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ABSTRACT

We report NVT and NPT molecular dynamics simulations of a Gay-Berne nematic

liquid crystal using generalization of recently proposed algorithm by Toxvaerd [Phys. Rev.

E47, 343, 1993], On the basis of these simulations the Oseen-Zoher-Frank elastic con-

stants Kn i K22 and K^s as well as the surface constants Ku and KM have been calculated

within the framework of the direct correlation function approach of Lipkin et al. [J. Cbem.

Phys. 82, 472 (1985)]. The angular coefficients of the direct pair correlation function,

which enter the finai formulas, have been determined from the computer simulation data

for the pair correlation function of the nematic by combining the Ornstein-Zernike rela-

tion and the Wienier-Hopf factorization scheme. The unoriented nematic approximation

has been assumed when constructing the reference, isotropic state of Lipkin et al. By an

extensive study of the mode) over a wide range of temperatures, densities and pressures

a very detailed information has been provided about elastic behaviour of the Gay-Berne

nematic. Interestingly, it is found that the results for the surface elastic constants are

qualitively different than those obtained with the help of analytical approximations for the

isotropic, direct pair correlation function. For example, the values of the surface elastic

constants are negative and an order of magnitude smaller than the bulk elasticity.



I. INTRODUCTION

Long-wavelength deformations of an ideally oriented nematic liquid crystal are usually

described with the help of a position-dependent, unit vector field, n(x), the so called director.

Using this field Oseen, Zocher and Frank [1] constructed an elastic free energy of distorted

nematic by introducing three independent elastic modes:

/'"U/t = / d3r - A'n((liv n)2 + - kn(n • curln)2 + - K33(n x curln)2

J [_, 2 j (1.1)

called splay, twifl and bend, respectively. Additional two elastic terms were introduced by

Nehring and Saupe [2] to describe director deformations near surfaces:

I''—''— l"\uik + I d V \ h'\3 ili (ndivn) — (A'22 + A'2.,)div(radivn + n x curl n) , (1.2)

and called aptay-bmd and saddlr-splay, respectively. Thus, the elastic free energy of ne-

matics depends on five material parameters, the so-called elastic constants. Three of them

are volume constants: A n , A'22, A'33 and two surface constauts: A'[3, A~24, measuring the

strength of the different elastic distortion modes.

In continuum theory of nematics the elastic constants are treated as phenomenological,

littable parameters [;(). Their values determine most of the observed phenomena in liquid

crystals, like (a) defect shapes, (b) flow patterns, (c) optical properties or (d) structures of

crural nematics, smectics and Blue Phases. Furthermore, they play a crucial role in many

important applications of liquid crystalline materials, where twisted-nematic displays [4] and

polymer-dispersed systems [5] are just two examples.

For many years, the surface constants A'1:1 and I\1A have received much less attention than

the bulk ones. The reason was that for bulk samples the free energy difference F — Ft,utk

in Rq.(1.2) was often converted to a surface integral by means of Gauss's theorem and

subsequently neglected in variational calculus. However such procedure is not valid for

sufficiently thin liquid crystalline films or in the presence of defects, where the surface

terms may give rise to new physical phenomena. Perhaps the most spectacular ones are

the existence of Blue Phases or Grain Boundary Phase. Further interesting examples have

recently been provided by Pergamenshchik et.ai. [6]. An attempt to estimate surface elastic

constants experimentally has also been reported in the literature [7|.

Clearly, the elastic constants, as being material parameters, reflect equilibrium properties

of an ensemble of interacting liquid-crystalline molecules. Identification of the molecular

factors that influence the elasticity is thus of primary interest to liquid crystal research.

In particular, a theory showing the relative importance of the surface and the bulk elastic

constants and sensitivity on details of the intermodular potential would be most desirable.

Another question still open here is the absolute value of the surface elastic constants.

