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A potted biography
Cavendish Professor of Physics, experimental soft matter
l Degree in Maths and Physics; PhD in optics and liquid crystals;

l Strong links with industry, became a lecturer in 1990;

l Have held senior positions including Dean of Research 
(Manchester, EPS) and Head of School (Physics and Astronomy) 
at Universities of Manchester and Leeds;

l Fundamental research in soft matter physics (>220 papers)

l Innovation: >10 patents and formed 2 companies.

l Committed to encouraging inclusion and diversity - OBE in 2009.

l Currently hold EPSRC Established Career Fellowship/EDI 
Champion, work closely with the IOP and others.



When can/should I start thinking about applications? 

• Many here are early career and decisions about career 
paths are for the future. However, ‘standing out from the 
crowd’ will help any job application.

• There are many things that can be done at any career stage 
– some of which we’ve already heard about.
• Funding and bursaries. More later, but this can/should include 

getting funding for conference applications, outreach, research visits.
• Being an advocate. This could be internal to your organization or 

for external bodies (e.g. committees that often want ECR 
representation). 

 

Preamble



Plan for the afternoon
Part 1. Where do good ideas come from and how can 
they be developed to maximize chances of success? 

 What makes a good idea and how do you know?
 Making time and headroom.
 
Part 2. Funding opportunities and strategies
 Small monetary value, high return.
 Fellowship – freedom to explore
 Responsive mode, small monetary value, high return
 



Always credit the origin
- ethics

Where do ideas come from?

Supporting bottom-up ideas

promotion

prizes renown

Often come from 
team discussions

D. Mistry, PhD student – discovered auxetic 
behavior in liquid crystal elastomers (2018)

Academia can encourage top-down generation 
of ideas.
Sometimes this is okay, but it can be blocking

Collaborators and diversity of ideas

Conferences, seminars
Do you think you could…?

Industry-led challenges

Diverse groups Do you know 
how …?
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Taking ideas forward

• PhD or project student allocation to explore new ideas;
• ‘Socializing ideas’ with trusted colleagues – does your vision fit, is it well-

articulated?

PI-level, group level support

Support from elsewhere
• Pump-priming funds – usually aimed at ECRs, but available to others?
• Annual allocation to academics – conferences
• Discussion workshops – networks, industry, wide-ranging groups

Making headroom – vital for ideas generation, refinement and writing
• Time management skills
• Workload, fairness
• Organization of teaching

• Support of new lecturers
• Sabbatical
• Proper parental and other leave arrangements

Published June 2024

PART 1



University-level commitment

• There are University-level commitments to helping PDRAs to develop 
independence – the Concordat1. It is supported by Universities UK and 
many universities are signatories.

• Researchers are allowed minimum 10 days per annum for their 
professional development – this is usually training

• Researchers should also be allowed time and opportunity to develop 
their 'research identity and a broad range of leadership skills’.

• Managers of research should 'identify opportunities and allow time (in 
addition to the 10 days) for researchers to develop their research 
identity and broader leadership skills and provide appropriate credit and 
recognition for their endeavours’.

1Concordat to Support the Career Development of Researchers 
(https://researcherdevelopmentconcordat.ac.uk/)
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Examples from our team

RESEARCH ARTICLE
www.advopticalmat.de

Sub-Micron Diffractive Optical Elements Facilitated by
Intrinsic Deswelling of Auxetic Liquid Crystal Elastomers

Thomas Moorhouse and Thomas Raistrick*

Diffractive optical elements (DOEs) enable precise control over the direction
and filtering of light, making them common components in spectrometers,
waveguides, and sensors. There is great interest in tunable and sub-micron
diffractive optical elements in flexible photonics and for responsive structural
colors. Here this study presents sub-micron tunable diffraction gratings
produced by patterning a liquid crystal elastomer (LCE). The intrinsic
anisotropic deswelling of the liquid crystal elastomer enables sub-micron
(707 nm) pitch structures to be produced from a micron-scale (1040 nm)
surface relief grating. Using atomic force microscopy (AFM) and diffraction
measurements, a thermal pitch tunability is demonstrated of +212 nm
(+31%) or −322 nm (−33%) over a temperature range of 215 °C depending
on grating orientation. A mechanical pitch tunability is demonstrate of
+1110 nm by applying strains of up to 157% to the liquid crystal elastomer.
The height of the diffraction grating is preserved over strain due to the
negative Poisson-ratio, or “auxetic”, behavior exhibited by this chosen family
of the liquid crystal elastomers. This report opens the possibility of using
LCEs to facilitate flexible sub-micron diffractive optical elements, with a high
degree of tunability for sensing and structural color applications.

