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Non-adiabatic effects in molecules




Non-adiabatic effects in molecules




Non-adiabatic effects in molecules




Non-adiabatic effects in molecules

L — — DLSIF

Li-F




Non-adiabatic effects in molecules
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Quantum non-adiabatic dynamics
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Photo-acidity
DNA photo-protection

In practical applications it is often

advantageous to use a diabatic

representation.



Polaritonic chemistry ‘

e The chemistry of molecular ensembles coupled to confined

electromagnetic modes

A
Cavity
mode
® hwe | /2
v

e Effects of the cavity on reaction rates, structure, absorption and emission properties, etc.

e Single molecule vs collective effects



Ensemble of 2-level atoms coupled to a cavity-mode
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Ensemble of 2-level atoms coupled to a cavity-mode
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Ensemble of 2-level atoms coupled to a cavity-mode ‘
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Ensemble of 2-level atoms coupled to a cavity-mode
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Ensemble of 2-level atoms coupled to a cavity-mode ‘
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Ensemble-cavity Hamiltonian
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F.H.M. Faisal, Theory of multiphoton processes, Plenum press NY, 1987

Galego et al.,, PRX 5, 041022 (2015)
J. Flick et al., PNAS 114, 3026 (2017)




Ensemble-cavity Hamiltonian ‘

» Molecular
Tavis-Cummings
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Ensemble-cavity Hamiltonian ‘

» Molecular

Tavis-Cummings
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Quantum dynamics toolbox

Multiconfiguration time-dependent
Hartree and related methods:
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Wavepacket dynamics: standard method ‘

12D Example
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MCTDH ‘

12D Example
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MCTDH with mode-combination ‘

12D Example
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Multilayer-MCTDH ‘
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Application of MCTDH

(Multiconfiguration time-dependent Hartree)
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O.V., Chem. Phys. 509, 55 (2018) i



Application of MCTDH

(Multiconfiguration time-dependent Hartree)
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Application of MCTDH

(Multiconfiguration time-dependent Hartree)

BTN, Mp - N N, Al Np |
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e Multiple excitations / cavity photons naturally treated in the Ansatzt

e Exact quantum description of molecule-cavity coupling within the electronic-

states included for each molecule.

e Large ensembles / complex molecules addressed through multilayer MCTDH.

O.V., Chem. Phys. 509, 55 (2018)

12



Simple photochemical process: photodissociation
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Photo-chemistry of polaritonic states
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Molecular Tavis-Cummings Hamiltonian ‘

» Molecular

H = Tavis-Cummings
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Cavity-modified photodissociation
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Photodissociation from the upper polariton
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Tuning the rate of photo-chemical processes
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Tuning the rate of photo-chemical processes

Rabi splitting constant: /#Qgr ~ 0.13 eV
Molecular coupling varies: ¢ = QR /2V N
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Tuning the rate of photo-chemical processes ‘

Rabi splitting constant: /#Qgr ~ 0.13 eV 1 Molecule —+
Molecular coupling varies: ¢ = iQr/2V N buffer
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Tuning the rate of photo-chemical processes ‘

Rabi splitting constant: hQg ~ 0.30 eV 1 Molecule +
Molecular coupling varies: g = hiQQr/2V N buffer
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Tuning the rate of photo-chemical processes

PES cut for 6 molecules, PES cut for 1 molecules +
5 at fixed different distances photonic buffer (5)

B
(-

I'd LY
/
X )
A
¢ 2,7
o779
lyr /7
40 ,//,/I,l
/
* v,
L0 0 7
/
l,///
— RN
/ /7
- 7 7
o ,’///I
,//Il
V
— s 7 7
/,//II
s 7 7 7
>~38 S
O - ,”/”’/,
—ie - /,
L N ’/,, 7
@ TSt
N T 7,
C '--""’ s
3.7 3o
N —~—
3.6- — | +) ]

.L*’
Ul

22



Effect of a photonic buffer
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Back to correlations...

g
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Vibronic coupling and collective conical intersections

RQ = Rg = 5.30 au
R4 = R5 — 5.50 au

O’Leary & Stewart, J. Comput. Phys. 90, 497 (1990)
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Vibronic coupling and collective conical intersections

RQ = Rg = 5.30 au
R4 = R5 — 5.50 au
Gr.