There are many microscopic expressions for the elastic constants known in the literature

($c,( t .g. [8] and references therein), the most often used among them being the ones proposed

by Poniewierski and Stecki [9] as rederived by Lipkin et al. [10]. Their expressions connect

elastic properties of the nematics with the structural quantities such as a one-particle dis-

tribution function of a homeotropic nematics and fa) a direct pair correlation function of

a homeotropic. nematics in the case studied by Poniewierski and Stecki or (b) a direct pair

correlation function of a reference isotropic liquid state in the case studied by Lipkin et al.

Detailed expressions, formally identical for both approaches, read [8 10]

dJ!2 (1.3)

(1.4)

(1.5)

(1.6)

fih',, = - I r1
Tc(r,nun7)i>'{cone,)p'(con0j)elTe.2rr'i dr

2 J

HK-n = - j r'l C{T, n s , ih)p'(cos If,) p'(cos 62)ely e2y r2 AT Ail Ail, (1S1,

liKss = - / rj c(r, II,, U2) />'(cos 0,) ^(cos 0j)e,r e2l r2 dr dfi dQ, di52

- A'22), (1.7)

and are most easily derived from a functional expansion of the microscopic free energy up

to pair correlations. The relation (1.7) has been derived in a general way by Nehring et al

[2] (see also [8]).
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In the expressions (1.3-1.7) [3 represents the inverse temperature, r is the separation of

a pair of molecules, 6] and e2 are the orientation unit vectors of the two molecules and

c(r,f!i,Si2) is the direct pair correlation function. Finally, //(cos#) is the derivation of

the one-particle orientational distribution function fi(cosB) of nematics with respect to its

argument.

The central difficulty with the formulas (1.3-1.7) is their dependence on the direct pair

correlation function which, to our knowledge, is not known for nematics. On the other hand

several approximations are known for f(i",i!],n2) in the isotropic liquid. Thus the formulas

(1.3-1.7) with Lipkin et al. ansatz for r\r,i1j, Q2)
 a r f ' used almost exclusively in numerical

evaluations of the elastic constants (sec e.g. [8] and references therein). However, it must

be emphasized that the calculation of the elastic constants far from the isotropic liquid-

nematic equilibrium line will require extrapolation of the direct correlation function outside

the domain of thermodynamic stability of the liquid which is, to some extent, arbitrary. In

this sense the method of I'oniewierski and Stecki seems more reliable, both qualitatively

and quantitatively, than that of Lipkin eI al. Clearly, for the latter method the best results

should be obtained when the reference isotropic state is as closely a.s possible to the stable

nematic state considered. A unique possibility with this respect is provided by computer

simulations and the efliciency of both approaches can be tested.

In this paper we evaluate absolute values of the bulk and the surface elastic constants

of a model nematic liquid crystal with the help of formulas (1,3-1.7), where c(r, fj],fjj)

follows that, of Lipkin F! al. A difference between our work and the previous treatments is

that, the one- particle distribution function and the pair direct correlation function (DCF) of

the reference "isotropic" state is determined with a controlled accuracy from the Molecular

Dynamic simulations. This is achieved by a succesful generalization of the Wiener-Hopf

factorization scheme and by applying it to solve numerically the Omstein-Zernike relation.

Molecular Dynamics Simulations are carried out for a nematic liquid crystal composed of

Gay-l)erne particles [11] and the results compared with those recently published by Teixeira

cl al. [$]. The dependence of the five elastic constants not only on the temperature and the

density but also on the pressure is given.

The organization of the paper is as follows: In Section II the details of computer simula-

tions are given. In Section III we work out the computer algorithm for calculating direct pair

correlation function. Section IV is concerned with results of the simulations for the elastic

constants. Finally in Section V we surname our results, compare with those of Teixeira et

al. [8] and make some concluding remarks.

