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Everyone who studies liquid crystals can certainly find many fascinating properties in these 

materials, but for me nothing is more charming than topological defects. With them, one can study 

topology with an optical microscope. Moreover, not only can they be used to probe the delicate 

interplay of topology and energy, but they can also manipulate light, control the motion of colloidal 

particles, trap molecules and mix active fluids. More and more evidence is building up to show that 

defects are the tools that nature uses to regulate tissues and generate shapes.  

Creating and controlling defects presents challenges, sometimes unexpected. In this talk, I will 

discuss (some of) the properties and applications of liquid crystal defects, mostly nematic and 

smectic, and the strategies I have used to manipulate them. After many years, they never cease to 

surprise: defects end up sliding along colloidal particles [1], making elaborates twists in non-chiral 

samples [2] or refusing to connect point defects [3]. 

 I will discuss some of these aspects and conclude with an outlook into the future of the field, 

focusing especially on the recent discoveries of the role of nematic defects in biology.  

 

 
   

Figure 1. Left: a double helix disclination in a capillary (fluorescence). Right: heart-shaped disclination lines 

(polarized microscopy).  
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The one-elastic-constant approximation has been shown to be especially flawed in active systems
due to hydrodynamic instabilities which soften deformation modes, resulting in activity-dependent ef-
fective elastic constants [1,2]. This, along with the realisation of a lyotropic nematic with tunable elas-
tic properties [3] has fueled interest in utilising elastic anisotropy as a route to control the behaviour
of active nematics. We calculate the active flows around topological defects in active nematics with
unequal elastic constants, given in Figure 1, and show that both these and the defect morphology
can be understood through the symmetry of the defects themselves. For +1/2 defects this reveals
a remarkable insensitivity of the active flows of isolated defects to changes in the elastic constants.
However, the discrepancy in elastic constants causes defects to exert an orientating torque on each
other. This torque both distorts the trajectories of the defects and can be tuned to encourage or inhibit
defect pair creation. As a result it has implications for the transition from the ordered to the active
turbulent state and may provide a means by which to control the dynamics of active systems.

Figure 1: The active flows around a) +1/2 and b) −1/2 defects as a function of κ = (K3−K1)/(K1+K3), with
K1and K3 the splay and bend elastic constants respectively. The flow streamlines are shown in white (with
arrows), the background colour is lighter when the flow velocity is higher and the red lines indicate the director
profile.
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The modelling of charged systems has various applications in soft matter; a recently discovered ex-
ample is the formation of liquid crystalline biofilms by charged filamentous viruses [1]. These soft
matter systems are of strong interest in medicine, since the liquid crystalline structure increases the
antibiotic tolerance of the bacteria in the biofilm. In vivo, the viruses form tactoids that encapsulate
the bacteria: we modelled this system as shown in figure 1 [2]. We found that liquid crystal formation
indeed has a strong effect on antibiotic tolerance, mainly through adsorption of the cationic antibi-
otics by the anionic viruses. We also developed an analytically solvable version of the model using
homogenisation, to better analyse the significance of the parameters [3]. In these models, charge
effects were modelled implicitly through their effect on antibiotic adsorption.

The importance of adsorption to antibiotic tolerance led us to investigate the charge effects in the
system further. We developed a new, extended model which explicitly incorporates the electric field
generated by the viruses, antibiotics, and ions present in the solvent. As before, we also derived a
homogenised effective equivalent of the model. Our results show that the antibiotic charge greatly
impacts the diffusion. Furthermore, we find that the contribution of the antibiotic charge to the screen-
ing of the viral surface charge is negligible compared to that of the solvent ions. This rules out the
possibility that antibiotics facilitate liquid crystal formation through charge screening. Finally, we de-
rive a correlation between solvent ionicity and virus packing density: this result has been qualitatively
confirmed by Secor et al. [1] and we plan to do experiments for quantitative verification.

Figure 1: The modelled system: a sketch of a tactoid (in blue) with viruses (green) encapsulating a bacterium
(red). A two-dimensional slice of the system (yellow) is taken as the geometry of the mathematical model, as
illustrated on the right, with circles representing virus cross-sections and color indicating antibiotic concentra-
tion.
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Nematic liquid crystals exhibit key physical properties, intermediate between conventional 

liquids and solids, with long-range orientational ordering, which make them ideal candidates for a 
wide array of applications. Confined nematic systems often exhibit complex defect structures due 
to the competing effects of geometrical frustration and material properties. It is the presence of 
such defects that gives rise to the striking optical patterns observed in samples of nematic liquid 
crystals in confinement. 

We model configurations of nematic liquid crystals in a spherical droplet with rotational 
and mirror symmetry constraints within the Landau–de Gennes theory [1]. In particular, we revisit 
the radial hedgehog solution [2, 3], a canonical degree +1 defect found in a variety of materials 
such as superconductors and cavitation in elasticity. In the absence of surface energies and 
external fields, the Landau–de Gennes energy comprises a bulk energy potential, capturing the 
preferred phase of the nematic liquid crystal; and an elastic energy potential, penalising spatial 
inhomogeneities. The simplest and most widely used bulk energy potential is the fourth-order bulk 
potential. We first describe the character of the radial hedgehog solution with the fourth-order 
potential versus the more complicated sixth-order bulk potential as reported in [4]. We then use a 
Finite Element Method to find minimisers of the Landau–de Gennes energy with the fourth- and 
sixth-order bulk potentials for a variety of temperatures and droplet radii. We compute the Morse 
index of the radial hedgehog solution for a range of temperatures and radii with the fourth- and 
sixth-order potentials to demonstrate that both models predict the instability of the radial 
hedgehog at low temperatures and large droplet radii, while the sixth-order potential appears to 
have a destabilising effect on the radial hedgehog configuration. Moreover, we demonstrate how 
the Landau–de Gennes free energy with sixth-order potential appears to admit hedgehog 
configurations with negative scalar order parameter in contrast to the model with the fourth-
order potential. We also provide examples suggesting that when the radial hedgehog is an index-1 
saddle point, it acts as a transition state between index-0 split core and biaxial torus 
configurations. 

We conclude with a discussion on potential applications of droplets of nematic liquid 
crystals, which provides context and motivation for this work. 
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Active nematics are driven out-of-equilibrium by the intrinsic conversion of biochemical energy into
mechanical work at microscopic scales. Increasing activity destabilises global nematic order through
nematic distortions and induced spontaneous flows sustained by the continuous creation and anni-
hilation of nematic defects. This regime leads to chaotic flows (active turbulence) in the bulk and
complex spatiotemporal patterns of nematic defects and their associated flows under confinement.
While the central role of nematic defects as sources of active flows and pattern formations is well-
established, the feedback of vortical flow on the nematic field is not well understood. Furthermore,
the majority of research has focused on two-dimensional flows, simulating the model experimental
kinesin/microtubule-based active film system; however, three-dimensional (3D) active nematics have
recently been realized [1]. To untangle the complex active flow states in 3D, we propose a method
that illuminates underlying structures in the orientation of the flow field to localize the eye of vortices.
By performing numerical simulations of confined and bulk 3D active nematic fluids, we characterise
the pattern formations of orientational defects in the nematic and flow fields (Figure 1). Our results
show how active turbulence in the bulk is sustained by a complex and dynamical network of nematic
disclination lines that either grow to span the system size or shrink until self-annihilation [2, 3]. In
contrast, the contour lengths of singular flow lines are distributed about a characteristic length, in-
dependent of the system size. By studying the spatiotemporal structure of flow/nematic singularities
and their interplay, we provide a complementary perspective on active liquid crystaline dynamics.

Figure 1: Disclination lines in the director field [4] (top) and velocity orientation field (bottom).
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Chiral nematic liquid crystal (N*LC) droplets have been identified as a high potential chemical
sensing platform due to their optical response to analyte-induced changes in droplet surface anchor-
ing and adaptability to different applications [1, 2]. However, most sensors so far reported rely on
manual and qualitative interpretation of images, although attempts have been made to create quan-
titative outputs through image analysis algorithms [3].

We present the latest efforts to enhance LC sensing using dye-doped N*LC (DDN*LC) droplet
lasers packaged within a purpose built lab-on-chip device. Exploiting a bandedge lasing mechanism,
emission from DDN*LC droplets provides a quantitative and multi-metric alternative to image-based
detection. Poly(vinyl alcohol) (PVA) and Sodium Dodecyl Sulfate (SDS) were used to promote planar
degenerate and homeotropic droplet surface anchoring respectively, with the laser emission charac-
terised during planar to homeotropic realignment. Starting in a Bragg onion configuration with om-
nidirectional lasing, subsequent changes in emission intensity and wavelength were identified which
corresponded to the SDS concentration used.

It is anticipated that with development in functionalising DDN*LC droplet surfaces for specific
sensing applications, combined with recent advances in LC lasers [4], DDN*LC droplets could provide
a promising avenue for integrated LC sensor devices with an automated and quantitative output.
In addition, bandedge laser emission could potentially be more readily measured and simpler to
instrument compared to other LC droplet laser mechanisms which have been applied to sensing [5].

Figure 1: Images of lab-on-chip device developed for droplet laser sensing (left) and a lasing DDN*LC droplet
following introduction of SDS surfactant simultaneously demonstrating a bright central bandedge lasing spot
and peripheral whispering gallery mode lasing (right)
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The recently discovered orthorhombic liquid crystal (LC) phase of symmetry Fddd [1,2] is 

proving widespread, particularly in rod-like molecules with multiple chains attached at both ends 
(polycatenars). In this work the phase behaviour of hexacatenar compounds, containing a chiral 
hydroxybutyrate linkage in the core, has been studied extensively using a combination of standard 
and modulated differential scanning calorimetry (DSC), powder and grazing-incidence small- and 
wide-angle X-ray diffraction with electron density reconstruction, polarized microscopy with 
birefringence measurements, circular birefringence and dichroism spectroscopies (CB, CD) using 
Muller matrix method etc. The results show that while pure R and S enantiomers form only the Col 
phase, the racemic mixture forms a highly ordered Fddd with 4 right- and 4 left-handed twisted 
columns traversing its large unit cell. In that structure the two enantiomers locally deracemize and 
self-sort into the columns of their preferred chirality. The twisted ribbons in Fddd, with a 7.54 nm 
pitch, consist of stacked rafts, each containing ~2 side-by-side molecules, the successive rafts 
rotated by 17o. In contrast, an analogous achiral compound with an achiral linkage forms only the 
Col phase. In spite of not forming a “proper” Fddd, pure enantiomers develop locally ordered 
Fddd-like domains in the Col phase, as does the racemate above the Col-Fddd transition. CB and CD 
spectra of enantiomers in the Col phase reveal strong induced chirality but without long-range 
order, hence “parachirality”.  

