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Development of an All-Atom Force Field
for the Simulation of Liquid Crystal
Molecules in Condensed Phases (LCFF)

MELANIE J. COOK and MARK R. WILSON’
Department of Chemistry, University of Durham, South Road, Durham DH1 3LE, UK

(Received August 10, 2000; In final form October 9, 2000)

A set of intermolecular potential energy functions have been developed for use in computer simuia-
tions of mesogenic molecules in the isotropic and liquid crystalline phases. Primarily, the force field
parameters have been developed for the mesogens GGSCl and meSNF. Together, these molecules
contain a number of important structural features present in many calamitic mesogens: including con-
jugated phenyl rings, lateral fluorination, an ester group, alkyl chains, terminal dipolar groups (chloro
and cyano groups respectively). Where possible we have adopted data from the AMBER and
OPLS-AA force fields to describe these systems, and have extended these force fields using a combi-
nation of high level quantum mechanical calculations and X-ray structural data. The potential func-
tions obtained in this way are used to define a liquid crystal force field (LCFF) that can be extended
easily to other mesogens containing different fragments. Validation of the LCFF was carried out by
computing structural and thermodynamic data for the molecules me5SNF, GGSCI and the mesogenic
fragments phenyl acetate and methy! benzoate using molecular dynamics simulations.

Keywords: liquid crystals; force field; molecular simulation; molecular dynamics; LCFF

1 INTRODUCTION

Computer modelling is becoming increasingly important as a tool to study the
structure and dynamics of liquid crystal molecules and liquid crystal phases. One
of the key modelling areas is that of molecular modelling where classical poten-
tial energy functions are used to describe both intra- and intermolecular interac-
tions for any given system [1,2]. For example, there has recently been
considerable progress in simulating bulk liquid crystal phases using either Monte
Carlo or molecular dynamics simulation methods to sample intra- and intermo-
lecular degrees of freedom [3-11]. At the heart of such calculations are molecu-
lar mechanics force fields that describe the total energy of the molecules as a sum
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of the steric and nonbonded interactions present. Given the importance of these
force fields, careful consideration should be made to the functional form used,
and the parameters required in order to apply them to liquid crystal systems.

In standard force fields the molecule is considered as a collection of atoms
Joined together by elastic restoring forces. These forces are described by simple
mathematical functions that characterize the distortion of each structural feature
within the molecule: bond stretches, angle bends, torsional angle deformations
and nonbonded interactions. Over the years considerable work has been under-
taken in order to develop new potentials that accurately model intermolecular
interactions. In the early days molecular modelling was influenced strongly by
the desire to model biological systems. Consequently, much of the initial work
was centered around developing accurate parameters focussed on biomolecules,
particularly peptides and nuclei acids resulting in force fields such as CHARMM
[12,13] and AMBER [14]. These force fields have now been extended to contain
many new parameters which cover a wider range of organic molecules [15]. A
different strand of force field development stems from the work of Allinger and
co-workers with their development of the MM1 [16], MM2 [17], MM3 [18] and
MM4 [19-23] force fields based on predicting the structures and conformational
energies of isolated organic molecules. Most recently we have seen the develop-
ment of Jorgensen's OPLS (Optimised Potentials for Liquid Simulations) all
atom and united atom force fields [24-28]. The latter has already proved to be
useful in bulk simulations of liquid crystal molecules [3-5].

The current paper considers the adaptation of the OPLS (all-atom) and
AMBER force fields to typical liquid crystal molecules. In particular, we con-
sider the derivation of a force field for the liquid crystal molecules meSNF and
GGS5Cl (figure 1) that, between them, contain common structural features present
in many mesogens: conjugated phenyl rings, lateral fluorination, an ester group,
alkyl chains, terminal dipolar groups (chloro and cyano groups respectively). We
employ ab initio quantum mechanical studies of fragments of these molecules
and X-ray structural data to derive force fields parameters, and we carry out
state-of-the-art molecular dynamics simulations of the fragment molecules phe-
nyl acetate and methyl benzoate in the bulk liquid to test the force field. The
computed results are compared directly to experimental thermodynamic and
structural data. The layout of this work is as follows. In section 2, we discuss the
choice of functional form for our liquid crystal force field, in section 3 we deter-
mine force field parameters for this form and then use these in section 4 to simu-
late phenyl acetate, methyl benzoate, me5SCF and GG5CI in the bulk liquid
phases. We summarise in section 5. Finally, we make use of the force fields
derived in this work in the next paper in this issue [29] to study dipole correlation
in the pretransitional region of the isotropic phase of meSNF and GG5CL
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FIGURE 1 Structure of a) meSNF and b) GG5Cl

