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Deformable Viscoelastic Cholesteric Films
with Nanoparticles
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Muenchen, Germany
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Large spectral shifts of the selective reflection band and color changes are achieved
in highly viscous mixture of cholesteric polymers and low molar mass liquid crystals
filled with nanoparticles and subject to mechanical deformations. The color of the
material changes instantaneously during deformation; the time for the color to be
completely restored increased with the viscosity of the polymer mixture. The
viscosity increases with increasing concentration of polymer or nanoparticles. These
properties of the material were explored in building a highly sensitive mechanical
sensor.
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1. Introduction

Highly viscous cholesteric liquid crystals (CLCs) sensitive to mechanical deforma-
tion, stretching, and shear were recently studied in [1–4]. In these materials high vis-
cosity plays a crucial role in determining their peculiar mechanical response. Highly
viscous CLCs can be obtained by mixing polymer CLCs and low molar mass
nematic liquid crystals. The viscoelasticity of such materials can be controlled by
changing the ratio between polymer and liquid crystal. The gained viscoelasticity
allows for deformation to be visualized by deformed helical axis almost simul-
taneously. Thus, these materials are almost ideally suited for building a variety of
mechanical sensors and for visualizing a distribution of stress. It is well known that
the color of a cholesteric sample and the position of the center of the selective reflec-
tion band (SRB) is determined by k¼ nP (where P is the helical pitch of the chiral
liquid crystal and n¼ (neþ no)=2 is the average refractive index of the cholesteric
planes [5]). While in common thermotropic low molar mass liquid crystals the alter-
ation of helical pitch quickly vanishes due to low viscosity and short relaxation time
(proportional to cP2

K ¼ 10�2 � 10�3 s), highly viscous cholesteric materials relax slowly,
with typical maximum relaxation time c.a. 102 s.
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It is interesting to compare the elastic properties of highly viscous cholesteric
liquid crystals with the properties of cholesteric elastomers that recently attracted
considerable attention. Cholesteric elastomers can respond reversibly to different
types of deformation by changing the helical pitch and keeping these changes in
the deformed state [6–8]. Finkelmann et al. synthesized and studied cholesteric elas-
tomers under uniaxial and biaxial stress [6]. Terentjev et al. studied deformation of
cholesteric elastomers and changes in their photonic band gap [7,8]. Cholesteric elas-
tomers represent a group of chiral polymers, whose behavior, in theoretical terms,
can be described by purely elastic deformation. Highly viscous cholesteric liquid
crystals are viscoelastic materials and cannot be described in terms of purely elastic
model.

The development of viscous cholesteric materials filled with nanoparticles is a
new venue of research that may lead to a successful creation of novel highly sensitive
mechanical sensors and smart ferromagnetic fluids.

In this paper we briefly discuss some properties of highly viscous CLC materials
filled with nanoparticles that, we believe, make them very attractive for a new gen-
eration of mechanical sensors or materials able to visualize mechanical stress.

2. Results and Discussion

Highly viscous CLCs were prepared by mixing 70–80wt.% of silicone-based choles-
teric liquid crystals C4745, C4754 or C4768 (Wacker Co) and 30–20wt.% of a
nematic liquid crystal, MBBA (Sigma-Aldrich Co.) (see Fig. 1 for chemical

Figure 1. Chemical structure of the components of the mixture.
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structures of liquid crystalline compounds). Nanoparticles of iron(III) oxide (nonsphe-
rical nanoparticles), nickel (spherical) and tin oxide (spherical) were used, the average
size of the particles was less than 70nm. In order to increase compatibility of nanopar-
ticles (iron oxide and tin oxide) with polymer mixture, the particles were treated in
oleic acid. The concentration of chiral groups in the Wacker polymers decreases from
C4745 to C4768, leading to a longer selective reflection wavelength (450 nm, 540nm
and 660nm, respectively). This allows to prepare mixtures with the selective reflection
band centered at any point within the visible spectrum. The viscosity of the polymer=
MBBA=nanoparticle composite was measured either by the vibrating fork or by the
two plates methods and was found to significantly increase with polymer concen-
tration. The composite was placed between two glass plates, the varying pushing force
induced the motion of the upper plate with respect to the lower one with constant velo-
city. The effective viscosity can be estimated from the equation

c ¼ Fd

An
; ð1Þ

where d is the distance between plates, F is the pushing force, A is the area of the sam-
ple, v is the velocity of upper plate motion. The properties of polymer=MBBA system
and dependence of viscosity on concentration of MBBA was studied in previous pub-
lications [1–3]. Here we mainly focus on the properties of composites filled with nano-
particles.