 

   
Figure 1. The R- and S- enantiomers of the hexacatenar compounds (top) form columnar phase only, but their 

racemic mixtures form a highly ordered Fddd phase, with enantiomers locally deracemize and self-sort into 4 right and 
4 left-handed twisted columns in the unit cell.  
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Liquid crystals (LCs) have various applications, the most widely known of which is display 

technologies. As the LC response depends on several parameters including the elastic constants, 

determining the elastic constants is important for the operation of liquid-crystal devices. 

Measuring the twist elastic constant K2 is particularly important for devices in a twist-cell 

configuration. However, measuring K2 is not as easy and accurate as measuring the splay K1 and 

bend K3 elastic constants. 

We have used a Cross-Polarised Intensity (CPI) method for measuring the splay and bend 

elastic constants, viscosities, cell thickness, pretilt and polar anchoring energy [1-3] in planar LC 

cells. Here we extend this method to twist LC cells for the measurement of the twist elastic 

constant K2 (see Figure 1). 

 

   
 

Figure 1. Planar-cell (left) and twist-cell (right) mean cross-polarised intensity for 5CB cells as a function of the 

applied voltage. By fitting these measurements we estimate that the elastic constants of 5CB at room temperature are 

K1=5.6 pN, K2=3.4 pN and K3=7.8 pN. 

 

We use a non-standard configuration of crossed polarisers and a twist LC cell. This allows us to 

measure accurately the twist elastic constant by reducing the degeneracy of K2 and the cell 

thickness. The non-standard setup combined with a numerical model based on an effective beam 

propagation method [4] give a new reliable optical method for measuring the twist elastic constant 

of nematic liquid crystals in standard twist LC cells. 
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Order parameter modelling is used to model a nematic liquid crystal at the mesoscale. Typically 

such models make use of an underlying Helmholtz energy functional, expressed in terms of the Q-

tensor. To obtain the equilibrium state of the nematic, the Helmholtz energy is minimised with 

respect to Q. Generally, the minimisation is carried out numerically over a set of grid points. Order-

parameter modelling methodology has been used to study a wide variety of liquid crystal devices, 

the properties of colloidal particles suspended in a nematic host and much more besides.[1]  

To model more complex liquid crystals, such as biaxial smectic or banana phases, one has to 

deal with an increased number of degrees of freedom and numerical minimisation of a Helmholtz 

energy functional on a grid becomes more problematic. For such systems, a particle-based or 

Lagrangian formulation has its attractions, where an average over particle positions and 

orientations can yield the required information.  

Here we propose the application of many body dissipative particle dynamics (MBDPD) 

techniques[2] to liquid crystals. The underlying Helmholtz energy functional is converted into a 

potential energy function. Standard molecular Monte Carlo and molecular dynamics techniques are 

used to track particle motion, whereupon an ensemble or time average yields the required 

properties. No sophisticated numerical minimisation techniques are needed, so one may study 

functionals with many degrees of freedom, such as have been proposed for the phases of bent core 

particles.[3] Here we provide a proof of principle of this technique by applying it to the nematic phase. 

We show that we can successfully model nematic behaviour, including the effects of an external 

field, anchoring and elastic deformations. We do not believe that our suggested methodology will 

be competitive with existing techniques for nematic phase modelling, but we do suggest that this 

study paves the way for its use in the modelling of more exotic liquid crystals in complex geometries, 

obviating the need for complex numerical methods. 

 
Figure 1. A snapshot of a twisted nematic cell from an MBDPD simulation. 
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With respect to energy efficiency there is an increasing demand for novel luminescent 

materials that can be applied for sensing, switching, lighting and energy conversion devices. 

Attractive candidates for this purpose are luminescent organic or hybrid liquid crystals due to their 

anisotropic order, easy solution processing, self-healing of defects and tunable emission colour. On 

the other hand several challenges exist, such as tedious synthesis, limited thermal, oxidative and 

photostability, reduced lifetime and moderate light efficiency. Some strategies to overcome these 

challenges will be presented. It will be showcased for merocyanines [1], flavylium ILCs [2,3], and 

clustomesogens derived from crown ethers [4,5] and guanidinium salts [6] that convergent 

synthesis, ionic self-assembly and supramolecular interactions provide convenient access to highly 

emissive LC materials. Furthermore, recent work on star-shaped mixed disk-rod mesogens [7] 

revealed that the orientation of the chromophor in thin films is controlled by the mesophase, 

which enabled the preparation of OLED devices.  

   
Figure 1. Structure of emissive liquid crystalline merocyanine with HOMO orbitals from DFT calculations. In the 

background Maltese cross textures from POM studies are shown. The figure was taken from ref. [1] 
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Triphenoxazoles are hexalkoxytriphenylene based organic dye molecules with large pseudo 
Stokes shifts, high brightness and the ability to form thermotropic columnar hexagonal 
mesophases (Colh).1 A series of phenyl functionalised triphenoxazoles substituted with halogens 
(TpOx-Ph-Hal) were synthesised for the purpose of examining the effect of electron withdrawing 
group substitution pattern on the triphenoxazole emission spectrum and formation of the Colh 
mesophase. 
 
The luminescent properties were investigated with absorption and emission spectroscopy and 
the molar absorptivity, quantum yield and lifetimes were recorded. The pseudo Stokes shift was 
found to correlate strongly with the Hammett constant of the parent halobenzoic acid leading 
to predictive power when designing new emissive dyes.2 The thermotropic liquid crystalline 
properties of the TpOx-Ph-Hal materials were characterised by polarising optical microscopy 
and differential scanning calorimetry with the transitions found to be influenced by the halogen 
substitution pattern. The TpOx-Ph-Hal series was typically liquid crystalline above 90 °C. 
However, several compounds display a room temperature Colh mesophase upon cooling from 
the isotropic phase.  
 
In 2018 the triphenoxazoles were commercialised through the formation of University of 
Birmingham spinout company; ChromaTwist LTD, with the company named “one to watch” by 
the Nature Research Spinoff Prize. Ultimately the triphenoxazoles may find applications in the 
fields of fluorescence microscopy, flow cytometry, organic electronics (e.g. OLED and OPV) and 
security inks.3  
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Liquid Crystals are mostly used in display applications. The colour generated in displays is the 

result of a combination of colour filters, polarisers and the liquid crystal. To produce displays with a 
high yield, the production happens in clean rooms to avoid any contamination of the liquid crystal. 
In a display the colour is generated by the colour the colour filters. The liquid crystal acts as a light 
valve. Cholesteric liquid crystals or chiral nematics selectively reflect light when oriented 
appropriately. The pitch of the twist determines the colour. These are the same colours as it is found 
in butterfly wings, berries, and mother of pearl, or in Lippmann photography. Lippmann photography 
is a direct positive interference based photographic process. The image is a one off. We would like 
to print Lippmann images by introducing structural colour in between the layers of a Woodbury type. 
Woodbury type is a continuous tone photomechanical print where the tonal range is achieved by a 
relief plate, which is filled with pigmented gelatine. By introducing a liquid crystalline layer into  
Woodburytype, we will have a rewritable print, where the colour can be changed by an external 
field. As first steps, we are testing how the liquid crystal anchors to different substrates and how it 
behaves in a non-clean, that is in a printing environment. As substrate, we have used glass, gelatine, 
agar, and paper. We will present the first results.  

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Filipe Alves, 'Plastic Parrot', Lippmann plate 

   
References 
W. Crawford, ‘Woodburytype’, Keepers of Light, A History and Working Guide to Early Photographic Processes, 
Morgan & Morgan, Dobbs Ferry, New York, 285-292, (1970) 
H. Bjelkhagen, D. Brotherton-Ratcliffe, “Lippmann Photography’, Ultra-Realistic Imaging. Advanced 
Techniques in Analogue and Digital Colour Holography, CRC Press, Taylor and Francis Group, Lonon, 41-65, 
(2013) 
 

Figure 2: 5CB rolled onto agar substrate 
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Lasers are a highly desirable illumination source for imaging and display applications due to their high 
directionality, high intensity, and their potential to produce a wide colour gamut [1]. Additionally, 
their coherence properties enable optical diffraction-based imaging which is not accessible through 
conventional illumination sources, such as Ultra-High-Performance lamps and Light-Emitting Diodes. 
However, this coherence generates an imaging issue in the form of a spatially distributed granular 
distortion, termed speckle, which arises because of constructive and destructive interference when 
light is scattered [2]. Here we showcase liquid crystal (LC) based speckle reducers fabricated from 
short pitch chiral LCs that form a dynamic scattering mode (DSM) through electrohydrodynamic 
instabilities, which occur under certain electric field driving conditions [3-5]. To quantify the 
performance of the speckle reducers, a characterisation system has been developed to mimic the 
response of a human eye so as to record the speckle contrast parameter, 𝐶, as defined by J. 
Goodman [2]. By optimising the device architecture and material composition, through the addition 
of ionic dopants, redox dopants and/or zwitterionic dopants, the speckle contrast can be reduced 
to an almost imperceivable level, 𝐶 = 0.07. This presentation will conclude with the demonstration 
of these LC speckle reducers in a range of applications including holography, microscopy, head-up 
displays (HUDs) and laser projection (Figure 1). 
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Figure 1: (i) Split image of a illuminated USAF target placed in a microscopy demonstrator: 
(Left) no speckle reduction, (Right) active speckle reduction from a LC device. (ii) Split image of 
laser projector output: (Left) no speckle reduction, (Right) active speckle reduction from a LC 
device. (iii) RGB laser HUD identifying a background object with no speckle reduction. (iv) RGB 
laser HUD identifying a background object with active speckle reduction from a LC device. 
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In 2017, reports came through of the discovery of a ferroelectric nematic phase [1, 2]. A  review 

of subsequent developments is given in [3]. Roughly a century earlier, Born had suggested that 

dipole-dipole interactions could generate such a phase [4]. Simulations of hard spherocylinders with 

embedded point dipoles, however, showed no sign of such ordering [5]. To obtain this phase, one 

clearly needs interactions that are not of the simple dipole-dipole form. We shall attempt to shed 

some light on what these interactions might be. 

Firstly we give a historical summary of the controversy that arose from Born’s conjecture. 

Secondly we report the results of molecular dynamics simulations on DIO-F, reported to form a 

ferroelectric phase [6]. These simulations indicate the growth of polar clusters from the isotropic 

phase.  

