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Introduction

Graphene quantum dots (GQDs):
What is a GQDs?

“nanoparticle or region that exhibits
quantum confinement in all three spatial
directions.”
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Introduction

Graphene quantum dots (GQDs):
What is a GQDs?

“nanoparticle or region that exhibits
quantum confinement in all three spatial
directions.”

And then..why QUANTUM?

"...due to their nanoscale size, quantum
effects play a significant part in
their light emitting properties”
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— Tunable electronic structure,
magnetic properties,
biological properties,
photoluminescence (PL),...

— Bioimaging (via optical/
magnetic modalities),
in vitro/in vivo biosensing,
drug delivery or gene delivery
in therapeutic approaches,
photodynamic therapy (PDT),...
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magnetic modalities),
in vitro/in vivo biosensing,
drug delivery or gene delivery
in therapeutic approaches,
photodynamic therapy (PDT),...

Highly fluorescent doped QDs have
been measured by our experimental
colleagues here at USAL:

Carolina de Passos , M. Dolores Merchan , M.
Mercedes Veldzquez Journal of Science: Advanced
Materials and Devices , 7, 100408 (2021)
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Highly fluorescent doped QDs have
been measured by our experimental
colleagues here at USAL:

Carolina de Passos , M. Dolores Merchan , M.
Mercedes Veldzquez Journal of Science: Advanced
Materials and Devices , 7, 100408 (2021)

We are theoreticians, so we need reduced model systems
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Coronene

Smallest Polycyclic aromatic
hydrocarbons (PAHs)
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A. M. Santa Daria, L. Gonzalez-Sanchez, P. G. Jambrina, S. Gomez, in peer review in Phy. Chem. Chem. Phy. (2023)

albertoms@usal.es IBER 2023 September 7, 2023 4/16



Reduced model syste

Coronene

Smallest Polycyclic aromatic
hydrocarbons (PAHs)

O‘ We had some work to do...
© O‘ — High symmetry: Dgy

Benzene

Circumbenzene
(Coronene)

A. M. Santa Daria, L. Gonzalez-Sanchez, P. G. Jambrina, S. Gomez, in peer review in Phy. Chem. Chem. Phy. (2023)

albertoms@usal.es IBER 2023 September 7, 2023 4/16



Reduced model system: Coronene

Coronene

Smallest Polycyclic aromatic
hydrocarbons (PAHs)

O‘ We had some work to do...
© O‘ — High symmetry: Dgy

Benzene

— Usual QC programs allow only Dy,

Circumbenzene
(Coronene)

A. M. Santa Daria, L. Gonzalez-Sanchez, P. G. Jambrina, S. Gomez, in peer review in Phy. Chem. Chem. Phy. (2023)

albertoms@usal.es IBER 2023 September 7, 2023 4/16



Reduced model system: Coronene

Coronene

Smallest Polycyclic aromatic
hydrocarbons (PAHs)

O‘ We had some work to do...
© O‘ — High symmetry: Dgy

Benzene

Gireumberzsne — Usual QC programs allow only Doy,

(Coronene)

— 36 atoms — 102 vibrational degrees
of freedom
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Reduced model system: Coronene

Coronene

Smallest Polycyclic aromatic
hydrocarbons (PAHs)

O‘ We had some work to do...

High symmetry: Dgy
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1

Usual QC programs allow only Doy,

I

36 atoms — 102 vibrational degrees
of freedom

— Pretty rigid — Harmonic potentials?

A. M. Santa Daria, L. Gonzalez-Sanchez, P. G. Jambrina, S. Gomez, in peer review in Phy. Chem. Chem. Phy. (2023)
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Reduced model system: Coronene

Coronene

Smallest Polycyclic aromatic
hydrocarbons (PAHs)

O‘ We had some work to do...

High symmetry: Dgy

og

Circumbenzene
(Coronene)

1

Usual QC programs allow only Doy,

I

36 atoms — 102 vibrational degrees
of freedom

1

Pretty rigid — Harmonic potentials?

1

Very high density of states
A. M. Santa Daria, L. Gonzalez-Sanchez, P. G. Jambrina, S. Gomez, in peer review in Phy. Chem. Chem. Phy. (2023)
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Coronene: Absoption and Emission experiments

So

Absorption and
Emission experiments:

5 T T T

T
Absoption: J. W. Patterson, J. Am. Chem. Soc. 1942] ===
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Coronene: Absoption and Emission experiments

s, Absorption and
S . .
3 Emission experiments:
S,
S, 5 AhALsap( b meau‘é:‘c»‘;mESm \94‘:1 —
e et S k20

4 -

S, i i

Intensity

2 25 3 35 4 4.5 5
S3 Energy [eV]

1st absorption band at 3.65 eV
2nd absorption band at 4.13 eV

S,
/_ o Emission (exciting to the 1st band)
2.4-2.8 eV (phosphorescence?)
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Coronene: Quantum chemistry benchmark

Energy deviations of the bright state with respect to experiment and EOM-CCSD.
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Coronene: Quantum chemistry benchmark

Energy deviations of the bright state with respect to experiment and EOM-CCSD.
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Based on experiments: We choose B3LYP/6-31G**+.

