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   Fourier transform infrared spectra have been measured of a thermotropic liquid ` crystal, 4'-n- 
octyl-4-cyanobiphenyl (8CB), in the crystalline, smectic A and nematic liquid crystalline, and isotropic 
liquid phases. Spectral feature of 8CB was significantly changed at the crystal-smectic A transition 
temperature, while almost no change was observed at other transition temperatures. Interface-induced 
orientation and its temperature dependence were examined for 8CB in contact with KBr surfaces 
which have been treated in various ways such as rubbing and lecithin coating. The same studies 
were also carried out for free standing films. As the results of whole experiments, the four phases 
are found to be characterized by the orientation behaviours of molecules and its dependence on the 
history of thermal treatments. 

   KEYWORDS: FT-IR/ Molecular Structure/ Orientation/ Surface/ 4'-n-Octy1-4- 
              cyanobiphenyl/ Thermal process/ Free film/ Liquid crystal/ 

                        1. INTRODUCTION 

   Orientation behaviour of liquid crystals has drawn considerable attention because of 
their importance as display elements and relevance to biological membranes.'-s> In a 
previous paper,9) we measured the polarized FT-IR spectra of a trace of water dissolv-
ed in a thermotropic liquid crystal, 4'-n-octyl-4-cyanobiphenyl (abbreviated as 8CB) 
which was highly oriented in a magnetic field. The orientation of water was discussed 
in connection with that of 8CB. 

   In the present paper, molecular structure of 8CB and effect of the surface state of 
KBr windows on molecular orientation are studied in the crystalline, smectic A, nematic, 
and isotropic phases. Molecular orientation in free standing films was also examined. The 
dependence of orientation behaviours on thermal treatments was further studied to 
elucidate the relation between the intermolecular interactions of 8CB and the forces 
acting on the KBr and free surfaces. 

          2. CALCULATION PROCEDURE OF ORDER PARAMETER 

  It is known that there are two types of uniaxial orientations in liquid crystalline films: 
one is the homogeneous (planar) orientation in which the optical axis lies parallel to 
the film surface, the other is the homeotropic orientation where the optical axis is nor-
mal to the film surface. In the former case, the orientational order parameter S can be 
expressed as 

*# *=jJ2, /M 3: Laboratory of Surface Chemistry, Institute 
   for Chemical Research, Kyoto University, Uji, Kyoto-fu 611. 
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                                long axis (A,) 
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        Fig. 1. Directions of the transition moments of the absorption bands which 
               belong to the three infrared active species A1, B1, and B2. 

S= A°—A1(1) A
n -F 2Ai 

where, Ap and Al. are the absorbances for the polarized radiation with electric vectors 

parallel and perpendicular to the optical axis of the uniaxial orientation, respectively. 
   In the case of homeotropic orientation, on the other hand, the dichroism can not be 

observed by the transmission spectra, because the optical axis is normal to the film sur-
face. We have reported a simple method to determine the S-value for homeotropic 
films.1i) This is based on measurements of the infrared intensity ratio R of the band of 

the homeotropic film to that of randomly oriented film with the same thickness. The 
order parameter S is given by 

S=1—R.(2) 

The shortcoming of this method is difficulty of accurate measurements of film thickness. 
In this paper, this difficulty is overcome by the use of the three characteristic infrared 
bands belonging to the A1, B1, and B2 symmetry species of the cyanobiphenyl group 

(the point group C2o)whose transition moments are parallel to the long and short axes 
in the plane of the cyanobiphenyl group and normal to it, respectivelyu,121 (Fig. 1). 
Those are the CN stretching band at 2230 cm-' (the Al species), the combination 
band at 1915 cm-' (the B1 species) of the CH out-of-plane bending vibrations of the 

phenyl group, and its fundamental band at 815 cm`' (the By species) . In the homeo- 
tropic system, the transition moments of the A1, B1, and B2 species are uniformly 
distributed around the optical axis (Z axis) with angles of a, (3. and r, respectively, as 
shown in Fig. 2. Using the absorbances AQ and Aa' of the 2230 cm-1 band of the 
homeotropic system (thickness d) and the randomly oriented system (thickness d'), 
respectively, we have the order parameter Sa as 

             Sa=1— Aad=1—R, d(3) 
where, Ra=Aa/A'. Similarly, for the 1915 and 815 cm-' bands, we have 

S =1—Ra-----d(4) 
and 

S,=1—R, d(5) 
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Fig. 2. Uniaxial orientation of the transition moments of the three characteristic bands. 

               belonging to the A1, B1, and By species with respect to the Z (optical) axis. 

     respectively. Since the sum of the order parameters with respect to the three mutually 

     perpendicular directions in a uniaxial system is zero,9' 

Sa+Sp+S,=3d-----(Ra-1=Rp+R,)=0.(6) 
    Thus we have 

d' 3(7) 
                             d Ra+ Rp+ R, 

    Therefore, the order parameters in the homeotropic system can be evaluated by Eqs: 

    (3), (4), (5), and (7), without measuring the sample thickness. 

