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SURFACEINDUCED ORDER PARAMETER PROFILES 
IN A NEMATIC LIQUID CRYSTAL 
FROM MOLECULAR DYNAMICS SIMULATIONS 

JOACHIM STELZER' , PAOLO GALATOLAt, 
GIOVANNI BARBEROt, and LECH LONGA* 

Instytut Fizyki, Uniwersytet Jagiellohski, 
Reymonta 4, Krakdw, Poland 
t Dipartimento di Fisica, Politecnico di Torino, 
Corso Duca degli Abruzzi 24, Torino, Italy 

Abstract The tensor order parameter of a model nematic liquid 
crystal close to a rough surface has been analyzed by means of molec- 
ular dynamics simulations. We show that the rough surface induces 
a smectic C layering. Moving towards the bulk, the smectic order 
disappears and a depression in the uniaxial orientational order below 
its bulk value occurs, accompanied by a considerable biaxiality. Cor- 
respondingly, the director orientation undergoes a strong distortion 
localized within a few molecular lengths. 

Elastic distortions in the bulk director field n of nematic liquid crystals oc- 
cur on a macroscopic scale and are well-described in terms of the Oseen-Ziicher- 
F'rank elastic theory. Close to a surface, however, additional contributions be- 
come important'. Among these, the K13 constant, giving the energy density 
K13 div(n divn), poses severe mathematical problems, since it makes the total 
elastic energy of a distorted sample unbounded from below. Various approaches 
have been suggested to overcome this problem. One of the solutions gives rise to 
strong distortions localized on a molecular dimension close to the surface2. This 
conclusion has been opposed by some other authors, who claim that such subsur- 
face deformations are an artifact of the low-order elastic theory3. All these descrip 
tions rely on continuum theories that are strictly valid only on a macroscopic level. 
Therefore, a proper investigation of a possible existence of a subsurface deformation 
should be based on a molecular approach. 

In order to investigate the structural changes in a nematic liquid crystal close 
to a rough surface we have performed molecular dynamics simulations. The molecu- 
lar pair interactions in the bulk were evaluated from the Gay-Berne potential4. The 
phase diagram for this model is well-established, and the surface elastic constant 
K,3 has been evaluated to be non-zero. The surface was modeled by assuming 
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correspond to the hills and valleys of the undulated surface. In the bulk there is 
hardly any positional order. 
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FIGURE 2 
Solid line: S(d, = 20")) dashed line: S(0, = 70")) dotted line: P(0, = 
70"). 

z-profile of the orientational order parameters. 

The z-profiles of the orientational order are displayed in Fig. 2. On the 
surfaces the uniaxial order is very high: the molecules in the smectic layers are 
mostly oriented along the easy axis. In the bulk (z = 0) we find S = 0.7 - 0.8, 
typical for the Gay-Berne model. Most interestingly, between the surface and the 
bulk there is a region where the uniaxial order is strongly depressed. Additionally, 
the biaxial order parameter P takes values that are significantly non-zero in this 
region. 

Such changes in the orientational order axe accompanied by a strong deforma- 
tion in the director orientation. Fig. 3 reveals the z-profile of the director tilt angle 
O(z) for two surface pretilts (d, = 20" and 0, = 70"). On the surfaces the director 
points along the easy axis, moving towards the bulk there is a strong distortion to 
an almost homeotropic orientation. 

Recent investigations showed that the distorting effect of the Gay-Beme po- 
tential (connected with the non-vanishing surface elastic constant K13) favors a 
homeotropic alignment. Our analysis reveals, however, that smectic layers and bi- 
axiality, as well as the gradients of the uniaxial order, play an important rdle close 
to the surface. 
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FIGURE 3 
dashed line: surface easy axis 6, = 70". 

Tilt angle profile 6(t). Solid line: surface easy axis 6, = 20°, 
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