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Cellulose is the most abundant biopolymer on earth.
Recently, cellulose has been given much attention due to
the emphasis on R4; Rethink, Recycle, Reuse, or Renovate.
This is because cellulosic materials can be harvested
sustainably in a cost efﬁcient way and are compostable.
Developments in the ﬁeld include wooden skyscrapers,
sustainable plastics, structural pigments, and more.
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Micrograph of
structurally
coloured CNCs
attached on a
piece of fabric.

Cotton has been used for garments for thousands of years. Once processed, cotton is 99%
cellulose and serves as a good base for the production of lower length-scale cellulosic
materials.³ As part of our research, we have performed initial studies in the attachment of CNCs
on fabric, which proved successful in producing structural colour. While already interesting as a
fully cellulosic material that could make a colourful garment, we aim to eliminate toxic dyes from
the fabric manufacturing process. We also aim to create smart textiles which could respond to
stimuli from the wearer or changes in environmental conditions such as temperature or humidity.
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SMART BUILDINGS
Cellulose can be functionalised and
processed to change the way we
construct our world. For example
cellulose nanocrystals (CNCs) and
hydroxypropyl cellulose (HPC) can
be used to produce smart windows
that can respond to light ﬂux,
temperature and humidity changes,
and change their shade to save
energy.¹ Furthermore, wood has
been demonstrated as a viable
alternative to concrete in the building
of skyscrapers. A 2020 research
paper published in Nature estimates
that 90% of all newly built buildings
could be made of wood by the year
2050.² This would allow to store up
to 80% of the construction industry’s
material production CO2 emissions
in wood, an easily re-processible and
multi-use material.
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Both cellulose nanoﬁbres (CNFs)
and cellulose nanocrystals are being
extensively researched for use in
drug delivery, wound dressing, and
tissue engineering.4,5 As these
particles are biocompatible, they are
neutral to the human body. In drug
delivery, CNCs show promise due to
the ease with which the release rate
of therapeutic agents can be
manipulated, allowing for targeted
drug delivery. In wound dressing,
CNFs have been studied as they have
a huge capacity to absorb ﬂuid and
can form translucent layers, allowing
for the investigation of wounds
without removing the dressing.
Finally, CNFs and CNCs have been
found to be able to support stem
cells, allowing for the growth of
necessary cells in a biocompatible
environment.
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MY WORK:
BIOINSPIRED STRUCTURAL COLOUR
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STRUCTURAL COLOUR
IN NATURE
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Cellulosic structural colour in nature
exists due to the refraction of light
by the cholesteric arrangement of
molecules that yields iridescent
colouration as seen in the Pollia
condensata and Margaritaria nobilis
berries.7 Such structural colouration
intrinsically differs from the source
of colour observed in pigments,
which is based on the absorption of
photons by the chemical bonds
present. Physically, the advantages
of structural colour over pigments
are that it does not fade over time,
can be iridescent by itself if required,
and that any colour can be produced
as easily.
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Micrograph of a structurally
coloured CNC dry ﬁlm.

In my PhD work, I use both CNCs and
HPC as the cholesteric phase carrier to
devise further functionalities with these
systems.8,9 My aim is to produce
structurally coloured ﬁlms for applications
such as sustainable decorations, security
features, and colourimetric sensing.
My work involves manipulating the

colloidal suspension of the CNCs to
achieve uniform colouration as well as
improving their mechanical properties.
CNCs are anisotropic colloidal particles
that go through phase transitions and
can mimic the structural organisation
seen in Pollia condensata and
Margaritaria nobilis.
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On the other hand, the HPC system is a
lyotropic liquid crystalline polymer and
the coloured phase is only achievable in
a water suspension. Here, my aim is to
retain the colour in the solid form of
HPC, using green cross-linkers to
achieve this.
Margaritaria nobilis
and Pollia condensata,
berries with structural
colouration
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Micrograph of a CNC ﬁlm
modiﬁed with Xanthan. The
addition of a gelling agent
changes the structure and
yields a more uniform ﬁlm.
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Photograph of the CNC
ﬁlm modiﬁed with Xanthan
when observed with
unpolarised light.

Photograph of the CNC ﬁlm
modiﬁed with Xanthan when
observed with right circularly
polarised (RCP) light. Due to
the twist in the cholesteric
helix, the homogenous area of
the ﬁlm becomes transparent
when observed with RCP light.
A simple security feature.

Illustration of the 3-d printing
of cross-linked HPC with an
SEM image of the resulting
microstructure. This process
facilitates the alignment, as
well as the wrinkling of the
structure, which allows for a
more homogenous and better
controlled optical response.¹0

The twisted helicoidal
arrangement of CNCs
that gives rise to
structural colour. The
wavelength of reﬂected
light (λ) is dependant on
the refractive index (n),
cholesteric pitch (p) and
observation angle (θ).
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