiconductor cluster
-carbon nanotubes: relaxation times

Bio-photoreceptors:

-Green-fluorescent protein
-Isomerisation and device applications of azobencene
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The octopus project isaimto the first principle description of the excite state
el ectron-ion dynamics of nanostructres and extended systemswithin TDDFT

| mplementation:

v Numerical description of functions: real space discretization (1D-3D).
v Auxiliary use of LCAO/ FFTs. QM/MM for biomolecular structures
v Electon-ion coupling: pseudopotentials. Spin-Orbit .........
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Time dependent multicomponent KS theorem

transformation to a body-fixed coordinate frame required
T.Kreibig and E.K.U Gross PRL (2001)

The dengities , N of the interacting system can be calculated as
dengities of a non-interacting (KS) system

p(rat) — z‘(PJ ’

N(R,t)=

id,Q;(r,t)= ( o N, t))(p (r,t)

10 x(R,t)= (2721, Ve +W,p. N](R,t))x(R,t)

V(1,0) =V, (1) + Ve (1,1 + v, (1,t) + Vi p,NI(r,0)

W.(R,t)= (R, t)+ 1Z2+W '(R,t) + W, Ip,NIR,t)
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The Electron Localisation Function (ELF) :
Seeing Bonds!!!  (what Is a bond?)

Definition: elf = : 1 — Becke, Edgecombe, JOP92, 5397 (1990)
CU(I’) wnif N_ 3225 5P
1+ . o (r)=2(6m) " p, " (r)
C(r)
O<df<1 : .
high localisation > C,~0 > elf ~1
completely delocalised —»>  C,~C) > elf ~1/2

When the wavefunction isa Slater determinant (in the time dependent case)

N Vo, (r.0f | (1
Ciet(l”,t)zzi_:|V(Pia<r’t>|2_i[ ppa(i' tl;)] ) J ((:::))
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Time-dependet case: acetylene C H_ in astrong laser field
=17eV, T= 8fs, I= 1.2x10** Wem™

fast 1onisation

T. Burnus, M.A.L.Marques, E.K.U Gross, (2004)



Nano (bio-) structures

G. Onida, L. Reining and AR, Rev. Mod. Phys. 74, 601 (2002)




Strength Funetion {1/eV)

Linear optical response: general aspects

P @, (1)@, (r ) @i(r)

X(w)=X (0)+X (w)(V+f (w))X(w) b=, 0-0===2 00

0 C Loy

[1=(v+ 7, ()Xo (w)]A(w)=0

Single-pole | o (¢, —¢, )+K
approximation

K= [d’r[d*ro, (10}, (£ )y, (¥)or, (1)
(L+fm(r,f)]

=

L DA- thick solid line
EXX- dotted line
Bethe-Sal peter
Experiments




Optical response: (Benzene)
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Carbon nanotubes: l1jima (1991)
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Simple model for the electronic structure.  TB of C-tubes
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Optical Properties of C-Tubes. A way to elucidate tube-chirality

(3,3) C(6,0) C(4.2)
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absorption spectra
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Hot carrier relaxation in nanotube

Relaxation of hole and electron after photo-excitation
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Ichida, et a}l.l, Physlicla B 323, 237 |(2002)
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* Time evolution of wave function with ionic ¢ | * PR - @007 ]
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Fig. 2. Observed fast decay time as a function of probe photon
Y. Miyamoto, D. Tomanek, AR (unpublished) energy. Inset: Tube diameter dependence of decay time.