                           3. EXPERIMENTAL 

        A sample of 8CB (purity 99.5%) was purchased from B.D.H. Chemicals Ltd., Great 
     Britain. The transition temperatures were found to be 22, 34, and 40°C for crystal-sme-

     ctic A, smectic A-nematic, nematic-isotropic transitions, respectively. Egg yolk lecithin 
     was purchased from Merck and used without further purification. 

        Samples were prepared in various ways. 
       Sample I: The KBr pellet of 8CB was prepared by the usual method (randomly 

     oriented sample). 

        Sample II: Two KBr windows were rubbed unidirectionally by using a diamond pas-
    te with an average diameter of 1/4 pm. The 8CB sample was sandwiched between the 

    KBr windows. A well oriented crystalline layer was carefully developed by cooling the 

    sample from room temperature to about 0°C with appropriate temperature gradient 

    along the rubbing direction. Thus, the direction of crystal growth was parallel to the 

    rubbing direction. The thickness of the sample was adjusted to be about 15 pm. 
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   Sample III: A well oriented crystalline layer was developed similarly to Sample II, 
but the direction of crystal growth was perpendicular to the rubbing direction. 

   Sample IV The 8CB sample was sandwiched between two KBr windows which had 
not been rubbed. A crystalline layer was developed similarly to Sample II in parallel to 
the surface of the KBr windows. 

   Sample V: The 8CB sample was sandwiched between two KBr windows which had 
been overcoated with lecithin by the method reported by Chatelste.13) A crystalline lay-
er was developed similarly to sample II in parallel to the surface of the KBr window. 

   Sample VI: The sample was sandwiched between two KBr windows which had been 
rubbed unidirectionally by a diamond paste. The temperature of the sample was initially 
increased up to 45°C (isotropic phase) , and then decreased to about 20°C, a few 
degrees below Tcs. At this temperature the samples were supercooled. Infrared spectra 
were measured at various temperatures in heating process of this sample. 

   Sample VII: The sample was sandwiched between two KBr windows which had 
been overcoated with lecithin, and thermally treated in the similar way to Sample VI. 
Infrared measurements were carried out also in the same way as Sample VI. 

   Sample VIII: Free standing film was extended within a rectangular frame made of 

glass and teflon as shown in Fig. 3. Infrared spectra were measured at various temper-
atures on heating the sample from 20°C. 

   The samples thus prepared were mounted in a cell, whose temperature was controlled 
within ±0.1°C by circulating thermostated water. The temperature was monitored 

                            glass 

     free standing 
f i lm of sample 

        rteflon 
                    teflon slider 

          glass 

                        teflon plate 
Fig. 3. The rectangular frame for the free standing film., 
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by a copper-constantan thermocouple. 
   Infrared spectra were recorded on a Nicolet FT-IR spectrophotometer model 60000 

equipped with an MCT detector. When necessary, a wire grid polarizer was used. The 
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interferograms were accumulated 250 times by, using a maximum optical retardation of 
0.25 cm to yield a resolution of about 4 cm-1 with high S/N. ratio. The spectrophoto-

meter was purged with dry air to eliminate atmospheric water and carbon dioxide. 

4. RESULTS AND DISCUSSION 

4.1. Infrared spectra of four phases 
   Figures 4 and 5 represent the infrared spectra in the frequency ranges of 2400-1300 

and 1300-600 cm-', respectively, of 8CB in the KBr pellet (Sample I) in the crystalline, 
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        Fig. 5. The IR spectra in the range from 1300 to 600 cm-1 of 8CB in a KBr 
pellet in the crystalline, smectic A, nematic, and isotropic phases. 
- indicates absoption bands due to the trans zigzag conformation, 
p indicates absorption bands' due to the gauche conformation. 
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smectic A, nematic, and isotropic phases. As mentioned above, the absortion bands 
at 2230, 1915, and 815 cm'' are assigned to the CN stretching vibration, the combina-
tion of the CH out-of-plane bending vibrations of the phenyl group, and its fundamen-
tal vibration, respectively. Besides these, there are the CC stretching bands of the phe-
nyl group at 1608, 1496, and 1400 cm'', the CH, scissoring band at 1467 cm'', the CH 
in-plane bending band at 1184 cm'1, the phenyl CCC bending band at 1006 cm`1. 

