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Summary

The band texture of the hydroxypropylcellulose (HPC) fiim is observed after
cessation of shear by optical microscopy and scanning electron microscopy (SEM). The
sinusoidal supramolecular structure associated with the band texture of HPC is verified
by polarized optical microscopy, so the band texture corresponds to the spatial
periodicity of local director or molecular orientation. On the other hand, however, the
pleated morphology, a depth periodicity, is confirmed by SEM and the pleat period is
consistent with the band period. What is more, even without polarizer and analyser, the
bands can still be found in an optical microscope with the same periodicity as those
under cross polars, and these bands might be attributed to a density periodicity. Both the
depth and density periodicities result from the mass flow after cessation of shear and
must be coupled to the orientation periodicity resulting from director rotation. As a
consequence, we propose that the back-flow effect is striking in the formation of band
textures and should be taken into consideration in order to give a plausible and explicit
mechanism of band formation.

Introduction

The band formation is a phenomenon common to all main chain polymeric
liquid crystals (PLCs). The alternating dark and bright bands perpendicular to the
preshearing direction was observed in a polarizing microscope first by Elliott and
Ambrose (1) and then by many other people (2-33). Besides of interest in the light of the
fundamental research, the band texture affects the mechanical properties of PLC
materials (22) and has, therefore, attracted much attention of scientists and engineers.

The mechanism leading to the formation of the band texture has, therefore, been
am important question. Marrucci (34) suggested that the bands arise from the coherent
tumbling of neighboring domains and introduced Frank elasticity into this problem.
Fincher (35) proposed the idea that a large value for the splay elastic constant in PLCs
favors a rapid lateral relaxation. Picken et al. (36) recently presented a model along
similar lines. Gleeson et al. (37) suggested that both molecular and texture elasticity
influence the band formation. On the other hand, Chan and Rey (38, 39) distinguish
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themselves as putting forward the coupling between the director rotation and the back-
flow effect as a mechanism for the selection of the wavelength of the perturbations.
Unfortunately, they only consider a one-dimensional evolution of the texture. Although
the theoretical efforts mentioned above can explain part of experimental results, the
formation mechanism of band textures is still an open question at the present time, due
to the approximation and incompleteness of the theoretical approaches. It is even not
very clear that which physical factors trigger the band formation. In our opinion, the
formation mechanism of band texture can not be revealed at least until the liquid
crystalline (LC) elasticity and the back-flow effect are both considered in more than one
dimensions. The LC elasticity is obvious. On the other hand, the experimental evidence
is scarce for the striking back-flow or hydrodynamics effect in the band formation.

It is well known that the band textures are a polarizing optical effect resulting
from the periodicity of molecular orientation. Some people indicated that out-of-plane
component was also present (24, 25). The authors would like to term the phenomenon of
the wavy film surface as the depth periodicity, another kind of spatial periodicities in
contrast to the orientation periodicity. In this paper, the spatial periodicity for the wavy
surface is confirmed along with that for the orientation. Furthermore, the density
periodicity is assumed according to direct observation of hydroxypropylcellulose (HPC)
film in an optical microscope. To our knowledge, the band textures observed in an
optical microscope without polars have not been reported in literature. Both depth and
density periodicities result, obviously, from the mass flow after cessation of shear.
Hence, this paper affords a preliminary, although indirect, morphological evidence for
the existence of striking back-flow effect in the band formation.

Experiment

HPC was supplied by TCI (MW 60, 000). The lyotropic liquid crystal was
prepared by mixing HPC and water at room temperature followed by centrifugation to
remove air bubbles. The solution (50 wt %) was sheared between two glass slides in a
simple self-built shear apparatus. The film depth is about 40 pm and the shear rate is
about 1000 s™. Immediately after shearing, the wet film was fast dried by a strong
electric cold-wind-maker lasting for 20 s. The dried film was observed in a Leitz
polarizing optical microscope (POM). The source is the white light with orthoscopic
incidence. The optical micrographs were captured by a CCD camera with 512x512
pixels and 256 relative intensity levels. The specimen was also observed in a Hitachi S-
520 scanning electron microscope (SEM) after spurting Au on the film surface.