 
 

Figure 1. Ferroelectric clustering of DIO-F molecules 

 

Finally we present both theoretical and modelling studies on hard, neutral spherocylinders with 

equal and opposite point charges embedded in the caps. In the presence of an electrolyte, where 

the Coulomb interactions are screened, we again show that there is a driving force for polar ordering.  
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The conventional uniaxial nematic phase, N, although the least ordered liquid crystalline phase, 

is at the heart of one of the most successful optoelectronic technologies, namely liquid crystal 

displays. Within the nematic phase, the constituent molecules align along a common direction 

known as the director, n, whereas their centres of mass are randomly arranged. The director 

has inversion symmetry such that n = -n, and hence the phase is non-polar, Figure 1 (a). The 

first reported experimental observations of a polar ferroelectric nematic phase, NF, were 

reported in 2017 for RM734, [1] and DIO [2]. In the NF phase there is a spontaneous alignment 

of the molecular dipoles and the inversion symmetry present in the N phase is lost, i.e. n ≠ -n, 

and the phase is polar, Figure 1 (b). The NF phase has rapidly become the hottest topic in the 

field of liquid crystals not only because of its fundamental importance but also because of its 

true application potential. 

Figure 1. Schematic representations of the   Figure 2. Molecular structure of the reported 

(a) conventional nematic, N, phase and   materials, where n = 1,2; m = 0-2 and X = H or F. 

(b) ferroelectric nematic, NF, phase. 

 

There are around 200 compounds to date which have been shown to exhibit the NF phase [3-5] 

and improving the structural design of these materials requires a better understanding of 

structure-property relationships associated with the NF phase but these remain at a very early 

stage. Here we report the transitional properties of a series of materials with a methoxy lateral 

group in the middle phenyl ring in which the ferroelectric nematic phase is observed, Figure 

2.  
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Despite their ubiquity in organic chemistry, the amide group is relatively rare in low molar mass 

liquid crystals compared to groups such as esters and imines. Perhaps the most obvious role of an 

amide in liquid crystals is as a linking group to join two benzene rings within a mesogenic unit. Such 

a moiety is referred to as a benzanilide group and may be classed as secondary (2°) or tertiary (3°) 

based on their N-substituent. (Figure 1). The use of 2° benzanilides in smectic materials have been 

reported, which benefit from lateral hydrogen bonding between mesogens.[1–3] However, 3° 

benzanilides have proved difficult to incorporate into liquid crystals due to their strong preference 

for the E conformer, which dramatically alters molecular shape and disrupts liquid crystallinity.[4] 

 
Figure 1. The Z and E conformations of the benzanilide group 

 

Here we report the development of a molecular design in which both the E and the Z conformations 

are liquid crystalline. Secondary and tertiary benzanilide groups were used as the central mesogenic 

unit within a flexible trimer structure, and both sets of trimers formed a variety of nematic and 

smectic phases. However, the phase behaviour observed varied dramatically between structurally 

comparable 2° and 3° benzanilides. These differences reflect the dramatic influence that relatively 

small structural changes can have on liquid crystal phase behaviour. 

   
Figure 2. a) The Z conformation of a 2° benzanilide trimer and the POM texture of its smectic phase; b) a 

representation of the E conformation of a 3° benzanilide trimer and the POM texture of its smectic phase. 
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Bicontinuous cubic (Cubbi) liquid crystals (LCs) with homochiral interpenetrating infinite three-

dimensional periodic networks are known to be generally found in the temperature region above 

the smectic and below the columnar phases.[1] Intriguingly, Cubbi phase with Ia3d symmetry has 

been observed below the smectic phase for a series of polymers featuring polycatenar rod-like side-

chain mesogen (Fig. 1a,b). Furthermore, different from the fact that successive rafts of several 

parallel mesogens prefer slowly uniform helical twist about the columnar segment axis in the same 

directions as demonstrated in previous instances, 3D electron density map of this phase suggests 

their successive rafts formed by the double layered polycatenar rod-like mesogen are not twisting 

continuously but in a stepwise, segmented style (Fig. 1c).[2-4] Other LC phases found in the vicinity 

of this Cubbi/Ia3d phase and their phase transitions will be discussed as well. 

   
Figure 1. A  thermotropic Cubbi/Ia3d LC phase formed from a polymer with polycatenar rod-like side chain. (a) 

Chemical structure of a representing compound; (b) the GISAXS pattern of the Cubbi/Ia3d phase, with diffraction peaks 

labelled by their Miller indices; (c) reconstructed electron density map of the phase. The red isoelectron surface 

encloses the high electron density region, showing stepwise twisting of molecular directions.  
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Visualisation of acoustic fields is important in a range of fields, from aerospace and 

automotive industries, to materials research and nanotechnology. The standard method is to use 

laser vibrometry, which is a high-cost technique. Liquid crystal based acoustography [1] can also be 

employed for the task – this uses a thick layer of homeotropically aligned nematic LC between 

crossed polarisers and requires a setup in a water bath to aid acoustic propagation. 

As an alternative, ultrasound can be visualised, potentially over a large area, using sensors 

based on polymer dispersed liquid crystals (PDLC) made of standard nematic LCs [2,3]. 

Visualisation using PDLC relies on the acousto-optic effect, where ultrasound interacts with the LC 

directly and visualisation of ultrasound is done via cleared areas of the PDLC. Acoustic field 

visualisation can also be done through thermal effects, arising from interaction of ultrasound and 

the sensor, with the help of chiral nematic (thermochromic (TLC)) liquid crystal films [4,5].  

We demonstrate paint-on / removable PDLC sensors, discuss the mechanisms behind what we 

observe, and compare the sensing capabilities of PDLC and TLC. We explore capabilities of such 

passive film sensors in the context of non-destructive testing and structural health monitoring.  

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Visualisation of higher vibrational modes of an ultrasonic transducer a) using TLC sheet, 4.6 MHz,  

b) using PDLC coating, 6.7 MHz, c) fundamental frequency of the ultrasonic point probe at 40kHz, TLC sheet; d) 

standing Lamb waves on a thin plate, 40kHz, TLC sheet (the image was processed extracting hue for better visibility), 

 e) polarised microscopy image of PDLC droplets under ultrasound excitation suggesting toroidal alignment of LC 

director inside droplets. 
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We present a liquid crystal (LC) device capable of producing an optical vortex beam that is 

tuneable in both wavelength and orbital angular momentum (OAM) state. Through two photon 

polymerization direct laser writing, the director profile of a polymerizable LC can be structured in 3-

dimensions [1-5] to form a 3-dimensional phase profile in space that converts an incident linearly 

polarized beam into a vortex beam of different orders (Figure 1). Importantly, the non-laser written 

LC regions remain electrically switchable after the laser writing process, enabling electrically 

tuneable 3-d phase masks to be produced. In this presentation, we demonstrate an optical vortex 

generator that can be electrically tuned to produce any integer or fractional optical vortex between 

zero and second order, for incident wavelengths ranging between 450-650 nm. Results from 

simulations are also presented that confirm the formation of the optical vortex beam and the phase 

profile is confirmed using a Mueller Matrix polarization imaging system. 
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Figure 1: Overview of the laser written vortex beam generator. a) CAD model of the proposed structure, 
b) polarization optical microscope image of the laser written vortex beam generator, c) far-field pattern 
produced by the LC device in the absence of an applied voltage when the device aperture was overfilled, 
d) simulation of far-field pattern produced by the second-order vortex beam generator when the device 
aperture was overfilled. 
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Over a decade since they were first theorized,[1,2] heliconical liquid crystal phases formed by 

achiral, bent-shaped molecules are one of the newest classes of liquid crystal phases and have 

recently attracted considerable global research interest. The twist-bend nematic phase, NTB, is an 

intriguing and unique example of spontaneous mirror symmetry breaking in a fluidic state; a locally 

chiral phase formed from achiral molecules. In the NTB phase, the director forms a helix and is 

tilted with respect to the helical axis; the spontaneous formation of chirality ensures that equal 

numbers of left- and right-handed degenerate helices are formed.[3] More recently, heliconical 

twist-bend smectic C (SmCTB) phases have also been discovered for liquid crystal dimers[4,5] and in 

bent-core mesogens,[6] and it appears that a range of variants of this phase, similar to the SmC* 

subphases observed for chiral molecules, are possible. 

 

Here we report the synthesis and 

extensive characterisation of several new 

homologous series of liquid crystals, 

showing rich liquid crystal polymorphism 

including twist-bend nematic and smectic 

phases, including the CB6O.m series, 

phase behaviour of which is illustrated in 

Figure 1. Despite the molecules 

themselves being achiral, fascinating 

phenomena observed for these series 

include the transition between a phase 

with a single short helix and phase with a 

double helix, structural chirality at 

different length-scales and the exhibition 

of a photonic bandgap for visible light. 
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Figure 1. The dependence of the transition temperatures on the 

number of carbon atoms in the terminal chain for the 

CB6O·m series. 
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Early research on liquid crystal dimers focussed on materials in which the flexible alkyl spacer was 

connected to both mesogenic cores by an ether-linkage (OnO). [1] The synthesis of OnO based 

dimers is typically straightforward and allows for a wide range of molecules to be synthesised 

quickly. More recently, and driven by the experimental discovery of the twist-bend nematic (NTB) 

and heliconical twist-bend smectic (SmCTB) phases in non-symmetric dimers, spacers connected by 

an ether and a methylene link (nO) have attracted increasing attention. [2-4] The synthesis of nO 

based dimers is more synthetically challenging than OnO based dimers, however research has 

focused on new synthetic methods to widen the types of materials that may be prepared. [5] For 

synthetic reasons, a comparison of a nO-based non-symmetric dimer with the corresponding On 

dimer has not been reported to date. 

