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Recent progress of atomic manipulation techniques
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Possible applications of atom manipulation techniques
to optical properties of molecules

Enhanced absorption of molecules near Metal clusters

Surface enhanced electronic excitations
Surface enhanced IR absorption

Surface enhanced fluorescence

Surface enhanced Raman scattering

Surface enhanced nonlinear optical properties

L. Jensen et al. Chem. Rev. 111, 3962, (2011)



Molecule-metal atom chain interactions

Indication of formation of charge—transfer states
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George C. Schatz
JACS 2006, 128, 2911, Nano letters 2006, 1229
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Electronic excitation of Ag, 10, 20, 35, 56, 84,120 (Tetrahedral Clusters)
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Fundamental understanding of how plasmonic
excitations of metal clusters affect Raman intensity

of the molecule is not clear.

Collective or non-collective?

What is the plasmonic excitations of “finite systems”?



End and Central Plasmon Resonances in Linear Atomic Chains
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TDDFT in real time & real space Institute of Physics, Chinese Academy of Sciences



Optical absorption of Na chain clusters
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Formation of plasmon-like excitation
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Optical absorption of Na chain clusters
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Charge distribution
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Natural transition orbital analysis

1th excitation

(18t strong peak)
electron

S S 9 ¢06089 ¢3¢ IBO
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0.95 0.044 0.0057

hole

Collectivity index ~1.1

n=1.1~ one e-h (or h-e) pair contribution.
15 Yasuike et al. Phys. Rev. A (2011)



12t excitation
(2 strong peak)

electron
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19t excitation
(3" strong peak)

electron
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Raman Intensity (arb. unit)
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Induced dipole moment (eA)
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Ring structure



Collectivity index of the electronic excitation of

ring structures

Collectivity index
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Charge distribution in Na, ring clusters
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Nag ring cluster

LRT-TDDFT

| WB97XD I \

fmaeye | gy .
N B W S| .
g OLDA 1 2 3 4
S o ) 5
2 S
< |TD-HF /\A /\

OCIS 1 2 /\ 3/\ 4

P 5 3 ;

Excitation energy / eV

The first excitation depends on the functionals or theory levels.



Charge ordering (n=4m+4)
Wild guess (analogy to one dimensional system)
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Time-dependent Hartree-Fock (TDHF)

Time-dependent HF equation
A B |X B 1 0| X
B A |y| “o -1]Y
where
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Antisymmetrized two-electron integral
(ia]l jb) = [ [ dFdF’

y | 4(F)a (T) 95 (7)o (T') — 6 (T) 4 (F)¢a(F')¢o(F’)}

[F—r|

¢ HF orbital Unoccupied orbitals (¢a : ¢D e )

Occupied orbitals (¢i , ¢J . )
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Local and nonlocal transition densities

Local transition density Non-local transition density

Pia(F)pjp(r) — pia(F,T)pjp(F,T)
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e-h interaction
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Configuration Interaction Single (CIS)
= Tamm-Dankoff approximation (TDA)

Bia,jb =0

AX =QX

Independent particle e-h interaction
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Beyond TDA approximation in TDHF
Bia, jb =0
De-excitation components will be involved in excitation

O =>D\pyw  (final state interaction)

Ground state energy can be expanded in terms of the excitation configurations

E = EHF + El + E2 The ground state of WF
is stable if the matrix is
El =0 positive semidefinite.
A B (X
E=iX Y] o AB
2 B A||Y B A
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Linear-Response Theory-Time-dependent DFT
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Tamm-Dancoff approximation (TDA)
Bia,jb =0
AX =QX

a s a
YIODET-LR =, Ci P
1a
Bia,jb =0

Does this mean that the ground state iz\not good?
Negative transition energies {
De-excitation components B

JPC 1996 Bauernschmitt and Ahlrichs
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Au,_-ring
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TD-CAM-B3LYP
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TDA-CAM-B3LYP
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Excitation energy / eV
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Absorption (a.u.)
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C24H12
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Geometry is fully optimized.
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Oscillator strength
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Egap/ eV
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HOMO-LUMO of HGF
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Spin (difference) density
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Orbital stability

WF not stable
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Summary

Collectivity index provides a more detailed picture of
plasmon-like excitations of metal atom chains or rings

The ground state and electronic excitation of Au8-ring are
studied by DFT and LR-TD-DFT.

Slightly deformed ring structure is found and charge alternation
IS also observed.

Excitation spectra are simulated for different ring structures.
Optimized structure and some structure near the optimized
one gives positive transition energies and no de-excitation
components.



