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Chemical Research in the MacDiarmid Institute for 
Advanced Materials and Nanotechnology

The third theme of The MacDiarmid Institute focuses on 
polymer and molecular systems. In late 2006 three new 
researchers began work and what follows seeks to high-
light their research as well as describing some of the other 
research conducted during last year.

Prof Sally Brooker (Otago 
University) joined the Institute 
because of her interest in single 
molecule magnets and spin-
crossover systems. Her group 
has pioneered the design and 
synthesis of new macrocycle 
ligands which can be used to 
encapsulate a number of metals 
ions of high spin state within a 
single molecular structure to 
create a single molecule mag-

net as illustrated by 1. These ligands are cousins to the 
porphyrins, expanded porphyrins, and phthalocyanines. 
While phthalocyanines have been utilized in making sin-
gle molecule magnets,1 Sally’s approach uses aggregated 
metal-oxy species2 to gather the high-spin ions together 
and then bind them within the macrocyclic encapsulant 
to improve solubility and stability. The new ligands offer 
two important advantages, i) a cavity of specified size can 
be synthesized so as to capture a specific aggregate size, 
and ii) the electronic, supramolecular, and solubility char-

acteristics of the system can then be influ-
enced more easily by modifying the donor 
and peripheral groups on the macrocycles.

As well as creating and controlling high-
spin systems, the group design and synthe-
size molecules in which metal spin states 
may be flipped by stimuli such as light or 

heat,3 thus having potential in memory storage. In fact, 
complex 1 is the first dicobalt complex that undergoes si-
multaneous magnetic exchange and spin crossover,4 and 
the first structurally characterized bimetallic complex in 
which one metal ion is high spin whilst the other is low 
spin. The focus of the group is to use the high level of syn-
thetic control to provide a systematic study of molecular 
behaviour as a function of the ligand employed; useful 
structure-magnetic behavior correlations are expected.

Dr Jadranka Travas-Sejdic is 
the Director of the Polymer 
Electronics Research Centre 
(PERC) at Auckland Univer-
sity. The centre has consider-
able experience in conducting 
polymers (CPs), biosensing,5 
and polymer electronics appli-
cations based on such materi-
als. Current research is in the 
development of biosening plat-
forms that will offer rapid re-

sponse, require no sample labeling, and provide intrinsic 
electrical and optical readout.6 This includes the synthe-
sis and characterization of novel electrically conducting 
polymers, photoluminescent polymers,7 and nanostruc-
tured polymers and other nanomaterials that may have 
advantageous properties for biosensing.8

CP nanostructures are emerging as alternatives to sili-
con and carbon nanotubes for number of application (in-
cluding chemical and biochemical sensing) due to their 
unique opto-electrical properties and easy of chemical 
functionalization. CP nano-wires have been prepared by 
a number of methods; however, most have shortcomings 
such as a need for template dissolution, difficulty in post-
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synthesis alignment and attachment to the electrodes. The 
group plans to develop simple fabrication methodology 
to micro- and nano-patterning of CPs on (conductive and 
non-conductive) surfaces. This is based on the building 
of hydrophilic/hydrophobic micro- and nano-patterns on 
surfaces by standard soft lithographic approaches, e.g. 
(macro)molecular self-assembly, that will act as tem-
plates for subsequent pattern-directed growth of conduct-
ing polymers from both liquid and vapour phase.

Prof David Officer (Director, 
Nanomaterials Research Cen-
tre, Massey University) has 
been within the Institute since 
its inception in 2002. His re-
search focuses on the synthesis 
of thiophene-based polymers, 
e.g. 2,9,10 and their application 
in all plastic solar cells11 and the 
group has been able to produce 

soluble polythiophene systems with electronically func-
tionalized sites. These sites allow tuning of the nature of 
the excited state in terthiophene monomers as evidenced 
by fluorescence and ultrafast spectroscopic studies.12 Da-
vid is also active with a number of NZ companies, one 
of which uses ZnS as a base for electroluminescent panel 
fabrication and the colour durability of these panels is to 
be assessed. While he has just moved to a chair at the 
University of Wollongong, he will retain an active interest 
in the MacDiarmid Institute through s collaborations by 
remaining a Partner Investigator.

A/Prof Keith Gordon (Otago 
University) has been a re-
searcher within the Institute 
since its inception. His re-
search interests fall into two 
categories, namely understand-
ing the electronic properties of 
thiophene-based systems using 
computational chemistry and 
spectroscopy9,12-15 and second-
ly the design of new materials 
for organic light-emitting di-

odes (OLEDs)16. The group has been able to show that 
for substituted terthiophene systems oxidation creates 
localized reactive sites that result in regiospecific dimer-
ization (Scheme 1) and a subsequent lack of reactivity 
of the resulting sexithiophene 3.15 They were also able 
to capture the reactive terthiophene radical cations using 
time-resolved resonance Raman spectroscopy13 and also 
succeeded in synthesising the trifunctional OLED mate-
rial 4 that covalently connected the three essential types 
of components for OLED operation, viz. electron trans-

port, and emission and hole transport.17 Future work will 
examine the nature of the electronic interactions between 
OLED components and, within the Institute, research will 
focus on the organisation of molecules using the prop-
erties of liquid crystals – and the potential use of these 
assemblages in solar cells and OLEDs. Keith also used 
resonance Raman excitation profiles to map out the struc-
tural changes that occur upon photoexcitiation of metal 
complexes.18

A/Prof Simon Hall (Massey 
University) began working in 
the Institute in 2002. He is in-
terested in the nucleation and 
growth of electroactive materi-
als,19 particularly interpreting 
current-time transients in terms 
of nucleation kinetics and tran-
sition from 2-D to 3-D growth 
but is currently working with 
the start-up company Anzode 
looking to commercialize some 

of his research into long-life batteries.

Dr Shane Telfer (Massey Uni-
versity) joined the Institute last 
year to build up molecular ma-
terials using transition metal 
ions. Such ions have wonderful 
structural and functional prop-
erties that make them an attrac-
tive. Work is to commence on a 
Marsden-funded project inves-
tigating the crystal engineering 

of catalytically-active porous materials that include metal-
lotectons – metal-centred building blocks with hydrogen 
bonding groups on their peripheries − and on use of bio-
inspired H-bonding recognition motifs in supramolecular 
materials chemistry.
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A/Prof Alison Downard 
(Canterbury University) has 
been with the Institute since 
2002 and is interested in the 
covalent attachment of organic 
layers to the conducting sub-
strates of nanoscale organic 
layers by way of radical cou-
pling. This gives materials 
with potential applications that 
range from molecular electron-
ics to sensing20 and anti-corro-

sion coatings. A key aspect of the grafting methods is the 
generation of a carbon-centred radical that gives a very 
stable carbon surface bond and, thereby, attachment of 
the organic layer.21 In recent work the group has gained 
detailed insight into nm scale organic layers grafted to 
conducting carbon surfaces.22 that have interesting dy-
namic behaviours of the layers.23 They also use the layers 
for tethering of nanoparticles24 and pattern nano- and mi-
cro-scale organic species on carbon surfaces.25 Patterned 
tethering of vertically-aligned carbon nanotube arrays to 
conducting surfaces using the same chemistry are also to 
be investigated.
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