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Layered double hydroxides are one of the most well-classified
groups of porous material. A recent feature article published in the
Journal of Materials Chemistry (November 2001) by Khan and 
O’Hare outlined the preparation and potential uses of such
materials. This formed the basis of a keynote lecture by 
Professor O’Hare at the 5th RSC Materials Discussion
conference held in Madrid in September 2002.

The first layered double hydroxide (LDH) to be discovered was
hydrotalcite whose name was subsequently used to describe the
group of naturally occurring LDH minerals. These can be found in
two structural forms: hexagonal
and rhombohedral (see figure 1).

The general structure of
hydrotalcites can be described by
imagining the substitution of Mg2+

ions in Mg(OH)2 for 3+ cations
with similar ionic radii, thus
producing a framework with an
overall positive charge. Anions,
such as Cl-, ClO3

-, CO3
- or even

Fe(CN)5
- occupy positions

between the layers in order to
maintain charge neutrality. Except
copper, all metal 2+ ions from
Mg2+ to Mn2+ form hydrotalcites.
Common man-made layered
double hydroxides incorporate
metal di-cations such as Ca2+,
Cd2+, Co2+ Cu2+; Li2+, Mg2+ Ni2+

and Zn2+ and tri-cations including
Al3+, Cr3+, Fe3+, V3+ and Co3+.

Layered double hydroxides have attracted interest thanks largely
to their ability to exchange their anions for other negatively
charged species. This property has lead to their proposed use as
ion-exchange materials and hosts for biologically active
molecules. It is in this latter area that O’Hare’s group are presently
focussing their interests.

The hosting of biologically active molecules inside layered double
hydroxides is attractive because the LDH can act as a ‘chemical
flak-jacket’, protecting the host from degradation. Additionally, the
hosting of a negatively charged species could provide improved

ways for drugs and genetic
material to be introduced into
cells. If ingested, the
biomolecule-LDH nano-hybrid
can move across the mucous
membrane of the intestine into
the bloodstream. The neutral
hybrid can then enter cells by
moving across the negatively
charged cell-membrane without
the repulsive electrostatic
interactions that would be
experienced by the guest anion
alone. Once inside the cell, the
LDH is broken down by
lysosomes resulting in the release
of the intercalate. 

LDH materials are not without
their disadvantages. Being
unstable in acidic conditions they
do not survive for long in the
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Photoactive ‘self-cleaning’ coatings have already found commercial
application in products such as bathroom tiles, paving slabs and
deodorisers for underground stations. The coatings are made of
thin titania (TiO2) films and will photo-degrade a wide range of
substances including bacteria, viruses, herbicides and pesticides.
The coatings function by absorbing UV light, causing the formation
of an electron and a hole. On migration to the surface, the holes will
oxidise organic species and the electrons will reduce oxygen to
water. This overall causes the complete mineralization of surface
contaminants which can then be readily washed away by rainwater.
Pilkington glass have commercialised such a self-cleaning window
glass but at present it is prepared by sol-gel routes.

Thin films of titania can be obtained by low pressure chemical
vapour deposition CVD, but these routes lead to the incorporation
of impurities. Up till now, no atmospheric pressure CVD route had
been reported. Work from the lab of Ivan Parkin at UCL now
reports such a method (O’Neill et al, J Mater Chem, 2003).

Experiments using a horizontal-bed cold-wall atmospheric pressure
CVD reactor from 500 – 650°C produced resistant TiO2 coatings on
glass. In various experiments titanium chloride was used with
several different alcohols as the oxygen source – all introduced to a
mixing chamber via hot nitrogen streams. 

The films produced consist of stoichiometric single phase TiO2- the
tetragonal anatase phase. Although not the thermodynamically
stable phase, this is the desired form for photo-catalysis. The films
were shown to have a uniform composition with no chlorine or
carbon impurities incorporated. Optical transmittance was
comparable to that of plain glass.

After UV irradiation for 30 minutes, contact angles (the angle a
droplet of water makes with the surface) of coated glass samples
decreased to 1°-10°, showing that the glass becomes super-
hydrophilic (i.e. the water entirely wets the coated glass). The
change in properties is explained by the conversion of surface Ti4+

sites to Ti3+ sites upon irradiation. This favours water dissociation at
the surface, forming hydroxyl species which increase hydrophilicity.
When kept in the dark for 48 hours the contact angle again
increases to the pre-irradiated value as oxygen replaces the surface
hydroxyls. However, if stored in natural light, the coated glass keeps
its hydrophilicity.

Photocatalytic activity was assessed by testing the coatings
ability to destroy an overlayer of stearic when irradiated with UV
light. All films showed good photocatalytic response – completely
destroying the stearic acid after 30 minutes of irradiation. 

O’Neill and co-workers have shown that a simple and fast
atmospheric pressure CVD method can be used to create uniform
anatase coatings on glass. The coatings have excellent surface
coverage, adhesion, purity and are free of pinholes. This is the first
reported atmospheric pressure CVD film functioning as an active
photocatalyst. The method is inexpensive and the combination of
low contact angle and extremely fast photocatalytic response
means that the TiO2 coatings produced are suitable for 
self-cleaning applications. The method described may lead to a
superior process to that presently used commercially.

Atmospheric pressure chemical vapour deposition of titanium
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Figure 1 General structure of an LDH showing the polymorphic
stacking patterns: (a) hexagonal (b) rhomohedral


