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This issue of the Australian Journal of Chemistry focusses on a diverse range
of topics in physical chemistry, from fundamental structural studies of small
molecules to the complicated phenomena of proteins.

At the micro-scale both forward and reverse courses are equally likely, yet at
the macro-scale thermodyamic irreversibility dominates. The overlap of these
domains, at the size range of interest for nanotechnology and molecular
modelling of biological systems, is the province of the fluctuation theorem.

The RAFT polymerization process is a
technique for controlling the molecular
weight and architecture in free-radical
polymerization. Quantum-chemical
calculations of model fragmentation
reactions (shown here) are helping to clarify
the reaction mechanism and interpret the
effects of substitutents on the process. This
article highlights these recent theoretical
investigations.
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Advances in molecular electronics are
essentially advances in the control and
manipulation of electrons, for which issues
of localization and delocalization come to
the fore. Ab initio molecular dynamics
simulations of electrode–molecule–electrode
systems (as shown), and the localization of
electrons thereon, are becoming a reliable
guide for nanotechnology.
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The advent of FTIR imaging spectrometers
that are rapidly able to collect large arrays of
spectra has opened up their use as potential
pathological tools. Here the authors used IR
microspectroscopy to investigate the chemical
changes that occur upon the development of
cervical cancer. In particular, they were able
to demonstrate that the technique allows
anatomical and histopathological features 
to be clearly resolved.

Throughout chemistry and biology, the
solvation of metal cations by water is a vital
process but one in which the finest details
are still missing. Cluster studies engaged
with the argon tagging method provide this
detail, through perturbing the measured
spectra in a small but significant way. This
paper reports on the arrangement of lightly
solvated iron, but suggests the argon tag
may not perturb the spectra regularly.
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The �-electron clouds of aromatic
compounds play an important role in
intermolecular stacking. Using 
benzene–water clusters as a model and
probed with both spectroscopic and
computational methods, the change in 
�-electron clouds upon protonation of
benzene is shown to directly affect the cluster
organization, as shown in the graphic.
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Infrared spectra and ab initio calculations
for the F�-CH4 and Cl�-CH4 anion
complexes show that methane establishes a
single linear hydrogen bond with halide
anions. The potential energy curve for
stretching motion of the intermediate proton
can be extremely anharmonic, reflecting the
proton’s tendency to move towards the
halide. Correspondence between the
measured IR spectrum of F�-CH4 and
theoretical predictions improves markedly
when anharmonicity is taken into account.
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Understanding the nature of short-lived contact pairs, and, in particular, the
role of multiple hydrogen bonds in chiral recognition is of great importance. 
In investigations into (�)-methyl lactate and the fluorescent probe 
2-naphthylethanol (shown), a definite chiral discrimination in which a
chirality-dependent competition arose between intramolecular and
intermolecular hydrogen bonds is observed.
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Photoelectron spectra arising from within 
1 nm of the surface of a continuously
renewed, clean solution of NaI in ethanol
were generated by irradiation with a laser at
118 nm wavelength. Covalent, solvated
(NaI)n clusters remain on the surface, and
the clusters are in equilibrium with
(Na�–I�) ion pairs in the bulk of the
solution.

During dissociation of vinyl chloride, three- and four-centre HCl elimination
processes compete; the products are identical but their energies reflect the
dissociation pathway. The energies measured in this study agree well with
trajectory calculations, and residual energy differences in previous 
experiments can be attributed to quenching.
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Materials able to a emit single photon on
demand are core to many technologies such
as quantum cryptography. The title
dendrimer is one such material; the
coincidence plot shown displays strong
photon anti-bunching behaviour. This arises
from efficient singlet–singlet annihilation in
the dendrimer.
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The photochemistry of chromophores is
modified significantly when they are
incorporated into macromolecules, since the
close proximity of groups in a polymer can
lead to energy transfer and excimer
formation. For poly(acenaphthylene),
excimer fluorescence is both tacticity and
chain length dependent, revealing the role of
nearest-neighbour and long-range
chromophore interactions.
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The engineroom of photosynthesis in plants
and cyanobacteria is the PSII reaction centre
(shown), a finely tuned collection of 
redox-active chlorophylls’ pheophytins and
other charge-carrying components. The
charge separation mechanism driving this
machine has been widely disputed. Laser
selective excitation of PSII at low
temperatures has revealed that the 
charge-separating state lies at far lower
energy than previously thought and also 
that excitation transfer from inner antenna 
is remarkably slow.
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The dynamics of the species present in a
lithium ion–polymer electrolyte system are
studied using multinuclear NMR relaxation
and NMR diffusion measurements. The
system underwent significant structural
relaxation from a fluid porous model to one
containing more discrete hyperstructures
(indicated by the graphic). The results may
provide understanding into the long-term
conductivity changes in battery electrolytes.

The Xe–F and S–F bonds are predominantly composed of �-orbitals of t1u

symmetry, but S–F bonds have a greater a1g contribution. DFT calculations
with relativistic effects included reveal that for both molecules the overall
stability depends on quasiclassical electrostatic interactions.
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The physical and chemical properties of
transition metal clusters can vary dramatically
with size, and it is important to understand
how these properties evolve. There still
remains a paucity of structural information
regarding the effect of substituting one or
more heteroatoms into a metal cluster. This
paper outlines the use of DFT in exploring the
structure and bonding of the title clusters, an
example of which is shown.

pKa values for the three different hydrogen atoms in the imidazolium cation
have been calculated with highly accurate theoretical methods. Excellent
agreement was obtained with the available experimental values. A discussion
of the models used is provided, along with their levels of theory and their
accuracy.
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The behaviour of tetrabutylammonium
fluoride and iodide in aqueous solution 
(in particular at the air/water interface) was
studied by molecular dynamics simulations.
The behaviour of the counter ions depended
upon ionic size and polarizability: fluoride
resided in the bulk whereas iodide was
surface active. The cation behaved as a
typical surfactant.

P
ar

tic
le

 d
en

si
ty

N
I
O

3020100�30 �20 �10
r/A (z-axis)

�30 �20 �10 0

P
ar

tic
le

 d
en

si
ty

r/A (z-axis)
10 20 30

O
F
N

How the transferrins capture, hold, and
release (ferric) iron is unclear, but the
protein’s conformation and protonation state
are factors. Applying electronic structure
calculations to this biochemical problem
reveals Tyr188 is protonated, His249 is not,
and Tyr188 is involved with the iron atom
directly (marked with a � in the graphic).His249
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Classical force fields enable the theoretical
study of complex chemical processes, but
limited with regard to molecular
rearrangements. Dissociable force fields
overcome this limitation, exemplified in this
paper with a 2-pyridone/2-hydroxypyridine
complex. The method is also fast; a 10 ps
simulation with ab initio methods took 11 h
CPU time but a 1 ns simulation with this
method took just 5 min.

Many common computational methods (Hartree–Fock, DFT, Møller–Plesset,
coupled cluster) handle chemical bonding well but describe weaker physical
interactions poorly. Using water as a model, the QMC method is shown to
provide good results with a smaller basis set.

Current methods to measure two-photon
absorption cross-sections require focussed
laser beams or indirect methods. This article
shows that they can be measured directly, in
a manner similar to one-photon absorption
cross-sections, for solutes in a non-hydrogen
bonding solvents.
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