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ABSTRACT
This study considered the use of various inherently conducting
polymer (ICP)-based devices for utilisation with the cochlear implant.
Investigations centred on the use of polypyrrole (PPy) to produce a
mechanical sensor, actuators and controlled release devices. The
development of a novel force sensor using the electrodes that are an
integrated part of the cochlear implant itself was also investigated.
Investigation into mechanically induce electrical signals using PPybased mechanical sensors showed that the polarity of the voltage output
was dependent on the dopant ion in the conducting polymer. In addition, it
was found that the signal amplitude was related to the redox state of the
PPy and the concentration of mobile dopant ions within the PPy. This led
to the “stress induced ion flux” mechanism being proposed for the first
time to explain such observations.
Actuator systems developed in this study included a PPy trilayer
bending actuator, a PPy microfluidic pump and a PPy-coated hollow fibre.
The study of PPy trilayer actuators led to several findings including a high
amplitude harmonic vibration using a PPy/TFSI trilayer actuator, the first
time that such behaviour has been observed for ICP-based mechanical
actuators. A study of the blocking forces generated using such actuators in
ionic liquid electrolytes suggested that switching from cathodic contraction
to cathodic expansion occurs under the application of reducing potentials.
This switching behaviour was found to depend on the amplitude and time
of the electrochemical stimulation employed. It was shown that the
expulsion of the dopant anion (PF6-) from the reduced polymer (- 0.8 V vs.
Ag/Ag+) did not support the previously claimed cathodic expansion model.
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An ion diffusion controlled mechanism was proposed to explain the results
obtained.
Investigations into the novel “tube in tube actuator nodule” (TITAN)
microfluidic pump based on PPy had led to the significant finding that, for
the first time, the intrinsic resistance of PPy can be utilised to carry out
peristaltic actuation for the purpose of fluid transport.
The electrochemically controlled release of a model anion from the
internal volume of a PPy-coated platinised PVDF hollow fibre was
successfully demonstrated. Such controlled release was ascribed to the
electrochemically activated incorporation / expulsion of small anions upon
redox switching of polypyrrole resulting in enhanced ion transport across
the concentration gradient from the internal volume of the hollow fibre to
the receiving solution. The experimental findings suggested that
electrochemically controlled release of anionic drugs is a real possibility
using a device configuration consisting of a reservoir coated with an ICP
membrane.
By studying the electrochemical impedance changes in response to
impact forces on the tip of a cochlear implant in artificial perilymph
solution, it was found that the cochlear implant electrode itself can be used
to detect impact forces. The findings were significant because such an
approach provides a simple and safe method for the detection of possible
dangers during surgical implantation of the cochlear implant. Factors
influencing the response were investigated and these included solution
composition and the orientation of the impact forces encountered.
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immersed in PBS buffer as shown in Figure 6-3.

167

Figure 6-5 Overlay of the UV-Vis spectra of a ~ 5 ppm aqueous SB
solution at pH of 3, 5 and 11. Solution pH was carefully
adjusted by adding 0.1 M NaOH(aq) or 0.1 M HCl(aq) and
monitored using pH paper.

168

Figure 6-6 CV of aqueous 0.01 M SB on a standard glassy carbon
electrode (Ø 3mm); 0.1 M KCl(aq) was used as the supporting
electrolyte. Potential was scanned between - 800 mV and +
600 mV (vs. Ag/AgCl) at a scan rate of 10 mV.s-1 for 5 cycles.
169
Figure 6-7 Plot of the sheet resistance of platinised PVDF hollow fibres
at various Pt coating thicknesses.

170

Figure 6-8 Release of SB with time from a bare PVDF hollow fibre, a
PVDF hollow fibre coated with 145 nm of Pt or a PVDF
hollow fibre coated with 288 nm of Pt. The receiving solution
was 18 ml of PBS buffer. 10 µL of 10 mM aqueous SB
solution (total mass SB = 58 µg) was loaded inside each of the
hollow fibres prior to testing.

171

Figure 6-9 Chronopotentiogram recorded during the electrodeposition of
PPy onto a platinised PVDF hollow fibre at a current density
of 1.0 mA.cm-2 from an aqueous solution containing 0.1 M
pyrrole monomer and 0.1 M Na pTS.
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Figure 6-10 CV of PPy/pTS-coated PVDF hollow fibre in PBS buffer. A:
the oxidation peak, B: the reduction peak. Potential was
scanned between – 800 mV and + 600 mV (vs. Ag/AgCl) at a
scan rate of 50 mV.s-1 for 7 cycles.

173

Figure 6-11 SEM images of Pt/PVDF_HF and 3min (PPy/pTS)/Pt/PVDF_HF showing (a) the outer surface of Pt/PVDF, (b)
the outer surface, (c) the outer surface over ~ 5 mm length and
(d) the cross section of 3min (PPy/pTS)/Pt/PVDF_HF.

174

Figure 6-12 Amount released of SB dye from PPy-coated platinised PVDF
hollow fibres, where PPy was galvanostatically deposited for
1, 3 or 6 minutes.
Figure 6-13 Release

of

the

175
anionic

SB

from

a

sample

of

3min(PPy/pTS)/Pt/PVDF_HF in response to a pulsed
electrical stimulation. The applied potential was pulsed
between – 500 mV and + 600 mV at 30 s intervals.

