
 

Infrared Spectroscopy of 

Astrophysically Relevant 

Molecules 

Masters of Philosophy Thesis 

 

Hayley Bunn 

April 2017 

 

 

  

School of Physical Sciences (Chemistry) 



ii 
 

 

  

© 2017 

Hayley Bunn 

Supervisors: Prof. Gregory F Metha & Dr. Paul L Raston 





iv 
 

Acknowledgements 

Firstly I would like to give my deepest appreciation to Dr Paul Raston, for all his 

help and guidance in the past few years and particularly for taking me on even after 

moving to the other side of the world. Thanks for putting up with me spamming your 

inbox with a million emails only to come to a conclusion myself, and supporting me 

when I couldn't. If not for your relaxed nature and encouragement to take on new and 

difficult challenges I would not have learnt and achieved anywhere near as much. I 

would also like to thank Prof. Greg Metha for looking after me in Adelaide, making 

sure I was always on track and for being available for assistance. Thanks to everyone 

else in the Metha group for providing a fun and comfortable environment, and 

particularly Jason Alvino and Alex Gentlemen (now at University of Oxford) for 

helping with calculations. All experiments reported in this thesis were undertaken at 

the Terahertz & Far-Infrared Beamline at the Australian Synchrotron, Victoria, 

Australia. A big thank you to the beamline staff Dom Appadoo and Ruth Plathe, as 

well as Courtney Ennis (now at La Trobe University), for assistance in experiments 

and beamline operation as well as stimulating and helpful discussions and for being 

available even at odd hours of the evening/morning. A special thanks to Rohan, 

Aidan, Junda, Irene, Sophia and Alex, for taking time out of your own work and 

rearranging sleeping habits to help out with synchrotron trips, if not for this I 

wouldn't have had any results.  

Of course I would also like to acknowledge and thank my family for being so patient, 

putting up with my long working hours, lifting my spirits during stressful periods and 

generally always being there to help, even when they don't understand a word I say. 

Thank you to the rest of my friends for also being patient, keeping me entertained 

(not to mention sane) and not falling off the edge of the Earth even though we were 

all so busy. Good luck for the rest of your work/study. 

  



v 
 

Abstract 

This thesis involves use of the Terahertz & Far-Infrared Beamline facility at the 

Australian Synchrotron to record spectra and try to resolve the rotational fine 

structure of species having astrophysical relevance. The primordial nature of 

hydrogen makes understanding its interaction with other species interesting in terms 

of the origin and evolution of interstellar media and planetary systems. The 

interaction of molecular hydrogen with rare gas atoms constituted some of the first 

spectroscopic experiments on van der Waals complexes, and part of this thesis 

involves extending this body of work to the far-infrared spectra of H2/D2–Xe. The 

high polarisability of Xe makes the complex an "easy" spectroscopic target, and 

attempts at collecting high resolution spectra of the H2/D2–Xe complexes were 

successful.  From rare gas species the field evolved into the interaction of H2 with 

other homonuclear diatomics such as N2 and O2, and this thesis expands on a 

previous far-infrared study on H2–O2 by providing and analysing the mid-infrared 

spectra of  H2–O2 and the far-infrared spectra of D2–O2. Spectroscopic signatures of 

interstellar molecules provide the foundation for experimental studies into 

astronomically relevant systems such as vinyl alcohol, which was observed towards 

Sagittarius B2(N) in 2001. The second and major component of this thesis involves 

the analysis of the torsional bands of vinyl alcohol. The fundamental and first two 

hot bands of syn-vinyl alcohol are observed, along with the first infrared observation 

of the anti rotamer, including the fundamental and first hot band.  High resolution 

far-infrared spectroscopy is used, with the assistance of computational calculations 

and a spectral analysis program, to refine the ground state, and provide accurate 

excited state, rotational and centrifugal distortion constants as well as the 

determination of relative rotamer abundance. Far-infrared spectra of monodeuterated 

vinyl alcohol, CH2CHOD, is also presented, similarly showing the OD torsional 

fundamental and first two hot bands of syn rotamer, and the fundamental and first hot 

band of the anti rotamer.  
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