 

Here we present the synthesis and characterisation of the 1-(4-cyanobiphenyl-4′-yloxy)-6-(4-

alkylanilinebenzylidene-4′-oxy)hexanes (CBO6⸱Om) which may be compared to the 1-(4-

cyanobiphenyl-4′-yl)-6-(4-alkyloxyanilinebenzylidene-4′-oxy)hexanes (CB6O⸱Om) previously 

reported by Paterson et al. in which all 10 reported members exhibit the NTB phase. [6] The 

CBO6⸱Om series are structural isomers of the CB6O⸱Om series in which the links connecting the 

spacer have been reversed. The CBO6⸱Om series are the first reported non-symmetric dimers to be 

synthesised in which this structural change has been implemented which has been achieved by 

utilization of a new synthetic pathway involving a variety of Pd and Pt catalysed cross-coupling 

reactions. In terms of their thermal properties, the two series behave similarly with differences in 

their values of TNTB-N or TN-I being statistically insignificant. Reversal of the spacer has a remarkable 

effect on the phase profile of the series, and although the NTB phase is still exhibited by some 

members, the CBO6⸱Om series shows a range of fascinating smectic polymorphism including several 

SmCTB phases. 
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In previous work, it has been extensively reported by numerous researchers that the CBCnCB (n= 

CH2 spacer units) series of molecules display a twist-bend nematic phase (Ntb.). This phase is 

characterized by the emergence of chirality in non-chiral 

molecules and formation of helical structures, with a helical pitch 

ranging typically between 8-16 nm. The emerging chirality can be 

observed through the use of circular dichroism (CD) [1]. However, 

measurements of CD of thin films of liquid crystals are very often 

affected by positive interference of other optical properties, such 

as linear birefringence (LB), and linear dichroism (LD). Moreover, 

the LB and LD non chiral contributions are often much larger than 

CD giving rise to misleading interpretations. Typically this issue 

can by minimized by repeating the experiments after rotating and 

flipping samples, so that LB and LD are averaged out; ideally 

samples are oriented parallel to the CD beam, so that linear 

effects are at a minimum. [1,2] 

Here we report the results of our experiments studying the characteristics of chiral domain 

clusters of the CBCnCB (n = 7, 9, 11) series in thin films at various temperatures.  We show that the 

use of a dedicated nematic dopant achiral dye molecule admixed in small concentrations to the thin 

films, permits the recording of chirality beyond the absorption wavelength of the CBCnCB systems. 

Using the high resolution B23 beamline for Synchrotron Radiation Circular Dichroism (SRCD) and 

Mueller Matrix Polarimetry (MMP) at Diamond Light Source [3], we also conducted mapping 

experiments (see Fig. 1) across an area of the thin films, in order to visualise the formation of real 

chiral domains at the dopant-active wavelength. Using these results, we discuss the onset 

characteristics of chiral domain formation and compare this data with other results.   
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Fig. 1: CD mapping of CBC9CB across 1 

mm2 area of a 21x21 grid at 50 m steps 
scanned at 510 nm and 115°C 
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Liquid crystal elastomers (LCEs) are responsive multifunctional materials that combine the flexibility
of polymeric networks with the self-organisation of liquid crystals. Due to their complex molecular
architecture, they can exhibit dramatic spontaneous deformations and phase transitions, which are
reversible and repeatable under external stimuli, such as heat, light, solvents, and electric or magnetic
fields. These properties could be harnessed for a variety of advanced technological applications,
including soft actuators, sensors, biomedical engineering and renewable energy. However, a better
understanding of these materials is required before they can be exploited at an industrial scale.

Despite their difficult synthetic processes, the intriguing mechanical behaviour of LCEs has been
probed extensively in laboratories around the world. Nevertheless, their constitutive characterisation
can only be fully elucidated if integrated in a multiphysics framework combining elasticity and liquid
crystal theories.

An important problem for both applications and our fundamental understanding of LCEs is their
instability under large strains, as this can be useful in actuation, sensing, or patterning. The goal
is then to identify parameter values at which a bifurcation emerges, and how these values change
with external stimuli, such as temperature, or loads. Constitutive parameters of real manufactured
materials have also an inherent variation that needs to be taken into account.

In this talk, I will present an overview of instabilities occurring in nematic elastomers [1–3], and
examine the contribution of nematic order and fluctuating model parameters that follow probability
laws. This mechanical analysis may lead to a more effective material characterisation of LCEs.
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Liquid crystal elastomers (LCEs) are cross-linked polymers with low cross-link density, that combine 

the properties of elastomers (i.e. elasticity) and liquid crystals (i.e. self-organisation) [1]. They can 

possess several interesting properties, such as significant changes in shape/size upon application of 

stimuli [1-3], or auxetic behaviour [4].  

The alignment of mesogens within the elastomer often determines the extent to which these 

interesting phenomena are observed [3,4]. Without attempts to align the mesogens, polydomain 

LCEs are isolated. These consist of microscopic domains of localised order, resulting in no overall 

macroscopic order in the sample. This lack of macroscopic order can eliminate or minimise the 

occurrence of phenomena such as auxetic or stimuli-responsive behaviours [3]. Consequently, the 

alignment of mesogens to yield monodomain LCEs, in which alignment is maintained throughout 

the sample, is desirable.  

Several techniques have been developed to achieve monodomain alignment. One such 

technique is the use of surface alignment, which relies on mesogens interacting with surface 

coatings and in doing so being topologically aligned [2]. Surface alignment has many advantages 

over other techniques, such as enabling complex director patterns to be obtained [2]. However, 

the surface alignment technique is limited to low sample thicknesses (typically 100 µm), as the 

affinity for the mesogens to align decays with increasing distance from the alignment substrate [2].  

Photoinduced electron/energy transfer reversible addition fragmentation chain transfer 

(PET-RAFT) polymerisation is a means of achieving living free-radical polymerisations [5]. It allows 

for a polymerisation to be stopped and started by the application or removal of a light source [6]. 

In this work, we present results that demonstrate the exploitation of this stop-start capability to 

produce monodomain LCEs of up to 300 µm thickness, aligned via surface alignment.  
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The focus of research on liquid crystal elastomers (LCEs) has often been on their mechanical and 

physical properties, with potential applications including robotics and medical devices. Further 

proposed usages, based on the optical capabilities of LCEs, includes optical strain sensors and lenses 

[1]. Existing research on these optical properties of LCEs, typically involves measurements of 

birefringence [2] and refractive index modulation [3]. However, specific measurements of the 

ordinary (no) and extraordinary (ne) refractive indices have rarely been reported, and techniques 

used so far include reflection spectroscopy [4], interferometry, and determination of Brewster’s 

angle [5,6]. 

   

Recently, a new class of non-porous and transparent acrylate based LCEs were synthesized by Mistry 

et al [7] and discovered to exhibit auxetic behaviour. This family of LCEs has shown excellent 

capabilities as optical strain sensors [1], emphasising the potential of LCEs in the optics field. 

 

This work reveals the role of composition on the order parameters of these acrylate-based and the 

subsequent impact of both order and composition on the refractive indices. Direct measurements 

of order parameters and refractive indices for a family of LCEs in which the mesogenic content was 

varied, were accomplished via Raman Spectroscopy and Abbe Refractometry, respectively. The 

mesogenic content of the LCEs was varied by 33 mol % and the nematic order parameter, P2, was 

subsequently found to range between 0.46 and 0.73. Furthermore, the refractive indices were found 

to notably differ following the alterations to composition and order parameters, wherein ne 

displayed the greatest increase of approximately 0.026 for a 10 mol % increase in mesogenic content. 

 

Understanding the optical properties of these transparent LCEs is key for understanding and 

designing optical applications of these materials. 
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Liquid Crystal Elastomers (LCEs) are weakly cross-linked polymer networks which contain 

mesogenic units. Recently, some LCEs have displayed an auxetic response when stretched, [1,2] 

which means that they become thicker when stretched. Until the discovery of auxetic LCEs, auxetic 

materials were made by designing porous structures into otherwise positive Poisson ratio materials. 

However, LCEs are auxetic on a molecular level, which has long been a goal of the auxetic community. 

Auxetic LCEs, have been found to deform via a ‘mechanical Fréedericksz transition’, 

characterised by an apparent sharp rotation of the director at a critical strain, in contrast to the more 

typical ‘semi-soft elastic response’, where the director continuously rotates with applied strain. [3] 

The discontinuous nature of the ‘mechanical Fréedericksz transition’, together with measurements 

of the order parameters via Raman scattering, suggest that biaxial order may be important in auxetic 

LCEs. [2,4,5] We present direct evidence of biaxial order emerging in strained auxetic LCEs observed 

via conoscopic microscopy. [5] |We show that the observations complement results from Raman 

spectroscopy, which probes the orientational order of the LCE as a function of strain, and reveal the 

emergence of biaxial order. Calculation of the orientational distribution functions shows that this 

facilitates the auxetic response via out-of-plane rotation of the mesogenic units. [2]  

 
 

Figure 1. a) Orientational distribution functions of the LCE as determined via Raman spectroscopy suggesting the 

emergence of biaxiality due to imposed strains and out-of-plane rotations of mesogenic units. b) Direct evidence of 

biaxial order as determined via conoscopy.  
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The shape, size, and anchoring conditions of a boundary determine the formation and structure 

of topological defects in confined liquid crystals. Micron-sized anisotropic biological systems are 

typically confined and exhibit liquid crystalline ordering, with defect structures mediating specific 

biological processes [1, 2]. Boundary anchoring control is then an essential tool for studying defects 

in micron-sized, liquid crystal systems. Prevailing chemical alignment techniques, commonly used in 

liquid crystal applications, cannot be leveraged for these larger-scale systems. However, geometrical 

control of rod orientation can apply across length scales [3, 4]. 

 

Here, we present experiments of a model, pseudo-2D colloidal liquid crystal. We probe the 

impact of confinement and geometrical boundary conditions on rod alignment and structure 

formation in nematic and smectic phases. We synthesised colloidal, micron-sized rods [5] with low 

gravitational lengths that are then confined in micro-cavities with varying geometrical features. We 

show the analysis of smectics confined by enclosing boundaries with varying curvature (Figure 1). 

The relationship between rod alignment and topographical features of the confining boundaries is 

also investigated, with an anchoring transition expected to occur for feature amplitudes and 

wavelengths of approximately the rod length and twice the rod diameter, respectively.  

   
Figure 1. Colloidal particles in circular confinement form structures dependent on the confinement shape. 

Network analysis (right) of the smectic density maxima and minima is conducted to topologically classify and quantify 

the structures [6].  

The authors would like to acknowledge Dr. Amir Raoof and Qianjing Tang for photolithography 

fabrication assistance. This work was funded by the Marie Skłodowska-Curie Individual Fellowship 

project IMAGINE_LC (project number 101065631). 

 

References 

[1] K. Copenhagen, R. Alert, et al., Nature Physics, 17, 211-215, (2021) 
[2] Y. I. Yaman, E. Demir, et al., Nature Communications, 10, 2285, (2019) 
[3] C. H. Lee, H. Yoshida, et al., Applied Physics Letters, 93, 173509, (2008) 
[4] P. J. Collings, P. van der Asdonk, et al., Liquid Crystals, 44(7), 1165-1172, (2017) 
[5] A. Kuijk, A. van Blaaderen, et al., Journal of the American Chemical Society, 133, 2346-2349, (2011)  
[6] P. A. Monderkamp et al., Network topology of interlocked chiral particles, arXiv:2301.09541v1 (2023) 



On the flows of nematic liquid crystals through a T-junction

Kamil Fedorowicz∗ , Robert Prosser

Department of of Mechanical, Aerospace & Civil Engineering, The University of Manchester,
Manchester M13 9PL, UK

∗kamil.fedorowicz@manchester.ac.uk

Microfluidics devices are low-footprint instruments that combine and automate several laboratory pro-
cesses. Initially, the microfluidic apparatus used Newtonian fluids and its applications were limited
to biochemical sensors. The functionality of microfluidic devices can be improved by incorporating
nematic liquid crystals. These consist of anisotropic molecules, which arrange into systems with
long-range orientational order, and the mean local orientation is called the director [1]. Compared to
isotropic fluids, the material anisotropy of liquid crystals results in several unique properties, e.g. vari-
able viscosity, backflow, birefringence and anisotropic electrical permeability. These characteristics
are exploited to manufacture novel microfluidic devices such as colour filters, velocimetry and flow
tuning devices [2].

