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We report on the widening of blue phase range induced by surface-functionalised
laponite nanoplatelets dispersed in a chiral liquid crystal. The results are obtained by
means of high-resolution ac calorimetry and optical microscopy and they are repro-
ducible upon heating and cooling, identifying thermodynamically stable blue phases.
It is shown that nanoplatelets target mostly the cubic structure of blue phase I and
increase its temperature stability range by a factor of two. The present results are in
agreement with recent findings that anisotropic nanoparticles tend to effectively stabilise
blue phase I.

Keywords liquid crystals; laponite; nanoplatelets; blue phases; heat capacity.

1. Introduction

Among the first successful experimental approaches for extending the temperature range of
liquid-crystalline blue phases (BPs) one can mention the polymer-induced stabilization [1]
or the use of doping agents [2]. More recently, spherical [3–8] or anisotropic nanoparticles
[8–10] have been exploited as stabilisation agents. In all these cases nanoparticles are
surface-functionalised in order to achieve a homogeneous dispersion in the liquid crystal
hosts [4–6].

Recently, it has been shown that the geometry of nanoparticles plays an important
role in the BP stabilization. In particular, the spherical nanoparticles have a tendency to
increase the stability range of BPIII [4, 5], whereas the anisotropic ones target mostly the
ordered structure of BPI [9, 10]. Here we report that a small amount of anisotropic laponite

∗Address correspondence to George Cordoyiannis, Condensed Matter Physics Department, Jozěf
Stefan Institute, 1000 Ljubljana, Slovenia. E-mail: george.cordoyiannis@ijs.si
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Effect of Laponite on Blue Phases 15

nanoplatelets can effectively increase the temperature stability range of BPI of a chiral
liquid crystal.

2. Samples and Experimental Methods

The chiral liquid crystal compound 4-octyl-biphenyl-4-carboxylic acid 4-(2-methylbutyl)-
phenyl ester (CE8) was purchased by Merck, stored carefully and used without any further
treatment. It exhibits all three blue phases in a temperature regime of almost 5 K [4]. The
nanoplatelets (NPs) consist of a laponite RD clay core with dimensions of 25 × 1 nm
[11, 12]. The organically functionalised laponite was prepared according to the following
procedure. A quantity of 1 g of laponite RD was swollen in 100 ml of deionised water at
80◦C for 2 h. After the complete exfoliation of laponite disks, a hot solution of hexadecyl-
trimethyl-ammonium bromide in 100 ml of deionized water was added drop-wise to the
clay dispersion, and the mixture was stirred vigorously for the next 3 h at 80◦C. 50% excess
of the ammonium cations to cation exchange capacity of laponite was used for the cation
exchange reaction. The organically modified laponite was recovered by centrifuging. To
remove the non-reacted ammonium salts, the product was washed twice with 100 ml of
water and then a couple of times by absolute ethanol in order to remove water. The purified
product was dried from ethanol at ambient conditions and re-dispersed in high-purity
toluene.

A mixture of CE8 and laponite NPs with concentration χ = 0.02 was prepared, where
χ is defined as the mass of NPs over the total mass of the sample. The protocol of mixture
preparation has been described in detail elsewhere [4, 9]. After preparation the sample was
immediately placed in a high-purity silver cell.

A high-resolution ac-calorimeter, at Jožef Stefan Institute, has been employed in order
to derive the accurate heat capacity temperature profiles Cp(T) of the mixture. The setup
is home-made and fully-automated, operating in both ac and relaxation modes [13]. The
samples are placed in silver cells of flat cylindrical geometry, with a heater and a thermistor
attached on the two sides. The contributions of each component (cell, heater, thermistor)
are subtracted, yielding the net heat capacity of the sample.