Perm.

Point.
Gr.

CClI order

JT equiv.

R;=R; = Ry S,

D3, Csy

2

O’Leary & Stewart, J. Comput. Phys. 90, 497 (1990)

EF®e
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Vibronic coupling and collective conical intersections
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Vibronic Coupling: Tavis-Cummings a la Jahn-Teller

A W(R1) Y (Ry) ¥ (Rs) \
YD(Ry) AW(Ry) 0 0
1l Ry = [ 1P (Re) 0 A (Ry) 0
v3) (R3) 0 0 AB)(R3)

O.V., Phys. Rev. Lett. 121 253001 (2018)
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Vibronic Coupling: Tavis-Cummings a la Jahn-Teller
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O.V., Phys. Rev. Lett. 121 253001 (2018)
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Vibronic Coupling: Tavis-Cummings a la Jahn-Teller

Jwe D) 9B (He) O (R) oy g g
YH(R1) AY(Ry) 0 0 1 o+ Bd 0 0
e (R) = 73 (Ry) 0 A®(Ry) 0 HL]:3(d) = |7 OB ' + Bd 0
el —cav +3)(Ry) 0 0 AGY(Rs) - v . 2
L : o y 0 0 a+ Bds
R; = R\ +d;
o L
Symmetry-adapted polaritonic states: ., \
)= =0 — (e + s+ [ [T ~_
NG 7 ~ B B=p—0
Vo VB, B a 7 b
[D1) = === 105 1) + —=10;2) — —=10;3)
_ Y20 V2 \/

r Symmetry-adapted molecular displacements:w

1
=7 (dy + d2 + d3) 07—[[1]
Vlz—gdl—i—g@—?% j <S’L‘ o ‘Sj>
Qi
vy = —?dl + gd?)

\ J

O.V., Phys. Rev. Lett. 121 253001 (2018) 26



Vibronic Coupling: Tavis-Cummings a la Jahn-Teller ‘

W(p, v1,v2) = Wiol|+Wia, a1 (p)| HWia, g, (V1) + Wia g, (v2) [+ Wik, B, (Y1, 12)
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Vibronic Coupling: Tavis-Cummings a la Jahn-Teller ‘

W(p, v1,v2) = Wiol|+Wia, a1 (p)| HWia, g, (V1) + Wia g, (v2) [+ Wik, B, (Y1, 12)
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Vibronic Coupling: Tavis-Cummings a la Jahn-Teller

W(p, v1,v2) = Wiol|+Wia, a1 (p)| HWia, g, (V1) + Wia g, (v2) [+ Wik, B, (Y1, 12)
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Internal conversion in polyatomic systems: pyrazine

Vibronic coupling Hamiltonian of Raab et al., ©
J. Chem. Phys. 110 936 (1999)
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Vibronic coupling Hamiltonian of Raab et al., ©
J. Chem. Phys. 110 936 (1999)

................................... R Internal

conversion

28



Internal conversion in polyatomic systems: pyrazine

Vibronic coupling Hamiltonian of Raab et al., ©.
J. Chem. Phys. 110 936 (1999)
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‘ 1> < : \\-—%ferncl

.............. conversion S 1

0) N So

Ground state Sp coupled to S via the cavity mode:
Large coupling: ELp < Ecoln e~ 2.0 eV

Small coupling: ELp > Ecoin AQr ~ 0.95 eV
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Internal conversion in polyatomic systems: pyrazine

Vibronic coupling Hamiltonian of Raab et al., ©
J. Chem. Phys. 110 936 (1999)
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conversion
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Internal conversion in polyatomic systems: pyrazine ‘
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Suppression of radiative decay through large coupling ‘
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Suppression of radiative decay through large coupling ‘
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Suppression of radiative decay through small coupling ‘
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Suppression of radiative decay through small coupling ‘
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Summary and perspectives

Upper and lower polaritonic states display different kinds of short-time  *
dynamics. Dynamics started from the upper polaritonic state are
delayed due to internal conversion through the dark states. S sl

Photonic buffer systems (vibrationally inactive) can be used to slow
down reactive processes in the excited state.
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High dimensional systems get lost in the dark side. 0.05.
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MCTDH: efficient tool to describe the dynamics of molecular
ensembles coupled to quantized light.
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