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Plasmonic nanostructures for light-induced processes

Enhanced Solar Energy Plasmon-Induced Selective
Conversion Catalysis
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INTRODUCTION
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Plasmon decay in silver nanoparticles
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Density matrix (P)

N/, - .
Molecular orbitals as LCAOs p = 2 C. o ¥, = Molecular orbital
“ awTr ¢, = Atomic orbital

Cau = Expansion coefficient

N/,

Density matrix elements P, =2 z CapnCoy Fap = Density matrix element of
u

molecular orbital pair a and b
N = Number of electrons

 Diagonal elements P,, = electron
Molecular orbital ¥; J a

population in molecular orbital a
Molecular P11 P1N

orbital ¥, « Off-diagonal elements P,;, = electron

Py1 - Pyn transition between orbitals a and b
a = occupied, b = virtual

Magnitude of Pqy(f): Amount of electronic transition occurring between the
occupied (O) and the virtual (V) orbital at time t.
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Ags (T,) - Electronic structure and optical properties
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Ags (T,) - Real-time electron dynamics

Trapezoidal-shaped electric field
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Ags (T,) - Real-time electron dynamics
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Can we identify the decay mechanism?
Hypothesis: Electronic Transitions
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Variation of density matrix elements (P,,)

Dipole moment
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Variation of dipole moment dominated by responsible transitions for a given excitation
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Variation of density matrix elements (P,,)

Dipole moment
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Emergence of other transitions that grow even after the field is turned off
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Variation of density matrix elements (P,,)
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Variation of density matrix elements (P,,)

Dipole moment
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excitations with twice the incident frequency
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Selection rules -

Dipole allowed transitions in T

: : linear .
If direct product of symmetries of T, | £ |8, |30, | 6. | 6, | funcions, |  Quadrati
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Selection rules - Quadrupole allowed transitions in T
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CONCLUSIONS ﬁ

Plasmon decay in silver nanoparticles

« Energy transferred to excite the transitions
with twice the resonant energy o i\
« Point group symmetry and frequency ‘

analysis of the transitions confirms high

energy transitions are due to the two-photon

)
Povl

absorption

* Energy transfer to activate non-linear

il nml Ml ‘

properties 2 A plasmon decay mechanism

 Plasmon resonance plays a significant role

in enhancing non-linear effects
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