2 CHOICE OF FUNCTIONAL FORM FOR THE LIQUID CRYSTAL
FORCE FIELD

A number of elements come into consideration when choosing a functional form
for a liquid crystal force field. The most accurate single molecule force fields are
currently the MM4 [19-23] and the Merck Molecular Force Field (MMFF94)
{30-34]. Both these force fields use an exponential form for the repulsive part of
the nonbonded interactions. While this is certainly more accurate than a 1/r12
form at short intermolecular separations, it is extremely expensive for bulk simu-
lations of mesogens where thousands of nonbonded interactions must be com-
puted in a single molecular dynamics step or in a Monte Carlo trial move.
Consequently, in this work we have followed the OPLS and AMBER force fields
and have adopted a Lennard-Jones 12:6 form to describe the nonbonded parame-
ters. At the temperature and pressure ranges normally associated with mes-
ophases (250450 K, 1 atmosphere) we would expect the sampling of the high
energy region of the repulsive part of the potential to be a relatively rare event.
Moreover, in fluid states of matter, groups are constantly in motion, so modelling
the closest approach of atoms to the highest level of accuracy is less important
that it would be in (say) a crystal. Consequently, the choice of a 1/r1? repulsive
term is the optimum one for liquid crystal work. We also note the importance of
using effective two-body potentials to describe the nonbonded interactions. For
reasons of computational expense, the use of three body potentials for mesogen
simulation is currently out of the question. However, in a normal fluid we would
expect a sizeable contribution to the nonbonded interactions to arise from rhree
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body terms. For practical purposes these contributions must currently be con-
sumed into the two body terms. Consequently, we expect the best effective two
body potentials to be those that arise from fitting to the thermodynamic proper-
ties of real liquids, rather than those found by fitting to pair-interaction struc-
tures/energies in the gas phase. Jorgensen has taken this approach in designing
the OPLS force field relying on Monte Carlo simulations of small molecules to
allow fitting to liquid state properties to obtain the two body potentials. A recent
comparison of MMFF94 and OPLS-AA [35] in simulating liquid butane, metha-
nol, and N-methylacetamide testifies to the usefulness of this approach.

The other main difference between force fields is in the number and type of
terms used to describe the intramolecular degrees of freedom. The MM4 and
MMFF94 use more sophisticated potentials with many more terms (including
cross-terms such as bend-stretch interactions) whereas many simpler force fields
use a simple harmonic force field (as described below — see equation 1). In this
work we have followed the AMBER approach and chosen a harmonic force
field. In simulating bulk phases it is rarely necessary to describe bond lengths or
angles to the same degree of accuracy as required in predicting the minimum
energy of a molecule in the gas phase. Indeed it is often useful to fix bond lengths
using the SHAKE method [36] in order to increase the time-step within a molec-
ular dynamics simulation. Instead the main problem in simulating mesogens
arises in determining good torsional potentials (see section 3). Rotation about
bonds requires relatively small changes to the internal energy, but can lead to
large changes in structure for rod-shaped molecules. Consequently, internal rota-
tions are strongly coupled to molecular packing in a fluid [11,37] and hence have
a major influence on transition temperatures.

The final key consideration in designing a LCFF is in choosing an all atom or a
united atom form. The latter replaces hydrogens on attached carbons by single
united atom potentials. This has large advantages in terms of savings in computer
time and has been used in most previous liquid crystalline simulations [1]. How-
ever, recent work by the current authors on PCHS5 indicates that hydrogens
attached to carbons in a phenyl ring fulfil a vital role. Inclusion of partial charges
on both the hydrogens and the carbons in an aromatic ring allows the ring quad-
rupole to be modelled and quadrupolar interactions have a significant influence
on short range packing of mesogenic molecules [38]. We have therefore included
hydrogens explicitly in the current work, particularly as we wish to use the force
field to study dipole correlation in meSCN and GG5Cl. We note that Garcia et al
[39] have recently described a hybrid force field for a group of liquid crystal
molecules where phenyl hydrogens are included explicitly but aliphatic hydro-
gens are excluded. Their approach seems a useful compromise, between keeping
vital interactions and minimising computer time.
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Using the principles described above we write our LCFF force field in the
AMBER/OPLS form

