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Structural Rheology of Smectic Liquid Crystalline Phase
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The rheological properties of layered systems such as a thermotropic smectic liquid crystal and surfactant lyotropic

lamellar phase are studied from the viewpoint of structural rheology. Many defects included into these layered systems

significantly influence their physical and rheological properties. For instance, an unbinding transition of dislocation

loops in the smectic phase drives the smectic-nematic transition. And oily streak defects in the lyotorpic lamellar phase

provide the physical origin of the elasticity. We show how these structural defects are closely associated with linear-

and nonlinear-rheological behaviors. And we show that these defects dominate not only their rheology but also the non-

equilibrium structural transition such as shear-induced lamellar/onion transition.
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Fig. 1. Schematic diagram of (a) : FCD-I and FCD-II and (b) : the
oily streak structure. In the oily streak structure, 5 vertical cross
sections of FCD-I penetrated by 4 edge dislocations are shown.
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Fig. 2. Polarized microscope images of the smectic phase under shear flow
at different temperatures (7= 25, 31 and 33 °C) and shear rates (y
=0.1, 1, 10, 20, 100 and 200 s™). The flow is applied along the
longitudinal direction. The scale bar corresponds to 100 pm.
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Fig. 3. Typical microscope image used to estimate the FCD size at T
=25°C and 7 = 0.1 s™". The averaged diameter L of FCDs was
estimated by tracing each FCD with a white circle as shown in
the picture. The scale bar corresponds to 50 pm.
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Fig. 4. Plot of the FCD size L as a function of the shear rate 7 and the
reduced temperature ¢. Different symbols correspond to different
temperatures. The scaling variable is chosen to be 7% £™*° so that all

the data points fall onto a straight dotted line whose slope is unity.
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Fig. 5. Steady-state shear rate y as a function of the applied shear stress ¢ at
different temperatures. The inset shows a typical curve (7= 33.1 °C)
divided into three regimes. Regime 0 is fitted by the HB model,
eq. (1); Regime I is fitted by the power law behavior, eq. (2); and
Regime II corresponds to the Newtonian behavior. o, indicates a
stress where the transition from Regime I to Regime II takes place.
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Fig. 6. Shear viscosity 1 as a function of the temperature obtained at
different applied shear stress ¢ =10, 30, 50, 100Pa. Here log
is vertically shifted in order to have a better visibility. Vertical
dotted line indicates 7= Ty.
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Fig. 7. Dynamic phase diagram of 8CB under shear plotted against the
temperature and the applied shear stress. o, is the stress above
which the smectic becomes Newtonian in fig. 5, while 7, and 7, are
characteristic temperatures identified in fig. 5. The vertical dotted
line indicates 7' = Tgy. The lines of o, and 7, coincide with each
other. SmA, and SmA, denote the smectic phases in Regime I and
11, respectively, while N indicates the nematic phase.
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Fig. 8. Schematic diagram of a smectic phase with perpendicular (left)
and parallel (right) orientations under shear flow. Vv, v and n
correspond to the flow gradient, flow and vorticity directions,
respectively. The SmA, region includes both the perpendicular
and the parallel orientations, while only the perpendicular
orientation appears in the SmA; region.
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Fig. 9. Dynamic storage modulus G’ and loss modulus G” as a function
of frequency o at different temperatures. Open and filled symbols
correspond to G’ and G", respectively. Different symbols shown
in the bottom panel represent the applied preshear stresses for
which the steady states are obtained.
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Fig. 10. Plot of the plateau shear modulus G’ as a function of the
shear rate y and the reduced temperature ¢. Different symbols
correspond to different temperatures. The scaling variable is
chosen to be 7%* 7*7 so that most of the data points fall onto a

straight dotted line whose slope is unity.
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Fig. 11. Shear rate dependence of the viscosity for C,,E, / Pluronic /
H,O lamellar phases with different polymer mole fractions. For
comparison, the viscosity of the polymer-free system (C,,E; /
H,0) is also plotted.
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Fig. 12. Scaled shear modulus as a function of the reduced shear rate.
Shear modulus was reduced by the scaling factor X,N;,"%, and
the shear rate was reduced by the critical shear rate.
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Fig. 13. Critical shear stress obtained for lamellar phases with Ny, and X,
as a function of the increment term of the bending modulus due
to the grafted polymer chains on the bilayer membrane.
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