II. MOLECULAR DYNAMICS SIMULATIONS OF GAY- BERNE NEMATIC

The practical molecular dynamics simulations have been performed for uniaxial molecules

interacting through a Gay-Berne pair potential [11]. It has the form of an orientation-

dependent center-to-center Lennard-Jones potential

1
V(eue2,r) = 4t(ej ,e 2 lr) , (2.1)• -<T(e,,e2, r) + I J \r ~ tr(ej,e2,r) 4- 1

where the molecular shape parameter tr and the energy parameter < depend on the molecular

unit vectors e t and e2 as well as on the separational vector T between the pair of molecules.

This dependence is defined by the following set of equations

e i , e 2 , r ) = c ( e , , e 2 , r ) e'2(ei,ei, (2.2)

and

= to [l -
1-1/2

+ r - e 2 ) 2 ( r • e t - r • e7f
+

(2.4)

(2.5)

where \ and \' denote the anisotropy of the molecular shape and of the potential energy,

respectively:



fc, . . . . . • „ , ,

X = X =
K'1'2 - 1

(2.6)

The most important parameters of the potential are the anisotropy parameters K and K\

where K is roughly the molecular elongation and the K' is the well-depth ratio for the side-

by-side and end-to-end configurations.

Interestingly, this potential describes quite well thermotropic liquid crystals composed

of moderately non-spherical molecules as demonstrated most clearly by computer simula-

tions [12,13]. In the simulations we carried out the anisotropy parameters *c and K' of the

potential have been chosen equal 3 and 5, respectively, in agreement with those studied

earlier by Miguel and RulS [Ui]. For this case the positional dependence of the potential on

different molecular orientations is shown in Fig. 1. As expected the Gay-Berne potential

prefers a side-to-sicie arrangement of the pair of molecules which, in turn, promotes liquid

crystalSinity. The side-to-side arrangement takes the smallest equilibrium separation, the

end-to-end arrangement the largest one.

Practical simulations have been performed for temperatures, densities and pressures

corresponding to a stable nematic phase as found from the phase diagram of Miguel and

Hull [US]. A reduced system of units has been used, i.e. all quantities have been related

to potential parameters <r0 and (B which, in turn, have been set equa! to unity, as well as

molecular mass and momentum of inertia [14|. Temperature (or pressure) has been kept

constant by use of a Nose-Hoover relaxation technique [15,16]. The resulting molecular

equations of motion read (a) for Ike translatimiai motion describing change of momentum

p, due to intcrmolecular forces F, ami frictional forces controlling the adjustement of the

pressure and the temperature:

P, = F , - v) p,; (2.7)

(b)for the rotational motion describing change of angular momentum L, due to intermolec-

nlfir torques T, and frictional torques controlling adjustement of the temperature:

L, = T, - )}ro,L, + A,e,. (2.8)

Here A, is the Lagrange multiplier setting the length of the molecular orientation vectors e;

equal to unity; (c) for change of the molecular orientation e< as function of angular velocity

e, = u, x e,\ (2.9)

(d) for relaxationai dynamics of the friction coefficient ( which adjusts the pressure:

Here P is the actual pressure, V the actual volume and N the number of particles. PQ

and Tu denote the desired pressure and temperature, respectively and Tprfss is the pressure

relaxation time; (c) for relaiational dynamics of the friction coefficient ?/ which adjusts the

translational temperature:

1 = (2.11)

where Eitin is the actual translational energy, Tu is the desired temperature, and Tj.;n denotes

the relaxation time for the translational temperature and ff) for relamtional dynamics of

the friction coefficient y)roS which adjusts the rotational temperature:

2ETOI -2NkT0
T/.-ot = (2.12)

where £,„, is the actual rotational energy, 7o is the desired temperature and rrat denotes

the relaxation time for the rotational temperature.