3. Results and Discussion

After being mounted on the calorimeter, the sample was heated to temperatures corre-
sponding to the isotropic (I) phase of pure CE8. Then it was cooled down to the smectic-A
phase with a scanning rate of 250 mK/h. Afterwards, it was again heated up to isotropic
phase with the same scanning rate. As shown in Figure 1, on cooling we observe three heat
capacity anomalies between the I and chiral nematic (N∗) phases, i.e., all three blue phases,
BPIII, BPII and BPI appear. On the contrary, upon heating we see two anomalies. Hence,
in this case only BPI and BPIII appear. The total BP range is fully reproducible between
cooling and heating. The characteristic optical textures of each phase were also confirmed
by means of polarising optical microscopy in 20 μm thick cells (no orientation imposed on
glass surfaces).

The Cp(T) profiles demonstrate that the mixture with laponite NPs exhibits a slightly
increased total blue phase range of 6 K with respect to the 5 K of pure CE8 [4]. Although
the effect on the total BP range is mild, it is noteworthy that the BPI range is increased by
a factor of two (5 K for the present mixture with respect to the 2.5 K for pure CE8). The
cubic structure of BPI is favored by the presence of laponite NPs with respect to BPIII and
BPII that appear in a narrower range with respect to pure CE8.
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16 M. Lavrič et al.

Figure 1. The temperature profiles of heat capacity Cp(T) are shown here for the mixture of CE8
and laponite nanoplatelets, on cooling (a) and heating (b). The inset shows the characteristic texture
of BPI obtained by means of polarising optical microscopy at 415 K.

The present results are in agreement with recent findings in mixtures of CE8 with
molybdenum sulfide nanoplatelets [9] and graphene nanosheets [10]. It has been shown
that spherical quantum dots of similar surface coating stabilise mostly the macroscopically
amorphous BPIII [4, 5], whereas the anisotropic ones (nanoplatelets) affect mainly BPI
[9, 10]. The relatively large surfaces of nanoplatelets induce some ordering of liquid-
crystalline molecules when cooling from the I phase, favoring the faster appearance of
the more-ordered structure of BPI and reducing the stability range of BPIII and BPII. In
addition, the small spherical nanoparticles have been shown to induce a twist-grain boundary
phase (TGBA) at lower temperatures [14], whereas the larger nanoplateles and nanosheets
do not show such an effect [9, 10]. A possible explanation for the latter stabilisation
selectiveness is as follows. The key feature behind the stabilisation of various defect lattices
is attributed to the elimination of the defect core, referred to as the Defect Core Replacement
(DCR) mechanism [14]. This mechanism is effective if a nanoparticle is adaptive, i.e., it
does not significantly elastically disrupt the local liquid-crystalline environment. In BPs a
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trapped nanoplatelet (or nanosheet) is expected to orient with its characteristic surface’s
normal perpendicular to the dislocation direction in order to maximise the DCR effect.
However, in the presence of smectic layers there might be a tendency of platelets to be
inserted between the adjacent smectic layers. This is expected if the entropic interactions
are stronger than the enthalpic ones. The latter are considered of being relatively weak due
to the required adaptive character of NPs. However, in this case the platelets normal is
roughly along a screw dislocation in the TGBA phase. Consequently, due to this competing
tendency the effectiveness of DCR mechanism might be reduced in comparison with BP
structures.

Note that nanosheets and nanoplatelets resemble two-dimensional shapes. We antic-
ipate that one of future aspects can be the effect of one-dimensional objects, such as
nanorods, in the stabilization of liquid-crystalline blue phases. In the last 10 years, sev-
eral theoretical works have focused on the theoretical study of liquid-crystalline structures
stabilised by topological defects, as well as on the effective trapping (of nanoparticles) in
defect lattices of disclination lines, screw and edge dislocations [15–20].

4. Conclusions and Perspectives

The present high-resolution calorimetric results demonstrate that a small quantity of surface-
functionalised laponite NPs influences the temperature stability range of blue phases of CE8.
In agreement with recent studies, it is shown that the nanoplatelets target mostly the cubic
structure of BPI, increasing its temperature stability range by a factor of two.
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