We use our recently developed OpenFOAM solver [3] to investigate the three-dimensional flow
of nematic liquid crystals through a T-junction with homeotropic anchoring imposed on all walls. The
geometry is a precursor for more complex microfluidic domains that are applied in mixing devices.
Our results indicate a strong interplay between the flow and elastic effects when their strength is
comparable. The flow contribution dominates in the inlet channel and causes the director to align with
the flow in the upper part of the outlet channels (fig. 1). The flow stagnates at the lower wall below
the inlet channel, and the location promotes the director alignment in the z−direction as imposed by
the homeotropic boundaries. The varying director alignment is reflected in the velocity distribution; a
two-stream profile is formed that is characteristic of binary fluids.

x

y

z

Figure 1: Contours of order parameter and glyphs of director field predicted by the Beris-Edwards model at
Er = 10.
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A Hele-Shaw cell contains thin-film flow of fluid between parallel plates, where the lengthscale of
the cell parallel to the plates is much larger than the lengthscale of the cell perpendicular to the
plates. Flow in a Hele-Shaw cell is amenable to a thin-film (lubrication) approach, and significant
progress is often possible using analytical methods and reduced models that are computationally
cheaper than numerical alternatives [1]. Much of the previous work on Hele-Shaw flow has focused
on isotropic fluids, and perhaps surprisingly, there has been relatively little work in the theory of Hele-
Shaw cells filled with nematic liquid crystals (nematics), despite their relevance to the liquid crystal
display (LCD) industry, where thin-film flows of nematics are a key element of LCD manufacturing. In
the present work, we formulate and analyse a theoretical model for a nematic Hele-Shaw cell with a
free fluid boundary ∂Ω. In particular, we derive the thin-film Ericksen–Leslie equations, which govern
the behaviour of nematic Hele-Shaw flow, and subsequently, consider the thin-film Ericksen-Leslie
equations in the limiting cases of small and large Ericksen numbers in which we can make significant
analytical progress. We demonstrate the use of the derived governing equations by analysing a com-
mon LCD manufacturing method called the One-Drop-Filling (ODF) method. In the ODF method, an
array of nematic drops are squeezed between parallel plates inducing a thin-film flow which ultimately
fills the device [2]. We consider a two-droplet ODF setup and obtain the nematic pressure, velocity
and director in the limiting cases of small and large Ericksen numbers (as shown in Figure 1). We
expect many other systems involving thin-film flows of nematic, including experiments on nematic
viscous fingering [3] and nematic microfluidics [4], can also be analysed with the reduced models
obtained.

Figure 1: Schematic diagram of a two-droplet ODF setup. Plots of the nematic pressure with the director
overlaid (shown by grey rods) obtained in the limiting cases of small and large Ericksen numbers are also
shown.
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Controlling the surface alignment of the nematic liquid crystal (LC) director can be achieved via 

techniques such as mechanical rubbing or photoalignment, to induce anisotropic polymer orientation 

at a polymer-LC interface. Alternatively, grating aligned LC devices utilize topographically patterned 

surfaces, such as 1D, linear gratings. These typically micron-scale structures, can uniformly align the 

director [1] and also induce sufficient elastic distortion to facilitate bistable surface alignments; as 

seen in the Zenithal Bistable Display (ZBD) [2]. Fabrication of such structures is a non-trivial task 

often involving photolithography, interference lithography or electron-beam lithography, which are 

not at every researcher’s disposal. 

In this work, an entry level plasma cleaner 

is used to spontaneously form sub-micron 

scale, surface relief structures via a 

wrinkling phenomenon exhibited by 

plasma treated polydimethylsiloxane 

(PDMS) [3,4]. Nano imprint lithography is 

used to fabricate planar and homeotropic 

wrinkle-imprinted polyimide (WIP) 

surfaces, which are analyzed using atomic 

force microscopy (AFM) (Fig.1). A WIP 

surface with homeotropic anchoring 

results in an overall tilted alignment state, 

investigated using conoscopic and electro-

optic approaches. Polarized microscopy observations indicate a surface anchoring transition to a 

metastable alignment state, supported by COMSOL multiphysics simulations, which suggest this 

transition is driven by the formation of surface defects. Confinement of this defect alignment state, 

by the walls of the pseudo 2D-grating structure of the WIP surface, results in a complex, periodic 

director profile; the textures and potential applications of which have been explored in this work. 
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Figure 1: AFM scan of wrinkle-imprinted polyimide (WIP) surface. 

Periodic wrinkles parallel to Y and aperiodic walls parallel to X.  
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Nonequilibrium transport of particles embedded in a liquid crystal host can, by cooling through a
phase transition, be exploited to create a remarkable variety of structures including shells, foams and
gels. Due to the complexity of the multicomponent system and protocol dependent experimental re-
sults, the physical mechanisms behind structure selection remain only partially understood. Here we
formulate a new model coupling LC physics to a Fokker-Planck equation as commonly used in stud-
ies of transport. The resulting model allows us to draw an analogy between the LC-nanocomposite
system and chemotaxis, enriching the space of possible target structures that could be produced.
We study the model in one dimension both analytically and numerically to identify different parameter
regimes where soliton-like pulses of particles “surf” the interface or where the interface “sweeps” par-
ticles from one domain to another. We also consider an extended model that includes agglomeration
of the particles and observe formation of periodic structures as a prototypical example of hierarchical
self assembly. Results are compared with experimental observations of transport by isolated phase
boundaries.
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Adaptive optics is a technique used to reduce the effects of aberration on wavefront 

propagation. In Earth-based astronomy, this is used to correct for the light distortion which 

appears due to atmospheric turbulence. Customarily, for this application, adaptive optics systems 

use deformable mirrors as correctors, which are costly and mechanically actuated. 

Correction is usually applied by phase conjugation, where any deformation introduced to the 

wavefront by the aberrating medium is then applied along the optical path with the inverse sign. 

Applying this correction requires the phase conjugate to be of the same amount as the aberration 

introduced, in a conjugate plane with the aberration source, and at a given time such that the 

deformation has not changed [1]. The layout of an adaptive optics system can be seen in Figure 1. 

 

   
Figure 1. Schematic of the Adaptive Optics system, designed for testing reflective Liquid Crystal cells. 

 

As opposed to a classic deformable mirror, which requires actuators to change its shape, a 

Liquid Crystal Wavefront Corrector (LCWFC) uses its inherent birefringence to act as a phase 

modulator and correct the incoming wavefront [2]. Despite its reduced size and cost, LCWFCs have 

historically suffered from a large response time [2], which makes them less desirable over a typical 

deformable mirror. 

This work thus aims to use blue phase liquid crystal devices as the correcting element in the 

adaptive optics system. The blue phase of liquid crystals has been successfully stabilised for broad 

temperature use [3], and subsequently shown to be able to achieve very fast, polarisation-

independent modulation of light on a silicon backplane [4], making it easily integrated with other 

electronic equipment for the fast correction of wavefront aberration.  

 

References 

[1] Wizinowich P, Contemporary Physics. 56 (4), 432–450, (2015). 
[2] Zhang X., Cao Z., et al, Monthly Notices of the Royal Astronomical Society. 494, 3536–3540, (2020). 
[3] Kikuchi H., Yokota M., et al, Nature Materials. 1, 64–68, (2002). 

[4] Nosheen S., Flexo electro-optic Liquid Crystals for Phase Modulation. PhD thesis, (2019).  

https://doi.org/10.17863/CAM.36688 



 

Molecular Simulations of a New Class of Fluorescent Discotics 

Arunkumar Bupathy*a, Martin Walkera, Mark R. Wilsonb, Dwaipayan Chakrabartia 

a School of Chemistry, University of Birmingham, Birmingham B15 2TT, UK 

b Department of Chemistry, Durham University, Durham DH1 2LE, UK 

*a.bupathy@bham.ac.uk 
 

Discotic liquid crystals, as a class of organic semiconductors in their self-assembled columnar 

phases, promise applications in opto-electronic devices, such as organic light-emitting diodes 

(OLEDs) and photovoltaic cells [1-3]. In this work, we undertake a computational study of a novel 

class of triphenylene derivatives, triphenoxazoles, recently synthesised [4]. These disc-like 

molecules comprise a triphenylene core with peripheral chains and a fused oxazole moiety, the 

latter having alkyl or aryl substituents, and display remarkable fluorescence characteristics [4]. We 

perform quantum chemistry calculations to interpret experimentally observed photophysical 

properties of this class of discotic mesogens. We also present results from our ongoing atomistic 

simulations to understand the phase behaviour of a prototype with insight into ordering at the 

molecular level and predict charge transport properties. 
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Ultrasound field visualisation is important in the fields of non-destructive testing (NDT) and 

structural health monitoring, as it can be used to see where defects form in structures and 

components and how these defects progress over their lifetime. The standard method for wavefield 

visualisation is laser vibrometry, however, this can be slow and expensive due to the need for point-

by-point scanning across the surface, and the cost to set up the equipment.  

Previously, polymer-dispersed liquid crystals (PDLC) have been shown to allow fast and low cost 

visualisation of ultrasonic field displacement with a sharp on-off characteristic [1]. Thermochromic 

liquid crystal (TLC) films may be used in a similar way to map ultrasonic displacement, but with the 

potential to give a measure of ultrasonic displacement [2,3]. Heat generated by the ultrasonic field 

is absorbed by the TLC film, altering the pitch of the chiral nematic LC and resulting in a change in 

the wavelength of reflected light. This wavelength is determined from optical photography through 

comparison with a colour standard, and converted to temperature via a calibration curve. A 

temperature map is then used to give an approximation to the comparative displacement due to 

ultrasound vibration across the sample surface; temperature corresponds to several factors 

including displacement, environment, and thermal conductivity of the sample. 