The color of the sample changed significantly when the shear deformation was
applied to the sample placed between two glass plates with one of them shifting with
respect to another. Color restoration takes a longer time than in the case of defor-
mation of the same mixture without nanoparticles. Color is completely restored after
deformation is terminated and the sample relaxes.

There are two major effects that contribute to the color changes in the sample at
relatively low and high viscosities.

Figure 2 displays the dependence of relative viscosity measured by the two plates
methods as a function of nanoparticles concentration. Relative viscosity is shown
with respect to the mixture consisting of 65% of Wacker polymer and 35% MBBA.
It is easy to see that viscosity increases significantly with concentration of nanopar-
ticles. Nanoparticles do not change the helical pitch of the mixture, but they change
the color of the mixture and the visual appearance of aligned cholesteric films. Thus,
by varying the concentration of polymer and nanoparticles, it is possible to indepen-
dently adjust both the helical pitch and the viscosity to any given value and study
samples with the same helical pitch and different viscosities.

It is important to distinguish two regions of nanoparticle concentrations (below
and above 10% in Fig. 2). At low concentrations (below 10%) the color of the sam-
ples is mostly determined by the selective reflection from the helical structure, and
viscosity depends almost linearly on increasing nanoparticle concentrations follow-
ing the dependencies described in [9]. Due to the higher viscosity of the samples
the aggregation of ferromagnetic and non-magnetic particles is greatly suppressed.
Comparison of highly viscous CLCs with common CLCs (mixture consisting of
MBBA and chiral dopant CB15 (from Merck), or mixture of cholesterol derivatives)
reveals that time needed to observe the aggregation of ferromagnetic particles
increases at least by a factor of 100. In this concentration range nanoparticles tend
to be located at oil-streaks or form suprahelical organization [10].
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At higher concentrations of nanoparticles the color of the sample was mostly
determined by the light absorption of the nanoparticles. The color of the CLC mix-
ture (selective reflection band is positioned near 540 nm) with ferromagnetic iron
oxide is brown; the color of the sample with indium tin oxide is yellow; the color
of the sample with nickel particles is bright blue. In spite of the dominance of the
color determined by light absorption, even slight shear deformation of the sample
leads to significant color changes due to increased light scattering resulting from a
sudden breakage of the cholesteric structure, elongation and distortion of cholesteric
domains, and the development of new defects. The intensity of light scattering during
deformation increases significantly. A response of a mechanical sensor that is able to
measure small deformations by using scattered light is given in Figure 3. The LED

Figure 2. Viscosity of the sample as a function of nanoparticles’ concentration. (Figure
appears in color online.)

Figure 3. Output voltage on photodiode circuit as a function of upper glass displacement.
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shines light at the sample, which is collected by a photodiode placed at the angle dif-
ferent from the angle of incidence of illuminating light. The small deformation (cor-
responding to a 0.1mm shift of upper plate with respect to the lower one) results in a
significant electrical signal on the photodiode.

Conclusions

Novel cholesteric composites based on mixtures of Wacker polymer, MBBA, and
nanoparticles that provide light absorption in different parts of the spectrum are
highly sensitive to mechanical deformation. The color of the planar composite
depends on the absorption of nanoparticles and the position of the selective reflec-
tion band of polymer and nematic. Aggregation of nanoparticles inside highly
viscous composites is suppressed in the best cases by a factor of c.a. 100. The viscoe-
lastic mechanical response of the samples including composites allows to build
sensors responding to small shear deformations.
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