6
Eiotal = Z Ko(0 ~ 05.,,)2 + Z (Z VTm[l + cos(m¢ — 6m)]>

angle dihedral \m=1

i (1)
2 (—,, o ,«f) fi
i<j 1] iJ 13

In equation 1, Kg, V,, are force constants representing angle bending and tor-
sional motion respectively; the nonbonded energy between atoms i and j at a dis-
tance ry; are represented by a Coulomb plus Lennard-Jones potential, where A
and C;; can be expressed in terms of the well depth and collision parameters, €;;
and o respectively: A;; = 4eija}]-2, Cij = 4€ijUz~6j. (f;;=0.5 for 1,4 12:6 non-
bonded terms, f;; = 0.125 for 1,4 electrostatic terms and f;; = 1 for all other non-
bonded interactions.)

3 DETERMINATION OF FORCE FIELD PARAMETERS

For the molecules meSNF and GGS5Cl we require the 10 atom types described in
table 1. As a starting point for the current work we have used the OPLS-AA
all-atom force field of Jorgensen and co-workers [27,28,40] optimised to reproduce
the correct densities and heats of vaporization for a series of small organic mole-
cules. The merger of the OPLS-AA non bonded potential functions and the
intramolecular AMBER force field parameters has already been considered [27,41]
and we follow the convention used in these references whereby 1-4 Lennard-Jones
interactions are scaled by a factor of 2 (compared to intermolecular interactions)
and electrostatic interactions are scaled by a factor of 8. All of the nonbonded
parameters used in the current work are summarised in table II. The partial charges
of table II are significantly higher than those obtained from minimal basis set Mul-
likan charge distributions calculated from ab initio molecular orbital calculations.
The latter give inadequate results when used to verify properties of pure liquids,
and are unable to properly represent the molecular quadrupole that arises from
charge separations in the phenyl ring. For comparison, in table III we show the
classical quadrupole (normal to the plane of the ring) for benzene, calculated from
OPLS-AA partial charges and from partial charges derived from Hartree-Fock cal-
culations using a range of basis sets. The OPLS-AA result is closest to the experi-
mental value of —2.5 x 1073 C m2. We note that the Hartree-Fock partial charges
in table 111 are basis set dependent, and that the minimal basis set STO-3G calcula-
tions (which has been used to obtain partial charges for large mesogens in previous
studies e.g. [3]) severely under-estimates ©zz.
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TABLE I Atom types for me5SNF and GG5Cl

Atom mass Type

C 12.01 C in carbonyl carbon
CA 12.01 C in Benzene
CT 12.01 C alkanes
CZ 12.01 Cin cyano

F 19.00 Fluorine
HA 1.008 H in Benzene
HC 1.008 H alkanes
NZ 14.01 N in cyano

(0] 16.00 O in carbonyl
0S 16.00 O in ester

TABLE II Nonbonded Parameters

atom charge/e o/A e/kJ mol™

CT 0.000 3.50 0.276
HC 0.060 2.50 0.126
CA -0.115 3.55 0.293
HA 0.115 242 0.126

F —0.246 2.94 0.255
(672 0.395 3.65 0.628
NZ —0.430 3.20 0.711

C 0.700 375 0.439

0 —0.800 2.96 0.879
oS ~0.400 3.00 0.711

TABLE III Classical quadrupole moments ©,, for benzene (normal to the plane of the ring),
calculated from partial atomic charges. Results are given for OPLS-AA partial charges and partial
charges derived from Hartree Fock calculations with a range of basis sets. (Quantum mechanical
values of ©,, have also been included in column 4. The other components of the quadrupole are
obtained from ©,= -20,, = -20,,)

Type of charges  partial charge /e© @, 711075 Cm? (classical) @, /1 0% Cm? (quantum)

OPLS-AA 0.115 -2.28 -
HF/STO-3G 0.062906 -1.25 -6.16
HF/6-31+g 0.232051 —4.61 -3.06

HF/6-31+g(d,p) 0.167034 -3.32 -3.07
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To the nonbonded parameters we add standard bond length and bond angle
data from the AMBER/OPLS force fields [27,28,40] (tabies IV and V), and
determine missing bond angle and torsional angle information from X-ray data
and ab initio quantum calculations. For the latter we have used Gaussian94 [42]
and carried out restricted Hartree-Fock calculations at the RHF/6-31G "level.
Good force field data was unavailable for the ester group in meSCN. Conse-
quently, we initially carried out a full ab initio energy minimisation for the mes-
ogenic fragment phenyl benzoate. The results for the ab initio angles (shown in
table V1) are in good agreement with single crystal X-ray diffraction data for this
molecule [43]. We then carried out bond angle distortions from the equilibrium
geometry to determine the harmonic force constants Kg for the angles 6-0,
shown in figure 2. The latter are in good agreement with the parameters used in
the MMFF94 and MM3 force fields (table VI) though we stress that these force
fields also use higher order terms to describe deviations from harmonicity.

