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Abstract: Applying an extended Peierls–Hubbard model to π electrons in a coronene isomer, we
investigate their ground-state properties and photoinduced dynamics with particular interest in
possible loop current states. Once we switch on a static magnetic field perpendicular to the coronene
disk, diamagnetic (diatropic) and paramagnetic (paratropic) loop currents appear on the rim circuit
and inner hub, respectively. Besides this well-known homocentric two-loop current state, heterocen-
tric multiloop current states can be stabilized by virtue of possible electron–lattice coupling. These
multiloop current states generally have a larger diamagnetic moment than the conventional two-loop
one, and hence it follows that coronene, or possibly polycyclic conjugated hydrocarbons in general,
may become more aromatic than otherwise with their π electrons being coupled to phonons. When
we photoirradiate a ground-state coronene isomer without applying a static magnetic field, loop
currents are induced in keeping with the incident light polarization. Linearly and circularly polarized
lights induce heterocentric two-loop and multiloop currents, respectively, without and together with
two homocentric loop currents of the conventional type, respectively. The heterocentric two-loop
currents occur in a mirror-symmetric manner, which reads as the emergence of a pair of antiparallel
magnetic moments, whereas the heterocentric multiloop ones appear at random in both space and
time, which reads as the emergence of disordered local magnetic moments.

Keywords: polycyclic aromatic hydrocarbon; coronene; loop current; photoinduced dynamics

1. Introduction

Ring currents in conjugated π-electron systems are closely related to their aromatic-
ity [1,2]. In monocyclic systems, aromatic compounds with 4n + 2 π electrons (n: integer)
exhibit a diamagnetic current, whereas antiaromatic compounds with 4n π electrons show
a paramagnetic current [3]. These π-electron ring currents can be observed through nu-
clear magnetic resonance spectroscopy [4,5]. In polycyclic systems, the classification of
ring currents is not as simple as in monocyclic systems. The interplay of geometric struc-
tures, electronic structures, and molecular vibration modes causes a novel response to a
magnetic field.

Coronene of chemical formula C24H12 [6] is a chemically stable and highly symmetric
polycyclic conjugated hydrocarbon, which has six centrosymmetrically edge-sharing ben-
zene hexagons assembled in a concentric disk (Figure 1a). Its zigzag perimeter and internal
hexagon have 18 and 6 π electrons, respectively, each satisfying the aromatic Hückel count
4n + 2 and therefore implying conrotatory diamagnetic currents emergent along the outer
and inner circumferences. However, nucleus-independent chemical-shift observations [7]
and density functional calculations [8,9] both claim that coronene isomers have diamagnetic
outer and paramagnetic inner circuits. Graphical [10] and further density functional [11,12]
investigations demonstrate various lattice vibration modes as well as ring current patterns.
In addition, potassium (K)-doped coronene exhibits superconductivity with its critical
temperature amounting to 15 K [13–16]. The electronic properties of coronene and related
polyaromatic hydrocarbons [17] are thus multifunctional and therefore attractive.
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In recent years, photoinduced ring currents in aromatic molecules have been attracting
considerable attention from the viewpoint of coherent control of electric currents, where
simple and small molecules, such as benzene [18], Na10 rings [19], and (P)-2,2′-biphenol [20],
have been investigated based on time-dependent density functional approaches. In such
circumstances, we focus on photoexcited coronenes in an attempt to obtain new insights
into dynamic ring currents in polycyclic aromatic compounds. First, we investigate pos-
sible electronic states, including ring current states, of coronene based on an extended
Peierls–Hubbard model. The interplay of an electron–lattice (el) coupling and Coulomb
interactions is discussed using ground-state phase diagrams with and without an applied
static magnetic field. Second, we simulate the photoirradiation of coronenes with linearly
and circularly polarized lights, and observe the induced electric currents, electric polariza-
tions, and optical conductivities. We find new loop current structures that never appear
under the applied static magnetic field, and demonstrate photomanipulation of the electric
circulations by the polarization of light, which leads to the new development of organic
optoelectronic devices.
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Figure 1. (a) A coronene isomer with physical parameters t (bare transfer integral), α (electron–lattice
coupling), U (on-site Coulomb repulsion), V (inter-site Coulomb repulsion), and a (distance between
adjacent carbon atoms). Green, red, blue, and gray circles indicate the 1st-, 2nd-, 3rd-, and 4th-site
carbons, respectively, in a Y-shaped unit. (b) The vector potential A ≡ (−yB/2, xB/2, 0) induces a
static magnetic field, B = (0, 0, B).