Here we use optical photography of the TLC sensors to measure temperature change across the 

TLC film when applied to a flexural ultrasonic transducer oscillating in distinct modal patterns at 

specific resonant frequencies (from 320kHz to 6.77MHz). Further displacement measurements were 

made using laser interferometry for comparison with the TLC data. A photo of the mode at 320kHz 

visualised by the TLC, temperature map analysis, and analysis of the displacement across the 

transducer as a function of angle is shown in figures 1(a)-(c). This shows the rings and unevenness 

of the modal pattern and matches the expected temperature range for the sensor. 

 
Figure 1. (a) Photo of the TLC sensor on the flexural transducer at 320kHz, (b) temperature map, and (c) the 

diameters from the temperature map, taken from 0 - 180° clockwise, with average temperature change  (top). 
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The reported experimental discovery of a ferroelectric nematic (NF) phase is an exciting new devel-
opment in liquid crystal research. It has potential applications in displays and novel technology due to
its unprecedented polarization. This arises from large dipoles of NF mesogens aligning in the same
direction along the director (Fig. 1). The phase’s origins are poorly understood, leading to derivatives
of the first two mesogens to be discovered making up most of the known NF mesogens [1].

Atomistic molecular dynamics (MD) simulations of liquid crystals can now reach timescales of
hundreds of nanoseconds. Now that “real” molecules that exhibit the NF phase are known, atomistic
simulations are attractive for investigating the origins of phase formation. However, such calculations
remain extremely challenging on the MD time scale [2].

Here we report on atomistic MD of an NF mesogen: “DIO-F”. Optimisation of the force field is
performed for DIO-F so that it can be simulated within the new GAFF-LCFF framework [3], which has
been shown to deliver excellent transition temperature predictions. The NF phase can be obtained
both by rapidly compressing a box of aligned molecules and also by rapidly cooling an isotropic phase
and then allowing the NF phase to grow slowly over hundreds of nanoseconds. The normal nematic
to NF transition however remains out of reach, due to the slowness of molecular end-to-end rotation.

Different explanations for the stability of NF are probed. Cylindrical distribution functions are
observed to investigate the role of specific preferred intermolecular pairings. These are combined
with densities of different phases to investigate claims that the mean excluded volume decreases as
ferroelectric order grows [4]. Quantities including polarisation and orientation functions are compared
between phases to judge the quality of the different methods used to generate the NF phase.

Figure 1: Visualisation of a ferroelectric nematic phase of “DIO-F “ generated with the fast cooling method.
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Dye-doped chiral nematic liquid crystal lasers are a topic of increasing importance in soft-matter pho-
tonics. Broad wavelength tuneability (460-850 nm) and low cost and self-organising optical cavities
make LC lasers extremely useful for a wide range of potential applications: for example, in fluores-
cence microscopy, enabling precise wavelength control for targeted fluorophore excitation; and in low
speckle laser based imaging [1]. However, liquid crystal laser stability and power output are limited
by several factors, including temperature, choice of materials, and pump pulse parameters. Pump
pulse intensity and repetition rate (Fig.1) must be carefully controlled to avoid thermal excitation [2],
optically-induced reorientation [3], and triplet state generation [4], although these are mostly tempo-
rary. In extreme cases, permanent degradation (i.e.photobleaching) of the dye is also possible.

A comprehensive study of the relative importance of the above effects under a variety of differ-
ent experimental conditions has not been made. We will present a molecular-electromagnetic chiral
nematic liquid crystal laser model, which we are developing to further investigate the molecular dy-
namics of dye-doped chiral nematic liquid crystal under the pump beam illumination over time. It is
hoped that by fully understanding this parameter space, higher power lasers with stable performance
can be produced, that are suitable for commercial applications.

Figure 1: Experimental data illustrating the effect of pump beam repetition rate upon liquid crystal laser output
stability. (Data replotted from [5]).

References
[1] P. J. W. Hands et. al., SID Symposium Digest of Technical Papers, 53 440-443, (2022)
[2] A. Varanytsia, P. Palffy-Muhoray, Proc. SPIE 8828, Liquid Crystals XVII, 88281F, (2013)
[3] S. M. Morris et. al., J. Opt. A: Pure Appl. Opt. 7, 215–223, (2005)
[4] C. V. Shank, “Physics of dye lasers,” Rev. Mod. Phys., 47, 649–657, (1975)
[5] M. C. Normand, et. al., Optics Express, 26, 26544-26555, (2018)



 

Density Measurements of Liquid Crystals  

Charles Parton-Barra, Helen Gleeson a, Richard Mandle*a,b
 

a School of Physics and Astronomy, University of Leeds, Leeds, UK 
b School of Chemistry, University of Leeds, Leeds, UK 

*R.Mandle@leeds.ac.uk 

 

Density measurements are a valuable tool for the study of phase transitions [1] and, in 

combination with x-ray diffraction, allow for the determination of molecular arrangement [2]. They 

play a role in the calculation of the optical and dielectric anisotropy of nematic liquid crystals through 

the Vuks and Maier-Maier relations [3]. We note that the assumption density,  𝜌 ≈ 1 𝑔𝑐𝑚−3 does 

not necessarily hold true for all nematics.  

We develop an experimental method that permits density measurements of liquid crystalline 

materials. The validity of this method has been ascertained through measurements of nematic (5CB 

(fig. 1a), (NCS)PCH6) and smectic (8CB) materials and comparison with existing literature values.  The 

solid-at-room-temperature nematic RM2835 was measured with the aim of expanding the range of 

liquid crystals available to study.  

 The discontinuous change in density that occurs at the material’s phase transitions is detected, 

indicating that the method is sensitive enough to provide meaningful data about the liquid crystal 

state. With regards to reliability, our results show excellent agreement with those previously 

obtained. While the method requires a large quantity of material (~1ml), it can be quantitatively 

recovered from the process 

Experimental measurements of density are important for validating molecular dynamics 

simulations. If the quantum chemical calculations and molecular force field methods used lead to 

an inaccurate representation of the liquid crystal state it can result in errors, such as an increased 

level of stability for certain mesophases [4].  

 

   

Figure 1. a) Density measurements of 5CB as a function of temperature. b) Structure of 5CB 
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Ordered arrays of nano- and micron-size particles are of much interest in many areas ranging 

from medical and chemical sensors, novel materials, displays, to photonics. It is also known that 

these arrays can be self-assembled from liquid crystal colloidal mixtures, which present an attractive 

route to fabricate these arrays [1-3]. 

Liquid crystals director patterns and defect structures induced by surface alignment and 

anchoring conditions and electric fields enable the capture of dispersed particles [4, 5]. 

We have been using LC modelling based on the Q-tensor to represent the LC orientation in the 

Landau-de Gennes theory [6, 7] to study several possible structures that can include different 

alignment conditions, surface relief patterns, and electrodes that can be utilised to produce these 

arrays. The objective is to generate adequate defect patterns that can be characterised by the 

strength and range of their attraction to dispersed particles. 

 

 
 

Figure 1: 3D view of one example of device structure for 

self-assembly. 

Figure 2: Cross-section showing director pattern around 

a particle in the lowest energy position. 
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Recent research into the twist-bend nematic (NTB) [1] and heliconical twist-bend smectic (SmCTB) [2] 

phases has been focused on molecules containing aryl-alkyl and aryl-alkoxy links connecting the 

spacer to the mesogenic units. The preparation of these materials has largely involved traditional 

synthetic pathways that include difficult synthetic steps and often result in low overall yields and 

use expensive reagents. 

 

Sodium activated aromatic coupling reactions help provide a cheaper, quicker and greener solution 

in the synthesis of more versatile intermediate compounds, ultimately allowing for more complex 

final materials. [3,4] By utilizing this one pot synthesis for 4-alkyl,4’-cyanobiphenyls and related 

units, it is possible to quickly create a library of liquid crystal dimers including the widely studied 

CBnCB series as well as opening new avenues to previously challenging functional group chemistry. 

This reduction in synthetic steps has put new liquid crystal dimers and higher oligomers within 

reach.  

 
 

Figure 1. Proposed mechanism for the formation of versatile alkyl-4’nitrile biphenyls intermediates by sodium 

activated aromatic coupling reactions. 
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In the conventional non-polar nematic phase, N, molecules align themselves along the 

director (n), described by a unit vector with inversion symmetry, i.e., n = -n. In 2017, RM734 

and DIO became the first materials to exhibit nematic behaviour having spontaneous 

polarisation.[1,2] Further studies revealed a ferroelectric character to the lower temperature 

nematic phase in these materials, giving rise to the ferroelectric nematic phase, NF, in which 

n ≠ -n.[3] Despite their chemical structures being quite different, both have a large 

longitudinal molecular dipole moment, and this is thought to be fundamental for the 

formation of the NF phase. This aside, the relationships between molecular structure and 

formation of the NF phase are not yet well understood. 

Modifications to the RM structure have been recently reported[4,5], whereas variations to 

the DIO structure have been explored to a lesser extent. Thus, here we present a study of the 

impact of the terminal alkyl chain length on the ferronematic properties of DIO  

(see Figure 1). Part of the synthetic method to 

make DIO is the formation of a 1,3-dioxane 

ring. The current literature method yields a 

1:4 mixture of cis/trans isomers of the ring.[6] 

Notably, DIO exhibits liquid crystalline 

behaviour only with a trans-1,3-dioxane 

present in its structure.[6] Increasing the 

length of the terminal alkyl chain results in such isomers becoming harder to separate using 

conventional methods of purification such as flash chromatography. Thus, we have developed 

a novel synthetic approach that allows a degree of control over the isomer formation ratios 

depending on the temperature, concentrations of the reagents, and reaction time. 
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The nematic phase (N) is the most fluid and the least ordered liquid crystal phase, in which the 

molecules are oriented more or less in the same direction along the director, n. The N phase has 

inversion symmetry, such that n = -n, and therefore, the phase is non-polar. In 2017, two rod-

shaped molecules RM734 [1] and DIO [2] (Figure 1) possessing a large dipole moment were 

shown to exhibit a unique phase. This was determined to be the ferroelectric nematic phase, NF. 

[3] In this phase, n ≠ -n, and the phase is polar. The NF has high response sensitivity to an applied 

external electric field and this coupled with nematic fluidity [4] gives it exciting potential for 

applications in the next generation of optical or electro-optical LC display devices.  

 

 
Figure 1 – Structure of RM734 (left) and DIO (right). 

 

Here we report sulfur containing analogues of RM734 (Figure 2) in which the terminal ether link 

is replaced by a thioether to investigate the relationship between molecular structure and liquid 

crystalline behavior. Introducing a highly polarisable sulfur atom is expected to increase 

birefringence and extend the polarizable core of the molecule, whereas the addition of fluorine 

would enhance the NF phase stability. [5,6] We report the corresponding materials with and 

without fluorine substituents to study the effect this has. 