02

FIGURE 2 Definitions of bond angles 8;, 85, 85, and 8, in phenyl benzoate

TABLE IV Bond lengths used

bond bond length/A
C-CA 1.490
Cc-C-0 1.229
CA -0S 1.364
C-0S8 1.327
CA-CA 1.400

CA-CT 1.510
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bond bond length//i
CA~-NZ 1.261
CA-CZ 1.451
CZ-NZ 1.157
CT-CT 1.529
CT-HC 1.090
CA-F 1.354
CA-HA 1.080
CA-0O 1.380
CT-0S 1.410
C-CT 1.522
TABLE V Bond angle parameters used
Angle Ko 7kJ mol™! rad™? Angle /°
CA-CA-CZ 292.88 120.0
CA-CZ-NZ 711.28 180.0
CA-CA-0S8 292.88 120.0
CA-CA-F 334.72 113.0
C-CA-CA 355.64 120.0
C-CA-HA 146.44 120.0
CA-CA-CA 263.59 120.0
CA-CA-CT 292.88 120.0
CA-CA-HA 146.44 120.0
CA-CT-CT 263.59 114.0
CA-CT-HC 146.44 109.5
CT-CT-CT 244.35 1127
CT-CT-HC 156.9 110.7
HC-CT-HC 138.07 107.8
O0S-C-CA 338.90 1114
C-0S-CT 34727 116.9
HC-CT-0S 146.44 109.5
CT-C-0 334.72 120.4
C-CT-HC 146.44 109.5
0S-C-CT 338.90 111.4
0-0-C-CA 334.72 125.4
CA-0S-C 345.60 118.1
0-C-0S 347.27 1234
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TABLE VI Comparison of angle parameters for an ester group®

crystal structure ab initio MM3 Merck OPLS-AA
e 8/r 0/, Kg 8, Ky 68/ Kg 8r Ky
1 126.0 1254 33472 1245 301.00 1200 43946 1204 33472
2 1109 1114 33890 110.1 39130 1028 487.62 1114 233890
3 118.2 118.1 34560 111.8 46354 953 36722 no data
4 123.1 123.0 34727 1220 48160 1244 69831 1234 51505

2 force constants, Kg. in kJ mol~! rad_z.

Some dihedral angle data for meSNF and GG5Cl are already available from the
AMBER all-atom force field. The exception to this is the 3 dihedral angles in the
linking ester group of me5SNF and two inter-ring dihedrals for GG5CI. In order to
determine the unknown parameters for these five dihedral angles (¢; ~ ¢s),
RHF/6-31G" calculations were performed on the mesogenic fragments, phenyl
benzoate, phenyl acetate, methyl benzoate, 2-fluorobiphenyl and 2,2’-difluorobi-
phenyl which are shown in figure 3. However, using these data to obtain a set of
torsional coefficients {V;} for each ¢ requires careful fitting. To do this we car-
ried out a least squares fit to the ab initio data using the full molecular force field
with the set of torsional coefficents {V;} used as variable parameters in the fit. At
each step in the least squares minimisation we use the following procedure:

(i) start with the initial (approximate) values for { V,},

(i1) minimise the energy of the molecule in the force field for a set of values
of the dihedral angle ¢ (with ¢ constrained at each point),

(ii1) calculate the sum of the squares of the differences between the ab initio
data and the data obtained from the energy minimisations.

In practise this procedure requires thousands of separate energy minimisation
calculations to obtain converged values for { V;}. However, it does ensure that all
other force field contributions to the torsional angle energy (including the impor-
tant contributions from nonbonded interactions) are taken properly into account
in the fitting of {V;}. All energy and least squares minimisations used Powell
minimisation routines [44], and the final root mean square errors between fitted
and ab initio data points were 0.47, 0.48, 1.37, 0.83, 0.96 kJ mol for ¢,-p5
respectively.