178

Figure 6-14 Release of the anionic dye SB from a sample of
3min(PPy/DBS)/Pt/PVDF_HF with and without electrical
stimulation. For the electrically stimulated sample, the applied
potential was continuously pulsed between –500 mV and
+600 mV at 30 s intervals.

179

Figure 6-15 (a) Release of the anionic dye SB using “wire in fibre” twoelectrode setup including a 3min(PPy/pTS)/Pt/PVDF_HF
working electrode with and without electrical stimulation.
Electrical stimulation was achieved by applying a pulsed
potential between +/– 1.0 V at 30 s intervals. (b) Current
response during electrical stimulation experiment.
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Figure 6-16 Schematic showing the competing ion flows using the “wire
in fibre” setup.

183

Figure 7-1 Sectional view of a catheter tip transducer using a cylindrical
elastic member and unbonded strain gauges [2].

189

Figure 7-2 The fibre optic sensor used to measure blood pressure [6]. 190
Figure 7-3 Grahame’s model of the interfacial region in the immediate
vicinity of the electrode.

191

Figure 7-4 The cochlear implant showing the 22 ring electrodes from E1
to E22.

193

Figure 7-5 Schematic of custom setup for the impedance / capacitance
measurement as a function of impact force. (A) the cochlear
implant electrode, (B) a digital mass balance used to measure
the compressive force of implant tip, (C) weight on the fixed
end of the ruler cantilever, (D) screw jack, (E) stainless steel
cantilever, (F) screw used to adjust the distance between the
implant tip and the cell bottom through a cantilever, (G)
Ag/AgCl reference electrode, (H) platinum mesh counter
electrode, (I) lead wires, (J) the electrochemical cell
containing PBS or artificial perilymph solution.

194

Figure 7-6 The experimental setup for a simulated implantation: (a) the
cochlear replica made of Telfon (dimension: 3 cm × 5.2 cm ×
1.1 cm) was placed upside down and clamped on the 10 N
load cell and the cochlear implant was held by tweezers
straightly aligned and pointed upwards the replica entry (b)
The final position of cochlear implant electrode in the replica
after the simulated implantation.

195

XXVIII

Figure 7-7 Cyclic voltammograms of the ring electrode in artificial
perilymph or PBS solution. Lower potential limit = -0.60 V,
upper potential limit = +1.2 V, scan rate = 500 mV.s-1. The
50th cycle is shown for each solution.
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Figure 7-8 Impedance between E1 and E2 vs. Time after immersion in
artificial perilymph solution at 1000 Hz. DC potential is set at
open circuit potential, AC amplitude was set at 10 mV.

197

Figure 7-9 Complex and Bode plots of impedance between two ring
electrodes in buffer solution. DC: 0.000 V, AC: 10 mV in
rms, Frequency: 100 to 106 Hz.
Figure 7-10 Equivalent circuit model and data fitting.

198
199

Figure 7-11 Complex and Bode plots of impedance for stepwise change in
impact force applied to the implant electrode tip from 0 mN to
40 mN at a fixed frequency of 1000 Hz. Impedance was
measured for the first ring electrode (E1) at the open circuit
potential relative to Ag/AgCl.

200

Figure 7-12 Cross-sectional schematic of the mechanism of surface area
change of the cochlear implant ring electrode when (a)
straightened by a stylet and (b) when subjected to an impact
force.

201

Figure 7-13 Triplicate experimental plots of capacitance vs. vertical
impact force for ring electrode pairs on an implant electrode
array. (a) E1/E2, (b) E1/E3 and (c) E1/E4.

203

Figure 7-14 (A) Correlations between the insertion force, insertion depth
and capacitance of a cochlear implant in a simulated insertion
into a cochlear replica. A constant insertion speed of 1

XXIX

mm.min-1 was used, (B) a diagram illustrating the relative
insertion depth along the cochlear replica.

205

Figure 7-15 (A) Correlations between the resistive force, insertion depth
and capacitance of implant E in a simulated insertion into a
cochlear replica. A constant insertion speed of 1 mm.min-1
was used. (B) A diagram illustrating the relative insertion
depth along the cochlear replica.
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Figure 7-16 The three major insertion stages during implant insertion into
a cochlear replica.

209

Figure 7-17 Impedance / time plot of ring electrode transferred from PBS
buffer to artificial perilymph at 1000 Hz. Impedance
measured for one ring electrode at open circuit potential
relative to Ag/AgCl.

210

Figure 7-18 Schematics of a new cochlear implant electrode and the
configuration of the ring electrodes showing the strategy for
the compensation of ion compositional change.

211

Figure 7-19 The equivalent circuit for the capacitance of ring electrode
with a thin layer non conductive coating in buffer solution.
212

2. TABLES
Table 4-1

Thickness and sheet resistance data for Au sputter coated
PVDF and electrodeposited polypyrrole on Au sputter coated
PVDF.
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