1. Introduction

The recent growing interest in elastomeric optical elements, over
their solid counterparts, has been driven by an increased de-
mand for device tunability and biocompatibility, and the con-
tinued development of flexible electronics and photonics.[1–5 ]

Many optical devices rely on the production of soft diffractive
optical elements (DOEs) with sub-micrometer features, such as
soft grating couplers[6,7 ] and grating-enhanced solar cells.[8 ] The
phenomenon of responsive “structural color”, which has far-
reaching implications in display devices,[9 ] chemical-free textile
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production,[10 ] and biomedical
technology,[11 ] similarly requires the
production of structures with sub-micron
periodicity. Here we present an approach
which uses the intrinsic deswelling of
liquid crystal elastomers (LCEs) to produce
sub-micron DOEs with a high degree of
tunability and stimuli responsiveness.
Soft lithography offers a lower cost and
more accessible means of surface pat-
terning relative to traditional techniques
such photo- and electron beam- lithogra-
phy, which rely on expensive systems and
complex multistep processes.[12–14 ] Minia-
turization of surface features with shape-
memory polymers provides a feasible ap-
proach to sub-micron scale patterning via
soft lithography.[15,16 ] Subtractive pattern-
ing of shape-memory polymers with dry-
etch processes introduces an inherent sur-
face roughness that results in a loss of
fidelity in a little as one miniaturiza-
tion cycle.[15 ] Achieving high-fidelity sub-
micron embedded relief structures using
this technique is therefore limited without

additional steps in the process. Solvent-assisted nanoscale em-
bossing instead uses additive patterning of shape-memory poly-
mers and solvent swelling,[16 ] providing an alternative miniatur-
ization framework for variable nanostructured surfaces.

The use of LCEs, presented herein, provides another layer of
tunability to existing miniaturization frameworks due to their
inherent anisotropic deswelling properties[17,18 ] and stimuli re-
sponsiveness (thermal, mechanical, photo and chemical). LCEs
are lightly cross-linked polymeric materials containing, typically
rod-like, mesogenic units within their network (Figure 1a). The
coupling between liquid crystal order and the macroscopic shape
of an LCE leads to stimuli-induced shape actuation.[19 ] Further,
the formation of the LCE network in the presence of a solvent
and its subsequent removal results in a controllable anisotropic
deswelling of the network.

Intrinsic anisotropic deswelling has been leveraged to pro-
duce chiral nematic LCEs with structural color by physically re-
straining the sample whilst deswelling[18 ]; the simplicity of this
technique allows for easy scalability to industry relevant sizes.
In this report, we leverage the facile anisotropic deswelling of
LCEs to produce sub-micron scale DOEs using alignment tech-
niques common and relevant to the liquid crystal display in-
dustry. As the alignment of the LCE can be tailored with re-
spect to the grating, the use of nematic LCEs and a nematic sol-
vent allows for responsiveness to be optimized for the desired
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Reactive Fluid Ferroelectrics: A Gateway to the Next
Generation of Ferroelectric Liquid Crystalline Polymer
Networks

Stuart R Berrow, Jordan Hobbs, and Calum J Gibb*

Herein it is reported the first examples of reactive mesogenic materials (RMs)
which exhibit fluid ferroelectric order based on the recently discovered
ferroelectric nematic (NF) phase. These materials NF RMs and they provide
the first steps toward the next generation of ferroelectric liquid crystalline
polymer networks is termed. The chemical synthesis and characterization of
the liquid crystalline properties of these materials is reported, demonstrating
that they have the lowest longitudinal molecular dipole moments (µ) of any
reported NF material of 7.39 D. It is go on to demonstrate a potential use case
of this new class of reactive material through the polymer stabilization of a
matrix which exhibits the NF phase, increasing the phase range of the
ferroelectric phase from 75 to 120 °C. The NF RMs reported herein are an
exciting step forward in ferroelectric liquid crystal research, demonstrating
that reactive NF materials are achievable, allowing for the future development
of liquid crystalline ferroelectric networks, elastomers and polymers.

