CONCLUSIONS AND FUTURE PERSPECTIVE
The remarkable electrochemical and electrocatalytic activities of
the studied organometallic complexes (FePc and Fc complexes) has
been described in this work. The construction by sequential selfassembly

process

of

a

reproducible

and

stable

redox-active

nanostructured arrays of single-walled carbon nanotube (SWCNT)
coordinated to organometallic complexes on a gold surface was
successfully developed.
A number or remarkable findings in this work should be
emphasized; first, this represents the first report on the coordination
by self-assembly of a redox-active iron phthalocyanine complex to
surface-confined SWCNT via ester bond formation. Second, the redox
properties of the SAMs exhibit strong dependence on the reaction of
the head groups and the pH of the working electrolytes. Third, Au-CysSWCNT-FeOHETPc electrode showed much faster electron transfer
kinetics compared to the Au-Cys-SWCNT-CoTAPc electrode. Fourthly,
the high electron transfer capability of the Au-Cys-SWCNT-FeOHETPc
electrode over the Au-Cys-SWCNT or the Au-Cys-FeOHETPc or the AuFeOHETPc electrodes confirms that SWCNT greatly improves the
electronic communication between FeOHETPc and the bare gold
electrode. Finally, our results clearly showed that aligned SWCNTFeOHETPc arrays exhibit much faster electron transfer kinetics to
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redox-active species in solutions compared to the randomly dispersed
(drop-dried) SWCNT electrode. The advantageous electron transfer
properties of the Au-Cys-SWCNT-FeOHETPc electrode, coupled with its
ease of fabrication and chemical stability, could be found useful in
electrochemical sensing and catalysis, and such possibilities would
form the main subjects of future studies. These findings could also
apply to iron phthalocyanine related complexes, notably the iron
porphyrins and Schiff bases. This implies the impact of peripheral
substituents has on the phthalocyanine core towards electrocatalytic
behaviour.
The electrocatalytic activity of a coordination self-assembled
SWCNT-FeOHETPc hybrid on gold electrode show that this hybrid
exhibit

greater

senstivity

towards

the

detection

of

thiocyanate

compared to electrodes containing SWCNT or FeTAPc or FeOHETPc
only, confirming the ability of the SWCNTs to function as effective
conductive nanowires.
Cyclic voltammetric and impedance spectroscopic characteristics
of the redox-active SAMs revealed reversible electrochemistry in
aqueous solutions with different electron-transfer rates. Preliminary
electrocatalytic
comparable

investigation

electrocatalytic

proved
responses

that

both

towards

the

SAMs

exhibit

detection

of

dopamine in pH 7.4 PBS. This proposed electrode fabrication technique
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is unique; it can be used for fundamental studies of the electron
transfer

processes

of

surface

confined

metalloporphyrin

and

metallophthalocyanimne complexes and, importantly, it promises to
provide

an

opportunity

for

controlled

fabrication

of

stable

organometallic sensing platforms. For example, further studies to
explore other electrocatalytic properties (e.g., influence of surface
charges to electron transfer) and sensing capabilities of this type of
MPc-SAM to organic analytes will constitute the some of the subjects of
future investigations.
The

electrochemistry

ferrocene-terminated

of

electron

self-assembled

transfer

monolayers

dynamics
(SAMs),

of
co-

adsorbed with SWCNTs on gold electrode, have been interrogated
for the first time. Factors influencing electron transport within
organized

molecular

assemblies

are

crucial

for

the

potential

applications of such platforms in many areas such as in molecular
electronics, chemical and biological sensings. The important findings
in this work should be emphasized. First, the neighbouring SWCNTs
in the ferrocene molecular assemblies exert distinct impacts on the
global electron transport and electroacatalytic behaviour of the
ferrocenes. Second, that the presence of SWCNTs in the ferrocene
assembly synergistically enhances the electrocatalytic detection of
thiocyanate compared to the ferrocene or SWCNTs alone. In a
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nutshell, this work has provided some useful physical insights into
the impact of local SWCNTs microenvironment surrounding a redoxactive and electocatalytic molecule (not only ferrocene but other
related

organometallic

species)

on

the

dynamics

of

electron

transport between solution species and electrode. We envisage that
these insights have provided some thoughts on the factors that must
be

considered

when

designing

molecular-scale

electronics

or

electrocatalytic devices that employ CNT and ferrocenes (or related
species). Future work on these newly developed findings should
include the application as electrocatalysts for sensing biological
molecules such as dopamine and epinephrine.
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