2. Model Hamiltonian

Employing a half-filled extended Peierls–Hubbard Hamiltonian, we describe π elec-
trons on a coronene molecule:

H = −
6

∑
l=1

∑
σ=↑,↓

[
tl+1:1,l:1c†

l+1:1,σcl:1,σ + tl:2,l:1c†
l:2,σcl:1,σ + tl:3,l:2c†

l:3,σcl:2,σ

+ tl:4,l:2c†
l:4,σcl:2,σ + tl+1:3,l:4c†

l+1:3,σcl:4,σ + h.c
]
+ U

6

∑
l=1

4

∑
i=1

nl:i,↑nl:i,↓

+ V
6

∑
l=1

(
nl+1:1nl:1 + nl:2nl:1 + nl:3,nl:2 + nl:4nl:2 + nl+1:3nl:4

)
+

K
2

6

∑
l=1

(
y2

l+1:1,l:1 + y2
l:2,l:1 + y2

l:3,l:2 + y2
l:4,l:2 + y2

l+1:3,l:4

)
, (1)

tm:j,l:i = t exp
[
−i

e
h̄c

∫ rm:j

rl:i

A(r) · dr
]
− αym,j,l:i, (2)

where nl:i ≡ ∑σ=↑,↓ nl:i,σ ≡ ∑σ=↑,↓ c†
l:i,σcl:i,σ is the occupation operator with c†

l:i,σ creating
a σ-spin electron at the i-th (i = 1 to 4)-site carbon in the l-th (l = 1 to 6) unit indicated
by rl:i (Figure 1a). A periodic boundary condition along the circumferential direction is
imposed as c†

7:i,σ = c†
1:i,σ, y7,j,6:i = y1,j,6:i, and r7:i = r1:i. We introduce the vector potential
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A(r) by multiplying the electron hopping t by a Peierls phase factor as in Equation (2),
where α and ym:j,l:i denote an el coupling and a lattice displacement between the j-th-site
carbon in the m-th unit [(m : j) carbon] and the i-th-site carbon in the l-th unit [(l : i)
carbon], respectively. On-site and inter-site Coulomb repulsions are denoted as U and
V, respectively, and a spring constant is given by K. In the present study, a numerical
diagonalization is conducted by using the LAPACK (version 3.2) subroutine ZHEEV.

3. Ground-State Phase Varieties and Their Optical Features

The possible electronic states of coronene in the absence and presence of a static
magnetic field are discussed within a Hartree–Fock (HF) scheme [21,22]. The lattice dis-
placements are determined so as to minimize the ground-state energy under the conditions
∑6

l=1 yl+1:1,l:1 = 0, ∑6
l=1 yl+1:2,l:2 = 0, and ∑6

l=1(yl:3,l:2 + yl:4,l:2 + yl+1:3,l:4) = 0, which con-
serve the lengths of the hub and rim circumferences, and the volume of the molecule. We
consider the z-direction uniform magnetic field, which is induced by the vector potential
presented in Figure 1b. When B = 0, the point-group symmetry of the Hamiltonian is
D6h. Figure 2a shows a ground-state phase diagram with no magnetic field. A bond-order-
wave (BOW) state with full symmetry of the Hamiltonian predominates in a moderate
el-coupling and Coulomb-interaction regime. With reference to the parameters for poly-
acetylene (t = 2.5 eV, α = 4.1 eV/Å, K = 21 eV/Å2, α/