1. Introduction

Reactive mesogens (RMs) are functional materials displaying liq-
uid crystalline (LC) mesophases that possess reactive groups, al-
lowing for the formation of polymers, elastomers and network
structures with liquid crystalline order. RMs have existed for
nearly 50 years, being developed as early interest into liquid crys-
tal polymers emerged.[1–4 ] The scope of RMs began to grow in
the late 1%80s, when their potential applications were explored.
These began with investigations into their potential to produce
functional coatings, for example for the protection of optical
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fibres,[5 ] but it was not long until appli-
cations in the fabrication of liquid crys-
tal displays (LCDs) emerged, leading to far
reaching implications in the multibillion-
dollar LCD industry.[6–% ] The applications
for reactive mesogenic materials have con-
tinued to grow giving rise to new fields
of study, such as: liquid crystal elastomers
(LCEs),[10,11 ] liquid crystal templating,[1( ]

polymer dispersed LC networks,[1) ] and
the stabilisation of LCs for device appli-
cations – commonly referred to as poly-
mer stabilised liquid crystals (PSLCs).[14 ]

The recent discovery of the ferroelectric
nematic (NF) phase, which combines ne-
matic orientational order and fluidity with
almost perfect parallel polar order of its con-
stituent molecules,[15–1% ]has garnered sig-
nificant scientific interest due to its wide-
ranging potential applications.[(0–(5 ] The

scope of the NF phase would be further increased through its
incorporation into network structures. While some work has al-
ready been done on macromolecular NF materials,[(6–(8 ] a poly-
mer network with inherent NF order has yet to be reported but
would be desirable.[(% ] In order to attain a network with inher-
ent NF ordering, an RM exhibiting the NF phase would be ideal,
as it could facilitate pathways to networks that are polar in their
own right. To date, there is no such RM reported within the lit-
erature and so we elected to design and synthesise a ferroelectric
nematogen with reactive functionality.

2. Results and Discussion

2.1. Monomer Synthesis and Properties

As research into the NF phase is still largely in its infancy, there
are only a few chemical structure spaces currently known to
promote the formation of the NF phase.[)0–)( ] 4-(difluoro(),4,5-
trifluorophenoxy)methyl)-1,1′-biphenyl) is a common molecular
moiety present in several materials exhibiting the NF

[)),)4 ] (and
other polar)[)5–)7 ] mesophases. As such, we elected to choose this
as the basic unit for our RMs, coupling variations of the biphenyl
unit with different fluorine substitution patterns to simple acry-
late units to afford the four reactive materials 1–4. The transi-
tional properties of 1–4 were initially examined by differential
scanning calorimetry (DSC) and polarised optical microscopy
(POM) affording the phase behaviour outlined in (Table 1).

Small 2025, 21, 2%01724 © 202% The Author(s). Small published by Wiley-VCH GmbH250172( (1 of 7)
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Task 1
In groups, discuss the challenges in managing creating time to write proposals. This 
might be from the perspective of:
• You as an ECR researcher;
• You as a manager of an ECR researcher;

• You as an academic.

You might want to consider things such as:
1. Time. How much time could this take? How will it fit alongside other commitments? 
2. Communication. Would you need to talk to somebody about your plans (Supervisor, 

PI, Head of Group/School)? 
3. What are the expectations around credit e.g. authorship on publications or CoI status 

on grant applications? 

4. For ECRs – how will you keep your Supervisor/PI on board? It’s easy to underestimate 
time, which is very expensive and has probably been hard-won by somebody. 
Independence ≠ autonomy. 

PART 1



Research strategy
What is your research strategy?

• Research strategies are not just for institutions – you could have one too.
• I was sure I wasn’t going to postdoc for too long
• I was open to industrial and academic roles – networked with industrial 

researchers as well as academics where possible
• I like teaching!