The Eqs.(2.7-2.12) have been integrated with help of the leap-frog algorithm as recently

proposed by Toxvaerd [17] for translational motion. We have worked out an extension of

this algorithm to rotational motion. All simulations have beets performed using periodic

boundary conditions for a rectangular box containing -105 particles. As initial configuration

a tetragonal lattice with an ideal orientation of the molecules has been set up. Equations

of motion were solved with the time step e«jual 0.001 (in reduced units). Starting from the

lattice, the first 5000 equilibrating steps have been followed by 40000 steps for averaging over
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the quantities of interest. To save computer time, a potential cutoff of 4.0 (in reduced units)

has been assumed. The following quantities were directly calculated during the simulations:
•t jri

Kr + iTji); pressure P =temperature T =

„ ( 5 J V - 3
+ gy ; • r,; energy(5/V - 3)fc L-

i V]j, and director n of the nematic phase. The director, which

defines the average direction of molecular alignment, has been determined by diagonalising

the (time averaged) Q-tensor

1 1
(2.13)

where N is the number of particles and where <P 2 > is the nematic order parameter (see

definition below). The last part of the formula (2.13) is only valid for an uniaxial phase

which is our case.

Several additional structural quantities were computed. These involved the generalized

order parameters

which enter the Legenilrc polynomial expansion for the one-particle orientational distribution

function [18,19]:

,>(cos(e, -n)) = p(cos6,) = ^ „ (cos 0,), (2.15)

and the spherical harmonic expansion coefficients .<?!,,|2,((''} of the pair correlation function

(/(r,S?[, !!2) of an "uiwne.nlrtl" nematic [18]:

l 7 r E E <^.hA'-)(\,h^.^,rny,l,mi(f'h)Yl2,m,(n2)Y,'m{n). (2.16)

Here /*„ are the Legendre polynomials, Citiii-iml,m^l,n arc the (Hebsch-Gordan coefficients,

V(,,, are the spherical harmonics and pa is the particle density. Note that the < P 2 > in the

expansion (2.15) is already given by the formula (2.13) and that the one-particle distribution

function depends only on the polar angle of molecular orientation with respect to the director

(which is parallel to the c-direction of the coordinate system).

The assumption of rotational invariance for g severely limits the form of the expansion

(2.16) and makes it possible to carry out the calculations of elastic constants with controllable

accuracy. As already indicated above such g describes an unoriented sample of the simulated

nematic and will serve to define the isotropic reference state of Lipkin et al. It can be easily

determined from simulations by switching to molecular system of frame. Due to the local

Poo-symmetry only even numbers for ti, /|, l2 and I have to be taken into account.

In order to obtain the time-averaged order parameters < P n > and the coefficients

yii,ti,iir) " l e averaging procedure has been performed each 50 time-steps during the sim-

ulation runs. Note that while the order parameters < P n > are given from simulations with-

out any approximations the radial coefficients </I1,I3,I('") are determined only for molecular

separations less than half of the boxlength rtOI/2.

As an example Fig. 2 shows a plot of the temperature dependence of the generalized

order parameters </J2> and < A > . Density is kept constant at a value of 0.33 and a

temperature ranges corresponding to the stable nematic phase. The curves quite well reveal

the behaviour of the nematic order as predicted e.g. by the Maier-Saupe theory [19]. In

particular, on approaching the nematic-isotropic phase transition liquid crystalline order

is decreasing stronger, showing approximately a square-root dependency on the reduced

temperature J{Tt— T )jTc, where Tc is the transition temperature.

The lowest-order coefficients (ft, jtj(r) of the unoriented Cay-Berne nematic are plotted in

Fig. i. Note that. .9000 is the isotropk1 pair distribution that relates the molecular separations

occurring in the liquid crystal to those of an ideal gas with the same density. Due to the

short-range positional order in the liquid small decaying oscillations are seen that correspond

to different shells of neighbors. These oscillations, however, rapidly decay to the idea! gas

vain- of unity, indicating the lack of long-range positional order.