   Spectral features are significantly changed for the following bands at the crystal-smectic 
A phase transition temperature (Tcs), but are scarecly changed at other transition 
temperatures. In the crystalline phase, the CH, rocking band of the octyl chain splits 
into two components at 719 and 730 cm-1. The band progression due to the CH, 
rocking twisting modes of the octyl chain are detected at 931, 850, 785, and 746 cm'', 
while the band progression due to the CH, wagging modes are observed at 1226, and 
1208 cm'1. The 850 and 785 cm'' bands show strong absorption in crystalline state. 
These bands may be intensified by coupling with the CH out-of-plane bending mode of 
the phenyl group at 815 cm''. Large decreases in intensity observed for these bands in 
higher temperature phases may be caused by the distortion of the planar structure of 
the octyl chain, accompanying decoupling with the CH out-of-plane bending vibration. 
In these phases, the CH, rocking vibration is observed as a singlet at 723 cm'', and 
the band progressions almost disappear. Newly observed bands in higher temperature 
phases at 833 and 763 cm'' are attributed to coupling modes of the CH, and CH, 
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       Fig. 6. Temperature dependence of the frequency (•) and the half-bandwidth 

(o) of the CH, scissoring band of 8CB in a KBr pellet.' 

(282 )



                    Molecular Structure  and Orientation of 8CB 

rocking vibrations in the gauche conformation.") These findings suggest that in the crys-

talline phase, the hydrocarbon chain is in the planar trans zigzag conformation with 
orthorhombic subcell packing, while in other phases, internal rotation occurs in the hy-
drocarbon chain providing the gauche conformation. 

   Temperature dependence of the frequencies and half-bandwidth of major bands of 
8CB was examined. Typical results are shown in Fig. 6 for the CH, scissoring band. 
I cs, TSN, and TN/ denote the crystal-smectic A, smectic A-nematic, and nematic—isotropic 

phase transition temperatures, respectively. With increasing temperature, the band fre-
quency abruptly decreases, and the bandwidth increases at Tcs, and both are followed 
by the gradual changes in the same directions at higher temperatures. This fact indi-
cates that with increasing temperature the hydrocarbon chain packing becomes looser 
and the molecular motion becomes more vigorous at Tcs and then both change gradually 
at higher temperatures. 

   Figures 7 and 8 demonstrate the temperature dependences of the frequency and 
half-bandwidth of the CN stretching band and the CH out-of-plane bending band of 

the phenyl group, respectively. The CN stretching frequency largely decreases with in-
creasing temperature at Tcs (Fig. 7), while the CH out-of-plane frequency increases 
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(o) of the CN stretching band of 8CB in a KBr pellet. 
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      Fig. 8. Temperature dependence of the frequency (•) and the half-bandwidth 
             (o) of the CH out-of-plane bending band of 8CB in a KBr pellet. 

(Fig. 8) . The direction of the frequency shift has been discussed in connection with 
the type of intermolecular interaction.1) The changes in frequency is caused by the 

change in the arrangement of surrounding molecules around a particular vibrating mo-

lecule, and are obvious at Tcs. Since the bandwidth usually increases with increasing 

temperature, the direction of the change in bandwidth of both bands at Tcs and that 

of the CH out-of-plane bending band above Tcs is usual. However, that of the CN 
stretching band above Tcs is unusual. Gordon has studied a relation between the band 
shape and the rotational correlation function,16' and suggested that the faster rotational 
motion results in the wider bandwidth. The temperature dependence observed on 
bandwidth above Tcs reveals that the rotational motion of the cyanobiphenyl group 
around its Cy axis become more vigorous with increasing temperature, and the rotations 
around other axes being kept almost unchanged. - 

4.2. The direction of crystal growth and molecular orientation at various phases 
   We are discussing the orientation of the cyanobiphenyl group under the assumption 

of the C,, symmetry of this group. Figure 9 demonstrates the temperature dependences 
of the dichroic ratio AD,/A1, in the logarithmic scale for the three characteristic bands 
at 2230 (A1 species) , 1915 (B1 species) , and 815 (B2, species) cm-' of Sample II. Here 
Ap, and AL, are the absorbances for the polarized radiations with the electric vectors 
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      Fig. 9. Temperature dependence of the dichroic ratios for the 2230 (•), 1915 

