Masters student project 2012

Host laboratory: Biomolecular Clusters Group, Laboratory Molecular Physics, Department of Physical Sciences, Open University (OU), Walton Hall, Milton Keynes, MK7 6AA, United Kingdom
Principle supervisor: Dr S. Edens.p.eden@open.ac.uk
Provisional start date: February or March 2012
Provisional period: 4-5 months
Financial support: accommodation will be arranged and paid for by the host laboratory

Multi-photon ionization studies of DNA bases and their fragmentation patterns

[bookmark: _GoBack]This project is centered on the experimental study of ionization-induced processes in molecular clusters as model systems for complex environments. The first objective is to compare radiation effects on a molecule within a cluster with the case of the molecule in isolation. In addition to their relevance to fundamental aspects of molecular and statistical physics, these experiments will help to bridge the “complexity gap” between the current understanding of radiation effects in the gas phase and in a biological medium. This represents a major current research challenge for physicists, chemists, and biologists, with important applications in quantifying the effects of radiation exposure, in particular during cancer therapies.

A new supersonic-jet apparatus has been developed at the Open University (UK) to carry out laser ionization experiments which probe the effects of clustering (micro-solvation) on the excited states and fragmentation patterns of DNA constituent molecules. DNA bases in clusters will be multi-photon ionized (MPI, promotion of an electron to the continuum via one or more intermediate excited states) in a laser beam with identification of the resultant ions by time-of-flight (TOF) mass spectrometry. So far, our measurements have focused on determining the number of photon absorption steps required to produce specific ions and cluster ions, while our studies of fragment ions have been limited by high background signals. A new pumping system will dramatically reduce these background signals and open new possibilities of analyzing fragment ion production in detail. This Masters project will focus on measuring fragment ion kinetic energies, enabling intramolecular binding energies to be calculated. Furthermore the fragment ion kinetic energies may help us to determine whether the dissociation took place in the ionic state or in an intermediate neutral excited state. The final part of the project will be to analyze the effects of clustering on the production of these DNA base fragment ions and their kinetic energies.

The experiments will advance our understanding of the roles of specific molecules and inter-molecular bonding in radiation induced damage to DNA and can thereby impact on future bio-medical simulations.

Student profile

The student should have strong practical skills and enthusiasm for experimental work. A solid undergraduate-level knowledge of atomic and molecular physics (or physical chemistry) is also desirable. If the student is successful in their project work, there will be opportunities to extend their work at the OU. Indeed, a student interested in carrying out a PhD will be particularly welcome.

Outline (assuming 5 months)

Month 1:	- Induction, background reading, and laser training
- Learn how to use the cluster source apparatus and mass spectrometry system
- MPI experiments on adenine and its clusters with low background levels.
Month 2-4:	- Adaptation of the experimental set-up for optimal measurements of fragment ion kinetic energies (notably introducing a narrow aperture to the TOF extraction)
- Kinetic energy measurements of the dominant fragment ions from adenine
- Study the effects of clustering on these fragment ion kinetic energies
- Contribution to data analysis and communication (journal article and poster)
Month5:	- UK conference participation (to be confirmed)
- Preparation of the project report and oral presentation