Results and Discussion

Band textures of HPC film are shown by polarizing micrographs (Figure 1).
According to our previous studies (33), if the optical director is periodically sinusoidal,
not only the contrast ratio, but also the position and number of the extinction bands
change with o, the relative angle between the preshearing direction and the polarizer.
Especially when o is between zero and the maximum divergence angle of the local
director to the preshearing direction, the paired bands may occur. It is the case in Figure
1(b), and we can estimate that the maximum divergence angle for our specimen is near
30° (Figure 1(c)). So, the orientation periodicity is associated with the band texture and
the corresponding supramolecular structure in our sample is sinusoidal.
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Figure 1. Polarizing optical micrographs of the sheared HPC film. (a) specimen in
orthogonal position under cross polars; (b) to (d) rotation of the specimen with the
noted angles. The bands are perpendicular to the preshearing direction. The band
widths in (a) and (c) are about 2 pm and 4 pm, respectively.
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Figure 2. SEM micrograph of the sheared HPC film. The pleat period is about 4 um.
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Figure 3. Optical micrographs of the sheared HPC film. (a) with cross polars in the
orthogonal position; (b) merely with analyser; (¢) merely with polarizer; (d) without
polarizer and analyser. The period for every two bands is about 4 um.

Our electron micrographs show, on the other hand, that the band texture is not
merely an optical effect. The pleated morphology can be seen clearly from Figure 2. The
detector is located on the left-hand side above sample, so the left faces of the pleats are
bright while the right faces are black. Such a morphology was first reported by Nishio et
al. (24). However, they failed to notice that the pleat period obtained from SEM is
almost equal to the band period obtained from POM. This point can be seen by
comparison between Figures 1 and 2 in the present paper. (Note: The band width in
orthogonal position by POM is only half of the band period, if the supramolecular
structure is sinusoidal.) That means the adjustment of the molecular orientations is
coupled with the movement of the mass centers of molecules and implies that the
velocity field in the formation process of the band texture has the same period as the
director field. So, the back-flow effect might be important in the formation of the
periodic bands.

Such an idea is further confirmed by optical micrographs (Figure 3). The
interesting phenomenon is that even without polars, the specimen can still take on band
textures with relatively low contrast ratio. These bands never change with the rotation of
the specimen, and the band width is only half of the band periods by POM and SEM. To
our knowledge, no one has ever reported the band textures of PLCs observed in an
optical microscope without polarizer and analyser. The texture in Figure 3(d) can not be
explained completely by the pleats in Figure 2, considering the mismatch between the
band width and the pleat width. Hence, the authors tentatively attribute the band texture
without polars to the periodic change of the density. Comparison between Figures 3(a)
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and 3(d) shows that the black bands without polars correspond roughly to the extinction
bands under cross polars in orthogonal position. Therefore, a relative large density is
formed in the position where the local molecules are orientated parallel with the
preshearing direction. We imagine that the periodic spatial change of density has
something to do with that of the local order parameter. Of course, the density periodicity
is also a result of mass flow after cessation of shear.

Conclusions

The band texture of HPC is found not merely a polarizing optical phenomenon.
The pleated morphology is confirmed along the third dimension normal to the film
plane for our specimen. Therefore, together with the orientation periodicity, the surface
elastic wave can be found. Even the periodicity of order parameter and hence of density
might, in some case, be included in the band texture. The period of the velocity and the
period of the density might be the same as or half of that of optical director or molecular
orientation.

In our opinion, the pleated morphology and the bands observed without polars
may not always accompany the conventional band textures. Some conclusions such as
the density periodicity is still premature in the present paper and extensive
investigations are desired. But anyway, the spatial periodicity with respect to the band
texture is not limited within the orientation change and the back-flow effect plays an
important role in band formation. Up to now, the formation mechanism of the band
texture is still a challenging question, although some efforts have been made helpfully
(34-39). Several factors such as the Frank elastic effect, the back-flow effect and the
evolution of local order parameter might be taken into consideration in order to give a
plausible and explicit explanation to the band texture. Some theoretical treatment about
the LC dynamics after cessation of shear is in progress by us after considering both
Frank elasticity and back-flow effect in two dimensions. The preliminary theoretical
result seems meaningful and will be published later (40).