             (A), and 815 cm-' (o) bands of Sample II. 

parallel and perpendicular to the direction of crystal growth. The CN stretching band 
at 2230 cm-1 shows large parallel dichroism in the crystalline state, indicating that the 
long axis of the cyanobiphenyl group is oriented almost parallel to the direction 
of crystal growth. The CH out-of-plane bending band at 815 cm-' exhibits large 
perpendicular dichroism. The combination band of the CH out-of-plane modes at 1915 
cm-1 is found to be weaker in this sample (the spectrum is not shown here) than in 
the randomly oriented sample. (Sample 1, Fig. 4) and shows no dichroism. These facts 

                         (285)
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indicate that the molecular plane is oriented parallel to the direction of crystal growth, 
and perpendicular to the window surface. 

   The parallel orientation of the long axis to the direction of crystal growth in the 
crystalline phase is still observed in the smectic A and nematic phases, although its degree 
is largely reduced. In the smectic A phase, uniaxial orientation is usually expected with 
respect to the direction of crystal growth. However, it is found to be not the case in 
this sample, because the sum of the three-S-values calculated from observed dichroic 
ratios of the characteristic bands by the use of Eq. (1) is found to be —0.15, instead 
of zero expected for uniaxial orientation (Eq. 6) . Since the order parameter can be 
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definded only for uniaxially oriented system, the molecular orientation of this sample is 
described in terms of the dichroic ratio instead of the order prarmeter in Fig. 9. In 
the nematic phase, the uniaxial orientation is obviously realized as is confirmed by the 
fact that the sum of S-values is zero (Sa=0.45, Sp=-0.30,Sr=-0.15). The large gap of 
the dichroic ratios for the 2230 cm-1 band at TSN is caused by the change in the 
molecular orientation from non uniaxial to uniaxial. No dichroism and therefore random 
orientation of molecules is found in the isotropic phase as expected. 

   The temperature dependence of the dichroic ratios for the three bands of Sample 
III (Fig. 10) is different from that of Sample II (Fig. 9) . Although the 2230 cm-1 
band shows large parallel dichroism in the crystalline phase as in the case of Sample II, 
the 1915 cm-1 band shows large perpendicular dichroism. The 815 cm-1 band of 
this sample is weak as compared with that of Sample I and shows parallel dichroism. 
These facts indicate that the long axis orients nearly parallel (with slight inclination) to 
the direction of crystal growth, and the molecular plane orients almost parallel to the 
window surface. In the both cases of Samples II and III, the long axis are parallel to 
the direction of crystal growth, irrespective of the rubbing direction, but the orientation 
about the long axis is different for each sample. The parallel orientation of the long 
axis in the crystalline phase still remains in the smectic A phase. The molecular orien-
tation is also found to be not uniaxial. At TSN, drastic changes in dichroisms occur. 
The 2230 cm-I band gives rise to the change from. parallel to perpendicular dichroism 
and 1915 and 815 cm-1 bands give rise to the change from perpendicular to parallel 
dichroism. This fact indicates that the long axis of the molecules turns from the direction 
of crystal growth to the rubbing direction at TSN. In the nematic phase, Sa, Sp, and 
Sr are calculated as 0.45, —0.30, and —0.15, respectively. The sum of them is equal 
to zero, indicating uniaxial orientation. 

   The temperature dependence on the dichroic ratios for Sample IV, which is not 
shown here, is quite similar to that for Sample II (Fig. 9) . The long axis of the mole-
cule orients parallel to the direction of crystal growth in the crystalline, smectic A, and 
nematic phases. 

   Figure 11 displays the dichroic ratios at various temperatures for Sample V. In the 
crystalline state, the 2230 cm-1 band shows large paralell dichroism, indicating that the 
long axis 'orients parallel to the direction of crystal growth. The 1915 cm-1 band shows 
large parpendicular dichroism as in the case of Sample III (Fig. 10) . The 815 cm-1 
band is observed to be very weak as compared with that of Sample I, suggesting that 
the direction of the transition moment of this band is almost normal to the window 
surface. In Fig. 11, this band shows larger parallel dichroism than the 2230 cm-1 band. 
Since, however, in this case dichroism of this band is very sensitive to the small inclina-

tion of the molecular plane, the orientation of the molecule is more or less the same as 
that of Sample III (Fig. 10) . As in the case of Samples II, III, and IV, the parallel 

orientation of the long axis persistes in the smectic A phase, although the mangitude is 

largely reduced. In the nematic phase, no dichroism is observed. Because the intensity 

of the 2230 cm-1 band of this sample is much weaker than that of randomly oriented 

sample (Sample I) , while the 1915 and 815 cm-1 bands belonging to the B1 or B2 

species have comparatively strong absorption, the long axis of the molecule is though to 
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          Fig. 11. Temperature dependence of the dichroic ratios of the 2230 (• ), 1915 
                  (h), and 815 cm-1 (o) bands of Sample V. 