√
Kt = 0.56, and U/t ≃ 1) [23–25],

BOW is likely to be a candidate for a realistic ground state [11]. With increasing Coulomb
interactions and el coupling, a charge density wave (CDW) in the y direction (y-CDW) and
a CDW in the x direction (x-CDW) appear, respectively, as broken symmetry solutions [26].
In addition, charge polarization (CP) in the x and y directions, abbreviated as x-CP and
y-CP, respectively, are induced by the strong el coupling. Such a charge-polarized state
exists as a broken symmetry solution in platinum-halide ladder compounds as well [27].
However, it never becomes a true ground state because Peierls-distorted states are more
stable in quasi-one-dimensional systems. In contrast, CP in coronene possibly occurs
spontaneously without any applied external field.

Once a magnetic field is applied, the point-group symmetry of the Hamiltonian is
reduced to C6h, and the time-reversal symmetry is broken. The static magnetic field in-
duces various ring current states as is shown in Figure 2b. In the moderate el-coupling
and Coulomb-interaction regime, a two-loop current (2-LC) state, with full symmetry of
the Hamiltonian under a magnetic field, appears. The inner and outer currents are para-
magnetic and diamagnetic, respectively. In our calculations, the paramagnetic current is
sufficiently smaller than the diamagnetic one, which is consistent with previous work [8–10].
The other kinds of loop current states, the four-loop current (4-LC) and five-loop current
(5-LC) states, are stabilized by the strong el coupling. These multiloop current states appear
as broken symmetry solutions with C3h symmetric lattice distortions. These lattice distor-
tions make the effective transfer integral nonuniform and bring about the heterocentric
multiloop currents. In comparison with the conventional homocentric 2-LC state, the 5-LC
state has three more diamagnetic circuits, and the 4-LC state has three more diamagnetic
circuits and no paramagnetic circuit. Since two-loop currents on the rim circuits and inner
hub are almost the same among the 5-LC, 4-LC, and 2-LC states, the diamagnetic currents
simply increase in the heterocentric loop structures. Then, diamagnetic moments in the
5-LC and 4-LC states are about 14 percent and 15 percent, respectively, larger than those
in the 2-LC state. Thus, the coronene with sufficiently strong el coupling, possibly with
heterocentric multiloop currents, shows higher aromaticity. In kekulene, consisting of
twelve annelated benzene rings, for example, heterocentric multiloop currents actually
appear in response to a uniform magnetic field [28]. The Coulomb interactions do not
change the loop current structure, but simply bring about the CDW structure.
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Figure 2. Ground-state phase diagrams on a U-α plane in the absence (a) and presence (b) of the
static magnetic field, where V is set to 0.7U. Possible electronic states are also illustrated, where the
size of circles denotes the amount of electron densities and the round arrows indicate loop currents.
The symbols × point to (U/t, α/

√
Kt) = (1.0, 0.64) for BOW, (1.5, 0.90) for x-CP, (2.0, 0.90) for y-CP,

(1.0, 0.64) for 2-LC, (0.5, 0.70) for 5-LC, and (1.5, 0.90) for 4-LC, which are the parameter points of the
electronic states in the investigation of optical conductivities (Figure 3). In particular, the red cross
indicates the initial BOW state in the investigation of photoinduced dynamics.
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Figure 3. Polarized optical conductivities in the absence [(a) BOW, (b) x-CP, and (c) y-CP] and
presence [(d) 2-LC, (e) 5-LC, and (f) 4-LC] of the static magnetic field.