Acknowledgments

This research was supported by NSF of China, Science and Technology
Foundation of Shanghai, and The National Key Projects for Fundamental Research
“Macromolecular Condensed State” from The State Science and Technology
Commission of China.

References

. Elliott A, Ambrose EJ (1950) Disc Faraday Soc 9: 246

Dobb MG, Johnson DJ, Saville BP (1977) J Polym Sci Polym Phys Ed 15: 2201
. Kiss G, Porter RS (1980) Mol Cryst Liq Cryst 60: 267

. Morgan RJ, Pruneda CO, Steele W (1983) J Polym Sci Polym Phys Ed 21: 1757
. Fried F, Sixou P (1988) Mol Cryst Lig Cryst 158B: 163

Marrucci G, Grizzuti N, Buonaurio A (1987) Mol Cryst Liq Cryst 153: 263
Navard P, Zachariades AE (1987) J Polym Sci Polym Phys Ed 25: 1089

. Marsano E, Carpaneto L, Ciferri A, Wu 'Y (1988) Liq Cryst 3: 1561

. Marsano E, Carpaneto L, Ciferri A (1988) Mol Cryst Liq Cryst 158B: 267



778

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
29,

30.
31

32.
33.
34.
35.
36.
37.
38.
39.
40.

Nicholson TM (1989) Mol Cryst Liq Cryst 177: 163

Thomas EL, Wood BA (1985) Faraday Discuss Chem Soc 79: 5

Donald AM, Viney C, Windle AH (1983) Polymer 24: 155

Viney C, Donald AM, Windle AH (1983) J Mater Sci 18: 1136

Viney C, Donald AM, Windle AH (1985) Polymer 26: 870

Bedford SE, Windle AH (1990) Polymer 31: 616

Putnam WS, Viney C (1991) Mol Cryst Liq Cryst 199: 189

Chen S, Qian R (1992) Makromol Chem Macromol Symp 53: 345

Chen S, Jin Y, Qian R, Cai L (1987) Makromol Chem 188: 2713

Chen S, Qian R (1990) Makromol Chem 191: 2475

Hu S, Xu M, Qian B, Wang X, Lenz RW (1985) J Polym Sci Polym Phys Ed 23:
2387

Wang J, Bhattacharya S, Labes MM (1991) Macromolecules 24: 4942

Wang J, Labes MM (1992) Macromolecules 25: 5790

Yan NX, Labes MM, Baek SG, Magda JJ (1994) Macromolecules 27: 2784

Nishio Y, Yamane T, Takahashi T (1985) J Polym Sci Polym Phys Ed 23: 1053
Patnaik SS, Bunning TJ, Adams WW, Wang J, Labes MM(1995) Macromolecules
28:393

Verment J, Moldenaers P, Mewis J (1994) J Rheol 38: 1571

Fischer H, Miles MJ, Odell JA (1994) Macromol Rapid Comm 15: 815

Viney C, Putnam WS (1995) Polymer 36: 1731

Kume T, Asakawa K, Moses E, Matsuzaka K, Hashimoto T (1995) Acta Polym 46:
79

Ernst B, Navard P (1989) Macromolecules 22: 1419

Tomoaki T, Hashimoto T, Ernst B, Navard P, Stein RS (1990) J Chem Phys 92:
1386

Navard P (1986) J Polym Sci Polym Phys Ed 24: 435

Ding J, Feng J, Yang Y (1995) Polym J 27: 1132

Marrucci G (1985) Pure Appl Chem 57: 1545

Fincher CR Jr (1988) Mol Cryst Lig Cryst 155: 559

Picken SJ, Moldenaers P, Berghmans S, Mewis J(1992) Macromolecules 25: 4759
Gleeson JT, Larson RG, Mead DW, Kiss G, Cladis PE (1992) Liq Cryst 11: 341
Chan PK, Rey AD (1992) Liq Cryst 12: 1025

Chan PK, Rey AD (1993) Liq Cryst 13: 775

Ding J, Zhu J, Yang Y, in preparation