Results from the fitting procedure are shown in figures 4 and 5 and the calcu-
lated {V;} are included in table VII. The dihedral angle energy profiles for ¢ and
¢5(figure 4) are symmetrical about 180° and were straight forward to fit requir-
ing only a V, term in the Fourier expansion of equation 1. The minimum in the
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FIGURE 3 Structures of a) methyl benzoate, b} phenyl benzoate, ¢) phenyl acetate, d} 2-fluoro-biphe-
nyl, and e) 2,2'-difluorobipheny] and the definitions for the five dihedrals angles ¢ — g5
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FIGURE 4 Ab initio (points) and fitted data (bold line) for torsional angles a) ¢;, b) ¢,, ¢) ¢3
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FIGURE 5 Ab initio (points) and fitted data (bold line) for torsional angles a) g4, b) ¢5

potential energy occurs at different dihedral angles: 180° (and 0°) for g, and 0°
for ¢ 5. This is in fairly good agreement with the X-ray single crystal structures
for this molecule which gives ¢; at 171.32° and g5 at 116.7°. However, we stress
that when barriers to rotation are small, gas phase energy minima for dihedral
angles often change slightly in the crystal in order to accomodate packing con-
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straints. The barriers to rotation are given in table VIII. For comparison the
trans-gauche conversion barriers in an alkyl chain are approximately 13.6 kJ
mol™! for a typical liquid crystal in the gas phase, calculated from plane-wave
GGA DFT [45]. For ¢;, at room temperature (RT = 2.5 kJ mol ™! at 298 K) we
would therefore expect severely restricted rotation between two equally popu-
lated states but would expect almost free rotation for ¢4. The ab initio calcula-
tions for ¢, (in phenyl benzoate) were significantly more expensive than for ¢,
and ¢ 3, and the fitting could only take place once values of E(# {) and E(¢3) had
been obtained. We obtain a good fit with V|, V, and V; terms. Here we note that
the barrier is extremely high (table VIII) and most of this contribution arises
from the steric repulsions between the two phenyl groups that arises for rotations
about ¢,. Finally, we note that the phenyl-ester-pheny! structure in phenyl ben-
zoate 1s easy to prepare synthetically and so is commonly used as a linking group
in calamitic liquid crystals. It is often assumed to be coplanar in its minimum
energy conformation. This is not the case in the crystal structure or in this work.
However, the coplanar configuration is only 4.6 kJ mol ™! higher in energy than
the minimum energy configuration and so is easily accessible. The effective tor-
sional barrier measured in a liquid crystal phase will always contain a contribu-
tion that arises from the preferred packing arrangement of molecules in the bulk.
Depending on the phase, this has been seen to influence conformational energies
by 2-3 kJ mol~! [46]. It will be interesting to see if local packing of molecules in
an orientationally ordered phase preferentially selects a planar arrangement of
molecules in contrast to the gas phase. However, this must await simulations of a
bulk liquid crystal phase with this force field.

TABLE VII Torsional Parameters in kJ mol™!

dihedral angle v, |23 Vs V4 Vs

HC-CT-CT-~HC 0.000 0.000 1.331
HC-CT-CT-CT 0.000 0.000 1.531
CT-CT-CT-CT 7.280 -0.657 1.167
HC-CT-CA-CA 0.000 0.000 0.000
CT-CT-CA-CA 0.000 0.000 0.000
HC-CT-CT-CA 0.000 0.000 1.933
CA-CA-CA-CA 0.000 39.748 0.000
CA~CA-CA-HA 0.000 39.748 0.000
HA~CA-CA-HA 0.000 39.748 0.000

O0S-C-CA-CA 0.000 11.171 0.000

CA-C-0S-CA 10.862 17.016 0.916
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dihedral angle Vi V, V3 V4 Vs
0-C-0S-CA 10.862 17.016 0.916
C-0S-CA-CA 0.000 7.950 0.000
0-C-CA-CA 0.0 00 8.996 0.000
CA-CA-CA-CA(F) —0.142 6.284 -0.201
CA(F) - CA -CA-CA(F) 0.791 9.305 0.000 4322 2594

@4 was fitted with three Fourier terms Vy, V, and V3, but surprisingly the tor-
sional angle g5 required a minimum of five Fourier coefficients Vi, V,, V3, V,,
and Vg to achieve the same quality of fit. In table VIII we have also included
molecular mechanics dihedral barrier results using the augmented form of the
MM3 force field available in the CAChe modelling suite [47] 10 calculate energy
barriers. The MM3/CAChe results consistently over-estimate the ab initio energy
barriers apart from the lower of the two energy barriers in the dihedrals ¢4 and
@5, which are underestimated. In some cases (¢;, ¢,) the MM3/CAChe resulits are
extremely poor. While this may not be significant for minimum energy configu-
rations, the energy barriers are of major importance in a molecular dynamics cal-
culation.

