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Project 1 

Determining Molecular Structure of Ultra-Thin Films with Nano-IR 

The very new technique of nano-IR combines atomic force microscopy (AFM) and 
infrared spectroscopy (IR) in a single instrument to produce IR spectra of micron sized 
areas of a surface (see the image below). This hybrid technique is being used to probe 
objects as minute as the structural lipids in a single hair fibre and the amide I bands in a 
single bacterium. The Department’s state of the art nano-IR instrument was 
commissioned in January and is now available for Part III projects. The technique works 
by illuminating a sample with pulses from an infrared laser and using an AFM tip to 
detect the absorption of light with nanoscale spatial resolution. The light absorbed by 
the sample when the IR laser is scanned over a vibrational band is converted into heat 
causing a rapid thermal expansion of the surface that is detected by the AFM tip. In this 
project we shall examine pharmaceutically active coatings used to enhance the efficacy 
of metal implants such as those used in arterial stents and joint replacement therapy. In 
particular we shall look at coatings of the polymer polyphosphazene (PPZ-T) that is 
used to coat coronary stents and determine the thickness and morphology of nano thick 
layers of the polymer deposited on different metal surfaces like Ti or CoCr alloy. PPZ-T 
has fluoroethoxy (CF3CH2O-) pendant side chains with C-F and C-H bands that have 
well characterised IR spectra from studying PPZ-T with conventional IR spectroscopy. A 
further advantage of studying polyphosphazene coated surfaces is that many varieties 
of side chain can be attached to the -[P=N]- backbone offering further nano-IR 
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possibilities.   



Project 2 

Sum Frequency Generation Spectroscopy of Biomembrane Mimics 

Understanding the structure of cell surfaces and associated trans membrane processes 
is of paramount importance in biology and medicine. The property of cells to adhere to 
other cells and to extra cellular proteins and biomaterials is essential for growth, 
apoptosis, inflammation, migration and the immune response. Biologists need new tools 
to gain fresh insights into these fundamental processes. In this project we will be using 
the non-linear optical technique of Sum Frequency Generation (SFG) to record 
vibrational spectra of model membranes consisting of lipid monolayers and bilayers like 
phosphatidylcholines. These will first be investigated on a Langmuir trough (air/water 
interface) before transfer to solid substrates such as polymer cushions and self-
assembled monolayers. Because it is interface specific SFG is more powerful than 
infrared or Raman spectroscopy for determining the structure of molecularly thin films 
and already chiral SFG is being used to characterize protein secondary structures at 
interfaces. The SFG spectra will yield precise information about the orientation and 
conformation of molecular groups in the lipid such as their aliphatic chains and 
phosphate and ester groups, and how the lipid structure is affected by temperature and 
pH. In particular we shall investigate how the incorporation of cholesterol affects the 
molecular structure of lipid membranes at the air/water interface. (Shown below is a 
recently recorded SFG spectrum of the biosurfactant SURFACTIN that is being used to 
modify lipid membranes.) 