Let us observe the ground-state optical conductivity spectra σλ(ω) (λ = x, y) of several
electronic phases [29],

σλ(ω) =
π

ω ∑
µ

|⟨Eµ|Jλ|E0⟩|2δ(Eµ − E0 − h̄ω), (3)
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where |Eµ⟩ is the µ-th one-electron–hole-pair excited state from the ground state |E0⟩, and
the current-density operator J = (Jx, Jy, 0) is defined as

J =
6

∑
l=1

(jl+1:1,l:1 + jl:2,l:1 + jl:3,l:2 + jl:4,l:2 + jl+1:3,l:4), (4)

jm:j,l:i = jm:j,l:i
(rm:j − rl:i)

|rm:j − rl:i|
;

jm:j,l:i = −i
ea
h̄ ∑

σ=↑,↓
(tm:j,l:ic†

m:j,σcl:i,σ − H.c.). (5)

The optical conductivity (Equation (3)) is defined as a response to an external electric field
within a linear response theory [30]. It corresponds to the current–current correlation
function, which tells us the photoabsorption spectrum of electronic systems [31].

Figure 3 presents the thus-obtained polarized optical conductivities. The energy gap of
the BOW state (Figure 3a) is 3.0 eV when t = 2.5 eV, which is consistent with the energy gap
of 2.9 eV obtained by density functional theory [14]. There exist three well-defined energy
bands. In the electrically polarized states, x-CP (Figure 3b) and y-CP (Figure 3c) states,
the degeneracy of σx(ω) and σy(ω) is lifted. Their oscillator strengths are continuously
distributed over the low-energy and high-energy regions in comparison with those of the
BOW state. In the presence of the magnetic field (Figure 3d–f), all the loop current states
show optical gaps, and the oscillator strengths decrease gradually from the low-energy
to high-energy regions, at a glance. The spectra of the 2-LC and 5-LC states seem to be
almost the same, but that of the 5-LC is slightly shifted toward a higher-energy region.
The spectrum of the 4-LC state with no paramagnetic circuit is obviously distributed in a
higher-energy region in comparison with that of the 2-LC state. With an increase in the
aromaticity, the optical conductivity spectrum is blue-shifted. The loop current states as
well as the BOW state have rotational symmetry around the principal (z) axis (the BOW
and 2-LC states are invariant to the C6 and C3 rotations, while the 4-LC and 5-LC states are
invariant to the C3 one). In such a rotationally symmetric state, a center of electric charge is
located at the origin, and therefore, it shows the isotropic response to an external electric
field (Figure 3a,d–f), unlike the electrically polarized states (Figure 3b,c).

4. Light-Polarization-Dependent Dynamic Loop Currents

We consider the photoexcitation of the initial BOW state. Electron and lattice dynamics
of photoexcited coronene are investigated by solving the time-dependent Schrödinger
equation [32,33]:

ih̄
d

dτ
|Ψν,σ(τ)⟩ = HHF(τ)|Ψν,σ(τ)⟩, (6)

where |Ψν,σ(τ)⟩ (ν = 1, 2, · · · , 24; σ =↑, ↓) is the one-particle wavefunction for a σ-spin
electron on the ν-th energy level at time τ, which at τ → −∞ corresponds to the ν-th
eigenstate of the static HF Hamiltonian. The lattice displacement between carbons in this
two-dimensional system is evaluated as

ym:j,l:i ≃
(rm:j − rl:i) · (um:j − ul:i)

|rm:j − rl:i|
, (7)

where ul:i is a displacement of the (l : i) carbon from its equilibrium position rl:i. We treat
the lattice vibrations classically and consider the time evolution of the classical value ul:i
based on the equation of motion:

M
d2

dτ2 ul:i = −∂⟨HHF(τ)⟩
∂ul:i

[≡ F(τ)], (8)
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where the mass of the carbon atom M is set to 1349.14 eVfs2/Å2 [34], and ⟨· · · ⟩ is an expec-
tation value in the state |Ψ(τ)⟩ = Π12

ν=1Πσ=↑,↓ ⊗ |Ψν,σ(τ)⟩. |Ψ(−∞)⟩ corresponds to the ini-
tial BOW state. Discretizing the time by ∆τ, we numerically integrate Equations (6) and (8)
step by step. The electronic part is solved as

|Ψν,σ(τ + ∆τ)⟩ = T exp
[
− i

h̄

∫ τ+∆τ

τ
dτ′ HHF(τ

′)

]
|Ψν,σ(τ)⟩

≃ exp
[
− i

h̄
HHF(τ)∆τ

]
|Ψν,σ(τ)⟩

=
24

∑
ν′=1

∑
σ′=↑,↓

exp
[
− i

h̄
εν′ ,σ′∆τ

]
|ϕν′ ,σ′⟩⟨ϕν′ ,σ′ |Ψν,σ(τ)⟩, (9)

where T is the time-ordering operator, while εν′ ,σ′ and |ϕν′ ,σ′⟩ denote the eigenvalue and
eigenfunction of the instantaneous Hamiltonian HHF(τ), respectively. Here, we note that
∑24

ν′=1 ∑σ′=↑,↓ |ϕν′ ,σ′⟩⟨ϕν′ ,σ′ | = 1. The equation of motion for the lattice displacement {ul:i}
(Equation (8)) is a second-order differential equation and is treated as the simultaneous
first-order differential equations for {ul:i} and {u̇l:i}:

M
d

dτ
u̇l:i = F(τ),

d
dτ

ul:i = u̇l:i. (10)

Based on a standard Euler method, we obtain the time evolution of the lattice part as

ul:i(τ + ∆τ) = ul:i(τ) + u̇l:i(τ)∆τ,

u̇l:i(τ + ∆τ) = u̇l:i(τ) +
F(τ)

M
∆τ, (11)

where ∆τ is set to 5 × 10−4ω−1
Q = 5 × 10−4

√
M/2K. We describe a pumping laser pulse by

the vector potential

A(τ) = [Ax(τ), Ay(τ), 0];

Ax(τ) = A0e−γ2(τ−τ0)
2

cos θ cos ω0τ,

Ay(τ) = A0e−γ2(τ−τ0)
2

sin θ cos (ω0τ − κπ/2), (12)

where h̄ω0 is the photon energy. When we set κ equal to zero and unity, Equation (12)
yields linearly and circularly polarized lights, respectively. The applied dynamic electric
field is given by E(τ) = −(1/c)dA(τ)/dτ. The pumping photon energy h̄ω0 is set to the
optical gap energy of the initial BOW state, while A0, γ−1, and τ0 are set to 0.04h̄c/ea,
14ω−1

Q , and 20ω−1
Q , respectively.

To observe photoinduced loop currents, we calculate the electric currents along the
perimeter of the individual benzene ring and rim of the coronene molecule:

J0(τ) =
1
6

6

∑
l=1

⟨jl+1:1,l:1⟩, (13)

Jl(τ) =
1
6
⟨jl:2,l:1 + jl:4,l:2 + jl+1:3,l:4 + jl+1:2,l+1:3

+ jl+1:1,l+1:2 + jl:1,l+1:1⟩ (l = 1 to 6), (14)

J7(τ) =
1
18

6

∑
l=1

⟨jl:2,l:3 + jl:4,l:2 + jl+1:3,l:4⟩, (15)
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where J0, Jl (l = 1 to 6), and J7 correspond to the center benzene, surrounding six benzenes,
and rim components, respectively. The electric polarization

P(τ) = [Px(τ), Py(τ), 0] =
6

∑
l=1

4

∑
i=1

⟨nl:i⟩rl:i (16)

is also monitored in the time evolution of the electronic state.
Let us overview the photoinduced electron dynamics of coronene in Figure 4. In the