TABLE VIII Comparison of ab initio, LCFF and MM3 torsional energy barriers. Values given are in
kJ mol™!

dihedral ab initio energy barriers LCFF energy barriers MM3
91 31.8 32.8 106.1
2> 49.7 50.2 68.9
23 4.6 43 8.4
24 14.2,5.9 15.1,6.1 37.0,1.2
25 18.9,5.6 19.4.5.7 16.9,0.8

4 BULK SIMULATIONS

The LCFF was tested by computing the structures and liquid state densities of the
fragment molecules phenyl acetate, methyl benzoate, and the mesogens meSNF
and GGS5CL. In each case an initial molecular configuration was generated from a
bee lattice in which 216 molecules were given a small random displacement
from their lattice positions and randomly orientated inside a cuboidal simulation
box at gas phase densities. Initially, the isothermal-isobaric algorithm of Berend-
sen was employed to relax the molecular configuration. We used a nominal pres-
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sure of 10° Pa until the desired density of approximately 1 g cm™ was achieved.

Thereafter the system was equilibrated using a Nosé-Hoover thermostat and a
Hoover barostat at a pressure of 1 atmosphere, employing relaxation times of 1
ps and 4 ps respectively. The simulations retained cubic periodic boundary con-
ditions throughout, employed the Verlet leap frog algorithm with a time-step of 2
fs and made use of the SHAKE procedure [36] to constrain bond lengths. How-
ever, other than this the molecules are treated as fully flexible, allowing for angle
bending and dihedral angle changes. The long-range electrostatic interactions
were handled by an Ewald sum with the convergence parameter ¢ set at (.48 Al
and 6 k-vectors were used for each of the directions (x,y,z) in the periodic box. A
cut-off of 9 A was used for the short range 12:6 interactions. All calculations
used the DL_POLY_2.11 program [48]. A typical run consisted of a equilibration
period of (in total) 1000 ps, folllowed by a production run of 500 ps.

Values of the mean density {p) were calculated throughout the simulations and
the mean values at equilibrium are given in table IX. {(p) values are in excellent
agreement with experiment (better than 1%) for the three systems with available
experimental data at the corresponding simulation temperatures. For GG5Cl
experimental density data is not available in the isotropic phase. However, a
valueof p=1.158 g cm™ is available in the nematic phase at 338 K (2 K above
the freezing point and 53.8 K below the clearing point). Given that this tempera-
ture is 60 K below our simulation temperature, our computed density for GG5Cl
is in the range that we would predict based on typical density changes across the
nematic/isotropic temperature range. Small errors in Lennard-Jones € or ©
parameters can lead to large variations in the density, so our results give us a high
degree of confidence in the nonbonded parameters in the force field. Moreover,
significant deviations from the correct liquid state torsional potentials influence
the local packing arrangements of molecules: again leading to poor predictions
for the density. Following the procedure of Jorgensen and co-workers [24], we
have calculated also the heat of vaporization for phenyl acetate and methyl ben-
zoate at 298 K. The results of 10.60 kJ mol™' for phenyl acetate and 13.31 kJ
mol™! for methyl benzoate, again compare well with the experimental values of
10.32 kJ mol™! [49] and 13.20 kJ mol ! [50].

TABLE IX Computed and experimental densities

liquid T/K {p)g cm™3 p (exp)g cm™
meSNF 303 1.1126 1.1300
GGS5Ct 393 1.068 -
phenyl acetate 298 1.0818 1.0780

methyl benzoate 298 1.9011 1.0838
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5 CONCLUSIONS

The current study describes preliminary work in the development and testing of a
new force field designed specifically for liquid crystal molecules. We list force
field parameters suitable for the mesogens me5SNF and GG3Cl that contain many
of the key structural elements found in many calamitic liquid crystals: conju-
gated phenyl rings, lateral fluorination, an ester group, alkyl chains, terminal
chloro and cyano groups. The force field builds upon the existing all-atom
AMBER and OPLS force fields, with new angle and torsional energy parameters
derived from fitting to ab initio RHF/6-31G" molecular orbital calculations. The
force fields have been tested on liquid state simulations of the molecules phenyl
acetate and methyl benzoate and the mesogens meSNF and GG5Cl. We find
good agreement between the simulations results and experimental densities and
heats of vaporization (where available). The force fields for meSNF and GG5Cl
are used in the following paper to study dipole correlation in the pretransitional
region of the isotropic phase.
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