 

 
Figure 2 – Structure of sulfur containing RM734 analogues. 
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Since the recent experimental discovery of the ferroelectric nematic phase, reported 

simultaneously by Mandle et al. [1] and Nishikawa et al. [2] in 2017, the phase has become the 

hottest topic in the liquid crystal community. Part of the interest in this newly found phase is the 

hope to develop a better understanding of its structure-property relationship and exploit its true 

application potential.  

In contrast to the conventional uniaxial nematic phase, N, in which the constituent molecules 

align along a common direction known as the director, n, with inversion symmetry n = -n, in the 

NF phase, there is a spontaneous alignment of the molecular dipoles such that n ≠ -n and the 

phase is polar. Ester linkages, polar terminal groups or a high degree of fluorination result in a 

large longitudinal dipole moment which appears to support the formation of the NF phase.  [3] 

Although suggestions have been made regarding the most efficient structural design for 

materials to exhibit the NF phase [4,5], some recently reported examples have expanded these 

initial assumptions.  [6] It is, therefore, critical that we now explore the effects that different 

structural modifications have on the stability of the NF phase. Here we report the properties of 

two series of materials based on RM734 and the previously reported 5-m and 6-m series [7], 

namely the (4-nitrophenyl) 2-alkoxy-4-(4-methoxybenzoyl)oxybenzoates (NT3.m) and the (3-

fluoro-4-nitrophenyl) 2-alkoxy-4-(4-methoxybenzoyl)oxybenzoates (NT3F.m) series, shown in 

Figure 1.  

 
Figure 1. Molecular structure for the synthesised materials (middle), space-filling models and polarized optical 

microscope textures for NF of respectively NT3.4 (left) and NT3F.4 (right).  
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Auxetic materials have a negative Poisson’s ratio and exhibit the peculiar property of an increasing 

thickness in a direction perpendicular to an applied strain. Auxetic materials have increased 

indentation resistance and energy absorption in comparison to non-auxetic materials [1], making 

them promising for a large range of potential applications, from sports equipment to automotive 

safety. Whilst an auxetic response is typically mediated by an increasing volume of macroscopic 

pores under strain, in 2018 an acrylate liquid crystal elastomer (LCE) was shown to display auxetic 

behaviour at the molecular level such that total volume is conserved [1]. 
 

The order in two similar auxetic LCEs consisting of the same base mesogenic and non-mesogenic 

monomers but a different proportion of crosslinker has been determined via polarised Raman 

spectroscopy (PRS). PRS allows for uniaxial order parameters, ⟨𝑃200⟩, ⟨𝑃400⟩, and the biaxial order 

parameters, ⟨𝑃220⟩, ⟨𝑃420⟩, ⟨𝑃440⟩, to be determined in addition to the director angle [3]. The LCEs 

were analysed as a function of nominal strain, ϵ, perpendicular to the initial director. The uniaxial 

order parameters for both the greater crosslinked and the lesser crosslinked materials show similar 

behaviour, with ⟨𝑃200⟩ reducing from initial unstrained values of ⟨𝑃200⟩ = 0.53 ±  0.05 and 0.60 ±

 0.05  respectively to within error of zero at strains of ϵ~1.0. The strain at which zero order 

parameter occurs is a dark state under crossed polarisers and is immediately followed by a director 

rotation (a so-called mechanical Fréedericksz transition) [2, 3]. A detailed analysis indicates that both 

samples show biaxial behaviour from low strains [3]. Further, the order parameter data allows the 

orientational distribution functions to be determined as a function of strain. 
 

Here, we contrast the similar order parameter behaviour seen for both LCEs with the rather different 

auxetic response of the two materials with strain. Both materials only exhibit a negative Poisson’s 

ratio at strains larger than a specific threshold which are ϵ ∼1.00 ± 0.05 for the greater crosslinked 

material and ϵ ∼ 0.58 ± 0.05 for the lesser crosslinked material [2, 3]. We consider why the strain at 

which the mechanical Fréedericksz transition occurs is the same for the LCEs while the auxetic 

threshold is considerably different. 
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The local control of anisotropic properties is necessary for a wide variety of new applications, 

including water-based electrical devices and biological sensors. Lyotropic chromonic liquid crystals 

LCLCs, are an interesting type of material that, in most cases, are biocompatible and biodegradable 

[1]. These materials also offer uniaxial anisotropy through a director field. Lyotropic chromonic liquid 

crystals (LCLCs) are made up of molecules that self-assemble into elongated aggregates, which then 

form nematic or columnar LC phases depending on temperature and concentration [2]. Compared 

with thermotropic LCs, aligning lyotropic chromonic liquid crystal (LCLC) has proven difficult in the 

past. This has been related to the limited anchoring energy provided by traditional rubbing or coating 

techniques for stable LCLC alignment [1, 3].  

 

In this work, we present a novel approach to chromonic liquid crystal alignment based on 

surface relief gratings (SRG) with the ultimate aim of obtaining accurate measurements of physical 

properties such as absorption anisotropy, birefringence, and order parameter and potentially high 

frequency permittivities. Our alignment technique is based on surface topography microstructures. 

Sunset Yellow (SSY) was used to demonstrate the alignment of a chromonic nematic phase. We 

compare the alignment of LCLCs using the traditional alignment techniques such as rubbed 

polyimide (PI) and Polyvinyl alcohol (PVA) with that obtained using the surface relief grating. We 

accomplish patternable planar alignment of Sunset Yellow and anticipate that our approach to 

director field control will lead to new possibilities for the fabrication of LC-based electronics and 

biological devices.   
 

a)    b)   

Figure 1. a) Polarized optical microscopy images of planar-aligned SSY sandwiched between two grating coated 

glass substrates. The dark image has an alignment under the crossed polarizers and the bright image has no 

alignment. b) AFM images of the SRG. 
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Liquid crystals (LCs) have a long history of being used in optical components, most notably in 

the visible spectrum where they have been well documented. Terahertz (THz) frequencies are the 

band of the electromagnetic (EM) spectrum between microwaves and infrared, often quoted as the 

frequencies from 0.3–10 THz (0.03–1 mm). THz radiation has seen much interest in the last few 

decades as sources have become increasingly more powerful and compact, underpinning a wide 

range of applications including atmospheric and space research, security, and biomedical sensing, 

owing to the unique “fingerprints” of many chemical species in the THz band [1]. 

One of the challenges in this field is the lack of commercial optical components, and even more 

so, adaptive optics (AOs). LCs have shown promise at THz frequencies with devices such as a phase-

shifter being presented at 1.0 THz showing a greater than π/2 shift [2]. However, these studies have 

typically been limited to frequencies below the 2–5-THz range associated with high-powered THz 

quantum-cascade laser (QCL) sources. We have recently demonstrated power modulation of THz 

QCLs using LCs, showing substantial modulation depths of up to ~40% at 3.4 THz (Fig. 1) [3]. Due to 

the long wavelength of THz radiation, however, the LC devices are required to be much thicker than 

their counterparts for the visible spectrum. This makes it especially important to document and 

characterise LCs throughout the THz band to find optimal parameters in order to minimise the 

thickness of LC devices. In this presentation we demonstrate recent progress in the THz 

characterisation and analysis of LC materials, and the development of LC cells with THz transmissive 

window and electrode materials. 

 
Fig 1. Transmission of linearly polarised 3.4 THz light when passing through the extraordinary axis of two LC cells 

with thicknesses of (a) 100μm and (b) 13μm for different bias voltages [3]. 
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Liquid crystal elastomers (LCEs) combine the properties related to liquid crystal mesophases 

and polymer networks. Compared to low molar mass liquid crystals, they have limited molecular 

mobility and less bulk fluidity. Due to their responsive deformation behaviours to external stimuli, 

LCEs are recognised as promising materials for developing soft robotics actuators [1].  

The molecular weight and its distribution of LCE products are mainly affected by the synthesis 

methods, which in turn contribute to their structure-property relations [2]. LCEs are conventionally 

prepared in batch reactors in published research [3]. Batch processes generally lack control over 

reagent dosing and certain reaction parameters (e.g. temperature control, mixing), resulting in broad 

molecular weight distribution and poor consistency in scale-up processing for commercial products. 

Flow chemistry has emerged as an alternative strategy to solve these problems [4].  

To our best knowledge, no research has been done on synthesising LCEs in flow systems. In this 

project, the synthesis of LCEs based on thiol-acrylate Michael addition polymerisation are 

performed in batch and flow processes with optimised reaction temperature and flow rates [5]. 

Here, solutions of monomers and catalysts (with precise concentrations) are continuously pumped 

through microfluidic tube reactors at fixed flow-rates. Taking advantages of large surface-to-volume 

ratio, flow process provides far more effective mass and heat transfer, suppressing hot spots 

formation, and thus enhances the reproducibility and scalability of the products. 

 Figure 1 shows a schematic overview of the batch process, our flow system, and the chemical 

structure of monomers employed. The results of size exclusion chromatography (SEC) prove that 

the LCE production technology is improved by flow process, which is essential for tailorable structure 

design and physical properties study of LCEs. 
 

 
Figure 1. Reactor setups for batch and flow processes. 
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Personal protective equipment is required in many sporting and professional activities where inju-

ries are likely. Current solutions to these scenarios include the use of expanding polystyrene and 

other materials to absorb impact energy, yet these are subject to failure under a variety of circum-

stances [1]. For this reason, all the shock absorbing materials currently available are single use. We 

require new materials that can withstand high impact energy without failure. This would enable 

more individuals to participate in activities such as cycling without the threat of injury, thus reduc-

ing the strain on the health service. 

Liquid crystal elastomers (LCEs) are unique materials that combine rubber-like elasticity with the 

orientational order of liquid crystals. They are formed through the crosslinking of liquid crystal 

units with spacer units and provide a variety of characteristics including remarkable mechanical 

and dissipative properties [2]. It is currently hypothesised that LCEs can dissipate high amounts of 

energy due to the change in liquid crystal orientation upon shock. This hypothesis is currently only 

speculated: the evidence to prove it is flawed and there is an overall lack of fundamental under-

standing as to why these materials possess the desirable dissipative properties. To test the hy-

pothesis, we plan to add ‘kinks’ and ‘hairpin-like bends’ into the LCE network by replacing a small 

percentage of the linear spacer units with permanently bent spacer units. This will create a static 

bend in the network. By mechanically testing these materials against those without hairpin bends, 

we can begin to assess the network characteristics that influence the amount of dissipation the 

LCE is capable of. This research has the potential to aid in optimising the dissipative characteristics 

seen in LCEs, which can then be used to benefit society.  
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We investigated the interaction of tactoids [1] formed by a phase separating system of enlongated
virus particles and polymer with rod-like impurities. The elongated virus particles were Pf4, which
when mixed with sodium alginate as polymer, phase separated into an isotropic phase in coexis-
tence with a nematic phase of the virus particles [2]. The nematic phase appeared in the form of
spindle shaped droplets called tactoids. We studied the interaction of this mixture with microme-
ter sized rods, which were either bacteria ( or ) or inert colloidal particles (made of SU8 or silica).
Confocal laser scanning microscopy was used to examine the mixtures and four different dominant
configurations were found, classified as no attachment, partial attachment of the rod to the tactiod,
a “sandwich” state, where two tactoids interact with the same rod, and lastly encapsulation of the
rods by the tactoids. We categorized the results in terms of surface properties and rod geometry
(size and aspect ratio). To further elucidate this problem, we explored the system theoretically within
a Ginzburg–Landau free energy. We obtained all the states seen empirically, and further noticed that
the rod preferred to be close to the tip of the tactoid, probably due to the proximity of the defect to the
one at tip of the tactoid, minimizing the energy of the system.