  orient perpendicular to the window surface. In other words, the homeotropic orientation 
 is performed in the nematic phase. This was further confirmed by means of polarized 

 microscope. When the sample was placed between two crossed polarizer, it appeared 
dark? Similar results were obtained for the 8CB sample sandwiched between two KBr 

 windows which have been first rubbed by a diamond paste and then coated with leci-
 thin. The effect of rubbing may be screened by the lecithin overcoat in this case. 

     The results described in this section are schematically summarized in Fig. 12. The 
 thermal process, i. e., the history of thermal treatment, is shown at the top of the figure. 
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        Fig. 12. Schematic illustration of orientation behaviour of 8CB in contact with 
                KBr surfaces which have been treated in various ways. The samples 

                were first crystallized and infrared spectra were measured in cry-
                 stalline, smectic A, nematic, and isotropic phases on the process of 

                sample heating. — indicates the direction of crystal growth, and 
                  E --- indicates the rubbing direction. 

The samples were crystallized at first, and their FT-IR spectra were measured in this 

phase and then in smectic A, nematic, and isotropic phases on the process of sample 
heating. The molecular orientation in the crystalline phase is determined excimively by 

the direction of the temperature gradient in the crystal growth, and is independent of 

the state of the window surface with which the sample is in contact. Namely, the long 

axis of the molecule always orients parallel to the direction of crystal growth. The 

orientation around the long axis seems to be determined depending upon the orientation of 

a seed crystal first obtained. The parallel orientation of the Iong axis of the molecule 
in the crystalline phase remains in the smectic A phase, while the rotation around the 

long axis is considerably activated. The molecular orientation is still not uniaxial. In this 

case, two types of force may be considered: one is the intermolecular force which acts 

so as to remain the molecular orientation unchanged, and the other is the surface force 
which acts so as to determine the molecular orientation depending on the state of 

the window. surface. It seems that in the smectic .A_ phase, the intermolecular force is 

predominant. In the nematic phase, on the other hand, the surface force surpasses the 
intermolecular force, and the orientation of the long axis depends on the state of the 
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window surface. Namely, the long axis orients parallel to the rubbing direction in Samples 

II and III. This results in the turning of the long axis from direction of crystal growth 

to the rubbing direction at TSN of Sample III. In Sample V, the long axis orients 

perpendicular to the window surface. In sample IV, where the KBr windows are not 
rubbed, the molecules behave as in Sample II. The m:lecular orientation is uniaxial in 

this phase for all samples examined. In the isotropic phase, the molecules are randomly 

oriented. 

4.3. Molecular orientation in the sample prepared without crystallization 

   In this section, the molecular orientation in Samples VI, VII, and VIII are discussed. 
Figure 13 demonstrates the temperature dependence of the order parameters in the 

homogeneous system of Sample VI. The order parameters with respect to the rubbing 

direction were obtained from the dichroic ratios of the three bands belonging to the 

A1, B1, and B, species by using Eq. (1) . The sum of the S-values for the three bands 

is equal to zero both in the smectic A and the nematic phases, indicating that the sys-

tem is in uniaxial orientation. Three order parameters gradually approach to zero with 

increasing temperature. The temperature dependence of the order parameter of the 

long axis in the nematic phase agree well with that reported by Karat and Mudhusu- 
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      Fig. 14. IR spectra in the range from 2400 to 600 cm-1 of 8CB in a homeotropic 
              system of Sample VII. 

dana171 who obtained the order parameter from the refractive indexes. At TNI, the 

order parameters become zero. 

   Figure 14 displays the infrared spectra of 8CB in a homeotropic system of Sample 

VII. The absoption bands at 2230, 1608, 1496, and 1184 cm-1 which are classified into 

the Al symmetry species increase their intensities in the order of the smectic A, nema-

tic, and isotropic phases, while the B, bands at 1915 and 1400 cm-1, and the By ban-

ds at 815 cm') decrease their intensities in the same order. These facts reveal that the 
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       molecular orientation is deteriorated with increasing temperature. This is quantitatively 

      shown by the temperature dependence of the order parameters (Fig. 15) which were 

      obtained from the intensity ratios Ra, Rp, and R, for the three characteristic bands at 

      2230, 1915, and 815 cm-1 by using the Eqs. (3), (4), (5), and (7). The order parameter 

      for this homeotropic system is almost the same as that for the homogeneous system 

      (Fig. 13) . In the isotropic phase, order parameters become zero. 
          Figure 16 shows the temperature dependence of the order parameters around the 

      surface normal in a free standing film of Sample VIII. The order parameters for this 

      system are obtained by the same way as in the case of Sample VII. The temperature 

      dependence of the order parameters is found to be almost the same as that in Sample 

      VII in the smectic A phase, but fluctuates in the nematic phase. The reason of this 

       fluctuation is uncertain at present. 
          The results in this section are illustrated in Fig. 17, where the thermal process is 

      shown at the top of the figure. Samples were gradually cooled down from the isotropic 

      phase to the smetic A phase without crystallization. The FT-IR spectra are measured 
      in the smectic A, nematic, and isotropic phases on the process of sample heating. The 

      molecular orientation depends on the state of the window surface in Samples VI and 

      VII. The orientation of the long axis is parallel to the surface in the former sample, 
      while perpendicular in the latter sample. In Sample VIII, the molecule orients almost 
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        Fig. 16. Temperature dependence of the orientational order parameters with 
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perpendicular to the film surface. The uniaxial orientation occurs both in the smectic 
A and nematic phases for all the samples. The molecule can fluctuate only in the free 

surface. The force acting on the free surface seems to be weaker than that acting on 
the KBr surfaces. The order parameters gradually decrease with increasin temperature. 

                          5. CONCLUSION 

   In Samples I to V, molecular structure dramatically changes at T 05, but scarcely at 
TsN, and TNI. The alkyl chains are in the trans zig-zag form in the crystalline phases, 
but may rotate about C-C bonds to provide the gauche form in the smectic A, nematic, 
and isotropic phases. This rotationaI motion increases with increasing temperature. 

   It can be concluded that the four phases of 8CB are characterized by the orientation 
behaviour of the molecules as well as its dependence on the thermal process as follows. 
In the crystalline phase, the long axis of the molecule always orients parallel to the 
direction of crystal growth, but the orientation about the long axis is determined 

depending on the orientation of a seed crystal first obtained. 
   In the smectic A phase, it is interesting to compare the molecular orientation between 

Sample II in Fig. 12 and Sample VI in Fig. 17 (in both samples, the KBr windows 
are rubbed) and between Sample V in Fig. 12 and Sample VII in Fig. 17 (in both 
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        Fig. 17. Schematic illustration of orientation behaviour of 8CB for Samples 
                VI, VII, and VIII, The samples were gradually cooled down from 

                the isotropic phase to the smectic A phase without crystallization. 
                 Infrared spectra were measured in the smecic A, nematic, and isotropic 

                phases on the process of sample heating. a--- indicates the rubbing 
                 direction. 

samples, the KBr windows are lecithin coated) . In the case of Sample II and Sample 
VI, the long axis of the molecule is oriented parallel to the window surface. In the 

case of Sample V and Sample VII, however, the long axis is oriented parallel to the 

window surface in the former sample, but it is oriented perpendicular to the surface in 

the latter sample. All of these findings can be understood by an idea that the molecular 

orientation in the smectic A phase is determined by that in the previous phase of the 
thermal process, which is the crystalline phase for Samples II and V, but the nematic 

phase for Samples VI and VII. In the crystalline phase of Samples II and V, the 
long axis orients parallel to the crystal growth (the window surface) . In the nematic 

phase of Sample VI, the long axis orients parallel to the rubbing direction (the window 
surface) , but in the nematic phase of Sample VII, it orients perpendicular to the 

window surface. Thus it is likely that the intermolecular force plays an important role 

in the molecular orientation in the smectic A phase. 

   It is apparent in the nematic phase that the molecular orientation in Sample II and 
that in Sample VI are identical (parallel to the window surface) in each other. Further 
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the orientation in Sample V and that in Sample VII are also the same (perpendicular 

to the window surface) with each other. These facts reveal that the molecular orientation 

in the nematic phase is determined by the state of the window surface, and independent 

of the orientation in the previous phase of the thermal process. It can be said therefore 

that the surface force surpasses the intermolecular force in the nematic phase. 
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