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Plasmonics
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Polarization of metal surface under external electric field:

L ---+++---+++

(@)l 4@

07

20 nm

06 (—

05 |- T . 160 nm
—

/ ~—

04 |~ / \,

03 |~

L Asep E|_, E-field Metal

Extinction (Optical Density)

02 |-

35
01 \/\
1.7 nm
" i
1 I T

00 1 f 1 1 T

Surface Plasmon Polariton Localized Surface Plasmon %0 40 40 00 S0 60 650
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Plasmon-mediated Chemistry
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Mechanisms of Plasmon-mediated Chemistry are unclear

* Plasmon mediated chemistry is complicated:
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H, dissociation as an example

Not applicable to directly excite the H,
« Far from the visible range 254 —=—gs
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Plasmonic Hot-Carriers Induced H, Dissociation (Jellium Model)

Diameter of NP is 2 nm, H,-NP distance 1.59 A.
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Atomistic studies of plasmon mediated reactions
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Excited state PES
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Quantum dynamics on adiabatic PES

Quantum dynamics simulations
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Spatial distribution of HOMO and 20 unoccupied MOs
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Excitation energies and corresponding oscillator strengths
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Excitations with antibonding characteristics of the H,
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Diabatic HE and CT states
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Diabatic CT states have no barrier, while HE

: states have larger barrier for H, dissociation.
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Quantum dynamics on the diabatic states with CT

1.0 — o
— 1% diabatic state with CT
08l —— 2" diabatic state with CT
= —— 3" diabatic state with CT
=
©
QO
006}
o
C
ke
©
3 0.4
& H, dissociates on these diabatic
02| | CT states within 30 fs!
0.0 —

0 50 100 150 200 250 300 350
Time (fs)
But, CT transitions cannot be accessed directly by

.Los Alamos the photon for the three lowest absorption peaks

NATIONAL LABORATORY
194

VISTA, Dec 17, 2020 14



Potential profiles along the minimum energy pathway
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The two different manifolds of nested excited states
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Non-adiabatic Molecular Dynamics (LZ model)

Landau—Zener model in the 2.0
adiabatic representation:
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Among 500 trajectories, 27 led to dissociation of
H2 dissociation, giving a probability of 5.4%
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Summary & Future works

Physical picture of the plasmon
mediated H, dissociation:

* A dense manifold of adiabatic
excited states (dominated by HE
Hg dissociation | states) are excited by plasmon
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* Non-adiabatic transition from HE to
CT states facilitates chemical
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Future direction:

* DFTB-NEXMD for simulating chemical
reactions on realistic plasmonic NPs (>200
atoms): a) plasmon excitation; b) charge-

_ transfer ¢) hot electron relaxation, d) heating..
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