• Strategies will be updated to reflect new circumstances or opportunities.
• As a new lecturer I needed to balance teaching, research and citizenship
• It’s important to ‘pass’ on opportunities that aren’t right for you or at the right time

• Short-medium-long term considerations.
• If you can do things that give you joy – do! But sometimes it will be important to 

take on a task or role that isn’t much fun for longer-term benefit.
• Small, high-value things can make a big difference (e.g networking)
• Nobody can do everything. Choose where your focus is carefully and don’t be 

frightened to stop things that aren’t working in the way you want them to.
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Building funding
Funding approaches

• Small monetary value, high return. Can be light touch review. 
• Includes travel grants, bursaries, funded research visits – valid for all levels.

• Responsive mode; 
• Most common when in academic positions. Hard work. ~33% success rate, 

but good ideas that didn’t make it can be re-used.

• Fellowships – freedom to explore & advocate;
• Available at all levels (more later)
• Earlier strategies can really help as fellowships are for you (more later!)

PART 2



>20 papers >10 ECRs.

Example
Resonant X-ray scattering 
– eventually a 10 year project ~2000 - 2010
• Early stages – pre-project

• Started x-ray work as a new lecturer building 
independence (from my ex-supervisor).

• Excellent support from senior people including my PhD 
examiner.

• My USP - I could measure structure from materials in 
real device geometries.

• Building the collaboration
• I’d already started working with a chemist I admired – 

met at a conference, explained my work and asked to 
collaborate

• One of his contacts attended a conference and was 
looking for collaborators….

• Funding
• small EPSRC travel grants.
• PhD studentships including self-funded
• One responsive mode grant (after success of initial 

experiments).
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Building funding
Responsive mode and others

• My success rate was pretty typical – 33% = a proposal every 1-2 years.

• It was better when I focused my application at a relevant call or linked to a ‘grand 
challenge’ theme.

• Learned loads from refereeing other peoples’ proposals.

• I still hate it when my applications don’t get funded.
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Building funding
Funding approaches
• Fellowships – freedom to explore & advocate. E.g. my Open+ Fellowship

Recycled material from two highly ranked but unfunded responsive mode grants
The ‘+’ component built on EDI work I’d done over the years.

Efficient switchable opticsAuxetic elastomers Novel polar fluids

Vision: to create fundamental understanding of new liquid 
crystal systems towards innovative applications.
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• Engaging with new 
communities

• Developing knowledge
• ED&I
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Summary

Take time to choose ideas that are interesting (to you and others) and 
that are likely to be funded – more in a moment!

Take time to refine your ideas and think about how to communicate 
them for the opportunity you’ve identified.  Good ideas alone may not 
get funded.

Good ideas (and parts of proposals) can be recycled!

Rejections are not fun – I’ve had far more proposals rejected than 
funded as I suspect most people have. Take time to reflect and work out 
what was good and what can be improved.



What is meant by a ‘good’ idea? 

A quick look at their web site shows the UKRI current themes for maths as: 
• Mathematical modelling for next generation formulated products;
• Mathematical Innovators in the Digital Space;

• https://www.kehubmaths.co.uk/2025/02/03/2m-ukri-networkplus-bid-
mathematical-innovators-in-the-digital-space-minds-awarded/

• https://www.kehubmaths.co.uk/ 
• Transition to a sustainable Zero Pollution Economy.

Observation: lots of work here also on life-sciences themes.

Discussion points (everyone)
 
 What do you think about these?
 Are they something you might want to contribute to?  
 What if your topic or interest doesn’t fit?
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Fellowships are available for Maths….
• Future Leaders Fellowships
• Mathematical Sciences Fellowships (EPSRC) 

• postdoctoral 
• Open and Open+ (this is what I got with the + as EDI working with the 

Institute of Physics and others at national level).

Discussion points in groups. 

• Many proposals require clear statement of ‘vision’ which needs to be 
understood by a non-specialist. To practice, describe your ‘vision’ to your group 
in the context of a recent piece of work you’ve completed.

• Fellowships are for you, but also a responsibility to be an advocate. Discuss 
how your past experience and future plans position you for this. 

Task 3:


