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Abstract Using atomistic MD simulations we study the solid
columnar discotic and liquid crystalline phases formed by
the alkyl-substituted hexabenzocoronene mesogens. Correla-
tions between the molecular structure, packing, and dynami-
cal properties of these materials are established.

Systems
Columnar phases of discotic liquid crystals (LCs) and their
blends. The columnar phase consists of discs stacked on top
of each other to form columns arranged in a two-dimensional
lattice.
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Hexabenzocoronene (HBC) and its derivatives (R = H, C12,
PhC12, C10-6) - typical examples of discotic LCs.

Motivation
• Good materials: liquid crystallinity at low temperatures,

good solubility in organic solvents.

• Self-assemble in stacks. High charge carrier mobility to-
wards the electrodes (along columns). Small charge trap-
ping and recombination.

Methods
Atomistic simulations:
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Parameters of the potentials are taken from the OPLS force
field. Only the hydrogen atoms belonging to the aromatic
rings of the central core are explicitly considered, whereas the
united atom approach is adopted for the alkyl chains. Interac-
tions between pairs of sites belonging to the central aromatic
core have been excluded. See Ref. [1] for a similar model.

We simulated systems of 160 molecules, arranged in columns
of 10 molecules each. The initial configuration was a hexago-
nal arrangement of the columns. We used Berendsen thermo-
stat with pressure 0.1MPa and a temperature T = 375K. The
equations of motion have been integrated with a time step of
2 fs.
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Results
Snapshots of the systems with different lengths of the side
chains (top and side views).

R = C10-6.

R = C12.

R = PhC12.

Orientational order parameter
For each column, we calculated the orientational order tensor

Qαβ =
1

Ncol

∑

col

(

3

2
nαnβ −

1

2
δαβ

)

(2)

where n is a unit vector normal to the aromatic core. Diagonal-
izing this tensor we obtained the order parameter Q of a col-
umn (biggest eigenvalue of Qαβ) and the average orientation
of the molecules, or director d (corresponding eigenvector).

0 5 10 15
column

0.5

0.6

0.7

0.8

0.9

1

O
rd

er
 p

ar
am

et
er

C10-6
C12
PhC12

0 5 10 15
column

0.85

0.9

0.95

1

C
ol

um
n 

til
t, 

nz

Order parameter and the z-component of the director (average
tilt in the column).

Positional correlation functions
Two types of correlation functions are important for columnar
mesophase of discotic liquid crystals
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This is the probability to find a molecule at a distance n · r

from the reference molecule. The averaging is first performed
in a single column, and then over the columns (columns can
diffuse with respect to each other).
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This gives the information about the arrangement of the
molecules in the planes perpendicular to the director (in our
case - direction of the columns).
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Positional correlation functions g|| and g⊥.

Summary
C10-6 C12 PhC12

ρ, g cm−3 300K
400K 1.00

1.06
1.03

1.09
1.06

d, nm, 400K, Ch
exp
sym 2.33

2.52[4] 2.86[3]
2.56

3.4[3]
2.91

d, nm, 300K, K1

exp
sym 2.05

h, nm, 400K
exp
sym 0.34

0.355[2, 4]
0.36

0.35[2]
0.41

S, 400K
exp
sym 0.76

0.78 [2] 0.84 [4]
0.89

0.93 [2]
0.95
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