Present case: (3,3) nanotube
¢ =

Assigned excitation with 5

experimental data
[Z. M. Li et al, Phys. Rev. Lett. 87,

127401 (2001) ] 0

|

i

Transition considered: = 23
Optically allowed, with E/
(tube axis), but not

observed experimentally!!
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Computational conditions: TDLDA (with adiabatic xc potential)
Time step: 0.08 a.u. (=0.0019 fs)
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Energy (eV)/96 atom

Energy transfer with longer time-scale

electron-electron vs. electron-phonon interaction on real-time axis
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Biological molecules: photoreceptors

QM/MM + TDDFT approach

\
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Energy
photoexcitation
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Isomerization Coordinate

F. Gai e al. Science 279, 1886 (1998)

M.A.L Marques, X. Lopez, D. Varsano, A. Cagro, and A. R. Phys. Rev. Lett. 90, 158101 (2003)



Time Scales:

® [.ocal Motions (0.01 to 5 A, 10 01071 S)
O Atomic fluctuations
O Sidechain Motions
O Loop Motions

® Rigid Body Motions (1 to 10A, 10 to 1s)
O Helix Motions
O Domain Motions (hinge bending)
O Subunit motions

® Large-Scale Motions (> 5A, 1077 to 10% s)
O Helix coil transitions
O Dissociation/Association
O Folding and Unfolding



QM/MM Hamiltonian For Local Phenomena

o~ B R

H — IE}QM ‘|‘ ir’;\TQI'n/f/i"ﬁnrIl/f —|_ ﬁMM —|_ IE1‘ibf;l1‘r:r:-',afa:ry —|_ ﬁfestraints

77 Trelee rrodW Frbonded
Hommen = Howepene T Honnenr + Hoagjaem
1. Warshel , A.; Levitt, M. J. Mol. Biol., 1976, 103, 227 B R

2. Field, M.J.; Bash, P.A,; Karplus, M. J. Comp. Chem., 1990, 11, 700

QM/MM Electrostatics Fielec. _ aar Zaqm
QMMM ; T Mg Zﬁ; Raar
Van der Waals Interactions Au.d.I}Vaa.!s B Z {AQM B B&M}
QM/MM 12 6
a M Ra:M Ra:M



Towards understanding biomolecule colours

% "

(Aequorea victoria: jellyfish)

Green Fluorescent Protein (GFP).



Towards understanding biomolecular colours. the GEP case

HOMO-LUMO
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QM/MM approach



Blue Fluor escent Protaein- M utants

Excitation E Emission
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Azobenzene: spectroscopy along femtosecond-laser
Induced photoisomerization

Azobenzene dyes are known to isomerize at the central N-N bond within fractions
of picoseconds at high quantum yield [T. Nageleet al, Chem. Phys. Lett. 272, 489 (1997)].

One example is the APB optical trigger: Single-Molecule Optomechanical Cycle

mo—&c HZ-)G—O—@—N‘\N S .

Molecule 1
O_(_CH _)_OO ‘@_O_f‘CHa“)—O

Molecule 2

66 nm >540 nm
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Free enthalpy, G
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Next step: QM/MM calculation of the chromophore+ peptide system
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Optical Rotatory Power

R (E)oc [ dte =L (1) R(E)=R +R +R_

R(E)=3 R(E) rotational strenght function
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In connection with Mark Ratner Lectures!

region 1 region 2 region 3

s(Landauer): Non equilibrium Green's Functions

G=2T62Tr[GR(W)FL(W)GA(W)FR(W)]

* TDDFT? ----- TD-Current-DFT

QUESTIONS?

v Ground-state DFT?
J(r,t); virtual exc.

v Temperature

e-phon coupling?
v Dissipation??

v Finite bias (resonant)
v AC transport

v Role of contacts
vMOLECULE
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I11. Extended systems:. problems and new devel opments



Calculation of optical properties

Optical absorption X(w)=X (w)+X (w)(v+f (w))X(w)

Oabs(w) o< Im(e(w)) EELSxe (w)=1+VX
Dielectric function in Random Phase Approximation (RPA)

erpa=1-— ’UCX(O)

O (r, ¢, w) =2 siilfi—J j)éz(r)i‘?_(gfﬁiﬁj (r)

Macroscopic € with local field effects (LFE):

eprlw )—1/6G o'—old = 0,w)



Tube (n,m) characterisation ———
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J. A. Misawich, et al Science 300, 783 (2003)