case of photoirradiation with θ = 0 linearly polarized light (Figure 4a–c), loop currents do
not emerge along the internal hexagon or along the zigzag perimeter, unlike the magnetic-
field-induced ring current states. The second and fifth benzene rings on the x axis also show
no loop current, but the first, third, fourth, and sixth benzene rings, located perpendicular to
the direction of the electric field, show the circulations of electrons. The electric polarization
in the x direction (Px) is also induced by the laser pumping. In the case of photoirradiation
with θ = π/6 linearly polarized light (Figure 4a′–c′), both the J0 and J7 components are
zero as in the case of θ = 0, but the other loop current components, Jl (l = 1 to 6), are
observed. Regarding the electric polarization, Px and Py appear in phase with each other,
while the magnitude of the induced polarization is smaller than that in the θ = 0 case. The
linearly polarized light induces neither J0 nor J7. On the other hand, all the loop current
components, including J0 and J7, are induced by the circularly polarized light with θ = π/4
(Figure 4a′′–c′′). The oscillations of the induced Px and Py show asynchronicity originating
from the phase difference in the applied electric field.
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Figure 4. The vector potentials A(t) for linearly polarized light with θ = 0 (a) and θ = π/6 (a′)
and circularly polarized light with θ = π/4 (a′′). The time evolutions of the induced loop currents
[(b), (b′), and (b′′)] and electric polarizations [(c), (c′), and (c′′)] are presented.

Figure 5 presents the details of the dynamical electric currents and polarizations after
laser pumping. First, we focus on the loop currents induced by the linearly polarized
light with θ = 0 (Figure 5a). In Figure 5a, J1 (red solid line) and J6 (green dotted line)
almost always show the same sign, i.e., the same direction of circulation (see, for example,
around τωQ = 102 and 114.5). In this sense, the electric circulations on the adjacent first
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and sixth benzene rings occur in phase with each other, and form a one large loop current.
Such a composite loop current appears on the adjacent third and fourth benzene rings
as well. These two loop currents are in mirror symmetry with respect to the z-x plane.
In Figure 5b, Px is generated when the loop currents temporarily disappear. In other
words, the heterocentric two-loop currents and electric polarization appear alternately
in time. Figure 6a,b show the optical conductivities at τωQ = 101 and 111, respectively.
A difference between σx and σy, which is a characteristic of the CP states, is observed
in Figure 6a, whereas a gradual decrease in oscillator strength from the low-energy to
high-energy regions, which is a characteristic of the ring current states, is seen in Figure 6b.
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Figure 5. Dynamic loop currents (the upper panels) and electric polarizations (the lower panels) in
the range of 100 ≤ τωQ ≤ 120, which are induced by the photoirradiations with linearly polarized
light with θ = 0 (a,b) and θ = π/6 (a′,b′) and circularly polarized light with θ = π/4 (a′′,b′′). We
calculate optical conductivities at the times indicated by vertical dotted lines (see Figure 6).
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Figure 6. Instantaneous polarized optical conductivities for the BOW state photoirradiated with
linearly polarized light with θ = 0 (a,b) and θ = π/6 (a′,b′) and circularly polarized light with
θ = π/4 (a′′,b′′).

Second, we focus on the loop currents induced by the linearly polarized light with
θ = π/6 (Figure 5a′). The loop currents on the first and second benzene rings, third and
sixth benzene rings, and fourth and fifth benzene rings, respectively, are circulating pairs
in opposite directions to each other. This loop current state is also mirror-symmetric with
respect to the polarization plane of E(τ). Since the induced electric polarizations are small
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(Figure 5b′), only the loop currents can be considered to always exist in the photoexcited
coronene. In Figure 6a′,b′), the polarization dependence of the optical conductivity is small
in comparison with that in Figure 6a.

Finally, we focus on the loop currents induced by the circularly polarized light with
θ = π/4 (Figure 5a′′). No symmetry exists with respect to the loop current structure unlike
the case of the linearly polarized light. All the loop current components appear and the het-
erocentric multiloop structure is formed, but these electric circulations occur at random in
both space and time. In addition, the photoexcited coronene is always polarized electrically
(Figure 5b′′), because the induced Px and Py show an asynchronous oscillation due to the
initial phase difference in E(τ). In the optical conductivity spectra (Figure 6a′′,b′′), charac-
teristics of the CP states, the polarization dependence and the continuous distribution of
the oscillator strength, are clearly observed.