Let's start computing the absorption spectrum!
What about dynamic effects?
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Coming back to coronene

First step: Construction of the LVC potentials
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Coming back to coronene

Second step: Validate the approximated Hamiltonian

Absorption Intensity
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Coming back to coronene

Second step: Validate the approximated Hamiltonian

Absorption Intensity
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Excited state quantum dynamics from the 1B3, (S,)
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Excited state quantum dynamics from the 1B3, (S,)

Coronene Dynamics from S2

o9 XAg(S) = 1By (S — 2By (S) T 3Byg(S) ——
1By () —— 1Ay (S) ——  2B3, (5) —— 4By (S1) ——
1854 (52) Mg (S5) ——  Wyg(S) —— Ay (1) ——
H
2
E 06 B
3
S, g
H
S, S =
e 03 B
0
0
0 10 20 30 40 50
time / fs
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Excited state quantum dynamics from the 1B3, (S

Coronene Dynamics from S2

_ T T T T
2
> 091 XAg(So) = 1Byg(S9) —— 2By (S —— 3Byg(S) ——
1By () —— 1Ay (S) ——  2B3, (5) —— 4By (S1) ——
B3, (S) 2Ag(S5) 2By (S) ——  3A, (Sy) ——
2
2
E 06 B
3
q q B
g
E
K
=
e 03[ b
0
0 10 20 30 40 50
time / fs

Leading vibrations:
° Breathing: 24, V60, V77
e Tilting: v19, Vs, V79, g
e CH stretching: vi0s
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Coronene Dynamics from S2

_ T T T T
2
> 091 XAg(So) = 1Byg(S9) —— 2By (S —— 3Byg(S) ——
1By () —— 1Ay (S) ——  2B3, (5) —— 4By (S1) ——
B3, (S) 2Ag(S5) 2By (S) ——  3A, (Sy) ——
2
2
E 06 B
3
q q B
g
E
K
=
e 03[ b
0
0 10 20 30 40 50
time / fs

Leading vibrations:
° Breathing: 24, V60, V77
e Tilting: v19, vea, V79, g
e CH stretching: vi0s
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Absorption spectrum of co
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Towards Graphene: Circumcoronene

Remember we want to study GQDs...

It is the coronene a good reduced model
to study larger systems?

QQ

Circumbenzene
(Coronene)
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Towards Graphene: Circumcoronene

Remember we want to study GQDs... 7* MOs in coronene and circumcoronene:

It is the coronene a good reduced model LUMO LUMO+1 LUMO+2 LUMO+3

to study larger systems?
2
¢ -
O—=CLD—
soe (D
Circumbenzene LCJ
(Coronene)
Circumcoronene
* 3k :%
TD-DFT (B3LYP/6-31G**+) —» g
8
=1
Z
a2
=
8
Cl:
£

HOMO-3 HOMO-2
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Towards Graphene: Circumcoronene

Remember we want to study GQDs... 7* MOs in coronene and circumcoronene:

It is the coronene a good reduced model LUMO LUMO+1 LUMO+2 LUMO+3

to study larger systems?
3
o0 i
Ty
Benzene g
Circumbenzene o
(Coronene)
Circumcoronene
g
TD-DFT (B3LYP/6-31G**+) —» g
$
2
The MOs involved in the bright excited 5
states in coronene: )
2By (Se) and 2B3y, (S7),
are the same in the bright excited states in U

circumcoronene:

2By (S3) and 2B3y, (Sa).

HOMO-3 HOMO-2
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Coronene vs Circumcoronene: Absorption spectra

Absorption Intensity ~ Absorption Intensity
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Coronene vs Circumcoronene: Quantum dynamics from S,

1.0

(a) coronene

e
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t
(b) circumcoronene 1B3, 1By 2Ag
1By —— 1A, 2By, B

e 2 2

> o o
T T T
I I

Dia. population

Lt

N
T
I

0 10 20 30 40 50
time / fs

o

— Same excited state decay

— Slower dynamics in circumcoronene
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Coronene
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Dia. population Dia. population
e © o 9 R -~
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(a) coronene

f
(b) circumcoronene

1By, 1Byg 24,
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10 20 30 40 50
time / fs
— Same excited state decay
— Slower dynamics in circumcoronene
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Excited state quantum dynamics from

Coronene

every state:

Circumcoronene
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0.6 MY\~ | —
——————
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Take home messages

Main conclusions

e Excited state quantum dynamics of coronene:

Breathing and tilting modes driving the dynamics
Mixed states in Doy,

Negligible contribution of triplet states

albertoms@usal.es IBER 2023 September 7, 2023 15/16



Take home messages

Main conclusions
e Excited state quantum dynamics of coronene:
- Breathing and tilting modes driving the dynamics
- Mixed states in Djy,
- Negligible contribution of triplet states

e Excited state quantum dynamics of circumcoronene:
- Same MOs involve in the bright electronic excited states
- Same modes responsible of the decay

— Coronene is a good model to run ultrafast dynamics in polyaromatic
hydrocarbons.
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