
 

 

 University of Groningen

Light switchable surface topographies
Liu, Ling

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Liu, L. (2018). Light switchable surface topographies: Modelling and design of photo responsive
topographical changes of liquid crystal polymer films. [Thesis fully internal (DIV), University of Groningen].
Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/f86e4e6b-e47e-4d1f-bdde-4c78e6ad763d


Summary 149

Summary

Plants and animals feature special topographical structures to achieve particular phys-
iological functions and to interact with the changing environment. Researchers aim
to construct a new generation of materials and devices which mimic the peculiar
structures of life and achieve extraordinary results that would have been otherwise
impossible to be reached by current materials. This thesis falls in this regime and
studies bio-inspired structures and biomimetic applications.

In this thesis, a computational study has been conducted to develop a system-
atic analysis of topographical transformations of light-responsive polymer films, in
which surface switching and roughness generation guided by light are achieved based
on azobenzene-modified LC polymers. The computational-theoretical exploration is
aimed at

(1) revealing the underlying mechanistic origin of morphological changes when light
illuminates liquid crystal networks containing azobenzene chromophores;

(2) improving the output of the developed surface switching systems via optimizing
the microstructural and physicochemical parameters;

(3) computationally designing new photo-switchable systems for advanced func-
tional applications.

To reach the targets mentioned above, the thesis starts with the formulation of a
numerical model to incorporate the interaction between light sources and the liquid
crystal polymers to elucidate the origin of surface switching (Chapter 2). The light
is attenuated inside the liquid crystal medium since it is absorbed by the embedded
azobenzenes, which are subject to isomerization, transitioning from the natural trans-
state to the meta-stable cis state. The isomerization process of azobenzenes disturbs
the orientational order of the neighboring LC molecules and induces an anisotropic
deformation of the liquid crystal network. By having a non-uniform liquid crystal
molecular alignment distribution throughout the film, a corrugated surface is formed
after light actuation. Chapter 2 revisits three exemplary films with a complex molec-
ular distribution and verifies the computational model by showing that the predicted
surface textures are in good agreement with experimental observation.
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Based on the experimentally-verified model developed in Chapter 2, Chapter 3
contains a study on the computational design of travelling surface waves on liquid
crystal films with a special in-plane director distribution. The travelling waves are
generated by means of a rotating polarized light source, which selectively actuates
different regions and induces a series of moving protrusions. The wave amplitude,
wave speed and wave direction can be tuned through the light intensity, rotation
speed and rotation direction of the polarized light source.

In order to enhance and optimize the surface switching performance, two methods
are explored in Chapter 4 and 5 of this thesis. Chapter 4 proposes an approach to use
photo-polymerization-induced diffusion to create material composition gradients (in
terms of LC mesogens and azobenzenes) throughout the LC films. This is achieved by
using polymerization initiation light which can be slightly absorbed by the embedded
azobenzenes. A non-uniform intensity field of the polymerization light initiates a
difference in the rate of polymerization, which finally results in diffusion of liquid
crystal mesogens and azobenzene molecules. The resultant opto-mechanical property
gradient can be tuned via the polymerization configuration, e.g., the wavelength of
light, the exposure pattern, the polymerization time and the selection of LC mesogens
and azobenzenes. The approach is shown to be capable of enhancing surface height
changes and fine-tune surface textures.

As the second method, Chapter 5 contains a thorough investigation of the inter-
action between light, azobenzenes and the LC polymer network aimed at explaining
a surprising boost of the photo-induced response of azobenzene-doped LC networks
when illuminated by ultra-violet light and a small addition of visible light. Chapter 5
proposes a new theoretical formulation that decomposes the overall response into a
part due to the accumulation of cis azobenzenes and the order loss of the LC net-
work, and a second part originating from the dynamics of azobenzenes enduring cyclic
trans-to-cis-to-trans isomerizations. This new formulation reveals the importance of
triggering azobenzene dynamics and the cooperative motion of the azobenzenes and
the surrounding polymeric backbone.

In summary, a computational framework has been established that is able to predict
the surface switching behavior of azobenzene-modified liquid crystal glassy polymer
films, and that can serve as a guideline to enhance and optimize the actuation perfor-
mance. The underlying opto-mechanical mechanism of the light-triggered response of
LC networks has been further elucidated. These insights can be employed to design
new types of coatings, e.g., complex director patterns and opto-mechanical property
distributions, to generate unique stimuli-responsive surface textures for future appli-
cations in the field of wettability control, haptics and soft-robotics.
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