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The primary focus of my research is to generate novel polymeric materials using 
either state-of-the-art synthetic chemistry methods or molecular recognition 
phenomena 
 

The main research areas under investigation include: 
 
1. Supramolecular Polymers 
Supramolecular polymers are created via the assembly of monomers utilising non-
covalent interactions. At Reading we have developed several very simple self-
assembling supramolecular polymer systems (see Figure 1) using multiple hydrogen 
bonds between urethane/urea and alcohol units. Systems of this type exhibit very 
interesting rheological behaviour in the bulk and potential applications include use in hot 
melt adhesives, responsive or ‘self-healing’ coatings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 
In conjunction with Professor Howard Colquhoun’s research group (Department of 
Chemistry, University of Reading) and collaborators in the USA (Professor Michael 
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Mackay, University of Delaware and Professor Stuart Rowan, Case Western Reserve 
University) we have successfully designed and created a very dramatic supramolecular 
polymer blend system (Figure 2) that is capable being healed when exposed to 
moderate temperatures. Indeed, this supramolecular polymer blend recovers its physical 
and mechanical properties after thermal repair of a damaged site. The supramolecular 
interactions that enable the low molecular weight polymeric components to assemble 

(and dissemble during thermal healing) are weak -  stacking interactions between 

aromatic -electron rich chain ends of polyamides and chain-folding sequences of -
electron deficient polyaromatic imides. The resultant supramolecular polymer blend is 
deep red in colour which indicates strong interactions between these key recognition 
units. Environmental scanning electron microscopy (carried out at the University’s 
Centre for Advanced Microscopy) revealed how a damaged site could be repaired 
rapidly when the temperature was increased above 50 ºC (Figure 2). 

 

 

 
Figure 2 Top: Self-supporting and flexible healable film of the healable supramolecular 

polymer blend; Bottom: False-colour ESEM images (  200) demonstrating the 
homogeneity and healing characteristics of the supramolecular polymer system (left 



hand column), and the absence of such characteristics for the phase-separated control 
material (right hand column) The heating rate was 5 °C min-1.  
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2. Polymer Synthesis using Photochemistry 
At Reading we have developed very efficient photochemically driven carbene insertion 
chemistries to generate hyperbranched polymers, new surface coating technologies and 
cross-linked polymer gel networks (see Scheme 1 and Figure 3). The chemistries 
involved are based upon diazirines – very stable, yet highly strained unsaturated three-
membered heterocycles. Upon appropriate photochemical activation, these species 
liberated highly reactive carbenes that can insert into virtually any chemical bond. 
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Figure 3 Solid gel (100 mg) obtained at a Diazirine:MePEO5000 mole ratio of 2:1 and gel 
swollen in THF (125 mg mL-1), dimethylformamide (125 mg mL-1), water (110 mg mL-1) 
and dichloromethane (90 mg mL-1)  
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3. Dendrimers and Hyperbranched Polymeric Materials 
A synthetic programme investigating novel hyperbranched polymer architectures 
(including dendrimers) has been established at Reading and is targeting the 
development of novel materials in several areas, notably in the fields of novel coatings 
and drug delivery systems. Support for these activities has been received from EPSRC, 
DuPont, Unilever and more recently from ICI. In addition, research in this field has led to 
the generation of new hyperbranched oxidation catalysts, synthesis of polyamide 
fragrance release systems (see Figure 4), the development of responsive fluorescent 
polyamide dendrimers and the creation of hyperbranched polyesters featuring rigid 
acetylene units. 
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Figure 4 
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4. Polymer Synthesis using Cycloaddition Chemistries 



A high pressure mediated (3+2) cycloaddition polymerization strategy has been 
employed to afford linear poly(isoxazolidine) architectures. Our interest in these 
polymers stems from the fact that isoxazolidine substituted heterocycles exhibit anti-
bacterial, anti-fungal and biological activities. It is not unreasonable to thus propose that 
poly(isoxazolidine)s could potentially exhibit similar biological activities and render these 
polymers useful in biomedical coatings. We have utilised high pressure conditions in 
conjunction withthis cycloaddition process to generate polymers that feature 
predominantly endo-heterocycles to thus affect the tacticity and resultant properties of 
the polymer (Scheme 2). This stereoselectivity occurred as a result of the endo-
transition state possessing a lower volume of activation and the cycloaddition 
proceeding via a ‘type-I’ regime (HOMODipole-LUMODipolarophile) that features secondary 
orbital interactions within the extended molecular orbitals. A variety of linker segments 
were employed in an attempt to affect the physical properties of the polymeric 
cycloadducts such as Tg and solubility in order to tailor these materials for use in coating 
applications. 

 
Scheme 2 
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8 & 12: Hexyl

9 & 13: 1,3-Xylyl

Where R2 = 

10 & 14: Hexyl, 

11 & 15: 1,4-Xylyl,

16: Triethylene glycol