I .gher expansion coefficients of the pair distribution function also count for orientations

by v righting gooo with spherical harmonics [14]. For example, 17200 is the isotropic pair

distribution, weighted with the second I.egendre polynomial P^cosfl,) \n a molecular-fixed

frame. Due to the molecular side-to-side arrangement preferred by the Gay-Berne potential
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and clue to the high nematic order, the angle 6t is approximately 90° yielding negative values

°f .?2<X). For §22D. also the second molecule is taken into account by weighting the isotropic

pair distribution with tho product Pj(cosfli) P?(cosS2), which gives positive values,

III. DIRECT PAIR CORRELATION FUNCTION FROM MOLECUI \ R

DYNAMIC SIMULATIONS

The microscopic expressions for the elastic constants (1.3-1.7) contain seven scalar inte-

grations: a radial integration over the separation r of the pair of molecules, a solid angle

integration over the orientation tl of the molecular separation vector, and two s< lid angle

integrations over tho orientations £!i and fl2 °f the two molecules. To solve the si lid angle

integrations wr have expanded the DOT with respect to spherical harmonics and assumed

the expansion (2.15) for the one-particle distribution function. For linear molecules and for

the unoriented nematic the expansion of the DCF (in a space-fixed frame) is similar to that

of the pair correlation function (2.16), where (j/,,^,/ is replaced by CIUS2J - the corresponding

radial expansion coefficients:

Again the local PTO symmetry ganarautc-es that only even numbers for /[, l2 and / enter the

expansion.

After inserting (2.15) and (3.1) into formulas (1.3-1.7) and making use of the properties

of spherical harmonics [18] the angular integrations can be performed expliciteiy and the

elastic constants are expressed as a series of <Pn> and c/.^.^r). The final formulas read:

fil< ii = A'(l, 1,1, 1,1,1)

lU\ri = A ' ( l , - 1 , 1 , - 1 . 1 . - 1 )

/?A'33= A ( - 2 , 0 . - 2 , 0 , - 2 , 0 )

(3.2)

(3.3)

(3.4)

11

where

(3.5)

The surface elastic constant h'l3 is given by

/2 1 ,',

(3.6)

In the expressions above G,,^,i;m,,,„,,„, denote again f'lebsch-Gordan coefficients, whereas

/J,,;J,I are abbreviations for the radial integrals over the expansion coefficients Ciui?ti(r) of the

DCF (times r4):

M = j

As seen from the formulas above for calculation of the clastic constants the orienta-

tional order parameters < P T , > and the functions C|,i2Ti(r) have to be determined from the

molecular dynamics simulations. The order parameters are found directly from the mole-

cular dynamics data as described in the previous chapter. The central difficulty here is the

evaluation of the coefficients K|,,jj,i(r) for all relevant radial separations.
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As already said before, the currently existing theoretical investigations of DCF are limited

to isotropic liquids and the DCF of an undistorted nematic is not known. For example

Teixeira e.t al. [8] have calculated the DCF of a reference isotropic liquid of Gay-Berne

molecules from an approximate expression for the Helmholtz free energy functional of an

effective hard-sphere liquid.

In this work we determine Ci,j2j(r) by inverting the Ornstein-Zernicke equation [20]

h(ruMui}2) = c(rl2MiMi)+ f dT^dihl>(^)e(rl3Jh.n3)h(T^il3ya2), (3.7)

where the simulation data for the ''i,.h,dr) a n t ' f°r 'he P(^) a l e used. Here /i(r, fi^fis) is

the radial pair distribution function g(r,il\,il-i) diminished by one whiie the one-particle

distribution function p of an oriented nematic is given by the expansion (2.15). For an

unoriented nemalic discussed here p becomes reduced to a simpler isotropic form: p =

pu/4ft* which also corresponds to a standard "isotropic" approximation for the Ornstein-

Zernike equation. The "effective" liquid state, described by the set { C|,,i2.((r) }, could

be considered as providing a Molecular Dynamics model of the reference "isotropic liquid"

direct correlation function outside the domain of thermodynamic stability of the liquid as

required in the method of Lipkin et al. [10]. Since such a state describes an unoriented

neiTiatic at the temperature, density and pressure of the oriented nematic the coefficients {

rli,J2,t(
r) I provide, in our opinion, the best "isotropic" reference state for the problem at

hand.

