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MOLECULAR STRUCTURE OF ROD-LIKE NEMATICS.
THE SIMPLE SIMULATION ACCOUNTING INTERMOLECULAR INTERACTIONS

ANDRET V. KOMOLKIN and YURI V.MOLCHANOV
Physics Institute of Leningrad State University,
Leningrad 198904, USSR

Abstract The model accounting steric factors and intra- and
intermolecular van der Waals interactions is presented. The
molecular structure of 5CB is discussed.

INTRODUCTION

Many attempts to study the molecular structure of liquid crystals
by numerical calculation accounting intermolecular interactions have

1

been made recently. Volino et al simulated the averaged con-

formation of TBBA butyl chain using mean field potential. Samulski
et alz’3 took into consideration the influence of the liquid
crystal environment by introducing a hypothetical cylinder,
which restrictedthe molecular aliphatic chain mobility. The
authors of Refs,|[4,5| examined the behaviour of the "rigid" mole-

cular fragments in mean torque field. In the work52'5

probabilities
of alkyl chain conformers were obtained using the DMR data for
verification. Simulating liquid crystals structure by means of

atom-atom potentia156

yields conformation and arrangement of the
molecules, but the computational difficulties limit abilities
of this method.

Here we carry out the simple calculation of the molecular
structure of nematic 4-n-pentyl-4'-cyanobiphenyl (5CB). The results

are tested using the PMR and DMR data.

[6091/173
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The probability of the existence of the molecular conformer is
given by Boltzmann factor exp(-E/kT). For each conformer the
energy is considered as a sum

£ - Eintra + Einter. (1)

INTra is determined following the Ref. | 6 |

Intramolecular term E
(the case of an isolated molecule) as a sum of the energy of the
van der Waals interactions between the atoms, the torsional
energy, and the energy of the deviation of bond angles from its
equilibrium values.

Calculating the intermolecular energy, we assume that the
liquid crystal environment restricts the free volume for a mole-
cule. Nematic molecule rapidly rotates around the long molecular
axis. It allows us to consider this volume as a cylinder with
the axis coincident with the long molecular axis. The conforma-
tional mobility and the rotation of the entire molecule are
independent, and the time of the existence of a conformer is
shorter than the correlation time of the rotational diffusion.

So when the mclecule changes its conformation, the long molecular
axis does not reorient in the laboratory frame, but the positions
of some molecular fragments are being moved relatively tothe axis.
For the each conformer this axis is the principal axis of the
molecular inertia tensor. The cylinder radius does not depend

on the conformational state and this is the only parameter
describing the influence of the environment on the molecule.

Being the molecule inside the cylinder it suffers the influence

of the environment molecules. The main part of the influence is
the van der Waals interactions between atoms, For the
full calculation of these interactions one ought to sum the inter-
actions of each atom of the studied molecule with the atoms of the
environment. In the first approximation accounting short range

of the van der Waals forces we are limited in consideration
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of the only atoms of the environment placed on the cylinder wall
in the nearest point to the each atom of the molecule. The environ-
ment atom is believed to be the hydrogen atom. In this case the
intramolecular energy is calculated using the standard Lennard-
Jones 6-12 potential with the MCMS parameters7

eIt SN AR - BT (2)

where iH is the distance between atom i and the cylinder surface
(Fig.1).

SIMULATION OF 5CB

The molecular structure of 5CB is shown in Figure 1.

=gty

FIGURE 1 The molecule of 5CB in hypothetical cylinder.

The distributions of probabilities p(BO) for angle BO between
the two planes of the rings in biphenyl is given in Figure 2.

0.1

p(B,)

0.06 T T

0 30 BO/O 180 90 120 61/5 150 180
FIGIRE 2 The probability of angles BO and B1 in the conformers of 5CB.



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:55 19 February 2013

176/{612] A.V.KOMOLKIN and Y.V.MOLCHANOV

The profile is practically in-
e dependent of the alkyl chain
—t conformation and the cylinder
= radius R. It has its maximum
FIGUIRE 3 Calculated (C) and experimental  at 30°. The good agreement of
(E) PR spectra of SCB'dH' the computated and the experi-
mental proton NMR spectra of
the biphenyl unit of 5CB is obtained for BO = 31° (Figure 3)8. This
result is practically coincident with the results of other methods.

