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Errata

Stephen Warren-Smith

December 2010

Chapter 1, Section 1.2, Page 6: For a scale refereuce, the optical fibre outer
diameters in Fig. 1.1 are 160 pm.

Chapter 2, Section 2.5.4, Page 32: “Fibre Bragg Gratings” should be “Long
Period Gratings”, in relation to Ref. [87].

Chapter 2, Section 2.5.4, Page 36, Line 4 from below: “Fig. 2.15(b, ¢))”
and “Fig. 2.15(d, e))” should be swapped.

Chapter 3, Section 3.6.1, Page 112, Lines 5-6: The statement “that this
was Lhe [irst experimental example ol internal surlace [unctionalisation with
fluorophores and the technique has since evolved, such as that used in Chapter
5" is incorrect as this has previously been achieved in Refs. [87, 152].

Chapter 5, Section 5.2.3, Page 192: The smallest y-axis tick should be “1”
instead of “0”.

Appendix B, Section B.3, Pages 246-248: In Eqs. B.29 to B.39 there
should be a prime above the electric and magnetic fields on the right hand side
of the equations to separate them from fields on the left hand side as these fields
are in two different waveguides. That is, there should be a prime above fields
that have a v subscript.

Response to general examiner remarks

1. The soft glass fibres fabricated and used in this project were generally not
coated. While fragility was an issue, it was still possible to re-spool and handle
the fibres. Note that the fibres were lead-silicate glass, which is less fragile than
most other soft glasses. Practical applications would require the fibre to be
coated.

2. For most of the exposed-core fibres in this project air holes had formed
between the cane and jacket during drawing, such as seen in Fig. 5.11. This
resulted from an imperfect fit between the cane and jacket, and the inability
to apply a vacuum to the wedged jacket during drawing for the exposed-core
fibre. However, the presence of these holes had no detrimental effect on the
perlormance ol the fibre as they are sufliciently lar [rom the gnided modes ol
the core.

3. Photobleaching is recognised as a significant problem for organic fluorophore-
based sensing. As shown in [P1]. the effect of photobleaching is to reduce the
fluorescence inteusity by an order of magnitude over several minutes. Note that
a major contributing factor is the small volume used, and thus the small number
of wolecules that are located within the optical fibre. For the experiment on
page 163 a larger volume size was used and thus photobleaching was not a
significant problem for the time frames used.
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This thesis contains a study on the fluorescence based chemical sensing properties of
microstructured optical fibres. Specifically, suspended core optical micro/nano-wires,
including those with the core partially exposed along their length, are studied both the-
oretically and experimentally. Comparisons are made between these exposed-core and
enclosed-core optical fibres in terms of their fluorescence sensing performance, fabrica-
tion, and function. The application of corrosion sensing of aluminium alloys was the
primary motivator for this project and methods for achieving this are presented. How-
ever, the findings presented in this thesis could be extended to many other biological

and chemical applications.

Chapter 1 outlines the motivation of the work and the structure of the thesis. Chap-
ter 2 reviews the state of the art for optical fibre chemical sensing. In Chapter 3 a
theoretical model is derived and used to predict the fluorescence capture of high index
contrast small-core fibres using vectorial solutions to Maxwell’s equations. This model
is subsequently used to compare exposed-core and enclosed-core fibres, where distinct
advantages are found for liquid-immersed exposed-core fibres due to their asymmetric
refractive index profile. In Chapter 4 the fabrication of both enclosed and exposed
suspended-core fibres are demonstrated using the extrusion technique for soft-glass pre-
form development. It is then confirmed experimentally that advantages of using exposed-
core fibres include the ability to perform real time and distributed fluorescence based
sensing. In Chapter 5 two methods of sensitising these fibres for corrosion sensing of
aluminium alloys are investigated. Both methods use a fluorescence based indicator
molecule for aluminium ions, which is either embedded into a porous polymer coating

or chemically attached via polyelectrolytes.
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8-HQ 8-Hydroxyquinoline

AFM Atomic Force Microscopy

BF Bare Fibre

CCD Charge Coupled Device

CE Coupling Efficiency

CL Confinement Loss

CwW Conitinuous Wave

DMSO Dimethyl Sulfoxide

DNA Deoxyribonucleic Acid

EDC 1-Ethyl-3-(3-Dimethylaminopropyl)Carbodiimide
ELISA Enzyme Linked Immunosorbent Assay
F2 Lead-Silicate Glass (n ~ 1.62)

FBG Fibre Bragg Grating

FCF Fluorescence Capture Fraction

FEM Finite Element Modelling

GMBS N-~-Maleimidobutyryloxy Succinimide Ester

HF Hydrofluoric acid
1D Inner Diameter
IR Infra Red

JASR Jacketed Air Suspended Rod

LIT Liquid Interface Transmission
LLF1 Lead-Silicate Glass (n ~ 1.55)
LLJ Long Lap Joint

LP Long Pass

LPG Long Period Grating
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MDS
MMF
MOF
MTS
Nd:YAG
NHS
NOI
oD
OSA
OTDR
PAH
PBG
PF
PML
PMMA
PMT
PU
PVA
SEM
SERS
SF57
SLJ
SMF
SPR
Uuv
WWwW

Mercaptomethyldimethylethoxysilane
Multi Mode Fibre

Microstructured Optical Fibre
3-Mercaptopropyltrimethoxysilane
Neodymium-doped Yttrium Aluminium Garnet
N-Hydroxysuccinimide

Normalised Overlap Integral

Outer Diameter

Optical Spectrum Analyser

Optical Time Domain Reflectometry
Poly(Allylamine Hydrochloride)
Photonic Bandgap

Power Fraction

Perfectly Matched Layer

Poly(methyl methacrylate)

Photo Multiplier Tube

Poly Urethane

Polyvinylalcohol

Scanning Electron Microscope

Surface Enhanced Raman Spectroscopy
Lead-Silicate Glass (n ~ 1.85)

Short Lap Joint

Single Mode Fibre

Surface Plasmon Resonance

Ultra Violet

Wagon Wheel Fibre (Enclosed suspended-core MOF)
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