'['lie numerical procedure and the relevant equations can now be introduced as folloivs;

due to the periodic boundary conditions used in the molecular dynamics simulations the

radial expansion coefficients <7i,,(3,f(r) are determined from the simulations for molecular

separations less than half of the boxlength rhnrf2. Within the isotropic approximation these

are found in a molecular frame, which tremendously simplifies analysis.

For distances larger than r/,OT/2 the mean-spherical approximation of Lebowitz ami Per-

cus [21] is used for Citj2j(r) which, in the molecular frame, reads

ctutij(r) = -/iVi,,(2,((r-), r>nOTj2 (3.8)

For large enough simulation boxes even simpler approximation that ci,,ia,i(r) is identically

zero beyond r^^/2 produces the results that cannot be distinguished from those obtained

with the help of Eq.(3.8).

Now the Ornstein-Zernicke equation (3.7), when written in the molecular frame and

transformed to reciprocal space, takes a simple matrix form relating the expansion coeffi-

cients /i|,,i2l/(fc) and cii,i2,i(fc):

« W = OllW(A:) + P(-1)' £c l l M(k)h, l M(k). (3.9)

It can directly be used to extend a. Wiener-IIopf factorization scheme [!8,22-26] and to

derive a generalized form of Baxter equations [18,24 -28]. They read

rciuliAr) ^ ~i':u:1,i(
r) + ^nl>( — 1)' / ( l r ' $ ^ <7i'i *<;('•')<?l'./2,l('''~ r ) (3.10)

(3.11)

[fere R is the maximal interpartide separation, which in our calculations is twice of the half

boxlenghth . i.e. r^r.

The set of nonlinear equations (3.10,3.11) can be solved iteratively giving c^^ifr).

Numerical procedure is basically a generalization to matrix equations of the one used earlier

by Dixon and Hutchinson for atomic systems [22], but in the form as discussed by Jolly et

al. [29],

More specifically, using Eqs.(3.10,3.11), the auxiliary functions </i,.(,,((r) a r e determined

iteratively. To improve convergence of in,,i7.i[r), a successive overtaxation technique is

additionally applied [14]. After grlri,,i(r) converges to their final values, equations (3.10) are

next used to evaluate the radial coefficients c,|, j,,j(r) of the DCF. These coefficients are given

in the molecular-fixed frame. To transform them into the space-fixed frame (as required in

the expressions (3.2-IN) ) a standard Clebsch-Gordan transformation is applied [18]:

1-1
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In Fig. 4 we plot the five space-fixed expansion coefficients of the direct correlation

function (times r4) which enter the expressions (3.2-III) for the elastic constants. From the

figures we recognize that for each order of the expansion the I = 0 modes, e22o and cM0, give

the most important contribution to elasticity. Interestingly the method provides a stable

conversion of k into c.

IV. NUMERICAL ESTIMATES OF ELASTIC CONSTANTS

Our calculations of the clastic constants are based on two different molecular dynamics

simulations: (a) at constant temperature and density (NVT ensemble), and (b) at constant

temperature and pressure (NPT ensemble). In practical analysis the spherical harmonics

expansion in Eqs.(3.2-lII) is truncated with quartic order i.e.. all coefficients with an angular

momentum quatunri number greater than four are disregarded. This is sufficient to remove

the well-known splay-bend degeneracy ( A'n = h'33 ) which holds for the second order theory

[8]. The coefficients IIUI2J = / drr4 cj^/jijr), i.e. the radial integrals over the expansion

coefficients of the direct pair correlation function, are found numerically with the help of

the Simpson's rule. The results are gathered in Figs.(5-9). We start the discussion by

concentrating on the jVVT-simulations, which yield temperature and density dependence of

the elastic constants.

A. Temperature Dependence of Elasticity

Figure 5 shows the temperature dependence of the elastic constants corresponding to

the parameter set of Fig. '2; in particular the density has been kept constant at 0.33. In

the lower temperature regime (1.0-1.2) we find a slight linear increase of elasticity. In the

Poniewierski-Stecki approach such behaviour is due to the explicit dependence on fl in (1.3-

1.7). For higher temperatures (1.2-1.5) the strong decrease of the nematic order parameters

yields decrease of the anisotropy of the bulk elastic constants: the curves are decaying and

approaching common limiting value.

We find that the bulk elastic constants are about an order of magnitude larger than

the surface constants. This is due to the fact that for each order of the expansion (3.2-III)

the / = 0-modes of the direct correlation function give the dominant contribution to the

elasticity (e./. Fig. 4). The expansion for the surface constant A13, however, does not

contains I — 0-modes. Finally, the simulations yield negative vahies for the surface constant

/\'i3, which is in agreement with former calculations of Nehring et ai. [30].

B. Density Dependence of Elasticity

Figure C shows the density dependence of the nematic order parameters. These have

been evaluated using the NVT molecular dynamics simulation data at constant temperature

equal 1.00. The density value, i.e. the volume of the simulation box, has been chosen such

as to stay within the nematic range of the Gay-Berne fluid. As expected, an increase of the

nematic order with increasing density is observed. In the density regime (0.345-0.35), which

is close to the more ordered smectic-/? phase, the orientational order is nearly saturated.

Figure 7 shows the density dependence of the elastic constants corresponding to the pa-

rameters of Fig. 6. We find a strictly monotonous increase of elasticity, which, however, is

less pronaunced in the high density regime. This can easily be understood from the original

Poniewierski-Stecki expressions (1.3-1.7). Namely for constant temperature the density de-

pendence of the elastic constants comes mainly from the product of p2 and < P n > . In the

low density regime both the density and the nematic order are increasing, which yields a

strong increase of elasticity. On the other hand, for higher densities the nematic. order ap-

proaches its saturation value and, hence, only the explicit density dependence is responsible

for the slight increase of elasticity. The ratios and the signs of the elastic constants behave

in a similar way as those shown in Fig. 5.

lfi



C. Pressure Dependence of Elasticity

The pressure dependence of the elastic constants is determined from the NPT molec-

ular dynamics simulations at the constant temperature equal to 1.00. The pressure values

examined correspond to the lower density regime of Fig. 6. In Fig. 8, we plot the pres-

sure dependence of the nematic order parameters, which strongly resembles that of Fig.6

where density dependence is shown. An almost linear increase of the orientational order

with increasing pressure is similar to nearly linear behaviour of the orientationa! order with

density. This pressure- dependence of the order parameters is also revealed in the behavior

of the elastic constants, as shown in Fig. )).

V. SUMMARY AND DISCUSSION

Recently in an interesting work Teixeira ft at. [8] has estimated the temperature variation

of the surface elastic constants of a nemalic liquid crystal composed of Cay-Berne particles

[II]. Tlie elastic constants were evaluated using simplified version of the direct correlation

function approach ofPoniewierski and Stecki [9] as proposed by Lipkin [10]. In this approach

the elastic constants of the nematic depend on the DCF of the corresponding isotropic liquid,

treated as a reference state. In practical calculations the DFC must be extrapolated outside

the domain of t.hermodynamic stability of the liquid so that the thermodynamic variables

like temperature, density etc. are that of a neinatic state studied. In contrast, the formulas

of Poniewierski and Stecki refer to the DCF of an undistorted, equilibrium nematic state.

Though they seem more reliable in realistic estimations of elastic properties of the system

the problem is that the DCF of an undistorted reference nematic state is not known.

Teixeira. ft al. [8] has tried a very simple isotropic liquid approximation for the DCF

in which the oryginal Gay-Berne system of particles has been replaced by an "effective"

hard-sphere system interacting through an "effective" attractive potential. Within this

approximation they showed that the surface elastic constants are positive and of the same

order of magnitude as the bulk constants. Moreover, a peculiar increase of the ratios A'13/A'̂

(ii=l 1,22,33) with the increasing temperature (on approaching the nematic-isotropic liquid

transition) has been predicted.

The question remains as whether these genera] trends for surface elasticity reported

for the Cay-Berne nematic could be reproduced within a more quantitative theory of the

DCF. Since such theory is considerably more difficult our line of approach was to determine

the DCF directly from the molecular dynamic data for the pair correlation function by

solving the Ornstein-Zernicke equation, Kq.(3.7). Such a method gives basically (up to

controllable error) the exact form of the DCF for a. given phase. More, specifically, in

our case the neinatic order parameters have been evaluated directly from the molecular

data, whereas the DCF has been calculated in terni of its spherical harmonics expansion

coefficients. This was the central- and the most difficult part of the work. The problem is

that a straightforward conversion of the pair correlation function to DFC is not very stable

numerically and consequently not much work has been reported on this subject so far. The

only succesful work done in this direction we are aware of is that of Dixon and Hutchinson

for atomic systems [22] and that described by Jolly [29], which apply instead a more stable

(as it turns out) factorization technique of Baxter [24]. We succesfully generalized this

technique to systems with orientational degrees of freedom. At this stage only the DCF of

the inoriented Gay-Berne nematic has been determined and the calculations of the elastic

con?- ants follow precisely the recipe of Lipkin et al. [10]. Since our reference state is not

expected to be far away from the true equilibrium state the extrapolated values of the elastic

constants are likely to be accurate. Consequently, the analysis seems to give an estimate of

abso'ute values of the elastic constants, not just their ratios as in all previous treatments.

\ addition to the temperature- and density dependence of the nematic elastic constants

we I ave also calculated the temperature- and pressure dependence. On the basis of these

calculations it is found that for the potential parameters studied (a) the surface elastic

constants are about an order of magnitude smaller than the bulk elastic constants which is

quantitatively different from the results of Teixeira et al. [8j; (b) the surface constant A'13
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takes negative values, which is in agreement with general estimates of Nehring et at, [30]

but again differs from the results of [8]; (c) the anisotropy of the. bulk elastic constants is

consistent with the experimental data for ordinary Hematics. In particular, the strength and

the anisotropy of tin? clastic constants are strongly decreasing with increasing temperature;

(d) for increasing density (pressure) we. find an increase of elasticity up to saturation values.

The data from the NVT and the N PI simulations are consistent.

Interestingly, our results are quantitatively (and sometimes even qualitatively) different

than those obtained by Tcixeira rl at. [8] for the same potential parameters. Since in

our approach we partly avoided approximations done in [8] we conclude that the surface

constants seem very sensitive to details of (he direct correlation function.

It remains an interesting question whether these trends hold further i.e. whether the

clastic constants calculated with the help of the Poniewierski and Stecki method differ than

the ones given here by means of the Lipkin ft al. method. Unfortunately the DCF of an

alligned nematic state is considerably more difficult to get. The finite dimensional matrix

equations ill { 11,1-2,1} (3.10,3.11) become an infinite set of equations which necessarily must

be truncated. The usefulness of such approach as a representation of the DCF" relies on the

convergence of both the truncated matrix equation and the factorization scheme. The work

in this direction is in progress.

Summarizing, we succeded (a) to determine DCF from the simulations by generalizing

the Wiener-Hopf factorization scheme; (b) to clarify the status of various approximations

for DCF in determining elastic properties of uematic liquid crystals and (c) to estimate in

a controlled way the magnitude of the surface elastic constants of Gay-Berne nematic.

Finally, it is perhaps worth to add that the present method could directly be applied

to calculate exactly the DCF of any isotropic phase composed of non-spherically symmetric

molecules.
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