The most probable value of the first dihedral angle [31 in the
alkyl chain at the junction of the aromatic ring is equal to 90°.
Variation of radius R gives only changes in maximum height of the
probability profile (Figure 2).

The alkyl chain of 5CB was simulated within the rotational
isomeric state limit. We admitted the angle values in trans (Tr)
state 180° and in gauche (G+) statesas 60°and 68°. In the computa-
tions we fixed BO = 31° and 81 = 90°., The resulting sets of
possible conformers for some values of R including R =oo (the iso-
lated molecule) are presented in Table 1. In the last column of
the Table the conformer probabilities of the pentyl chain

0

4.5 46 4.7 4.8 R/K 50 ©°

FIGURE 4 Calculated (C) and experimental (E) DMR splittings
for 5CB-d11 (a) and PMR spectra of 5CB (b).
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TABLE 1 Conformer probabilities of 5CB (%).

[o]

Angles Cylinder radii R/A
BZ 837 64 4,70 4.80 4.85 4.90 5.00 oo (h,oo
Tr, Tr, Tr | 44,7 32.5 25.7 19.5 12.1 5.4 15.2
¥r, Tr, 6+ | O .1 0.4 1,3 3.5 2.8 7.9
Tr, G+, Tr ! 15.4 11.9 9.7 7.6 5.0 2.9 7.9
Tr, B+, 6+ | 11.0 13.4 12.2 10.1 6.8 2.4 4.1
G+, Tr, Tr ! © 0 0 o o 15.8 7.9
G+, Tr, G+ | O o 0 < 0 8.1 4.1
GF, Tr, G+ { O 1.8 5.9 11.7 20.% 6.7 4.1
G+, G+, Tr | © o 0 ) o 5.9 4.1
G+, G+, B+ | 1.2 6.5 8.9 9.6 8.6 2.5 2.2

4

non-interacting with biphenyl unit are given for R = oo,

The influence of this interaction on conformational structure
is obvious. It leeds to growth of the probability of 6TrTr con-
formers and redistribution of others.

For the deuteriated pentyl chain of 5CB, the best agreement
of the DMR splitting observationsg’2 and the calculations is
obtained when R is equal 4.8 R (Figure 4a). The best agreement of
the PMR spectra of 5CB is observed with R = 4,85 R (Figure 4b).

The PMR and DMR spectra are caused by the different mecha-
nisms of interactions. The offered model gives the same molecular
structure of 5CB for the both PMR and DMR data. It means that the
model can be successfully employed for the conformational analysis.

REFERENCES

t. F.Volino, A.J.Dianoux, J.Berges, and H.Perrin, Mol.Cryst.Liq.
Cryst., 90, 281 (1983); 142, 107 (1987).
2. E.T.Samulski and R.Y.Dong, J.Chem.Phys., 77, 5090 (1982).
3. E.T.Samulski and H.Toriumi, J.Chem.Phys., 79, 5194 (1983).
4. J.W.Emsley, G.R.Luckhurst, and C.P.Stockley, Proc.R.Soc.A,
381, 117 (1982).
5. C.J.R.Counsell, J.W.Emsley, G.R.Luckhurst, and H.S.Sachdev,
Mol.Phys., 63, 33 (1988).
. A_V.Komolkin,Yu.V.Molchanov,and P.P.Yakutseni,Liq.Cryst.,4,(1989),
. F.A.Momany, L.M.Carruthers, R.F.McCuire, and H.A. Scheraga,
J.Phys.Chem., 78, 1595 (1974).
8. A.V.Komolkin and Yu.V.Molchanov, Lig.Cryst., 4, 117 (1989).
9. J.W.Emsley,J.C.Lindon,and G.R.Luthurst,MoI.Pﬁys.,§9)1913(1975).

~N O