Figure 1: Configurations obtained for the synthetic rods. Confocal microscope images of SU8, in red, interact-
ing with Pf4 tactoid, in green,(a) partial attachment, (b) sandwich, and (c) encapsulation.
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Photovoltaic spatial-light modulators (PSLMs) are a self-powered version of liquid crystal 

devices (LCDs) that use an organic photovoltaic unit (PVU) as an integrated power source [1]. This 

technology allows a transition from a transparent to an opaque state when exposed to specific 

wavelengths. This is a versatile technology where both the absorbed wavelength and the 

modulated one can be tuned to adapt to any needs. 

In this study, we present a method to fully characterise the cell photovoltaic properties such 

as photovoltage and photoconductivity, as well as liquid crystal critical properties, such as elastic 

constants, pretilt or anchoring energy, using non-invasive cross-polarised intensity (CPI) 

measurements. This technic makes it possible to follow the aging of the photoconversion despite 

the lack of direct electrical contacts. An extension of the method that allows a mapping of all these 

properties over the PSLM active area will be described [2]. 
 

   
Figure 1. CPI of a PSLM at low (OD3) and high (OD0) light intensities (532nm). The photovoltaic unit (PM6:ICBA) 

is generating a photovoltage of 687mV when exposed to light (OD0). This additional voltage is contributing to the 

liquid crystal (QYTN) voltage needs to be reoriented, causing a shift of the CPI. 

 

The authors would like to acknowledge Sadiara Fall and Yaochen Lin, along with the Icube 

laboratory, for their help to prepare the photovoltaic units. 
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Nematic colloids are hybrid soft matter systems which have received much attention for their highly 

anisotropic, elasticity mediated pair-interactions which can facilitate a variety of self-assembled 

composite materials, as well as for their tunability in response to relatively weak external stimuli [1]. 

Colloidal inclusions induce energetically costly distortions in the nematic alignment, which yield 

spatial distortions in n(r), analogous to multipoles such as dipoles and quadrupoles found in 

electrostatics. The systems tend to reduce free energy via the sharing of these distortions, giving rise 

to effective anisotropic interactions between pairs of nematic colloids, which can be described by 

multipole expansion. Depending on the exact nature of the inclusions (including particle size and 

boundary conditions) the leading order multipole of the nematic colloid can be tailored, with 

dipoles, quadrupoles and other higher order multipoles being observed experimentally [2]. Under 

the multipolar expansion approximation, one can determine an effective pair potential to model the 

elastic interactions between pairs of colloidal particles [3], which have been used extensively in 

fitting with experimental data to model interactions at the pair level. However thus far there has 

been limited research in using this effective interaction to study many-body effects. In this context, 

we develop a computational framework for crystal structure prediction for multipolar nematic 

colloids interacting, using the basin-hopping algorithm. We explore the crystal lattice energy 

landscape in order to find the global and other low-lying minima available to a given multipolar 

colloidal building block in the presence of screened electrostatic repulsion. Additionally, we 

investigate how the crystal energy landscape is sampled under thermal conditions using Monte Carlo 

simulations to predict the self-assembly behaviour of the multipolar nematic colloids. 
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Motivated by applications of active liquid crystals in the design of sensors and various 
biological processes, we present a theoretical and computational study involving the 
mathematical modelling of active nematics using an adapted form of the Ericksen-Leslie 
equations. We consider the effect of a combination of activity and orienting field on active 
nematics with a director confined between two parallel plates in a 1D geometry, subject to 
either planar or homeotropic anchoring conditions and no-slip conditions on the boundaries 
of the channel [1, 2]. We first solve the system analytically by linearising around a uniform 
director that is aligned with the anchoring conditions. The behaviour is characterised by a 
critical parameter, below which the system exhibits a no-flow state with no director distortion, 
which is unstable for contractile active agents and stable for extensile active agents. For 
contractile active agents, the director is distorted whenever the activity is above the critical 
activity. In the presence of an orienting field, the system becomes stable for extensile active 
agents whenever the behaviour is characterised by a critical activity, and the orienting field is 
below a critical value, and unstable otherwise. 
 
Our results show that the system eventually exhibits one of three solution states: symmetric 
distorted, antisymmetric distorted, and uniform states. The uniform state corresponds to a 
uniform alignment of the director normal parallel to the boundaries of the channel. For field 
strengths greater than a critical value, the uniform state is replaced by the symmetric solution. 
For antisymmetric solutions, there is a reorientation in the middle of the layer with high 
elastic energy. Interestingly, the critical activity changes as we increase the magnitude of the 
orienting field. For low activity parameter values, the orienting field dictates the behaviour 
and the director angle in the middle of the layer prefers to align along the shear gradient. 
However, increasing the activity decreases the director angle at the middle of the layer, 
indicating that activity is reducing the distortion and eventually overriding the field effect, 
giving rise to the antisymmetric solution. Our results have potential applications for designing 
sensors and in improving our understanding of many biological processes such as biofilm 
formation and morphogenesis. 
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We develop triphenoxazole based novel broad-spectrum emitters designed for solution 

processed organic light emitting devices (OLEDs). Triphenoxazoles are a novel family of 

homologous compounds.1 These materials exhibit a diverse array of material properties, from 

chemically tunable Stokes shifts, with emission from 400 nm to 650 nm, photoconduction, 

photovoltaic, and electroluminescence effects, as well as displaying ordered hexagonal 

columnar mesophase. Physical properties such as photoconduction are modulated through 

the control of the moiety attached to the C-2 of the oxazole unit. The triphenoxazole 

derivative with aromatic groups exhibits photoconductivity up to ~ 1 × 10-8 S/cm, the largest 

σphoto/σdark ratio of ~ 1.71 × 103, which is two orders of magnitude higher than that of 

alkoxytriphenylene, with charge carrier mobilities of ~ 1 x 10-3 cm2/Vs.  

Blue, green, and orange color OLEDs were fabricated with triphenoxazoles as an emissive 

layer in Figure 1. Hence, triphenoxazoles provide a platform for the design of new organic 

broad-spectrum emitters for OLED lighting applications. 

 

 
Figure 1 shows electroluminescence spectra of OLED device in red and photoluminescence spectra in black of (a) TpOx-
Ph-pOMe, (b) TpOx-2-Nap and (c) TpOx-Ph-pCN. 
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The effect of rod-like nanoparticles on the high-frequency dielectric susceptibility of the 

nematic nano-composites has been investigated in the framework of a molecular theory. Analytical 

expressions for the components of the effective polarizability of a rod-like nanoparticle in the 

nematic host have been obtained and used in the calculations of the dielectric susceptibility of the 

composites as functions of the nanoparticle volume fraction [1]. Numerical calculations of the 

susceptibility have been undertaken using the nematic liquid crystal 5CB as a host doped with either 

gold or silver particles for different values of the concentration of nanoparticles. It has been shown 

that the rod-like nanoparticles have a much stronger effect on the components of the dielectric 

susceptibility of the nano-composites in comparison with spherical nano-particles [2] including, in 

particular, the one with gold nanoparticles in the vicinity of the plasmon resonance. The main 

conclusion is that at sufficiently large concentration of nanoparticles, the anisotropy of the dielectric 

susceptibility of the nano-composites may even change the sign with an increasing concentration 

which may be important for various applications. 

 

 
Figure 1. Real (a) and imaginary (b) parts of the transverse and longitudinal components of the high-frequency 

dielectric susceptibility of the 5CB nematic nano-composites for different values of the volume fractions of AuNPs. 
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Many liquid-crystalline (LC) phases are exhibited in nature and a decent amount of them 

have a wide variety of applications.  The properties of these LC phases can be studied in terms 

of their respective kinematic viscosities. Here, we microscopically measure the viscosities of 

certain LC phases that are not too viscous. To measure these, a ferrofluid consisting of 

chemically treated magnetite stably dispersed in a Newtonian carrier fluid which is immiscible 

with the LCs is used. The ferrofluid is dispersed in the LC with spherical microscopic ferrofluid 

droplets obtained. By use of a neodymium bar magnet the spherical ferrofluid droplets in the 

liquid crystal can be moved. The anisotropic viscosities of different LC phases are determined 

using a modified version of Stokes’ law.[1]. The viscosities of various thermotropic, lyotropic 

and colloidal LCs, along with their temperature and concentration dependence, are provided 

in this study.  

 

To initially verify this measurement method, the anisotropic viscosities of thermotropic 

nematic 5CB (4-Cyano-4'-pentylbiphenyl) are measured and compared with reported values 
[2]. Similarly, the viscosities of 8CB (4-Cyano-4'-octylbiphenyl) are measured across the smectic 

A-nematic transition temperature range and the measured values are verified with the 

reported values [2]. The viscosities of cholesteric 5CB + S811 (S-(+)-2-Octyl   4-(4-

hexyloxybenzoyloxy) benzoate) mixtures were studied as the pitch changes over the order of 

magnitude of the size of the probe droplet, producing a variable anisotropy behaviour. In 

terms of lyotropic LCs, the viscosities of amphiphilic CTAB (Cetrimonium bromide) and 

chromonic Sunset Yellow FCF are measured, and the concentration dependence of the 

respective viscosities are provided. In terms of colloidal LCs, the anisotropic viscosities of 

cholesteric cellulose nanocrystals (CNCs) are measured as a function of concentration through 

the two-phase region. Additionally, the anisotropic viscosities of colloidal nematic graphene 

oxide (GO) are measured and the concentration dependence is studied for two separate 

colloidal arrangements. 

 

LC-Ferrofluid emulsions can potentially be used in many applications and the next step for 

this work is to create a synthetic structure which mimics a magnetotactic bacterium (MTB) 
[1].  
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