Thus, the photoirradiation, that is, the application of the dynamic electric field, induces
loop currents accompanied by electric polarizations. These dynamic electric currents and
polarizations are both tunable with incident light polarization.

5. Summary and Discussion

We have revealed possible ring current states in coronene under an applied static
magnetic field and tracked their dynamic loop current fluctuations induced by an electric
field. We find heterocentric multiloop current phases stabilized by an el coupling. The
coronene with sufficiently strong el coupling, possibly having heterocentric multiloop
currents, shows higher aromaticity. Linearly and circularly polarized lights induce hetero-
centric two-loop and multiloop currents, respectively. The heterocentric two-loop current
occurs in a mirror-symmetric manner, whereas the heterocentric multiloop currents appear
at random in both space and time. These dynamic loop currents are strikingly different
from a conventional magnetic-field-induced homocentric two-loop current.

Electrically induced loop currents have been investigated in fullerene [35], carbon
nanotubes [36,37], and graphene [38] as well. In these systems, an injection of a current by
application of a bias voltage gives rise to loop currents inducing magnetic moments. Such
an electrical creation of magnetic moments is much more interesting from the viewpoint
of applications. For coronene, the θ = 0 linearly polarized light may be useful to make a
magnetic moment. In the coronene photoexcited with linearly polarized light with θ = 0,
there exists a loop current pair which is mirror-symmetric with respect to the z-x plane, as
mentioned above. This fact means that the photoexcited system has an antiparallel pair
of magnetic moments. On the other hand, in the coronene photoexcited with circularly
polarized light with θ = π/4, the loop-current-induced magnetic moments are disordered,
which leads to the emergence of local paramagnetic moments. The oscillations of these
magnetic moments induce magnetic dipole radiation. Such radiation is expected especially
in the case of linearly polarized light, which induces coherent oscillation. The photoexcited
coronene molecule has a potential application in devices that generate electromagnetic
waves. The quantitative estimation of loop-current-induced magnetic moments is an
intriguing topic for future research.
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10. Randić, M.; Novič, M.; Vračko, M.; Vukičević, D.; Placšć, D. π-electron currents in polycyclic conjugated hydrocarbons: Coronene

and its isomers having five and seven member rings. Int. J. Quant. Chem. 2012, 112, 972. [CrossRef]
11. Kato, T.; Yoshizawa, K.; Yamabe, T. Jahn-Teller effects in the coronene anions and cations. J. Chem. Phys. 1999, 110, 249. [CrossRef]
12. Kato, T.; Yamabe, T. Electron-intermolecular-phonon coupling and possible superconductivity in negatively charged coronene

and corannulene. J. Chem. Phys. 2002, 117, 2324. [CrossRef]
13. Devos, A.; Lannoo, M. Electron-Phonon coupling for aromatic molecular crystals: Possible consequences for their superconduc-

tivity. Phys. Rev. B 1998, 58, 8236. [CrossRef]
14. Kosugi, T.; Miyake, T.; Ishibashi, S.; Arita, R.; Aoki, H. Abinitio electronic structure of solid coronene: Differences from and

commonalities to picene. Phys. Rev. B 2011, 84, 020507(R). [CrossRef]
15. Roth, F.; Bauer, J.; Mahns, B.; Büchner, B.; Kunpfer, M. Electronic structure of undoped and potassium-doped coronene investigated

by electron energy-loss spectroscopy. Phys. Rev. B 2012, 85, 014513. [CrossRef]
16. Kubozono, Y.; Mitamura, H.; Lee, X.; He, X.; Yamanari, Y.; Takahashi, Y.; Suzuki, Y.; Kaji, Y.; Eguchi, R.; Akaike, K.; et al.

Metal-intercalated aromatic hydrocarbons: A new class of carbon-based superconductors. Phys. Chem. Chem. Phys. 2011,
13, 16476. [CrossRef]
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